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ABSTRACT KEYWORDS
The concern for environment and sustai nable growth hascreated more aware- ReclamEPDM,;
ness among the researchers to develop composites based on recycled mate- Recycled PP;
rialsand materialsfrom nature. Reuseand recycling extendsthe useful life of Coconut pith;
theraw material resourcesininstanceswhere amarket existsfor therecycled Compatibilizer;
products, and it is economical to carry out collection and reprocessing. Melt blending.

Recycling and reuse of materials have been getting moreinterest now days.
EPDM / Polypropylene thermoplastic vul canizates are most commonly used
ones. In the current study reclaim EPDM and recycled polypropylene ther-
moplastic vulcanizates were prepared by melt blending method. Reclaim
EPDM and Recycled PP has been melt blended in a Brabender plasticorder
in different ratios and the blend with optimized results was selected for
preparation of composite. MA-g-EPDM has been added as a compatibilizer
in reclaim EPDM/recycled Polypropylene blends. Coconut pith in different
ratioswas added into Reclaim EPDM/Recycled Polypropylene blends along
with MA-g-EPDM and other additives. Physico- mechanical and thermal
properties of the coconut pith Reclaim EPDM / Recycled PP composite has
been carried out. The dispersion of coconuut pith in the matrix had been

carried out by SEM analysis.

INTRODUCTION

Recently, theimportance of recycling waste has
beenincreasingfor al industriesworldwide. For rub-
ber products, the automotive and transportationindus-
triesarethebiggest consumers of raw rubber’™. Recy-
cling of engineering materialswill contributeto the
sustainability and sustai nabledevel opment of industriad
processes. Nowadays, metals, glass, thermoplagticsand
many other engineering materid sarerecycledto agreet
extent. Growing environmental awarenesshasled to
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the new material devel opment based onrecycled ma
terid sand materid sfrom naturd origin@. TPE’s based
on EPDM and Polypropyl ene are most commonly used
ones. Thewastagesfrom EPDM aremainly from roof-
ing and automobile parts, source for Polypropylene
wastes were mainly from plastic carry bags, plastic
bottlesetc. So the necessity of recycling and reuse of
EPDM and Polypropylene based materia sareimpor-
tant®l. Coconut pithisnaturdly occurringfiller obtained
from coconut husks. It hashigh lignin content, asare-
sult coconut pith takes decades to decompose. Most
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of theworksweredoneto utilizethe naturally occur-
ring materia inthe polymer matrix for the cost reduc-
tion and property enhancement purposes*. During the
recycling processthe material undergoes various op-
erationsthat bring out severd modificationsinthemo-
lecular structure. Asamatter of fact, the mechanical
propertiesof therecycled productsand their structural
organi zation arequitedifferent compared to those com-
posed of virginmateriad!®. Polypropylene (PP) hasgood
mechanical propertiesbut lacks|ow temperatureim-
pact properties. Studieshavebeen carried out on blends
of PP and low modulus rubbers to obtain good low
temperature propertiesand impact resi stance. Among
PP rubber blendsthe PP/EPDM blends has acquired
commercia successand findsapplicationinvariousin-
dustrid fie dsbecausethe compaosition dependent prop-
erties of blends can meet the diverse requirements of
industria application™. On basisof literature survey
carried out by me, no work has been reported using
reclaimed and recycled materia s (reclaim EPDM rub-
ber and recycled Polypropylene) asthe matrix phase
and coconut pith asreinforcing phasein preparation of
composite. Coconut pith and fiber areused dongwith
Rubber thermoset and thermopl asticsresinsto make
composites. EPDM itself is not compatible with
polypropylene, the EPDM phase exist as separate par-
ticlesinthe polypropylene matrix dueto stratification,
segregation and phaseinversion. Toimprovethe com-
patibility of theEPDM /Polypropyleneblendsvarious
compatibilizer wereadded. Interfacial compatibilization
in polymer blends is achieved through reactive
compdtibilizationof virgin EPDM and Mde canhydride,
whereintheblock or graft compatibilizer isgenerated
a theinterface of the recycled Polypropyleneand re-
claimed EPDM rubber('*13, Thermoplastic e astomers
(TPE’s) combine the elastic and mechanical properties
of thermoset cross linked rubbers with the melt
processability of thermopl astics. Today, TPEScomprise
thefastest growing rubber market. TPE’s can be pro-
cessed by avariety of techniques such asmelt blend-
ing, extrusion, blow molding, injection molding, vacuum
forming and calendaring!**'4. The EPDM phase can
be crosdinked under dynamic shear whilemaintaining
thethermo plasticity of the blends, which opensup nu-
merous advantages as a thermopl astic vul canizates
(TPV). Morphologically TPV ’s are characterized by

the presence of finely dispersed crosslinked particles
distributed in the continuous thermopl astic matrix.
Crosdinking systemscommonly used areof resinand
peroxidegsel,

EXPERIMENTAL

Materials

Recycled Polypropylene was obtained from
Chethan PlasticsMumbai. Reclam EPDM with 30%
Rubber Hydrocarbon (RHC) for mixing was obtained
from Gujarat Reclaim and Rubber ProductsLimited.
Paraffinic oil was procured from Neelam Lubricants.
Coconut pith was obtained from Rubber Park;
Ernakulum. Dicumyl Peroxide 40 (DCP 40) for dy-
namic vul canization wasobtained from BP chemicals.

Method to prepareblend and composites
(a) Preparation of theblend

Blends were prepared by using Brabender
plasticorder PL 2500 mixer with a temperature of
180°C, rotor speed of 20 rpm for 10 minutes. Blendsin
varidbleratiosof recyded PP: reclamed EPDM — 100:0,
90:10, 80:20, 70:30 and 60:40 were prepared in
Brabender. After melt mixing the material swere passed
through the two roll mill and sheeted to about 2 mm
thick. The sheet wasthen cut and pressmolded for 10
minutesin acompression molding machine hydraulic
pressat 180°C, under specified pressure. Siliconewax
paper was placed between the sheet and the pressplates
toavoid adhesion to mold. The sheet wasthen cooled
down to room temperature still under pressure. The
test specimens were die-cut from the compression
mol ded sheet and used for measuring mechanicd prop-
ertiesafter 24 hoursof conditioning at room tempera
ture. On the basis of results obtained by flexing test,
impact test and abrasion resistance of different blend
ratios an graph was plotted against the blend ratiosand
theobtained val uesand optimum value of theblending
polymerswere determined and 65 : 35 (recycled PP:
reclaimed EPDM) wasfinalized for the preparation of
composites.

(b) Preparation of composites

After theoptimization study, compositewith 65:35
(reclamed EPDM: recycled PP) were prepared at dif-
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ferent coconut pith content (O, 10, 20 and 30phr). Par-
affinicoil wasused asprocessingoil and MA-g-EPDM
was used as compatibilizer. DCP40 was used for dy-
namic vul canization. Compresson molding under Speci-
fied pressure, preparation of test specimen were car-
ried out inasimilar manner asdescribed in preparation
of blends. TABLE 1 givestherecipefor the prepara-
tion of composites-

TABLE 1: 65:35Blend and compositerecipe
INGREDIENTS PECO PECMO PECM1 PECM2 PECM3

Recycled PP 65 65 65 65 65
Reclaim EPDM 35 35 35 35 35
MA-g-EPDM 0 10 10 10 10
Coconut Pith 0 0 10 20 30
Paraffinic Oil 10 10 10 10 10
DCP 40 12 12 12 12 12

Characterization

(a) Physico mechanical properties

1. Tendledrength:- Tenslestrength propertieswere
done on Instron1185 tensile tester according to
ASTM D 638 a across head speed of 50mm/min.

2. Tear strength:- Tear strength of the samplewas
carried out accordingto ASTM D 624. This test
method measurestheres stanceto tearing action.

3. Hardness:- Hardnesstesting was carried out by
using Shore A durometer accordingto ASTM D
2240. Specimen should be of 6mm thickness.

4. Flexingcycles:- Theno. of flexing cyclesfor fail-
urewasmeasured using Rossflex tester according
toASTM D 1052. Thetest specimensshal be2mm
inwidth, aminimum of 152 mminlength, and 6.35
mm (0.256 0.01in.) inthickness, and shall be cut
from avul cani zed sheet of 6.35 mm thickness

5. Impact strength:- The impact strength of the

—= Fyl| Paper
samplewascarried out using |zod impact strength
tester accordingtoASTM D 256.

6. Weight loss:- Weight loss of the samplewas car-
ried out using Taber Abraser accordingtoASTM
D 4060. The specimen consists of 100mm diam-
eter disc with both side’s plane and parallel, also a
1/2in. diameter holeisdrilled inthe center.

7. Wear index:- 1000timesthelossinweight inmil-
ligrams per cycle. Thesampleused issameasfor
weightloss.

(A —B)1000

C

A=Weight of test specimen beforeabrasion, mg; B

=Weight of test specimen after abrasion, mg; C =

Number of cyclesof abrasion recorded

(b) Thermal analysis(TGA)

Thermo gravimetricandysesof thecomposteswere
carried out using TGA Q50 of TA instrument, USA.
Thesamplesweretestedin N, atmospherefrom 25'C
to 600°C at aheating rate of 20'C/min.

(c) Morphological analysis
Phase morphology of the various blendswasin-
vestigated by aJEOL JSM 5800 Digital Scanning Elec-

tron Microscope (SEM). Theimageswere obtained at
atilt angle of 0° with an operating voltage of 20 kV.

Wear Index(l)=

RESULTSAND DISCUSSION

M echanical properties

Thetenslestrength valuesdecreasesasthereisan
increasein coconut pithloading. Decreaseintensleval-
uesare susceptible dueto presenceof largeinterphase
voids between the blending polymers, thelargevoids
areduetothefiller inthereclaimed rubber, and herein

TABLE 2: Mechanical propertiesof composites

PROPERTIES PECO PECMO PECM1 PECM?2 PECM3

Tensile Strength (Kg/cm?) 32 32 27 29 28
Tear Strength (Kg/cm) 15 15 15 16 16
Hardness (Shore A) 67 70 75 80 85
Flexing Cycles (no. of cycles) 20 100 119 130 125
Impact Strength (¥m) 160 165 165 170 150
Abrasion Resistance (Weight Loss) (mg) 0.04 0.07 0.08 0.07 0.09
Wear Index (mg/cycles) 4x10° 7x10° 8x10° 7x10° 9x10°
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we are again adding coconut pith asacheapfiller be-
tween theblending polymersand thereby increasing the
voidstoalargedimens ons, and henceaddition of coco-
nut pith decreasesthetenslevaues. Asthe coconut pith
content increasesthereisanincreaseintear strengthva-
ues, which is advantageous for footwear application.
Hardnessof the compositeincreaseswithincreasing co-
conut pith content. Flexing cycle’s increases as the co-
conut pith content increases up to 20phr but at 30 phr
loadingthereisafdl incountsof flexing cyde, duetolow
dispersion of coconut pith into the polymer blend ma-
trix. Impact va uesareoptimumtill 20phr of loading, but
excess|oading of coconut pithi.e. 30phr causesadetri-
mental effect ontheimpact property. Astheloading of
coconut pithincreasesthereisanincreaseintheweight
lossand henceabrasion resi stance decreases. Wear in-
dex valuesareasoin consent withtheabrasionresis-
tance. Thedecreaseinthemechanica propertiesof the
compositesmay bedueto thefact that excessloading of
coir pith doesnot leadsto proper incorporationand dis-
persion of coconut pithin the polymer blend which fur-
ther leadstolow interfacid interaction betweentheblend
meatricesand coconut pith, thereforeingtead of providing
reinforcing characterigticsto thecompaosites, coconut pith
actsasan diluentswhich decreasesthe properties. Hence
20phr loading of coconut pith provesoptimumfor chegp
soleapplicationinfoot wearsand rubber mats.

Thermogravimetricanalysis

Inorder toinvedtigatetheinfluenceon thermal sta-
bility of reclaimed EPDM / recycled Polypropylene/
coconut pith composites, TGA study wascarried out.
Figure 1a, 1b, 1cand 1d showsthe TGA thermographs
of reclaimed EPDM/ recycled Polypropylene/ coconut
pith compositeswith variabledosage of coir pith. Ther-
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mographsreveal that the onset of degradation of the
compositesshiftstowardsahigher temperatureonin-
creasi ng coconut pith concentrationintheblendindi-
cating higher therma stability.

Morphological analysis

The SEM images of fractured coconut pith com-
posites samplesbased on reclaimed EPDM / recycled
Polypropylene/ coconut pith are shownin Figure 2a,
2b, 2cand 2d. Itisvisiblethat the rubber particlesare
dispersed throughout the pol ypropylene matrix in the
form of aggregates and the size of rubber particlesis
lessthan 2 um inthe unfilled thermopl astic € astomer
sampleasshownin Figure 2a, becausethesize of the
dispersed rubber phasein unfilled reclaimed EPDM /
recycled Polypropylene blendsdependson theinterfa-
cid interactionsbetween two phases. It should aso be
noted that the crosdinked rubber particlesare covered
by alayer of polypropylene Figure 2b showsthat the
sizeof rubber particleshasbeen increased to 10 um by
theintroduction of the coconut pith. Initialy, the coco-
nut pith cannot penetrateinto the rubber phase, but af-
ter adding curing agent DCP40, the rubber phase be-
come morepolar. Therefore, it ispossiblethat some
coconut pith goesto reclaimed EPDM phase before
thecuring cycleends. Hencethereischangeinthevis-
cosity ratio between the two phases, and consequently,
the size of the rubber phaseincreases.

TABLE 3: Onset of degradation and residual weight

Sample Ti (°C) Residual weight (%)
PECMO 274.37 43
PECM1 277.93 7.8
PECM2 280.21 9.4
PECM3 313.33 10.6

A= P = e

Figurela: Ophr loading of coconut pith
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Figurelb: 10phr loading of coconut pith
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Figurelc: 20phr loading of coconut pith
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Figure2a: Ophr loading of coconut pith
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Figure2b : 10phr loading of coconut pith

Figure2c: 20phr loading of coconut pith

Figure2d : 30phr loading of coconut pith

CONCLUSIONS

Thestudy was conducted to determinetheRecycled
PP /Reclaim EPDM / Coconut Pith Compositesfor
footwear and rubber mat applications, and 65:35 (re-
cycled PP: reclamed EPDM) blend ratiowasoptimized.
Later the effect of coconut pith loading on 65:35 (re-
cycled PP: reclaimed EPDM) was determined and ob-
served that hardness, flexing cycles, impact strengthin-
creasesup to 20 phr of coconut pith loading thereafter

decreases dueto agglomeration of coconut pithinthe
matrix aswell asdueto thelow interfacia interaction.
Abrasion resistance decreases as coconut pith loading
Increases but the val ues obtained at 20phr of coconut
pith are comparablewith the blend where no coconut
pithisadded (PECMO). Presence of coconut pithand
maleic anhydrideinrecycled PP/reclam EPDM/coco-
nut pith compositesimprovesthe propertieswhich are
applicabletolow cost footwear (sole) and rubber mat
gpplication. With the understanding that MA-g-EPDM
takes part in interphase compatibilization between
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blending polymersand coconut pith actsanucleating
agent for polypropylenecrystdlization, coconut pithaso
formsphysical interlocking between recycled PP /re-
claimed EPDM which serves the function of
compatibilization adongwith MA-g-EPDM. Morpho-
logica analysisshowsthat |arge agglomeration occurs
when coconut pith at 30 phr loadingiscarriedinre-
claimed EPDM /recycled PP composites, leading to
deterioration in properties, hence 20phr loading of co-
conut find its place in mechanical, thermal and also
morphological propertiesof composites.
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