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Abstract - Natural rubber (NR) in its raw gum state is tacky and fairly elastic but suffers some limitations such as poor 
resistance to weathering condition, low tensile strength and poor solvent resistance. These limitations are usually addressed 
by using chemical and natural additives on the NR. Pig hair was investigated as a natural additive and was subjected to 
various modifications such as acetylation, hydroxylation, sulphonation and carbonisation. Unmodified Pig Hair Powder 
(UPHP), Acetylated Pig Hair Powder (APHP), Hydrolyzed Pig Hair Powder (HPHP), Sulphonated Pig Hair Powder (SPHP) 
and Carbonized Pig Hair Powder (CPHP) were used as substitute for calcium carbonate due to their availability and cheaper 
cost to improve the mechanical properties of NR. The CaCO3, UPHP, CPHP, APHP, SPHP and HPHP were used for 
compounding and the physico-mechanical properties of the vulcanisates were evaluated. The X-ray fluorescence and Fourier 
Transform Infra-red Spectroscopy (FT-IR)were used to determine the elemental compositionsand functional groups of the 
unmodified and modified pig hair respectively. The XRF analysis showed that CPHP has the highest calcium content while 
O-H vibrational stretch was observed only in UPHPfrom the FT-IR result. The pH values of 5.64 and 5.90 for UPHP and 
CPHP at 27.4oCwere found to be weak acids respectively while SPHP was a strong acid with pH value of 1.65. However, 
HPHP and APHP were strong bases with pH values of 7.88 and 7.20 respectively. For the tensile strength and abrasion test, 
CPHV had the highest value while SPHV had the lowest value. Elongation at break showed that APHV had the highest 
value of 1436.60 %, which was lower than the value of CaCO3-vulcanizate (1632.00 %). The study showed that CPHP, 
APHP, HPHP and UPHP were good additives (reinforcement) and they could be substituted in parts for calcium carbonate 
filler in NR vulcanizates. 
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I.  INTRODUCTION 
 
Natural rubber (NR) is one of the important 
elastomers and widely utilized to prepare many 
rubber products. NR is an elastic hydrocarbon 
polymer that is originally derived from a milky 
colloidal suspension or latex of Heveabrasiliensis and 
purified form of rubber which can also be produced 
synthetically is chemical polyisoprene.1NR is also 
used as gum vulcanisate due to its high tensile 
strength. It is a biopolymer that has economic value 
with unique performance capacity like high 
resilience, high elasticity and efficient heat dispersion 
but is often reinforced by incorporation of filler to 
improve its mechanical properties: modulus, 
hardness, tensile strength, abrasion resistance and tear 
resistance2due to the fact that NR is susceptible to 
breakdown by oxidative and thermal degradation 
because of the unsaturated backbone, especially when 
it is presented in virgin form without any 
modification and also the latex does not meet with the 
requirements of some stringent industrial 
applications.For decades, fillers have been widely 
used in the rubber industry.  
 
They are incorporated into rubber compound to 
improve processibility, cost reduction and to modify 
the physical properties of the vulcanizate. The 

utilization of natural fibres as filler in NR 
compounding has received increasing attention. 
Natural fibres are divided into three categories 
depending on their origin, mineral based, plant based, 
and animal based. In general, a mineral based 
composite is asbestos and the only naturally 
occurring mineral fibre (silicate based mineral). 
Plant-based natural fibres are ligno-cellulosic in 
nature composed of cellulose, hemicellulose, and 
lignin, whereas animal based fibres are of proteins, 
such as silk and wool. Pig Hair (PH) is an example of 
natural fibre. Hair fibre has an elastic characteristic 
and it may undergo moderate stretching. The 
elasticity of hair depends on the long keratin fibres in 
the cortex.  
 
The chemical composition of hair fibre includes 
essential functional elements like amino acids, 
keratin, melanin, and protein 3. Proteins are present 
also within the cuticle which provides elasticity to the 
hair. Vulcanization increases the 
retractileforce and reduces the amount of permanent d
eformation remaining after removal of the deforming 
force by insertion of crosslinks between polymer chai
ns forming a molecular network.The fibre contents of
 pig, its availability and as a waste material which 
serves as the basis of this study 
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II. MATERIALS AND METHOD 
 
Materials 
The NIG 804 clone natural rubber latex was obtained 
from the Rubber Research Institute (RRIN), Benin 
City, Nigeria, preserved with 0.5 % ammonia (5 % 
v/v) and was passed through the following 
preliminary characterization analysis test.Pig hair was 
gotten from an abateur in Ijebu Igbo, Ijebu North 
Local Government Area of Ogun state and other 
reagents used were obtained from the chemistry 
laboratory of the Federal University of Agriculture, 
Abeokuta, Ogun State.  
 
Methods 
Preparation of Pig Hair Powder: Pig hair was washed 
with water and dried in air to remove sand particles 
and moisture respectively.It was initially sun dried for 
two weeks and later transferred into an oven at 80oC 
for 1hr which was grinded using ball mill machine at 
Ceramic Department, Federal Institute of Industrial 
Research, Oshodi, Lagos and sieved through a mesh 
size of 100 µm. 
Preparation of the rubber crumb:The natural rubber 
latex was coagulated with 2% (v/v) formic acid. The 
coagulated rubber was cut into pieces several times, 
washed with water and dried at 100 ˚C for 1.5 h to 
produce a rubber crumb, which was characterized 
using the standard method (Asia et al., 2007)4.  
 
III. MODIFICATIONS OF PIG HAIR POWDER 
(PHP) 
 
Sulphonation of Pig Hair Powder(SPH):1M solution 
of sulphuric acid (H2SO4) was added to the pig hair 
powder for 24 h and then washed with distilled water 
to remove excess sulphuric acid. The sulphonatedpig 
hair powder was dried at 55°C in an oven 5. 
 
Acetylationof Pig Hair Powder(APH):1M solution of 
acetic acid was added to pig hair powder for 24 h 
after which it was washed with distilled water to 

remove excess acetic acid. The acetylated pig hair 
powder was dried at 60oC in an Oven 6. 
 
Hydroxylationof Pig Hair Powder(HPH): 5 % 
solution of NaOH was added to the pig hair powder 
in a beaker which was stirred and then kept for 30 
min in water bath at 60oC. The hydrolyzed pig hair 
powder was washed thoroughly with distilled water 
to remove excess NaOH and dried at 60oC in an oven 
7. 
Carbonizationof Pig Hair 
Powder(CPH):Carbonization was conducted by 
tightly packing the pig hair powder in a 500 mL 
beaker, which was placed in a muffle furnace at a 
temperature ranging between 250-300oC for 1.5 h. 
The upper and lower parts of the can, which produced 
burnt or uncarbonized pig hair powder was discarded. 
The middle layer, which produces the carbonized hair 
powder, was retained for use.8 
 
IV. CHARACTERIZATION OF PIG HAIR 
POWDER 
 
Pig Hair Powder (PHP) was characterized using 
methods stated by Asia et al., 2007. However, the 
following tests were carried out to ascertain its 
utilization as fillers in rubber compounding. Such as 
moisture content, loss on ignition, pH, ash content 
and volatile matter using method described by Asia et 
al., (2007)4 

 
FT-IR Analysis: This was done to determine the 
presence of the functional groups within the modified 
and unmodified PHP. It was carried out at Central 
Research Laboratory, University of Ibadan, Oyo 
State, Nigeria.  
XRF Analysis: This was carried out to establish the 
elemental constituents of the modified and 
unmodified PHP and was done at Centre for Energy 
Research and Development, ObafemiAwolowo 
university, ile-ife

 
Table 1:    Natural rubber compounding formulation

 MIX / RECIPE (Phr) A B C D E F 

Natural rubber 100 100 100 100 100 100 

Calcium carbonate 40 20 20 20 20 20 

UPH - 20 - - - - 

CPH - - 20 - - - 
HPH - - - 20 - - 
SPH - - - - 20 - 
APH - - - - - 20 
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  Zinc oxide (ZnO) 4.0 4.0 4.0 4.0 4.0 4.0 

Sulphur 2.0 2.0 2.0 2.0 2.0 2.0 

Stearic acid 1.5 1.5 1.5 1.5 1.5 1.5 

MBTS 1.5 1.5 1.5 1.5 1.5 1.5 
Flectol H 2.0 2.0 2.0 2.0 2.0 2.0 

 
A: CaCO3 B: Unmodified pig hair powder C: 
Carbonized pig hair powder D: Hydroxylated pig hair 
powder E: Sulphonated pig hair powder F: acetylated 
pig hair powder. 
Phr = parts per hundred, MBTS = 
Mercaptobenzothiazole disulphide, 
  
Mechanical Properties  
The test specimens were moulded in an electrically 
heated hydraulic press (technoloire) at 160oC for 5 
min as predetermined from the rheometer. Tensile 
properties of the vulcanizates were measured with a 
Monsanto tensile tester model (I/M) at a crosshead 
speed of 500 mm/min using a dumbbell test specimen 
(Type II) as contained in ASTM D-412-87 (method 
A)9 (ASTM-D-412,-87, 1992)10. Mechanical 
equipment used include, oscillating disk rheometer, 
wallace dead loaded tester, abrasive wheel, mould, 
instron tensile testing machine, wallace compression 
testing machine, wallace shearing disc viscometer. 
 
Compression Test 
Compression set was determined by compressing a 
specimen of standard dimension between parallel 
steel plates under a specified stress. The machine 
used was the Wallace Compression Testing Machine, 
and the procedure involves placing the test sample on 
the compression parallel plate and conditioned the 
assembly for a selected time of 22 h at 70oC with a 
force of 72.5 N. Thereafter, the specimen was 
removed and allowed to recover at room temperature 
for 30 min. The difference between the initial 
thicknesses after a distorting load has been removed 
gave the compression set. The compression set was 
then calculated thus: 
Compression set (%) =       Ti — To × 100 
                                                 To 
To= Initial thickness  
Ti = Final thickness (BS 903 Part A., 1992).11 
 
Hardness Test 
The standard dead load method of measurement 
covers rubbers in the range of 30 to 85 International 
Rubber Hardness Degrees (IRHD). 
 
Abrasion Resistance Test 
The ASTM D1650 was used in determining the 
abrasion resistant of the test piece. Abrasion 
resistance is the resistance of a material to wear when  

 
in contact with an abrasive surface.  Determination of 
Tensile Strength The test specimens were molded in 
an electrically heated hydraulic press  
 
(TECHNOLOIRE) at 160oC for 5 min predetermined 
from the rheometer. Tensile properties of the 
vulcanizates were measured at crosshead speed of 
5000 mm/min using a dumbbell test specimen (Type 
II) as contained in ASTM D-142-87 (method A). 
 
RESULTS AND DISCUSSION  
 
The natural rubber latex was characterized as shown 
in Table 2. The ash content indicates the presence of 
trace element in the rubber latex and was found to be 
27.50 % but dry rubber content which gives the exact 
amount of rubber present was found to be 32.66 % 
while the total solid content which gives the total 
amount of solid materials in the rubber latex was 
found to be 38.48 %. Total solid content is expected 
to be higher than the dry rubber content as was 
observed because dry rubber content is also 
embedded in the solids of the rubber latex6. 
  

Table 2: Characteristics of natural rubber latex 
PARAMETER  VALUES (%) 
Dry Rubber Content 
(DRC) 

32.66 

Total Solid Content 
(TSC) 

38.48 

Ash Content (AC)  27.50 
 
CHARACTERIZATION OF MODIFIED AND 
UNMODIFIED PIG HAIR POWDER 
 
The percentage ash content for carbonized pig hair 
powder is very high while acetylated pig hair powder 
has the lowest percentage ash content (Table 3). The 
percentage ash content of the carbonized pig hair 
powder and acetylated pig hair powder were greater 
than percentage ash content of CaCO3 (46.87%)  
(Awatefeet al., 2014).12 Unmodified pig hair powder 
has the highest moisture content while carbonized pig 
hair powder has the lowest moisture content. 
According to Awatefeet al., 2014, the percentage 
moisture content of CaCO3 is 10.54 % but the 
percentage moisture contents of the modified samples 
and unmodified samples were lesser. The lower the 
moisture content, the lower the tendency of the test 



International Journal of Advances in Science Engineering and Technology, ISSN(p): 2321 –8991, ISSN(e): 2321 –9009 
Vol-6, Iss-2, Spl. Issue-2 Jun.-2018, http://iraj.in 

The use of Modified and Unmodified Pig Hair Powder in Natural Rubber Compounding 
 

58 

material to absorb water and humidity from the 
surrounding atmosphere. Loss on ignition explains 
the carbon content in the material. The more the 
carbon content, the better the material in network 
formation due to more available bonds for cross-
linking. The loss on ignition for carbonized pig hair 
powder was high when compared with unmodified 
pig hair and other modified samples. The pH of the 
carbonized pig hair powder at 27.4oC was 5.9oC 
while the pH of unmodified pig hair powder was 
5.64oC and they were weak acids. The pH of 
hydroxylatedand acetylated pig hair powder was 
found to be 7.88 and 7.20 respectively at 27.4oC. This 
indicates that they are alkaline but sulphonated pig 
hair powder was 1.65 at 27.4oC which confirms its 
acidity. Meanwhile, acidity will not enhance the cure 
time of vulcalnizates compounded with such because 
acidity of the filler tends to slow the cure rate and 
hence reduce the crosslink density. 
 
Table 3: Characterisation of modified and unmodified pig hair 

powder 
TEST 
(%) 

UPH HPH APH SPH CPH 

Ash 
Content  

94.6 93.6 86.5 84.9 96.8 

Moisture 
Content 
(%) 

0.25 0.19 0.14 0.18 0.04 

pH at 5.64  7.88  7.20  1.65  5.90  

27.4 oC 

Loss on 
ignition 
(%) 

0.06 0.14 0.23 0.30 0.90 

X-Ray FluorescencePotassium, calcium, sulphur, 
chlorine, lead and phosphorous were detected when 
the modified and unmodified samples were subjected 
to XRF analysis. Calcium had the highest 
concentration in all the modified and unmodified 
samples. The high concentration of calcium implies 
that unmodified and modified pig hair powder have 
the tendency of reinforcing as fillers in rubber 
compounding1. Sulphur was also present in all the 
modified and unmodified samples and according to 
Akinyele and Olumayede, (2013)13,sulphur has been 
found to be extremely useful in the rubber industry. 
Rhombic sulphur is the most common form of 
sulphur used in the rubber industry being soluble in 
natural rubber. Phosphorus and potassium were also 
detected but in lower amount when compared with 
concentration of calcium and sulphur. Lead was 
found in small concentration in modified and 
unmodified sample. Lead content was high in 
sulphonated pig hair powder while carbonized pig 
hair powder had low lead content. Arsenic was not 
detected in UPH, HPH, CPH and SPH but was found 
in APH. The presence of arsenic at such 
concentration of 113.00 ppm is not environmentally 
friendly because arsenic pollutes the environment6. 

 
Table 4: XRF analysis for modified and unmodified pig hair powder

  HPH (ppm) 
UPH 
(ppm) 

SPH 
(ppm) 

CPH 
(ppm) 

APH 
 (ppm) 

P 21166.00 35965.00 62271.00 17545.00 31352.00 
K 190.00 129.00 149.00 106.00 141.00 
Ca 1064377 1010370 914356 1084919 1032970 
Zn 187.00 173.00 185.00 172.00 168.00 
Cl 17.00 19.00 11.00 15.00 17.00 
Pb 4.00 5.00 7.00 3.00 5.00 
S 48474.00 64356.00 166298.00 15164.00 47724.00 
Sc 20785.00 21209.00 22858.00 2430.00 20381.00 
Ni 10144.00 9329.00 4438.00 7101.00 7542.00 
Cu 15124.00 15262.00 6903.00 12754.00 10668.00 
As 0.00 0.00 0.00 0.00 113.00 

 
Fourier Transform Infrared (FT-IR) spectroscopy  
FT-IR spectroscopy confirms the functional groups in 
the unmodified and modified pig hair powder (Table 
5). The FT-IR spectrum of the unmodified pig hair 
powder shows absorption band at 3297.81cm-1, 
3070.5 cm-1, 1657.67 cm-1 and 1544.62 cm-1 due to 
O-H, N-H, C=O stretch and N-H bend vibration 
respectively. These absorption bands are attributed to  

 
the hydroxyl and N-H groups in the keratin (amino 
acid). The absorption band of N-H stretch for  
acetylated pig hair powder had shifted to 3412.06 cm-

1, and there was slight decrease in C=O stretch  
(1656.00 cm-1) when compared with the unmodified. 
This is because the carbonyl bond in the acetylated 
pig hair powder has been broken. The absorption 
band of N-H stretch in sulphonated pig hair powder  
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occurs at 3296.28 cm-1 and C=O stretch for  amide 1 
and 2 occur at, 1722.40 cm-1 and 1658.14 cm-1 
respectively. There was an increase in absorption 
band of amide 1 in sulphonated pig hair powder 
because the C=O is directly bonded to oxygen which 
is electronegative in nature. Broad peak observed in 
the spectrum of hydroxylated pig hair powder was 

due to the presence of N-H stretch at 3349.04 cm-1 
which indicate the disappearance of O-H stretch. The 
absorption band for carbonized pig hair powder occur 
at 3696.22 cm-1 and 1707.80 cm-1 for, N-H and C=O 
bands due to breaking of the C=O bonds and increase 
in carbon content the carbonised pig hair powder. 

 
Table 5: Absorption bands of modified and unmodified pig hair powder. 

FUNCTIONAL    
GROUPS (cm-1) 

 UPH CPH APH SPH HPH 

O-H 3297.81cm-1 - - - - 

C=O  
(Amide I) 
 

1657.67cm-1 1707.80cm-1 1656.00cm-1 1722.40cm-1 1657.90cm-

1 

C=0  
(Amide II) 

- 1665.83 cm-1 1538.90 cm-1 1658.14cm-1 1560.18cm-

1 

N-H  
(Stretch) 
 

3070.50cm-1, 
 

3696.22cm-1 3412.06cm-1 3296.28cm-1 3349.04cm-

1 

N-H 
(Bend) 

1544.62cm-1 - - - - 

 
Physico-mechanical properties of the vulcanizates  
Tensile strength of a rubber compound is the 
resistance to break under tension. It is measured as 
strength at break and expressed as pound per square 
inch of cross section. From Table 6, the tensile 
strength values ranged from 17.10 Mpa for mix A 
(standard CaCO3); to 14.33 Mpa for vulca B; 20.40 
Mpa for vulca C; 8.26 Mpa for vulca D; 2.20 Mpa, 
11.70 Mpa for vulca E and F respectively. Looking at 
the extent of reduction from vulcaA 100 % CaCO3 to 
vulca B, there was 16.19 % reduction, with C, there 
was 18.64 % increase, vulca D gave 51.69 % 
reductionwhile mixes E and F, gave 87.13 % and 
31.58 %. According to Akinlabiet al., 2007, the 
standard accepted tensile strength level for natural 
rubber mix is between 17.5 Mpa and 6.5 Mpa. These 
tensile results gave an indication that the vulcanizates 
can find uses in some applications that does not 
require high strength.  
Elongation at break shows the extent of flexibility of 
the materials at a specific applied force. Table 6, 
shows the elongation at break with different 
modifications. The highest elongation observed for 
vulca A was 1632 % and it was the original length 
while the least elongation for vulca E was 944.5 % of 
the original length. It was observed that there was 
decrease in elongation as vulca B elongation was 
38.97 % less; vulca C elongation was 13.35 % less; 
vulca D elongation was 11.97 % less; vulca E  
 

 
elongation was 42.12 % less and vulca F elongation 
was 20.6 % less. Elongation at break increased with 
increase cross-linking as attributed to the space 
between cross - linking, which put more of the stress 
on a relative few of the network chain. This still  
 
indicates that vulcaA (standard) CaCO3 is more 
flexible thereby suggesting that the different 
modifications of the additives have impacted a 
softening effect on the vulcanizates and reducing the 
elasticity of the vulcanizates.  
Hardness is defined as the resistance to indentation. 
As shown in Table 6, vulca A has the highest 
hardness value. The hardness values ranged from 50-
55 IRHD for vulcaA, 45-50 IRHD for vulca B, 40-45 
IRHD for vulca C, 35-40 IRHD for vulca D, 30-
35IRHD for E and 35-40 IRHD for vulca F. It was 
observed that hardness value for all the vulcanizates 
B, C, D, E, F reduced by 9.09 %, 18.18 %, 27.27 %, 
36.36 % and 27.27 % respectively when compared 
with the standard. The high hardness value observed 
in vulca A is due to high cross-link density and that 
the lower the cross-link density the softer the 
vulcanizate (Okieimenet al., 2003)14.  
Compression set is the amount in percent by which a 
standard test piece fails to return to its original 
thickness after being subjected to a standard 
compressive load for a fixed period of time and 
temperature. Table 6 showed that vulca E had the 
highest compression set value of (66.4 %) while 



International Journal of Advances in Science Engineering and Technology, ISSN(p): 2321 –8991, ISSN(e): 2321 –9009 
Vol-6, Iss-2, Spl. Issue-2 Jun.-2018, http://iraj.in 

The use of Modified and Unmodified Pig Hair Powder in Natural Rubber Compounding 
 

60 

vulca B had the least (52.1 %). From the result, when 
compared to the standard (vulca A) with other 
vulcanizates, it was observed that vulca D, E and F 
have increased compression set by 1.85 % 2.31 %,  
and 0.30 % respectively while vulca B and C 
decreased by 19.72 % and17.56 % respectively. This 
indicates that vulca E has a better elastomeric 
memory i.e it recovers to its original thickness faster 
than other vulcanizates because the filler increased 
the stiffness of composite.  Fibres are expected to 
impart strength and stiffness because stress is 

transferred from the matrix to the fibre leading to 
stronger composite 15. The abrasion resistance for 
vulca A, B, C, D, E, F are 43.4, 44.2, 53.5, 50.4, 45.3, 
51.4 % respectively. This implies that with respect to 
vulca A, all other vulcanizates show significant 
increase in hardness for different modifications 
except for vulca B.  Thus, vulca C has high recovery 
memory than the other vulcanizates. It has been 
reported by Rattanasom and Chaikumpollert (2003)16 
that the abrasion resistance of vulcanizates was 
dependent upon their hardness and cross-link density. 

 
TABLE 6: Physico-mechanical properties of NR vulcanizates blends

PHYSICO- 
MECHANICAL 

 MIXES 

Vulca A Vulca B Vulca C Vulca D Vulca E Vulca F 

TS (MPa) 17.10 14.33 20.4 8.26 2.20 11.70 

Hardness(IRHD) 50-55 45-50 40-45 35-40 30-35 35-40 
EB % 1632 996.0 1414.9 1436.6 944.5 1294.2 
Compression Set 64.9 52.1 53.5 66.1 66.4 65.1 
Abrasion test % 43.4 44.2 53.5 50.4 45.3 51.4 

 
VULCA A = Natural Rubber Compounded with 
CaCO3 VULCA B = Natural Rubber Compounded 
with unmodified Pig Hair Powder. VULCA C = 
Natural Rubber Compounded with Carbonized Pig 
Hair Powder. VULCA D = Natural Rubber  
Compounded with Acetylated Pig Hair Powder. 
VULCA E = Natural Rubber Compounded with 
Sulphonated Pig Hair Powder. VULCA F= Natural 
Rubber Compounded with Hydroxylated Pig Hair 
Powder. 
  
CONCLUSION     
 
This research work has shown that carbonized the 
surface of pig hair powder ahave superior mechanical 
properties when compared with the unmodified, 
acetylated,sulphonated and hydroxylated pig hair 
powder. The unmodified and modified pig hair 
powders are good additives but not as good as the 
calcium carbonate (CaCO3). 
 
REFERENCES  
 
[1] Vambeilen, J.B. and Poirier, Y. 2007. Establishment of new 

crops for production of natural rubber. Trends 25: 522-529. 
[2] A.K. Akinlabi, F.A. Oguntubo, O.S. Babajide,  I.A.S 

Bankole,.  O.K. Koleoso,  O.M. Oyenekan and A.S.   
Arowolo. (2015). Journal of Chemical Society of Nigeria. 
Use of cement kiln dust in modified natural rubber 
vulcanizates, 40, p. 83-88. 

[3] P.Y.Mckittrick, S.G.Chen,   W. Bodde, E.E Novitskaya, and 
M. A. Meyers.(2012).The structure, functions, and 
mechanical properties of keratin. Journal of the Minerals, 
Metals and Materials, 64 (4):449-468. 

[4] Asia, I.O., Akinlabi, A.K., Odia, A., Amayo, K.  and Ennessi, 
M. 2007. Comparative studies of Hevea brasiliensis latex and 

funtamia elastica latex. International Journal of Chemistry. 
17(3): 189-196. 

[5] N.A. Hairul and M.Y. Nursuhaili, (2011). Removal of acid 
green from aqueous solution using cow hair husk as 
Adsorbent. International Proceedings of Chemical, Biological 
and EnvironmentalEngineering, 12:52. 

[6] A.K.Akinlabi,  T.O Akinola, R.K. Quadri, O.S. Babajide, 
andA.S. Bankole. (2016). Properties of natural rubber 
compounded with modified banana pseudo fibres and 
calcium carbonate. Journal of Chemical Society of Nigeria, 
41: 36-42. 

[7] C.P. Chimekwene, E.A Fagbemi and P.O. Ayeke. (2012). 
Mechanical properties of plantain empty fruit bunch fiber 
reinforced epoxy composite. Journal of Research in 
Engineering,Information Technology and Social Sciences. 
2(6): 86-94. 

[8] Z. Ishak and A.A Baker. (1995).Method for determination of 
Abrasion Resistance.BS 903 part A9.Wallace, Croydon, 
United Kingdom. European polymer Journal 31:259. 

[9] American Society for Testing and Materials, 1992. 
Determination of the mechanical properties of rubber   
compounds. 412-487. 

[10] America Society for Testing and Materials, 1650. Test 
method for rubber properties, abrasion resistance, 9, 01. 

[11] Method for Determination of Hardness; (1995). BS 903 Part 
A26. Wallace, Crydon, UK. Pp 9-12. 

[12] K.J Awatefe, O. Akaranta and A. James. (2014). Comparative 
studies of the physico-mechanical properties of calcium 
carbonate and palm kernel shell powder filled natural rubber 
vulcanizates. Journal of Science and Science Education 
5(2):4. 

[13] S.A. Akinyele and E.G. Olumayede. (2013). Garlic. Additive 
on the properties of natural rubber vulcanite.  Journal of 
Applied Chemistry 5(5)28-32. 

[14] Okieimen, F.E., Akinlabi, A.K., Aigbodion, A.I., Bakare, I.O. 
and Oladoja, N.A. 2003. Effect of epoxidized natural rubber. 
Nigeria. Journal of Polymer Science Technology 3 (1): 233. 

[15] T.Osswald and G.Menges. (1995). Materials science of 
polymers for engineers. Hanser Ggardner publications., 
Cincinnati, pp 475. 

[16] N.Rattanasom. andO.Chaikumpollert,(2003).Crack growth 
and abrasion resistance of carbon black- filled purified 
natural rubber vulcanizates, Journal of Applied Polymer 
Science, 90, 1793-96.  

 


