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ABSTRACT

The scientific and commercial progress in the area of polymer blends and
composites during the past two decades has been tremendous and blending
can be implemented more rapidly and economically than development of
new polymers. In the current study Reclaimed EPDM and Recycled PP has
been melt blended in a Brabender plasticorder in different ratios and the
blend with optimized resultswas selected, aswell as Recycle polypropylene/
Reclaim Ethylene propylene Diene monomer coconut pith composites have
been prepared and developed for cost effective foot wear applications. A
comparative study of compositesin presence and absence of MA -g- EPDM
was carried out and the effectiveness of the properties was determined.
Coconut pithin different ratios wasadded into Reclaimed EPDM / Recycled
Polypropylene blends along with MA-g-EPDM and other additives.
Morphology, thermal and Physico mechanical properties of Recycled
polypropylene (RPP) / Reclaimed EPDM coconut pith composites were
investigated. Physico mechanical and thermal propertieswere improved by
the addition of maleic anhydrideand coir pith. Morphological analysis shows
that the compatibility between coconut pith Recycled PP and reclaimed
EPDM has been improved by the addition of Maleic anhydride grafted
EPDM asacompatibilizer and hence can be used asalow cost filler for foot
wear soling application.  © 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION

Population growthin largeurban centers, socid and
technologica developmentsand changesin consum-
ers’ habits have led to greatly increasing amounts of
solid wastes. Thus, nowadays, waste management is
one of themost significant issuesthat modern society
dedlswith. Thesuitability of polymersfor alargenum-
ber of applicationsand usesis aconsequent result of
their important propertiesi.epolymersarelightweight,

flexibleand versatile, offering many practical benefits
to various uses, easy to processin any desirable shape
and availablewith varioustypes of modified proper-
ties. Theuseof plasticsand rubbersaregrowing steedily.
Mogt industridized have systemsfor the collection and
recycling of plagtic and rubber wadte, either implemented
onafull scaleor ontria. Animportant aspect of poly-
mer recyclingisthat thetypesof polymersused for most
applicationsareinexpensvecommodity materids. The
priceof corresponding virgin polymersdeterminesthe
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celling for the price at which recycled materialscan be
sold for reprocessing¥.

Polypropylene (PP) as one of the mgor commod-
ity polymershasexcel lent properties such ashigh tiff-
ness and good mechanical properties. However, its
brittle behavior limitsthe use of PPin many applica-
tions. Polypropyleneisoften blended with el astomers
toimproveitsimpact strength’?. Polypropylenecan
betoughened through incorporatinglow contentsof eth-
ylene during itscopolymerization, resulting inrandom
or block copolymersor by thein situ method, inside
thereactor, whereare formed dispersed el astomeric
domainsof ethylene-propylene elastomer (EPR) ina
polypropylenematrix, called hetero phase polypropy-
lene. Dueto similarity in chemica structureto EPDM,
with polypropylene, theblendsof EPDM / PP hasbeen
commercidizedfor useinvariousindudrid goplications
Eventhoughthestructureof EPDM issmilar to Polypro-
pylene, EPDM isnot competiblewith PP EPDM phase
existsasaseparate phase dueto stratification segrega
tion and phaseinversons. Toimprovethecompatibility
between PP/EPDM phasevariouscompatiblizerswere
added*,

Theincorporation of fillersintothermoplagtics’ elas-
tomershasbeenwidely practiced inindustry to extend
the elastomersand to enhance certain properties. The
additionof fillersto polymersisafast and chegp method
to modify the properties of the base materids. For this
reason, particulatefilled polymers have been, and con-
tinueto be, the subject of increasing interest in both
industry and research. In thisway, strength, stiffness,
eectricd andthermad conductivity, hardnessand dimen-
siond stability, among other propertiescan betailored
totherequiredvalues. Naurd fillersaretherecent trend
inthe composite preparation because of variousrea-
sonslikelower cog, light weight, biodegradability, non
abrasive nature etc. Now — a - days the materials ob-
tained from non petrochemical industry, and naturally
occurring, which arereadily available have been used
invariousindustriesfor reinforcement purposes. Coir
pithisoneof themost abundant agricultural wastesfound
inthe southern coastal regionsof India. Coconut pith,
naturally occurringfiller obtained from coconut husks
has been used to extend the properties of both thermo-
set and thermoplastic materiad §%7. Many technologies
have been deve oped successfully for thedternativeuse
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of coir pith. However, the application of coir pith as
fillerin polymersislimited, themgjor drawback being
itslow adhesionwith thematrix and high water aosorp-
tionandretention. Moistureabsorptionishighinligno-
cdlulosesbecauseof their sructurd compostions which
lead to poor adhesi on between filler and matrix!®.

Themain problemin preparing coconut pith - ther-
mopl astic el astomeric compositesistheincompatibil -
ity of hydrophilic coconut pith and hydrophobic PP/
EPDM matrix and also the incompatibility of PP/
EPDM matrix. However, applying compatibilizer and
coupling agentson the surface of the particulatefiller
can promotefiller-polymer interaction, whichinturn
improvesthetensileand impact propertiesof thecom-
posite, aswell asits processing capability. In another
study Arroyo et a found that the compatibility can be
increased by theincorporation of grafted matrix onto
thefiller matrix system. MA —g— EPDM and MAPP
arecommonly used as compatibilizers, becauseit can
efficiently improvethefiller-matrix bonding duetothe
formation of covalent linkages and hydrogen bonds
between the ma eic anhydride and the hydroxyl group
of thefiller and matrix®%. The elastomeric phasein
PP/ EPDM blends can be crosdinked by the addition
of suitable crosdinking agents such as sul phur, perox-
ide, resins etc. The vulcanized product obtained is
known as Thermoplastic vulcanizates (TPV’s).
Polypropylene (PP) / ethylene-propylene-diene
(EPDM) based TPV receives considerabl e success
since PP and EPDM havethesimilar chemical struc-
turewhich ispossibleto mix PP and EPDM in any
ratio. However, they are still thermodynamically im-
miscible at room temperature, which resultsin poor
interfacial adhesion and aphase- separated morphol -
ogy, thisconsequently leadsto poor mechanica prop-
erties™. Thisarticlereportsthe comparative evalua-
tion of with and without the addition of MA — g —
EPDM asacompatibilizer onthemechanical, thermal
properties and morphology of Recycled PP/ Re-
clamed EPDM/coconut pith composites.

EXPERIMENTAL

Materials
Recycled Polypropylene was obtained from
——, @ Cromolecules

Au Tudian Journal



62 Green composites based on coconut pith and recycled PP/reclaimed EPDM

MMAIJ, 10(2) 2014

Full Paper e

Chethan PlasticsMumbai. Reclaim EPDM with 30%
Rubber Hydrocarbon (RHC) for mixing was obtained
from Gujarat Reclaim and Rubber Products Limited.
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 BPchemicals.

Method to prepar eblend and composites
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
variableratiosof 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 pressmol ded for 10
minutesin acompress on molding machine hydraulic
pressat 180°C, under specified pressure. Siliconewax
paper was placed between the sheet and the pressplates
to avoid adhesionto 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 mechanica 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
ratiosan graph wasplotted against the blend ratiosand
the obtai ned va uesand optimum va ue of the blending
polymers were determined and 60 : 40 (reclaimed
EPDM : recycled PP) wasfinalized for the preparation
of composites.

Prepar ation of composites

After the optimization study, compositewith 60:40
(reclaimed EPDM: recycled PP) were prepared at dif-
ferent coconut pith content (0O, 10, 20 and 30). Paraf-
finic oil wasused asprocessing oil and MA-g-EPDM
was used as compatibilizer. DCP40 was used for dy-
namic vul cani zation. Al so batcheswere made by with-
out adding compatibilizer. Compressi on molding under
specified pressure, preparation of test specimenwere
carried out inasimilar manner asdescribed in prepara
tion of blends. TABLE 1 and 2 givestherecipefor the
preparation of ternary composites.

Macromolecules « —

TABLE 1: 60:40Blend and Compositerecipe (Without MA
—-g-EPDM)

INGREDIENTS PECO00 PECO PEC1 PEC2 PEC3

Recycled PP 60 60 60 60 60
Reclaimed EPDM 40 40 40 40 40
MA-g-EPDM 0 0 0 0 0

Coconut pith 0 0 10 20 30
Paraffinic Qil 10 10 10 10 10
DCP 40 12 12 12 12 12

TABLE 2: 60:40 Blend and Compositerecipe (WithMA—-g
—EPDM)

INGREDIENTS PECO PECMO PECM1 PECM2 PECM3

Recycled PP 60 60 60 60 60
Reclaim EPDM 40 40 40 40 40
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
Physico mechanical properties
Tensilestrength

Tensile strength properties were done on
Instron1185 tensiletester accordingtoASTM D 638
at acrosshead speed of 50mm/min.
Tear strength

Tear strength of the sample was carried out ac-
cordingtoASTM D 624. Thistest method measures
theresistanceto tearing action.
Hardness

Hardnesstestingwas carried out by using ShoreA
durometer according to ASTM D 2240. Specimen
should be of 6mm thickness.
Flexing cycles

Theno. of flexing cyclesfor failurewas measured
using Rossflex tester accordingtoASTM D 1052. The
test specimens shall be 2mm in width, aminimum of
152 mmin length, and 6.35 mm (0.256 0.01in.) in
thickness, and shall be cut from a vulcanized sheet
0f6.35 mmthickness
Impact strength

Theimpact strength of the samplewas carried out
using Izod impact strength tester accordingtoASTM
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D 256.
Weight loss

Weight loss of the samplewas carried out using
Taber Abraser accordingtoASTM D 4060. The speci-
men cons stsof 100mm diameter discwith both side’s
planeand pardld, dsoal/2in. diameter holeisdrilled
inthe center.

Wear index
1000timesthelossinweaghtinmilligramsper cycle.
Thesampleusedissameasfor weight | oss.

W Index(l):(A—BC‘:llﬂﬂ(}

A=Weight of test specimen beforeabrasion, mg; B =
Weight of test specimen after abrasion, mg; C=Num-
ber of cyclesof abrasion recorded

Thermal analysis(TGA)

Thermo gravimetric andysesof thecompositeswere
carried out using TGA Q50 of TA instrument, USA.
Thesamplesweretested in N2 atmospherefrom 25°C
to 600°C at aheating rate of 20°C/min.

Morphological analysis

Phase morphology of the various blendswasin-
vestigated by aJEOL JSM 5800 Digital Scanning Elec-
tron Microscope (SEM). Theimageswereobtained at
atilt angleof 0° with an operating voltage of 20 kV.

RESULTSAND DISCUSSION

M echanical properties
Hardness

Hardnessisthe property that isdefined asthere-
sistanceto indentation, the hardness of the Recycled
PP/Reclaimed EPDM coconut pith composites in-
creases asthe coconut pith content increases ascom-
pared totheblendratio. After adding maleic anhydride
thereisanincreasein hardnessvalues, theincreasein
hardnessisdueto theinteraction of coconut pith with
thematrix, i.etheincorporation of coconut pithfillerin
the blend is proper and hencethereisanincreasein
hardness due to the addition of filler, on contrary if
grafted EPDM rubber isused thereisal so anincrease
in the hardness, asquantity of rubber required for in-
corporating morefillerisavailable. With theaddition of
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80 .M
70
60
50
40
30
20 —@—Hardness(With

10 Maleic anhydride)

=&=—Hardness(Without
Maleic anhydride)

HARDNESS (SHORE A)

BLEND OPHR 10PHR 20PHR 30PHR
COIRPITH
Figurel: Comparativechart of hardness

coconut pith the hardness values are increased by 3
unitsand with theaddition of MA-g-EPDM and coco-
nut pith the hardnessval ues areincreased by 8 units

Tensilestrength

Thetensilestrength values aredecreasingin both
the cases. Thetensile strength properties of compos-
iteswith mal e c anhydride show anincreasing trend as
compared with and without compatibilizer. Thedecrease
intendle strength are because of thereason that large
inter phasevoidsexists between the blending polymers,
thelargevoidsareduetothefiller inthereclaimed rub-
ber, and herein we are again adding coconut pith asa
cheap filler between the blending polymersand therein
increasing thevoidsto alarge dimensions, and hence
addition of coconut pith decreased thetensile strength
values. Thedecreasein tensile strength vauesmay be
asoduetotheincreased materid stiffnessfromthein-
teraction of coconut pith into the Recycled PP/Re-
clamed EPDM matrix.

40

== .M'.
20 === Tensile Strength

(Without Maleic
anhydride)

(Kg/cm?)

10
0

TENSILESTRENGTH

- Tensile strength

Y R R R ith Maleic

SIS (Wit

%\3’ N ,@Q ,LQQ %QQ anhydride)
COIRPITH

Figure2: Comparativechart of tensilestrength
Tear strength

Tear strength values areincreasing with the addi-
tion of coconut pith which isadvantageousfor foot-
wear gpplications, and it isdecreasing after 20 phr. The
surface areaof coconut pithisincreasingwhilethe con-
centration increases due to this an increase in tear
strength isobserved. The compositewith maleic anhy-
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Figure3: Comparativechart of tear strength values

dride showsadight improvement intear propertiesas
compared to the compositeswithout maleic anhydride.
Thisisbecausethe grafted EPDM improvestheinter-
action of coconut pithwiththematrix. Theincreasesin
tear strength propertiesare beneficial to thefootwear
applications. After 20 phr it showsadecreasing trend
because of the poor dispersion of coconut pithinthe
metrix.

Ross flexing

Flexing cyclesfor thefailure of Recycled PP/Re-
clamed EPDM compositesincreased asthe coconut
pith content increases. After the addition of maleic an-
hydridethereisanincreasein flexing propertiesascom-
pared with compositeswithout the addition of maleic
anhydride. Thefailuresof sampleswereoccurring ei-
ther by crack initiation or by crack propagation. Addi-
tionof filler he psininterferingwiththe propagation sep.
A crack front approachesfiller particleswhich have
good adhesion tothematrix. Thefront of thecrack is
dowed by filler particles because of their interaction
with thetip stressfield. Cavitation and coal escence of
voidsisfollowed by the matrix breaking away from
particles and the crack front progressing to the next
obstacle, due to this mechanism crack propagation
dowsandflexing cyclesincreases. At 30 phr coconut
pith concentration thereisadecreasein flexing prop-
erty becauseat this point the coconut pith dispersionis
poor henceingtead of reinforcement it actsasadiluent.
Theimprovementinflexing cyclesfor falureisbenefi-
cid for footwear application.

150

100 H“E.A. =4#=Flexing cycles

50 (Without Maleic
anhydride)

FLEXING CYCLES

== Flexing cycles (with
maleic anhydride}

Blend 0PHR 10 20 30
PHR PHR PHR

COIRPITH
Figure4: Comparativechart for countsof flexing cycles

Weight loss

Asthecoconut pith content increasesweight |oss
increases hence the abrasion resi stance decreases. Af-
ter the addition mal el c anhydride asacompatibilizer
thereisanincrement inweight losssotheabrasionre-
sistance decreases. Theweight lossincrease because
of thepoor interaction of coconut pith with thematrix,
the rubber phasein the blend wears away morerather
than the plastic phase. Ascompared to the blend prop-
ertiestheweight lossisnegligible. We can take 20 phr
asanoptimum filler loading.

WEIGHT LOSS

0.1
vy
§ 0.05 .& , == Weight loss
= (Without Maleic
T 0 :
[0 anhydride)
w
z L & &I mweightloss (with
O P D oP maleic

COIR PITH antiysiide)

Figure5: Comparativechart for weight lossduring abra-
sion
Wear index

Wear Index v uesared soimportant with the abra
sonresistance. Soincreasein wear index withthe ad-
dition of coconut pith |eadsto decreasein abrasionre-
sistance. Itismainly becausein reclaimed rubber and
recycled plasticsthefiller contentismoreand if weadd

0.0001

E o d //‘. ' ——Wear

5 R Index(Without

g 0 Maleic anhydride)

= Blend 0 10 20 30 ——Wear index (With
PHR PHR PHR PHR Maleicanhydride)

COIRPITH

Figure6: Comparativechart for wear index duringabrasion
IMPACT STRENGTH

__ 200

2

= 150 S |

= ——Impact Strength

S 100 (WithoutMaleic

= anhydride)

g

«w 50

5 ——|mpact Strength

g 0 (with maleic

2 anhydride)

Blend 0 10 20 30

COIRPITH

Figure7: Comparativechart for impact valuesof coir com-
posites
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again, coconut pith - fillers cannot incorporateinto the
matrix. But as comparing to the wear index of the
blends, the wear index values are neglible so we can
make useof these compositesin footwear applications.
After 20 phr thereisanincreasein values of wear in-
dex. So we can concludethat 20 phr of coconut pithis
optimumIoading.
Impact strength

Theimpact propertieswereincreasing after thead-
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dition of coconut pith. After 20 phr of coconut pith the
impact val ues are decreased because of thedilution ef-
fect of coconut pith. The maleic anhydride grafted
EPDM actsasacompatibilizer between coconut pith
and Reclaimed EPDM / Recycled PP so the impact
property increases. Thereisadecreasein properties
after 20 phr dueto thedilution effect of coconut pith.
So we can conclude 20 phr of coconut pithisthe opti-
mum |oading for getting good impact properties. The
increaseinimpact strength isdueto the nucl eation ef-
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Figure8: Graphical representation of 0and 10 phr coconut pith for with and without M A systems(a, b, c, d)
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Figure9: Graphical representation of 20and 30 phr coconut pith for with and without M A systems(e, f, g, h)

fect of coconut pithinthematrix. Thesize of the coco-
nut pith particlesisfine, being fine particleszed thereis
proper disperson dthoughincorporationisdifficult, and
thisproper dispersionasoimprovestheimpact strength
of the composites.

Thermal properties

Inorder toinvestigatetheinfluenceon thermal sta-
bility of reclaimed EPDM / recycled Polypropylene/
coconut pith composites, TGA study wascarried out.
Figure below shows the TGA thermographs of re-
claimed EPDM / recycled Polypropylene/ coconut pith
compositeswith variable dosage of coconut pith. Ther-
mographsreveal that the onset of degradation of the
composites shiftstowardsahigher temperatureonin-
creasing coconut pith concentrationintheblend indi-

caing higher thermad stakility.

Theincreaseinthermd stability isdueto theaddi-
tion of coconut pith because coconut pithitself ishav-
ing higher thermd gtability. Soitimpartsthermad stabil-
ity to the Recycled PP/ Reclaimed EPDM coconut
pith composites. After theaddition of maleic anhydride
grafted EPDM asacompatibilizer to the Reclaimed
EPDM / Recycled PPthe degradation temperatureshifts
to higher as compared with Reclaimed EPDM / Re-
cycled PP/ coconut pith composites

Morphological analysis

Morphologica analysiswascarried out inorder to
study the matrix after the addition of coconut pith and
effect of compatibilizer inthedispersion of coconut pith
into thematrix. Phase morphology of thevariousblends
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30 phr coconut pith (without maleic anhydride)

b) 0 phr coconut pith (With Maleic anhydride)

-

30 phr cocut pith (t maleic alhydride)

Figure10: Micrographsof SEM for coir compositeswith and without M aleicAnhydrideat 0,10,20,30 loading of coconut pith

wasinvestigated by aDigita Scanning Electron Micro-
scope (SEM). Theimageswereobtained at atilt angle
of 0°with an operating voltage of 20kV.

We can see from the Figure that the rubber par-
ticlesare dispersed throughout the polypropylenema-
trix in theform of aggregates and the size of rubber
particlesislessthan 2 um in the unfilled thermoplastic
elastomer sample. It should benoted that after addition
of coconut pith the size of rubber particlesincreases
and thevoidsincreases. Initidly the coconut pith can-
not penetrate into the rubber phase but after adding
curing agent DCP40, the rubber phase become more

polar. Therefore, it ispossible that some coconut pith
goestoreclaimed EPDM phasebeforethecuring cycle
ends. Hencethereischangein theviscosity ratio be-
tween thetwo phases, and consequently, thesize of the
rubber phase increases. Theinteraction between co-
conut pith and Recycled PP/ Reclaimed EPDM are
poor whenthereisno compatibilizer addition. After the
compatibilizer addition theinteraction between the co-
conut pith and Recycled PPincreasesdueto these prop-
ertieswereincreasing. At 30 phr concentration thedis-
persion of coconut pithislesssothe propertieswere
decreasing.

——r—, \l3Cromolecules
ﬂnqmﬂaml



68 Green composites based on coconut pith and recycled PP/reclaimed EPDM

MMAIJ, 10(2) 2014

Full Paper e
CONCLUSIONS

Thestudy was conducted to determinethe Recycled
PP/Reclaimed EPDM Coconut pith Compositesfor low
cost soleinfootwear and low cost mat gpplication. The
preliminary studies on blends showed that 60:40ratio
of Recycled PP/ Reclaimed EPDM gives optimum
propertiesbased on mechanica propertiesliketensie,
abrasion, flexing and impact so theblends 60:40 (RPP-
REPDM) was optimized and selected. Later ontheef-
fect of coconut pith loading on 60/40 blend ratio was
then determined. The hardness, flexing cycles, impact
strength increases up to 20 phr of coconut pith loading
and are considered to be optimum for the targeted ap-
plication but thereafter at 30phr mechanica properties
showsdecreasesin the properties dueto formation of
largevoids dueto agglomeration of coconut pithinthe
matrix. Abras on resistance decreases as coconut pith
loading increases but the values are comparablewith
theblendratio. The presence of Maeic anhydridein-
creasesthe mechanica and thermal propertiesof Re-
cycled PP/ Reclamed EPDM coconut pith compos-
itesand henceMA-g-EPDM should beused whilepre-
paring theternary recycled composites. Morphol ogica
anaysisthrough SEM reveded that thereisanincrease
in interaction between coconut pith and Reclaimed
EPDM / Recycled PP after the addition of maeic an-
hydridehasadditionof MA intheform of MA-g-EPDM
decreasestheinter phaseinteraction and thereismore
compatibility inthe blendsformed. After 20 phr addi-
tion of coconut piththereisadecreasein dispersion of

coconut pithinto the Recycled PP/ Reclaimed EPDM

matrix whichleadsto detrimental effectsontheprop-

erties of the composites and hence 20phr loading is

optimum for 60:40 (RPP:REPDM) polymer matrix.

Hencel concludethat - Presence of coconut pith and

MA —g—EPDM as a grafting agent in Recycled PP/

Reclaimed EPDM compositesimprovesthe properties

which are applicableto footwear application.
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