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PRODUCTION OF CITRIC ACID FROM LEMON AND
CASSAVA WASTE PEELS
F. O. NWOSU* AND A. O. KAREEM

Department of Chemistry, University of Ilorin, Ilorin, Nigeria
*Corresponding author: f.o.nwosu@gmail.com; +2348035819766
ABSTRACT
The high demand for citric acid by many industries cannot be over emphasized. Presently, 70 % of the total
citric acid produced globally is consumed by food industries, 12 % by pharmaceutical industries and the
remaining 18 % by other industries. Moreover, rapid increase in food/beverage industries in Nigeria with no
known company producing citric acid in Nigeria makes its scarcity severe. Cassava peels from cassava
processing industries and lemon peels are abundant. Surface fermentation method was employed in
production of citric acid at varying pH from 3.0 to 4.5. Physico-chemical properties and Fourier Transform
Infra Red spectroscopic analysis were conducted using standard methods. The kinetics of the production
process was also determined. The yields and physico-chemical properties of the citric acid obtained from
both substrates were comparable to that of commercial citric acid. The yields obtained from cassava peels
are lower when compared to those from lemon peels when the same quantities were used. The optimum yield
obtained from lemon and cassava peels after 192 h of fermentation at optimum pH 4 were found to be 34.4
g/kg and 32.7 g/kg respectively. The infra red spectra of citric acid produced from cassava and lemon peels
showed bands at 3497, 3290 and 3288 cm-1 depicting hydroxyl group bonded to carboxyl. The 1750 cm-1
carbonyl band was observed for both peels. There was increase in percentage yields of citric acid over 48 –
192 h fermentation periods for pH range of 3.0 – 4.5. The kinetics of the production process was observed to
follow a pseudo-second order as it gave best fit compared to other models used. The range of pseudo –
second rate constant fell within 1.045 x 10-3 – 2.411 x 10-3 kg/g.hr for pH range of pH 3.0 – 4.5 for lemon
peels while that of cassava peel ranged from 1.071 x 10-3 to 98.91 x 10-3 kg/g.hr for pH 3.0 – 4.5 range. The
possibility of production of citric acid in Nigeria from lemon and cassava waste peels could reduce
importation of this product by industries and thus save enough revenue for the country.
Key Words: Citric acid, fermentation, kinetics, yield, physico-chemical properties
INTRODUCTION
Citric acid (2-hydroxylpropane-1, 2, 3-tricarboxylic acid),
a white crystalline powder at room temperature is a weak
organic acid found mostly in citrus fruits but can be
produced from any substance containing sugar. It exists in
either anhydrous or monohydrate form with a molecular
weight of 192 and 210 g/mol respectively. It is a nearly
universal intermediate product of metabolism and its
traces are found in virtually all plants and animals
[Papagianni, 2007]. It is solid at room temperature which
melts at 153 °C and decomposes at higher temperature
above 175 o C [Kubicek, 1998).].
The most notable sources of citric acid are citrus fruits
such as lime, lemon and oranges, which contain the
highest amount of natural citric acid. It is a natural
preservative and conservative substance that can also be
used to add acidic sour taste to food, soft drink, and other
food products. Citric acid is used in food, beverage,
pharmaceutical, chemical, cosmetic and other industries
for applications such as acidulation, anti-oxidation, flavour
enhancement, preservation and as a synergistic agent
[Sarangbin, 1993, Archer, 2000]. The food industry
consumes about 70 % of total citric acid produced while
pharmaceutical industries consume about 12 %, and the
remaining 18 % are consumed by other industries [Pandey
et al., 2001; Soccol and Vandenberghe 2003]. Global
production is now about 1.7 million tons and there is an
estimated annual growth of 3.7–4.5 % in demand of citric
acid [Soccol and Vandenberghe 2003; Soccol et al. 2006].

The production of citric acid can be done in three major
ways namely extraction from citrus fruits, chemical
synthesis and fermentation of substrates [Sarangbin,
1993]. Fermentation is the predominant way of producing
citric acid and accounts for over 90% of the world
production. Citric acid production could be carried out by
different groups of microorganisms such as yeast, bacteria
and other Aspergillus species. Aspergillus niger remained
the organism of choice for commercial production,
because it produces more citric acid per time unit [Soccol
et al. 2006].
Although methods were well developed to synthesize
citric acid using chemical reactions, better successes were
achieved using microbial fermentations over the period of
time [Mattey, 1992].
Citric acid production from whey with various controls
such as addition of sugars (fructose, glucose, galactose and
sucrose) plus other additives like riboflavin, methanol and
so on have also been reported [Murad and Khalaf, 2003].
It has been reported that the nature of sugar source has a
marked effect on the citric acid production by Aspergillus
niger [Hossain, 1984]. Sucrose is the traditional
commercial substrate for citric acid production while
glucose, fructose and maltose have also been explored as
substrates for citric acid. It was observed that citric acid
production increases at different periods of fermentation in
various substrates; and also differ with various
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fermentation media by Aspergillus niger 14/20 and 79/20
strains. The effects of initial pH (4.5, 5.5 and 6.5),
methanol (volume fraction 1.0, 2.0 and 3.0 %) and
ammonium nitrate (mass per volume ratio 0.01 %) on the
production of citric acid has been examined and found that
methanol and ammonium nitrate affected the yield
obtained [Emine and Osman, 2004].

The essence of the autoclaving is to sterilize the samples
so that the microorganisms will not be contaminated. The
various yields of citric acid were studied at different pH
of 3.0, 3.5, 4.0 and 4.5. After separate inoculation of the
substrates with Aspergillus niger, they were kept at 30oC
for fermentation periods of 2 days interval to a maximum
of 8 days. The mash containing the fermented substrate
and the mycelium were then filtered with absorbent
cotton followed by microfiltration using vacuum pump
[Laboni et al., 2010; Emine and Osman, 2004].

The increase in worldwide demand of citric acid is about
6.0 x 105 tonnes per year and it is bound to rise day by day
[Hossain, 1984]. More importantly, there is a rapid
increase in the number of food/beverage industries in
Nigeria with little or no known company producing citric
acid in the country.

Recovery of Citric acid from Liquor
The two stages involved in the recovery of precipitates of
citric acid from the cultured filtrates are:

Due to extensive farming and availability of cassava and
lemon crops in Kwara State and Nigeria in general as well
as the large application of citric acid; this research work
exploits the potential of these agricultural products in
production of citric acid. It is aimed at comparison of
yields of citric acid from dried citrus lemon peels with the
amount produced using cassava peels as substrate. It will
also ascertain the optimum condition and kinetics of
production process.

Conversion of citric acid in the filtrate to calcium citrate
using calcium hydroxide: The filtrate obtained which
contained the citric acid was heated and continuously
stirred while 2.5 g calcium hydroxide granules were added
slowly to the filtrate until formation of precipitate was
noticed. The solution was then stirred further for 40
minutes. The citric acid in the filtrate was converted to
calcium citrate:

MATERIALS AND METHOD
Collection of Materials
Fresh lemon fruits were obtained from Owode Market in
Offa, Offa Local Government Area of Kwara State. They
were peeled using sharp knives and sundried for 2 weeks
to remove moisture and were reduced in size using pestle
and mortar. The pounded lemon peels were further
pulverized using grinding machine into powdery form.
The cassava peels used were obtained directly from Tanke
Market, Tipper garage in Tanke-Ilorin in Ilorin South
Local Government Area of Kwara State. They were also
sun-dried for two weeks followed by size reduction using
pestle and mortar. Further size reduction was done using
grinding machine to turn them to powdery form. The
Aspergillus niger cultures used were supplied by
Department of Microbiology, University of Ilorin, Ilorin,
Nigeria.

2C6 H8O7 (aq) + 3Ca (OH)2(s)
Ca3(C6H5O7)2.4H2O + 2H2O (l)

Production of Citric Acid
Required quantities (10g) of the dried powdered lemon
and cassava peels substrates were measured separately and
placed into a 200 ml separate Erlenmeyer flasks. A
quantity of 100 ml of distilled water was then introduced
into each Erlenmeyer flask. The flasks were initially
autoclaved for about 20 minutes at about 121oC and pH of
the pulverized lemon and cassava peels in each of the
flasks was measured.
The initial pH was then adjusted to the desired range by
addition of 0.1M HCl or 0.1M NaOH to lower or increase
the value depending on the determined pH after the initial
autoclaving. The samples were then autoclaved again
before the introduction of A. niger. The autoclaved
samples were then allowed to cool to room temperature,
and inoculated with the Aspergillus niger.

The calcium citrate was recovered by manual
centrifugation for another 12 minutes until a sediment
and clear solution were obtained [Emine and Osman,
2004].
For conversion of calcium citrate to citric acid, a 5 ml
distilled water was then added to the recovered calcium
citrate followed by 3 drops of concentrated sulphuric
acid while stirring until the precipitate disappears. This
led to formation of calcium sulphate precipitate and citric
acid solution.
Ca3.(C6H5O7)2.4H2O(aq) + 3H2SO 42C6H8O7 (aq)
+ 3CaSO4.2H2O(s) + 2H2O(l)
The solution was then stirred using glass rod for another
40 minutes and the solution containing the calcium
sulphate precipitate was filtered using vacuum pump to
separate the citric acid solution from the calcium
sulphate. The filtrate (citric acid) was kept in freezer for
24 hours until crystal growth was observed. The liquid at
the top was decanted and crystal formed was allowed to
dry at room temperature. The yields of citric acid from
the two substrates obtained were purified by
crystallization and re-crystallization and dried. The yields
of citric acid were determined in g/kg.
Physico-chemical properties of prepared and
commercial citric acid
Physicochemical properties such as bulk density, ash
content, moisture content, melting point, pH, yield and so
on of the prepared citric acid from lemon and cassava
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waste peels as well as commercial citric acid (BDH) were
determined using standard methods [AOAC 1990].
Furthermore, chemical confirmatory tests on the prepared
citric acids and the commercial one were carried out by
addition of 2 mL of aqueous CaCl2 solution to about 2 ml
of separate neutral solution of prepared citric acid from
both substrates as well as the commercial one. No
precipitate was obtained in all the samples while on
heating; formation of white shinning crystals of calcium
citrate confirmed the presence of Citric acid. Another
confirmatory test was conducted by addition of 4-5 drops
of concentrated sulphric acid to a mixture of small amount
of prepared citric samples and β – naphtol, a blue
colouration confirmed the presence of citric acid [Vishnoi,
1979].
FT-IR Analysis of prepared and commercial citric acid
Fourier transform infrared spectroscopic (FTIR) analysis
was also conducted on prepared citric acid from both
substrates as well as on commercial citric acid (BDH)
using a Shimadzu 8400 FTIR machine. The samples were
prepared by crushing the sample with KBr in the ratio of
1: 5 to form pellet in a IR disc. A beam of infrared light
was then passed through the sample and measurement
over the whole wavelength range generated absorption
spectrum [Infra-Red Spectroscopy, 2011].
Kinetics of production of Citric Acid
The kinetics of production of citric acid was studied by
measuring the quantity of yields of the acid produced at
the end of the incubation periods (48, 96, 144 and 192 h)
for each substrate per unit time and at various pH values.
RESULTS AND DISCUSSION
Physicochemical properties of citric acid: The
physicochemical properties of produced and commercial
citric acids are presented in Table 1. The bulk density of
citric acid produced from lemon (0.893 kg/cm3) and
cassava (0.816 kg/cm3) peels were found to be slightly
lower than that of commercial citric acid (0.914 kg/cm3).
The melting points of citric acid prepared from both
substrates were found to fall within that of commercial
citric acid (Table 1). The conductivity values of citric acid
derived from lemon and cassava peels is found to be very
close to that of commercial citric acid (Table 1). The
physical natures of the citric acids derived from both
substrates as well as those from commercial source are
similar while their colour and odour are also very close.
The yields from the two substrates were greater than
30g/kg.

(CH) stretching asymmetric, 1743 – 1745 cm-1 (stretching
C=O), 1640 – 1647 cm-1(vibrational CO bond), 1457 –
1449 cm-1 (stretching CH) and 1155 – 1162 cm-1 (C – C
stretch) [Bureau et al., 2009; Mohamed et al. 2011]. The
citric acid produced from waste cassava peels matched the
commercial citric acid (BDH) better than that prepared
from waste lemon peel (Table 2, Figs. 1a – 1c)).
Effect of time and pH on production of citric acid
The effect of time and pH on production of citric acid
from cassava is shown in Table 3 while that of lemon is
represented on Table 4.
From Table 3, it was observed that the yields obtained
increased with increase in time interval with highest yield
(32.7 g/kg) at 192 h after fermentation period and at pH
4.0 while at pH 3.0, the least yield (22.6 g/kg) at the same
time interval was obtained. There is a decrease in yield of
citric acid (27.2 g/kg) obtained at pH 4.5 after 192 h when
compared to those obtained at pH 3.5 and 4.0 whose yields
are 31.8g/kg and 32.7g/kg respectively. However, these
amounts were observed to be more than that obtained at
pH 3.0 (22.6g/kg). The amount of yield after 48 h was
observed to be lowest for all pH values investigated. The
optimum pH for production of citric acid via submerged
fermentation using A. niger was found to be at pH 4.0 for
any period of fermentation but highest yield was obtained
after 192 h.
Similarly, Table 4 showed that the lemon yields obtained
increased with increase in time interval with highest yield
at 192 h for every pH value investigated. The pH 4.0 also
gave the highest yield of 34.4 g/kg while pH 3.0 gave the
least yield (24.3g/kg) at the same time interval when
compared to yields obtained at other pH values. A
decrease in yield (30.1g/kg) was also observed for
fermentation of lemon peels at pH 4.5 and after 192 h of
fermentation period when compared to those of pH 3.5
and 4.0 having 33.3g/kg and 34.4g/kg respectively at the
same time interval. However, the yield was more than that
obtained at pH 3.0 (24.3g/kg). The amount of yield after
48 h was observed to be lowest for all pH values
investigated. The production of citric acid from lemon
peels via submerged fermentation using A. niger was also
optimum at pH 4.0. These observations are summarized in
Figs. 2 – 5 for both cassava and lemon peels at various pH
values for different periods of fermentation process.
Figs. 2 – 5 gave the yields obtained for both cassava and
lemon peels at different pH values and time intervals
(hours). It was also observed that production increased
with increase in time, and pH values of 3.5 and 4.0 have
little difference in the yields obtained with pH 4.0 having
the highest yields for the two substrates. There is a
decrease in yields obtained from both substrates at pH 4.5
as shown above. These findings in terms of trend are in
agreement with literature report [Emine and Osman, 2004]
as the values cited in literature showed trend of decrease in
value from pH 4.5 (80.0 %) to pH 5.5 (76 %) which
however increased to 81.0 % at pH 6.5 for under-sized
semolina using Aspergillus niger by submerged
fermentation method.

FTIR analysis
The spectra of the citric acid prepared from waste cassava
peel, lemon peel and commercial (BDH) citric acid is
presented in Figs. 1. The assignment of bands of infra red
spectra of citric acid produced from cassava, lemon peels
and commercial (BDH) are also shown in Table 2. The
spectra of all the samples were characterized with their
assignments as indicated in Table 2. These band values
listed on Table 2 are in agreement with values reported in
literature as 3424 – 3428 cm-1(OH) stretching, 2925 cm-1
Nigerian Journal of Materials Science and Engineering Vol. 6, No. 1.
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Table 1: Physicochemical properties of produced and commercial citric acid
Properties

Lemon Peels

Cassava Peels

Bulk Density(kg/cm3)
Melting Point (OC)
Nature of substance
Colour
Odour
pH (1% solution)
*Conductivity (mS/cm)
**Yield (g/kg)

0.893
154-160 ± 1.4
Crystalline
White
Odourless
2.46
1.73
34.4

0.816
156-165 ± 0.7
Crystalline
Creamy
Odourless
3.02
1.78
32.7

Commercial (Citric
Acid)
0.914
152-157.7 ± 0.4
Crystalline
White
Odourless
2.36
1.71
N/A

Literature
values
0.9- 0.98
153
Crystalline
White
Odourless
2.3 – 3.0
N/A
N/A

**Yield is measured after 192 h and pH of 4.5; *Conductivity is on 1% solution

Fig. 1: Comparison of FTIR spectra of citric acid prepared from waste cassava and lemon peels with commercial (BDH)
citric acid
Table 2: Assignments of Infra Red bands of citric acid derived from cassava and lemon peels
Cassava-based citric
acid

Wave numbers, cm-1
Lemon-based citric acid

3497 s
1745 s
1708 w
1429 s
1141 – 1176 s

3491 s
1684 s
1449 w
1116 – 1142 s

Assignment of band
Commercial citric
acid (BDH)
3497 s
1745 s
1705 w
1429 s
1142- 1177 s

-OH stretch
-C = O stretch of acid
Vibrational CO bond
CH stretch
C – C stretch

S means strong while w indicates weak vibration or stretch. Where – indicates no vibration or stretch was observed.
Table 3: Yields Obtained from Dried Cassava Peels at
Different pH and Time Intervals
48
96
144
192

30

pH
3.0
18.3 g/kg
20.1 g/kg
21.0 g/kg
22.6 g/kg

3.5
24.4 g/kg
26.9 g/kg
28.1 g/kg
31.8 g/kg

4.0
24.9 g/kg
27.5 g/kg
28.9 g/kg
32.7 g/kg

25

4.5
21.9 g/kg
23.9 g/kg
25.3 g/kg
27.2 g/kg

Yield, P (g/kg)

Time (h)

20
15
Cassava
Peels

10
5

Table 4: Yields obtained from dried lemon peels at
different pH and time intervals
Time (h)
48
96
144
192

3.0
20.1 g/kg
22.2 g/kg
23.6 g/kg
24.3 g/kg

pH
3.5
4.0
26.7 g/kg 27.1 g/kg
28.1 g/kg 28.8 g/kg
29.2 g/kg 29.9g/kg
33.3 g/kg 34.4 g/kg

4.5
24.8 g/kg
26.3 g/kg
28.4 g/kg
30.1 g/kg

0
3

3.5

4

4.5

pH

Fig. 2: Yields obtained at different pH values after 48 h
for dried cassava and lemon peels.
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30

0.8

25

y = -0.0022x + 0.965
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20
15
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Kinetics of Production of Citric acid
The kinetics of production of citric acid from cassava
and lemon peels was investigated by fitting experimental
data into each of the following equations (Ho and
McKay, 2000):
i. First order production of citric acid kinetic model

log Pt  log Po 

k1
t
2.303

1

ii. Second order production of citric acid kinetic model
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1
1

 kt
Pt
Po

2

iii. Pseudo - first order production of citric acid kinetic
model

log Pe  Pt   log Pe 

k s1
t
2.303

3

iv. Pseudo-second order production of citric acid kinetic
model

t
1
t


2
Pt ks 2 Pe
Pe

4

where Pt is the amount of citric acid obtained after time,
t while Pe is the amount of citric acid obtained at
equilibrium. The symbols k1, k2, ks1 and ks2 represent
the rate constants of first, second, pseudo- first order and
pseudo second order for citric acid production kinetics
respectively.
It was observed that the separate production of citric acid
from cassava and lemon peels at different pH does not
follow first order model as plot of log Pt versus time, t
did not agree with graphical representation of first order
model (graphs not shown). Moreover, their slopes are
positive instead of being negative which implies that the
rate constant for first order, k1, will be negative,
confirming that the production process does not follow
first order model. Similarly, the experimental data
obtained for the production of citric acid from cassava
and lemon peels did not fit into graphical representation
of pseudo-second order model (graphs not shown). Thus,
their graphs exhibited negative slopes depicting that
second order rate constant values to be negative. This
confirms that the production process cannot be explained
to follow second order model.
However, the plot of log (Pe – Pt) against time, t for
citric acid prepared from either waste cassava peel or
lemon peels at various pH values gave linear graphs that
fitted well into pseudo – first order kinetics (Figs. 7 and
8). This indicates that negative slopes are obtained and
as such positive rate constants. Fig. 7 depicts plot of
pseudo – first order kinetics. The experimental data
obtained fitted well into pseudo – first order kinetics for
both substrates. Their correlation coefficient was found
to be high and fell within the range of 0.986 – 0.998 for

all lemon pH values while those of cassava peels fell
within range of 0.945 – 1.000. The graphical
representation of pseudo – first order kinetic model
confirmed that the production process might have
followed pseudo first order.
Fig. 9 showed that the production process kinetics of
citric acid from cassava peels at different pH values
followed pseudo – second order since the graphical
representation of this model exhibited a positive slope in
accordance with pseudo – second order kinetics
equation. Similarly, Fig.10 also depicted that the
production process of citric acid from lemon also
followed pseudo – second order kinetic process. Its
positive slope shows graphical representation of pseudo
– second order equation which confirmed that the
production process followed pseudo – second order.
From the pseudo –first order and pseudo – second order
production process kinetics, the various rate constants
were calculated and presented in Table 5. The pseudofirst order rate constants obtained for lemon peels were
found to range from 4.606 x 10-3 h-1 to 18.424 x 10-3 h-1
while that of cassava peel ranged from 6.909 x 10-3 h-1 to
9.212 x 10-1 h-1 for pH range of pH 3.0 – 4.5. The range
of pseudo – second rate constant fell within 1.045 x 10-3
– 2.411 x 10-3 kg/g.hr for pH range of pH 3.0 – 4.5 for
lemon peels while that of cassava peel ranged from
1.071 x 10-3 to 98.91 x 10-3 kg/g.hr. The trend observed
for the pseudo-first order rate constants obtained for
lemon peels is that as the pH increased, the rate constant
decreased until an optimum pH was passed when the rate
constant increased again.
This same trend was followed by cassava peel and the
decrease in pseudo first order rate constant as pH
increased from pH 3 to pH 4 and then to pH 4.5 whereby
the pseudo-first order rate constant increased again. For
the pseudo-second order kinetic model, as pH value
increased, its rate constant decreased until it increased
again at pH 5 for preparation of citric acid from lemon
substrate. The highest rate constant (98 x10-3 kg/g.h) was
obtained during preparation of citric acid from cassava
peel whose experimental data were fixed into pseudo –
second order kinetics. It also occurred at the optimum
pH of 4.

Table 5: Summary of rate constants obtained for citric acid production process kinetics
Substrate types
pH values Pseudo- first order rate
Pseudo-second rate constant, kg/g.h
constants, h-1
ks1x 10-3
R2
ks2 x10-3
R2
3.0
9.212
0.998
2.203
0.996
3.5
6.909
0.986
1.071
0.985
Cassava peel
4.0
6.909
0.996
98.910
0.985
4.5
9.212
0.997
1.625
0.996
3.0
18.424
0.973
2.411
0.999
3.5
4.606
1.000
1.485
0.983
Lemon peel
4.0
4.606
0.997
1.045
0.979
4.5
11.515
0.945
1.576
0.996
Ks1 and ks2 are pseudo – first and pseudo – second order rate constants; R2 indicates correlation coefficient
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CONCLUSION
Citric acid had been successfully produced from both
lemon and cassava peels using surface fermentation and
Aspergillus niger as the fermenting microorganism. It
was found out that the yields obtained from lemon peels
are a little greater than those from cassava peels when
the same mass of raw materials were used. Among
kinetic models investigated, for the production process
for rate of formation from lemon and cassava peels,
pseudo second order kinetics gave the best fit. Moreover,
the highest rate constant was obtained at pH 4 for
pseudo-second order kinetics using cassava peel as
substrate in production of citric acid. The FTIR spectra
of citric acid obtained using cassava peel is found to be
comparable to that of commercial citric acid (BDH)
(Table 2). Therefore, it was found that cassava peels can
be used as a cheaper source of producing citric acid
because of its abundance in our country, Nigeria being a
major producer of cassava globally.
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ABSTRACT
The leather industries in Nigeria depend largely on imported fatliquors at exorbitant rates and that has affected the
leather value chain, to avert this, there is the need to look into our indigenous plants to make this product available.
In this light African star apple (Chrysophyllum Albidum) seed was considered for its affordability and availability.
The seed was collected and some physico-chemical parameters analysed and presented as follows: Moisture content
(18.3%); Saponification value (222.05mgKOH/g); Acid value (3.8mgKOH/g); Free Fatty Acid value
(2.54mgKOH/g); Peroxide value (5.5mgKOH/g); Specific gravity (0.90g/cm3 ); Refractive index (1.3573); Ester value
(218.25); Iodine value (28mg/100g of sample); Percentage yield of oil (13%).Some heavy metals of interest such as:
Iron, lead and nickel were analysed to ascertain their concentrations in the sample using Atomic Absorption
Spectrophotometer (AAS). Functional groups present were analysed using Fourier Transform Infrared Spectroscopy
(FTIR) as follows: -OH; Alkyl group –C-H; -CHO from aldehyde and amide –N-H, alkanes –C=C stretch.
Furthermore GC-MS was employed to validate the degree of saturation and unsaturation of fatty acids and alcohols.
The GC-MS key results include: Palmitic acid (21.22%), stearic acid (8.08%),tridecanoic (9.94%),tridecenal
(2.25%),docosanoic (0.92%); oleic (12%), linoleic (11.91%) and fatty alcohol (palmitoleic 40.40%). Palmitic and
stearic acid play important role in the production of fatliquor though surface active agents are needed to lower its
viscosity.ChrysophyllumAlbidum can be used in combination with groundnut or castor seed oils because of its low
yield (13%) for fatliquor production in the leather industry.
Keywords: Chrysophyllum Albidum, oil, Characterization, utilization, fatliquor.
Introduction
African Star apple (chrysophyllum albidum) is an
indigenous tropical fruit, edible fruit which is classified
as a plant and belong to the family Sapotaceae and it is
distributed throughout the southern part of Nigerian
(Oboh et al., 2009).In the southwestern Nigeria, the fruit
is called “Agbalumo” and popularly referred to as
“Udara” in southeastern Nigeria. This fruit is
distributed in the low land rain forest zone and mostly
found in the villages. The fruits generally are not only
consumed fresh but also used to produce jam jellies,
syrup and several types of soft drinks. It is also used for
medical purpose due to properties of stalk and fruit
(Isalam, 2002). The fruit pulp is rich in vitamin C, iron
and an excellent source of raw material for industries,
Tannins, flavonoids, trepenoids, proteins, carbohydrates
and resins are the phytochemicals that led to the
isolation of eleagnine, tetrahydro-2-methyiharinan and
skatole (Ehiagbonare et al., 2008). Elagnine was found
to be the main compound responsible for its
antimicrobial activity. Chrysophyllum albidum may not
cause any adverse effect on the biochemical and
hematological indices of toxicity (Vursavas et al.,
2005). The oil extracted from this plant is intended for
use as lubricant in the leather industry.Leather is one of
the oldest man-made materials and as such has been
made from natural materials with sustainable processes
for thousands of years. But industrialisation also
changed the manufacturing of leather. Although still

starting from a natural raw material, modern processes
of leather making often involve a significant
consumption of energy and non-renewable resources.
Fat-liquors are often based on natural materials or
chemically modified natural materials to a significant
extent. Most often, these materials are formulated
together with other components of petrochemical origin.
The methods for chemical modification include:
oxidation/sulfitation,
sulfatation,
sulfonation,
sulfochlorination,
sulfoxidation,
esterification,
saponification, and alkoxylation (Leonardus et al.,
2012). The choice of fat-liquors used in a wet end recipe
has a great influence on the haptic properties of the final
leather article – such as softness, touch, fullness, grain
tightness - but also on its technical performance. Fatliquors can have a significant impact on the light
fastness and especially the heat-fastness of the article,
and are often the decisive factor for the fogging
behaviour. Chemically, fish oils, animal oils and
vegetable oils are all triglycerides. The differences arise
from the composition of fatty acids within the
triglyceride. This has a major influence on the fastness
properties of the oils. Ageing, which can be recognised
by discolouration and the development of unpleasant
odour, occurs mainly because of the so-called
autoxidation process (Leonardus et al., 2012). This is a
radical chain reaction which takes place at CH2 groups
of the fatty acid chain. Due to radical stabilisation this
reaction is facilitated by double bonds adjacent to the
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formulation tends to provide better softness in
attacked CH2 group, and for this reason unsaturated
application. A simple method to determine the degree of
fatty acids are more prone to autoxidation than saturated
unsaturation is the iodine value, and this is often used to
ones. The reaction happens most easily if two double
characterise natural oils (Leonardus et al., 2012). The
bonds are adjacent to the same CH2 group, as found in
plant and other features are presented pictorially in
fatty acids such as linoleic and eicosapentaenoic acid.
Figure 1.0 (Plate 1.1 – 1.4).
On the other hand, a higher amount of unsaturated fatty
acids in the triglyceride when used in a fat-liquor

Plate 1.1: The Plant of chrsoyphyllum
albidium.

Plate 1.2: The Fruit
chrysophyllum abidium

of

Plate 1.4: Crushed Seed of
chrsoyphyllum albidium

Plate 1.3: Seeds of Chrsoyphyllum
albidium
Figure 1.0: Representation of chrsoyphyllum albidium
Methodology
Collection of Sample: The Fresh fruits of African star
apple seed were purchased from local market at
Samaru-Zaria, Kaduna State, Nigeria. The African star
apple seed under-went various processing units prior to
extraction.
Moisture Content (%): Five grams of the sample was
weighed in duplicate into the porcelain dish for drying.
The samples were dried at a temperature of 100oC for
6hours. The samples were re-weighed at every 2-hours
interval until constant weights were obtained. The losses
in weight were reported as moisture content loss. The
dried samples were cooled in a desiccator to prevent
moisture uptake (Dauda, 2014; SLC 2/3a OMCA,
1996).
Solvent Extraction of African Star Apple Seed Oil: A
volume of 300ml of n-hexane was transferred into a
round bottom flask and 30g of the sample was placed in
the thimble for extraction. The Soxhlet was heated at
65°C-75°C respectively. When the solvent was boiling,
the vapour rise through the vertical tube into the
condenser at the top. The liquid condensate dripped into
the filter paper thimble in the centre, which contains the

solid sample. The extract seeps through the pores of the
thimble and fills the siphon tube, where it flows back
into the round bottom flask. This was allowed to
continue for 30 minutes. It was then removed from the
tube, dried on the water bath, cooled in the desiccators
and weighed again to determine the amount of oil
extracted according to SLC – 4 (IUP 4- OMCA,1996).
Saponification value: Two grams of chrysophyllium
albidum oil was weighed into a round-bottom flask,
25cm3 of 0.5 M ethanolic potassium hydroxide was
added followed by two dispersion beads and the mixture
was boiled for 30 minutes in reflux condenser. The
mixture was removed from the heat source and 1cm3 of
phenolphthalein was added. The mixture was then
titrated with 0.5 M hydrochloric acid until a pink colour
persisting for more than 15 seconds was observed.
Blank titrations excluding the oil were performed
(Emmanuel et al., 2014; SLC ¼ OMCA, 1996).
Acid value: For this determination, 12.5cm3 of both
ethyl ether and absolute alcohol were measured into a
conical flask and 5 g of chrysophyllium albidum oil was
added. The mixture was shaken and 0.5cm3 of
phenolphthalein was added and agitated vigorously. The
mixture was then titrated with 0.1 M potassium
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Atomic Absorption Spectroscopy (Deepali and
hydroxide until a pink colour that persisted for 15 s was
Gangwar, 2010).
observed (Emmanuel et al., 2014; SLO 1/5 OMCA,
1996).
Fourier Transform Infrared Spectrophotometer and
Gas chromatography-Mass spectroscopy Analysis of
Peroxide value: Two gram of chrysophyllium albidum
chrysophyllium albidum seed oil
oil sample was weighed into 500cm3 conical flask,
The seed oil was extracted by Soxhlet extraction method
10cm3 of chloroform was added to dissolve the sample
and was carried out using n-hexane as the extracting
quickly by stirring, then 15cm3 of acetic acid was added
solvent. 30 g of the pulverized seed were extracted in
and 1ml of freshly prepared saturated potassium iodide
300cm3 of the solvent, the extraction continued until
solution was added. The flask was then closed
enough oil were extracted for the analysis, using FT-IRimmediately, stirred for 1minute and kept for exactly
8400 Soil coated with KBr, and GC-MS-QP2010 Plus
5minutes away from light at room temperature. 75cm3
Shimadzu, Japan. The following parameters were
of water was added to the flask and then shaken
observed for GC-MS: column oven temperature (80°C),
vigorously. Few drops of starch solution were added as
injection temperature and mode (250°C and split), flow
indicator. The liberated iodine was titrated against
control mode (linear velocity), pressure (108.0 kPa),
0.01N sodium thiosulphate solution. The same
column flow (1.58 ml/minute), linear velocity (46.3
procedure was carried out for the blank omitting test
cm/second) ion source temperature (230°C), interface
sample (Emmanuel et al., 2014).
temperature (250°C), solvent cut time (2.50 minute),
detector gain mode (relative), detector gain (0.00kV),
Specific gravity: A pycnometer of 25cm3was cleaned
threshold (1000) and n-hexane as the methylating
and dried, filled with water and weighed at room
solvent (Emmanuel et al., 2014).
temperature (27°C). The pycnometer was emptied,
dried, cooled and weighed again on an electronic
Results and Discussion
balance. The apparatus was filled with chrysophyllium
Table 1.0 present results from physico-chemical
albidum oil and weighed (Emmanuel et al., 2014).
analysis of chrysophyllum albidum, crushed sample for
moisture content and other parameters as presented.
Ester value: One gram of chrysophyllium albidum oil
was weighed into a 200cm3 flask and 5cm3 of ethanol
Table 1.0:Physicochemical characteristic of African
(95%) added. To the mixture was added 5 drops of
star apple seed oil
phenolphthalein indicator, and titrated with 0.1 M
S/No Parameter
Units
Values
ethanolic potassium hydroxide until the colour turned
Moisture content
%
18.3
1
pink. Twenty centilitres of 0.5 M potassium hydroxide
Saponification value
(mgKOH/g)
222.05
2
was added along with 2 glass beads. A reflux condenser
Acid value
(mgKOH/g) oil
3.8
3
was turned on and the content was boiled for one hour.
Free fatty acid value
(mgKOH/g oil)
2.54
4
The mixture was removed from the heat source and
Peroxide value
(mg/kg oil)
5.5
5
25cm3 of distilled water was added along with 0.2cm3 of
iodine value
(mg/100g oil)
28
6
phenolphthalein. The mixture was titrated to neutrality
Specific gravity
(g/cm3)
0.90
7
with 0.5 M hydrochloric acid (Emmanuel et al., 2014).
Refractive index at 280C
1.357
8
Iodine Value: One gram of chrysophyllium albidum oil
sample was weighed into conical flask. 10cm3 of
chloroform and 12.5cm3 of Dam’s reagent was added to
the flask. Stopper was then inserted and the content of
the flask vigorously swirled. The flask was then placed
in the dark for 1hr 30minutes. At the end of the time,
10cm3 of potassium iodide solution and 75cm3 of water
were added. The content of each flask was titrated with
0.1mol/L sodium thiosulphate solution until the yellow
colour due to the iodine almost disappeared. Few drops
of starch were then added and titration continued until
the blue colour disappeared after vigorous shaking. The
same procedure was used for the blank (Emmanuel et
al., 2014; SLO 1/6 OMCA, 1996).
Digestion: Quantitatively, 2g of crushed chrysophyllium
albidum sample was transferred into a beaker and
digested with 10cm3 hydrofluoric acid and 1.0cm3 aqua
regia, which is hydrochloric acid and nitric acid (3:1) in
a Kjeldah flask. Thereafter, 5.0cm3 perchloric acid was
added and again heated to dryness for 3 hours, and then
cooled. Distilled water of 50cm3 was added and heated
for 15 minutes, allowed to cooled, filtered and made up
to 100 cm3.The filtrate was taken for the determination
of heavy metal such as are Iron, Lead and Nickel using

9
10
11

Precentage yeild of oil
Viscosity at 28oC
Ester value

%

13
12.20
218.25

The moisture contentof the Chrysophyllum albidium
seed oil was analysed to be 18.3%, this result shows that
the seed is not good for storage due to it’s high moisture
content which may lead to decay or degredation of vital
components of the seed intended for oil.The
saponification value of Chrysophyllum albidium seed
oil of 222.05mgKOH/g agrees with that reported by
Musa et al., (2015), (228.4 mg KOH/g), but higher than
that reported by Adebayo et al., (2012).
(177.30mgKOH/g). The higher the saponification value
of oil, the higher the lauric acid content of that oil. The
lauric acid content and the saponification value of oil
serve as important parameters in determining the
suitability of oil. Acid value can be used to check the
level of oxidative deterioration of oil by enzymatic or
chemical oxidation. It is a measure of the degree of
unsaturation of oil and corresponds to the amount of
potassium hydroxide required to neutralize free fatty
acids. The lower the acid value of oil, the fewer free
fatty acids it contains which makes it less exposed to
rancidity. The acid values obtained for the oils in this
study was (3.8mgKOH/g) this was higher than the result
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the value reported by ASTM values that ranges from
reported by Musa et al., (2015), (2.52mgKOH/g) but
1.476-1.479 (ASTM, D960-52, 1952)
lower when compared to Adebayo et al., (2012),
(5.20mgKOH/g). The peroxide value obtained for
Table 2.0: Heavy Metal Concentration in
Chrysophyllum albidium seed oil in this study was
chrsoyphyullm albidium.
(5.5meq/kg) permitted maximum peroxide level of not
Metal
concentration (ppm)
more than 10 M equivalent of peroxide oxygen/Kg of
Lead (Pb)
0.0334
the oils is allowed for consumption this result was
Iron(Fe)
0.2102
higher than the ones reported by Musa et al., (2015),
Nickel (Ni) 0.0286
(1.45meq/kg) and Adebayo et al., (2012), (1.65meq/kg).
Peroxide value indicates the deterioration level of oils.
Table 2.0, shows some heavy metals concentration
Oils with higher peroxide values are more unsaturated
(ppm) of the raw oil as follows: lead (Pb),iron (Fe),and
than those with lower peroxide values which leads to
nickle (Ni) with concentrations of 0.0334, 0.2102,
peroxidation during storage. Highly unsaturated oils are
0.0286, respectively. These indicate that metals found in
known to absorb more oxygen and develop higher
the african star apple seed oil are mild, when compared
peroxide values, and oils with higher peroxide values
with its nutritional value,heavy metals may be toxic or
are prone to rancidity. Iodine value is the measure of
poisonous even at low concentration, they cannot be
degree of unsaturation of oil it also determines the
degraded or destroyed, but some of them like iron are
stability of oils to oxidation, and allows the overall
essential for maintaining the human body metabolism
unsaturation of the fat to be determined qualitatively.
(Ogbe etal., 2011).
The lodine value of (28.7 mgI2/g) for this study was
below 100 usuallyclassified as non drying oil. These
In Table 3.0, the result from FT-IR shows that, African
classes of oil are usually suitable for production of soap
star apple seed oil contained –OH group, –C=O from
and lubricating oil(Adebayo etal., 2012) the higher the
aldehyde group,Amide –N-H and AIkyl –C – H,
lodine value the higher the unsaturated bond. Specific
Alkanes –C=C stretch. Hydrocarbon molecule can also
gravity is a physical properties of the seed oil. The
contain functional group these are groups that contain
specific gravity of C. albdium seed oil (0.90g/cm3)
atleast one atom which is neither carbon or
compared with that of the studies for guna seed with
hydrogen,these functional group can affect the chemical
value 0.987g/cm3reported by Lew Kowitseh (1909).
behavior, the chemical properties of organic compound
This shows that the oil is less dense than the water.
depends on their functional groups.
Refractive index measures the purity of the oil,the index
value of 1.357 shows that the oil was of low purity than

Wavenumber (cm-1)
Figure 2.0: FT-IR Results for African star apple seed oil
Table 3.0: Analysis of ( FTIR) Result for African star apple seed oil
S/No
Frequency, (cm-1)
Functional group
1
34449.8
-OH group
2
2870.17
Alkyl group –C-H
3
1737.92
From Aldehyde group –CHO
4
1635.69
Amide group –N-H stretch
5
2079.33
Alkanes group C=C stretch
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Figure 3.0: GC-MS of African star apple seed oil
Table 4.0:Results for chrysophyllum albidium using
GC-MS
S/No
1
2
3
4
5
6
7
8
9

FATTY ACIDS
AND ALCOHOL
1,3-propanediol
Palmitic acids
Stearic acids
Oleic acids
Linoleic acids
Tridecanoic
Tetradecenal
Docosanoic
Palmitoleic

%
Area
4.20
21.22
8.67
12
11.91
9.94
2.25
0.93
40.40

MOLECULAR
FORMULAR
C3H8O2
C17H34O2
C18H36O2
C19H36O2
C19H34O2
C13H26O2
C14H26O4
C22H44O2
C16H30O2

Table 4.0, shows the results from Gas Chromatography
Mass Spectroscopy (GC-MS) analysis. As an analytical
technique, GC-MS was used to determined fatty acids
present in african star apple seed oil which shows the
saturated and unsaturated fatty acids present in the
oil,saturated
fatty acids found
were:palmitic
21.22%,stearic 8.08%, tridecanoic 9.94%, tridecenal
2.25%,docosanoic 0.93%,while the unsaturated fatty
acids are: oleic 12%, linoleic 11.91% and (fatty alcohol)
palmitoleic 40.40%, were present in the oil. Saturated
fatty acids play roles in the fat-liqour by causing the
fatty spue on the leather surface due to it’s high melting
tempearture, which can be eliminated by the addition of
surface active agent, this is a substance used to lower
the surface tension of medium in which it is dissolved,
the interfacial tension with other phase, and is positively
adsorbed at the liquid-vapour interface and other
interfaces (Vihampa, 2010).
Conclusion
African Star Apple (Chrysophyllum albidum) obtained
from Samaru market were analysed. The following
chemical properties were determined: Moisture content,
saponification value, acid value, peroxide value, iodine

value, specific gravity, refractive index and percentage
yield of the oil using n-hexane as the solvent. The oil
showed good prospects in relation to some of its
physico-chemical parameters analysed. The heavy
metals analysed were within the permissible range and
may not cause danger when used as a lubricating agent
in the leather industry as fat-liquor. Fourier Transform
Infrared Spectrophotometer was employed to ascertain
the
functional
groups
present
(FTIR-8400S,
SHIMADZU) and Gas Chromatography- Mass
Spectroscopy (GC-MS-QP2010 PLUS SHIMADZU,
JAPAN) was used to determined fatty acids present in
african star apple seed oil which shows the saturated
and unsaturated fatty acids. The yeild of the oil was
poor (13%) but can be used in combination with castor
seed or groundnut oils in the production of fatliquor.
References
Adebayo, S. E, Orhevba, B. A, Adeoye, P. A, Musa, J.
J,Fase, O. J. (2012). “Solvent extraction and
characterization of oil from african star apple
(Chrysophyllum albidum) seeds”. Academic
Research International ISSN-L:2223-9553,
ISSN:2223-99443(2).
Dauda, A.O.(2014).“Physico-chemical properties of
nigerian
typed
african
star
apple
fruit”International Journal of Research in
Agriculture and Food Sciences .Vol. 2, No.1
ISSN
2311
-2476.
http://www.ijsk.org/ijrafs.html
Deepali, K. and Gangwar, K. (2010). “Metal
concentration in textile and tannery effluents,
associated soils and ground water”New York
Science Journal, 3(4): 82-89.
Ehiagbonare,J .E .J, Onyibe, H.I and Okoegwale E.E
(2008). “Studies on the isolation of normal and
abnormal seeding of chysophyllum albidium, A
step towards sustaining management of the

Nigerian Journal of Materials Science and Engineering Vol. 6, No. 1.

12

Bulus et al., (2015); Extraction and Characterization of Oil from African Star Apple (Chrysophyllum Albidum)…
“Exraction of Chrysophyllum albidum seed oil:
taxon in the 21st century” sci. Research Essay
optimization and characterization” Chemical
3(12)567-570.
and Process Engineering Research ISSN 2224Emmanuel C. O, Helmina O. A, Egwim C. E. (2014).
7467, ISSN 2225-0913 Vol., 30.
“Phytochemical constituents of seeds of ripe
Oboh, T. O; Aluyor, E.O and Audu T.O.K. (2009). “Use
and unripe blighia sapida (k. koenig) and
of Chrysophyllum albidum for the removal of
physicochemical properties of the seed oil”
metal ion from the aqueous solution” Scientific
International Journal of Pharmaceutical
Research and essayl 4(6) 632-635.
Science Invention ISSN (Online): 2319 – 6718,
Official Methods of Chemical Analysis-Leather (1996).
ISSN.Volume 3 Issue 9, 31-40 www.ijpsi.org.
Ogbe, A.O; John, P. A. (2007). “Proximate study,
Isalam
A.
(2002)
‘kiras’
cherry
laurel
mineral and anti-nutrient composition of
Prunuslanrocerasur. New Zealand. J.Crop
moringa oleifera leaves and potential benefits
Hortcult Sci 30 301-302
in poultry nutrition and health” Journal of
Leonardus S, Rupert S, Markus H, Catherine, G. and
Microbiology Biotechnology and Food
Jens F. (2012) “High fastness fatliquor from
Sciences 1(3), 296-308.
sustainable
resources
–sustainability
Vursavus k., kelebek. H, Selli. S. (2006). “A study on
innovation supplement” World Leather.
some
chemical
and
physiomechanical
Lew K. J.I. (1909). Chemical technology and analysis of
properties of the three sweat cherry varieties
oil vol. II, Fat and Waxes Material. Macmillian
(prunusavium L) in turkey”J food. eng 74 (4)
Musa U, Isah, A.G, Mohammed, I.A, Mohammed U.
568-575
Garba, Usman Z, Alhassan B. (2015).

Nigerian Journal of Materials Science and Engineering Vol. 6, No. 1.

13

A STUDY ON PREFERRED FOOTWEAR FASTENING MECHANISM
FOR THE PREVENTION OF DIABETIC FOOT COMPLICATIONS
J. I. TAGANG1 AND R. C. CHEN2
Footwear Technology Department, Nigerian Institute of Leather and Science
Technology, Zaria, Nigeria
2
School of Design, Faculty of Art, Design and Humanities, De Montfort University, Leicester, UK.
[jerrytagang@yahoo.com]
1

ABSTRACT
Use of appropriate footwear among people suffering with diabetic foot complications has been well
documented to play a vital role in the prevention and treatment of established foot diseases. The
incidence and prevalence rates of diabetes in Africa are increasing and foot complications are rising
parallel. However, there is a paucity of literature on the role of people suffering with diabetics in
ensuring the use of appropriate footwear in the management of diabetic foot complications. This paper
explores current practice in the use of appropriate footwear among patients with diabetes mellitus in
Kaduna State, Nigeria. The study was carried out at different hospitals in Kaduna State. A selfadministered structured questionnaire was developed. The questionnaire was divided into two
sections: Demographic and footwear questionnaire. The footwear questionnaire focused on three
themes: Diabetic foot problems, type of footwear worn by diabetic patients frequently and the role of
proper footwear fastening mechanism in the prevention of diabetic foot complications. The findings
indicate that up to 77% females and 62% males’ respondents used footwear that do not have any form
of fastening or are slip-on footwear. Lace-up shoes were used by 28% of the male participants and
only 12% of female patients used a similar type of footwear. Footwear with fastening mechanism were
the least popular type of footwear used by the research subjects. This study shows that the use of
appropriate footwear in the management of diabetic foot complications in this part of the World is
suboptimal.
Key Words: Diabetics, Foot complications, Footwear, Footwear fastening mechanism.
1.0 Introduction
This study investigated the most preferred footwear
fastening mechanism for diabetic foot. The incidence
and prevalence rates of diabetes in Africa are increasing
and foot complications are rising parallel. Nigeria is
Africa’s most populous nation which also has the
highest number of people (up to 3 million) suffering
with diabetes in the continent (IDF 2013). This is
related to the lifestyle of the people which is changing
including diet. Many urbanites are embracing Western
way of living. There is however lack of adequate
knowledge about the role of footwear in the
management of foot related problems among diabetic
patients in the country.
Wright (2010), Levin and O’neals (2008) revealed that
diabetic foot syndrome is one of the most devastating
complication affecting both the quality of life and health
care utilization. It is the leading cause of lower limb
amputation, generally preceded by foot ulcers and
gangrene (Bergin, et al 2013). In addition, it has been
revealed that a significant number of diabetic patients
are reported to have foot problems and these are related
to the wearing of ill-fitting footwear (Torreguitart,
2009).
Furthermore, foot problems are seen as the major
complication of diabetes (National Diabetes Fact Sheets
2011; Vernon 2007). Some Krentz and Bailey (2001);
World Footwear (2008); Johnson and Rogers, (2011)
pointed out that people suffering with diabetes could
easily develop foot problems because of how easily
nerve damage can occur there without immediate

detection. This usually leads to loss of blood flow, and
subsequently
numbness
to
the
extremities.
Consequently, infections may go entirely unnoticed
until it spreads beyond repair. This condition can also
have a significant effect on wound healing and
management (White 2010). Therefore, it is advisable
that people with diabetes should be more vigilant to
prevent injuries that are more likely to damage their feet
(Kennedy 2010; World Footwear 2006).
However, Nather and Signh (2008) have pointed out
that diabetic foot complications may be prevented and
minimized with early diagnosis, good patient education,
effective treatment and the use of quality footwear. The
literature has shown that prescription of diabetic
footwear leads to a reduction in new foot ulceration and
as a result, a reduction in lower extremity amputation
rates.
An important consideration in the choice of footwear is
in the area of how to manage shoe fastenings. Some
people find it difficult or impossible to fasten their
shoes for a variety of reasons. They may be physically
incapable of reaching their feet because of obesity,
paralysis, arthritis, may be unable to see sufficiently
well; they may have lost one or more fingers, or they
may have lost a hand or an arm; or lack of coordination, and many other reasons too many to mention
here. The development of appropriate footwear for
people suffering with diabetes requires so many
considerations including footwear style or design,
fitting/ fastening mechanism, comfort factors, cultural
and environmental issues. Some of the common
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footwear fasteners used are; laces, a transverse strap and
3.0 Results
buckle, Velcro (figure 1). Therefore, this work was
Overall, 180 questionnaires were given out to people
aimed at understanding the role of proper footwear
living with diabetes and 164 were collected back, giving
fastening mechanism in protecting the diabetic foot
a response rate of 91.1%. However, 8 were rejected or
from complications.
excluded from the analysis because they were not
properly completed. Therefore, 156 (75 male and 81
female) filled questionnaires were analyzed and the
results presented below.

(a) Lace up shoe

(c) A Half-shoe

(b) A shoe with velcro
fastening
mechanism

(d) Slippers

Fig.1. Different footwear with (a and b) or without (c
and d) footwear mechanism.
2.0 Materials and Methods
A cross-sectional descriptive study was conducted at
different hospitals in Kaduna, Nigeria. People suffering
with diabetes mellitus were invited to participate in the
study. The study was approved by the research ethics
committee at the Ministry of Health, Kaduna State and
at Ahmadu Bello University Teaching Hospital, Zaria
Nigeria. Participants at the beginning of the study were
given information on the nature of the survey, the
participants’ right to withdraw from the study at any
time, and the confidentiality of the personal data
provided. In order to maintain confidentiality,
questionnaires were made anonymous.
A self-administered structured questionnaire was
developed. The questionnaire was divided into two
sections: Demographic and footwear questionnaire. The
footwear questionnaire focused on three themes:
Diabetic foot problems, type of footwear worn by
diabetic patients frequently and the role of proper
footwear fastening mechanism in the prevention of
diabetic foot complications. The questionnaire included
a range of open-ended questions as well as closed
questions with the answer options. Data were processed
and analyzed using Microsoft Excel 2007. Simple
descriptive statistics were used (frequency with
percentage distribution for categorized variables).
In addition, a Standard Operating Procedure (SOP) was
designed and used for the study. It consisted of
structured questions that helped the researchers to
identify the locations of the research participants. In
addition, it was also used to guide the researchers in
step by step conducting of the survey.

The demographic profile of the participants is shown in
table 1. The findings are shown as percentages with
n=156 for both males (48%) and females (52%)
participants. The findings indicate a wide spectrum of
different age groups who are suffering with the disease.
Half of the participants are 51-65 years and those that
are between 36 years and 50 years accounts for 31% of
the respondents. Therefore, eighty one percent of the
participants are less than 65 years of age.
Table 1 has also shown that up to 31% of the
respondents were employed and 27% are engaged in
their own businesses. Eighteen percent of those that
participated in the study were housewives. The majority
(81%) of the patients involved in the survey live in
towns, whereas only 19% live in rural areas. This is
because most of the survey was carried out in urban
hospitals.
When patients were questioned about type of diabetes
they were suffering with, up to 67% reported that they
did not know, while 28% state that they were suffering
with type 2 diabetics and only 5% reported that they
have type 1 diabetes.
It has been discovered (see table 2) from this study that
up 60% of the respondents were suffering with one form
of foot complication or the other. It was also found out
that 71% of the patients find it difficult to put on shoes
or to take off shoes. In addition, 75% of the respondents
do not receive information about the type of footwear
they should wear most often while up to 75% do not
receive information on the issue.
The results presented in figure 2 has shown the top two
footwear type worn by the female respondents are
slippers (53%) and sandals (19%). For the male
participants, up to 37% wear slippers most often and
29% use sandals most times. None of the patients used
custom-moulded footwear. Only 17% male and 13%
female respondents wear shoes. This is seen as a very
poor result because diabetic patients are expected to use
footwear that gives good instep support.
With regards to shoe fastening, figure 3 provides
information on the preference for the different types of
shoe fastenings or otherwise. The findings indicate that
up to 77% females and 62% respondents used footwear
that do not have any form of fastening or are slip-on
footwear. Lace-up shoes were used by 28% of the male
participants and only 12% of female patients used a
similar type of footwear. Footwear with buckle and
Velcro fastening were the least popular type of footwear
used by the research subjects. The selected comments
made by the research participants give an insight into
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the importance of footwear fastening mechanism for the
diabetic foot.
Table 1. Demographic profile of participants (Diabetic patients).
Males % (n=75) Females %
(n=81)
1. Sex
48
52
2. Age (years)
≤ 20
0
0
21-35
08
05
36-50
24
42
51-65
49
38
≥ 66
19
15
Mean
55.3
52.9
3. Occupation
Employed
34
28
0wn business
23
31
Unemployed
03
03
Retired
23
05
Student
0
0
Farmer
15
0
housewife
NA*
33
4. Residency
Rural
16
22
Urban
84
78
5. Type of diabetes
type 1
07
04
type 2
36
20
Do not know
57
76
Enquiry

Table 2. Diabetic foot problems/ footwear features.
Males (n=75)
Females (n=81)
Yes (%)
No (%)
Yes (%)
No (%)

Enquiry
1. Patient suffering with foot
problems like ulcer, blisters,
wound, etc.
2. Regular shoes not able to
accommodate patients’ feet due
to foot problems.
3. Find it difficult to put on shoes
or to take off shoes.
4. Receive information about type
of footwear to wear most often.

Overall %
(n=156)
100
0
06
33
44
17
54.1
31
27
03
14
0
07
18
19
81
05
28
67

Overall (N=156)
Yes (%)
No (%)

44

66

35

65

40

60

38

62

30

70

34

66

31

69

28

72

29

71

25

75

34

66

25

75

Male
Male

60

90
80

50

70

40

60

30
%

50

20
10
0

Female

%
40
30
20
10
0
Un-fasten/slip-on
Lace fastening
Buckle fastening

Type of Footwear
Fig. 2. Type of footwear most often used by
participants.

Velcro

Fig.3. Footwear used most often with regards to
footwear fastening mechanism.
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Table 3: Shoe features that diabetic patients should be aware of when purchasing footwear.
Shoe feature
Criteria for choosing appropriate footwear feature
Upper part of shoe
These should be made from leather or a combination of materials (such as
those used in sports shoes) with smooth inner lining and without bulky seams
at the toe area.
Correct length
1 cm from end of the longest toe when the patient is standing.
Correct depth
Should accommodate all the toes without causing pressure.
Correct width
The side of the shoe should not bulge over the sole when worn.
Low heels
Should be less or equal to 2 cm.
Fastening
Adequate fastening such as laces or straps to keep the foot from sliding
forward.
Cushioned outer and inner soles
Approximately 0.5- 1 cm thick under the forefoot.
Enclosed
Shoes with an open back can result in injury to the skin around the heel and
usually require the individual to claw their toes in order to keep them on, also
increasing risk of ulceration.
Soles
Should not be slippery.
Adapted from Bergin, SM et al (2013).
Selected comments made by the participants.
Selected comments made by the research participants
during the questionnaire survey are given below.
The simple comment I have is that, at times one foot
may be bigger than the other due to swollen, so
something like elastic grip can be considered on slip on
shoes.
Sometimes I walk barefooted without knowing because
my shoes can go off my feet and I will not know.
I use slippers and even the slippers go off my feet
without knowing that they have gone off my feet
My ulcered foot caused by diabetes has deprived me
from wearing any type of shoes I like.
Diabetes have spoiled my legs (more to the left) and
now I can’t wear shoes
My condition has made me scared of wearing shoes,
less my feet get blistered and wounds.
I was using a half shoe with socks, which latter resulted
to the injury on my left toe.
The gangrene on my right big toe and the swollen
condition of my right foot as a result of diabetes has
prevented me from using shoes as I would.
Because of the wound on my left foot, I find it difficult to
put on shoes.
4.0 Discussion
The findings presented in this paper points out the need
for appropriate footwear and footwear fastening
mechanism to prevent foot complications in this part of
the world. Research (Tagang, 2014) has shown that
majority of diabetic patients are reported to have foot
problems and these are related to wearing of
inappropriate footwear. This contributes significantly to
the susceptibility of the diabetic foot to injury and
ulceration. Diabetics and diabetic foot disease with its
related morbidity and mortality have become a serious
global burden. The prevalence rates of the disease in
Africa are increasing and foot complications are rising
parallel (Abbas & Archibald 2007). Therefore, Jannink
and his colleagues (2004) advocate for regular use of
proven therapeutic interventions (footwear) in the
prevention of diabetic foot complications. They pointed

out that it is possible to reduce amputation rates by
between 49 to 85% through a foot care strategy that
combines the following: prevention, a multidisciplinary
approach in the use of appropriate footwear, close
monitoring, and the education of people with diabetes
and healthcare professionals.
According to Boulton and Jude (2004), footwear is
probably one of the major reasons for the lack of
progress in reducing foot ulceration and amputation
rates. In agreement with their assumption, up to 75% of
the diabetic subjects that participated in this study
reported that they have not received information about
the type of footwear they should wear most often.
Comments made by the research participants have
further proven that footwear cause and/ or complicate
their foot problems.
An important finding of this study is the nature or type
of footwear worn by diabetic patients in this part of the
world. Our data give a very poor choice of footwear by
people suffering with diabetes (fig. 2). Poor knowledge
of the diabetic foot complications and lack of
knowledge of the management of the disease are seen as
the major reasons for the high percentage of diabetic
patients experiencing foot complications in the region.
Therefore it has been advocated that patients’ education
on avoidable complications of diabetes and awareness
of appropriate footwear for maintenance of good foot
health should be emphasized by health care providers
(Chandalia et al. 2008).
In this study, patterns of footwear were generally
similar for both men and women except for more
frequent use of open toe footwear (slippers) by women.
In addition, up to 66% of people suffering with diabetes
may be wearing footwear that does not have any form of
fastening. It was also observed that the type of footwear
considered most appropriate for diabetic patients to use
(For example custom molded, sneakers, shoes etc) were
the least frequently worn. This finding is similar to an
earlier study which revealed that provision of
professional diabetic foot care services and the use of
protective diabetic footwear were sub-optimal in both
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in establishing diabetic footwear programmes in the
developing and developed countries. Rubbing from
country.
footwear was identified as the definite cause of 35.0%
of foot ulcers (Bergin 2013; Ferguson 2012; Abbas &
Velcro, which looks like two opposing strips of coarse
Archibald 2007).
velvet and adheres on impact, may be used by people
living with diabetes. One of the great advantages of
The consistent use of appropriate footwear is important
using Velcro is that it can be made to work without any
in all diabetic patients, especially those who
precision of touch, even by means of the pressure of one
demonstrate loss of protective sensation from peripheral
foot upon the other.
neuropathy. These patient groups, who are unable to
feel pressure and/or pain caused by inappropriate or illEven though it could be argued that this research was
fitting shoes are more likely to develop blisters, callus
carried out at different hospitals in Kaduna State,
and corns. These early complications require prompt
Northern Nigeria that admit patients from different
intervention if ulceration and potential amputation are to
regions of the country, still, generalizations of the
be avoided. The simple measure of wearing
findings of this study should be made with caution. For
appropriately fitted or prescribed footwear has been
a complete view of the subject matter in Nigeria, a
shown to significantly reduce plantar foot pressures,
similar study should be carried out in different regions
therefore decreasing the likelihood of developing callus
of the country. In addition, there is a lack of perspective
and ultimately ulceration (Bergin 2013). Custom-made
of health professionals. Therefore, to further obtain
footwear (e.g orthopaedic shoes) is seen as appropriate
valid data on the role of appropriate footwear and
footwear that could be prescribed to a wide variety of
footwear fastening mechanism in the prevention of
patients to diminish or prevent foot problems (Sharma
diabetic foot complications, their views should be
and Kerri 2000).
included. However, we believe that publication of these
findings will serve as a catalyst for further studies in the
These findings brought out a very poor choice of
subject area, where health professionals and researchers
footwear made by both male and female diabetic
can evaluate the extent to which appropriate footwear
patients in Nigeria. The frequent use of slippers and
can prevent foot complication among diabetic patients.
inappropriate footwear has serious consequences like
susceptibility of the patients’ feet to injury and
5.0 Conclusion
infection. This situation requires a joint effort on the
In summary, this study demonstrates that the use of
part of the health care providers and the footwear
appropriate footwear in the prevention of diabetic foot
industry. However, to reduce foot problems, patients
complications is suboptimal. Generally, the patients’
should be given education by clinicians about foot care
knowledge about diabetes and its complications, foot
in order to improve their choice and selection of
care, the use of appropriate footwear, etc was found to
footwear.
be very poor. The findings indicate that majority of
those that participated in the research worn improper
It was discovered that majority (66%) of the patients
footwear (i.e wrong styles of footwear and without shoe
may be wearing footwear that do not have any form of
fasteners). The authors conclude that healthcare
fastening. That is, most of them are using slip-on or
professionals and researchers support and stimulate
slippers with no fasting mechanism most often. It is
research in establishing a diabetic footwear programme
really regrettable to observe that footwear with
in this part of the World. It is believed that this will lead
important fastening features like lace, buckle or velcro
to improved outcomes for patients at risk of diabetic
are the least likely type of footwear to be used by
foot challenges.
diabetic patients in Nigeria (see fig. 4.10). A respondent
comment that, “too loose footwear sometimes get off
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ABSTRACT
This study investigates the characterization of River Niger Silica sand at Itobe with Iyoloko clay as
additives for its possible uses in sand casting in the foundries. A measure of 5-25 %wt Iyoloko clay
was added to the sand mixture in ratio 3:1. The chemical, physical and mechanical properties
measured includes: chemical analysis of the Iyoloko clay, particle size, density, permeability,
compatibility, mouldability, moisture content, green compression and shear strength, dry compression
and shear strength. The results revealed that, addition of Iyoloko clay to River Niger Silica sand at
Itobe, increased the mouldability, grain fineness number (G.F.N), both green and dry strength, slightly
decreased the density, permeability and moisture content. These results shows that better properties of
foundry sand are achievable by addition of Iyoloko clay to River Niger Silica sand and can be used to
enhance the mould properties of foundry sand.
Keywords: foundry sand, Iyoloko clay, Strength, Mouldability, Compatibility, Particle size.
1.0 Introduction
The urgent need to develop the foundry industries in
Nigeria in order to meet the technological development
of the country has generated great interest in the
characterization of the locally available materials. Silica
sand is an extremely good material for casting moulds
because it has the ability to withstand the temperature
of the molten metal, can absorb and transmit heat, and
has sufficient permeability to allow gasses generated
during casting to pass between the particles without
causing casting defects (Yaro et al., 2006, Aigbodion et
al. 2008). Foundry sands are produced within strict
particle size distributions to tailor the properties of the
material to the intended casting process (Aigbodion et
al. 2008, Burns.1989, Asuquo. 1991). There are many
deposits of silica sand usable in foundry applications
scattered all over the country (Yaro et al., 2006, Asuquo
and Bobo. 1991). The local foundry men have been
using this without the knowledge of its physical,
chemical and foundry (moulding) properties. Except
these characteristics of the sand are known, it will be
very difficult to use the sand and achieve the desired
results. In a survey of sands used by some Nigerian
foundries (RMDC, 1990), it was established that most
of these foundries are using these sands without
knowing their characteristics. The suitability of any
particular sand for foundry mould production is
determined by the properties and composition it
possesses. These properties and composition are of
great importance to both foundry engineers and
technologists. Therefore, adequate investigations on
sand are necessary before embarking on mould
production. Therefore a research of this nature is very
important and timely and this work is aimed at
determining the chemical composition and physical
properties of River Niger (Itobe deposit) using Iyoloko
clay as an additive for foundry application.

2.0 Materials and Method
2.1 Materials
The materials that were used in this research are: River
Niger natural sand collected from Itobe, located at the
Eastern bank of River Niger in Ofu local government
area of Kogi state. Iyoloko natural clay was collected
from Iyoloko located at Ede community (a southern part
of Idah) in Idah local government area of Kogi state,
moulding box, measurement cylinder, water, and
aluminum scraps.
2.2 Equipment
The equipment that was used in this research are:
moisture tester, permeability machine, strength
universal testing machine, speedy mouldability
machines, heat treatment furnace, and oven.
2.3 Practical size analysis
The particle size distributions of the Iyoloko clay and
that of 75wt% silica sand 25% clay were determined
using the American Foundry Society (AFS)
specification (Yaro et al., 2006, Nwajagu 1994). 100g
each of the dried samples was taken and introduced
unto a set of sieves arranged in descending order of
fineness (1.60-0.10mm) and shaken for 15minutes
which is the recommended shaking time to achieve
complete classification of the sand. The weight retained
on each sieve was taken and expressed as percentages
of the total sample weight. Grain fineness number
(GFN) was computed from the percentage weight of the
retained sand.
2.4 Bulk density
The bulk density of the samples (Db) was determined
by measuring the dry weight (D), suspended weight (S)
and saturated weight (W) of the test samples. The bulk
density was then computed from the relationship shown
in Equation 1 (Nwajagu. 1994, Atama. et al. 2007).
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2.6 Production of standard samples for the
determination of moulding characteristics of the
g/cm3 ------------ (1)
Db =
sand
Standard test samples for the determination of moulding
2.5 Moisture content determination
properties of the sand were prepared by mixing known
The moisture contents were determined using a speedy
weight (0-75%) of the silica sand and the percentage of
moisture tester. A sample of each mixture was weighed
the clay were varied from 5, 10, 15, 20 and 25% were
on the weighing balance of the tester and then
used, the mixture was packed into cylinder metal box
introduced into the flask of the moisture tester. A
and then rammed to obtain a cylindrical shape of
known weight of calcium carbide was added into the
dimension (6cm diameter by 6cm length). The produced
flask for 3 minutes which is the recommended shaking
samples for green properties are shown in Plate 1. After
time and the percentage moisture content of the sample
production, some of the produced test samples were
was read directly from the calibrated dial instrument at
baked at a temperature of 350oc for 5hours using
the top of the flask attached to the machine (Yaro et al.,
electric heat treatment furnace, for the purpose of
2006, Begeman and Amstrad. 1996).
determining the dry strength of the mould.

Plate 1: Standard test sample for the Green sand properties (Source: Produced by author).
2.7 Permeability
The test piece after ramming was subjected to a
pressure of 12KN/m2and then air was passed for
30seconds into the sample through an orifice of
diameter 15mm. the volume of the air that was passed
through the rammed sample in 30seconds was taken as
permeability of the sand mixture (Muhammad et al.
2003, Nwankwo and Seghal. 1983).
2.8 Compatibility
The standard test sample was left in the cylinder of the
ramming machine after the third drop it weight was
taken as (W1), it was then dropped for the fourth time
its final weight after the fourth drop was determined as
(W2). The compatibility was then calculated using
Equation (2) (Nwankwo and Seghal. 1983, Okezue
2004).
Compatibility =
X 100(%) ---- (2)
2.9 Mouldability
After ramming, the sand mixture test pieces were
placed inside the moulability machine, switched on and
allowed to run with the test pieces inside until it
stopped. The weight of the sample that fell out of the
sieve on the machine was taken as (Wb) and the weight
of the initial test pieces as (Wa). Then the mouldability
of the test sample was calculated from Equation (3)
(Ihom et al. 2006).
Mouldablity=

X 100(%) ---------- (3)

2.10 Green/Dry Compressive and Shear Strength
Determination
The green compressive strengths (GCS) and the green
shear strengths (GSS) was determined immediately
after ramming, while the dry compression strengths
(DCS) and dry shear strength(DSS) were determined
after baking the rammed pieces. For the compression
strengths the samples were placed between two parallel
plates of a compressible jig, while for the shear
strengths the samples were placed between the parallel
plates of the shear jig. The samples and the jigs were
then placed on the universal sand testing machine in
such a manner that the movable jaws clamped the
sample to fracture in a slow but continuous movement
without shock. The values of the strength were directly
read from the calibrated scales attached to the machine
(Okezue. 2004, Aponbiede. 2000).
3.0 Result and Discussion
The result of the chemical analysis of the clay is shown
in Table1and the particle size analyses are shown in
Tables 2 and 3. The results of the moisture content, bulk
density, permeability, compatibility and strengths are
shown in Figures 1-7.
3.1 Chemical analysis
The chemical analysis of the clay shows that it contains
79%SiO2, 8.79%Al2O3, 0.01%MgO and 0.02%S as in
Table 1. The values are within the range of acceptable
values for typical foundry sand ( Aji et al., 2015, Idenyi
and Ani. 2006).
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and Iyoloko clay in ratio of 3:1 resulted to an increase
3.2 Sieve analysis
in the G.F.N of River Niger silica sand from 28.96 to
The sieve analysis of the River Niger silica sand result
36.14G.F.N, this indicates that addition of clay to this
shows that the sand has 28.96 Green fineness number
sand increased the fineness of the sand. This means that
(G.F.N) which make the sand to be coarse in nature and
casting done with the mixture can result to good surface
lower the bounding strength of the sand (Yaro et al.,
finish as shown in Plate 2.
2006), while the result of the sieve analysis of the clay
was 90.19G.F.N. Blending the River Niger silica sand
Si02
79.18%

Al2O3
8.79%

Table 1: Chemical composition of Iyoloko clay.
Fe2O3
CaO
MgO
K2O
Na2O
8.58%
0.12%
0.01%
0.96%
0.12%

Table 2: The Particle size analysis of Iyoloko clay.
S/no
Sieve %Wt
Multiplier Product
no
Retained
(mm)
1
1.60
0
5
0
2
1.00
0.01
10
1
3
0.71
0.14
20
2.8
4
0.63
1.00
30
30.0
5
0.40
2.24
40
89.6
6
0.31
16.15
50
807.5
7
0.20
32.59
70
2281.3
8
0.16
30.77
100
3077
9
0.12
11.05
140
1547
10
0.10
2.02
200
404
11
Pan
1.98
300
594
Total
97.95
8834.2
G.F.N
90.19

S
0.02%

TiO2
2.56%

Table 3: The Particle size analysis of River Niger
silica sand with Iyoloko clay
S/no
Sieve
%Wt
Multiplier Product
no
Retained
(mm)
1
1.60
0
5
0
2
1.00
13.5
10
135
3
0.71
24.0
20
480
4
0.63
8.5
30
255
5
0.40
29.5
40
1180
6
0.31
7.5
50
375
7
0.20
6.0
70
420
8
0.16
1.5
100
150
9
0.12
1.2
140
168
10
0.10
0.6
200
120
11
Pan
0.2
300
60
Total
92.5
3343
G.F.N
36.14

Plate 2: Surface appearance of Aluminum ingots casted from the blended sand.
3.3 Moisture content
From the result of the moisture content it was observed
that the moisture content slightly decreased with the
percentage of clay in the sand mixture. The moisture
content decreased from 5.8 to 1.7% at 5 and 25%
addition of Iyoloko clay respectively as shown in Figure
1. The values of the moisture content obtained is an
indication that the sand developed plasticity faster with
the additions of Iyoloko clay and these values obtained
are within the acceptable limit (Asuquo and Bobo.
1991).
3.4 Bulk density
The bulk density slightly decreased as the percentage of
clay increased in the sand e.g. the bulk density

decreased from 1.68 to 1.54g/cm3 at 5 and 25% addition
of clay (Figure 2). The slightly decreased of the bulk
density is as a result of the bulk density of the clay
which was found out to be 1.15g/cm3 and that of the
silica sand 1.71g/cm3.
3.5 Permeability
The permeability of the sand mixture decreased to a
minimum values of 86 at 25% addition of rice husk ash
as shown in Figure 3, but the permeability values
obtained are within the recommended acceptable limit
for both ferrous and non-ferrous casting (Asuquo and
Bobo. 1991) which means that mould produced from
these blend will allow escape of gasses freely from the
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percentage of Iyoloko clay from 5% to 25% addition
casting hence reducing the chances of getting gas
respectively. For example, the green compression
inclusions in the casting.
strength increased from 19 to 42KN/m2 and shear
strength increased from 12 to 31KN/m2
3.6 Mouldability and Compatibility
The mouldability and compatibility values increased as
The baking strength also increased at the percentage of
the percentage of Iyoloko clay in the sand mixture
the Iyoloko clay increased in the sand mixture, it means
increases as in Figures 4 and 5, these means that as the
that the higher the Iyoloko clay, the more strength
percentage of Iyoloko clay increased the sand develop
developed with the sand. Figure 7 shows that increased
strong bounding.
the percentage of Iyoloko clay beyond 20%wt do not
resulted to any further increases in strength of the sand.
3.7 Compression strength and Shear strength
The increases in compression strength of green sands
Figures 6 and 7 shows the compression strength and
containing 20%wt Iyoloko clay indicate its binder
shear strength variation with Iyoloko clay, it shows that
properties.
both the green and dry strength increases as increasing

Figure1, Variation of % Moisture content with % of Iyoloko clay.

Figure 2, Variation of Bulk Density with % of Iyoloko clay.

Figure 3, Variation of Permeability with % of Iyoloko clay.
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Figure 4, Variation of Compatibility with % of Iyoloko clay.

Figure 5, Variation of Mouldability with % Iyoloko clay.

Figure 6, Variation of Green Strength with % of Iyoloko clay.

Figure 7, Variation of Dry Strength with % of rice husk ash.
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4.0 Conclusions
This study revealed that river Niger sand taken from
River Niger at Itobe is alumino – silicate with physio –
chemical properties that are suitable for non – ferrous
alloy casting of low melting point because of its low
refractoriness (10930C). It responded well to “Iyoloko”
clay binder that gave good mechanical properties to
sand mould specimens. All investigated clay were
found capable of being added up to amounts of 20%
with their technological properties remaining at
sufficient levels which provides an opportunity for
obtaining casting of satisfactory quality from sand
casting.
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ABSTRACT
This study presents a relationship between developed physical and mechanical properties of Nigerian
grown Ebony ((Kanyan) Diospyros mespiliformi) timber. This is in order to determine the full potential
for its utilization. Wood specimens for the test were prepared and determined in accordance with EN
13183-1 (2002) and EN 408 (2003). The mechanical properties were determined using three point
bending test in accordance with ASTM D193 (2000). The mean moisture content, oven dry density,
bulk density, bending strength, and modulus of elasticity were found to be 30.52% (MC), 768.56 Kg/m3
(DD), 1060.89 Kg/m3 (BD), 72.55 N/mm2 (BS) and 11722.78 N/mm2 (MOE) respectively. A relationship
between the properties was determined using regression equation. The best relationship was between
DD and MOE (R2 =0.893) and DD and BS (R2 = 0.894) followed by BS and MOE (R2 =0.813) then
BD and MOE (R2 =0.756) while the least relationship observed was between BD and BS (R2 =0.652).
Keywords: Physical Properties, Mechanical Properties, Simple Linear Regression Nigerian Timber,
Three-point bending test, Ebony (Diospyros mespiliformis).
1.0

INTRODUCTION
Ebony (Diospyros spp., family Ebenaceae) is
species of tropical hardwood trees favored for their hard
and beautiful wood. Only the black or brown heartwood
is used commercially. The best commercial Ebony
comes from India, Madagascar, Nigeria, Zaire, and the
Celebes Islands (Hatchard, 1999). The wood of the
Ebony is so dense, rapidly dulls tools used for working,
sawing, or turning it. Even termites will bypass a fallen
Ebony log. This density contributes to ebony's
commercial appeal, as it results in a finish that takes a
high polish, which adds to its beauty. The properties,
attributed to ebony through both fact and myth, have
been recognized for many generations. Today, Ebony is
used for many purposes, including tool and knife
handles, furniture, inlay work, wall paneling, golf club
heads, and musical instruments (Hatchard, 1999).
Although there are many species of ebony, only a few
are of commercial-grade while its demand far exceeds
the supply. Ebony (Diospyros mespiliformis) is more
widespread and abundant than other Ebonies, but the
heartwood is more brownish than blackish in colour,
thus limiting its appeal (Hatchards, 1991).
According to Leonardo, (2008), timber is the
oldest known building material capable of transferring
both tension and compression forces - making it
naturally suited as a beam element. It has a very high
strength to weight ratio, it is relatively easy to fabricate
and join, and it often out-performs alternative materials
in hazardous environments and extremes of temperature
(including fire).
Furthermore Leonardo, (2008), noted that
timber does not corrode, while many species, if detailed
correctly, can be very durable. The unique properties of
timber have made it a cornerstone contributor to the
advance of civilization and development of society as it
known today.
Timber production in Nigeria is not
proportional to its potential. Though, it’s under-

utilization is partly as a result of the lack of information
about the wood properties of Nigerian grown and the
great number of timber species. The determination of
important wood properties allows construction activities
using vast quantities of locally available raw materials
which are towards major steps in industrialization and
economic independence for developing countries that
are emphasizing more interest in timber.
Structural timber is the timber used in framing
and load-bearing structures, where strength is the major
factor for its selection and use. To use timber in
structures one need to grade the timber (that is, beams
from a timber species that fulfils some predefined visual
or machine measured characteristics are assigned to
appropriate strength class for use in practice). The
provisions of data on the mechanical and physical
properties of these species are of great significance for
their incorporation and use.
The importance of the relationship between the
properties to utilization of a species cannot be
overemphasized. Therefore, in order to determine the
full potentials of Ebony (Kanyan) (Diospyros
mespiliformis) for structural application, this study
investigates the relationship among the properties.
2.0
2.1

MATERIALS AND METHODS
Materials
Ebony (Kanyan) (Diospyros mespiliformis)
are processed into structural sizes that are used in real
timber construction. The timber materials used were
selected in order to obtain test samples without too high
a variation in strength which could arise from different
growth conditions. They were obtained from a local
saw-mill in Zaria Kaduna State and were taken to the
concrete laboratory of Ahmadu Bello University Zaria
for tests. The timber specimen were subjected to
temperatures of (20+2) °C and relative humidity of (65
+5) % as specified in EN 408, 2003 (E) in the concrete
and materials laboratory for three weeks in order to
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content calculated with the following formula as given
condition them to the laboratory environment. The
in Equation 1.
specimens were then sawn into the regular test piece
sizes as required by the relevant specification.
2.1.1
Preparation of Test Specimens
2.1.1.1 Physical Properties
The specimens for determination of physical
properties were prepared in accordance with EN131831 (2002) and EN 408, 2003 (E). Slices of cross sections
of 50mm × 75mm × 50mm each cut from failed timber
beam were prepared for the moisture content (MC) and
density determination. A total number of 20 slices of
the selected timber species were prepared.
2.1.1.2 Mechanical Properties
The specimens for determination of
mechanical properties were prepared in accordance with
in EN 408, 2003 (E). For static bending strength and
modulus of elasticity (MOE) tests (Plate 1), a total
number of 40 specimens for the selected timber specie
were prepared with the aid of sawing and milling
machines. The Timber beams of average size of 50mm
× 75mm × 1200mm were obtained.

MC 

mi  m0
x100
m0

(1)

where
mi = the initial mass
mo = final mass and
MC = Moisture content of test slice.
The MC of the specie was considered to be the mean
values of 20 slices.
2.2.1.2 Density
Density is defined as a tree’s mass per unit
volume measured at particular moisture content.
According to Elevitch, (2006), wood density is an
important wood property for solid woods. EN 13183-1
(2002) indicated that density is a general indicator of
cell size and is a good predictor of strength, stiffness,
ease of drying.
2.2.1.2.1 Dry density:
The density of slice was determined in
accordance with EN 408 (2003). All test specimens
were weighed to obtain the green weight and the
volume of the samples were calculated by first
measuring the dimensions of the samples and the
weight using an electronic balance before being placed
in the furnace to oven dry at a temperature of 103+ 20C
to constant weight so as to obtain the dry weight. This
was achieved using Equations (2) and (3)

=

d 
Plate 1: Laboratory Arrangement of the Three Point set
up
2.2
2.2.1

Methods
Physical Properties of Timber
Physical properties are the quantitative
characteristics of wood and its behaviour to external
influences other than applied forces. This includes MC
and density (Winandy, 1994). The specie moisture
content was determined in accordance with EN 131831(2002) and EN 408, 2003 (E)
2.2.1.1 Moisture Content of Timber
The moisture content of each slice was
determined by first measuring its initial mass before
drying using electronic digital weighing balance. The
test slices were then oven dried at a temperature of 103
± 20C until constant weight, that is, less than 0.1%
change in weight for twenty four (24) hours. The
samples were cooled and weighed. The initial and final
mass of each slice were recorded and the moisture

(2)

mo
v

(3)

2.2.1.2.2 Bulk Density:
Bulk density was obtained using green volume
and initial weight of each specimen before oven drying
according to Equations (4) and (5).
=
=

(4)
(5)

2.2.2

Mechanical Properties of Timber
The mechanical properties of wood are an
expression of its behavior under applied forces.
Mechanical properties are the characteristics of a
material in response to externally applied forces. They
include elastic properties, which characterize resistance
to deformation and distortion, and strength properties,
which characterize resistance to applied loads
(Quintanar, et al, 1997).
The Universal Testing Machine was used to
determine deflection using a dial gauge while the failure
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load was recorded. This was used to calculate the
were determined. A simple linear regression analysis
bending strength and the Modulus of elasticity (MOE).
was used to determine the extent of response of a
Longitudinal MOE, one of the basic properties
variable Y to a change in variable X as given in
of wood, is usually obtained through a standard threeEquation 8
point bending test, and calculated from the deformation
of wood under low stress in the elastic region.
Y1  bo  bi X i  E1
(8)
The coefficient of determination “R2” was
2.2.2.1 Bending Strength
used to verify the suitability of the regression equations
This show the highest stresses in the outermost
for each observation. This index measures the
fibers of the wood when the beam breaks under a load.
proportion of the variation in the dependent variable (Y)
Three point bending strength tests as specified by
which is explained by the variation in the independent
ASTM D193 (2000) and BS373: (1957) were used on
variable (X).
40 specimens from the selected timber specie. Each
specimen was tested using Universal Testing Machine
3.0
RESULTS AND DISCUSSIONS
(UTM) until failure occured. The failure load in respect
3.1
The Physical Properties
of the individual beam was recorded. The bending
The
physical properties of Ebony ((Kanyan)
strengths were then computed from Equation (6)
Diospyros mespiliformi) are presented in Table 1. The
according to ASTM D193 (2000).
average moisture content (MC) is 30.52% with a
standard deviation of 0.96 and a coefficient of variation
=
(6)
(COV) of 0.032. The average dry density (DD) is
768.56 kg/mm2 with a standard deviation of 91.20 and a
where,
coefficient of variation of 0.119. The average bulk
f m is the bending strength (N/mm2), F max is the
density is 1060.89 kg/mm2 with a standard deviation of
maximum Load (in Newton), b is the width of cross51.06 and a coefficient of variation of 0.048. Obeng,
section in bending test (mm), h is the depth of cross
(2010) gave a density range of 900- 1010kg/mm3 at
section in bending test (mm) and
12% moisture content. Adeniyi et al., (2013), (value
l is the length of test specimen between supports (mm).
obtained from NCP 2, (1973) gave a density of
864Kkg/m3 at a moisture content of 18%. The physical
2.2.2.2 Modulus of Elasticity
properties of common woods gave Ebony to be
The modulus of elasticity was calculated from
0.978g/cc density. All these shows that, the Ebony
the values obtained at the point of failure recorded
((Kanyan) Diospyros mespiliformi) is within the limit of
during the tests for the bending strength. This provided
other research
for the calculations of deflection which was used to
estimate the MOE using Equation 7 (ASTM D193
3.2
Mechanical properties
(2000)).
The mean, standard deviations and coefficient
of variation of the bending strength (BS) of the test
2
(
)
(7)
results are tabulated in Table 1, they are 72.55 N/mm ,
, =
(
)
6.56 and 0.118 respectively. The modulus of elasticity’s
(MOE) mean, standard deviation and coefficient of
where,
2
E m,g , is the global modulus of elasticity MOE in
variation were obtained as 11722.78 N/mm , 1384.80
bending,
and 0.118 respectively. Obeng, (2010) gave at 12%
l is the length of the test specimen between the testing
moisture content modulus of rupture (MOR) range of
machine grips in bending test (mm),
130 - 179 N/mm2 and a range of 15,500- 18,900N/mm2
I is the second moment of area (mm4),
for the MOE. Adeniyi et al 2013, (value obtained from
(F2− F1) is the increment load (in Newton) on the
NCP 2, (1973) gave at a moisture content of 18% a BS
regression line with a correlation coefficient of 0.99 and
and MOE of 28 and 12,500. The Physical properties of
(w2− w1) is the increment of deformation (mm)
common woods gave Ebony, Andaman marble-wood
corresponding to (F 2− F1).
(India) the MOR 7.8kg/mm2 and MOE to be 1270 kg/
mm2 and Ebony, Ebène marbre (Maritius, E. Africa)
2.2.3. Statistical /Data Analysis
MOR 5.5kg/ mm2and MOE to be 1007 kg/ mm2. All
The general statistical description such as
these shows that, the Ebony ((Kanyan) Diospyros
mean value, standard deviations and the coefficient of
mespiliformi) is within the limit of past research
variation for Ebony ((Kanyan) Diospyros mespiliformi)
TABLE 1: STATISTICAL EXPRESSIONS OF TEST RESULTS
Sample size
Mean Value
Standard Deviation
Moisture Content
20
30.52
0.96
Dry density
20
768.56
91.20
Bulk density
20
1060.89
51.06
Bending Strength
40
72.55
6.56
Modulus of Elasticity
40
10937.90
1741.30
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3.3
Relationship between Wood Density and
Mechanical Properties
The equation developed from the model is shown on
Table 2. The coefficients of determination (R2) for the
regression model were (R2 = 0.893) and (R2 = 0.894)
for MOE and BS for dry density relationship. (R2 =
0.756) and (R2 = 0.652) for MOE and BS for their bulk
density relationships and BS and MOE (R2 = 0.813).
The best relationship was between DD and MOE (R2 =
0.893). Both density and knots are correlated to strength
and stiffness, but while density demonstrates a stronger
correlation to stiffness than strength, knot parameters
are more correlated to strength as earlier noted by
(Kliger et al. 1995). This is also indicated by the fact
that density is significantly more important in
predicting MOE and DD and BS (R2 = 0.894) followed
by BS and MOE (R2 =0.813) then BD and MOE (R2
=0.756) while the least was between BD and BS (R2
=0.652).
The graphical representation showing the
relationship existing between Dry density (DD) and
Modulus of Elasticity (MOE), Dry Density (DD) and

Bending Strength (BS), Bending Strength (BS) and
Modulus of Elasticity (MOE), Bulk Density (BD) and
Modulus of Elasticity (MOE) and Bulk Density (BD)
and Bending Strength (BS) are presented as scattered
diagram (in Figure 1 -5)
Earlier studies examined the predictability of
some wood mechanical properties from density on
various hardwood species such as Eucalyptus globulus,
E. nitens and E. regnans (Yang and Evans, (2003) and
Izekor1, et al, (2010) on teak Tectona grandis wood).
These studies reported density as a good estimator of
mechanical properties. The correlation between strength
properties and wood density based on oven-dry weight
of three Celtis spp have been investigated and found to
be very high (Ocloo and Laing (2003)). These authors
reported that, the linear equations best fitted the
relationship between strength properties and density.
Fuwape and Fabiyi (2003) made similar observation,
when they investigated the relationships between
density and mechanical properties of plantation grown
Nauclea diderichii wood.

TABLE 2: SIMPLE LINEAR REGRESSION BETWEEN THE PROPERTIES
Equation Models
Dry Density and Mechanical Properties of
BS = 0.067x + 21.39
Diospyros mespiliformi
MOE = 14.71x + 566.2
Bulk Density and Mechanical Properties of
BS = 0.102x -35.50
Diospyros mespiliformi
MOE = 24.17x + 13.769
Bending Strength and Mechanical Properties
MOE = 190.3x - 2008
ofDiospyros mespiliformi

R
0.946
0.945
0.807
0.869
0.902

R2
0.894%
0.893%
0.652%
0.756%
0.813%

Modulus of Elasticity (N/mm2)

16,000
15,000
14,000

y = 14.713x + 566.22
R² = 0.8938

13,000
12,000
11,000
10,000
9,000
8,000
600.00 650.00 700.00 750.00 800.00 850.00 900.00 950.00 1,000.00
Dry Density (kg/m3)

Figure 1: Relationship between Dry Density and Modulus of Elasticity
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Bending Strength (N/mm2) )

90.00
y = 0.067x + 21.391
R² = 0.8945

85.00
80.00
75.00
70.00
65.00
60.00
55.00
600.00

650.00

700.00

750.00
800.00
850.00
Dry Density (kg/m3)

900.00

950.00

1,000.00

Figure 2: Relationship between Dry Density and Bending Strength
16,500
15,500
y = 24.172x - 13769
R² = 0.7563

MOE (N/mm2)

14,500
13,500
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11,500
10,500
9,500
8,500
900.00

950.00

1000.00
1050.00
1100.00
Bulk Density (kg/m3)

1150.00

1200.00

Figure 3: Relationship between Bulk Density and Modulus of Elasticity

Bending Strength (N/mm2)

90.00
y = 0.1022x - 35.502
R² = 0.652

85.00
80.00
75.00
70.00
65.00
60.00
55.00
950.00
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1050.00
1100.00
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Figure 4: Relationship between Bulk Density and Bending Strength
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Modulus of Elasticity (N/mm2)

16,000
y = 190.37x - 2088.8
R² = 0.8135

15,000
14,000
13,000
12,000
11,000
10,000
9,000
55.00

60.00

65.00

70.00
75.00
80.00
Bending Strength (N/mm2)

85.00

90.00

95.00

Figure 5: Relationship between Bending Strength and Modulus of Elasticity
4.0
CONCLUSION
This study shows that the best relationship was
between DD and MOE (R2 = 0.893) and DD and BS (R2
= 0.894) followed by BS and MOE (R2 = 0.813) then
BD and MOE (R2 = 0.756) while the least relationship
observed was between BD and BS (R2 = 0.652). Thus,
it can be inferred from the results of this study that
density has a strong positive correlation with the
mechanical properties of Ebony (Kanyan) (Diospyros
mespiliformis) wood and can therefore be used in
predicting its strength properties for the structural
applications.
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ABSTRACT
The solid waste from palm oil mill industry in Nigeria has been on the increase annually. This study
thus investigates the utilization of Palm kernel shells (PKS) bio-agricultural wastes as a filler material
for epoxy composite fabrication in which the filler was treated in an alkali solution. The composites
were fabricated by employing filler particle size of 150μm and loadings of 5%, 10%, 20%, 30% and
40% using hand mixing technique. The composites were tested following appropriate ASTM standards
for tensile, impact, hardness, morphological and water absorption properties. Fabricated composites
showed good mechanical properties with 5-10% filler loadings attaining maximum values which
improved on alkali treatment. The water absorption properties of the composites were not encouraging
as saturation point was reached just after three days of immersion but, treatment with alkali reduced
water absorption rate. SEM analysis of the fractured tensile specimens further highlighted the reason
for the improved mechanical properties recorded by the alkali washed palm kernel shell composites
due to the removal of natural impurities hence, providing larger surface area for mechanical
interlocking. PKS composites therefore, have adequate properties for applications in the automotive
industry as vehicle door and as partition panels and particle board products in building construction.
Keywords: Epoxy, Mechanical properties, Palm kernel shell (PKS), Scanning Electron Microscope
(SEM)
1.

INTRODUCTION

The physical and mechanical properties of cellulosic
natural fibre in composite material have become
subject of international research interests, most
especially when such fibres are residues of agro
industrial process with acceptable raw properties for
composite fabrication [Li et al., 2007; Reddy and Yang,
2005; Rowell, 1998]. The reason for this interest is not
just from the technological and scientific point of view,
but also social and economical, in terms of
employment, cost and environmental concerns.
Agricultural products such as: groundnuts, coconut and
palm kernel are widely grown in the tropical countries
like Nigeria, but less than 10% of the wastes generated
are used domestically as fuel with the larger percentage
of the wastes yet to find global sustainable application
[Wang et al., 2007]. In addition, studies have shown
that the burning of composite components with natural
fibres produced lower air emissions due to their reduced
energy consumption when compared to equivalent
synthetic fibre composites [Cicala et al., 2010].
The solid waste from palm oil mill industry in Nigeria
has been increasing annually where it has been reported
that about 4.6 million metric tons of fresh fruit bunch is
produced every year [Ohimain and Izah, 2014], which
means that PKS is always available. Oil palm is an
important tree because of the value of the crude palm
oil, fronds, stems and leaves. Due to the magnitude of
this industry, several residues are co-produced with
palm oil. These include the empty fruit bunch, palm
fruit fibre and palm kernel shell. The palm kernel shell
is a waste byproduct from palm oil processing [Obeng
et al., 1997] and approximately 15 to 18 tonnes of fresh

fruit bunches are produced per hectare per year with
PKS comprising about 64% of the bunch mass
[Adewumi, 2009]. In the developing world, waste PKS
is either burned to supply energy at palm oil mills or
left in piles to compost [Olumuyiwa et al., 2012].
Some previous studies showed that PKS has potential
for use as reinforcement in concrete (Alengaram et al.,
2008). PKS was recommended to replace aggregates of
stone dust and bitumen in 10% blend with asphalt for
heavily trafficked roads [Ndoke, 2006]. Also, a study
reported that palm kernel shell has been used as friction
material in the formulation of non-asbestos brake lining
[Ibhadode and Dagwa, 2008].
The use of PKS as fillers in infrastructure materials is
employed to fully take advantage of the natural
properties that this composition provides and to reduce
the cost of composite materials. In spite of this, not
much work has been reported on the development of
polymer matrix composites containing PKS as
reinforcement. This study therefore, reports the use of
PKS as a filler in epoxy composites and the analysis of
some selected mechanical properties.
2.

MATERIALS AND METHODS

2.1
Preparation of reinforcing Fillers
Palm kernel shells (Figure 1) obtained from the Central
market in Sabon Gari Local Government Area, Zaria
were washed and dried before grinding using a milling
machine. The particulate powders were sieved by
vibratory sieve shaker to obtain 150 m particle size.
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% water absorption =

× 100

Eq. (1)

Figure 1: Raw as-received Palm Kernel Shell (PKS)
2.2
Treatment of palm shell powder
The powdered shell was divided into two portions. A
portion was treated with 5 solution of sodium
hydroxide for one hour at room temperature (27 ± 2
C). It was then washed and decanted, after which
acetic acid was added in drops in order to neutralize the
alkali and a litmus paper used to test for neutrality. The
procedure was repeated severally until a neutral pH was
obtained, and then oven dried at 60 ºC for two hours.
This was later sieved to the required size (150 µm)
before composite fabrication. The second portion was
left untreated.
2.3
Fabrication of composites
This was done using hand mixing method with a glass
mould of 100 mm x 100 mm x 4.0 mm dimensions. The
epoxy resin and hardener were mixed in the ratio of 2:1
according to supplier’s instruction with filler loadings
of 5%, 10%, 20%, 30% and 40%. The mixture was
stirred at a relatively low speed to avoid bubbles until it
became uniform at ambient condition (27 C and 68%
RH). The glass mould was covered with an aluminum
foil (serving as mould release) to prevent the
composites from sticking to the mould on removal after
curing at room temperature.
2.4
Analysis of the Mechanical Properties of the
Composites
After fabricating the composites, they were cut into
various sizes for different ASTM standards using
BOCSH motorized jigsaw (model: GST 85 PBE) ready
for testing.
2.4.1
Tensile strength determination
The test was conducted on the dog-bone shaped
samples using Hounsfield Monsanto tensometer (model
9875) according to ASTM D638-10 with a gauge length
of 33 mm on specimen dimension of 100 mm x 20 mm
x 4 mm. Average value from five tested samples were
used in each case.
2.4.2
Water absorption test
The samples of 10 mm x 10 mm x 4 mm dimensions
were cut, weighed and immersed separately in water at
room temperature (27 ± 2 ºC). The samples were
removed, dried and the weight taken after each day. The
water absorption test was conducted according to
ASTM D570-2010. The amount of water absorbed by
the composites at room temperature was calculated
using:

2.4.3
Impact test
Impact test was carried out using the Izod impact
testing machine according to ASTM D 256. Samples
were tested in replicates of three each at ambient
condition (27 C and 68% RH) by a single swing of the
pendulum hammer using a Resil Impactor impact tester
(Model no. 6957, capacity of 25 joules). The specimen
size was 100 mm x 15 mm x 4 mm. Each sample was
placed on the vice and clamped firmly. The formula
below was used to calculate the Izod impact strength of
the samples, expressed in kilo Joules per square metre.
Impact strength =

x 10 Eq. (2)

where
E c is the corrected energy absorbed by breaking the
test sample in joules,
h is the thickness of the test sample in millimetres and
b is the width of the test sample in millimeters.
2.4.4
Hardness test
Indentation test for composite samples was carried out
according to the standards specified by ASTM-D2240
and EN/ISO 7619 using Shore A Durometre (Model 5019). Each sample with dimension 100 mm x 15 mm x
4 mm was loaded and the indenter was lowered to make
an impression on each sample at different spots.
Average of three readings was obtained and recorded on
five specimens tested per sample.
2.4.5
Scanning Electron Microscope (SEM)
The morphology of the composites was investigated
using a Phenom ProX SEM scanning electron
microscope (SEM), at a voltage of 15 KV. Fracture
surfaces of the specimen samples obtained from tensile
testing were sputter-coated with gold prior to their
observation.
3.0
RESULTS AND DISCUSSION
3.1
Fabricated composites
Figure 2 shows the fabricated composite sheets and the
cut samples for some mechanical tests.

(a)

(b)

Figure 2: Prepared composites sheets (a) and cut
samples for some mechanical tests (b)
3.2
Tensile Strength of Composites
The effect of filler loading and alkali treatment on
tensile strength (T.S) of palm kernel shell epoxy
composites is as shown in Figure 3, it was observed that
tensile strength of the composites increased marginally
before decreasing steadily with respect to the unfilled
epoxy composite with a value of 40.3 MPa.
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Figure 3: Effect of alkali treatment and filler loading on the tensile strength and modulus of PKS epoxy composites.
There could be good interaction between the filler and
the matrix resulting into better stress transfer between
the filler particles and the matrix and consequently, the
enhancement in the tensile strength of the composite, a
trend reported also by Abdul Khalil et al., [2013]. 5%
untreated and treated have the highest tensile strength of
43 MPa and 45.8 MPa respectively. Though, the
difference in strengths for the 5% filler loading is
marginal, but it is still visible. The decrease in strength
at higher filler loadings above 5% could probably be
due to poor filler–matrix interaction, weak interfacial
bond, and the effect of the agglomeration of filler
particles which then led to premature failure as shown
by the SEM micrographs of Figure 8 for 10% filler
loading.
Treatment with alkali has shown slight improvement in
the tensile strength of the treated (T.S.T) composites
with the 5% treated having an increase of 13% with
respect to the unfilled epoxy and also values higher than
the untreated (T.S.U). Similar finding was reported
when the tensile properties of composites made from
alkali-treated cellulosic reinforcements were superior to
the untreated ones [Achukwu et al., 2015]. Increase in
filler loading probably increased the micro spaces
between the filler and matrix which weakened the filler
matrix interfacial adhesion. As reported by several
authors; tensile strength of particulate composites
generally decreases with filler content and it follows a
power law in the case of poor filler matrix bonding
[Bikiaris et al., 2005; Sun et al., 2006].
3.3
Tensile Modulus of Composites
Figure 3 shows that there was an observed increase in
the tensile modulus of treated and untreated palm kernel
shell epoxy composites, which simply means that
tensile modulus increased with increasing filler loading.
The incorporation of PKS was found to increase the
tensile modulus with respect to the unfilled epoxy
composite. A minimum tensile modulus for filled
composites was obtained at 5% loading with values of

305.3 MPa and 244.3 MPa for treated and untreated
fillers respectively. The unfilled epoxy has the lowest
tensile modulus of 237.1 MPa. It has also been reported
that the uniform dispersion of filler in the matrix
decreases the inter-particle distance or free space
between the particles which leads to the reduction in the
flexibility of the polymer chain, thus, increases the
tensile modulus [Ayatollahi et al., 2011].
3.4
Impact Strength of Composites
The impact strength of the fabricated composite
specimens as plotted against the filler loading is shown
in Figure 4. The unfilled epoxy composite had the
highest impact strength of 10.5 kJ/m2.
There was an increase of 29% and 13% in impact
strengths at 10% filler loading for the untreated and
treated respectively, with respect to the 5% loading.
Considering the error bar limits, alkali treatment has no
significant effect on the impact strength except at 5%
filler loading which is really marginal. Further increase
in filler loading led to steady decrease in the impact
strengths of the composites. The 10% filler loading
recorded the best performance in impact strength.
Impact property is thus found to be directly related to its
overall toughness which is highly influenced by the
nature of the constituent material as also reported by
Joseph et al., [2003].
3.5
Hardness test
The hardness strength of the fabricated composite
specimens as plotted against the filler loading is shown
in Figure 5. It can be observed that the inclusion of PKS
generally has beneficial effect on the hardness of the
unfilled composite for up to 10% with respect to the
unfilled composite. There was no observed increase in
hardness as filler loading increased beyond 10%. This
could be due to increase in the percentage of the hard
phase of the filler particles compared to the matrix
system thus, reducing stress transfer and consequently
the hardness value.
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Figure 4: Effect of alkali treatment and filler loading on impact strength of PKS epoxy composites.
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Figure 5: Effect of alkali treatment and filler loading on the hardness properties of PKS epoxy composites.
The alkali treatment had no significant improvement on
the hardness of the fabricated composites considering
the deviations from the mean values shown by the error
bars, except for the 5 and 10% filler loadings. Achukwu
et al., (2015) in their previous research with waste sodalime glass particles reported that increase in filler
loading improved the hardness of unsaturated polyester
composites to a certain degree before decreasing for the
particle sizes of 150μm. In comparison with the
unreinforced matrix, it can be said that the introduction
of palm kernel shell improved the hardness values of
PKS epoxy composites.

increase in water absorption of the PKS composites as
the filler loading increases relative to the unfilled epoxy
composite (Figure 6). 40% filler loading recorded the
highest water absorption of 1.6% while the epoxy
composite without any PKS recorded the lowest water
absorption of 0.6%. The behaviour of polymer-filled
composites to water absorption at a particular
environmental condition has been found to be
determined by many factors, such as processing
techniques, matrix filler characteristics, composition of
the composites, and duration of immersion in water
[Ramakrishna et al., 2006].

3.6
Water Absorption for untreated and treated
palm kernel shell epoxy composites
The graphs of water absorption properties are shown in
Figures 6 and 7. In this study, there was an observed

As can be seen, water absorption increases with
immersion time, reaching saturation point in 3 days
after which the composites were no longer absorbing
water. Increase in filler loading of cellulosic content has
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formation of hydrogen bonds between the palm kernel
been found to lead to high concentration of the
fillers and water molecules. Thus, increased filler
hydroxyl group and voids in the composites which
loading will increase the formation of hydrogen bond
results in an increase in water absorption [Abdul khalil
between the filler and water molecules.
et al., 2001]. Furthermore, the hydrophilic nature of the
fillers causes the increased water uptake due to the
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Figure 6: Effect of alkali treatment and filler loading on water absorption of treated PKS epoxy composite.
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Figure 7: Effect of alkali treatment and filler loading on water absorption of untreated PKS epoxy composite
For the untreated fillers (Figure 7), 40% has the highest
water absorption of 3.2% while the unfilled epoxy has
the least water absorption of 1.6%. The untreated filler
tends to absorb more water making the composite to
have higher moisture content compared with the treated,
similar behaviour reported by Abdul Khalil et al.,
[2011].
In this study, alkali treatment shows a significant
positive impact on the water absorption behaviour of
the composites, because it washed the impurities and
replaced most of the available hydroxyl ions that are
water loving leading to reduction in the amount of
water absorbed. Figures 6 and 7 followed Fick’s law
which states that the local rate of transfer of solute per
unit area per unit time is proportional to the
concentration gradient of the solute, and defines the
proportionality constant as the diffusivity of the solute.

3.7 Scanning Electron Microscopy
Figure 8 (a-d) shows the micrographs of fractured
tensile specimens taken at different magnifications
using the 10% filler loading as a representative sample
(having relatively highest property values). It can be
clearly seen that the treatment has actually washed
clean the palm kernel shell (b), contrary to the dark
patches seen in the untreated palm kernel shell
composites (a). Natural occurring matters (lignins and
pectins) and dirts have also been removed from the
palm kernel shell prior to composite fabrication. This
treatment effect is evidenced by the improved
mechanical properties recorded by the alkali washed
palm kernel shell composites. Similarly, the fractured
surface morphology of the 10% untreated at higher
magnification of 1000x (c and d), further revealed the
presence of impurities which could be wax or pectin
and other impurities in the surface of untreated fillers.
These observations could be the reason for relatively
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poor interfacial adhesion in the untreated composites
increased mechanical performances and observed
when compared with treated composites and support the
bonding nature in the treated composites.

a

b

c

d

Figure 8: SEM micrographs of tensile fractured specimens showing effect of alkali treatment for 10 filler loading:
(a) untreated at 300x magnification (b) treated at 300x magnification (c) untreated at 1000x magnification
(d) treated at 1000x magnification
4.0
CONCLUSIONS
At the end of this study, it can be concluded that:
Mechanical properties of palm kernel shell (PKS)
epoxy composites encouraged the use of agro waste
materials as reinforcement to create new composite
materials with reasonably good mechanical properties
thereby helping to reduce environmental pollution.
The effect of alkali treatment and filler loading on the
mechanical properties of PKS epoxy composites
revealed that the alkali treatment only had weak or
marginal improvement on the physical and mechanical
properties. This is further explained by the result of the
scanning electron microscopy (SEM). Filler loading
increase was found to have marginal beneficial effect
on the selected mechanical properties of palm kernel
shell epoxy composites up to 10%.
Finally, based on the properties of fabricated
composites, PKS as fillers have adequate properties for
applications in the automotive industry vehicle inner
panels and in in-door building construction as partition
panels and particle board products.
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ABSTRACT
This study is aimed at modeling of lead adsorption on Eucalyptus tereticornis (locally known as
Turare) leaves from laboratory simulated wastewater through the application of response surface
methodology (RSM). Batch studies were performed to evaluate the different parameters considered:
contact time and adsorbent dosage. Central Composite Design (CCD) in Response Surface
Methodology was employed which gave a total of 13 experimental runs that lead to a quadratic model
relating the response (adsorption capacity) and the variables. Analysis of variance (ANOVA) indicated
that the model was significant as indicated in model P-value of 0.0001. Significant model terms were
(contact time) and (adsorbent dosage). Experimental results showed that at constant pH 5, the
adsorption capacity has reached a maximum of 0.8147 mg/g with a contact time of 70 min.
Optimization of the model indicated adsorbent dosage of 1 g/L and 120 min adsorption time as
optimum conditions for the process. The actual and predicted values of the response agreed closely as
evidenced from the model R2-Value of 0.9651.
Keywords: RSM, lead (Pb), simulated wastewater, Eucalyptus tereticornis and model.
1.0 INTRODUCTION
Heavy metals have been excessively released into the
environment due to rapid industrialization and have
created a major global concern. Heavy metal ions such
as cobalt, copper, nickel, chromium, lead, and zinc are
detected in the waste streams from mining operations,
tanneries, electronics, electroplating, batteries and
petrochemical industries as well as textile mill products
(Kadirvelu et al., 2001; Williams et al., 1998). Unlike
organic wastes, heavy metals are non-biodegradable
and they can be accumulated in living tissues, causing
various diseases and disorders, therefore they must be
removed before discharge.

byproduct of waste material from waste industry.
Studies have been carried out to ascertain the optimum
conditions necessary for efficient removal of these
metals from polluted sites.

Major lead pollution is through automobiles and battery
manufacturers (Kobya et al., 2005). Lead is considered
as one of the top sixteen toxic pollutants because of its
carcinogenic characteristics for humans (Phussadee et
al., 2008). The permissible limit of lead ion in drinking
water is 0.05 mg/L. The maximum discharge limits for
Pb ion in waste water is 0.05 mg/L and sewage sludge
applied to agriculture land is 420 mg/L as set by the
Environment protection Agency (Brady and ray, 1999).
Lead poisoning causes severe damage to the kidneys,
nervous system, reproductive system, liver and brain.
Contamination of water
through anthropogenic
practices is the primary cause of lead poisoning in fish.
The several methods which were used for the treatment
of waste water include Precipitation, adsorption with
activated carbon, ion exchange and membrane
processes (Namasivayam and Ranganathan, 1995).

In this study, RSM was employed in modeling and
optimization of biosorbent developed from Eucalyptus
tereticornis leaves which belongs to the family
Myrtaceae, and used for the removal of Pb (II) ions
from contaminated water. The factors studied were
contact time and dosage.

Adsorption is one of the physicochemical treatment
processes found to be effective in removing heavy
metals from aqueous solutions (Bailey et al., 1999). An
adsorbent can be considered as cheap or low-cost if it is
abundant in nature, requires little processing and is a

Response surface methodology (RSM) is a collection of
mathematical and statistical techniques useful for
analyzing the effects of several independent variables
on the response. The RSM generates an experimental
design for model preparation. An experimental design is
a specific set of experiments defined by a matrix
composed of the different level combinations of the
variables studied (Junqueira et al., 2007).

2.0 MATERIALS AND METHODS
The leaves of E. tereticornis were collected from
Ahmadu Bello University, Zaria. They were washed to
remove the suspended particles and dried for some days
to remove the moisture content. The sample was ground
approximately to a particles size of 1.4mm of sieve size.
The samples were kept in an air tight plastic jar until the
usage for the experiment.
2.1 Preparation of adsorbent
Metal ion solution of Pb (II) was prepared from Lead
nitrate (Merck- A.R. grade). About 1.598 g of lead
nitrate was weighed and a standard stock solution of
concentration 1000 mg/L was prepared in double
distilled water. The initial and final concentrations of
metal ions were analyzed by Atomic Adsorption
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Spectrometry (AAS), model AAS500 manufactured by
was employed (Zahedi and Azarpour, 2011; Galadima
Jasco Equipment.
et al., 2015) and 13 experimental runs were obtained
with two chosen factors. These factors were varied at
two levels, low and high as presented in Table 1
2.2 Design of experiment
A Central Composite Design (CCD) under Response
Surface Methodology in Design Expert 6.0.6 version

Factors
A
B

Name
Contact time
Adsorbent dosage

TABLE 1: DESIGN SUMMARY
Unit
Lower Limit Upper Limit
Minutes
20.00
120.00
Gram
1.000
5.000

3.0 RESULTS AND DISCUSSIONS
Table 2 presents the central composite design matrix
and the adsorption capacity obtained from the
experimental runs. It can be seen from the Table that
0.0211 and 0.8147 were the lowest and highest
adsorption capacity achieved respectively.
Table 2: CENTRAL COMPOSITE DESIGN OF
THE EXPERIMENT WITH THE RESPONSE
Runs Time Adsorbent Adsorption
(min)
Dosage
Capacity
(g/L)
(mg/g)
1
20.00
1.00
0.1231
2
3
4
5
6
7
8
9
10
11
12
13

70.00
70.00
120.00
70.00
120.00
20.00
70.00
140.71
70.00
70.00
0.71
70.00
1

(

3.00
3.00
5.00
5.83
1.00
5.00
3.00
3.00
0.71
3.00
3.00
3.00

0.0564
0.0462
0.0246
0.0211
0.2308
0.0338
0.0756
0.0769
0.8147
0.0769
0.0821
0.0718

Low coded
-1
-1

High coded
1
1

The results of the second order response surface model
fitting in the form of Analysis of Variance (ANOVA)
are given in Table 3. The ANOVA table indicated that
the model was significant due to the model P-value of
0.0001. Significant model terms were B and B2 also due
to their P-value of <0.0001. The "Lack of Fit F-value"
of 0.52 implies the Lack of Fit is not significant relative
to the pure error. This implies that the model will fit
data.
The value of the determination coefficient (R2= 0.9651)
indicates that 96.51% of the variability in the response
could be explained by the model. In addition, the value
of the adjusted determination coefficient R2 (Adj) =
0.9401 is also very high to advocate for a high
significance of the model. The predicted adsorption
capacities resulted from the model were in close
agreement with the experimental values also as
evidenced from the R2 values and hence the model was
adequate in representing the adsorption capacity of lead
under the specified conditions.
The final equation in terms of actual value is given as:

) = 7.69617 − 0.028678(A) − 2.03873(B) − 4.40287 × 10 (A ) + 1.18814(B ) + 0.037138(AB)

where: A and B represent contact time and adsorbent dosage respectively.
TABLE 3: ANOVA FOR INVERSE TRANSFORM SURFACE QUADRATIC MODEL TO IDENTIFY
SIGNIFICANT CONTRIBUTING FACTORS
Source
Sum of square DF Mean square F-value Prob>F
Model
2135.75
5
427.15
38.66 < 0.0001
A
8.90
1
8.90
0.81
0.3992
B
1893.29
1
1893.29
171.35 < 0.0001
A2
8.43
1
8.43
0.76
0.4114
B2
157.39
1
157.39
14.24
0.0069
AB
55.17
1
55.17
4.99
0.0606
Residual
77.34
7
11.05
Lack of fit
21.57
3
7.19
0.52
0.6934
Pure error
55.78
4
13.94
Corr total
2213.09 12
Adeq precision=20.221, R2= 0.9651 and Adjusted R2= 0.9401 significant variable (P>F<0.05)

Nigerian Journal of Materials Science and Engineering Vol. 6, No. 1

40

Aminu et al., (2015); Application of response surface methodology in adsorption of lead ion from laboratory
simulated wastewater using Eucalyptus tereticornis leaves

Predicted vs. Actual

47.39
39.7074
30.1607
20.6141

P re d ic te d

1.0/(AC)

35.85

11.0674
1.52069

24.31
5.00
120.00

4.00

12.77

95.00
3.00

B: dosage

70.00
2.00

45.00
1.00

1.23

1.23

12.77

24.31

35.85

47.39

Actual

Figure 1: Parity plot of actual and predicted values for
Pb adsorption capacity (AC) on Eucalyptus tereticornis
Leaves
The parity plot (Figure 1) showed a satisfactory
correlation (R2 = 0.9657) between the experimental and
the model predicted values of lead adsorption capacity.
The points are on the diagonal line which indicated the
good fit of the model due to the slight deviation
between the experimental and predicted values of the
response as seen from the value of the correlation
coefficient.

A: contact time

20.00

Fig 2: 3D response surface for inverse of adsorption
capacity versus the effect of contact time and adsorbent
dosage.
Figure 2 presents the variation of contact time and
adsorbent dosage with inverse adsorption capacity of
lead. It can be seen from the Figure that the lower the
inverse of the response the higher the adsorption, also
lower dosage values indicated relatively higher
adsorption while time variation does not significantly
affect the response.
Tables 4 and 5 present the constraints and the
optimization results respectively. The goal is to
maximize the adsorption capacity. The results indicated
that 0.6576 is the optimum capacity at 120 min and
adsorbent dosage of 1 g/L. This is the result with the
highest desirability of 0.994 (99.4 %).

TABLE 4: CONSTRAINTS OF OPTIMIZATION PARAMETERS OF LEAD ADSORPTION ON
E.Tereticornis LEAVES
Name
Goal
Lower Limit Upper Limit
Contact time (min)
Is in range
20.00
120.00
Adsorbent dosage (g)
Is in range
1.000
5.000
Adsorption capacity (mg/g) Maximize
0.0211
0.8147
TABLE 5: RESULTS OF THE OPTIMIZATION OF LEAD ADSORPTION ON E.Tereticornis LEAVES
S/N
Time,
Dosage,
Adsorption
Desirability
min
g/L
Capacity, mg/g
1
120
1.0
0.6576
0.994
2
120
1.37
0.2973
0.954
3
42.23
1.0
0.1558
0.888
4
34.87
1.0
0.1514
0.884
5
25.77
1.0
0.1477
0.880
4.0 CONCLUSIONS
Adsorbent developed from Eucalyptus tereticornis
leaves was successfully employed for lead adsorption
from wastewater. The process was modeled and
optimized; and analysis of variance (ANOVA)
indicated that the model was significant (p-value of
0.0001). Adsorbent dosage was also found to be a
significant model parameter. Optimization of the
adsorption process revealed that the optimum contact
time and the adsorbent dosage were 120 min and 1.0

g/L respectively; this resulted in 0.6576 mg/g
adsorption capacity.
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ABSTRACT
The dyeing of nanocrystalline (NCC) cellulose powder extracted from corn cob (Saleh, 2015) was
carried out using Reactive (Procion Violet H-3R), Disperse (Foron YellowS.E 2GL) and Direct
(Solophenyl Yellow) dyes. The percentage exhaustion in each case was calculated to determine which
of the dyes exhausted best. The fastness of the dyed NCC powder to washing, chlorination and light
were also investigated to determine which of the dyes has the best fastness properties and which of the
dyes is suitable for application in a particular area. Based on the exhaustion and fastness results, the
disperse dye with overall excellent properties was chosen as the best dye for nanocrystalline cellulose
dyeing. Fabrics were dyed alongside to serve as a control.
Keywords: Nanocrystalline cellulose powder, dyeing, exhaustion, optical density, stripping,ISO,
washing,active chlorine, blue cards, grey scale
INTRODUCTION
Nanocrystalline cellulose (NCC) is a kind of renewable
natural resource. It is typically rod-shaped
monocrystalline cellulose with tens to hundreds of
nanometres in length and 1 – 100 nm in diameter (Ruiz
et al., 2000).
Nanocrystalline cellulose (NCC) is an emerging
renewable nano material that holds promise in many
different applications, such as foods, pharmaceuticals,
personal care etc. Its properties and many potential
forms allow many uses which in addition to the afore
mentioned are: iridescent magnetic films, improved
construction products, biocomposite for bone
replacement, paint additives, reinforced composites,
recyclable interior and structural components for the
transportation industry (Coffey et al., 1995;De Souza
and Borsali, 2004).

MATERIALS AND METHODS
Materials
All chemicals and reagents used in this work were of
analytical grade. The dyes used are commercial dyes
and obtained from the Department of Textile Science
and Technology, Ahmadu Bello University, Zaria,
Nigeria. Fabrics were dyed alongside the powder to
serve as control. The stock solution used for each of the
dye was 1%, depth of shade 3%, and the material to
liquor ratio 1:20. The calculation of the dye bath
volume was carried using:
×

---- (1)

Nanocrystalline cellulose is a refined form of cellulose,
it can be extracted from virtually all cellulose-based
materials. The extraction principle is that of finding a
way of dissolving the amorphous regions in cellulose,
leaving behind the pure crystalline material. A number
of processes were reported to be successful in achieving
this including: acid hydrolysis, enzymolysis and
chlorine oxidation degradation.

Dyeing with Direct dye
The dye was added in a well-dissolved condition to the
dye bath containing a wetting agent. Common salt (20%
owf) was then added. The NCC powder was then added
into the dye bath at a temperature of 40 – 50ºC. The
temperature of the bath was raised to the boil over a
period of 30 minutes and dyeing was continued at this
temperature for 60 minutes. Thereafter, the powder was
then filtered, rinsed with distilled water and dried. The
direct dye used was Solophenyl Yellow PFL which is a
bright yellow dye with the chemical structure
(Nkeonye, 1987);

NCC has received a lot of recognition in recent years
owing to its promising properties which include: high
strength, very good optical properties and
biodegradability. These properties give NCC its
widespread application in areas such as: biocomposites,
advanced building materials, iridescent or magnetic
films, nanostructured foams, switchable optical films,
cosmetics etc. Therefore, the successful application of
colour to NCC (originally white) will go a long way in
improving its aesthetic properties and applications.

Dyeing with Reactive dye
The NCC powder was introduced into a neutral dye
bath at 20 - 40ºC, equilibrated over a period of 20
minutes, common salt was then added and dyeing was
continued for 30 minutes at a temperature of 60ºC. 2%
caustic soda (NaOH) was added at this juncture to
effect fixation and dyeing was continued for another 20
minutes after which the NCC was filtered, rinsed and
dried (Nkeonye, 1987). The reactive dye used was
Procion Violet H-3R with the chemical structure:
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Figure 1: Procion Violet H-3R
Dyeing with Disperse dye
High temperature method of disperse dyeing was
adopted. The NCC was introduced into a dye liquor
containing 5 g/l dispersing agent at a temperature of
60ºC. The temperature was raised to not less than 100ºC
and dyeing was continued for 90 minutes. The NCC
was filtered, rinsed with distilled water, filtered and
dried (Nkeonye, 1987). The disperse dye used was
Foron Yellow S.E – 2GL with the chemical structure:

where: OD1 is optical density of dye solution before
dyeing
OD2 is optical density of the dye solution after dyeing.
DETERMINATION
OF
PERCENTAGE
FIXATION
The percentage fixation is the amount of the total dye in
dye bath that has been retained by the material being
dyed. It is expressed as a percentage and was calculated
using the formula
(%) =

× 100% ---- (3)

where: OD1 and OD2 remain optical densities before
and after dyeing respectively
OD3 is the optical density after soaping.

Figure 2: Foron Yellow S.E 2GL
SOAPING
After each dyeing process, the dyed NCC was treated in
a bath containing 5g/l soap solution at 90ºC for 20
minutes followed by rinsing, filtering and drying. This
was intended to get rid of unabsorbed dyes.
DETERMINATION
OF
PERCENTAGE
EXHAUSTION
The percentage exhaustion of each of the dyes used was
determined by measuring the optical densities of dye
solutions before and after dyeing. In the case of the
disperse dye, optical densities were obtained by taking
3 ml of the prepared dyebath into a beaker, the water
was then allowed to evaporate and 2 ml of absolute
ethanol added, stirred well and then the optical density
measured as OD1. After dyeing, 3 ml of the used dye
liquor was measured into a beaker and the water
allowed to evaporate, 2 ml of absolute ethanol was then
added into the beaker and stirred, the optical density
was then measured as OD2.These values where then
used in the formula:
ℎ

(%) =

COLOUR FASTNESS TESTS
After dyeing, the dyed fabrics and the NCC powder
were subjected to colour fastness tests to investigate
how well the dyed powder can withstand certain
agencies. It is worth mentioning here that: the fastness
tests were only conducted in relation to the end use of
the NCC. Thus, fastness to washing, light and
chlorinated water were conducted.
Washing fastness (ISO test No. 1)
The dyed NCC powder was introduced into the wash
bath containing 5g/l soap solution at a temperature of
40ºC using liquor ratio of 50:1. Washing was carried
out for 30 minutes after which the NCC was filtered,
rinsed and dried. The grey scales were then used to
assess change in colour in comparison with the
untreated sample.
Light fastness (ISO B01: 1994)
The dyed NCC and the blue standards were exposed
together inside the digital light fastness tester. Exposure
was stopped when blue standard 7 has faded to grade 4
(the contrast between the exposed and unexposed NCC
was equal to grade 3 on the grey scale for assessing
change in colour). The setup is shown below:

× 100% ---- (2)
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This test was intended to assess the resistance of
coloured NCC to concentrations of active chlorine such
as used in the treatment of water for swimming baths.
The NCC was introduced into a still container
containing a solution of sodium hypochlorite (20mg/l
active chlorine) at a pH of 8. The container was closed
and agitated for 1 hour in the dark at 27 ± 2ºC (room
temperature). The specimen was filtered, rinsed and
dried after which change in colour was accessed using
the grey scales for assessing change in colour.

Figure 4: Determination of light fastness of Sample and
fabrics
Fastness to chlorinated water (ISO 105 – E03)
Table 1: Dye exhaustion on NCC and fabrics
S/N Dyes
OD1
(mg/l)
1.
Foron Yellow S.E-2GL
1.33
2.
Procion Violet H-3R
1.56
3.
Solophenyl Yellow
1.42

RESULTS AND DISCUSSION
RESULTS
Percentage Exhaustion and Fixation of Dyes
The percentage fixation of the reactive dye on NCC and
fabric were calculated as 64.79% and 76.36%
respectively. Percentages of exhaustion were calculated
for each of the dyes. The results are shown below:

NCC Powder
OD2
Exhaustion
(mg/l)
(%)
0.62
53.38
0.50
67.94
0.66
53.52

OD1
(mg/l)
1.33
1.56
1.42

Fabric
OD2
(mg/l)
0.58
0.52
0.71

Exhaustion
(%)
56.39
66.66
50.00

COLOUR FASTNESS RESULTS
The results for the colour fastness to washing, light and chlorinated water are shown in Table 2.
TABLE 2: Colour fastness rating of dyed NCC and control fabrics
S/N
Dyes
NCC Powder
Wash
Light
Chlorinated
fastness
fastness
water
1.
Foron Yellow S.E-2GL
3–4
6
2
2.
Procion Violet H-3R
3
6
2
3.
Solophenyl Yellow
2
5
3
DISCUSSION
Percentage Exhaustion
From Table 1 above, the reactive dye (Procion Violet
H-3R) has the best exhaustion, followed by the direct
dye (Solophenyl Yellow) andthe Disperse dye (Foron
Yellow S.E 2GL). The high exhaustion of the reactive
dye is as expected because, although the material is
highly crystalline, it is still purely cellulose and
therefore possesses good affinity for reactive dyes. The
dyeing of NCC with reactive dye is achieved through
covalent bonding between the dye reactive group and
the OH groups of the NCC.
The exhaustion of the disperse dye is also reasonably
good and resulted from the hydrophobic forces existing
between the highly hydrophobic fibres and the
hydrophobic dye molecule. However, the dyeing
method used also has influence on the exhaustion of the
dye, which means an even better exhaustion is possible
when carrier dyeing is used. The small molecular size
of disperse dyes is also an additional advantage to the
dyeing of crystalline materials.
The dyeing of NCC with direct dyes is achieved mostly
through van der Waals forces of attraction and

Wash
fastness
4
3
2

Fabric
Light
Chlorinated
fastness
water
6–7
2
6
2
5
2-3

hydrogen bonding between the dye molecules and the
NCC. Direct dyes are known to have high affinity for
cellulose.
Colour Fastness
Washing
FromTable 2, we can see that the NCC sample dyed
with direct dye (Solophenyl Yellow PFL) shows poor
fastness to washing (rating of 2). This is typical of
direct dyes. However, poor fastness to washing in direct
dyed material is often reduced using after treatment
process like treatment with cationic fixing agents,
formaldehyde, metallic and diazonium salts (Nkeonye,
1987).
The reactive dyed NCC shows better fastness to
washing with rating of 3. This fairly good fastness can
be attributed to the covalent bond that exists between
the dye reactive groups and the cellulose. The covalent
bond is thought to be a very strong attraction and
therefore difficult to be broken by ordinary washing.
The Disperse dyed NCC shows the best washing
fastness among the three. This can simply be attributed
to the compactness of the NCC and once the disperse

Nigerian Journal of Materials Science and Engineering Vol. 6, No. 1

45

Bukhari et al., (2015); Assessment of dyeing and some fastness properties of nanocrystalline cellulose extracted from
corn cob
allows for both hydrophilic and hydrophobic dyes to be
dye molecules find their way in, they become locked in
used.Therefore, it can be concluded that:
and very difficult to come off.
 NCC fibres/powder can be dyed using any of
Light
the three classes of dye used.
From Table 2 also, reactive and disperse dyed NCC
 The choice of dye will depend on the end use
have very close rating in light fastness. Light fastness is
of the NCC being dyed. Thus:
affected by a number of factors e.g. the intensity and
 If NCC is to be used where there is frequent
spectral composition of the light used for exposure, the
washing or cleaning, disperse or reactive dyed
spectral properties of the dyed fibre, the natureof bond
NCC suits best.
between the dye and the fibre, the dye concentration in
 If NCC is to be used where there is constant
the fibre, the dye reactivity, the state of the dye in the
exposure to light, as in outdoor applications
fibre and physical and chemical constitution of the fibre
then Disperse dye is most suitable.
(Thiagarajan and Nalankilli, 2010). That is to say, the
 Where there is contact with chlorinated water
close fastness of the two to dyes can be better
as in composites walls of swimming pools, the
understood if those factors have been critically looked
direct dyed NCC is the better choice.
into. However, disperse dyes are known to have slightly
better light fastness than reactive dyes.
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ABSTRACT
Diospyros mespiliformis is ubiquitously found plant in northern Nigerian farms and forests.
Previously, various parts of this plant were reported for treatment of different types of diseases and
there was neither a report of collection of the plant’s fruit pulp and seed from Dutsin-Ma nor on GCMs analysis. Preliminary phytochemical screenings of n-hexane and methanol extracts were carried
out according to standard procedures. Various bioactive compounds’ characterization of the extracts
was done by GC-MS technique. The phytochemical analysis of the crude extracts of the n-hexane and
methanol on the seed plant revealed the presence of alkaloids, flavonoids, phlobatanins, saponins,
steroidal nucleus, tannins, cardiac glycosides, anthraquinones, cardenolides, and terpenoids. The GCMS analysis of pulp showed 26 peaks of different phytoconstituents of which major components are:
octanoic acid, decanoic acid, dodecanoic acid, tetradecanoic acid, octadecanoic acid, 6-octadecenoic
acid and eicosanoic acid; while the GC-MS analysis of seed showed 22 peaks of different
phytoconstituents of which major components are: hexadecanoic acid, n-hexadecanoic acid, 9octadecenoic acid and 9, 12-octadecadienoic acid. In conclusion, both the presence of phytochemicals
detected from the phytochemical screening and the high unsaturated fatty acid content analyzed from
GC-MS confirm the reports of the applications of Diospyros mespiliformis for the treatment of various
diseases.
Keywords: GC-MS, Extract, compounds, Diospyros Mespiliformis
Introduction
Fruits represent an abundant source of nutritive and
non-nutritive bioactive compounds which are mostly
associated with reduced risk of many noncommunicable/chronic diseases (Wolfe and Ijeoma,
2008). Global increase in chronic diseases has
necessitated the research into diverse fruits and
vegetables in order to increase their consumption for the
potential health beneficial constituents of the
underutilized plants. Generally, the health benefits of
fruits are mainly attributed to their antioxidant activity
which is largely characterized by the number and
diversity of their phytochemical composition. Thus, the
more diverse the phytochemicals available in a diet, the
better the health-beneficial potential derived.
Therefore, seeking for possible solutions to curb the
growing phenomenon of low consumption of unrefined
plant-based diets and rising chronic diseases, Padulosi
et al. (2006), recommended plant biodiversity with
emphasis on indigenous but underutilised species to
significantly contribute to the realization of domestic
food security as well as help curtail the double burden
of malnutrition especially in low/middle income
nations. Similar calls have been made for the numerous
lesser known Nigerian fruits including Annona
muricata,
Annona
senegalensis,
Detarium
microcarpum, Diospyros mespiliformis, Gardenia
erubescens, Irvingia gabonensis, Senna alata,
Trichosanthes anguina and Piliostigma thonningii
(Abubakar et al., 2015a; Hassan et al., 2004; Jimoh and
Oladiji, 2005; Ojiyako and Igwe, 2008; Onimawo et al.,
2003; Onyechi et al., 2012; Otori and Mann, 2014).

The above scenario has led to a paradigm shift of
researchers into exploring the maximum use of
underutilised tree fruits with emphasis on their healthbeneficial phytochemicals. This is with the aim of
sensitizing a number of low/middle income countries to
explore the value of most of their indigenous but
underutilised fruits in order to aid productive inputs in
encouraging their increased consumption, value
addition, probable use in food formulations and
fortifications, and their subsequent commercial
production in ensuring food security (Abubakar et al.,
2015a, b; Adekunle and Oyerinde, 2004; Dosunmu and
Ochu, 1995; Otori and Mann, 2014).
Hassan et al. (2004) and Ietidal et al. (2009) reported
bioactive phytochemicals such as alkaloids, tannins and
saponins with a corresponding high antioxidant activity
(Ndhlala et al., 2008) of Diospyros mespiliformis (L).
Kone and Atindehou, (2008) and Luseba and Van der
Merwe, (2006) also reported uses of Diospyros
mespiliformis in traditional veterinary medicine in
Africa and its extract display muscular activity of
experimental rat (Belemtougri et al., 2006).
Investigating key parameters for assessing the health
potential of the underutilized fruits will complement
literature in making known the potential of the Nigerian
underutilized species as well as provide a steppingstone for further research works in other uses of the
fruits.
There is dearth of information on the health beneficial
constituents of the edible portions of indigenous
underutilised fruits in Nigeria to make any substantial
claim for their optimal use (Akintayo et al., 2002;
Adekunle and Oyerinde, 2004; WHO/FAO, 2004).
Endeavours in research works to enhance the
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commercial production and subsequent value addition
2002). This is done by computer taking the spectrum of
of fruits, have been tilted towards only the highly
the unknown component and comparing with the
known plants leaving no room for variety for
spectrum of the known components stored in its library.
consumers. The aim of this work is to analyze and
Component relative percentages were calculated based
characterize the phytochemical compounds of fruits
on GC peak areas without using correction factors. The
pulp and seed samples of Diospyros mespiliformis,
name, molecular weight and structure of the
collected for the first time from Dutsin-Ma, using GCcomponents of the test materials were ascertained based
MS.
on this comparison.
Materials and Methods
Sample Collection and Identification
Healthy-looking matured but fruits pulp and seed of
Diospyros mespiliformis were collected from the habitat
of this tree on Federal University Dustin-Ma, Old
Campus. The plant was identified by a plant taxonomist
from the Department of Biology of this University. A
voucher specimen was deposited for future reference.
Samples were collected from the area within the
morning period and transported to the laboratory. They
were immediately washed under running water and airdried. The unbruised and infection-free fruits were
hand-picked and kept in plastic sealable bags for further
processing and analyses.
Extraction
Fruits pulp and seed samples were extracted with
hexane and methanol for 72 h using percolation method
(Tijjani et al., 2011).
Determination of the Phytochemical Components in
the Extracts
The phytochemical screenings were done at the
Chemistry Laboratory of the Department of Applied
Chemistry, Federal University Dutsin-Ma, Nigeria. The
hexane and methanol extracts were subjected to
phytochemical analysis to screen for the presence of
secondary
metabolites:
alkaloids,
saponins,
anthraquinones, cardenolides, flavonoids, phlobatanins,
cardiac glycoside, terpenoids, steroidal nucleus and
tannins. The phytochemical screening methods reported
by Edeoga et al. (2005) were adopted as standard
procedure for this study.
GC-MS Analysis and Identification of Components
GC-MS analysis was carried out on a Shimadzu (Kyoto,
Japan) GC-MS model QP 2010 at National Research
Institute for Chemical Technology, Zaria, according to
the EN 14103 standard method (Adams, 2007). The GC
column oven temperature (70°C), injecting temperature
(250°C), flow control mode (linear velocity), total flow
(40.8 ml/min) column flow (1.80 ml/min), pressure
(116.9 kpa), linear velocity (49.2 cm/s) and purge flow
(3.0 ml/min) were employed for this analysis. A sample
volume of 8.0 μl was injected using split mode (split
ratio of 20:0). The peak area, that is, the percentage
amount of each component was calculated by
comparing its average peak area to the total areas.
Software was used to handle mass spectra and
chromatogram. Interpretation of mass spectrum was
conducted by comparing the database peaks of National
Institute of Standard and Technology (NIST) library
with those of the unknown compounds (Stein et al.,

Results and Discussion
Table 1: Percentage Recovery per 400g of Pulp and
Seed of Diospyros mespiliformis
Extract Type Extract Percentage
Mass(g) recovery (%)
n-hexane
50.2
12.55
Methanol
50.5
12.63
Table 2: Phytochemical Test of Fruits Pulp and Seed of
Diospyros mespiliformis
S/No Metabolites
Pulp Seeds
1.
Alkaloids
++
2.
Flavonoids
++
+
3.
Phlobatannins
+
+
4.
Saponins
5.
Steroidal nucleus
++
+
6.
Tannins
++
7.
Cardiac Glycosides ++
8.
Anthraquinones
++
9.
Cardenolides
++
+
10
Terpenoids
++
+
Key: (+) = presence; (-) = absence
The phytochemical analysis of the crude extracts of the
n-hexane and methanol on the pulp plant revealed the
presence of steroidal nucleus, flavonoids, cardenolides
and terpenoids.
The phytochemical analysis of the crude extracts of the
n-hexane and methanol on the seed plant revealed the
presence of alkaloids, flavonoids, phlobatanins,
saponins, steroidal nucleus, tannins, cardiac glycosides,
anthraquinones, cardenolides and terpenoids.
Discussion of the Phytochemical Screening Results
The detection of tannins in the samples is in accordance
with reports by Etebu (2012), Onyechi et al. (2012) and
Adekunle and Oyerinde (2004). Tannins are compounds
that have the ability to react with proteins to form stable
water insoluble components. Since bacteria cell wall are
made up of proteins, tannins, are seen as active
detoxifying agents by precipitating the protein
components and hence inhibiting their growth. This
gives an indication of the potential health benefits of the
fruit seeds, as tannins are acclaimed for their
antimicrobial and antiviral activity, and also in the
treatment of tonsillitis (Akiyama et al., 2001).
Furthermore, tannins are reported to possess freeradical scavenging activity and anti-inflammatory
properties; used as astringents and being use to treat
skin eruptions (Tijjani et al., 2011)
The presence of alkaloids in seeds of the medicinal
plant made it possible to ascertain its potential
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cardiac glycosides in the fruits pulp and seed is desired
antimicrobial activity ranging from anti-bacterial, antibecause of the toxicity associated with the intake of
malarial and antifungal activities. Other uses of
these compounds; though Onike (2010) suggested
medicinal uses of alkaloids include their use as antirelaxant and calming effects by the chemical
amoebic agents and astringents (Abdu, 1990).
compounds on the heart and muscles when it is
The presence of saponins serves as an indicator for
consumed in small doses.
possible antibacterial activity of the plant seed (Tijjani
et al., 2011).
Flavonoids which are significantly recognized for their
antimicrobial, anti-oxidant and anti-tumor properties
Glycosides, on hydrolysis, yield non-sugar component
(Tijjani et al.,2011) were detected in fruits (pulp and
(aglycone or genin) .These compounds possess strong
seeds). The finding corroborates earlier detections for
antibacterial activities according to reports by Wolfe et
some Nigerian varieties by Wolfe et al. (2010) for fruits
a. (2010), Onyechi et al. (2012) and Etebu (2012).
pulp and seeds (Etebu, 2012).
Specific tests for cardiac glycosides had negative results
for seeds and pulp samples of the plant. The absence of

Figure 1: GC-MS of Fruit Pulp of Diospyros mespiliformis

Figure 2: GC-MS of Fruit Seed of Diospyros mespiliformis
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Table 3: Compounds Identified through GC-MS/MS with their Molecular Weight and Molecular Formula
No. R.T. Name of the
Molecular Molecular Peaks
compounds
formula
weight
Area %
1
4.1
n-Decane
C10 H22
`142
9.31
2
4.4
Nonane,2,6-dimethyl
C11 H24
156
2.19
3
5.4
n-Undecane
C11 H24
156
1.24
4
9.4
n-Tetradecane
C14 H30
198
0.76
5
10.2 n-cetane
C16 H34
226
0.73
6
10.7 n-Hexadecane
C16 H34
226
1.40
7
11.9 n-Hexadecane
C16 H34
226
1.65
8
12.5 Pentadecane, 2,6,10-trimethyl
C18 H38
254
0.63
9
13.1 n-Tridecane
C13 H28
184
1.43
10
14.2 n-Octadecane
C18 H38
254
1.45
11
15.2 n-Hexadecane
C16 H34
226
1.09
12
15.5 Pentadecanoic acid,14-methyl-methyl ester C17 H34O2
270
2.55
13
16.1 n-Tetradecanoic acid
C14 H28O2
228
12.25
14
17.1 9,12-Hexadecadienoic acid, methyl ester
C17 H30O2
266
1.93
15
17.2 14-Octadecenoic acid,methyl ester
C19 H36O2
296
3.67
16
17.4 n-Octadecanoic acid, methylester
C19 H38O2
298
1.71
17
17.8 9-Octadecenoic acid (Z)
C18 H34O2
282
23.34
18
18.0 n-Octadecanoic acid
C18 H36O2
284
5.83
19
18.2 cis-9-cis-12-Octadecadienoic acid
C18 H32O2
280
3.21
20
18.5 3-Tetradecyne
C14 H26
194
1.64
21
18.9 n-Eicosane
C20 H42
282
1.33
22
19.8 n-Nonadecane
C19 H40
268
0.48
23
20.5 Tetracosane
C24 H50
338
10.21
24
20.6 n-Octadecane
C18 H38
254
4.30
25
22.3 n-Eiscosane
C20 H42
282
4.89
26
23.3 n-Tetracosane
C24 H50
338
0.77
Table 4: Compounds Identified through GC-MS/MS with their Molecular Weight and Molecular Formula
No. R.T Name of the Compounds
Molecular Molecular Peaks
Formula
Weight
Area %
1
3.4
n-Propylcyclohexane
C9H18
126
5.87
2
4.1
n-Decane
C10 H22
142
15.46
3
4.4
Nonane, 2,6-dimethyl
C11 H24
156
2.50
4
5.4
n-Undecane
C11 H24
156
1.17
5
9.4
n-Tetradecane
C14 H30
198
0.74
6
10.2 4,6-Dimethyldodecane
C14 H30
198
0.68
7
10.7 n-Tridecane
C13 H28
184
1.32
8
11.9 n-Cetane
C16 H34
226
1.47
9
12.5 2,6,10-trimethylpentadecane
C18 H38
254
0.56
10
13.1 n-Tridecane
C13 H28
184
1.28
11
14.2 n-Tetradecane
C14 H30
198
1.32
12
15.2 2-Methylnonadecane
C20 H42
282
0.93
13
15.5 n-Hexadecanoic acid methyl ester
C17 H34O2
270
0.82
14
16.1 n-Hexadecanoic acid
C16 H32O2
256
19.09
15
17.2 3,8-Dimethylundecane
C13 H28
184
1.62
16
17.8 13-Docosenoic acid
C22 H42O2
338
28.40
17
17.9 n-Octadecanoic acid
C18 H36O2
284
6.15
18
18.9 n-Eicosane
C20 H42
282
1.15
19
20.6 n-Eicosane
C20 H42
282
3.09
20
22.3 Octadecanoic acid,2-oxo-methyl ester
C19 H36O3
312
4.19
21
23.3 n-Eicosane
C20 H42
282
0.57
22
23.7 5.9,13-Trimethyl-4,8,12-tetradecatrienenitrile C17 H27N
245
1.61
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Discussion of the GC-MS Results
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130.
pulp and seed were sent for GC-MS/MS analysis due to
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Raymond, G. and Sawadogo, L. (2006). Effects
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properties and fatty acid composition of lipids
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are presented in Tables 5 and 6.
Global J Pure and Applied Sci., 1:45 - 50.
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Phytochemical constituents of some Nigerian
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n-hexadecanoic
acid,
9688.
octadeccenoic acid and 9, 12-octadecadienoic acid. The
Etebu, E. (2012). Differences in fruits size post harvest
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Irvingia
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and
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ABSTRACT
Uniformly disperse single-walled carbon nanotube (SWCNT)/High density polyethylene (HDPE)
nanocomposite has been produced using the developed nanofeeder injection mould machine. The
dispersion state of SWCNTs in the HDPE matrix was evaluated by transmission electron microscope
and Atomic force microscope images and confirmed with conductivity test. It was found that the
dispersion state of SWCNTs was better in the samples produced with the nanofeeder injection
moulding machine for all concentrations of SWCNTs. This nanofeeder injection moulding machine
developed can be adopted in the mass production of uniformly dispersed nanocomposite which is
relevant in the area such as optical displays, catalysis, photovoltaics, gas sensors, electrical devices,
mechanics, photo-conductors and superconductor devices.
Keywords: Single-walled carbon nanotube, percolation threshold, dispersion state, injection moulding
machine, nanocomposite, nanofeeder.
1.0
Introduction
Polymer composites are manufactured commercially for
many diverse applications such as sporting goods,
aerospace components, automobiles, etc. In the last 20
years, there has been a strong emphasis on the
development of polymeric nanocomposites, where at
least one of the dimensions of the filler material is of
the order of a nanometer. The final product does not
have to be in nanoscale, but can be micro- or
macroscopic in sizes (Ayman, E., 2005).
In melt processing, carbon nanotubes are mechanically
dispersed into a polymer melt (prepared by heating)
using a mixer or a compounder (Andrews R. et al.,
2002). The main idea is to use fluid shear forces to
break nanotube aggregates or prevent their formation.
This approach is simple and compatible with existing
polymer processing techniques such as extrusion,
injection moulding and compression moulding.
‘The properties of nanocomposite materials depend not
only on the properties of their individual parents but
also on their morphology and interfacial characteristics,
(Oriakhi, C.O, 1998). This morphology and interfacial
characteristics are more often than not dictated by the
dispersion of the CNT in the matrix.
Production of nanocomposite with well dispersed
nanotubes and low percolation threshold using
existing/traditional compounding techniques is very
difficult due to the strong tendency of the nanotubes to
agglomerate, and where it is achieved, more often than
not at high weight%, there is possibility of splitting of
agglomerate nanotubes in the nanocomposite when
subjected to force. Therefore, premature failure takes
place in the final product and electrical conductivity is
often not attainable (Haggenmueller, R., et al. 2006). To

improve dispersion, percolation and compatibility in
polymer matrices, nanotubes are being functionalized
(Haggenmueller R, et al. 2003). But the processes of
functionalizing the nanotube more often than not affect
the properties of the nanotubes and hence that of the
final product (Wang, Y., et al., 2007).
In this work, High density polyethylene (HDPE) was
compounded with single-walled carbon nanotubes
(SWCNT) using a patented nanofeeder injection
moulding machine (Gadimoh, S., et al 2015). The
samples produced were analyzed to determine the
dispersion state of the SWCNT in the HDPE. The
techniques used by the machine is that of nanofeeding
and double shear mixing, the system consists of a three
nanofeeder extruder coupled to an injection moulding
machine (Gadimoh, S., et al 2015). The main objective
of this paper is to test the effectiveness of the
nanofeeder injection moulding machines developed for
the production of well dispersed nanocomposite, to find
solution to the lingering problem of dispersion of
nanotubes in the compounding of nanocomposite.
2.0
Materials and Methods
2.1
Materials
The HDPE with an average molecular weight (Mw) of
60,000 g/mol used in this work was obtained from
Eleme Petrochemical Company Port Harcourt, Nigeria,
and the 60% singlewall carbon nanotube (SWCNT) was
purchased from Carbon Solution Inc. CA, USA. All the
materials were used as received. The nanocomposite
was produced with the nanofeeder injection moulding
developed by the Author. All the anaylsis, which
include AFM, TEM, and Electrical conductivity test
were all conducted in Zhenjiang University China.
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electrodes were painted completely covering the ends of
2.2
Methods
the sample. A DC voltage was applied through the
Control specimen (only the HDPE matrix) was first
produced, and then various concentrations of 0.2, 0.4,
length of the specimen and the conductivity (σ) was
calculated using
0.6, 0.8 and 1wt% of SWCNT were produced to ASTM
D638 standard tensile bars.
Equation (1):
σ = L ∕ AR
2.2.1
Morphological Analysis and Dispersion
Evaluation of CNTs in the Samples
Where; A is the cross sectional area of the sample and
Transmission Electron Microscope (TEM) (JEOL,
R the measured electrical resistance. The results are
JEM-2100 F) was used to observations and study the
shown and discussed in section 3.3.
CNTs dispersion in HDPE matrix. Atomic Force
Microscope (AFM, Nanoscope IIIa) was operated in the
Ten specimens of each compounding were produced,
tapping mode, provided with tips of average radius of
making a total of sixty (60) specimens.
10 nm and applying moderate forces (typically
amplitude set points between 0.8 and 2 V and drive
amplitudes of 50 to 500 mV). Scan rates were in the
range of 0.8-1.2 Hz.
2.2.2
Electrical Conductivity
Electrical conductivity of CNT-HDPE films loaded
with different weight fractions (0.2–0.1wt%) of
SWCNTs was measured at room temperature using a
Fluke electrometer (3Fluke 1550B MegOhmMeter,
Fluke Corporation, Everett, Washington). The
electrometer is capable of measuring DC electrical
resistance up to 1 TΩ. DC volumetric resistance (R)
was measured using two silver paint electrodes of 5 mm
length painted on the film edges of 25 mm long
specimens, leaving an effective span (L) of 15 mm
between the silver electrodes, [8]. Specimen width was
6 mm and film thickness ~150–200 µm. In order to
reduce surface effects in the measurements, silver paint

Figure 1: ASTM D638 Standard Tensile bar specimen

Figure 2: Drawing of nanofeeder injection moulding machine.
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Plate 1: The Nanofeeder Injection Moulding Machine.
3. Results and Discussion
3.2
Dispersion Evaluation of the nanocomposite
samples
The nanotubes alignment and distribution were
observed by AFM, as shown in the figures below.
As can be seen from the AFM images, the samples were
uniform throughout. This can be attributed to the
uniform nanofeeding and the double shear mixing of the
nanofeeder injection moulding machine. This implies
that the developed machine can be adopted for the mass
production of nanocomposite products of the same
properties which is difficult to achieve with present
available production systems.
The AFM images above A1, A2, A3 and A4 also shows
well dispersion of the nanotubes in the polymer matrix,
possibly because the machine actually prevented the
formation of agglomeration of the CNTs, this was
achieved due to the fact that the CNTs were fed in nano
wise by the automated nanofeeder into the extrusion
barrel where initial shear mixing is done after which it
is fed into the injection barrel where further shear
mixing is done before it is then injected into the mould.
This ensures a well dispersed CNT/HDPE
nanocomposite as evident in the AFM image of Figure
3. The AFM images further seem to suggest that there
could be better lower percolation threshold in the
samples.
The lowest nanotube loading 0.2wt% was selected for
the TEM imaging since percolation seems to be form
for all samples as shown in the AFM studies above. The
TEM study of the 0.2wt% nanotube loading gave
evidence of the existence of a nanotube–polymer
network in the SWNT/HDPE nanocomposites, which
will certainly give rise to percolation.

Figure 3: AFM images of the 0.2wt%,

Figure 4: AFM images of the 0.4wt%, SWCNT/HDPE
nanocomposite sample A2.
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The conductivity of samples increases with nanotube
loading up to 0.6wt% after which the conductivity
remain constant throughout up to 1wt% loading. The
increase in conductivity due to increase in nanotube
loading in the samples may be related to the increased
CNT-to-CNT contact/junctions in the samples.

Figure 5: AFM images of the 0.6% SWCNT/HDPE
nanocomposite sample A3.

Figure 8: Electrical conductivity vs. CNT weight
fraction (%) loading for all the samples tested.

Figure 6: AFM images of the 1wt% SWCNT/HDPE
nanocomposite sample A4.

4. Conclusion
The nanofeeder injection moulding machine developed
and already patent was used for the production of
carbon nanotube/HDPE nanocomposite. The various
studies conducted on the samples reveals that the
samples produced exhibit a relatively much better
dispersion of SWCNTs in the Matrix which gave rise to
low percolation and hence conductivity at samples with
lower wt% nanotube loading compare to those found in
our literature survey. This implies that this method of
production can be adopted in the mass production of
uniformly dispersed nanocomposite which is relevant in
the area such as optical displays, catalysis,
photovoltaics, gas sensors, electrical devices,
mechanics, photo-conductors and superconductor
devices.
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Figure 7: TEM image of 0.2wt% SWCNT/HDPE
Nanocomposite studied at 100nm
3.3
Electrical Conductivity
Figure 5 shows electrical conductivity of the composite
films as a function of weight loading for the samples.
Overall, electrical conductivity was observed in all the
samples tested, thus indicating the formation of a
percolation network in all the samples as shown in the
AFM and TEM studies.
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ABSTRACT
Active methylene azo disperse dyes were synthesized and characterized. A good percentage yield of
each of the dyes were obtained in the range of 58-82 %. The dyes have well defined melting points in
the range of 270 – 404 C. The visible absorption spectra of the dyes showed that the dyes absorbed
maximally within the visible region of the electromagnetic spectrum. The results of halochromism of
the dyes showed that the dyes exhibited both negative and positive halochromism. The molar extinction
coefficient of the dyes was generally high indicating high hue strength. On application of the dyes on
fabric, a high percentage exhaustion of 73 and 69 percent was obtained on polyester and nylon 6.6
fabrics respectively. The assessment of fastness properties of the dyes showed that the dyes have
ratings of 4-5 for wash fastness, fastness to pressing and perspiration on both fabrics.
Keywords: Azo Dyes, Characterization, Molar Extinction coefficient and Fastness properties
1.0 INTRODUCTION
Disperse dyes are characterized by the absence of
solubilizing groups and low molecular weight. From a
chemical point of view, more than 50 % of disperse
dyes are simple azo compounds. About 25 % are
anthraquinones and the rest are methine, nitro, and
naphthoquinone dyes (Bello, 1995). Then most
dominant group of these dyes are the azo disperse dyes
which account for approximately 60−70 % of all
disperse dyes manufactured (Abd-El-Aziz and Afifi,
2006; Marini, et al., 2010; Bello, 1995; Maradiya, and
Patel, 2003). Disperse dyes are aromatic compounds
that are soluble in organic solvents but sparingly soluble
in water. They are used to dye hydrophobic fibres such
as nylon, polyester, and acetate at high pressure and
temperature. Structurally, the dyes are basically based
on azo, anthraquinone or diphenylamine molecule with
attached functional groups such as amine, nitro, cyano,
etc (Choi et al., 2013; Salisu, 2015).
Disperse dyes based on 4-amino-3-nitrobenzaldehyde
as diazo component and using arylamines as coupling
components have been reported. The condensation of
these dyes with indandion, 3-dicyanovinylindane and
1,3-bisdicyanovinylindane had not been reported
(Salisu, 2015).
This research is aimed at synthesizing azo disperses by
condensation of active methylene compound with
arylamine
dyes
derived
from
4-amino-3nirtrobenzaldehyde. The objectives of the research are
to characterize the dyes and apply them on polyester
and nylon 6.6 fabrics. In addition, another objective is
to study the dyes performance and their fastness
properties.
2.0
MATERIALS AND METHODS
2.1
MATERIALS
All the chemicals used in the synthesis of the dyes and
intermediates were of analytical grade and were used

without purification. Melting points were determined
using Gallenkamp melting point apparatus (Model:
Sanyo MPD350.BM3.5). The visible absorption spectra
were measured using UV-visible spectrophotometer
(Model: JENWAY 3405). IR spectra were recorded on
a FTIR SHIMADZU Machine (Model: FTIR-8400S)
and the Mass spectra were determined on GC-MS
SHIMADZU Machine (Model: GC-MS-QP2010).
2.2
METHODS
2.2.1
Synthesis
of
4-acetylamino-3nitrobenzaldehydediacetate
4-Acetylaminobenzaldehyde (50 g, 0.31 mol) was
added to acetic anhydride (125 ml, 1.32 mol) and
heated to 105 0C with vigorous stirring until dissolved.
The solution was cooled rapidly with external ice water
to 30 C to give a fine precipitate. Nitric acid (20 ml,
0.48 mol) and acetic anhydride (50 ml, 1.32 mol) were
carefully mixed and the mixture was added drop-wise to
the stirred suspension of 4-acetylaminobenzaldehyde at
such a rate that the temperature did not rise above 35

C. After the addition of about one third of the acid,
colourless crystals were deposited. Further drop-wise
addition of the acid caused it to dissolve and towards
the end of the addition the temperature was allowed to
rise to 50 C. The mixture was stirred at this
temperature for a further 15 minutes and then poured
into ice water (600 ml). The precipitated 4-acetylamino3-nitrobenzaldehyde diacetate was filtered off, washed
thoroughly with ethanol and then with water after which
it was dried. Recrystallization from ethanol gave
diacetate pale yellow leaflets.
2.2.2
Synthesis of 4-amino-3-nitrobenzaldehyde
4-Acetylamino-3-nitrobenzaldehyde diacetate (30 g,
0.107 mol) was added to concentrated hydrochloric acid
(100 ml) and heated on a water-bath for 15 minutes.
After cooling, water (150 ml) was added and the
precipitated 4-amino-3-nitrobenzaldehyde was filtered
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2.2.7
Dyeing of polyester fabric
off, washed with water and dried. It was purified by reCarrier method of dyeing polyester was employed. In
crystallization from water to give orange needles.
this method, polyester fabrics were cut into 1.0 g
samples. Each sample was dyed in a dye bath made of
2.2.3
Diazotization
of
4-amino-3the following recipe: 10 ml of 50 g/l phenol, 20 ml of
nitrobenzaldehyde
17 g/l anionic detergent, and 70 ml of water. The liquor
4-Amino-3-nitrobenzaldehyde (3.2 g, 0.02 mol) was
to goods ratio being 50:1 while the depth of shade was
added to a mixture of acetic acid (24 ml) and water (6
1.4 %. The fabric was wetted and thoroughly squeezed
ml), and then cooled by stirring to 12 C. Sodium nitrite
to remove excess water. It was immersed into the bath
(1.5 g, 0.02 mol) dissolved in water (10 ml) was added
in one portion and then concentrated hydrochloric acid
at 50 C and allowed to reach the boil within 15
minutes. Dyeing was carried out for one hour at a
(10 ml) was added immediately. The mixture was
temperature of 98 C with agitation. At the end of the
maintained at 15-20 C for 15 minutes, and then excess
dyeing, the substrate was removed, squeezed and rinsed
nitrous acid was destroyed by addition of small amount
thoroughly under running tap water and then allowed to
of urea. The solution was diluted with ice water (200
dry at room temperature. The dyed material was treated
ml) to give a clear solution of the diazonium salt.
in a bath containing 1g/l dispersing agent, 2 g/l caustic
2.2.4
Procedure
for
preparing
coupling
soda and 2 g/l sodium dithionite at 60 C for 30
components
minutes. This was aimed at removing unfixed dyes and
The coupling components used were: N,Ncarrier residues that may be left on the fabric after
dimethylaniline, N,N-diethylaniline and N,N-dipropyl
dyeing.
aniline. Each arylamine (0.02 mol) was dissolved in a
mixture of concentrated hydrochloric acid (5 ml) and
2.2.8
Dyeing of nylon 6.6 fabrics
ice-water (200 ml) in order to generate the coupling
Without the using carrier, the same recipe employed for
sites. The solution mixture was cooled in an ice bath to
dyeing polyester was also used for dyeing nylon 6.6.
0-5 C.
2.2.9
Determination of dye exhaustion
The extent of the dye exhaustion on polyester and nylon
2.2.5
Coupling
of
diazotized
4-amino-36.6 fabrics were determined spectrophotometer
nitrobenzaldehyde
(Masoud, 2005).
Solid sodium acetate (20 g, 0.24 mol) was added to the
already prepared coupling component to give a pH of ca
2.2.10 Determination of fastness properties of
4. The diazonium solution formed was added drop-wise
synthesized dyes
over 30 minutes with rigorous stirring to the coupling
The dyed fabrics were assessed for wash fastness using
component prepared at 0-5 C. Further sodium acetate
ISO 3 standard procedure (Nkeonye, 1992). The dyed
was added as required to maintain the pH at ca 4. The
samples were further assessed for change in shade and
solution was stirred for 2 hours. The resultant dye was
staining of the adjacent fabrics in accordance with BS
then filtered off, washed thoroughly with water until
1006, AO3 1990. The fabrics also were assessed for
washings were neutral and then dried.
light fastness using British Standard for determination
of Daylight B01, Fastness to pressing and perspiration
2.2.6
Procedure for condensing aldehyde dyes
were also assessed using standard methods in literature
with active methylene compound (AMC)
(Saville, 2002).
The aldehyde dyes (6 mmol) and the AMC (6 mmol)
were dissolved with warming in absolute ethanol (150
3.0 RESULTS
ml). One drop of piperidine was added as catalyst and
the solution was heated under reflux for 2 hours. On
3.1 Physical Characteristics of the Synthesized Dyes
cooling the product re-crystallized out and was filtered
The solvent used in recrystallization, colour of crystals,
off. The crude product was re-crystallized from toluene
melting point and percentage yield of the synthesized
and then characterized.
dyes are presented in Table 1.

Dye No
Dye 1
Dye 2
Dye 3
Dye 4
Dye 5
Dye 6

Table 1: Percentage Yield and Characterization Data of Synthesized Dyes
Yield
MW.
M.Pt.
Recrystallization
Colour of
(%)
(g/mol)
(0C)
Solvent
Crystals
82
426.424
270-273
Acetone
Dark crystals
77
474.470
400-404
Toluene
Dark needles
78
522.516
360-364
Acetone
Dark crystals
58
454.477
250-255
Acetone
Dark green
66
490.513
265-279
Toluene
Dark green
59
550.570
382-384
Acetone
Dark powder
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3.2 Visible Absorption Spectra of Synthesized Dyes
Table 2: Visible Absorption data of Dyes in Acetone (aж), DMF (bж), Diethylenetriamine(cж), Toluene (dж), Pyridine
(eж), and Xylene (fж)
Wavelength of maximum absorption ‘λmax ’ (nm)
Dye No.
aж
bж
cж
dж
eж
fж
Dye 1
510
510
510
510
_
515
Dye 2
475
490
505
535
_
515
Dye 3
530
625
540
_
585
_
Dye 4
515
585
515
515
_
520
Dye 5
620
490
495
535
_
520
Dye 6
520
510
515
_
555
_
3.3 Solvatochromism
Table 3: Solvatochromic Data of Dyes in Acetone (aж), DMF (bж), Diethylenetriamine(cж)
Dye No.
Wavelength of maximum
Difference in wave length ‘∆λ’
absorption ‘λmax’ (nm)
(nm)
Dye 1
Dye 2
Dye 3
Dye 4
Dye 5
Dye 6

aж
510
475
530
515
620
520

bж
510
490
625
585
490
510

cж
510
505
540
515
495
515

aж-bж
0
-15
-95
-70
+130
+10

aж-cж
0
-30
+10
0
+125
+5

bж-cж
0
-15
+85
+70
0
0

3.4 Halochromsim
Dye No.
Dye 1
Dye 2
Dye 3
Dye 4
Dye 5
Dye 6

Table 4: Halochromic Data of Synthesized Dyes
Wave length of maximum
Difference in λmax
absorption, λmax (nm)
(nm)
aж
gж
bж
hж
gж − aж
hж −bж
510
350
510
515
+5
−160
475
550
490
515
+25
−75
530
530
625
545
0
−80
515
385
585
515
−130
−70
+170
620
385
490
660
−235
520
520
510
515
0
+5
aж(acetone), gж (aж + HCl); bж(DMF), hж(DMF + HCl)

3.5 Molar Extinction Coefficient and Exhaustion
Table 5: Molar Extinction Coefficient and Percentage Dye Exhaustion of Synthesized Dyes
Dye No
ε×104 (LMol-1cm-1)
% Exhaustion
Acteone
DMF
Acetone
DMF
Polyester
Nylon 6.6
Dye 1
510
510
5.3561
1.0456
73
60
Dye 2
475
490
8.4219
4.8393
71
67
Dye 3
530
625
1.2995
3.0881
29
64
Dye 4
515
585
1.1498
8,7320
74
72
Dye 5
620
490
6.9750
6.6750
52
73
Dye 6
520
510
1.4034
1.4034
71
76
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3.6 Fastness Properties of the Synthesized Dyes
The result of wash fastness and light fastness are presented in Table 6. Result of fastness to pressing on polyester and
Nylon 6.6 and perspiration are presented in Table 7, 8 and 9, respectively.

Sample
Dye 1
Dye 2
Dye 3
Dye 4
Dye 5
Dye 6

Sample
Dye 1
Dye 2
Dye 3
Dye 4
Dye 5
Dye 6

Sample
Dye 1
Dye 2
Dye 3
Dye 4
Dye 5
Dye 6

Samples
Dye 1
Dye 2
Dye 3
Dye 4
Dye 5
Dye 6

Table 6: Result of Wash (ISO 3) and Light (BOl: 1994) Fastness on Nylon 6.6 and Polyester
Wash fastness
Light fastness
Poyester
Nylon 6.6
Polyester
Nylon 6.6
Colour change
Staining
Colour change
Staining
Shade
Shade
4
4
4–5
4–5
3
3
4–5
4–5
4
4–5
3
3
4
4
3–4
4
3
3
4–5
4–5
4
4
3
3
4–5
4–5
4–5
4–5
3
3
4
4–5
4–5
4–5
3
3

Dry
Colour change
4
4–5
4–5
4–5
4–5
4–5

Table 7: Fastness to Pressing on Polyester
Damp
Staining
Colour change
Staining
4–5
4–5
4– 5
4
4–5
4–5
4
4–5
4–2
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5

Wet
Colour change
4–5
4–5
4–5
4–5
4–5
4–5

Staining
4–5
4–5
4–5
4–5
4–5
4–5

Dry
Colour change
4–5
4–5
4
4–5
4–5
4–5

Table 8: Fastness to Pressing on Nylon 6.6
Damp
Staining
Colour change
Staining
4
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
3
4–5
4
4–5
4–5
4–5
4–5
4–5
4–5

Wet
Colour change
4–5
4–5
4–5
4–5
4–5
4–5

Staining
4–5
4–5
4–5
4–5
4–5
4–5

Table 9: Fastness to Perspiration on Polyester and Nylon 6.6
Polyester
Nylon 6.6
Alkaline
Acidic
Alkaline
Acidic
C. C.
D. S.
C. C.
D. S.
C. C.
D. S.
C. C.
D. S.
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5
4–5

4. DISCUSION OF RESULTS
4.1 Synthesis of dyes and active methylene
compounds
4-Amino-3-nitrobenzaldehyde was prepared by
nitrating 4-acetylaminobenzaldehyde with nitric acid in
acetic anhydride at 35-50 C. The resultant 4acetamido-3-nitrobenzylidene diacetate was hydrolysed
in hot concentrated hydrochloric acid, and was fully
characterized by melting point. The amine was
diazotized smoothly in an aqueous mixture of
hydrochloric and acetic acid at 12-20 C on addition of
sodium nitrite. The diazonium ion was coupled in good
yield to N,N-dimethylaniline, N,N-diethylaniline and
N,N-diproylaniline in dilute hydrochloric acid at 0-5
C, with addition of sodium acetate. The relative low
percentage yield for dyes 4 and 6 could be due to good

solubility of the products in acetone during recrystallization. The products obtained were further
characterized by determining the melting points, and
this corresponded with literature value for disperse dyes
(Bello and Griffiths, 1989; El-Molla, et al., 2013).
Active
methylene
compound
(AMC),
3dicyanovinylindan-1-one, was prepared by adding
anhydrous sodium acetate to a stirred mixture of
malononitrile and absolute ethanol at 22 C. On
addition of sodium acetate to the mixture red
colouration occurred. After about 40 minutes the
mixture was diluted with water and acidified to pH 1-2
by addition of hydrochloric acid. After 10 minutes
stirring 3-dicyanovinylindane-1-one was precipitated
and washed thoroughly in water. A good yield of 93 %
of the product was obtained after re-crystallization in
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donor and acceptor moieties in azo dyes is interested in
acetic acid. 1,3-Bisdicyanovinylindane was ontained in
the study of solvatochromism (Mosoud et al., 2005).
good yield (92 %).
4.2 Physical Characteristics of the Dyes
The physical characteristics of the dyes were shown in
Table 1. Each of the different dyes synthesized
possessed distinctive physical characteristics. The dyes
exhibited well-defined melting points. This generally
shows that the values were quite high and ranged
between 270-570 C. This range when compared to
literature value for other different set of disperse dyes
was found to differ. This could be due to difference in
molecular structure of the dyes in literature compared to
the synthesized dyes (Al-mousawi and Elapasery, 2013;
Zadafiya et al., 2013). The condensed dyes gave much
higher melting point of about 250-404 C. The colour of
the dye crystals varied from orange to dark green for all
the dyes. The structures of the dyes were planer thus,
can lie flat against the polymer molecules. Their
planarity accounts for their good substantivity for
hydrophobic fibres (Mosoud et al., 2005).
4.3 Visible absorption spectra
The wavelength of maximum absorbance (λmax) range
of the synthesized dyes were 475-620 nm in acetone,
460-625 nm in DMF, and 455-555 nm in DETM, all
within the visible region. Dyes 5 and 6 with dicyano
groups recorded higher molar extinction coefficient in
acetone. This might be due to the rod like nature of the
cyano groups that interfere to a lesser extent.
Furthermore, it is observed that all the dyes have λmax
value in the region of 475–625 nm, in all the solvents
used. The variation of λmax and high absorbance value
of the dyes could be correlated in terms of substituent
effect of the group present in azo disperse dyes
(Ghoneim et al., 2008). Absorption maxima were not
exactly dependent on the electron accepting power of
para-substituents in the azo components. This effect
was very difficult to explain as it was shown that when
electron withdrawing groups were incorporated into the
dyes small amounts of bathochromic effect were
observed. This is in good agreement with the results of
Richard, (1982) and Bello and Griffiths. (1989).
4.4 Solvatochromism
This describes the influence of solvent polarity on the
absorption maximum of the dyes (Yakubu, 1992).
Solvent effects on organic reactivity and on absorption
spectra have been studied for more than a century. It is
well known that the photo-physical behaviour of a
dissolved dye depends on the nature of its environment.
The intensity, shape, and maximum absorption
wavelength of the absorption band of the dye in
solution depends strongly on the solvent-solute
interactions and solvent nature (Peter, 2011). This effect
is closely related to the nature and degree of dye–
solvent interactions. The solvent dependent spectral
shifts can arise from either non-specific (dielectric
enrichment) or specific (e.g. hydrogen-bonding) solute–
solvent interactions (Zakerhamdi et al., 2012).
Solvatochromic effects may give an indication of the
magnitude expected for nonlinear optical properties
since it reflects the polarizability of a chromophore
(Asiri and Al-amodi, 2009). Moreover, the presence of

It is however evident from literature that, the
bathochromic effect of the active methylene compound
incorporated into the acceptor half of the chromogen
follows a similar pattern irrespective of the electron
donating groups in the donor half of the chromogen.
This order was generally observed for dye 5 which was
more bathochromic than 3, and finally dye 4 was also
more bathochromic than dyes 1, 2 and 6. Quantitatively,
bathochromic shift is determined by two opposing
factors at the acceptor ring. These are the electron
withdrawing strength of the acceptor group and steric
influence of the atom attached to the ring. It has been
shown that dyes derived from 2,2-indene-1,3-diyledene
bispropanedinitrile might suffer from steric hinderance
due to the positioning of two cyano groups at one
carbon atom but is not much affected adversely because
cyano groups are rod-like in shape. Whatever this steric
interference might incur on the λmax is much
counterbalanced by the strength of electron
withdrawing cyano group being strongly attached. A
strong group attached to the acceptor ring in a situation
like this is believed to lead to increased conjugation
thus lowering the ionization potential across the
molecules and therefore bringing about a bathochromic
shift or red shift (Bello and Yakubu, 1997). The results
indicate that the λmax is highly dependent upon solvent
polarity. It was observed that wavelength shifted
towards shorter wavelengths as the solvent was changed
from polar to nonpolar.
4.5 Halochromism
Halochromism can be explained as reversible colour
change due to a change in pH of a solution. Changes in
pH cause change in the ratio of ionised and non-ionised
states, and, since these two states have different colours,
the colour of the solution changes. Halochromism in the
aminoazo dyes is due to protonation of the azo group at
the nitrogen atom and is usually accompanied by a large
bathochromic shift (positive halochromism) (Bello and
Griffiths, 1989).
This colour change can be used in acid-base titrations
where the colour change of the halochrome corresponds
to the end-point of the reaction. The halochromism of
the azo disperse dyes synthesized were studied in
acetone and DMF as solvent. The shift of absorption
maxima on acidification with hydrochloric acid were
summarized and tabulated in Table 4. In all cases, the
acid solutions were neutralized carefully with weak
alkali (sodium bicarbonate) to verify that the original
spectra were completely resorted, showing that
decomposition of the dyes had not occurred during
protonation (Yakubu, 1992; Alnajjar et al., 2013).
The results also showed that the dyes exhibited negative
and positive halochromisms on addition of one drop of
hydrochloric acid to the solution of the dyes in acetone
and DMF. It’s common with azo disperse dyes to show
marked colour changes in solution on addition of acid
(Asiri and Al-amodi, 2009). It is well known that the
red shift increases as the electron-withdrawing nature of
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processes should depend on the chemical structure of
the acceptor ring decreases, and conversely, the positive
the dye, the type of substrate and treatment conditions.
halochromism decreases if the electron withdrawing
Since the dyed substrates employed in this study were
groups are attached to the acceptor ring.
polyester and nylon 6.6 fabrics, the fading process
likely occurs by oxidation. The ease of oxidation of azo
This dye shows a marked change in absorption
linkages should be a function of electron density
maximum from 520 – 515 nm, indicating negative
(Khosravi et al., 2005). The effect of electronhalochromism of – 5 nm. The decrease could be
withdrawing substituents in the diazo residue or when
attributed to the flow of electrons from trialkylamino
incorporated into the terminal amino group can be
nitrogen towards the azo group as a result of the
explained in terms of their reduction of the electron
component aromatic system on absorption of light.
density at the amino nitrogen atom. Similarly, the low
However, the situation changes when using DMF as
light fastness values for the azo dyes can be accounted
solvent. Unlike in acetone, majority of the dyes showed
for by the increased electron density at the terminal
negative halochromism in DMF, most of the dyes
nitrogen atom (Otutu and Osabohein, 2009).
showed both negative and positive halochromism on
addition of a drop of HCl.
4.9 Fastness to pressing
Pressing fastness can be an important property of
4.6 Molar Extinction Coefficient and Percentage Dye
disperse-dye on polyester, because of the use of heat
Exhaustion of Synthesized Dyes
treatments in the finishing of the fabric. Disperse dyes
The data reported in Table 5 show the high values of
are not chemically combined with the fibre/fabric, but
extinction coefficient (ε) for all of the dyes in acetone
are mechanically held in solid solution. Thus, when
and DMF, indicating that the dyes have high colour
they undergo the influence of heat they are free to
strength. It can be observed from Table 4 and 5 that to a
vaporize out of the fibre with little or no decomposition
large extent, the exhaustion of the dye onto the
(Hauser, 2011). Table 7 shows the results of fastness to
polyester fabric was not inversely proportional to the
pressing on polyester and nylon 6.6 fabrics respectively.
molecular weight of the dyes in series 1, likewise the
The results depicted that all the synthesized dyes had
percentage exhaustion for series 2 was not directly
good to very good fastness to pressing. The result in the
proportional to the molar mass of the dye. The result
table shows that the synthesized dyes had an average
was contrary to the 3,5-dibromoaminobenzaldehyde
pressing fastness rating of 4 – 5.
dyes reported by Bello et al., (2013). It can also be
observed that the percentage exhaustion of the dyes
4.10 Fastness to perspiration
condensed with indandione as electron withdrawing
Perspiration fastness test was determined according to
group proved to have higher substantivity than their 3ISO, 105- E04 1994 standard method. Both alkaline and
dicyanovinylindane counterpart and in some cases even
acid perspiration tests were evaluated. The results of the
better than the aldehyde dyes and those based on other
perspiration fastness
AMC. This can be explained by the fact that both
test (Table 9) shows that both alkaline and acidic
indandione and 3-dicyanivinylindane are having at least
perspiration fastness on polyester and nylon 6.6 were
an oxygen atom in their structure which can participate
very good. Almost all the dyes gave a rating of 4 – 5 for
in hydrogen bond formation inside the fibre structure,
change of colour and staining of adjacent fabric. The
while 1,3-bisdicyanovinylindane does not carry any
high perspiration fastness of the dyes may be due to the
oxygen atom or hydrogen-bonding heteroatoms in its
state of the dyes in the fabrics, being in form of
structure. Another possible explanation is that, oxygen
insoluble particles to the attack of most chemicals in
is more spherical than cyano group and therefore less
aqueous solution.
substantive, this was shown in the literature cited by
Yakubu (1992).
5.0 Conclusion
Active methylene based azo disperse dyes were
4.7 Wash fastness properties
synthesized. The characterization of the dyes showed
The wash fastnesses of the dyed fabrics were tested
that they have well defined melting point range of 270 according to ISO 3 standard procedure (Nkeonye,
1987). It was clearly shown that all the synthesized dyes
384 C and most of them gave a good percentage yield
gave a very good wash fastness on both polyester and
of over 58 %. The results of visible absorption spectra
nylon 6.6 fabrics. Most of the dyes on both polyester
show that the dyes absorbed maximally within the
and nylon 6.6 had a rating of 4 – 5 for change in colour
visible region. Solvathochromic data show that Dye 5
and 4 – 5 for staining on adjacent fabric.
had the highest bathochromic shift of 130 nm and 125
nm in acetone and DMF. The dyes exibited negative
4.8 Light fastness properties
and positive halochromism. Dye 5 was found to be the
The light fastness of each of the dyes was measured by
most negative and positive with value of -235 nm and
employing the standard method for determination of
+170 nm respectively. The dyes have high molar
colour fastness of textiles. Light fastness assessment
extinction coefficient and high percentage exhaustion
was carried out using daylight according to ISO BO1:
on both polyester and nylon 6.6 fabrics. The result of
1994 standard procedure. The result for the light
wash fastness, fastness to pressing and fastness to
fastness was presented in Table 6. Several reports
perspiration were very good with an average rating of
suggested that, fading of azo dyes is mainly a
4-5. In the case of light fastness, a low average rating of
consequence of decomposition of the –N=N– moiety by
3 was obtained.
oxidation, reduction or photolysis. The rates of these
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ABSTRACT
The rapid turnover in technology in developed and developing countries like Nigeria, has created a
new environmental problem in electronic waste (e-waste) management due to high obsolesce rate of
comsumption. Households are one of the major consumers of electronic equipment and consequently
the major sources of electronic wastes (e-waste). In this study, an assessment of the sources, types,
lifespan, and the end-of-life management options of electronic equipment acquired by households in
three cities in Nigeria (Lagos metropolis, Kaduna metropolis and FCT Abuja) have been studied and
compared. Also, a census of the number of out-of-use electronics currently in the households was
carried out. The results of the study revealed that both new and used (secondhand) electronic
equipments are acquired in households in the study areas. The study also showed that the average
lifespan of desktop computers, laptop computers, printers, mobile phones is 2.5-3.5 years, while
televisions have lifespan of 3.5-5.5years. Mobile phones and televisions had the highest average
penetration rates of 4.88 and 1.96 respectively while printers had the least penetration rate of 0.6. The
most preferred end-of-life options for e-wastes in the study areas were storage and sales, which
indicates that users still value their equipment at its end-of-life. The study recommended appropriate
e-waste management strategies such as establishment of e-waste collection centers and awareness
creation in the households on the need for proper e-wastes disposal.
Keywords: e-waste, household, electronic equipment, penetration rate, end-of-life
INTRODUCTION
The rapid growth in information based industries and
services coupled with higher levels of economic
development in most African countries (Paul and
Tshetlhane, 2013) including Nigeria have resulted in
high demand for ICT electronic equipment with
resultant high rate of electronic waste (e-waste)
generation. Being one of the fastest growing forms of
solid waste, e-waste is of more concern globally due to
its toxic constituents.
Households, due to their large numbers, are one of the
major consumers of electronic equipment especially
ICT devices and are consequently major sources of ewastes generation. The 2009 Residential Energy
Consumption Survey (RECS) shows that U.S.
households continue to increase their use of consumer
electronics, especially televisions, personal computers,
and related equipment. According to the survey, nearly
45% of households in 2009 had three or more
televisions, an increase from less than 30% in 1997.
Similarly, the majority of households had no computer
in 1997; now over 76% have at least one computer.
This trend is not different from what is obtainable in
other developed worlds as well as developing countries
like Nigeria.
The increase in households’ acquisition of consumer
electronics can be attributed to constant availability of
newer technology and designs as well as falling prices
(Prashant, 2008). Nigeria has the highest number of
mobile phone subscribers in Africa having more than 93
million subscribers in 2011(GSMA, 2011) and about
142 million in 2015 (NCC, 2015). This high mobile
phones usage by most Nigerians can also be attributed

to falling prices of mobile phones as well as inefficient
and expensive landline connections. Falling prices as
well as availability of fairly used television sets at
affordable prices may also be responsible for the high
number of television in most households.
The concerns over excessive acquisition of electronic
equipment generally in developing countries like
Nigeria is the lack of capacity for handling and
recycling the hazardous materials contained in e-waste
generated from them. This usually leads to the disposal
of both e-waste and municipal wastes in the same
dumpsites; thereby polluting the environment with
heavy metals such as Cd, Pb, Hg; and chemicals like
polychlorinated dibenzo-p-dioxins (PCDDs) and furans
(PCDFs), polybrominated diphenyl ethers (PBDEs) and
polycyclic aromatic hydrocarbons (PAHs) thereby
creating health risks to the nearby community and the
population at large (Wong et al., 2007). The
management of e-wastes at the end of its useful life
poses serious challenges to the existing solid waste
management structures resulting in widespread
contamination of the environment.
An estimated 400,000 units of used desktop computers
(PCs or CRTs) are imported into Nigeria every month
(Nnorom and Osibanjo, 2008; BAN, 2005). Also, the
trading of used electronics is currently booming at the
famous ‘computer village’ in Lagos, Nigeria owing to
this large-scale importation of used electronics. This
makes the acquisition of electronic equipment
affordable to middle and low income earners but
unfortunately lead to increase in e-waste generation in
the country.
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Nigeria from February to August 2011. For the three
This study assess the acquisition of electronic
cities selected, questionnaires were administered to
equipment and generation of e-wastes in households in
households in high, medium and low income earning
Nigeria; and also determine the fate of obsolete
areas of each of the cities. The number of
electronics equipments with a view to providing
questionnaires administered and the number of
information required in drawing up management plans
responses received are as shown in Table 1. The
for e-wastes in the country.
distribution of the questionnaires was however
constrained by the number of households that were
MATERIALS AND METHODS
willing to respond to it. The information sought for in
Study Area
the questionnaires administered included: sources of
The cities where the study was conducted are- Kaduna
electronic equipment, the number of electronic
metropolis in the northern Nigeria, Abuja (FCT)
equipment in possession, lifespan, quantity as well as
municipality in central part of the country and Lagos
fates of each of the obsolete electronic equipment of the
metropolis in the southern part of the country. The
sampled households in the three cities. The penetration
sampling locations are as shown in Figure 1.
rates of electronic equipment into the households in
each of the selected areas were also obtained as given in
Data Collection
equation 1.
Field studies were conducted through self-administered
questionnaires and checklists in three cities in three
different states (Lagos State, Kaduna Sate and Abuja) in
(1)

Figure 1: Map of Nigeria showing the 3 states under study

Table 1: Number of questionnaires sent and replies
received from households in the study areas
Study areas
Lagos
Kaduna
Abuja

Number
contacted
80
250
50

Number
of replies
72
236
40

RESULTS AND DISCUSSION
Sources of new equipment in households
It was observed as shown in Figures 2 to 4 that
households obtain their electronic equipment, from
various sources including retailers, branded and
unbranded assemblers, second hand markets and
auction sales; although purchase from retailers is the
most preferred choice in the three study areas. In Lagos
and Kaduna, about 50-60% of households obtain their
electronic equipment from retailers while in Abuja, 7090% of household patronize retailers of electronic
equipment.
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Figure 2: Purchase of electronics by Households in Lagos

Figure 3: Purchase of electronics by Households in Kaduna

Figure 4: Purchase of electronics by Households in Abuja
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However, in Abuja, no household was found to acquire
Acquisition of Electronic Equipment (New, Used or
only used electronic items. It was observed that the type
Both)
of electronic equipment acquired is dependent on the
The study (Figure 5) showed that for the three study
economic status of the households and this explains
areas, about 50% of the households acquired only new
why no household in FCT was found to have only used
electronic items while the remaining 50% comprise of
electronic items in their homes because of the high level
households that purchase either entirely used electronic
of income associated with the area.
equipment or combination of both new and used
electronic gadgets.

Figure 5: Acquisition of electronic equipment (new, used or both) in Lagos, Kaduna and Abuja
Type of Electronic Equipment in Use
The types of electronic equipment in use by the various
households in the three study areas as revealed by the
information obtained from the questionnaires used in
this study is illustrated in Figure 6. The figure shows
that the households in all the study areas possess more
of mobile phones (45-55%) and to a lesser extent
televisions (15-23%) which are both higher than the
other electronics under study. This shows the high
penetration rates of mobile phones into the country and
the case is similar to all cities all over the worlds.
Television is also a form of information as well as
entertainment during relaxation and this explains why it
is also one of the highest numbers of electronic items in
use in the households. This trend for mobile phones
could be attributed to the fact that Nigeria has the
highest number of mobile phone subscribers in Africa,
having more than 93 million subscribers in
2011(GSMA, 2011) and about 142 million in 2015
(NCC, 2015). The high mobile phones usage by most
Nigerians can also be attributed to falling prices of
mobile phones as well as inefficient and expensive
landline connections. Falling prices as well as
availability of fairly used television sets at affordable
prices may be responsible for the high number of
television sets recorded in the study areas. Also, it was
observed that significant amount of Laptops (15%)
were possessed by households in Abuja as compared to
desktop computers whereas in Lagos and Kaduna,
almost equal percentage of desktops and laptops
(~10%) were in possession of the households.

Usage times/Lifespan of Electronic Equipment in
households
The average usage times or lifespan of electronic
equipment in households in Lagos, Kaduna and Abuja
are as shown in Figures 8. The study revealed that the
average lifespan of desktop computers, laptop
computers, printers, mobile phones is 2.5-3.5 years,
while televisions have lifespan of 3.5-5.5years. The
usage time of televisions were observed to be generally
higher than other electronics in the study areas.
However, the actual lifespan of electronic equipment
could be in two folds if it is given another chance for
reuse after it might have been refurbished, repaired or
given out to a new user. This has been found to be the
trend in the material flow of electronic equipment in
Nigeria (Ibrahim et al. 2013) and as such the actual
lifespan of desktop computers, laptop computers,
printers, mobile phones is likely to be 5- 7 years, while
televisions could have lifespan of about 7- 11years.
Penetration Rates of Electronic Equipment into
Households in the study areas
The penetration rates of electronic equipment were
utilized to compare the rate of use of each of the
electronic equipment considered in the study areas
because the number of households that disclosed the
electronic equipment in their possession differed for the
different areas surveyed. The number of households that
disclosed the numbers of electronic equipment in their
possession was 45, 68 and 38 for Lagos, Kaduna and
Abuja respectively.
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Figure 6: Types of electronic equipment in use in Lagos, Kaduna and Abuja

Figure 7: Usage times of electronics in Lagos, Kaduna and Abuja.
Table 2: Penetration rates of electronic equipment into households in Lagos, Kaduna and Abuja
Study Areas
Penetration rates of electronic equipment into households
Desktop Laptop Printers Mobile phone Television
Lagos
1.38
1.36
0.71
5.20
1.84
Kaduna
1.09
1.09
0.57
4.37
2.34
Abuja
0.37
1.61
0.53
5.08
1.71
Total Average
0.95
1.35
0.60
4.88
1.96
Table 2 shows the penetration rates of the selected
electronic equipment into the households which give an
estimate of the number of each type of electronic
equipment owned per household in Lagos, Kaduna and
Abuja. The result shows that the average penetration
rates of desktop computers, laptop computers, printers,
mobile phones and televisions were 0.95, 1.35. 0.60,
4.88 and 1.96 respectively per household. This finding
is similar to that obtained in Melaka in Malaysia where
the average possessions of televisions, PCs and mobile

phones in households were found to be 1.86, 1.75 and
3.1 respectively (Ho et al 2015). Apart from televisions,
Lagos recorded the highest penetration rates in all other
electronic equipment considered in the study. This
could be due to the easy access to electronic equipment
in Lagos as most of the importations are through the
port in Lagos. Of all the electronic equipment studied,
mobile phones had the highest penetration rates in all
the three study areas surveyed; this can be attributed to
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advantageous because it limits the amount of e-wastes
the increasing falling prices of mobile phones which
disposed with municipal wastes. Other end-of-life
make it affordable to the average Nigerian.
options in the study areas include donation as gift to
friends or relatives and recycling (re-use in other forms)
Fate of Obsolete Electronic Equipment
as shown in figures 8-10.
The study revealed that storage and sales are the
popular end-of-life options for obsolete electronic
Out-of -use electronics equipment in households
equipment from households in Lagos and Kaduna while
The study investigated the amount of electronic
storage is not a popular option for households in Abuja
equipments that were out of use in the study areas and it
where disposal with general wastes is a more preferred
was found (Table 3) that televisions were the most
option. This can be attributed to the fact that e-waste
common out-of- use electronic equipment (42.1%,
trade and refurbishing is more established in Lagos and
32.1% and 16.9% for Lagos, Kaduna and Abuja
Kaduna where e-waste management is a form of
respectively) and next to it is mobile phones except for
enterprise for those involved in the trade of these
Kaduna which had more of out of use desktop
obsoletes electronic equipment. Studies have shown
computers and printers (23.0% and 15.4% respectively)
that the income generated from e-waste trade is
than mobile phones (15.2%). This is similar to the
comparable with that of other similar livelihood
results of the type of electronic equipment in possession
supports in the urban areas in Nigeria (Ibrahim et. al.
of households which showed that televisions sets and
2012). However, in Abuja, direct disposal is common
mobile phones were the highest number of equipments
due to absence of electronic repair workshops or a ein use. This implies that more out of use electronic
wastes scrap dealers due to the well-developed nature of
equipments (e-wastes) are generated from the
the area where the study was conducted. The fact that
equipments that were highest in possession. Hence estorage and sales of obsolete equipment is the most
waste management strategies could be directed towards
preferred end-of-life options for e-wastes suggest that
reduction of acquisition of television sets and mobile
users still value their electronic equipment even at its
phones in households as well as recycling of the
end-of-life. The storage of obsolete electronic
obsolete ones.
equipment as an end-of-life management option is also

Figure 8: Fate of obsolete electronic equipment in households in Lagos.
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Figure 9: Fate of obsolete electronic equipment in households in Kaduna.

Figure 10: Fate of obsolete electronic equipment in households in Abuja.
Table 3: Out-of-use electronic equipment in the study areas
Description
Out-of-use Electronic Equipment (%)
Lagos
Kaduna
Abuja
Desktop computers
18.4
23.0
14.3
Laptop computers
15.9
6.8
11.5
Printers
13.7
15.4
5.0
Mobile phones
24.3
15.2
14.5
Televisions
42.1
32.1
16.9
CONCLUSION
This study has revealed that households in Nigeria
acquire new as well as used or secondhand electronic
equipments. The study has also shown that televisions
and mobile phones are the most common electronic
equipment in possession of the households and hence
are expected to form the bulk of e-waste to be generated
from the households. The lifespan of electronic
equipment studied ranged from 2.5-5.5 years although
this may be extended through re-use by the initial

owner or by a second user. The most preferred end-oflife options for electronic equipment by households in
Lagos and Kaduna are storage and sales while disposal
with general wastes is the dominant management option
practiced in Abuja. This situation calls for the creation
of awareness on hazards of improper e-waste disposal,
establishment of e-waste collection schemes, recycling
centers as well as other necessary schemes to tackle the
problem of the present as well as expected growth in ewaste generation in Nigeria.
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ABSTRACT
On a global scale, sustainable environment and noise pollution are of serious concern in most
developing countries, and Nigeria is no exception. Notable scholars have studied many materials natural and synthetic - for noise control in buildings. Sustainable environment evolves from the
production, application and use of sustainable products. A product is considered sustainable if the
materials used for its production could be readily available for future generations and create no
negative environmental impact such as waste generation and pollution, without compromising the
health of its inhabitants. However, few studies have been developed on a comparative analysis of the
eco-acoustical properties of conventional synthetic materials, agricultural and environmental wastes
products. The aim of this article therefore is to evaluate the sustainability of agricultural and
environmental waste products for noise control in buildings from the view of past scholars. Critical
literature reviews and content analysis of the recent studies alongside the collected secondary data
from the Life Cycle Assessment, Eco-invent, and Eco-profiles of the natural and sustainable
environmental waste materials would be presented in the literature. The paper concludes that
sustainable acoustical materials (agricultural or environmental wastes) are a valid alternative to
traditional synthetic materials; most importantly is the reuse of environmental waste materials which
could substantially reduce environmental pollution and also serve as a source of wealth creation for
the unemployed Nigerian.
Keywords: Eco-Acoustical Evaluation, Agricultural and Environmental Waste, Sustainability
1.0
Introduction
Along with advancements in technology, noise has
become an increasing concern in the built environment
and arena of research within the international
environmental health community, as well as to
professionals in the built environment. The effect of
noise include but not limited to: severe damage to
human mental health such as hearing loss, an effect on
sleep, communication interference and other well-being
challenges in the built environment (Ising & Kruppa,
2004). Notable ways to reduce noise in the built
environment have been suggested in the literature but
every method has it strengths and weaknesses, the most
acceptable medium is the provision of sound absorption
materials. Currently, traditional sound absorption
materials available for acoustic treatment consist of
mineral fibre materials. The European building
insulation market estimated to an approximate value 3.3
billion Euros in the following percentage distribution of
sound insulation materials used in the construction
industry: glass and mineral wool - 25 per cent;
agricultural materials - 25 per cent; foam plastics - 34
per cent; other synthetic polymer materials – 13 per
cent (Zhu et al., 2013).
However, the life cycle assessment of these plastic
related synthetic materials are shown to have hazardous
effects on human safety and health. Even though these
materials are widely used, researchers have reported
that if fibres of these materials are inhaled (since they
can lay) they could cause lung cancer, skin irritation
and other sensitive organ diseases in humans
(Thompson et al., 2009). The side effects of these
conventional materials prompted scholars into the quest

for sustainable materials that are environment-friendly.
Madurwar et al., (2013) identify the economic potential
of agricultural or environmental wastes as noise
absorption material to conserve the scarce resources and
reduce environmental waste. The outcome of their study
relay that the application of agro-wastes for noise
control is sustainable and has several benefits renewable, nonabrasive, cheaper, in abundance, and less
potential health risks and safety concern during
handling and processing.
As part of the resolution of the World Commission on
Environment and Development in 1987, sustainable
development should meet the needs of the present
without compromising the ability of future generations
to respond to their needs. From this view point, a
product can be considered sustainable if its production
enables the resources from which it was made to
continue to be available for future generations and has
the lowest possible impact on human health and on the
environment. Materials obtained from synthetic fibres,
such as mineral wool is commonly used for thermal and
sound insulation because of its good performance and
low cost but its sustainability is of serious concern to
many scholars (Papadopoulos & Giama, 2007). More
so, Dewick and Miozzo (2002) assert that no insulation
material is completely sustainable, but some are more
sustainable than the others.
In recent years however, increasing attention has turned
to natural fibres as alternatives to synthetic ones, to
develop special acoustic and thermal properties which
have only a little impact on the society. Natural fibres
have very low toxicity, and their production processes

Nigerian Journal of Materials Science and Engineering Vol. 6, No. 1

73

Gafar, (2015); Eco-Acoustical Evaluation of Agricultural
Noise Control in Buildings
can contribute to protecting the environment. Recycled
materials, such as recycled plastic fibres and recycled
rubber mats, can even be regarded as a sustainable
alternatives, as they contribute very little to lower waste
production and use of raw materials. It is, however,
imperative to evaluate the degree of sustainability of
some of the natural, agricultural and recycled
environmental waste, and to verify the total energy used
in its production process for the architects and engineers
who make the specification and selection decisions of
such products for building construction.
1.0 Review of Literature
In recent times, the demand for environmentally
sustainable or green building materials is of high
interest to researchers in the built environment,
particularly in the building sector. In most developed
nations such as United States of America, United
Kingdom, China and so on there has been an increase in
the introduction of Green Building Index and Green
Building Regulations specifically recommended to
improve the use and application of eco-friendly
materials for new constructions (Secchi, 2005). These
Regulations also contain a list of materials that should
be avoided, particularly, mineral fibres. On this
account, commercial products are now being labelled as
eco-green or green recyclable simply because they
possess tiny quantities of natural or recycled materials
but most importantly, because they are not harmful to
human health and do not pose as a threat to the health of
the future generation.
The simplicity of the definition is not as critical as
establishing which products or building materials are
green and environmentally sustainable. The real issue is
the assessment and categorisation of the acceptable
sustainable products. In this regard, there has to be

and Environmental Wastes as Sustainable Materials for
cradle to grave assessment, that is, Life Cycle
Assessment (LCA) of given products to establish the
degree to which they are sustainable. For this reason,
the use of LCA procedures, which analyse the potential
impacts deriving from the entire life history of a
product, is vital. Madurwar et al., (2013) stated that it is
essential for the architect as a designer to take into
consideration the products material extraction,
production, transport, construction, operating and
management, deconstruction and disposal, to recycling
and reuse before their selection and application for
building construction.
Furthermore, life cycle assessment reports from notable
and reliable works of past researchers are available as
“eco-profiles database” for the architects and engineers.
Of such database, the most shared and acceptable are
Eco-invent, BRE Eco-profiles and Eco-indicator
(Desarnaulds et al., 2005). Eco-invent a Swiss LCA
database, considers the next impact assessment
evaluation:
Non-Renewable
Energy
Fraction,
Cumulated Energy Demand (CED) and Global
Warming Potential (GWP). For instance, Eco-invent's
database has the record of environmental impacts
analysis between some traditional and natural materials
and sound insulation properties as reported by
Desarnaulds et al., (2005). The database serves as a
reference material which reaffirms the research of many
scholars that natural materials (cellulose, flax and sheep
wool) produced the least sound insulation properties
and environmental impacts scores which ranged from
4.4 to 12.3 MJ/Kg). On the contrary, plastic related
traditional materials’ LCA assessment is shown to have
the highest environmental impact and acoustical
properties. Values that ranged from 1.2 to 3.7 kg CO2
eq as presented in Figure 1.

Figure 1: Comparison of Traditional and Natural Materials Environmental Impacts from Ecoinvent Database
(Desarnaulds, et al., 2005)
United Kingdom BRE Eco-Profiles, developed and
eutrophication and eco-toxicity, ozone depletion,
assigned range of scores termed as eco-points for every
mineral and fossil fuel extraction, human toxicity and
products and material extraction processes by weighting
waste disposal system, as well as transport pollution. In
normalised impacts on specific factors. The influential
line with these underlined factors, life cycle assessment
factors are climate change, acid deposition,
scores for some insulation products and materials in
Nigerian Journal of Materials Science and Engineering Vol. 6, No. 1
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United State of America were provided such as EPS (15
kg/m3) 0.028 pt., rock-wool (45 kg/m3) 0.020 pt., rockwool (33kg/m3) 0.016 pt., recycled newspaper cellulose
0.002 points.
Another important database is Eco-indicator 99 which
was reported in the work of (Desarnaulds et al., 2005).
A certain range of evaluation scores (percentage
distribution) of the various possible damages caused by
fossil fuels to human health in agreement with possible
ecological dreadful conditions in China was outlined.
The
document
contains
and
unambiguously
demonstrates the negative impact of fossil fuels on the
ecosystem quality through the reduction and extinction
processes of some animal and plants species which
could be termed as an ecological loss to humankind.
Also, the database provided fundamental energy
requirement for future extractions of minerals and fossil
fuels as presented in Figure 2.

and Environmental Wastes as Sustainable Materials for
production and packing of different insulating materials
that have the acoustic potential for sound insulation in
building design and for its efficient operation. He
further notes that not every green material (for example
flax) requires less energy in its life cycle than a
traditional one like rock wool. As a matter of fact,
synthetic plastic fibres/materials always show the
greatest impacts on fossil fuel consumption despite their
acoustic potential for buildings’ sound insulation. On
the contrary, Suzana et al., (2003) demonstrate the
acoustical properties and application of coconut fibre as
a potential natural material for eco-design noise control
in building even though it is not as useful as synthetic
plastic fibres. On this account, this paper outlines and
discusses further on some sustainable materials that are
regarded as environmental waste in most parts of
Nigeria even though such environmental waste could be
recycled and reused by the building designer (architects
and engineers) for noise control in buildings.

However, Secchi (2005) reports an estimation of the use
of primary energy for the extraction, transport,

Figure 2: Impact of some sound insulation layers from Ecoindicators Database (4)
2.1

Agricultural and Environmental Wastes as
Sustainable Materials for Noise Control in
Buildings
In the twenty-first-century environmental waste is
generating more concern to the government of many
nations. This issue is attracting more attention in the
academic community on how to convert the massive
environmental wastes into wealth (Taiwo, 2009). In the
past few decades, Nigerian scholars have organised
several conferences and workshops with the focus on
waste to wealth or trash to treasure. In fact, greater
attention to environment and public health is
stimulating more research and development on many
new materials for possible recycle and reuse for
building production in Nigeria. Particularly, vast
agricultural and plastic related wastes that constitute
unhealthy environmental pollution is of high concern to
the general populace in Nigerian communities.

Within the frame of environmental wastes, some
notable scholars classify such wastes into two broad
categories: natural or agricultural wastes and
environmentally generated wastes materials. Madurwar
et al., (2013) were of the opinion that any of the two
classifications are sustainable materials depending on
the recycling process such wastes are subjected to for
new usage and application for new products that are of
potential benefit to the general Nigerian populace. Most
common agricultural residues are rice ash, maize shaft,
cotton, hemp, sheep wool, flax, and so on. The notable
environmental wastes are plastic related materials such
as plastic water sachets; rubber used tyre, and several
celluloses and polymer product wastes.
A huge wealth of knowledge in the literature reports a
wide variety of reuse of agricultural and environmental
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wastes for economic gain (Yasina et al., 2010). In fact,
life cycle assessments of some agricultural wastes are
shown to contain natural fibre composites which could
be cheaper, lighter and environmentally superior to the
application of glass fibres composites in building
production. More so, Madurwar et al., (2013) state that
environmental wastes could be substituted for
sustainable materials because research conducted by
them reveal that some possessed relatively good
thermal and acoustic performances index. These find
them applicable and reusable, particularly for noise
control in machine and building construction. Even
though products from such material waste need to be
analysed and certified for human health safety, they do
not necessarily depend on the physical properties. For
instance, many sustainable materials/products were
compulsorily subjected to laboratory test before their
official acceptance for usage in the developed countries
like China, UK and USA (Zhu et al., 2013).
Yang et al., (2003) and Binici et al., (2016) investigated
the insulation properties of rice straw as a sound
absorbing wooden construction material. In fact, they
demonstrated its capacity to contain indoor living
spaces' temperature, which could partly or wholly
replace wood particleboard and insulation board in
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wooden construction. Recently in Nigeria, Mgbemene
et al., (2013) conducted an experiment on the
particleboard's produced from rice husks, maize cobs,
and groundnut shells with the application of acacia
mimosa tannin extract as the bonding adhesive. Notable
studies have successfully developed composite particle
boards using agricultural wastes. Saadatnia et al.,
(2008) a significant contribution in examining sound
absorption properties of Aspen particles board produced
with different percentage of barley and wheat straws.
As a matter of fact, distinguished scholars have shown
that many aggro and bio-based materials have lower
environmental impact than traditional synthetic
materials, and demonstrate good sound absorbing and
sound insulation performances.
However, only a few researchers have made a
comparison
of
the
acoustic
properties
of
natural/agricultural and environmental waste despite the
huge potential in this sector, particularly in Nigeria. The
research provided a framework for the comparison of
selected agricultural and environmental wastes, thermal
and sound transmission properties as presented in
Figure 3.

Figure 3: Framework for the comparison of selected agricultural and environmental wastes’ thermal and sound
transmission properties
3.0
RESEARCH METHODOLOGY
The research employed critical literature review and
content analysis of the past studies. Two types of
research on the internet were conducted over a period of
two months to gather relevant secondary data about
natural, agricultural and environmental wastes. First,
nature and major types of natural and agricultural
materials identified. Second, series of data gathered
consists of life cycle assessment, eco-invent, Ecoprofiles of the natural, agricultural and environmental
wastes.
Researchers and experts in the field of material science
were also contacted to check the nature, accuracy of
data collected and viability of this research finding to
the Nigerian society as a whole. The categories of
natural/agricultural materials and environmental wastes
identified and discussed the research findings of their

acoustical and thermal benefit for building noise
control.
4.0
RESEARCH FINDINGS
Comprehensive secondary data were identified in the
wealth of literature of past researches. The data relevant
to this research were extracted from a different database
as presented in Table 1.0. From the review of relevant
data, three fundamental properties index outlined;
Sound absorption, Sound insulation and Impact sound
insulation
for
both
agricultural/natural
and
environmental wastes respectively.
Agricultural/natural materials - As for natural materials,
the less treated they are, the higher they perform in
energy saving; natural materials have to be preferred to
reduce transport energy however, natural fibres have
negative impacts as far as climate change (CO2
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absorption) is concerned. Nonetheless, other
performances have to be considered: vegetal fibres are
more subject to fungal and parasites attack and are less
resistant to fire than mineral fibres, the non-toxicity of
the chemical products used for cultivation must be
taken into account too (the acoustic and thermal

and Environmental Wastes as Sustainable Materials for
properties as well as sustainable natural insulating
materials reported in Table 1). When not specified,
absorption coefficient and cost refers to 4 cm thick
panels while indexing of reduction of impact noise
refers to 2 cm thick panels.

Table 1. Acoustic and thermal properties and costs of some traditional and natural insulating Materials (Desarnaulds
et al., 2005; Hong et al., 2007).
Index of reduction Cost
Absorption
Thermal conductivity Rel. resistance
λ (W/mK)
to vapour flux coefficient αS
(€/m2)
of impact noise
at 500 Hz (-)
μ (−)
ΔLW (dB)
Hemp
0.04
2
0.6 (30 cm)
5
Kenaf
0.044
2
0.74 (5 cm)
Coco fiber
0.043
18
0.42
23
Sheep wool
0.044
3
0.38 (6 cm)
18
Wood wool/Bamboo
0.065
5
0.32
21
12
Cork
0.039
12
0.39
17
19
Cellulose
0.037
2
1 (6 cm)
22
Flax
0.040
1
7
Glass wool
0.04
1 (5 cm)
12
Roch wool
0.045
0.9 (5 cm)
6
Expanded polystyrene
0.031
100
0.5
30
10
Sound Absorption properties - as presented in Table 1,
many natural materials such as kenaf, flax, hemp, cork,
sheep wool and bamboo or coconut fibres have shown
good absorbing performances as reported in the recent
studies of Ali (2011) and Raudhah (2013). Therefore,
they could be used as sound absorbers in building,
particularly, in the room that require a great deal of
acoustics condition. They could serve as noise barriers
for both external and internal cladding materials. Again
Zhu et al., (2013) tested expanded clay, which is
classified as a natural product, presented excellent
sound absorption performances in a wide frequency
range - higher than 0.80 in the range 500-5000 Hz
support Hong, et al., (2007). Zhu et al., (2013) reaffirm
that at 500 Hz, the absorption coefficient of synthetic
materials is superior to the one of the natural materials,
except for Papadopoulos and Giama (2007) who show
that they have negative impact on the built
environment. Based on this finding, natural materials
have the support of many scholars as sustainable sound
insulation materials because they are environmentally
friendly as backed by Raudhah (2013).

Impact sound insulation - Yang et al., (2003) report that
some of the commonly used agricultural/natural
materials as sustainable sound insulation are: rice straw,
coconut fibres, and sugarcane wood wool. As shown in
Table 1, elastic layers made of rice straw and coconut
fibres as natural materials possessed excellent impact
sound insulation for floating. Although Ali (2011) states
that their effectiveness depend on proper panel design
and installation, despite the fact that, their properties are
as good as other traditional materials. To buttress this
point, another experimental test conducted at the
Acoustic Laboratory of the University of Perugia by a
group of the sound expert is presented in Figure 4.

Airborne sound insulation - several natural materials
are commonly used as thermal and acoustical insulation
in multi-layered walls. Among this flax, coconut,
cotton, sheep wool and kenaf mats are the most
available products in every Nigeria locality (Mgbemene
et al., 2013). Their sound and thermal insulation
performances are in many cases as good as those of
traditional materials as shown in Table 1 and Figure 5.
Likewise, other research works reaffirm that both
double-leaf walls with low-density animal wool (sheep
wool) and thick vegetal wool (latex-coco) possess better
sound insulation properties to single walls with mineral
wool or polystyrene of the same thickness (Binici et al.,
2016; Hong et al., 2007).

Sound absorption - as presented in Figure 4, plastic
related environmental wastes and cellulose recycled
materials which are commonly obtained from used
newspapers, added with flame retardants and biocides
have been shown to possess excellent sound insulation
properties as reported in the works of several
researchers (Murugan et al., 2008). Wet cellulose fibres
are sprayed directly on walls or ceilings, and their
sound absorption properties are even better than those
of mineral wool (Figure 4). Another applicable
environmental waste material is textile agglomerates
(Aigbomian & Fan, 2013). Rubber crumbs have been
shown to have good performance as acoustic materials
with a broadband absorption spectrum that is suitable
for traffic noise barriers and which is very durable
(Ayrilmis et al., 2009).

Environmental products wastes - as shown in Figure 4,
the literature review has affirmed the application of
many recycled materials, such as waste rubber, plastic
bags, textile agglomerates as acoustic materials in
building construction. In fact, researchers experimented
a mixture of various recycled materials of different
granulometric to obtain a better performance sound
insulation products (Hong et al., 2007).
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Figure 4: Sound absorption coefficient of agricultural/natural and environmental wastes materials (Doost-hoseini et
al., 2014; Madurwar et al., 2013; Saadatnia et al., 2008)
Airborne sound insulation - literature provided
suitability of dry loose cellulose fibres (environmental
waste) as useful materials for thermal and acoustical
insulation for wall and roof cavities. As produced by the
recycled newspapers, it possesses the merit of energysaving,
industrial-cheap
raw
materials
and
environmentally friendly with relatively no or less
hazard to human health. As for the acoustical
properties, they are sustainable as a suitable alternative
material for conventionally used sound insulators
(Synthetic mineral wool fibres).
Impact sound insulation – quite obviously, figure 4
showed that recycled rubber layers made of waste
plastic and tyres granules are apparently good sound
insulating
materials.
Particularly,
they
are
environmental waste products which are readily
available in most Nigeria cities and worldwide. The
burning of used tyres from landfills causes air pollution
(dangerous gases) at the same time, stockpiles are also
hazardous to the risk of fire and vermin infestation
because of a significant amount of used tyres available
worldwide, new applications have to be found and their
use as impact sound insulating layers is very promising
as supported in the literature. Likewise, recycled carpet,
plastic bottles and water sachets wastes are exotic
materials as far as impact sound insulation is concerned,
especially if made of a mixture of fibrous and granular
waste. The acoustic properties of these underlay
materials compare favourably with the commercially
available ones (Ayrilmis et al., 2009). To this extent,
the critical review of the literature and comparative
analysis of conventional, natural/agricultural and
environmental wastes have shown that all have their
strengths and weaknesses as for noise control in
buildings is concerned. Despite, natural fibres are
preferred alternatives to synthetic ones because of their
little negative impact on the environment and human
health. At the same time, colossal environmental wastes
in the twenty-first century create an equally huge

opportunity for possible sound insulation materials and
could serve as wealth creation for millions of jobless
Nigeria graduates.
5.0
CONCLUSIONS
An environment that is free from unwanted noise is the
desire and dream of every citizen. Primarily, sources of
unwanted noises are from heavy vehicles, heavy
construction machines, and big factories. Apparently,
workers in large factories are exposed to continuous
noises for the entire work day. This discomfort may
lead to some injuries such as hearing loss (temporary or
permanent), weakness in nerve and pain in internal
tissues, heart problems, and even high blood pressure in
the long term. Hence, an understanding of noise
elimination becomes an important issue to be studied
particularly for architects and engineers who are the
designers of built environment.
This paper has concentrated on noise attenuation
consideration
of
absorption
materials
(natural/agricultural and environmental wastes) as
alternative noise control materials in building
construction. These research works have come into
view in leading journals in this area for the purpose of
increasing the usage of non-toxic and environmentally
friendly materials which provide green and sustainable
environment.
Conclusively, the reuse of environmental waste
materials could substantially reduce environmental
pollution and serve as a source of wealth creation for
the millions of unemployed Nigerian graduates.
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ABSTRACT
This study examines the influence of compactive efforts on the geotechnical properties of compacted
black cotton soil treated with metakaolin (MTK) to assess its suitability for use as a barrier material in
waste containment application. Black cotton soil treated with up to 10% MTK (obtained from
calcinations of kaolin) by dry weight of soil was used. The natural soil classifies as A-7-6(22) and Clay
with high Plasticity CH according to American Association of State Highway and Transportation
Officials AASHTO and Unified Soil Classification System USCS respectively. The laboratory result
obtained showed that there was a significant improvement in some of the geotechnical properties of
the soil. The liquid limit and plastic limit decreased from 50 and 27.38% for the natural soil to 47.1
and 16.7 % when treated with 10 % metakaolin while the plasticity index increased from 22.59 % for
the natural soil to 30.93% when treated with 10 % metakaolin content The hydraulic conductivity
value decreased from 1.91 x 10-8, 1.81 x 10-8 and 1.72 x 10-8 to 0.38 x 10-8, 0.66 x 10-8 and 0.66 x 10-8
cm/sec for the three compactive efforts of British Standard Light (BSL), West Africa Standard (WAS)
and British Standard Heavy (BSH) respectively. It was recommended that MTK treated black cotton
soil could be used as a liner or cover material in waste containment facilities.
Keywords: metakaolin treatment, black cotton soil, hydraulic conductivity, compactive efforts.
INTRODUCTION
Rapid industrialization and unsafe waste management
practices in developing countries like Nigeria have
resulted in complex and challenging problems in the
surface and subsurface environment (Ahamefule, 2005).
If not properly managed, these wastes will be a source
of land, air, surface water and groundwater pollution as
their common way of disposal is either by landfill or
open dump. In other to minimize the effects of these
wastes, one of the most attractive options of managing
such wastes is to look into the possibility of waste
minimization and recovery (Oluremi, et al., 2012).
Research has shown that the impact of a waste disposal
facility on groundwater quality will depend principally
on the nature of barrier which is intended to minimize
and control contaminant migration (Rowe et al., 1995).
The primary objective of engineered components in
containment facilities is to decelerate contaminant
migration into the underlying subsurface during both
the active disposal period and the post closure period.
Barrier system is therefore one of the most important
elements of a modern engineered landfill (Daniel and
Benson 1990).
Compacted soil liners are normally used as an integral
component of the lining system, to impede the transport
of contaminants, to cover landfills, municipal and
hazardous waste impoundments, and also to cap new or
old waste disposal units (Daniel and Benson 1990;
Benson 1999; Albrect and Benson 2001). For a
compacted natural soil to be used as a hydraulic barrier
it must possess a hydraulic conductivity of less than or
equal to 110-9m/s or 1  10-7 cm/sec, volumetric
shrinkage upon drying (maximum of 4%) and shear
strength (minimum of 200 kN/m2. Further required
characteristics of liners and the total lining systems are

described in the European regulations and national
document (Rogowski et al., 1985).Other materials used
as liners or cover in waste containment systems, include
natural clayey soils, processed clay/sand-processed clay
mixtures, Geosynthetic materials and industrial waste
products (Bowders and Daniel, 1987; Frebrer 1996;
Albrecht and Benson, 2001).
Metakaolin (MTK) is refined kaolin that is fired
(calcined) under carefully controlled condition to create
an amorphous alumino-silicate that is reactive in
concrete. Like other pozzolanas (fly ash, silica fume
etc), MTK react with calcium hydroxide by-product
produced during cement hydration. The ability of MTK
to absorb water is not far-fetched from its chemically
dehydrated nature, which results from the thermal
treatments it receives in the system. The action of
absorbing water (rehydrating) releases a significant
amount of heat from non-weathered crust, a
phenomenon that can be exploited in beneficial reuse in
order to improve the inadequacy of some avoidable
extensive clay material for use in waste containment
facilities (Oriola and Moses 2011).
MATERIALS AND METHODS
Materials:
Black Cotton Soil: The soil used in this study was dark
grey in colour and wasknown as black cotton soil, it
was obtained from Cham town in Balanga Local
Government Area of Gombe State in the northern
eastern part of Nigeria using the method of disturbed
sampling. The location lies along (latitude 09° 44'N and
longitude 11° 44'E). Specimens were treated varying
MTK contents of 0, 2.5, 5, 7.5 and 10% by dry weight
of soil.
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American Association of State Highway and Transport
Metakaolin (MTK): The Metakaolin (MTK) used in
Officials AASHTO classification or CH according to
this study was obtained at Kaduna state bricks industry
the Unified Soil Classification System, (USCS).
Maraba Rido, Kaduna state. The MTK was obtained by
calcinations of kaolin clay at a regulated temperature of
Table 1: Properties of the natural soil
650 – 800 oC for 120 minutes leading to the breakdown
Property
Quantity
of crystal lattice structure forming a transition phase i.e.
dryness state after which it was grounded into powered
Percentage Passing BS No. 200 Sieve 86.5
form and sieved through BS No. 200 sieve.
Natural Moisture Content, %
39.1

Compaction: Compaction tests were carried out to
determine the optimum moisture content(OMC) and the
maximum dry density(MDD) using three energy levels
of British Standard light (BSL), West African Standard
(WAS) and British standard heavy (BSH). Air dried soil
samples passing through BS sieve with 4.76mm
aperture mixed with 0%, 2.5%, 5%, 7.5% and 10%
metakaolin by weight of dry soil were used. The British
standard light wasthe effort derived from 2.5kg rammer
falling through 30cm onto three layers, each receiving
27 uniformly distributed blows; the West African
standard compactive effort (WAS), carried out using
energies derived from a rammer of 4.5 kg mass falling
through a height of 45 cm in a 1000 cm3 mould. The
soil was compacted in five layers, each layer receiving
10 blows. The British standard heavy compactive effort
(BSH), carried out using energies derived from a
rammer of 4.5 kg mass falling through a height of 45
cm in a 1000 cm3 mould. The soil was compacted in
five layers, each layer receiving 27 blows.
Hydraulic Conductivity: This was measured using the
rigid wall permeameter under falling head condition as
recommended by Head (1992). A relatively short
sample was connected to a standpipe, which provided
the head of water flowing through the sample.
Compacted soil –Metakaolin samples at optimum
moisture content with varying Metakaolin contents up
to 10 % compacted using BSL, WAS and BSH
compactive efforts, respectively was used to run the
falling head permeability test. Specimens were soaked
in a water tank after compaction for a minimum period
of 24 hours to allow for full saturation and the samples
were restrained from swelling vertically during
saturation. The fully saturated test specimen were then
connected to a permeant liquid (tap water).
During permeation, test specimens were free to swell
vertically (i.e., no vertical stress was applied).
Hydraulic gradient ranged from 5 to 15.Tests were only
discontinued when hydraulic conductivity readings
were steady.
RESULTS AND DISCUSSION
Index Properties: Results of tests carried out on the
natural soil are summarized in Table1. The soil was
classified under the A – 7 – 6 (22) according to

Liquid Limit, %
Plastic Limit, %
Plasticity Index, %
Linear Shrinkage, %
Free Swell, %
Specific Gravity
AASHTO Classification
USCS
NBRRI Classification
Maximum Dry Density, Mg/m3
British Standard light
West African Standard
British Standard heavy
Optimum Moisture Content, %
British Standard light
West African Standard
British Standard heavy
Hydraulic conductivity (K) cm/sec
British Standard light
West African Standard
British Standard heavy
Dominant clay mineral

50
27.4
22.5
17.56
40
2.49
A-7-6 (22)
CH
Low swell potential
1.65
1.73
1.75
21
18.3
17.3
1.90 × 10-8
1.81 × 10-8
1.71 × 10-8
Montmorillonite

Atterberg Limit
The Liquid and Plastic limits decreased with increasing
metakaolin treated black cotton soil content from 50and
27.38%for the natural soil to 47.1 and 16.7 % when
treated with 10 % metakaolin. The overall decrease in
liquid limit could be attributed to the cation exchange
reaction that liberated adsorbed water particles in the
soil leading to the flocculation and aggregation of the
soil particles and the accompanying reduction in surface
area and increase in strength (Ijimdiya et al.,
2012).Plasticity index values increased from 22.59 %
for the natural soil to 30.93% when treated with 10 %
metakaolin content. The increase in the plasticity index
is a manifestation of the cation exchange reaction
between the additive where the higher valence cations
in the cement and GSA replaced the weakly bonded
ions.
55
50
Atterberg Limits( %)

Methods
Index Properties: Laboratory tests were conducted to
determine the index properties of the natural and soil –
MTKmixtures in accordance with BS 1377 (1990) and
BS 1924 (1990) for the natural and treated samples
respectively. A summary of the soil index properties
was presented in Table 1.
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Figure1: Variation of Atterberg limits with matakaolin
content.
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conductivity valued may not be unconnected to the
Maximum Dry Density: The results of maximum dry
decrease in the micro scale pore spaces of the sample
density (MDD) for samples compacted using BSL,
and water content which facilitates deflocculation of the
WAS and BSH compactive efforts was shown in Figure
particle structure, reducing the void. This was shown in
2. MDD values decreased from 1.65, 1.73 and 1.75
Figure 5 and 6 as the void ratio progressively decreased
Mg/m3 for the natural soil to 1.53, 1.67 and 1.68
with higher metakaolin contents. This was in
Mg/m3. The MDD of black cotton soil decreased with
conformity with the findings of other researchers
higher doses of metakaolin. The reduction in MDD may
(Lambe, 1958 Mitchell et al.1965; Benson and Daniel,
not be unconnected with the replacement of soil by
1990; Osinubi and Nwaiwu, 2009 Umar et al, 2015.).
metakaolin in the mixture which has relatively lower
specific gravity of 2.1 compared to that of the natural
soil of 2.49. The decrease may also be attributed to the
35
resistance offered by the flocculated soil (Okafor and
Okonkwo, 2009; Neeraja, 2010; Osinubi and Stephen,
30
2007).
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Figure 3: Variation of Optimum Moisture content with
Metakaolin content.
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Figure 2: Variation of Maximum Dry density with
Matakaolin content.
Optimum Moisture Content: The OMCs of natural
and metakaolin treated black cotton soil was shown
inFigure 3. For specimens compacted usingBSL and
WAS compaction energies an increase in OMC was
recorded. The OMC values obtained for the natural soil
compacted using BSL and WAS increased from 18.8
and 17.4 %to 29.8 and 25.5 %, respectively. While the
OMC values of metakolin treated samples decreased
from 17 to 16 % with higher doses of the additive when
compacted using BSH compactive effort. The increase
in OMC may be attributed to the addition of metakaolin
which decreased the silt and clay-sized fraction and
forming coarser materials with larger surface area. This
may also not be unconnected with additional water held
within the flocculated soil (Osinubi, 1995).
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Figure 4: Variation of Hydraulic Conductivity with
Metakaolin content.
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Hydraulic Conductivity: Hydraulic conductivity is the
0.22
key parameter affecting performance of liners and cover
0.2
(Daniel 1993b, 1990).The variation of hydraulic
BSL
conductivity with metakaolin content was shown in
0.18
WAS
Figure 4. Generally, the hydraulic conductivity values
0.16
decreased with higher doses of metakaolin content. The
BSH
0.14
hydraulic conductivity for the natural soil decreased
0.12
from 1.91 × 10-8,1.81 × 10-8 1.71 × 10-8 to 3.8 × 10-10,
5.6 × 10-10 and 6.6 × 10-10 cm/sec when treated using 10
0.1
0 2.5 5 7.5 10
% metakaolin compacted using BSL, WAS and BSH
compactive efforts, respectively. These values all met
Metakaolin content (%)
the recommended hydraulic conductivity value of < 1.0
x 10-7 cm/sec as given by regulatory agencies (Benson
Figure 5: Variation of porosity with Metakaolin content.
and Daniel, 1990). The decreases in hydraulic
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ABSTRACT
Health-care services in rural or urban settings inevitably generate wastes that may be hazardous to
health or have harmful environmental effects. This paper therefore assesses the generation,
characterization and disposal of hospital waste of some selected hospitals within Kaduna metropolis.
Nine hospitals were selected for the study. The weight of waste generated in these facilities is
measured after which the wastes were segregated into various classes. 927 kg per day was generated
out of which 84% is non-hazardous and 16% hazardous. Waste generation rate in these facilities
range from 1.14 to 2.32 Kg/bed/day and 0.13 to 0.50 Kg/out-patient/day. The composition of waste
across these facilities include; non-hazardous, infectious, sharps, and pharmaceutical wastes. Out of
the facilities surveyed, two have locally built incinerator for waste pretreatment, three employ the use
of open burning method, and four facilities do not have any form of waste pretreatment. The paper
recommends pretreating of hazardous hospital waste before disposal.
Keywords: Generation, Hazardous, Hospital, Infectious, and Waste

1.0
INTRODUCTION
Health-care wastes include all wastes generated by
health-care establishments, research facilities, and
laboratories. In addition, it includes the waste
originating from “minor” or “scattered” sources—such
as that produced in the course of health care undertaken
in the home (dialysis, insulin injections, etc.). Between
75% and 90% of the waste produced by health-care
providers is non-hazardous or “general” health-care
waste, comparable to domestic waste. The nonhazardous fraction of health care waste come mostly
from the administrative and housekeeping functions of
health-care establishments and may also include waste
generated during maintenance of health-care premises.
The remaining 10–25% of health- care waste is
regarded as hazardous and may create a variety of
health risks. (WHO, 1999). Health care wastes have
been identified to be a source of occupational risk,
including HIV and viral hepatitis B, to health care
workers. It also has negative effect to public health and
environment. These include, but not limited to; ground
water contamination, discharging of hazardous
particulates in air, destruction of natural environment,
and disturbance of ecosystem.
Statistics presented by WHO (1999) reveals eight (8)
cases of HIV infection in 1999 as result of occupational
accident in France out of which two (2) cases involved
health care waste workers. Another thirty nine (39)
cases were recognised at United State of America
(USA) in 1994. The path of transmission of this
infection include; hypodermic needle injuries, blade
injury, broken glass from a tube containing infected
blood, contact with non-sharp infectious item, and
exposure of skin or mucous membranes to infected
blood. Viral hepatitis B infection as a result of sharp
injuries among various health workers in USA was
found to be more than 250.

Pollutants from healthcare waste are persistent in the
environment as observed in a review conducted by
Akter (2000). Other environmental hazards of medical
wastes according to the review include; accumulation of
toxic chemicals within the soil, ground water
contamination, decrease in water quality, bioaccumulation in organism’s fat tissues, biomagnification through food chain, repeated and
indiscriminate application of chemicals over a long
period of time that have serious adverse effects on soil
microbial population - reducing the rate of
decomposition, generally lowering the soil fertility,
wind blown dusts from indiscriminate dumping that
have the potential to carry hazardous particulates, and
public nuisance (such as odors, scenic view, blocking of
walkway, aesthetics, etc.).
Some microorganism that cause these environmental
hazards are pathogenic in nature. Omojasalo et al.
(2009) isolated streptococcus pyogenes, Escherichia
coli, Entrobacter aerogenes, and Aspergillus flavus
from dump site of a hospital in Illorin, Nigeria. These
organisms are documented pathogens. They also
isolated some opportunistic pathogenic microorganism
like Staphylococcus aurens, S. saprophyticus,
Pseudomonas aeruginosa, and Actinomyces israeli
from the same dump site. Aspergillus flavus and
Actinomyces israelii were also isolated from dump site
of a hospital in Niger, Nigeria by Oyeleke and Istifanus,
(2009). This pathogens present in hospital wastes, as
observed by Manyale (2004) can enter and remain in
the air within hospital premises for a long time in the
form of spores or as pathogens themselves. This can
result in hospital-acquired infection that has serious
health concern to patients and health workers. Patience
(2007) stated that poor management of such waste has
serious health implication to health workers, patients
and the public. Due to the toxic nature of medical
wastes, improper handling may lead to the destruction

Nigerian Journal of Materials Science and Engineering Vol. 6, No. 1

85

Abdullahi et al., (2015); Generation, characterization and disposal of hospital wastes in some selected hospitals
within Kaduna metropolis
order to have good understanding of how different type
of natural environment and disturb the balance of
of hospitals generate and dispose their waste. As such,
ecosystems. This paper therefore assesses the
the hospitals surveyed include one (1) tertiary, five (5)
generation, characterization, and disposal of hospital
secondary, and three (3) primary hospitals. The tertiary
waste in some selected hospitals within Kaduna
hospital, two (2) of the secondary, and two (2) primary
metropolis, Nigeria.
health care centers are public owned hospitals. Others
are privately owned hospitals. The list of hospitals
2.0
METHODOLOGY
surveyed is presented in Table 1.
Purposive approach of sampling was used in selecting
hospitals surveyed. Purposive sampling is employed in
Table 1: HOSPITALS SURVEYED
FACILITY
NATIONAL EAR CARE CENTRE (NECC)

Tertiary

OWNERS
HIP
Public

YUSUF DANTSOHO MEMORIAL HOSPITAL (YDMH)

Secondary

Public

GENERAL HOSPITAL KAWO (GH KAWO)

Secondary

Public

GIWA HOSPITAL (GIWA)

Secondary

Private

GARKUWA SPECIALIST HOSPITAL (GRK)

Secondary

Private

FOMWAN HOSPITAL (FOMWAN)

Secondary

NGO

PRIMARY HEALTH CARE CENTRE HAYIN BANKI
(PHC HYB)
PRIMARY HEALTH CARE CENTRE UNGUWAN
SANUSI (PHC UGS)
PRIMAL DIAGONISTIC CENTRE (PRIMAL)

Primary

Public

Primary

Public

SERVICE
PROVIDED
Out-patient and Inpatient
Out-patient and Inpatient
Out-patient and Inpatient
Out-patient and Inpatient
Out-patient and Inpatient
Out-patient and Inpatient
Out-patient and Inpatient
Out-patient only

Primary

Private

Out-patient only

A quantity of wastes generated by each hospital was
estimated in terms of it weight. The estimate was done
in rainy and dry seasons. For each season, the quantity
of waste generated by hospital was collected and
weighed for seven (7) days and it average calculated to
get weight of wastes for each season as described in
(UNEP/WHO, 2005). The wastes were segregated in to
various classes. Wastes such as papers, plastics, food
left over, nylon bags, peel of fruits, juice bottles/packs,
and empty cartons are collected under the class of nonhazardous/non-risk waste. Waste that has come in
contact with blood and body fluid such as used cotton
wool, bandages, sanitary pads, gloves, and remains of
faeces and urine are grouped as infectious waste.
Needles, blades, scalpel, and any waste that has the
potential of cutting or punching human skin like broken
glass are classified as sharps. Expired or un-used drugs
or any other waste that contains pharmaceutical
preparation is classified as pharmaceutical waste. Every
class collected was measured using weighing scale. The
average weight of dry and rainy season is calculated to
get weight of waste per day.

the waste. The discussion centered on their general
knowledge of effect of hospital waste on public health
and environment. Issues on type of protective wears
used by the staff were also discussed.

Structured questionnaire that also adopted the guideline
of HCWM for sub-Saharan countries, prepared by
WHO/UNEP in 2005 was administered to the selected
facilities. Data collected with the aid of the
questionnaire includes information on transportation,
treatment, and disposal of the hospital wastes.
A forum discussion was organized with staff of private
firms responsible for transportation and final disposal of

CATEGORY

3.0
RESULT AND DISCUSSION
3.1 Weight of the Hospital Waste Measured In the
Facilities
The weight of waste generated by the hospitals was
measured. The average weight of waste of the surveyed
hospitals is 927 Kg. Hazardous waste was found to be
149 Kg representing 16% of the total composition while
non-hazardous waste had 84% of the total composition
with 778 Kg.
From the results of the study, it was found that the
average weight of solid waste generated in secondary
hospitals (with exception of FOMWAN hospital) ranges
between 121 Kg to 232 Kg. The weight of solid waste
generated in the primary hospitals was found to be
lower than that of secondary hospitals with a range of
19 Kg to 31 Kg. Just as in the case of volume of solid
waste generated by the hospitals, solid waste generated
by government owned facilities in both secondary and
primary hospitals weighed more than that of privately
owned hospitals probably because of the higher level of
patronage they receive. Most of the findings of
secondary hospitals is similar to that of Umar et al.
(2009) that found waste generation in some hospitals at
Katsina state, Nigeria to be around 99 – 144 Kg per
day. Figure 1 presents the graphic view of total average
weight of waste generated by the hospitals surveyed.
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Fig. 1: Total Average Weight of Hospital Waste of the Facilities Surveyed
3.2
Waste Generation Rate of Hospitals
Surveyed
Tables 2 and 3 show waste generation rate of the
hospitals surveyed. The generation rate of hospitals that
have bed (offered both out-patient and in-patient
services) ranged between 1.14 kg/bed/day to 2.43
kg/bed/day. GRK and GH Kawo has higher generation
rate than the rest of the hospitals with 2.43 kg/bed/day
and 2.32 kg/bed/day respectively. FOMWAN with 1.14
kg/bed/day has the lowest generation rate
Most of the findings correspond with work done by
Toyobo et. al (2009) that found average generation rate
of Obafemi Awolowo University Teaching Hospital and
University College Hospital to be 1.5-2 kg/bed/day and
1.3-1.5 kg/bed/day respectively. Similar rate was

reported by (Bassey et. al. 2006) where they found
hospital generation rate in some selected Abuja
hospitals to be 1.98 Kg/bed/day to 3.59 Kg/bed/day.
The generation rate of hospitals that do not admit
patients but offered only out-patient service was found
to be 0.13-0.50 kg/out-patient/day. Primary health care
Hayin Banki with 0.5 kg/out-patient/day is public
owned hospital and Primal diagnostic centre with 0.13
kg/out-patient/day is privately owned facility. The
finding is similar with that of (Wahab et. al 2011) that
found waste generation rate of public hospital to be
between 0.37-1.25 kg/head/day and that of privately
owned to be 0.12-0.28 kg/head/day.

Table 2: Waste Generation Rate of In-patient Hospitals
FACILITY

Average Number
of Beds
100

Average Weight of
Waste/Bed (Kg/bed/day)
1.88

YUSUF DANTSOHO MEMORIAL HOSPITAL

128

1.48

GENERAL HOSPITAL KAWO

100

2.32

GIWA HOSPITAL

50

2.09

GARKUWA SPECIALIST HOSPITAL

50

2.43

FOMWAN HOSPITAL

27

1.14

PRIMARY HEALTH CARE CENTRE UNGUWAN SANUSI

18

1.38

NATIONAL EAR CARE CENTRE

Table 3: Waste Generation Rate of Hospitals that Offered Out-patient Service Only
FACILITY
PRIMARY HEALTH CARE CENTRE HAYIN BANKI
PRIMAL DIAGONISTIC CENTRE.
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3.3
Classification of Hospital Waste of the
firms are not aware of the adverse effect such waste
Hospitals Surveyed
have on the environment. The firms employed the use
of trucks for waste transportation to final disposal point.
Types of Waste Encountered
In most cases the trucks have open body that has the
During the course of this research, different kinds of
tendency of littering of environment in the course of
wastes were encountered. Table 4 summarize wastes
waste transportation.
commonly found in the hospitals surveyed.
Five of the hospitals visited have one or more type of
Table 4: Waste Encountered at the Hospitals
waste treatment plant. NECC, GIWA, and PHC UGS
engage the use of uncontrolled open burning in
Hazardous
Non-Hazardous
Syringes and needles
Papers
pretreating their wastes before final disposal. This
Used cotton wool
empty plastics
practice according to (Azage & Kumie, 2010) poses
Used bandages and gauze Empty bottles of water
environmental risk to waste handlers and stray
Used plasters
empty packs and cartons
scavengers. Oyeleke et al. (2008) observed that the
Used hand gloves
foods leftover
ashes from such practice can find it way to water bodies
Used sanitary pads
Nylon bags
and (UNEP/WHO 2005) concluded that the practice
Wipes
Peel of fruits
constitute a significant source of pollution to the
Remains of faeces, urine
Empty bottles and Packs of
environment through the release of substances such as
and blood
juice
dioxins, mercury, and furans. GRK and PRIMAL have
Drugs
locally built incinerator where they burn all their wastes
Pressurize containers
before final disposal. In addition to the incinerator,
Primal diagnostic centre have needle destructor for
For the purpose of this research, all wastes that have
destroying needles. Mechanically controlled incinerator
come in contact with body fluid are classified as
is installed at YDMH but is yet to commence operation
infectious waste. This is because; of all the facilities
as at the time of this research.
visited none was carrying out complete segregation of
the solid waste.
All the wastes from these hospitals are disposed off at
one of the metropolis municipal disposal site. This is
The waste encountered in the hospitals visited are
irrespective of whether the wastes are treated or not.
classified into; Non-risk waste (Non-hazardous),
When hazardous component of the waste come in
infectious waste, Sharps and pharmaceutical waste.
contact with other municipal waste, the practice has the
There were no anatomical and chemical wastes
tendency of contaminating the municipal wastes there
encountered in the facilities visited as at the time of
by breeding dangerous pathogenic microorganism that
visit. Although four of the facilities acknowledged that
may be harmful to public. The contaminated waste will
they do have anatomical wastes after some specific
possibly find it way to water bodies thereby increasing
surgeries which they bury immediately after the
the cost of treating the water. It may also cause
surgery. These facilities are YDMH, GH KAWO,
outbreak of diseases to people that use the water
GIWA and GRK.
untreated.
Generally, the non-hazardous wastes were the most
generated form of solid waste across all the hospitals
surveyed. The percentage composition of nonhazardous waste in these facilities ranges from 73% 88% of the total composition of the waste. The
remaining 12% - 27% is hazardous waste. Out of the
total hazardous waste generated, Infectious waste was
the most generated form of waste across all the facilities
with percentage generation of 64% -88%, and then
sharps with generation of 8% - 36% and lastly
pharmaceutical waste with generation rate of 4% - 13%.
3.4
Treatment and Disposal of Hospital Waste
Off-site transportation and treatment of the hospital
wastes was assessed. All the hospitals visited transport
their waste outside the hospital for final disposal. They
all engage the services of private firms for the
transportation and final disposal. Workers of the firms
responsible for off-site transportation and final disposal
of the waste seem to be aware of public health
implications of such wastes as a result of occupational
injuries from sharp waste and they are provided with
protective wears by the firms. On the environmental
effect of health care wastes, most of the non-skilled
staff, that form over 70% of the nominal roll of such

4.0
CONCLUSION
The study found the weight of hazardous and nonhazardous waste generation in the hospitals to be 84%
and 16% respectively. Across the hospitals, nonhazardous waste generation ranges between 73-88%
and that of hazardous ranges between 12-27%.
Infectious waste is the most generated form of
hazardous waste in all the hospitals surveyed with
generation rate of 64-88%. The waste generation rate
across the facilities range between 1.14kg/bed/day to
2.32 Kg/bed/day in hospitals that have beds and 0.13
Kg/out-patient/day to 0.50 Kg/out-patient/day in
hospitals that offers out-patient service only. The study
also found that waste from some hospitals is not
pretreated before disposal and both treated and
untreated wastes are finally disposed up together with
other municipal wastes. This paper recommends all
hospital wastes to be appropriately pretreated before
final disposal with municipal wastes.
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ABSTRACT
The work was aimed at the production of biodegradable grease from Atili (Blackdate) Oil that will be
environmentally friendly. The grease was produced by mixing and blending of the base oil (Atili oil)
with a mixture of calcium hydroxide and the stearic acid at 90oC which was then slowly heated to 190oC
for about three hours to obtain the desired product. Three sets of the grease were produced by varying
the amount of thickener, the base oil, the stearic acid and the temperature of the reaction. The grease
produced was then milled (pound) to obtain a smooth-textured product at room temperature. The tests
carried out to analyze the grease produced were dropping point test, unworked and worked penetration
test; and most importantly, the test for biodegradability known as BOD5 test. Dropping point test was
carried out to determine the temperature at which the grease sample began to drip. The consistency of
the grease was measured using the worked and unworked penetration test. Finally, the Biochemical
Oxygen Demand test or BOD5 was carried out by measuring the amount of oxygen dissolved in a grease
sample initially and after five days. The results showed that dropping point was 70oC, 68o C and 71oC
for sets 1, 2, and 3 samples respectively. The consistency values were 0.4 mm, 0.8 mm, and 0.3mm for
sets 1, 2, and 3 samples respectively. The BOD was found to be 18.0 ppm, 16.8 ppm, and 18.0ppm for
sets 1, 2, and 3 respectively. The grease produced was found to be more biodegradable than those made
of mineral oil like Oando and Texaco grease which were 4.8ppm and 6.0ppm respectively. The
consistency and dropping point of the grease was found to be dependent on the nature and amount of
thickener used and also the viscosity of the base oil.
Keywords: Grease, biodegradable, Atili oil, thickener, consistency, dropping point.
1.0 INTRODUCTION
The search for biobased material as industrial and
automotive lubricant has accelerated in recent years.
This trend is primarily due to the nontoxic and
biodegradable characteristics of vegetable oils that can
substitute mineral oil as base fluid in grease making
(Adhvaryu, et al, 2005). A grease generally can be seen
as a lubricant of higher initial viscosity than oil,
consisting originally of calcium, sodium or lithium soap
emulsified with mineral oil. It is a substance (often a
liquid) that is introduced between two moving surfaces
to reduce friction and wear between them (Nailen,
2002). However, in spite of the numerous benefits
obtainable from these greases, they still imposed a lot of
environmental problems that need to be addressed. In
recent times, much attention has been given to the
production of greases that are environmentally friendly.
These are the biodegradable greases suitable for
industrial purposes that are made from the renewable
resources of vegetable oils. Vegetable oils present a
quick biodegradability, very desirable in applications
where leaks and environmental contamination are
difficult to be avoided like outboard 2-stroke engines,
railway track greases and wire ropes (Lazaro and
Aranda, 2014). Biodegradable grease provides an
alternative to the costly disposal of petroleum products
that are environmentally toxic (Anonymous, 2007). The
biodegradability of greases essentially reflects the
biodegradability of the base oils. It is one aspect of the
necessary reductions of the toxic potential of greases
(Nagendramma and Kumar, 2015). Vegetable oil-based
greases are semi-solid colloidal dispersions of
thickening agents (a metal soap) in a liquid lubricant
matrix (vegetable oil). They are the preferred form of

lubrication in hard-to-reach places in a mechanically
rubbing or dynamic systems (Adhvaryu, et al 2005). It
is a gel like structure formed when oil is trapped in the
fiber network of specially made soap, during a process
involving heating and cooling cycles. It can decompose
and therefore environmentally friendly (Anonymous,
2007; Lazaro and Aranda, 2014)).
Grease is simply a lubricating fluid which has been
gelled with a thickening agent. It is also essentially a
two-phase system, a liquid-phase lubricant into which a
solid-phase finely divided thickener is uniformly
dispersed. The liquid is immobilized by the thickener
dispersion that must remain relatively stable with
respect to routine usage. Greases are composed of a
lubricating fluid (base oil), a thickener, and usually
performance enhancing additives (George, et al 2003,
Nagendramma and Kumar, 2015; and Lazaro and
Aranda, 2014).
Black date oil is fragrant pleasant oil which is obtained
from the outer layer of the fruit. The fatty acid
compositions of the black date pulp oil are palmitic
acid, stearic acid palmitoleic acid. That of the seed oil
is oleic acid, linoleic acid, palmitic acid, stearic acid
and traces of others (Ibrahim, 1998). Triglyceride
vegetable oils include not only edible, but also inedible
vegetable oil such as processed linseed oil, tung oil and
castor oil used in lubricants, paints, cosmetics,
pharmaceutical and other industrial purposes. The
edible oil can be heated, and used to cook other foods.
Oils that are suitable for this purpose must have a high
flash point. Such oils include Canola oil, Sun flower oil,
Peanut oil, Palm oil and Black date (Canarium
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Schweinfurthii) oil (Vegetable-oil, 2008). In Nigeria the
Worked Penetration Test
oil is sometimes prepared into a vegetable-butter and
This test method was measured after grease has been
eaten as a substitute for Shea-butter (Vegetable-oil,
worked for 60 double strokes in the standard grease
2008). The three forms of the oil (liquid, semi-liquid
worker cup. In this method, the disturbance of the
and solid) depend on the maturity of the plant.
grease was standardized by the prescribed working
process and is more reliable than un-worked penetration
The aim of this work is to produce biodegradable grease
test. The un-worked and worked penetration tests
from Blackdate (Atili) oil that is environmentally
described above were used to determine the grease’s
friendly and to characterize it in terms of flow
consistency. The grease’s consistency is its resistance to
properties and consistency; and then to test it for
deformation by an applied force. A significant
biodegradability.
difference between unworked and worked penetration
can indicate poor shear stability (George, et al 2003).
2.0 MATERIALS AND METHOD
2.1 Grease preparation
The grease was prepared in three different sets.
Set 1
A mixture of calcium hydroxide, stearic acid in the ratio
1: 0.75 and the Blackdate (Atili) oil (in equivalent
weight ratio of the metal acid mixture) was uniformly
mixed with a magnetic stirrer at 90oC in a glass reactor
according to Adhvaryu, et al 2005. The temperature was
then slowly raised to 190o C and maintained for 3 hours
with the same stirring. After the cooking, the mixture
was allowed to cool; and then at 150oC according to
Adhvaryu, et al 2005; an additional amount of the base
oil (80wt% of the total reaction mixture) and additiveglycerol (5wt% of the total reaction mixture) was
added. The final mixture was allowed to cool to room
temperature to obtain the grease. The resulting grease
was roll- milled to obtain the final product.
Set 2
Another mixture of calcium hydroxide, and stearic acid
in the ratio 2:1 and the Blackdate (Atili) oil (in
equivalent weight ratio of the metal acid mixture) was
uniformly mixed with a magnetic stirrer. The same
reaction condition was maintained as in the first set.
The only difference is in the amount of the base oil
(Blackdate oil) and the additive used. In this case the
base oil used and the additive was 90wt% and 6wt% of
the total reaction mixture respectively. The grease was
obtained at room temperature.
Set 3
The same weight measurement was carried out as in the
first set. The variation was in the temperature used. The
mixing was done at 100oC, and the cooking at 200oC.
The mixture was allowed to cool to 160oC before the
base oil and the additive were added. The grease was
obtained at room temperature.
2.2 Grease characterization
Un-worked Penetration Test
The un-worked penetration was obtained when the
penetration measurement was made on grease
transferred from the original container to the standard
grease worker cup, with only a minimum amount of
disturbance. This test is used to indicate consistency
variance in transferring grease from container to
equipment.

Dropping Point Test
Dropping point is an indication of the heat resistance of
lubricating grease. It gives the temperature at which
lubricating grease passes from a semi-solid to liquid
state. The test was conducted to determine the
temperature at which the lubricating grease will flow
when heat is applied. The inside surfaces of the grease
cup were coated with the grease to be tested. A
thermometer was inserted into the cup and held in place
so that the thermometer does not touch the grease. This
assembly was placed inside a test tube. The test tube
was lowered into the container which was filled with
oil. Another thermometer was inserted into the oil. The
oil was heated, while being stirred; at a rate of 8 to 12°F
per minute until the temperature was approximately
30°F below the expected dropping point. The heat was
reduced until the test tube temperature was 4°F or less
than the oil temperature. The dropping point was the
temperature recorded on the test tube thermometer
when a drop of grease falls through the hole in the
grease cup. This is called the ASTM D566 test method.
2.3 Tests for biodegradability
25ml of the prepared grease was mixed with pond water
which contains microorganisms in three incubation
bottles. Two other incubation bottles were filled with
25ml mineral oil grease (Oando and Texaco) obtained
from the market. 1ml each of iron (ii) chloride, calcium
chloride, magnesium sulphate and phosphate buffer was
mixed in 1 liter of distilled water. The water prepared
was added to each of the five incubation bottles for
about two hours at room temperature from which the
dissolved oxygen was measured using an oxygen meter.
The incubation bottles were kept at the same
temperature of 20oC for about 5 days after which the
dissolved oxygen was recorded. The differences in the
oxygen dissolved was then calculated and recorded. The
Biodegadability of the grease produced or BOD5 was
calculated from the following relation (Rodger, et al,
2002).

where DOi is the initial dissolve oxygen
DOF is the final dissolve oxygen after five days
and
P is a fraction given by P= volume of sample cm3 /1000
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Figure 1 Dropping Point Determination Set-up.
3.0 RESULTS AND DISCUSSION
3.1 Results
3.1.1 Grease preparation
The preparation of the grease was done in three (3)
different sets namely: set 1, set 2 and set 3. The same
temperature condition was followed in the preparation
of sets 1 and 2 but different weight measurement, while
in sets 1 and 3, the same weight measurement was
carried out but different temperature condition, set 3
being higher than set 1 by 10oC in each case. Also set 2
and 3 were different in both temperature condition and
weight measurement. This is shown in Table 1.
3.1.2 Biodegradability test
Biochemical Oxygen Demand (BOD5) test values
recorded at 20oC in a cooled incubator for five days.

The results obtained for this test were evaluated and
recorded as shown in Table 2.
3.1.3 Consistency test (unworked and worked
penetration)
The following results were obtained at the Department
of Chemical Engineering, Ahmadu Bello University,
Zaria and College of Engineering Kaduna Polytechnic.
The two tests were conducted separately and the results
obtained were recorded as shown in Table 3.
3.1.4 Dropping point test
The following values in Table 4 were obtained for
dropping point test. The test was conducted in the
Department of Chemical Engineering, Ahmadu Bello
University, Zaria.

TABLE 1 VARIATION OF COMPOSITION AND TEMPERATURE IN GREASE PREPARATION
Grease set number
Set 1 Set 2 Set 3
Mass of base oil (Atili) used (g)
87
84
87
Mass of thickener (Ca(OH)2 (g)
20
15
20
Mass of stearic acid (g)
15
10
15
Mass of additive (g)
3.25 3.6
none
Mixing temperature (0C)
90
90
100
Maximum cooking temperature (0C)
190
190
200
Temperature for addition of additive (0C) 150
150
160
Cooking period (min)
180
180
200
Cooling temperature (0C)
25
25
25
TABLE 2 BIOCHEMICAL OXYGEN DEMAND (BOD5) TEST
Samples
Set 1 Set 2 Set 3 Oando
Dissolve oxygen (DO i) (ppm)
7.90
7.80
7.80
7.90
Dissolve oxygen after 5 days (DOF) (ppm) 6.40
6.40
6.30
7.20
BOD5 (ppm)
18.00 16.80 18.00
4.80
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Table 3 Unworked and Worked Penetration Test
Difference
S/N Test
Unworked Worked
sample penetration penetration (mm)
(mm)
(mm)
1
Set 1
28.2
28.6
0.4
2
Set 2
28.9
29.7
0.8
3
Set 3
27.8
28.1
0.3
4
Oando
33.3
33.9
0.6
5
Texaco
22.4
22.6
0.2
Table 4 Dropping Point Test
S/N Test sample Dropping point (oC)
1
Set 1
70
2
Set 2
68
3
Set 3
71
4
Oando
184
5
Texaco
198
3.2 Discussion
3.2.1 Grease preparation
In the preparation of the grease, it was noticed that the
consistency of the mixing of the base oil (Blackdate
Oil) and the soap thickener (calcium hydroxide)
changed as the reaction progressed from melt (reaction
of soap thickener and stearic acid) to syrup (mixture of
soap thickener and stearic acid to base oil) to the
formation of plastic-like particles. These particles were
changed to hard lumpy larger particles and finally into
particles having fine beach sand-like consistency as a
result of pounding. The colour of the product also
changed from dark green (colour of the oil) to light
brown as the final product.
The major component in the Base oil (Atili oil) used is
triglycerides or triacylglycerol.
In the production process, the thickener and calcium
hydroxide (Ca(OH)2) were first reacted with stearic acid
(CH3(CH2)16COOH) to give a calcium stearate and
water according to the reaction below:
Ca(OH)2 + 2CH3(CH2)16COOH
(CH3(CH2)16COO)2Ca + 2H2O (1)
This is the reaction for the formation of the soap fiber
network that traps the oil and thickened it when heat is
applied. It is expected that when the oil was added to
the fiber network, a reaction should occur; but however,
no further reaction should occur because the thickening
process is only a physical process that leads to the
formation of the grease. Hence the only reaction that
occurs is the formation of the soap fiber network.
The production of the grease was as a result of
physicochemical processes, with the aid of which the
lubricating grease structure was constructed from the
soap thickener molecules generated in situ, according to
Kawamura (2011) which further explained the
following: i-) In the reaction phase, the metal soap
molecules were generated by the reaction of the soap
thickener and the stearic acid. The metal soap thickener
was present as fine crystals. ii-) In the structure
formation phase which follows, the actual lubricating

grease structure or lubricating grease matrix was
generated by physicochemical processes. During this
period, there was aggregation of thickener crystals
generated in phase 1, the formation of soap micelles by
intercalation and adsorption of base oil molecules, the
commencement of melting of the soap micelles (heating
above the melting point of the soap molecules), and
finally the recrystallization of the soap molecules
(control cooling). iii-) In the mechanical phase,
additives and additional amount of the base oil was
added for fine adjustment of the end consistency.
It is also important to mention that the ratio of the
thickener to base oil used affected the thickness of the
grease. This was demonstrated in set 2 which had less
mass of the thickener compared to others. The thickness
of the grease was also found to depend on the cooking
temperature. The thickness was found to increase with
increase in cooking temperature, but this could be
negligible compared to the amount of thickener used.
The thickener used in the production of these greases is
a material that, in combination with the selected oil
(mineral, vegetable, synthetic) will produce the solid to
semifluid structure.
The additives used also play important roles in the
lubricating grease which includes enhancing the
existing desirable properties (heat resistance),
suppressing the existing undesirable properties
(evaporation loss), and imparting new properties
(extreme pressure resistance). The additives used in this
lubricating grease include glycerol and sodium
hydroxide. Each of the samples of lubricating grease
produced was heated to a temperature of 190—200oC,
below which the desired product cannot be obtained.
3.2.2 Biodegradability (biochemical oxygen demand)
Biochemical Oxygen Demand (BOD) is a chemical
procedure for determining how fast biological
organisms use up oxygen in a body of water. It is a
common, environmental procedure for determining the
extent to which oxygen within a sample can support
microbial life. From the biodegradability test
conducted, Table 2, it is obvious that the oxygen
consumption for the grease produced from vegetable oil
is more than that made of mineral oil (Oando and
Texaco). From the table it can be deduced that the rate
of oxygen consumption for the grease produced is about
three times greater than those obtained from the market
(mineral oil). It also implies that if the grease produced
is disposed to the environment, for instance and it takes
two months to biodegrade, the other grease made of
mineral oil will take six months or more. Therefore, the
grease produced is said to be environmentally friendly
due to its nontoxicity and biodegradability.
3.3.3 Consistency test (ASTM D217)
The grease’s consistency is its resistance to deformation
by an applied force. Lubricating grease consistency
depends on the type and amount of thickener used and
the viscosity of its base oil (Booser, et al 2008). The
consistency of the lubricating grease produced was
measured in terms of worked and unworked penetration
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dropping point of 71oC as expected of grease made
test. A significant difference between unworked and
from calcium thickener.
worked penetration can indicate poor shear stability
(George, et al 2003).
4.0 CONCLUSION
The following conclusion can be drawn from the work:
The unworked and worked penetration values of the
Production of biodegradable grease using Atili
grease produced varies according to the amount of
(Blackdate) Oil was carried out. The production at the
thickener used. For sets 1 and 3, which have the same
laboratory scale was done in three different sets namely
amount of thickener, the two tests shows a significant
set 1, 2, and 3. The 3 sets produced differ either in the
difference as shown in Table 3. The two results were
amount of thickener to the base oil used or in the
expected to be the same based on the amount of
cooking temperature. A test was conducted to measure
thickener used, but there was a deviation. It was
the biodegradability of the grease produced which was
discovered that the penetration of set 1 was higher than
far more biodegradable than those made of mineral oil
set 3. For set 1, an additive was used while in set 3 none
obtained from the market (Oando and Texaco). The
was used. According to Adhvaryu, et al 2005, the
dropping point of the grease produced was also
presence of additive in grease gives soap with looser
determined to be 70 oC, 68 oC and 71oC for set 1, 2, and
network and larger fiber structure than similar grease
3 respectively. The consistency of the grease was
with no additive. For this reason, the penetration values
determined in terms of unworked and worked
of set 1 with additive should be higher than those of set
penetration. The difference between the two results
3 without additive. The unworked and worked
indicated the hardness of the grease which is a function
penetration values for set 2 was greater than set 1 and 3,
of the thickener used.
this is true because the amount of thickener used in set
2 was less than that of set 1 and 3. From the differences
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ABSTRACT
Nanomedicine can be succinctly defined as the application of nanotechnologies in a healthcare setting.
Nanomedicine ascends from the integration of different sciences; physics, chemistry, biology,
materials science, engineering, using the nanometer scale. This leads to scientists with different
backgrounds, and diversified technical and intellectual skills, trying to address medical problems
using nanotechnology. The task of nanomedicine is to integrate the knowledge of physicists, chemists
and biologists to reach an ideal answer. Presently, nanomedicines are being explored for the
management of various disease conditions which includes fungal infections, asthma and emphysema,
ovarian and breast cancer, menopausal symptoms, chronic pain, kidney disease, multiple sclerosis.
Nanotechnology is creating an insurrection, a paradigm shift in the manner we diagnose and treat
disease. This treatise and current research concentrates on specific fields such as Nanodiagnostics,
Molecular imaging, Dental Care, Orthopedics, Cardiac therapy and newly targeted drug-delivery
systems. Nanomedicine offers hope for treatment of spinal cord injuries, diabetes, heart disease,
Parkinson’s disease and cancer.
Keywords: Nanotechnology; Nanomedicine; Nanodiagnostic; Molecular imaging; Dental Care;
Orthopedics; Cardiac Therapy; Drug delivery.
INTRODUCTION
Nanotechnology has several definitions but universally
it is the use and application of materials with sizes in
the nanometre range. Just as a millimetre is onethousandth of a metre, a nanometre is one-millionth of a
millimetre. In more comprehensible terms, a strand of

human hair is around 80,000 nanometres in diameter
and the rising science and industry of nanotechnology
exploits materials below 1,000 nanometres. Figure 1
shows the size comparison of nanoparticles and some
biological systems.

Figure 1. Size comparison: nanoparticles and biological systems
Therefore, Nanotechnology can be defined as the
science and engineering involved in the design,
synthesis, characterization and application of materials
and devices whose smallest functional organization in
at least one dimension is on the nanometer scale (onebillionth of a meter) (Badve et al., 2012).
Figure 2 shows the different structures of
nanomedicines and their approximate sizes. For
comparison the sizes of biological nanostructures are
show at the top of the figure.
Presently, this multidisciplinary scientific meadow
called nanotechnology is experiencing rapid
development (Cheng et al., 2006).
Global Market for Nanotechnology Products is very
promising. The total market for nanobiotechnology
products was $19.3 billion in 2010 and is growing at a
compound annual growth rate (CAGR) of 9% to reach a

forecast market size of $29.7 billion by 2015. Medical
applications, including drug delivery and microbicides,
dominate today's market, with sales of $19.1 billion in
2010 (Figure 3). This market segment is growing at a
compound annual growth rate (CAGR) of 8.7%, and is
forecast to reach sales of $29 billion by 2015 (BCC).
Presently, more and more consumer products are
branded worldwide as “nano”.
The origin of nanotechnology can be drawn from the
promise of revolutionary improvements through
communications, genomics, robotics and medicine. A
comprehensive list of the possible applications of
nanotechnology is too enormous and diverse to debate
in detail, but without reservation, one of the utmost
values of nanotechnology will be in the development of
novel and effective medical treatments (Yoshikawa et
al., 2006). Figure 4 shows the many nanomedines that
are
already
in
routine
clinical
use.
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Figure 2: Structures of nanomedicines and their approximate sizes.

Figure 3: Market share of nanotechnology products

Figure 4: Some Nanomedicines already in routine clinical use.
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hued optical codings for biological assays have been
This review concentrates on the potentials of
accomplished by embedding different-sized quantum
nanotechnology in medicine otherwise known as
dots QDs (nanocrystals of cadmium selenide) into
nanomedicine.
polymeric microbeads. This spectral coding technology
is projected to open novel opportunities for medical
The History of Nanotechnologies
diagnostics (Jain, 2005).
The theoretical foundation of nanotechnology was first
laid out in 1959 by Richard Feynman in his lecture,
Nanotechnology on a chip is a novel paradigm for
‘There’s plenty of room at the bottom’. Feynman
complete chemical analytic systems. The ability to
reconnoitered the possibility of influencing material at
make chemical and biological information inexpensive
the scale of separate atoms and molecules, visualization
and accessible is anticipated to fundamentally
of the entire Encyclopedia Britannica transcribed on the
revolutionalise the health care sector, food safety
head of a pin and anticipating the increasing ability to
organizations and law enforcement agencies. Lab-onstudy and control matter at the nanoscale. The term
a-chip technology encompasses micro-total analytic
‘nanotechnology’ was first used in 1974, when a
systems that are differentiated from simple biosensors
researcher at the University of Tokyo by name Norio
due to the fact that they conduct a complete analysis.
Taniguchi, used it to refer to the capability of
Here, a raw mixture of chemicals go in and answers
engineering materials accurately at the nanometer level.
come out.
The prime driving force for miniaturization then came
from the electronics industry, which aimed to change
2. Molecular imaging
tools to create reduced (and therefore faster and more
Molecular imaging techniques have had a foremost
complex) electronic devices on silicon chips.
effect in medicine over the past 15 years (Kateb et al.,
Additionally, at IBM in USA, a method called electron
2011). The effort in developing techniques such as
beam lithography was used to produce nanostructures
functional magnetic resonance imaging is to improve
and devices as tiny as 40 to 70 nm in the early 70s.
spatial resolution and contrast agents. Nanotechnology
has transformed the field of medicine, because it offers
APPLICATIONS OF NANOTECHNOLOGY
novel opportunities for sensing clinically relevant
markers, molecular disease imaging, and tools for
1. Molecular diagnostics
therapeutic intervention (Lin and Datar, 2006).
Due to the minuscule dimensions, most of the
Nanotechnologies gives the possibility of intracellular
applications of nano-biotechnology in molecular
imaging through the addition of quantum dots (QDs) or
diagnostics
are
classified
broadly
under
chromophoric dyes to selected molecules as in
biochips/microarrays but are best termed nanochips
proteins, or by the integration of naturally occurring
and nanoarrays. Biochips constructed with microfluorescent proteins that, with optical techniques such
electromechanical systems are on a micron scale and
as confocal microscopy and correlation imaging, allow
are related to micro-manipulation, although
intracellular biochemical processes to be investigated
nanotechnology-based chips are on a nanoscale and are
unswervingly (Guccione et al., 2004).
related to nano-manipulation (Hutcheson, 2004). The
chemical reformation and comprehensive amplification
QDs are more appealing as in vivo and in vitro
of the nucleic acid samples are achieved by polymerase
fluorophores in a variety of biological investigations in
chain reaction (PCR), which introduces artifacts
which traditional fluorescent labels based on organic
instigated by the favored amplification of certain
molecules fall short of providing long-term stability and
sequences. Alternative label-free methods such as
simultaneous detection of multiple signals (Medintz et
surface plasmon resonance (SPR) and quartz crystal
al., 2005). QDs have also been successfully used as new
microbalance (QCM), are said to rely on mass
fluorescent tags in many biological and biomedical
detection. This shows that Nanotechnologies also offer
fields and show definite promise as a new tool in
label-free detection. Hence, Nanotechnology is being
biomedical studies, clinical diagnostics, drug delivery,
applied to conquer some of the precincts of biochip
and photodynamic therapy. Nanotechnology has also
technology (Kubik et al., 2005).
been identified as a field of great promise to detect and
diagnose cancer. For instance, semiconductor QDs can
A very interesting aspect is the “lab-on-a-chip”
allow the detection of tens to hundreds of cancer
technology
otherwise
called
“microfluidics”.
biomarkers in blood assays, on cancer tissue biopsies, or
Biological examinations measuring the existence or
as contrast agents for medical imaging (Smith et al.,
activity of selected substances become faster, more
2006).
sensitive, and more flexible when definite nanoscale
particles are put to drudgery such as tags or labels.
3. Dental care
Magnetic nanoparticles that are bound to a suitable
Nanotechnology has medical applications in the field of
antibody, can be used to label specific molecules,
dentistry refered to as nanodentistry which makes it
structures and micro-organisms (Basavaraj, 2012).
possible to maintain near-perfect oral health through the
Magnetic immunoassay practices have been developed,
use of nanomaterials (West and Halas, 2000),
here, the magnetic field created by the magnetically
biotechnology Slavkin, 1999), and nanorobotics.
labelled targets is detected unswervingly with a
Through this, it has been possible to provide highsensitive magnetometer. Gold nanoparticles labelled
quality dental care to millions of the world’s population
with short segments of DNA can be used for the
who currently receive no significant dental care (Ure
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acting as new and effective constituents of bone
and Haris, 2003). In the near future it should be possible
materials, because bone is also made up of nanosized
through nanodentistry to induce local anaesthesia. A
organic and mineral phases. Several studies have
colloidal suspension containing millions of active
reported improved osseo-integration on nanostructure
analgesic dental nanorobotic particles could be instilled
surfaces created from a wide range of chemistries
on the patient’s gingivae. These nanorobots, after
including ceramics, metals, polymers, and composites.
contacting the surface of the crown or mucosa, reach the
For instance, studies show that alumina nanometer
dentin by migrating into the gingival sulcus and pass
fibers significantly stimulate osteoblast responses such
painlessly to the target site. On reaching the dentin, the
as adhesion, alkaline phosphatase activity, and calcium
nanorobots enter dentinal tubule holes that are 1 to 4 Am
deposition, when compared with conventional grain
in diameter (Goracci and Mori, 1995) and proceed
size alumina (Webstar et al., 2004).
towards the pulp, guided by a combination of chemical
gradients, temperature differentials, and even positional
Nanomaterials, nanopolymers, carbon nanofibers,
navigation, all under the control of the onboard nano
nanotubes, and nanocomposites of ceramics are also
computer as directed by the dentist.
leading to more efficient deposition of calciumcontaining minerals on the implants. Figure 6 shows
Nanodental techniques for major tooth restoration are
the potential applications of nanomedicine in
also evolving (Figure 5). Orthodontic nanorobots
orthopedic medicine
directly manipulate the periodontal tissues (gingivae,
periodontal ligament, cementum, and alveolar bone),
allowing rapid and painless tooth straightening, rotating,
and
vertical
repositioning
within
minutes.
Reconstructive dental nanorobots could selectively and
precisely occlude specific tubules within minutes,
offering patients a quick and permanent cure.
Nanodentistry is also playing a vital role in natural tooth
maintenance Shellhart and Oesterle (1999). The
appearance and durability of teeth are improved by
replacing upper enamel layers with covalently bonded
artificial materials such as sapphire or diamond, which
have 20 to 100 times the hardness and strength of natural
enamel. A subocclusal-dwelling nanorobotic dentifrice
delivered by mouthwash or toothpaste could patrol all
supragingival and subgingival surfaces at least once a
day, metabolizing trapped organic matter into harmless
and odorless vapors and performing continuous calculus
debridement Freitas, 2000).
4. Orthopedic applications
An ageing population and an increasing occurrence of
sports-related injuries have made musculoskeletal
disorders one of the major health concerns of all times.
Current treatment modalities include orthopedic
implants used for internal fixation of fractured bones,
but these are limited by the large number of implant
failures. In addition, these engineered implants are
stiffer than those of cortical bones, and removal of the
implants require a second operation. Besides, the
polymers used, suffer from the drawbacks of loss of
mechanical strength within a time interval and
development of a sterile sinus at the site of
implantation. Biomaterials proposed as ideal scaffolds
for cell growth should be biocompatible,
osteoinductive, osteoconductive, integrative, porous,
and mechanically compatible with native bone to fulfill
their desired roles as bone implants and substitutes.
Current treatment have some but not all of these
properties. This has prompted orthopedic surgeons and
scientists to look
for
viable
alternatives.
Nanotechnology is currently providing nanomaterials
with higher mechanical strength, enhanced bioactivity,
and restorability in improving the quality of life of
patients who suffer from debilitating bone fractures.

Figure 5: Nanotechnology in regenerative dentistry.
(A) DSCs can be labeled with nanoparticles before
placing them into biomimetic scaffolds. (B) Afterwards,
those scaffolds that contain labeled DSCs could be
transplanted to repair damaged dental tissues. Tooth
crown, pulp and periodontium are the most commonly
affected dental tissues. DSC: Dental stem cell; PDL:
Periodontal ligament.

Nanostructured materials with sizes 1 to 100 nm are
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Figure 6: Scheme showing potential applications of nanomedicine in orthopedic medicine
5. Cardiac therapy
Cardiac diseases are a major cause of disability,
morbidity and mortality. Many people are dying of
various cardiac problems including atherosclerosis,
myocardial infarction, arrhythmias, ischemic heart
disease, and restenosis (Kong and GoldschmidtClermont, 2005). Oral and systemic administration of
drugs, though effective, does not provide appropriate
therapeutic drug levels in the target arteries for sufficient
periods of time. Moreover, biomedical engineers have
already succeeded in developing microscale instruments
to open blocked arteries and to treat other cardiovascular
diseases. However, these tools are bulky, infection
prone, and subject to other disorders. Currently
nanotechnology offers a broad platform in the field of
cardiovascular science by offering tools to explore the
frontiers of cardiac science at the cellular level.
Nanotechnology based tools are being effectively used
to treat cardiovascular diseases (Figures 7). These tools
are used in the areas of diagnosis, imaging, and tissue
engineering (Wickline, 2006). Miniaturized nanoscale
sensors like QDs, nanocrystals, and nanobarcodes can
sense and monitor biological signals such as the release
of proteins or antibodies in response to cardiac or
inflammatory events (Guccione et al., 2004).
Nanotechnology is helping in revealing the mechanisms
involved in various cardiac diseases. It also helps in
designing atomic-scale machines by imitating or
incorporating biological systems at the molecular level.
The use of these newly designed nanomachines have a
paradigm-shifting impact in the treatment of these
dreaded cardiovascular diseases. These machines have
three key elements meant for sensing, decision making,
and carrying out the intended purpose.

Restenosis, the obstruction of an artery after
interventional procedures such as balloon angioplasty,
remains a major problem, in that 30% to 50% of
patients develop reocclusion, with 20% requiring
additional intervention (Brigger et al., 2005). Although
different therapeutic strategies have been investigated
for the inhibition of restenosis, the main drug
therapeutic approach is targeted towards inhibiting the
proliferation and migration of smooth muscle cells
(Hamon et al., 1998). Systemic administration of
therapeutic agents has been ineffective in preventing
restenosis. The main reason for the failure of drugs in
clinical trials is the inefficacy of such an approach in
providing therapeutic drug levels in the target tissue for
a sustained period of time. Therefore, researchers have
a great hope that nanotechnology-based localized drug
therapy using sustained-release drug delivery systems
could be more effective, because it can provide higher
and prolonged drug levels in the target tissues without
causing systemic toxicity (Panyam and Labhasetwar,
2003). Nanotechnology could also have an impact in
the diagnosis and treatment of unstable plaques and in
the management of other cardiovascular problems like
calcification of valves. Thus, nanotechnology could be
an effective treatment modality to achieve localized and
sustained arterial and cardiac drug therapy for the
prevention of cardiovascular diseases.

6. Drug delivery
From nanotechnology there is only one step to nanomedicine, which may be defined as the monitoring,
repair, construction, and control of human biological
systems at the molecular level, using engineered
nanodevices and nano-structures (Moghimi et al.,
2005).
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Figure 7: Applications of various nano platforms in the prevention and treatment of cardiovascular disease.
Nano platforms can target and break down coronary artery plaques and prevent injuries caused by stenosis or
occlusion of arteries. Nanoparticulate systems can also reduce the adverse effects of reperfusion injuries and
regenerate/salvage myocardium after MI, through sustained and targeted delivery of cells, biomolecules and
paracrine factors. (© Nature Publishing Group)
It can also be regarded as another implementation of
nanotechnology in the field of medical sciences and
diagnostics. One of the most important issues is the
proper distribution of drugs and other therapeutic agents
within the patient’s body (Labhasetwar, 2005).
In the past two decades, however, researchers involved
in the development of pharmaceuticals have understood
that drug delivery is a fundamental part of drug
development, and a wide range of drug delivery systems
have thus been designed. Ideally, all these systems
would improve the stability, absorption, and therapeutic
concentration of the drug within the target tissue, as well
as permit reproducible and long-term release of the drug
at the target site (Kayser et al., 2005). In addition to
reducing the frequency of drug administration and thus
improving patient comfort, novel drug delivery systems
would
offer
protection
and
improve
the
pharmacokinetics of easily degradable peptides and
proteins, which often have short half-lives in vivo (Orive
et al., 2003). For the pharmaceutical industry the field of
drug delivery represents a strategic tool for expanding
drug markets, because new delivery technologies could
repackage classical drugs, offering a competitive edge
after the expiry of patents and avoiding competition
from generics. Demonstrating this advantage clearly,
13% of the current global pharmaceutical market is
related to the sale of products that include a drug
delivery system (Mazzola, 2003).
The final aim of pharmaceutical research is the delivery
of any drug at the right time in a safe and reproducible
manner to a specific target at the required level (Vasir
and Labhasetwar, 2005; Parveen et al., 2012).
Applications of nanotechnologies in medicine are
especially promising, and areas such as disease
diagnosis, drug delivery targeted at specific sites in the
body, and molecular imaging are being intensively
investigated and some products undergoing clinical trials
(Shaffer, 2005). Nanotechnology is relatively new, and
although the full scope of contributions of these
technological advances in the field of human health care
remains unexplored, recent advances suggest that

nanotechnology will have a profound impact on disease
prevention, diagnosis, and treatment (Li et al., 2005).
In the near term, the most important clinical
applications of nanotechnology are likely to be in
pharmaceutical development. There are already an
astonishing numbers of emerging applications (Jain,
2005). These applications either take advantage of the
unique properties of nanoparticles as drugs or
components of drugs per se or are designed for new
approaches to controlled release, drug targeting, and
salvage of drugs with low bioavailability. For example,
nanoscale polymer capsules can be designed to break
down and release drugs at controlled rates and to allow
differential release in certain environments, such as an
acid milieu, to promote uptake in tumors versus normal
tissues. Substantial research is now designed for
creating novel polymers and exploring specific drugpolymer combinations (Mayer, 2005).
Another broad application of nanotechnology is the
delivery of antigens for vaccination (Koping-Hoggard
et al., 2005). Mucosal immunity is extremely important
in disease prevention but continues to be limited by
both degradation of the vaccine and limited uptake.
Recent advances in encapsulation and development of
suitable animal models have demonstrated that
microparticles and nanoparticles are capable of
enhancing immunization.
7. Gene delivery
Gene therapy is a recently introduced method for
treatment or prevention of genetic disorders by
correcting defective genes responsible for disease
development based on the delivery of repaired genes or
the replacement of incorrect ones (Ariga, 2006). The
most common approach for correction of faulty genes
is the insertion of a normal gene into a nonspecific
location within the genome to replace a nonfunctional
gene. An abnormal gene could also be swapped for a
normal gene through homologous recombination or
repaired through selective reverse mutation, which
returns the gene to its normal function (Hanakawa et
al.,
2005).
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Figure 8: This figure shows an example an implantable drug delivery system for nanotechnology.
Three main types of gene delivery systems have been
described: viral vectors, nonviral vectors (in the form of
particles such as nanoparticles, liposomes, or
dendrimers), and the direct injection of genetic materials
into tissues using so-called gene guns (Verma and
Weitzman, 2005).
AREAS OF CONCERNS IN NANOMEDICINE
There are valid arguments against the use of
nanomedicine, particularly around the issue of toxicity.
As explained in the Scientific American article “Nanorisks: A Big Need for a Little Testing”. Elements at
these microscopic levels can exhibit varying properties
than they do normally. Furthermore, every nanoparticle
is unique, and sometimes the combined effect of two of
the same nanoparticles are not consistent. Thus, some
nanoparticles may become dangerous for humans. It has
been shown (Young and Martel, 2009) that even
nanoparticles that naturally occur in our bodies can have
deleterious effects on both our short and long term
health. If these naturally created nanoparticles have the
potential to cause harm, then before using artificially
engineered ones, its possible effects and consequences
should be considered. If nanomedicine is expanded to
nanorobotics, then we would need to consider the
possible effects of a glitch in the programming, and how
severe the effects could be. This sounds a cautionary
note that before nanomedicine can be used extensively,
it will need to undergo series of testing processes to
make sure it does not cause more harm than good.

poverty and inequality. New medical technologies are
irrelevant for poor people if they are not accessible or
affordable.” It is obvious that nanomedicine will
definitely be too expensive for the average citizen, at
least at first. It raises a question on whether we should
focus instead on improving key aspects of the health
system and providing better access to medicine and
infrastructure to less developed countries than focusing
on Nanomedicine. As the ETC says, “access to clean
water could make a greater contribution to global health
than any single medical intervention in nanomedicine”
If we cannot maintain a working system using the
current possibilities of medicine, should we not start by
fixing what is wrong before looking at something new,
and wasting billions of dollars in the process?
Finally, nanomedicine, like all technologies, can also be
used for malicious purposes. Much of the proposed
technology and treatment that nanomedicine will bring
can be used for purposes other than that originally
intended. This leads to problems of ethics and
confidentiality. Nanorobots that could monitor the level
of insulin in diabetics could also be misused by
government and corporations monitor and increase
surveillance of citizens. Such technology can also be
used for military purposes. And where should we draw
the line in the practical use of nanomedicine? To
illustrate, if this technology allows us to heal people who
have lost their vision or damaged their brains, either by
an accident or through natural causes, should this
technology be made available to the general public,
allowing people to have biotech implants that give them
superior vision or mental abilities? Should this be
extended for military purposes? If so, then to what
extent? There are many moral and ethical dilemmas
regarding nanomedicine that must be answered before

Another disadvantage of nanotechnology is the
enormous financial costs associated with it. As stated in
a report by the Action Group on Erosion, Technology
and Concentration (ETC) group, Nanotech Rx, “the
global health crisis doesn't stem from lack of scientific
innovations or medical technologies; the root problem is
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this technology is put to use.
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ABSTRACT
The use and effectiveness of granular and powdered activated carbon made from Borassus aethiopum
shells in adsorption studies were investigated. The source material was carbonized at 5000C and for a
residence time of three hour in a muffle furnace, while 0.5M each of H3 PO4 and ZnCl2 were used for
chemical activation at 7500C and for 60m residence time. The adsorption of lead from aqueous
solution by ZnCl2 and H3PO4 activated carbons was evaluated for the possibility of using the source
material for the removal of heavy metals from aqueous solution. The effect of varying the
concentration of the solution and the type of activating agents on the adsorption capacity were
assessed. The results indicated that ZnCl2 activated carbons exhibited better adsorption capacity than
H3 PO4 activated carbons. This provides low cost method of producing activated carbons locally in
developing country like Nigeria for use in water treatment.
Keywords: Borassus aethiopum, Activated carbons, wastewater, carbonization, adsorption.
INTRODUCTION
Borassus aethiopum is tropical unbranched palm specie
found widely spread in Africa. This plant is used in
alimentation (Glew et al., 2005), in technology (Nethaji
et al., 2010) and in traditional medicine as source of
antioxidants, antifungal and antibacterial activities
(Cassou et al., 1997, Adesegun et al., 2000). In the last
decade, public awareness over the quality of drinking
water has attracted interest in the global world (Zang et
al., 2005). This is reflected in the demand for home
water filter designed to remove objectionable taste,
odour and organic contaminant from water, which has
experienced substantial growth. Activated carbon
products are used for cleanup of off-gases containing
volatile organic compounds, decolourisation, solvent
recovery and purification, treatment of industrial waste,
surface and ground water redemption, food processing,
pharmaceutical and environmental remediation amongst
other uses (Al – Qodah, 2006).
In Nigeria and similar developing nations, activated
carbon requirements are met by importation in
enormous quantity and at exorbitant price, whereas vast
quantity of agricultural residues which can be used for
its production to meet local demands and even for
exportation are generated annually. The thrust of this
study is to create wealth from waste, by converting
these materials considered by-products into activated
carbon adsorbents, which can be used for water and
wastewater treatment (Tharepong et al., 1999). A lot of
income can be generated from activated carbon
production with the price of activated carbon at well
above USD 450.00/Ton.
Activated carbon is a microcrystalline, non graphite
form of carbon that has been processed to develop
internal porosity, characterized by a very large specific
surface area (Softel, 1985, Gummas and Okpeke, 2015).
Activated carbon is a fine black odourless and tasteless
powder made from wood or other materials that have
been exposed to high temperature in an airless

environment to exhaust contained gases, resulting in a
highly porous form. It can be treated or activated to
increase its ability to adsorbs various substances such as
gases, liquids, or dissolved substance (adsorbates) on
the surface of its pores by reheating with oxidizing
agent or other chemicals to break it into a very fine
powder (Tran, 2002). Activated carbon is cost effective
in that the same high temperature process that is used to
manufacture carbon can be used to reactivate the carbon
for reuse. In the regeneration process, adsorbed organic
chemicals are thermally destroyed, and the carbon can
then be recycled for reuse.
To be technically effective in a commercial separation
process, whether this be a bulk separation or
purification, an adsorbent material must have a high
internal volume which is accessible to the components
being removed from the fluid. Such a highly porous
solid may be carbonaceous or inorganic in nature,
synthetic or naturally occurring, and in certain
circumstances may have molecular sieving properties.
The adsorbent must also have good mechanical
properties such as strength and resistance to attrition
and it must have good kinetic properties, that is, it must
be capable of transferring adsorbing molecules rapidly
to the adsorption sites. In most applications, the
adsorbent must be regenerated after use. Therefore, it is
desirable that regeneration can be carried out efficiently
and without damage to mechanical and adsorptive
properties of the adsorbent. The raw materials and
methods of producing adsorption must ultimately be
inexpensive for absorption to compete successfully on
economic grounds, with alternative separation process
(Thomas and Crittendem, 1998). The most important
attributes of an adsorbent for any application are:
adsorptive capacity, selectivity, regenerability, kinetics,
compatibility and cost.
Commercial production of activated carbon uses raw
materials such as wood, refinery residuals, peat, coal,
coke, pitches, carbon blacks and nutshells. The raw
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useful for this, adsorption onto activated carbon is
materials for this study Borassus aethiopum shell, is
especially important because it is difficult to decompose
obtained after the edible outer fibrous pulp and albumen
organic substances and heavy metals that can be
or seed found inside the kernel have been removed.
selectively removed by activated carbon (Olaoadehan
Borassus aethiopum shell is akin to palm kernel shell.
and Aribike; 2000; Pollard et al; 2005).
Obtaining the shell offers solution to the Borassus
aethiopum processing industry as a means of its
The objective of this study is to treat wastewater
disposal and almost no cost is incurred in its
effluent from chemical industries in Nigeria using the
acquisition. Many high carbon materials considered
manufactured activated carbon from Borassus
waste which can also be used for producing activated
aethiopum shells with a view to determining its
carbon include: used bamboo, old and worn out
efficacy. The production of activated carbon locally,
automobile tyres, sawdust and wood, shaving bagasse
which can treat industrial wastewater will not only
(sugarcane fibre residue), rice halls and husk, animal
reduce the cost of treating wastewater for local
horns and bones, palm kernel shell, hard shells, cobs,
industries but also increase the Gross Domestic Product
pits, pods and capsules of nuts, fruits and seeds,
(GDP) of the nation which justifies this work.
including walnut, chestnut, hazelnut, corn, olive, peach,
peanut, almond, hickory, pecan etc.
MATERIALS AND METHODS
Pre – Treatment of Borassus aethiopum Shells
The choice of Borassus aethiopum shell over other
The waste Borassus aethiopum shell used in this study
waste raw materials is due to its availability all year
was obtained from Daura in Katsina State. Prior to the
round and low cost, its lack of alternative use, and its
carbonization and activation experiments the Borassus
possession of advantageous properties such as high
aethiopum shells were crushed to pieces of 11–14 mm,
carbon content, low ash content, high yield, mechanical
washed with warm water, rinsed with distilled water,
strength and resistance to attrition, which makes it the
dried at 1050C for three hours in the oven and allowed
preferred source for activated carbon used in the
to cool in desiccators.
treatment of wastewater. Borassus aethiopum shell is a
highly carbonaceous material which can easily be
Production of Carbonized Carbon
processed into activated carbon that is widely used in
The dried Borassus aethiopum shells were carbonized
liquid and gas face separation, purification of products
in a Carbolite Furnace at a temperature of 5000 C for
and water cleaning operation (Therapong et al., 1999).
three hours as shown in equation 1 and the charred
product was allowed to cool to room temperature. The
Even though all carbonaceous materials can be
carbonized Borassus aethiopum shells were chemically
converted to activated carbon, Borassus aethiopum
activated using two difference activating agents.
shells give a high-grade vapour adsorbent carbon due to
the inherent high carbon content and mechanical
strength (Korubalkaran et al., 1991). Developed
ℎ
shells ⎯⎯
+
adsorbent from Borassus aethiopum shell and the like is
+
…
.
.
1
economically friendly, cost effective and durable.
Chemical industries are one of the major industrial
users of water. These industries have one of the wastes
most difficult to treat satisfactorily. The high organic
content of chemical industry effluent classifies it as
very high – strength waste in terms of chemical oxygen
demand from 1000 to 4000 mg/L and biochemical
oxygen demand of up to 1500 mg/L. The treatment of
chemical industries wastewater effluent is a costly task
for the chemical industry in order to meet the
government regulations and to practice environmentally
friendly manufacturing. The untreated effluent
discharged from these industries is coloured and highly
intoxicating due to presence of residual chemicals and
can be toxic to aquatic life in receiving wastewaters,
hence the need for the treatment of chemical industries
wastewater effluent before being discharged into water
courses. However, the current problems in water and
wastewater treatment stem from the increasing pollution
of waters by organic compounds that are difficult to
decompose biologically because these substances resist
the self – purification capabilities of the rivers as well
as decomposition in conventional waste water treatment
plants. Consequently, conventional mechanicalbiological purification no longer suffices and must be
supplemented by an additional stage of processing.
Among the physicochemical processes that have proved

Production of Activated Carbon using ZnCl2 and
H3PO4
The carbonized carbon was impregnated with zinc (II)
chloride (0.5M ZnCl2), followed by heating in absence
of air as shown in equation 2 below using the muffle
furnance.

+

⎯⎯⎯⎯⎯⎯⎯
…. .2

The resulting moist paste upon mixing the char with
ZnCl2 (50g carbonized carbon and 150mL of 0.5M
ZnCl2) was charged into the furnace and heated for 60
minutes to a final temperature of 750 0C.. Cold water
was used to quench the activated carbon produced and
this was further dried for 60minutes at 1100 C in an oven
till a constant weight of activated carbon was obtained.
After the chemical activation, the activated carbon was
rinsed thoroughly. Washing was used to remove the
remaining of zinc chloride and ash in the adsorbent.
This was accomplished by washing with distilled water.
The activated carbon was then drained and spread on a
tray at room temperature. The activated carbon was
dried in an oven at a temperature of 1100C for 3h. The
weight of activated carbon produced was taken and
yield calculated. The same process of activation was
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ℎ
ℎ ( )
repeated for carbonized carbon impregnated with
ℎ (%) =
× 100
H3PO4.
ℎ ( )
The crushing process is required to crush or refine the
activated carbon produced with crusher wood or mortar
to size of 100 meshes. This provides the activated
carbon with a large surface area required for gas or
liquid adsorption. Activated carbon, with smaller
particle size adsorbs better than large particles. This is
the final process required for development of activated
carbon from Borassus aethiopum shells after which
packaging into sealable air-light polythene bags or
plastics follows:

Moisture and Dry Matter Content Determination
2.0 g of the adsorbent sample was placed into a crucible
and reweighed with its content and dried in an oven at
110 0C for three hours, until weight of sample was
constant. The same procedure was repeated in triplicate
for the adsorbent. The Moisture content was calculated
using the equation:
(%) =

−

× 100

where % X = percent moisture content on wet basis, W1
= initial weight sample in grams, W2 = Final weight of
Sample in grams after drying.
ℎ ( )
× 100
ℎ ( )

(%) =

Figure 1: Flow sheet for the development of activated
carbon from Borassus aethiopum shells.
Characterization of Activated
Borassus aethiopum Shells

Carbon

from

pH Determination
2.0g of the absorbent was weighed out using a sensitive
weighing balance. The weighed activated carbon was
washed thoroughly for 5 m with 30 ml distilled water
and filtered using a filter paper and pH of the filtrate
was measured using a pH meter. This procedure was
repeated in triplicate for each of the activated carbon.
Ash Content Determination
2.0 g of the adsorbent was placed into a crucible, and
reweighed with its content, heated in a furnace at 900
0
C for three hours. The sample was cooled to room
temperature and weighed. The same procedure was
repeated in the triplicate for the adsorbent. Ash content
was calculated between the differences in weight.

Adsorption Test using Pb2+
1.0 g of the activated carbon sample was weighed into
250 cm3 conical flash and 50 cm3 each of the 20, 40, 60,
80 and 100 ppm standard solution of Pb2+ was added.
The mixture was shaken thoroughly with a Griffin
model electric shaker for an hour to attain equilibrium.
Thereafter, the supernatants were filtered and the
concentration of the Pb2+ remaining in the filtrate was
determined using Jenways Atomic absorption
spectrometer (AAS 500).
RESULTS AND DISCUSSION
Results
Table1: Results of physicochemical parameters of
activated Borassusaethiopumshells
Parameters
B. aethiopum
Shells AC
Moisture content (%)
8.96
Dry matter (%)
91.03
Ash content (%)
4.01
pH
5.93

Table 2: Percentage adsorption of Pb2+ by Borassusaethiopum shells activated with H3PO4
Initial Conc. of Pb2+
Actual Conc. of Pb2+
Amount adsorbed by Pb2+
(ppm)
(ppm)
(ppm)
20.00
19.32 ± 0.00
18.88 ± 0.11
40.00
29.40 ± 0.00
26.83 ± 0.37
60.00
42.38 ± 0.00
39.59 ± 0.37
80.00
51.19 ± 0.00
48.58 ± 1.27
100.00
57.83 ± 0.00
37.43 ± 13.96

% Pb2+ Adsorbed
(ppm)
97.72 ± 0.55
91.27 ± 126
93.41 ± 0.87
94.91 ± 2.47
64.72 ± 6.84

Table 3: Percentage adsorption of Pb2+ by Borassusaethiopum shells activated with ZnCl2
Initial Conc. of Pb2+
Actual Conc. of Pb2+
Amount by adsorbed
(ppm)
(ppm)
Pb2+ (ppm)
20.00
19.32 ± 0.00
19.22 ± 0.05
40.00
29.40 ± 0.00
29.25 ± 0.00
60.00
42.38 ± 0.00
42.24 ± 0.11
80.00
51.19 ± 0.00
51.05 ± 0.00
100.00
57.83 ± 0.00
57.50 ± 0.26

% Pb2+ Adsorbed
(ppm)
99.46 ± 0.27
99.52 ± 0.00
99.67 ± 0.25
99.72 ± 0.00
99.43 ± 0.46
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outcome of this study showed that produced activated
Discussion
carbon from Borassus aethiopum shells can be used for
The experimental results of characterization of activated
removal of heavy metals from industrial wastewater,
carbon from Borassus aethiopum shells are shown in
achieving 99% Pb2+ removal efficiency. This would be
Table1. The moisture content is the amount of water
of immense benefit not only to the industries but also
physically bound to the activated carbon under normal
minimize the impact of heavy metals and reduce wastes
condition. The moisture content of the Borassus
generated for this plant on the environments.
aethiopum shell was 8.96%. Generally the yield and
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ABSTRACT
Samples of hematite (α-Fe2O3) nanoparticles (HTW) have been synthesized through a modified sol-gel
method in Tween 20 (a polysorbate surfactant), separate portions of the powders were annealed at
three different temperatures (400, 500 and 600 °C). The samples were characterized by X-ray
diffraction (XRD), high-resolution electron microscopy (HRTEM), Mössbauer spectroscopy and by
means of a vibrating sample magnetometer (VSM). In addition, all the characterization techniques
used showed the formation of phases of hematite nanoparticles with improved purity and crystallinity
after higher temperature annealing. The nanoparticle size range was between 16 and 27 nm indicating
good size control for Tween 20. The BET specific surface area ranged between 17 and 37 m2 g-1 which
is also good for synthesis via solution route. The saturation magnetization and and mӧssbauer analysis
both support the presence in the sample at lower annealing temperature of the presence of impurities
of maghemite (γ-Fe2 O3). Of particular note was the ability of Tween 20 to control the growth of the
particles so that grain sizes well below 15 nm were obtained. Thus, Tween 20, when used as a
surfactant in the sol-gel route, can serve to improve the physical properties of synthesized hematite
nanoparticles.
Keywords: hematite; nanoparticles; Mössbauer spectroscopy; magnetic properties; Tween 20;

Introduction
Hematite, α-Fe2O3, is the most thermodynamically
stable of all the known iron oxides. It exhibits n-type
semiconducting properties at ambient conditions and
has a band gap energy of 2.1 eV which falls within the
visible region of the electromagnetic spectrum. When
the oxide is prepared in nano-dimensions it exhibits
novel physical and chemical properties. Lately, α-Fe2O3
nanoparticles have received increased interest due to
some of their fascinating properties which stand out
from those of the bulk material. Their low cost and nontoxicity, coupled with their wide range of applications,
for example, they have found use in pigments [1, 2],
lithium ion batteries and gas sensors [3, 4], catalysis [5,
6], optical and biomedical devices [7, 8], water
purification [9], solar energy conversion and magnetic
materials [3, 10], have made α-Fe2O3 nanoparticles the
most investigated of all the oxides.
Nanoparticles of different shapes and sizes can form
and these include nanorods [11-13], nanofibres [14, 15],
nanowires [16, 17] and nanocubes [18] among others.
Various techniques have been used to synthesize αFe2O3. These include hydrothermal approaches, sol-gel
processes, combustion, microemulsion techniques,
pyrolysis and ultrasonic-assisted methods. The sol-gel
and co-precipitation methods stand out as methods
capable of producing high yields of α-Fe2O3
nanoparticles, with sol-gel being more hands-on in
terms of morphology control [19]. It is known that the
synthesis
conditions
strongly
affect
the
physicochemical
properties
of
the
product.
Consequently, it is expected that by using a different
reaction medium or adding a surfactant in the
preparation process might influence some of the

physical properties (e.g. size, porosity, surface area [20,
21]) of the nanoparticles.
In this paper, we report the synthesis of hematite
nanoparticle via a sol-gel method in Tween 20
surfactant. powders were annealed at three different
temperatures namely; 400, 500 and 600 °C and the
structure, Morphology and magnetic properties
determined.
Experimental
Materials: All reagents were used as received. These
were Fe(NO3).9H2O (98% Saarchem), Tween 20
(Prosynth grade Riedel-de Haën). The deionized water
used was from a Millipore Milli-Q apparatus.
Methodology: Tween 20 (200 cm3) was made up to 800
cm3 with deionized water, Fe(NO3).9H2O (0.03 mol)
was also dissolved in deionized water (200 cm3) and
subsequently added to the Tween 20 solution dropwise
with vigorous stirring. The clear yellow solution was
then heated (with stirring) at 90 °C on a hot plate to
form a black gel. The gel was dried in an oven at 100
°C for 24 hours and subsequently annealed in a furnace
at 400 °C for 2 hours. Two separate portions were also
annealed at 500 and 600 °C for 2 hours each. Hematite
prepared by this method will be referred to as HTW
followed by a number indicating the annealing
temperature, that is, HTW400, HTW500 or HTW600.
Characterization: High and low magnification images
were collected with a JEOL-JEM 2100 LAB6 high
resolution transmission electron microscope (HRTEM)
with a lanthanum hexaborite emission source and
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annealing temperature. The spinel (220) peak, however,
operated at an acceleration voltage of 200 V and a
is still slightly visible for HTW500, but eventually
transmission electron microscope (JEOL JEM-1010,
disappears for HTW600. This is an indication that the
Tokyo Japan). Each sample was dispersed in ethanol in
spinel impurity responsible for this peak might be γa small centrifuge tube and sonicated before being
Fe2O3, and not Fe3O4, since γ-Fe2O3 is known to
dispersed on a carbon grid and the images collected.
convert to α-Fe2O3 at temperatures greater than 400 °C.
The crystal structures of the synthesized products were
determined by powder X-ray diffraction (PXRD) on a
Bruker D8 Advance instrument with a Cu Kα radiation
source (λ = 1.5406 Å). Diffractograms were recorded
between a 2θ range of 15 and 90° and the results were
analyzed on the DIFFRACT plus basic evaluation
package (2007). The Scherrer equation, G = kλ/βcosθ
(where K is the Scherrer constant of 0.89, λ is the
wavelength of radiation and β is the full width at half
maximum) was used to calculate the grain sizes of the
particles. Surface area analysis was performed on a
Micromeritics Tristar II 3020 fully automated threestation surface area and porosity analyzer using
nitrogen at 77 K. The magnetic properties were
determined with a LakeShore 735 vibrating sample
magnetometer (VSM) which had been calibrated by a
standard Ni sphere of saturation magnetization 54.7
emu g-1. The magnetization curve was obtain at a
maximum magnetic field of 14 kOe at room
temperature. The zero-field 57Fe Mӧssbauer spectra
Figure 1: Powder X-ray diffractograms for hematite
were obtained in transmission mode by a conventional
samples prepared by a sol gel route in Tween 20 and
spectrometer using a 25 mCi 57Co source sealed in a
annealed at 400, 500 and 600 °C.
rhodium matrix and vibrated at constant acceleration.
The spectrometer was calibrated with a natural α-iron
Morphology: TEM images shown in Figure 2 (a-c)
foil and all measurements were made at room
confirm the crystal formation as observed from the
temperature. The spectra were then fitted with the aid of
PXRD peaks. The TEM images show nanoparticles
Recoil Mӧssbauer fitting software.
with size ranges between 13-27 nm in agreement with
Phase Purity and Crystallinity: The powders all formed
with a reddish brown colour. HTW400 was darker and
finer while 500 and 600 appeared lighter in colour. The
X-ray diffraction patterns for the three samples are
shown in Figure 1. The XRD patterns are similar and all
display peaks typical of hematite which is in agreement
with reported α-Fe2O3 peak positions (JCPDS No. 330664) [22]. Smaller peaks which occur at 2θ values
between 29.3295 and 33.159° are due to impurities and
can be seen on the diffractogram of HTW400. Likely
impurities that could be generated alongside α-Fe2O3
are Fe3O4, γ-Fe2O3 and oxyhydrites (i.e. α-, γ-, or
amorphous FeOOH) [23-25]. The peak at the 2θ value
of 29.3295° corresponds to the position of the (220)
peak for Fe3O4 and γ-Fe2O3 which are both spinels.
Also the (110) α-Fe2O3 peak intensities for HTW400
are abnormally high relative to their corresponding
(104) peaks. This could be attributed to the fact that the
(110) α-Fe2O3 peak position corresponds to the spinel
(311) peak position for Fe3O4 and γ-Fe2O 3 [26, 27]. This
larger than expected intensity may be due to
contributions from both sources thus confirming the
presence of either α-Fe2O3 or γ-Fe2O3 phases in
HTW400 sample [23]. The peak intensity is generally
low; this indicates poor crystallization for the powder
annealed at 400 °C. XRD peaks for powders annealed at
higher temperatures (500 and 600 °C), however, show a
significant increase in peak intensity and an adjustment
of the peaks to normal α-Fe2O3 peak ratios. Thus, the
purity and crystallinity improves with an increase in

calculated average size ranges from the Scherrer
equation. HTW400 contains spherical nanoparticles
with crystallite sizes around 13 nm, indicating that
Tween 20 can effectively control the growth of crystals
and limit it to between 10 and 15 nm. The crystallite
sizes increased to around 18-20 nm for HTW500 and to
around 25nm for HTW600 showing a gradual increase
in crystallite sizes with increasing annealing
temperature. Powder crystallinity also increases with
increasing annealing temperature. The HRTEM images
(Figure 2c) exhibit lattice fringes for powders annealed
at 600 °C showing clear d-spacing for the samples. This
also explains the increase in peak intensities which were
observed in the PXRD result.

Figure 2: HRTEM micrograms showing a) crystallites
HTW400 b) crystallite size increase for HTW500 and c)
lattice fringed for HTW600
Surface area and porosity: The surface areas and
porosities of the hematite samples were determined
from nitrogen adsorption/desorption isotherms at liquid
nitrogen temperature (77 K). The specific surface area
was calculated with the BET model and the pore size
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distribution by the BJH method. The N2
values also increase with annealing temperature
adsorption/desorption isotherms at 77 K for the powder
supporting this observation. The high saturation
synthesized at 400 °C is shown in Figure 4. They
magnetization (MS ) value for HTW400 is a
conform to the type IV isotherm according to the
confirmation of the PXRD results which show the
IUPAC classification [28]. A specific surface areas
presence of small amounts of γ-Fe2 O3 in the sample;
(SSA) of 37.1492 m2 g-1was obtained which is good for
small amounts of γ-Fe2O3 in α-Fe2O3 powder can
powders synthesized at this temperature, indicating that
drastically increase the MS values [35, 36]. The decrease
Tween 20 surfactant can help improve the powder
in the value of MS with increasing annealing
surface area because this value is larger than those
temperature however, is due to the conversion of γreported in most cases for sol-gel and some other
Fe2O3 to α-Fe2O3 at temperatures between 400 °C and
solution-based syntheses and for commercial
600 °C [22, 37].
hematite[29]. The hysteresis loops seen in the isotherms
indicate that the powder contains porous particles with
pore sizes ranging from meso- to macroporous. The
BJH average pore size for HTW400 is 38.91 nm.

Figure 3: Adsorption-desorption isotherms in nitrogen
at 77 K for HTW400, HTW500 and HTW600.
Table 1: Grain size and surface area for powders
calcined at 400, 500 and 600 °C
Sample
name
HTW400
HTW500
HTW600

Grain
size [nm]
16
20
26

Surface
area [m2 g-1]
± 0.15
37.15
20.27
17.15

Magnetic properties: Figure 5 shows the room
temperature magnetization of the powders measured in
a magnetic field of 14 kOe. The magnetization range is
from 1.60 to 19.99 emu/g-1. HTW400 shows an
unusually high magnetization value than is normally
reported for pure hematite (normally below 1 emu g-1)
[30-32], which is normally due to the spin canting in αFe2O3 above its Morin temperature (TM), creating weak
ferromagnetism (WF) in the sublattice [33, 34].
HTW400 shows superparamagnetic properties with a
very low coercive field value (HC) of 10 Oe. The HC
values however, increased to a value of about 301 Oe,
as the annealing temperature and the crystal size G
increase (see Table 2). coercivity values could be useful
in describing the magnetic hardness/softness of
magnetic materials; an increase in the values of these
parameters would imply a tendency towards hardness
and higher ferromagnetic properties [30]. The increase
in HC for HTW400 with increase in grain size and with
calcination temperature indicate an increase in hardness
and ferromagnetic character. However, the MR/MS

Figure 5: room temperature M-H hysteresis loops
showing gradual decrease in MS value from HTW400 to
HTW600
Table 2: room temperature magnetization data for
hematite powders annealed at 400, 500 and 600 °C.
Sample

G

HC
(kOe)

MS
(emu/g)

MR
(emu/g)

HTW400
HTW500
HTW600

16
20
26

10.03
20.06
301.01

19.99
6.84
1.60

0.47
0.26
0.14

MR/
MS
(-)
0.014
0.023
0.096

Mӧssbauer analysis: The fitted mӧssbauer spectrum for
HTW400 is shown in Figure 6. The results of the
spectral fittings are shown in Table 3. The Mössbauer
parameters obtained for HTW400 indicate that the
sample contains hematite and certain Fe3+ impurities.
This impurity, as observed from the PXRD results, may
either be Fe3 O4 or γ-Fe2O3. Fe3O4 and γ-Fe2O3 have two
distinct crystallographic sites designated A and B; The
distribution of cations in spinel Fe3O4 and γ-Fe2O3 can
be represented as follows Fe3+[Fe2+ Fe3+]O4 and Fe3+[□
Fe3+]O3 respectively, where □ represents a vacant
octahedral (B-) site. The ions outside the parentheses
are on the A- or tetrahedral site while those within the
parentheses are on the B- or octahedral site. This
implies that Mössbauer spectra for pure Fe3O4 can be
fitted with two sextet subspectra with the octahedral site
having twice the area of the tetrahedral site and thus its
presence is easy to detect if it occurs as an impurity in
α-Fe2O3. γ-Fe2O3 On the other hand, is difficult to
detect in a mixture with α-Fe2O3 because both sites are
equivalent and therefore are not distinguishable from αFe2O3. Although some reports have shown that the
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shows that the powders contain various size ranges of
isomer shift (δ) and magnetic hyperfine field (Bhf) for γnanoparticles.
Fe2O3 are lower than those for α-Fe2O3, the line between
the two is very blurred and complementary PXRD data
The Mӧssbauer data collected for all the samples in this
is required to make a more accurate decision [24, 38work show that the samples contain a mixture of poorly
40].
crystalline α- and γ-Fe2O3 at lower annealing
temperatures with the well crystalline α-Fe2O3 phase
The presence of Fe3O4 was excluded in all samples
being favored at higher annealing temperatures (see
because the Bhf values displayed by all the subspectra
table 3). The implication of this is that both α- and γare much higher than the Bhf value for Fe3O4 (below 400
oxyhydroxides (FeOOH) may have been produced at
kOe). Moreover, the colour of the sample, which is
the point of nucleation in the synthesis of these
reddish, does seem to suggest the absence of Fe3O4
powders. These then converts to the corresponding
which is black in colour. Samples with two or more
Fe2O3 when it is annealed at 400 °C and ultimately, on
hematite subspectra are as a result of variation in the
increasing the annealing temperature, changes into pure
grain sizes of the nanoparticles with larger particles
α-Fe2O3 which is the most stable iron oxide polymorph.
having a larger Bhf value [41, 42]. This is expected and
These could be represented according to the following
it agrees with the results obtained from TEM which
reactions.
Fe3+ + 3OHˉ → (α + γ)-FeOOH + H2O

(1) (Nucleation)
heat (  400  C)

2(α + γ)-FeOOH → (α + γ)-Fe2O3 + H2O    α-Fe2O3
Another scenario would be the formation of γ-FeOOH
or γ-Fe2O3 exclusively at the point of nucleation which
then converts to the corresponding γ-Fe2O3 at
temperatures above 300 oC. γ-Fe2O3 is known to begin
to convert to α-Fe2O3 at about 400 °C. The PXRD,
VSM and Mössbauer spectroscopy results are all in
agreement in this regard.
Conclusion
Physical and magnetic properties of α-Fe2O3
nanoparticles depend on the method as well as the
medium in which the nanoparticles are synthesized. The
synthetic routes studied in this work produced a mixture
of γ- and α-Fe2O3 nanoparticles at an annealing
temperature of 400 °C. Formation of pure crystalline αFe2O3 was favoured with increasing annealing
temperature (500 and 600 °C). This was also
accompanied by an increase in particle size. The PXRD,
VSM and Mössbauer results are all concordant on the
composition of the samples at each annealing
temperature. α-Fe2O3 nanoparticles synthesized in
Tween 20 have very small crystallite size and high BET
specific surface area and improved saturation
magnetization. This implies that the synthetic medium
(Tween 20, a polysorbate surfactant), can be a very

(2) (conversion and growth)

good additive to the precursor solution in a Pechini type
sol-gel synthesis of α-Fe2O3 in order to effectively
impact on the properties of the synthesized powders.

Figure 6: Mössbauer spectra for hematite samples
annealed at 400 °C.

Table 3: The Mössbauer hyperfine parameters for the hematite samples prepared by different synthetic methods and
annealed at 400, 500 and 600 °C. *H – hematite, MH – maghemite, (δ – isomer shift, (ΔEQ – quadrupole shift, (Bhf) –
hyperfine magnetic field and (f) – fraction population of Fe3+ ions at H and MH sites.
Sublattice*
Δ
ΔEQ
Sample
Bhf
f
(mm/s)
(mm/s)
(kOe)
(%)
H
0.36
-0.108
513.28
23.00
HTW400
H
0.37
-0.113
505.50
32.20
MH
0.34
0.029
448.30
44.80
MH
0.35
-0.002
454.60
17.10
HTW500
H
0.36
-0.11
503.52
60.00
H
0.36
-0.10
511.87
23.00
H
0.36
-0.21
514.16
52.00
HTW600
H
0.37
0.001
515.40
48.00
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ABSTRACT
Novel bacterial strains capable of decolorizing textile dyes were isolated from dye contaminated soil
obtained from the vicinity of African Textiles Industry Challawa, Kano - Nigeria. The Carcinogenic
azo dye Congo red used widely in various industrial processes poses terrific environmental concern,
causing major health problems to human beings. In the present study, decolourization of Congo red by
newly isolated antibiotics sensitive novel bacterial strains from dyes contaminated soil of a treatment
plant capable of decolorizing organic dyes were investigated and identified as Rhodococcus
rhodochrous and Pseudomonas aeruginosa strains by 16S rDNA gene sequence analysis.
Decolorization of Congo red dye using these bacterial strains was assayed by screening and
optimizing various parameters to determine the optimal conditions required for maximum
decolourization. Rhodococcus rhodochrous and Pseudomonas aeruginosa showed maximum
decolourization upon incubation for 24 hrs at 37 °C and pH 7. Enhanced decolourization was
achieved by amendment with glucose and peptone as well as carbon and nitrogen sources in the
culture medium. The bacterial strains showed great potential in the decolourization of Congo red dye
up to 96.1 % for Rhodococcus rhodocchrous and 91.1 % for Pseudomonas aeruginosa in the aqueous
environment at optimal conditions. High performance liquid chromatography (HPLC) analysis
confirmed that dye decolourization occurred due to the breakdown of dye molecules into colourless
end products. The less toxic nature of the dye degraded products was observed by microbial toxicity
assay of agricultural significant bacteria and this can be exploited for the bioremediation of different
classes of textile dyes and their derivatives containing wastes.
Keywords: Antibiotics sensitive, bacterial strains, decolourization, microbial toxicity, textile dyes
1. Introduction
Textile industry generated wastewater as a complex
mixture of many pollutants such as heavy metals,
chlorinated compounds, pigments and dyes (Celia and
Suruthi, 2016; Hamisu et al., 2016). It is estimated that
approximately 15 % of the dyestuffs are lost in the
industrial effluents during manufacturing and
processing operations (Khaled et al., 2009; Soni et al.,
2016). The presence of textile dye even in low
concentration in effluent is highly visible and
undesirable (Rajabi et al., 2016). There are more than
100,000 commercially available dyes with over 700,000
tons of dyestuff produced annually (Pirbazari et al.,
2015; Buthiyappan et al., 2016). Synthetic dyes are
chemically diverse
and
divided
into
azo,
triphenylmethane or heterocyclic/polymeric structures
(Cheubarn et al., 2008). These dyes are designed to be
stable and long lasting colorants and are usually
recalcitrant in natural environment. After release into
water bodies, these dyes have negative impact on
photosynthesis of aquatic plants and the azo group (N =
N) in dyes are converted to aromatic amines which are
possible human carcinogens (Banat et al., 1996). Some
dyes and their breakdown products also have strong
toxic and mutagenic effect on living organisms
(Mahmood et al., 2016). Discharge of textile dyes
without appropriate treatment may lead to
bioaccumulation that may incorporate into food chain

and upset human health (Mahbub et al., 2012; Celia and
Suruthi, 2016). Considering this effluent load,
physicochemical methods viz, membrane filtration,
reverse
osmosis,
ozonation,
electrochemical
destruction, photocatalysis, ion exchange, coagulation,
use of activated carbon, Fenton’s reagent, and chemical
flocculation are mostly the widely used treatment
methods adopted by industries. These methods are
expensive and produce high amount of chemicalcontaining secondary pollution (Banat et al., 1996;
Jadhav et al., 2008).
On the other hand, biological treatment based on
microbial transformation of textile dyes hold promises
in providing a lower treatment cost and a more efficient
means of effluent treatment (Dos Santos et al., 2007). A
number of microorganisms namely Pseudomonas,
kurthia, Aeromonas, Proteus mirabilis, Rhodococcus
globerulus, Bacillus spp., Micrococcus luteus,
Staphylococcus aureus and white rot fungusPhanerochaete, have previously been reported to
possess the capability of decolorizing textile dye
(Zimmermann et al., 1984; Swamy & Ramsay, 1999;
Chen et al., 2008; Joshi et al., 2008; Mahbub et al.,
2011). This study was undertaken to investigate the
ability of two selected indigenous novel bacterial strains
for their ability to degrade synthetic commercial dye
‘Congo red’ with the logical application of optimum
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(%)
kinematics to determine an effective and efficient
Initial dye concentration – Residual dye concentration
decolourization and degradation under varying
=
Initial dye concentration
environmental conditions.
× 100
()
2. Materials and Methods
2.1 Collection of Samples / Sampling Area
The soil samples were collected from dyes
contaminated soils polluted by effluents emanating
from the Common Effluent Treatment Plant of African
Textiles Industry, Kano-Nigeria, in sterile plastic
containers. The samples were brought to the laboratory
and processed within 48 hrs. These samples were used
in the isolation of indigenous adapted microbes.
2.2 Chemicals and dyestuffs
Microbiological media and ingredients were purchased
from Oxoid and Aldrich (USA) and all other chemicals
used in the study were of analytical grade and obtained
from Oxoid and Aldrich. The textile dye subjected to
investigation was courteously provided by the African
Textiles Industry Kano, Nigeria.
2.3 Isolation of bacterial strains from textile
effluents
The present studies were carried out using soil samples
collected from sites polluted by effluents from the
textile industry. Bacterial strains having potentials for
the degradation of textile industry dye Congo red were
isolated from the soil sample through enrichment
technique using Congo red (50 mgL-1) supplemented
nutrient broth and MSM media. The composition of
MSM used was (gL-1): Na2HPO4 3.6, KH2PO4 1.0,
MgSO4 1.0, (NH4)2SO4 1.0, CaCl2.2H2O 0.1, and Fe
(NH4) citrate 0.01. To this media, trace element solution
(10 ml) of the following composition was added:
ZnSO4.7H2O 10.0, MnCl2.4H2O 3.0., CoCl2.6H2O 1.0,
NiCl2.6H2O 2.0, Na2MoO3.2H2O 3.0, H3BO3 30.0 and
CuCl2.2H2O 1.0. Final pH of the medium were adjusted
by pH meter (Santorious Professional Meter PP15) to
7.0 using 1N HCl and 1N NaOH solution (Khehra et
al., 2008).
2.4 Screening for decolorizing of dye by bacterial
strains
In order to select the potential and efficient Congo red
dye degrading bacteria, the isolates was subjected to
screening in liquid medium (MSM). Therefore, an
inoculums of 10 ml of absorbance (A600) at 600 nm was
used to inoculate 90 ml of MSM supplemented with 50
mgL-1 of Congo red dye, and media was dispensed in
250 ml of Erlenmeyer flask, the flask were separately
incubated under shaking (150 rpm) as well as static
condition at 37 oC for seven (7) days. The aliquot (3 ml)
of the culture media was aseptically withdrawn after
every 24 hrs and centrifuged at 10,000 rpm for 15 min.
The supernatant obtained after centrifuging was read at
612 nm i.e. λmax of reactive Congo red dye using a
scanning UV-visible spectrophotometer (Agilent 8453).
Biotic and abiotic controls were run side by side. The
decolourization activity (%) of each isolates was
calculated using the following equation (Adedayo et al.,
2004).

2.5 Identification of dyes decolorizing bacterial
strains
Bacterial cells from cultures were collected by
centrifugation at 10,000 rpm for 10 min. The
identification of strains was performed by using
standard morphological, gram staining, biochemical and
molecular characterization methods as described by
Franciscon et al. (2012). The sequential digestion was
done by lysozyme (2.5 mg/ml, 37 oC for 1 h) and
proteinase K (200 mg/ml in 1 % SDS, 55 oC for 1 h),
followed by incubation in 1 % CTAB and 0.7 M NaCl
at 65 oC for 15 min. Ice cold ethanol was used for the
precipitation of DNA after extraction with
phenol/chloroform, and then dissolved in ddH2O. The
universal 16S rDNA primers 8f (5´-GAG TTT GAT
CAT GGC TCA G-30) and 1495r (5´-CTA CGG CTA
CCT TGT TAC G-30) were used and PCR
amplification was performed in total reaction volume of
20 µl by using Master Mix RED (150 mM Tris-HCl, pH
8.5, 40 mM (NH4)2SO4, 4.0 mM MgCl2, 0.2 % Tween
20; 0.4 mM dNTPs; 0.05 U/µl Ampliqon Taq DNA
polymerase; inert red dye and a stabilizer).
The PCR programming used were 94 oC for 5 min, 30
cycles at 94 oC for 1 min, 54 oC for 1 min and 72 oC for
3 min and final extension was at 72 oC for 10 min (Su et
al., 2007). The amplified PCR product was detected on
0.8 % agarose gel. Nucleotide sequences of purified
PCR products were determined by sequencing, using
two universal primers 8f and 1495r (Staley et al., 2001).
The length of 16S r DNA gene sequence was found to
be 387 base pairs and this sequence was subjected to
BLAST search tool in gene database of NCBI
(http://www.ncbi.nlm.nih.gov/blast/blast.cgi)
and
corresponding sequences were downloaded. ClustalW
multiple sequence alignment tools were used for the
alignment of sequences (Ooi et al., 2007).
2.6 Culture maintenance
Bacterial strains were routinely maintained on BHBY
medium containing 100 mg/L Congo red dye and stored
at 4 °C. Decolourization experiment was set up from
acclimatized culture (grown for 24 h) with 6 x 108
cells/mL culture density (1.0 O.D at 600 nm) as
inoculums.
2.7 Establishment of antibiotics susceptibility assay
The indigenous bacterial isolates were subjected to
antibiotics susceptibility assay using the bauer-kirby
method that has been standardised by NCCLS (Adzitey
et al., 2013) and evaluated by the methods of National
Committee for Clinical Laboratory Standards. Isolates
grown overnight on Nutrient agar were suspended in
sterile normal saline (0.9 % w/v NaCl) with turbidity
was equivalent to 0.5 Macfarlan’s standard. Antibiotic
multi disc; Dodeca universal I (DE001) and V (DE013),
Dedeca G1 minus (DE003) and G2 minus (DE010),
Dodeca Pseudo 1 (DE020) were gently and aseptically
placed on the agar plates to ensure complete contact

Nigerian Journal of Materials Science and Engineering Vol. 6, No. 1

115

Shinkafi et al., (2015); Elucidation of microbial decolourization and degradation efficiency of recalcitrantcarcinogenic Azo dye Congo Red by novel bacterial strains
using a sterile forceps, and all plates incubated
and reducing agent potassium dichromate and 3.5 ml
(Gallenkamp England model IH -150) at 37 o C for 18
COD acid were added to each tube. Duplicates were put
hrs (Mills-Robertson et al., 2003). The diameters of
up for all the tubes. All the tubes were kept in the COD
zones of inhibition measured after incubation to the
incubator at 148 oC for 2 hrs. After incubation the entire
nearest millimetre were interpreted using the chart
content were transferred to a conical flask. A drop of
adopted from National Committee for Clinical
ferroin indicator was added to it and was titrated against
Laboratory Standards (Jones et al., 2002).
FAS in the burette and readings were noted.
2.8 Effect of different environmental parameters
on dye decolourization
As the biological decolourization of Congo red depends
on various cultural and environmental parameters such
as pH (5 - 9); temperature (30 – 45 o C); inoculums size
i.e. 2 – 10 % (v/v); carbon sources (Glucose, sucrose,
maltose, lactose, fructose and mannitol); nitrogen
sources including organic and inorganic (yeast extract,
peptone, potassium nitrate, ammonium sulphate and
sodium nitrate); concentration of glucose i.e. 0 – 4 gL-1;
yeast extract i.e. 0 - 2 gL-1; different initial Malachite
green dye concentration i.e. 50 - 300 mgL-1; NaCl i.e. 0
- 100 gL-1; and metal compounds (10 mgL-1) including
CuCl2, CoCl2, CdCl2, AgNO3 and HgCl2. The classical
method of process optimization was adopted by altering
one parameter at a time in each experiment, while
keeping the previously optimized parameters at
constant. Decolourization efficiency at the respective
optimized conditions for each of the selected isolates
was determined. In addition, the relationship between
the growth and the decolourization process was also
monitored. For this, optical density (OD) at 300 – 600
nm was measured using UV-vis spectrophotometer
(Agilent 8453) (Khan, 2015).
2.9 Estimation of biological oxygen demand (BOD)
and chemical oxygen demand (COD)
1ml of initial medium containing dye solution,
decolourized medium, distilled water was added to
airtight BOD bottles sample 1, sample 2, and blank
respectively. Place desired volume of water in a suitable
bottle and add 1ml of each of Phosphate buffer, MgSO4,
4FeCl and seeding/L of water. Before use 3 bring
dilution water was brought to 20 o C. Dilution water was
aerated with organic free filtered air. All the bottles are
kept in BOD incubator at 20 oC for 5 days. After
incubation 1ml of MnSO4, Alkali iodide solution and
sulphuric acid was added to form brown color solution.
After colour formation they were titrated against their
NaSO4 for their BOD values and the readings were
noted.
/

=

(B – T)x 250

( )

where; B (v) = volume of NaSO4 used for blank, T (v) =
volume of NaSO4 used for sample 2, S (v) = volume of
sample.
While for COD, the chemical oxygen demand was
measured by the standard Potassium dichromate
method. 1 ml of initial medium containing dye solution,
decolorized medium, distilled water was added to COD
tube sample 1, sample 2, and blank respectively
(Mahbub et al., 2012). Then 1.5 ml of distilled water

/

=

(A – B) N x Equivalent weight of
Volume of Sample

( )

where; A = Volume of FAS used for blank, B =
Volume of FAS used for sample, N = Normality of FAS
– 0.1, Equivalent weight of oxygen
COD values were compared between the initial medium
containing dye solution and decolorized medium.
2.10 High performance liquid chromatography
(HPLC) analysis
UV-vis absorption of the control and treated Congo red
dye samples were observed in the range 300 – 800 nm
using a scanning UV-visible spectrophotometer
(Agilent, 8453). Congo red dye concentration was
monitored at 615 nm i.e. λmax of Congo red using
standard dye solution. The degradation products of rb
35 was evaluated by HPLC (Shimadzu, SCL-10AVP)
equipped with a reverse phase C -18 column (Princeton,
4.6 nm x 150 mm) at 25 oC and a dual wavelength by
isocratic method. The mobile phase was methanol with
flow rate of 1 mLmin-1 for 10 min. (Surwase et al.,
2013). The 10 µl of sample was extracted manually into
injector port.
2.11 Toxicity assessment
The toxicity of dyes (1000 mg L-1) and its biodegraded
products was assayed for their toxicity effect by
performing microbial toxicity on the agricultural
important bacterial flora by using well diffusion assay
according to the method reported earlier (Sheth and
Dave, 2009; Gottlieb et al., 2003; Mali et al., 2000).
Two well of 5.0 mm diameter were made on the
respective media containing plates and filled with
untreated dye (1000 mgL-1) and with decolorized
centrifuged broth. The plates were incubated at 30 ± 1
o
C for 48 hrs. Zone of inhibition surrounding the well
represent the index of toxicity and were measured after
48 hrs.
3. Results and Discussion
A total of eighteen (18) morphologically distinct
colonies were isolated, purified and screened for the
decolourization and degradation of azo dyes from
sludge sample incubated under shaking and static
conditions. Of all the isolates, six (6) bacterial isolates
were further screened for dyes degradation and finally
two (2) bacterial isolates was selected on the basis of
dyes tolerance i.e. resistance in minimal medium
containing 2 % Congo red. The isolates under static
condition showed remarkable decolourization compared
to shaking. The two bacterial strains with the potentials
of 90 % decolourization (96.1 and 91.1 % respectively)
were selected and subjected to identification, antibiotic
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different organic and inorganic nitrogen sources were
susceptibility assay and optimization. On the basis of
evaluated for the decolourization process. Rhodococcus
their cultural, biochemical properties, gram’s staining
and Pseudomonas species showed remarkable
reaction and finally through genes sequence analysis.
decolourization in the presence of yeast extract with
The isolates were identified and designated as
95.8 and 92.5 % decolourization observed. Other
Rhodococcus
rhodochrous
and
Pseudomonas
nitrogen sources could not yield exciting results as
aeruginosa ARSKS20. Microorganisms used for
decolourization process was less pronounced as shown
biodegradation purpose should not be pathogenic or not
in Fig. 2e. With a progressive increase in concentration
to be resistant to antibiotics, therefore antibiotics
of yeast extract from 0 – 1 gL-1, a linear increase in
susceptibility of the culture towards wide range of
decolourization rate was observed and 1 gl-1 was found
antibiotics was evaluated and observed that it showed
to be the optimum concentration, as 92.3 – 95.3 %
susceptibility to major antibiotics (Tab. 1).
decolourization by the selected isolates was detected at
this concentration (Fig. 2g).
The pH of the culture medium is another significant
parameter and plays a vital role for the optimal
The toxicity nature of dyes compounds greatly have an
physiological performance of microbial cells and has a
inhibitory effect on the decolourization process at
noticeable effect on cell growth. For decolourization
higher concentration, so the influence of different dye
process an optimal pH was selected from the range 5 –
concentration was evaluated by taking 100, 200, 300,
9. At pH 7 best decolourization results (78.5 %) were
400, 500 mgL-1 of Congo red. At an initial
observed by R. rhodochrous, while at pH 8 the
concentration of 50 mgL-1in which 92.8 and 95.6 %
decolourization percentage was reduced to 63.4 %,
decolourization was demonstrated by both Rhodococcus
meaning decolourization was achieved from pH 7 and 8
and Pseudomonas sp. At 100 mgL-1 dye concentration
respectively. At pH 5, 6 and 9, further reduction in
more than 85 % decolourization was attained. A
percentage decolourization of both isolates was
progressively decreasing trend in decolourization rate
observed (Fig. 2a). Incubation temperature is a critical
was observed on further increase in dye concentration
process parameter and it varies among different
(Fig. 2h). Textile effluents generally contains chloride
microorganisms, and slight changes in temperature may
salts of sodium and potassium, which are frequently
affect growth and ultimately rate of decolourization. In
employed for salting out of dyes concentration and are
the case of R. rhodochrous and P. aeruginosa highest
therefore discharged into the effluent. Hence
colour removal was achieved at 35 oC (96.2 %) and 37
o
decolourizing efficiency of both isolate over a range of
C (86.2 %) respectively. For both the isolates a decline
NaCl concentration (0 – 100 mgL-1) was assessed under
in the decolourization percentage was observed at
static condition at 37 oC. Results indicated that in the
higher temperature ranges as shown in Fig. 2b.
control medium (0 mgl-1 NaCl) 94.3 and 92.4 %
decolourization was observed in the case of
Generally decolourization rate increases with an
Rhodococcus and Pseudomonas sp respectively. By
increase in inoculums size. The effect of inoculum size
increasing concentration from 0 – 20 mgl-1 no severe
on decolourization was tested and it was found that at
inhibitory effect was noticed as decolourization was
an inoculums size of 2 % only 20 – 24 %
still more than 80 %. However, both organisms
decolourization was achieved with both strains. Upon
displayed good decolourization between 0 – 20 mgl-1,
further increase in inoculums size to 4, 6 and 8 %,
even at 40 gL-1 NaCl concentration (Fig. 2i). Textile
progressive increase in decolourization ability (32 – 34
effluents frequently contain different metal compounds
%, 39 – 45 % and 65 – 69 %) were observed and
along (coupled) with different salts, which can interfere
maximum decolourization (88 – 92 %) occurred at an
with microbial mediated decolourization process. To
inoculums size of 10 % (Fig. 2c). Decolourization
check their effect the medium was supplemented with
process solely depends on the presence of nutritional
metal compounds. Results showed that Rhodococcus
supplements (co-substrate) that acts as electron donor
specie displayed variable respond as it exhibit
for dye reduction. In the presence of glucose as a codecolourization percentage with CuCl2 (92.6 %), CdCl2
substrate, R. rhodochrous gave 69.6 % decolourization,
(55.2 %), CoCl2 (88.8 %), AgCl2 (27.4 %) and HgCl2
while P. aeruginosa showed up to 62.8 % colour
(32.3 %). While Pseudomonas specie was found to be
removal among various carbon sources (0.1 gL-1) tested.
affected by all the metal compounds with a
With all other carbon sources the rate of decolourization
decolourization percentage of CoCl2 (54.5 %), CuCl2
was not significant (Fig. 2d). Results of effective
(85.6 %), CdCl2 (38.2 %), AgCl2 (24.7 %) and HgCl2
glucose concentration evaluation depicted that in the
(25.1 %) (Fig. 2j).
control (0 mgL-1 glucose). The extent of colour removal
was greatly inhibited and insignificant decolourization
At optimized cultural condition a decolourization
percentage i.e. 48.4 and 30.7 % was observed in the
percentage of 96.1 % was achieved with Rhodococcus
case of Rhodococcus and Pseudomonas sp respectively.
sp. A gradual increase in rate of decolourization
With an increase in glucose concentration a progressive
resulted with maximum activity after 96 hrs. Later on
in colour removal was observed. At 1 gL-1 glucose
no significant increase was observed. Comparison of
concentration maximum decolourization of 95.2 and
growth pattern with that of decolourization showed a
96.1 % was attained in the case of Rhodococcus and
relative trend over a period of 64 hrs. After this the
Pseudomonas respectively. Nitrogen sources are also
growth levelled off but decolourization rate continued
considered
essential
supplements
for
the
to increase for 96 hrs (Fig. 1). The highest
decolourization of dyes by microbial formulation, so
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COD of the solutions after degradation showed
decolourization percentage obtained with Pseudomonas
significant decrease from 16 – 2.3 mg/l (Fig. 3b).
sp. at its optimal condition was 91.1 %. The rate of
decolourization progressively increased and reached its
The HPLC analysis of Congo red show single peak at
climax after 112 hrs of incubation. On extended
retention time 1.187 min. After decolourization three
incubation no further increase in the decolourization
new peaks were observed at retention time 1.447, 2.069,
percentage was observed (Fig. 1). The BOD
and 2.369 min. Dye decolourization and degradation
determination was used to determine the relative
was strongly supported in published research reports on
oxygen requirements of dye solution. BOD of all the
HPLC analysis (Kalyani et al., 2009; Surwase et al.,
samples decreases from 7.4 – 1 mg/l (Fig. 3a). The test
2013; Agrawal et al., 2014). The toxicity of Congo red
measures the oxygen utilized during a specified
(1000 mgL-1) and its metabolites obtained after
incubation period for the biochemical degradation of
degradation was evaluated by well diffusion method
organic matter (carbonaceous demand) and the oxygen
against agricultural important bacteria such as
used to consume an organic material such as sulfides
Enterobacter cloaca and Azotobacter vinelandii that are
and ferrous iron. It also may measure the oxygen used
known to be responsible for starch hydrolysis and
to oxidize reduce forms of nitrogen (nitrogenous
nitrogen fixation in soil, respectively. Toxicity of
demand). The chemical oxygen demand was measured
Congo red was reduced by 78.3 and 67.8 %
by calculating the amount of oxidizing agent i.e.,
respectively, in Enterobacter cloacae and Azotobacter
K2Cr2O4 consumed during oxidation of organic matter
vinelandii after treatment with R. rhodochrous and P.
(biodegradable and non-biodegradable) under acidic
aeruginosa (Tab. 2). Results are in close agreement
conditions. Chemical oxygen demand of degraded dye
with earlier report (Gomare et al., 2009).
solution gets considerably reduced after degradation.

Figure 1. Growth profile of mixed culture of Rhodococcus sp and Pseudomonas sp in minimal salt medium
containing Congo red dye as a sole carbon source and energy, pH 7, (37 °C)

Figure 2a. At pH 7 best decolourization results (78.5

Figure 2b. R. rhodochrous and P. aeruginosa highest
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%) were observed by R. rhodochrous. At pH 8 colour removal was achieved at 35 oC (96.2 %) and
decolourization percentage was reduced to 63.4 %
37 oC (86.2 %). A decline in the decolourization
percentage was observed at higher temperatures

Figure 2c. Decolourization rate increases with an
increase
in
inoculums
size.
Maximum
decolourization (88 – 92 %) occurred at an
inoculums size of 10 %

Figure 2d. Using glucose as a co-substrate, R.
rhodochrous gave 69.6 % decolourization, while P.
aeruginosa showed up to 62.8 %

Figure 2e. Different organic and inorganic nitrogen
sources were evaluated. Rhodococcus and
Pseudomonas sp showed remarkable decolourization
in the presence of yeast extract with 95.8 and 92.5 %
decolourization observed

Figure 2f. With an increase in glucose concentration,
a progressive in colour removal was observed. At 1
gL-1
glucose
concentration
maximum
decolourization of 95.2 and 96.1 % was attained in
the case of Rhodococcus and Pseudomonas species
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Figure 2g. Increase in concentration of yeast extract
from 0 – 1 gL-1, an increase in decolourization rate
was observed and 1 gl-1 was found to be the
optimum concentration, as 92.3 – 95.3 %
decolourization by was detected

Figure 2h. At concentration of 50 mgL-1. 92.8 and
95.6 % decolourization was demonstrated by both
Rhodococcus and Pseudomonas sp. At 100 mgL-1 dye
concentration, 85 % decolourization was attained

Figure 2i. Both organisms displayed good
decolourization between 0 – 20 mgl-1, and even at 40
gL-1 NaCl concentration

Figure 2j. Rhodococcus sp showed variable response
to decolourization in metallic compounds, and
Pseudomonas sp was affected by all the metal
compounds
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Figure 3a. The BOD determination was used to Figure 3b. Chemical oxygen demand (COD) of the
determine the relative oxygen requirements of dye degraded dye solutions after degradation showed
solution. BOD of all samples decreases from 7.4 – 1 significant decrease from 16 – 2.3 mg/l.
mg/l.
4. Conclusion
Bioremediation has proved to be a very effective
method in encountering the textile dye pollution in an
eco-friendly manner. This approach creates a promising
hope for remediation of the environment which is
polluted by hazardous dyes. The present study clearly
demonstrates that the bacterial community in textile
effluents of African Textile Company, Challawa Kano
has the ability to degrade and decolorize various types
of dyes used in such industries. The potential of these
bacteria can be exploited to remove residual dye in
textile wastes. Further detailed study is needed to
transfer the laboratory findings to the field, the
exposition of fertilizer action, the discovery of new,

more efficient fertilizers or any locally available
nutrient supplement and their ways of application,
including the coupling of major biochemical cycles,
such as nitrogen and phosphorus.
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TABLE 1. ANTIBIOTICS SUSCEPTIBILITY OF RHODOCOCCUS RHODOCHROUS AND
PSEUDOMONAS AERUGINOSA
No.
R. rhodochrous

P. aeruginosa
Zone of
inhibition

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

Antibiotics
Amikacin
Amoxycillin
Ampicillin
Ampicillin/Sulbactam
Augmentin
Azithromycin
Cefadroxil
Cefepime
Cefixime
Cefoperazone
Cefotaxime
Cefpodoxime
Ceftazidime
Ceftriaxone
Cefuroxime
Chloramphenicol
Ciprofloxacin
Clindamycin
Cloxacillin
Erythromycin
Gentamicin
Levofloxacin
Lomefloxacin
Lomefloxacin
Meropenem
Netillin
Ofloxacin
Pefloxacin
Penicillin
Piperacillin
Rifampicin
Roxithromycin
Sparfloxacin

Code
AK
AMX
AMP
A/S
AMC
AZM
CFR
CPM
CFM
CPZ
CTX
CPD
CAZ
CTR
CXM
C
CIP
CD
COX
E
GEN
LE
LOM
LOM
MRP
NET
OF
PF
PI
PI
RIF
RO
SPX

Conc.
30 mcg
10 mcg
10 mcg
10/10
30 mcg
30 mcg
30 mcg
30 mcg
5 mcg
75 mcg
30 mcg
10 mcg
30 mcg
30 mcg
30 mcg
30 mcg
5 mcg
2 mcg
1 mcg
15 mcg
10 mcg
5 mcg
10 mcg
30 mcg
10 mcg
30 mcg
5 mcg
5 mcg
10 unit
100
5 mcg
30 mcg
5 mcg

(mm)
33
28
13
32
22
18
19
42
0
36
34
0
38
26
19
20
49
0
20
38
29
45
37
48
54
34
43
39
19
39
12
30
45

Zone of
inhibition
Antibiotics
Amikacin
Amoxycillin
Ampicillin
Ampicillin/Sulbactam
Augmentin
Azithromycin
Cefadroxil
Cefepime
Cefixime
Cefoperazone
Cefotaxime
Cefpodoxime
Ceftazidime
Ceftriaxone
Cefuroxime
Chloramphenicol
Ciprofloxacin
Clindamycin
Cloxacillin
Erythromycin
Gentamicin
Levofloxacin
Lomefloxacin
Lomefloxacin
Meropenem
Netillin
Ofloxacin
Pefloxacin
Penicillin
Piperacillin
Rifampicin
Roxithromycin
Sparfloxacin
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Code
AK
AMX
AMP
A/S
AMC
AZM
CFR
CPM
CFM
CPZ
CTX
CPD
CAZ
CTR
CXM
C
CIP
CD
COX
E
GEN
LE
LOM
LOM
MRP
NET
OF
PF
PI
PI
RIF
RO
SPX

Conc.
30 mcg
10 mcg
10 mcg
10/10
30 mcg
30 mcg
30 mcg
30 mcg
5 mcg
75 mcg
30 mcg
10 mcg
30 mcg
30 mcg
30 mcg
30 mcg
5 mcg
2 mcg
1 mcg
15 mcg
10 mcg
5 mcg
10 mcg
30 mcg
10 mcg
30 mcg
5 mcg
5 mcg
10 unit
100
5 mcg
30 mcg
5 mcg

(mm)
28
31
16
29
24
20
18
40
0
38
33
0
38
25
18
20
50
0
18
36
29
44
38
46
52
33
42
38
18
38
12
30
45
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34
Streptomycin
S
10 mcg 30
Streptomycin
S
10 mcg
35
Tetracycline
TE
30 mcg 11
Tetracycline
TE
30 mcg
36
Ticarcillin
TI
75 mcg 33
Ticarcillin
TI
75 mcg
37
Tobramycin
TOB
10 mcg 37
Tobramycin
TOB
10 mcg
38
Vancomycin
VA
30 mcg 0
Vancomycin
VA
30 mcg

30
10
32
37
0

TABLE 2. TOXICITY OF CONGO RED AND ITS METABOLITES BY BACTERIAL
STAINS
Bacterial strains

Inhibitory zone diameter (cm)

Congo red
Degradation product
Enterobacter cloacae
1.06 ± 0.08
0.23 ± 0.07*
Azotobacter vinelandii (nifHDK)
1.74 ± 0.04
0.57 ± 0.06*
Values are mean of three experiments (±) SEM. Significantly different from Congo red
dye at *P < 0.001 by ANOVA with Turkey - Kramer comparison test
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ABSTRACT
The effects of kolaviron , an active component of Garcinia kola seeds were investigated on sodium
arsenite-induced hepatotoxicity in rats. Administration of a single dose of sodium arsenite (10mg/kg
body weight) orally, increased the activities of serum marker enzymes-Aspartate aminotransferase
(AST) and Alanine aminotransferase (ALT). This also led to increase in lipid peroxidation and
reduction in the activities of antioxidant enzymes such as superoxide dismutase(SOD) and
catalase(CAT). Treatment with 100mg/kg body weight of kolaviron for thirteen days before and after
induction of arsenite toxicity reduced the serum activities of ALT and AST significantly (p<0.05).
Levels of endogenous antioxidant (SOD, CAT, GST (glutathione-s-transferase) and GSH (reduced
glutathione) were also elevated significantly in rats treated with kolaviron. This study revealed that
kolaviron possess antioxidant and hepatoprotective property against hepatotoxicity caused by arsenite.
Keywords: Kolaviron, Sodium Arsenite, Lipid peroxidation, Antioxidants, Hepatotoxicity.
INTRODUCTION
Arsenic, a naturally occurring element, has posed a
global health threat due to its wide distribution and
adverse health effects. As an environmental agent, it is
considered to be a very high priority toxic substance
due to its carcinogenic potentials in humans (Bishayi B.
2000).The biochemical mechanism of arsenic toxicity
lies in its binding to the sulphydryl groups of protein,
resulting in the inhibition of numerous cellular enzyme
systems (Sqibb et al, 1983). It is also reported that the
cellular destruction of damaged thiol proteins may
produce toxic oxygen radicals (Lee and Ho, 1994). It
has been shown that there is a positive correlation
between lipid peroxidation and arsenic tissue
concentration in the livers, kidneys, and hearts of
arsenite treated rats (Ramos et al, 1995).
Kolaviron, a biflavonoid, is the active component of
Garcinia kola seeds (bitter kola). Garcinia kola
contains a complex mixture of bioflavonoids,
prenylated benzophones and xanthones (Akintonwa and
Essien, 1990).

Kolaviron has been reported to significantly prevent
hepatotoxicityinduced by several hepatotoxic agents.
E.g. phailloidin, thioacetamide, and paracetamol
Cotterhill et al, 1978, andIwu et al, 1987). The ability of
kolaviron to scavenge hydroxyl radicals by inhibiting
the oxidation of deoxyribose and lipid peroxidation has
been reported (Farombi et al, 2000a). Kolaviron was
also reported to inhibit H2O2 and GSH/Fe3+ induced
strand breaks in human lymphocytes as well as rats
liver cells (Farombi et al, 2004).
Liver is the major metabolic organ of arsenic with
highest
concentration
of
arsenic
retention
(Benramdaneet al, 1999). The liver functions in
maintaining the body metabolic homeostasis, nutrients
homeostasis,filtration
of
particulate,
protein
synthesis,and also biotransformation. All these
functions can be altered by liver injury resulting from
acute or chronic exposure to toxicants. The general
index of hepatic toxicity is the leakage of serum marker
enzymes (e.g.ALT and AST) into the circulation (Tseng
et al, 1991). ALT and AST are the most frequently
measured indicators of hepatotoxicity. This is because
they are cytoplasmic in location and are easily released
into circulation after cellular damage.
This present study was designed to assess the
hepatoprotective effects of kolaviron in experimental
rats exposed to acute arsenite toxicity.
MATERIALS AND METHODS

Figure 1: The structure of kolaviron
Kolaviron is an extract of Garcinia kola seed which
contains garcinia bioflavonoids GB1,GB2, and
kolaflavonones in an approximate ratio of 2:2:1
(Terashima et al,1995, andCotterhill et al, 1978).

Experimental animals
Thirty two wistar rats weighing 160-170g obtained
from the primate colony of Biochemistry Department,
University of Ibadan were used for the experiment.
Chemicals
All the chemicals used are of analytical grades.
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alkaline medium produces a brown complex, detectable
Plant material
colometrically at 546nm. On the other hand, AST
Garcinia kola seeds werepurchased from a local market
catalyses the reaction between α- ketoglutarate and Lin Ibadan, Oyo state, Nigeria..
aspartate forming oxaloacetate which reacts with 2, 4 –
dinitrophenylhydrazine. This in alkaline medium also
Extraction of kolaviron
gives a red brown colour, measurable at 546nm.
Kolaviron was extracted from the seeds of Garcinia
kola seeds according to Iwu et al, 1990.The seeds were
sliced, air dried, and powdered. This powder was then
Estimation of Lipid Peroxidation
Lipid peroxidation in liver was estimated
defatted with N-hexane for 24 hours in a soxhlet
spectrophotometrically by measuring thiobarbituric acid
extractor. The defatted dried marc was repacked and
reactive substances (TBARS) according to the method
extracted with methanol. Kolaviron was fractionated
of Varshney and Kale, 1990.
from the concentrated methanolic extract using
chloroform to give a golden yellow solid which is
amixture of Garcinia biflavonones-GB1, GB2, and
Determination of reduced glutathione (GSH)
GSH was determined in the liver according to the
kolaflavonones (Iwu et al1990).
method of Jollow et al, 1974. The method is based on
the development of a relatively stable (yellow) colour
Experimental design
when Ellman reagent is added to the sulfhydryl
The experimental rats were acclimatized in the Animal
compound.
House of Biochemistry Department, University of
Ibadan for two weeks and randomly divided into four
groups of eight animalsper group as follows:
Determination of Glutathione-S-transferase (GST)
Control group: corn oil (2ml/kg body weight) for
Activity
GST activity was determined spectrophotometrically
fourteen days
following the procedure described by Habig et al.,
Arsenite group: sodium arsenite (10mg/kg body weight)
1974. The principle is based on the production of a
was given on the first day
complex from the enzymatic conjugation of GSH with
Pre-treatment group(KV+AS): 100mg/kg body weight
1- chloro-2,4-dinitrobenzene (CDNB). This has a
of kolaviron for thirteen days
characteristic absorption at 340nm.
followed by sodium arsenite10mg/kg body weight on
the fourteenth day.
Post-treatment group (AS+KV): sodium arsenite
Determination of Catalase (CAT) Activity
This was assessed according to the method of Sinha,
(10mg/kg body weight) on the first day
1971). The principle is based on the reduction of
followed by kolaviron (100mg/kg body weight) for
dichromate to chromic acetate when heated in the
thirteen days.
presence H2O2. Chromic acetate produced was
The animals were fed and given water ad libitumin
measured colorimetrically at 570nm.
well-ventilated wooden cages, and maintained in a 12
hour light – dark cycle during the experimental period.
Determination of superoxide dismutase (SOD) activity
At the end of the experiment, they were fasted for
Determination of SOD activity was carried out
24hours before they were sacrificed by cervical
according to the method of Misra and Fridovich,1972).
dislocatio
The principle is based on the capacity of SOD to inhibit
autoxidation of adrenaline to adrenochrome.
Sample preparation
The animals were sacrificed by cervical dislocation on
the fifteenth day. The sera and livers were collected for
Determination of tissue proteins
Tissue protein concentrations were estimated by Biuret
biochemical analyses. The livers were quickly removed,
method using bovine serum albumin (BSA) as the
washed in ice cold normal saline, blotted dry and
standard and expressed asmg/ml BSA equivalents.
weighed. Homogenization of the liver was carried out
using fourvolumes of homogenizing buffer (pH 7.4) in
Statistical analysis
a homogenizer. The homogenates gotten were
The results were reported as mean ± SD and the
centrifuged at 17000 x g for 20 minutes and the
statistical significance of differences from control was
supernatant decanted into sample bottles and then
assessed using student’s t-test. A value of p ≤ 0.05 was
frozen. Sera was obtained by collecting the blood into
considered significant.
non-heparinized tube from the heart of the rats by
cardiac puncture. This was allowed to stand at room
RESULT
temperature for about 20 minutes to clot and then
Oral administration of sodium arsenite (10mg/kg),
centrifuged at 3500 x g for 15 minutes.
increased the activities of serum ALT and AST
significantlywhen compared to the control group that
Determination of Serum Hepatospecific Enzymes
received only corn oil (Table 1). However, after the
Activities of serum hepatospecific enzymes- ALT and
administration of kolaviron, the enzymes significantly
AST were assayed using the respective Randox kits
reduced, indicating that kolaviron (100mg/kg) was able
according to the method Reitman and Frankel. ALT
to mitigate and repair the hepatic damage caused by
converts L- alanine and α- ketoglutarate to pyruvate and
sodium arsenite toxicity.
glutamate. The pyruvate formed reacts with
dinitrophenylhydrazine to produce hydrozone which in
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investigation indicated that kolaviron offered protection
Arsenite administration did not significantly affect the
against hepatic damage precipitated by arsenite toxicity.
activities of GST and the level of GSH ; whereas,
Reduced glutathione(GSH) plays a vital role in
kolaviron administration led to increases in the level of
protecting the cells from oxidative damage caused by
GSH and activity of GST compared to the arsenite
reactive oxygen species (ROS) (Pompella et al,2003). It
group (Table 2).
is a thiol peptide and antioxidant which plays an
The level of MDA (malondialdehyde) as a measure of
important role in many xenobiotic detoxifications.
lipid peroxidation increased significantly in arsenite
However, there was no significant difference between
group, but reduced after administering kolaviron (Table
the GSH levels of arsenite treated group and control in
3).
this investigation (Table 2). This may be ascribed to the
fact that arsenite detoxification is not only through
The
hepatic
activities
of
SOD
and
GSH, it may also be methylated. (Waldron and Scott
CATreducedsignificantly upon administration of
,1994; IPCS 1996). There was a significant increase in
arsenite (Table 4) compared with control. However, a
GSH level of the groups sew with kolaviron compared
significant increase in the activities of these enzymes
to arsenite- treated group. This suggests the
was observed after kolaviron administration except for
involvement of kolaviron in preservation of GSH in the
SOD in the group post treated with kolaviron.
system.
DISCUSSION
GST activities have been shown to be elevated in rats
Rats administered arsenite in this study showed
treated with kolaviron (Farombi, 2000a). The
significant disruption in their liver functions
administration of kolaviron led to increased activities of
characterized by changes in the marker enzymes as well
GST (Table 2), suggesting the ability of kolaviron to
as by the significant reductions of the antioxidants.
induce and express drug -detoxifying enzymes. As there
was no significant difference in the activities of GST
Studies on animals have shown that the liver is a major
between arsenite group and control, there is a
target organ for arsenic toxicity because it is a vital
possibility that arsenite can also be detoxified through
organ for methylation of inorganic arsenite (Shen et
methylation in the liver (IPCS 1996).
al,2003). Fatty infiltration was observed in liver
histology of male BALB/c mice exposed to 3.2mg/l
The susceptibility of membrane lipids to the deleterious
arsenic in drinking water after 12 months, and fibrosis
action of reactive oxygen species has also been reported
was observed after 15 months, with evidences of
(Reiter, 1995). The level of MDA was very high in the
increasing oxidative stress in liver. There were also
group treated with arsenite compared to control group
changes in parameters including AST, ALT, GST,
(Table 3). The lipid peroxidation observed to be
GSH, MDA, and glutathione peroxidase (Santra et al,
induced by arsenite was significantly reversed in the
2000).
groups treated with kolaviron. This reduction in lipid
peroxidation after the administration of kolaviron may
The leakage of marker enzymes into the circulation is a
be due to the ability of the biflavonoid to scavenge
general index of hepatic toxicity (Tseng et al, 1991).
hydroxyl radicals as reported by Farombi et al, 2000
Serum AST and ALT activities are the most frequently
andFarombi, 2000a.
measured indicators of hepatotoxicity. This is because
these enzymes arecytoplasmic in location and are
Superoxide dismutase (SOD) and catalase (CAT) are
released into circulation after cellular damage (Sallie et
enzymes that are very important in scavenging
al,1991). There was increase in the serum activities of
superoxide ion and hydrogen peroxide. They prevent
AST and ALT after the induction of arsenite toxicity
production of hydroxyl radicals and protect cellular
when compared to the control as seen in Table 1. This is
constituents from oxidative damage (Scott et al, 1991).
most likely due to the effect of arsenite as also
A decrease was observed in the activities of SOD in the
confirmed by the work of Leolavinothan et al., (2004)
group treated with arsenite (Table4). The accumulation
of superoxide radicals may be the reason for increased
The biflavonoid, kolaviron has severally been reported
lipid peroxidation However,increase in the activities of
to significantly prevent hepatotoxicity induced by
SOD was seen in the group treated with kolaviron,
various hepatotoxic agents (Iwu et al, 1987, Akintonwa
maybe as a result of kolaviron’s ability to scavenge the
and Essien, 1990). Modulatory effect of kolaviron was
radicals
generated
by
arsenite-induced
lipid
investigated when administered both before and after
peroxidation, thus decreasing the involvementof the
arsenite toxicity. There were significant increases in the
antioxidant enzymes in attenuating the free radicals.A
serum activities of AST and ALT of the experimental
similar result was also observed forcatalase (Table 4),
rats treated with arsenite compared to. the control
where its activity reduced due to arsenite toxicity. The
group. This increase in activities of ALT and AST was
administration of kolaviron , however,led to significant
reduced significantly compared to arsenite group
recovery of catalase activity.
following kolaviron administration (Table 1). No
significant difference was observed between pre-treated
and post-treated groups. The results obtained from this

Nigerian Journal of Materials Science and Engineering Vol. 6, No. 1

126

Hannafi and Akunna (2015); The possible modulatory effects of kolaviron on arsenite-induced hepatotoxicity in
experimental rats
Table 1: the effect of kolaviron on arsenite-induced changes in ALT and AST serum activities
GROUP
ALT(IU/L) AST(IU/L)
Control (corn oil(2ml/kg body weight))
38.40 ± 7.7
30.90 ± 2.2
Arsenite (10mg/kg body weight)
58.70 ± 3.4a 67.80 ± 13.0a
Pre-treatment
52.90 ± 6.0ns 39.70 ± 1.1b
KV(100mg/kgbody weight)+AS(10mg/kg body weight)
Post-treatment
50.30 ± 5.3bc 38.3 ±7.0b
AS(10mg/kgbody weight)+KV(100mg/kgbody weight)
AS: arsenite, KV: kolaviron
Values are mean ± S.D for n=8
a: significant difference when compared with the control group at p<0.05
b: significant difference when compared with the arsenite group at p<0.05
c: no significant difference when pre-treatment and post-treatment groups were compared at p<0.05
ns: no significant difference when compared with the control group. At p<0.05
Table 2: the effects of kolaviron on sodium arsenite induced changes in GSH level and GST activities in sodium
arsenite rats.
GROUP
GSH(µmol/g protein) GST ACTIVITY
(µmol/min/mg protein)
Control (cornoil(2ml/kg body weight))
0.22 ± 0.04
3.78 ± 0.78
Arsenite (10mg/kg body weight)
0.20 ± 0.02ns
3.72 ± 0.76ns
Pre-treatment
0.25 ± 0.03b
4.77 ± 0.50b
KV(100mg/kg body weight)+AS(10mg/kg body weight)
Post-treatment
0.24 ± 0.01bc
4.61 ± 0.57bc
AS(10mg/kg body weight)+KV(100mg/kg body weight)
AS: arsenite, KV: kolaviron
Values are mean ± S.D for n=8
a: significant difference when compared with the control group at p<0.05
b: significant difference when compared with the arsenite group at p<0.05
c: no significant difference when pre-treatment and post-treatment groups were compared at p<0.05
ns: no significant difference when compared with the control group. At p<0.05.
Table 3: the effects of kolaviron on arsenite-induced lipid peroxidation
GROUP
MDA(µmol/g tissue protein)
Control (cornoil(2ml/kg body weight))
153.20 ± 19
Arsenite (10mg/kg body weight)
269.30 ± 18a
Pre-treatment
187.20 ± 27b
KV(100mg/kg body weight)+AS(10mg/kg body weight)
Post-treatment
181.40 ± 31bc
AS(10mg/kg body weight)+KV(100mg/kg body weight)
AS: arsenite, KV: kolaviron
Values are mean ± S.D for n=8
a: significant difference when compared with the control group at p<0.05
b: significant difference when compared with the arsenite group at p<0.05
c: no significant difference when pre-treatment and post-treatment groups were compared at p<0.05
ns: no significant difference when compared with the control group. At p<0.05.
Table 4: the effects of kolaviron on arsenite-induced changes in hepatic activities on SOD and CAT in experimental
rats
GROUP
SOD(units/mg protein) CAT(units/mg protein)
Control (cornoil(2ml/kg body weight))
4.85 ± 0.8
14.30 ± 0.54
Arsenite (10mg/kg body weight)
2.01 ± 0.02a
11.04 ± 0.81a
b
Pre-treatment
3.77 ± 0.6
13.31 ± 0.92b
KV(100mg/kg body weight)+AS(10mg/kg body weight)
Post-treatment
1.81 ± 0.07ba
12.45± 0.57bc
AS(10mg/kg body weight)+KV(100mg/kg body weight)
AS: arsenite, KV: kolaviron
Values are mean ± S.D for n=8
a: significant difference when compared with the control group at p<0.05
b: significant difference when compared with the arsenite group at p<0.05
c: no significant difference when pre-treatment and post-treatment groups were compared at p<0.05
ns: no significant difference when compared with the control group. At p<0.05
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CONCLUSION
Results of this investigation showed that kolaviron is
effective in protecting against toxicity caused by
sodium arsenite. The antioxidant mechanism is
attributed to kolaviron structure(Figure 1), which
possesses two flavonoid rings joined together which
makes the structure unique for antioxidant and
hepatoprotective function (Sreejayan and Rao
1994,Masuda et al 2001). The phytochemical analysis
of kolaviron fraction has been reported to be rich
flavonoids, which have been shown to have antioxidant
and hepatoprotective activities (Di Carlo et al, 1999).
The biflavonoid, kolaviron can therefore be said to be
responsible for the observed protective effects recorded
in this study.
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ABSTRACT
‘Nzu clay’ is a geophagious clay consumed in Africa for some medicinal purposes. This study reports
the level of accumulated metals in mice that ingested ‘Nzu clay’ for 14 days. Eight female mice (10 ± 2
g) were each fed 0.02 g of ‘Nzu’ mixed with Bendel Plc Feed per day. The ‘Nzu clay’ contained 2.900
mg/kg Pb and 2.143 mg/kg Cd, while the experimental mice accumulated 0.893 mg/kg of Pb and 2.750
mg/kg Cd, but the control accumulated 0.714 mg/kg Pb and 2.250 mg/kg Cd. By extrapolation for 65
kg human weight, 0.014 mg/kg of Cd is anticipated to be accumulated at the end of two weeks. This is
13-fold the WHO tolerable weekly intake of 0.007 mg/kg body weight of human; and 10-fold increase
in Pb compared to the WHO tolerable weekly intake. Neutron activation analysis indicated that the
clay contained As, Cd and Pb at levels above WHO limits in foods. The accumulated concentration of
Al in the mice was four-fold the 120.24 mg/kg in the control, while the accumulated Al concentration
was 230-fold the tolerable intake. The accumulated concentration of manganese was 2.05 mg/kg
compared to 0.07 mg/kg in the control. ‘Nzu clay’ is rich in K (96.0 mg/kg) and the mice also
accumulated 11.5 mg/kg K; the National Academy of Sciences maximum level of daily dietary intake of
K is approximately 72 mg/kg. The concentration of As in the clay was 51 mg/kg, which is of health
concern. The level of Cr in the experimental mice was significantly elevated (Students’ t-test, P < 0.05)
compared to the control. The accumulated level of Cr in the experimental mice was about 36-fold
higher than the tolerable intake. The accumulated Fe and Mg in the mice was about 33-fold and 2-fold
respectively. This implies that consumption of ‘Nzu clay’ result to bio-accumulation of essential and
non-essential metals. Accumulation of heavy metals of health concern at long-term ingestion of the
clay call for continuous ban on its consumption.
2

Keywords: geophagious, Nzu clay, tolerable intake, bio-accumulation, heavy metals, mice, hair
1. Introduction
The Lord God formed man of dust from the ground,
and breathed into his nostrils the breath of life (HB,
Gen 2: 7). This could possibly account for the reason
why clay has been ingested by man for thousands of
years. Long before recorded history, humans have
used healing clays externally and internally to cure
illnesses, sustain life and promote general health.
Perhaps, the earliest recorded mention of clay
consumption for healing remedy was the healing
tradition of India that originated approximately 5,000
years ago (Alexander et al., 2002). Ancient tribes of
the high Andes, Central Africa and the Aborigines of
Australia used clay as a dietary staple, a supplement
and for healing purposes (www.aboutclay.com).
Geophagia is not limited to any particular age group,
race, sex, geographic region or time period (Abraham
et al., 2013); and is practised so as to born beautiful
children (Mcloughlin, 2004), have lighter and softer
skin (Alexander et al., 2002), medicinal purposes
(Bisi-Johnson et al., 2010) and a plethora of others.
‘Nzu clay’ also known as ‘Calabash chalk’, ‘La caire’
or ‘Agrile’ in French, ‘Nzu’ and ‘Ndom’ by the Igbos
and Efiks/Ibibios of Nigeria respectively is one among
series of clay being consumed in Africa, for remedy
from morning sickness during pregnancy and pica by
children (Campbell, 2002). ‘Nzu clay’ is a type of clay
that is especially high in calcium and such is
consumed mostly by pregnant and breast feeding

women (Figure 1). In parts of Africa, rural areas of the
United States and villages in India, clay consumption
coats the gastrointestinal tract and may absorb
dangerous toxins (Padilla and de la Torre, 2006). The
clay may also provide critical calcium for foetal
development (Corwin, 1999; Natural Nigerians, 2011).
The clay is an aluminium silicate hydroxide from the
kaolin clay group with the possible formula:
Al2Si2O5OH4. It is obtained from hills or near rivers
mostly in the south-eastern part of the country, and has
been in circulation for decades. It is available in
markets in many parts of the country, Nigeria. It is
cheap, with 3 balls sold for just 5 naira (Food Standard
Agency, 2002; Northumberland Country Council,
2008). The clay may then be mixed with other
ingredients including sand, wood ash and sometimes
salt.
The chalk contains lead (40 mg/kg) and arsenic
(Health Canada, 2007) with some other organic
pollutants. The presence of these pollutants have
raised health concern for pregnant and breast feeding
women, as well as developing unborn babies and
breast feeding infants (Campbell, 2002; Health
Canada, 2007). Speculated long term effects on the
consumers of ‘Nzu’ include cancers of the urinary
bladder, lungs and skin (Dean et al., 2004).

‘Nzu’ like some other prized therapeutic grade clays
can be used for skincare, detoxification/ cleansing
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The control group was fed only Bendel Feed of the
protocols – since clay is an highly efficient adsorbent same amount as the experimental animal and
, it can eliminate food allergies, food poisoning, mucus
deionized water ad libitum for 14 days. The weight,
colitis, spastic colitis, viral infections, stomach flu, and
the level of water intake and physical activity of the
parasites (parasites are unable to reproduce in the
mice were taken daily. At the end of 14 days, the mice
presence of clay) (Ekong et al., 2009; Vermeer, 1971;
were sacrificed by lethal dose of chloroform, then each
www.clayforall; Dominy et al., 2004; Aghamirian et
mouse was oven dried at 60ºC for 72 hours.
al., 2009). The work by Ekong et al. (2009) showed
that the liver sections of Wistar rats that ingested non2.2 Analyses of Mice and ‘Nzu’ Clay
salted ‘Nzu’ showed sinusoids enlargement and
Quality assurance of the atomic absorption machine
fragmented parenchyma, while ingestion of salted
was carried out by using spiked digested samples of
‘Nzu’ presented no obvious pathology compared to the
‘Nzu’ clay. Each of the dried mice was pulverized
control rats.
using an agate mortar and pestle, and wet digestion
was carried out by using concentrated HNO3 and HCl
Cadmium accumulation in the organ of Cavia
(1: 3) on a hotplate at 90oC for 10 minutes. The levels
porcellus after being injected intraperitoneally with
of Pb and Cd in the two animal groups were
cadmium chloride solution in three different doses,
determined
using
atomic
absorption
TDI (tolerable daily intake), intermediate doses and
spectrophotometry at the Multi-user Laboratory of
lethal doses (LD50)-5% for 60 days. This indicated that
Ahmadu Bello University, Zaria, Nigeria.
the liver accumulated the greatest burden of cadmium
followed by the kidneys using an atomic absorption
Fast neutron activation analysis (FNAA) technique
spectrophotometer (Shakoor et al., 2000).
was utilized to determine the elemental composition of
the clay and mice using the D-T mode (mono
This study is aimed at determining the concentrations
energetic fast neutrons 14 Mev). Standard gamma
of accumulated metals in mice ingested with ‘Nzu
sources of 22Na, 57Co, 133Ba, 137Cs and 152Eu
clay’ using neutron activation analysis (NAA) and
were used for both energies according to Das et al.
atomic absorption spectroscopy (AAS) and to assess
(1989); Al-Mughrabi and Spirou (1987).
the levels of metals in ‘Nzu clay’ using NAA and
AAS. This is undertaken towards assessing the short2.3 Statistical Analysis
term systemic bio-accumulation of metals in
The levels of the metals accumulated in the two
consumers of ‘Nzu’ clay’.
groups of mice were compared using Students’ t-test at
P < 0.05.

Figure 1. Processed
unprocessed edible clay

‘Nzu

clay’
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raw

2. Materials and Methods
2.1 Ingestion of ‘Nzu’ by the Animal
‘Nzu clay’ was purchased from three different markets
in Zaria (latitude: 11o 07’ 51’’) in May 2012.
Sixteen female mice (10 ± 2 g) that were just weaned
were used for the study. The experimental group ( n =
8) were each fed 0.02 g of ‘Nzu’ mixed with Bendel
Plc Feed per day for 14 days and deionised water ad
libitum. The questionnaire administered to some
consumers of ‘Nzu’ in Zaria, Nigeria indicated that the
average amount of ‘Nzu clay’ consumed per day is 11
balls of the clay (average weight 10.40 g). By
considering an average weight of 65 kg for human and
12.0 g for mice, the average intake of ‘Nzu’ for each
mice per day was obtained to be 0.02 g. This amount
was mixed with the feed to obtain the food intake in
mice, 1.50 g per 10.0 g body weight.

3. Results and Discussion
3.1 Physical Behaviour of the Animal
The physical activities of the experimental mice
indicated that they were active from day 1 to 14;
though the body weights of the experimental mice
increased only slightly with time compared to the
control group, from day 3 to day 5, there was steady
increase in body weight of the experimental and
control group (2.6 - 3.4 g). The experimental group
consumed more water (3.0 cm3) compared to mean
volume of 2.6 cm3 by the control group.
3.2 Elemental Composition of the Mice and ‘Nzu Clay’
‘Nzu clay’ has higher concentration of both lead and
cadmium than in the experimental mice. The average
concentration of lead and cadmium in ‘Nzu clay’ was
2.900 ± 0.141 mg/kg and 2.143 ± 0.505 mg/kg
respectively; while the mean levels of lead and
cadmium in the experimental was 2.750 ± 0.354
mg/kg and 0.893 ± 0.253 mg/kg respectively, and the
control group had the lead and cadmium levels being
2.250 ± 0.200 mg/kg and 0.714 mg/kg respectively. It
can be extrapolated that the concentration of cadmium
accumulated in the mice after 14 days of experiment
was 0.179 mg/kg body weight and the concentration of
lead accumulated in the mice was 0.500 mg/kg body
weight for mice of weight of 12 g.
By considering human of average body weight 65 kg
that consumes 114.51 g of ‘Nzu’ per day, the body
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The results for the level of Pb in ‘Nzu’ obtained from
would accumulate approximately 0.1790 mg/kg of
this study (2.900 ± 0.141 mg/kg) is greater than the
cadmium and 0.500 mg/kg of lead after 14 days of
below detection limit reported by Kelle et al., (2004).
consuming ‘Nzu’ at this rate; since human and mice
Likewise, the concentration of Cd in the ‘Nzu’ studied
share the same homology. The current cadmium
(2.143 ± 0.505 mg/kg) is greater than 0.327 ± 0.130
provisional tolerable weekly intake established by the
mg/kg reported by Kelle et al., (2004).
Joint Expert Committee on Food Additives (JECFA)
of WHO is 0.007 mg/kg body weight of human
3.3 Levels of Accumulated Metals from Neutron
(WHO, 2010), which implies that about 0.014 mg
Activation Analysis
‘Nzu’/kg body weight is anticipated to be accumulated
The concentrations of the elements in various samples
after two weeks of ingestion. This indicates a 13 fold
analyzed using Neutron Activation Analysis is
accumulated cadmium above the tolerable intake. The
represented in Table 1. ‘Nzu clay’ contained 30
World Health organization (WHO) provisional
elements out of which 23 are within the detection limit
tolerable weekly intake of lead is 0.025 mg/kg body
of the machine. ‘Nzu clay’ contains 28 metals and 2
weight of human ((WHO, 2010). This implies that
non-metals (chloride and bromide). Though, not all the
consumption of ‘Nzu’ for two weeks would result to
elements detected in the clay were accumulated in the
accumulation of 0.50 mg ‘Nzu’/kg body weight of
mice after consuming the clay. It is common to detect
human. The systemic accumulated lead and cadmium
as many as 75 different trace minerals in
after the two weeks ingestion of ‘Nzu clay’ was higher
Montmorillonite clays (Mcloughlin, 2004).
than the WHO specification.
Table 1: Mean concentration of the elements in ‘Nzu clay’, the control and experimental mice using NAA
Elements
Level in
Level in the
level in the
Accumulated
Nzu clay
Experimental
control mice
Concentration
(mg/kg)
mice (mg/kg)
(mg/kg)
(mg/kg)
Aluminium
133800±304
579.50
114.25
465.25
Titanium
7721±486
NA
NA
NA
Vanadium
221±8
BDL
BDL
BDL
Manganese
27±1
9.20
7.15
2.05
Dysprosium
7.4±0.3
NA
NA
NA
Sodium
629±1
3690.00
3449.50
240.50
Potassium
96±16
8965.00
8953.50
11.50
Arsenic
51±3
BDL
BDL
BDL
Lanthanum
65±0.2
68.00
37.00
31.00
Samarium
12.36±0.05
BDL
BDL
BDL
Uranium
1.36±0.15
BDL
BDL
BDL
Scandium
85±1
645.00
569.00
76.00
Chromium
382±10
2.25
BDL
2.25
Iron
17480±489
247.50
150.50
97.00
Elements
Concentration
Concentration In
Concentration
Accumulated
in Nzu
the experimental
control group
Concentration
clay (mg/kg)
group (mg/kg)
(mg/kg)
(mg/kg)
Cobalt
10.00±2.0
36.80
BDL
36.80
Antimony
17.5±1.2
BDL
BDL
BDL
Caesium
4.1±0.8
NA
NA
NA
Barium
213.0±68.0
BDL
BDL
BDL
Europium
4.2±0.5
52.00
49.00
3.00
Ytterbium
7.7±0.4
BDL
BDL
BDL
Hafnium
2.0±0.1
NA
NA
NA
Tantalum
1.5±0.2
NA
NA
NA
Thorium
16.2±0.2
BDL
BDL
BDL
Magnesium
11.90
1312.50
1177.50
135.00
Chloride
BDL
4734.00
4322.00
412.00
Calcium
1122.0±48.0
21175.00
21000.00
175.00
Zinc
BDL
116.00
100.50
15.50
Bromide
BDL
40.50
38.00
2.50
Rubidium
BDL
32.50
28.50
4.00
Lutetium
BDL
BDL
BDL
BDL
BDL = Below detection limit
The element with the highest concentration in the clay
was aluminium, this was 133800 ± 304 mg/kg, 579.50
mg/kg in the experimental and 114.25 mg/kg in the

control mice. The accumulated amount of Al in the
mice due to ‘Nzu’ consumption was 465.25 mg/kg.
This was followed by iron in the clay being 17480 ±
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ABSTRACT
The work reports the physicochemical properties of gum exudates from two Combretaceae tree species
(Terminalia avicennioides (TA) and Anogeissus latifolia (AL)) determined by standard methods. The
gum exudates exhibited differences in physicochemical qualities. The physicochemical properties of
the gum were in the following ranges: moisture (11.3 - 11.5%); swelling capacity at 30oC (11 - 13%);
pH (4.34 - 5.24); melting temperature (218- 242oC); total ash (3.30- 3.54%); nitrogen (0.70 - 0.71%);
protein (4.38 - 4.46%) and ash content (0.53 - 0.60). The two gum samples did not contain tannin and
fibre. The gum samples had high proportion of Ca and contained Ni, Pb and Cd at levels below the
maximum permissible limits. The physicochemical parameters obtained for TA and AL compare well
with those reported in previous studies on other gums. This signals the need for exploitation of the
exudates for potential industrial applications.
Keywords: Terminalia avicennioides, Anogeissus latifolia, physicochemical properties, gums
INTRODUCTION
Plant gums are biopolymeric materials that are
composed of complex heteropolysaccharides and
proteinaceous material, in addition to some mineral
elements (Ameh et al., 2012). They are capable of
displaying colloidal properties in an appropriate
solvent or swelling agent. Gums have been found to
be useful as natural emulsifiers for food and
pharmaceutical (Mhinzi, 2002). Other applications of
plant gums are in the manufacture of adhesives for
postage stamps and in the formulation of paints and
inks; in lithography and textile industry as a sizing
and finishing agent and more recently as corrosion
inhibitors (Jafar et al., 2007; Nep and Conway, 2010;
Umoren et al., 2008).
The various applications that can be derived from gums
have been found to depend on their functional
properties such as physicochemical, proximate, cationic
content and phytochemical properties. For example, in
spite of its favourable rheological composition, Albizia
lebbeck gum cannot be used as a food additive because
of its high content of tannins and high proportion of
aluminum (De Paula et al., 2001). Pablyana et al.
(2007) stated that the presence of protein in
polysaccharides can induce an inflammatory response
in tissues, which can inhibit the pharmacological uses
of gums. Yadav et al. (2008) found that emulsifying
properties of polysaccharides depends on its turbidity,
interfacial rheology of gums has been found to be
essential parameter in predicting emulsifying properties
of gums (Elmanan et al., 2008). Fenugreek gum is
widely used as thickening, water holding, stabilizing
and emulsifying agents in food industries because it is
composed of galactose and manose and gives a high
viscosity in aqueous solution (Youssef et al., 2009).
Similarly, Rinaudo (2001) stated that a wide industrial
application of gum exudates is due to their water
holding capacity to produce gels or highly viscous

solutions and ability to enhance the stability of
emulsions and foams and that these properties depend
on the chemical structure of gum exudate
polysaccharides and their conformation in the solvent.
Due to the numerous applications of plant gums, several
studies have been conducted on the physicochemical,
rheological, proximate, cationic and polyelectrolyte
compositions of some gums (Ahmed et al., 2009;
Okafor, 2001; Eddy et al., 2013). However, there is
dearth of detailed properties of Terminalia
avicennioides (TA) and Anogeissus latifolia (AL) gum
exudates.
The objective of the present study is to investigate and
model the functional properties of Terminalia
avicennioides (TA) and Anogeissus latifolia (AL) gum
exudates in order to assess the suitable applications.
MATERIALS AND METHODS
2.1 Sample collection and description
The samples were obtained from two different Acacia
tree species (Terminalia avicennioides (TA) and
Anogeissus latifolia (AL)) found naturally in
surrounding forests of Kanya village, Jigawa State.
Samples were collected from the tree barks as dry
nodules or lumps. Each bulk sample (1.0 kg) was
obtained by combining the collections from randomly
identified matured trees of same species. Samples were
then kept in separate labelled containers.
.
2.2 Treatment of Exudate Gums
Modified method of Femi-Oyewo et al. (2004) was
adopted for the treatment of the gums. The gums were
hydrated in double strength chloroform (Sigma-Aldrich,
Germany) water for 5 days with intermittent stirring to
ensure complete dissolution and then, strained through a
75 µm sieve to obtain particulate free slurry which was
allowed to sediment. Thereafter, the gums were
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2.3.5 Determination of moisture content
precipitated from the slurry using absolute ethanol
The method described by AOAC (1990) was adopted.
(Sigma-Aldrich, Germany), this was filtered and
A clean crucible was dried to a constant weight in an air
defatted with di - ethyl ether. The precipitate was dried
oven at 105oC, it was then cooled in a desiccator and
in an oven (BS size one, Gallenkamp, model; OV-160)
weighed (W1). Two grammes of the finely ground
at 40°C for 48 h. The dried flakes were then pulverized
sample was accurately weighed into the previously
into powder using a blender and stored in an air-tight
labelled crucible and reweighed (W2). The crucible
container.
containing the sample was dried in an oven at 60oC to a
constant weight (W3). The percentage was calculated
2.3 Physicochemical Analysis
thus:
2.3.1 Determination of the solubility of the gums
The solubility of TA and AL was carried out in cold
and hot distilled water, acetone, chloroform and
% Moisture =
× 100 2
ethanol. 10.0 mg sample of each gum exudates was
added to 10 ml of each solvent and left overnight. 5 ml
2.3.6 Determination of ash content
of the clear supernatants were put in small pre-weighed
A porcelain crucible was dried in an oven at 100oC for
evaporating dishes and heated to dryness over a digital
5 min, this was cooled in a desiccator and weighed
thermostatic water bath (Model. HHS, McDonald
(W1). Two grammes of finely ground TA or AL sample
Scientific International). The weights of the dried
was placed into the previously weighed porcelain
residue with reference to the volume of the solutions
crucible and reweighed (W2). It was then transferred
were determined using a digital analytical balance
into a furnace which was then set at 550o C. The sample
(Model XP-300, Denver instrument, USA) and
was left in the furnace for 8 h to ensure proper ashing
expressed as the percentage solubility of the gums in
(Chukwu and Nwankwo, 1991). The crucible
the solvents (Carter, 2005).
containing the ash was then removed and cooled in a
desiccator and weighed (W3). The percentage ash
2.3.2 Moisture sorption studies
content was calculated as:
The method described by Josiah (1991) was adopted for
moisture sorption studies. Two dried evaporating dishes
were weighed using an analytical balance, following
% Ash content =
× 100
3
which 2.0 g of each of the gum samples was weighed
into each evaporating dish. The final weight of each
2.3.7 Determination of nitrogen and crude protein
dish was noted, then each dish was placed over water in
The nitrogen content of the gum exudates was
a desiccator for a period of 5 days, thereafter each was
determined using a semi-micro Kjeldahl method
removed and transferred into another desiccator over
(AOAC, 1990). Gum sample (0.5 g) was accurately
activated silica gel (desiccant) for another 5 days. Each
weighed and placed on a filter paper. The sides of the
of the dish with its contents was weighed on a daily
filter paper were folded around the sample and was
basis, and the amount of water adsorbed calculated.
introduced into a 100 cm3 Kjeldahl’s flask. Three
gramme (3.0 g) of catalyst (100 g of K2SO4, 10 g of
2.3.3 Swelling property
CuSO4.5H2O and 1 g of selenium) was added into the
The method reported by Ameh et al. (2012) was
flask followed by the addition of 20 ml of concentrated
adopted for the determination of swelling property of
sulphuric acid (98%). The flask was placed on the
the gums. A 5 g quantity each of the gum powder was
digestion heater of the Kjeldahl’s apparatus and heated
placed in a 200 ml measuring cylinder and tapped 200
slowly until frothing ceased. The digestion was then
times. The volume ( ) of the gum in the cylinder was
continued under strong heating with occasional turning
recorded. Water was added to the mass to reach the 100
of the flask, for about 30 minutes so that the solution
ml mark of the cylinder, the mixture was then left to
was cleared and all its carbon content was oxidized.
stand for 24 h. The new volume of the gums in the
cylinder was then recorded as ( ). The swelling
After the digestion, the heater was turned off and the
capacity (Φ) was calculated as the ratio of the final
flask was allowed to cool until fuming ceased. Before
volume ( ) to the initial ( ). The measurement was
the contents of the flask solidified, 50 cm3 of cold
repeated to obtain triplicate values.
distilled water was added carefully while the flask was
cooled under running water. The volume was then made
2.3.4 Tannin content
to 100 cm3 in a volumetric flask with distilled water.
3
A 0.1 cm aqueous FeCl3 solution was added to 20
This solution (5 ml) was transferred into the Markham
cm3of 2% aqueous solution of the gum sample and the
distillation apparatus, followed by the addition of 5
mixture was centrifuged. Absence of black precipitate
cm3of 40% sodium hydroxide solution. The cup of the
or blackish colouration indicated the absence of tannin
apparatus was rinsed down with distilled water. Ten
(FAO, 1998).
millitres (10 ml) of 4% boric acid solution was
measured into a titration flask and few drops of mixed
Determination of the pH of the gum exudate
indicator of methyl red and bromo cresol green were
The pH of a 2.0 g amount of each of the gum mucilage
added. The titration flask was then placed under the
3
in 100 cm of distilled water was determined using a
condenser, the end of which was dipping into the boric
Jenway pH meter (Model 3505).
acid solution. The contents of the Markham apparatus
were then heated by passing steam through it and the
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distillate was collected in the titration flask until the
water but insoluble in acetone, chloroform and ethanol.
volume was about 50 ml. The contents of the flask were
This also indicates that the gums are ionic. The
titrated against standard hydrochloric acid (0.01 M)
solubility of the gums in water was found to increase
solution from a burette. The end point was a sharp
with increase in temperature. The observed increase in
change of colour from blue to red. The volume of 0.01
solubility with temperature indicate that the heat given
M hydrochloric acid used was noted.
off in dissolving the gum is less than the heat required
to break the gum apart. The net dissolution reaction is
A blank experiment using filter paper without sample
endothermic. Therefore, the addition of more heat
was also carried out. The volume of 0.01 M
facilitated the dissolution of the gum by providing
hydrochloric acid used for the blank was subtracted
energy to break bonds within the gums.
from that used for the actual experiments to obtain the
volume of 0.01M of hydrochloric acid used against the
Table 1: Physicochemical parameters of AL and TA
titrable nitrogen compound. The percentages of
gums
nitrogen and crude protein (AOAC, 1986) in the various
Parameters
Anogeissus
Terminalia
gum samples were calculated using the equation 4 and 5
latifolia (AL) avicennioides
(TA)
×
)
Colour
yellowish
yellowish
% N2 =
x 100
4
×
Odour
odourless
odourless
Taste
bland
Sour
% Crude protein = % Nitrogen (N2) × 6.25
5
pH (29.2 0 C)
5.24±0.2
4.34±0.1
Percentage yield
88.94±1.3
92.60±1.5
2.3.8 Determination of crude fibre
(% w/v)
A 2.0 g finely ground TA or AL sample was weighed
Swelling capacity
13±0.8
11±0.6
into a round bottomed flask. Then 100 ml of 0.25M
Solubility in cold
8.8±2.2
7.1±1.8
tetraoxosulphate (VI) acid solution was added and the
water
mixture was boiled under reflux for 30 min. The hot
Solubility in hot
9.3±0.8
7.8±0.6
solution was quickly filtered under suction. The
water
insoluble matter was washed several times with hot
Acetone
0.0
0.0
water until it was acid free. And then quantitatively
Chloroform
0.0
0.0
transferred into the flask, then 100 ml of hot 0.3M
Ethanol
0.0
0.0
sodium hydroxide solution was added and the mixture
Total dissolved
153.3±5.2
148.3±3.8
was boiled again under reflux for 30 min and was
solute (mg/l)
quickly filtered under suction. The soluble residue was
Conductivity
327.5±3.2
413.2±2.8
washed with boiling water until it was base free. It was
(µs/cm)
then dried to constant weight in an oven at 100oC, and
Salinity (0/00)
0.0
0.0
allowed to cool in a desiccator and weighed (C 1). The
Turbidity (FAU)
110±0.2
135±0.5
weighed sample (C1) was then incinerated in a muftle
Wavelength of
310
300
furnace at 500oC for 2 h, this was cooled in a desiccator
maximum
and weighed (C2) (AOAC, 1990).
absorption (nm)
Calculation:
Melting point (0C)
218-220
220-242
Nitrogen (%)
0.70±0.0
0.71±0.02
The loss in weight on incineration = C1-C2. The
Protein (%)
4.38±0.1
4.46±0.2
calculation was carried out thus:
Ash content (%)
0.53±0.0
0.60±0.1
Fat and Oil (%)
3.80±0.1
2.90±0.2
× 100
6
%
=
Moisture content
11.5±0.3
11.3±0.1
(%)
Carbohydrate (%)
89.02±0.2
83.26±0.3
All the measurements were taken in triplicates.
Fibre content (%)
0.0
0.0
Tanin content
0.0
0.0
3.0 RESULTS AND DISCUSSION
3.1 Physicochemical parameters
Table 1 presents some of the physicochemical
parameters of TA and AL gum exudates. The results
obtained revealed that the colour of AL and TA are
yellowish and milky yellowish respectively with no
odour.AL and TA gums exhibited bland and sour tastes
respectively. The yields of the purified gums were
relatively high, with mean 88.94% for AL and 92.60 %
for TA. AL gum exhibited better swelling property than
TA gum.

The measured conductivities of the gums were
relatively high and comparable with those of ionic
compounds (Rouxel, 2011). Also they were found to
exhibit low salinity values indicating that the
conductivity of the gums may not be primarily due to
the presence of chloride ions but due to movement of
charges within the colloidal system (Rouxel, 2011).
Turbidity is related to light scattering according to
equation 7 (Dror et al., 2006),

The pH of AL and TA gums at room temperature was
5.24 and 4.34 respectively. TA and AL were soluble in
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where It and I0 are the intensity of the transmitted and
vice versa. From the results obtained, the ash content of
incident light beam, l is the path length of the sample
AL and TA were 0.53±0.0 and 0.60±0.1 respectively.
These values falls within the 4 % maximum limit
and  is the turbidity. Taking logarithm of both sides of
equation 7 yields equation 8, which can be compared
reported by FAO (1998) for food and pharmaceutical
quality gum arabic. This values obtained also implies
with the Beer-Lambert law according to equation 9
that the studied gums are richer in organic content.
However, in order to account for the inorganic
= −
8
2.303
composition of the gums, analysis was carried out to
quantify their metallic composition.
−
= 
=
=
9
2.303
3.2 Cationic composition
Elemental compositions of the exudates are presented
where A is the absorbance of the system,  is the molar
in Table 2. The exudates contain Ca, K, Mn, Na and
absorption coefficient, which is defined as the specific
Mg ions. These metals may occur in the form of
absorption coefficient associated with a concentration
cation in the resin soap present in the exudates. The
of 1 mol/L and a path length of 1 cm. From equation 9,
concentrations of K, Mn, Na, Ca and Mg ions
it can be seen that since the path length, l is constant,
obtained were found to be higher than those reported
the turbidity of the studied gums is related to the
for gums such as Anogeissus leiocarpus gum (Eddy et
concentration of the active species in the gum (i.e, C)
al, 2012), Barijeh gum (Milani et al., 2007), Khaya
and to the absorbance of the system. The turbidity for
grandifolia gum (Yusuf et al., 2006), Acacia Senegal
AL and TA was 110 and 135 FAU respectively. The
gum (Mhinzi, 2003), and Anacardium occidentale
values obtained for the gums indicate that TA has a
gum (Zakaria et al., 1996).
higher ability to scatter light than AL. According to
Pablyana et al. (2007), increasing values of turbidity
implies higher amount of insoluble contents in the
polysaccharides while Yadav et al. (2008) also related
turbidity as a property that increases with increasing
emulsifying property of a polymer.
The moisture content was 11.5±0.3% and 11.3±0.1%
for AL and TA respectively and compares favourably
with the minimum standards (≤15%) for good quality
gum, according to European specification (E-414). The
value is low in all cases because of the resinous nature
of the exudates but reflects the affinity of a material for
moisture. High moisture sorption is a disadvantage
when moisture sensitive active ingredients are to be
formulated (Femi-Oyewo et al., 2004).
The nitrogen content of AL and TA gums were 0.70
and 0.71 % respectively. This gave protein values of
4.38 and 4.46 and 4.29 % respectively. Nitrogen and
amino acid contents of gums are useful parameters for
distinguishing gums of different species. Karamalla et
al. (1998) stated that the range of value expected for the
nitrogen content of purified gum arabic is 0.26–0.39%,
this is lower than the range (0.49-0.71 %) obtained in
this study. In Acasia sengal gum concentration of
nitrogen was reported to be in the range 0.21 to 0.35 %
(Elmanan et al., 2008; Lelon et al., 2010; Siddig et al.,
2005). The importance of nitrogen (hence protein) in
gum cannot be overemphasized. The immune
responses, which are important in providing evidence
for the safety of food additives, are customarily
accredited to the proteinaceous component of food
(Akinhanmi et al., 2008; Youssef et al., 2009).
According to Pablyana et al. (2007), the presence of
protein in polysaccharide can induce inflammatory
response to tissue and the response may have a vital
role to play in its pharmacological applications.
The ash content of plant materials is an index of total
organic or inorganic contents. Low ash content
indicates that the sample is rich in organic content and

However the values obtained were found to be lower
than those for the gums of Anogeissus leiocarpus gum
(Ahmed et al., 2009), cashew gum (Gyedu-Akoto et
al., 2008) and gum Tragacanth (Balaghi et al., 2010).
Calcium is found to be of high proportion owing to
the fact that it is the most abundant element in plant
(Mhinzi, 2002). Concentrations of some heavy metals
including Ni, Pb and Cd were below the maximum
permissible limits of 10 0.2 and 0.03 ppm respectively
(FAO, 1988) hence the studied gums do not contain
toxic concentrations of heavy metals. Since the
studied gums is richer in essential minerals than those
of heavy metals, they may be a good source of
mineral nutrition suitable for use as pharmaceutical
excipients and as food additives (Ahmed et al., 2009).
It is known however, that the amount of element is
not fixed for exudates gum but vary depending upon
the soil type, husbandry of the bush, age of the parent
tree, amount of rainfall received, time of exudation
and type of exudation. Also, the heavier the pruning
condition, the higher the elemental composition
(Mhinzi, 2003).
Table 2: Elemental composition of the gum
exudates
Cations Concentration (ppm)
AL gum
TA gum
Na
23.30
21.53
K
0.61
1.01
Zn
1.33
0.21
Al
0.51
1.43
Pb
0.65
1.01
Mg
5.52
11.40
Cd
0.001
0.004
Ca
59.21
51.21
Cu
0.04
0.04
Ni
0.18
0.08
Fe
0.04
0.33
Mn
0.08
0.05
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Acacia Senegal and Acacia seyal. Food
Hydrocolloids, 32: 682-689.
4.0 CONCLUSION
FAO (1998). Compendium of Food Additive
The study indicates that AL and TA possesses good
Specifications Addendum 7. Food and nutrition
physico-chemical properties and high levels of essential
paper No. 52 Add. 7. Joint FAO/WHO Expert
minerals such as calcium, magnesium and iron. The
Committee on Food Additives 53rd session
protein and ash contents of the gums are found in
Held in Rome, 1-10 June 1999. Rome: Food
comparatively small amount. The results of this study
and Agriculture Organization of the United
support the gums suitability for industrial application,
Nations,
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ABSTRACT
An extracted vanillin from Foster Clark vanilla flavour for the chemical substitution of toxic carriers
used in aqueous dyeing of polyester fabrics was assessed. The extracted vanillin was used to compare
the dyeing of a woven polyester fabric with two commercial dyes C.I Disperse Yellow 56, and C.I.
Disperse Yellow 50. The vanillin carrier is used for dyeing at 3 % shade at boil, the dye uptakes
increased for both C,I Disperse Yellow 56 and C.I Foron Yellow 50 , while higher at 0.15 g of vanillin
at pH 4 gave 70.4 % exhaustion on C.I Foron Yellow 50 and least on C.I Disperse Yellow 56 gave 0.66
% at pH 11. The wash, heat pressing and light fastness was determined, an excellent wash fastness was
observed at both ISO 2 and ISO 3 wash fastness respectively, given an excellent rating at 4-5. More so,
the light fastness test gives a high fastness rating at an average of 6-7 for both the two commercial
dyes at different pH and concentration used. The study confirms that vanillin can be used as a
chemical substitute to conventional carriers using the aforementioned dyes and gave good wash and
light fastness properties.
Keywords: Vanillin, Polyester, Dyeing, Light Fastness, Wash Fastness
INTRODUCTION
Polyester fibres are difficult to dye with many disperse
azo dyes because of the low rate of dye sorption at
temperatures lower than the glass transition temperature
(Tg=333-353 K); however, the presence in the dyebath
of certain low-molecular-weight compounds (carriers),
which are rapidly adsorbed by the fibre, markedly
accelerates the dyeing rate.Carriers are used for dyeing
of PET fibres in order to improve adsorption and
accelerate diffusion of disperse dyes into the fibre at
low temperature and pressure conditions. Nevertheless,
most of carriers are toxic for humans and aquatic
organisms (Murray and Mortimer, 1971; Yang and
Huda, 2003). During dyeing and rinsing, a large amount
of carriers is released into wastewater, but part remains
entrapped in the fibre (Vigo, 1994) and is likely to be
emitted into air during drying, thermo fixation and later
use (e.g. ironing). Chemical carriers include: phenolics,
chlorinated aromatics, aromatic hydrocarbons and
ethers (Vigo, 1994). Some carriers are said
“hydrophobic” and some are “hydrophilic”, and their
mode of action differ accordingly. Hydrophobic carriers
are more effective than hydrophilic ones (Burkinshaw,
1995). In textile industry, hydrophobic carriers such as
dichloro and trichlorobenzene are already substituted by
hydrophilic carriers such as benzoic acid (Vigo, 1994).
Molecular structure of vanillin is similar to that of
traditional carriers, which confers to all of them a
solubility parameter close to that of PET. Hence it
would be interesting to study the possible use of
vanillin to substitute traditional toxic carriers. Naturally
occurring vanillin in pods is very expensive and was for
a long time replaced by petrochemical vanillin for its
use in poultry food and perfumery. There is now a great
concern for its production using biotechnological
solution: Rhodia markets biosynthetic vanillin prepared
by the action of microorganisms on ferulic acid
extracted from rice bran and today lots of research is

being undertaken to synthesize vanillin from agroresources such as lignin (McShan, 2005). Moreover,
vanillin is antioxidant (Tai et al., 2011) antimicrobial
and anti-mutagenic effects (Walton et al., 2003). But
here attention is given to its extraction using vanilla
flavour due to limited available resources.
Azo dyes are defined as compounds containing at least
one azo group attached to sp2 hybridized carbon atoms,
such as benzene, naphthalene, thiazole and thiophene.
Under normal conditions, azo dyes exist in the more
stable planar transform so that the carbon nitrogen bond
angle is approximately 120°. Azo dyes represent the
largest group of disperse dyes for two reasons:
The ease with which an extraordinary number of
molecular combinations can be generated by varying
the diazo and coupling component. The relatively
simple process by which the dyes can be produced.
Colours that are less typical of simple azo compounds,
such as greenish-yellow and blue are also possible using
more specialized components. These may have
heterocyclic units or cyano substituents.

C.I Foron Yellow 50

C.I Disperse Yellow 56
Fig. 1 Chemical structures of the azo dye used.
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Dyeing
MATERIALS AND METHOD
The samples weighing 1g were dyed in 50ml beakers.
With two different commercial dyes, (C.I Foron Yellow
Materials
50 and C.I Disperse Yellow 56). For each dyeing the
The chemicals used for this work were of analytical
liquor volume was set to 100ml. The amount of each
grade mostly from BDH, May and Baker. These
dye used was 3% o.w.f at a liquor ratio of 50:1. The
chemicals were used without further purification.
dyeing was carried out at a boil for 1 hour at different
Melting points were determined by the open capillary
pH values (4, 5, 7, 9 &11) this was adjusted using
method. IR spectra were recorded using Perkin–Elmer
aqueous potassium hydroxide and hydrochloric acid
model 881 spectrophotometer in the range of 4000–400
accordingly. Then, dyed samples undergo a reduction
cm-1. The chemicals and polyester fabric was purchased
clearing using soda and sodium hydrosulfite for 30 min
from Hadiss chemical stores Ltd., Samaru Zaria,
at 50°C, to remove all physi-sorbed dye molecules on
Nigeria and Cardinal stores and chemical Ltd. Samaru
PET fabric surface. At the end, dyed samples were
Zaria, Nigeria and the fabric was purchased at the
washed twice at 30°C for 10 minutes in distilled water
Samaru market Zaria Nigeria. C.I. Disperse yellow 56,
and dried at room temperature (Nkeonye, 1987).
C.I. Disperse Foron Yellow 50 purchased at Cardinal
Dyeing was carried out using vanillin as carrier.
and chemical stores Ltd Samaru Zaria, Nigeria. The C.I.
Foron Yellow 50 with a melting point of >360 °C,
molecular weight of 331.37 g/mol, UltravioletVisible
(UVVIS) Spectroscopic Analysis at 421nm, while the
C.I. Disperse Yellow 56 with a molecular weight
369.38g/mol,
UltravioletVisible
(UVVIS)
Spectroscopic Analysis at 437nm and melting point at
>360 °C.
Fig. 2: Vanillin structure
EXPERIMENTS
Dyed samples were tested according to ISO standard
methods. Specific tests used were ISO wash fastness
Extraction of Vanillin
No. 2 and 3 respectively. For the fastness to washing, a
500 mls of artificial vanilla chips flavour from Foster
specimen of dyed polyester fabric was washed at 50°C
Clark was transfer into a 250mls separating funnel. This
for 45 minutes. Colour change was evaluated by
was then extracted using 120 mls x 4 of diethyl ether.
comparison with a non-washed specimen. Colour
The solution was shaken vigorously for several minutes,
difference was measured to assess the wash colour
and then the layers were laid to settle down to separate.
fastness: 1- poor, 2 - fair, 3 - moderate, 4 - good, 5 The aqueous layer was separated into a beaker, the ether
excellent. Also the fastness to pressing was also done at
extraction was kept in a round bottom flask. A support
dry, damp and wet to assess the use of heat on the
distillation panel was set to remove and recover the
fabrics.
diethyl ether.
RESULTS AND DISCUSSION
The melting point of the extracted vanillin was found to
At the end of the distillation a yellow colour substance
be at 178-1790C, yield obtained was about 4.65g, and it
was obtained which was transferred into a beaker. The
also showed an absorption at 3173cm-1 due to OH
oil was allowed to settle at room temperature and then it
stretch vibration, 1154-1200cm-1 due to C-H stretch
solidified into a yellowish crystal. This was then
aromatic vibration, 1300cm-1 due to C-H stretch
allowed to rycrystallise below 80°C. (Nunn, 1979). The
aliphatic, 1509-1558cm-1 due to C=C stretch, 1028cm-1
crystal was then allowed to dry over night and the
due to CO stretch, and 1772 due to C=O stretch and
melting point was determined using Gallenkamp
finally, 812.56 due to C-C stretch respectively.
apparatus.

Fig. 3: Infrared spectrum of the extracted vanillin
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Table 1. Percentage Exhaustion of Dyes on Polyester
to pH 7 and then subsequent decrease at basic pH value
Samples Using Vanillin
9 to11 for all the dyes used. This results shows that at
high pH values, electrostatic repulsion between
pH
0.05g
0.10g
0.15g
negatively charged PET, and negatively charged dye
D.Y F.Y D.Y F.Y D.Y F.Y
and vanillin, would make dye adsorption more difficult
4
11.8 62.5 12.5 69.5 12.5 70.4
and would thus decrease the dye uptake. (Ran et al.,
5
7.9 60.9 8.3 63.6 9.0 65.5
2011). Also (Nunn, 1979), affirmed that in an acidic
7
4.9 46.7 5.0 54.3 5.6 57.8
condition less than 4 or in an alkaline bath, more rapid
9
1.98 16 0.66 37.5 0.7 35.6
will occur which can induce serious degradation of
11 0.66 17
3.5 42.6 3.7 62.4
polyester fibres, therefore the bond of attachment of the
where: D.Y = C.I Disperse yellow 56, F.Y.= C.I. Foron
fibre and the dye is weak for dye adsorption and
Yellow 50,
absorption.The results shows a higher percentage
exhaustion when the C.I Foron Yellow 56 was used
Table 2. Exhaustion (%) of Vanillin on Commercial
than the C.I Dispersed Yellow 50, The variation in
Dye without pH Control
exhaustion could be as a result of the closeness to the
Concentration C.I FORON C.I DISPERSE
solubility of the C.I Foron Yellow 50, than the C.I
(g)
YELLOW 50 YELLOW 56
Disperse Yellow 56 and. This was affirmed by (Walton
0.05
61.2
19
et al., 2003): “Dye having the solubility parameter close
0.10
63.6
7.4
to that of the polymer would have high exhaustion”.
0.15
69.1
12.1
This results proves that the effect of pH on dye
exhaustion is greatly dependent on the nature of the dye
Table 1 shows the effect of pH on the dyeing
and the pH used (Walton et al., 2003).
exhaustion of the dyes respectively. It was observed
that there was an increased in dyeing exhaustion at pH 4
Table 3. ISO2 Wash Fastness of the Commercial Dyes Using Vanillin
0.05g
0.10g
0.15g
pH
FY
DY
FY
DY
FY
DY
CS
S CS
S CS
S CS
S CS S CS S
4 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5
5 4-5 4-5 5
4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5
7 4-5 4-5 5
4-5
4
4
5
5
4
4-5 5
5
9 4-5 4-5 5
5
4-5 4-5
5
5
4
4 4-5 4-5
11
5
5
5
5
4-5 5
5
5 4-5 4-5 4-5 4-5
Table
pH
4
5
7
9
11

4. ISO 3 Wash Fastness of the Commercial Dyes Using Vanillin
0.05g
0.10g
0.15g
FY
DY
FY
DY
FY
DY
CS
S
CS S CS
S CS
S CS S
CS S
4-5 4-5 4-5 4-5 4-5 4-5 4-5 5 4-5 4-5 4-5 4-5
4-5
5
4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5
4-5 4-5 4-5 4-5
4
5
4-5 5 4-5 4-5 4-5 4-5
4-5 4-5 4-5 4-5 4-5 5
4-5 5 4-5 4-5 4-5 4-5
4-5
5
4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 5

The ratings vary from good to very good for the dye at
0.05, 0.1 and 0.15g vanillin, at the given pH of 4, 7, and
9, which shows a very good result. While the ISO No.2
wash fastness for the disperse dye shows an excellent
result at 0.05 under the same pH condition. The fastness
results obtained are almost the same, whatever the pH
used. This excellent results could be as a result of the
size and polarity of the dye molecule which reduces it
mobility within the fibre and be reflected in a lower
diffusion coefficient and an attendant increase in wash
fastness because polyester is highly crystalline and
hydrophobic. Both properties restricts diffusion. The
former directly, by presenting a close packed structure
as an obstacle to movement, and the later by reduced
fibre swelling which serves to keep the structure tightly
packed.

There is generally good light fastness for the two dyes.
This results could be as a result inherent photo-stability
of the azo dye molecules, the concentration of the dye
within the fibre, the wavelength distribution of the
incident radiation and the composition of the
atmosphere (Giles, 1974). Also the Dye contain amino
group and hydroxyl group which are hydrogen bonded
onto the azo linkage. The double hydrogen bonding
prevents the tautomerism that is normally feature of
naphthalene based azo dyes by locking the dye in the
azo form, leading to the high level of light fastness
ratings couple with the presence of NO 2, and OCH3 in
the dyes. The good light fastness could also be
attributed to the molecular structure of the dye,
planarity and dye substituent that provided shield from
radiant energy on azo chromophores.
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Table 7 shows the results to fastness to pressing on the
Table 5. Light Fastness of Dyed Samples Using
polyester. The results shows that the commercial dyes
Vanillin
had good to very fastness to pressing.
pH
0.05
0.10
0.15
Pressing fastness can be an important property of
FY DY FY DY FY DY
disperse-dye on polyester, because of the use of heat
4
7
7
7
7
6
7
treatments in the finishing of the fabric. Disperse dyes
5
7
7
7
5
6
7
are not chemically combined with the fibre or fabric,
7
6
5
6
6
7
6
but are mechanically held in solid solution. Thus, when
9
7
6
7
6
6
6
they undergo the influence of heat they are good to
11
6
6
7
6
6
6
vaporise out of the fibre with little or no decomposition
(Hauser, 2011).
Table 6. Light fastness for Neutral Vanillin
Foron Yellow 50
Disperse Yellow 56
Grams (g)
Light Fading
Grams (g)
Light Fading
0.05
6
0.05
6
0.1
7
0.1
7
0.15
6
0.15
7

pH
4
5
7
9
11

Table 7. Fastness to Heat Pressing of the Commercial Dyes
DRY
DAMP
WET
FY
DY
FY
DY
FY
DY
CS
S CS
S CS
S CS
S CS S CS S
4
4
4
1
4 4-5 4-5 5 4-5 4-5 4-5 4-5
4-5 4-5 4-5 4-5 4-5 4-5
4 4-5 4
4-5 4-5
5
4-5 4-5 4
4
4
4
5
5 4-5
5
4
4-5
4-5 4-5 5
4
4-5 4-5
4 4-5 4
4-5 4-5 4-5
4
4-5 5
4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5
5

CONCLUSSION
This study was carried out to study the potential use of
an extracted vanillin molecule for substituting
conventional carriers and its application on two
commercial azo dye (Disperse Yellow 56, and Foron
Yellow 50) and on polyester fabric dyeing process. Best
dye uptake was observed at acidic condition at pH 4.
The study showed that vanillin as carrier allows a
uniform distribution of the various disperse dyes in the
polyester fibre. Thus dye exhaustion was high, there
was an excellent wash/light fastness and heat pressing
fastness. There was an increase in the dye uptake as the
concentration of the vanillin increases. The study also
confirms that dyeing with vanillin can be carried at
neutral pH without addition of other chemicals to adjust
pH. This result also confirms that the dye used in the
study diffuses uniformly inside the PET fibre.
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ABSTRACT
Crushed particles of canarium schweinfurthii (Blackdate) seed shells were used to reinforce general
purpose unsaturated polyester and the properties were studied in this work. Particles of sizes 0.6mm,
1.18mm and 2.36mm with each particle size having a composition weight of 100g, 150g, 180g 200g
and 220g respectively were used as reinforcement. The results showed that the composite produced
from particles of sizes 0.60mm and composition weight of 100g absorbed the least amount of water
with percentage water absorption of 0.89%. The composite from particle size of 1.18mm had the best
tensile strength and modulus of rupture of 69.95MN/m2 and 29.39MN/m2 at composition weight of
180g and 100g respectively.
Keywords: Atili (Blackdate) seed shell, particulate materials, composite materials.
1.0 INTRODUCTION
Composite materials are generally defined as material
made by the combination of two or more materials
(Mazunder, 2000; Hull and Clyne, 1996). They are
compound materials which differ from alloys by the
fact that the individual components retain their
characteristics, but are so incorporated into the
composite as to take advantage only of their attributes
and not of their short comings, in order to obtain
improved material (Chandramohan and Marimuthu,
2011). These materials consist of matrix and
reinforcement which can be metal polymer or ceramics
(Mazunder, 2000). The reinforcement comes in
different forms and shapes (Tjong, and Meng, 1999;
Tjong, et al, 2002; Wan, et al, 2005). Therefore,
composite can be classified based on the type of
reinforcement, as fiber reinforced where fiber is used
and particulate composite where particles are used
(Agarwal and Lawrence, 1980). Composite materials
have high specific modulus, high specific strength, high
resistance to corrosion and this gives them advantage
over metals and ceramics (Tjong, et al 2003; Huda, et al
2007; Muhi, et al, 2009).
The need to cope with limitation of polymers in terms
of low strength and stiffness and to expand their area of
application has led to the use of various kinds of
inorganic fillers such as glass, calcium carbonate
particles, carbon nanotube and aluminum oxide, etc.
(Fu, et al 2008) to form composite. The uses of particles
of cow bone, maize hop, rice husk as particulate
reinforcement are also reported (Bello, 2002). One of
the challenges still faced by material scientists and
engineers is availability of renewable source of raw
materials productions (Callister, 2007). In recent years,
there is high research activities in the use of natural
materials as reinforcement in composite materials,
because they enhance mechanical properties, they are
non-hazardous, cheap and easily biodegradable (Thwe
and Liao, 2002).
Canarium Schweinfurthii (Black date) is an exotic tree
widely spread in Asia and Africa (Israel, 2009). The
fruits are naturally hard which makes it worth studying
as particulate reinforcement material. There is need to

increase on the data base of renewable and
environmentally friendly source of reinforcement
material. Therefore, the use of canarium schweinfurthii
seed shells as reinforcement in unsaturated polyester
resin was studied in this work, with the objective of
investigating the effect of particle size and
reinforcement loading in the matrix.
2.0 MATERIALS AND METHOD
2.1 Material Preparation
Black date fruits were procured from a market in Jos,
Plateau state of Nigeria. The pulps of the fruits and the
seed inside the shell were removed to obtain the shell
which was the part required for the studies. The seed
shells were dried under sun and later transferred to an
oven to dry at 60oC for 5hours to remove the moisture.
The dried black date seed shell was crushed to particle
size of 5-8mm using Tamson 20 Etermer Holland
crusher. Further size reduction was done using grinding
machine, BBI, Retch Germany to particle size of
0.60mm-2.36mm. The ground samples were sieved into
particle sizes of 0.6mm, 1.18mm and 2.36mm using
ASTM sieve.
2.2 Production of the Particulate Composite
The composite was produced in a rectangular mild steel
mould of size 21 x 16 x4 cm which was cleaned to
remove particles and the mould was coated with
releasing agent. After the preparation of the mould,
polyester mix was prepared by measuring 200ml of
polyester in a beaker and 2ml of methyl ethyl ketone
catalyst was added to the polyester and mixed using a
stirring rod for 5 minutes. 2ml of cobalt accelerator was
then added and stirred for another 2 minutes. To this
mixture, 100g of the 0.60mm particles of black date
was added and mixed. The mixture was poured into the
prepared mould and left to cure for 24 hours, after
which it was removed and placed in the oven to post
cure at 60oC for 3 hours. The same procedure was used
to produce other samples using particle weights of
150g, 180g, 200g and 220g for the same particle size.
Particle sizes of 1.18mm and 2.36mm were used to also
produce composites from 100g, 150g, 180g, 200g and
200g respectively.
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2.3 Characterization of composite produced
A5, A55; B1, B11 to B5, B55 and C1, C11 to C5, C55
of Figures 5 to 8 were used as sample labels to describe
2.3.1 Mechanical properties
the photomicrographs based on particle sizes and
The composites produced were cut into test samples
weight of blackdate seed shells used. Sample A11 is a
using ASTM standard. The tensile test analysis was
repeated sample of A1; and etc.
conducted with Tensometer, serial no. w3179, using
ASTM 638M. The three points loading method was
The photomicrograph of the samples produced which
used for the flexural test using universal testing
shows the variations of the above properties with
machine Cat Nr. 261; using ASTM D790M.
composition of Atili seed shell are shown in Figures 5
to 7.
2.3.2 Physical properties
Water absorption of the reinforced polyester was
4.0 DISCUSSION OF RESULTS
determined by 24 hours’ immersion of samples in water
The density test result obtained for the particulate
at 25o C, after conditioning the samples according to
composite samples produced from particle size of
ASTM method. The water absorption was evaluated
0.6mm, 1.18mm and 2.36mm are shown in Figure 1
using Equation 1 (ASTM D570). The displacement
with the respective composition of 100-220g of
method was used to determine the density of samples
blackdate seed shells. Particulate composite samples
with the samples weighed in air and then in water and
with particle size of 2.36mm had the highest density
the density evaluated with Equation 2 (ASTM D792).
compared to those produced with particle size of 0.6mm
and 1.18mm at composition weight of 220g. This was
expected, as the only contributing factor to the weight is
wetweight  conditionedweight
....
1
Waterabsorbed,% 
x100
the seed shell, therefore the higher the particle size and
conditionedweight
weight used the heavier the weight of the material
weightinai r
…… 2
produced. However, for the 1.18mm sample, it was not
Density 
weightinai r  weightinwa ter
really understood what could have happened, except to
speculate that probably, there wasn’t proper compaction
Weight in air –Weight in water is equivalent to volume
done between 180g and 220g. Shehu et al (2014)
of water displaced.
observed that as the particle size increases, the density
values also increased for palm kernel shell and
3.0 RESULTS
compares favourably with the densities of saw dust
Figures 1 to 4 presents the effects of composition of
particle sizes and those of coconut shell. All these
blackdate seed shells on physical and mechanical
particulates mentioned are of the plant origin, similar to
properties of composite materials. Figures 5 to 8
the blackdate.
presents the optical micrograph of composites and pure
polyester samples at 200X magnification. A1, A11 to

Figure 1: Effect of Composition of Blackdate Seed Shell on Density of Composite material
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Figure 2: Effect of Composition of Blackdate Seed Shell on Water Absorption of Composite material

Figure 3: Effect of Composition of Blackdate Seed Shell on Tensile Strength (UTS) of Composite Material

Figure 4: Effect of Composition of Blackdate Seed Shell on Modulus of Rupture (MOR) of Composite Material
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Figure 8: Photomicrograph of Pure Polyester Composite Sample with 200X magnification
Figure 2 indicated the water absorption test results
obtained for the particulate composite material
produced from particle size of 0.6mm, 1.18mm and
2.36mm with the respective composition of 100-220g of
Atili (blackdate) seed shells. Particulate composite
samples produced with 0.6mm particle size and
composition weight of 100g absorbed less water as
shown by result in Figure 2. The smaller the particle
sizes, the more closely packed and less void; except for
the sharp rise at 180g for the 0.6mm particle which
looked contrary. Probably error occurred and more
voidage opened resulting in more water occupation.
Figure 3 indicated the tensile strength test results (as
indicated by its ultimate tensile strength) obtained for
the particulate composite material samples produced
from Atili (blackdate) seed shells. The particulate
composite samples produced from 0.6mm showed
lower tensile strength (TS) compared to that of the
1.18mm. Comparing the effect of particle size on the
tensile strength, it was observed that the particle size of
0.6 mm had its highest tensile strength of 54.67 MN/m2
at 220g composition, and the least tensile strength of
42.15 MN/m2 at 100g composition. The tensile strength
of the particulate composite material produced from
particle size of 1.18mm was found to increase with
increase in filler content with the highest value of
69.95MN/m2 at 180g composition after which the
tensile strength starts to drop. The least tensile strength
with a value of 35.92MN/m2 was recorded at 2.36mm
particle size with 200g weight composition. It can be
observed that the polyester reduces the filler – filler
interaction and thereby increase the tensile strength of
the composite materials. Nwanonenyi et al (2013)
observed that stiffness of composite is improved on
addition of filler and thereby enhances the properties of
the matrix. The composition weight ratio of the filler to
polymer based matrix is an important factor to be
considered in order to ensure the filler actually performs
its function of modifying the mechanical properties of
the polyester resin.
Figure 4 indicates the Modulus of Rupture (MOR) test
results obtained for the particulate composite samples
produced from Atili (blackdate) seed shells with respect
to composition i.e. 100-200g. Particulate composite
samples produced from 1.18mm showed better strength
properties compared to those produced from 2.36mm
and 0.6mm under the same Atili (blackdate) seed shells
composition. This may be attributed to the fact that

particles are effective in enhancing the stiffness of the
composites but do not offer the potential for much
strengthening. It was observed that the MOR of the
samples produced in Figure 4 decreased as the
composition of Atili (blackdate) seed shell weight
increased. The particle size of 1.18mm with
composition weight of 100g had the highest MOR value
of 29.385MN/m2, and the least value was recorded at
0.6mm particle size with composition weight of 100g.
Here, it can be observed that the MOR value does not
follow the trend that says voids between particles are
occupied by smaller particle give rise to minimum void
volume for maximum packing of polymer – filler in the
composite. This deviation may be attributed to the
nature of the Atili (blackdate) seed shell.
Figures 5, 6, and 7 shows the photomicrograph for 0.6
mm, 1.18 mm and 2.36 mm particle sizes respectively
with 200X magnifications, and also with respect to the
compositions. These Figures indicate the deviation in
the properties of the particulate composite material
samples produced from the pure polyester composite
and as seen from the photomicrograph, which shows the
structures of the samples and this can be said to
attribute to their change in mechanical properties of the
particulate composite materials. Those white-spotted
portions on the photomicrograph simply represent
improper interaction between the particles and polyester as a result of improper mixing. Figure 8 show a
photomicrograph of pure polyester composite sample
with 200X magnification. It can be seen as plain
without the Blackdate particles.
Based on the result obtained in this research work, the
properties of the polyester resin were modified under
the aforementioned conditions as discussed above,
though, quantitatively, no comparison could be made to
the values obtained from literature as no exact work has
been carried out i.e. under the same experimented
conditions.
5.0 CONCLUSIONS
Based on the results obtained from the analysis of the
samples produced from this research work, the
following conclusions can be validly made:
The particulate composite material from 2.36mm had
higher density compared to that from 0.6mm and
1.18mm produced under the same set of conditions;
hence, for applications requiring high density materials,
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acid)/newspaper fibers/talc hybrid composites,
composite samples produced from 2.36mm is
Composites: Part B, 38, 367-379
preferable.
Hull, D., Clyne, T. W. (1996), An Introduction to
The particulate composite material from 0.6mm had
Composite Materials 2nd Ed. Cambridge University
better water resisting ability and dimensional stability
Press, London, pp1-5
compared to that from 1.18mm and 2.36mm produced
Israel, J.J. (2009), Production of Biodegradable Grease
under the same set of conditions, hence, for applications
from Atili (blackdate) oil. B. Eng. Thesis.
requiring material usage in humid areas, composite
Department of Chemical Engineering, Ahmadu
samples produced from 0.6mm particle size is
Bello University, Zaria.
preferable.
Mazunder, S. K. (2000), Composites Manufacturing
The particulate composite material from 1.18mm had
Materials Product and Process Engineering CRC,
better strength properties compared to that from 0.6mm
Florida, pp 5
and 2.36mm produced under the same set of condition;
Muhi, R. J., Najim, F. M., De Moura, F. S. F.,(2009),
hence, for applications requiring high stressThe effect of hybridization on the GFRP behavior
withstanding or tough material, composite produced
under high velocity impact, Composites, Part B, 40,
from 1.18mm is preferable.
783-803
In addition, better properties were observed for particle
Nwanonenyi, S.C., Obidiegwu, M.U. and Onuegbu,
size of 0.6mm and 1.18mm; hence, the lower particle
G.C. (2013), Effects of particle sizes, filler contents
size of the samples, the better the particulate composite
and compatibilization on the properties of linear
material produced.
low density polyethylene filled Periwinkle shell
Finally, the properties of the particulate composite
powder. International Journal of Engineering and
materials produced conformed to the properties of
Science, 2 (2): 1 - 8
embossed particles; hence, they will be suitable for
Shehu, U., Aponbiede, O., Ause, T. and Obiodunukwe,
applications such as: door panels, circuit board,
E.F. (2014), Effect of Particle Size on the
architectural paneling, cabinet wainscots, roofing tiles,
properties of Polyester/ Palm Kernel Shell
display unit and various decorative designs.
Particulate Composites. Journal of Materials and
Environmental Sciences 5 (2): 366 - 373
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ABSTRACT
High energy requirement of vapour compression refrigeration systems necessitate the increasing need
for more reliable, flexible and cost efficient cooling systems alternatives. Energy saving potential,
Carbon emission reduction and waste heat utilization of adsorption refrigeration system could be
exploited in this regard. Some of the setbacks that hinder adsorption refrigeration systems from real
mass production and commercialization can be address by the development of relatively low cost,
available and suitable adsorbent materials. This research work seeks to locally produce date-seed
activated carbon and test its adsorptive properties for possible application in adsorption refrigeration
system. Physico-chemical analysis was carried out using standard established procedures. The
average pH-level, porosity, bulk density and iodine number were found to be 9.43, 62.25%, 0.41g/cm3
and 1075mg/g respectively. The Date-seed activated carbon was found to have relatively good
adsorptive characteristic in addition to its availability and relative low cost and therefore could be
used as adsorbent in refrigeration system.
Keywords: Adsorption refrigeration, Physico chemical analysis, Date-seed, Activated Carbon
Introduction
Relative high energy requirement of vapour
compression cooling systems and environmental
considerations further necessitate the increasing need
for more reliable, flexible and cost effective cooling
system alternatives. Energy supply to refrigeration and
air conditioning systems constitutes a significant
percentage of energy consumption in our world. In
1988, the International Institute of Refrigeration (IIR)
estimated that approximately 15% of all electricity
produced worldwide is used for refrigeration and air
conditioning processes of various kinds (Suleiman,
2011). Over population and hence increase in thermal
comfort/process requirements and global warming
keeps this value on the increase. In 2012, a study shows
Refrigeration and air conditioning systems consumes
around 30% of total worldwide energy consumption
(Ahmed, 2012).
Currently, most of the world energy demand for
refrigeration and air conditioning is met by mechanical
vapour compression systems driven by high-grade
electrical power input and utilizes environmentally
harmful refrigerants. Vapour compression systems still
dominate almost all application areas (Ahmed, 2012).
Adsorption refrigeration systems could be a better
option in terms of huge energy saving potential, Carbon
emission reduction and waste heat utilization. In
addition, they have a higher reliability because it has no
moving parts (Mahmod and Ahmed, 2015). Adsorption
refrigeration system uses solid adsorbent that adsorb
and desorb a refrigerant vapour in response to changes
in the temperature of the adsorbent (Li, et al., 2007).
Adsorption
refrigeration
system is
however
characterized by low coefficient of performance (COP),
and hence the strong need to explore other means of
improving the general performance of the system for
continuous and effective operation.

Li and Wang (2007), identified certain disadvantages
which hinder adsorption refrigeration system from real
mass production and commercialization.
These
includes: (i) Long adsorption desorption time; (ii) Small
refrigeration capacity per unit mass of adsorbents, i.e.
low specific cooling power (SCP); and (iii) Low
coefficient of performance (COP). Work is therefore
focused on three main aspects: (i) To apply new cycle
which can recover more heat; (ii) To improve the
adsorbent bed by enhancing the heat and mass transfer
in the adsorbent; and (iii) To develop new adsorbent
material (Li, et al., 2007).
Figure 1 and Figure 2 shows a typical adsorption
refrigeration cycle and a Clapeyron diagram of the ideal
adsorption cycle respectively.
According to Alghoul, et al., (2007), the important
considerations inﬂuencing the choice of a suitable
adsorbent are:
i.
Adsorption of large adsorbate under low
temperature conditions to yield good COP.
ii.
Desorption of most of the adsorbate when
exposed to thermal energy.
iii.
Possession of high latent heat of adsorption
compared to sensible heat.
iv.
No deterioration with age or use.
v.
Non-toxic and non-corrosive.
vi.
Low cost and availability.
Considerations (i) and (ii) tend to be mutually
exclusive, although while Activated carbon seems to
strikes the best compromise. Other adsorbents materials
includes: Silica-gel, Zeolite, Activated-alumina,
Calcium chloride, Metal oxide etc.
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Figure 1: Adsorption Refrigeration cycle
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Figure 2: Clapeyron diagram of the ideal adsorption cycle (Suleiman, 2011)
The Date palm (phoenix dactylifera. L) locally called
Dabino as shown in Figure 3 has been an important
traditional crop and a staple food of the Middle East and
some part of the world for thousands of years. Under
average conditions, date-seeds are burned to yield about
60% parts by volume, or 25% parts by weight of
charcoal (FAO, 2014).
The aim of this research is therefore to produce and
analyse the adsorptive properties of Date-seeds
Activated-carbon as an adsorbent for use in adsorption
refrigeration applications. This is achieved through the
following specific objectives to:
i.
produce activated carbon locally using dateseeds.
ii.
determine the pH, porosity, bulk density and
amount of iodine of both the activated and
non-activated date-seeds
carbon using
Physico-chemical analysis.

Figure 3: Date-seeds (FAO, 2014)
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Adsorptive properties test
The standard test method for the determination of
activated carbon pH (ASTMD3838-80) was adopted,
Materials and Method
bulk density and porosity (Ekpete and Horsfall, 2011)
was used, also, the amount of iodine adsorbed was
Materials
determined using the procedure of Abdul-Halim et al.,
Date fruits were collected from local market in Zaria,
(2001).
Nigeria. The seeds were removed from the fruits,
washed thoroughly with water, cut into smaller bits,
Discussion of Results
rinsed with distilled Water, air-dried and later oven
dried at about 100°C for 6hrs. The oven dried datePreliminary Proximate Analysis Result
seeds sample were carbonised. Part of the carbonised
Comparative analysis of the experimental results
samples (DSC) were activated to obtain the date-seeds
obtained from the preliminary proximate analysis (for
Activated-carbon (DSAC). Commercial Activateddate-seed carbon) with results obtained by other
Carbon (CAC), Maxsorb III and chemical activation
researchers for carbons prepared from different bioreagents (ZnCl2, HCl, NaOH and NH3) were acquired
materials is presented in Figure 4.
from a scientific store in Kaduna, Nigeria.
The result obtained for DSC showed a low amount of
moisture, relatively low ash content and moderate
volatile content. DSC appears to have the best
compromise, suggesting that the particle density is
relatively small and that the biomaterial has the
potential of being an excellent raw material for
adsorbent production for use in adsorption refrigeration
system. Ash content affects activated-carbon in
reducing the overall activity of the substance (DonauCarbon, 2012). It also reduces the efficiency of
reactivation, the lower the ash content value therefore
the better the activated-carbon for use as adsorbent.
Presence of volatile content (impurities) such as
metallic salts, in the presence of moisture, leads to
corrosion. Metals usually react with water to produce
corrosion.

Six samples were prepared and grouped into A and B.
Group A consists of two samples A and A from the
conventional activated Carbon (Maxsorb III). Group B
consists of four samples B B B and B . B and
B are non-activated Carbon produced from date-seeds
while B and B are activated Carbon produced from
the date-seeds.
Methodology
Carbonisation and Chemical Activation
Carbonisation was carried out (Sodeinde, 2012) using a
muffle furnace for 2hrs at a temperature of 650°C to
produce carbonised date-seeds (DSC). Chemical
activation of the date-seeds carbon (DSC) was carried
out in accordance with Sodeinde (2012). The specimen
was soaked in chemical solution of ZnCl2 for 8 hours, it
was further treated with HCl (0.1M), NaOH (1M) and
Ammonia solution. The moist activated carbon was
placed in the furnace again at 700°C (activation
temperature) to increase the porosity of the activated
carbon. The resulting date-seed activated carbon was
washed with distilled water and dried in the furnace for
2hrs at a temperature of about 110°C.

Comparative analysis of the experimental results
obtained from Date-seed activated carbon with results
obtained by other researchers for activated carbons
prepared from different bio-materials is presented in
Figure 5
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Figure 4: Comparative analysis of the properties of Carbon produced from different bio- materials
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Figure 5: Comparative analysis of the Physico-chemical properties of different activated carbon
Palm derived activated carbon appears to have the
highest Iodine adsorption capacity (1180), however it’s
pH-level (9.8) is far beyond the acceptable limit (9.1 9.5). Besides, palm derived carbon recorded a poor bulk
density. CAC and DSAC with pH-level 9.25 and 9.42
are more preferred than Palm derived [pH limit for
adsorbent: 9.1 – 9.5 (MaxsorbTech, 2015)]. The bulk
density results obtained for DSAC (0.41) as compared
to the result obtained for CAC (0.58) suggests that
DSAC adsorption system has the potential of being
more compact and flexible in nature.
Also, Physico-chemical properties of CAC, DSAC and
DSC are compared and presented in Figure 6.

The comparative analysis shows a significant increase
in the rate of iodine adsorption of DSC from 458 to 753
when activated. This amount (753) for DSAC is below
the value recorded for CAC (1075), it is however within
the acceptable limit [iodine number ≥ 400mg/g (John,
2014)] indicating tendency of DSAC to adsorb and
desorb adsorbate in response to temperature change.
Size of adsorber bed for DSAC system can be slightly
increased to obtain equal particle mass per unit volume
with CAC system. In most situations (with some few
exceptions), bulk density is inversely related to the
porosity of a substance, the more porous the substance
the lower the value of the bulk density (John, 2014)
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Figure 6: Comparative analysis of the Physico-chemical properties of CAC, DSAC and DSC
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ABSTRACT
Zinc sulphide (ZnS) thin films were deposited from inorganic reagents (solution electrolytes) using a
two electrodes electrochemical cell. The film’s thickness and particle distribution were determined by
Surface profiler. The film’s particles are continuous but not uniformly distributed across the substrate
and the thickness was determined to be 70 nm. X-ray diffraction (XRD) study indicated that the film
possesses Zinc blend cubic structure. Crystal size and inter-planar spacing were estimated as 0.36 nm
and 0.29 nm respectively. Optical characterization showed that the film has poor absorbance in the
visible light region while transmittance is enhanced as wavelength increases. Energy band gap of 3.49
eV was estimated for the film. I-V characteristic of ITO/ZnS/Ag is linear indicating possibility of an
ohmic contact between ITO substrate and ZnS film and also between ZnS and Ag. Thus, this study
demonstrates that ZnS thin film can be a good recipe for window layer of tin film solar cells.
Keywords: Electrodeposition, Characterization, Zinc Sulphide, thin films, Photovoltaic
INTRODUCTION
The window/buffer layer of most thin film solar cells at
present are made of cadmium sulphide (CdS) thin films
deposited mostly by chemical bath deposition (CBD).
CdS contains Cadmium which is very harmful to the
environment. More so, the CBD technique is a batch
process which produces large amount of waste product
which enlarges the amount of Cd waste introduced to
the environment. Thus, there are needs to produce Cd
free window/buffer layer using deposition technique
that introduces less waste to the environment.
Zinc sulphide thin films is II–VI semiconductor with a
wide band gap which is suitable for applications in solar
cells. It is nontoxic to human body, very cheap and
abundant (Kassim et al., 2010). Several deposition
techniques such as CBD (Sanap and Pawar, 2011, Liu
et al., 2011, Oladeji and Chow, 1999 and Ndukwe,
1996), Chemical vapour deposition (Shibata et al,
1987), Organomettallic chemical vapour deposition
(Wright and Cockayne, 1982), electron beam
evaporation (Benoit et al, 1988), Atomic layer epitaxy
(Hunter and Kitai, 1988), and RF sputtering (Warren et
al., 1983) have been used to produce Zinc Sulphide thin
films. All these techniques produce good quality films
but required highly cost vacuum equipment and/or
expensive chemicals. They also waste most of the
starting materials since not all ZnS precursors deposit
on the substrate. Thus, adding to the cost of production.
Electrodeposition technique uses little amount of
electrolyte and the electrolyte can be used several round
and thus, save cost as well as amount of waste introduce
to the environment. This technique has been used by
Kassim et al., (2010) and Sanders and Kitai (1990) to
prepared ZnS thin but they both used three electrodes
which implies the use of reference electrode that may
introduce impurity to the thin films. This study

therefore aimed at synthesis and characterization of
Zinc sulphide thin films using two electrodes electrodeposition technique.
MATERIALS AND METHODS
The Zinc sulphide thin films were deposited using two
electrodes electro chemical deposition technique as
earlier reported by Taleatu et al., (2011). The substrate
employed in this study was Indium tin oxide (ITO)
coated soda lime glass and was prepared using cleaning
method. The starting materials for preparing the
electrolytic bath for deposition of Zinc sulphide (ZnS)
thin films were Zinc acetate (C4H6O4 Zn.2H2O) as a
source of Zinc ion, sodium thio sulphate pental hydrate
(Na2S2O3.5H2O) as a source of sulphur ion and tetraoxo-sulphate six acid (H2SO4) to adjust the pH of the
bath. They were all of analytical grade from sigmaAldrich and were used as received. The solvent
employed is distilled water from Chemistry laboratory,
Obafemi Awolowo University, Ile-Ife, Nigeria.
Zinc acetate (2.20 g) was dissolved in 1000 ml of
distilled water to make 0.01M of Zinc acetate. 62.04 g
of sodium thio sulphate was dissolved in 1000 ml of
distilled water to make 0.25 M of sodium thio sulphate.
25 ml of 0.01 M of Zinc acetate was measured into
glass container; 25 ml of 0.25 M of sodium thio
sulphate was also measured and added to the content of
the container. 5 drops of 0.05 M of H2SO4 was added to
the entire mixture and already well arranged substrates
with cover were inserted. A cathodic voltage of 0.9 V
was applied, the starting current was observed to be
0.750 mA and the stopping current was observed to be
0.170 mA. The deposition period was measured to be
21:19 minutes. The thin film was removed, rinsed with
distilled water and kept in sample holder for
characterization.
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of ZnS thin films to be used for window layer of thin
The electrodeposited zinc sulphide thin films were
film solar cells as stated by Liu et al., (2012).
characterised using Surface profiler to determine the
thickness and study surface roughness, XRD to
Structural study of ZnS thin films
determine its structure, Uv-visible spectrometer to study
The structure of the film was studied using XRD. The
its optical properties and four point probes to determine
XRD pattern of the film is as shown in Fig.2
the electrical properties of the films.
RESULTS AND DISCUSSION
Surface Roughness study and measurement of
thickness of ZnS thin films
The surface roughness and thickness of the film was
studied using surface profiler. Fig, 1 shows the surface
profile of the film.
The above figure reveals that, the film is continuously
though not uniformly distributed on the substrate
surface. The average crystal growth height (film
thickness) is given as 0.07 µm which is the same as 70
nm. This is within the optimal film thickness required

From the pattern, the observed peaks are at angle 2θ
equals 30.2o, 35.2o, 43.2o and 50.5o. This gave the
evidence of the crystalline nature of the film. On
comparing the pattern with JCPDS cards, the compound
with the best match was ZnS with Zinc blend cubic
structure. The crystallite was determined to be 0.36 nm
while the inter planar spacing was 0.29 nm. This
implies that the thin film is a nanostructured material.
This result is in agreement with Sanders and Kitai,
(1990), Kassim, et al, (2010) and Liu et al, (2012) who
have found various cubic structures for ZnS thin films.

Fig.1 SURFACE PROFILE IMAGE OF THE ZnS THIN FILMS
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Fig.2 XRD PATTERN OF ZnS THIN FILMS ON ITO
COATED GLASS

Fig.4 GRAPH OF %ABSORBANCE
WAVELENGTH (nm)

VERSUS

Optical study of ZnS thin films.
The optical properties of ZnS thin films were studied
using Uv-visible spectrometer. The data obtained from
Uv-visible spectrometer were analysed using the
following formulae:
, where
T=Transmittance, R=Reflectance,

A=

, α = absorption
t=thickness, T=Transmittance,

Absorbance,

coefficient,

, h = Planck’s constant, c=speed of light
and λ=wavelength and
, n =1 for direct and 4 for
indirect band gap.
Thus, the Transmittance, Reflectance and Absorbance
spectrum of the film were plot in the visible region and
they are as shown in Figs.3, 4 and 5:

Fig.3 GRAPH OF %TRANSMITTANCE VERSUS
WAVELENGTH

Fig.5 GRAPH OF % REFLECTANCE VERSUS
WAVELENGTH (nm)
From the Figs. 3, 4 and 5, it can be deduced that, ZnS
thin films transmittance in the visible region varies from
66 % to 71 %. The absorbance varies from 12 % to 19
% and reflectance varies from 14 % to17 %. Thus, the
film is a good transmittance but a poor absorbance and
reflectance of light in the visible region. These results
agreed very well with the work of Sander and Kitai
(1990), Ndukwe (1996) and Liu et al., (2012) that have
found out that ZnS thin film is a good transmittance but
a poor reflector and absorber of visible light.
The energy band gap of ZnS thin films was determined
by extrapolating to the horizontal axis, the graph of α2
versus energy as shown in Fig.6. From the graph, the
direct band gap energy of ZnS thin films was estimated
to be 3.49 eV. This compared well with the results of
Lange, (1973), Sze, (1985), Sanders and Kitai, (1990),
Ndukwe, (1996) and Liu et al., (2012) who have
reported energy band gap ranging between 3.6 eV and
3.85 eV for ZnS thin films.
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simple two electrodes electrochemical deposition
technique.

Fig. 6: GRAPH OF α² VERSUS ENERGY (eV)
Electrical study of ZnS thin films
The electrical properties of ZnS thin film were studied
using four points probe with Keithley source metre and
laboratory tracer software in collinear array mode to
study their resistivity. The I-V characteristics of the
ITO/ZnS/Ag structure were studied using Keithley
source metre with interactive characterization software.
The sheet resistivity of the film was given to be 49.89
Ω/cm and resistivity was calculated to be 4.984 x 10-4
Ωcm. The conductivity of the film was calculated to be
2.01 x 103 Ω-1cm-1. This implies that ZnS thin film is a
good conductor of electricity. The I-V characteristics
curve of ITO/ZnS/Ag structure is given in Fig.7. The
linear curve obtained implies that, the ITO/ZnS and
ZnS/Ag junction are ohmic.

Fig. 7: I-V CHARACTERISTICS OF ITO/ZnS/Ag
STRUCTURE
Conclusion
The results from various characterization reveals that
electrodeposited ZnS thin films are nanostructured
material which are continuously distributed with high
percentage transmittance of visible light and wide band
gap energy coupled with good conductivity is a suitable
material for window layer of hetero-junction thin film
solar cells. Thus, the study conclude that Zinc sulphide
thin films are suitable for window/buffer layer of hetero
junction thin film solar cells and can be fabricated using
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ABSTRACT
Using the Pearson Correlation technique, this paper established significant linear relationship among
pairs of analysed physic-chemical parameters with the determined regulated (regTHMsDBPs) and
emerging (emergTHMsDBPs) Tri-halomethanes Disinfection By-Products in the drinking water
produced by the Ahmadu Bello University water treatment plant. Using standard methods including
the USEPA Method 551.1, selected physico-chemical parameters and the levels of the regulated and
emerging tri-halomethanes were determined. These were subsequently subjected to statistical
correlation analyses. Statistical correlation of pairs of the some of the chemical parameters with total
mean tri-halomethanes, show that total mean regulated tri-halomethanes DBPs (TregTHMs) values
significantly correlated positively with temperature, total dissolved solids (TDS), total organic carbon
(TOC) and residual chlorine values, while significantly correlating negatively with pH. On the other
hand, total mean emerging tri-halomethane DBPs (TemergTHMs) significantly correlated with
nitrates concentration levels (F=0.62578*) while being highly significantly correlating with residual
chlorine (F=5.2670**), total organic carbon (F=13.3882**), total dissolved solids (F=6.2695**) and
pH (F=2.7783**) and total mean regulated THMs (TregTHMs) with F=25.4016**. Similarly, the
resulting grand total THM (GTTHMs) concentration levels (comprising of the regulated and the
emerging THMs) showed highly significant correlation with the total regulated THMs (TregTHMs)
(F=54.9578**) and with total emerging THMs (TemergTHM2)(F=289.2349**) but with pH
(F=3.3757**) as the only physico-chemical parameter. These signify that the concentrations of both
emerging and regulated THMs are both significantly affected by the proportions of the total dissolved
solids, nitrates, total organic carbon and residual chlorine. The generation of these models has
established additional frontier to manipulate the concentrations of DBPs in treated drinking water by
controlling independent physic-chemical variables in the drinking water treatment process. These
predictive models could be safely used to predict the levels of these DBPs even though additional
testing and analyses can enhance the confidence in such recommendation and extrapolation.
Keywords: Regulated and emerging Tri-halomethanes
Correlation, drinking water, carcinogenicity
INTRODUCTION
Trihalomethanes (THM), i.e., chloroform (CHCl3),
bromodichloromethane
(CHBrCl2),
chlorodibromomethane (CHClBr2), and bromoform
(CHBr3) are major organic by-products of drinking
water chlorination, resulting from the reaction of
chlorine with natural organic material and bromine in
source waters (Uden and Miller, 1983; Coleman et al.,
1984). The discovery of these by-products in drinking
water has raised questions about their health hazards
(Jolley et al., 1990, IARC, 1991).
Trihalomethanes were the first new drinking water
regulation EPA issued after passage of the 1974 Safe
Drinking Water Act. The agency had the responsibility
to produce all of the supporting information, and in
quite considerable detail, and use that information, be it
toxicology, analytical chemistry, occurrence, treatment
technology, costs, economic impact, to craft its
regulation (EPA, 1974).

Disinfection

By-Products,

Pearson’s

Among the many tests undertaken in statistical analyses
to assess the relationship between variable are the
correlation test and regression analysis. While
correlation determines the possibility and the degree to
which pairs of analysed parameters are related,
regression determines if any significant linear
relationship exist. Usually, correlation among pairs is
either significantly positive or significantly negative
relationships in addition to insignificant relationships.
Positive correlation arise when large values of one
parameter in a pair are associated with large values of
the other, while negative correlation occur when large
values of one parameter are associated with small
values of another. While insignificant correlations show
no significant changes in a parameter in a pair as the
other member of the pair in parameters changes. These
statistical tools can be used to determine the
relationships among parameters and undertake a trend
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analyses among these parameters in an experimental
setup.
The studies reported here compared linear relationship
among pairs of analysed physic-chemical parameters
with the determined regulated (regTHMsDBPs) and
emerging
(emergTHMsDBPs)
Tri-halomethanes
Disinfection By-Products in the drinking water
produced by the Ahmadu Bello University water
treatment plant.
MATERIALS AND METHODS
Materials and methods used in this study are in
accordance with the standard methods (APHA, 1998)
especially the USEPA Method 551.1 (1995) as reported
in Shaibu-Imodagbe, (2011), Shaibu-Imodagbe et al.,
(2013, 2014). The details of these are hereby presented.
Materials
Materials used in the study include Sixty millilitres (60mL) screw cap glass vials equipped with cap fitted with
PTFE septa which were washed thoroughly and dried
ready for sampling, Micro syringes of the capacities –
10 µL, 50 µL, 100 µL and 1000 µL, Glass Pipettes of
10 mL size, Pasteur pipette of about 23cm length to
extract solvent and Top loading balance. Others
include ACS Grade ammonium chloride de-chlorinating
agent, ACS Grade sodium sulphate muffle furnaced at
400 o C for a minimum of 30 minutes, Phosphate buffer
prepared by mixing 1% ACS Grade sodium phosphate
dibasic and 99% ACS Grade potassium phosphate
monobasic salts, High purity grade MTBE and Agilent
Gas Chromatograph (GC) Model 19091 – 413
calibrated with commercial standards for disinfection
by-products supplied by Ultra Scientific Analytical
Solutions, North Kingston, RI 02852-7723, USA with a
Certificate of Quality Assurance. All the reagents used
were of Analar grade.
Sampling
Two hundred and fifty two (252) samples were
collected in duplicates longitudinally along the
treatment and distribution system of the Ahmadu Bello
University Drinking
Water
Treatment
Plant
(ABUDWTP). These samples were taken from the
source (raw) water (Kubanni reservoir), the
sedimentation tanks, after chlorination, at the booster
station and at residential house level (Area E Quarters)
(Fig 1). Samples for tri-halomethanes (THMs) analyses
were taken in 60mL glass vials with weighed samples
of ammonium chloride used as de-chlorinating agent.
Care was taken to avoid overtopping or spilling of
sampled water from the vials. The samples were
subsequently stored at temperature of about 4 oC or less
in ice filled jugs in accordance with USEPA method
551.1 (USEPA, 1995).

Methodology
Analyses of the water samples for the THMs were in
accordance with standard methods outlined in USEPA
method 551.1 using Agilent Gas Chromatograph.
RESULTS AND DISCUSSIONS
The results of the physico-chemical parameters as
determined are presented in Tables 1 and 2 while the
correlation analyses are presented in Table 3. Tables 4
show the statistical results for regression analyses.
Over the three years period, the sampled water mean
temperature values as obtained were relatively
consistent among the five weather conditions over the
periods (Table 1). The months of June and July when
the rains are beginning to set in the study area recorded
the highest water mean temperatures averaging 22.8 oC
in 2008, 24.1 oC in 2009 and 23 oC in 2010. On the
other hand the peak harmattan and beginning of the hot
season (January and February) recorded the least mean
water temperatures of 12.3 oC, 15.5 oC and 15.8 oC for
2008, 2009 and 2010 respectively. These values are
reflections of mean daily temperature values of the
study area during the period.
Other results of analysed physical parameters are
presented in Table 2. From this table, the measured pH
values of the treated and distributed water ranged
between weakly alkaline with pH 7.80±0.98 after
chlorination and weakly acid with pH 6.70±0.51 at
household level. These values are within international
acceptable limits for drinking water of slightly acidic to
slightly alkaline range of pH values.
The increase in acidity towards house level could be
due to the intermittent distribution of the produced
drinking water.
This practice favours biofilms
generation and their subsequent decomposition creating
intermediate products (Jakubovics, 1998; LeChevallier,
2000) with tendency to acidify the medium (ShaibuImodagbe, 2011). Conductivity values of the treated
water were 131.00±16.21 µS/cm @ 25 o C in samples
after chlorination and 102.00±27.30 µS/cm @ 25 oC.
These values are considerably lower than the maximum
permitted level of 1000 µS/cm @ 25 oC. Highest
values were obtained after chlorination in the treatment
stage probably due to the calcium hypochlorite used as
a disinfectant and the peak content of chlorides at this
stage of treatment. The treated water also had higher
concentrations of chlorides (12.65±4.06 mg/L) than the
distributed water at household level (0.5±0.087 mg/L).
The variation in chlorides content may also not be
unconnected with the disinfectant used at the treatment
stage. This is despite the initial high values in the raw
water (12.30±3.59 mg/L) which had been precipitated
at
the
sedimentation
tanks.
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11°09'12.54" N 7°39'08.97" E
Fig 1: Google Map Showing the Sampling points for the Assessment of THM - DBPs in Ahmadu Bello University
Drinking Water Supply
Table 1: Sampled Water Temperature Variations during the Sampling Periods
Year
Jan-Feb (Peak
March - May
June July (Onset
August - Sept
Harmattan and
(Mid Hot
of Rains)
(Peak Rainy
Beginning of Hot
Season)
Season)
Season)
2008 (oC)
12.3
21.8
22.8
22.8
2009 (oC)
15.5
21.8
24.1
23.3
2010 (oC)
15.8
22.6
23
22.8
Table 2:

Nov. - Dec.
(Beginning of
Harmattan)
18.1
16.7
18.2

Mean Concentration Levels of Physico-chemical Parameters as Measured in the Water
Samples from the Treatment and Distribution Systems of the ABU Waterworks.
Raw Water
Water after
Water after
Booster Station
Household
Sedimentation
Chlorination
Water
water
7.8 ±1.34
7.60±1.00
7.80±0.98
8.00±1.01
6.70±0.51
83.52±14.75
102.50±25.60
131.00±16.24
121.00± 30.81
102.00±27.30

pH
Conductivity
(µS/cm @ 25 0C)
Chlorides (mg/L)
Total Dissolved
Solids TDS (mg/L)
Total Organic
Carbon TOC (mg/L)
Residual Chlorine
(mg/L)
Nitrates (mg/L)
Sulphates (mg/L)

12.30±3.59
50.50±10.97

0.80±0.16
50.50±9.96

12.65±4.06
51.50±9.88

0.50±0.11
55.00±14.52

0.50±0.087
66.00±7.02

6.57±0.92

4.30±1.73

2.30±0.31

2.40±0.31

2.30±0.28

0.00

0.00

0.05±0.016

0.03±0.016

0.02±0.014

3.00±0.54
40.00±11.55

2.40±0.54
23.00±1.09

0.80±0.28
22.50±1.35

0.80±0.30
24.50±2.99

1.40±0.50
42.00±5.90
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Phosphates (mg/L)
0.39±0.021
0.15±0.019
0.25±0.026
0.15±0.017
0.10±0.012
The total dissolved solids (TDS) ranged between
50.50±10.97 mg/L in the raw water sample to
66.00±7.02 mg/L in the treated household water
sample. The higher TDS values were recorded during
the distribution of the treated water than during the
treatment stage. This may initially be due to the use of
flocculating and liming agents during the treatment
stage; while the upsurge in the TDS concentration
levels could be due to the products of the mineralization
of the intermediate products of decomposed biofilms in
the distribution system. The proportion of total organic
carbon in the raw water (6.57±0.92 mg/L) and the
treated water (2.30±0.31 mg/L) and distributed water to
household level (2.30±0.28 mg/L) exceeded the
maximum total organic carbon levels of 4 mg/L for
source water and 2 mg/L for treated water specified in
the Disinfectants and Disinfection By-Products Rule of
the USEPA (Anon1, 2001).
This may have
implications for tri-halomethane formation during the
drinking water treatment and distribution. The mean
concentrations of residual chlorine in the treatment and
distribution system were found to vary from 0.05±0.016
mg/L in the samples after chlorination to 0.02±0.014
mg/L at household level.
These low mean
concentrations have implications for the safe delivery of
wholesome and potable drinking water to the
consuming community as these may indicate limited
ability to maintain secondary disinfection in the
distribution system. The mean nitrate concentrations
decreased longitudinally along the treatment process
from 3.00±0.54 mg/L in the raw water to 0.80±0.28
mg/L in the sample after chlorination but increased
slightly to 1.40±0.5 mg/L at house level probably due to
the biofilm growth, decomposition and mineralization
as a result of intermittent water distribution. These
values are considerably lower than the maximum
contaminant limit of 50 mg/L allowed in national and
international standards because of the risk of
methaemoglobinanaemia.
The concentrations of
sulphates were found to decrease during the treatment
process from 40.00±11.55 mg/L to 22.50±1.35 mg/L
after chlorination but gradually increased to 42.00±5.90
mg/L at household level. This situation is most
probably accounted for by the growth, decomposition
and mineralization of biofilms generated in the
distribution system due to intermittent water
distribution. Despite this, these values are still within
permissible limits under the national and international
standards which range from 100 mg/L to 500 mg/L.
The mean phosphate concentrations in the treatment
and distribution stages progressively decreased from the
raw water with 0.39±0.021 mg/L to house level water
with 0.10±0.012 mg/L. This trend may be connected to
the use of phosphates as essential nutrients for the

growth and development of biofilms along the
distribution system.
Table 3 shows results of the Pearson’s correlations
coefficients among the pairs of parameters considered.
Some pairs of the physico-chemical parameters
correlated significantly among these physico-chemical
parameters such as pairs like pH with TDS, TOC and
residual chlorine among others. Statistical correlation of
pairs with some of the chemical parameters with total
mean tri-halomethanes, show that total mean regulated
tri-halomethanes DBPs (TTHM4) values significantly
correlated positively with temperature, total dissolved
solids (TDS), total organic carbon (TOC) and residual
chlorine values, while significantly correlating
negatively with pH (Shaibu-Imodagbe, et al. 2013). On
the other hand, total mean emerging tri-halomethane
DBPs (TemergTHMs) significantly correlated with
nitrates concentration levels (F=0.62578*) while being
highly significantly correlating with residual chlorine
(F=5.2670**), total organic carbon (F=13.3882**),
total dissolved solids (F=6.2695**) and pH
(F=2.7783**) and total mean regulated THMs
(TregTHMs) with F=25.4016**.
Similarly, the
resulting grand total THM (GTTHMs) concentration
levels (comprising of the regulated and the emerging
THMs) showed highly significant correlation with the
total regulated THMs (TregTHM4) (F=54.9578**) and
with
total
emerging
THMs
(TemergTHM2)(F=289.2349**)
but
with
pH
(F=3.3757**) as the only physico-chemical parameter.
These signify that the concentrations of both emerging
and regulated THMs are both significantly affected by
the proportions of the total dissolved solids, nitrates,
total organic carbon and residual chlorine. Also, this
trend indicates that the proportions of both regulated
and emerging THMs are significantly affecting each
other. From the point of view of the grand total THMs,
this showed highly significant positive correlation with
only pH (F=3.3757**) among the physical parameters.
This indicates that large values of the total mean
emerging and regulated tri-halomethanes-DBPs are
associated in this study with large values of
temperature, TDS, TOC and residual chlorine and
nitrate levels in some instance while large values of the
grand total mean tri-halomethanes (GTTHMs) are
associated with low values of pH (high acidic
condition) as had been documented in literature, (WHO,
2008). Also, the only significant correlation between
pH and the resulting mean total of the regulated and
emerging THMs could indicate that the degree of
acidity is the major physico-chemical parameter
determining the formation and proportions of the
emerging
THMs
formed.
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Table 3: Results of Correlation Analyses of the Determined Parameters

TEMP
SULPHATES
pH
TDS
TOC
RES CHLORINE
CONDUCTIVTY
NITRATES
PHOSPAHTES
CHLORIDES
TRegTHMs
TEmergTHMs
GTTHMs

Table 4:

x

TEMP

SULPHATES

pH

TDS

TOC

1
0.043647*
-0.60942*
0.570898*
0.422491*
0.447695*
-0.02891
-0.18817
-0.12085
-0.04178
0.427367*
0.302203
0.344784

1
0.3684445
-0.4551253*
-0.4073957*
-0.4064082
0.763764**
0.7563599**
-0.4034518*
0.9781309**
0.1308645
-0.02064
0.026352

1
-0.87124**
-0.85174**
-0.61939**
0.248165
0.371599
0.109219
0.362266
-0.77703**
-0.69341**
-0.72765**

1
0.977227**
0.92446**
-0.62247**
-0.72195**
0.380422
-0.53889*
0.755564**
0.822409**
0.811256**

1
0.906826**
-0.5942*
-0.67417**
0.382191
-0.47822*
0.826595**
0.903848**
0.890409**

RES CHLORINE

CONDUCTIVTY

1
-0.7825634**
-0.8474472**
0.68465334**
-0.5474653*
0.63084925**
0.798191**
0.755422**

1
0.98633176**
-0.8792578**
0.87099692**
-0.0762414
-0.35305
-0.27091

NITRATES

1
-0.8300569**
0.87050963**
-0.1677677
-0.41544*
-0.34312

PHOSPHATES

CHLORIDES

TRegTHMs

TEmergTHMs

GTTHMs

1
-0.558
-0.00433
0.311944
0.217016

1
0.087925
-0.10102
-0.0433

1
0.945713**
0.973776**

1
0.994854**

1

Regression Characteristics of Tri-halomethanes and Physico-Chemical Parameters of sampled drinking waters
Variables
Regression Coefficient
ANOVA F values
Significant F
(R2 )

pH
Total Dissolved Solids
(TDS)
Total Organic Carbon
(TOC)
Residual Chlorine
Nitrates
TemergTHMs-DBPs
TRegTHMs-DBPs

Regression Model

y

TEmergTHMs-DBPs
GTTHMs-DBPs
TEmergTHMs-DBPs
GTTHMs-DBPs

0.4808
0.5295
0.6764
0.6581

2.7783**
3.3757
6.2695**
5.7753**

0.1941
0.1635
0.0874
0.0956

TEmergTHMs-DBPs
GTTHMs-DBPs
TEmergTHMs-DBPs
GTTHMs-DBPs

0.8169
0.7928
0.6371
0.5707

13.3882**
11.4805**
5.2670**
3.9875**

0.0353
0.0428
0.1055
0.1398

TEmergTHMs-DBPs
GTTHMs-DBPs
TRegTHMs-DBPs
GTTHMs-DBPs
GTTHMs-DBPs

0.1726
0.1177
0.8944
0.9897
0.9482

0.6258*
0.4003
25.4016**
289.2349**
54.9578**

0.4867
0.5719
0.0151
0.0004
0.0051

y
y
y
y
y
y
y
y
y
y
y
y
y

 2 .00 E  04 x  0 .5864
 2.00 E  04 x  0.6174
 2 .00 E  05 x  0 .5845
 2.00 E  05 x  0 .6147
 2.00 E  04 x  0.5854
 3.00 E  04 x  0 .6146
 2 .4 E  03 x  0.5851
 3.30 E  03 x  0.6155
 2 .00 E  04 x  0.5851
 2.00 E  04 x  6162
 4 .21 E  01 x  0.2161
 1.42 E  00 x  0.2151
 3 .12 E  00 x  0 .5206

Note that each Regression model is a predictive model for estimating Y variable from known value of X variable
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Relationship Assessment
Further relationship assessment was undertaken using
regression analysis to determine the rate of change of
the determined concentration levels of the regulated and
emerging tri-halomethanes disinfection by-products as a
function of the concentration levels of assessed
physico-chemical parameters. Among these paired
assessments, the rate of change of the mean regulated
total tri-halomethanes were found to vary significantly
with changes in temperature, pH, total dissolved solids,
total organic carbon, residual chlorine and nitrates.
These, generated respective models by which the level
of tri-halomethanes can be predicted with some degree
of certainty based on fixed or predetermined level of
these
physico-chemical
parameters.
These
characteristics are presented in Table 4
Table 4 also show that average values of six of the
determined physico-chemical parameters create
statistically significant conditional expectation in the
average values of total mean tri-halomethanes for any
fixed value of these physico-chemical parameters
(Shaibu-Imodagbe et al., 2013).
Among these
parameters are temperature, pH, total organic carbon,
and residual chlorine already identified in literature as
factors affecting concentration levels of trihalomethanes in drinking water. In addition, this study
increased the frontier of categories of these parameters
to include total dissolved solids (TDS), and nitrates. It
is noteworthy that seasonal influence was found
insignificant despite temperature effect. This is likely
due to the fact that only temperature is the influencing
factor across seasons influencing the levels of the total
mean tri-halomethanes.
It also determined predictive models showing the
dependent relationship between the total mean trihalomethanes and these physico-chemical parameters.
Based on these models, it is possible to predict the
concentration of the total mean tri-halomethanes with
any predetermined concentration of the independent
physico-chemical parameters in the sampled waters.
However, the means of the total THM values were
found to be higher in all the treatment segments and
finished water (in the Booster station and Household)
than the Nigerian standard maximum permissible limit
of the compounds (0.001 mg/L) SON, (2007). In
addition, this study identified additional trihalomethanes disinfection by-products (emerging
THM-DBPs) in the treated drinking water which are
known for their suspected and recognised
carcinogenicity and genotoxicity. They are also known
to cause narcosis, nausea, dizziness, headache, damage
to the liver and kidney damage as well as central
nervous breakdown. They also cause reproductive
disruptions and irritations on the skin, the mucous
membrane, the eyes and the respiratory tract (WHO,
2008). The proportions of these emerging THM-DBPs
were found to account for over 90% of the

concentrations of the total tri-halomethanes determined
at each stages of the treatment and distribution system
where they were observed. This adds to the worry in
addition to the health impacts of THMs in our drinking
water supply. Statistically, the range of measured total
mean regulated tri-halomethanes measured as TTHM4
showed significant linear regression with temperature,
pH, total dissolved solids, total organic carbon, nitrates
and the residual chlorine of the sampled waters.
In this study, predictive models were found for most of
the regulated and emerging THMs and the Totals of the
THMs and their concentrations.
This opens up
additional avenue or alternative to manipulating the
concentrations of the THMs in our drinking water
supply. This additional alternative requires the control
or manipulation of some of independent physicochemical properties of the water under treatment to
restrict the levels of THM DBPs in drinking water. This
alternative may hold the key to controlling the levels of
these DBPs in drinking water supply in addition to the
control of DBPs precursors like dissolved organic
matter through physically controlling the wastewater
discharges from Samaru Village and effluent from
waste dump behind ICSA Ramat hostels. This is geared
towards minimizing and controlling the concentrations
of these DBPs in the treated water. These generated
predictive models which could be safely interpolated to
predict the levels of the regulated and emerging trihalomethanes disinfection by-products at any predetermined conditions of these independent physicchemical variables of temperature, pH, total dissolved
solids, total organic carbon, nitrates and residual
chlorine of the Ahmadu Bello University treated
drinking water during the sampling period. However,
care must be taken in extrapolating the results of these
models to the treated drinking water outside the
sampling period and indeed to other drinking water
supplies unless backed with additional sampling and
assessment.
CONCLUSION
This study found Ahmadu Bello University treated
drinking water to be USEPA and EU compliant with
respect to the regulated THMs since the total mean trihalomethane (THM) values were lower than the MCL
(maximum permissible levels) for the TTHMs
stipulated by both USEPA and EU (and WHO)
standards of 0.08mg/L and 0.1 mg/L respectively.
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ABSTRACT
This study was carried out to examine the catalytic effects of Single Super Phosphate (SSP) with Wood
ash on the production of biogas from Cow Dung. The study was carried out in four identical reactors
to enable variation of the catalyst combination (100gSSP/50gWoodash, 150gSSP/75gWoodash and
200gSSP/100gWoodash). The research showed that SSP and Wood ash could reduce the lag phase in
anaerobic digestion of cow dung. The control which was Cow dung digested without any catalyst had
the longest lag phase of 7.5 days as compared to 5.9 days for those digested with catalyst. At the end of
32 days digestion period, total volume of biogas produced across the digesters were 0.0906m3 (no
catalyst), 0.0973m3, 0.0937m3, and 0.1141m3 (200gSSP/100gWood ash), which indicated an increment
with increase in catalyst. The Modified Gompertz equation was applied to describe the cumulative
biogas generation. The Biogas production Kinetic Constants estimated by the linear regression method
using the solver function in Microsoft Excel as well as other characteristics obtained for the four
digesters were 0.0037m3/day 0.0036m3/day 0.0045m3/day and 0.0056m3/day for Biogas Production
Rate and 0.0893m3, 0.0841m3, 0.0977m3 and 0.1188m3 for Biogas Production Potential. The average
temperatures of the digesters recorded were 35.20 oC, 35.30 oC, 35.17 oC, and 35.18 oC respectively
while the average ambient temperature observed during the study was 36 0C which were within the
mesophilic range.
Keywords: Biogas, Cow Dung, Single Super Phosphate, Wood ash, Modified Gompertz equation
INTRODUCTION
There is a great deal of environmental pressure in many
parts of the world to ascertain how livestock waste can
best be handled. These wastes in the absence of
appropriate disposal methods can cause adverse
environmental and health problems such as pathogen
contamination, greenhouse gases, air borne ammonia
and odour. Anaerobic Digestion has been considered as
waste to energy technology, and is widely used in the
treatment of different organic wastes like, municipal
solid waste, sewage sludge, food waste, animal manure
among others. Anaerobic treatment comprises of
decomposition of organic material in the absence of free
oxygen resulting in the production of methane, carbon
dioxide, ammonia and traces of other gases.
Environmental quality has been largely affected as a
result of excessive use of petroleum base fuel. The
detrimental consequences of the fossil based fuels and
the depleting supplies of crude oil products have
prompted and triggered the search for renewable
alternative energy. Biogas production will go a long
way in reducing over dependency on fossil fuels, in
addition to ameliorating the menace and nuisance of
urban wastes. Biogas as a renewable energy source
could be a relative means of solving the problems of
rising energy prices and creating sustainable
development in Nigeria. It is one of the cheapest forms
of energy and hence will serve as a way of creating
wealth.

Igboro (2011) stated that, with the rapidly increasing
waste generation threatening to prevent humans from
carrying out their activities for lack of space, the society
is therefore faced with the choice to either allow this
biomass waste to continue polluting the environment,
methane and carbon dioxide production to continue to
increase global warming or boldly take the initiative of
converting the biomass into alternative energy.
Energy is central to nearly every major challenge and
opportunity the world faces today. Be it for jobs,
security, climate change, food production or increasing
incomes, access to energy for all is essential. Part of the
United Nations Sustainable Development Goals is to
harness the potential of other sources of energy other
than fossil fuel which is clean and sustainable.
Sustainable energy is opportunity - it transforms lives,
economies and the planet. At the UN conference held in
France, December 2015 on climate action, the
following were revealed;
i.
ii.
iii.
iv.
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One in five people still lacks access to modern
electricity
Three billion people rely on wood coal,
charcoal or wood fuel for cooking
Energy is the dominant contributor to climate
change, accounting for around 60 percent of
total global greenhouse gas emissions
Reducing the carbon intensity of energy is a
key objective in long term climate goals.
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It is important to note that in biogas, the substrate
biogas or time taken for bacteria to acclimatize to the
basically organic wastes helps in environmental
environment in days
cleanup, it produces lower CO2 emissions compared to
The Constant A, B and were determined using the
fossil fuels. The sources of Anaerobic Digestion can be
linear regression approach with the aid of the solver
classified as either industrial waste and waste water,
function of MS Excel Toolpak.
Sewage sludge, Farm waste, Municipal solid waste, or
Green waste (Alfa, 2013).
This Gompertz equation was utilized by researchers to
study the cumulative methane production in biogas
Over the years, a lot of research has been made to
production. Zwietetring et al. (1990), and LAY et al.
produce gas from various bio degradable materials. In
(1996) applied this equation to study bacteria growth.
this study, the effect of catalyst on biogas production
Budiyono et al. (2010) and Momoh (2008) also utilized
using Cow Dung was assessed. The effectiveness of
this modified equation to describe biogas yield from
Single Super Phosphate (SSP) and Wood Ash to
cattle manure and co-digestion of horse manure and
accelerate the rate of digestion to produce biogas in
cow dung respectively. Alfa et al (2014) applied this
batch operation was determined. The scope of this
equation to model effects of temperature variability on
research is limited to the studying of effects of SSP and
biogas production from Cow Dung and Chicken
Wood ash on biogas production using cow dung, and
Droppings.
also to calculate the cumulative biogas production
using the modified Gompertz kinetic equation.
RESULTS AND DISCUSSIONS
The experimental results obtained during the
MATERIALS AND METHOD
monitoring period of the study were tabulated and
analyzed using statistical methods. They are presented
Substrate Collection and Slurry Preparation
in tables, graphs, and bar charts, and discussed as
Cow Dung was obtained from Kawo Abattoir Kaduna,
follows.
dried for a period of 3 weeks and pounded to enhance
better mixing. Single Super Phosphate obtained from
Daily Gas Production
Kawo Market Kaduna was pounded also using mortar
Figure 1 shows the influence of time on the volume of
and pestle then sieved and Ash collected from burnt
gas generated. The daily fluctuations in biogas
wood used for cooking were taking together with the
production from Cow Dung are shown by the peaks in
dung to the research site. Partly decomposed slaughter
Figure 1. These fluctuations could be attributed to
house waste was used as Inoculum in this study.
possible variation in environmental conditions which
affected the microbial activities in the system. Figure 1
1.5kg of dried Cow dung was measured using spring
shows that gas production started on the second day of
balance and poured into reactor A1 (Control). Same
set up and the reactor with higher proportion of the
quantity was measured in bio reactor B1, C1, and D1.
catalyst (more percentage of single superphosphate and
100gSSP/50gAsh,
150gSSP/75gAsh
and
wood ash) (D1) produced more biogas.
200gSSP/100gAsh (2:1) was then added into the three
reactors respectively. After which slaughter house
On the 8th day, the gas produced were burnt but a clear
waste (inoculum) with warm water was added to about
blue flame was not achieved indicating the presence of
90% capacity and stirred continuously for about 30s. A
excess carbon dioxide (CO2), however, blue flame was
clear space of 10% of reactor volume was left for
achieved after passing the biogas through water and
fermentation and gas production.
saturated wood ash respectively. From Fig.1, D1
contained more catalyst (200gSSP and 100gAsh) which
Measurement of Gas Production
resulted in higher gas production followed by C1
The gas holder was calibrated to enable the reading of
(150gSSP and 75gAsh) then B1 (100gSSP and 50gAsh).
daily gas production of the four substrates in the
The control A1 has the lowest gas production at the
anaerobic digesters.
early stage but produces more gas just before the final
The daily gas production measurement was done just
days of digestion.
before sun set. The produced biogas was measured by
adopting the method previously described by Alfa et al
Weekly Gas Production from Cow Dung
(2014). It involves computation of the volume of gas
Figure 2 shows the weekly gas production. Although
holder above the water jacket.
gas production started from the first week of setup,
appreciable production was observed in the second and
Model Description of Cumulative Biogas Production
third weeks. In the final week, gas production drops
The Modified Gompertz Kinetic equation is as shown in
significantly. It can be seen that gas production in the
Eq. (1);
bio reactor with more catalyst is lower in the final week
×
as compared to the first three weeks of set up. This is
( − )+1
−
=
(1)
likely as a result of the catalyst which speed up
activities of the bacteria.
3
where; R = Cumulative Biogas Produced (m ) at any
time (t); A = Biogas Production Potential (m3); B =
Monitoring of Operational Parameters
Maximum Biogas Potential (m3/day); = Lag phase
The pH for each of the four substrate were measured
(days), which is the minimum time taken to produce
before and after digestion. The daily temperatures were
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adequately monitored also to determine the daily
Digester (oC)
35.20 35.30 35.17 35.18
temperature of the reaction, in addition to the daily
Ambient (oC)
36
ambient temperature. The following results were
obtained.
Table 2 shows the daily average digester and ambient
pH Before and After Digestion.
Samaru temperature recorded during the digestion
pH of the four substrate were measured immediately
period.
after preparation. The pH value for the control was
neutral (7.0), while acidity increases slightly with
Scrubbing of the Biogas
increase in catalyst. (200gSSP/100gWoodash >
The gas produced were burnt after the daily readings
150gSSP/75gWoodash > 100gSSP/50GWoodash), as
has been recorded. However, Blue flame is an evident
seen below.
of high methane concentration. In the early stages of
burning, pure blue flame was not achieved indicating
Table 1:Nature of reaction (pH) of the Substrate
the presence of CO2 and H2S. The gas was passed
Before and After Digestion
through water and saturated wood ash respectively to
Feedstock pH
A1 B1 C1 D1
achieve blue flame.
Before Digestion 7.0 6.9 6.8 6.7
Biogas Kinetic Parameters
After Digestion 6.7 6.7 6.5 6.5
Biogas production in the four digesters were measured
After digestion, there was general drop in pH across all
until production reduced significantly. The modified
the bio reactors
Gompertz equation was then used to fit the cumulative
daily biogas production which was observed to
Average Daily Digester and Ambient Temperature
adequately describe the biogas production from these
substrates. The estimated kinetic constants using linear
Table. 2 Variation in Digesters and Ambient
regression and other characteristics of the digesters A1
Temperature
to D1 are shown in the Table 3.
Average
A1
B1
C1
D1
Temperature

0.014
Volume of Gas (m3)

0.012
0.01
0.008

A1 (m3)

0.006

B1 (m3)

0.004

C1 (m3)

0.002

D1 (m3)

0
0

5

10

15

20

25

30

35

Retention Time (Days)
Fig. 1: Daily Biogas Production

Nigerian Journal of Materials Science and Engineering Vol. 6, No. 1

171

Shaibu-Imodagbe et al., (2015); Effects of single super phosphate and wood ash on biogas production using cow
dung
120

Gas Production (m3)

100
80
60
40
20
0
1

2

3

4

Weeks
A1

B1

C1

D1

Fig. 2: Weekly Biogas Production
Tab. 3 Composition of Digesters and their Corresponding Kinetic Parameters
Digesters
Quantity of Substrate
Biogas Production
Biogas Production
Rate (m3)
Potential (m3)
A1
1454g Cow Dung
0.0037
0.0893
B1
1454g Cow Dung and
100gSSP with 50gAsh
0.0036
0.0841
C1
1454g Cow Dung and
150gSSP with750gAsh
0.0045
0.0977
D1
1454g Cow Dung and
200gSSP with 100gAsh
0.0056
0.1188
From Table 3, it is observed that digester D1 has the
highest biogas production potential of 0.1188m3 at a
biogas production rate of 0.0056m3/day with a lag
phase of 5.9days. Digester D1 contains more quantity of
SSP and wood ash which is an indication that they are a
good source of catalyst to increase the volume of biogas
production using Cow dung.

, Lag Phase
(Days)
7.54

R
Square
0.9695

5.5

0.996

6.355

0.994

5.875

0.9925

Experimental data and Modified Gompertz Kinetic
Data for Biogas Production
Figure 3 shows the experimental pattern for biogas
production for the four substrates digested, while
Figure 4 shows the corresponding modified Gompertz
model for the digestion
As seen from Figure 5, the Experimental data and
Modified Gompertz data fits perfect except for the final
stage of digestion. This is possibly as a result of sudden
drop in temperature which affected the microbial
activities and subsequently biogas production.

The modified Gompertz equation was observed to
adequately describe biogas production with a goodness
of fit (R2) as shown in Table 3.

0.14

Volume of Gas (m3)

0.12
0.1

A1 Exp

0.08

B1 Exp

0.06

C1 Exp

0.04

D1 Exp

0.02
0
0

5

10

15

20

25

30

35

Retention Time (Days)
Fig. 3 Biogas Yield from the four Substrates
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Volume of Gas

0.12
0.1
0.08

A1 Model

0.06

B1 Model

0.04

C1 Model

0.02

D1 Model

0
0

5

10

15

20

25

30

35

Retention Time (Days)

Volume of Gas (m3)

Fig. 4 Modified Gompertz Kinetic Data

Retention Time (Days)
Fig. 5 Experimental Data Vs Modified Gompertz Data
CONCLUSION
This study identified that single super phosphate (SSP)
and wood ash performed adequately as catalyst in
increasing the volume of biogas produced from the
various substrates using Cow dung. There was increase
in total biogas production for the 32 days retention time
from 0.0906m3 (no catalyst) to 0.1141m3
(200gSSP/100gWood ash), indicating 20.6% increment.
The temperature measured ranged from 25 – 45 oC
which indicate that the digester operated within the
mesophilic temperature range. This study was also able
to show that digesters can conveniently operate within
this range of temperature in Samaru - Zaria (Igboro,
2011 and Alfa, 2013). Modified gompertz kinetic
equation was used to adequately describe the
cumulative of biogas produced with high goodness of
fit (R- square). In addition, the model was used to
predict the biogas production potential for each
substrate digested.
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ABSTRACT
Low aspect ratio pristine Multi-walled carbon nanotubes prepared by carbon vapour deposition
(CVD) were dispersed in Miranol, Cetyl pyridinium chloride and a 50:50 ratio mixture of them. They
were each applied on 100% PET fabric using classical polyester dyeing techniques (exhaust dyeing) as
well as cold padding by 3, 5-minute dip-dry techniques under controlled conditions. Exhaust dyeing
yielded poor, uneven uptake; cold padding gave good, level uptake. The chroma characteristics of the
dyed fabrics conformed to the Kubelka-Munk equation for determining additive reflectance functions.
The polyester fabric became electrically conductive at a percolation threshold between 1-2.5% shade
(owf). The electrical conductivity increased with the concentration of carbon nanotubes, up to 5.0x10-3
S/m at 5 % shade concentration. From the percolation threshold onwards, the conductivity was able to
power light-emitting diodes (LEDs).
Keywords: Carbon nanotubes; sonication; dispersion; cold-padding; exhaustion; electrical
conductivity.
1. INTRODUCTION
In the last two decades, there has been increasing
interest in new materials with unique characteristics.
One of the most interesting is the demands placed on
intelligent and multifunctional fibrous materials which
have active functions in addition to traditional textile
properties. The novel functions were imagined to be
obtained by modifying the textile material or integrating
the active component(s) into the textile structure.
Textile structures on their part, are particularly suitable
for this purpose because they possess the requisite
structure, porosity, flexibility in addition to cheap and
easy processability.
In particular, the demand for electrically conductive
textiles is growing rapidly not only in relation to
industrial needs such as sensing, electromagnetic
interference (EMI) shielding, electrostatic discharge,
data transfer in clothing, dust and germ-free clothing,
corrosion protection, but also for military applications
such as camouflage and stealth technology (Kim et al.,
2006).
As usual, it started with making a conductive polymer
composite which will either be used as-constructed, or
subsequently be fabricated into other preferred forms or
articles. During this period, carbon nanotubes (CNTs)
have established itself as a novel material with
exceptionally unique collection of properties. Its
nanometer dimensions (1 billionth or 10-9 m diameter)
and high aspect ratio (up to 132,000,000:1) in addition
to its high strength, modulus, flexibility, electrical and
thermal conductivity as well as optical characteristics
make them particularly suitable for reinforcement of
metals, polymers and cceramics. Multi-walled carbon
nanotubes (MWNTs) produced by catalytic carbon
vapour deposition (CVD) grow in wavy, entangled
assemblies which hold them together mechanically
(Battisti, 2009). Although they do not poses reactive

groups such as –OH, –NH2, –COOH on their surfaces
or ends, strong electrostatic forces keep CNTs together:
van der Waals forces acting on a high surface area, e.g.
300 m2/g (Sahoo et al., 2010; Choudhary and Gupta,
2011). In addition, the absence of reactive groups
makes them relatively inert in much the same way as
graphene. Consequently, in the pristine form, they do
not classically dissolve, but form poor dispersions in
solvents - a distribution of particles which lack the
capacity to form a homogenous mixture composed of
only one continuous phase.
Achievement of a good dispersion is a prerequisite for
improving the performance of any composite, but this
has yet to be satisfactorily achieved in CNTs (Fiedler et
al., 2005; Sahoo et al., 2010; Chaudhary and Gupta,
2011). This challenge is partly responsible for the
inability to obtain optimum materials’ property
enhancement.
On its part, Polyethylene terephthalate (polyester, PET)
is the most common and popular member of the
thermoplastic-polyester family, and is the third mostproduced
polymer,
after
polyethylene
and
polypropylene.
In its natural form and even after fibre extrusion and
processing to yarns and fabrics, the polymer is
saturated. This explains its relative inertness,
hydrophobicity and therefore its low moisture regain, as
well as resistance to chemicals. The issue of reinforcing
this inert material with an equally inert carbon
nanotubes has proved challenging over the past decade
or so.
Recently, however, there have been reports of PET
fibres prepared by electrospinning (Ahn et al., 2008)
and
melt-spinning
PET
incorporating
acidfunctionalized MWNTs (Yoo et al., 2012). In both
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machine was programmed to increase at 20 °C/min up
cases, the fibres had improved electrical, thermal and
to a maximum of 130 °C. The agitation rate was 15
mechanical properties.
rpm. Dyeing was carried out at this temperature for 1 hr
and then cooled to room temperature at 3°C/min.
2. Experimental
2.1 Materials and Reagents
Plain woven 100 % Polyester (Dacron, 171 g/m²) was
obtained from the Laboratory stores of TECS, College
of Textiles, NCSU, USA. Its details are shown in Table
3.1. Long-length MWNTs prepared by catalytic carbon
vapour deposition using Fe/Co catalysts (average length
– 500 nm) was obtained from TECS, College of
Textiles, NCSU, USA. The short-length MWNTs was
obtained from US Research Nanomaterials Inc.,
Houston, Texas (US 4353): (average length : 0.5 - 2.0
nm; Cetyl Pyridinium Chloride (CPC) was obtained
from
Sigma-Aldrich,
U.S.A.
and
Sodium
Lauroamphoacetate (Miranol) fom Rhodia, U.S.A.
3.
Methods
3.1
Preparatory experimental procedures
3.1.1
Fabric Scouring
The polyester fabric was scoured at 100°C for 30 mins
in a bath containing 2g/l non-ionic surfactant (Primasol
NMB) and 2g/l soda ash at a LR 50:1; It was rinsed
copiously with water and dried.
3.1.2
Dispersion of CNTs
(a)
0.025g of the pristine long-length CNTs was
placed in a 100mls stoppered flat-bottomed flask
containing 50mls of 1% surfactant in de-ionised water
(CPC, Miranol or their 50:50 ratio mixtures). This was
then stirred for 30 mins using a probe sonicator
(Misonix model XL 2020) operating at 550 watts at a
frequency of 20 kHz at room temperature.
(b)
The same procedure as in (a) was repeated
with pristine short-length CNTs.
3.2
Application of CNTs on the fabric
3.2.1
High temperature (exhaust) dyeing method
On its part, polyester is relatively inert, and in fabric
form, in most cases, disperse dyes are used to dye them,
popularly by high temperature (exhaust) dyeing or
carrier dyeing. In order not to tamper with the inherent
qualities of the CNTs by chemicals normally employed
in carrier dyeing, exhaust dyeing was selected as a
suitable method by which they could be applied onto
the polyester fabric.
(a) Baths with normal pH
The Ahiba Nuance top speed dyeing machine was used
to dye the samples using standard high temperature
(exhaust) dyeing techniques normally employed for
100% Polyester fabrics. It has 16 detachable, tightlidded sample containers, uses infra-red (IR) heating
with programmable dyeing temperature and rate of
heating/cooling.
Baths were prepared containing 1 (v/v) % of surfactant
and 0.05 (w/v) % CNTs. Using a liquid-to-goods ratio
(LR) of 50:1; 1 g of fabric was entered into individual
sample containers at room temperature, and the

The same procedure was used to dye fabric pieces in the
surfactant only (henceforth referred to as ‘blank’ or
control).
(b) Baths with adjusted pH
The procedure in 3.2.1(a) was repeated, but with the pH
of the baths adjusted first to 5, and then to 4 using 10 %
acetic acid (to decrease the pH) and 10 % sodium
carbonate (to increase it).
(c) Baths with adjusted pH and electrolyte (sodium
chloride, NaCl)
The procedure in 3.2.1(b) was repeated in the presence
of NaCl (1 w/v) %.
3.2.2 Cold-padding
A bath was prepared containing 1 (v/v) % surfactant
and 0.05 (w/v) % CNTs at a LR 20:1.
Fabric samples (1 g) were impregnated in this bath for 5
mins with occasional stirring, removed and squeezed.
This was repeated 3 times. On the third time, the excess
was squeezed out at 20 % expression using a mini pad
mangle.
This was repeated (i) with bath pH adjusted and (ii)
with bath pH adjusted in the presence of the electrolyte.
The results are as shown in Fig. 4.
4. Analytical techniques
Unless otherwise stated, all analyses were carried out
under standard conditions of testing textile materials
(ASTM International D 1776 - conditioning at 21±1°C,
65±2% relative humidity for 4 hours)
4.1.
Reflectance spectroscopy
The equipment used is a digital spectrophotometer,
Spectralite III-i7 model, supplied by x-rite, USA.
Essentially, it measures chromatic information based on
the CIE L* a* b* colour scales.
The equipment was calibrated using a 6 mm aperture
and the standard white and black discs under standard
laboratory conditions. One after the other, the samples
were mounted in front of the reflectance aperture and
closed. The sample identification data was entered, the
type of test and number of replications were selected in
the CPU software to remove the effects of the the
control from the other dependent variables, and the test
run. The results are shown in Fig.
4.2.
Field-emission
scanning
electron
microscopy (FE-SEM)
The FE-SEM equipment used was obtained from
Phenom Nanoscience Instruments Inc.. It was used to
examine the surface morphology of the fabric samples
at various magnifications. The ultra-high resolution
equipment required that samples should be conductive,
otherwise they needed to be coated with a conducting
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hydrophobic tail, including hydrogen bonding or nonmaterial. The control sample (non-conductive) was first
polar interactions. Miranol is zwitterionic (has two
gold-sputtered in an accessory chamber for 10 mins
quarternary amino groups, –COO¯ Na⁺ and –OH).
before mounting in the analyzer. In the analyzer, the
Zwitterionics are amphoteric, and therefore, behave
sample surface was scanned through various
basically like non-ionics, but can also behave like the
magnifications until the right resolution was obtained;
cationics or anionics, depending on the pH of the
the images were then captured.
solution. Hydrogen bonding between surfactant species
and the solid surface species could occur in systems
4.3. Electrical Conductivity Measurements
containing hydroxyl, phenolic, carboxylic and amine
Three types of equipment were used:
groups on the surfactant. Other forces include lateral
(a) The 2-point probe, Metex auto/manual range
associative interaction, solvation, and desolvation
dual display digital multimeter with PC
(Zhang and Somasundaran, 2006).
interface (M-3860D) by Metex, USA, was
used to measure the resistance between two
4.2 Application of CNTs on the fabric
probes separated by selected distances apart.
When CNTs were adequately dispersed, a black ink-like
solution was obtained. This appearance suggests it can
(b) The 4-point probe, consisting of Keithley 6221
be used in dyeing, printing, painting or any such-like
DC and AC current source and a Keithley
activities. Since the corresponding substrate is a fabric
2182A Nanovoltmeter using a current range ±
and making it electrically conductive is the goal, dyeing
20 E-6 (±20x10-6 A) and a voltage range of 10
it with CNTs appears to be one of the best application
V that automatically takes and averages 250
methods of choice.
readings. It was used to measure surface and
bulk resistivity in high-resistance substrates
5.2.1
High temperature (exhaust) dyeing
over each square unit centimeter or volume.
From available reports (Battisti, 2009; Sahoo et al.,
2010; Chaudhary and Gupta, 2011) and experience
4. RESULTS AND DISCUSSION
during dispersion, the length of the nanotubes is a major
contributor to poor dispersibility, and could therefore be
4.1 Dispersion of CNTs
to uniform application and distribution on the fabric.
In this report, only the effects of surfactants are
This is responsible for the patchy and unlevel dyeing
considered, being the only solvents that do not
obtained and, therefore the need to opt for shorter
classically react chemically with carbon nanotubes. At
nanotubes.
first, long nanotubes were used. Their nanoscale
dimensions and high aspect ratio made them more
Shorter nanotubes gave better dispersions, and were
difficult to disperse, since as the surface area increases,
applied first in acidic conditions of different severities
so does the attractive forces between aggregates. In
(pH 4 and 5). It was observed that some surfactants
addition, each flexible tube associates with its
create a better dyeing environment in more acidic
neighbours over a longer length, and is more likely to
conditions (e.g. Miranol and CPC; pH 4). This
get entangled and aggregate in a liquid medium when
condition also proved better than application in the
left undisturbed, compared to shorter tubes. It is logical
surfactant’s natural pH (unadjusted). Deeper shades
to assume that media that can appreciably disperse long
were obtained in acidic conditions, but addition of NaCl
tubes will invariably perform better with shorter tubes
in the acidic bath further improved both shade and
which was confirmed in this work. When shorter tubes
levelness.
were used, a reasonably better dispersion was achieved
which could remain stable for at least one week.
Cold padding, however, gave better and more level
dyeing under the same bath conditions. With shorter
In this case the surfactants were ranked Miranol
dip-dry times, it eliminates the application of high
(Zwitterionic)>CPC (cationic) >CPC/Miranol mixture.
temperature and its associated equipment and other
controls.
The adsorption of surfactants into inorganic and organic
surfaces usually depends on the chemical characteristics
This explains why this technique was subsequently
of the particles, surfactant molecules, the solvent,
adopted as the application method of choice for all the
concentration of the surfactant, electrolyte, pH,
fabric samples.
temperature, etc. (Vaisman et al., 2006; Zhang and
Somasundaran, 2006).
Acidic dyebath conditions tend to improve absorption
of the CNTs. Dyeing of polyester had always preferred
The driving force for the adsorption of ionic (cationic
acidic conditions, but our peculiar case corroborates the
and anionic) on charged surfaces is the coulombic or
work of Gonçalves (Gonçalves et al., 2012) who
electrostatic interactions e.g. between the surfactant’s
functionalized MWNTs with oxygen-containing surface
positively- or negatively-charged head group and the
groups and incorporated them into cotton and polyester
negatively- or positively-charged surface (CPC is a
fabrics by a process similar to traditional industrial
cationic quarternary ammonium compound); the
dyeing. He concluded that the incorporation efficiency
mechanism by which non-ionic surfactants adsorb onto
was higher in acidic conditions. The presence of an
a hydrophobic surface is based on a strong attraction
electrolyte actually improves levelness. This is
between the solid surface and the surfactant’s
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For all our samples, the K/S values increased with
consistent with the traditional role of electrolytes in
increase in concentration of CNTs (Figs. 4.1 and 4.2).
textile dyeing operations, and is particularly important
because the more niform the application, the better and
4.3.2 Field emission scanning electron microscopy
more consistent the fabric properties-enhancement.
(FE-SEM)
Plate XXIX shows a micrograph of the control sample
4.2.3 Application at different shades
magnified 1000 times. Figs 7b and 7c present the
From the results obtained in section 4.2.2, one of the
fabrics processed in 3.5 % Miranol and CPC
surfactants (Miranol) was selected, mainly due to its
respectively, at the same magnification. The FE-SEM
lower cost and availability, and was used to dye 1 g
images of the plain and the dyed polyester samples are
pieces of fabric to 0.1 %, 0.5 %, 1 %, 2.5 %, 3.5 % and
shown in Fig. 7. The control fabric shows long,
5 % shades (owf). The results, along with their
lustrous, even shiny filaments running along the yarns
corresponding chroma characteristics are as shown in
without any discontinuity along their lengths. There is
Plate XXVIII.
also no sign of broken fibre heads or ends within the
micrograph (Fig. 7a); this is an indication that the fabric
4.3 Analytical techniques
was made from continuous filament yarns, not staple.
4.3.1 Reflectance spectroscopy
The micrograph of the dyed fabric (Fig. 7a and 7b
The transmittance/absorbance of the dispersions before
showed that all the lustre had been eliminated from the
and after dyeing could not be measured because black
fibres. This suggests that some of the CNTs actually
solutions usually absorb all the uv-visible radiation
penetrated into the filaments, and of course, a larger
passed through them and transmit none for detection
percentage can be seen coating the filaments and also
and measurement. The chromatic information obtained
lodged between their interstices. This corroborates the
using the digital spectrophotometer are shown in Figs.5
results from the work of Fugetsu et al., (2009) who
and 6.
impregnated polyester multifilaments in MWNTs
dispersed in a mixture of zwitterionic and anionic
For all the fabric samples, the higher the concentration
surfactants. SEM images revealed a CNT-skin, with the
of CNTs (owf), the lower the values of L* and C*, and
CNTs arranged in continuously interconnected
the darker the shade, and vice-versa (Plate XXVIII). It
networks over the surfaces of the filaments, which
also gave the Kubelka-Munk (K/S) values for
functions as the electrically conductive layer (ECL).
determining additive reflectance for coloured objects.

Fig. 5: CNT concentrations and their chroma characteristics.
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Fig. 6: K/S versus concentration for Miranol (M), CPC and their mixtures (MC).

Fig. 7a: FE-SEM micrographs of the control sample.

Fig. 7c: FE-SEM micrographs of fabric treated with
3.5% CPC.
4.3.3 Electrical properties
Figs.4.3 and 4.4 show the variation of resistivity with
type of surfactant in the warp and weft directions
respectively. Except for MC, adjusting the pH to acidic
conditions and introducing NaCl into the bath
significantly reduced the resistivity.

Fig. 7b: FE-SEM micrographs of fabric treated with
3.5% Miranol.

In each case, the peaks for S, SP and SPE are displayed
for the warp and weft direction; all of them show
evidence of the large difference between application in
S only on one hand, and application in SP and SPE on
the other,
where S – surfactant only;
SP – surfactant in adjusted pH;
SPE – surfactant, adjusted pH + electrolyte
M – Miranol;
C – CPC (Cetyl pyridinium chloride);
MC – Mixture of M and C (50:50);
Wa or wa – warp; and
We or we – weft.
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Fig. 8b: Variation of resistivity with type of surfactant (weft direction).
The electrical resistivity of the samples dyed from 0.15% owf were measured using the 2-point probe at a
probe separation of 3 cm, and the results for both the
warp and weft directions are shown in Fig. 4.11. The
resistivity, ρ, decreased with increase in the
concentration of the CNTs. This implies an increase in
conductivity, σ, in the same manner. The bulk
resistivity, ρ and conductivity, σ, are related by the
equation
σ = 1 ρt ⋯ ⋯ eq. 1
where t is the thickness of the material.
It should be noted that the actual height/peak of the
histogram for 0.1 - 1.0 % owf could not be shown on
this graph because they will practically dwarf or
diminish those of 2.5 - 5.0 %, so that they will appear as
zero.

On the same graph, it can be observed that there is a
sharp drop in resistivity between 1 % and 2.5 %. This
region highlighted the percolation threshold - the
critical concentration above which electrical
conductivity started manifesting in the fabrics. After the
percolation threshold, conductivity increased with
increase in the concentration of CNTs, up to a
maximum of 5.5-6 % (owf), after which the fabric
ceases to absorb more nanotubes.
In Fig. 8, the resistivities were highest when only
surfactants were used, decreased in acidic conditions
and was least when surfactants were used in acidic
conditions in the presence of an electrolyte. CPC gave
the least resistivity, followed by Miranol and then their
mixture.
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adjacent tubes are in contact. The statistical chances of
It is noteworthy that in Figs. 8, the actual peak value of
forming these conductive pathways increases with the
the resistances for Miranol could not be adequately
concentration of the CNTs. In addition, there is a
fitted on these graphs because they are much higher
considerable body of evidence suggesting the presence
than the others in such a way that representing them
of an insulating layer between the nanotube particles
together will diminish the value of the others to almost
even above the percolation threshold, just as is the case
zero.
for other types of conductive fillers (Grossiord et al.,
2008). This implies that the percolating nanotubes may
Fig. 10a and b show the variation in the bulk resistivity
not necessarily be in actual contact with each other and
from control to 5% (owf). In (a) the values for 2.5 – 5%
that conductivity may occur via some tunneling or
are much smaller than the control so that they appear to
hopping process through the insulating layer separating
be zero, but (b) shows the magnified relationship
them. This can only happen if the distance between two
between 2.5 – 5%, while (c) shows the corresponding
neighbouring tubes is below a certain critical value
conductivity from the control to 5% (owf)
(Grossiord
et
al.,
2008).
The conductivity achieved was through a network of
conductive pathways generated by the CNTs when
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Fig. 9: Resistivity as a function of CNT concentration (Miranol).
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6.1
CONCLUSION
Although CNT dispersions are dye-like solutions, they
are not classical dyes and, therefore, should not be
applied onto polyester fabrics as such. The ‘exhaust’
style, a typical, almost traditional method of dyeing
polyester, did not yield good results. Miranol, CPC and
their mixtures gave good dispersions for short periods
of sonication. They were best applied on polyester
fabrics by cold padding, especially short, drip-dry
cycles in acidic dyebaths in the presence of an

electrolyte. After curing, washing with water has very
little noticeable effect on the dyed fabric. For all the 3
surfactants used, the polyester fabric was made
electrically conductive. The electrical conductivity
obtained varied with the type of surfactant:
CPC>Miranol>Miranol+CPC. Miranol, the statistical
median of the 3-reagent observations, had a percolation
threshold of between 1-2.5% (owf). This implies that
the percolation threshold of CPC was less than that of
Miranol (1-2.5%), while that of a mixture of Miranol
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