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ABSTRACT

Cashew nut shell powder (CNSP) and carbon black were utilized as filler
in Natural rubber vulcanizates. The CNSP was characterized in terms of
pH and vul canized using efficient vul canization system and compared with
commercia filler (NNPC carbon black). The cure characteristics revealed
that sasmplesfilled with carbon black has a better and lower cure time than
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thosefilled with CNSP. The samplesfilled with carbon black needed higher
torques than those filled with CNSP which is an indication of higher vis-
cosity with compounds of carbon black than those with CNSP.
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INTRODUCTION

The search for means and methods of improving
the properties and processing of rubber dates back
to over a century ago. One way of achieving this
extension of servicelife of rubber isthe incorpora-
tion of additivesinto the polymer matrix. Additives
arematerialswhen incorporated into apolymer base,
help to ensure easy processing, reduce cost of prod-
uct and enhance service properties. The different
types of additives used in the processing of rubber
into productsinclude, vulcanizing agents acel erator,
activator, antidegradants, fillers, softener, thickners,
gel sensitizer, colorant e.t.c.

Fillersisoneof themajor additivesused in natu-

ral rubber compound and has marked effect and in-
fluence on rubber materials. Filler functions to
modify the physical and, to some extent, the chemi-
cal properties of vulcanizates.

The mechanism of reinforcement of elastomers
by fillers has been reviewed by several workers.
They considered that the effect of filleristo increase
the number of chains, which sharetheload of abro-
ken polymer chain. It is known that in the case of
filled vul canizates, the efficiency of reinforcement
depends on a complex interaction of severa filler
related parameters. Thereinclude particle size, par-
ticle shape, particle dispersion, surface area, sur-
face reactivity, structure of the filler and the bond-
ing quality between thefiller and the rubber matrix.
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In rubber industry, filters that are commonly in use
are carbon black, chinaclay and calcium carbonate.
Carbon black isderived from petro-chemical sources
but the unstable price of crude oil has led to the
search for filler that are derived from other sources.
Agricultural by-products; maize cobs, cocoa pod
husk, sugar cane chaff, rice husk, plantain peel etc.
arelow cost materialsand readily availablein large
quantity for use everywhere, of whichwell over 300
million tonesare produced annually. In previousre-
ports, the use of cocoapod husk, rubber seed shells,
groundnut husk, plantain peels etc were examined.
The results obtained from these studiesindicated a
potential for the utilization of agricultural residues
asfillersin natural rubber compounds.

Rubber was known to the indigenous peopl es of
the Americas long before the arrival of European
explorers. In 1525, Padre d’ Anghieria reported that
he had seen M exican tribes people playingwith elas-
tic balls. The first scientific study of rubber was
undertaken by Charles de la Condamine, when he
encountered it during his trip to Peru in 1735. A
French engineer that Condamine met in Guiana,
Fresnau studied rubber on its home ground, reach-
ing the conclusion that thiswas nothing morethan a
“type of condensed resinous o0il”.

The first use for rubber was an eraser. It was
Magellan, a descendent of the famous Portuguese
navigator, who suggested this use. In England,
Priestley popularized it to the extent that it became
known as Indiarubber. The word for rubber in Por-
tuguese - borracha - originated from one of thefirst
applications for this product, when it was used to
make jars replacing the leather borrachas that the
Portuguese used to ship wine.

Returning to theworks of Condamine, Macquer
suggested that rubber could be used to produce flex-
ibletubes. Sincethen, countless craftsmen have be-
comeinvolved with rubber; goldsmith Bernard, herb-
alist Winch, Grossart, Landollesand others. In 1820,
Britishindustrialist Nadier produced rubber threads
and attempted to use them in clothing accessories.
Thiswasthetimewhen Americawas seized by rub-
ber fever, and the waterproof footwear used by the
indigenous peoples became a success. Waterproof
fabrics and snow-boots were produced in New En-
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In 1845, R.W. Thomson invented the pneumatic
tire, the inner tube and even the textured tread. In
1850 rubber toys were being made, as well as solid
and hollow ballsfor golf and tennis. The invention
of the velocipede by Michaux in 1869 led to the
invention of solid rubber, followed by hollow rub-
ber and finally the re-invention of the tire, because
Thomson’s invention had been forgotten.

Natural rubber is alinear polymer of an unsat-
urated hydrocarbon called isoprene (2-methyl buta-
diene). There may be as many as 11,000 to 20,000
isoprene unitsin apolymer chain of natural rubber.

Charles Goodyear discovered the process of
vulcanization in 1893 to modify the properties of
natural rubber. Vulcanization is the addition of the
right amount of sulphur to natural rubber to impart
high el aticity, tensile strength and resistanceto abra-
sion.

Rheology is the study of deformation and flow.
Inthe Rubber Industry the effectsof compound varia-
tions on curing characteristics areimportant in com-
pound development studies or production control.
In compound devel opment, the composition of the
ingredients can be varied until the desired vul cani-
zation characteristics are achieved. For al this, the
Computerized Rheometer with Micro-processor tem-
perature controls is an equipment of vital impor-
tance. The Rubber Compounder feels handicapped
without a Rheometer. The inventions of new Poly-
mers & Rubber Chemical sleads the compounder to
an embarrassing position regarding their choice &
use.
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The degree of vulcanization of a rubber com-
pound has a big influence on the properties of the
final product. Therefore, precisely defining the cur-
ing process including optimum cure timeis impor-
tant to ensure the production of final products hav-
ing high performance. Typically, vulcanization is
represented using vulcanization curves. The main
types of equipment used for producing vul caniza-
tion curvesarethe oscillating disc rheometer (ODR)
and the moving dierheometer (MDR).

The Rheometer isan only equipment in the Rub-
ber Industry which hel psthe Compounder to choose
the right material and its appropriate dose to meet
the end requirementsof the product. The Rheometer
not only exhibits the curing characteristics of the
Rubber Compound but it al so monitorsthe process-
ing characteristics as well as the physical proper-
tiesof thematerial. The“Cure Curve” obtained with
aRheometer isafinger print of the compound’s vul-
canization and processing character.
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MATERIALSAND METHODS

Natura rubber crumb was obtained from Alhson
Lab Equipment consult, Zaria, the cashew nut shell
powder were obtai ned from Auchi community in Edo
state while othe compounding additiveslike TMQ,
zinc oxide, stearic acid, MBTS, sulphur were ob-
tained from Integrated rubber products Plc., Benin-
city.

SAMPLE PREPARATION

The cashew nut shell powder was characterized.
The pH and moisture content were determined using
aJenway pH meter and ahot air oven respectively.

The samples of recipes were prepared follow-
ing therecipesin TABLE 1 & 2.

The compounding of the formulations was car-
ried out on a standard laboratory roll mill in accor-
dance with ASTM 3132 procedures. Sample were

TABLE 1 : Formulation table for carbon Black

Formulations (PPHR) grams

S/INo Ingredients 1 2 3 4 5
1 Natural rubber 100 100 100 100 100
2 Zinc oxide 5 5 5 5 5
3 Stearic acid 2 2 2 2 2
4 T™MQ 15 15 15 15 15
5 MBTS 3 3 3 3 3
6 CNSP - - - - -
7 Carbon black 10 20 30 40 50
8 Processing oil 2 2 2 2 2
9 Sulphur 3 3 3 3 3

TABLE 2 : Formulation table for cashew nut shell powder
Formulations (PPHR) grams

S/No Ingredients 1 2 3 4 5
1 Natural rubber 100 100 100 100 100
2 Zinc oxide 5 5 5 5 5
3 Stearic acid 2 2 2 2 2
4 T™MQ 15 15 15 15 15
5 MBTS 3 3 3 3 3
6 CNSP 10 20 30 40 50
7 Carbon black -- -- -- -- --
8 Processing oil 2 2 2 2 2
9 Sulphur 3 3 3 3 3




12

Sudieson therheological properties of cashew nut shell powder (anacardium accidental €)

CMAIJ, 1(1) 2016

e

Full Paper

sheeted out and the cure characteristics were
anaysed

ASSESMENT OFTHE VULCANIZATES
CURE CHARACTERISTICS

The cure characteristics of the vul canizates was
carried out using an Alpha Technology ODR 2000
to determine the processing characteristics of the
compound mixed. Thediscsweresettoanarc angle
of 0.05 at a curing temperature of 150°C. The
rheographs, which contain the cross-link density
against time plot for the compounded sampleswere
anayzedfor tsl, ts2, t10, t50t90, scorch time, torque
(minimum torque ML and maximumtorque MH. Cur-
ing of the test pieces were done by moulding. This
was carried out using steam heated hydraulically
operated single daylight press.

RESULTSAND DISCUSSION

The pH of the filler slurry shows that cashew
nut shell powder (CNSP) is acidic with pH of 4.97
while that of the carbon black is alkaline with pH
value of 8.07. It isgenerally well known that acidic
fillersretard cure rate or vul canization (longer cure
time) whileakalinefillersaccelerateit (shorter cure
time).

Rheological analysisresults

DISCUSSION

The cure characteristics of the compound mixes
were measured at 150°C in an oscillatory disc rhe-
ometer (Alpha ODR 2000) in accordance with 1SO
3417 method. The scorch time, cure time, torques,
thermo-plasticity and reversion time were studied
from the rheographs as shown in tablefor both com-
poundsfilled with carbon black and cashew nut shell
powder.

Intherubber industries, the effects of compound
variation on cure characteristics are important in
compound development. The“cure curve” obtained
with rheometer is afinger print of the compounds
vulcanization and processing character. The rheol-
ogy of acuring compound isdetermined by two fac-
tors, the degree of cure and the temperature. Asthe
cure proceeds, the molecular size increases and so
does the cross-linked density, which decreases the
mobility and hence increases the viscosity of the
resin.

All the compoundsanalyzed revealed curvesthat
areinlinewith the standard methods. It isgenerally
known that acidic fillers retards vul canization/cur-
ing (increase the proper cure time) while alkaline
fillers accel erates vul cani zation (reduces the proper
curetime). Fromthefillersused for thiswork which
are carbon black and cashew nut shell powder hap-
pensto be akaline and acidic in nature with carbon

TABLE 3: Rheological analysis

END

SING SAMPLE T?’%)P' (rtnsi%]) (rtnsiﬁ) (rtnlicr)1) (rtn5icr)1) (rtr?icr)o (Kl\g;l-lém) (K“Q.E'm) (Kg/lém) CR (nF:i-L) Tfo'gp' TRR
1 100NR 150 0.05 0.08 0.07 5.09 551 06.80 26.11 06.0 1842 68 1492 R P
2 CB 10 150 257 316 323 438 558 1094 35.54 088 4132 85 1540 R P
3 CB 20 150 0.04 005 0.07 422 531 08.55 36.62 08.0 1901 64 1520 R P
4 CB 30 150 256 317 326 447 6.01 06.81 33.55 210 3521 74 1526 R P
5 CB 40 150 235 253 305 437 6.16 10.11 38.86 100 2755 91 1554 R P
6 CB 50 150 216 234 248 358 508 06.50 40.58 238 3650 69 1550 R P
7 CNSP 10 150 349 422 411 521 630 07.13 23.25 068 4808 92 1491 R P
8 CNSP 20 150 432 457 449 6.03 812 06.05 21.86 09.0 2817 00 1487 M P
9 CNSP 30 150 322 345 333 429 519 0802 21.80 106 5747 63 1482 R P
10 CNSP40 150 315 335 326 424 549 08.16 23.22 08.75 46.73 7.7 1490 R P
11  CNSP50 150 259 314 259 347 4.46 06.28 16.60 09.0 7576 66 1462 R P

LEGEND: CR- Curerate, TR- Trends (R- Reversion, M- Marching, P- Plateau), RT-Reversion time, R- Results, P- Pass



CMAIJ, 1(1) 2016

I.A.Okeleetal. 13

—=  Fyl] Peper

80T
7ot
AN
€
E =0
o
2 40 A
E - -
§ :
(&) g3
20 v
10
o 10 20 20 40 50
Filler Loading (g)
——CB CNSP
Figure 1 : Cure rate against filler loading
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Figure 2 : Initial torque against filler loading
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Figure 3 : Minimum torque against filler loading

black having acid value of 8.07 and cashew nut shell
powder with acid value of 4.97 whichishigher than
that of the carbon black, hence have an effect on the
curerate of the compound mix where samplesfilled
with carbon black had lower cure time than those
filled with cashew nut shell powder at same filler

loading, seeFigure 1.

Theinitial torque which isthe torque recorded
at timezero at the start of the test which reveal sthat
asthefiller loading isincreasing, theinitial torque
needed to start the test also increases for both com-
poundsfilled with carbon black and cashew nut shell
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powder except for the sample filled with 40g for
both fillerswhich shown adropintheinitial torque,
see Figure 2.

The minimum torque (ML) which isameasure
of the stiffness and viscosity of the un-vulcanized
rubber compound reveals that for the compound
filled with carbon and cashew nut shell powder
where both not having a uniform flow as the filler
loading were increasing from 10g pphr to 50g pphr.
The highest minimum torque were recorded for car-
bon black at loadings of 30g and 40g pphr (06.81 &
10.11 kg-cm) respectively before dropping at 50g
pphr loading with minimum torque of 06.50kg-cm.

There is a constant decrease of the minimum
torque for compounds filled with cashew nut shell
powder at 10g to 30g pphr before it eventualy in-
creased at 4og pphr then further decreased at 50g
pphr, see Figure 3.

Themaximum torque (MH) which increases pro-
portionately as the curing starts, depending on the

cm

Maximum Torggu MH kg

type of compound, the slope of rising torque varies.
After awhilethetorque attains maximum value and
it either plateau out, reverts or marched.

From the rheological plots obtained, it is re-
veded that all the samples subjected for this test
reversed for both carbon black and cashew nut shell
powder filled compound except for the compound
filled with 20g pphr CNSP which experienced
marching, i.e continuousrising trend during the pe-
riod of record. See appendix.

From Figure 4, thereis an increase in the maxi-
mum torque as the filler loading is increased from
10g pphr to 20g pphr before it further drops at 30g
pphr from 36.62kg-cm to 33.55kg-cm and further
increased from 40g pphr to 50g pphr (38.86-40.58kg-
cm). That was not so asin the case of samplesfilled
with cashew nut shell powder weretherewasadrop
from 10g pphr to 20g pphr and then alittle increase
at 30g pphr to 40g pphr (21.80 — 23.22kg-cm) and
further dropsat 50g pphr (16.60kg-cm). Compounds
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Figure 4 : Maximum torque against filler loading
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filled with cashew nut shell powder generally
showed lower maximum torque compared to those
filled carbon black filler at al loadings, See Figure
4.

Theinductiontime (tS1) whichisthescorchtime
for viscosity to rise lunit above minimum torque
(ML) reveals that samplesfilled with carbon black
have lower induction time compared to thosefilled
with cashew nut shell powder. Asfiller loading was
increased, the induction time also increased for
samplesfilled with carbon black except for sample
filled with 20g pphr which the induction time dras-
tically dropped to 0.04s which gives the lowest in-
duction timein all the compounds, this could be at-
tributed to the in-homogeneity in the sample. This
trend was not the same with samples filled with
cashew nut shell powder asthere wereirregular in-
crease and decrease in the samples asfiller loading

[

corch Time 152 (min)

&
=4
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wasincreasing from 10g pphr to 50g pphr. See Fig-
ure>S.

The scorch time (tS2) which is the time for the
viscosity torgue to rise 2units above the minimum
torque (ML) is a measure of processing safety of
vulcanized compounds. Scorch being a premature
vulcanization in which the stocks becomes partially
vulcanized before the product is in its final form
and ready for vulcanization. It reduces the plastic
properties of the compound so that it can no longer
be processed. Scorchingistheresult of both thetem-
perature reached during processing and thetimethe
compound isexposed to el evated temperature. Since
scorching ruinsthe stock, it isof important that vul-
canization does not start until processing is com-
plete. Thesamplesfilled with cashew nut shell pow-
der reveaed better scorch time compared to those
filled with carbon black filler, this is attributed to

: y
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Figure 6 : Scorch time against filler loading
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the chemical nature of thefiller asthe acidic content
inthe CNSP help to prolong the curetime and scorch
time and hence reduced deterioration of the com-
pound. See Figure 6.

The processing/rheological end temperature is
areflection of the amount of heat aspecimen can be
subjected to or withstand before deterioration will
start settingin abovethat temperature, From therheo-
logical analysis carried out, carbon black revealed
a better end temperature compared to compounds
filled with cashew nut shell powder at the samefiller
loading.

The end temperatures were not stable for both
samples filled with carbon black and cashew nut
shell powder. At the beginning of the analysis, the
end temperature increased from the control sample
to the sample filled with 10g pphr of carbon black
(149.2°C to 154°C) which was not so at the begin-
ning for compounds filled with cashew nut shell

101

Rewversion Time RT (min)

powder as there was adecreasein the end tempera-
ture from the control sample to sample filled with
10g pphr of cashew nut shell powder, thiswere gen-
erally attributed to the chemical nature and surface
area of thefillers, see Figure 7.

Reversion is the time to reach 98% maximum
torque, and isrecorded in minutes. It gives an indi-
cation of the quality of the compound asto how long
it retains its physical properties when subjected to
heat ageing. Reversion occurs with over cure lead-
ing to adecreasein the modulusand tensile strength.
All the samples subjected for thisanalysis reversed
except that filled with 20g of cashew nut shell pow-
der which marched and revealed in indication of
better process safety of the physical propertieswhen
subjected to heat at higher temperature without ad-
versely affecting the compound. Although samples
filled with carbon black revealed better reversion
time compared with those filled with cashew nut
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Figure 8 : Reversion time againgt filler loading
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Figure 9 : Optimum cure time, t50 againgt filler loading
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Figure 10 : Optimum cure time, t90 against filler loading

shell powder at the same filler loading except for
sample filled with 10g of cashew nut shell powder
which only revealed a better reversion time over its
counterpart filled with 10g pphr of carbon black.
See Figure 8.

The t50 and t90 time values which are the time
the compound reaches 50% and 90% cure respec-
tively revealed similar cure trends for both carbon
black and cashew nut shell powder. At filler load-
ing 10g and 20g, the optimum cure time of CNSP
were higher than those of the carbon black (indica-
tion of lower optimum cure rate) and there was an
overlap at both t50 and t90 at 30g pphr |oading show-
ing alower optimum cure time for CNSP than car-
bon black up to 50g pphr filler loading (indication
of ahigher optimum curetime), see Figure9 and 10
respectively. It has aready been established in rub-
ber curing that if an elastomer isprocessed withfiller
of high acid content, it tends to prolong vulcaniza-
tion or cure time. This result is in accordance be-
cause acid content of carbon black is higher than
that of cashew nut shell powder. All the samples
analyzed for rheology passed the test.

CONCLUSION

The degree of rheology of carbon black and
cashew nut shell powder (CNSP) filler in natural
rubber depends on particle size, aggregate structure,
surface area, leve of filler loading and other physi-
cal nature of thefillers. Thisindicates that agricul-
tural by-product like cashew nut shell powder
(CNSP) iscomparableto carbon black filler interms
of rheology. The cure characteristics revealed that

samples filed with carbon black has a better and
lower cure time than those filled with CNSP, this
was as a result of the acidic nature of CNSP. The
samples filled with carbon black needed higher
torquesthan thosefilled with CNSPwhichisanin-
dication of higher viscosity with compounds of car-
bon black than those with CNSP.

RECOMMENDATIONS

I Thisresearch work reveals certain outstanding
properties of the cashew nut shell powder
(CNSP). In order to modify and establish these
findings, thefollowing recommendation hasbeen
put forward from some of the problems encoun-
tered:

ii - Thecashew nut shell powder can perfectly serve
as an extenders or diluents i.e. to increase the
bulk of the polymer product with reduction in
COost.

iii Efforts should be made to improve the surface
area of cashew nut shell powder and more par-
ticle sizes and filler loading should be tried in
futurework

iv. Measuresshould betakento neutralizethefiller
because of its acid nature.

v Compactabilizer could beused in compounding
cashew nut shell powder with natural rubber
compound to improve to improve on its misci-
bility.

vi A wide ranges of particle sizes should be var-
ied to know how particle size will affect the
properties of the vul canizates.
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