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ABSTRACT

Samples of dikanut shell and rubber seed shell were carbonized at varying
temperatures (100, 200, 300, 400, 500, 600, 700 and 800°c) for three hours
each and sieved through a 100um screen. The portion of the dikanut shell
and rubber seed shell carbon that was passed through the screen was
characterized and used in compounding natural rubber. The mechanical
properties of the DNSC-filled vul canizates present better tensile strength,
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modulus at 100%, abrasion resistance, compression set and hardness as
carboni zation temperature increases while the RSSC-filled vul canizates
exhibits better elongation at break and flex fatigue resi stance.
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INTRODUCTION

The search for means and methods of improving
the properties and processing of rubber products
dates back to over a century ago!l. One way of
achieving theseextensions of servicelifeof theserub-
ber productsisthe incorporation of additivesinto
the polymer matrix!3. Theuseof agricultura by-prod-
uctsasfillersfor renewable polymer additivestried
by several authorsisdrastically takenit positionin
the polymer industry!¥. Fillers, as one of the major
additives used in natural rubber compoundsare ei-
ther used raw or modified?. Thesefillersfunctionto
modify the physical and to some extent, the chemi-
cal propertiesof the vulcanizates?. Inthisresearch

work, the dikanut shell and rubber seed shell were
carbonized at various temperatures to see the ef-
fects of carbonization temperature on thefiller prop-
erties and on the Mechanical properties of the
vulcanizates?.

OBJECTIVE

» Toinvestigatetheeffect of carbonized dikanut and
carbonized rubber seed shells on the mechanical
propertiesof therubber vul canizates.

« Combating agricultura by-productsasarouteto
renewable polymer additives.

+ Tocomparethereinforcing potentialsof thefillers
used.


mailto:teneosigab@yahoo.com

MMAIJ, 9(2) 2013

O.GTenebe et al. 79

EXPERIMENTAL

Materialsand method

Nigeriastandard rubber of grade NSR-10 and rub-
ber seed shellswere obtained from Rubber Research
Institute, lyanomoh, Benin City. Thedikanut shell were
obtained from Leventisfarms, Agenebode, Edo State
whileZinc oxide, processing oil, Tetramethyl thiuram
disulphide (TMTD), Mercarpto benzothiazole
sulphenamide (MBTS), Stearic acid, Sulphur,
Trimethylquinoline(TMQ), Sodium sulphate (99.5%),
Analytical grade potassiumiodideand N330 carbon
black produced by British Drug House (BDH) were
obtained from Rovet Chemicals, Benin City.

Apparatus

* Monsanto Tensiletester model 1/m was used to
test thetensile properties.

+ WadlaceHardnesstester model ¢8007/25 wasused
for hardnesstest’™.

« WalaceAkron abrasion tester was used for abra-
sion test!'d,

+  DuPont machinewasusedfor flex fatiguetest’.

*  MuffleFurnaceMETTm-525wasused for thecar-
bonization of the dikanut shell and rubber seed
shd b,

«  TwoRall Mill wasused in mixing therubber com-
posite®,

» Hydraulic presswasused for curing therubber com-
positesd.

Filler carbonization

The dikanut shell and rubber seed shells were
washed in water and dried in air to removed sand
particles and moisturerespectively. After drying, half
of thedikanut shell and rubber seed shell weremilled
to fine powder aswel| asthe carbonized portion, and
sieved through amesh size of 100im!*¥. Thefine par-
ticlesthat passed through were coll ected and used for
compounding. Thefillerswere carbonized at varying
temperaturesfrom 100, 200, 300, 400, 500,600, 700
and 800°C["10,

Processing of the composites
Theformulation used for the compounding of the
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natural rubber (NSR 10) with the dikanut shell and
rubber seed shell fillersisshownin TABLE 1.

A batch factor of six was used to multiply the
weight of theingredientsin parts per hundred of the
rubberf®8l,

TABLE 1: Formulation for compounding natural rubber.

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

Mixing procedure

Therubber mixeswere prepared on alaboratory
sizetworoll mill according to the mixing cycle shown
INTABLE 2. Itwasmaintained at 70°cto avoid cross-
linking during mixing after which therubber compos-
itewasstretched out. Mixing followsASTMD 3184-
80 Standard®!.

TABLE 2: Mixing stepsand mixing time

Mixing steps Time (minutes)
Natural rubber mastication 5
Addition of Stearic acid 1
Addition of Zinc Oxide 1
Addition of filler 10
Addition of MBTS 1
Addition of TMTD 1
Processing Oil 1
Addition of Sulphur 2
Total 22

Compounded compositecuring

The curing of test pieceswasdonein acompres-
sion moulding machine. Thecuringwascarried out at
130°C for 25 minutes?.

M echanical propertiesof thevulcanizates

Themechanicd propertiescarried out include; ten-
sileproperties,

Hardnesstest, Compression set, Flex fatigueand
Abrasion resistance respectivel y*,
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TABLE 3 : Mechanical properties of the vulcanizate

N330 Carbonization Temperature (°c) at 40phr Filler Loading
carbon Uncarbonized 100 200 300 400 500 600 700 800

Properties

Tewlestength oo (600)  (710) (800) (820) (1040) (1211) (1280) (1245) (1L90)
(Mpa) : [5.80]  [620] [7.35 [7.46] [810] [9.20] [1140] [11.00] [10.98]

(125)  (170) (250) (258) (270) (274) (3.60) (3.48) (3.28)
Modulusat100% 630 n'og (163 [234] [249] [265 [289] [350] [340] [3.10]
Elongation at bresk (489.40)  (468.50) (450.40) (438.65) (420.50) (379.10) (365.20) (372.10) (456.20)

(%) 32410 50000]  [485.00] [474.20] [450.10] [432.10] [386.07] [324.10] [375.00] [476.00]
_ (889)  (820) (7.30) (645) (620) (5.00) (5.00) (5.86) (6.40)
Flexfatigue(kex10° 458 19%0  [g70] [742] [675 [640] [590 [588] [600] [7.22]

(4090)  (4360) (44.20) (50.94) (51.20) (54.10) (58.00) (57.85) (57.60)
Hardness(IRHD) 5860 rj50q)  [4200] [43.02] [50.00] [50.40] [53.60] [57.80] [57.40] [57.20]
Abrasion Resistance o o (1990)  (2000) (2L40) (2480) (28.00) (39.80) (4120) (40.00) (37.25)
(%) : [1900]  [19.20] [20.00] [24.10] [27.25] [34.00] [41.00] [39.20] [35.60]

. . (1935  (19.80) (16.80) (14.40) (12.10) (1165) (8.80) (9.00) (10.10)
Compressonset (%) 861 11955 [1900] [16.40] [14.20] [12.00] [1040] [8.70] [8.95] [9.01]

Key : Dikanut shell Carbon ( ), Rubber seed shell Carbon [ ]
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Figurel: Tenslestrength of DNSC -filled and RSSC-filled vulcanizate
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Figure2: Modulusat 100% of DNSC-filled and RSSC-filled vulcanizate
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Figure4: Hardnessof DNSC -filled and RSSC-filled vulcanizate
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Figure5: Compression set of DNSC-filled and RSSC-filled vulcanizate
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Figure6: Flex fatigueof DNSC -filled and RSSC-filled vulcanizate
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Figure7: Abrasion resistance of DNSC-filled and RSSC-filled vulcanizate

DISCUSSION

Naturd fibresarederived from lignocel lul osescon-
taining strongly polarized hydroxyl group, hencehydro-
philicin nature. Most fibres contain cellulose, lignin,
water-soluble compounds, waxes, hemicellulosesetc.,
wherelignin, hemicellulosesand cdllulosesarethema-
jor constituents®. The hydrophilic nature of fibres
causesthefibreto swell considerably and ultimately
rotten through fungi attack. The magjor causes of this
bi odegradation are the presence of hemicellulosesin

natural fibres, whereasligninisproneto Ultra-viol et
degradation but thermally stabl€®. Carbonizationis
aimed at curbing this short comingsposed by natural
fibresfor usein rubber vulcanizates.

Indl filled sygsemasshowninFigureland Figure2,
agradud increaseintensilestrength aswell asmodulus
with carbonizationtemperatureof thefillerisnoticed up
to 600°C. It clearly indicatesthat asthetemperaturein-
creases, thereisanoticesbleincreaseintendlestrength
and modulus for both RSSC-filled and DNSC-filled
vulcanizates”*3. It may bementioned herethat both ten-
dledrength and modulusareimportant for recommend-

Macromolecules ——
)4#‘7:«#’4«?0%@



MMAIJ, 9(2) 2013

O.GTenebe et al. 83

ing any vulcanizatefor structurd applications.

Theincreaseintenslesrengthand modulusisasa
result of high surface area of DNSC compared to
RSSC, suggest better polymer filler interaction and
hence enhanced better tensile propertiesfor the DNSC-
filled Vul canizatethan the RSSC-filled. Thefactorsthat
affect thereinforcing potentialsof fillersincludefiller
dispersons, surfacearea, surfacereactivity, bonding ca-
pacity (qudlity), particlesize between thefilled and the
el astomeric matrix9,

Themodulusdatain TABLE 3and Fgure2 showed
increasewithfiller carbonization temperaturefor DNSC
and RSSC up to 600°c before showing amarked de-
crease with temperature above 600°c. The fact that
DNSC hasahigher modulusthan RSSC suggest that
fillersaremorereinforcing when properly adhered into
the polymer matrix*l,

Theresultsin TABLE 3 and Figure 3 showsthat
elongationa bresk (EAB) decreasewithincreasingfiller
carbonization temperatureof themixesfor al thefillers
bel ow 600°c, abovewhich therewasagradual risein
the value of EAB. A decrease in EAB has been ex-
plained intermsof adherence of thefiller to the poly-
mer phaseleading to thestiffening of the polymer chain
and henceresistanceto stretch whenthestrainis ap-
plied. DNSC-filled vul canizateshaslessva uesof EAB
astemperatureincreasescompared to RSSC-filled*3,

The hardness of DNSC-filled and RSSC-filled
vul canizatesincreased with increasing carbonization
temperature. However, above 600°c the trend took a
different direction asaresult of thefiller characterigtics.
Thisresult isexpected because asmorefiller particles
get into therubber, the elasticity of therubber chainis
reduced, resultingin morerigid vul canizates. The hard-
nessresultsof DNSCHfilled vul canizatesarehigher than
thoseof RSSC-filled asshownin TABLE 3and Figure
4 because of the more adherence of DNSC carbon to
rubber matrix13,

Theresults of compression setin TABLE 3 and
Figure5 show that asfiller carbonization temperature
increases, the compression of filled vul canizates de-
creases for both DNSC-Filled and RSSC-Filled
vulcanizatesup to 600°c beforeit tart risngagan. This
observationisconnected with thedegreeof filler dis-
persion and itsparticle sizewhich may have enhanced
the DNSC-filled vulcanizates™?. However, at 400°C,
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600°c and 700°c, the val ue of compression set of both
the DNSC-filled and RSSC-filled wererdatively close
when compared?,

Thevauesof flex fatigue decreaseswithincreasing
carbonization temperatureof themixesfor dl thefillers
below 600°c beforeit startsrising again presentedin
TABLE 3showninFigure6. A decreaseinflex fatigue
hasbeen explainedintermsof adherence of thefiller to
thepolymer phaseleading to the stiffening of the poly-
mer chain and henceresistanceto stretchwhen strainis
appli egl1314.18

Theabrasion resistance of asolid body isdefined
asitsability towithstand the progressveremovd of the
materia fromitssurface asaresult of the mechanical
action of rubbing, scraping or erosive nature*®%, The
trend of abrasionresistancewith carbonizationtempera:
tureof filler presented in TABLE 3 and Figure 7 show
aregular pattern of increasewith increasing thefiller
carbonization temperature for both DNSC-filled and
RSSCfilled vul canizates. Thisindicatesthat filler car-
bonization temperatureisafunction of the measured
parameter attributed to the degree of dispersion of the
fillers. However the abrasion resistance of the
vul cani zates decreases above 600°c, hence DNSC-
filled has better abrasi on resi stance when compared
wiht RSSC-filled vul canizates®.

CONCLUSION

Themainamof thisresearch work isto examine
how thefiller carbonization temperature of the dikanut
shdl and rubber seed shell may influenceitscharacter-
istics propertiesand hencethe mechanical properties
of natural rubber vulcanizates™. Theinitid result shows
that DNSCismorereinforcingfiller for natural rubber
compound than RSSC. The reinforcing potential of
DNSC isbest compared to that of N330 carbon black
insomemeasured properties. Theresultsindicate that
mechanical propertiesof the vulcanizates are greatly
influenced by filler carbonization temperatureand are
thereforesignificant factorsin determining theapplica-
tioninrubber compounding*?*3, Theresult also pre-
dictsthe potential applications of DNSC aslow cost
filler when compared with RSSCin natural rubber prod-
ucts. Thevulcanizatesexhibit high qudity characteris-
ticsat filler carbonization temperature (600°c). Thisin-
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dicatethat for high quality vul canizates using both the
dikanut shell and rubber seedsshell asreinforcingfill-
ers, carboni zation should bedoneat 600°cfor 3hourd”.
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