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RESEARCH ARTICLE
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6XEPLWWHG 1RYHPEHU 5HYLVHG -XQH $FFHSWHG $XIXVW

EVWUTIRRW /OOHU GLVSHUVLR L
$ ¢ Q Qﬁﬁg&gcﬁ'l%ﬂ DWULT UHVXOWYV

in non-uniformity of the composite and hence change

its properties. This non-uniformity could be overcome ) ) )

by incorporating a suitable adhesion promoter and/or &OW-density polyethylene (LDPE) is a highly branched

coupling agent. Although titanate coupling agents are used #®ng-chain thermoplastic and has a density between
SODVWLFV WKH XVH RI D WLWDQDWH FRWSFOLQJI*MA@BW REGH E®HODXKE ZPHL JKW X!
WKHUPRSODVWLF EOHQGY KDV QRW EBMRLWQNXGLHG LQVEHWBOOD WKHYHBNROHR Z P
this study was aimed at incorporating a CA to natural rubbeproad melting range within 106-120 °C result in easy

(NR) and low-density polyethylene (LDPE) blend throughprocess applications. Low glass transition temperature of

calcium carbonate (CaGO ¢ OOHU DQG WKHUHE\DQYHEWIPEWHDA WKH & DQG WKH GHJU
effect of CA loading on properties of the composites. In thisR | + DFFRXQOW IRU LWV VRIWQHVYV
VWXG\ D VHULHV RI 15 /'3( FRPSR M, ZDV ol P G

E\ YDU\LQJ WKH &% ORDGLQJ IURP %‘ﬁ%mxéjSKngjDumHu

hundred parts of polymer). CaC®ading was kept constant . . Lo
at 20 pphp. Brabender plasticorder was used to prepare LDPE has combined properties such as high impact

FRPSRVLWHV DW D WEPDHQUDWXURWRIWYEQRHH K WRXIJKQHVV DQG GXFWLOL
of 60 rpm. Physico-mechanical properties were evaluae DFNDJLQJ ¢OPV ZKLFK LV RQH RI LWV
according to 1SO standards. Degree of swelling and gel contentO D KD SUD P BRRPSUDGXE JLOPYV
LQ S [\OHQH ZDWHU DEVRUSWLRQ NEKWIKROYRIOPDIMKQD wWRRURID DXWRPRWI
and dynamic properties of the composites were investigated DFNLQJ DQG PXOWLOD\HU (OPV ERW
7THQVLOH VWUHQJWK HORQJDWLRQ R)XrugddHWHereDIDREVEHDAS & Yebl HayerVoKa Rviatey KH
composites increased with the addition of CA and showedy DSRXU EDUULHU %DNHU OHDG

the best properties at a CA loading of 0.7 pphp. Hardness

LQFUHDVHG ZLWK WKH DGGLWLRQ RI &RafR Zfibhet YNR)al Bée eRdiGely 'sWidfed
WKH LQFUHDVH LQ &$ ORDGLQJ  7KH 4k gf5ld Yitfe déhe tyRe/proGubtior TGS

of tensile properties and water resistance were also show

n . . .
SSKS ORDGLQJ ,Q RYHUDOO WK ﬁ? R%@fgww'ﬂe%? Qdthy NR, 49 i@c"ﬁﬁte Its
0.7 pphp showed better compatibility and the best proper‘[ies._proces‘%mI Ity by reducmq melt V'S,COS'ty and to improve

its performances (Hernandez-Sanchez al
_H\ZRUG&DOFLXP FDUERQDWH ORz Ntheymeplastcroendszake graraigd by blending NR
QDWXUDO UXEEHU SK\VLFR PHFKDRticgaly vyth paypropylens, (PPnand, patysthyiene
coupling agent. 3( LQ YDULRXV SURSRUWLRQV $V WKH
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18 W.D.M. Sampath et al.

with a wide range of properties are obtained. Soft grademagonite and vaterite (Betingyt al *URXQG

Rl 15 WKHUPRSODVWLF EOHQGV mraRiMVdcitedd @uall)X Bickdhsized witliRd broad size

thermoplastic exhibit rubbery properties (Sampexital GLVWULEXWLRQ DQG LUUHJXODU LQ VK
%OHQGYV KDYLQJ WKHUPRS O éxiéhderAtis k&R et CaCB wi&iRast widely used

properties of a plastic material as the continuous phas@ RQ UHLQIRUFLQJ (¢OOHU LQ QDWXUDO

is changed from NR to thermoplastic. NR-thermoplastiénexpensive and can be used at high loadings. According

blends are considerably improved if the NR phase isWR OLWHUDWXUH RZLQJ WR WKH GLVV

partially cross-linked during mixing through dynamicandCaCQ LW LV LPSRUWDQW WR DFKLHYH

vulcanisation (Maziaét al 7KH EOHQGUCaDW S PRWHFOHV LQ SRO\ROH¢{Q LQ RUG
resistant to heat ageing than NR vulcanisates. Ozon8 HUIRUPDQFH RI WKH FRPSRIdesWHV +R
resistance of the blends is also high (Mazgal not disperse easily in LDPE and it tends to agglomerate.

The soft grade blends can replace vulcanised rubber andX U W K H U LOWHUDFWLRQV RI SRO\H)
AH[LEOH SODVWLF IRU DSSOLF D WduBs@ites QooliRaR ANavHeRdUdud/t8 s dryétdllidiey Brd V
seals and mountings and a wide range of molded ammblarity (Doufnounest al +HQFH ORZ ORDGL
HIWUXGHG JRRGV )XUWKHU 15 L3RE §.€hHQ3ID Yht B YlendEdHWiIQ70 phpp loading
developed for light weight good quality microcellular R1 15 1HYHUWKHOHVY SURSHUWLHV
soles (Srilathakuttyet al ZKLOH KDUGFRPBEBMVWHYV ¢ O(arGotZat whkacéeptéble
NR/LDPE or high-density polyethylene blends are usedevel due to poor dispersion of Cagi@the LDPE phase
IRU URR¢{QJ DSSOLFDWL®&@aV :LFNdd el ddomgatibhity bf the two polymer phases NR
and LDPE. Conventional type titanate coupling agents
Two series of NR/LDPE and NR/polystyrene (PS)could be used to increase the dispersion of CaGO
EOHQGY ZHUH SUHSDUHG LQ D SUBRE & Y YekelE cob i€y Hh&@vzeb DRV and V
DQG 7KH [1B( /ISK(DVHYV $OVR LW ZDV UHSRUWHG
blend showed excellent chemical resistance and it watispersibility and compatibility of the inorganic phases
considered as the best blend ratio owing to its excellef HDPE/CaCQcomposite can be improved through
WHQVLOH SURSHUWLHV O0RKD P P HGfacet iedtinent of the phbarphdusi 0gG@ OHU ZLWK
the blend of 70:30 NR/LDPE prepared with N-Isopropyl-stearic acid (Croitoret al

1 SKHQ\O SKHQ\OHQHGLDPLQH , 33" LQGLFDWHG
good thermal stability due to its good ageing properties Titanate coupling agents are used to improvefaxtid
%KRZPLFN :KLWH ) X U W K H ddhé&sigHbetween Hy&rofHobic polymers and hydiiophil

blends have been developed as possible replacemengsOOHUYVY (VWHUV RI WLWDQLXP RU ]
for the conventional NR/HSR (high styrene resin) basedhemically bridge two dissimilar species such asjanic
soles (Srilathakuttgt al 7KH DERYH UHORXBIW\RUJRBLF SDUWLFXOBWGI\RBOHU |,
literature indicate that the 70:30 NR/LDPE thermoplastcWKURXJK SURWRQ FRRUGLQDWLRQ ORQ
elastomer blend has remarkable properties and hence thiganium derived coupling agents are unique inrthei
same blend ratio was selected for this study. UHDFWLRQV ZLWK SURWRQV HDWMXOMKH L
in the formation of organic monomolecular layers on

Fillers are incorporated into both rubbers andWKH LQRUJDQLF VXUIDFH 70OWBQNMWH \
thermoplastics to reduce the cost by increasing th® UH K\GURSKRELF RUJDQRSKLOLF DQ
YROXPH WR UHLQIRUFH WKH SKME@ HLW ARQYE RWRBWWUHIBEELQWR SRO\PHU
LPSURYH WKH SHUIRUPDQFH RI WKURRPRRWE SGREXEWRQ &DPFURPHWGLVSHU
carbonate (CaCO VLOLFD WDOF DQG se@ghRahdiiis ied@ednifitiament and preprease
DUH WKH FRPPRQO\ XVHG QRQ E®BBBD UWHEDVUMRIK RO WH R O DHUNRRW O HU V
PLQHUDO (OOHUV LQ WKHUPRSODUVRQWWH D@RJIUXPDBIQUYV 'LVIKHKEVRRBUHQ)
of inorganics in polymers and adhesion of a polymer toFRXSOLQJ DJHQWYV ZRUN LQ J@GIKEG SRO
DQ LQRUJDQLF ¢(¢OOHU DUH GLI¢ FXyOhveakirig@dwd tieyaidus\hkeehditsRSd haald L F V
DQG UXEEHUV VXFK DV ROH¢ Q E DndieQIIsS RO $iR distivet Buddtor@ Rri@ IsfdOsine
+HQFH ,&8deLndtshow property enhancement wheitkattaset al
incorporated either into rubbers or to thermoplastics.
CaCQjis a natural product from sedimentary rocks and is  The compatibility of CaCQoLDPE is poor and hence
VHSDUDWHG LQWR FKDON OLPHYV WeRQHpd3i@s ppide Enteibr pperiel kPietiasantd/
CaCQjis treated to improve bonding with thermoplasticset al 7KH FRPSRVLWHY SUHSDUHG ZI

%RVVKDUG 6 FKOXP $\Wan exist in &Mifher (PBR) and titanate coupling agent treated clay

D QXPEHU RI FU\WWWDOORJUDSKLKD VPHR ¢ KRFIWILR RQWH DRVIHGF PWHQ LW X G HV
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Property improvements of LDPE/NR blends 19

HORQJIJDWLRQ WHQVLOH VWUHQIWKRBG GRXQITV PRGXOXV ZKHQ

compared to untreated clay composite (Alkaddsal
2004). Effects of treatment of titanate couplingratgon terials
PHFKDQLFDO SURSHUWLHV RI VFI«M?‘%?J?{SUHQH UXEEHU DQG A\D

composite have been reported. The treatment rdsulte& RPPHUFLDOO\ DYDLODEOH /'3( DQG
in enhancement of mechanical properties of comgmsit U HG VPRNHG VKHHW UXEEHU 566

RIWKH VDLG UXEEHU ZKHQ FRASRIAGmELH Kepba WHELRMEH BpA HRuing mei

composites separately. The properties under caaside A p 7 | GH[ GHQVLW\ DQG FU\WWDOOLC
ZHUH WHQVLOH VWUHQJWK PRGXQPXV DPW SQ% IFR UHVSHEWLYHO
@

<RXQJTV PRGXOXV KDUGQHVVV HMR, W%giﬁ%‘evvwﬂ ‘bvy(lfHZ@ODVWLFV

LPSURYHG E\ ORGXOXV DWgsg.p h%/mﬁtzcg%agt?éi Getention index of 64 was
WR LPSURYH E\ ZKLOH <RXQAEY by tReRABEr Reselreh Institute of Sri Lanka.
LPSURYHG E\ et IONDGD V)IXU V\@ﬁt@having mean particle size of 2 micron and density

treatment of magnesium hydroxide with titanium (IV) 52 71 qerd ZDV XVHG DV WKH .OOHU DQG Z
R[LGH KDV DIIHFWHG PDJQLWXG H W} 3 pHALRQRAPIVAR 8 oRiWe K HHDF DOV 3Y W

WHQVLOH VWUHQJWK HODVWLBE® PRGXOXV DQG KDUGQHVV 1DE

etal 7LWDQDWH FRXSOLQJ DJHQW &% D
RUJDQRWLWDQDWH RI WUDGH QDPH «/I
Conventional type ftitanate coupling agents haverom KenrichPertrochemical Incorporation was supplied

been found to be very effective in modifying physico- g\ 3Kk H RQL[ ,QGXVWULHV 6UL /DQND &t

mechanical properties and rheological behaviour byoupling agent titanium IV 2 is 2(bis 2-propenotatshyl)

providing lubrication action to the LDPE/polypropylene g x W D QRODWR WULV GLRFW\O SKRVS
33 FRPSRVLWHV DW WKH VDPH WkPHL YRR WHVKRXW IKPWKHU SXUL¢FD

FRXSOLQJ RI WLWDQDWH WR WKH LQRUJDQLF RUJDQLF ¢(¢OOHU LQ

PRQROD\HUV DOORZV IRU HOLPLOQDPYHSDUBWRRY RRLGV 1HQKPQFRIEBSRY LW

hydrophobicity and a complete continuous phase for

VWUHVV VWUDLQ WUDQVIHU 0R QdW¥diies of 70/30/NR/LITPE @dmpositéd WaOferiétdd

WUHDWHG LQRUJDQLF ¢OOHUV VKRZYBUYISHIM WKELQ$ WRDQGCQERQRPQJ WF

ZLWK WKH SRO\PHU PDWUL[ 3RFILDPE composite-withibht CH Was YeKkétas the control.

effect of titanate coupling agents in enhancing inorganithe formulation of the composites is given in Table 1. In

¢OOHU GLVSHUVLRQ LQ UXEEHUVDIBXBI WQRIP D3( EOIHQ/GC3( KDFNSQH EOHQC

QRW EHHQ VWXGLHG LQ GHWDLO addkGAWks! ftapated W iKeltorhpokitds vdpbe Vdpivdd QD W H

coupling agent in developing a CaCcQ OOHG 15 fa8If mixing using a Brabender Plasticorder operated at

(70/30) composite was studied and the effect of titanat® W HP SH U D W Xndtat &iotor speed of 60 rpm.

coupling agent loading on properties of the composite i$otal mixing time was kept constant at 14 min. Mixing

presented in this paper. cycle used in the preparation of NR/LDPE composites is

7D E O HFormulationof theNR/LDPE composites

Ingredient Function Parts per hundred parts of polymer
(Pphp)
NR Rubber 70
LDPE Thermoplastic 30
CaCqQ Filler 20
'LFXP\O SHUR[LGH '&3 9XOFDQL]LQJ DIHQW
6 XOSKXU 9XOFDQL]LQJ DIJHQW
=LQF R[LGH ,QRUJDQLF DFWLYDWRU
Stearic acid Organic activator 2.0
N-tert-butyl-2-benzothiazyl Accelerator 1.0
sulfonamide (TBBS)
Vulcanox BKF Antioxidant 1.0
7LWDQDWH /LFD &RXSOLQJ DIJHQW

Journal of the National Science Foundation of Sri Lanka 47(1) March 2019



20 W.D.M. Sampath et al.

given in Table 2. NR/LDPE composites were compressed QG DIWHU VZHOOLQJ UHVSHFWLYHO\
LQ DQ HOHFWULFDOO\ KHDOKRdEr KVGULXODG SOHVWWW EDODQFH RI VHQV
D SUHVVXUH 03D IRU PLQ WR SURGXFH PP WKLFN

sheets. Test specimens were cut from these she&el content

according to the standards.

7THVW VSHFLPHQV KDYLQJ GLPHEP/LRQV F
were placed in a specimen holder and immersed in boiled
p-xylene for 16 h. The specimens were oven dried at

70°& XQWLO D FRQVWDQW ZHLJKW ZDV R
measured to the nearest 0.1 mg. Percentage gel content

7D E O HMixing cycle ofthe NR/LDPE composites

TRWDO WLPH PLQ QIUHGLHOW e 7DV FDOFXODWHG DFFRUGLQJ WR H
0 LDPE et al
4 NR
=LQF R[LGH 6WHDULF DFf a";  k [, o GDQW
7 ¥ CaCQ Q ...(02)
8 1% CaCQ
9 CA ZKHUH 0 LV WKH LQLWLDO ZHLJKW RI V
1 TBBS the weight of the oven dried gel.
12 Sulphur + DCP
14 Dumping the compound Ash content

Test specimens were prepared according to 1SO 1796.

&KDUDFWHUL]DWLRQ RI 15 /'3( FRPISRWISHEYPHQV ZHU BndcHdeMbirGord W
WHPSHUDWXUH 7KH WRWDO DVK FRQW
WKH RULJLQDO VDPSOH 1 @

Tensile properties and tear strengths of NR/LDPE
composites were determined using the Instron tensil@JHLQJ SURSHUWLHYV
testing machine according to BS ISO 37:2010 and BS
62 UHVSHFWLYHO\ 'XP E B¢elerntegd ragiggattheyoqrapesites was carried out at
test specimens and angle shaped tear test specimens wEC for 72 h in an air circulating oven. Tensile properties
XVHG &URVVKHDG VSHHG zDV P Wereeyvatiptedipiter paging and peisgntgge retention of
Hardness of the composites was determined using DeXeese properties were calculated according to equation (3)
Load Digi Test hardness tester according to BS ISO

ZKLOH KDUGQHVV Rl WKH f—feec é_foocwzttest ;tUDFWLRQ
with boiled p-xylene was determined using a Shore A

hardness tester. X qugllavlpc I e{,r_fd rcpecgl
Xclggjgrpcleftdmpecgle

Degree of swelling ...(03)

Degree of swelling was determined as per 1SO 1817:2011PWHU DEVRUSWLRQ
standards Three test specimens having dimensions of

PPi PP1 PP ZHUH LPPHUVHGOWHY [PFHRVRY $SERQ RI WKH FRPSRVLYV
72 h in closed-lid bottles. Excess solvent on the surfadg'mersion of test specimens having dimensions of 30 mm
of the specimen was removed by wiping with a blottingi PP T PP IRU KLQ ZDWHU DW URR
paper. Initial and swollen weights were measured antcrease in weight to the initial weight of the specimen as
WKH GHJUHH RI VZHOOLQJ 4 zD&aPaasitpgwapi@paried pseherwates pRSarpiioR
equation (1).

7TKHUPDO SURSHUWLHYV

o Foey; , .
T L.—4 H sr ...(01) The thermal properties of the NR/LDPE composites
4 were examined by differential scanning calorimetry
Z KH U HandAn are the weights of the specimen before'6& XVLQJ 1(7=6&+ '6& ) FDORUL

March 2019 Journal of the National Science Foundation of Sri Lanka 47(1)



Property improvements of LDPE/NR blends 21

Approximately 10 mg of composites was placed incurve explains the elastic potential energy of polymeric

an aluminum pan with a cover and scanned under #DWHULDOV 7KHUHIRUH LW VKRZV D .
QLWURJHQ DWPRVSKHUH IURR.UR&P ORDBIKUDIWXDW WRSSKS DQG SSK
The melting temperature (Y was determined as the the two composites provide high elastic energy and good

SHDN WHPSHUDWXUH RI WKH PHtQughhed38s] HQGRWKHUP DQG WKH
HQWKDOS\ R|) wds/deRi@inddras the area of
the melting endotherm. The degree of crystallinky) (
was calculatedia WKH WRWDO HQWKDO §
to equation 4.

N
o

| e—e0.3phpp e—0.5phpp

=
©

=
(2]

1 e—0.7phpp <—>0.9phpp

[N
i

o LT A@ ---»12phpp ——-1.5phpp
o L= Hst ..(04)

N

—0 phpp

Stress (MPa)
[
o

ZKHLU Ay is the enthalpy of fusion for pure
crystalline LDPE and was taken as 288 kJ!kg
(Saciet al

o N A O ©

o

'\QDPLF PHFKDQLFDO DQDO\VLV 0 50 100 150 20 250 30 3

Strain (%)

Dynamic mechanical properties of the NR/LDPE

composites  were determined using a dynam'% L J X U kstress-strain curves of NR/LDPE composites with CA at
PHFKDQLFDO DQDO\WHU '0% 4 7% Sﬁiﬁrent,ga{g“l,-ésGXDO

cantilever mode of deformation was used. Rectangular

test specimens having dimensions 40 mni2mm x

2 mm were heated over the temperature range “@30 | 20 350

to 100°& DW D UOMWIH. LlRyuid nitrogen was 300

XVHG DV WKH FRROLQJ PHGLXP 250 8

PRGXOXV (° DQG WDQ / Rl HDFK |§ 200§

in temperature sweep mode at 1.0 Hz. £ 150.;

ORUSKRORJLFDO DQDO\VLV 5° —e—Tensile strength 1003
2 --e--Elongation at break 50

Surface morphology of tensile fracture surfaces of © 0

. . . 0 0.5 1 15 2
NR/LDPE composites was examined by scanning CAloading, phpp.
HOHFWURQ PLFURVFRS\ 6(0 XV0lyo o - 0o (yes o

microscope. The specimens were cut and mounted on

aluminum stubs. The specimens were sputter coated Wil;h_ J X U Hariation of tensile strength and elongation at break of
a thin layer of gold to avoid electrostatic charging during NR/LDPE composites with CA loading

examination.

JLIXUH VKRZV WKDW WKH WHQVLOH
RESULTS AND DISCUSSION increased with CA loading up to 0.7 pphp and then

decreased. The best tensile strength is exhibited at a CA
BK\WWLFR PHFKDQLFDO SURSHUW L Hadrng b 0/7 JpHp RIRSIR Hesotiatad with the higher

degree of crystallinity of LDPE in the composites
Stress-strain curves are an extremely important graphical7 DE O H DQG PD\ EH ZLWK JRRG LQW
measure of a material's mechanical properties such &gtween NR and LDPE. Poor interfacial adhesions
WHQVLOH VWUHQJIJWK PRGXOXV Ddgeldp PdiGsiTEsstlaRs@r Datwde i tHeDnatix @rial tieH O S
in calculating Young’s modulus and explaining materialdispersed phase (Georgeal DQG ZLOO GHFU
behaviour. Figure 1 shows the stress-strain behavioWWHQVLOH VWUHQJWKY DW KLJKHU &% O
of composites with and without CA. All composites which is the amount greater than necessary to form a
HIKLELW UXEEHU\ EHKDYLRXU FRORQROQIHWKERXOKGERRW WHVYROOW LQ D
WKH FRQWLQXRXV SKDVH )XUWKHYWHRRSRYVLIWRALXAMWK &DOQW WKHUHII
most of the loadings show higher stresses and straitisat it can form a weak boundary layer resulting in poor
compared to the control. The area under the stress-strgiroperties.
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7D E O HThermal properties of NR/LDPE composites
60 68
= &5 ---#---Tear srength 66
&$ ORDGLQJ SgK$& 7.7F& c % * o— Hardness é‘
< 50 h 64 L
&RQWURO 5 | /o1 g
£ 45 62 5
S / £
© 40 ¢ 60
35 58
0 0.5 1 15 2
CA loading, phpp

T, JODVV WUDQVLW.LRROWH RS HW B Wed4id®d W X U H s
of crystallinity ) LJ X U Hariation of tear strength and hardness of NR/LDPE
composites with CA loadings

7D E O HAsh content of NR/LDPE composites

Tear strength of a polymeric material depends mainly
on the crack propagation property. Tear strengths of the

8 ORDELOQI SSKS BVK FRQ(\:’gr'ﬁ;?ovsvitesshowavariationfrom40kN/m(fortbatml)to

&RQWURO N1 P IRU WKH FRPSRVLWH DW &$ ORI
ZLWK DQ LQFUHDVH RI ,QFUHDVLQJ

0.7 30.2 SSKS VKRZV D GHFUHDVH LQ WHDU \

YDULDWLRQ DOVR FRQi,{UPV WKH IRUPD'
between the phases at a CA loading of 0.7 pphp.

)XUWKHUPRUH YLVFRVLW\ RI WKEKFHRPPL%%\&LWQ"DVUBIFQ\/%L?LHVFVVLFR/VE' 15 /'3

at higher CA loadings to decrease tensile strength. |

ZDV UHSRUWHG WKDW WKH WLWDQDWH WL%HDWHG LQRUJD\SIH.F ,OOHUV
show good dispersability and bonding with plastics in9Uré 4 shows the variation of degree of swelling wit
composites (Montet al EXW DW KLJK G 089 cPegres Gk swelling decreases with CA

&$ LW UHDFWHG DV D SODVWLF L PRANIER 1&Y/Fpp BRA9Esgualyingreases aligninaiy \

of plastic composites. Elongation at break also increas®4th the increase in CA loading. The lowest swelling at

ZLWK WKH DGGLWLRQ RI &$ DQW RB0P ARG i® #seoaiged ywin Hg {gaximum

loading up to 0.7 pphp. Elongation at break decreasdgVvel of interactions developed between NR and LDPE.
thereafter with further addition of CA loading (Figure 2). 6ZHOOLQJ SURSHUW\ RI D WKHUPRSOD

$FFRUGLQJ WR )LJXUH S S K $hezsoleent absprpfor IgapraE\of that pnaterial. If the
CA loading to enhance the interfacial adhesions betwveeR PWHULDO H[KLELWV D KLJK GHJUHH RI
LDPE and NR phases through CaCO high amount of solvent without completely dissolving in

LW )YXUWKHU WKH FRXSOLQJ RI WKH WI
Hardness of NR/LDPE composites at differentRlI DLU YRLGV LQ SODVWLF ORQWH

CA loadings are shown in Figure 3. Hardness of aLQRUJDQLF (OOHUV DUH RUJDQRSKLC
FRPSRVLWHY PHDVXUHG LV ZLW Kaor@ani solens (p-@ylare) at higher GAHoadings.
7KLY FRQ¢UPV WKH SUHVHQFH RI UXEEHU LQ WKH FRQWLQXRXYV
SKDVH LQ DOO FRPSRVLWHV DQG Gelcdn@ntisalsel s heteZnnining the/ $okdent
stress-strain behaviour shown in Figure 1. Hardness oésistance of a thermoplastic or rubber. It is known to be
DOO FRPSRVLWHV ZLWK &$ LV JU HiitedlyiddopartiobaDtovih ErddsIiRK dankity. High€r 9el R O
and is associated with the formation of crosslinksontent indicates a higher crosslink density and results
between the two polymer phases. Hardness increasésQ D ORZHU GHJUHH RI VZHOOLQJ ,Q
ZLWK WKH DGGLWLRQ RI &$ OR D Ggrfaulalll Merease$ Witk £AHJading up1Q &7 pphp and
decreases thereafter with increase in CA loading. Thislightly decreases thereafter with increase in CA loading.
decrease may be due to the enhancement in plasticisigK H KLJK JHO FRQWHQW DW SSKS UHI
HITHFW Rl &% DW KLJKHU ORD G L Qdf¥érosshnidsdKitdofatRlUnterastidtdlin @hR €drhplodite.
crosslinks developed through Cag@th increase of CA  ,Q DGGLWLRQ IRUPDWLRQ RI JHO LV
loading might have provided a softness to the compositéinkage of phosphate group.
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+DUGQHVYV RI JHO RI WKH FRPSRVDWHY PEVRHGWURPR RIWWRKH FRPSRVLW}
,5+" JLIXUH DQG LV ORZHU W HKtDeQredséshitikK @AoGdhél ip ¥ (R7 pphigadd gradually
composites. This suggests that the gel contains interactddQFUHDVHYVY ZLWK &% ORDGLQJ :DWHU
or cross-linked rubber molecules. The composite at CAubstance is not compatible with organophilic titanate and
KHQFH WLWDQDWH UHVWULFWV WKH DE
WKH FRPSRVLWH DW &% ORDGLQJ RI
water absorption and it may be due to the presence of

©
o

5 R e e toment HIFHVV &$ ZKLFK PDNHV D ZHDN LQW
4. --=-Hardness of gl CaCQ DQG SRO\PHU 3RFLXV +LIt

~
o

created at higher CA loadings absorbs higher degree

RI ZDWHU :KHQ WLWDQDWHYV DUH LQFF
VI\IVWHPV WKH\ RIWHQ SURPRWH DGKH'
LPSURYH LPSDFW VWUHQJWK ORQWH
adhesions and good CaC@spersion developed in the

composite at a CA loading of 0.7 pphp inhibited porosity

creation and hence showed lowest water absorption.
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o

Swelling (%), Gel content (%) and
Hardness of gel (Shore A)
[«2]
o

CAloading, phpp

) L J X U Hariation ofdegree ofV ZHOOLQJ JHO FR QW H|Q W.®N-—KBUY-Q-HV-V—RH
gel of NR/LDPE composites with CA loading
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o
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CA loading, phpp

'
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Heat flow (w mgh)

- — —Composite
1.5 | eeeeeeees Control
—— LDPE ) L J X U Hariation of water absorption of NR/LDPE composites with
2 CA loading
50 70 90 110 130 150

Temperature’C)

$IJHLQJ SURSHUWLHYV RI 15 /'3( FRPSRVL

)LJIXUHDSC curves of LDPE andels of the controland the

composite at CA loading of 0.7 pphp 7DEOH VKRZVY WKH DJHLQJ SURSHUWL

the composites at different CA loadings. Most of the
composites showed good retention of tensile properties

loading of 0.7 pphp shows the highest hardnesgladdge DIWHU DJHLQJ DQG DUH FORVHU WR

to the presence of more interacted/cross-linked NR. DSf@adings of 0.7 pphp and 0.9 pphp showed the highest
FXUYHV RI /'3( JHOV RI WKH FRQYektehtag® @Qrid Wekcd shBvirS RhigheW HsBtilvice to

&% ORDGLQJ RI SSKS DUH JLYHWHKIKQURD®UGH JUDKFDWH. ARl ZKLOH WKDW
the composite at CA loading of 0.7 pphp shows a peak oésistance to thermal degradation. Reactivity function of a
PHOWLQJ HQGRWKHUP DW f & ZitahalerdobpRid/ ageht3s(vérhigh aslithaR $ix reactivity

WKH FRQWURO VKRZ SHDNV RI P Hsne¥. ITQig tédrqyadnivitdrtiuchAs/re@dtéd strofigly with
revealing the presence of LDPE in gels attached to NR; OOHU DQG SRO\PHU DQG KHQFH &$ DV
Shift of peak at melting endotherm of the composite wittwill react effectively with CaCQand NR and LDPE.

CA to a higher temperature indicates the formation of

FKHPLFDO FURVVOLQNV EHWZHHQ@KHU PR SURSHYWWHKHWWRI 15 /'3( FRPSR
gels of the composites with CA show greater ash content

compared to the control (Table 4) revealing the presenckable 3 shows the glass transition temperature (T

of more CaCQin the gels of the composites containingmelting temperature () and degree of crystallinity

CA. This suggests the formation of crosslinks between ; ) of the control and the composites at different CA

NR and LDPE through CaCO loadings. T decreases with the addition of CA and
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O

7D E O HAgeing properties of NR/LDPE composites

&% ORDGLQJ SSKS S5SHWHQWLRQ RI 5HWHQWLRQ RI
tensile elongation at
VWUHQJIWK EUHDN

Control 94 99

0.3 83 93

0.7 100 99

0.9 100 100

1.2 97 81

UHPDLQV XQFKDQJHG ZLWK WKH

T, measurement revealed the plasticising effect caus

E\ WLWDQDWH &$ ORDGLQJ ZKL

in morphological character (Figure 7). Plasticiser in

polymer lowers the gTof the polymer and consequently

promotes a change in properties from hard and brittle

WKRVH RI VRIW AH[LEOH DQG, W

YDULDWLRQ LV QRW VLJQL¢FDQ

at higher loadings T GHFUH D nétaases with

LQFUHDVH LQ &% ORDGLQJ XS WR

VXJIHVWLQJ DQ HIIHFW RJO&I@&\R

['3( LV LQ WKH UDQJH + 6H\ 27 I R |

1984). It was reported in a previous study (Bajadl
WKDW WKH GHJUHH RI FU\VWDOOLQLW\ ZzDV KLJKHVW DW

RXW RI WKH IRXU FRQFHQWUDWLRQV RI WLWDQDWHYV O

DQG LQ 33 PLFD FRPSRVLWHY DQG LW ZDV WKH RSWLPXP

loading to create effective interfacial interactions. It was

UHSRUWHG LQ DQRW&HIU VWXGKDRYRUpPLQ

interfacial adhesion and degree of crystallinity would be

LQFUHDVHG GXH WR SURSHU ¢(¢OOHU GLVSHUVLRQ LQ WKH WDOF ¢(OOHG

thermoplastic polyurethane/polypropylene blend.

WHU

‘\QDPLF PHFKDQLFDO DQDO\WLV RI WKH 15 /'3(
FRPSRVLWHYV

JLIXUH VKRZVY VWRUDJH PRGXOXV ORVV PRGXOXV DQG WDQ /

versus WHPSHUDWXUH SORWV RI WKH VLPSOH EOHQG WKH FRQWURO

and the composite at CA loading of 0.7 pphp. Storage

modulus is a measure of the maximum energy stored iNLJXUH6(0 LPDJHV Rl WHQVLOH IUDFWXUH VXUIDF
the material during one cycle of oscillation and it provides (b) composite at CA loading of 0.7 pphp and (c) composite
YDOXDEOH LQVLJKW LQWR WKH VWLIBKZEAMNMINhgRI2MKH FRPSRVLWHYV
representing the elastic nature of material. As temperature

LQFUHDVHYVY WKH FRPSRQHQWY EHFRPH PRUH PRELOH DQG ORVH

their close packing arrangement and hence the storagé0.7 pphp showed the highest storage modulus. Loss
modulus is decreased at the glass transition region. In thgodulus is a measure of energy dissipated heat due to
UXEEHU\ UHJLRQ FKDQJH LQ VWRUDLUAMHVRAR@XDRG LMWHUQQR D, PRQWRQ U!
(Pipattananukukt al 'XH WR WKH GehaHoOrRESgateighaat dissipation was found with the

RI LQWHUIDFLDO DGKHVLRQV W kKentelRpdIte\convpesiteoopmparesl $o thdarsimple Qlend
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due to the presence of CaCGaCQmay act as a barrier material and it indicates the compatibility of phases in a

WR WKH PRELOLW\ RI /'3( FKDLQVFRPQRVLWWKHRZMHWHR RLQ@QRNWYIDFLDO D
modulus to storage modulus and is called the damping KH FRPSRVLWH PD\ QRW EH VLJQL¢{FLC
IDFWRU 7KH WHPSHUDWXUH obaV WeT obsef/eduhdet WMAW DNHQ DV 7

Simple blend —— Simple blend
~~~~~~~~~ Control weeeeeees Control
— — —=Composite - — =Composite
Simple blend
,.'.‘ ......... Control
fﬂ '\ - — - Composite
| il
\' ‘
l \\ ‘
T N
oA\ T
i R e

compositeat CA loading of 0.7 pphp

ORUSKRORJLFDO DQDO\VLV RI 15 )YUWRABRRUWHWKH FRPSRVLWH ZKLFK
ORDGLQJ RI SSKS VKRZHG ZHDN LQW
Figure 7a shows the SEM image of fracture surfaces dhe morphological analysis shows that the best interfacial
WKH FRQWURO ZKLOH )LJXUH E atdhes®n)hetweenHNRFand K. RRPE Yheses/id at a CA
Rl WKH FRPSRVLWHYV DW &$ ORD ®adng of Riipphp. DQ G SSKS
respectively. These images clearly show that LDPE
is dispersed in the NR matrix. The control and thGCONCLUSION
composite exhibit smooth fracture surfaces and good
interfacial adhesions between the NR and LDPE phases. pyGQHVV RlI WKH FRPSRVLWHYV LQ WKF
Figure 7c shows a rough surface with a clear phasghg the rubbery character on the stress-strain curves
separation due to poor interfacial adhesions betwe&Ryeal the presence of NR as the continuous phase in the
SKDVHV 7KLV SKDVH VHSDUDW LR FrRAMWIPY MWiH LloH VW-RIWQ JWK HOF
mechanical properties obtained at higher CA loadingsstrength of the composites increased with incorporation
Figure 7b shows a homogeneous dispersion of C&€CO R| &$ IXUWKHU LQFUHDVHG ZLWK &$ OF
WKH 15 /'3( FRPSRVLWH 7KLV L Qdad-thddWektdas¥ Khis ptogerty-dhRfidement proposes
RI PL[LQJ ZKLFK ZDV DWWULEXWht AR loWerJIBBifgs Lc@uM HIVERE inkFPacial
interaction between NR/LDPE and Ca:{.:G?nterfacial adhesions and/or good dispersion of Cg@@hin the
ERQGLQJ LV DOVR LPSURYHG G X idorvpditd¥. Kk MghkPdeléoltentitithle dokvbr \delide?
UHDFWLRQ RI &$ )XUWKHU DV LQNHUZIKHOOLEBIWKRNWKE BRPERVLWHY DW &
is deformed and curled and hence fracture surfac® 0.9 pphp indicate the presence of higher interfacial
features a typical elastic failure (Sukhaneval adhesions in the respective composites. Melting










