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Abstract 

This study reports abrasion, biocompatibility and degradation behavior of Polypropylene (PP)/Sugarcane Ba-
gasse Ash Particulate (SBAP) composites for possible application as dental implant materials. PP composites 
were prepared with varying weight per cent of SBAP ranging from 10 – 50 wt% at regular interval of 10. Hard-
ness test and wear analysis were conducted. Degradation test was performed using different media, namely artifi-
cial human saliva (AHS), artificial human saliva with sodium floride (ASSF) and Hank’s balanced salt solution 
(HBSS). Biocompatibility test was conducted using different sex of rats by varying dose injected into their 
mouth. Results reveal an increase in hardness values and wear resistance with the filler loading. Additionally, the 
degradation rate of the composites decreases averagely with the filler addition. It was deduced from the results 
that the composites are biocompatible and non-toxic. Therefore, PP/SBAP composites would be compatible to 
human body. Hence, the composites could be recommended to be used as dental restorative materials.  

Keywords: Dental implant, Sugarcane bagasse ash particulate (SBAP), Wear rate, Degradation, Polypropylene 
(PP), Biocompatibility. 

1. INTRODUCTION 

Naturally occurring minerals and metals such as gem-
stones and gold were first used for surgical implant and 
tooth root replacement devices (Jack, 1990). In the late 
1960s, the materials of choice for the replacement of 
missing teeth had been oral implants (Reham and Mi-
chael, 2015). Oral implants or rather dental implants 
are materials that are used to repair, replace or enhance 
a patient's teeth. These materials include metals, ce-
ramics, polymers, porcelains and composite resins 
(often made from plastics). Restorative dental materi-
als make the reconstruction of the dental hard tissues 
possible. In many areas, the development of dental ma-
terials has progressed more rapidly than for other ana-
tomical prostheses (Coleman et al., 2007). Physical 
and chemical properties of dental implant materials are 
well reported in literatures. Some of these properties 
include density, abrasion resistance, thermal conduc-
tivity, coefficient of thermal expansion, compressive 
strength, toughness, biocompatibility, creep and corro-
sion or degradation resistance. A promising implant 
material must have biocompatibility, sufficient 
strength, toughness, abrasion and degradation or corro-
sion resistance (Smith, 1993; Velmurugan, 2017). Pure 
metals were used predominantly due to their remarka-
ble unique strength, fatigue strength, corrosion re-
sistance and wear resistance in the early days of im-
plant surgery. However, due to instability, the resulting 
problems related to poor biocompatibility, weak osse-

ointegration, excessive rigidity and bone implant fail-
ure have prompted researchers to look for smart bio-
materials to overcome these gaps (Xiaoqing et al., 
2017; Schwitalla and Müller, 2013). This further 
spurred the evolution of bio implant materials paving 
way for ceramic, polymer and composite implant ma-
terials. Although ceramics have lower toughness and 
polymers have lower strength, than metals, they are 
thermally insulating and tend to be more translucent. 
Hence, they offer protection from extreme of heat and 
cold and bear the potential of more lifelike aesthetics. 
Polypropylene (PP) is a kind of synthetic thermo-
plastic polymer, because of its light weight, good ther-
mal resistance, low cost, ease of processing, full recy-
clability, good biological compatibility and chemical 
stability, it has been widely used in the field of tissue 
engineering (Du, 2004). Compared with metals (such 
as titanium), the elastic modulus of PP is similar to 
human cortical bone (Liang, 1999). Therefore, if PP 
reinforced with SBAP; faults related to low strength of 
PP would have been solved and consequently it could 
be a viable alternative material for dental implants 

2. METHODOLOGY 

2.1 Sugarcane Bagasse Ash Particulate (SBAP) 

Sugarcane bagasse was collected from Kasuwar Mata 
Funtua. The bagasse was washed and dried under sun 
and then oven dried at 60oC. The bagasse was ashed at 
700oC for 2 h 30 min. The ash was then milled and 

Dodo et al.: Nigerian Journal of Materials Science and Engineering. Vol. 11(2):x 70– 74 (2021) 



71 

sieved to the prepared size of -250µm +250 µm and then 
stored in polythene bags to prevent it from moisture.  

2.2 Sample preparation 

In synthesizing the reinforced polypropylene compo-
sites, samples were manufactured with different addi-
tions of 10 - 50 per cent weight at constant intervals of 
10% using compounding pressing machine. Compound-
ing pressing machine has two rolling mills that move in 
anti-clockwise direction, the polypropylene was fed into 
the roller and the temperature is raised to 180oC, and 
then the filler was fed into the ball mill and mixed 
properly. This was done when all the additives have 
been measured as specified for each composition then 
compounded together to form the composite. Both ba-
gasse ash particulate and polypropylene were com-
pounded into homogeneous mixture in a two roll mill at 
a temperature of 160oC. Each composition after being 
compounded was pressed to aid the compatibility. The 
compounded mixture was placed in a mold of 120 x 12 x 
3 mm and pressed with a pressure of 4MN/m2 until 
cured. The temperature of the plate was maintained at 
about 160oC during the pressing. At the end of press cy-
cle, the board air cooled.  

2.3 Sample preparation 

In synthesizing the reinforced polypropylene compo-
sites, samples were manufactured with different addi-
tions of 10 - 50 per cent weight at constant intervals of 
10% using compounding pressing machine. Compound-
ing pressing machine has two rolling mills that move in 
anti-clockwise direction, the polypropylene was fed into 
the roller and the temperature is raised to 180oC, and 
then the filler was fed into the ball mill and mixed 
properly. This was done when all the additives have 
been measured as specified for each composition then 
compounded together to form the composite. Both ba-
gasse ash particulate and polypropylene were com-
pounded into homogeneous mixture in a two roll mill at 
a temperature of 160oC. Each composition after being 
compounded was pressed to aid the compatibility. The 
compounded mixture was placed in a mold of 120 x 12 x 
3 mm and pressed with a pressure of 4MN/m2 until 
cured. The temperature of the plate was maintained at 
about 160oC during the pressing. At the end of press cy-
cle, the board air cooled.  

2.4 Wear Test 

The wear test was carried out using Anton Paar TRN 
ball-on-disc Tribometer (as per ASTM G99-95 stand-
ards), at constant speed of 15 rev/min along the sample 
surfaces under a constant load of 5N. Dry sliding condi-
tion was adopted in the test. Fifteen minutes used to ob-
serve the wear rate of the samples. The linear speed and 
dwell time were 10 cm/s and 506 seconds respectively. 
The volume of the samples wore and the subsequent 
wear rate determined.  

2.5 Degradation Test 

Fifteen (15) samples with dimension of 10 x 10 x 3 mm 
were taken from each composition of the composite (0-50 
wt% SBAP). Initially, the samples weight were recorded. 
Five samples from each composition were taken and sub-
merged into three different solutions namely, Hank’s bal-
anced salt solution (HBSS), artificial human saliva (AHS) 
and artificial human saliva with sodium fluoride (ASSF); 
at room temperature. After 5, 10, 15, 20 and 25 days, the 
submerged samples were removed and dried for 24 hours 
at ambient temperature. The samples then weighed again 
to get the final weight. The difference between the weight 
of samples before and after gave the weight loss of the 
samples (weight of sample degrades). 

2.6 Biocompatibility Test 

Four rats were used to carry out this test. Two of them 
were male and the other two were females. The rats were 
divided into two groups (A and B) each group consists 
one male and female. Male rats were weighted and mass 
of 36.2 g and 33.7 g obtained. Two female rats weighted 
34.2 g and 37.9 g as well. The sample (20%SBAP) was 
converted into powder and then mixed with tween-80 
solution to convert the fine powder into solution. Each 
group of rats was administered with different dosages. 0.1 
mm3 and 0.15 mm3 dose of the liquid sample injected into 
the mouth of group A and group B respectively. Then the 
rats were placed under observation for 48 h to monitor 
any physical adverse reaction.  

3. RESULTS AND DISCUSSION 

Figure 1 demonstrates that optimum hardness obtained is 
at 50 wt% addition. Similarly, it is clear the hardness val-
ue increased considerably with filler loading. Perhaps, 
hard silica constituent in SBAP is likely to be the largest. 
Raul et al. (2002) designed a composite material for den-
tal restoration. It was found that resin filled with hydrox-
yapatite   indicated larger values of vickers hardness com-
pared to unreinforced resin.  

Figure 2 illustrated that wear resistance increased gradu-
ally with SBAP content. From the graph it is seen that 
50wt% PP/SBAP composite exhibited the least wear rate 
compared to the other composites (Raju et al., 2014). 
This is may be due to the higher packing fraction of the 
SBAP in the PP matrix. Also, alike trend was observed in 
formulating brake pad from Phenolic resin/periwinkles 
shell particles composites (Aku et al., 2013).  

The degradation of composite has been evaluated by per 
cent weight loss of different composites which were sub-
merged in three different solutions i.e. AHS, ASSF and 
HBSS for 5 - 25 days (Figures 3-5). The per cent weight 
loss grows modestly with the immersion period across the 
composites in all the media. This is likely as a result of 
the penetration of solution into the composite causing 
hydrolysis of the composites’ surfaces.  Notwithstanding 
after 25 days of submersion, some composites demon-
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strate decline in degradation. This could be to the attrib-
ute of the formation of insoluble particles on the surface 
which renders the samples near inert (Montes & 
Draughn 1986). Due to high susceptibility to degrada-
tion, unfilled PP suffered deterioration the most. The 
result shows some kind of inverse relation between filler 
loading and weight loss. Nonetheless, in the AHS sub-
mersion events, it is not true for all the composition be-
cause at 50 wt% the weight loss is larger than that of 40 
wt% which is probably due to the inhomogeneous dis-
persion of the particles. Again, composites immersed in 
HBSS degrade more progressively with PP/40 wt% 
SBAP having the least weight loss. Since HBSS is com-
monly used to wash cells and tissue in order to maintain 
them in a viable state (Joseph et al., 2002; Souza, 2006), 
then, PP/SBAP composites would be compatible to hu-
man body. Accordingly, it is noted that weight loss is 
most in HBSS; this could be that there is more penetra-
tion in HBSS. 

Biocompatibility Test Result 

The mouth of the specimens (rats) was observed after 6 
hours and there was no noticeable reaction in the rat’s 
cavities. Subsequently, at the elapse of 24 h, the compo-
site begins to blend and react with rats’ cavity without 
noticing any side effect taking place as regards to affect 
the normal operation function of the rats. The last obser-
vation was conducted after 48 h and found out that; 

Figure 2: Effect of SBAP on wear behaviour of PP/SBAP composite 

there is no adverse reaction such as necrosis (abscess for-
mation) or inflammatory reaction in the neighbourhood of 
the implant. This clearly showed that the composite is bio-
compatible and non-toxic to the living tissues (Moser et 
al., 1998). 

4. CONCLUSION 

The hardness of the composites increased by the incorpo-
ration of SBAP, likewise wear resistance improved in all 
the cases. Weight loss of the composite increased as deg-
radation time increased in the three media. However, as 
degradation time further increased, the rate of degradation 
of some compositions decreased. The composites are 
physically biocompatible since no sign of toxicity was 
noticed when injected into the mouth of rats. Additionally, 
no significant deterioration was noted when submerged in 
HBSS. Since HBSS is commonly used to maintain cells 
and tissue in a viable state, then, PP/SBAP composites 
would be compatible to human body. Therefore, it could 
be recommended as dental implant material. 
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Figure 5: Weight loss of PP/SBAP composite as a function of degradation time in HBSS  

Figure 4: Per cent weight loss of PP/SBAP composite against degradation time in ASSF 

Figure 3: Weight loss of PP/SBAP composite as a function of degradation time in AHS solution 
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