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ABSTRACT

The present study dealt with the introduction of crosslinks in ethylene acrylic elastomer
and further checking of foamability of polypropylene (PP)/y-irradiated ethylene acrylic (AEM)
elastomer blends and finally the mechanical performances of the foams were evaluated. In
present study, foaming of blends was done with supercritical CO; in a batch mode. Initially,
optimization of microcellular foam processing of PP/unirradiated ethylene acrylic elastomer
blends was carried out through design of experiment approach using Taguchi technique and the
correlation among foamability, morphological and rheological parameters of blends was
established. In this section, blends with low elastomer content (10 wt.%) were optimized for
better foamability. Furthermore, y-irradiation was done of PP/unirradiated AEM elastomer
blends at several radiation doses not only to optimize the y-irradiation dose but also to optimize
the elastomer concentration of blend in terms of degradability during melt processing of blends.
Radiation dose of 25 kGy was determined to be optimum in terms of degradation of
PP/unirradiated elastomer blend. After the optimization of elastomer concentration, in order to
identify the effect of extent of crosslinking of elastomer and the effect of blend morphology on
the foamability of PP/y-irradiated elastomer blends, crosslinking of ethylene acrylic elastomer
was carried out using y-radiation with several doses prior to melt blending and subsequently 10
wt.% of the irradiated elastomers (optimized previously) were mixed with PP in a micro-
compounder at three different screw speeds to attain distinct morphological differences among
blends. The microcellular morphology development of blends with foaming was analyzed with
the screw speed, extent of crosslinking and foaming temperature. Preferences of homogenous

and heterogeneous cell nucleation were explained through the surface tension and interfacial




energy of neat polymers [in presence of air and liquid e.g. water and poly(ethylene glycol) 200
(PEG200)]. Additionally, the mechanical responses of PP/y-irradiated ethylene acrylic elastomer
blends were compared with the results of PP/unirradiated ethylene acrylic elastomer blends.
Gamma radiation of AEM elastomer was done at 25 kGy optimized irradiation dose. Moreover,
thorough correlations was drawn among the mechanical characteristics of blends with their
morphological (SEM, WAXD), thermal (DSC), thermo-mechanical (DMA), rheological
(frequency sweep) and fractured surface morphological aspects. From several theoretical models,
fitted with mechanical parameters of blends, it was determined that the y-irradiated elastomer
had lesser interfacial adhesion with PP than the unirradiated elastomer. Finally, the mechanical
performances of foams of PP/y-irradiated elastomer blends were evaluated and made a
comparative study with the mechanical data of foams of PP/unirradiated elastomer blends.
Microcellular foam morphology was observed for blends; whereas, for PP submicron and
irregular foam morphology was noticed. The yielding behaviuor of blends was marginalized and
the yielding of blends with y-irradiated elastomer was decimated. Most interestingly, necking
phenomenon and strain induced crystallization could be observed for foams of blends. Tensile
modulus of foam sample was significantly increased by 3 times. From the impact fractured

surface morphologies of foams, the enhanced impact strength of foams could be perceived.

Vi



TAHT eI o TN Ushforh ey # wiafeid &1 gwand AR dleisarses
(@) / y-RafOa el tfos (TsTH) SareetaR fAsmr & wiffer & o @ iR
NTERFR A & JiEF TG F Aodidd [FaT -7 TIAW FqqT H, TF o9 A #
FRIAChT FeT SEHFASS & Y Aol H wffFT & a5 off grer A, 9 /
AR sUSela Tishfoeh SelEcIa AU & ATSHIATR BIH THERIIT HT el
ST Aehelich T 3TANT A §U TAT gfSeahior & f3omser & ameas & fohar amm ar 3R
fAsoi & wAffed, FueAs 3R RAEioed Aest & d9ra dau wafa fhar /@ an
3 WS H, FA TARCIHER I#IAT (10 wt%) & Trg FHor dgak wAfefedr & fow
Jeeptoret foham 91T UT| S8 3relrar, y-fafehior didr / HfAFRITIT TeuH sarecaR Ao
W fRar IR A, St wE fAfeRor gueh WA dhael fafaRor Gueh A gRidd wel &
fow, afeed a0 & Rud J8THor & R &ROT Fr TR § SAeHR ThEIar &l
ool X & fow off fhar aram ur 25 kGy @ fafeheor e 9y / rfafasiord
SATEIAT AT & eRUT & T2l & gvead ga & fav AU i 78 ff| sareR
ThTITT & 3fedholel & oG, SANRCIAT & HIHTchI I HAT & FHG HT ggael el iR
qidy / ¢ -RfROT saear Bon & FRaRfed | @sor 3reRdr & gsma &
TEdlT A & T, TN Uihfaeh Soeca & wiafefr # &% gis y-fafeor &
Y 3I9AET fRAr I fANOT &I Tues @ gge, IR &g A 10 wt% fafRiord
SATECIHY & (g U 3fefehioldT) THHUN & &I 37oMT-3701T FUIcHS HAl & Iod dHlel
& fow T 3TeE-3eeT 9T 1fd W T ASH-HIBs H 9dY & a1y Hemar s =ar o
BIfAeT & @y Ravl & gaw ffFT e @ favewer G aifq, srafdfear @
IR ST A & | A ar) e 3R v e sgfFerdee # aleart
g & ool 3R FEoo deE T Rl Fe & AegAd @ @\ ss g [y AR




R H 3URYTT F 3Tl g 3R grell (FUSlT Jemsapiel) 200 (PEG200)]| 5%
faRea, 9dr / y-RAfeROa ol Ukhfas Sorectak Ao & e gfafsanst &
ot At / JTATRIOT TidelieT Ufthfoleh Solecta TSmOl & aRomAr & |ry &1 a1g o
TSUH SRR &1 y-[afevor 25 kGy 3fefsfdd fafeor gue @ foham aram o1l @
37eImar, 3d% ®IcAS (SEM, WAXD), a&a (DSC), y#Af-#Hakfaswe (DMA), Rviiored
(Frequency sweep) 3R WSd HAg THIRAT Tgel3it & @y RSO 1 Iifyh Lot
& T @t @ & ey R fFv v A w5 Agifae Aser 4@, Faoh & it
AYCst & gafsold, I8 @R faar amr a1 i y-fafafOa goreear & o & @y
FRARMT gaReeR 1 G & w7 SRS e ol 3 #, I / y-RfRPE
gAY TR & Sl & Fif¥eh Ygdiel &1 Hedishe fohar arar 3 didy / srfafefora

SR fAHUT & Iifh Scd-AH & WY Toh Jelellcaeh HEaTl fhar arar| Ao &
T ASHIRTeR BIA 3Hfa e q@r @r an Safs, i & fav 37 Asse AR
HAITAT BIA R @1 =7 A1l TAHOT & 3937 cgdgR HI giAT W I@r aar oar
IR y-RAfFOT s & @y AYoT & 397 FI oger ar = a1l ged ey
a1d, Afher Fr gear 3R darg IRd Fheceiaor Aol & B & T Aarr ST gddar
Tl B F T & I quimﬁBQHT@rac%g‘é%ﬁlqﬂﬂé?@%HWmé?
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SEM : Scanning electron microscope
SS : Sum of squares
TAIC : Triallylisocyanurate
TGA : Thermogravimetric analysis
TPO : Thermoplastic olefin
TPS : Thermoplastic polystyrene elastomer
TPV : Thermoplastic vulcanizate
TSE : Twin screw extruder
UF : Unfoamed material
UHMWPE : Ultra high molecular weight polyethylene
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UTM
V.R.

VER
VGP plot
WAXD

WGRT
XRD

Universal testing machine

Viscosity ratio
Volume expansion ratio
van Grup-Palmen plot

Wide angle X-ray diffraction

Waste ground rubber tire

X-ray diffraction
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Symbol
20

Eam)
Ear)
Eatheo)
Ep
Ew/En
Eq
Em
F
G*
G’
G"

LIST OF SYMBOLS

Description
X-ray scattering angle
Area of the SEM micrograph (centimeters squared)
Gibson and Ashby parameter
Number average cell size
Number average particle size
Weight average particle size
Tensile modulus / Tensile moduli of foam
Storage modulus
Loss modulus
Tensile moduli of non-porous material
Activation energy for degradation
Activation energy of matrix
Activation energy of elastomer
Activation energy of blend evaluated theoretically
Tensile modulus of blend
Relative tensile moduli
Tensile modulus of elastomer
Tensile modulus of matrix
Corrected factor of heterogeneous nucleation/ geometrical factor
Complex modulus
Elastic modulus
Viscous modulus
Impact strength
Impact strength of blend
Relative impact strength
Impact strength of matrix

Interphase interaction parameter in Nicolais-Narkis model
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SIN

tand

wt.%

y-radiation

Weight of sample in air

Weight of sample along with sinker in fluid
Weight of sinker in fluid

Order of degradation

Gibson and Ashby parameter

Cell density

Universal gas constant

Coefficient of determination

Neilsen parameters for first power-law model
Signal to noise ratio

Absolute temperature

Tan delta

Crystallization temperature

Glass transition temperature

Initiation degradation temperature

Melting temperature

Maximum degradation temperature

Weight fraction of elastomer present in blends
Final weight of sample

Free energy barrier for initiating the heterogeneous nucleation
Surface geometries of the nucleating agents
Initial weight of sample

Weight percentage

Degree of conversion at time t

Porosity model parameter

Surface tension

Interfacial tension between materials 1 and 2

Dispersive component of the surface tension
Polar component of the surface tension

Gamma radiation
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)

AH,
AHexperimental
AHiheoretical
AP
AT

Ob
Ob/Om

Om

Phase angle
Enthalpy of melting
Experimentally achieved enthalpy of fusion of PP

Theoretically determined enthalpy of fusion of 100% crystalline PP

Pressure exerted by the scCO, on the cell walls
Temperature range

Strain at break

Strain at break of blend

Relative strains at break

Strain at break of matrix

Complex viscosity

Contact angle

Density

Density/ Density of foam

Density of the foamed sample

Specific gravity of the fluid

Density of non-porous material

Density of the unfoamed sample

Tensile strength

Tensile strength of blend

Relative tensile strength

Tensile strength of matrix

Shear stress

Volume expansion ratio

Volume fraction

Crystallinity percentage/Total crystallinity percentage
Frequency

Gibb’s free energy for homogeneous nucleation
Gibb’s free energy for heterogeneous nucleation
Average cell size of foam

Average cell density of foams
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< NS

Predicted average of signal to noise ratio

Overall experimental average of signal to noise ratio

Shear rate
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