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ABSTRACT

Utilization of carbonized palm kernel shell filled natural rubber compound
was studied. Samples of the palm kernel shells were carbonized at varying
temperatures (100, 200, 300, 400, 500, 600 and 700°C) for 3hours each and
sieved through a100pm and 150pum mesh respectively. The characterization
results show that pH, iodine adsorption number and loss on ignition in-
crease with carbonization temperature, moisture content decreases, unlike
bulk density which decreases and increases with carbonization tempera-
ture. The mechanical propertiesof the 100um carbonized palm kernel shell
filled vulcanizates present better tensile strength, modulus at 100%, abra-
sion resistance, compression set, rebeound resilience and hardness as car-
bonization temperature increases from 100 - 600°C and starts decreasing as
the temperature increases >600°c while the 150um filled vucanizates pre-
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sents better Elongation at break and flex fatigue resistance.
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INTRODUCTION

The demand for polymersin many applications
has experienced a steady growth over the years. In
devel oped countries of Europe and America, thevol-
ume of polymersused ismorethan metalsor ceram-
icdY. Rubbers, being amajor form of polymers are
not left out. Rubber in its raw state, have virtually
no engineering application, therefore, it is neces-
sary to appropriately compound them in order to
obtain good processing characteristics, and the de-
sire cure properties in the finished products?. It is
not surprising, therefore, that more than 50% of all
chemists and chemical engineers, large numbers of
physicists and mechanical engineers and nearly all

material scientist and textile technologists are in-
volved with research or development work with
polymers®l. Rubbers as one of the classes of poly-
mers have found great value in many applications
including engineering, sport and leisure, and domes-
tic. Initsraw state, rubber may not be good enough
for any useful application so thereistheneed for the
addition of additiveswhich help to enhancethe prop-
ertied¥. Among these additives are fillers. Carbon
black isthe major filler used in rubber industry. To-
day, there are alot of research going on to find an
aternative (local source) for it. Advances are being
made into the use of other agricultural by- products,
such asrice husk, groundnut shell, rubber seed shell
etc.5. These materialsare used in their raw form or
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they aremodified before use. Theimportance of fill-
ersin rubber production cannot be over-emphasi zed.
It isthe most widely used in terms of volumein the
rubber industry. The most commonly used fillersare
the carbon black, chinaclay, calcium carbonate etc.
Of all these fillers, carbon black is the most used
for rubber product except where colour is of prior-
ity!®. The importation of carbon black is very ex-
pensive. It is also a product of petroleum, a source
which is non-renewable. Therefore, the need to
sourcefor aternative material from local sourcewith
little modification becomes necessary. Thusthisre-
search isaimed at studying the effect of carboniza-
tion temperature on thefiller characteristics and on
the mechanical properties of the composites.

EXPERIMENTAL PROCEDURES

Materials
Equipmentsused include

a. Monsanto Tensile Tester Model 1/m, Manufac-
tured by British Company Limited, England

b. Wallace Hardness Tester Model ¢8007/25,
Elektron Technology Series, UK.

c. Wallace Akron Abrasion Tester, Elektron Tech-
nology Series, UK.

d. DuPont Machine, Manufactured by British Com-
pany Limited, England

e. MuffleFurnace METTm-525, Elektron Technol-
ogy Series, UK.

f. Two Roll Mill, Manufactured by British Com-
pany Limited, England

0. Hydraulic press, Elektron Technology Series, UK.

Method
Filler preparation and characterization

Carbonization of fillers used in this research
work was carried out using alaboratory muffle fur-
nace set at varying temperatures from 100, 200, 300,
400, 500,600 and 700°c by creating an inert envi-
ronment via the passage of nitrogen gas for three
hours each™. The Palm kernel shells were washed
in water and dried in air to remove sand particles
and moisturerespectively. After drying, aportion of
the palm kernel shells were milled to fine powder
aswell asthe carbonized portion, and sieved through
amesh size of 100um and 150um respectively. The
fine particlesthat passed through were collected and
used for compounding. Thus, carbonizationisapro-
cess of converting an organic compound to high car-
bon content by heating it in the absence of oxygen
(inert).

Processing of the composites

Theformulation used for the compounding of the
natural rubber (NSR-10) with the palm kernel shell
fillersisgivenin TABLE 2

Mixing procedure

The rubber mixes were prepared on a labora-
tory sizetwo roll mill according to themixing cycle
shown in TABLE 3. It was maintained at 70°C to
avoid cross-linking during mixing after which the
rubber composite was stretched out. Mixing follows
ASTMD 3184-80 Standard.

Compounded compositecuring
The curing of test pieces was carried out at
130°C for 10 minutes under a pressure of 2.8bar.
RESULTSAND DISCUSSION

Results

TABLE 1 : Materials and their sources

Materials

Sour ces

Natural Rubber (NSR-10)

Palm Kernel Shells

Tetramethyl thiuram disulphide (TMTD)
Mercarpto benzothiazole sulphenamide (MBTS)
Stearic acid

Sulphur

Trimethylquinoline (TMQ)

Zinc Oxide

Processing Oil (Paraffin Wax)

N330 Carbon black

Rubber Research Institute, lyanomoh, Benin City
Eziobodo, Owerri, Imo State, Nigeria

British Drug House (BDH), England

Vulnax International Ltd, Warrington, England
British Drug House (BDH), England

British Drug House (BDH), England

Vulnax International Ltd, Warrington, England
Vulnax International Ltd, Warrington, England
British Drug House (BDH), England

Vulnax International Ltd, Warrington, England




CMAIJ, 1(1) 2016

L.Ekwuemeetal. 3

—=  PFull Peper

TABLE 2: Formulation for compounding natural rubberf®,

Ingredient Parts per hundred rubber
Natural rubber 100
Fillers (CPKS) 40
Zinc Oxide 5.0
Stearic acid 25
Sulphur 15
MBTS 15
TMTD 35
Processing Oil (Paraffin Wax) 5.0

A batch factor of four (7) was used.

TABLE 3: Mixing steps and time

Mixing Steps Time (minutes)
Natural rubber mastication 6
Addition of Stearic acid 1
Addition of Zinc Oxide 2
Addition of filler (CPKYS) 9
Addition of MBTS 1
Addition of TMTD 1
Processing Oil 1
Addition of Sulphur 1
Total 21
100um-filled has higher modul us than 150pm-filled
DISCUSSION vul canizates, suggest that fillers are more reinforc-

Theresultsof thevul canizatesshownin TABLE
4 presents a gradual increase in tensile strength as
well as modulus with carbonization temperature of
the filler is noticed up to 600°C. It may be men-
tioned here that both tensile strength and modulus
areimportant for recommending any vul canizatefor
structural applications. The increase in tensile
strength and modulus for the 100um-filled
vulcanizates than 150um-filled vulcanizatesisas a
result of high surface area, suggesting better poly-
mer filler interaction and hence enhanced better ten-
sile properties. The factors that affect the reinforc-
ing potentials of fillers include filler dispersions,
surface area, surface reactivity, bonding capacity
(quality), particle size between the filled and the
elastomeric matrix™,

The modulus data in TABLE 4 and Figure 2
showed increase with filler carbonization tempera-
ture for the 100pum-filled and 150um-filled
vul cani zates up to 600°C before showing a marked
decrease with temperature >600°C. The fact that

ing when properly adhered into the polymer matrix.
The results in TABLE 4 and Figure 3 showed
that elongation at break (EAB) decrease with in-
creasing filler carbonization temperature of the
mixes for al the fillers below 600°C, above which
there was agradual rise in the value of EAB. A de-
crease in EAB has been explained in terms of ad-
herence of thefiller to the polymer phase leading to
the stiffening of the polymer chain and henceresis-
tanceto stretch when the strainis applied™. 100um-
filled vulcanizates has less values of EAB as tem-
perature increases compared to 150pm-filled.
Thehardness of 100um-filled and 150um-filled
vulcanizates increased with increasing carboniza-
tion temperature. However, above 600°C the trend
took adifferent direction asaresult of thefiller char-
acteristics. Thisresult is expected because as more
filler particles get into the rubber, the elasticity of
the rubber chain isreduced, resulting in more rigid
vulcanizates. The hardness results of 100um-filled
vulcanizates are higher than those of 150um-filled
as shown in TABLE 4 and Figure 4 because of the
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TABLE 4 : Mechanical properties of the carbonized palm kernel filled vulcanizates
N330 Carbonization Temperature (°C) at 40phr Filler Loading

Properties Carbon Uncarbonized
ok 100 200 300 400 500 600 700
Tensile
(7.00) 811)  (9.00) (955 (1154 (1315 (13.32) (13.07)
S(tl[ﬂe';g;h 29.20 [6.08] [722] [835] [847] [9.46] [1001] [1356] [11.45]
Modulusat o (1.35) (L70)  (250) (267) (278 (276 (375  (3.48)
100% (MPa) ~ © [1.30] (163  [237] [256] [255] [285 @ [355  [3.48]
Elongation ., . (58904)  (56805) (55004) (53878) (52350) (47944) (46254) (399.99)
at break (%) : [60000]  [58500] [575.21] [550.44] [532.09] [498.05] [425.08] [475.08]
Flexfatigue .o (9.98) 002  (845)  (7.44) (721)  (600)  (6.00)  (6.87)
(kex10Y) : [10.02] [070] [842 [7.75] [643 [690] [6.88]  [7.19]
Hardness oo (50.09) (5306) (5449) (60.95) (61.12) (64.24) (68.11) (67.75)
(IRHD) : [50.00] [5200] [5307] [60.00] [60.34] [6467] [67.90] [61.06]
Abrasion
: (20.09) (21.00) (2208) (34.97) (29.00) (49.78) (5143) (52.20)
Resé;:’;‘”ce 40.60 [20.10] [2025] [2100] [3342] [37.25] [4420] [5L04] [49.90]
Compression ¢ o/ (20.53) (2085) (17.71) (1508) (1332) (1291) (931)  (9.15)
st (%) : [20.02] [20.18] [17.90] [1500] [13.08] [11.16] [9.08  [9.78]
Rebound
e (87.70) (7860) (76.90) (73.60) (87.80) (8200) (76.90) (86.10)
Res'((;gnce 92.67 [87.70] [77.90] [7540] [73.80] [83.60] [78.80] [69.80] [73.80]
Specific 1 0 (1.006) (1L009) (L066) (1102) (L0OOG) (1040) (1.066)  (1.008)
Gravity(SG) = [1.006] [1.042] [1081] [1108] [L016] [1050] [1.083] [1.019]
Key: 100pm-filled vulcanizates ('), 150um-filled vulcanizates| ]
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Figure 1 : Tensile strength of 100um-filled and 150pm-filled vulcanizates
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Figure 2 : Modulus at 100% of 100um-filled and 150pm-filled vulcanizates
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Figure 3 : Elongation at break of 100um-filled and 150um-filled vulcanizates
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Figure 4 : Hardness of 100um-filled and 150pm-filled vulcanizates
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Figure 5 : Compression set of 100um-filled and 150pum-filled vulcanizates

more adherence of 100um carbon to the rubber ma-
trix.

Theresults of compression setin TABLE 4 and
Figure 5 show that asfiller carbonization tempera-
tureincreases, the compression of filled vul canizates
decreases for both 100um-filled and 150um-filled
vulcanizates up to 700°C. This observation is con-
nected with the degree of filler dispersion and its
particle size which may have enhanced the 100um-
filled vul canizates*?. However, the values for both
the 100um-filled and 150pm-filled vulcanizates

were relatively close when compared.

Thevaluesof flex fatigue decreaseswith increas-
ing carbonization temperature of the mixes for all
the fillers below 600°C before it starts rising again
presentedin TABLE 4 shownin Figure6. A decrease
inflex fatigue has been explained in terms of adher-
ence of thefiller to the polymer phaseleading to the
stiffening of the polymer chain and henceresistance
to stretch when strain is applied*3.

The abrasion resistance of a solid body is de-
fined as its ability to withstand the progressive re-
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Figure 6 : Flex fatigue of 100pum-filled and 150um-filled vulcanizates
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Figure 7 : Abrasion resistance of 100um-filled and 100pum-filled vulcanizates
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Figure 8 : Specific gravity of 100pm-filled and 150pm-filled vulcanizates

moval of the material from its surface as aresult of
the mechanical action of rubbing, scraping or ero-
sive nature, Thetrend of abrasion resistancewith
carbonization temperature of filler presented in
TABLE 4 and Figure 7 show a regular pattern of
increase with increasing thefiller carbonization tem-
peraturefor both the 100um-filled and 150um-filled
vulcanizates. Thisindicatesthat filler carbonization
temperatureisafunction of the measured parameter

attributed to the degree of dispersion of the fillers.
However; the abrasion resistance of the vul canizates
decreases above 600°C, hence 100um-filled has
better abrasion resistance when compared with
150um-filled vul canizates.

The result of the specific gravity for the both
100um-filled and 150um-filled vulcanizates has
showed in TABLE 4 increases and decreases with
carbonization temperature. However; the 100pm-
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Figure 9 : Rebound resilience of 100pm-filled and 150pm-filled vulcanizates

filled vulcanizates show better stability than the
150um-filled vul canizates which may have been as
aresult of its compatibility with the rubber matrix.

The results of the vulcanizates presented in
TABLE 4 and Figure 9 showed that 100pm-filled
vul canizates has excellent rebound resilience when
stretched considerably than the 150um-filled which
has been explained in terms of filler adherence to
the rubber matrix.

CONCLUSION

The essence of thisresearch work isto examine
how thefiller carbonization temperature of thepam
kernel shells may influence its characteristics prop-
erties and hence the mechanical properties of the
vulcanizates. Theinitial result showed that 100pum
filler particle size is more reinforcing for natura
rubber compound than 150um. The resultsindicate
that mechanical and swelling behaviour of the
vulcanizates are greatly influenced by filler carbon-
ization temperature and are therefore significant fac-
tors in determining the application in rubber com-
pounding. The result also predicts the potential ap-
plications of CPKSaslow cost filler in natural rub-
ber products. The vul canizates exhibit high quality
characteristics at filler carbonization temperature
(600°C). This indicate that for high quality
vulcanizates using CPK S as reinforcing fillers, the
particle size should be relativel small and carbon-
ization should be done at 600°C.
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