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ABSTRACT

EPDM polymers are the fastest growing general purpose elastomers on the
market today. Blends of EPDM and other polyolefinic polymers are most
commonly used ones. There has been alarge improvement in the produc-
tion of EPDM and PP blends and composites. The composite industry is
now being improved from the micro level to the nano level. Biocomposites
based on EPDM and polypropylenes are now becoming more popular than
the organic based composites. EPDM and Polypropylene are not compat-

KEYWORDS

Ethylene propylene diene
monomer;
Polyolefenic;
Compatibility;
Blends;
Composites;
Grafting.

ible with each other. Compatibilizers such as MA-g-EPDM are added in
order to improve the compatibility of each other. In thisreview a study on

various EPDM/PP blends and compositesis carried out.
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INTRODUCTION

Thescientificand commercid progressinthearea
of polymer blends and compositesduring the past two
decades has been tremendous and blending can be
implemented more rapidly and economically than de-
velopment of new polymers. Polyolefins have been
modified by theincorporation of el astomerstoimprove
low temperatureimpact strength and elongation. Ow-
ingto adequatelevel of compatibility between polypro-
pylene and ethylene-propylene copolymers, smple
blends of these two polymers have been known for a
long time. More recently, blends of a partially
crossinked thermopl astic € astomer with 5-40 parts of
aPolyolefine (viz. LLDPE, PP, EPR, or PB-1) were
developed for low density, foamabledloys. Compos-
itesare combinationsof two or morethan two materi-
alsinwhichoneof thematerials, isreinforcing phase

(fibers, sheetsor particles) and the other ismatrix phase
(polymer, metal or ceramic)i*3. Blending of EPDM
withinthefamily of Polyolefin (PO) has, however, been
morecommon. Althoughthey areusudlyimmisciblewith
each other, there exists some degree of mutual com-
patibility betweenthem. Thesimilarity of their hydro-
carbon backbones and the closeness of their solubility
parameters, although not adequate for miscibility, ac-
countsfor ardativey low degreeof interfacid tenson®.
Compatibility between EPDM and PP can beimproved
by the addition of maleated compounds. The elasto-
meric part inthe EPDM/PP blends can be crosdinked
by the addition of suitable crosslinking agentssuch as
DCP or sulphur and the corresponding vul canizatesare
known as dynamic vul canizates. EPDM polypropylene
based nanocomposites and biocomposites are becom-
ing commercialized now aday’s!.
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EPDM/POLYOLEFINIC BLENDS

PP has good mechanical propertiesbut lacks|ow
temperatureimpact properties. Many studieshavebeen
carried out onthe blends of PP and low-modulusrub-
bersto obtain good low-temperature properties and
impact ressance. EPDM hassmilarity inchemicd sruc-
turewith polyol efenic typesof thermoplastics, henceit
hasbeen most intensively tested asthe rubber compo-
nent of thethermoseat/thermapl astic blends. Among PP/
rubber blends; the PP/ EPDM blend hasacquired some
commercia success, and finds applicationsinvarious
industria fiel ds because the compositi on-dependent
properties of the blends can meet thediverserequire-
mentsof industria applications®. Toimprovetheme-
chanica propertiesof blendsof polypropylene(PP) and
terpolymer of ethylene-propylene—diene (EPDM), a
triblock copolymer, (PP-g-MA)-co-[PA-6,6]-co-
(EPDM-g-MA), was synthesized by coupling reaction
of maleic anhydride (MAH)-grafted PP (PP-g-MA),
EPDM-g-MA, and PA-6,6. Thenewly prepared block
copolymer brought about aphysical interlocking be-
tween the blend components, and imparted a
compatibilizing effect to the blends. Introducing the
block copolymer to the blends up to 5wt % lead to
formation of ap -form crystal. Thewide-angle X-ray
diffractogram measured in the region of 20 between
10° and 50°ascertained that incorporating the block
copolymer gave anew peak at 26 = 15.8°. The new
peak was assigned to the (300) plane spacing of the 3
hexagonal crystal structure. In addition, theblock co-
polymer notably improved thelow-temperatureimpact
property of the PP/EPDM blends. The optimum usage
leve of thecompatibilizer provedtobe0.5wt %, In
another research vetiver grass was used asfiller in
polypropylene (PP) composite. Chemicd trestment was
doneto modify fiber surface. Natural rubber (NR) and
Ethylene Propylene Diene Monomer (EPDM) rubber
at various contentswere used asanimpact modifier for
the composites. The compositeswere prepared by us-
inganinjectionmolding. Rheologicd, morphologica and
mechanical propertiesof PP and PP compositeswith
and without NR or EPDM werestudied. Adding NR
or EPDM to PP composites, asignificantincreasein
theimpact strength and e ongation at break isobserved
inthe PP compositewith rubber content morethan 20%

by weight. However, thetensile strength and Young’s
modulus of the PP composites decreasewithincreas-
ing rubber contents. Nevertheless, thetensile strength
and Young'’s modulus of the composites with rubber
contents up to 10% are still higher than those of PP.
Moreover, comparisons between NR and EPDM rub-
ber on the mechanical properties of the PP composites
weree ucidated. The PP compositeswith EPDM rub-
ber show dlightly higher tensile strength and impact
strength than the PP, The toughness of PP/EPDM
blends was measured over awiderange of tempera-
ture (25-132°C) and composition (0-26 wt % EPDM).
It wasfound that increasing temperature and decreas-
inginterparticledistance have equivaent effectson the
brittle-tough transition of toughening PPwith EPDM
and the shift increaseswith increasing temperature. A
correlation wasfound between temperature and criti-
cd interparticledistance. When criticd interparticledis-
tancewasplottedversusTg-T, where Tgisdefined as
thebrittle-tough trangtion temperature of thematrix it-
sdf, thecurvesfor different blend systems convergeto
asinglemaster curve. Thenotched |zod impact strength
of PP can beimproved by increasing temperature or
adding EPDM rubber®. PP homopolymers impact
modified by EPDM sortsof different melt viscogtiesat
aratelower than 10% were subject to brittlefracturein
awide temperature range. The most efficient of the
EPDM impact modifiershad melt viscostiessimilar to
that of the starting PP under the conditions of mixing.
The course of maximum load at rupture (F__) and
notched impact strength as functions of temperature
showed some anal ogies with one another aswell as
with dynamic mechanical storage (E’) and with the
mechanicd lossfactor (tan d). Thebrittletoductilefrac-
turetrangition dependsnot only on therate of deforma-
tion and thetesting temperature but also on the con-
centration of the e astomer and on the phase viscosity
ratio of EPDM and consequently on the phase struc-
ture of the produced two phase system!®. Dynamic
vulcanizate blends of polypropylene (PP) and ethylene-
propylene-dienerubber (EPDM) werefilled with 5wt%
of micro-scaeceramic powder. To overcomethediffi-
culty of particlesdispersonand adhesion, thefiller was
modified through grafting using organic molecules. A
combination of Raman datawith thermo gravimetric
anaysis(TGA) results provethat grafting of organic
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macromol ecul es onto ceramic surfaces takes place.
Dynamic mechanica analysis(DMA) has been per-
formed from-100to 4+ 50°C; addition of theceramic
increases the storage modul us EO, more so for modi-
fied filler. Compared to PP and thermoplastic
vulcanizates(TPV), ahigher therma expansonisseen
after addition of the ceramicfiller, aresult of creation of
morefreevolume. Thetenslemodulusof the compos-
itesisabout 1.2 timesthat of pure TPV, anincreasein
therigidity clearly caused by theceramic. Fracture sur-
faces show weak bonding of filler particlesto thema-
trix. Inthe sample containing modifiedfiller thetensile
deformation isgoing through the polymer matrix. The
brittleness B decreases upon surface modification of
the ceramic. Thehighest value of B isseen for the PP
unmodified ceramicwhilelower B valuesare obtained
for TPV and itscomposites'®. Hammability of polypro-
pylene/ethylene propylene diene copolymer (PP/
EPDM) filled with melamine phosphate (MP) and
pentaerythritol phosphate (PEPA) was studied by lim-
iting oxygenindex (LOI), UL 94, and coneca orimetry.
Thethermal degradation of the compositeswasinves-
tigated using thermo gravimetricanalysis(TGA) and
Real-Time Fourier transforminfrared spectrum (RT-
FTIR), and the mechanical propertiesof thematerias
werea so studied. It had been found that the PP/EPDM/
PEPA/M Pcomposites showed better flameretardancy
than that of the PP/EPDM compositescontaining MP
or PEPA. TG and RT-FTIR studiesindicated that the
interaction occursamong MP, PEPA, and PP/ EPDM.
Theincorporation of theflameretardants deteriorated
themechanica propertiesof thematerias. It wasfound
that MP or PEPA when used alonein the PP/EPDM
blends produced alittleimprovement intheflamere-
tardation. The combination of MP and PEPA shows
moreeffectiveflameretardation than theindividua com-
ponent. All composites containing both MPand PEPA
had ahigh LOI valueand TGA studiesproved that the
PP/EPDM/M P/PEPA compositeswere morethermal
stable than the untreated PP/EPDM. It was observed
fromthe RT- FTIR study that many complicated reac-
tionswould take place during thethermal degradation
process of the PP/EPDM/PEPA/MP composites.
Moreover, themechanica propertiesof the PP/EPDM
compositesweredeteriorated with addition of theflame
retardants™. A nove flameretardant system composed

of nano-kaolin and nano-HAO (nano-sized hydroxyl
aluminum oxal ate) was used asaflameretardant for
thelow density polyethylene (L DPE)/ethylene propy-
lenedienerubber (EPDM) blends. Resultsof firetest-
ing showed that nano-kaolin and nano-HA O exhibited
excellent synergistic effectson theflameretardancy of
the LDPE/EPDM composites. When 12 wt% nano-
kaolintook theplace of 12 wt% nano-HAOinthecom-
posites, the LOI of the composites increased from
31.0% to 35.5% and the composites could meet the
UL 94V-0 standard. Through thermo gravimetric and
differentia therma andysis(TGA-DTA) it wasfound
that nano-HA O mainly affected the degradation of the
experimental composteschemicdly. Scanningeectronic
microscope (SEM) and Fourier transformation infra-
red spectra(FTIR) of thecompositesonthe char layer
reveal ed that nano-kaolin mainly affected thetransfer
process physicaly by aggregating with nano-HAO and
thusthesynergistic effect onflameretardancy appeared.
Through melt compounding method, anovd flamere-
tardant system composed of nano-kaolin and nano-
HAO wasused to impart flameretardancy to LDPE/
EPDM system. Fromthe LOI testsand UL 94 tests, it
wasfound that when 12wt% nano-kaolin took theplace
of 12 wt% nano-HAO inthe composites, theLOI was
enhanced from 31.0% to 35.5%, and the composites
passed the UL 94V-0 standard, which proved that nano-
kaolin had the synergistic effect with nano-HAO on
flameretardancy inthe LDPE/EPDM system. From
theresultsof cone cal orimeter tests, nano-kaolinwas
found to have obvious effects on decreasing of heat
releasing rate (HRR) and smoke amount during the
combustion??, Blendsof i sotactic polypropylene (iPP)
and high density polyethylene (HDPE) with and with-
out ethylene-propylene-diene (EPDM) terpolymer as
compatibilizer systematicaly investigated to determine
theinfluence of the EPDM on blends properties. The
PP/HDPE blend reveal ed poor adhesion between PP
and HDPE phases. Finer morphol ogy was obtained by
EPDM additionin PP/HDPE blendsand better interfa-
cia adhesion. Addition of HDPE to PPdecreased ten-
silestrength at break, elongation andyield stress. De-
crease of tendlestrength and yield stressisfaster with
EPDM additionin PP/ HDPE blends. Elongation at
break and impact strength was significantly increased
with EPDM addition. The addition of EPDM in PP/
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HDPE blendsdid not S gnificantly changemdting points
of PP phase, while melting points of HDPE phasewas
slightly decreased in PPPHDPE/EPDM blends. The
EPDM addition increased the percentage of crystalli-
zation (X ) of PPin PP/HDPE blends. Theincrease of
X, of HDPE was found in the blend with HDPE as
matrix. Dynamica mechanica analysisshowed glass
trangtionsof PPand HDPE phase, aswell astherd ax-
ationtrangtionsof their crystalline phase. By addition
of EPDM glasstransitions(Tg) of HDPE and PP phases
in PP/ HDPE blends decreased. Storage modulusyvs.
temperatures curvesisin theregion between storage
modulus/temperature curvesof neat PPand HDPE. The
decreaseof storagemodulusvauesat 25°C with EPDM
additionin PP/HDPE blendsismorepronounced. Ad-
dition of HDPE to PP decreased tensile strength at
break, elongation and yield stress. Decrease of tensile
strength and yield stressisfaster with EPDM addition
in PPHDPE blendd*?. Themiscibility between ethyl-
ene-propylenedieneterpolymer (EPDM) and polypro-
pylene (PP) was explored by meansof dynamic me-
chanicd thermd andlyd's, transmissondectron micros-
copy (TEM), and differential scanning calorimetry
(DSC). It was confirmed that the EPDM/PP blends
prepared in asingle-screw extruder presented better
mechanica propertiesthanthose prepared with an open
mill. Effect onthe mechanical propertieswaspartialy
attributed to theimproved mixing of thetwo compo-
nentsinthe EPDM/PP blends prepared inthesingle-
screw extruder, which was verified by TEM micro-
graphs. It wasfound that the blends prepared with dif-
ferent ratiosof rubber to plastic and with varied amounts
of curing agents presented two T, values, suggesting
that the components of theblendswereimmiscible. All
of the TEM micrographswerein accordancewith the
aboveconclusion. TheTg pesksof EPDM shiftedindl
blends, indicating acertain degreeof miscibility between
thetwo components. Astheratios of rubber to plastic
andtheamount of curing agentsincreased, theTg peaks
of thetwo components approached each other™!. The
effect of the rubber content on the deformation and
impact behaviour of polypropylene-EPDM rubber
blends was studied by R J Gayman. The blends are
made on atwin screw extruder. The rubber content
ranged from 0to 40 vol. %. Thetensile modulusand
theyidd stressdecreaselinearly withincreasing rubber

content. The crystdlinity of the PP phase asmeasured
with differentid scanning cdorimetry did not changewith
rubber content. Thefracture behaviour wasstudied with
anotched I1zod impact test and with an instrumented
singleedged notched tensiletest at 1 mm/sand 1 my/s.

Theblendswere studied in temperature rangefrom -
8010 120°C. Thebrittle-ductile transition temperature
(T, decreases with increasing rubber content from
85°C for pure polypropyleneto -50°C for a40 vol .%
blend, ashift of 135°C. The T, , withthenotched Izod
test and the single edged notched at 1 m/s are very
comparable. TheT , for thesingle edged notched at 1
mm/s if compared to the 1 m/s are at a 30°C lower
temperature. Thebrittle-ductile transition at the low test
speedisgradud, whileat high test speedsthetranstion
isabrupt, discontinuous. A good criterion for the onset
of ductility isthe crack propagation di splacement(*¢,

Positron Annihilation Lifetime Spectroscopy (PALS)

was employed to investigate the rel ationshi p between
thefreevolume hole propertiesand miscibility of dy-
namically vul canized ethylene propylene diene mono-
mer (EPDM)/ polypropylene (PP) blend. PAL Stech-
nigueto find thefreevolumehole propertiesinthedy-
namically vulcanized EPDM/PPblends, it showed that
the hole concentration (1) and therel ative fractional

freevolume(Fr) deviated positively fromthelinear ad-
ditivity when the wt% of EPDM is below 50%, but
deviated negatively when the wt% of EPDM isover
50%. Theseresultsdemonstrated that the non crystal -
lineregionsof PP and EPDM intheblend were par-
tialy miscible. Themiscibility of theblendswasinflu-
enced by theweight percent and crystdlinity of PP. The
measurementsof DM TA and mechanical property re-
sultsalso confirm the conclusion from the aspect of the
interaction between thetwo phases®®. Thehyper elas-
tic behavior of thisblend has been characterized under
cyclicuni-axial tensiletests. Theexperimental results
show asignificant effect of thefraction of (PP) particles
(5%, 10%, 25% and 30% by weight) on the macro-
scopic behavior of the composite. In order to model

this behavior, we first develop and implement a
micromechanicaly based nonlinear modd for hyper das-
ticcomposites. The PP phaseisassumed intheform of

sphericd particlesembedded inthe EPDM matrix. For
the particles volume concentrations considered in the
study, theexperimentd resultsshow asignificant effect
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of thereinforcements. The micromechanical modeling
devel oped combinesthesecond order homogenization
method with aHashin-Shtrikman bound™?. Study of
ternary blends, particularly PP/EPDM/Scrap rubber tire
mixtures, can be devel oped using Response Surface
Methodology (RSM). Thistechniqueisuseful to opti-
mize componentsin the mixture and to obtain equa-
tionswhich are employed for mapping the response
surfaceover aparticular region of interest. A minimum
number of experimentsallow prediction of the optimal
composition of PP, EPDM and SRT present internary
compounding. Mechanica propertiesshow sharp de-
terioration when SRT particlescontent increasesinthe
ternary mixtures because of the poor adhes on between
SRT and PPmatrix. EPDM appearsto span theinter-
faces between regions of SRT and PR, thusenhancing
adhes onand compati bilization of thecompound. Some
tensile propertiesand particularly impact strength to-
gether with SEM mi crographs proved thisobservation.
Highest impact strength can be reached, for the experi-
menta conditionsused, only with aphysical mixture of
PP/EPDM/SRT when EPDM and SRT contents are
maintained around 25% %!, M orphol ogy, thermal be-
havior and mechanical and dynamic propertiesof iso-
tactic polypropylene blended with different amounts of
EPDM terpolymer wereinvestigated addition of 10%
EPDM to PPresultedincreasein spherulitesize. DSC
resultsindicated that addition of EPDM resultedinan
increaseintherateof crystallization whereasnuclegtion
isdeayed. Izod impact strengthincreasesasthe EPDM
content increases”. Electron beamiirradiation hasbeen
used to improvethe processability of polypropylene/
ethylene propyl ene dienemonomer blendsin combina-
tionwithfixation of morphology by inducing crosslinks
inthedispersed EPDM phase. An optimum morphol -
ogy for impact toughening has been obtained viaextru-
sion-blending high molecular weight PP with EPDM™3,
M echanical blendsformed of 50 wt% of high-density
polyethylene (HDPE) and 50 wt% of ethylene—propy-
lene-diene-monomer (EPDM) elastomer have been
|oaded with 50 wt% of three different particle size of
CaCO,, namely CaCO, 300, CaCO, 700, and CaCO,
2000 whereby thelatter hasthe smallest particlesize of
311, 82um. Mechanical, physico-chemical and ther-
mal propertieswerefollowed up asafunction of irra-
diation dosefor loaded and unloaded blends. There-

sultsobtainedindicated thet theva uesof tensilestrength,
tensilemodulusa 50% el ongation, gd fraction and de-
compositiontemperatureincreasewithincreasingirra
diation dose. On the other hand elongation at break,
permanent set and swelling number werefound to de-
creasewithincreasing irradiation dose. Moreover, the
effect of particlesizeof CaCO, wasobservedinalim-
ited but apparent upgrading of mechanical, Physico-
chemical, and thermal properties?!.

EPDM/POLYOLEFINIC NANOCOMPOSITES

Nanocomposites of polypropylene (PP)/ethylene-
propylene-dienerubber (EPDM) blend with montmo-
rillonite-based organoclay were prepared in asol vent
blending method. Solvent blending of PPand EPDM in
acomposition of 50:50 formed atwo phase morphol -
ogy inwhich EPDM appeared asdispersed phasewith
irregular shape. The size of dispersed phase reduced
significantly todmost sphericd domainsby addition of
the nanoclay. For better dispersion of nanoclay inthe
PP/EPDM blend, an antioxidant Irganox 1010 was
used ascompatibilizer. State of nanod ay dispersonwas
evauated by X-ray diffraction (XRD), and aso, by a
nove method using permesbility measurementsdatain
apermeability model. The measured d-spacing data
proved agood dispersion of nanoclay at low clay con-
tentsa ong with compatibilizer. The permesbility modd
for flake-filled polymerswas used to estimate the as-
pect ratio of nanoclay platelets in the blend
nanocomposites. Oxygen and carbon dioxide barrier
property of the PP/EPDM blend improved about two-
fold by adding only 1.5 vol% organoclay. The degree
of dispersonin PP/EPDM / nanoclay nanocomposite
prepared by solvent blending was studied by XRD
method. Presence of compatibilizer induced evenmore
intercal ation of nanoclay. State of nanoclay dispersion
was al so examined by evaluation of aspect ratios of
nanoclay plateetsfrom permeability measurementsand
using apermesbility modd . ThePP/ EPDM blend with-
out organoclay showed atwo-phase morphology with
EPDM asdispersed phaseinirregul ar-shaped domains.
The EPDM domainsturned to more spherical shape
and much smaller in size as well in presence of
nanoclay?. Polypropylene/ ethylene-propylenediene
monomer (EPDM)/ Cloisite15A (75/20/5) thermoplas-
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tic elastomer nanocomposi te sampleswere prepared
according to Taguchi design of experiment (Design Ex-
pert software) viadirect melt intercalation by using a
co-rotating twin-screw extruder to investigate the ef-
fect of processing parameters on the microstructure,
rheological and mechanical properties of the
nanocomposites. It was observed that higher screw
speeds, lower barrel temperaturesand lower feeding
rateswould improve the mechanica propertiesof the
samples. Thiswassupported by rheol ogical measure-
mentsand microstructure observations. Comparing the
XRD patterns, SEM and TEM micrographs, rheologi-
cd and mechanica measurementsconfirmed theresults
suggested by Teguchi method. Theeffect of barre tem-
perature was observed to besignificantly considerable
onthe properties of the nanocomposite?. Themodifi-
cation of the (HNT) halloysite nanotubes by y-
methacryloxypropyl trimethoxysilaneincreased thein-
teractionswith EPDM and the degree of dispersion of
theHNTswithintheEPDM. Thisincreased thetensile
srength and tenglemodul usat 100% e ongation (M 100)
of thenanocomposites. Thethermal resistance of the
nanocomposites decreased after themodification of the
HNTSs. y-MPS interacted with AI-OH groups at the
edges and inside the HNTs and Si—O groups at the
surface of the HNTs. The EPDM / HNT
nanocompositeswere prepared by mixing 0, 5, 10 and
30 partsper hundred rubber (phr) of HNTswith EPDM
onatwo-rall mill. Thetenslestrength and tenslemodu-
lusat 100% elongation (M 100) of the nanocomposites
were higher than those of EPDM / unmodified HNTs
(EPDM/HNT) whiletheelongation at break decreased
alittle after modification of the HNTS?!. Thefilmsof
EPDM / clay nanocomposite, EPDM conventiona com-
positeand unfilled EPDM wereexposed against gamma
irradiation in order to study the effect of gammairra-
diationontheir properties. The experimental datasug-
gested that thegammairradiation hasastrong influence
on propertiesof EPDM / clay nanocomposite, EPDM
conventional compositeand unfilled EPDM?9. The
study was conducted to determinethebest ATH filled
PP/EPDM formulation for wireand cable application.
Theprdiminary results showed that PP/EPDM (60:40)
blend asthe optimum composition based in mechanica
and MFI test. Theeffect of ATH loading on mechanica
and MF of PP/ EPDM (60:40) wasthen determined.

Thetensilemodulus and hardnessincreased with in-
creasing filler loading with aconcomitant decreasein
elongation at break and tenglestrength. MFI decreased
by increesngthe ATH content. SEM illustrated that ATH
waswell distributed withinthe PP/ EPDM matrix?".
EPDM rubber and nano-S O, particleswereemployed
to modify PPsimultaneoudly. Our goa wasto control
thedistribution and dispersion of EPDM and nano-SO,
particlesin PP matrix by using an appropriate process-
ing method and adjusting the wettability of nano-S O,
particles toward PP and EPDM, so asto achieve a
simultaneous enhancement of toughnessand modulus
of PP. With regardtothis, twokinds of nano-S O, par-
ticles(with hydrophilic or hydrophaobic) to prepare PP/
EPDM/S O, ternary composites A uniquestructurewith
the magjority of EPDM particles surrounded by SiO,
particleswasfirst observed by using hydrophilicS O,
and two-step processing method, resulting in adra-
maticaly increase of 1zod impact strength astherubber
content intherangeof brittle-ductile transition (15-20
wt%). The observation that poor adhesion and poor
compatibility between particlesand PP matrix could
resultinasignificant increasein 1zod impact strength
wasunusud and needed further investigation. Thiscould
betentatively understood asaconsequenceof theover-
lap of the *stress volume’ between EPDM and SiO,
particlesdueto theformation of theuniquestructure®Y,
Thetoughness and phase morphol ogy of polypro-
pylene/ EPDM / SO, ternary composites. Twokinds
of PP (grafted without or with maleic anhydride (PP-g-
MA)) and SO, (treated with or without coupling agent)
wereused to control theinterfacial interaction among
the components. The dependence of the phase mor-
phology oninterfacid interaction and processing method
wasinvestigated. It wasfound that theformation of filler-
network structure could beareason for asmultaneous
enhancement of toughnessand modulusof PPand its
formation seemed to be dependent on thework of ad-
hesion (W) and processing method. Asthework of
adhesion(W ;) of PP/ EPDM interfacewasmuchlower
than that of PP/SIO, and EPDM/SIO,, and the two-
step processing method wasused, theformation of filler-
network structurewasfavorable. Inthiscase, asuper
toughened PPternary composite with thelzod impact
strength 2-3 times higher than PP/EPDM binary blend
and 15-20 times higher than pure PP could be
ey, Research & Reotews On
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achieved?®, Nanocomposite obtained by the addition
of the organoclay to ablend of i-PPand EPDM. Wide
AngleX-ray diffraction (WAXD) patternsdemonstrated
that the clay wasintercaated in the polymerschains,
whichwascorroborated by thetechniquesof TEM and
oscillatory rheology. The Small Angle X-ray Scattering
(SAXYS) andysisdemonstrated that thelamellar long
period increased with theintroduction of clay into the
blends and decreased with the deformation, either un-
der compression or stretching. Additionally, therewas
avariationintheangleof rotationf, of the polymer and
clay’s lamellas with the addition of the organic clay, and
thisvariation had atendency to stabilizewhenit took
place with the amount of clay introduced dueto the
consequent restriction of molecular movement, dsoa
demondration that theuniaxid compressionand stretch-
ing of the nanocomposites produced areduction of in-
tensity inthe peaks. Under the compression deforma-
tions, thecrystalinity of the nanocomposites decreased
sgnificantly, whileunder thestretching deformetion, the
crystdlinity remained virtualy constant dueto the phe-
nomenon of micro necking’s. Furthermore, the addi-
tion of clay intotheblend resulted inanincreasein en-
ergy dissipation by sinusoida deformation because of
theformation of theintercal ated morphol ogy during melt
processing®®. EPDM/PP blend with compatibilizer and
itsnanocompositeswere prepared by usngMicroin-
jection molding technique. Incorporation of EPDM
withinthe PP matrix resulted inincreasein theimpact
strength and fracturetoughnessof Virgin PR, It hasbeen
shown that on the addition of 40 wt% of EPDM and 3
wit% of TiO,, which showed enhancement of theim-
pact property. Incorporation of EPDM content inthe
Virgin PPinvestigatesthefracture energy, fracture stress
and crack initiation & propagation energies, the Brittle-
Ductiletrangtion, thefracture process changed from
being afast unstable with craze formation to aslow
stablefracture showing ductiletearing. Morphological
observation (SEM) showed fractured surface morphol-
ogy of PP/ EPDM blend and PP/EPDM/TiO, blend
nanocomposites®,

EPDM/POLYOLEFINIC FIBER COMPOS-
ITES

Thermoplastic Elastomer (TPE) compositerein-

forced with Hibiscus Cannabinus, L fiber (Kenaf fiber,
KF) was prepared viamelt blending method usingin-
ternal mixer at temperature 180°C, screw rotational
speed at 40rpm for 10 min. TPE matrix isablend of
polypropylene (PP) and ethylene propylene- diene
monomer (EPDM) at aratio of 70:30. The optimum
fiber loading wereinvestigated from 0% to 20% by
volume. Theeffect of coupling agent MaecAnhydride
Polypropylene(MAPP) onthe TPE compositehasbeen
investigated. Theresult shown that, withincreasing the
Kenaf fiber content gradually increased the tensile
strength and flexura strength for both treated and un-
treated PP/EPDM-KF composite. However, at 20%
of Kenaf fiber loading, it showed decreasinginimpact
drength dueto brittlenessof the samples. From the scan-
ning electron micrograph (SEM) it hasshown that the
composite, with compatibilizer promotesbetter inter-
action between TPE and Kenaf fiber®3, In another ex-
periment therma and viscod astic propertiesof ternary
composites based onlow densty polyethylene(LDPE)-
ethylene- propylene—diene terpolymer (EPDM) blend
and high density polyethylene (HDPE)-EPDM blend
reinforced with short jutefibers. For al the untreated
and compatibilizer treated composites, the variation of
mechanica and viscoel astic propertiesasafunction of
fiber loading (10, 20 and 30 wt %) and compatibilizer
concentration (1, 2, and3%) were evaluated. All the
flexurd strength, flexura modulus, impact strength, and
hardness of the compositesincreased withincreasein
both fiber loading (at 3%M A PE concentration) and
Ma eic Anhydride Polyethylene (MAPE) dose (at 30
wt %fiber content). The maximum valuesof flexura
properties and hardness were achieved for HDPE /
EPDM / jutefiber composites, whereassLDPE/ EPDM
/ jutefiber composites showed higher impact strength.
However, therate of improvement in mechanical prop-
ertiesof the LDPE/EPDM blend withincorporation of
fibersand MAPE isfound to be higher than that of the
HDPE/EPDM system!®3. Themechanical properties
and morphology of ternary composites based on PP/
EPDM blendsreinforced with natural flax fibersare
analyzed. In order to evaluate the simultaneous effect
of theincorporation of both elastomer and fibers, an
experimenta design based onaDoehlert Uniform Net
has been employed. Thetensile, flexura and impact
behaviors of the composites areinvestigated, and the
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resultsshow that flax fibersbehave asan effectiverein-
forcing agent inthese systems. Infact, aconsiderable
increasein thestudied propertiesin the presenceof the
fiberswas observed. It isinteresting to note that the
reinforcing effectismorenoti ceable asthe EPDM con-
tentintheblendincreases. A littlewettability or poor
adhesion between natural flax fibers and the studied
matrices hasbeen observed by scanning e ectron mi-
croscope. Itisassumed that the hydrophilic structure
of natura fibersisnot chemically compatiblewith hy-
drophobic polymer matrices. Enhancing the compat-
ibility between both phases by devel oping new chemi-
cal treatmentsfor thefiber and both thermoplasticand
elastomeric matrices, in order to evaluateitseffect on
the properties and morphology of the composites4.
The (SGF) Short Glass Fiber and photo-irradiation can
considerably improvethe mechanical propertiesof PP/
EPDM blends, especialy for thetensile strength and
notched Izod impact strength. TheWideAngle X-ray
Diffraction measurements substantiated theformation
of B-type crystal of PR, which partly enhancestheim-
pact strength of dynamically photo-irradiated PP/
EPDM/Short glassfiber composites. The SEM images
demonstrated that photo-irradiation processincreases
theinterfaceadhesion of SGF and matrix, whereasde-
creasesthe aggregation of EPDM particlesand thus
increasesthe sitesfor dissipation of shock or impact
energy in photo-irradiated PP/EPDM/SGF compos-
ites. Themdting and crystallization temperaturesof the
photo irradiated compositesare not affected greatly by
increasing the SGF content. Thethermal analysisre-
sultsshow that theincorporation of SGFinto PP/EPDM
playsanimportant rolefor increasing itstherma stabil-
ity®, The effect of both, athermoplastic elastomer
(EPDM) and short aramid fibres on polypropylene (PP)
crystallization kineticsand tensile behaviour hasbeen
investigated. Aramid fibres are effective nucleating
agentsfor PP crystallization giving riseto both anin-
creaseinrateof thecrystdlization processand the phe-
nomenon of transcrystallinity with PP, which permits
increasing theinteraction at fibre/matrix interfaceand
hencethemechanica behaviour of thecompostes. The
radial growth rate of PP spherulites decreasesin the
presence of EPDM and fibres, and hardly varieswith
EPDM percentagesin the matrix above 25%. Tensile
strength at break showsasimilar behaviour to the stiff-

ness, and the elongation at bresk generdly increasesas
EPDM percentage in the matrix increases, and de-
creases asfibre content inthe compositeincreased®,
Theeffect of short aramid fibersonthe mechanical be-
havior of polypropylene(PP) and ethylene-propylene-
diene (EPDM) and their blends hasbeen investigated
by meansof an experimental design. Theresultshave
shownthat aramid fibersarevery effectivereinforcing
agentsfor composites when the continuous phase of
thematrix iscongtituted by PP, so sensibleincrements
intensile modulus and strength are obtained asfiber
content inthe compositesincreases. An optimal matrix
composition and fiber content has been observed that
produced high abrasion resistance compounds. The
addition of fibersto EPDM rich (>50%) matricesgives
riseto asensibledecrease of theimpact strength of this
polymer. However, at PP contents above 50%in the
polymer matrix, anincrease of impact strengthisob-
served at fiber percentagesin the composites above
10%. Thedifferent behavior of thefibersdependingon
matrix type can beattributed to abetter affinity of these
fibersfor PPmatrix. Morphologica studiesof the com-
posites have been carried out by scanning € ectron mi-
croscopy®7.

PROCESSFOR GRAFTING ON EPDM

Thema e c anhydridemodification of rubbersisof
interest asaway of compatibilizing the rubber with
polyamidesintheformation of toughened blends. With
mal el c anhydride modificationtherubber canreact with
the polyamideforming agraft copolymer bridgingthe
polyamide-rubber interphase. Inthisway theinterfacia
tensonisstrongly reduced. With alower interfacid ten-
sion afiner dispersion can be obtained. EPDM and
EPR rubbers are used asthe toughening phaseand for
thispurpose, thesedastomersaremodifiedwithmaec
anhydridel, Ma eic anhydride grafted ethylene pro-
pylenedieneterpolymer was prepared using both solu-
tion and reactive processes. The mal eation of EPDM
by asolution processwas carried out by taking 40g of
EPDM, 4g of MA, and 0.1g of BPO dissolved in xy-
lenerespectively wereadded to a 1L four necked flask
equipped with areflux condenser,stirrer,thermometer,
and and nitrogeninlet. Thereaction mixturewaspoured
into excess acetone with stirring. After removing any
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unreacted MA contained in the reaction mixture,the
precipitate wasfiltered. The purification procedurewas
then repeated and the precipitatewasfinally driedina
vacuum at 80°C for 24h. The reaction process was
carried out in abanbury typeinterna mixer(HAAKE
RHEOMIX600P). After 40g of EPDM was charged
inthe chamber and heated at 130°C for 5 minute, vari-
ousamountsof MA and DCP were added and mixed
witha50rpm tirring ratefor 25minute at thesametem-
perature. After completing the reaction, thereaction
mixturewas precipitated by pouringitinto excessac-
etonewith stirring. After removing any unreacted MA,
the product wasfiltered. The purification procedurewas
then repeated and, the precipitatewasfinaly driedina
vacuum at 80°C for 24 hi*9,

COMPATIBILIZATION OF EPDM/
POLYOLEFINICPOLYMERS

Toimprove adhes on between cdllulosicfiber and
polymer matrix, different approacheshave beeninves-
tigated, i.e., chemicd modification, polymer graftingon
the surface of thefibers, incorporation of compatibilizer
such asmaleated polymer or treatment with coupling
agent. Maleated coupling agents are widely used to
strengthen compositescontainingfillersand fiber asre-
inforcements. The established role of maleated
polyolefin (MaPO) resulted from two mainfactors, eco-
nomica manufacturing and the efficient interaction of
mal el c anhydridewith thefunctiona surfaceof fiber re-
inforcement.. The use of maleated polymer and cou-
pling agent hasreceived cons derabl e attention dueto
their effectivenessin modifying theinterface by forming
alink between them and hydroxyl groupsof thefibers.
For example, ma eic anhydride-grafted polypropylene
(MAPP) hasshowntobeavery effectivecompatibilizer
for cellulosic- fiber filled PP composites**. Maeic
anhydride-grafted-polypropylene (MAPP) wasused as
acompatibilizer toimprovethecompatibility of kaolin
filled PP/EPDM composites. Results show that incor-
poration of MAPP increased thetensile strength and
Young’s modulus, but reduced the elongation at break.
Scanning e ectron microscopy (SEM) of thetendlefrac-
ture surfaces of compositesindicatesthat the MAPP
improved theinterfacid interaction between kaolinand
PP/EPDM matrix®Y., In order toimprovethe compat-

ibility between natura fibersand polypropylene (PP)
and polypropylene- ethylene propylene dieneterpoly-
mer (PP-EPDM) blends, the functionalization of both
matriceswith maleicanhydride (MA) isinvestigatedin
thisstudy. Themorphologica observationscarried out
by scanning el ectron microscopy show that theincor-
poration of small amountsof functionalized polymer
congderably improvestheadhesion at thefiber-matrix
interface. Inthese cases, thefibersare perfectly em-
bedded inthe matrix in relation to the compositespre-
pared with the pure homopolymers, and asignificant
increasein the composite strength is al so observed,
particularly after theincorporation of both modified
polymers (MAPPand MAEPDM). It hasbeen proven
that the addition of low proportions of maleic anhy-
dride grafted PP and EPDM to their compositesin-
creases nucl eation, favoring the PP crystallization pro-
cess, which wasreflected inamarked decreasein the
half timeof crystallization. The micrographs obtained
by meansof scanning € ectron microscopy (SEM) have
shown that better adhesion at thefiber-matrix interface
existswhen grafted matrices are added to the compos-
ite. Infact, therewere hardly any voidson thefracture
surface, and the fibers were al so perfectly encapsu-
lated by thematrix, makingit very difficult todigtinguish
them. Inaddition, mechanica measurementsareinac-
cordancewith these observations, showing aconsider-
able increase in the composite properties when the
grafted matrices were added to the composite“? . In
another study two typesof impact modifiersare added
to PPnamely; thermaoplastic natural rubber (TPNR) and
polypropylene/ethylene—propylene—diene—monomer
(PP/EPDM). Both composites were produced via
doublemdt blending method using Hagkeinterna mixer
before they were compression molded. Theratio of
thermoplastic: elastomer was 70:30 for both polymer
blends. Duetoincompatibility between matrix and re-
inforcement, malelc anhydride polypropylene (MAPP)
was added asin the case of treated composite. It was
found that thetensile strength for TPNR isabout 12%
higher than the PP/EPDM matrix. The presence of
Kenaf fiber (KF) and M APP however hassignificantly
increased thetensile strength of the PP/EPDM com-
posite by approximately 81% whileonly 55%incre-
ment attained in TPNR-KF-MAPP as compared to
unreinforced TPNR. Apart from that, flexural proper-
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tiesand impact strength aregreetly improved for treated
kenaf fiber composite. Thisshowsthat KF hasimparted
itstensilestrength to the PP/EPDM system with good
interaction provided by the competibilizer agent. Scan-
ning electron micrographs (SEMs) reveal ed that the
improvement achieved inmechanicd propertieswasdue
to theinteraction between both matrix sysemsand kenaf
fiber®d, Physica propertiesof naturd fiber/polyolefin
composites can be greately enhanced by Maleated
Polyolefin coupling agents. Typica manufacturing pro-
cesses necessitate that the molecular weight of a
Maleated Polyolefin decrease asthe acid number in-
creases. Optimizing the ba ance of thesetwo Mal eated
Polyolefin propertiesresultsinacoupler for naturd fi-
ber / Polyolefin compositeswhich canyield 60% in-
creasein flexural andtensile strengths*4. A study on
effect of chemical treatment using maleic anhydride-
grafted polypropylene (MAPP) and 3-
aminopropyltriethoxysilane (3-APE) wasinvestigated.
The performance of the MAPP and 3-APE werein-
vestigated by meansof torque devel opment, mechani-
ca properties, thermogravimetricanayss(TGA), dif-
ferentid scanning Caorimetery (DSC), scanning elec-
tron microscopy morphol ogy, and water absorption.
Theresultsreveded tha theuseof MAPPor 3-APEIn
the composites hasincreased the stabilization torque,
tendlestrength, Young’s modulus, water absorption, and
thermal stability of the PP/NR composites. Theincor-
poration of MAPPin thecompositesshowshigher sta-
bilizationtorque, tensilestrength, e ongation at break,
Young’s modulus, and lower water uptake when com-
pared with the use of 3-APE inthe PP/NR compos-
ites. TGA and DSC resultsindicated that primary and
secondary pesak of DTG curve, initid degradationtem-
perature, maximum degradati on temperature, melting
temperature, heat of fusion of composites, crystalinity
of compositeand PPincreased, whiletota weight loss
and thermal degradationrate decreased for both treated
composites. The M APP-treated Recycled news paper
(RNP)-filled PP/NR compositeswerefound to bemore
thermal resistance and more crystalline than 3-APE-
treated filled PP/NR Recycled News Paper compos-
iteg*,

DYNAMICALLY VULCANIZED EPDM/
POLYOLEFINIC BLENDS

Dynamicaly vul canized thermoplastic olefin (TPO)
based on polypropylene (PP)/ethylene propylene- di-
ene(EPDM) loaded with zinc dimethacrylate (ZDMA)
wasprepared. Theaddition of ZDMA significantly im-
proved thecomplex viscosity of theresultingmaterid in
themdt state, asdetermined from rheol ogicad andyss.
TPO based on PP/EPDM//ZDM A has been success-
fully prepared through dynamic crosdinking of therub-
ber phase during themixing process, usng DCP ascur-
ing agent. Dynamic mechanical analysis (DMA),
transmission eectron microscopy (TEM) and scanning
el ectron microscopy (SEM) were performed to eval u-
ate the structure, aswell asto characterize the mor-
phology formed during dynamic vul canization. The
ZDMA improved the crosdinking of therubber phase
and resultedin crosdinked rubber particleswith dimen-
sonswithin200 nm. The addition of ZDMA improved
the compatibility between rubber and PP phases, which
contributed to theenhanced mechanica and rheol ogi-
ca properties. Thecrystallization behavior analysisin-
dicated that theaddition of ZDMA promoted thenucle-
ation processof PP, but ahigher ZDMA content showed
anegativeeffect on the crystallinity of the PP compo-
nent. Remarkableimprovementsin toughness and ex-
tensibility of PP/EPDM/ZDMA composites were
achieved“®), ZDMA can befunctioned asapotentin
Situ reactivecompatibilizer aswell asan effectiverein-
forcing agent in the TPV based on PP and EPDM.
During peroxideinduced dynamic vul canization, thein
Situ compatibilizing of ZDMA acted through thereac-
tion between the double bonds of ZDMA and thefree
radicasgenerated in both EPDM and PP chains Mean-
while, ZDMA ispolymerized and reinforced the TPV's.
Asaresult, apeculiar nanocompositestructurethat the
crossinked rubber particleswere“bonded” by a tran-
gtion zonewhich containing numerousof nano-particles
with dimensions of about 20— 30 nm is formed. The
ZDMA reinforced EPDM particlesand PP phasehave
aquiteblurry inter phase boundary, which resultsin
ggnificantimprovementsintherheol ogica and mechani-
cal propertiesof the resultant materials. Furthermore,
increas ng the PP phaseinthe PPIEPDM/ ZDMA TPV's
leadsto anincreasein mechanicd properties*”). Positron
Annihilation Spectroscopy wasused to investigate the
rel ationship between free volume hole propertiesand
miscibility of dynamicaly vul canized EPDM/PP blend.
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Theresultsshowed that thenon crystdlineregion of PP
and EPDM inthe blend was partialy miscibleand the
miscibility of the blend becameworsewhentheweight
percent of EPDM was <50%. Thiswasdemonstrated
by DM TA and mechanical propertiesof theblendswith
various compositions*d. Stabilizersareused to pre-
vent the degradation of polymersand thereby, to effec-
tively extend their useful lifetime. However, the appli-
cation of stabilizersin combinationwithaperoxide-cure
system needs specia care, becausethemain function
of thesemateriasisto deactivatetheradicalsformed
after the decomposition of aperoxide, resultingina
reduced crosslinking efficiency of the peroxide. Inthis
investigation, the changesof thephysica propertiesaf-
ter ageing, of Dicumyl peroxide (DCP)/Tridlyl Cyanu-
rate (TAC) cured thermoplastic vul canizates(TPV s) at
afixed polypropylene (PP)/EPDM ratio aswell asat
varied blendratiosin presence of variousstructurally
different stabilizersaredescribed. TMQ performsthe
best amongst al the stabilizers. However, it discolors
the TPV-end products“®?. Dynamically
Photocrosslinked polypropylene (PP)/ethylene—propy-
lene-diene (EPDM) rubber thermoplastic elastomer was
prepared by simultaneoudy exposing the elastomer to
UV light whilemelt-mixing in the presence of aphoto
initiator aswell as a crosslinking agent. The results
showed that after photocrosslinking, tensile strength,
modulusof easticity, and elongation at bregk wereim-
proved gresatly. The DSC curvesshowed that for each
dynamically photo crosdinked PP/EPDM blend, there
was anew smaller melting peak at about 152°C to-
gether with amain melting peak at about 166°C. Dy-
namic mechanica therma andyss(DMTA) indicated
that the compatibility between EPDM and PP wasim-
proved by dynamic photo crosslinking.®. Compara-
tivestudiesof microstructure, rheol ogicd behavior, and
viscod astic and mechanical propertieswere carried out
astheamount of curing agent isincreased for EPDM/
PP blends (60 : 40). Dynamically cured EPDM/ PP
blend iscomposed of two phases (i.e., EPDM and PP
phase). Asthelevd of curing agent isincreased, EPDM
phase changed from dispersed phaseto continuousone,
and again to dispersed phase, and PP phaseremained
continuous phasethroughout. Themelt viscosity of dy-
namicaly cured EPDM/PPblendincreaseswithincress:
ing curing agent leve, yet thedifferenceintheviscosity

of the blendstendsto drop at high shear stresses. As
theamount of curing agent isincreased, thedynamic
modulus of the blendsincreasesdightly, T, of EPDM
increases, and T_of PPamost remainsunchangeable.
EPDM / PP blend showed enhancement inyield stress
and ultimatetensilestrength with theincreasein curing
agent levels, inthecase of eongation at breek; therela
tionshipisthereverseof that expected®l. Smpleblend-
ing and dynamic vul canization of EPDM / PE blends
using theresol / SnCl,, system was studied in an ex-
truder. Themelting of the PE pelletsoccursjust infront
of andinthefirst kneading zone. Upon complete melt-
ing of the PE phase, the EPDM / PE blendsreach very
quickly their final morphology. Crosslinking of the
EPDM phaseto highlevelsoccursaready when the
PE phaseisnot yet fully molten. Thehigher the EPDM
content, the higher the viscous dissi pation, the higher
the melt temperature and, consequently, the higher the
crosslinking rate. For the EPDM / PE (50/50; w/w)
TPV atrangtion from continuous viaco-continuousto
fully dispersed EPDM isobserved, whichisdriven by
crosdinking. Although thedegree of crosdinking of the
EPDM rubber isvery high, thisdoesnot prevent phase
inversion of the blend. The EPDM / PE interfaceis
rather blurred, because PE crystdlinelamelaearegrow-
inginto the EPDM domains, probably because of the
high compati bility between PE and EPDM (60 wt% of
ethylene). Thisstudy showsthat dynamic vulcanization
inextrudersproceedsquitedifferently fromthat in batch
kneaders, where melting, mixing and crosslinking are
separated in time. In extruders mass and heat trans-
port, melting of thethermoplastic, morphol ogy devel -
opment (including dispersonand phaseinversion), dis-
tribution and dissol ution of (crosdinking) chemicdsand
crosdinking of the rubber do not occur asindependent
phenomena, but mutualy and/or continuoudy interact®?.

CONCLUSION

EPDM based polyol efenic compositesand blends
can be prepared by various methods. The properties
can of EPDM/Polyolefenic blends can beimproved by
theaddition of nano and microfillers. Addition of fibers
into EPDM/Polyolefenic matrix can alsoimprovethe
properties. The compatibilizer’s essential for prepara-
tion of blendsand composites can be prepared by ei-

Research & Reﬁvpun: Dy (—

olymer



RRPL, 5(3) 2014

V.K.Abitha and A.V.Rane

113

> Rev/ew

ther solution or by reactive processes. Dynamic vulca-
nization has been doneto vul canize the rubber phasein
the blend. EPDM/Polyol efenic/reinforcing agent com-
posites can be used in shoe sole, mattress and some
electricd insulation properties.
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