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ABSTRACT

General purpose unsaturated polyester resin (GPR) specimens containing
carbon (Teak wood, Ground nut, Neem wood and Rose wood) prepared
from environmental waste were fabricated using casting technique.
Fabricated composite materials were subjected to various studies viz.,
Thermal (TGA/DSC), mechanical (hardness), morphology and X-ray
diffraction studies. SEM images were carried out to identify toughening.
Theinadequacy of the bond betweenfiller and the matrix show minor particle
agglomerations in specimens containing higher weight percentage (40%)
were believed to have responsible for a consistent decrease in property
especially the mechanical properties like hardness. Results of the studies
implies that neem based carbon found to have superior in properties than

that of rest of the carbon based composite in overall properties.
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INTRODUCTION

A compositematerid ismade by combining two or
more material sto giveaunique combination of proper-
ties. Compositesbased on apolymer matrix have be-
come more common and arewidely usedinmany in-
dustriesdueto the advantageous properties offered by
the polymers. Filling polymerswith mineral dispersion
haslong been apracticeintheplagticindustry asaway
to reduceoverall production costsand enhance certain
propertiest. Advancementsinmaterid performancede-
pend on theability to synthesize new materia sthat ex-
hibit enhanced properties such as strength, fracture
toughness, impact resistance, durability etc., Compos-

itesareideal materialsto meet thischalenge, asit has
been shown that they have the potential to deliver the
aforementioned propertiesoftentimeswith minimal in-
creaseinweight: aluxury not dwaysredized with con-
ventional compositesor metals. It should be pointed
out, however, that the degree of enhancement of apar-
ticular property ishighly dependent onthe matrix/filler
type system used, the extent of filler adhesionto the
matrix andthelevel of digoersion of thefiller throughout
thematrix.

Polymer resinshave been used extensively asma
trix materia sfor many high performance components
inthe aerospace, automobilesand e ectronicsindustry
because of their mechanical, electrical and chemical
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properties. Highly cross-linked thermaosetting polymeric
materials, such asthe unsaturated polyester resin used
asthematrix materid inthisstudy, areextremely brittle
owingtotheir covalently bonded network structure, and
thusarepoor inhibitorsof crack initiation and propage
tion. Nonethel ess, researchers have been abletoim-
provether toughnessthus obtained isoften accompa:
nied by a concomitant decrease in modulus and
strengtht*4.

Generdly, most minerd fillersused inthermoset and
thermoplastic compositesareground intofine particles
withrelatively low aspect ratios. Thelow aspect ratios
andrdatively low priceof thefillersarevery atractive
in aplasticsmarket that grows more and more com-
petitive’™. Almost any powdered material can beused
asfiller, the common ones belng obtained from natura
deposits. Of theseverd hundred fillersused, thosethat
find widespread use are various grades of calcium car-
bonate, quartz, mica®, silicaflour, talcl”), and various
clayg®. Theutilization of wastefly ash material asan
additivecomponent in polymer compositeshasreceived
increased attention recently, particularly for price-drivery
high-volumeapplications®. Thedevelopment involves,
the utilization of carbon prepared fromenvironment finds
an aternative to fly-ash and other fillers has been
brought about becausetheincorporation of carbonfrom
renewabl e offerssevera advantages, becauseitisthe
best way to dispose the waste carbon. Itisafineand
powdery material. It hasbeen used asafiller'™ for the
production of light-weight and high-strength compos-
ited™! thesefillershave been showntoincreasethe tiff-
ness of the composites, but the strength, however, suf-
fersasetback’?. Srivastavaand Shembekar™ evalu-
atedtensileand flexural propertiesof fly-ash-filled ep-
oxy resin, and they reported that theloading of FA in
epoxy-resin causes a decrease in the tensile and flex-
urd propertiesof thecomposites. A widevariety of fill-
ershavebeenincorporatedin pure polypropylene (PP)
to impart flow and mechanical propertiesand to re-
duce costs™. Chand and Gautham!*™ devel oped com-
posites of FA and glassfiber with polyester resin and
reported their abrasive behavior and wear loss.
Coutinho et.all*® prepared acomposite of wood fiber
and PP and found adecreasein mechanical properties.
Many studies have been published concerning the pro-
ng conditionsand propertiesof thermoplasticswith
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wood fiber!*™19, glassfiber21 micd?, and calcium
carbonate®. Unfortunately, thebetter stiffnessobtained
throughfillingisoften accompanied by drawbackssuch
aslower processability and lower toughness.
Enormousamount of reseerch work focusesonvari-
ousfillers on unsaturated polyester composite were
found to have deteriorated in overall propertiesof the
composites. Thereportson the utilization of carbon
prepared from environmenta wastefound alongwith
unsaturated polyester found to havevery less. Hence,
thegoa of the present investigation invol vesthefabri-
cation and comparison of four different environmenta
waste carbon as fillers prepared from environment
waste/unsaturated polyester composites. The spectrd,
mechanica, thermal and morphol ogical characteriza-
tions of these composites have also been discussed.

EXPERIMENTAL

Materials

Generd purposeunsaturated polyester resin (GPR)
iscomposed of maleic anhydride, i so-phthalic anhy-
dride, dliphaticdiol, styrene monomer, 1% sol ution of
methyl ethyl ketone peroxide (catalyst), 1% solution of
cobalt-naphthenate (accelerator), and surface-modi-
fied calcium carbonatefiller (120-150 m, bulk density
50.7289 g/cc) were obtained from Sakthi Fiber Glass
Ltd., (Chennai, Indig). Thecarbon prepared from vari-
ousrenewablesourceslike Neem wood, Teak wood,
Rose wood, Ground nut wood in a pre-dried pow-
dered formwereused asfiller inthisinvestigation.

Fabrication of composite sheets

Carbon particdleprepared from environmenta waste
were powdered and added in varying wei ght percent-
ageviz., 10, 20, 30 and 40 % respectively to 90. 80,
70 and 60 weight percentage of general purpose un-
saturated polyester resin, and mechanicaly mixedina
glassbeaker for approximately 10 minutes. The mix-
turewasplaced in avacuum chamber at 28 Torr for 5
minutesto removetrapped air bubblesgenerated dur-
ing mechanica mixing process. After the deaeration
process, the catalyst methyl ethyl ketone peroxide
(MEKP) and the accelerator Cobalt napthenate
(CONAP) were added separately to the mixtureand
mixed thoroughly at 1 ml of 1% solutiony weight of the
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polyester, respectively, toinitiateand accel eratethefree
radical polymerization process. Themixturewasthen
deaerated at 28 Torr to remove trapped air bubbles
generated during the mixing process. The second de-
aeration process was necessary asfreeradical poly-
merization commences almost immediately after the
catalyst and theaccelerator isadded®. Thefina mix-
turewas poured into themold and rotated at 3 rpm for
atleast 6 hoursto avoid the settlement of the carbon
particleat the bottom. Theresin mixturewasallowed
to cure at room temperaturefor 24 hours. At least six
specimens of each type were made and subjected to
testing to obtain the average valuefor hardness prop-
ertiesand to avoid possi ble errors obtai ned because of
non - uniform distribution of thefillers. The hardness
(ASTM D2240) of thecompositewasstudied with the
durometer / shore “D” hardness tester (Blue Star
Engineer’s pvt. Ltd., Bombay, India).

Characterization of carbon

The carbon was characterized for the following
properties. Moisture content, lossonignition and pH.
The notations of variousenvironmental waste carbon
and therecompositesare presented inTABLE 1. The
resultsaregivenin TABLE 2 The particlesize of the
wood and their concern environmental waste carbon

TABLE 1: Characterization of carbon

Concentration (Aver age)

Parameter
c1 c2 c3 c4
?ﬁ' /Oo)'smre content ¢ 4587 6.9508 5.8537 7.2376
pH 74000 7.200 7.6000 7.1000
Bulk density (g/cc)  0.8487 07437 0.8678 0.7982
'(;)Z;@ onignition 09566 0.8506 0.7543 0.8592
Sulfate content (%) 0.2023 02961 0.3333 0.1307
(%Zl)o”de content 53090 03292 04210 0.3828
TABLE 2: ParticleSize
NAME OF  SIZE OF THE SIZE OF THE
THE PARTICLE (%)  PARTICLE %
WOOQOD (BSS40 - 425um) (BSS60 - 250um)
Teak Wood 88.0859 70.5657
Groundnut 35.0112 57.3495
Neem Wood 64.5647 63.3031
Rose Wood 53.2606 69.6921

= Fyl] Peper

were determined by sieving through asuitable sieve
(standard test sieve BSS 40 to 425um and 60 to 250
um). The carbon with particle sizes in the range of 60-
250 pm was used in this study.

Thermal studies

Inorder to eva uatethethermd stability understand
the phasetransformation in the prepared samples. The
TGA sudieswereperformed in therangeof ambient to
870°C andtheresultsareshowninthefigure. All TGA
analyseswereconducted usngaTA Instruments TGA
Q500V20.10 Build 36 thermal analyser, using con-
stant heating rate (20°C/min).

Morphological studies
SEM studies

Fractured surface was subjected to gold coating
using sputtering techniqueand andyzed by SEM. The
andysisiscarriedout VEGA 3, TESCON, GERMANY.

X-ray diffraction

X-ray diffraction patternswere obtained using a
Bruker D8 advancediffractometer equipped withaCu
source (wavelength 1.54 nm) operating at 40kV and
40 mA. Scanning rate was 0.02° s* from 20 = 2° to
20° for various carbon samplesand 2°to 40° for cal-
cium carbonate samplesto check for alterationinthe
characteristic diffraction peaksof thematerid.

RESULTSAND DISCUSSION

Thermal studies

Thermogravimetric analysiswasemployed to get
information onthermal stability of the prepared com-
posites. It can be observed that al sampleshave un-
dergonetwo stage decompaosition withthemg or weight
loss occurring between 300 to 588° C. the peak tem-
perature and the percentageof resdueof dl thesamples
for the both decomposition arelisted TABLE 3 and
Figure. 1 - 4, summarizesthe TGA dataon C1, C2,
C3 and C4 GPR composites. The 10% weight loss
neat GPR, CI/GPR, C2/GPR, C3/GPR and C4/GPR
was observed at 276°C, 230°C, 208°C, 215°C, and
210°C respectively. The20% weight lossfound to have
around 300°C for al composites. Similarly 50%weight
losswasobserving around 400°C. Themaximum (70%
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welght losshavebeen observe C1, C3 and C4 a around
580°C, 600°C whereas C2 wasfound to haveonly at
510°C. this might be due to the lesser hardness im-
parted by the C2.

TABLE 3: Ther mal stability of GPR and modified Carbon/
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GPR composite systems
. Weight loss (%)

Composite

10% 20% 30% 40% 50% 60% 70%
GPR 276 374 392 406 464 538 620
C1/GPR 210 300 350 375 400 425 695
C2/GPR 195 255 340 380 400 500 630
C3/GPR 210 300 350 400 412 450 630
C4/GPR 210 305 360 380 400 420 610

Scanning electron microscope (SEM)

In order to study the morphology of C1, C2, C3
and C4 with polyester compositeswere examined by
Scanning Electron Microscope. These sampleswere
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Figure3
Figure(1-4) : TGA of C1, C2, C3 and C4/GPR Composites

subjected to Ag/Pd coating to render these conductive
before examination. Polymer rich phasewasshownin
thetop. Particlescaninhibit crack initiation and propa-
gationif dispersionissuch that mechanismlike crack
trapping and pinning are allowed to occur. Crack trap-
ping, in particular, can be promoted by ensuring that
thereexigtsastrong bond between thefiller and matrix.
Although not used in this study, silane has been used
for this purpose™. Agglomeration, on the other hand,
can behaveascrack initiation sites, lowering thefrac-
ture toughness of the composites. Onincreasing the
weight percentage of carbon the crack initiation was
attributed to anincrease, dthough minor, inagglomera:
tion on increased |oading. In other words, asthevol-
umefraction of the particleswasincreased beyond 40
%, whatever advantageswere gained up to this point
begantodiminish. Thefinedigposed particlesdongwith
agglomerateswereviewed in themiddleand bottom of
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15.0kV 10.7mm x300 SE
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Figure(5-8) : SEM of C1, C2,C3 and C4/GPR Composites

the portion of the C1, C2, C3and C4 asshowninthe
Figure5—8. This would substantial phase separation
between the polyester and the vari ous carbon prepared
from renewabl eresources and viewed.
Displacethedigtribution of carbon C1inthepoly-
ester matrix theirregular facture surfaceisindicative of
proper distribution of C1 matrix, According Leeet-all
and Guptaet al fractures occursnear theclay particles
inthematrix. TheFigure C1, C2, C3 and C4 observed
to have no affinity with matrix and they do not dispose
inthematrix. Thepossbleoriginsof cracksinitiationin
acompositematerial areair bubblesor voids, resin-
richarea, foreign matter such asdust particles, particle
—matrix poor adhesion (Roulin-Molony, 1987)!%. The
fractured surface of unfilled resn showsabrittlefailure.

Debonding at theinterface and subsequent particlepull
out are seen in Figure.1-4 for the untreated Carbon/
GPR sampleswhich may be dueto thelack of proper
interfacia adhesion. Another possiblemode of failure
isagglomeration of the carbon particlesarea so shown
inthefigure. Sincethe carbon particlesarerandomly
oriented, alargenumber of them are subjected to ten-
silestresses acting perpendicular to theplaneand the
crack propagation occursparalld to the plane.

Effect of carbon on hardnessof thecomposite

Thedurometer hardnessvalues of thevariouscom-
positesmadeinthisstudy aregivenin TABLE 4. From
the TABLE 4, it was clear that 15%, 12 %, amost
level, and 12 % for C1, C2, C3 and C4 respectively.
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Thevauesindicatethat the Carbon-filled composites
were harder than the unfilled composites. Thisobser-
vationisinagreement with thefact that the hardnessis
ameasure of resistanceto penetration. Thisresistance
to the penetration of GPR increased when filled with
the carbon (C1, C2, C3and C4)

TABLE 4 : Shore D hardness of GPR and Carbon/GPR
composites

Hardness

e OPR CUGPR Gop  Gor G
10 % 70.2 76.8 77.6 79.6 74.9
20% 70.5 82.1 84.5 815 77.8
30% 70.6 84.0 86.0 75.2 78.6
40% 70.3 815 78.8 70.0 79.2

X —ray diffraction

Studiesof amorphous materialsrepresent alarge
and important emerging areaof materialsscience. Itis
an areawhichisnot amenableto the most of the con-
ventiond theoretical techniquesof solid - state physics
asthereisno periodicity to smplify the mathematics.
Duetothelack of periodicity, extraction of structural
information from amorphous materialsbecomesvery

cH

Figure9

c3

Thets . Scale

Figure 11

difficult. Inthiswork we have used XRD techniqueto
analyzethevariations of the structural parameters of
amorphous carbon duetoirradiation. XRD isavery
useful and smpletechniqueto understand the structura
detailsof the solid-state substances. Incident X-ray in-
teractswith large volume of themateria at atimeand
an average property of thematerial can be character-
ized rather thanthelocal property. Thismakes XRD a
powerful techniquefor studying thedisordered materi-
alswhichisinherently heterogeneous and wherethe
estimation of average property hasgot practica signifi-
cancel?l,

The cured polyester composites containing 40%
of either and C1, C2, C3 and C4 was powered and
analysed used XRD materia Figure (9—12) for com-
parison adiffractogramfor physical blend containing
environmental waste carbon and polyester in unmodi-
fied conditionwasrecorded. The XRD pattern of com-
positesshowsamorphouspatternfor C1withd =4.268,
A =20.792°, for C2withd=3.37, A = 26.417° and
for C3 with d = 3.38, A = 26.681 respectively. The
presence of peak wasnot observed in diffractogram of

c2

Figure 10

C4

Figure 12

Figure(9-12) : X-ray diffraction of C1, C2,C3 and C4/GPR Composites
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composition C4-GPR compositewhich may indicate
delamination of carbon added during polyester fabri-
cation. Similarly to our observation Michal, kedzierski
et-a, 2004 wasidentified for the polyester/MMT nano
composites preparation using intercalative
copolyaddtion reaction(?

CONCLUSIONS

In summary, four different carbon prepared from
environmenta wastewith generd purpose unsaturated
polyester composites were fabricated using casting
method. XRD pattern of all composites showsamor-
phousinnature. Thermal studiesrevedl that two stage
decompostion wereobserved for dl carbor/GPR com-
posites. Themaximum thermal stability for tesk wood
carbon (C1) based GPR composite (695°C) whichwas
found to have 9.3 % increased thermal stability than
the untreated composites. Carbonfilled GPR found to
exhibit harder than the unfilled composites. SEM im-
agesresulted on increasing the weight percentage of
carbonthecrack initiation wasattributed to anincrease,
inagglomeration on increased loading. In other words,
asthevolumefraction of the particleswasincreased
beyond 40 %, whatever advantagesweregained up to
thispoint beganto diminish.
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