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P R E F A C E

Blending of polymers is of interest due to the 

versatility in achievable properties. Polymer blends of two 

phase or multi-phase morphology have been routinely used. 

However, there are not many examples of miscible polymer 

blend systems with single phase morphology because of the 

high molecular weight factor. The combinatorial entropy 

change is usually too small to result in the necessary free 

energy of mixing because the enthalpy of mixing is generally 

positive at least for relatively non-polar polymers. 

However, the thermodynamic condition that the free energy of 

mixing must be negative for miscible polymer systems are 

obtained for polymer blends in which the exchange interaction 

between the two components becomes negative. This 

requirement is satisfied by the specific interaction of 

polymers in the case of homopolymer blends and by the strong 

segmental repulsion in the case of copolymer based blends.

In rubber blends with appropriate functional groups, 

chemical interaction between the groups can result in 

crosslinking at high temperature. A thorough investigation 

on such self-cross 1inkable rubber blends in respect to 

mechanical behaviour, polymer-filler interaction, dynamic 

aechanical properties and ageing characteristics have not 

been made as yet. The present work is aimed at studying some 

of these rubber blends which crosslink themselves through 

their functional groups during high temperature moulding, in



of external vulcanising agents. The blends studieda b s  e n c  e

ir.<*lude the binary blends of epoxidised natural rubber
here

(Er/R) ^rid carboxylated nitrile rubber (XNBR), ENR and

1 1 r,roprene rubber (CR) and the ternary blendpo 1 ycnx

/CR. ENR is a new class of rubber obtained by the

if ion of natural rubber with a per acid. Uhile the Q p o X i- '

doubl'J bonds can be crosslinked by sulphur and peroxide, the 

poxid»i groups provide alternative sites for crosslinking

w I• th po I •/f »̂ nct ional chemicals. Research studies on ENR is as

i m p o r  tiifit as that on natural rubber for promoting the 

dove 1 natural rubber in natural rubber producing

c o t i n  I-1: i  -

Since no crosslinking agents are used the problems 

to conventinal polymer blending like co-crosslinking 

and crosslink heterogeniety arising out of unequal 

d i a t:r i blit ion of vulcanising agents do not exist.

The contents of the thesis are divided into six 

c h a p t ; « r «  with a section on summary and conclusions at the 

end. The first chapter is a description on background 

introduction of broad literature survey highlighting the 

g(»norrtl aspects of polymer miscibility, properties and the 

background, scope and objectives of the present work. 

Chaptor 2 gives details of the experimental procedures 

followrtd in the present investigations.

Chapter 3 deals with studies on the binary blends of

• pox t.iliiod natural rubber (ENR) and ckrboxylated nitrile



rubber (XNBR). This chapter is divided into four parts. Th 

first part deals with characterisation of self-vulcanisable 

blends of epoxidised natural rubber and carboxylated nitrile 

rubber by Monsanto rheometry, differential scanning

calorimetry, thermogravimetry. infrared spectrophotometry and 

solvent swelling. The second part deals with the effect of 

fillers and moulding conditions on cure characteristics and 

processing behaviour. This part also deals with polymer-

filler interaction, failure envelope studies and stress 

relaxation behaviour. The third part deals with dynamic

mechanical studies and miscibility of the self-vulcanised 

blend. The fourth part deals with the ageing studies.

Chapter 4 deals with ae1 f-vulcanisable rubber blends based on 

ENR and polychloroprene rubber (CR). Results on cure

characteristics. processing characteristics. technical

properties and dynamic mechanical properties of the blends

are included in this chapter. Chapter 5 deals with self-

vulcanisable ternary rubber blends based on ENR, XNBR and CR. 

This chapter is divided into two parts. The first part deals

with the effects of blend ratio, moulding time and fillers on

the miscibility of the ternary blend. The second part deals 

with the effect of blend ratio and fillers on physical 

properties of the self-vulcanisable ternary rubber blend.

Chapter 6 deals with the viscosity measurements from the

capillary flow of the tricomponent rubber blends of ENR,

and CR.

e



The last section of the thesis is summary and 

conclusions with a view to provide a review on the 

objectives, abstract and conclusions of the present work.

Eight papers from the results of the present work have 

been p u b l ished/accepted for publication in International 

Journals. A list of publications is given at the end of the

thesis .

^ a m / r Y u .

DECEflBER 23 , 1991 C ROSAMMA ALEX )
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A B S T R A C T

Mill mixed blends of rubbers with appropriate 

functional groups can undergo self-cross1 inking during high 

temperature moulding. Examples of such binary blends include 

epoxidised natural rubber (ENR) - carboxylated nitrile rubber 

(XNBR) and epoxidised natural rubber (ENR) - polychloroprene 

(CR). Similarly, the tricomponent blend of ENR, XNBR and CR 

can form self-crosslinkable ternary rubber blend system. The 

heterogeneity of the crosslinked structure depends on blend 

composition and mixes containing CR need special mention here 

in the sense that CR alone undergoes thermovulcanization and 

ENR undergoes profound structural changes in presence of 

liberated acid from CR. Accordingly, some of the blends are 

aiscible and some are only partially miscible. In some 

Instances, fillers increase heterogeniety of the phases. In 

general, these blends behave like conventional rubber 

vulcanisates in respect to physical properties and 

reinforcement by fillers. Self-vulcanisable rubber blends 

open up new area of research in the field of polymer 

technology in general and in area of blends in particular.

 ̂ Key Uords : epoxidised natural rubber, carboxylated nitrile 

rubber, polychloroprene rubber, self-vulcanisable 

rubber blend, miscible rubber blend, polymer- 

filler interaction, flow behaviour.
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Blending of rubbers i s  important in view of the wide 

.pectrua of properties that can be achieved by proper 

manipulation of rubber characteristics, blend coapoeition. 

choice of additives (like vulcanising agents. fillers and 

coapatibilising agents), blending techniques and vulcanising 

c o n d i t i o n s . These paraaeters control coapatibility of 

rubbers in the blend and its final properties.

1.1 POLTHER-POLYMER MISCIBILITY

Hiacibility refers to the intiaate aixing of two or 

a o re  rubbers. Depending on the degree of aiscibility, blends 

« r«  clrsaified as coap tible, incoapatible and partially 

eoapatible. A coapatible blend does not exhibit groaa 

ayaptoas of phase segregation. Partially phase aegregatoU 

bl«ndfi re  referred as partially coapatible and conpletely 

phas* a^igregated are referred as incoapatible aysteas. The 

Mp«cta of polyaer-polyraer miscibility and the properties and 

•pplicationa of polyaer blends have been reviewed by several 

’ M t h o r s l " ^ .

tlvi.A Theraodynaaics of Polyaer Blenda

I f  polymers are to be aade theraodynaaically aiscible, 

» t k e  G ib b s  free energy of aixing a u s t  be negative. The 

•»PreB«lon that governs Glbba free energy of aixing is given



where represent the enthalpy and entji'opy of

aixins, respectively. ^ i s  essentially independent of 

molecular weifiht and is a measure of the entropy chanae 

associated with interiaolecular interactions.  ̂ reflects

the energy change associated with the changes in the 

molecular arrangenent. Because of the high molecular weights 

of polymers, the number of molecules involved in a mixing 

process is much smaller in the case of polymers than in the 

case of equal weights of low molecular weight compounds. The 

magnitude of entropy change is inversely related to the 

molecular weight of the polymer being mixed. The higher is 

the molecular weight, the lower is the number of possible 

arrangeneoJ:^ available to the segments of the covalently 

linked molecules. Though the combinational entropy change 

favours mixing as in equation (1 ) ,  it is usually too small to 

result In the necessary negative free energy because the 

enthalpy of mixing C ^ H „ )  is generally positive, at least for 

relatively non-polar systems.

One of the earliest attempts for approximation of 

•^aation (1) was done by Koningsveld^. Flory-Huggins® 

^eory of polymer solutions for blends was first applied by 

Scott^^ and Tompa^^. Scott obtained the following expression 

a total volume V of two polymers.

* n I ' )
C0 f i / X B ) l n 0 g  +  X a B ® A ® b | - - - C Z )

•  the universal gas constant, T is the temperature, 

ference volume, which is taken as close to the



- BolJir volu»e of the aaallest repeat unit. and Xg are the

degree of poly-eriaation of A and B, 0^ and 0^ are the voluae 

fraction, of A and B. related to the enthalpy of

interaction of the poly-er repeat units. The phaae behaviour 

of » ternary aystem waa calculated by Su and Fried The

free energy of Bixing. G , of the aonodiaperae honopolynera 

i«" expreaaed in terna of their volune fractions 0; ,̂ and

RTV
m  — •

V.

( 0 j ^ / X ^ ) l n 0 A  +  ( 0 B / X B ) l n 0 B  +

X a B ® A ® B  *  *  ) ( C A ® C ® A  - . - O )

Xg *nd Xc *r« th« degree of polymerisation of the 

thr## poly*er». X i* Aasuned to be dependent on tenperature

•^b«t independent of the coapoaition. norpholo&y of ternary
_____ * r : -

is stronflly dependent on X  value for any two phases. 

Th* interaction paraaeter between volecules of coaparable

 ̂ 14 15
flis« e«a be •xpressed as * .

' V

X a b  -  — • • • ( < )

^ • r a  Sm and Sn are the solubility paraneters.

• V '

In nonpolar systeas where there are only dispersive or 

van^der Uaal type bondins between the sesaents, the heat of 

SSwwSi?* can^be vrltten as

■  V  (  “  ^ b 5 ^  ® A ® B  . . ‘ C 5 )

■

<̂ #qttatlon shows that there cannot be a negative heat of
. ‘.'j ■

" ■ 3



aiixinA in nonpolar polymers, and in such cases covpatibility 

of polynidrs of substantial nolecular weiflhts occur only when 

the solubility parameters are precisely natched^^.

Scott^^ set the first and second derivative with 

respect to ^  to zero and found that when the two polyners 

are at their critical solution tenperatures,

C X a b J c f  =  1 / 2  ( l / ^ A  *  l / * B

(®A)Cr = ~~~~l~lY~~V~VjV •■•(7)
*A *B

X a

Xĵ  and Xg are the degree of polynarisation of the two

coBponenta A and B. 0^ and are the volume fractions of

the coaponents A and B. Scott noted that (XaB  ̂ would be very

•■all for two polymers having appreciable degree of

l^®̂ y***‘i»ation and that polyners of infinite molecular weight

v o u ld  be ^ftcp.mpatible if there were any positive heat of 

■izing.

Bxothermic Heat of Mixing due to Specific Interactions

miscible pairs of polymers have chemical

capable of interaction by mechanisms including

lonx cb o n d i „ « 1 7 - 1 9 ^  £ o r » a t i o „ 2 0 . 2 1 .

i n t e r * c t i o n ^ 2 * 2 3  h ;  i  • . 2 4
» oipoiar interactions and donor acceptor

^ V P S B  o f  J n ^  2 5 — 5 1
•' • '“•ctions . The miscibility of two polymers



can often be enhanced through specific interactions by 

incorporatinfl suitable functional groups. For instance, 

polystyrene (PS) aodified by hexafluorodinethyl carboxyl 

groups is aiscible with both bis~phenol A, polycarbonate (PC) 

and pol^n-butyl nethacrylate (PnBnA) whereas the unmodified 

PS is inaiiscible with both PC and PnBHA^^'^^. Goh et al^^ 

have shown that interaction between poly(nethyl aethacrylate) 

(FIUIA) and methyl styrene acrylonitrile (MSAN) is enhanced by 

the incorporation of chlorine in the pendent methyl group of 

PimA.

niscibility of styrene acrylonitrile (SAN) with 

polyesters has been ascribed to specific interactions^^.

In blends, it is also possible to have chemical

t 1
reactions which lead to crosslinking, grafting and 

oopolymerisation. At high temperatures rapid interchange 

reactions-can occur in polyesters, as a result of which they 

^ c o a e  m i s c i b l e ^ ^ .

Bxothermic Heat of Nixing due to a Negative Interaction 

' H - r  ^ * r * « e t e r

»any cases miscibility has been reported to be due

^JP*|i|A .4 >i*a*tive interaction parameter. This type of

is observed in systems in which one or both the

£25^* *re copolymers. If the repulsion between the 

in copolymers is sufficiently strong, the net
4 ? ^  '  -  1
t r a c t i o n  ,-- parameter between two species become negative.

t k e  i



It has been observed that blends containing hoinopolymer and

copolymer were miscible within certain ranges of copolymer

composition even though blends with homopolymers of the

monomers comprising the copolymer were immiscible- This

piscibility was considered to be due to repulsion between the

37-39
•onoaer units o£ the copolyner For exaaple,

■iflcibllity of bia-phenol A polycarbonate (PC) and a random

copolymer polystyrene-co-methacrylic acid (PS-IIAA) can be

40
ascribed to the repulsion theory. Cowie and Lath 

determined miacibility ranges of the ternary system 

polyatyrene-co-acrylonitrile (SAN)/ poly methyl methacrylate- 

co-acrylonitrile (MMA-AN)/polystyrene-co-methyl methacrylate 

(S-HIIA) on the basis of the repulaiQ^ theory.

1 ,1 .D Interfacial Tension in Polymer Blends

The interfacial tension arises due to disparity 

l>etw««n the polarities of the two phases, as the contribution 

tfve to nonpolar interactions do not vary much from system to 

system. For two polymers to be compatible, the interfacial 

tension must be zero or negative. The difference between the 

•olubility parameters for the two polymers gives an idea of 

interfacial tension. Lower the difference between the

•®^®bility parameters of the two phases the greater is the

.  -

Wiscibility by Reduction of Interfacial

® interfacial tension between polymers may be

i *cj



r^duc.d with additives to inprove the coapatibility and 

*dh..lon between the phaeea. This principle for.s the baaia 

Of an i«portant aspect in the technolosy of polyaer blends. 

These additives are referred to as co»patibilisers or 

Interfacial a«ents^^ A ho*opoly»er or copolymer nay act as 

coapatibiliser for two iamiscible polymers, if it is 

■iscible separately with each of the individual polymer. 

Hajority of the coMercial ternary blends belonfis to this

«ate«ory.

ftVft >  are
One class of such additives is the block and firaft

- * t  :  . r v .

eopolyaers with blocks or seanents having the same chemical

eOBpositlon as those of the polymers to be blended. This
- _  r v r

vlll reduce th« interfacial tension, ensure finer dispersion
. f  .

of the components and increase compatibility aaainst phase

•T* f

J? „  I  i  r . . . l i t  .1 -

Block copolymers, due to their ability to migrate into 

both tha phases are considered better than graft polymers and

triblcck polymers. The poor adhesion between polyethylene
.1 a t?

(fB) and polyisoprene (PI) was improved by polyethylene-b- 
cr<His.

^lyisoprene diblock copolymer^^. The first systematic study
ijjii A ) K.e

* 43•n ternary mlscible blends was made by Kwei and coworkers ,
, . . f c  ;  ,  *|»9Ay-

asWhereby polyCvinylidene fluoride)(PVF7) was used
- *  4  ‘

Mapatibiliser for poly(methyl methacrylate) and poly(ethyl 

,(PEA)« Paul and coworkers used polyesters^^ to

.poly (carbonate) (PC) and poly (styrene-co-

*^ylOAltrile)(SAH) containing acrylonitrile. It was



butylene adipate) PBA» and poIy(1 , 4-cyclohexane dinethylene

0UCcinate)(PCDS) were better than poly caprolactone (PCL) as

coapatibilisinfi a£ents. Uanfi and Chen used nitrile rubber

to coapatibilise the poly(vinylidine__fluoride-co-vinyl

46
chIoride)/poly(vinyl chloride) blend. Belaribi et al. have 

•hovn that in ternary blends of poly(tetranethyl carbonate) 

HPC, poly carbonate; (PC), polystyrene (PS), WPC has more 

affinity for PC than polystyrene, whereas binary PS/MPC 

blends are fully aiscible and PC/MPC blends are aiscible upto

h  *7

70 wt. % PC. It was shown by Hin et al. that poly(raethyl 

! ■•thacrylate, poly(epichlorohydrin) and poly(ethylene oxide) 

a completely niscible ternary blend where all the 

three binary pairs were niscible.

A cowpatibiliser can also be formed in situ.

. 4 8
^ttnctionalised polymer pairs, polyamide/rubber ,

poXyolefin/rubber^^, polystyrene/polyethylene^^ and

t  i  t o
^lystyrene/rubber ’ can be made compatible by chemical

I

. reaction between the reactive polymers. The resulting graft 

^block or croaslinked polymer imparts compatibility as it

* . like an insitu compatibiliser. For example, binary

jblanda of poly amide (PA) and ethylene propylene copolymer 

■odified by grafting of maleic anhydride during melt 

form EPM-g-PA graft copolymer, which acts as 

agent and improves compatibility with polyamide

o b s e r v e d  t h a t  i n  t h i s  s y s t e n ,  t h e  p o l y e s t e r s  p o l y ( 1 ^ 4 -

EPDn phaaes^^. Appropriate dispersion of rubber 

** into glassy polymers can lead to significant



^ tougheninfl by inducina crazinft or shear-yielding deformation

54
»«chaniama in an otherwise brittle aatrix

1 . 1. F Adhesion between Coaponenta in Polymer Blenda

Adhesion refers to bonding or joining of diasirailar

bodies. H  two phases are in perfect aolecular contact.

Van der Uaal' s forces alone would be sufficient to give

strong adhesive strength. In practice, it is very difficult

to achieve perfect ssolecular contact. From the various

theories put forward to explain adhesion, it can be

• fluuarised that there is interfacial contact by wetting and

if adhesion is strong there is fornation of chemical bonds

55
between the two phases

The adhesive strength between so«e polymers have been 

^^•hown to decrease with increasing disparity in the solubility 

parameters  of the two phaaes^^. Interfacial chemical bonds 

Icou ld  be utilised effectively to promote adhesion. Agents
I

^  ¥a«ed on silanes and titanates have been found to form 

? ^ l n t e r f a c i a l  chemical bonding^^. Reactive functional groups 

®^«ttch as carboxyl, amide, hydroxyl, epoxide and isocyanates 

been forced to promote adhesion to various 

,::;^**^tratea^® * . The adhesive strength tends to increase as

^  S ' M t e n t  of functional group increases.

CtlTBRlA FOR MISCIBILITY 

Clarity

■* * >  t ;  .

Biacible polymer blends are characterised by gooa



optical clarity and aechanical intearity^*^. Optical clarity 

for ianiacible blends ia observed in rare cases when their 

refractive indices are equal*^^. Such blends appear to be 

clear at a particular tenperature but nay be translucent or 

opaque at other temperatures if the tenperature co-efficient 

of refractive indices are different. Optical clarity in 

Incompatible blends is also attained in the case of very thin 

films because light can pass through only one of the

phases

1.2.B Existance of a Single Composition Dependent Tg 

'

The most commonly used method for establishing 

■iscibility or phase morphology in polymer-polymer blends is 

through the determination of the glass transition tenperature 

(Tg). A miacible polymer blend will exhibit a single glass 

to rubber tranaition occurring in between the Tg a of the 

components with a sharpness of transition similar to that of 

the components. In the case of border line miscibility 

broadening of the transition 2one will occur. In the case of 

^^*^ted miscibility between the blend components 1 and 2 , two

■ •parate transitions occurring in between the Tg s of the 

cooatituent polymers may result, depicting a component 1-rich 

and « component 2-rich phase. Microlevel inhonogeneity 

^  the blend ia indicated by a low level broadening of the 

rone.

s of compatible blends generally obey the Fox

10

s -



1 Wj W2

T « 1 , 2  T f i i

and the Gordon-Taylor equation
64

(10)

where T g ^  ia the Tg o£ the compatible blend, Tftĵ  and Taz

the Tft B of the conBtituent polynerB, 1 and 2. and W2 are

the weight fractions of the polymer 1 and 2 and K is a

con«tant. Several compatible blends exhibit Tg-conposition

6 5 “6 7
dependencies which could be correlated by Fox equation 

Md by Gordon-Taylor^®'^’ equation. A more detailed 

expreasion used for polynier~tiiiscibility is Kelley^Bueche 

• x p r e B B i o n ^ ^  * .

I *  = [ i g i  + (K T 8 2 - T a i ) 0 2 ] y 4 ^  * ( K - D B z ]  • • • ( H )

, vhere, the parameter K represents the ratio of thermal

•Xpansion co-efficient differences above and below the glass 

^^^♦ransition temperatures for components 1 and 2

A  oC - 

---------------------------

^ l ^ ^ d  are the thermal expansion co-efficients of the
, T- **■

tvo^oaponents and 0 ĵ and 02 are the volume fractions of the 

ioaponents.

*.«.C -Scattering Hethods
' . c  B t t

Polymer blends which exhibit compatibility at low

11



fp,'.

'.1

ttapdrature nay exhibit phaae-separation at hifih temperature.

The transition fron conpatible to inconpatible or from

transparent to opaque, at high temperatures is named lover

critical solution temperature (LCST) behaviour. The LCST

behaviour has been reported to be a common phenomenon for

7 2 73
#everal compatible blends *

Another optical technique used to characterise 

compatibility of blends is by the determination of cloud 

point. The cloud point which is the temperature 

correapondinfi to the transition point of the incipient phase 

teparation, is usually measured by observinfl the appearance 

o£ the opaqueness of a thin film made from blends, when the 

film ia subjected to heatinfl. The cloud point depends on 

factora like, blend composition, molecular weight, thermal 

•xpanaion co-efficient and thermal preasure co-efficient of 

the components.

T The physical structure of polymer mixtures can be

 ̂ characterised by the chain conformation, the local order and

, ■orphology. Scattering methods are quite effectively

this purpose. Small-angle neutron scattering

the chain conformation^^. The local order can be 

by means of electron and Rayleigh-Brillouin

Veering , whereas the morphology can be studied by means 

light Bcattering, small angle. X-ray acattering and



Volu».

inconpatible polymers generally ahow no 

lltlon in specific volune, over that calculated by the 

Mtlrity rule^^'^^. In the case of aiscible polyner blends 

^ V l c  VoluMes are not additive. Generally, miscible blend 

îii«\tV«s are higher than those calculated from voluraetric

Itirity relationship especially where specific

r - W- ,

attractions exist. Specific interactions nay cause a loss

7 8 — 7 9
lr«« Toluaie and increase in density 

Belting Eoint Depression
-  • “ “  “  ■■
.. t .  ._=

*

.1 ,  A characteristic feature of a crystal1ine-anorphous

• 2*nd is the substantial depression of the crystalline

wMlting teaperature (Tn) as a result of the diluent effect of

c^jyt g|A«orphous component. Examples include poly( ^ -

O Q
»rolaotone)-poly(vinyl chloride) , isotactic polystyrene- 

|lyj||2|<-dimethyl 1 ,4~phenylene oxide)(PPO) and poly 

^inylidene fluoride)-poly(methylacrylate)®^* -  Such a drop 

in part explains the reluctance of blends with a high
n,» -M.

‘tent of the amorphous component to crystallise. In 

M^ition^ this drop in Tm is accompanied by an elevation in 

low-Tg conponents crystallise out from solid state 

^tioo and as the content of the amorphous, high-Tg 

increases. For these reasons, Tm-Tg interval

and this induces a severe kinetic restriction on

fcrystallisation process. An additional cause for the 

^ility of blends with high amorphous content to

■■IP............. .......... ........... ..



crystallise is the £rowine isolation of the individual chains 

o( the cryatalline polyner with increasina anorphoua polyner 

content. There is random placement of different molecules in 

the homogeneous compatible state and there is restriction on 

molecular mobility during the crystallisation process. As a 

result, at higher amorphous contents, the domain of the 

crystalline polymer is likely to be smaller than the critical 

nucleus size for crystallisation.

For polymer mixtures depression of melting point of 

one polymer by the addition of another is given by the 

expression,

1  1  - R  V ,  ,

------------------------------- =  X i ,  ( 1 - 0 2 ) = “ • ■ • ( 1 2 )

Tm Tm® A H 2 ^

interaction parameter, Tm is the

experimental melting point. Tm® is the equilibrium melting 

point, A H 2 is the heat of fusion of 100% crystalline polymer 

^•r a o l e  of repeat unit, the molar volume of the diluent, 

^2 ■olar volume of the polymer repeat unit and 02 the volume 

traction of crystalline polymer. Equilibrium melting points 

determined by extrapolation of experimental melting 

^^®t data obtained at various temperatures of

^*^*^^^®*tion to a temperature at which Tm equals the 

••^•rature of crystallisation®^*®^. It has been determined 

numerous investigators®^ .

14



1 . 2 .F Hicroacopy

' '  t

Microscopy is a useful technique to deternine if a 

blend is single or aultipurpose. Hicroscopy is beat applied 

to ayateias where the phases can be differentiated fron one 

another by physical or choaical treatment auch aa staining or 

solvent awelling’ ®. Tranamisaion electron nicroacopy (TEM) 

has been widely uaed in polymer-polyner blend studies. The 

neceaaary step of nicrotomina can be facilitated by cryogenic 

or chemical methods. Electron opacity differences are often 

Achieved by selective chemical reaction^^’ or by annealing 

in the beam’ ^'^^. Smith and Andrea^^ found that the ayatem, 

•tyrene butadiene rubber (SBR)-polybutadiene (PB) was

r
iMiacible even with aa little aa 3% atyrene in the SBR, but

that the phaae size progressively decreased with increase in

0  ^
•tyrene content. Matsuo et al. observed heterogeniety in

the ayatem PVC/NBR containing 40% acrylonitrile, although

9 3
PtkXf one glaaa tranaition waa obaerved. MacMaater found 

 ̂ that TBM waa uaeful for atudying the phaae decompoaition of 

; the alalcble ayatem poly(methyl methacrylate)(PMHA)-atyrene

^.•^•■ylonitrile (SAN).

Scanning electron microacopy (SEM) la another uaeful

^•chniqu# in phase studies^^. Contrast in this technique

[«P«ada on differences in surface topography or texture and

can be acconpliahed by breaking the apecimen in ita

atate. Uaing SEM morphology of the polymer blenda

9 5
studied by aelectively etching one of the phasea 

‘t?^»ctography ia uaeful in underatanding the mechanism of

1 5



X,3 HEASUREnENT OF GLASS-RUBBER TRANSITION TEHPERATURE

2  6 0Different methods of determination of Tfi ’ include 

^dll*tometric method, thermo-optical analysis (TOA)» 

dielectric method, radioluminiscence spectroscopy,

differential thermal analysis (DTA), thermomechanical 

analysis (TMA), differential scannina calorimetric method 

(DSC) and dynamic mechanical thermal analysis (DHTA). T4ie

last two methods are most commonly used in the study of
* - 

■ - r '

compatibility of polymer blends.

9 X _  9 9_  £ ^ i l u r 0  o f  r u b b e r s  u n d e r  d i f f e r e n t  t e s t  c o n d i t i o n s  .

1.3 .A Measurement of Glass Transition Temperature

Viscoelastometer

The material is subjected to a cyclic tensile strain, 

SO that the sinusoidal tensile strain applied to a polymeric

Mterial generates a corresponding sinusoidal tensile stress,
■ r

* phase difference, 6 . A horizontal specimen, one end 

which is connected to the unit of oscillation and the 

. * load transducer is provided oscillatory motion.

the stress and strain transducers are converted to

direct tan^ readings.

. . . ( 1 3 )  

. . . ( 1 4 )  

. . . ( 1 5 )

(tan 5 )  and E” (viscous modulus) are maximum.



v b h «  t h .  ■oduXus Chan£es s h a r p l y  t o  a nuch low er

T . l m . .  I t  d . t . c t .  . - a e n t i a l l y  . 1 1  chanaea  i n  t h e  s t a t e  o£ 

■ o t l o n  w i t h  t e . p e r a t u r e .  Hence t h e  a l a s s  

t r « - l t i o n  t . - p . r a t u r .  T*.  c r y s t a l l i n e  - e l t i n «  t e . p e r a t u r e  

( ! ■ ) ,  $-r«l«*»tlon due t o  t h e  a o t i o n  o f  s i d e  a r o u p s ,  and 

other factors related t o  p h a se  ■ o r p h o lo g y  can be d e t e c t e d  by

dba ’ * .

( k )  D i l l « r * n t l * l  S c a n n in g  C * l o r i » « t r y  (DSC)

DSC t h * r « o g r M *  * l « o  p r o v i d e  u a o f u l  i n f o r m a t i o n  in  

rMArd t o  Ta * T« • •  w a l l  a s  c r y a t a l l i z a t i o n  terap era tu re  (Tc)  

• M  e r y a t a l l l n i t y .

1 . 4  r i O f U T I M  Of fOLTHM BLIMDS^ 

l i 4 . A  H«abMi«*X la h A v io u r

Th# ■ • t fh a n ic a l  p r o p a r t i a a  o f  a p o l y a a r  b le n d  may be 

f r o a  t h o a a  o f  t h e  com ponenta .  The t y p i c a l  

M S f O a l t i O M l  p l o t s  s t e p ,  maximum, minimum or l i n e a r ^ .

T1l« 9 t 0 p  f f^ p a d  p l o t  Im common f o r  h e t e r o a e n e o u s  rubber  

%|o*4a vsad  f o r  to m th a n lo a  p l a a t i c s .  For t h i s  p u r p o se  rubber  

pin 014 » o t  ka s l a c i b l a  I n  t h e  m a tr ix  but  r a t h e r  form a 

4 i« p a r« a d  ^ptnaa.  Tha rmbber p a r t i c l e a  a c t  a s  s t r e s s
. i7

. . r • p . ̂

£9*M M itratoro«  c a v a is i#  l o c a l i s e d  d e f o r m a t i o n a  i n  t h e  m a tr ix
- ' i  . ' i n i

t l ia  ; M t a « t r o p l c  f a i l a r a  i s  p r e v e n t e d  ncG arry

P ,abovB izkm t  f r * c t « r a  a n e r s y  o f  epoxy  r e s i n s  c o u l d  be

I n c r a a a a d  b y  a d d i t i o n  o f  c a r b o x y l  t e r m i n a t e d

jg icrT lon i tr^  rmbbera.  P e a r so n  and Tee^^^ and

a t  h a v e  s t u d i e d  t h e  tou ghen in f t  mechanism o f



•lAstoner nodified epoxies by scanning electron microscopy, 

tranaai-ss^^^ electron microscopy and optical microscopy. A 

paxiiiuia in properties is often observed for miscible blends 

because the specific interactions that provide miscibility 

cause increase in cohesive energy density and packing

efficiency of molecules^^^ 106^ Dynamic vulcanisation is a 

process of vulcanising the rubber phase in a thermoplastic

elastomer while it is being mixed at the melt state^®^

Dynamically vulcanised rubber-plastic blends can be processed 

thermoplastics and show superior mechanical prQperties 

over non-vulcanised counter parts.

Flory-Rehner^^^' network theory of swelling is used

to  estimate the degree of crosslinking in vulcanised 

vtlAstomers. Swelling in solvents has been used to assess 

I #ttree of reinforcement in elastomers^^^ Swelling in

s o l v e n t  ia restricted due to the chemical crosslinks

.introduced during vulcanisation and physical crosslinks 

formed due to polymer-filler interaction^^^. Both particle 

and structure of fillers have important effects on the 

•Xvent swelling of filled elastomers. Swelling studies of 

 ̂ and unfilled vulcanisates were reported by

-A * *^®penaence of degree of swelling on the volume

^ d  Parks have suggested several

for the swelling of the filled vulcanisates.



Additional crosslinks due to reinforcing fillers are 

jfnI feflted froia the restriction to swelling. If one aeaaures 

volume fraction of the rubber phase in the swollen 

the ratio of decreases with increase of filler

loading, where is the value of in gum vulcanisate and

V £ i» the value of V̂ . in filled vulcanisate. The filler ia 

aaiuaed not to swell. This ratio represents the degree of 

restriction of the swelling of the rubber matrix due to the 

freeence of filler, provided the filler does not interact 

with the vulcanising system.

Both the particle size and the structure of fillers

bAVe Important effects on the swelling data for filled

•iMtomers. In general as the particle size increases, the 

|^lfier*£iller attachment become leas and the restriction on 

•Vtlling Is expected to be less. Assuming that swelling ia 

V#9pletely restricted to the surface and that the rubber 

••tflx at some distance away from the surface was swollen

^••tropically in a manner characteristic of unfilled rubber,

it VA« found by Kraus^^^, that
, . c  ■

^ro

. ' .................

V £  1 - 0

» ia a constant, characteristic of the filler. It has 

 ̂ that polymer-filler interaction depended on the

4 o n
> • on the vulcanisation system and vulcanising

1 9



niscible blends constitute one phase and are processed 

like a hoiaopolymer or random copolymer^. However, two-phaae 

blends have unique processing characteristics. Multiphase

blends can exhibit phase seareftation and orientation under

high shear processing conditions. The degree of orientation 

depends upon aany factors including relative viscosities to 

the separate phases, the degree of shear and the degree of 

which dispersed phase is crosslinked.

Rheological properties are generally studied from 

■easurenents of their viscoraetric flow behaviour. The

rheological paraneters influencing the processability are

▼licosity and elasticity as determined by die-swell ratio, 

frlncipal normal stress difference, recoverable shear strain, 

•hear  aodulus and extrudate characteristics.

The processability of elastomers which includeS the 

^•^•▼iour of the materials during processing operations such 

aixing, shaping, moulding, calendering and extrusion is 

the major concerns of rubber industry. The major 

^P«ct in the processing step is the flow behaviour of

' The influence of fillers and blending of rubbers

( low  properties of elastomers has great industrial 

*®ce elastomers are seldom used without fillers and

a blend of elastomers is preferred to achieve a

end use. Einhorn and Turetzky^^^ showed the use 

rheoneti

I  4 . B  P r o c e s s a b i l i t y  a n d  R h « o l o £ y

ry to characterise elastoraeric flow.

' ■

^  ^  20



Dusber oi researchers have investifiated the rheology of 

^oiyner blends^^^” ^^^. A comprehensive review on dependence 

of rheological properties on blend composition has been given 

by piochoki^^^. Generally viscosities of blends vary 

■onotonically with blend composition. Several workers have 

reported the rheological behaviour of NR with 

p l a s t i c s ^ • epoxidised natural rubber (ENR) with PVC^ • 

blends of ethylene propylene diene rubber (EPDH) and

broMobutyl rubber (BIIR)^^^» as well as many other elastomers

. 133 -1 3 5  
And tlastomer blends

Several models for viscosity of blends has been

Applied to polymer blends^ from a knowledge of their

•©■position^^^"^^®. The different blend additivity rules.

logarithmic rule, Hashin’ s upper control rule, Hashin's lower

124
•Ontrol rule , Heitmillers inverse additivity rule and

•h#Ath~core rule have been used for polymer melts. Agreement 

^•tv«*n additivity rules and the experimental results varies 

Vlth the blends^^^.

Elasticity of polymer melts respond differently to 

in extrusion conditioiis like increasing the residence 

in the capillary and increasing temperature The

. of elastoioers is concerned with three functions,

^i«coaity co-efficient r| (y ) , principal normal stress co- 

«<icl*at Y, (Y) and secondary stress co-efficient

>142^ The behaviour of an elastomer blend is 

not only by dependence of shear stress on shear 

*lso of normal stress on shear stress and shear

St-;-'
• «. W

21



The die awell of extrudatea depends on fundamental 

properties of the poiyraers such as molecular weight and its

distribution, as well as on flow conditions such as

t^nperature, shear rate, shear stress and L/D ratio of the

capillary. Fillers, depending on their concentration and

typ«i generally reduce die swell in elastomers.

1,5 SOME ASPECTS OF ELASTOHER BLENDING 

1,5.A Continuity of Phase and Zone Size

The performance of elastomer blends is composition

4«p«nd*nt and in some cases blends can be compounded to 

p«r£or» at a higher level for a particular property than 

VOuld b« anticipated from the relative proportion of

Individual elastomers. Among the factors contributing to

•fthanced performance are the continuity of phase and zone

•  lit.

Usually the component that is present in small amounts

* dispersed phase (zone). The relative zone size in an 

blend depends directly on the viscosities or the 

Itt4ividual polymer c o m p o n e n t s ^ . The component that is 

▼iscoua forms a continuous phase easily, if it is

in sufficient concentration^^^. The size of the 

dependa on the following factors

C*) Rooney viscosities of the samples,

) Solubility parameters of the components, and 

 ̂ Shear rate of mixing

22



Tokita^^^ has derived an expression from colloidal 

j^gpgj-aion system theory for elaatomer blends for the zone

#ire R :

12 P r-0d /   ̂ **®d Edk.R = -------------- ( l * ------------------------ 7 — )  . . . ( 1 7 )
T T T j r

E<lk microscopic breakdown energy of component

phase, which is proportional to Mooney viscosity; c~ is the 

difference .in surface tension between polymers; T] is the 

Hooney viscosity of the blend system; 'if is the shear rate of 

■ixlna; P ia the probability that coalescence will occur when 

dispersed particles collide“With one another and 0^ is the 

TOluae fraction of dispersed phase.

In incompatible blends there are regions where some 

Boltcules of the two components interdiffuse. This region ia 

%9rMed the boundary surface^^^. If the interfacial tension 

low then boundary surfaces will be thicker and when 

^•iadary layers of sufficient thickness are formed then it is 

that the two polymers co“crosslink, so that enhanced 

properties can be achieved.

^he £one size depends mainly on viscosity of polymer. 

■* •laatomeric blends, it is possible that both

may form continuous phase simultaneously 

be considered to be an interpenetrating network 

an interpenetrating network is interesting

• ^■aiacible blends with interpenetrating phases show

2 3



improved aechanical propertiea relative to the usual 

dispersed phase/continous phaae aixturea.

X.5.B Distribution of Filler in Rubber Blends
f

In elastomer blends, it is difficult to distribute 

fillers unifornly in the two phases, particularly for carbon 

black. The factors that dominate the partitionina of carbon 

black are^^^ : (iO degree of saturation of polymers, (ii)  

▼iflcosity of the polymers, (iii )  polarities of the polymers, 

(iv) type and amount of filler, and (v) mixinft method.

As a general rule, affinity for carbon black is very

1  4 A
high for BR and very low for IIR and it follows the

f e l l o v i n f t  order

BR > SBR > CR > NBR > NR > EPDW > IIR

During and after mixing', carbon black in some cases

1  H  O  ^  CL ^
fP^ferentially migrates from one phase to another * In
- 1

Menda o£ chlorobutyl rubber and polybutadiene rubber (CI- 

®Il/BR) carbon black that is taken up in the Cl-IIR phaae 

to BR phase on continued milling^^^. In blends of 

*‘'**̂ ber and high viscosity polybutadiene rubber 

carbon black diatributed itself in the low 

NR phaae in the beginning and then migrates to BR

■ Inued milling^^®. Distribution of carbon black in

- aaea in blend strongly affects the final



It is important that the vulcanisate network structure

for»«d is uniform throufthout. Sulphur and accelerators are

154 155
■ore soluble in unsaturated elastomers ' Accelerators

have greater affinity for polar elastomers. These curatives

have tendency to migrate tolow viscosity phase since it

tends to occupy the outer regions of flow and usually the low

Tlscoaity phase forms the continuous phase^^^. During flow

of tlastoner blends, curatives have tendency to migrate to

the outer regions of flow, since it tends to be occupied by

the low viscous phase. If there is great difference in the

•olubilities of curatives in the two phases, the crosslink

^•nilty of final vulcanisate will be heterogenous. Rate of

Ifvloanisation varies for different elastomers in the blend,

4#pl«tion of curatives in the faster curing component also

157
curative negative loss and hence cure imbalance 

TiiMt th e  use of combination of properties is achieved when 

two elastomers are similar in respect to polarity,
g

94tttratlon level and Mooney viscosity.

An attempt to improve blend crosslink distribution was 

by using special curatives with minimum solubility 

^^^•rence between the phases^^^ by some modification of

««nt polymers^^^. Chemical nodification of
- i - r

and direct attachment of curatives to 

chain^^^ 164 studied in order to distribute the

uniformly in the two phases. The migration of some

V ** ^*sed accelerators in rubber is reduced by using

I  5 . C  D i f l t r i b u t i o n  o f  C u r a t i v e s  I n  t h e  B l e n d e

2 5



with ZnO, so that the complex formed by Pb30  ̂ and

thlwra* based accelerator, makes the solubility in both

„ ^ 1 6 5 , 1 6 6  
almost same

In another method sulphur is chemically bound to the

elastomer in which it has the lowest solubility so that

migration of curatives is prevented, when blended with other

1 6  7  1 6 8
•lastomers. This is applied to NR/EPDH system

Preblending of curatives into the elastomers has been 

A4opt«d to improve blend crosslink distribution though scorch 

problems may arise. Miscibility in elastomers has been shown 

' be enhanced by co-curing of elastomers which have similar 

and unsaturation level as in the case of SBR/BR 

BR/NR blends were immiscible but after curing
• V .4 t

170
U«lr ais cibility was improved

The extent of co-crosslinking is sensetive to both

of vulcanisation as well as specific cure systems 

••ployed^^^ The accumulation of curative at the

^terface can be brought about by adding a monomeric 

***Ponent soluble in both phases as compatibiliser, which

5^ « ‘OY*a co-crosalinking^^^ » .

^CKGROUND, SCOPE AND OBJECTIVES OF THE_PRESENT WORK

the discussion above, it is clear that broadly 

three fundamental aspects of elastomer blending :

^  * l r . t  i 8  t
xo create the desired phase morphology through

a n d
processing step; the second is to get uniform

26



croaelink density by control of nigration of the conpounding 

^^gpgdients; and the third is isaprovement of adhesion between 

the phases by crosslinks formed across the interphase.

It has been shown that coiapatibility in polymer blends 

improve by reducing the interfacial tension, which can be 

achieved by blending rubbers which have close solubility 

parameters. Compatibility in polymer blends is also improved 

by co-crosslinking. So, if the blend constituents themselves 

croctlink then crosslink density homogeniety could be 

#btained and at the same time use of external curing agents 

•Ould be avoided.

Functionalisation of elastomers is done to improve and 

•^timiae the properties of the existing rubber and to 

Introduce new curing sites in the rubbers. The desired
^  •*

f v o o t l  onal groups are introduced into an elastomer by two 

t either by polymerisation of monomers with desirable 

f v a c t l o n a l  groups or by chemical reactions of the polymer in 

of suitable catalysts and other chemicals.

Addition of a small amount acrylic acid or methacrylic 

4«ring polymerisation of butadiene and acrylonitrile is 

*^^®priate means whereby reactive carboxyl groups can be 

into the polymer chain of acrylonitrile-butadiene

£•

'the- other hand, the oxidation of diene rubbers 

6 * 1
^  * ®^®^yieoprene in presence of a catalyst offers a

27



potentially useful method for iaprovinfi and optimizins

properties like low gas permeability and oil resistance.

Epoxidised natural rubber (ENR) is a new class of

robber obtained by the epoxidation of natural rubber (NR)

latex. At the latex stage natural rubber is subjected to a

1 7  5 — 1 7 8
partial and random epoxidation with a peracid

Depending on the epoxidation level, the properties of ENR

vary and become comparable to those of acrylonitrile-

butadiene rubber in oil resistance and butyl rubber in

While the double bonds of ENR can be

fifoeelinked by the usual sulphur, accelerator or peroxide

•y«te««, the epoxide groups provide alternative sites for

17 9 ■“ 181• r o e s l i n k i n g  with polyfunctional molecules Epoxy

groups react with a variety of reagents such as acids, amines 

hydroxides to form stable crosslinks. Compounds with 

•U l l  ar structures are also used in curing of epoxy resins.

Fluoroelastomers are modified by intoducing epoxy
^  V

ftrottpa for vulcaniaation^^^. In carboxylated nitrile rubber, 

carboxyl groups can be crosslinked by epoxy compound through

Jt waa shown that low molecular weight acrylic rubbers 

ootn epoxy and carboxylic curing sites underwent 

•linking by esterification^^^. Epoxy resins could 

cure polychloroprene rubbers^^^. These results

- Possibility that blends of several functionally

r , b b . r a  c ,
Y.ii, crosslink themselves in the absence of



conventional curing agents, when heated at high temperatures. 

Xliere has been very little studies on blends of ENR with 

other elastomers. Ability of ENR to forn self-vulcanisable 

blends with other elastomers has not been reported as yet.

la of special interest In natural rubber producing 

countries like India. It is also important to note that the

country does not produce all speciality rubbers.

Accordingly, it is worthwhile to undertake investigations on 

rubber blends based on ENR and other elastomers. It is

l i k e l y  that such blends can provide useful rubbery materials 

With novel properties.

In the present investigations» it was observed that 

can form self-crossllnkable binary blend with

t*rboxylat«d nitrile rubber (XNBR) and also with

MlfChloroprene (CR). It was also observed that ENR can form

•  f*croaslinkable ternary blend when incorporated into a

blend of XNBR and CR. The present thesis reports the 

of investigations on (a) binary blend of ENR and 

(b) binary blend of ENR and CR and (c) ternary blend of 

XHBR and CR. Emphasis has been put on the 

•^**'»ct«rl«ation, aiscibility, physical and dynamic 

properties of the blends with special reference to

* of fillers commonly used in reinforcement of

29
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CHAPTER 2

E X P E R I M E N T A L



This chapter deals with materials used and the 

rlnental techniques adopted in the present investigation.

m a t e r i a l s  u s e d

*' U- ;
t .l.A  Rubbers

Natural Rubber (ENR) Epoxidiaed natural rubber 

^ t h  50  ̂ epoxidation was obtained from HRPRA, UK. Its

tfcaracteristics were Mooney viscosity riL(l + 4) 120^C 47,

#p«cific gravity 1 .03.

CATboxylated Nitrile Rubber (XNBR) Krynac 221 was

#fctAln«d from Polysar Ltd., Canada with medium high

7 ' V - '
•tfylonitri 1 e and carboxylated monomer 7 mol percent.Its 

^Mrftcteriatics were Mooney viscosity ML(1+4)120^C 26,

■McHic gravity 0.97.
A

; Vflfehloroprene Neoprene AD was obtained from DuPont

UK.Its characteristics were Mooney viscosity 

)120^C 160, specific gravity 1.26.

tfft«B Fillers 

Carbon Black

^•8tA.F, . Intermediate super abrasion furnace black

^p220) was obtained from Philips Carbon Black Ltd., Durgapur.

• Semi reinforcing furnace black (N756) was obtained 

Carbon Black Ltd., Durgapur.

V̂' * Vvilkasils (precipitated silica) was supplied by Bayer

Ltd., Bombay.

4 3
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I l.C Accelerators

^ . N - oxydiethylene benzothiazole 2- sulphenaiaide was
I ^ S

f^plied by lEL Ltd., Rishra,Hooghly,India

■' t'.-'

Xetramethyl thiuram disulphide was supplied by lEL 

tt4.f Riahra, Hooghly» India.

1.1.0 Other Chemicals

I Zinc oxide was of chemically pure grade and had

gravity of 5.4. It was obtained from S.D.Fine

CkMlCAls Ltd.. Bombay.

it**ric Acid : Stearic acid was of chemically pure grade

idU h«d a Bpecific gravity of 0.82. It was obtained from lEL 

Riahra, Hooghly. India.

ivl^kMr : Sulphur was of chemically pure grade and had a

gravity of 1.9. It was obtained from S.D.Fine

Ltd,, Bombay.

I Chloroform was of analytical grade and obtained 

BfD. Pin* Chemicals Ltd., Bombay.

^hthalate : it was of commercial rubber grade

Alned from S.D. Fine Chemicals Ltd., Bombay.

^ = ASTM fuel C confirming to ASTM D 471-79 ,
>r

■'volume toluene 50 volume . was obtained 

® fin. Chemical 3 Ltd. ; Bombay.



I  •  •

I a.A Compounding

Hixes were prepared on a laboratory size two-roll 

fixing ^ * friction ratio of 1:1.5

Tr according to ASTK D 3182-74 by careful control of 

tt»P*f*ture, nip ftap, time of mixing and by uniform cutting 

ip«r«tion. The details of the two-roll mill are given in

T«bl« 2.1-

The compounding ingredients were added in the 

Idllowing order : filler, plaaticiser and curatives. For

tOttpounding of carboxylated nitrile rubber, sulfur was added

lint followed by other ingredients.

In the preparation of binary blend of ENR and XNBR.

th« «laatomer3 were masticated separately and then mixed

firthar. The total mixing time was about 8 min. The binary 

of ENR and polychloroprene was also prepared in a 

flvilftr way.

Ternary blend was prepared by adding ENR to the 

Mlychloroprene-XNBR blend. Both polychloropr ene and XNBR 

■•parately masticated and mixed for about 6 minutes. 

*** added to this and mixing continued for a further

of about 4 minutes. The fillers were added after 

the rubbers. The rolls were kept cool by the 

of cold water. The rise in temeprature during 

£u» rubbers was 2°C. The rise in temperature after

PROCESSING OF RUBBER

er was 7*^0.



*•'* « B Daternination of Cure Characteristics 
| . I * ®

The curing characteristics of the experimental
-1r  "

^Ppounds were determined with the help of Hooney viscometer, 

Mark III) and Monsanto Rheometer (R-lOO).

J S.B.l Hooney Scorch Tine

' Hooney viscometer (Nearetti Mark III)  was used to find

the Hooney viscosity and scorch time according to ASTM 

iiilgnation D 927-52T. The experiment was carried out at 

1®0®C and 120°C.

Hooney scorch time is defined as the time taken in

■illttttf to raise the viscosity by five units above the
;  . i ' f

•Ifiitua viscosity. The Mooney viscosity is expressed as

b < I M ) at lOO^C (or at 120 C)» where M stands for Mooney

' L stands for large rotor, 1 indicates the pre-

IlMting time in min and 4 minutes is the time after starting 

rotor at which the reading is taken.

Optiauii Cure Time

Optimum cure time at different temperatures 150°C, 

170°C, 180°C was determined using a Monsanto Rheometer 

T h e

" . 9 0

optimum cure time corresponds to the time to 

percent (t^Q) of the cure calculated from the

•quation

cure ti me - [0.9 (Lp - Li) + Li] ________( 2 . 1 )

46
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Lr< and L; are the maximum and minimum rheometeric 

case of blends the torque registered a 

. .^^^^aflive rise and the rise in torque was less than or 

—.1 ±o one unit after an hour. So for these mixes optimum 

times were taken as 60 minutes.

- 4  ^

; For comparison of technical properties, the control

^Ixes of ENR» XNBR and CR were cured to a time corresponding 

f# the same rheometric torque rise as that of the 

##freipondine blend mixes. For example, the torque rise of 

INR-XNBR binary blend was 30 units. The gum ENR and gum 

JOtftl were also cured to the required time in order to get a 

f la *  in rheometric torque of 30 units.

t»t.C Cure Rate

Cure rate was determined from the rheographs according 

following equation

1 0 0

Cure rate = ------ . . . . ( 2 . 2 )

^  ;  ^ 9 0  ■  ^ 2

tjQ and t2 are the times corresponding to the optimum 

4nd two units above the minimum value respectively.

VULCAKISATI ON

®*canisation was carried out in a David Bridge single 

•lectrically heated press having 300 mm x 300 mm 

" 150®C or 180^C at a pressure of 4.5 MPa on the

the required cure time. Mouldings were cooled

47
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di.tely in at the end of the curing cycle. For

samples having thickness more than 6.25 mm (like heat 

compression set etc..)  additional times based on 

thickness were used to obtain satisfactory mouldinfis.

 ̂ physical test methods

» H«a8uren.ent o£ Technical Properties : Modulus, Tensile 
{ . 4  •  A

Strenath and Eloneation at Break

These properties of the vulcanisates were determined 

.ecordins to the ASTH D 412-80 test method using dumbbell

*bap«d teat pieces. Samples were p u n c h e d  from vulcanised

•h«.t. parallel to the grain direction using a dumbbell die 

(C type). The thickness of the sample was measured by bench 

tkickn... gauge. Testings were done in and Instron Universal 

Machine, model 1195. Extensomete'r '^»s clamped to 

tht .p.cimen to get the elongation at break. The load and 

•loim*tion at break were recorded on a strip chart recorder. 

Tr«» the recorded load the stress was calculated based on the 

•rl*ln»l croaa-aectional area of the specimen. The modulus 

t«n«ile strength are reported in MPa and the elongation 

•t brtak in percentage of the orifiinal length.

For measurement of failure envelope the samples were

strain rates from 0.04 a  ̂ to 0.20 s and at 

from 25°C to 150°C using Zwick Universal Testing 

Model 1445. High temperature testings were carried 

a special oven attached with the Zwick machine,

vas controlled within a range of ^l^C during the

I-.'-. 4 8
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•  j B Tear Reaiatance

The tear resistance of the saiaple was determined as 

mrnr ASTH desianation D 624-81 test method, usinfl 90® angle
* 4

ii tfi

tfct Specimen which were punched out from the moulded sheets 

along the mill grain direction. These testa were also 

carried out in Inatron UTM model 1445 and expressed in kN/m.

I .4.C Hardneaa

The hardness of the sample was determined as per ASTH 

; rfilignation D 1415-81 test method, using Wallace IRHD test

* t^yipaent. The readings were taken after 30 second$of firm
f J s '

tiliD Abraaion Resistance

The abrasion resistance of the samples were tested

Mlag a DuPont abrader. The teat was carried out according
•

^  Asm designation D 394, method A against a silicon carbide 

^  paper PIBO. The samples were conditioned (surface

, ^'••thenlng) by five minutes of abrasion. The samples were 

for 10 mins. The abrasion loss of the sample was 

aa volume loss in cc/hr for one test specimen.

^  Resilience

*^lop tripsometer was used to measure the rebound 

according to the ASTH designation D 1054-79. The

f S ^ l a  '
\ held in position by suction. It was conditioned

, .. 4 9

j J ?

»!*



k«pt * constant temperature of 40°C. Rebound

lll«nce was calculated according to the following formula,

 ̂ 1 - Cos € 2
Rebound Resilience ----------  . 100 . . . . ( 2 . 4 )

1 “ Cos 6-1
♦ »

^2 initial and rebound angles

** ^^pectively. 0 1 was taken 45*̂  in all cases.

Build-up

The Goodrich flexometer was used to measure the

according to the ASTM designation D 623-67 , method

Th« teat was carried out with cylinderical sample of 25

■I k«iiht and 20 mm diameter. The oven temperature was kept

9tMt*nt ftt SO^C. The stroke was adjusted to 4.45 mm and the

lM4 VAt 10.9 kgf. The frequency of the stroke was 30/sec.

Initial height of the sample was measured and the sample

^•‘•conditioned to the oven temperature for 25 minutes.

vaa continued for 25 minutes. The heat generated at

^aaa ©f the sample was relayed to the microvoltineter. 

Y k «  t a *
Ptrature rise (A.T) at the end of 20 minutes strok

“v
** : t i m e s  w i t h  t h e  i n d e n t i n g  h a m m e r .  T h e  s a m p l e

e

aa the heat build-iup.

sample was taken out and the thickness was
' 9 4

•r half an hour of relaxation. The permanent set 

*d from the residual height of the sample and

r*.
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t i - t 2
Dynanic set» % = ----- . 100 . . . . ( 2 . 5 )

t And to are the initial and final heights of the teat 

respectively.

• j G Coapreesion Set at Constant Strain 
S  • *  • ' *

The compression set at constant strain was carried out 

Accordina ASTM desifination D 575-81 , method A. The

•aapl* 12 mm thick and 20 mm in diameter was compressed to 

♦♦flitant deformation (25%) and kept for 22 h in an air oven 

At 70®C. After 22 h the samples were taken out cooled to 

ttaperature for half an hour and the thickness was 

Matured. The compression set was measured as follows

-  t j )

Compression set» (%) --------  • 100 . . . . ( 2 . 6 )

< ^ o  -  ^ s )

Vlltr* and are the initial and final thicknesses of the 

^•ei»«n  and t„ is the thickness of the spacer bar used.

t#i*i S t r e s s  Relaxation

;  >

Stress relaxation is the stress decay with time under 

Strain. It was measured by a Zwick Universal 

Hftchine, model 1194. Dumbbell specimens were used.

were pulled to the desired elonflation at a strain rate

The decay of the stresses as a function of time 
r t r

slope and intercept of the stress 

plots (obtained from plots of C.4^6jvs. loe(time)

V-.. ' •

’•fciPt'



C  is the initial stress and ^  is the stress at time t ,)  

obtained by the method reported by Scanlan and 

,  1

S 4 1 Rupture Energy

Rupture energy was evaluated by measur-ing the area 

ender the streas-strain curve o£ the vulcanisates, obtained 

Iroa the Instron UTM.

t,S DYNWIIC MECHANICAL ANALYSIS

For dynamic mechanical testing a sinusoidal force is 

to the sample. In the case of viscoelastic material, 

•tr«aa »nd strain both will change sinusoidally under steady 

•t*t« condition but the strain lags behind the stress by an 

Milt which is called phase angle (Fig. 2 .1).  This behaviour 

r#pr*«*nted in terms of real and imaginary components of 

Ceapltx modulus as E* = E’ + IE", where E* is the elastic 

^  9torag« Modulus, the energy which is recoverable when a 

deformation comes to zero position and E” is the 

loas modulus, the energy associated with this is 

frictional heat and it is unrecoverable. This 

•kown in Fig. 2.2. The ratio E^/E’ is known as tan <? .

V = dynamic mechanical measurements were done on a

■•chanical analyser (Rheovibron, DDV-III-EP)

O f

t t l c

A temperature programmer and controller.

diagram of the instrument is given in Fig. 2.3

■odulus, loss modulus (E* and E") and tan.6 were

52



The measurement of dynamic mechanical analysis was 

j*d out on vulcanised samples. The dimension of the

1, was 0.50 cm x 0.30 cm and length about 6 cm. The 

was conducted in tension mode over a temperature 

-ino^C to +50°C with a programmed heating rate of
y S B S  •  ®  *

|*C/»In. The frequency was 3.5 Hz and dynamic strain was 

il#015 c«- Mechanical loss factor (tanfi) and dynamic modulus 

<l*, K"). ««‘‘® calculated by the microcomputer.

(ktbod o f  Calculation

Outputs of the stress and strain transducer s are 

? to provide direct tan S readings. The absolute

■5̂^̂  Of complex tensile modulus E (E = E’ +tE") is given

d  u n d e r  o s c i l l a t o r y  l o a d  i n  t e n s i o n  m o d e  a s  a  f u n c t i o n

,x‘

t* »  F I /  A U  A  -------- ( 2 . 7 )

tensil5 force, A - cross-sectional area, 1
»r-

of apecimen, /\L = amplitude of elongation, E 

aodulus and E” = loss modulus.

storage modulus, the real part or the in phase 

of complex modulus, is an indicator of the elastic 

•*  th. .aterial, while the loss modulus the imaginary 

the out-of-phase portion of complex modulus, is an 

 ̂ the viscous nature of the material.

• - '■T'- ■ ■-■■■V ■



E ’ = E*1 C o s  ^  . . ( 2 . 8 )

E " E Sin^  . . . ( 2 . 9 )

t*nS damping factor is given by the relation

t a n  S  =  E W  E *  . . . ( 2 . 1 0 )

\ I differential scanning calorimetry

The enthalpy change^ associated with the transactions 

la rubbers were measured by differential scanning calorimeter 

fPvFont 910). The thermogravimetric analysis was done by a 

i«rent thermal analysed, model 961. The thermogravimetric 

done at a heating rate of 10°C/min. For DSC 

the sample was cooled to -170^C with liQuid nitrogen 

then heated at a rate of 20®C/min to about lOO^C in

ftltrOi^n atmosphere. Thermogram^s were recorded between 

•l#0®C to +100®C. The glass transition temperature (Tg) is

as anendothermic shift. From the shifty Tg was

by taking mid-point of the step in the scan.

tIBOLOGICAL MEASUREMENTS 

Equipment Details

>

rheolofiical measurements were carried out using a 

rheometer MCR 3210 attached to an Instron UTM, 

extrusion assembly consisted of a barrel,

h a ** ened steel, mounted on a special support 

the moving crosshead of the Instron UTM. A 

^ which was accurately ground to fit inside

y W a «  M

by the moving crosshead of the



a i

I

h A f

o U

^yilne* The plunfter waa held to the load cell extension 

help of a latch assembly. The barrel was mounted on 

and socket system on the support, so that the system 

b* self-aligning. The capillary was inserted through 

bottom of the barrel and was locked using a clamping 

capillary was made of tungsten carbide material.

^ 0-ring and a split ring around the capillary

^«V«nt«d the leakage of the material through the gap between 

lAI barrel and the capillary. An 0-ring and a split ring 

Also used on the plunger so that the combination acted 

M i  picton seal. The barrel was heated electrically using a

{jtftt tone temperature control system. The differences
■

bftVlin the successive temperature zone in the barrel was

'"S
C l '

» u *

t . l

l*C, and the temperature of the lower zone. where the 

Vi9lll«ry was located, was taken as the test temperature, 

capillary details are shown in Fig 2.4.

/ The moving crosshead of the Instron UTM runs- the 

at a constant speed irrespective of the load in the 

**lnt*ining a constant volumetric flow-rate through the
► ' • k  ■

The crosshead speeds varied from 0.5 mm/min to

Che forces corresponding to the specific plunger 

recorded on the strip chart recorder. This was

•rted to shear stress.

S S A  P r o c e d u r e

3 g , of the test samples (cut into small 

placed inside the barrel of the extrusion

55
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to the moving crosshead. The melt was extruded

^^ough the capillary at pre-selected speeds of the crosshead

^Icb varied from 0.5 to 200 mm/min. Uith the use of area

„**oenaator the shear stress was recordecJ' directly, using a

•trip chart recorde^x assembly. The force and crosshead speed

^rt  converted into shear stress and apprarent shear rate

Y using the following equations involving the geometry of 
I VA

tkfl Capillary and the plunger.

A p  ^  ^
/  ' T w  = -----------------------------------  =  -----------------  • -- ----------- . . . . ( 2 . 1 1 )

2 Ic 4Ap Ic

2

P is the pressure drop in N/mm

is the radius of the capillary in mm

Ic is the length of the capillary in mm

F is the applied force at a particular shear rate in

Newton

A

is the cross-sectional area of the plunger in mm 

tie is the diameter of the capillary in mm

t - ^
“ --X Vxh X ---- . . . . ( 2 . 1 2 )

f o r c e d  d o w n  t o  t h e  c a p i l l a r y  w i t h  t h e  p l u n g e r

15 d^

Vxh is the velocity of crosshead in mm/min and

p is the diameter of the plunger in mm

Si

correction^ is ci

'ice the flow is not assumed to be parabolic

given so that the corrected wall



> , 3 n* + 1 8v
-VS Y  ---------  . --  . . .C2.13)

4 n' d_
?  ^

V is the volumetric flow rate in mm s  ̂ and is the
A

llpw behaviour index defined by d loftJ^)/d loftT'^a*

 ̂ Flow activation energy was calculated from the

flicoaity temperature dependence using an Arrhenius type

^vfttlon.
' i

Extrudatea eraersins from the capillary were collected 

f«r dl« Bwoll measurement avoiding any further deformations.
.5«

tfc# dl»»«t«r of the extrudate at several points were measured
; r

. M I m  * travelling microscope. The die-swell ratio is 

‘HfggUfad at room temperature as De/Dc, where De = extrudate

' ^ 7 '

Dc = capillary diameter.

' the principal normal stress difference " ̂ 22^

c a l c u l a t e d  from die swell values and shear stress 

fpt^rdlng to Tanner's equation .

- '̂ 22 = 2 f „  [2(De/Dc)^-2]l/2 . . . . ( 2 . 1 4 )

' Ktcoverable shear strain Sĵ  and the elastic shear
'.r'4V .■

, .^■1
^ ' *̂r’e calculated from the equation 

h  ’  ' ^ 1 1  -  ^ 2 2  /  2
____(2.15)

<  , c ____C2.16)

wall shear stress.

w « M M r w u v > w i u i | i W ' i



.  INFRARED SPECTROSCOPY
I * ®

A « & Sample in Low Density Polyethylene

(LDPE) matrix

The sample was dispersed in the LDPE matrix^ by a melt 

feltndinft technique in a Brabender Plaaticorder (PLE-330). 

^fE w*a first melted in the Brabender chamber at 120®C with

•  rotor speed of 60 cycles/s and a fill factor of 100^;. The

tlMtomer sample was introduced to the molten LDPE and mixed 

I ain. at the same speed. The whole mix was then dumped 

patted (single pass) through a two-roll mill and sheeted 

fit (Approximately 2 mm thickness). The sheet was cut into

#Mll pieces and remixed in the Brabender for another 2 min.

fftM AfAln it was sheeted in the same way on a two-roll mill

U vIaa 4 na thickness. In all cases a blend ratio of 5.5:1 

VM Mlntained ôr LDPE : polymer .

•»t.l freparation of Thin Film Samples

About 0.75 g of the blended material was weighed out

Ik
Pt between two aluminium foils of the size 8 x 5  cm and

s&w t
to a temperature of 120°C at a pressure of 0.25 ton 

n in a laboratory automatic hydraulic press (Labo 

Mo .TIO). Then the temperature was brought down 

*“Perature using circulating water. Since the 

'‘®«sure, size of aluminium foils and weight of 

fixed the average film thickness was almost 

films were totally free of shrinkage. The
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w blend mix ENR/XNBR and the ternary blend mix 

gjj/XNBR/CR»were vulcanised for 60 min. at 150 C. The binary 

l«od ENR/CR waa vulcanised for 60 min at 180°C.

SCANNING ELECTRON MICROSCOPY STUDIES
J * *

1 principles of Scanning Electron Microscope (SEM)

r , w 6  ..The workinft principle of SEM is shown in Fifi. 2.5. 

jltctronB ejected from a filament or other emission source 

«ubj«cted to an accelerated potential between 1 to 30 kV 

^  Vtre allowed to pass through the centre of an electron 

column consisting of two or three magnetic lenses. 

l«nses caused a fine electron beam to be focused onto 

tt* iptcimen surface. Scanning coils placed just before the

ItAAl l«na caused the electron spot to be scanned across the 

surface in the form of a square raster similar to 

ttlit Of a tel evision screen. Current passing through the 

deflection coil of a cathode ray tube produced a 

W i l U r  but magnified raster on the viewing screen in a 

Vfft^ronoua manner.

■- • '

The enitted secondary electrons from the sample stroke 

?^«oXltctor and the resulting current was amplified and used 

the brightness of the cathode ray tube. The time 

•■iaaion and collection of the secondary electrons 

small compared to the time for scanning of the

^ * l * c t r o n  beams across the specimen surface. Hence,

L K correspondance between the number of

i . • l « c t r o n s  collected from any particular point of
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l a e n  s u r f a c e  a n d  t h e  b r i g h t n e s s  o f  t h e  a n a l o g o u s

on screen and thus an image of the surface was

-9 -giiively built upon the screen

U

•v - V- ‘ i.

i SEU, the image magnification was determined by the

f tjje size of the rasters on the screen and on the 
0 1

aurface. In order to increase the magnification, it 

dnly necessary to reduce the current in the SEM scanning 

tiiifl * consequence of this, it was easy to obtain high

**g«lIication in SEM, for every low magnification of lOX. it 

!>• necessary to scan the specimen approximately 10 mm

I

I l*#.l tc*nning Electron Microscopy of Fractured SurfacesI
Th* SEM observations reported in the present study 

(i«d« using a cam scan series 2 Scanning Electron

(Table 2.2).  Abraded surfaces were carefully cut 

thf failed surfaces (Fig. 2.6) after abrasion for 10 

Th« surfaces were then sputter coated with gold within 

testing. The tilt was adjusted according to 

The gold coated samples were kept in 

^  before the SEM observations were made.

'^EHICAL TEST METHODS

•**»in«tion of Volume Fraction of Rubber

0.30 gni in weight were punched out from the 

of the vulcanisate and allowed to swell in
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r - at 30°C in a thermostatically controlled water 
^ ^ r o f o r a

Swollen samples, taken out after 1, 4. 9. 16, 25, 36

49 hours intervals were blotted with filter paper and 

A riuickly in stoppered weighing bottles. 49 hours were 

 ̂ *n be sufficient for obtaining equilibrium swelling. 

vere then dried in an oven for 24 hours at 70 C, then

I,  »*euu» and finally weiehed after allowing then, to cool in

d«aicator • The volume fraction of rubber Vj, was

* ’ . 7
^l««lat*d by the method reported by Ellis and Ueldinc .

( D - ft) / P-
„ .  __k_______ _ ___  _ ____(2.17)

S ?  + Aq/ Pg

Vktr* 0 la the deswollen weieht of the specimen, F the weight 

IfMtlon of insoluble components, A„ is the weight of 

•olvent corrected for swelling and and g are the 

of rubber and solvent respectively.

%

tttld Xieing Studies
y # .  •

' Ateing Btudlea were carried out using dumbbell shaped

t e a t  specimens. The test specimens were subjected 

•»«iM «nd th e  change in tensile properties after ageing were 

In Zwick UTM (1194). The samples were subjected to
%

:^*^^Oving four conditions of ageing.

^  .

i^ir ageing at 70°C for 7 days, in an air oven,

acid ageing, 25% HCl, at 70®C for 7 days, 

alkali ageing, 255: NaOH, at 70'"c for 7 days, 

**«ing (ASTM fuel C) at 30°C for 7 days.

€1.

61

' HI. WIPHIIIIIW ».]l ■ " - r  - r



J , 1  C solubility Paraaeter

^ liBt of solvents of firadually increasing solubility 

yas arranged such that the rubbers (ENR, XNBR and 

in all the solvents grouped within a
w«r« soluble

K  .noA Raw rubber sample of known weight was put in

«olv«nt. The solubility parameter ( 6  ) of the rubber 

**ponded to the solubility parameter of the particular 

which showed maximum solubility.
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T a b l e  2 . 1  D e t a i l s  o f  t h e  T w o - r o l l  o p e n  m i l l

0*Dufacturer

I. typ«

|/pi».nsion of the roll 

Cooling system

I.

Botor drive power kw

SCHUABENTHAN, BERLIN 

Industrial Drive 

7.52 cm X  3.43 cm 

Peripheral drilled holes

78

4.8 each

Table 2.2 Operating conditions of SEM

position tilt, degree 

ftlllMa rtaolution, A

current, amp 

I Microns

l e v

Adjustable (10-45 ) 

40

2.5

300

2 0

6 3
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f'
*pox ida t ion  of n a t u r a l  rubbe r  l a t e x ^  i s  a a i n i n g  wide 

^ l ^ j l a a t i o n  due to  t h e  v e r a a t a l i t y  of p r o p e r t i e s  l i k e  

' " ^^gl f l t ance ,  low gas  p e r m e a b i l i t y  and h igh  t e n s i l e  

tb g e n e r a l l y  v u l c a n i s e d  by c o n v e n t i o n a l

•M’f S #  ^ - a c c e l e r a t o r  sys tems , The p o s s i b i l i t y  of v u l c a n i s i n g  

kf other m a t e r i a l s  l i k e  d i c a r b o x y l i c  a c i d s  has  been 

S ince  epoxy groups  a re  h i g h l y  r e a c t i v e ,  

<H*sllnking can be a c h ie ve d  through  epoxy groups  of ENR. 

It tDCtionally a c t i v e  r u b b e r s  which can i n t e r a c t  w i th  

i' groupa can be v u l c a n i s e d  w i th  ENR wi thou t  t h e  use  of

fi iMAicina agen t s .  C a rb oxy la t ed  n i t r i l e  rubbe r  (XNBR) i s  a 

i l i i f i t d  fora of n i t r i l e  rubbe r  where carboxy l  groups  a re
V I

INilf#4«e«d In to  the  polymer by a d d i t i o n  of u n s a t u r a t e d  a c i d s  

i f t | i f r r l o n l t r i l e  and b u t a d i e n e  d u r i n g  p o l y m e r i s a t i o n  . XNBR 

■>i# §9lltrAlly v u lc a n i s e d  by s u l p h u r  and metal  ox ides  bu t  can 

♦♦♦♦ b« Vulcanised by epoxy r e s i n s  . S ince  chemical  

^ fTf t c t lon  can t ake  p l a c e  between epoxy groups and ca rboxy l  

it i s  p o s s i b l e  t h a t  ENR and XNBR v u l c a n i s e  w i th ou t  

^14  of o t h e r  cu r i ng  a g e n t s .  Such rubbe r  b l e n d s ,  which a re  

by chemical  r e a c t i o n  of t h e  r e a c t i v e  g roups of 

 ̂ ^*dlvidual  rubber s  i n  t h e  absence  of e x t e r n a l  v u l c a n i s i n g

*re d e s i a n a t e d  as  s e l f - v u l c a n i s a b l e  ru bb e r  b l e n d s ,  

development of such  s e l f ~ v u l c a n i s a t i o n  has  been

g p oxid ised  n a t u r a l  rub b er  (ENR)  prepared  by the

*^0" t h i s  l a b o r a t o r y  and th e  examples i n c l u d e  ENR- 

p o l y e t h y l e n e  ( h y p a l o n )^ ,  hypalon-XNBR^ and 

b l e n d s .
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Xhls c h a p t e r  d e a l s  w i th  t h e  s t u d i e s  on t h e  s e l f -  

^  r ubbe r  b l e n d s  based  on e p o x id i s e d  n a t u r a l  r u b b e r

••elated n i t r i l e  r u b b e r .  The f i r s t  s e c t i o n  g i v e s  t h e  
C*TDO*y^

•aal-ton of s e l f - v u l c a n i s a b l e  b l e nd s  by Monsanto 

d i f f e r e n t i a l  s ca nn in g  c a l o r i m e t r y ,
-ittry

r f tv inet ry .  i n f r a r e d  s p e c t r o s c o p y  and s w e l l i n g .

^ yK y-:
 ̂ The fo r m u la t io n s  of t h e  b l e nd s  a r e  shown in  Table

|| 1 The cure c h a r a c t e r i s t i c s  of t h e  b l end s  a r e  shown in  

l e i i i  3 .1 .2 .  In a l l  t h e  t h r e e  b l e n d s  of ENR and XNBR, 

in XNBR c o n t e n t  i n  th e  b l e nd  i n c r e a s e d  th e  minimum

Y ifc os i ty  and d e c re a s e d  t h e  s c o r c h  t ime .  S in ce
 ̂ , 9 10jUlly^aa r ings  a re  opened r e a d i l y  in  p r e s e n c e  of a c i d s   ̂ t h e

- invo lv ing  ca rbo xy l  g roups  a r e  l i k e l y  t o  s t a r t  

W l l « r  «nd a c c o r d i n g l y  such  mixes become v e ry  s c o r ch y ^ ^ .

to th« e a r l y  o n s e t  of r e a c t i o n ,  w i th  i n c r e a s e  i n  XNBR

- in the b le n d s ,  t h e  s c o r c h  t im es  d e c r e a s e d .

, ^ * f * C t e r i a a t i o n  of  t h e  Blend 

llon«anto Rheonetry

Honsanto rhe og ra ph s  of t h e  b l end  a r e  shown in  

b l en ds  showed marching i n c r e a s e  in

•*^lc to rque  bo th  a t  150°C and 180®C. Blend Exa

 ̂ -  In th e  r a t i o  75 /25)  showed c o m p a r a t i v e l y  low

^ **« at both  t e m p e r a t u r e s .  As t h e  XNBR c o n t e n t  i n
^•o<l i n c r e a s e d  ( a s  i n  Exb),  c r o s s l i n k i n g  was g r e a t l y

4ni4
' ^I th f u r t h e r  i n c r e a s e  in  XNBR (as  in  Exc) t h e r e  

% {
i n  c r o s s l i n k i n g  and a t  180^C t h e
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This chapter  d e a l s  w ith  the  s t u d i e s  on the  self-

rubbe r  b l e n ds  based on epox id i se d  n a t u r a l  rubbe r

^^QjgyXated n i t r i l e  r u b b e r .  The f i r s t  s e c t i o n  g i v e s  th e

^^^j.£gation of s e l f - v u l c a n i s a b l e  b l ends  by Monsanto

. „ d i f f e r e n t i a l  s cann ing  c a l o r i m e t r y ,# t ry »

■ ^ i i ^ e r a v l n e t r y , i n f r a r e d  s p e c t r o s c o p y  and s w e l l i n g .

Yjje fo r m ul a t io ns  of t he  b l ends  a re  shown in  Table

i l l  Th« cure  c h a r a c t e r i s t i c s  of t h e  b l ends  a r e  shown in

1^1* 3 .1 .2 .  In a l l  t h e  t h r e e  b l ends  of ENR and XNBR,

in XNBR c o n t e n t  i n  the  b l end  in c r e a s e d  th e  minimum

iMAiy v ia c o a i ty  and d e c re a s e d  t h e  sco rch  t ime .  S ince
* 9 10i  iftifAA* r ings a re  opened r e a d i l y  in  p re s enc e  of a c i d s  ' t h e

IIMtiOfii i nvo lv ing  c a rb oxy l  groups  a r e  l i k e l y  t o  s t a r t

i i r l l t r  *nd a c c o r d i n g l y  such  mixes become ve ry  aco rchy^^ .

i l l  to th* a a r l y  o ns e t  of r e a c t i o n ,  w i th  i n c r e a s e  in  XNBR

t m t A t  in the b l e nd s ,  t h e  s c o r c h  t imes  de c r eas ed .

.CHarftct«riaation of t h e  Blend 

Honaanto Rheometry

%
Tht Monsanto rheog rap hs  of t he  b lend a r e  shown in

^*1.1. The b l end s  showed marching i n c r e a s e  in

 ̂ t o rque  bo th  a t  150^C and ISO^C. Blend Exa

r a t i o  75 /25)  showed co m p a r a t i v e l y  low

_̂ ^̂ king a-t both  t e m p e r a t u r e s .  As th e  XNBR c o n t e n t  i n  

^1*04 in c r ea se d  ( a s  i n  Exb).  c r o s s l i n k i n g  was g r e a t l y  

wi th  f u r t h e r  i n c r e a s e  in  XNBR (as  in  Exc) t h e r e  

•o*** i n c r  ease  in  c r o s s l i n k i n g  and a t  180 C t h e
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ic  t o rque  fo r  Exc was l e s s  t h a n  t h a t  f o r  Exb.

In Exa, t h e  c o n c e n t r a t i o n  of c a rb ox y l  g roups  might  no t  

t o  cause  enough c r o s s l i n k i n g  and as  XNBR 

t«nt i n c r ea sed  t h e  a v a i l a b i l i t y  of  c a r bo xy l  groups  

*••<1 r e s u l t i n g  in  h i g h e r  e x t e n t  of  c r o a s l i n k i n g  as  in  

In Exc, however ,  t h e  c o n c e n t r a t i o n  of  epoxide  groups
Bl9*
j ^ l l a b l a  for  c r o s s l i n k i n g  was l e s s .  E p o x i d a t i o n  i s  a random

Davey e t  a l .  ̂ have shown t h a t  when a

#ieetlon between an a c i d  and ©poxy group i s  i n i t i a t e d  a t  one 

group of a b lo ck ,  t he  r e m a in in g  epoxide  groups  

iMfffO f u r a n i a a t i o n  and a r e  d e s t r o y e d  b e f o r e  o t h e r  r e a c t i o n s  

H6 §ccur. In Exc, even though t h e r e  may be s u f f i c i e n t

groups,  t h e  number of  epoxide  g roups  a v a i l a b l e  fo r

on waa l i k e l y  to  be l e s s  due to  f u r a n i s a t i o n  or  fo l lo w -  

r#*ct lona.  Due to  t h e  n o n a v a i l a b i l i t y  of  epoxide  g roup s ,  

C?9#4linking in  Exc r eached  a s t a t e  of c o m p l e t i o n .

D i f f * r a n t i a l  Scanning  C a l o r i m e t r y  (DSC)

f igure  3 . 1 .2  i l l u s t r a t e s  t h e  DSC p r o f i l e s  f o r  c u re  of 

ENR and XNBR and a l s o  c o n t r o l  ENR and XNBR. I t  was 

'  t ha t  t h e r e  was no change in  e n t h a l p y  i n  t h e  

range from 170 C to  300 C f o r  t h e  two n e a t  

^he b l end s  r e g i s t e r e d  an exothe rmic  

® to  s e 1f - v u 1c a n i s a t i o n . TGA p l o t s  ( F i g u r e

®*ted t h a t  t h e  the r ma l  d e g r a d a t i o n  of 

t he  b lend o c c u r r e d  a t

n e a t

s u f f i c i e n t l y  h igh

above 300®C, r e s u l t i n g  in  main c h a i n  s c i s s i o n



m

5#̂ *

I

8 1*

jofls of v o l a t i l e  f r agm en t s .

In Exa, where t h e  s t a t e  of  cu re  was low, cu re  

S a t i a t i o n  s t a r t e d  a t  a h i g h e r  t e m p e r a t u r e .  As t h e  XNBR 

t«ot in  b l end  i n c r e a s e d  th e  cu re  i n i t i a t i o n  s t a r t e d  a t

t e iop®ratures ( Table  3 . 1 . 3 ) .  This  was in  agreement  wi th

icorch t imes  of t h e  b l e nd .  The p l o t  of Mooney sc o r ch  

f | # t l  versus  c u re  i n i t i a t i o n  t e m p e r a t u r e  o b t a i ne d  from DSC

as shown in  F ig .  3 . 1 . 4  r e v e a l e d  t h a t  as t h e  ENR 

in th e  b l end  i n c r e a s e d  both cure  i n i t i a t i o n  

and s c o r c h  t ime  i n c r e a s e d  . The v u l c a n i s a t i o n  

AS observed  from t h e  exotherms,  showed compl e t i on  

Mly Vhin XNBR c o n t e n t  i n  ENR/XNBR b lend  was high as in  Exc . 

i t  i^OV«r XNBR c o n t e n t ,  as  i n  Exa and Exb, t h e  c r o s s l i n k i n g  

prft««4«d t i l l  d e g r a d a t i o n  and c r o s s l i n k i n g  r e a c t i o n  was 

Wpptd by d e g r a d a t i o n  r e a c t i o n .  At s u f f i c i e n t l y  h igh  

IfAtur* above 300*^0 th e r m a l  d e g r a d a t i o n  oc cur red  f o r  a l l  

W* fK^lyaars r e s u l t i n g  in  main c h a in  s c i s s i o n  and l o s s  of 

fragments  as  d e t e r m i ne d  by the rmograv ime t r  i c  

i».*nd shown in  F ig .  3 . 1 . 3 ,

1.' ■- -

v-V . >•

Inffared S p e c t r o p h o to m e t r y  (IR)

■y-' s p e c t r a  of  XNBR and ENR a re  shown in  F ig .  3 . 1 . 5  

^ c h a r a c t e r i s t i c  a b s o r p t i o n  peaks a re  shown in  Table

a b s o r p t i o n  a t  1734 cm  ̂ and 1700 cmXNBR showed

and hydrogen bonded a c i d  g roups ,  r e s p e c t i v e l y ,  

■houed a b s o r p t i o n  a t  870 cm"^ and 1245 cm’  ̂ due to  

^nd a t  885 cm  ̂ fo r  c i s  double  bond. ENR a l s o

6 8



c*rbo3cy^ a b s o r p t i o n  due to t r a c e s  of  a c i d s .  In

t h e r e  was a b s o r p t i o n  a t  1114 cm  ̂ due to  a l i p h a t i c

A a t  1065 cm”  ̂ due t o  t e t r a h y d r o f u r a n . I t  i a  known

poxida t ion  r e a c t i o n  i s  ve ry  d i f f i c u l t  t o  be c o n t r o l l e d  

tb* t  epoxide r i n g s  open up in  the  p re s e n c e  of a c i d s  and

0 f u r a n i s a t i o n ^ ' * ' ^ ^ .  Other  c y c l i c  e t h e r s  and e t h e r  

between two a d j a c e n t  molecules  may a l s o  form,

d i f f e re nce  spec t rum (ENR/XNBR blend minus ENR minus 

S ' t i l l )  i s  shown in  Fig .  3 . 1 . 5  and t h e  c h a r a c t e r i s t i c  

^ ♦ r p t i o n  peaks a r e  summarised in Table  3 . 1 . 4 .  E s t e r s  

ab so rp t ion  in  t h e  r ange  of 1725 cm  ̂ t o  1750 cm due

|« C«0 • t r e t c h i n g  of t h e  e s t e r  groups .  In th e  case  of

| t l f i « o l * c u l a r l y  hydrogen bonded e s t e r s ,  i t  has  been obse rved 

the a b s o r p t i o n  i s  lowered by about  40 cm ^ . In th e  

l i f t  e( una a t u r a t ed  e a t e r s  t h e  a b s o r p t i o n  i a  around 1660 cm .

ab io rp t ion  a t  1698 cm”  ̂ i n  d i f f e r e n c e  spec t rum could  be 

I f !  to H-bonded e s t e r  formed dur ing  v u l c a n i s a t i o n  and

i iWfrpt lon a t  1660 cm"^ cou ld  be due t o  i n t r a r a o l e c u l a r l y  

bonded u n s a t u r a t e d  e a t e r s .  Absence of a b s o r p t i o n  a t  

cm'^ in th e  b l end  showed t h a t  a f t e r  r e a c t i o n  no epoxide  

r . a a i n e d .  The a b s o r p t i o n  a t  1134 cm'^ could  be due to  

of e t h e r  l i n k a g e s .  Hence du r i ng  c u r i n g  a t  150 C.

; . bi nary b lend of ENR and XNBR formed e s t e r  c r o s s l i n k s  

1 ^ ! ? ^  v l t h  e t h e r  c r o s s l i n k s .  The c r o s s l i n k i n g  r e a c t i o n  

ENR and XNBR i s  shown in  Fig .  3 . 1 . 6 .
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Both ENR and XNBR were found to  be s o l u b l e  in  

whi le  t h e  moulded b l e n d s  were i n s o l u b l e  in  t h e  

i«^nt  showing t h a t  d u r i n g  moulding ENR and XNBR g e t•Oiveii*'

Inked The volume f r a c t i o n  of  rubbe r  in  t h e  s w o l l e n  

c a l c u l a t e d  from e q u i l i b r i u m  s w e l l i n g  d a t a  (T a b le  

1 41 r evea led  t h a t  i n  Exa d e g r e e  of c r o s s l i n k i n g  was l e s s

i J J  Physical  P r o p e r t i e s

The p h y s i c a l  p r o p e r t i e s  of b l e nd s  ENR and XNBR a r e  

H M r i a e d  in  Table  3 . 1 . 5 .  As t h e  XNBR c o n t e n t  i n c r e a s e d ,  

i t r e n g t h ,  modulus,  t e a r  s t r e n g t h  and a b r a s i o n  

fftfittftnce i n c r e a s e d  whereas  e l o n g a t i o n  a t  b reak  d e c r e a s e d ,  

i t  ftlflo av iden t  from t h e  s t r s s - s t r a i n  p l o t s  ( F i g . 3 . 1 . 7 ) .  

p r o p e r t ie s  of ENR-XNBR b le n d  a r e  comparable  to  r u b b e r  

Vf##fllnked by co n v e n t io na l  v u l c a n i s a t i o n  sys tems .

J | . »  S u e l l i n a



%  T ab le  3 . 1 . 1  Form ulat io n  of  the  mixes'

Exa Exb Exc

AC 221)

75

25

50

50

25

75

*re in  p a r t s  by weight  

^ ^ f r boxylated monomer l e v e l ,  7 mole %.

3 1,2 Cure c h a r a c t e r i s t i c s  of t h e  b l e nd s  o b t a i n e d
from Mooney v i s c o m e t e r  and Monsanto rheometer
s t u d i  e s .

Exa Exb Exc

Viacometry

IMM Hoon«y v i s c o s i t y  a t  120 C

f icorch t ime a t  120^C, min.

;^plM*Ate rh«oaetry

JBiUva  ^orque a t  ISO'^C.dN.m

-----■ t o r qu e  a t  150°C, dN.m
K  «  •in .)

W l f c a  torque a t  180°C dN.m 

m torque a t  18G°C,dN.m.'rfffP

23

14 . 5

5

13

4

25

35 

7.0

6

36

5

61

45 

5.7

6

36

6

46

71



r 2 Cure c h a r a c t e r i s t i c s  of  t h e  b l end s  o b t a i n e d  
rom the rma l  a n a l y s i sfrom

r  re  i n i t i a t i o n  Cure t e r m i n a t i o n  Degrada t ion  
^^ p p e r a t u r e ,  t e m p e r a t u r e ,  t e m p e r a t u r e .

Or C C

213 b 300

186 b 300

171 300 300
iirc

from t h e r m o g r a v i m e t r i c  a n a l y s i s  
§ iltft t e r mina t ion  o v e r l a p pe d  by d e g r a d a t i o n  of polymer
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<»#..« #C l*Mrii »»iiiliiiiiii»wift»

' Fvn0 t i « n « l  JU>aliriui«Ni« m a t

•  m r o n p  o f  ^^t»d

1760

1740

Carboxyl

E s t e r
( a c e t a t e )

1710-1730 Carboxyl

C=0 s t r .  
(monomer)

C=0 s t r .

C=0 s t r .

1690-1725 E a t e r  I n t r a -  C=0 a t r .
m o l e c u l a r l y  
(H-bonded)

1245 Epoxy g roup C-0 s t r .

Around u n s a t u r a t e d  C=0 s t r .
1660 e s t e r s

Around
1114

(1060-1150)

a l i p h a t  i c 
e t h e r

asaym. 
C-0 a t r .

1065-1070 T e t r a h y d r o -  r i n g  s t r .  
f u ran

885

785-875

c i s  double
bond C=C s t r .

c i s  e p o x id e s  r i n g  v i b r n .

1728

1245

1114

1065

885

873

1760

1700

1736

D I f f « r * n c *  S p « e t r « «  
CBl«nd-ENm-XNBR) r«no«

16

16,17

16

16

16

16

16

1699

1660

1134

885

18

16

16



for 60 min at 150°C

l«o break,4 

, kN/m 

a, »hore A

22h. a t  70 C, <

)  lo««» c c /h r

 ̂ by Goodrich f l ex om et e r
•ftA i  of 241b and s t r o k e  of

' 44,w t. “c

%
I
r

I  t  : M»9U could not  be abraded
blown out  b e fo re  20  min.  

I ’f After  20 min.

of b l ends  

Exa

, moulded 

Exb Exc

1.9 3.2 -

2 . 2 3.2 3.6

80 300 220

1 1 . 0 1 2 . 6 16.8

30 47 50

55 69 58

27 12 12

a 4.5 1 . 8

b 17 30^

0.07 0 . 12 0 . 1 2
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!•■ i Rii re 3 . 1 . 1 ; Rh c o j ^r a p h s  o f  b l o n d s  o f  KNR a n d  XNIÛ  
( a )  180 V: ( b )  ISO^'C.



4^

h  r  i.

■ ■ --V.
1. -Tk ‘r-' S

150 200

Temperature j ®C

3 . 1 . 2 DSC sc an  f o r  b l e n d s  o f  ENR and XNBR and  o f  
n e a t  ENR and  XNBR.



1

-100

n

4C

I

f  J5 -
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170 180 190 200 210

Cure ln| t̂j^ntion Temperature , ®C

P l o t  o f  Moone y  s c o r c h  t i m e  v e r s u s  c u r e  
i n i t i a t i o n  t e m p e a t u r e  (DSC t h e r m o g r a m )



if.;,]

.1

f e * j M
^  I T

1400 8 0 0

Wave no cm
-1

s p e c t r a  o f  t h e i r  f i l m s  o f  ENR, XNBR and  t h e  
d i f f e r e n c e  s p e c t  rum^ b 1 end-ENR-XNBR ,

?'



•i t-' ■

.•-- „ •>.- -• ' • 
"'■■ -A-n.T̂ r-/ '  '• '. . . 'C. *, I

I C H 2  -  C H -  C H 2  - C H

C N

C H  - C H 2 -  C H  - C H 2

I
C O O H

{ X N B R )

C H 2 - C H  - C H 2 - C H =  C H - C H 2 - C H - C H 2
1 I
C N  C t  0

t

C H ,  °  O HI I I
' v * v ^ C H 2 -  C -  C H -  C H 2 - C H 2 - C H -  C -  C H 2

I I (
0  O H

1O H
I

C H 2 -  C H  -  C -  C H 2 - C H 2I

VULCANISATE NETWORK

4-

C H
I

C H 2 — C  — C H  — C H 2 —''‘wvN/ 

^0^
( E N R )

F i g .  3 . 1 . 6 :  The p o s s i b l e  m e c h a n ism  o f  c r o s s l i n k i n g  
b e tw ee n  ENR and  XNBR.
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T e n s i l e  s t r e s s  s t r a i n  c u r v e s  o f  b l e n d s  of 
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* •
f Tb« p r o p e r t i e s  of ru bb e r  v u l c a n i s a t e s  a re  known to  

^ Qjj t he  c r o s s l i n k  d e n s i t y  and th e  type  and amount of

Qsed. C r o s s l i n k  d e n s i t y  can be c o n t r o l l e d  by v a ry i n g

' ^ P ^ p a t u r e  and t ime  of moulding.
c # *  *

S'  This s e c t i o n  r e p o r t s  t h e  r e s u l t s  of s t u d i e s  on th e  

c o n d i t i o n s ,  and i n c o r p o r a t i o n  of t h r e e  d i f f e r e n t  

^•4* o f  f i l l e r s  (ISAF b l a c k .  SRF b l ack  and s i l i c a  f i l l e r )  on 

«h« C h a r a c t e r i s t i c s  and t e c h n i c a l  p r o p e r t i e s  of  t h e

^ j^-Vt t lcan isable  ENR-XNBR b le n d .  t h e  f a i l u r e  envelope  

» s t r e s s  r e l a x a t i o n  be hav iou r .

i i l  P rocess ing  C h a r a c t e r i s t i c s  

l.t.Jk Cur« C h a r a c t e r i s t i c s

i;,. ; n ix  fo r m u l a t i o n s  a r e  g iv en  in  Tables  3 . 2 . 1 ( a ) ,

l i l t l ( b )  and 3 . 2 . 2 .  Minimum Mooney v i s c o s i t i e s  and Mooney
’A'- - <'.■7* ■

«#reh t i n e a  of t he  gum and f i l l e d  b l end s  a re  g iven  in  Tables  

lt t .}(A) and 3 . 2 . 3 ( b ) .  I t  i s  e v i d e n t  t h a t  an i n c r e a s e  of 

t l l U r  loading i n c r e a s e d  t h e  minimum v i s c o s i t y  and d e c r e a s e d  

•corch t ime.  Al so ,  t h e  i n c r e a s e  in  Mooney v i s c o s i t y  and 

in  sco rch  t ime  were most prominent  i n  th e  ca se  of

f i l l e d  mixes and l e a s t  p rominent  i n  th e  ca se  of SRF

^ ^ * c k - f i i i e d  mixes,  w h i l e  t h e  ISAF b l a c k - f i l l e d  mixes 

^ ^ P l * d  an i n t e r m e d i a t e  p o s i t i o n .  For example,  a t  40 phr

Mooney v i s c o s i t y  a t  120'C in c r e a s e d  from 35 f o r  t h e

blend to  49 f o r  SRF b l a c k ,  t o  63 fo r  ISAF b l a c k  and 

fo r  s i l i c a - f i l l e d  b l e n d .  The h i g h e r  Mooney v i s c o s i t y
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wi t h  r u b b e r  d u r i n g  mixing.  I t  i s  we l l  known t h a t
• f

black i s  more r e i n f o r c i n g  th an  SRF b la c k  and hence th e  

v i s c o s i t y  i s  found i n  t h e  case  of ISAF b l a c k - f i l l e d  

1# Sampl®® of n e a t  ENR and n e a t  XNBR were m a s t i c a t e d  fo r  

uhich was a l s o  t h e  b l e n d i n g  t ime f o r  t h e  two r u b b e r s ,  

^  th« Hooney v i s c o s i t y  v a l u e s ,  ML (1+4) a t  120*C were

The v a l u e s  were a s  fo l lows  ENR 10, XNBR 30 and

lleed 35* e v i d e n t  t h a t  r e a c t i o n  between ENR and XNBR

place to  l i m i t e d  e x t e n t  even a t  120°C, d u r i n g  ilooney

d e t e r m i n a t i o n .  The minimum Mooney v i s c o s i t y  and

tin® for  t h e  c o n t r o l  mixes of ENR and XNBR a re  shown 

k  t*bl« 3 .2 .4 .  The mixes of XNBR were ve ry  sc o r ch y  compared 

IKt mixes.  I t  has  been r e p o r t e d  e a r l i e r  t h a t  mixes of 

BW COntAining ZnO have low s c o r c h  t ime and h igh  Mooney 

where metal  c a r b o x y l a t e  c r o s s l i n k s  a r e  formed^^.  

t he  low s c o r c h  t ime  was due to  t h e  e a r l y  o n se t  

^**Ctlon of ca rboxy l  group w i th  metal  ox id e .  The epoxy 

ENR p e r m i t t e d  e f f e c t i v e  c r o s s l i n k i n g  w i t h  chem ica l s  

a c id s  and polyamines^^  * . Hence t h e  low s c o r c h

blend of ENR and XNBR was due to  t h e  e a r l y  o n s e t  

of ca rboxyl  g roup of XNBR w i th  t h e  epoxy group of
85-S |t'

■.-'••S’' '

®ftrapha of t h e  gum b lend  ( f o r m u l a t i o n  Exb) a t

, 1  • / - a - f i l l w a s  p r o b a b l y  due to s t r o n g  i n t e r a c t i o n

•I

t̂ •■ p e r a t u r e s  150*,  160*.  170* and 180*C a r e  shown 

compar ison rheographs  of one c o n t r o l  XNBR
Oft*

c o n t r o l  ENR mix were chosen (Tab le  3 . 2 . 2 ) .  I t

7 6



that  rheoraetric torque  of  the  b le n d  p r o f lr e s s iv e ly

wi th  tnoulding t ime  and wi t h  moulding t e m p e r a t u r e .  

VP* ^ j jo y e d  t h a t  in  t h e  b lend  both  XNBR and ENR c r o s a l i n k e d

V i

iifi

0 t h«r  du r i ng  moulding and t h a t  bo th  prolonged  t im e  and 

c«d t em pe ra tu re  caused p r o g r e s s i v e  i n c r e a s e  in  

f l lnk lng .  At 150*C t h e  a e l f - v u l c a n i s a b l e  b lend  r e g i s t e r e d  

ppfChioA rheomet ic  t o r q u e  l i k e  c o n t r o l  XNBR compounds, w h i l e  

IKK coBpounds showed r e v e r s i o n .  However, c r o s s l i n k i n g  of

0 1  Vlth d i b a s i c  a c i d s  have been r e p o r t e d  to  show marching  

modulus w i th  cu re  t ime . The XNBR sys t em a t  

|il*C •hoved much h i g h e r  rh e o m e t r i c  t o r q u e  than  t h a t  of  t h e  

IlMkI* f i g .  3 . 2 . 2  shows th e  rheographs  of t h e  f i l l e d  sys tems  

M IIO'C. I t  was ev id en t  t h a t  a d d i t i o n  of f i l l e r  i n c r e a s e d  

fh«ometric t o r qu e  as  i n  th e  ca se  of c o n v e n t i on a l  ru bb e r  

f f i l t M .  The n a t u r e  of t h e  rheographs  w i th  r e p e c t  t o  moulding 

fit# And t empera t u re  was s i m i l a r  t o  t h a t  of gum b l e n d .  

kiirMt* of f i l l e r  l o ad in g  i n c r e a s e d  th e  rh e o m e t r i c  t o r q u e .

In blend the  c h e m i s t r y  of v u l c a n i s a t i o n  and n a t u r e  of

fWMUnki was d i f f e r e n t  from c o n v e n t i o n a l l y  cured ENR or  

In c o n v e n t i o n a l l y  cured  ENR, c r o s s l i n k i n g  was by 

l inkages^ ,  and in  XNBR c r o s s l i n k i n g  was by s u l p h u r  

*nd metal  ca rboxy l  l i n k a g e s ^ ^ .  In b l ends  of ENR and 

tke c r o s s l i n k i n g  r e a c t i o n  oc cu r re d  between epoxy and
T

ftroups to  form e s t e r  l i n k a g e s .  Due t o  t h i s

*=• in the  mechanism of v u l c a n i s a t i o n  in  b l e n d s ,  t h e  

of b l ends  showed absence of cu re  r e v e r s i o n ,  and 

^ U b i l i t y  of t h e  c r o s s l i n k e d  s t r u c t u r e .

'J/"-■ ' ’
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j j g  3 2.3  showed t h e  e f f e c t  of  ISAF b l a c k  l o a d i n g  a t  

cu re  c h a r a c t e r i s t i c s  of t h e s e  mixes a t  

150*C and 180*C a r e  shown in  Tab le  3 . 2 . 3 ( b ) .ttur as

all.

4, •

•iii

ant of t o r q u e  fo l low ed  t h e  o r d e r ,  s i l i c a  ^  ISAF >

- flhall  see  l a t e r ,  p o l y m e r - f i 1 1 e r  i n t e r a c t i o n  a l s o

t b .  same o r d e r .

I i n * t i c s  of c r o s s  l i n k i n g  r e a c t i o n  could  be fo l lowed

tha changes in  r h e o m e t r i c  maximum t o r q u e  w i t h  t i m e .  For
2 2 2 3j i fv t  order  r e a c t i o n

In ( n ^  - M) = -  k t  + In (Ha_ -  Mq)-

llrtfli i» the  to r q u e  a t  t ime  t ,  Ho i s  t h e  t o r q u e  a t  ze ro

liM 1« the  maximum t o r q u e .  For marching modulus cu re

Wf* i i  was t aken  as  t h e  t o r q u e  when r i s e  in  t o r q u e  was

th«n one u n i t  i n  f i v e  m in u t es ;  a t  t h i s  s t a g e  i t  was

•m#*4 tha t  t he  r e a c t i o n  had a lm os t  come t o  an end.  From

^  SU««r p lo t  of In v e r s u s  t ime  t h e  r a t e  c o n s t a n t  of

f i r t t  order  c r o s s l i n k i n g  r e a c t i o n  cou ld  be d e t e r m i n e d .

^ ^ ^ e t l v a t i o n  energy fo r  t h e  i n i t i a l  v u l c a n i s a t i o n  r e a c t i o n

**le«l*t«d by us i n g  an A r r h e n i u s  e q u a t i o n .  F i g u r e s  3 . 2 . 4  
1 1 -

*howed t y p i c a l  p l o t s  f o r  c a l c u l a t i o n  of  r a t e  

 ̂ A  a c t i v a t i o n  e n e r g i e s .  Tab le  3 . 2 . 5  summarises t h e

of b lend  and c o n t r o l  mixes a t  two t e m p e r a t u r e s
1* 3 2 i(•*.o g ives  th e  v a l u e s  o f  t h e  a c t i v a t i o n  ene rgy  f o r

on ene rgy  f o r  s e l f - v u l c a n i s a t i o n

J" '1*

. Th e a c t  i v a t  i

■yater# was found t o  l i e  between 65-70 k J / m o l e .
Of

same o r d e r  of  magni tude  a s  r e p o r t e d  by o t h e r



• »<

1 uu 24 for  co n v e n t i o n a l  rubb e r s

• P r o p e r t i e s
»-**•

s t r e s a - a t r a i n  behav iour  of t h e  sum b lend 

under d i f f e r e n t  c o n d i t i o n s  i s  shown in  F igu r e  3 . 2 . 6 .  

H^lUr  b l a c k  and s i l i c a  f i l l e d  compos i t ions

*hown in F igu r es  3 . 2 . 7  and 3 . 2 . 8 .  I t  was e v id e n t  t h a t  

foulding t ime and t e m p e ra t u re  a l t e r e d  the  s t r e s s - s t r a i n  

^ ^ v i o u r  and th e  e f f e c t  was prominent  i n  f i l l e d  sys tems ,  

i f f t c t  of f i l l e r  l o a d i n g  on s t r e s s  s t r a i n  behav iour  i s  

in Figures 3 . 2 . 9  -  3 . 2 . 1 1 .  Energy a t  r u p t u r e  i n c r e a s e d  

vitl iocr«aae in f i l l e r  l o a d in g  and the  t r e n d  c o n t i nu ed  up to  

IM f i l l e r  l o a d i n g  s t u d i e d .  The v a r i a t i o n  of r u p t u r e

•W|y  Vith the f i l l e r  l o a d i n g  i s  g iven  in  F igu r e  3 . 2 . 1 2 .
t

-  Table 3 . 2 .7  summarises  th e  r e s u l t s  of t h e  e f f e c t  of 

iPtl4ing t i n e  a t  150*C on some p h y s i c a l  p r o p e r t i e s  l i k e  

t e n a i l e  a t r e n g t h ,  e l o n g a t i o n  a t  b reak  and t e a r  

^ l l t * n c t .  I t  i s  e v id e n t  t h a t  i n c r e a s e  in  moulding t ime a t  a 

t e a p e r a t u r e  caused lower ing  of bo th  t e n s i l e  s t r e n g t h  

t«»r r e s i s t a n c e .  However.  modulus i n c r e a s e d  and 

a t  b raak  d e c r e a s e d .  Table  3 . 2 . 8  showed t h e  r e s u l t s  

’ Wlat lon  of moulding t e m p e r a t u r e  a t  a c o n s t a n t  mouldine 

^  • “ Physical  p r o p e r t i e s  . I t  was obse rved t h a t  i n c r e a s e

ine t e m p er a t u r e  from 150'C to  180‘ C caused i n c r e a s e

•08 and r e s i l i e n c e  and d e c r e a s e  in  a b r a s i o n  l o s s ,

;-j s e t .  h e a t  b u i l d - u p  and dynamic s e t .  From the

“ f Vr v a l u e s  (Tab le  3 . 2 . 8 )  t h e s e  changes were
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•|btd f o r m a t i on  of a d d i t i o n a l  c r o s s l i n k s  a t

r t t td t e m p e ra t u re s .

Ef fec t s  of f i l l e r  l o a d i n g  on t h e  p h y s i c a l  p r o p e r t i e s  

^  ^ ^ a r i a e d  in  Tab les  3 . 2 . 9  -  3 . 2 . 1 1 .  E x p e c te d l y ,  t h e

j l l l tvlog p r o p e r t i e s  showed g r a d u a l  i n c r e a s e  w i t h  i n c r e a s e  in  

f i l ler  loading : modulus,  t e n s i l e  s t r e n g t h ,  t e a r  s t r e n g t h ,

- r e f l ia tance ,  h a rd n e s s  , h e a t  bu i ld ~up  and dynamic s e t .

la i l lU n c a  decreased  g r a d u a l l y  and compress ion  s e t  i n c r e a s e d  

f i l l e r  load ing .

In order  t o  u n d e r s t a n d  a b r a a i o n  mechanism we had 

SEH photographs  of  t h e  ab raded  s u r f a c e s .  In 

■•chan ica l ,  chemical  and the r ma l  p r o c e s s e s  a r e  

R e z n i k o i s k i i  and Brodski  i  have d e s c r i b e d  

typ . a  of wear in  e l a s t o m e r a ^ ^  High a b r a a i o n  

w. .  observed in  v u l c a n i a a t e s  w i t h  h ig h  h a r d n e s s ,  

U . . ” * s t r e n g t h ,  t e a r  s t r e n g t h ,  r e s i s t a n c e  to

Idat lve  d e g r a d a t i o n  and c ra c k  growth r e s i s t a n c e  

’ ^ * * i c  c o n d i t i o n s ^ ^ . Such e l a s t o m e r i c  v u l c a n i s a t e s

d u r i n g  a b r a s i o n ^ ® F i g u r e  3 . 2 . 1 3  

f a i l u r e  s u r f a c e s  of E and EIS 20
i n  T

® 3 . 2 . 2 ) .  In ENR t h e  a b r a s i o n  r e s i s t a n c e

I h i

9 o e p

*"'* m a t e r i a l  seemed to  be chipped by t h e

' ' as due to  low m a t r i x  s t r e n g t h  a s  s e en  from

and h a r d n e s s .  The cu t  growth  r e s i s t a n c e  
rubbi^  *er was removed in  lumps by t h e  a b r a s i v e .

t h e  a b r a s i o n  r e s i s t a n c e  was improved
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10 high m a t r i x  s t r e n g t h .  There uas r i d g e  fo r ma t ion  in  

" T u ic a n i a a t e s  and b l e n d s  as seen from f i g u r e s  ( 3 . 2 . 1 5

Gum XNBR and ISAF b l a c k - f i l l e d  XNBR showed high 

^ l o o  r e s i s t a n c e  and fo l lowed  f r i c t i o n a l  t yp e  wear (F i g .  

j5 and Fig.  3 . 2 . 1 6 ) .

The gum b le nd  showed a b r a s i v e  type  of  wear (F i g .

I 1.17)* Here t h e  a b r a s i o n  r e s i s t a n c e  was b e t t e r  t h an  pure

p i  due to h ig h e r  m a t r i x  s t r e n g t h .  At low lo ad in g  of  ISAF

4ijftck (20  phr)  a l s o ,  t h e  b l end  showed th e  a b r a s i v e  typ e  of

and a t  h i g h e r  l o a d i n g  of ISAF b la c k  (40 phr )  t he

jlK^Aniini of wear changed from a b r a s i v e  to  f r i c t i o n a l  t ype

3.2.18 and F i g u r e  3 . 2 . 1 9 ) .  In EXblS 40 (F i g .  3 . 2 . 1 9 )

IM ridge h e ig h t  was c o n s i d e r a b l y  reduced and th e  spac in g

the r i d g e s  became l e s s .  I t  i s  known t h a t  r e d u c t i o n

ridge h e i g h t  and c l o s e r  spac i ng  of r i d g e s  a re
3 0• n U i a t a t  ions of  h igh  a b r a s i o n  r e s i s t a n c e

I t  i s  noted  from t h e  above d i s c u s s i o n  t h a t  t h e  s e l f -  

•rtfWilied rubber  b l e nd  sys tem i s  s i m i l a r  t o  c o n v e n t i o n a l  

v u l c a n i s a t e s  as  r e g a r d s  t h e  i n f l u e n c e  of f i l l e r .

• s i l i c a  r e i n f o r c e m e n t  in  such b l end  o c c u r r e d  even in  

of c ou p l in g  ag en t  and th e  e x t e n t  of s i l i c a  

*^^®fc«»ent was s i m i l a r  t o  th e  r e i n f o r c e m e n t  by ISAF b l a c k .

• of r e i n f o r c e m e n t  fol lowed th e  o r d e r ,  SRF < ISAF -

^®inforcement cou ld  be r e l a t e d  w i t h  t h e  polymer-  

■‘̂ *^^®ract ion . An i n d i c a t i o n  of t h e  po lymer - f  i  11 er
tK ,..

could be o b t a i n e d  from th e  Kraus p l o t  . I t  has 

e lsewhere t h a t  bo th  ENR and XNBR . v u l c a n i s a t e s  a r e
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32 33
A bv s i l i c a  in  t h e  absence  of  c ou p l in g  agent  *

Tb« Vro/Vrf  a g a i n s t  0 / ( 1 - 0 )  i s  shown in

•* 2 20 The s l o p e  of t h e  p l o t  was maximum in  s i l i c a -
H i * *  ■

and minimum in SRF b l a c k - f i l l e d  b l end .  The s l o p etA«nu

ISAF b l a c k - f i l l e d  b l end  was c l o s e  to  t h e  s i l i c a - f i l l e d

Accordingly,  we obs e rved  t h a t  p o l y m e r - f i 11er

et lon in c r e a s e d  in  t h e  o r d e r  SRF < ISAF £  s i l i c a .  I t  

noted e a r l i e r  i n  t h i s  s e c t i o n  t h a t  r e i n f o r c e m e n t  in  

p r o p e r t i e s  a l s o  fo l lowed  t h e  same o r d e r .  The p l o t  of 

t t m i f  ■odulus v e r su s  volume f r a c t i o n  of f i l l e r  i s  shown in  

The i n c r e a s e  in  r e l a t i v e  modulus wi th  f i l l e r  

f  i n l i M  *1*0  fo l lowed th e  same t r e n d .  A ccord ing ly ,  i t  was 

ilH M ed  th*t f i l l e r  r e i n f o r c e m e n t  of  t h e  s e l f  v u l c a n i s e d  

*r«bb«r blend sys tem was s i m i l i a r  t o  th e  f i l l e r
.CP
f4l4#fsfeeeent of c o n v e n t i o n a l  r u b b e r  v u l c a n i s a t e s .

If

fop comparison,  s t u d i e s  of two c o n t r o l  sys tems  based  

' ?  t t l l  Alon* and ENR a lo n e  a r e  i n c l u d e d  h e r e .  These mixes 

in  auch a way as  t o  have s i m i l a r  c r o s s l i n k  d e n s i t y

* **^^**Ponding b lend  mixes.

3 .2 .12  shows p r o p e r t i e s  of XNBR-ENR b le n d  and

^  ® ' ^ ^ I c a n i s a t e s , f o r  bo th  gum and f i l l e d  sy s t e m s .
, h o^  h i gh e r  r e s i l i e n c e  and lower  compress ion  s e t

t k t
cor responding  c o n t r o l  ENR and XNBR v u l c a n s a t e s .

ig^
®*link d e n s i t y  of t h e  b l end  was s i m i l a r  t o  t h e  

1 lig ^ ^
c o n t r o l  r u b b e r s ,  t h e  d i f f e r e n c e  in  t h e  

^'^Id be a s c r i b e d  to  t h e  ty pe  of v u l c a n i s a t e
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twork s t r u c t u r e .

^^ p « ra tu r e s  and r a t e s  a g a i n s t  e l o n g a t i o n  a t  b re a k  on a
'  ̂ 34 35s c a l e  g e n e r a t e s  a a i a a t e r c u r v e . Ssaith * termed

flili ■aa te rcu rve  as  f a i l u r e  enve lope .  F a i l u r e  envelopes

g«0 #r»ted by t e a r  and t e n s i l e  r u p t u r e  measurements  were done

^  Grtensmith^^. The f a i l u r e  enve lopes  of SBR r u b b e r  was
f 3 7by Landel and Fedors . Bhowmick e t  a l . an a ly se d

fht f a i l u r e  of carbon  b l a ck  f i l l e d  NR and SBR

t»lt*nl««tea^^ ’ . This  s e c t i o n  d e a l s  w i th  t h e  f a i l u r e

ifeV«lop« gene ra t ed  by th e  s e l f - v u l c a n i s e d  ENR-XNBR b le n d .

|*|»C Fai lure  Envelope

Plot of t e n s i l e  s t r e n g t h  v a lu e s  o b t a in e d  at d i f f e r e n t

:

The t e n s i l e  s t r e n g t h  d a t a  of t he  1:1 ENR-XNBR blend 

At d i f f e r e n t  t e m p e r a t u r e s  and r a t e s  were mod i f i ed  by

• ^ N i c t i o n  f a c t o r .  298/(298+T)» where T was t h e  working 

in Kelvin .  The p l o t s  of b r ea k i ng  s t r e s s  a g a i n s t

^ t l o n g a t i o n  f o r  t h e  b lend i s  g iven  in  F ig .  3 . 2 . 2 2 .
■-I'Vj

^  observed t h a t  t h e  s e l f - v u l c a n i s e d  b l e nd  y i e l d e d  a

•*' ' '«lope when t e n s i l e  s t r e n g t h  o b t a i n e d  a t  d i f f e r e n t  

‘•tmri

l o g a r i th mi c  s e a l e .

^ * i lu re  envelope  g e n e ra t e d  by t h e  b l end  was 

^ of co nv en t i o n a l  rubbe r  v u l c a n i s a t e s  * • At

 ̂ r ' a n d  h igh  s h e a r  r a t e s .  t h e r e  was an

j • ^ ' “•ngth  w i t h  a r e d u c t i o n  of e l o n g a t i o n  a t  b reak .• iC * V

if 5



¥
t e m p e r a t u r e s  t h e  t e n s i l e  s t r e n g t h  d e c r e a s e d

' ‘Nl*

«T

n ‘

The c o - e f f i c i e n t  of  f r i c t i o n  of  m ol ecu le s  was 

ow t e m p e r a t u r e .  Hence,  g r e a t e r  energy  was r e q u i r e d  

t e m pe ra t u r e  and h i g h e r  s h e a r  r a t e s  t o  b re a k  t h e

At lower  t e m p e r a t u r e  t h e  energy d i s s i p a t i o n  in  t h e  

i s  h i g h e r  and t h e  t e n s i l e  s t r e n g t h  of  e l a s t o m e r s  

I* governed by t h e  e x t e n t  t o  which t h e y  d i s s i p a t e  t h e  energy  

4 «fornation^*^ ’ - So a t  lower  t e m p e r a t u r e  th e  t e n s i l e

tt r tngth was h ig h ,  bu t  a t  h i g h e r  t e m p e r a t u r e  bo th  t e n s i l e  

And e l o n g a t i o n  a t  b reak  was low.

Under c o n s t a n t  s t r a i n  s t r e s s  of a r u b b e r  v u l c a n i s a t e  

wi th t ime .  Th i s  i s  c a l l e d  s t r e s s  r e l a x a t i o n .  

HfMt r«I  a x a t i o n  in  r u b b e r  v u l c a n i s a t e s  has  been w id e ly  

I t  was shown by Gent^^ t h a t  bo th  gum and 

bUck f i l l e d  n a t u r a l  r u b b e r  v u l c a n i s a t e s  showed l i n e a r  

^ ♦ 1* of s t r e s s  a g a i n s t  l o g ( t i m e ) .

1ft t h i s  s e c t i o n  t h e  r e s u l t  of  s t r e s s  r e l a x a t i o n  

on s e l f - v u l c a n i s e d  ENR-XNBR b le n d  i s  r e p o r t e d .  For 

®ft. s t r e s s  r e l a x a t i o n  d a t a  of  s i n g l e  ENR and XNBR 

•*t«a a re  in c l ud ed  a s  c o n t r o l .

R e la xa t io n

'Elat ion of t h e  mixes a r e  shown in  Tab les  3 . 2 . 1 ( a ) .
3 7 ,

® s t r e s s  a t  su bs eq ue n t  t i m e s )  v e r s u s  l o g ( t )  

S3- 3 . 2 .2 3  and 3 . 2 . 2 4 .  The s t r e s s  r e l a x a t i o n



 ̂ V s t r e s s  r e l a x a t i o n  behav iour  of a l l  eum

- cou ld  be f i t t e d  in  two s t r a i g h t  l i n e s  as
J 4 9-52 ̂ -ar*i ier  f o r  u n f i l l e d  rubbe r  v u l c a n i s a t e s  . The

/ ♦he second l i n e  was l e s s  t han  t h e  s l o p e  of t h e  f i r s t  
; of

S"^- TKlfl showed t h a t  t h e r e  were two d i f f e r e n t  r e l a x a t i o n
llftt.

o p e r a t i n g ,  i n  th e  t ime range  s t u d i e d .  The f i r s t  

t ion could be due to  smal l  segments  or  domains of 

chains^® and th e  second due t o  r ea r r an ge men t  of 

chains  or  aggregates '*^ .  I t  was observed t h a t  t he

■ (j§l *f t«r  which t h e  s l o p e  changes was h igh  f o r  ENR and low 

IMBR, while t h e  b l end  had a va lu e  which was inbetween the  

fM aln«U ru b b e r s .  The s l o p e  (of  t h e  f i r s t  p r o c e s s ) .  which 

of t h e  r a t e  of r e l a x a t i o n ,  was h igh  f o r  XNBR 

low for ENR w h i l e  t h e  b l end  showed an i n t e r m e d i a t e  

i ^ V l o u r .  The c o m p a r a t i v e l y  high s t r e s s  r e l a x a t i o n  of XNBR 

•HU b« due to  t h e  h i gh  h y s t e r e s i s  caused  by io n i c

:Wi«Unk» in XNBR ' -

Th« s l op es  of a l l  mixes i n c r e a s e d  w i th  a d d i t i o n  of 

fWUr ■hewing t h a t  f i l l e r  i n c r e a s e d  th e  s t r e s s  r e l a x a t i o n  

The i n t e r c e p t  on t ime a x i s  (Tab le  3 . 2 . 1 3 )  s h i f t e d

•  higher t ime showing t h a t  t h e  g r e a t e r  p o l y m e r - f i l l e r  

a f f e c t e d  th e  s t r e s s  r e l a x a t i o n  of molec u la r

s t r e s s  r e l a x a t i o n  behav iour  of t h e s e  v u l c a n i s a t e s  

t ha t  t h e  s e l f - v u l c a n i s e d  ENR-XNBR b le nd  behaved

o b t a in e d  are  shown in  T a b l e  3 . 2 . 1 3 .

i p '

'• **^tional r u b b e r  v u l c a n i s a t e s .
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a

1(a)  : Fo rm ula t io n  o£ XNBR-ENR Blend Mixes'
« 3**‘____________________________________________________

EXb
Exb
SilO

Exb
Si20

Exb
Si30

50

l i iK »

50

50

10

50

50

20

50

50

30

Exb
Si40

50

50

40

• i«r*«l*tion i a  in  p a r t s  by weifiht

S ( p r e c i p i t a t e d  s i l i c a ) ,  o b t a i n e d  from Bayer ( I n d i a )  Ltd

UJillJUL



finulalion of XNBR-ENR Blend Hixes*

Eifc Exb Exi> Exb Exi) Exb Exb Exb Exb Exb Exb Exb
JS5 IS10 IS15 1S20 IS30 IS40 SR5 SR10 SR15 SR20 SR30 SR40

i  50 50 50 50 50 50 50 50 50 50 50 50

ffl) 50 50 50 50 50 50 50 50 50 50 50 50

5 10 15 20 30 40

5 10 15 20 30 40

ll iR parts by weight

p;

■%r ■

1 . 
r

..iL
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•̂{ « . ForiBulat ion of  Con t ro l  Mixes
t l * *  *

E Ec Es X Xc

c 2 2 1 ) 100 100

100

0.25

5

100

0.25

5

2

20

100

0.25

5

2

20

2

5

2

20

i

1 .6

2.4

0.3

1

2 . 8

1

2 .8

1

2.4

1

2.4

I  :j^ifPul*tion i s  i n  p a r t s  by weight  
g ? i t r*a« thyl th iu ra in  d i s u l p h i d e

I ’f i y d i e t h y l e n e b e n z o t h i a z o l e  ~ 2 - sulphenamide

I  .

V"

''iff;
8 8

Xs

100

5

2

20

1

2.4



♦ Cure C h a r a c t e r i s t i c s  of  D i f f e r e n t  Blends

EXb

Booney v i s c o s i t y

35

7.0

y|»COrch t ime a t

,#lo.

Xo

torqu* a t

t e i f  t* rqu«  a t
[a 10 p i n  . ) dN. m 37

biM torqu« at

torqu* a t  
!f(il 40 ninOciN.m 62

Exb
SilO

43

6. 1

53

Exb
Si20

59

5.0

10

58

Exb
S130

66

4.3

74 91

17

76

12

100

Exb
Si40

100

3.0

25

96

20

118

89



duracterislics of Different Blends

r fc Exb Exb Exb Exb Exb Exb Exb Exb Exb Exb Exb
^  IS10 IS15 IS20 IS30 IS40 SR5 SR10 SI15 SREO SR30 SR40

3, 43 43 58 63 34 39 3? 39 11 49

JO 5_o 4_8 4.5 6.7 5.8 5.7 5.3 5.2 5.1

9 10 13 13 9 9 10 10 10 11

54 62 76 86 48 50 52 57 60 69

8 10 10 7 7 8 8 8 8

klNt A
llh ilJ il.t 75 87 92 92 113 130 69 75 84 88 106 109



p -

jy.* '

rt i re C h a r a c t e r i s t i c s  of Con t ro l  Mixes.
■’M - *  ’

E Ec2. Es^  X Xc^ Xs^
--------------------------------------------------------------

^ ^ ^ 120*C 5 9 6 40 50 53

^ c h  t i » e

10.0 6 .5  20.0  3 .8  2 .0  2.5

l ^ ^ v t  at  2 3 2 11 12 12
F>~

t*M«* 33.0 80.0  63.0  87.0 115.0 118,0
A *

— -----------------------------------— ---------------------------- — ---------------- ----------- -------------------------------- -----------------------------------

i l  {SAF b l a c k - f i l l e d  

H $ k r  S i U c a - f i l l e d
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Rate c o n s t a n t  (k)  of v u l c a n i s a t i o n  of t h e  b l end  and
■ c o n t r o l  mizes a t  150'C and 18Q-C.

I

Rate  c o n s t a n t ,  k ,  min ^ xlO

4 U c k - f i l l e d -

I l l l c a - F i l l Q C l -

E X Blend

150*C 180"C 150*C 180*C 150*C 180*C

12.3 72.3 7 .0  23.6 3.3 3.8

21.0 194.6 7.0 26.2 3.2 4.6

3.7 6.9

Exb, ExbIS 20 and ExbSi 20 (Table  1)

f r * ' .  \  * 

,c .  .

i z l t i  I A c t iv a t io n  Energy fo r  v u l c a n i s a t i o n

A c t i v a t i o n  energy , E, kJ /mole.

l * C k - £ i l l e d -

f i U t d ^

E

77

86

X

34

43

B1 end 

65 

65 

70

Exb, ExbIS 20 and ExbSi 20 (Table  1)

1' •
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E f f e c t  of Moulding Time a t  150*C on P h y s i c a l  
P r o p e r t i e s  of 1 : IXNBR-ENR b lend .

Gum ISAF b l a c k -

Houlding.min 30 45 60 30 45 60

MPa

C> • 1 • ^S i l i c a -

30 45 60

loo t 0.5 0 .8  0.8

1.0 1.5 1.5

0.6 0 .7  1.1 1 .3  1.4 1.5

^  loot , MPa 1.0 1 .5 1.5 2.9  3.3 4.3 2.7 3 .6  4 .2

300% , MPa 2.0 2 .8  3.2 6.2 7.0 8.9 5 .3  7 .1  9.2

t i  i t r«ngth.HPa 3 .0  3.1 3.2 17.0 16.0 13.5 12.0 12.0 13,0

t U n * t  b r e a k , % 340 310 300 500 470 410 400 370 370

iiftAithp kN/m 17.0 16,0 12.6 53.0 47 . 0 38.0 33 .0  29 .0 29.0
---- -------------------------------------------------------------------------------------------------

,  >

I  M 10 phr loading

S t - :  ...
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j  g . E f f e c t  of Mouldinfl t e m p e r a t u r e  a t  C ons tan t  Moulding Time 
t* ’ of 60 minu tes  on P h y s i c a l  P r o p e r t i e s  of 1:1 XNBR-ENR Blend

J00». HP a 

I# t t r t n f t t h ,UPa

i $ n  «t break ,  i:

^ • n g t h ,  kN/m
'P

iihor« A

At 4 0 ‘ C.  %

1m lota ,  cc /h r

lUn i t t  a t  7 0 - C  12
M m I

Gum ISAF b l a c k — S i l i c a

150’ C 180*C 150*C 180*C 150*C 180*C

3.2 - 8.9 - 9 . 2 -

3.2 3.2 13.5 1 0 . 0 13.0 8 . 0

300 200 410 200 370 200

1 2 . 6 1 1 . 8 38.0 27.0 29 . 0 23 . 0

47 50 58 60 57 74

69 74 61 67 64 70

4.5 3.7 1 . 6 1 . 1 1. 4 0 . 9

12 4 14 6 12 7

:h
if
mm.

17 11 26 21 22 18

0 . 6 0 .5 1.3 0.5 1 . 0 0.5

0 . 1 2 0.18 0.17 0 .24 0.15 0.19

^  to phr load ing

te m p e ra t u re ,  50*C

•Jv-;
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F i l l e r  l o ad in g  ( p a r t s  pe r  100 of r u b b e r )

9 : p h y s ic a l  P r o p e r t i e s  of ISAF B lack  F i l l e r  1 : 1  XNBR-ENR Blend

Iloulded at 1 5 0 " C  for  60 M in u t e s .

, 'jOOt. WPa

i t r « n f t t h » f l P a

tloD «t b reak ,  % 

kN/ra 

g,Shore A
> •

Atet At 40*c» ^
A'

Im  lo t i,  cc /h r  

lllon l e t  a t  70*C

-up by Goodrich 
tttr with a load of 

t t rok* of 4.5 mm.

% f i i u  \

0 5 10 15 20 30 40

3.2 3.3 4.0 6.4 8 .9 1 1 . 6 15.9

3.2 5.2 8 . 6 10.7 13.5 15.0 17.8

300 395 460 410 410 350 340

12 . 6 25.8 28.4
i

29.0 38.0 46 . 7 55.0

47 49 53 55 58 67 76

69 65 63 62 61 52 48

4.5 3.6 1 . 8 1.7 1 . 6 1 . 1 0.7

12 13 14 14 14 15 17

17 19 21 25 26 30 33

0 . 6 1 . 1 1 . 2 1.3 1.3 1 . 6 1 . 6

0 . 1 2 0. 13 0 .14 0.15 0.17 0.19 0.2C

® A*bl*nt t em pe ra tu re  50*C

jtji 
V ••
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P h y s ic a l  P r o p e r t i e s  of  SRF B la c k  F i l l e d  1 : 1  XNBR-ENR B l e n d

Moulded at 15 0 * C  for 60 M i n u t e s .

F i l l e r  l o a d i n g  ( p a r t s  per  100 of  r u b b e r )

300t» MPa 

rlli • t rength.MPa 

lion at  b reak ,  

i t f tngth,  kN/m 

g,Shore A 

liMC* *t 4G*C,

Im \ o b » , c c / h r  

FMiton sttt a t  70*C 
\

NUd-up by Goodrich 
v l t h  a l oad  of 

M **<1 • t roke of 4.5  mi

4T*'C

• • t ,  %

0 5 10 15 20 30 40

3.2 3.7 4.9 6.3 7.3 7.6 9 .8

3.2 5.2 7.6 9.2 10.5 11.5 14.5

300 310

26.0

385 390 390 440 460

12 . 6 28.0 29 . 5 30 . 9 36.0 47.0

47 48 49 51 55 60 65

69 69 68 68 66 59 57
>

4 . 5 2.7 2 . 1 1 . 8 1 . 6 1.5 1 . 0

12 13 14 15 16 16 16

1.

17 18 19 20 21 23 30

0 . 6 0 . 6 0 . 6 0.7 0.7 0.7 1 . 0 >

0 . 12 0.13 0.13 0.14 0 .15 0.16 0 .18

tempera tu re  50*c
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Moulded

,^oo» , HPa 

^ i ^ t r « n g t h , I l P a

«t break,   ̂

'fiitQflth, kN/m 

<ihor« A 

At 40*C, 

cc /h r

Uft t t t  a t  70*C
I

r«p by Goodrich 
..]•? Vlth a load of 
i i i i  i t r o k t  of 4.5 mi

150*C fo r  60 Minutes .

F i l l e r loadirifi ( p a r t s pe r  100 of  rubbe  )

0 10 20 30 40

3.2 5.0 9.2 13.4 16.0

3.2 8 . 0 13.0 15.3 18.0

300 400 370 330 330

12 . 6 26.0 29.0 40.0 49 . 7

47 51 57 67 76

69 64 64 60 55

4.5 1.9 1.4 1 . 1 0 .76

12 12 12 15 16

1.

17 19 22 24 30

1.6 1 . 0 1 . 0 1 . 1 1.4

1.12 0.13 0.15 0.19 0 . 2 0

‘i tn t  t em pera tu re ,  50*C
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"it*.'

P h y s i ca l  P r o p e r t i e s  of XNBR-ENR Blend 
wi th  Con t ro l  XNBR and ENR Systems.

100%. WPa

W *ft« th ,  kN/m 

«ihor« A 

«ftf« At 40*C.% 

l l i i l o f* ,  cc /h r  

klM l i t  a t

'»•? by 
l l#XOSttt«r 

« IM4 or 24 Ib 
^ #f 4 . S nm

E X Exb Ec Xc EXb
IS20

Es Xs EXb
Si20

1 . 2 3.9 3.2 9 .0 15.5 8 . 9 6.9 13.0 9.2

4 . 2 18. 7 3 .2 23.0 24.0 13.5 18.0 25.1 13.0

650 470 300 595 380 410 500 400 370

18 . 4 34 . 2 12  . 6 49.0 69 . 7 38 . 0 39 . 0 60 . 7 29.0

30 69 47 61 83 58 53 81 57

56 62 69 49 54 61 49 52 64

19 . 0 0 . 05 4 . 5 1 . 0 0 . 1 1 . 6 4 . 6 0 . 1 1

16 70 12 35 53 14 23 45 12

20 17 16 58 26 18 41 22

1 . 6 - 0 . 6 7 .3 4 . 2 1.3 8 . 0 13.0 1 . 0

0.09 0.05 0 . 1 2 0 . 12 0 . 1 0 0.17 0 . 1 2 0.16 0.15
-------- -------- » ̂  ^ ̂ _ ̂  M M M _______

‘i t o t t« B p e r a t ure  50•C.
’{»'
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3.2.13 : R e s u l t s  of s t r e s s  r e l a x a t i o n  measurements fo r  
t h e  gum and f i l l e d  v u l c a n i s a t e s

f  : Ear ly

Slope

La te r

I n t e r c e p t  p o i n t  
---------  on t ime  a x i s  ( s e c )

m

.03 . 02 600

i n i .09 .06 400

(Exb) .05 . 02 450

. 04 . 02 2500

¥ :
.09 . 08 80

iii»4(lxbIS20) .05 .03 1000

A i r*(*rnc« : Table Nos . 3 . 2 . 1 ( a ) , 3 . 2 . 1 ( b ) ,  3 . 2 . 2
'r,«‘ V \ .



Time , minutes
F i g u r e  3 . 2 . 1  : R h e o g r a p h s  o f  gum 1 ; ]  ENR-XNBR b l e n d  a t  d i f f e r n n t  f

a n d  o f  c o n t r o l  gum XNBR a n d  ENR m i x e s  a t  1 5 0 ° C ?   ̂ t  u r

-'S



•• v<- K 'V

*. ;i'-?i

F i g u r e  3 . 2 . 2
T i m e ,  m i n u t e s

« R h e o g r a p h s  a t  150  C,  o f  ENR y m r r  -v j  i n

w i t h  2 0 p h r  l o a d i n g  o f  I SAF b l a C .  SRF b i  L f a n T s  ^  i  c : "  f  i  f  j



25 30 35

l i m e ,  m i n u t e s

F i g u r e  3 . 2 . 3 R h e o g r a p h s  a t  ISO' ^C o f  t h e  1 : 1  ENR- XNBR b l e n d  f i l l e d  w i t h  
d i f f e r e n t  l o a d i n g s  o f  I SAF  b l a c k  f i l l e r .



i*--

i-'.A

% c
>'•*

5r̂

ifi

^ y ^ - M  '

■ ■• ;<•: ■ 5̂»r..%<â-v-iv----'-v̂:?i;

F î gur e  3 . 2 . 4

T i m e ,  m i n u t e s

P l o t  o f  I n  (Moc- M) v e r s u s  t i m e  
f o r  t h e  gum 1 : 1  ENR-XNBR b l e n d  
a t  15 0 ° C .  •



F i g u r e  3 . 2 , 5 P l o t  o f  l o g  c u r e  r a t e  ( l O g  k )  v e r s u s  r e c i p r o c a l  o f  
a b s o l u t e  t e m p e r a t u r e  f o r  1 : 1  ENR-XNBR b l e n d  a n d  
f o r  t h e  b l e n d  f i l l e d  w i t h  20  p h r  I S AF  b l a c k  a n d  
s i l i c a  f i l l e r .



ri'--

a
a.
2

I/I

F i g u r e  3 . 2 . 6 T e n  s i  1 
gum 1 ' 
u n d e r  
m o u I d i  
A)  150  
C)  150  
E)  170

e s t r e s s - s t r a i n  b e h a v i o u r  o f
1 ENR-XNBR b l e n d  m o u l d e d  
d i f f e r e n t  c o n d i t i o n s  o f  
n g  t i m e  a n d  t e m p e r a t u r e
° C  / 3 0 m i n ;  B) 1 5 0  C 4 5 m i n ;  
° C / 6 0  m i n ;  D) 1 6 0  C / 6 0 m i n ;  
° C / 6 0  m i n ;  F ) 1 8 0  C / 6 0 m i n .

■<>V

•K E5W



3 . 2 . 7

it  i '  ^ zL *■ ■ ■

T e n s i l e  s t r e e s - s t r a i n  b e h a v i o u r  o f  1 : 1  ENR-XNBR 
b l e n d  f i l l e d  w i t h  20  p 'h r  TSAF b l a c k  a n d  m o u l d e d  
u n d e r  d i f f e r e n t  c o n d i t i o n s  o f  t i m e  a n d  t e m p e ­
r a t u r e .

A) 1 5 0 ° C / 3 0  m i n ;  B) 1 5 0 ° C  I 45 m i n ;

C)  1 5 0 ° C  / 60 m i n  ; D) 1 6 0 ° C  / 60 m i n ;

E)  1 7 0 ® C / 6 0  m i n ;  F )  1 8 0 ^ C / 6 0  m i n .



■jfe,...'

1̂ .-

aQ.
2

S t r a i n ,  X

K»:

*v

* 3 , 2 . 8  : T e n s i l e  s t r e s s - s t r a i n  b e h a v i o u r  o f  1 : 1  ENR-XNBR 
b l e n d  f i l l e d  w i t h  20  p h r  s i l i c a  a n d  m o u l d e d  
u n d e r  d i f f e r e n t  c o n d i t i o n s  o f  t i m e  a n d  t e m p e r a t u r e

A) 1 5 0 ° C / 3 0 m i n ;  B)  1 5 0 ° C /  4 5 m i n ;

C)  1 5 0 ° C  / 60  m i n ;  D)  1 6 0 ° C  / 60 m i n ;  E ) 1 7 0 ° C / 6 O m i n ;

A) 1 5 0 °

C) 1 5 0 °

F) 1 8 0 °



‘K
K ;

\U:;.

- 'I '
;i-'

O
Q.
2

v>
w
•*
</>

3 . 2 .

S t r a i n  , %

T e n s i l e  s t r e s s - s t a i n  p l o t s  o f  1 : 1  ENR-XNBR 

b l e n d  f i l l e d  w i t h  d i f f e r e n t  l o a d i n g s  o f  

I SAF b l a c k ,  m o u l d e d  a t  1 5 0 ° C  f o r  60 m i n .

'I

-7------- - i.".'g»T



>

5̂-̂V. .*

7 ^
=N.-.‘

Lh.tr:t̂-.-

LSj,_
K.* r  -•..:5*

’.'*. f- 
!y.>-?̂ r-

I' *'-’

I’ii

o
CL
z

•>

vrt
w
»/»

'K'-
J - 2 . 10  

:1

S t r a i n  , %

T e n s i l e  s t r e s s - s t r a i n  p l o t s  o f  1 : 1  ENR-XNBR 

b l e n d  f i l l e d  w i t h  d i f f e r e n t  l o a d i n g s  o f  

s i l i c a  m o u l d e d  a t  1 5 0 ^ C  f o r  60 m i n .

W‘
'■ '■%.

.r

'.v: s" V
f  --iT' ^

T"T!*a?



4

■>>

,V;SV.

/:'X,

v*i

K ''”
:^#»re . 3 . 2 . 1 1  : T e n s i l e  s  t  r  e s  s  -  s  t  r  a i n  p l o t s  o f  1 : 1  ENR- XNBR

b l e n d  f i l l e d  w i t h  d i f f e r e n t  l o a d i n g s  o f  SRF 

b l a c k ,  m o u l d e d  a t  1 5 0 ° C  f o r  60  m i n .

4'



HV I- * • P lo ts  of r e l a t i v e  r ap t u r e  energy  v e r s u s  f i l l e r

l o a d i n g  f o r  I S A F  b l a c k ,  SRF b l a c k  a n d  s i l i c a

f i l l e d  1 : 1  ENR- XNBR b l e n d .



i

» v
'A*.,

\ * tA ^

k t - .

v̂ *".

S c a n n i n g  e l e c t r o n  m i c r o g r a p h s  
o f  g u m ENR v u l c a n i z a t e  
s h o w i n g  c o a r s e  a b r a s i o n  
pa  t t e r n  .

F i g .  3 . 2 , 1 5 :  A b r a d e d  s u r f a c e  
o f  g u m XNBR v u l c a n i z a t e  
s h o w i n g  c l e a r  s u r f a c e .

a»k%. ' :*'S. ijv.:

2 3

HP?

i9.

* C
c a n n i n g  e l e c t  r o n  

“ i c r o g r a p h  o f  f i l l e d  
i : °  I S AF  b l a c k )

•' v u l c a n i z a t e  s h o w i n g  
S e r i a l  r e m o v a l  .

F i g . 3 . 2 . 1 6 :  A b r a d e d  s u r f a c e  
o f  20  p h r  I S AF  b l a c k - f i l l e d  
XNBR v u l c a n i z a t e  s'lTO\Srrn'g-- 
f i n e  a n d  c l o s e l y  s p a c e d  
r i d g e s .



: . - ' b r a d e H s u r f a c e  
i t i  XiNBR b l e n d  s h o w i n g '

t y p e  o f  w e a r .

F i g . 3 . 2 . 1 8  : A b r a d e d  s u r f a c e  
o f  1 : 1  ENR- XNBR b l e n d  f i l l e d  
w i t h  20  p h r  I S AF  b l a c k  s h o w i n g  
r i d g e s  w h i c h  a r e  n o t  c l o r e l y  
s p a c e d .

F i g . 3 . 2 . 1 9  : A b r a d e d  s u r f a c e  o f  1 : 1  
ENR- XNBR b l e n d  f i l l e d  w i t h  4 0  p h r  
I S A F  b l a c k  s h o w i n g  c l o s e l y  p a c k e d  
f i n e  r i d g e s .



■ iW IW

hOOO

o
V .

>

0 * 8 8 3

0-766

0 -6S0  -

0-S33 -

0 - ^ 1 6  -

1 0 16ft
" ■ r -

0-300

0 - 7 S 0
1

F i g u r e  : 3 . 2 . 2 0  : K r a u s  p l o t s  f o r  I S A F  b l a c k ,  SRF b l a c k  a n d  s i 1 i c a - f i 1 1 e d  1 : 1

E N H - X N B R b l e n d .



0 - 0 A 7 5 0 - U 2 5

Figure 3.2.21

0 - 0 9 5 0  

V o l u m e  l o a d i n g  M  f i l l e r
V a r i a t i o n  o f  r e l a t i v e  m o d u l u s  w i t h  v o l u m e  f r a c t i o n  o f  f i l l e r  l o r  

1 : 1  ENR- XNBR b l e n d  f i l l e d  w i t h  s i l i c a ,  I S A F  b l a c k  a n d  SRF b l a c k  

a n d  m o u l d e d  a t  1 5 0 ° C  f o r  6 0  m i n .

0 - 1 9 0 0
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lir

M

Hr*'-.

Dynamic m ech anical  p r o p e r t i e s  g i v e  id e a s  about the 

of m olecular  m otion ,  s t r u c t u r a l  h e t e r o g e n e i t i e s ,  

"Lnihology m u lt ip h a s e  syste m s ,  and polymer-f i 11 er

^ *c t io n  in  rub b er  v u l c a n i s a t e s . G l a s s  t r a n s i t i o n  

r»ture or Tg v a l u e s  depend on f l e x i b i l i t y  of the

■ - j. c h a i n s ^ ^ ’ ^ ^ .  The  dynamic m echanical  c h a r a c t e r i s t i c s

|Ui *nd f i l l e d  r u b b e r s  have  been  i n v e s t i g a t e d  and it  has 

^  ihown that a d d i t i o n  of  f i l l e r  u s u a l l y  does not change 

.v|fct However,  hifihly  r e i n f o r c i n g  f i l l e r s  are  known to

\M m W  the damping p e a k  h e ig h t  and i n c r e a s e  the  w idth

f i W i n a  peak
5 5 , 5 6

Thl« s e c t io n  r e p o r t s  the  r e s u l t s  of  s t u d i e s  on the

ill • • c h a n i c a l  b e h a v i o u r  of  b i n a r y  b le n d s  of  ENR and XNBR 

t* ■■
l^fCiftl r e fe ren c e  to Xhe  e f f e c t  of f i l l e r s ,  ISAF b l a c k ,  

(Ok and s i l i c a .

■J:}

1 esL M e c h an ic a l  P r o p e r t i

of B l e n d i n g

at ions of th e  a i x e s  are  shown in  T a b l e s  3 . 1 . 1 .

3 . 2 . 1 ( b ) .t * )

^ *«p ing  p lo t s  o :  c o n v e n t i o n a l l y  v u l c a n i s e d  ENR and

.c a n i a e d  b i n a r y  b le n d  of  ENR and XNBR are

3 . 3 . 1 .  T h e  c o n v e n t i o n a l l y  v u l c a n i s e d  ENR and 

to a  -ime c o r r e s p o n d in g  to th e  same 

; torque r i s e  a_E tha t  of  the  b i n a r y  b l e n d .  ENR 

* t  -3°C alcT^g w i t h  tan  6  peak  v a l u e  of  1-90,

l o a
W--



XNBR showed Tg at -8 °C  and tan ^ peak v a l u e  of  0 . 9 0 .  

jug binary b l e n d  showed Tg at -1 G°C and tan S peak  v a l u e  of 

I 4S damping b e h a v i o u r  is  r e l a t e d  to c h a i n  f l e x i b i l i t y

^  ^ree volume of the  p o l y m e r ^ ^ ’ . The h i g h e r  c h a i n  

^ j ^ jb i l ity  and lower  Tg of  the  se l  f - vul c a n i s  ed ENR-XNBR 

|]tod were l i k e l y  to be due to the  f l e x i b l e  e s te r

C l (•
It was i n t e r e s t i n g  to note  that the  ta n  peak  

|«i|bt of b le n d  o c c u p ie d  a p o s i t i o n  w hich  was i n b e t w e e n

two a ingle  r u b b e r s .

Plots of  v i s c o u s  modulus v e r s u s  te m p e r a tu r e  and

tiiitlc Bodulus versus  te m p er a ture  are  shown in  F i g u r e s  3 . 3 . 2  

iM i . ) . 3  r e s p e c t i v e l y .  As in  the case  of damping p l o t s  the  

Hilt o( vise  ous modulus and e l a s t i c  modulus o c c u p i e s  a 

which was inb e tw e e n  the  control  r u b b e r s  but  the  

from g l a s s y  to r u b b e r y  r e g io n  s t a r t e d  at an 

t*nperature  than the  control  m ixes .  As s t a t e d

• thia could  be a s c r i b e d  to the  i n c r e a s e d  c h a i n

* ot the  s e l f - v u l c a n i s e d  b le nd s  than  the 

v u l c a n is e d  s i n g l e  r u b b e r s .

J . J .4 shows the  damping p lots  of  the  b i n a r y  

**iised at two d i f f e r e n t  te m p e r a tu r e s ,  1 8 0 ° C  and

consequence  of  t h i s ,  Tg was s h i f t e d  to 

and the h e i g h t o f damping peak  r e d u c e d .

I   ̂ ' " ' " ' E  OF
■ - . R Y
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'■5/ ■

I Blend Ratio Variat ion
> »

Xtie e f f e c t  of  b le n d  com po sit ion  on the  damping 

^ ^ ^ j o u r  j-3 shown in  F i g .  3 . 3 . 5 .  Exc c o n t a in e d  a h ig h e r  

^ ^ r t i o n  of XNBR and as d i s c u s s e d  e a r l i e r  the  extent  of 

*nkinfl was more in  t h i s  case  and h e n c e ,  Tg was s h i f t e d  

^  * slifihtly h i g h e r  tem p erature  and the re  was r e d u c t i o n  in  

leaping h e ig h t ,  as compared to other  b lend  r a t i o s  (E x a  and 

Results  of  the  dynamic  m echanica l  s t u d i e s  are  

irised in T a b l e  3 . 3 . 1 .

I J .C  Effect of  A d d i t i o n  of  F i l l e r s

The e f f e c t  of  a d d i t i o n  of  40 phr lo a d i n g  of  three  

m u r i .  ISAF b l a c k ,  SRF b l a c k  and s i l i c a  on the  damping as a 

fwction of te m p er a tur e  is  i l l u s t r a t e d  in  F i g .  3 . 3 . 6  and 

f**U 3 . 3 , 1 .

It was seen  t h a t  the  r e d u c t i o n  in tan  6 peak h e i g h t  and 

%^i*d of the p e ak ^  for  the  th r e e  f i l l e r s  were  of the  order  

^f>«ilica>SRF b l a c k .  As d i s c u s s e d  e a r l i e r ,  t h i s  is  a l s o  

♦
of r e i n f o r c i n g  a b i l i t y  of  the  f i l l e r s  as d e te r m in e d  

^  Phy>ical p r o p e r t i e s  and s w e l l i n g  s t u d i e s .  The g l a s s  

tem peratures  rem ained  the same. The g la s s

in rub b er  is  g e n e r a l l y  c o n s i d e r e d  to be l a r g e l y  

by the i n c o r p o r a t i o n  of  r e i n f o r c i n g  f i l l e r s ,  such

is w e l l  known th a t  carbon  b l a c k  f i l l e r  has  h ig h

a c t i o n  in  r u b b e rs  and s i l i c a  f i l l e r  has  h i g h
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^orcinft a c t i o n  w it h o u t  a d d i t i o n  of any c o u p l i n g  ag ent  in  

3 ?  3 ' '
li^®  XNBR ^  due to the  s p e c i f i c  i n t e r a c t i o n

gilica  w i t h  the se  r u b b e r s .  In  carbon  b l a c k  f i l l e d
is
^ ^ ^ i s a t e s  a p o r t i o n  of  ru b b e r  g e t s  ad s o rb e d  on the  f i l l e r

and th i s  a d s o r b e d  rub b er  behaves  in  a manner

lllf,f«nt from bulk  r u b b e r .  So i n t e r a c t i n g  f i l l e r s  have  a

5 9
yggylcx nature  in the  r u b b e r  m a tr ix  It  has been  shown

incorporation of  f i l l e r  w h ic h  has i n t e r a c t i o n  w i t h  

a a tr ix ,  showed r e d u c e d  tan  6 v a l u e  more sp r e ad  of  the  

and h igh e r  damping  in  the  r u b b e r y  r e g i o n ^ ^  ’ . The

irMtfit results  are in c o n f o r m i t y  w i t h  th e s e  o b s e r v a t i o n s .

H l « c i b i l i t y  of  the  System

Thtrraodynamic concept  of  m i s c i b i l i t y  is  g i v e n  by

- T . . . ( 2 )

A G  la the fr e e  energ y  c h a n g e ,  A H  is  the  e n t h a lp y

- A s  ia the entro p y  change  and T is  the  a b s o l u t e

f ^ " c i b i l i t y  of  n o n p o la r  polym ers  of h i g h  m o l e c u la r

o c c u r
^ only  when the  s o l u b i l i t y  p aram eters  are

*tched .  The i n t e r a c t i o n  parameter  X is  g i v e n

- ■ . ( 2 )

i m f " ' '  * •*ithalpy tPrn,<^l»62 ^
non-polar  polymers  can be

^  • “ l u b i i i f .
p a r a m e te r s .
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V is the  volume o c c u p ie d  by the s m a lle s t  p o s s i b l e  
’ r

I  un it ,  R i3  the  uni  .-rsal gas c onstant  and T is  the 

ature, s o l u b i l i t y  parameters  of  the

«
^ .^ jy^ers ,  0 ;  ̂ and 0 g are  the  volume f r a c t i o n s  of the  two

\'
and V is  the  t o t a l  volume of the  m ix t u r e .  The 

tlon is d i f f e r e n t  in  p o l a r  p olym ers ,  where  the re  is  

in te r a c t io n  between  the two polym ers .  In such  cases  

4 ii O  ip ^c i f ic  i n t e r a c t i o n  the re  is  exothermic  e n th a l p y  and

ll t fC fu lt  A  becomes n e g a t i v e  and the  system becomes

Strong  chem ical  i n t e r a c t i o n s  w hich  le a d s  to 

of the polymers  to each other  v i a  b l o c k  and g r a f t  

or form ation  of  c o v a l e n t  b o n d in g  between  the 

through c r o s s l i n k i n g  is  r e p o r te d  to enhance  the  

tf n i a c i b i l i t y ^ ^ . It  has been  shown that  in  b le n d s  of 

I H I * *  ( • ty r e n e  b u t a d i e n e  rubber  and p o l y b u t a d i e n e  r u b b e r )

‘’A-'
m  « t -BR 6 S (n a t u r a l  r u b b e r - p o ly b u t a d ie n e  r u b b e r ) ,

was enhanced  by  v u l c a n i s a t i o n .

" la the present  c ase  the  s o l u b i l i t y  p aram eters  were 

by s w e l l i n g  of  raw rubbers*^^. The  f o l l o w i n g  

obta ined  : ENR 9 . 3 ;  XNBR 9 . 1 .  The e n th alp y  of 

, ^ v ; i V ' b e  n e g a t i v e  due  to s p e c i f i c  i n t e r a c t i o n  between  

ftroup and the  c a r b o x y l  group .  Hence the  b i n a r y  

ENR and XNBR were  m i s c i b l e  due to s p e c i f i c  

*>etween the  f u n c t i o n a l  g r o u p s .

m '

104



fiTf
f sa l l  amount of  in c o m p a t i b l e  polymer ( , 0 1  wt c o u ld

6 70 ^ 9  opacity  in  f i lm  . In r a r e  cases  i n c o m p a t i b l e

had o p t i c a l  c l a r i t y  i f  t h e i r  r e f r a c t i v e  i n d i c e s  were  

f * *e .  In the  p r e s e n t  c a s e  b l e n d s  of  ENR and XNBR were  

H I I caH T  c l e a r ,  c o n f i r m i n g  that  the  v u l c a n i s a t e s  o b t a i n e d

*
■iacible.

Films of m i s c i b l e  polymers are o p t i c a l l y  c l e a r .  A



Table 3 . 3 . 1  ; Resul ts  of D.H.A. s tudi es
' - ________________________

Tfi. °C

^ (m a x ) tan  £ v i s c o u s  modulus

' ■ m  ' 1 .
1 . 9 0 - 3 -14

Jr ,
0 . 90 - 8 -16

viM
1 . 65 -11 -19

W 1 . 60 - 9 -16

0 . 7 1 - 8 -16

iilll40 0 . 7 1 - 7 -17

l l U M O 1 . 1 9 - 7 -17

l iU U o 0 . 7 1 - 7 “ 17

W-
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. P l o t

-50 0
T e m p e r a t u r e ,  ° C

1 0 0

s  o f  d a m p i n g  ( t a n  5 ) v e r s u s  t e m p e r a t u r e  f o r  
» XNBR a n d  t h e  1 : 1  b i n a r y  b l e n d .



- i t i i f n i n i n

Fii g -  3 . 3 . 2

Temperature, *C

P l o t s  o f  v i s c o u s  m o d u l u s  v e r s u s  t e m p e r a t u r e  
f o r  E NR ,  XNBR a n d  t h e  1 : 1  ENR-XN BR b l e n d  
v u l c a n i s a t e s .

^  ^ '

rrir:—s^-r^ u



T e  m p e r a t u r e C  

P l o t s  o f  e l a s t i c  m o d u l u s  v e r s u s  t e m p e r a t u r e  
f o r  ENR,  XNBR a n d  t h e  1 : 1  ENR- XNBR b l e n d  
v u l c a n i s a t e s .



-----------------  E X b / 1 5 0  ° C

----------------- E X b / t e o  ' C

-63 -25
T e m p e r a t u r e ,  ° C

j p j
t h e ^ h ' ° ^  ( t a n t S  ) v e r s u s  t e m p e r a t u r e  f o r
^ 8 0 ° C b l e n d  v u l c a n i s e d  a t  t w o  t e m p e r a t u r e s

a n d  1 5 0  C f o r  6 0  m i n .

-«r*—



-25
" s m p e r a t u r e , " C

d a m p i n g  ( t a n S )  v e r s u s  t e m p e r a t u r e  f o r  
b i n a r y  b l e n d  s h o w i n g  t h e  e f f e c t  o f  b l e n d

^^iio v a r i a t  i o n .



-------------  E X b

--------------E X b S l  1 0

------------- E X b S R  ^ 0

-------------  E X b  I S  ^ 0

■ /■-

*•3.6 :

-63 -25
e m p e r a t u r e ,  ° C

13

P l o t s  o f  d a m p i n g  ( t a n  6  ) v e r s u s  t e m p e r a t u r e  
f o r  t h e  b i n a r y  b l e n d  s h o w i n g  t h e  e f f e c t  o f  
f i l l e r s  I S A F  b l a c k  SRF b l a c k  a n d  s i l i c a .
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u , ' : ,  f Q b b e c  p r o d u c ts  undergo  a g e in g  d u r in g  a p p l i c a t i o n  

d i f f e r e n t  e nvironm ents  l i k e  e le v a t e d  te m p e r a tu r e ,  

ion a e d i a  and o i l .  A c r o s s l i n k e d  elastomer  w h ich  g iv e s  

p r o p e r t ie s  under  normal c o n d i t i o n s  may show poor 

under  c o n d i t i o n s  l i k e  exposure  to c h e m ic a ls  and 

te n p e r a tu r e .  Rubber  v u l c a n i s a t e s  are  d egrad ed  

lly. m e c h a n ic a l ly  and c h e m i c a l l y  and the extent  of 

i f # * c t i o n s  depends  on the  type and n a t u r e  of  c r o s s l i n k s  

g S W l t l o n  to the type  of  polymer m a t r i x .  A g e i n g  in

^ i « t d  rubbers  have  b een  i n v e s t i g a t e d  e x t e n s i v e l v ^ ® " ^ ^  

‘ ^ m i  *nd XNBR are  known to c r o s s l i n k  in  p r e s e n c e  of

>1 * 7 2

T h U  chapter  r e p o r t s  the  r e s u l t s  of  a g e i n g  s t u d i e s  of 

formed by s e l f - v u l c a n i s a t i o n  of  ENR and XNBR under 

^illeving four d i f f e r e n t  a g e in g  c o n d i t i o n s .

I (1) A ir  at 7 0 ° C  for  12 days

" '1
Cl) Hy d rochlor ic  a c i d  (aq u eo u s  25% )  at 7 0 ° C  for  7 days

Sodium h y d r o x i d e  (aq u eo us  25% )  at 7 0 ° C  for  7 days

ASTH fuel  C at  30®C for  7 d a y s .

S tud ie s  

*fi«ing

y * ^or'mulation of  the  mixes  are  g iv e n  in  T ab le

V ^ * 2 . 2 .  T e n s i l e  p r o p e r t i e s  of  aged  and unaged

Kt t i
• • t e a  are g i v e n  i n  T a b l e  3 . 4 . 1  and tha t  of  f i l l e d  

g iv e n  in  T a b l e  3 . 4 . 2 .  The r e t e n t i o n  of 

•tj 'ength for  the  gum and f i l l e d  v u l c a n i s a t e s
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A  to the v a r i o u s  a g e i n g  c o n d i t i o n s  are  g iv e n  in  F i g s .  

^ ^ , . 1  * n d  3 . 4 . 2 .

Gan ENR v u l c a n i s a t e  a f t e r  a i r  a g e i n g  showed an

in modulus and d e c r e a s e  in  t e n s i l e  s t r e n g t h  and 

A t  b r e a k .  The f i l l e d  ENR v u l c a n i s a t e  a lso  showed 

change  in  t e n s i l e  p r o p e r t i e s  but the  change was 

proninent .  The poor a g e i n g  of ENR v u l c a n i s a t e s  was due 

^  th* r ina  o p e n ing  of e p o x id e  groups  forming  ether

XNBR v u l c a n i s a t e s  e x h i b i t e d  h i g h e r  t e n s i l e  and b e t t e r  

i|«Uc p r o p e r t ie s .  Gum XNBR v u l c a n i s a t e  a f t e r  a i r  a g e i n g  

Ifclvid increased  modulus and e l o n g a t i o n  at b r e a k .  In case  

l4 n U « d  v u l c a n i s a t e  the  t e n s i l e  s t r e n g t h  a f t e r  a g e i n g

almost same. The change  in  t e n s i l e  p r o p e r t i e s  could  

to c r o s s l i n k i n g  by oxygen  i n  p r e s e n c e  of  h e a t ^ ^ .

Gun b in a r y  b le n d  v u l c a n i s a t e  showed i n c r e a s e  in

ind d e c r e a s e  in  e l o n g a t i o n  at b r e a k  a f t e r  a i r  a g e i n g  

t e n s i l e  s t r e n g t h  rem ained  almost  same. A ir  a g e i n g

td
i n c r e a s e  in  modulus and t e n s i l e  s t r e n g t h  and

• in e l o n g a t i o n  at b r e ak  for  the  f i l l e d  b le n d  

The b l e n d  showed b e t t e r  r e t e n t i o n  of  t e n s i l e  

than the  control  ENR v u l c a n i s a t e s .  In the  b i n a r y  

^ imparted  i ts  good t e n s i l e  and a i r  a g e i n g  

S i n c e  a c o n s i d e r a b l e  p r o p o r t i o n  of  the  epoxy

r e
®^cted w i t h  XNBR d u r i n g  m o u l d in g ,  c o n c e n t r a t i o n  of

•Poacy
groups a v a i l a b l e  for  u n d e r g o i n g  s t r u c t u r a l  changes

W U P M l B W i J I B  . J.JJ
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I j  Afleing

Both ENR eun. and f i l l e d  v u l c a n i s a t e a  became b r i t t l e  

itr a s e i n e  and showed a d r a s t i c  r e d u c t i o n  of

l.tlon at b r e a k .  T h is  could  be due to c y c l i s a t i o n  ta k ing  

in ENR v u l c a n i s a t e s  in  p r e s e n c e  of  a c i d s  and 

J l ^ f h l o r l n a t i o n  by th e  i o n i c  a d d i t i o n  of  hydrogen  c h l o r i d e

ageing became l e a s .

double bond
73

Th« XNBR v u l c a n i s a t e s  a lso  were a f f e c t e d  d r a s t i c a l l y  

^  (h* acid and th e r e  was r e d u c t io n  of t e n s i l e  s t r e n g t h  and 

b r e ak .  In a c i d  medium th e re  p o s s i b l y  was more

L-'f-i#
Pi4«tion than c r o s s l i n k i n g  .

Th« gum b le n d  v u l c a n i s a t e  showed an i n c r e a s e  in 

*nd d e c r e a s e  in  e l o n g a t i o n  at b r e ak  w ith out  any 

In t e n s i l e  s t r e n g t h .  The f i l l e d  b i n a r y  b lend  showed 

in modulus and d e c r e a s e  in  both  t e n s i l e  s t r e n g t h  

•longation at b r e a k .  However ,  the  r e t e n t i o n  of t e n s i l e

k i
* •  the  f i l l e d  b l e n d  was b e t t e r  than  that  of  pure

XNBR v u l c a n i s a t e s .  In the  b le nd s  the  c r o s s l i n k i n g  

vaa predom inant  over  the  d e g r a d a t i o n  r e a c t i o n  due to 

‘^ribution of  ENR.

Alkali  A g e i n g

ENR v u l c a n i s a t e  showed d e c r e a s e  in  t e n s i l e

* v h i l e  th e  f i l l e d  ENR v u l c a n i s a t e  showed an

109
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in  modulus and a d e c r e a s e  in  t e n s i l e  s t r e n g t h  and 

at b r e a k .  Compared to a c i d  aged  ENR v u l c a n i s a t e s ,

- in t e n s i l e  p r o p e r t i e s  was  l e s s .  T h is  was p r o b a b l y

.

to absence of s e l f - c r o s s l i n k i n g  of  ENR th a t  n o r m a l l y  

in presence  of  a c i d s .

In XNBR v u l c a n i s a t e a  the  modulus i n c r e a s e d  w h i l e

s tre ng th  and e l o n g a t i o n  at b r e a k  d e c r e a s e d  and in  

^ l # 4  INBR v u l c a n i s a t e s  t h e r e  was an i n c r e a s e  in  modulus  and 

in both e l o n g a t i o n  at b r e a k  and t e n s i l e  s t r e n g t h .  

i n *  *J»o the d e g r a d a t i o n  r e a c t i o n  ap p e a re d  p rom inant  as 

to the c r o a a l i n k i n g  r e a c t i o n ^ .

Th« gura b in ar y  b le n d  showed an i n c r e a s e  in  modulus  and 

In t e n s i l e  s t r e n g t h  w h i l e  the  f i l l e d  b i n a r y  b l e n d  

t«n«ile  p r o p e r t i e s  ve r y  s i m i l a r  to the  unaged  s a m p l e s .

was no d e g r a d a t i o n  p r o b a b l y  in  polymers  c o n t a i n i n g  

Croupa c r o s s l i n k e d  by h y d r o l y s i s ^ ^  in  p r e s e n c e  of

' W m  h y d r o x i d e s  .

Ageing 

■ END
v u l c a n i s a t e  showed a r e d u c t i o n  in  t e n s i l e

■ ^ i l e  the f i l l e d  ENR v u l c a n i s a t e  showed a lm ost  no

ylus and d e c r e a s e  in  both  t e n s i l e  s t r e n g t h  and 

®ak. ENR v u l c a n i s a t e s  get  c r o s s l i n k e d  d u r i n g  

■3 c r o s s l i n k i n g  r e a c t i o n  is  c a t a l y s e d  by 

formed d u r i n g  o x i d a t i o n  of  c o n v e n t i o n a l l y

^ '* l c a n i s a t e s .



; Ageing- The f i l l e d  XNBR v u l c a n i s a t e ,  h ow ever ,  showed 
il • •

i n c r e a s e  in  modulus and m arg in al  d e c r e a s e  in  both

s t r e n g th  and e l o n g a t i o n  at b r e a k .  XNBR v u l c a n i s a t e s

high  r e s i s t a n c e  to hy dro carb ons  and d u r in g  fuel

aome de gre e  of  c r o s s l i n k i n g  take  p l a c e  by

7 2
lj|f^)p#roxides formed in  fue l  by the  d i s s o l v e d  oxygen

The gum b lend  v u l c a n i s a t e s  showed a d e c r e a s e  in 

p r o p e r t i e s .  However the  r e t e n t i o n  in  t e n s i l e  

improved in  the  f i l l e d  b l e n d  system s .  The

of t e n s i l e  s t r e n g t h  for  the  gum 1 : 1  b lend  

IllfftAltAte was s u p e r io r  to that  of  c o n t r o l  mixes  ( F i g .  

1*4.1). The f i l l e d  b le n d  v u l c a n i s a t e  showed b e t t e r  r e t e n t i o n  

tfttfttile s t r e n g t h  d u r in g  a i r  a g e i n g ,  a c i d  a g e i n g  and a l k a l i  

In fu e l  a g e i n g  i t  was i n f e r i o r  to XNBR, but b e t t e r  

11m IMR (F i g .  3 . 4 . 2 ) .

Gua XNBR showed a decrease  in t e n s i l e  p r o p e r t i e s  a f t e r

I l l



s*»e

Eif--

T e n s i l e  p r o p e r t i e s  of agend and unaged gum 
v u l c a n i s a t e s

Conditions

1 0 0 *̂

M o d u l u s ,

2 0 0 ^

MPa

300^

T ens i 1 e 

s t r e n g t h , 

HPa

Elonga- 

t i o n  at 

break*  H

Unafied 0 . 7 8 1 . 1 4 1 . 5 0 3 . 3 590

A i r / 7 0 ° C / 1 2 d 0 . 8 1 1 , 2 2 - 1 . 4 250

A c i d / 7 0 ° C / 7 d - - - 6 . 4 15

A l k a l i / 7 0 ° / 7 d 0 . 7 7 1 . 1 0 1 . 40 2 . 1 440

F u 9 l / 3 0 ° C / 7 d 0 . 6 7 0 . 9 8 1 . 3 0 1 . 8 415

Unaged 2 . 1 7 3 . 6 3 5 . 5 1 5 . 1 600

A i r / 7 0 ° C / 1 2 d 2 . 60 4 . 1 0 6 . 3 1 1 . 0 430

Acid/yo '^C/yd 2 . 10 - - 4 . 0 192

A l k a l i / 7 0 ° / 7 d 2 .4 7 4 . 04 6 . 3 7 . 2 335

F u e l / 3 0 ° C / 7 d 1 .9 2 3 . 0 0 4 . 6 5 . 7 352

Unaged 0 . 9 8 1 . 4 7 2 . 3 2 . 7 350

A l r / 7 0 ° C / 1 2 d 1 . 3 5 - - 2 . 6 190

A c i d / 7 0 ^ C / 7 d 1 , 90 - - 2 . 98 181

A l k a l i / 7 0 ° / 7 d 1 . 6 5 - - 2 . 3 0 155

F u e l / 3 0 ° C / 7 d 1 . 0 0 1 . 6 4 - 1 . 9 6 254

Vi
i-'
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3 ,̂

4 2 : T e n s i l e  p r o p e r t i e s  of the  aged and unaged  sam ples

• * ( 2 0  phr ISAF b la c k  f i l l e d  m ixe s )

Conditions

1 0 0 *̂

M o d u l u s , 

2 0 0 .̂

MPa

300'<

T e n s i l e  

s t r e n g t h , 

MPa

E l o n g a ­

t i o n  at 

b r e a k , k

Unafldt^ 2 . 1 0 3 . 8 6 6-2 2 5 . 5 790

A I r / 7 0 ° C / 1 2 d 2 .84 6 . 0 0 - 9 . 0 280

A c i d / 7 0 ° C / 7 d - - - < , 5 3 7

A l k a l i / 7 0 ° C / 7 d 2 . 4 5 4 . 68 7 . 5 17 . 5 580

r « t l / 3 0 ° C / 7 d 2 . 05 4 . 1 4 6 . 8 12 . 4 467

Un«e«d 3 . 5 7 6 . 60 1 0 . 4 2 3 . 5 570

A l r /7 0 ° C /1 2 d 4 . 80 1 0 . 0 0 16 . 0 2 3 . 3 405

A cld /70^C /7d 4 .34 - - 8 . 0 173

A U * l i / 7 0 ° / 7 d 4 . 5 7 9 . 3 - 1 3 . 4 268

Ftt«l/30°C/7d 3 .  60 7 . 2 0 1 2 . 2 2 0 . 6 445

Un*««d 2 . 10 4 . 4 1 7 . 8 9 . 8 360

A l r /7 0 ° C /1 2 d 2 , 8 4 6 . 80 - 1 1 . 0 280

* c i d / 7 0 ° C / 7 d 4 . 6 0 - - 6 . 6 145

* U * l l / 7 o O / 7 d 2 .39 5 . 4 1 9 . 6 9 . 9 307

^ ■ • l /3 0 °C /7 d 1 .9 6 4 .27 7 . 6 7 . 7 306
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Z
E N R

X N 3 R

£x b

ageing Acid ageing Aikoii ageing Fuel ageing

> i | .I* 3 . 4 . 1 : P e r c e n t  r e t e n t i o n  o f  t e n s i l e  s t r e n g t h  f o r  
ENR,  XNBR a n d  1 : 1  g u m ENR- XNBR b l e n d  
v u 1 c a n  i  s a  t  a s  .

W M .
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C H A P T E R  4

6 E L F - V U L C A N I S A E L E  R U B B E R  B L E N D S  B A S E D  

ON E P O X I D I S E D  N A T U R A L  R U B B E R  ( E N R )  

A N D  P O L Y C H L O R O P R E N E  R U B B E R  ( C R )

• T h ia  p a r t  o f  th e  w ork  h aa  b e e n  
p u b iia h e d  In K a u ta c h u k  QummI K u n a ta to ffe  

4 4  (4 )  (1991) 3 3 3

I



Epoxy r e s i n s  have  been r e p o r te d  to 

1
cur e

j^ychloroprene  (CR )  H e n c e ,  it  was thought  th a t  e p o x i d i s e d  

rubber  (EN R)  c o u ld  be used for c r o s s l i n k i n g  

^ y c h l o r o p r e n e .  The  p r e s e n t  i n v e s t i g a t i o n  has  been

^ i r t a k e n  w ith  the  f o l l o w i n g  o b j e c t i v e  in  mind : p r e p a r a t i o n  

gf « « l f- c ro s s l inka b le  rub b er- rub b er  b lend  of  ENR and C R .

This c hap te r  d e a l s  w i t h  the c h a r a c t e r i s a t i o n  of  ENR-CR 

U«fld by Monsanto r he om e try .  IR s p e c t r o s c o p y ,  d i f f e r e n t i a l  

KAflning c a l o r i m e t r y ,  s w e l l i n g  s t u d i e s  and d e t e r m i n a t i o n  of 

Itfflcal p r o p e r t i e s .  The c h a p te r  a l s o  re p o r ts  the  r e s u l t s  of 

on the e f f e c t  of  m ould in g  te m p e r a tu re ,  a d d i t i o n  of 

(U U r  on the t e c h n i c a l  p r o p e r t i e s  and dynamic m ec ha nic a l  

ties of the  b l e n d .

«■> Honsanto Rheometry

71

The fo r m ulat ion s  of the  mixes  are  shown in  T a b l e  4 . 1

The rheographs  of the  b le n d s  of  p o l y c h l o r o p r e n e  and 

n a tur a l  rubber  (EN R )  a r e  shown in  F i g u r e  4 . 1 .  

^ K h l o r o p r e n e  a lo n e  has  been  r e p o r te d  to undergo  

^^•rmovulcanisation^ . It  is  not known wh ether

,^[^**^ulcanisation of  p o l y c h l o r o p r  ene w i l l  take  p la c e  in  the  

of f u n c t i o n a l l y  a c t i v e  r u b b e r s  l i k e  ENR. In a b le n d  

E^^^^^hloroprene and a r u b b e r  w h ic h  does not c o n t a i n  a c t i v e

^^fonal groups ( f o r  exa m p le ,  n a t u r a l  r u b b e r ) ,  r i s e  in
"■-’at

to rq u e ,  i f  an y ,  in  the  b l e n d ,  w i l l  be due  to

j>î  *^ylcanisation of  p o l y c h l o r o p r  ene o n l y .  A c c o r d i n g l y ,  for

120



^ P ^ r i s o n  we have taken  r h e og rap hs  of  b le n d s  of

^jychlofoprene  and n a t u r a l  r u b b e r .  The b l e n d  c o m p o s it io n s  of

*^^bber aystem were  chosen  to be the  

^  as the p o ly c h lorop re ne - EN R  system .  It  is  b e l i e v e d  that  

^  the same b le n d  c o m p o s it io n  r h e o m e tr ic  to rque  r i s e  in  

^ fc b l o r o p r e n e - n a t u r a l  rub b er  system c o r re sp ond s  to

m f* o T u lc a n is a t io n  a l o n e  w h i l e  in  th e  case  of  the  

jlnchloroprene-ENR system  the torque  r i s e  c o r r e s p o n d s  to 

**-»ovulcani3 a t i o n  of  p o l y c h l o r o p r e n e  as w e l l  as se l f-  

itlCAflisAtion betw een  p o l y c h l o r o p r e n e  and E N R . At a

prtieuUr c u r in g  time the  d i f f e r e n c e  in  the  two to rq u e  

m u t  will  co r r e s p o n d  to the  to rq u e  due to s e l f-  

The c a l c u l a t e d  r he og rap hs  thus  o b t a in e d  are  

in Fig. 4 . 2 .  The p r o g r e s s i v e  r i s e  in  r h e o m e tr ic  to rq u e  

th .t  c r o s s l i n k i n e  r e a c t i o n  o c c u r r e d  between  b l e n d  

Ut)i*nta d u r in g  h i g h  te m p er a tur e  m o u ld in g .

owed
^  Th« very long s c o r c h  time for  the  CR-ENR b le n d s  s h „- = „  

s a f e t y .  The Mooney v i s c o s i t y  and s c o r c h  time

i ahoun in T a b l e  4 . 1 .

**
^•ical Properties

1

^  y « l c a l  p r o p e r t i e s  o f  t h e  g u m  b l e n d s  a r e  s h o w n  i n

* P - P o r t i o n  Of p o l y c h l o r o p r e n e  in  the  b l e n d

atress-atrain

i  m o d u l u s  i n c r e a s e d  w i t h
P o l y c h i ^

^o p ren e  c o n t e n t .  As the  p r o p o r t i o n  of

the b le n d  i n c r e a s e d ,  c o m p r e s s io n  s e t ,
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^ „ l o n  1033  and h eat  build-up  d e c r e a s e d .

I j S w e l1 ine

A lthough  both ENR and p o l y c h l o r o p r e n e  are  . „ o v n  to be 

^ j . b U  in c h lo r o fo r m ,  the moulded b lend  was i n s o l u b l e  in  the 

; ^ . o l v e n t  a h o u in e  th e r e b y  that each blend  c o n s t i t u e n t  got 

^ . l i n k e d  by the  other  d u r in g  m ould ing .  The w e ig h t  loss

il,.r 48 h. of immersion in chloroform  was l e s s  than 15^ for 

a .  blends Showing  that  d u r in g  v u l c a n i s a t i o n  . both ENR and 

#,I,chloroprene got c r o s s l i n k e d  to a larg e  e x t e n t .  T h is  was 

. I H  .vident from (volume f r a c t i o n  of  rubber  in  the

M i U n  v u l c a n i s a t e ) ,  shown in  Table  4 . 2 .  The c r o s s l i n k  

ItMlty which could  be r e g ard e d  as p r o p o r t io n a l  to was

Vh«n the p o l y c h l o r o p r e n e  content  was h i g h .

IR Spectroscopy

c h a r a c t e r i s t i c  a b s o r p t io n  peaks  of  ENR and 

Irtmjoroprene  are shown in  T a b l e  4 . 3  and the  c o r r e s p o n d in g

^  ia shown in  F i g .  4 . 4 .  The broad  peak around 860

^  I n  CD
c o n t r ib u t e d  by a b s o r p t io n  due to trans  1 , 4  

; * ^ ^ o r o p r e n e  u n i t ^ .

*** showed a b s o r p t io n  at 870  cm~^ and 1245  cm"^

firoup and at 885  cm for c i s  d oub le  bond .  In

the
was a b s o r p t i o n  at 1114  cm“  ̂ due to a l i p h a t i c  

1065  cm ^ due to t e t r a h y d r o f u r a n ^ . It  is

** °^ idat ion  r e a c t i o n  ia  ve r y  d i f f i c u l t  to be

*Hd that ■ ^, '•ua'c ep ox id e  r in g s  open to form furan
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•"’V The d i f f e r e n c e  spectrum  of b i n a r y  b l e n d  -ENR-CR is
-•ij- .

in Fig- 4 . 4 .  The  d i f f e r e n c e  spectrum  showed a b s o r p t i o n

— ■ -  1 A
|j the range 103 0 - 12 7 0  cm due to a l i p h a t i c  e th e r s  . The 

^ ^ f p t i o n  1203  cm could  be due  to C-0 s t r e t c h i n g  of

ethers and a b s o r p t i o n  at 1162  cm~^ c o u ld  be due  to 

^ l i c  ethers h av in g  more than  f i v e  members.  The a b s o r p t i o n  

jl 1140 cm  ̂ was a t t r i b u t e d  to e th e r  fo r m a t io n .

It is known that  in  p r e s e n c e  of  a c i d s  the  epoxy  groups

^ t r g o  c y c l i s a t i o n ^ ’ ^ . The t h e r m o v u l c a n i s a t i o n  of

plirchloroprene has b een  r e p o r te d  by Duchacek  et a l ^ .  Dur ing

of ENR and C R , ether  c r o s s l i n k s  a r e  formed by

H*?Uon of epoxy and a l l y l i c  c h l o r i n e  a l o n g  w i t h  c y c l i c

A probable  c r o s s l i n k i n g  r e a c t i o n  between  ENR and CR 

^  ifcovn In F ig .  4 . 5 .

Effect of F i l l e r  on the  T e c h n i c a l  P r o p e r t i e s  of  the  

Bl end

V

rheographs of  the  f i l l e d  b le n d s  are  shown in  F i g .

•  Physical  p r o p e r t i e s  of the  1 ; 1  b l e n d  f i l l e d  w i t h  20 

®f ISA P u t
^  moulded at IS O ^C  are  shown in  T a b l e  4 . 2 .

^ ^ c o r p o r a t i o n  of  carbon  b l a c k  g r e a t l y  improved  

compound. T here  is  an i n c r e a s e  in  

Ifj^ ^ s p e c i f i c  i n t e r a c t i o n  b e tw e e n  r u b b e r
40(1 f i n  g

p h y s i c a l  p r o p e r t i e s  a r e  g o v e r n e d  by 

f i l l e r  i n t e r a c t i o n ® ,  the  n a t u r e  of 

l i a t r i b u t i o n  of  carbon  b l a c k  in  the  d i f f e r e n t  

carbon  b l a c k  in  the  two phaaea

6,7



\ •
tion carbon black in the two phases  depends on

l ik e  v i s c o s i t y  and u n a a t u r a t i o n  of  polymers and

c h a r a c t e r i s t i c s
11

It has b

£•

0 tmr -------- ---- • al iic*«i oeen reported  that

b e h a v i o u r  improves by unequal  d i s t r i b u t i o n  of 

12.^^ and a l s o  by an i n c r e a s e  in  c r o s s l i n k  d e n s i t y .

decrease in  h e a t  build- up  o b served  for the f i l l e d

blend uaa due  to the  combined e f f e c t  of the se  two 

j^ltri. ^3 w i l l  be s e e n  l a t e r ,  the d i s t r i b u t i o n  of  f i l l e r  

^  •ort unequal as the  r a t i o  of  CR in  the b lend  i n c r e a s e d .  

^||#lfiion set» h a r d n e s s  and the  f a i l u r e  p r o p e r t i e s  were a l s o  

by the a d d i t i o n  of  f i l l e r .

*1 Dynaaic M e c h a n ic a l  P r o p e r t i e s

’■ Dynaaic s t o r a g e  modulus or e l a s t i c  modulus (E  )»

Viacous modulus or loss  m o d ulus (E  ) and m echanica l  

( t 4n (S ) at d i f f e r e n t  com po sit ion s  are  shown in

4.? to 4 . 9 .  The tem perature  c o r r e s p o n d in g  to maximum 

And aaximum v is c o u s  m odulus ,  were  taken  as Tg s .  The 

f •! Xh% aamples thus o b t a in e d  are  shown in  T a b le  4 . 4 .  

% •
as a g e n e r a l  trend  lo s s  modulus and damping 

they a t t a i n e d  t h e i r  maxima and then dropped

in  tem perature  whereas  the  dynamic s to r a g e

^ O p p ,
•<1 r a p i d l y .  Neat  ENR showed s i n g l e  t r a n s i t i o n  in 

Neat CR showed two t r a n s i t i o n s  in  the  rub b e r y  

^ ' ^ l e c t e d  from p l o t s  of  damping and e l a s t i c  

^  there  was a sh ar p  t r a n s i t i o n  in  the  e l a s t i c

''y o
“ ^6 C and a s low  second  t r a n s i t i o n  around  -13

the plot 3 of  damping v e r s u s tem perature  the
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damping occurred at -29*^0.

*nd e l a s t i c  niodulua could  be a s c r i b e d  to t r a n s i t i o n  from the 

~la3sy to the  r u b b e ry  s t a t e ,  and the second  t r a n s i t i o n  to

In CR the f i r s t  sharp t r a n s i t i o n  observed in damping
•>s

♦>!« m elt in g  of the  c r y s t a l l i t e s  in the  polym er .  CR has

14
-< been reported  to c o n t a i n  about 90% trans  1 , 4  c o n f i g u r a t i o n

Development of c r y s t a l  1 i n i t y  at low te m p er a tu r e s  for

flaatomers w h ich  are  s u b s t a n t i a l l y  amorphous at room

t«fflperature has been  r e p o r te d  e a r l i e r ^ ^ .

In b le nd s  of  CR and ENR, c o n s i d e r a b l e  b r o a d e n i n g  of

/ ' ■

zone o c c u r r e d .  T h is  showed that  t h e r e  was m ic r o l e v e l  

inhowogeniety or p a r t i a l  m i s c i b i l i t y  for  the  b l e n d s .  Uhen the  

.V Cl content was more,  the t r a n s i t i o n  to r u b b e r y  r e g i o n  s t a r t e d  

4 lower te m p e r a tu r e .  In b le n d  NEa the  damping  was h i g h  in 

refiion -27 ‘̂ C to +l'^C. However ,  maximum damping  was

^  Oba^rvad at -27^C .  In NEb b lend  v u l c a n i s a t e  the  maximum 

y was ob served  at - 1 5 °C .  The t r a n s i t i o n  in  e l a s t i c
ivwT
'r̂', ; occurred  in  a w id e r  range  of t e m p e r a t u r e ,  -43 to -6 °C

<0r NFj -ru •
in is  W ide  tem p erature  range  of t r a n s i t i o n  in  the  Tg

uaa a lso  o b s e r v e d  in  the loss  modulus p lo t s  of  the  

Th .
ifiua the b le n d s  showed h ig h  damping  over a w ide  range  

^ • “ Perature  d e p e n d in g  on the  blend  r a t i o .  The  dynamic  

aata  is  summarised  in  T a b l e  4 . 4 .

fi- 4 . 1 0  shows the  dynamic m ec h a n ic a l  b e h a v i o u r  of 

can ised  CR and HCl c a t a l y s e d  s e 1 f-cross  1 in k e d  ENR.

L/ Of

-s^inked  ENR was -1*^0 and t h e r m o v u l c a n is e d  CR was
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.||®C, ^0 the Tg s of  the correspondinft

ftntionally cured  v u l c a n i s a t e s . S i n c e  the  T g ' s of  the

v u l c a n is e d  by two methods d id  not d i f f e r  a p p r e c i a b l y ,

It
y^3 d i f f i c u l t  to c h a r a c t e r i s e  the i n d i v i d u a l  rubber

cf. A c c o r d i n g l y ,  it  could  be p roposed  t h a t  the 

■^j^^igate  network  s t r u c t u r e  was composed of  : 

ovulcanised p o l y c h l o r o p r e n e  , a e l f - v u l c a n i s e d  ENR/CR

and c r o s s l i n k e d  ENR .

r?“-

Fig- 4 . 1 1  shows the e f f e c t  of 20 phr lo a d i n g  of  carbon 

iUck in the 3 ; I CR -ENR b le n d  on damping c h a r a c t e r i s t i c s ,  

jl^fporation of 20 phr l o a d i n g  of carbon b lac k  c au s e d  h ig h  

over a w ider  range  of  tem perature  w ith  a maximum at - 

ihowinc that f i l l e r  a f f e c t s  m i s c i b i l i t y  of the  system ,  

jtout INS ia less  v is c o u s  than C R , carbon b l a c k  is  l i k e l y  to

-I-
p r e f e r e n t i a l l y  to ENR p h a s e .

’v ' .

4 . 1 2  shows the  e f f e c t  of a d d i t i o n  of f i l l e r  on

^ l * « p i n g  behaviour  of the  1 : 1  b l e n d .  Here  the  b r o a d e n i n g  

i t
^4 waa over a l e s s e r  tem perature  r a n g e .  Though  the 

v u lc a n is e d  network  s t r u c t u r e  c o n s i s t e d  of 

^'*lcaniaed p o l y c h l o r o p r e n e ,  s e l  f- v u lc an is e d  ENR and CR 

•W- cross1 inked ENR, t h e r e  was only  a s i n g l e  t r a n s i t i o n .

®*tanaive i n v e s t i g a t i o n s  of  the morphology  of  c arbon  

^ave shown that a p e r s i s t a n t ,  i r r e v e r s i b l e  pr im ary

•  o r ig in a te d  from r e t i c u l a r  p a r t i c l e  a g g r e g a t e s ,  

**r®d to be fused  t o g e t h e r  in the  form ative  s t a g e  of 

at the extrem ely  h i g h  tem perature  i n  the

1 2 6



2 0 21
I n v e s t i g a t i o n s  by M e d a l i a  and Kraus  have  shown

ivflier o c c lu d e d  w i t h i n  the  i n t e r n a l  vo id  of  the  p r im ary
^  po

afisregate was not f r e e  to f u l l y  s h a r e  the

copic d e f o r m a t i o n  of  carbon  b l a c k  f i l l e d  r u b b e r .  Some 

? 2 2 3
i d e n t i f i e d  t h i s  im m o b i l i z e d  rub b er  w i t h

rubber '  measured  by  s o l v e n t  e x t r a c t i o n ,  whereas

2 4 2 5 2 6
f,  through m ic r o s c o p ic  s t u d y  ’ modulus and t e n s i l e

7 7 - 2 9
^ ^ r f » * n t s  » i n d i c a t e d  the  e x i s t a n c e  of  a s h e l l  of

«{

f 0 0 M i \ i Z 9 d  rubber  of  d e f i n i t e  t h i c k n e s s  around  the  

«ieaniaate. Medalia^*^ s u g g e s t e d  th a t  the  in d e p en d en t  n a t u r e  

if Kcluded  r u b b e r ,  bound r u b b e r  and s h e l l  rub b er  might 

M n U  In the o v e r l a p p in g  of  each oth er  form ing  a c o m p l i c a t e d  

9 <«fUnk«d system. T h us ,  f i l l e d  polym ers  c o n s t i t u t e d  a 

vith a complex s t r u c t u r e  of  two com ponents ,  the  

hard rubber  and the  b u l k  r u b b e r .  The  a b s o r b e d ,  

i M o b i l i z e d  rubber  would  c a u s e  a p e r t u r b e d  r e l a x a t i o n  

And the c h a r a c t e r  of  t h e s e  l a y e r s  would  s h i f t  

the g la a s y  s t a t e .  The tan  S peak  c ould  be a s c r i b e d  

filaas t r a n s i t i o n  r e l a x a t i o n  of  th e  b u l k  r u b b e r  and

tan <5 peak d e c r e a s e d  on i n t r o d u c t i o n  of  carbon

*  Bhift  of r e l a x a t i o n  s p e c t r a  to h i g h e r  te m p e ra tu r e

*«ldition of r e i n f o r c i n g  f i l l e r  has  been  r e p o r t e d  by 

V o r k * j .g 3 l - 3 3
^  broad  maxima c o u ld  be a t t r i b u t e d  to

i t  i
ion of d i f f e r e n t  r e l a x a t i o n  p r o c e s s e s .  A 

* « r v a t i o n  of  r e d u c t iion  of  tan S  peak  h e i g h t  and 

on zone  was o b s e r v e d  in  s e l f - v u l c a n i s e d

i ,  i, o n

Of
transiti

and Hypalon^ '* .  The  p l o t s  of  lo s s  modulus  

‘ for the  f i l l e d  b i n a r y  b le nd s are  shown in
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and 4 . 1 4 .  It  was seen that  though th e re  was 

le t r a n s i t i o n ,  the  t r a n s i t i o n  zone was broadened  a f t e r

r |U '
•f'*

$ 1 ^

.f f i l l e r .^ i t i o n  o

The F i e .  4 . 1 5  shows p lo t s  of  e l a s t i c  modulus versus  

l^ p .r a t u r e  for  the  NEa system.  In the  g l a s s y  reg ion
fp^

^ u l u s  of CR was h i g h e r  than  that  of ENR . The b i n a r y  blend  

^ v e d  e l a s t i c  modulus ve r y  c lo s e  to that  of ENR. A d d i t i o n  

gf f i ller  in c r e a s e d  the e l a s t i c  modulus of  the gum blend  t i l l  

temperature ,  beyond w h ich  the  modulus d rop p e d .  F i l l e r  in 

gtfltral in c r e a s e d  the  e l a s t i c  modulus.  The h ig h e r  e l a s t i c  

Iddulua of CR v u l c a n i s a t e s  in  the  r ubbery  r e g io n  c ould  be due 

t# the c r y s t a l 1 i n i t y  of  the  CR . F ig .  4 . 1 6  shows the  p lots  

i las t ic  modulus v e r su s  temperature  for  the  f i l l e d  1 : 1  

b lend .  F i l l e r  i n c r e a s e d  the modulus in  the  t r a n s i t i o n  

Mllon, s im i l a r  to the  b e h a v io u r  shown by CNEa b l e n d .

DSC thermograms shown in  F ig .  4 . 1 7  g iv e  a d d i t i o n a l  

Hpport for the  p a r t i a l  m i s c i b i l i t y  of ENR-CR blend

^IcAnisate .  B le n d s  e x h i b i t e d  a s i n g l e  T_  which  s h i f t e d  too

•higher tem perature  as CR content  i n c r e a s e d .  As observed  in 

case of DMA r e s u l t s  here  a l s o ,  the  Tg zone  became

^®*dened in  the  case  of  b l e n d s .  T h is  b r o a d e n i n g  showed

^ ^ i a l  m i s c i b i l i t y  of  the  components in the  b l e n d .  R a d iv o je  

Gt a l . ^ ^  w h i l e  s t u d y i n g  c o m p a t i b i l i t y  of p o l y ( 2 . 6

1 , 4- phenylene  o x i d e )  /  p o ly ( f lu o r o s t y r e n e - c o -

"’^^1
®roatyrene) have o b s e r v e d  that  there  is  i n c r e a s e  in Tg

W h
f - ‘•Q of DSC thermograms w i t h  b le n d  com po sit ion  t i l l  th e r e  is

r e p a r a t io n .
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il# ions" and Process ing  C h a ra cte r i s t i c :

H^auB  Hooney 

»t#co«ity at

ii«®c
ipMty acorch

U*t «t 120° C ,  

lii

NEa

75

25

38

38

NEb

50

50

31

132

| f U u r « 8  in parts  by w e ight

CNEa

75

25

20

4 2

2 9

CNEb

50

50

2 0

36

72

I

•to: .

■r-.



Physica l  prope r t i e s  of the blends moulded at
180 C for 60 minutes

Blend  d e s i g n a t i o n  

NEa NEb CNEb

l ^ l , *  3 0 0 4 . MPa 1 . 8 1 . 1 4 . 0

S t r e n g th ,  MPa 5 . 7 3 . 8 11 . 3

gl^g^^tion at b r e a k , 460 570 600

fatr •trength.  kN/iti 1 6 . 8 1 3 . 0 3 0 . 0

shore A 41 30 60

|#tU«nce at 4 0 °  C, h 55 55 40

^il^rtaaion a e t , 2 2 hrs  at

♦rc. » 4 11 8

iMt bttild-up by G o o d r ic h

14 a 3 . 6

ft) ^nABic  set V . ,

1 a 2 . 4

^ M J o n  loas,  c c / h r 1 . 1 4 . 8 2 . 6

^ractoin, 0 . 1 4 0 . 0 5 0 . 1 2

4 blown out i
th

in  the  10 m inute .
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 ̂ • IR peak Assignments

m

$0
F u n c t io n a l  A s s ig n m e n t  ENR 

group of  band

CR Blend-ENR-CR R e f e ­

r ence

||4 S

-J730 Carboxyl  

Epoxy

C=0 s t r .  

C “ 0 s t r .

0 I4 O -U 5 O )  

irt« n d
i i l J

a l i p h a t i c  assym.  

ether  C-0 s t r .

1728

1245

1114

C y c l i c  e th e r  assym.  

more than 5 C-0 s t r .

membered 
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4.4 : Damping and loss  modulus ,  o b ta in e d  

^  from dynamic  m echanical  a n a l y s i s  v i t h  
a f r e q u e n c y  of  3 . 5  Hz .

}U

t o

l U

l b

Damping 

tan ^ 

(max)

T g , ° C

Damping Loss modulus

0 . 4 2 -29 _37

1 . 02 -29 -36

2 .1 3 " 5  -13

1 .40 -1 _ i 2

0 . 5 5  to 0 . 3 3 -27 to -1 -35

0 . 6 2 -17 -21

0 .4 0  to 0 . 3 0 -17 to +30  -22

0 . 6 2 ‘ 1 -21

v u l c a n i s e d  p o ly c h lo r o p r e n e  ( C h . 5 )  

i p o l y c h l o r o p r e n e

I v u l c a n i s e d  ENR (C h .  5)

. catalysed  s e l f - c r o s s l i n k e d  ENR

1%.
:i.
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C H A P T E R  5  -  P A R T  I

k ;

EFFECT O F  E L E N D  R A TIO , M O U LD IN G  T IM E  
A N D  F I L L E R S  O N  M IS C IB IL IT Y

•  T h i s  p a r t  o f  t h e  w o r k  h a s  b e e n  
p u b l i s h e d  in  P o l y m e r .  3 2  ( 1 9 9 1 )  2 J 4 5



I t  h a s  b e e n  o b s e r v e d  t h a t  t h e  m i a c i b i l i t y  o f  t h e  s e l f -  

i e * n i s e d  b i n a r y  b l e n d s  d e p e n d  o n  t h e  b l e n d  r a t i o ,  

^ c t n t r a t i o n ,  n a t u r e  o f  r e a c t i v e  g r o u p s  a n d  m o u l d i n g

V* 1
^ j i t i o n s  . T h r e e  e x a m p l e s  a r e  w o r t h  m e n t i o n i n g  i n  t h i s

r t « x t .  T h e  b i n a r y  b l e n d  v u l c a n i s a t e  o f  C R  a n d  X N B R  i s

2
^ l i c i b l e  i n  a l l  p r o p o r t i o n s  . O n  t h e  o t h e r  h a n d  E N R - C R

■S-
| g l c » n i 3 ^ ^ ®  i s  p a r t i a l l y  m i s c i b l e  a n d  E N R - X N B R  v u l c a n i s a t e

| | . » i a c i b l e  a t  a n y  c o m p o s i t i o n s .  T h e r e  a r e  a  f e w  e x a m p l e s

^ * r * i n  t w o  o f  t h e  b i n a r y  p a i r s  ( A + B  a n d  A + C )  a r e  m i s c i b l e

3 - 5
l i t  t h e  t h i r d  b i n a r y  ( B + C )  i s  n o t  . I t  i s  o f  i n t e r e s t  t o  

| i ¥ # i t i g a t e  h o w  t o  p r e p a r e  a  m i s c i b l e  b l e n d  o n  a d d i t i o n  o f  A 

t #  t h e  i m m i s c i b l e  b i n a r y  ( B + C )  b l e n d .  I n  t h e  p r e s e n t  s e r i e s  

r u b b e r - r u b b e r  b l e n d s  i t  i s  o f  i n t e r e s t  t o  l e a r n  h o w  m u c h  

M  • p o x i d i s e d  n a t u r a l  r u b b r e r  ( E M R )  i s  t o  b e  a d d e d  t o  t h e

I l f l Ar y  p o l y c h l o r o p r e n e  ( C R )  a n d  c a r b o x y l a t e d  n i t r i l e  r u b b e r

(0 BR )  b l e n d  t o  c r e a t e  a  s e l f - v u l c a n i s a b i e  m i s c i b l e  t e r n a r y

U i n d  v u l c a n i s a t e .

T h e r e  a r e  e x a m p l e s  o f  a  t h i r d  c o m p o n e n t  i n  a  t e r n a r y  

M # n d  a c t i n g  a s  a  p o l y m e r i c  c o m p a t i b i l i z e r  f o r  a n

^ O B p a t i b l e  o r  i m m i s c i b l e  b i n a r y  s y s t e m .  L e e  a n d  C h e n  

^ • p o r t e d  t h a t  c h l o r i n a t e d  p o l y e t h e l  e n e , w i t h  e t h y l e n e

■ H * « n t 3 s i m i l a r  t o  E P D M  r u b b e r  a n d  c h l o r i n a t e d  s e q u e n c e s  

t o  P o  1  y  (  v i  n y  1 c h i  o r  i  d e  )  (  P V C  )  , s e r v e s  a s  a

* * * P a t i b i l i z e r  f o r  t h e  b i n a r y  b l e n d  o f  E P D M  a n d  P V C  j u s t  a s  

e f f e c t  o f  c h l o r i n a t e d  p o l y e t h y l e n e  o n  P V C / p o l y e t h y l e n e

P o l y ( c a p r o - l a c t o n e ) / p o l y ( v i n y l  c h l o r i d e ) ( P C L / P V C )  

a n d  p o l y ( c a p r o - l a c t o n e ) / c h l o r i n a t e d  p o l y ( v i n y l

^ ® r ' i d e ) ( p c L / C P V C )  b l e n d s  a r e  m i s c i b l e  a t  a n y  c o m p o s i t i o n  .

1 3 6
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/ « v e r .  C P V C  a r e  i m m i s c i b l t  h a s  b e e n  s h o w n  b y

^ f d u r i  a n d  P r u d h o m m e ^  t h a t  t h e  a d d i t i - ' " '  ^  P V C / C P V C

a l l o w s  t h e  o b s e r v a t i o n  o f  a  g l a s s  t r a n s i t i o n

j ^ p e r a t u r e  ( T g )  a t  P C L  c o n t e n t s  1 a i ' » : ^ ‘'  h i g h

^ / C P V C  r a t i o s  a n d  a t  P C L  c o n t e n t s  t h a n  a b o u t  26< a t

p V C / C P V C  r a t i o .  M i n  e t  a l . ^ ^  h . * \  ** w l e n t i f i e d  a  t e r n a r y

g l » c i b l e  s y s t e m  b a s e d  o n  p o l y ( m * ? t ' ^ ^   ̂ m e t h a c r y l a t e )

. ' x i d e .  T h e r e  i s  n o  

v u l c a n i s a b l e  t e r n a r y

| l J y (  e p  i  c h  1 o r o h y d r  i n  e )  -  p o l y e t h y l

i h e d  r e p o r t  i n  l i t e r a t u r e  o n  s < » i <  

b l e n d .

T h i s  c h a p t e r  d e a l s  w i t h  t h e  b l e n d  r a t i o ,

I n e  t i m e  a n d  f i l l e r s  o n  t h e  X K B R -

8  t e r n a r y  b l e n d  s y s t e m .  I n  t h i s  c 1i . m ' < * ’ *‘ m e c h a n i s i n  o f

• ♦ • • H n k i n g  b e t w e e n  t h e  r u b b e r s  i ;* s t u d i e d  b y  I R

% H t r o i c o p y

Itfc Effect of blend ratio on iniscib I  ̂^

^ ® r * u l a t i o n s  o f  t h e  b l e n d s  a r e  T a b l e  6 . 1 . 1 ,

^ ^ i l i t y  o f  t h e  t e r n a r y  b l e n d  b . »i i ** ' '  E N R / C R / X N B R  w a s

d e p e n d  o n  b l e n d  c o m p o s i t i o n .  c o n s t a n t  C R / X N B R

I n
• ‘ o c r e a a e  i n  E N R  c o n c e n t r a i  ‘ i n c r e a s e d  t h e

F i g u r e s  5 . 1 . 1  - 5 . 1 . 3  e f f e c t  o f  E N R

c o n s t a n t  C R / X N B R  r a t i o  o  

p l o t s  o f  t h e  t e r n a r y  b l e n d o .

^  • E NR  c o n c e n t r a t i o n  u p t o  2 5  p i n -  r e s u l t  i n  a

■ te
> r n a r y  b l e n d .  I n  fa c t  twn w e r e  o b s e r v e d

t o  t w o  p h a s e s  l i k e  ( * K / ' ’NR ( T g  ' 2 7 ° C )  a n d

p  I . i n  6  a n d  v i s c o u s  

A t  7 5 / 2 5  r a t i o  o f

C ) .  U h e n  E N R  c o n t e r i i  l n ‘T e a s e d  t o  3 7 . 5  p h r
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1/

^  j b o v e ,  t h e  m i s c i b i l i t y  i m p r o v e d  i n  t h e  s e n s e  t h a t  i n s t e a d  

p e a k s  a  s i n g l e  b r o a d  p e a k  w a s  o b s e r v e d .  A s  E N R  c o n t e n t  

h l e n d  i n c r e a s e d  f r o m  5 0  p h r  l e v e l  t o  7 5  p h r  l e v e l  t h e
j p  t n «

t L e d n e a s  r e p l a c e d  b y  s h a r p n e s s  i n  t h e  p e a k  i n d i c a t i n g

P
m i s c i b i l i t y .

S i m i l a r  o b s e r v a t i o n s  w e r e  m a d e  w h e n  C R  c o n t e n t  i n  t h e  

b l e n d  C R / X N B R  d e c r e a s e d  a s  i n  5 0 / 5 0  a n d  2 5 / 7 5  b l e n d  

l ^ o f l i t i o n s .  H o w e v e r ,  w h e n  CR c o n t e n t  d e c r e a s e d  i n  t h e
V

i n s t e a d  o f  b r o a d  p e a k ,  w e  o b s e r v e d  s h a r p  p e a k s

j ^ l C A t l n g  e n h a n c e d  m i s c i b i l i t y .

K F i g u r e  5 . 1 . 4  s h o w s  t h a t  a t  7 5  p h r  l e v e l  o f  E N R  t h e

X -'
b l e n d  b e c a m e  a  m i s c i b l e  s y s t e m  i r r e s p e c t i v e  o f  t h e  

l i M f y  C R / X N B R  c o m p o s i t i o n .  H o w e v e r ,  t h e  m i s c i b i l i t y  w a s  

W l  w h e n  t h e  C R  c o n t e n t  w a s  l e s s  i n  t h e  b i n a r y  C R / X N B R
.•V

t t M d  a a  e v i d e n t  f r o m  t h e  s h a r p  t a n  ^  p e a k .  R e s u l t s  a r e  

W i M r i s e d  i n  T a b l e  5 . 1 . 2 .

R e s u l t s  o f  D i f f e r e n t i a l  S c a n n i n g  C a l o r i m e t e r  ( D S C )

(  F i g . 5 . 1 . 5 )  a l s o  p r o v i d e  s u p p o r t i v e  e v i d e n c e  f o r  t h e  

^ J « i i o n s  d r a w n  f r o m  d y n a m i c  m e c h a n i c a l  a n a l y s i s  ( D F I A )

• ®-  R e s u l t s  o f  D S C  s t u d i e s  a r e  s u m m a r i s e d  i n  T a b l e  5 . 1 . 2 .

V4i  e v i d e n t  t h a t  m i s c i b i l i t y  i n  a  p a r t i c u l a r  b l e n d  w a s  

^ ^ • ■ t e d  i n  t h e  o c c u r r e n c e  o f  s h a r p  t r a n s i t i o n  i n  t h e  T g  

' J b i l e  i m m i s c i b l e  s y s t e m  p r o v i d e d  n o  c l e a r  c u t  s i n g l e  

• I t i o n ,  a  m i s c i b l e  s y s t e m  p r o v i d e d  a  s i n g l e  t r a n s i t i o n .

* p r e s e n t  s t u d i e s ,  f o r m u l a t i o n  G w a s  f o u n d  t o  b e  a  

s y s t e m  s h o w i n g  a  s h a r p  T g  a t  - 1 8 *  C .  B u t  

c w a s  f o u n d  t o  b e  a n  i m m i s c i b l e  s y s t e m  s h o w i n g
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j g  * 3 a t  - 4 0 *  C a n d  - 1 8 *  C .  B l e n d  H ,  h o w e v e r ,  w a s  f o u n d  

a  p a r t i a l l y  m i s c i b l e  s y s t e m  w h e r e i n  t h e  t w o  t r a n s i t i o n s

* - r

* l r

w i t h  e a c h  o t h e r  a n d  n o  c l e a r  c u t  t r a n s i t i o n  w a s

W
* r v e d .

j  B I R  S p e c t r o s c o p i c  s t u d i e s

T h e  I R  s p e c t r a  o f  t h i n  f i l m s  o f  X N B R ,  E N R ,  C R  a n d  t h e

^ ( f « r e n c e  s p e c t r u m  ( t e r n a r y  b l e n d - E N R - C R - X N B R )  i s  s h o w n  i n

f i$-  t h e i r  c h a r a c t e r i s t i c  a b s o r p t i o n  p e a k s  a r e

i n  T a b l e  5 . 1 . 3 .  P u r e  X N B R  s h o w e d  a b s o r p t i o n  a t  1 7 3 4  

- 1
a n d  1 7 0 0  c m  d u e  t o  f r e e  a n d  h y d r o g e n  b o n d e d  a c i d  g r o u p

P  - 1
j | 4# p « c t i v e l y . P u r e  E N R  s h o w e d  a b s o r p t i o n  a t  8 7 0  c m  a n d

“ 1 “ 1 
I t l S  c m d u e  t o  e p o x y  g r o u p  a n d  a t  8 8 5  c m  f o r  c i s  d o u b l e

E NR  a l s o  s h o w e d  c a r b o x y l  a b s o r p t i o n  d u e  t o  t r a c e s  o f

- 1
d u eI n  a d d i t i o n  t h e r e  w a s  a n  a b s o r p t i o n  a t  1 1 1 4  c m

'■4

U  i l i p h a t i c  e t h e r s  a n d  a t  1 0 6 5  c m  ^  d u e  t o  t e t r a h y d r o f u r a n .
i’

•|< l a  k n o w n  t h a t  e p o x i d a t i o n  r e a c t i o n  i s  v e r y  d i f f i c u l t  t o  b e

I-
• • • t r o l l e d  a n d  t h a t  e p o x i d e  r i n g s  o p e n  u p  i n  p r e s e n c e  o f  

f l l d a  a n d  u n d e r g o  h y d r o f u r a n i s a t i o n ^

- 1
P u r e  C R  s h o w e d  a b s o r p t i o n  a t  8 6 0  c m  d u e  t o  t r a n s  1 , 4

^ H l y c h l  o r o p r e n e  u n i t ^ ^ .

T h e  d i f f e r e n c e  s p e c t r a  o f  t e r n a r y  b l e n d  s h o w e d

^  w h i c h  c o u l d  b e  d u e  t o  e s t e r

1 1

®f‘P t i o n  a t  1 6 9 7  c m  

^ ^ • • l i n k s  w h i c h  w e r e  i n t r a m o l e c u l a r l y  h y d r o g e n  b o n d e d

a b s o r p t i o n  a t  1 1 2 0  c m ' ^  w a s  p r o b a b l y  d u e  t o  e t h e r s ^ ^ .  

« t r o n g  a b s o r p t i o n  a t  1 0 7 9  c m " ^  c o u l d  b e  d u e  t o  c y c l i c  

T h e  a b s o r p t i o n  a r o u n d  1 6 6 0  c m " ^  s h o w e d  t h a t  d u r i n g  

• l i n k i n g  s o m e  u n s a t u r a t e d  e s t e r s  c o u l d  a l s o  b e  f o r m e d ,  

a h o w e d  t h a t  t h e  t e r n a r y  b l e n d  d u r i n g  h i g h  t e m p e r a t u r e
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I d i n f i  f o r m e d  e s t e r  c r o s s l i n k s  b y  r e a c t i o n  o f  E N R  w i t h  X N B R  

XJJBR w i t h  CR a n d  e t h e r  c r o s s l i n k s  b y  r e a c t i o n  o f  ENR w i t h  

E p o x y  g r o u p s  a l s o  u n d e r w e n t  c y c l i s a t i o n  t o  g i v e  c y c l i c

.* -
p r o b a b l e  m e c h a n i s m  o f  c r o s s l i n k i n g  i s  g i v e n  i n

,KI- 5.1-7-
I n  t h e  t e r n a r y  b l e n d  v u l c a n i s a t e s , t h e  b r o a d e n i n g  o f  

Tfi  z o n e  c o u l d  b e  a s c r i b e d  t o  m i c r o l e v e l  i n h o m o g e n e i t y .  

I l c r o h e t e r o g e n e i t y  c o u l d  b e  a t t r i b u t e d  t o  f o r m a t i o n  o f  

4i ( f « r e n t  p h a s e s  o f  c r o s s l i n k e d  C R/ XNBR  b l e n d .  c r o s s l i n k e d  

I t t / C R  b l  e n d ,  c r o s s l i n k e d  ENR/ XNBR b l e n d ,  c r o s s l i n k e d  

I B / I N B R / C R  b l e n d   ̂ t h e r m o v u l c a n i s e d  C R  a n d  a c i d - c a t a l y s e d  

W U - c r o a a l i n k e d  ENR.  H o w e v e r ,  i t  i s  n o t  p o s s i b l e  t o  

t h e m  i n d i v i d u a l l y ,  b e c a u s e  s e v e r a l  p a i r s  h a v e  

T g - v a l u e s .

N e x t  w e  s t u d i e d  t h e  e f e c t  o f  c r o s s l i n k  d e n s i t y  o n  

^ • • i b l l i t y  o f  s u c h  b l e n d s .  I n  s e l  f - v u l c a n i s a b l  e  b l e n d s  

d e n s i t y  c o u l d  b e  v a r i e d  b y  c h a n g i n g  t h e  m o u l d i n g  

( C h a p t e r  3 ,  S e c t i o n  2 ) .  T h e  i d e a  w a s  t o  c h e c k  w h e t h e r  

t y  o f  t h e  i m m i s c i b l e  b l e n d  c o u l d  b e  i m p r o v e d  b y  

f o r  a  l o n g e r  t i m e  a n d  s i m i l a r l y  a  m i s c i b l e  s y s t e m  

» a d e  i m m i s c i b l e  i f  m o u l d e d  f o r  a  s h o r t e r  p e r i o d .

o f  m o u l d i n g  t i m e  o n  m i s c i b i l i t y
‘•»r-
'^ 1  p  •

f i u r e  5 , 1 . 8  s h o w s  t h e  e f f e c t  o f  m o u l d i n g  t i m e  o n

^ i b  ^  v i s c o u s  m o d u l u s  w i t h  t e m p e r a t u r e  f o r  a

“ ■ ^  ( b l e n d  G )  a n d  a n  i m m i s c i b l e  s y s t e m  ( b l e n d  C ) .

“ U l d i n g  t i m e  w a s  r e d u c e d  t o  1 5  r a i n ,  f r o m  6 0  m i n .  

c a a
o f  t h e  m i s c i b l e  s y s t e m  m i s c i b i l i t y  w a s  n o t  
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e d .  H o w e v e r ,  t h e  t a n  & p e a k  s h i f t e d  t o  l o w e r

j f a t u r e  d u e  t o  l o w e r  c r o s s l i n k  d e n s i t y  a t  1 5  m i n .

" ^ i d i n g  c o m p a r e d  t o  6 0  m i n .  m o u l d i n g .  F o r  t h e  i m m i s c i b l e  

j j g t i B  w h e n  t h e  m o u l d i n s  t i m e  w a s  i n c r e a s e d  t o  1 2 0  m i n .  t h e  

^ c i b i l i t y  a g a i n  d i d  n o t  c h a n g e ,  b u t  t h e  t a n  S  p e a k  s h i f t e d  

H  t e m p e r a t u r e  d u e  t o  h i g h e r  c r o s s l i n k  d e n s i t y  a t

I I I  a i n .  m o u l d i n g  a s  c o m p a r e d  t o  6 0  m i n .  m o u l d i n g .  T h e  

l u s t r i n g  o f  d a m p i n g  l e v e l  a n d  b r o a d e n i n g  o f  t h e  d a m p i n g  p e a k  

t o  i n c r e a s e  o f  c r o s s l i n k i n g  h a s  b e e n  r e p o r t e d  e a r l i e r ^ ^ .

i . l , D  E f f e c t  o f  f i l l e r  o n  m i s c i b i l i t y

F i g u r e  5 . 1 . 9  s h o w s  t h e  d y n a m i c  m e c h a n i c a l  s p e c t r a  o f  t h e  

^ i c l b l e  t e r n a r y  b l e n d  s y s t e m  ( B l e n d  G )  f i l l e d  w i t h  t h r e e  

f i l U r a  n a m e l y  s i l i c a ,  I S A F  b l a c k  a n d  S R F  b l a c k .  T h e  

i b i l i t y  o f  t h e  t e r n a r y  b l e n d  w a s  a l t e r e d  a s  e v i d e n t  f r o m  

i U  t w o  p e a k s  i n  b o t h  t a n  S  ^ n d  v i s c o u s  m o d u l u s  p l o t s  i n  

c a s e  o f  I S A F  b l a c k  ( a t  - 3 3 *  C  a n d  - 5 *  C )  a n d  s i l i c a

f
I f l U d  ( a t  - 2 1 *  C a n d  - 7 *  C )  b l e n d s .  H o w e v e r ,  i n  c a s e  o f  S R F

f i l l e d  m i x  w e  o b s e r v e d  a  s i n g l e  p e a k  a t  - 5 *  C a n d  a  

*P a t  - 1 6 *  C .  I t  w a s  e v i d e n t  t h a t  r e i n f o r c i n g  f i l l e r  l i k e

n u b l a c k  a n d  s i l i c a  c a u s e  p h a s e  s e p a r a t i o n  i n  a  m i s c i b l e

b l e n d  p r e s u m a b l y  d u e  t o  v a r y i n g  e x t e n t  o f  a f f i n i t y  o f

^  f i l l e r  t o  d i f f e r e n t  r u b b e r  b l e n d  s y s t e m s .  S R F  b l a c k  w a s

r e i n f o r c i n g  a n d  a c c o r d i n g l y  r u b b e r - f i 1 1 e r  i n t e r a c t i o n

• * P e c t e d  t o  b e  l e s s  a n d  l e s s  p r o n o u n c e d  w a s  t h e  e f f e c t

1 7
f i l l e r  o n  m i s c i b i l i t y .  I t  w a s  s h o w n  b y  N e d a l i a  a n d

1 8
t h a t  p o l y m e r  o c c l u d e d  w i t h i n  t h e  i n t e r n a l  v o i d  o f  

P r i m a r y  s t r u c t u r e  o f  c a r b o n  b l a c k  i s  n o t  f r e e  t o  f u l l y
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m a c r o s c o p i c  d e f o r m a t i o n  o f  c a r b o n  b l a c k  f i l l e d

r 1 9  2 0
'  i d e n t i f i e d  t h i s  i m m o b i l i s e dS o m e  i n v e s t i g a t o r s  

w i t h  ' b o u n d  r u b b e r '  m e a s u r e d  b y  s o l v e n t  e x t r a c t i o n .

2 1 - 2 2  2 3
o t h e r s  t h r o u g h  m i c r o s c o p i c  s t u d y  m o d u l u s  a n d

l i e  c a e a s u r e m e n t s ^ ^  i n d i c a t e d  t h e  e x i s t e n c e  o f  a  s h e l l

'gj i B S i o b i l i s e d  r u b b e r  o f  d e f i n i t e  t h i c k n e s s  a r o u n d  t h e

^ ^ g ^ n i a a t  e . T h e  a b s o r b e d ,  h a r d ,  i m m o b i l i z e d  r u b b e r  w o u l d

^ 1 1  ® p e r t u r b e d  r e l a x a t i o n  r e s p o n s e  a n d  t h e  r e l a x a t i o n

^ ^ t c t o r  o f  t h e s e  l a y e r s  w o u l d  s h i f t  t o w a r d s  t h e  g l a s s y

T h e n  t h e  t a n  S  p e a k  m i g h t  b e  a s c r i b e d  t o  t h e  g l a s s

I l i B f l t i o n  r e l a x a t i o n  o f  t h e  b u l k  r u b b e r  a n d  t h u s  t h e  t a n £

v o u l d  d e c r e a s e  o n  i n t r o d u c t i o n  o f  c a r b o n  b l a c k .

DS C r e s u l t s  s h o w i n g  e f f e c t  o f  d i f f e r e n t  f i l l e r s  o n

n / n / 7 5  C R / X N B R / E N R  b l e n d  a r e  s h o w n  i n  F i g u r e  5 . 1 . 1 0 .  I t

^  i v l d e n t  t h a t  a d d i t i o n  o f  S R F  b l a c k  c a u s e d  b r o a d e n i n g  o f

t r t n a i t i o n  w i t h  n o  c l e a r  c u t  g l a s s  t r a n s i t i o n .  I S A F

* 1 6 0  b r o a d e n e d  t h e  t r a n s i t i o n  z o n e .  S i l i c a  f i l l e r

i N v s d
t r a n s i t i o n s  a t  - 4 0 “ C .  a n d  - 2 2 “ C .  I t  w a s  e v i d e n t  

n f o r c i n g  f i l l e r s  a f f e c t  t h e  r n i s c i b i l i t y  o f  t h e  s e l f -  

• • d  t e r n a r y  b l e n d ,  a s  e v i d e n t  f r o m  t h e  d y n a m i c  

a n a l y s e s  ( D M A )  a n d  d i f f e r e n t i a l  s c a n n i n g  

( D S C )  s t u d i e s .  H o w e v e r ,  i t  i s  t o  b e  n o t e d  t h a t  

i n  D S C  s t u d i e s  w e r e  n o t  a s  c o n c l u s i v e  a s  t h a t  o f

a t .
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B l e n d  d e a i f i n a t i o n A B K C J D E F M G L H I

C R 7 5 7 5 7 5 7 5 7 5 5 0 5 0 5 0 2 5 2 5 2 5 2 5 2 5

X N B R 2 5 2 5 2 5 2 5 2 5 5 0 5 0 5 0 7 5 7 5 7 5 7 5 7 5

E N R 7 5 5 0 3 7 . 5 2 5 1 2 ., 5  7 5 5 0 2 5 8 7 . 5 7 5 6 2 . 5  5 0 2 5

^  F i g u r e s  a r e  i n  p a r t s  b y  w e i g h t



I,
f:-.

Ini ' i i i ' iVfi l i i i i f i f t i i

"-* '.';N 4b« w v -  I I I  ■■■III m - m m ^ ^  i ■ ■ ■ ■ ■ ■  •-------------------- -- . -

■ f t  .  -  S c A n n i n m  C m l o r l m ^ z m t '  C O S C )• • ■ n  •

B 1  e n d

D e s i g n a t i o n

B 1  e n d

C o m p o s i t  i o n  

( C R / X N B R / E N R )

o r i A

D S C

t a n  5 l o s s m o d u l u s T e ,  ' C

A 7 5 / 2 5 / 7 5 - 1 1 - 2 7 - 2 6

E 7 5 / 2 5 / 5 0 - 1 1 - 2 7 a

K 7 5 / 2 5 / 3 7 . 5 - 5 - 3 0 -

C 7 5 / 2 5 / 2 5 - 2 9 .  - 1 - 3 5 . s h o u l d e r a t - 1 9 - 4 0 .  - 1 8

J 7 5 / 2 5 / 1 2 . 5 - 3 3 .  +8 - 3 8 . s h o u l d e r a t - 1 9 -

D 5 0 / 5 0 / 7 5 - 1 0 - 2 5 - 1 9

E 5 0 / 5 0 / 5 0 - 1 0 - 2 4 - 1 6

F 5 0 / 5 0 / 2 5 - 2 9 .  - 5 - 3 7 . - 1 7

M 2 5 / 7 5 / 8 7 . 5 - 9 - 1 9 -

G 2 5 / 7 5 / 7 5 - 7 - 1 9 - 1 8

L 2 5 / 7 5 / 6 2 . 5 - 9 “ 20 -

H 2 5 / 7 5 / 5 0 - 7 - 3 0 . s h o u l d e r a t - 1 7 a

I 2 5 / 7 5 / 2 5 - 3 7  t o  - 2 9 .  - 1 0 - 4 0 . - 2 0 a

a  N o  c l e a r  c u t  t r a n s i t i o n .



n B C  c s I f E X - B - N X  R * ( « - » € T » c e

1 7 6 0

1 7 4 0

1 7 1 0 - 1 7 3 0

1 6 9 0 - 1 7 2 5

1 2 4 5

C a r b o x y l

E s t e r
( a c e t a t e )

C a r b o x y l

E s t e r ( I n t r a -  
m o l e c u l a r l y  
H - b o n d e d )  
e p o x y  g r o u p

A r o u n d  a l i p h a t i c
1 1 1 4  e t h e r

( 1 0 6 0 - 1 1 5 0 )

A r o u n d
1 1 6 2

C y c l i c  e t h e r  
m o r e  t h a n  5 
m e m b e r e d  
r i n g s

1 0 6 5 - 1 0 7 0  T  e t r a h y d r o -  
f  u r a n

8 8 5 c i s  d o u b l e  
b o n d

C = 0  a t r . 
( m o n o i n e r )

C = 0  s t r .

C = 0  a t r .

C - 0  s t r .

C - 0  s t r .

a s s y m . 
C - 0  s t r .

a s s y m . 
C - 0  s t r .

r i n g  s t r .

C = C  s t r .

1 7 2 8

1 2 4 5

1 1 1 4

1 7 6 0

1 7 0 0

1 0 6 5

8 8 5  —

1 6 9 7

885

1 1 , 1 2

1 1 , 1 2

1 1

1 1

1 1 2 0  1 1

1 1

1 3

J 1

7 8 5 - 8 7 5

p e a k

c i a  e p o x U l e a

 ̂  ̂ \  , i  C - C l  s i r  .
p o l y c h l o r o -

a r o u n d  8 6 0  p r e n e

\ \  f \

8 6 0

11

13



T a b l e  5 . 1 . 4  : E f f e c t  o f  f i l l e r s  o n  g l a s s  t r a n s i t i o n  t e m p e r a t u r e s  ( T g )  o f  m i s c i b l e
t e r n a r y  b l e n d  ( G )  o f  C R / X N B R / E N R

a  f o r m u l a t i o n  i n  5 . 2 . 1  

b  n o  c l e a r  c u t  t r a n s i t i o n

B 1  e n d
D e s  i g n a t  i  o n

F  i 1 1 e r  t y p e

t a n

T sl, ® c .

l o s s  m o d u l u s

D S C  

T e ,  ' C

- - 7 - 1 9 - 1 8

G I S 4 0 I S A F  b l a c k - 3 3 ,  - 5 - 3 3 ,  - 7 b

G S i  4 0 S i l l e a - 2 1 ,  - 7 - 2 3  , - 7 - 4 0 .

G S R  4 0 S R F  b l a c k - 5 ,  s h o u l d e r a t  - 1 6  - 1 3 - 1 9
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TEM PERA TU Re , 'C

D y n a m i c  m e c h a n i c a l  s p e c t r a  o f  t h e  t e r n a r y  
b l e n d  s h o w i n g  t h e  e f f e c t  o f  E N R  c o n t e n t  o n  
a  f i x e d  C R / X N B R  r a t i o  o f  7 5 / 2 5 .

( a )  t a n  g  v e r s u s  t e m p e r a t u r e
( b )  v i s c o u s  m o d u l u s  v e r s u s  t e m p e r a t u r e .
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■ 5 . 1 . 2
t e m p e s a t u r e  , *c

D y n a m i c  m e c h a n i c a l  s p e c t r a  o f  t h e  t e r n a r y ” 
b l e n d  s h o w i n g  t h e  e f f e c t  o f  E N R  c o n t e n t  o n  
a  f i x e d  C R / X N B R  r a t i o  o f  5 0 / 5 0 ,

( a )  t a n ^  v e r s u s  t e m p e r a t u r e .

( b )  v i s c o u s  m o d u l u s  v e r s u s  t e m p e r a t u r e .



TEMPERATURE , *C

^ D y n a m i c  m e c h a n i c a l  s p e c t r a  o f  t h e  t e r n a r y  
b l e n d  s h o w i n g  t h e  e f f e c t  o f  E N R  c o n t e n t  o n  
a  f i x e d  C R / X N B R  r a t i o  o f  2 5 / 7 5 .

( a )  t a n 6  v e r s u s  t e m p e r a t u r e .
( b )  v i s c o u s  m o d u l u s  v e r s u s  t e m p e r a t u r e . .
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TEMPERATURE,*C

D y n a m i c  m e c h a n i c a l  s p e c t r a  o f  t e r n a r y  b l e n d  
s h o w i n g  t h e  e f f e c t  o f  75  p h r  o f  E N R  o n  
d i f f e r e n t  C R / X N B R  r a t i o  o f  7 5 / 2 5 , 5 0 / 5 0 , 
a n d  2 5 / 7 5 .

( a )  t a n  5 v e r s u s  t e m p e r a t u r e .
( b )  v i s c o u s  m o d u l u s  v e r s u s  t e m p e r a t u r e .
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CR /  XNBR / E NR

A 75 /  25 /  75
B 75 I  25 /  50
C 75 /  25 /  25
n 50 / 5 0 /  75
E 50 / 5 0 /  50
F 50 / 5 0 /  25
G 25 / 7 5 /  75
H 25 /  75 /  50
1 25 /  75 / 25
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-  101 - 63 - 25

t e m p e r a t u r e ,*c
D y n a m i c  m e c h a n i c a l  s p e c t r a  o f  t e r n a r y  b l e n d s  
( m i x  G  a n d  M i x  ( C )  s h o w i n g  t h e  e f f e c t  o f  

m o u l d i n g  t i m e  o n  T g  b e h a v i o u r .

( a )  t a n  6  v e r s u s  t e m p e r a t u r e .
( b )  v i s c o u s  m o d u l u s  v e r s u s  t e m p e r a t u r e .
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•100

S R F  B l a c k  

I S A F  B l o c k  

S i l i c o

-ao

'--------- -

- 6 0 - 4 0  - 2 0

T E M P E R A T U R E  ,®C

2 0 40

1
*»
i

i

F i g  5 1 10  : D S C  t h e r m o g r a m s  o f  t h e  m i s c i b l e  t e r n a r y  b l e n d
( m i x  G )  f i l l e d  w i t h  I S A F  b l a c k ,  S R F  b l a c k  
a n d  p r e c i p i t a t e d  s i l i c a .  F i 1 l e r  l o a d i n g  w a s  
40  p a r t s  p e r  h u n d r e d  o f  r u b b e r  i n  e a c h  c a s e .





j t  h a s  b e e n  r e p o r t e d  t h a t  m i l l - m i x e d  b l e n d  o f

■ „ d  n a t u r a l  r u b b e r  ( E N R ) ,  p o l y c h l o r o p r e n e  r u b b e r  

c a r b o x y l a t e d  n i t r i l e  r u b b e r  ( X N B R ) ,  f o r m  a  a e l f -  

' ^ " u a b l e  t e r n a r y  r u b b e r  b l e n d  s y s t e m  u p o n  m o u l d i n g  a t  

h a s  b e e n  r e p o r t e d  e a r l i e r  i n  P a r t  I  o f  t h i s  c h a p t e r  

' . i a c i b i l i t y  o f  s u c h  s y s t e m s  d e p e n d s  o n  b l e n d

( I t i o n ,  a n d  i n c o r p o r a t i o n  o f  f i l l e r .

I I  of this chapter, deals with the results of the

I t  on d e p e n d e n c e  o f  v u l c a n i s a t i o n  c h a r a c t e r i s t i c s  a n d  

J e . l  p r o p e r t i e s  o f  t h e  t e r n a r y  b l e n d s  o n  b l e n d

i l t l o n  a n d  f i l l e r s  l i k e  I S A F  b l a c k .  s i l i c a  a n d  S R F

T h e  f o r m u l a t i o n  o f  d i f f e r e n t  b l e n d s  a r e  s h o u n  i n  

5 . 1 . l a n d  5 . 2 . 1 .  T h e  f o r m u l a t i o n  o f  t h e  c o n t r o l  m i x e s  

l y . n  i n  T a b l e  5 . 2 . 2 .  F o r  c o m p a r i s o n  b e t w e e n  t h e  b l e n d  

h .  s i n g l e  r u b b e r  i n  r e s p e c t  t o  p r o p e r t i e s .  o n e  b l e n d  

„  M i x .  N O .  G i s  C h o s e n .  I n  t h e  c a s e  o f  t h i s  b l e n d  t h e

i n  r h e o m e t r i c  t o r q u e  a b o v e  t h e  m i n i m u m  t o r q u e  w a s  2 6

. t  1 5 0 ° C .  T h e  c o n t r o l  m i x e s  o f  E N R  a n d  X N B R  w e r e  c u r e d

•  t i m e  w h e n  t h e  r h e o m e t r i c  t o r q u e  r i s e  w a s  t h e  s a m e

t h e  b l e n d ,  t h a t  w a s  26 units. T h e  respective cure

1 5 0 * ^ C  t h u s  o b t a i n e d  w e r e  3 0  m i n - ,  9 m i n .  a n d

c u r e

^teapectively for E N R ,  X N B R  and C R .

Effect of blend ratio  variation on

; C h a r a c t  e r i s t i c s  

Results of cure characteristics of the blends

147



X a b l e  5 . 2 . 3 .  F o r  a  c o n s t a n t  C R / X N B R  r a t i o  m i n i m u m  

i j c o s i ' t y  s c o r c h  t i m e  a t  1 2 0 * C  s h o w e d  p r o g r e s s i v e

r i t b  ENR c o n t e n t .  A s  t h e  ENR c o n t e n t  i n c r e a s e d ,  t h e  

(ooney v i s c o s i t y  d e c r e a s e d  a n d  s c o r c h  t i m e  i n c r e a s e d .

i n  t h e  C R / X N B R  r a t i o  i n c r e a s e d ,  t h e  s c o r c h  t i m e  

i a t l y  r e d u c e d  a n d  m i n i m u m  M o o n e y  v i s c o s i t y  w a s  

j  F o r  i n s t a n c e ,  w h e n  2 5  p h r  E N R  w a s  a d d e d  t o

V
t h e  r a t i o  7 5 / 2 5 ,  m i n i m u m  M o o n e y  v i s c o s i t y  w a s  3 3

f c b  t i m e  w a s  1 0 . 8  m i n . ,  w h i l e  i n  C R / X N B R  r a t i o  o f

A l a u a  M o o n e y  v i s c o s i t y  w a s  4 5  a n d  s c o r c h  t i m e  w a s  5 . 1  

ft
A t h e  t e r n a r y  b l e n d  i t  w a s  b e l i e v e d  t h a t  c a r b o x y l  

(  XNBR a n d  e p o x y  g r o u p  o f  E N R  r e a c t e d  t o  f o r m  e s t e r

I
a n d  e p o x y  g r o u p  o f  E N R  a n d  a l l y l i c  c h l o r i n e  o f  C R

V

{0 f o r m  e t h e r  l i n k a g e s .  F u r t h e r  m o r e  - C O O H  g r o u p  o f
V
I b e e n  r e p o r t e d  t o  i n t e r a c t  w i t h  a l l y l i c  c h l o r i n e  o f

 ̂ 2
^ • r  t o  f o r m  a  s e l f - v u l c a n i s a b l e  r u b b e r  b l e n d  H e n c e

^ • c o r c h  t i m e  i n  t e r n a r y  b l e n d s  c o n t a i n i n g  h i g h  X N B R

to • a r l y  o n s e t  o f  c h e m i c a l  r e a c t i o n s  i n v o l v i n g  - C O O H  

P
X y  g r o u p  a n d  a l l y l i c  c h l o r i n e .

T
9 Q s a n t o  r h e o g r a p h s  o f  t h e  d i f f e r e n t  b l e n d s  a t  1 5 0 *  C .  

^  i n  F i g u r e  5 . 2 . 1 .  A l l  t h e  b l e n d s  s h o w e d  m a r c h i n g  

t o r q u e  w i t h  t i m e .  D e p e n d e n c e  o f  m i n i m u m  

t o r q u e  o n  b l e n d  r a t i o  f o l l o w e d  t h e  s a m e  p a t t e r n  a s  

i n  m i n i m u m  M o o n e y  v i s c o s i t y .  A t  a  f i x e d  C R / X N B R  

‘c r e a s e  i n  E N R  c o n t e n t  l o w e r e d  t h e  M o o n e y  v i s c o s i t y .
U  '

o f  c r o s s l i n k i n g  a s  r e f l e c t e d  f r o m  t h e  r h e o m e t r i c  

^ • P e n d e d  o n  t h e  c o m p o s i t i o n  o f  t h e  b l e n d .  M a x i m u m

14 8
V



ic t o r q u e  w a s  o b s e r v e d  i n  b l e n d  G w h i c h  c o n t a  e d

r a t i o  1 / 3 / 3 .  A s  s h o w n  i n  P a r t  I  o f  i s

t h e b l e n d  G h a s  b e e n  f o u n d  t o  b e  c o r o p l e  l y

I t  w a s  b e l i e v e d  t h a t  a  h o m o g e n e o u s  m a t r i x  o f  : h e  

' f o r m e d  i n  t h e  r i g h t  c o m p o s i t i o n  w h e r e  t h e  m a s  . a u m  

■ i o n  b e t w e e n  t h e  c o n s t i t u e n t s  t o o k  p l a c e .

| ( f « c t  o f  b l e n d  r a t i o  v a r i a t i o n  o n  p h y s i c a l  p r o p e r t i e s

iff

L t h *  p h y s i c a l  p r o p e r t i e s  o f  d i f f e r e n t  g u m  b l e n d s  a r e  

n  T a b l e  5 . 2 . 4 .  T e n s i l e  s t r e s s  -  s t r a i n  c u r v e s  a r e  

F i g u r e  5 . 2 . 2 .  H i g h  t e n s i l e  s t r e n g t h  w a s  o b s e r v e d  i n

'»■
c o n t a i n i n g  h i g h  p r o p o r t i o n  o f  C R . T h e  s y s t e m s  w h i c h

• d  h i g h  p r o p o r t i o n  o f  C R  w a s  i m m i s c i b l e  a t  t h e

l e v e l  ( P a r t  I  o f  t h i s  c h a p t e r ) .  H o w e v e r  s u c h

w t r e  l i k e l y  t o  b e  m e c h a n i c a l l y  c o m p a t i b l e  d u e  t o

I n g  b e t w e e n  d i f f e r e n t  p h a s e s .  I m m i s c i b l e  s y s t e m s

k f o  a e c h a n i c a l l y  c o m p a t i b l e  a r e  r e p o r t e d  t o  h a v e  g o o d

1 p r o p e r t i e s ^ ^ ’ ^ ® .  F o r  C R / X N B R  b l e n d s  a t  7 5 / 2 6  a n d

) X*Qd r a t i o s ,  i n c r e a s e d  i n c o r p o r a t i o n  o f  E N R  c a u s e d  

i t  t
i n  m o d u l u s ,  t e n s i l e  s t r e n g t h ,  t e a r  s t r  g t h ,  

r e s i l i e n c e  a n d  i n c r e a s e  i n  c o m p r e s s i o n  s  a n d

* o « s .  V r  v a l u e s  w e r e  f o u n d  t o  d e c r e a s  w i t h

E N R  c o n t e n t .  S i n c e  V r  c o u l d  b e  c o n s i d e  I a s

c r o s s l i n k  d e n s i t y ,  t h e  g r a d u a l  c h a r  i n

^  c o u l d  b e  u n d e r s t o o d  o n  t h e  b a s i s  o f  d e  * o f  

H o w e v e r ,  i n  C R / X N B R  b l e n d  a t  2 5 / 7 1  U e n d

^ ® a s e d  i n c o r p o r a t i o n  o f  E N R  c a u s e d  i n c r e a s

1 4 9



r c o r d i n f i l y  t h e  c h a n g e s  i n  p r o p e r t i e s  w i t h  b l e n d  r a t i o  

j i o n  l o l l o w e d  a  d i f f e r e n t  p a t t e r n .  I n  g e n e r a l ,  t h e  

i n  p r o p e r t i e s  w i t h  b l e n d  r a t i o  v a r i a t i o n  w e r e  l e s s  

i b l e  t h i s  s e r i e s .

E f f e c t  o f  f i l l e r s  o n  c u r e  c h a r a c t e r i s t i c s

B i n i f f l u m  M o o n e y  v i s c o s i t i e s  a n d  M o o n e y  s c o r c h  t i m e s  f o r

f i l l e d  b l e n d s  a r e  g i v e n  i n  T a b l e  5 . 2 . 5 .  E x p e c t e d l y ,

! •  o f  f i l l e r  l o a d i n g  i n c r e a s e d  t h e  m i n i m u m  v i s c o s i t y

i c r e a s e d  t h e  s c o r c h  t i m e .  T h e  i n c r e a s e  i n  M o o n e y

i t y  w a s  v e r y  h i g h  i n  t h e  c a s e  o f  s i l i c a  f i l l e d  m i x e s

i n  t h e  c a s e  o f  S R F  b l a c k  f i l l e d  m i x e s .  F o r  e x a m p l e ,

»h r  l o a d i n g ,  M o o n e y  v i s c o s i t y  a t  1 2 0 * C  i n c r e a s e d  f r o m

t h *  u n f i l l e d  b l e n d  t o  4 9  f o r  S R F  b l a c k  f i l l e d  m i x ,  t o

I S A F  b l a c k  f i l l e d  m i x  a n d  t o  9 6  f o r  s i l i c a  f i l l e d  m i x .

i « r  M o o n e y  v i s c o s i t y  o f  s i l i c a  f i l l e d  m i x  w a s  p r o b a b l y

■ t r o n g  i n t e r a c t i o n  o f  s i l i c a  w i t h  r u b b e r  d u r i n g  m i x i n g

2  9
i l d i n g  a t  h i g h e r  t e m p e r a t u r e s  . T h e  l o w  s c o r c h  

t h e  b l e n d s  s h o w e d  t h a t  c r o s s l i n k i n g  r e a c t i o n  s t a r t e d

*  p r o c e s s i n g  t e m p e r a t u r e  o f  1 2 0 *  C .

l o g r a p h s  o f  t h e  g u m  b l e n d  a t  d i f f e r e n t  t e m p e r a t u r e s  

^ ■ c o n t r o l  E N R . X N B R  a n d  C R  m i x e s  a t  1 5 0 “ C a r e  s h o w n  i n  

’^ • 3 .  T h e  g u m  b l e n d  ^ s h o w e d  m a r c h i n g  r h e o m e t r i c  t o r q u e  

a n d  t e m p e r a t u r e  o f  m o u l d i n g .  F i g u r e  5 . 2 . 4  s h o w s  

I S A F  b l a c k  f i l l e d  s y s t e m s .  I t  i s  e v i d e n t  t h a t

1, ■ ^ ^ i s e  o f  c o n v e n t i o n a l  r u b b e r s  I S A F  b l a c k  r e i n f o r c e d  

b l e n d .  T h e  n a t u r e  o f  r h e o g r a p h s  w i t h  r e s p e c t  t o

1 5 0
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a n d  t e m p e r a t u r e  w a s  s i m i l a r  t o  t h a t  o f  t h e  g u m  b l e n d ,  

o f  f i l l e r  l o a d i n g  i n c r e a s e d  r h e o m e t r i c  t o r q u e .  

I f  e  5 . 2 . 5 ) .

I t  h a s  b e e n  r e p o r t e d  t h a t  b o t h  CR a n d  X N B R  c o u l d  b e

b y  e p o x y  r e s i n s ^ ^ * ^ ^ .  F u r t h e r m o r e  CR a n d  XNB R

■ AC t e d  t o  f o r m  e s t e r  l i n k a g e s .  I n  t h e  t e r n a r y  b l e n d  o f

fR a n d  XNBR i t  w a s  l i k e l y  t h a t  e t h e r  l i n k a g e s  a n d  e s t e r

i«0 ( P a r t  I  o f  t h i s  c h a p t e r )  w o u l d  b e  d i s t r i b u t e d

i l y  i n  t h e  m a t r i x .  C o n v e n t i o n a l l y  c u r e d  v u l c a n i s a t e s  
V

f l u l p h u r  l i n k a g e s  s h o w e d  t e n d e n c y  f o r  r e v e r s i o n .  T h e  

' y  b l e n d ,  o n  t h e  o t h e r  h a n d ,  d u e  t o  t h e  d i f f e r e n c e  i n  

t y p f  o f  c r o s s l i n k s  s h o w e d  a b s e n c e  o f  c u r e  r e v e r s i o n  a n d  a

I f  d e g r e e  o f  c r o s s l i n k i n g  a t  h i g h e r  t e m p e r a t u r e s .  

E f f e c t  o f  f i l l e r s  o n  p h y s i c a l  p r o p e r t i e s

■ ^ ' T h e  t e n s i l e  s t r e s s - s t r a i n  b e h a v i o u r  o f  t h e  f i l l e dr
s h o w n  i n  F i g u r e  5 . 2 . 6 .  E f f e c t  o f  f i l l e r  l o a d i n g  o n

I  p r o p e r t i e s  a r e  s u m m a r i s e d  i n  T a b l e  5 . 2 . 6 .
i

t h e  f o l l o w i n g  p r o p e r t i e s  s h o w e d  g r a d u a l  i n c r e a s e

c r e a s e  i n  f i l l e r  l o a d i n g :  m o d u l u s ,  t e n s i l e  s t r e n g t h ,

* Q g t h ,  a b r a s i o n  r e s i s t a n c e  a n d  h a r d n e s s .  R e s i l i e n c e

w i t h  f i l l e r  l o a d i n g .  I t  w a s  i n t e r e s t i n g  t o  n o t e

b u i l d - u p  w a s  c o s i d e r a b l y  r e d u c e d  f o r  f i l l e d  m i x e s

l o a d i n g  o f  f i l l e r .  I t  w a s  b e l i e v e d  t h a t  u n e q u a l

i o n  o f  r e i n f o r c i n g  f i l l e r  o c c u r e d  b e t w e e n  d i f f e r e n t

t e r n a r y  b l e n d .  U n e q u a l  d i s t r i b u t i o n  o f  f i l l e r

3  2 3 3
^  i f i  r e p o r t e d  t o  s h o w  l o w  h y s t e r e s i s .  ’

1 5 1
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v u l c a n i a a t e s  i n  c h l o r o f o r m .  T h e  v a r i a t i o n  o f

1 3  4 
L f  a g a i n s t  P / ( . 1 - P )  a c c o r d i n f t  t o  K r a u s  e q u a t i o n  i s

i n  F i f t u r e  5 . 2 . 7 .

i n t e r a c t i o n  w a s  s t u d i e d  b y  s w e l l i n e  o f

ro

^  V i s  t h e  v o l u m e  f r a c t i o n  o f  r u b b e r  i n  g u m  
f t  * r  o

v u l c a n i s a t e

i s  t h e  v o l u m e  f r a c t i o n  o f  r u b b e r  i n  t h e  f i l l e d  

v u l c a n i s a t e

0 i s  t h e  v o l u m e  c o n c e n t r a t i o n  o f  f i l l e r  i n  t h e  

f i l l e d  v u l c a n i s a t e

ID i s  a  c o n s t a n t  c h a r a c t e r i s t i c  o f  t h e  f i l l e r  r u b b e r

I
n a t r i x .

I t  w a s  e v i d e n t  t h a t  t h e  l i n e a r  r e l a t i o n  a c c o r d i n g  t o  

p l o t  w a s  n o t  o b e y e d  i n  t h i s  s y s t e m .  T h i s  d e v i a t i o n

I ' l i n t a r i t y  c o u l d  b e  d u e  t o  t w o  r e a s o n s .  F i r s t l y ,  a s
s

•̂<1 i n  P a r t  I  o f  t h i s  c h a p t e r ,  f i l l e r s  c o u l d  i n f l u e n c e  

j i l c i b i l i t y  o f  t h e  t e r n a r y  b l e n d .  A f f i n i t i e s  o f  t h e  

’•  f o r  t h e  t h r e e  d i f f e r e n t  r u b b e r  s y s t e m s  w e r e  n o t  

^ > « t o  b e  s a m e .  A c c o r d i n g l y ,  f i l l e r s  w o u l d  n o t  t e n d  t o  

u n i f o r m l y  b e t w e e n  d i f f e r e n t  p h a s e s  i n  a  b l e n d .
%

b e e n  s h o w n  e a r l i e r  t h a t  p o l y m e r  f i l l e r  i n t e r a c t i o n  

, t h e  t y p e  o f  b l e n d ,  v u l c a n i s a t i o n  t e m p e r a t u r e  ,

^ • V s t e m ^ ^ » ^ 7  t y p e  o f  f i l l e r ^ ^ .  T h i s  c o u l d  r e s u l t
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a c c u i n l a t i o n  o f  f i l l e r s  a t  t h e  i n t e r f a c e 3 7 a n d

' | « n t l y  s o m e  p o r t i o n  o f  f i l l e r s  w o u l d  n o t  b e  a v a i l a b l e  

j a b b e r  m a t r i x  f o r  r e s i s t i n g  s o l v e n t  p e n e t r a t i o n .  T h i s

t
- ' c a u s e  a  l o w e r  V j . £  t h a n  e x p e c t e d ,  r e s u l t i n g  i n  a n  

i n  t h e  r a t i o  o f  S e c o n d l y ,  f i l l e r s

l i v e s  t a k e  p a r t  i n  c r o s s l i n k i n g  r e a c t i o n  w h i c h  m i g h t  

[ t ‘ i n  i n c r e a s e  i n  c r o s s l i n k  d e n s i t y  o f  t h e  n e t w o r k  

l i o f l l y *  a c t u a l  i n  t h e  f i l l e d  b l e n d  w o u l d  b e  h i g h e r

I t  a e a s u r e d  o f  g u m  b l e n d .  A s  a  r e s u l t  t h e  r a t i o  o f

w o u l d  b e  h i g h e r  t h a n  t h e  v a l u e ,  i f  t h e r e  w e r e  n o  

! •  i n  c r o s s l i n k  d e n s i t y  d u e  t o  f i l l e r  i n c o r p o r a t i o n .

T h e  a b r a s i o n  c h a r a c t e r i s t i c s  o f  t h e  b l e n d s  h a v e  b e e n

[#d b y  S c a n n i n g  E l e c t r o n  H i c r o s c o p e .  R i d g e  f o r m a t i o n  i n

3 9 - 4 1i « r i  h a s  b e e n  r e p o r t e d  e a r l i e r I t  i s  s h o w n  t h a t  

M 2' Z
; t p a c i n g  o f  r i d g e s  s h o w  h i g h  a b r a s i o n  r e s i s t a n c e * * ^ ,  

i ^ n  r e s i s t a n c e  m a i n l y  d e p e n d e d  o n  t h e  s t r e n g t h  o f  t h e

T h e  g u m  t e r n a r y  b l e n d  h a d  p o o r  m a t r i x  s t r e n g t h

i m p r o v e d  g r e a t l y  b y  t h e  a d d i t i o n  o f  r e i n f o r c i n g  

T h e  S E M  f r a c t o g r a p h s  o f  t h e  a b r a d e d  s u r f a c e s  o f  t h e
■ If

b l e n d  s h o w i n g  t h e  e f f e c t  o f  r e i n f o r c i n g  f i l l e r  o n  

r e s i s t a n c e  a r e  s h o w n  i n  F i g u r e s  5 . 2 . 8 - 5 . 2 . 1 0 .  T h e

ft • u r f a c e  o f  t h e  g u m  m i x  ( F i g u r e  5 . 2 . 8 )  s h o w e d

r i d g e s  w h i c h  w e r e  d e f o r m e d  a n d  w i d e l y  s p a c e d  

^  p o o r  a b r a s i o n  r e s i s t a n c e .  U i t h  i n c o r p o r a t i o n  o f  20 

^  b l a c k  t h e  a b r a d e d  s u r f a c e  s h o w e d  t e n d e n c y  t o  f o r a  

' ■ i d g e s  ( F i g u r e  5 . 2 . 9 ) .  U h e n  t h e  I S A F  b l a c k  l o a d i n g  

• • d  t o  4 0  p h r  c l o s e l y  s p a c e d  v e r t i c a l  r i d g e s  ( F i g u r e
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l O )  f o r m e d  s h o v i n g  t h a t  t h e  a b r a s i o n  r e s i s t a n c e  w a s

e d .

o n a l  t y p e  o f  w e a r
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C u r e  c h a r a c t e r i s t i c s  o f  t h e  t e r n a r y  b l e n d  G a n d  o f  

L E N R ,  X N B R  a n d  C R  m i x e s  a r e  s h o w n  i n  T a b l e  5 . 2 . 7 .  

| i y  v i s c o s i t y  a n d  s c o r c h  t i m e  o f  t h e  b l e n d  w e r e  f o u n d  t o  

i t e r m e d i a t e  b e t w e e n  t h e  t w o  c o n t r o l  m i x e s  o f  E NR  a n d  

t u t  t h e  M o n s a n t o  r h e o m e t r i c  t o r q u e  v a l u e s  w e r e  c l o s e  t o

M

•  i x
i  P h y s i c a l  p r o p e r t i e s  o f  t h e  t e r n a r y  b l e n d  a n d  o f

^ o l , E N R ^ X N B R  a n d  CR m i x e s  a r e  s h o w n  i n  T a b l e  5 . 2 . 8 .  T h e

A t i o n s  c a n  b e  s u m m a r i s e d  a s  f o l l o w s .

i t  

. ’ * 1 ^  

. *  <

^ ( i )  E x p e c t e d l y  g u m  C R  s h o w e d  h i g h  s t r e n g t h ,  d u e  t o  

c r y s t a l l i s a t i o n .  A d d i t i o n  o f  r e i n f o r c i n g  I S A F  b l a c k  

c h a n g e  t h e  p h y s i c a l p r o p e r t i e s  ® ^ 6 n i f i c a n t l y . H o w e v e r ,  

t l o n  o f  2 0  p h r  I S A F  b l a c k  r e d u c e d  t h e  e l o n g a t i o n  a t  b r e a k  

l A u s e d  r e d u c t i o n  i n  t h e  a b r a s i o n  l o s s  a n d  c o m p r e s s i o n

A.

I  jf

( i i )  G u m  XNB R  s h o w e d  g o o d  m a t r i x  s t r e n g t h ,  e x c e l l e n t  

iOn r e s i s t a n c e  b u t  h i g h  c o m p r e s s i o n  s e t  d u e  t o  i o n i c

I n c o r p o r a t i o n  o f  2 0  p h r  I S A F  b l a c k  c a u s e d  

i n  m o s t  o f  t h e  p h y s i c a l  p r o p e r t i  e s . H o w e v e r , 

* ' « a i s t a n c e  r e m a i n e d  u n a f f e c t e d  b y  p r e s e n c e  I S A F

•- «i

U-,' 
■ f  .
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( i i i )  G u m  ENR s h o w e d  p o o r  m a t r i x  s t r e n g t h ,  w h i c h ,  

c o u l d  b e  r e i n f o r c e d  o n  a d d i t i o n  o f  2 0  p h r  I S A F  b l a c k

( i v )  T h e  s e l f - v u l c a n i s e d  t e r n a r y  b l e n d  i n  t h e  g u m  

r e g i s t e r e d  p o o r  f a i l u r e  p r o p e r t i e s  l i k e  g u m  E N R ,  b u t  i t

h i g h  r e s l i e n c e  a n d  l o w  c o m p r e s s i o n  s e t .  A b r a s i o n  l o s s  

b u i l d - u p  o f  t h e  b l e n d  w a s  n e a r e r  t o  g u m  CR m a t r i x ,  

i ^ i o n  o f  20  p h r  o f  r e i n f o r c i n g  b l a c k  c a u s e d  i m p r o v e m e n t  i n  

c a l  p r o p e r t i e s .

S t r e s s  R e l a x a t i o n

I n  t h e  f o l l o w i n g  s e c t i o n  t h e  r e s u l t s  o f  s t u d i e s  o n  

^ j - r e l a x a t i o n  b e h a v i o u r  o f  t h e  s e l f - v u l c a n i z e d  t e r n a r y  

o f  E N R ,  X N B R  a n d  CR a r e  r e p o r t e d .  F o r  c o m p a r i s o n ,  t h e

t
^ 3  r e l a x a t i o n  b e h a v i o u r  o f  s i n g l e  C R  v u l c a n i s a t e  i s  

f ^ C u . T h e  s t r e s s  r e l a x a t i o n  b e h a v i o u r  o f  g u m  a n d  f i l l e d  

»d XNBR a r e  g i v e n  i n  c h a p t e r  3  p a r t  2 .

P l o t s  o f  ( C “ / < t * q )  ( c s ' q  i s  o b t a i n e d  f r o m  t h e  m a x i m u m  

* t  t  = 0 , w h e n  t h e  d e s i r e d  s t r a i n  i s  r e a c h e d ,  i s  t h e  

A t  s u b s e q u e n t  t i m e s )  p l o t t e d  a g a i n s t  l o g ( t )  i s  s h o w n  

p y f e s  5 . 2 . 1 1  a n d  5 . 2 . 1 2 .  F o r  c o m p a r i s o n ,  r e s u l t s  o f  ENR 

v u l c a n i s a t e s  ( C h a p t e r  3 )  a r e  s h o w n  i n  F i g u r e s  

» n d  5 , 2 . 1 2 .  T h e  s t r e s s  r e l a x a t i o n  p a r a m e t e r s ^ ^  o f  

' • r n a r y  b l e n d  a n d  t h e  p o l y c h l o r o p r e n e  r u b b e r  a r e  

l U e d  i n  T a b l e  5 . 2 . 9 .

p o l y c h l o r o p r e n e  v u l c a n i s a t e  s h o w e d  l i n e a r i t y  i n  

' ‘ f t l a x a t i o n  c h a n g e  w i t h  t i m e .  T h e  g u m  t e r n a r y  b l e n d

1 5 5



t wo r e l a x a t i o n s  a s  o b s e r v e d  i n  c a s e  o f  o t h e r  r u b b e r

^ ^ 4 6 - 4 9 ^  T h e  f i r s t  r e l a x a t i o n  w h i c h  t o o k  p l a c e  i n

« 8S t h a n  5 5 0  s e c o n d s  c o u l d  a s s o c i a t e d  w i t h  s m a l l

4 6
t *  d o m a i n  o f  m o l e c u l a r  c h a i n s  , w h i l e  t h e  s e c o n d

d u e  t o  r e a r r a n g e m e n t  o f  m o l e c u l a r  c h a i n s  o r  

A s  s e e n  f r o m  T a b l e  5 . 2 . 9 ,  t e r n a r y  b l e n d  h a d  a  

i t r e s s  r e l a x a t i o n  t h a n  p o l y c h l o r o p r e n e .

s l o p e  o f  a l l  m i x e s  i n c r e a s e d  w i t h  a d d i t i o n  o f  

s h o w i n g  t h a t  s t r e s s  r e l a x a t i o n  i n c r e a s e d  w i t h  a d d i t i o n  

T h e  f i l l e d  p o l y c h l o r o p r e n e  v u l c a n i s a t e  s h o w e d  

p i t y  i n  s t r e s s  r e l a x a t i o n  w i t h  t i m e ,  w h i l e  t h e  t e r n a r y

1 a h o w e d  t w o  r e l a x a t i o n s .  T h e  i n t e r c e p t  o n  t i m e  a x i s  

i h i f t e d  t o  a  h i g h e r  t i m e .  T h e  s t r e s s  r e l a x a t i o n  

l o t i r  o f  t e r n a r y  b l e n d  w a s  c l o s e  t o  t h e  b i n a r y  b l e n d  o f  

XNBR ( C h a p t e r  3 ,  P a r t  I V ) .

! •  S t r e s s  r e l a x a t i o n  b e h a v i o u r  o f  t h e s e  v u l c a n i s a t e s  

t h * t  t h e  t e r n a r y  b l e n d  w h i c h  c o n t a i n e d  e t h e r  a n d  e s t e r

b e h a v e d  s i m i l a r  t o  c o n v e n t i o n a l r u b b e r

• A t e a .
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a 6 * « n X t « i o n  o r s i o  G 7 S 2 0  G I 5 3 0  G 1 S 4 0  G S R I O  G S R 2 0  G S R 3 0  G S R 4 0  G S R S O  G S i l O G S 1 3 0  G S i 4 0  G S 1 5 0

N e o p r e n e  A C 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5

X N B R  ( K r y n a c 2 2 1 ) 7 5 7 5 7 5 7 5  ‘ 7 5 7 5 7 5 7 5 7 5 7 5 7 5 7 5 7 5 7 5

ENR 7 5 7 5 7 5 7 5 7 5 7 5 7 5 7 5 7 5 7 5 7 5 7 5 7 5 7 5

I S A F  b l a c k 1 7 . 5 3 5 . 0 5 2  . 5 7 0  . 0 - - - - - - - - ~ -

S R F  b l a c k - - - - 1 7  . 5 3 5  . 0 5 2  . 5 7 0  . 0 8 7  . 5 - - - - -

S i  1 i  c a ^ - - - - - - - - 1 7 . 5 3 5  . 0 5 2  . 5 7 0 . 5 8 7

^  F o r m u l a t i o n  i s  i n  p a r t s  b y  w e i g h t  

b p r e c i p i t a t e d  s i l i c a ,  V u l c a s i l  S  o b t a i n e d  f r o m  B a y e r  ( I n d i a )  L t d . , B o m b a y .



dL

^  N N c  X X c  E E c

2 ' F o r m u l a t i o n s  o f  c o n t r o l  s i n g l e  r u b b e r  m i x e s "

1 0 0 1 0 0

2 0

2

1 0 0 1 0 0

5

2

2 0

2

1 0 0  

0 . 25 

5

1 0 0

0 . 2 5

5

2

2 0

4

0 . 5

1 . 0  

2 . 4

1 .  0  

2 . 4

1 . 6

2 . 4 

0 . 3

1 .  0  

2 . 8

• r a u l a t i o n  i s  i n  p a r t s  b y  w e i g h t
d i s u l p h i d e

'  e t h y l e n e  b e n z o t b i  # z o ]  f - Z - t f u l  e n a » * - d e



a
1

. j

W # o p r « n « / X W B R / F M R  3 / 1 / 3  3 / 1 / 2  3 / 1 / 1 . S  3 / 1 / 1  3 / 1 / 0 . 5  2 / S / 3  2 / 2 / 2  2 / 2 / t  1 / S / S ; f t  t f % t ' %  ' t  / l ^ V

H o o n e y  v i s c o m e t r y

n i n i m u m  M o o n e y  3 1  
v i a c o s i t y  
a t  1 2 0 *  C .

3 1  3 2 3 3 3 8

H o o n e y  a c o r c h  
t i m e  a t  
1 2 0 *  C . , m i n .

2 0 . 0  1 1 . 1  1 1 . 0  1 0 . 8  6 , 0

3 1  3 2  3 8

1 0 . 0  8 . 3  6 . 3

2 6 3 0 3 3

8 . 3  8 . 0  6 . 0

M o n s a n t o  r h e o m e t r y

M i n i m u m  t o r q u e  6 
a t  1 5 0 *  C . , d N . m

M a x i m u m  t o r q u e  
a t  1 5 0 *  C .
( a t  6 0 m i n . ) d N .

1 5  2 2 2 3

8  1 0

2 1  2 6 2 4  2 5  3 1  1 2 3 1 2 8

3 6

3 1

k

6 . 5  5

i l l

N
is:pi

'm-



p n > « rt ie

| lN 4 r u h

l lM ^ O f
i f U M

A B C D E F G H I

3/1/3 3/1/2 3/1/1 2/2/3 2/2/2 2/2/1 1/3/3 1/3/2 1/3/1

2.5 2.8 6.4 3.5 3.5 6.1 - 5.0 4.8

9.3 a.6 15.5 5.0 5.8 9.7 4.7 5.3 5.4

550 510 440 380 370 370 270 310 330

33 29 39 23 26 27 18 18 23

60 65 75 55 58 65 49 52 55

57 62 62 63 65 67 68 66 65

57 30 30 30 27 19 11 13 13

4.6 4.6 4.2 4.6 4.6 1.6 4.2 2.8 1.2

a i a a a a 38 - a a

0.06 0.07 0.10 0.10 0.11 0.11 0.13 0.13 0.11

Mt b tfo rt 20 t i n .
I l K i r & l i f l .

\v.  %■ ŷ

.' ^  j . iii

160



rr- I utrii r î

_  (jaracleristics of the filled  ternary blend. (G)

f-n •>» . •*

Filler Loading

0 10 20 30 40 50

ISAF black 42 43 5S 71

SRF black 30 37 39 39 49 (£.
Silica 45 49 67 98 170

^ M m i

I S f f black 6.2 5.5 5.0 4.0

SfiF black 8.0 6.8 6.3 5.8 5.0

Silica 6.2 5.5 5.0 3.2

4.7
2.5

ISAF black 

SRF black 

Silica

11 12 16 18 -

10 10 14 14 14

11 12 17 31 34

&

IS/V̂  black 44 56 67 84 -

SRF black 31 42 47 54 61 69

Silica 51 66 67 91 96

161



|gr ^ipefiies of the filled ternary blend(G) loulded 

150 *C ________

Filler loading (parts per 100 of rubber)

0 10 20 30 40 50

1 .1

' i '  *

IS e f black 
5RF black 

Silica

m  black 

SRF black 

Silica

I5AF black 
SRF black 

Silica

ISAF black 

SRF black 

Silica

15AF black 

SRF black 

Silica

ISAF black 

SRF black 

Silica

70* C.,): ISAF black

SRF black 

Silica

ISAF black 

SRF black 

Silica

4.7

270

18

49

6&

11

4.2

5.5 7.3 10.0 15.4 -

6.5 7.0 7.5 9.9 11.8
3.4 5.6 8.5 10.8 12.7

7.4 8.0 16.0 17.0

7.Z 8.0 9.7 11.9 15.0

7,1 9.8 14.8 16.8 17.4

240 290 280 220 -

210 220 250 250 270

330 320 320 300 280

30 39 50 48 _

34 40 45 47 54

22 40 53 58 54

58 65 70 76 .

51 59 64 68 74

60 65 75 82 89

61 53 51 49 _

63 62 60 57 65
64 62 60 53 49

11 12 14 15
11 11 14 16 16
14 14 14 16 16

2.8 i.a 1.4 0.9 _

3.9 3.7 3.5 3.0 2.5
2.8 2.1 1.2 0.5 0.5



Filler
Uading(part5 per hundred of rubber)

10 20 30 40 50

if ic h  
if 24 lb

m

ISAF bUck 

S8f BUck 

Silica

15AF bUck 

SRF black 

Silica

11 32 35 -

30̂ 30 35 35 35

c 30 33 31 Ih

1.2 1.2 1.3 1.3 -

d 2.2 3.1 3.5 3.5

d 0.4 3.3 1.4 1.4

ISAF black 

SRF black 

Silica

0.17

0.13 0.15

0.15

0.1S

0.17

0.17

0.20  0 .22  -  
0.18 0.1? 0.20

0.18 0.20 0.22

FHllHiri 15 tin.

Iv S '

1 6 3



a c t i r i s t i c s  o f  c o n t r o l  s i n g l e  r u b b e r  l i x e s .

N Nc E Ec X Xc GISSO^

lily at
89 127 5 9 40 50 30 43

5.0 3.0 10.0 6.5 3.8 2.0 8.0 5.5

Frf CO*.C, dN.» 18 25 2 3 11 12 5 12

filWC., dN.» 39 87 33 80 87 115 31 56

l U U  5.2.4

1 6 4

,̂1 ij»M
'm w i ,



icil properties of the ternary blend and of 

,1 D f i and XNHl

••
C .r l

nOOO rev.

N I E G Nc Xt Ec G1S20

7.0 3.9 1.H - - 15.5 9.0 -

17.0 18.7 4.2 4.7 9.0 24.0 23.0 s.o

900 470 650 270 170 380 595 290

70 34 18 18 68 70 49 39

87 69 30 49 89 83 61 65

61 62 26 68 60 54 49 53

25 70 16 11 16 53 35 12

1.00 0.05 8.40 1.80 0.77 0.05 0.42 0.80

f ^ l N ^ r u h
I iMd of 24 lb

38 b 20 38^ 26 58 16 27

6.1 b 1.6 c 1.6 4.2 7.3 1.2

0.09 0.05 0.09 0.13 0.23 0.10 0.12 0.16

165
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S t r e s s  r e l a x a t i o n  p a r a m e t e r s  f o r  p o l y c h l o r o p r e n e  
a n d  t h e  s e l f - v u l c a n i s a t e  E N R - X N B R - C R  b l e n d

I n t  e r a c t  i o n  
p o i n t  o n  t i m e  
a x i s

2 5 0 0

i f i r t n c e  T a b l e  N o s .  5 . 1 . 1 , 5 . 2 . 1  a n d  5 . 2 . 2



w .-^ s 6 5 c v ^ # S »

„ - . L . _ L . ______ _________ L . . - U -

30 -

20  -

CR /  XNBR /  ENR 

0  SO /  50  /  7S
E 5 0  / 5 0  /  5 0
F 50 /  5 0  / 2 5

l b )

\Q  K ~ .

30 -

2 0
C)

CR- /  XNBR /  ENR 
A 75 /  25 /  7 5  0 

75 /  25 /  50- 0  
75 / 2 S  / 3 7 - 5  

75 /  25 /  25-0 

75  /  25 /  U - 5

■

10 20 30

f I ME , mi n

4 0 50 60

F i n *  5 . 2 . 1 . ; Mo n  s a  n t o  r h e o R r a p h s  o f  d i f r < - : * o n t  i^iim t e r n n r v  
!■» 1 ' ‘n.  I ■' i f  I '1 ' y



s t r a i n , X

5 . 2  2 .  T  - 1
T e n s i l e  s t r e s s  -  s t r a i n  c u r v e s  o f  t e r n a r v  
v u l c a n i s a t e s . e u m



i y

tC, ■ '

70 -

______________

TIME , mi n

F i g .  5 , 2 . 3 : R h e o g r a p h s  o f  g u m  b l e n d  a t  d i f f e r e n t  t e m p e r a t u r e s  
a n d  o f  c o n t r g l  F .N R  , X N B K  a n d  p o  1 y c f i  1 o r o p r e n e  
m i x e s  a t  150  C .



f IME ) min
F i g .  5 . 2 . 4 .  R h e o g r a p h s  o f  TSAt'  b l a c k  f i l l e d  s y s t e m s  o f

s i n g l e  F N R  , XN1\R o o  1 v c h  1 o r o r > r f  anrl  t h f '  t e r r u i r v



F i g .  5 . 2 . 5 R h e o g r a p h s  a t  T 5 0 9 c  o f  t h e  2 5 / 7 5 / 7 5  C R / X N B R / E N R  t e r n a r y  
b l e n d  f i l l e d  w i t h  d i f f e r e n t  l o a d i n g s  o t  J S A K  b l a c k .



I

I

1 0 0 2 0 0 300 iOO 500

: . 6 -  T  S T R A I N , r .
e n s i l e  s t r e s s  -  s t r a i n  c u r v e s  o f  t h e  m i s c i b l e  
e r n a r y  b l e n d  ( G )  f i l l e d  w i t h  d i f f e r e n t  l o a d i n g s  

I S A F  b l a c k ,  S R F  b l a c k  a n d  s i l i c a .



SRF Block

Sitica
ISAF Block

{• i  g . 5 . 2 . 7  : K r a u s  p l o t s  f o r  I S A F  b l a c k  a n d  s i l i c a  f i l l e d  
( 2 5 / 7 5 / 7 5  C R / X N B R / E N R )  t e r n a r y  b l e n d .



F i g .  5 . 2 . 8  : S E M  f r a c t o g r a p h  o f  a b r a d e d  s u r f a c e  
o f  b l e n d  G ,

t i p .  5 . 2 . 9  : S E M  f r a c t o g r a p h  o f  t h e  a b r a d e d  s u r f a c e
o f  b l e n d  G f i l l e d  w i t h  2 0  p h r  I S A F  b l a c k

f * i g .  5 . 2 . 1 0 S E M  f r a c t o g r a p h  o f  a b r a d e d  s u r f a c e
o f  b l e n d  G f i l l e d  w i t h  4 0  p h r  I S A F  
b l a c k .

$ '4iSl6 #



•ĵ , ̂*' ' * ' *** ‘
* •  ' - j . * . ij*'

. , v  ■'W ■■•':■..

GIS20

Ti me,  second

I-'I g . 6 . 2 . 1 1 : Somi I oga r i t hrn i c p l o t s  of stre.s!? decay as a 
fijiictif)ti of t imi* tOr the ?.0 phr ISAl-' black 
f i I 1':<i t'NK, XNIU< CH .ind l h “ t e rnary  blend 
I C't 1 S 0 ) VII 1 c a n i s .1 1 «• s .



XNBR

0.  6

10'  ,o2

Time , second

I g .  p l o t s  o f  s t r e s s  d e c a y  a s  a

iO 10'
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•  t I  1 Kllfrfc A fc

I n the fo l lo w in g  s e c t io n ,  the r e s u lt s  of studi1 es on

the s e lf- vulc an ised  ternary  blend  of ENR, XNBR and 

reported .  For comparison,  s in g l e  CR v u lc a n is a t e  is

Ageing S tud ie s

Ageing s tud ie s  were done under the follo w in g  d i f f e r e n t

conditions.

(a) Air  at 70^C for 12 days

(b) Aqueous HCl,  25% at 70^C for 7 days

(c) Aqueous NaOH, 2 5 ^  at 70 °C  for 7 days

(d) ASTM fuel  C at 30°C  for 7 days

The formulation  of the mixes are given  in Tables  

5 . 2 . 1  and 5 . 2 . 2 .  T e n s i l e  p r o p e r t ie s  of aged and 

•4 gum and carbon black f i l l e d  v u l c a n is a t e s  are g iven  in 

'!• S . 3 . 1 .  The percent r e t e n t io n  of t e n s i l e  strength

►to# gum and f i l l e d  v u lc a n is a te s  are given  in Figures

5 . 3 . 2

Agei ng

On ageing  both gum and f i l l e d  polychloroprene  

showed a decrease  in modulus and t e n s i l e  

but constancy  in e longation  at break in gum 

' and a decrease  in  f i l l e d  v u l c a n i s a t e .

r>'

gum ternary  blend showed constancy  in modulus and

167



^ in t e n s i l e  strength  and e lo n g a t io n  at break ,  w h i le  

jlled ternary  blend  showed an in c r ea s e  in modulus and 

trength but decrease  in e lo n g a t io n  at break .  In 

y b land ,  ageing  might have s im i l a r  e f fe ct  of post 

i» *t ion  c uring  phenomenon.

j  Acid Ageing

Polychloroprene v u l c a n i s a t e s , both gum and f i l l e d  

« decrease  in modulus, t e n s i l e  s tr e ng th  and e longation  

This showed that p olychloroprene  v u lc a n is a t e s  had 

r*iistance  towards ac id s .

The gum ternary  blend showed constancy  in modulus,  

l U  strength  and elongation  at break .  The f i l l e d  ternary  

, on the other hand,  showed d ecrease  in a l l  t e n s i l e  

; on ag e ing .

f*C Alkali  Ageing

Both gum and f i l l e d  p oly ch lorop rene  v u l c a n is a t e s  

c onsiderable  r e s is t a n c e  to a l k a l i  ag e ing  as compared 

•cid age ing .  The aged v u l c a n i s a t e s  showed a decrease  in

’*■ and t e n s i l e  strength  and in c r e a s e  in e lon ga tion  at

*fter  a l k a l i  ageing .

gum ternary  b lend ,  on the  other hand,  showed an

in modulus and t e n s i l e  s t r e n g th  and d ecrease  in

*^ion at break.  It was p o s s i b l e  that  in the ternary  

there was c r o s s l in k in g  r e a c t i o n  in presence  of NaOH as 

ovn that polymers c o n t a in in g  ester  groups c r o s s l in k e d

168
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.V

l ^ y 4 r o l y s i 3  i n  p r e s e n c e  o f  b a s i c  o x i d e s  a n d  h y d r o x i d e s 51

jp  Fuel Ageing

The polychloroprene  vu lc a n is a te s  (both gum and f i l l e d )  

rfd *  decrease  in modulus and t e n s i l e  strength ,  but an 

>««ae in e longation  at break,  a fter  fuel ageing .

The gum ternary  blend showed a decrease  in modulus but 

in te n s i l e  strength  and elongation  at break after  

\ l The f i l l e d  ternary  blend shoved a decrease  in

tUi,  t e n s i le  strength  and e longation  at break.  In 

[•fttion of t e n s i l e  p r o p e r t ie s ,  it  showed a behaviour  very 

i« to that of ENR, as d iscussed  e ar l ie r  in Chapter 3.

Figure 5 , 3 .<  and F ig .  5 . 3 . 2  show retent ion of

•  ^Wtfties  of the s el f-vulcanised  blends a fter  age ing .  For 

‘if iPF*rieon retent ion  properties  of the s in g l e  rubber 

k*niaates are inc luded .  (Results  of ENR and XNBR 

litQlflates have been taken from Chapter 3 ) .

Aa far as re te n t io n  of properties  in gum vu lc a n is a te s

C o n c e r n e d  ;

in air-ageing the blend  is close  to XNBR and much 

better than ENR.

in acid ageing  the blend is superior  to ENR, XNBR and 

CR.

:: a lk a l i  ageing  the blend is  superior  to ENR, XNBR

1 6 9



,  7o '  " e l  ageing  the blend  is sup er io r  to ENR. XNBR and

CR-

Afl £ar as r
entention  of p roperties  in  f i l l e d

are concerned :a # A t e 3

in air  ageing  the blend  is  c loser  to XNBR and CR, and

*ach better  than ENR.

T' in acid a g e in g ,  the blend is superior  to ENR, XNBR and

CR.
^  in a lk a l i  ag e ing ,  the blend  is  closer  to CR and ENR, 

in fuel ag e ing ,  the blend  is nearer  to ENR and CR, but 

Inferior  to XNBR.

1 7 0



'  5 . 3 . 1  : T e n s i l e  P r o p e r t i e s  of  Aged and Unaged
* V u l c a n i s a t e s

c o n d it io n s  1 0 0 ^ 2 0 0 ^ 300'^ s t r e n g t h  at b r e a k ,

KPa

M o d u l u s ,  H P a  T e n s i l e  E l o n g a t i o n

> u e l

3 . 5  4 . 4

1 .  7

2 . 3

3 . 9

^•oce;a T ab le  N o . 5 . 2 . 2  b T a b l e  No 5 . 1 . 1  c T a b l e  N o 5 . 2 . 1  

‘a days.

1 7 1
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A i r  ageing A c i d  agei ng Alka l i  ageing Fuel  ogeing

F i g .  5 . 3 . 1  : P e r c e n t  r e t e n t i o n  o f  t e n s i l e  s t r e n g t h  f o r  t h e
g u m  E N R ,  X N B R ,  C R  a n d  t h e  t e r n a r y  b l e n d  v u l c a n i s a t e s
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C H A P T E R  6

. T h e o l o g i c a l  b e h a v i o u r  o f  t h e  t e r n a r y  

Sl e n d  o f  e p o x i d i s e d  n a t u r a l  r u b b e r  (e n r ) 

;a r b o x y l a t e d  n i t r i l e  r u b b e r  ( X N B R )  a n d  

p o l y c h l o r o p r e n e  r u b b e r  (C R )



C H A P T E R  6  -  P A R T  I

V I S C O S I T Y

• This part of the work haa been 
communicated to Kautachuk Qummi 

Kunatatoffe



^ number of  r e s e a r c h e r s  have r e p o r te d  on r h e o lo g y  of  

1-7
b le nd s  . A com prehensive  r e v ie w  on dependence  ofit r

i^l^jgical p r o p e r t i e s  on b lend  c o m p o s it io n s  has been  g iv e n

“  Q — 9
flochoki G e n e r a l l y  v i s c o s i t i e s  of  b le n d s  vary

tonically  w i t h  the  b le n d  c o m p o s it io n .  The r h e o l o g i c a l

rti«® a l s o  a f f e c t e d  by the  method of  p r e p a r a t i o n .

fheoloftical b e h a v i o u r  of  n a t u r a l  rubber  (NR )  w ith

and cryoground  r u b b e r ^ ^ ,  e p o x i d i s e d  n a tu r a l

1 3
jf with  p o l y ( v i n y l c h l o r i d e ) ( PVC) of other  e lastomers  

«lAstomer b l e n d s ^ ^ ’ ^^ have been  r e p o r t e d .

I f
V i s c o s i t y  of  polymer b le n d s  as a f u n c t i o n  of  b lend

• I t io n  has b een  d e s c r i b e d  by  d i f f e r e n t  m odels^^  The

21
[(•rtnt b le n d  a d d i t i v i t y  r u l e s ,  l i k e  l o g a r i t h m ic  r u l e  , 

iin'a upper c o n t r o l  r u le  and H a s h i n ’ s lower control

r i l  19
!• , H e i t m i l l e r s  i n v e r s e  a d d i t i v i t y  r u l e  and sheath-core

12 2 3
* have been used  for  polymer m elts

In th i s  c h a p te r  the  r h e o l o g i c a l  c h a r a c t e r i s t i c s  of the  

blend ,  ENR /XNBR /CR  are  r e p o r t e d  and an e f f o r t  is  made

elate the  b le n d  v i s c o s i t i e s  by a d d i t i v i t y  r u l e s .

•S1M VISCOSITY

V a r i a t i o n  of  S h ea r  S t r e s s  w i t h  Sh ea r  Rate

form ulat ion  of  the  mixes  are  g i v e n  in  T a b le  6 . 1 . 1 a  and

ev iden t  from F i g .  6 . 1 . 1  a l l  the  mixes  showed s lo p e

■ i ’
‘ ■ be l e s s  than  one r e v e a l i n g  that  t h e y  were

t i c in  n a t u r e .  R e a s o n a b l e  s t r a i g h t  l i n e s  could  be 

for the p o l y c h l o r o p r e n e  mixes  showing  that it  obeyed

" f t
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l a v  3 ,sdel of  f lo w  in  the  range  of s h e a r  r a t e  from 10
0

M -1 '“l o s e  o b s e r v a t i o n  of  f low  c urves  showed that  a l l
•  »

other p o l y c h l o r o p r e n e  were not s u f f i c i e n t l y  l i n e a r

to be c o n c a v e .  T h i s  means th a t  'n *  tend ed  toa p p e a l  - -

w  r a t e  of  s h e a r .  Thus for  th e se  m a t e r i a l s  ' n ’ 

on T v a  ^  u n iq u e  m a t e r i a l  p ara m e te r ,

t a l  p o i n t s  of  t h e s e  rubbers  c ould  be f i t t e d  into

w ,traia--' l i n e s  s h o w in g  that  the  p a t t e r n  of  f lo w  changed

*r « c e r ' t i n  i n t e r v a l  of  s h e ar  r a t e .

Shear S t r e a s - S h e a r  Rate  V a r i a t i o n .  E f f e c t  of Blend

R a t i : :

The

I m  v « r y  1

^ o l y c h l - 

k i  b l  e n d s

•d by

■.  •»*

ion

l ^ f c h l o r o p ;

Th.

• a t e  of  d e f o r m a t i o n  at a p a r t i c u l a r  s h e ar  s t r e s s  

.» and almost same except  at v e r y  low sh e ar  rates  

- o p r e n e  and XNBR w h i l e  it  was ve r y  h i g h  for E N R .

o c c u p ie d  a p o s i t i o n  w h ich  was a mean of  that

IINBR, CR and ENR. M ix  C w h ich  c o n t a i n e d  a h i g h e r  

of p o l y c h l o r o p r e n e  showed a lower r at e  of

—nan mix G w h ich  c o n t a i n e d  a lower p r o p o r t i o n  of

-ne, for a p a r t i c u l a r  shear  s t r e s s .

f low  p a ra m e te rs  g i v e n  in  T a b le  6 . 1 . 2  showed that 

: n changed  a f t e r  two d ecades  of  s h e a r  r a t e  and

of the  second  l i n e  was lower than  s l o p e  of  the

£ . t  both  9 0 ° C  and 1 0 0 ° C .  Thus t h e s e  m ixes  showed 

i . o n  from p a r a b o l i c  f l o w ,  w i t h  a marked w a l l

-ch was more prom inant  a f t e r  2 d e c a d e s  of  s h e a r .  

■*~ency p ar a m e te r ,  w h ic h  is  the  i n t e r c e p t  on
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m jty a x is  is  a l s o  g iv e n  in T a b l e  6 . 1 , 2 .  T h is  g iv e s  an 

the i n i t i a l  v i s c o s i t y  and hence  the  s u s c e p t i b i l i t y  to

on m ixing  m i l l .  As seen  ENR had a lover  v a lu e  of

ipared to XNBR and CR, which  shoved  that  ENR vas  more 

itible breakdown on m ix in g  m i l l .  A f t e r  f i l l e r

[tlon the control  mixes of  ENR and XNBR shoved a lower

of k ,  w h i l e  the  other  mixes showed h ig h e r  va lu e s  of  k .  

showed that the  v i s c o s i t y  of  the  mixes i n c r e a s e d  w ith  

ad d it io n .

Shear St r e ss - S h e a r  Rate  V a r i a t i o n  - E f f e c t  of  F i l l e r s

The a d d i t i o n  of  f i l l e r  i n c r e a s e d  modulus of  the  mixes 

^  h<nce caused  d e c r e a s e  in  r at e  of  d e fo r m a t io n ,  as compared 

|UD mixes .  The s i l i c a  f i l l e d  mixes showed a lower r at e  

' jilformation than  the carbon b l a c k  f i l l e d  m ixes .  S t r a i g h t  

could be drawn for the  shear  s t r e s s  sh ear  ra t e  

viour, except at very  low shear  r a t e s ,  for the  f i l l e d  

y mix.

H*® V a r i a t i o n  of  V i s c o s i t y  w ith  Sh ea r  S t r e s s  and Shear  

#  Rate

■ V i s c o s i t y  as a f u n c t io n  of shear  s t r e s s  at d i f f e r e n t

■*tures 9 0 ^ C  and 1 0 0 ° C  for  the  gum mixes  are  shown in  

^ • 1 . 2 a  and 6 . 1 . 2 b .  V a r i a t i o n  of  v i s c o s i t y  w i t h  shear  

the  gum and f i l l e d  mixes  a r e  shown in F i g .  6 . 1 . 3 a  

I’ *-l.3b.  V i s c o s i t y  of  a l l  mixes d e c r e a s e d  w ith  i n c r e a s i n g  

fate and shear  s t r e s s  showing  p s e u d o p l a s t i c  flow

1 7 8



. | O o r '
P o l y c h l o r o p r e n e  s h o w e d  a  h i g h e r  s h e a r  s e n s i t i v i t y

jity than XNBR in  both  f i l l e d  and gum m ix e s .

V iacos ity- Shear  S t r e s s ,  Sh ear  Rate  V a r i a t i o n  - E f f e c t  

Blend  R a t io

p olychloroprene  and XNBR showed ve r y  h i g h  v i s c o s i t y  

ENR showed a lower v i s c o s i t y  at a p a r t i c u l a r  shear  

*nd shear  r a t e .  The  b le n d s  o c c u p ie d  an i n t e r m e d i a t e  

Ulon. U i th  i n c r e a s e  in  te m p e r a tu r e  ENR showed 

•*tively lower v i s c o s i t i e s ,  and due to t h i s  the  flow  

iltf were more s p r e a d ,  as the  te m p e r a tu r e  i n c r e a s e d .  

Wlty of the t e r n a r y  b l e n d ,  d e c r e a s e s  as the  CR content  

l i c d .

»V Viacosity-Shear  S t r e s s  Sh ear  Rate  V a r i a t i o n  - E f f e c t  

of F i l l e r s

A h igher  v i s c o s i t y  was r e c o r d e d  for  the  f i l l e d

The v i s c o s i t y  c han ge  for the  mixes  was as f o l l o w s  :

I** f i l l e r  > ISAF b l a c k  f i l l e r  > SRF b l a c k  f i l l e r .  The

of type of  f i l l e r  on the v i s c o s i t y  was noted  

| | . . 2 S , 26
I the  s m a l le r  the p a r t i c l e  s i z e  and g r e a t e r  the  

the more is  th e  v i s c o s i t y  i n c r e a s e  and e l a s t i c i t y

Log-log p l o t s  of  v e rsus  sh e ar  r a t e  w ere  more

the b lend  m ixes  than  the gum m ix e s .  

it ^^^^-^cation of  B l e n d i n g  Rule  for  the  V i s c o s i t y

The z e r o  shear  v i s c o s i t y  i n c r e a s e d  w i t h  t h e  a v e r a g e

179



'^bree component system  e q u a t io n  c ould  be w r i t t e n  as

1 1 1 1
log = '*'1 -- + V 2 l o g --- + V 3. l o g ---  ( 7 )

‘6 " ^ l  ^ 2  - ^ 3
2 8

lide ^ 1 - hava p r e s e n te d  the e q u a t io n  in  the form

la eqn. ( 3 )

1

n '

W'
( 8 )

2

ternary b l e n d  component ,  e q u at io n  ( 8 ) becomes

( V2 w^ )  ( V3 + Vj )  ( v^  + V2 )
-------------- 1 .  ------------------- ^ ---------------------- . . . ( 9 )

% n
I 1

r\

'$ found t h a t  the  b le n d  v i j c o s i t y  f i t s  the  e q u a t io n ,  i f  

of the form i n  eqn .  ( 1 0 ) .

P  (W2 + W3 ) (W3 + ) CWi + Vo )

n ' I 2

■. ■( 1 0 )

Equations ( 5 ) ,  ( 7 )  and ( 1 0 ) have b een  a p p l i e d  to the 

v i a c o s i t i e s  of  t e r n a r y  t l e n d  for v i s c o s i t i e s  at shear  

1 sec 10 s e c  100 aac ^ and 1 0 00  sec  At a i l

Pates the  v i s c o s i t y  b e h a v io u r  f i t t e d  th e  models in  

( 5 )  and ( 7 ) ,  but  at v « r y  h i g h  s h e a r  r a t e  t h e rs  was 

ftion for t h e  b l e n d  G. In  b l e n d  C, t h e r e  was d e v i a t i o n

equation ( 1 0 )  at  lower sh!5ar  r a t e s  and b l e n d  G fi 'jtad

at a l l  s h o a r  r a t e j .  T h o s e  aro r e p r e s e n t e d  in  

■’ *1*3 .  The  v i s c o s i t y  a d d i t i v i t y  r u l e  was v a l i a  only

‘B ' ' i s c o s i t i e s  at  ^cons'!:ar.t s h e ar  r a t e  and not for

l e x



gities  at c o n s t a n t  shear  s t r e s s .  F i g .  6 . 1 . 7  g iv e s  the 

tlo^r b l e n d s  at two shear  s t r e s s e s  of  2 . 9  HPa and

* ppa- d e v i a t i o n  from eq uat ion  ( 5 )  are  larg e r  than

Qbservations in  F i g s .  6 . 1 . 4 - 6 . 1 . 6 .

T h e s e  t e r n a r y  r u b b e r  b l e n d s  h a d  s p e c i f i c  i n t e r a c t i o n

iloft ^ n e g a t i v e  e n th a l p y  change and as a r e s u l t  they  were

ild<red to be rniscible .  In the  case  of  i n t e r a c t i n g

[ptra v i s c o s i t y  was very  much dependent  on r e s i d e n c e  time 

•T 2 9
«  ihown by Kemblowski  et a l . , where  the  r e s i d e n c e  time

Stions were c o r r e l a t e d  w ith  the k i n e t i c s  of the  polymer 

ttiona. Hence  v i s c o s i t y  in  t h i s  tricom ponent  system 

^IAd«d on the  r e s i d e n c e  time ( t )  in  the  c a p i l l a r y  and 

UfAture of  t e s t  ( T ) .

lIKAtical l y ,

T  = ^  (ir, t .  T)

( t ,  t ,  T )7)

. . . ( 1 1 )  

. . . ( 1 2 )

-v'l?

** re s id e nc e  time was lo n g e r ,  in t e s t i n g  c o n d i t i o n s  at a 

f'ate of 1 0 0 0  sec  and there  would  be an i n c r e a s e  in 

w e ig h t  d u r in g  cure which  was r e f l e c t e d  from an 

in v i s c o s i t y  in  b lend  G. However^ in  b l e n d  C,  the 

*ction was l e s s e r  as ENR content  was l e s s .

1 8 2
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4^

I T a b l e  6 . 1 . 1 ( a )  F o r m u l a t i o n s  o f  Gum M i x e s —

X N

100

i H i ( K r y n a c  2 2 1 ) 1 0 0

© f c h l o r o p r e n e  
;-g f to p re n e  AD) 1 0 0

75

75

25

25

25

75

Ifigures are in  p a rt s  by w e ight

Table  6 . 1 . 1 ( b )  Formulations  of  F i l l e d  M ix e s -

E I S 2 0  X I S 2 0  N I S 2 0  G IS 2 0  G S i 2 0  GSR20

1 0 0

n * c  2 2 1 )

^ • y c h l o r o -
^ • n t
m»oprene AD)

1 0 0

20 20

1 0 0

20

75

75

25

35

75

75

25

35

75

75

25

35

in  p a r t s  by w e i g h t .

*^ipitated  s i l i c a ,  V u l k a s i l  S o b t a in e d  from Bay er  ( I n d i a )  

Bombay.

1 8 3



100*\) Consis­

tency
j t f t  of Slope of Point of Slope of Slope of Point of para-

tjil lire 2nd line inlersec- 1st line 2nd line inlersec- aeter

'' tion K at

(Seconds) (Seconds) 90*̂ :

TaMe 6.1.2 Flo» Curve Characteristics

0.36 0,24 58 0.57

0.44 0.13 116 1.06

O.li only one line - 2.31

0.35 0.18 58 0.97

0.44 0.27 58 0.46

0.38 0.31 116 0.50

0.17 only one line - 3.14

0.41 0.21 29 1.46

0.45 0.14 29 1.64

0.37 0.18 29 1.35

‘0 '̂r

1 8 4



6 , 1  .
^ w a .

P l o t s  o f  s h e a r - s t r e s s  v e r s u s  s h e a r ^ r a t e  
f o r  t h e  g u m  a n d  f i l l e d  m i x e s  a t  9 0  C  a n d  
1 0 0 ° C .

( a )  G u m  m i x e s  a t  9 0 * ^ C ;  ( b )  F i l l e d  m i x e s a t  9 0 ^ C  •

( c )  G u m  m i x e s  a t  1 0 0  C  ; ( d )  F i l l e d  m i x e s  a t  1 0 0 * ^ C



F.g
"Cw, N/m2

6 . 1 . 2  : L o g - l o g  p l o t s  o f  v i s c o s i t y  v e r s u s  s h e a r  
s t r e s s  f o r  t l i e  g u m  m i x e s  s h o w i n g  e f f e c t  
o f  b l e n d  r a t i o .

( a )  a t  9 0 ° C  ; ( b )  a t  1 0 0 ° C .

—s!' <-



V W ,  S'^

L o g  l o g  p l o t s  o f  v i s c o s i t y  v e r s u s  s h e a r  r a t e  
f o r  t h e  g u m  a n d  f i l l e d  m i x e s  a t  9 0 ° C .

C a )  G u m  m i x e s  ( b )  F i l l e d  m i x e s .

w w



• 6  1 . 4 :  A p p l i c a t i o n  o f  t h e  a d d i t i v i t y  r u l e  f o r
t h e  v i s c o s i t y  o f  b l e n d s  a t  f o u r  d i f f e r e n  
s h e a r  r a t e s .  s e c  m  ■ 1 0 0  s e c
a n d  1 0 0 0  s e c
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OBSERVED VALUES 
CALCULATED VALUES

L . i s -1

L  . '0 s
-1

-I

f!..iooos - i

^ 5 - 6 . 1 . 6  ; A p p l i c a t i o n  o f  m o d i f i e d  H y a s h i d a ' s  m o d e l  f o r  
v i s c o s i t y  o f  b l e n d s  a t  f o u r  d i f f e r e n t  r a t e s .

1 s e c
- 1

1 0  s e c   ̂ 1 0 0  s e c   ̂ a n d  1 0 0 0  s e c  ^
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C H A P T E R  6  -  P A R T  II

E L A S T IC IT Y

• Thia part of the work has been 
communicated to Kautachuk Qummi 

Kunstatoffe



Elastomeric m aterials ,  when they exit from a d ie ,  due 

' e l a s t i c i t y ,  get expanded and this  is reported as

e l a s t i c i t y  behaviour is characterised  by the

.jf
flwell rat io  ( D g / D ^ ) ,  the princ ipa .1 normal stress 

jff*rence c ^ 1 1  - ^ 2 2  ̂ recoverable shear s tr e s s ,  Sjj and

2^»arent shear modulus G. It is known that these factors are 

tf«r related and also  that d ie  swell increases  with 

‘tasinft shear rate  and is independent of temperature at a 

it*nt shear s t r e s s .  Die swell  depends on fundamental 

iptrties of the polymers such as the molecular weight and 

Hi d istribution ,  as well as on flow conditions  such as 

j •
lllptrature, shear rate ,  shear stress  and L /D  ratio  of the 

ll^lllary. F i l l e r s  generally  reduce die  swell in elastomers.

In this  s e c t io n ,  we report the results  of studies  on 

die s w e l l ,  principal  normal stress  d i f fe re n c e ,  

^ o r * r a b l e  e la s t ic  s tra in  and apparent shear modulus, using
a

ary rheometer,  for the tricomponent system of

I S / W br / c r .

Die Swell  Ratio

Figures 6 . 2 . 1 ( a )  and 6 . 2 . 1 (b )  are the photographs of 

«ua and f i l l e d  mixes showing the e ffect  of shear rate  on 

■‘> ’|&,»well . Die swell increased  as shear rate increased .  It

that blending  of rubbers and ad d it io n  of f i l l e r

- 1
the d ie  swell of the mixes.  At shear rate  of 594 s

-.i smoothness of the f i l l e d  blend was greater  than the

1 8 5



fol roixes of polychloroprene  and XNBR. Polychloroprene  

a h ighly  wrinkled  surface  probably  due to the high  

tAllinity of the m ateria l .  F ig .  6 . 2 . 2  is the plot of d ie  

i]l as a function  of shear s t r e s s .  It showed that 

lotion of die  swell with shear stress  is temperature 

R o d e n t  for the gum ternary mix,  while  the f i l l e d  ternary  

||ji «howed temperature independence as noted e ar l ie r  for 

polymer m e l t s ^ ^ ' ^ ^ .

According to the results  in F ig .  6 . 2 . 3 ,  the follo w in g

lUtion existed  between (Dg/D^,) and

log (D g /D ^ )  = B log J'y + log A . . . . ( 1 3 )

I ♦f#, A and B are constants .

I  The values  of A and B are given  in Table  6 . 2 . 1 .  The

of d ie  swell with  shear stre ss  ( d i e  swell  i n d e x ,B )  was 

low for XNBR and was high for CR. Blend C showed a much 

change of d ie  swell with shear stress  and showed a very
| .

i Intercept (A )  on Y a x is .  This  might be due to the 

of more CR, which was c r y s t a l l i n e  in nature .

The die  swell is a mechanical property ,  and the

^ rule  ’ , could be ap p l ie d  to expla in  die  swell

log E
- S  0r> log E, ---( 1 4 )

the mechanical property and 0 is the

( r  ^
action  of d ispersed  phase r.
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The die  swell of a tricomponent system could b

cx = ®i<5t^ + 0 2  <D<2 *^3 *^3 . . . . ( 1 5 )

OL = Dg/D^, and 0 is the weight fraction  of the

> o n e n t s .

Values of d ie  swell  calculated  on the basis  of this  

J|t«tion at two constant shear stresses  of 2 .7  MPa and 3 .5  

Are given in Table  6 . 2 . 2 .

The observed d ie  swell for blend G was found to be 

#r than the calculated  d ie  sw ell ,  except at high 

flMptrature. In such cases the surface  of G was not smooth 

was w r inkled  showing that there had been some 

ttriictions between the components at high temperature. As 

rt«d e a r l i e r ,  the ternary  blend was m isc ible  due to 

♦clfic interact ion s  between the components. The fact that 

SWtod C, showed a much lower d ie  swell than the calculated  

indicated  the existence  of m i s c i b i l i t y  in the system.

T h e ore t ica lly  it is known that sw e ll in g  is contributed

fact ors
34 The f i rst  factor is due to change in

o a^ | ^ » b o l i c  v e lo c i t y  d i s t r i b u t i o n  of the melt in the d ie ,  t 

'|J^*^*nt v e lo c ity  d i s t r i b u t i o n ,  when it emerges from the

* and the second factor is due to randomization of

■■
*:l|Wer molecules which are oriented  during  the ir  passage 

the d i e ^ ^ .  The second factor depends on polymer

•' .v .r '

1 8 7



parties and dynamics o£ flou through the c a p i l la r y .  In 

,  ternary blend ENR/XNBR/CR, there was s p e c i f i c  inte r ac t io n  

the elastomers and as a result  molecules mixed in the 

ijntal l e v e l ,  and were more c lo s e ly  packed ,  compared with  

indiv idual  rubbers .  The blends  oriented  more in the 

fction of flow than the in d iv id u a l  rubbers and the 

(ftdonization of the molecules a ft e r  emerging from the 

^ p l l l a r y  was less  due to the s p e c i f i c  intermolecular  

A ttract ion s .  Hence m iscible  blends  were l i k e l y  to have 

tr die  swell  than immiscible b le nd s .

.1 Principal  Normal Stress  D i f f e r e n c e
i-

Values of the various e l a s t i c  parameters at a shear 

r«t« of 2 . 9  s e c ”  ̂ and 584 sec  ̂ are  shown in  Table  6 . 2 . 3 .

ll"'^22^ as a function  of shear s tr e s s  at 100 C is given  in

| u .  6 . 2 . 4 .  - ' ^ 2 2 ^  found to be s e n s i t iv e  to

fi 37
?t>P«rature as has been noted e a r l i e r  and also  depended on

3 8
^ l«cular  weight and molecular weight  d is t r i b u t i o n  

'0 ) Effect  of Blend Ratio

V **erence of XNBR was very low w h i le  that of polychloroprene  

^uite high and in all  mixes ” "^2 2  ̂ increased  with

rate.  The blend  showed a behaviour  s im ilar  to ENR mix 

cially at lower shear rates .  U i th  blend rat io  v a r iat io n

As observed from Table  6 . 2 . 3  the normal stress

V'as no much v a r ia t io n  in normal s t r e s s .
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F i l l e r s  both in control system and in blends decreased 

I principal normal stress  d i f f e r e n c e ,  as it  depended on the 

The more re in fo r c in g  was the f i l l e r  the greater  was 

reduction in p r in c ip al  normal stress d i f f e r e n c e  (Table  

j j .

I j,C Recoverable E la s t ic  Shear Stra in  (Sjj)

i: ■

* The surface  d is to r t io n  of the extrudate was observed

in e lastic  shear s tr a in  energy stored in a polymer melt 

r*ases to a certain  l i m i t ^ ^ ’ ^^ .  Figs .  6 . 2 . 5 a  and 6 . 2 . 5 b

ir« plots of Sj  ̂ as a function  of shear s tre ss .  The ternary 

lUnd G showed a higher value of Sj  ̂ probably due to the onset 

p -
H  crosslinking reaction  as scorch time was very low. The

t
ili sixes showed a higher value of and a more t'apid change

ii Sd with shear stress  than f i l l e d  mixes.

I
f»J.D E last ic  Shear Hodulua

The e la s t ic  shear modulus as a function of shear 

is shown in Fig.  6 . 2 . 6 .  The e lastic  shear modulus of

^  XNBR was quite  high as compared to ENR and

'^ychloroprene. Like  p r in c ip al  normal stress  d i f fe re n c e s  

*«tic shear modulus d id  not vary much with  blend r a t io .

Addition of f i l l e r s  increased  the shear modulus and the 

:*‘*aae in shear modulus with  shear rate was much lower than 

of the gum mixes (T ab le  6 . 2 . 3 ) .  Shear modulus (G)  

teotperature dependence.

E f f e c t  o f  F i l l e r s

1 8 9



I g Dependence of E laat ic  Parameters on L /D  Ratio

The e laa t ic  parameters depended strongly  on the L /D  

jio o f  the c a p i l la r y  used. The e l a s t i c  parameters obtained  

jjginfi two c a p i l l a r i e s ,  one of shorter  and other of longer 

summarised in Table  6 . 2 . 4 .  During  the flow of a 

jco-elastic material  through a c a p i l l a r y ,  the decay of

gisure amplitude along the length of the c a p i l la r y  depended

t 41
the properties  of the material  . The decay of pressure

- F

jliplitude w i l l  be greater ,  if  its  r e s id e n c e  time is longer

*r
p l c h  is achieved  by reducing the flow rate  or increas in g  the

•ngth of the c a p i l la r y .  Greater  the e l a s t i c i t y  of a

•rial ,  lower w i l l  be its damping.  It has been shown that
A

|fv*rity of extrudate d is t o r t io n  d ecreased  with inc rea s in g  

of the c a p i l l a r y .  Here it was observed that 

Utticity  was considerably  reduced by blending  of the

■opolytners and also by i n c r e a s in g  the length of the 

••pl 1 lary .



6 . 2 . 1  : Constanta A and B of eqn. Dg/D^, = A ,

at two temperatures

Constant B 

(d ie  swell  index)

Constant A 

( In tercep t  on Y a x is )

S o .
90°C 100°C 90°C 100°C

E 0 .12 1 .7 4 0 .0 9 1 .7 0

X -0.04 1 . 36 0 .0 7 1 . 2 0

N 0 . 1 2 1. 64 0 . 2 2 1 .2 4

G 0, 14 1 .42 0 . 09 1. 75

C 0 . 2 6 1 .13 0 . 3 6 0 . 9 0

1 9 1



>ie
2 . 2 : Experimental and c a lc ulate d  ( a d d i t i v i t y  r u le )  

values  of d ie  swell at two d i f f e r e n t  temperatures 

( 9 0 ° C  and 1 0 0 °C )  and two shear stresses  ( 2 . 7  IlPa 

& 3 . 5  nPa)

v-
No.

90°C

2 .7

WPa

3 .5

MPa

lOO^C

2 . 7

npa

3 . 5 

MPa

£ 2 . 0 2 .0 5 1.  90 1. 90

X 1 . 3 0 1 .30 1 . 3 0 1. 30

N 1 .8 5 1 90 1.  65 1 .55

G 1 . 5 5 1 . 7 5 1 .95 1 . 9 5

*
1 .69

*
1 . 1 2

*
1 .59 1 . 6 0 *

C 1 . 40 1 .5 1 1 . 3 0 1 .3 0

h
A

1 . 78
*

1 . 8 1
*

1 . 5 7
*

1 . 7 6

* C a lc ulate d  values from a d d i t i v i t y  rule

1 9 2



6 . 2 . 3  : T h e  E l a s t i c  P a r a m e t e r s  o f  t h e  M i x e s  a t  9 0  C
* a t  t w o  D i f f e r e n t  S h e a r  R a t e s

%■ n

m s
2 . 9 sec

L 583
-3

6 sec
L

(■^11 2 ) 
N/mnT

% G 2
N/mm

C ' ^ l l " ^ 2 ^
N/mnT

S r G 2
N/mm^

: t
9 .8 8 7 . 0 5 0 . 1 0 75 .14 1 1 .7 5 0 . 2 7

6 . 62 3 .01 0 .4 1 3 1 .5 6 2 .3 7 2 . 8 0

4 8 .3 1 9 .2 9 0 . 2 8 1 8 4 .9 3 13 . 21 0 . 53

fK

'1
1 0 .1 9 4 .43 0 .26 82 . 88 8 . 1 2 0. 63

9 .3 4 3 .01 0 .51 90 .19 8 . 1 2 0 . 6 8

f is 20 1 .16 1 .16 0 . 4-3 1 5 .1 8 2 . 37 1 .3 5

^IS 20 0 . 7 0 0 . 5 0 1 .3 9 4 8 .1 9 3 .0 1 2 .6 6

ills 20 3 .82 0 . 5 0 7 . 56 3 3 .2 6 1. 79 5 .3 2

f i s 20 1 . 66 0. 50 3 . 28 29 . 66 2 . 37 2 .63

!ist 20 3 .7 3 1 . 20 1 .29 3 7 .9 5 3 . 0 1 2 .0 9

l * ‘
20 1 .8 1 0 . 5 0 3 . 5 8 24 .42 1 .77 2 .9 0

1 9 3



T a b l e  6 . 2 . 4  : E l a s t i c  p a r a m e t e r s  o f  t h e  m i x e s  a t  a  t e m p e r a t u r e  o f  9 0 ° C
u s i n g  t w o  c a p i l l a r i e s  o f  d i f f e r e n t  L / D  r a t i o s

Paramet er Di e-swel1 Shear

N/mm^

stre ss Normal stre ss  

di f f erence 

N/mm

E l a s t i c  shear 

modulus

N/mm^

Recoverafcl

shear

s t r a in

L /D 40 67 . 5 40 67 . 5 40 67 . 5 40 67 . 5 40 67 . 5

Sheaij^ rate  

sec 1 1 . 6 7 7 .27 1 1 . 6 7 7 .27 1 1 .6 7 7 .27 1 1 .6 7 7 , 27 11 .67 7 .27

ENR 1 . 7 2 1 . 33 1 . 1 2 . 2 15 . 52 1 1 . 7 0 0 . 1 6 0 . 8 3 7 . 0 5 2 .66

XNBR 1 .33 1 . 1 9 2 . 2 3 . 3 1 3 . 2 5 1 2 . 6 6 0 . 73 1 .72 3 . 01 1 . 92

N 1 . 88 1 .39 3 . 7 5 . 0 68 . 52 43 . 70 0 . 40 1 . 7 6 9 . 26 3 . 5 3

G 1 .57 1 . 4 7 1 . 9 2 . 6 20 . 09 22 . 17 0 . 36 0 . 6 1 5 .29 4 . 2 6

m r n m
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F i g .  6 . 2 . 2 P l o t s  o f  d i e - s w e l l  v e r s u s  s h e z r  
s t r e s s  a t  t w o  t e m p e r a t u r e s  9 0 ° C  
a n d  1 0 0  C  f o r  t h e  g u m  a n d  f i l l e d  
t e r n a r y  m i : - .
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F i g ,  6 . 2 . 4  : P l o t s  o f  p r i n c i p a l  n o r m a l  s t r e s s  d i f f e r e n c e  
v e r s u s  s h e a r  s t r e s s  f o r  t h e  g u m  a n d  
f i l l e d  m i x e s  a t  9 0  C .
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F i g .  6 . 2 . 5  ; P l o t s  o f  v e r s u s  s h e a r  s t r e s s  f o r  t h e  

g u m  m i x e s  a t  t w o  t e m p e r a t u r e s .

( a )  a t  9 0 ° C  ( b )  a t  l O O ^ C .
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SUMMARY AND C ON C L U S I ON S

The p r e s e n t  t h e s i s  in c lu d e s  s t u d i e s  on self-  

rub b er  b l e n d s  of e p o x i d i s e d  n a t u r a l  rubber  (ENR)  

c a r b o x y l a t e d  n i t r i l e  rubber  (X N B R ) ,  ENR and 

^lychloroprene r u b b e r  (C R )  and t h e i r  t e r n a r y  self-  

llcanisable rub b er  b le n d  ENR-XNBR-CR. The prim ary  

[^jectives  of  the  work i n c l u d e d :

ft

■jj P r e p a r a t i o n  of m i l l  mixed b i n a r y  b le n d s  of  ENR and 

IBR and s t u d i e s  on c h a r a c t e r i s a t i o n ,  t e c h n i c a l  p r o p e r t i e s ,  

|®lymer-fi 11 er i n t e r a c t i o n ,  dynamic m ec h a nic a l  p r o p e r t i e s ,  

[lllure e n v e l o p e ,  s t r e s s  r e l a x a t i o n  and a g e i n g  b e h av iour  of

• b l e n d s .

t) P r e p a r a t i o n  of  m il l  mixed b in a r y  b le n d s  of  ENR and CR

kd s tud ie s  on c h a r a c t e r i s a t i o n ,  t e c h n i c a l  p r o p e r t i e s ,  and 

lAnic m ec h a nic a l  p r o p e r t i e s  of  the  b l e n d s .

P )  P r e p a r a t i o n  of  m i l l  mixed  t e r n a r y  b le n d s  of  ENR, XNBR

I
CR, and s t u d i e s  on c h a r a c t e r i s a t i o n ,  i n i s c i b i l i t y , 

^Chnical p r o p e r t i e s ,  p o l y m e r - f i 1 1 er i n t e r a c t i o n .  s t r e s s  

f*l*xation and a g e i n g  b e h a v i o u r  of  the  b l e n d s .

I
S t u d i e s  on c a p i l l a r y  flow  b e h a v i o u r  of the  

“ ary b le n d  of  ENR, XNBR and CR.

The b l e n d s  were  p r e p a r e d  on l a b o r a t o r y  s i z e  two-roll 

m i l l .  The  f i l l e r s  were added  a f t e r  b l e n d i n g  the  

ibera. The  c h a r a c t e r i s a t i o n  was made by Monsanto

Uonetry, d i f f e r e n t i a l  s c a n n in g  c a l o r i m e t r y ,  i n f r a r e d
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spectrophotometry ,  s o lv e n t  s w e l l i n g  ( i n  chlorofo rm )  and by 

f’ ^^term inat ion  of  p h y s i c a l  p r o p e r t i e s .

E x p e c t e d l y  s i n g l e  r u b b e r s  showed inc rea se  in
• L

^-fbeometric to rque  w ith  time o n l y  in  p r e s e n c e  of  v u l c a n i s i n g  

agents. In ab s e nc e  of v u l c a n i s i n g  ag e nts  neat  rubbers  d id  

not r e g i s t e r  any i n c r e a s e  in  t o r q u e .  The b l e n d ,  on the  other

- b*nd, r e g i s t e r e d  grad ual  i n c r e a s e  in  r h e om e tr ic  torque w ith
A

• time even in  the  absence  of  v u l c a n i s i n g  a g e n t s .  It  is 

" obvious th a t  the  i n c r e a s e  in  to r q u e  was due to the chem ical

reaction betw een  the r e a c t i v e  group  of  one rubber  (e p o x y  

group of ENR) w ith  the r e a c t i v e  group  of an oth e r  rubber  (COOH 

group of  X N B R ) .  S i n g l e  r u b b e r ^  and the  b le n d  b e f o r e  m oulding

• W«re s o l u b l e  in  a common s o l v e n t .  But the  moulded b lend  was

insoluble  in  the  same s o l v e n t  and the  d e g r e e  of  s w e l l i n g  

decreased w i t h  i n c r e a s e  in m o u ld in g  time at a p a r t i c u l a r  

t«raperature. T h is  phenomenon i n d i c a t e d  oc c urre nc e  of

c rosalink ing  d u r i n g  m ould in g .  I n d i v i d u a l  r ub b e rs  and t h e i r  

blend b e f o r e  m oulding  showed  c h a r a c t e r i s t i c  i n f r a r e d  

Absorption peaks  of s i n g l e  r u b b e r s .  But the  moulded b le n d  

' '«Ci3tered a b s o r p t i o n  peaks  due  to new bonds formed in  the

 ̂ ^* 'osslinked s t r u c t u r e .  Furtherm ore  s i n g l e  r u b b e rs  d id  not

:'*^dergo any  thermal change  in  d i f f e r e n t i a l  s c a n n in g

orimeter  when h e ated  from room tem p erature  upto the

P®rature  b e f o r e  thermal d e g r a d a t i o n  s t a r t e d .  But the

®nd r e g i s t e r e d  exothermic  peak  due to the  c r o s s l i n k i n g

A ctio n .  The  exotherm ic  p e ak  o c c u r r e d  at a te m p er a tur e  much 

b®low 1-V.  ̂ *.
tile tem p erature  at w h ic h  thermal  d e g r a d a t i o n  of  the
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The p r o c e s s i n g  c h a r a c t e r i s t i c s  and t e c h n i c a l  

properties  o£ the  b lend  depended  on b le n d  c o m p o s it io n .  D u r in g  

U moulding at h i g h  tem perature ,  b in a r y  b lend  of  ENR and XNBR 

U  reacted to form e ster  c r o s s l i n k s .  There  was thermal 

f t a b i l i t y  when the  ENR content  in  the b le n d  was h igh  t i l l  

50/50 r a t i o  and when the  ENR content  was lower as in  2 5 / 7 5  

ratio,  the  c r o s s l i n k i n g  r e a c t i o n  re ac h e d  a s t a t e  of 

complotion. The poor gum s t r e n g t h  of  the  b lend  was improved 

by a d d i t i o n  of  r e i n f o r c i n g  f i l l e r s .  The p r o c e s s a b i l i t y  and 

curing c h a r a c t e r i s t i c s  of the  b lend  depended  on type and 

iinount of  f i l l e r  u se d .  The b lend  v u l c a n i s a t e s  showed lower 

compression set  and h ig h e r  r e s i l i e n c e  when compared w ith  

conventionally  cured  XNBR and ENR. S i l i c a  r e in fo r c e m e n t  in 

• e l f - v u l c a n i s a b l e  b lend  occurred  in  the  ab s e nc e  of  any 

Coupling a g e n t .

The p o l y m e r - f i l l e r  i n t e r a c t i o n  was est im ated  by Kraus 

•<Juation by measurement of s w e l l i n g  of  the  v u l c a n i s a t e s  in  

chloroform and it  was observed  that the  s l o p e  was maximum in  

■ilica f i l l e d  b le n d  and minimum in  the  SRF b l a c k  f i l l e d  

l-T^lend. The  polymer-f i 11 er i n t e r a c t i o n  in  the  se l f-  

^ ' ilcanisable  ENR-XNBR b lend  was found to i n c r e a s e  in  the 

®f'der, SRF b l a c k  < ISAF b lac k  < s i l i c a .  It  was observed  that  

the 3 el f — vul  can i  sab 1 e b le n d  a l s o  y i e l d e d  a f a i l u r e  envelo p e ,  

similar to c o n v e n t i o n a l  rubber  v u l c a n i s a t e s ,  when t e n s i l e  

•^^'ength o b t a i n e d  at d i f f e r e n t  tem p eratures  and test  r a t e s

[ j . y b b e r s  s t a r t e d .
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yere p l o t t e d  a g a i n s t  e l o n g a t i o n  at break  on a lo g a r i t h m ic  

E ^ c a l e .

In c r e a s e d  p o l y m e r - f i 1 1 er i n t e r a c t i o n  was m a n i f e s t e d  in 

the reduced  ta n i  v a l u e  and b r o a d n e s s  of the  tancS p e a k .  in

i  the g lass- rub b er  t r a n s i t i o n  ( T g )  r e g io n  of  the  f i l l e d

, y u l c a n i s a t e s .

The b lend  v u l c a n i s a t e s  e x h i b i t e d  s i n g l e  Tg in  the  tan<i 

versus tem perature  p l o t .  The  m i s c i b i l i t y  of  the  system  was 

Ascribed to the s p e c i f i c  i n t e r a c t i o n s  between  the  f u n c t i o n a l  

groups namely ,  epoxy and c a r b o x y l  of the  two p oly m e rs .  

Furthermore, s o l u b i l i t y  p a r a m e te r s  of  the two polymers  were 

(ound to be c l o s e  to each  o t h e r .  The  moulded b le n d s  were 

transpar ent .

S t r e s s  r e l a x a t i o n  m easurem ents  showed that  the  b l e n d  

▼ulcanisates showed two r e l a x a t i o n s  l i k e  the  c o n v e n t i o n a l  

rubber v u l c a n i s a t e s ,  in  the  time  ran ge  s t u d i e d .  The f i r s t  

^ • la x a t io n  could  be due to small  segments  or domains of

■olecular c h a in s  and the  se c o n d  due to re arran g em e nt  of

•olecular  c ha ins  or a g g r e g a t e s .

A g e ing  s t u d i e s  under  d i f f e r e n t  a g e i n g  c o n d i t i o n s  l i k e  

•ir  ag e ing ,  a c i d  a g e i n g ,  a l k a l i  a g e i n g  and fu e l  a g e i n g  showed 

r ^*t the b lend  had b e t t e r  r e s i s t a n c e  to a g e i n g  than  c o n t r o l  

^•lEigig rubber  v u l c a n i s a t e s .

M i l l  mixed b lend  of  ENR and p o l y c h l o r o p r e n e  (C R )  al so

: s e l f - v u l c a n i s a b l e  r u b b e r  b l e n d .  Though  th e  b le n d  was
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reported to be m i s c i b l e  due to s p e c i f i c  chemical

i n t e r a c t i o n s ,  the  v u l c a n i s a t e  was o n l y  p a r t i a l l y  m i s c i b l e .

: yhe p o s s i b l e  c r o s s l i n k i n g  r e a c t i o n  was by the i n t e r a c t i o n  of 

o x i r a n e  r i n g  of  ENR and a l l y l i c  c h l o r i n e  of  CR. However ,

; the v u l c a n i s e d  s t r u c t u r e  was b e l i e v e d  to c o n s i s t  of many 

c o e x is t in g  p h a s e s  due to the f o l l o w i n g  fac to r s

P o l y c h o l o r o p r e n e  a lo ne  underwent  th e r m o v u lc a n is a t io n  

by l i b e r a t i o n  of  HCl .  S e c o n d l y ,  ENR a lo ne  could  form ether 

c rossl in ks  in  p r e s e n c e  of HCl .  L a s t l y  ENR and CR formed 

*ther c r o s s l i n k s .  The Tg of the  v u l c a n i s a t e  c o n s e q u e n t ly  

ihowed a b road  maxima, p a r t i c u l a r l y  when CR content of the 

blend was h i g h .  The extent  of  c r o s s l i n k i n g  depended  on the 

blend r a t i o .  H ig h e r  p r o p o r t io n  of  p o l y c h l o r o p r e n e  in  the 

blend showed h i g h e r  c r o s s l i n k  d e n s i t y .  The b in a r y  b lend  was 

re in forced  by  ISAF b l a c k .  Dynamic m ech anica l  s t u d i e s  showed 

that the  b r o a d e n i n g  of  the  Tg zone  in c r e a s e d  a f t e r  

incorp orat io n  of  f i l l e r .  The carbon  b lac k  f i l l e r  was 

^distributed u n e v e n ly  in  the two p h a s e s .  The carbon  b l a c k

f i l led  b l e n d  c o n s i s t s  of the a b s o r b e d  hard  rubber  and the 

bulk r u b b e r .  The  a b s o r b e d ,  hard  im m o b il i ze d  rubber  caused  

Perturbed r e l a x a t i o n  resp onse  and the  c h a r a c t e r  of the se

layers s h i f t e d  towards  g l a s s y  s t a t e .  As a r e s u l t  of  th e se

in t e r a c t io n s  the  carbon  b la c k  f i l l e d  b le n d  v u l c a n i s a t e  showed

'  * broad maxima i n  Tg .  T h u s ,  it  was p o s s i b l e  to o b t a in  rubber

^ ^ I c a n i s a t e s  w h ic h  showed damping over a w ide  tem perature

Tange by p r o p e r  c h o i c e  of  b lend  c o n s t i t u e n t s  and f i l l e r s .
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S i n c e  chemical  i n t e r a c t i o n  could  take  p l a c e  between  

d i f f e r e n t  f u n c t i o n a l  groups  in  E N R , XNBR and CR, the  t e r n a r y  

blend ENR /XNBR /CR  a l s o  formed s e l f -v u l c a n i s a b l e  b l e n d ,  

p oss ible  i n t e r a c t i o n s  among the  d i f f e r e n t  f u n c t i o n a l  groups  

in c lu d e d ,  ep oxy- carboxy , e p o x y - a l l y l i c  c h l o r i n e ,  and a l l y l i c  

c h l o r i n e - c a r b o x y l . However ,  m i s c i b i l i t y  of  the  v u l c a n i s e d  

blend depended  on b le n d  r a t i o  and i n c o r p o r a t i o n  of f i l l e r .  

During m ould ing  s e v e r a l  r e a c t i o n s  c ould  ta ke  p l a c e  : ( a )

i n t e r a c t i o n  between  epoxy group  of ENR and a l l y l i c  c h l o r i n e  

of CR to form ether  l i n k a g e s ,  ( b )  i n t e r a c t i o n  between  epoxy

group of ENR and c ar b o x y l  group  of XNBR to form ester

c r o s s l i n k s ,  ( c )  i n t e r a c t i o n  betw een  c ar b o x y l  group  of XNBR 

*nd a l l y l i c  c h l o r i n e  of CR to form eater  l i n k a g e s , ( d )  thermo- 

v u l c a n i s a t i o n  of  p o l y c h l o r o p r e n e , ( e )  m o d i f i c a t i o n  of  ENR 

• t r u c t u r e  in  p r e s e n c e  of l i b e r a t e d  a c i d s  from C R . As a 

r e su lt ,  d e p e n d in g  on the  b le n d  c o m p o s it io n ,  th e re  was

■ i c r o h e t e r o g e n i e t y  in the  b l e n d  v u l c a n i s a t e s . However ,

•xtent  of  the  d i f f e r e n t  r e a c t i o n s  c ould  be a l t e r e d  by v a r y i n g  

^lend r a t i o ,  thus a f f e c t i n g  the  m i s c i b i l i t y  of the 

ENR/CR/XNBR system.  For exa m p le ,  m i s c i b i l i t y  was a t t a i n e d  at 

ENR content  of 75 p a r t s  per  100 p a r t s  of  CR /XNBR ,  

l-^^espective of  CR/XNBR r a t i o .  At lower  ENR content  

• i s c i b i l i t y  was found to depend  on CR/XNBR r a t i o .

In c r e a s e  i n  m oulding  time  s h i f t e d  the  g l a s s  t r a n s i t i o n

*  h i g h e r  tem perature  due to i n c r e a s e  in  c r o s s l i n k  d e n s i t y  

'^^thout a f f e c t i n g  the  m i s c i b i l i t y .  R e i n f o r c i n g  f i l l e r s  l i k e  

b la c k  and s i l i c a  caused  p h ase  s e p a r a t i o n  in  the  m i s c i b l e
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ternary b l e n d .  Low r e i n f o r c i n g  SRF b la c k  d id  not have any 

pronounced e f f e c t  on m i s c i b i l i t y .

I n c o r p o r a t i o n  of r e i n f o r c i n g  f i l l e r s  l i k e  ISAF b l a c k ,

: p r e c ip ita te d  s i l i c a  and SRF b l a c k  caused  changes  in  

processing b e h a v io u r  and p h y s ic a l  p r o p e r t i e s  of  the  t e r n a r y  

blend. The b e h a v io u r  was s i m i l a r  to rubber  mixes w ith  

conventional v u l c a n i s a t i o n  system s .  S i l i c a  formed str o n g  

polym er- filler  bonds d u r in g  m ix in g  in  the  t e r n a r y  b lend  

«ystem, as was e v id e n t  from the p r o c e s s in g  c h a r a c t e r i s t i c s .  

Hooney v i s c o s i t y  and Mooney s c o r c h  time of  the  b le n d  were 

found to be i n t e r m e d i a t e  between  the  control  mixes of  ENR and 

XNBR but th e  Monsanto rheom etr ic  to rque  v a l u e s  were c l o s e r  to 

ENR.

The b le n d  in the  gum s t a t e  showed poor f a i l u r e  

properties  l i k e  gum-ENR but showed h i g h  r e s i l i e n c e  and low 

compression s e t .  A b r a s io n  loss  and heat  build- up  p r o p e r t i e s  

of the b l e n d  were ne a r er  to th o se  of  gum p o l y c h lo r o p r e n e  

vu lc a n is a te .  The f i l l e d  b le nd s  showed lower heat  b u ild- up  

to non-uniform d i s t r i b u t i o n  of  f i l l e r s  in  the  m i s c i b l e  

ternary b l e n d .

Thus it  is  p o s s i b l e  to d e v e lo p  rub b er  v u l c a n i s a t e s  

R ' ' i t h  low h eat  b u i ld - u p ,  by the  j u d i c i o u s  c h o i c e  of b le n d  

f C o n s t it u e n t s , type and lo a d i n g  of  f i l l e r .

The c a p i l l a r y  flow b e h a v i o u r  of the  tricom ponent  

^J 'H N R / x n BR/CR system showed that p o l y c h lo r o p r e n e  and 

I ' c a r b o x y l a t e d  n i t r i l e  rubber  were less  s u s c e p t i b l e  to
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j,reakdown on m ix in g  m il l  than  the  neat  e p o x i d i s e d  n a t u r a l  

rubber .  A l l  the  mixes  i n c l u d i n g  the  s i n g l e  r u b b e r s  and t h e i r  

ternary  b l e n d s ,  showed p s u e d o p l a s t i c  f low  w i t h  the  f low  i n d e x  

d e cr e a s in g  a f t e r  about  two d e c a d e s  of  s h e a r .

The b le n d s  in  g e n e r a l  had  a lower  v i s c o s i t y  than  that  

c a lc u l a t e d  by  a d d i t i v i t y  r u l e s .  The  H e i t m i l l e r ’ s e q u a t io n  

uas r e a s o n a b l y  a c c u r a t e  at c o n s t a n t  s h e ar  r a t e .  H a y a s h i d a ’ s 

model was m o d i f i e d  and a p p l i e d  to the  b le n d s  ( e q u a t i o n  1 ) ,

1 1  W2 + U3 W3 + '^1 ^2

r\b

. . .  ( 1 )

■^2 n

where T] ^  is  the  v i s c o s i t y  of  the  b l e n d ,  , rj 3 T  3

Are the  v i s c o s i t i e s  of the  t h r e e  com ponents ,  and w ^ , W2 and

Wj are  the  c o r r e s p o n d i n g  w e i g h t  f r a c t i o n s .

The d i e  sw e ll  r a t i o  of  the  b l e n d  was found  to be lower

than that c a l c u l a t e d  from the  a d d i t i v i t y  r u l e  w h i c h  i m p l ie d

that the b le n d s  were m i s c i b l e .  The  d i e  s w e l l  r a t i o ,

Increased w ith  s h e ar  s t r e s s  ( T  system  was found

^0 follow  the  f o l l o w i n g  e q u a t i o n .

D,
B -------( 2 )

vhere A and B are c o n s t a n t s .

The e l a s t i c i t y  p a r a m e t e r s  of  ENR and CR d e c r e a s e d  by 

*^^ending w i t h  ENR.
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^  behaved l i k e  c o n v e n t i o n a l  rub b er  v u l c a n i s a t e s  in  re sp e ct  to

 ̂ p r o c e s s in g ,  c u r i n g  and t e c h n i c a l  p r o p e r t i e s .  In summary,

t p i l l  mixed b l e n d s  of f u n c t i o n a l l y  a c t i v e  rubbers  c r o s s l i n k  by 

!
^ themselves d u r i n g  moulding  w ith o u t  the  a i d  of any v u l c a n i s i n g  

i S i n c e  no v u l c a n i s i n g  a g e n t s  are  u s e d ,  the  problems of

c o - c r o s s l in k in g  and c r o s s l i n k  h e t e r o g e n i e t y  a r i s i n g  out of 

unequal d i s t r i b u t i o n  of  v u l c a n i s i n g  agents  are  minimised  

c o n s i d e r a b l y .

It was observed  that a few of  the  s e l f - v u l c a n i s e d  

blends ,  p a r t i c u l a r l y  in  p r e s e n c e  of  f i l l e r s ,  showed a broad 

maxima in  dam ping  in the g las s - r u b b er  t r a n s i t i o n  r e g io n  (T g )  

and beyond .  The  te r n a r y  s e l f - v u l c a n i s e d  rubber  blend  showed

si
I  d ev iat ion  from Kraus p l o t s ,  in  p o l y m e r - f i l l e r  i n t e r a c t i o n  

i
presumably due to non-uniform d i s t r i b u t i o n  of f i l l e r s  in 

d i f f e r e n t  p h a s e s .  The heat b uild- up  of  the  s e l f -v u l c a n is e d  

ternary b l e n d s  d e c r e a s e d  in p r e s e n c e  of  f i l l e r .

•

I I n v e s t i g a t i o n s  on s e l f - v u l c a n i s a b l e  rubber  b lends  w ith

. special  r e f e r e n c e  to the  e f f e c t  of  f i l l e r s  on m echanical  and 

dynamic m ec h a n ic a l  b e hav iour  open up a new are a  of  r e s e arc h  

1 in the f i e l d  of  rubber  b le n d s  in  p a r t i c u l a r  and in  rubber  

technology in  g e n e r a l .

I t  w a s  f o u n d  t h a t  s e l f - v u l c a n i s a b l e  r u b b e r  b l e n d s
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Abstract— The effect o f  y-radiation on natural rubber vulcanizates under mechanical strain has been 
investigated with reference to the effect o f antidegradants. fillers and vulanization system. Samples were 
irradiated in the dose range o f 5-15 Mrad in air at room temperature (2 5 °Q  at a rate o f 0.3 Mrad/h. 
Sol content and volume fraction o f  vulcanizates were also determined to gain insight into the network 
structure o f the irradiated vulcanizates. Natural rubber vulcanizates undergo molecular scission which in 
effect cause a decrease in tensile strength. Generally the 300%  modulus increases, the increment being 
more prominent at lower radiation dose. The fall in tensile strength is also high at higher doses of 
radiation. Carbon black and antidegradants protect rubber from  y-radiation.

IN TRO D U CTIO N

Application o f rubber components in radiation 
therapy, nuclear plants, medical equipments etc. has 
been increasing and many o f these components are 
used under mechanical strain. Although much work 
has been done on the effect o f radiation on rubber*''̂ * 
the influence o f y-radiation on rubber vulcanizates 
under mechanical strain has not been well studied. 
Neither has much work been done on the effect of 
lillers and additives like antidegradants, under the 
above conditions. Therefore an attempt has been 
made to study the influence o f y-radiation on NR 
vulcanizates under different levels o f tensile strain.

E X P ER IM E N TA L

The composition of the mixes are given in Table 1 
and their physical properties in Table 2. The mixes 
were prepared in a laboratory model two roll mixing 
mill and were vulcanized into thin sheets using a 
hydraulic press having steam heated platens main* 
tained at a temperature o f 150°C. Modulus, tensile 
strength and elongation o f these vulcanizates were 
determined as per ASTM D 412-75 method A. Tear 
resistance o f these vulcanizates was determined as per 
ASTM D 623-73.

Tensile dumbbells prepared from the vulcanizates 
were kept under tensile strain in a specially designed

stretching device as shown in Fig. 7. The specimens 
were then exposed to y-radiation in air in a y-cham- 
ber (mode! N  900 supplied by the Bhabha Atomic 
Research Centre, Bombay) having a Co“  source. 
Irradiation doses of S, 10 and IS Mrad were given to 
the vulcanizates. The rate o f irradiation was 0.3 Mrad/ 
h. To give a radiation dose o f SMrad the samples 
were exposed for a period of 16 h. Correspondingly 
longer periods were given for higher doses. Samples 
were exposed under different levels o f tensile strain 
ranging from 0 to 240%. After the required dose 
of irradiation the specimens were removed from the

Table 1. Composition of the mixes

1 2 3 4 5 6 7 8

Natural rubber* 100 too 100 100 100 100 100 100
Zinc oxide — 5 5 5 5 5 5 5
Stearic acid — 2 2 2 2 2 2 2
H A F  black — — — 50 50 50 — —

China clay 70 —

Graphite 50
Process oil — — — 5 5 5 5 5
PBNA" — — 1 — 1 — — —

4010̂ — — — — — 5 — —

CBS^ — 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Sulphur — 15 2.5 2.5 2-5 2.5 2.5 2.5
D C P 5

*Grade ISNR-5. *Phenyl-^-naphthylamme, commercial grade. 
‘ Y-cyclohc*yl Af'-phenyl-p-phenylenediamine (Antioxidant 
4010, Bayer (India) Ltd. ^N-cydohexyl benzothiazyl sul- 
phenamide (Vukacit C Z) Bayer (India) Ltd. *Dictuny< peroxide. 
40Va active, commerical grade.

Table 2. Properties of the mixes

Mix no. 1 2 3 4 5 6 7 8

Optimum cure time at I50'C, min 55.0 13.5 12.8 n.o 10.5 9.0 19.0 13.5
Cure rate index 1.9 14.8 15.4 12.9 12.9 16. i 8.3 14.8
300% Modulus (MPa) 2.3 1.6 1.6 Ii.8 10.8 12.0 4.0 4.1
Tensile strength (MPa) 10.6 23.8 24.0 25.3 26.0 22.0 14.4 18.9
Elongation at break (*/•) 705 1041 1045 555 589 503 693 711
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Strain {%)

Fig. 1. Changes in tensile modulus o f vulcanizates with 
respect to strain— radiation dose 5 M rad. The figures in the 
parentheses indicate the original value o f  tensile m odulus of 

vulcanizates.

Stretching device and conditioned for 24 h, in the 
laboratory atmosphere and then tensile strength 
measured using a Zwick 1474 Universal Testing 
Machine.

Volume fraction of rubber in the benzene swollen 
vulcanizates, V,, which is a measure o f the crosslink 
density of the sample, was calculated from equi* 
librium swelling data using the method reported by 
Ellis and Welding.*^’ Sol content was estimated by the 
method described by Bristow^ according to which

Stroin (% )

Fig. 2. Changes in tensile modulus o f vulcanizates with 
respect to strain— radiation dose 10 M rad. The  figures in the 
parentheses indicate the original value o f  tensile m odulus of 

vulcanizates.

Strain (% }

Fig . 3. Changes in tensile m odulus o f  vulcanizates with 
respcct to strain— radiation dose 15 M rad. The figures in the 
parentheses indicate the original value o f tensile m odulus of 

vulcanizates.

samples were extracted with cold acetone in the dark 
for 8-10 days, the acetone being replenished four 
times during the period. The samples were then dried 
to constant weight in vacuo at room temperature and 
from this, weighed portions were extracted with cold 
benzene in the dark for 8-10 days, the benzene being 
replenished four times during this period. After 
benzene extraction the samples were dried to constant 
weight in vacuo. The sol content was then calculated 
from the weight loss during benzene extraction.

R E S U LT S  AND D ISCU SSIO N

The properties o f the mixes are given in Table 2. 
As expected the peroxide vulcanizates are poor in

Fig . 4. Changes in tensile strength o f vulcanizates with 
respect to strain— radiation dose 5 Mrad. The figures in the 
parentheses indicate the original value o f tensile strength of 

vulcanizates.



•/-Radiation and naturaJ nibbcr vulcanizates 93

Strain (% )

Fig. 5. Changes in tensile strength o f vulcanizates with 
respect to strain— radiation dose 10 M rad. The figures in the 
parentheses indicate the original value o f tensile strength of 

vulcanizates.

stength compared lo the sulphur cured ones. Addi­
tion of carbon black does not improve tensile stength, 
but there is an appreciable enhancement in modulus. 
But both china clay and graphite enhances modulus 
slightly, but reduces tensile strength. China clay is 
also found to influence the cure rate.

The efTect of irradiation under tension on the 
tensile modulus of the vulcanizates is shown in 
Figs 1-3. In the case o f the peroxide vulcanizate, the 
original modulus is 2.3 MPa, which increases to 5 
after irradiation of 5 Mrad under zero strain and 
drops progressively as the strain in the specimen is 
raised. However, beyond 100% tensile strain the 
effect is rather slow possibly because the maximum 
damage has already taken place. When the radiation 
dose is raised to 10 Mrad modulus is found to remain 
rather constant irrespective o f the tensile strain 
during irradiation. When the irradiation dose has

FiB. 6. Changes in tensile strength o f vulcanizates with 
respect to strain— radiation dose 15 M rad. The figures m the 
parentheses indicate the original value o f tensile strength ol 

vulcanizates.

been raised to 15 Mrad, the sample undergoes 
extensive degradation and the 300% modulus could 
not be measured.

In the case of the unfilled sulphur cured samples 
300% modulus is found to remain constant up to a 
tensile strain o f 100% beyond which it is found to 
increase rather abruptly when the irradiation dose 
has been limited to 5 Mrad. When the dose has been 
raised to 10 Mrad, the increase in modulus beyond 
100% strain has been found to be only marginal as 
seen from Fig. 2. At 15 Mrad irradiation level the 
effects are much different especially in the case of 
Mix 2 which does not contain antioxidant. The 
maximum increase in modulus is observed when the 
tensile strain was around 150%.

Presence o f carbon black in the sulphur cured 
samples is fotmd to improve the radiation resistance. 
In the case o f samples 4 and 5 at an irradiation dose 
of 5 Mrad modulus is found to increase almost 
linearly with increase in the strain level. The 
difference between the two samples is only marginal 
indicating that 1 phr of phenyl-^-naphthylamine 
(PBNA) does not influence the radiation resistance 
of black filled NR compounds. However, mix 6 
which contain 5 phr yV-cyclohexyl yV'-phenyl p- 
phenylenediamine shows practically no change in 
modulus at 5 Mrad level. Even at 10 and 15 Mrad of 
irradiation dose changes in modulus are observed 
only when the strain in the specimens was above 
180%. Influence of strain on radiation resistance is 
not significant in the case of china clay and graphite 
filled vulcanizates. In both cases modulus is found to 
remain rather constant irrespective o f the strain in the 
sample.

Reduction in tensile stength is a better measure of 
irradiation damage in rubber vulcanizates. The effect 
of irradiation under different levels o f tensile strain 
on the tensile strength of the vulcanizates at radiation 
doses of 5, 10 and 15 Mrad are shown in Figs 4 -6  
respectively. At 5 Mrad level, the tensile strength of 
peroxide cured vulcanizates is found unaffected up to 
100% strain, beyond which it is found to drop. At
10 Mrad level and zero strain there is practically no 
drop in tensile strength. However, when the sample 
was under tensile strain, irradiation causes a 
significant drop in tensile strength and the drop 
increases wath the increase in the strain. At 15 Mrad 
dose there is a drastic drop in tensile strength even 
when the sample was irradiated under zero strain. 
There is no significant further drop in tensile strength 
as the strain in the specimen was raised.

At 5 Mrad dose rate, the unfilled sulphur cured 
vulcanizates do not show any significant reduction in 
tensile strength up to about 50% strain. But beyond 
50% the samples undergo degradation rapidly. How­
ever the rate of degradation is less in the samples 
containing 1 phr of PBNA. The observations are the 
same at 10 Mrad dose. However, at 15 Mrad even at 
zero strain sample No. 3 containing no antioxidant 
shows a significant reduction in tensile strength.
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Table 4. Changes in sol conteni of vulcanizaies at radiauon dose 
SMrad

Mix.
no.

Dose rate 
(Mrad) SO

Strain (% )
100 180 220 240

3 0.21 0.21 0.21 0.21 0.20
2 5 0.22 0.22 0.22 0.23 0.22

5 0.22 0.23 0.23 0.23 0.22
10 0.21 0.21 0.21 0.21 0.20

2 10 0.22 0.22 0.22 0.22 0.22
3 10 0.22 0.24 0.22 0.24 0.25

15 0.21 0.20 0.21 0.17 0.18
2 15 0.22 0.23 0.23 0.23 0.22
3 15 0.22 0.22 0.23 0.24 0.25

Mix no. SO 100
Strain (*/•) 

180 220 240

1 I.O 1.5 1.8 4.1 3.0
2 0.4 0.6 1.0 1.5 1.8
3 O.S O.S 0.7 1.0 1.8
4 I. l 1.7 2.0 15 1.8
5 1.9 10 13 15 1.8
6 0.23 0.27 0.29 0.22 0.27
7 0.66 0.76 0.90 1.53 1.54
8 0.7J 0.63 0.92 0.52 0.58

whereas sample No. 4 which contains 1 phr of PBNA 
does not show any reduction in tensile stength. But 
in both cases, when the irradiation was done under 
strain there is a fairly rapid degradation upto about 
100% strain. Even under these conditions, it is found 
that antioxidant PBNA protects the rubber from 
radiation degradation although on a limited scale.

As observed earlier carbon black is found to 
protect rubber from radiation degradation but only 
at lower levels of radiation dose. At 5 Mrad there is 
no appreciable reduction in tensile strength even 
when samples were under 180% elongation. How­
ever, when the strain was larger, tensile strength was 
found to decrease. But the presence o f 1 phr o f PBNA 
is again found beneficial under these conditions as 
seen from Fig. 4. At 10 Mrad dose, when the speci­
mens were irradiated under strain a limited extent of 
degradation is observed even in the samples contain­
ing PBNA. At 15 Mrad dose, when the specimens

Table 3. Changes in volume fraction of rubber

were under zero strain, no significant reduction in 
tensile strength was observed. However, when the 
irradiation was carried out under strain there is a 
fairly rapid degradation in the case of Mix 4 contain­
ing no antioxidant. But in the case of Mix S which 
contains 1 phr of PBNA the rate o f degradation with 
respect to the degree of strain is less and at all levels 
o f strain studied. Mix 5 was found to be significantly 
better than Mix 4 indicating again that antioxidant is 
effective in protecting rubber from irradiation dam­
age. Mix 6 which contains 5 phr o f N  cyclohexyl-A^' 
phenyl-p-phenylenediamine (Antioxidant 4010), is 
found to be resisting radiation al all levels o f irra­
diation dose and at all levels o f strain studied. In fact 
at 5 and 10 Mrad doses tensile strength is found to 
increase slightly when the sample was irradiated 
under tensile strain.

During irradiation of a rubber vulcanizate two 
types o f reactions occur, crosslinking and chain 
scission. While the former causes an increase in 
modulus, the latter tends to reduce it. The data given 
in Table 3 show that generally crosslink density is 
not much affected by irradiation under strain except 
in peroxide vulcanizates at higher doses and at higher 
strains. The results also indicate that peroxide vulca­
nizates are more susceptible to radiation degradation 
than sulphur vulcanizates. The results o f sol content 
determinations, as given in Tables 4-6, also indicate 
that chain scission under irradiation is also more 
predominant in the peroxide vulcanizates. It is also 
seen that as the strain in the sample is increased the 
degree of chain scission is increased. The sol content 
of sulphur cured vulcanizates, both unfilled and filled, 
increases as the strain in the sample is increased. It is 
also seen that antioxidant PBNA helps in preventing 
chain scission only slightly. However, the effect of

Table 5. Changes in sol content of vulcanizates at radiation dose 
10 Mrad

Mix no. 50 100
Strain {%) 

180 220 240
1 1.0 1.5 1.8 4,5 3.7
2 0.5 0.5 0.6 1.9 1.7
3 0.5 0.5 0.5 1,9 1.8
4 1.6 1.7 10 17 1.8
5 2.0 2.0 3.0 15 1.8
6 0.3 0.27 0.35 0.31 0.39
7 I.IO 0.96 0.95 2,64 2.00
8 0.98 0.76 I . I I 0.86 1.17
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Tabk 6. Giange in sol content of vulcanizaies at radiation dose 
15 Mrad

Mix no. 50 100
Strain (% )

ISO 220 240

1 S.l 5.0 5.0 7.0 7.0
2 I.S 1.9 2.0 2.5 2.0
3 0.5 0.5 0.6 2.0 1.8
4 1.7 1.9 2.9 2.7 2.5
5 1.9 2.0 3.0 3.7 2.3
6 0.45 0.46 0.46 0.45 0.77

1.23 1.99 1.02 3.17 178
8 1.35 2.79 2.18 1.43 2.08

(2) As the strain in the sample increases, the 
degradation is more rapid.

(3) The decrease in tensile strength is mainly due to 
molecular chain scission.

(4) Antioxidants and fillers like carbon black pro­
tect NR vulcanizates from radiation damage. Anti­
oxidant 4010 at 5 phr is found to be a very effective 
protective system.

(5) For exposure to radiation, sulphur vulcanizing 
system is better than the peroxide system.

5 phr o f anti-oxidant 4010 in preventing chain scis­
sion is very significant. It is also worth noting that 
china clay and graphite filled vulcanizates show fairly 
lower values for sol content at 5 Mrad indicating that 
both these fillers are contributing less towards chain 
scission than carbon black.

CO N CLU SIO N S

The following conclusions have been drawn.
(1) Exposure to radiation under tension causes 

decrease in tensile strength of NR vulcanizates.
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Self-vulcanizable ternary rubber blend 
based on epoxldized natural rubber, 
carboxylated nitrile rubber and 
polychloroprene rubber. Part 1 :  Effect of 
blend ratio, moulding time and fillers on 
miscibility

R. A le x , P . P . D e  a n d  S . K. D e
R ub b er T echno logy Centre. Ind ian  In stitu te  o f  Technology. Kharagpur. 721 302 , India 
{R ece ived  9  M ay 1990; rev ised  3 0  A u g u s t 1990: a c c e p te d  3 0  A u g u s t  1990)

Miscibiliiy of ihc self-vulcanizable ternary blend based on epoxidizcd natural rubber (ENR). neoprene and 
carboxylated nitrile rubber (XNBR) depends on blend ratio. Miscibility is attained at an E N R  content of 
75 parts per 100 parts of neoprenc/XNBR blend, irrespective of the neoprene/XNBR blend ratio. At loner 
E N R  content, miscibility depends on neoprene/XNBR blend ratio. At a Hxed E N R  content, the higher 
the neoprene content in the neoprene/XNBR blend, the lower is the miscibility in the ternary blend system. 
Reinforcmg fillers, such as silica and carbon black, cause phase separation in a miscible ternary blend. 
Variation in moulding time does not alter the miscibility. but shifts the glass transition temperature due 
to change m crosslink density.

(Keywords; epoxldized natural rubber; carboxylalcd nitrile rubber; polychloroprene rubber: lernary blend; miscible bknd)

IN T R O D U C T IO N

D e and co-workers*”* have developed novel self- 
vulcanizable rubber blends based on rubbers with 
appropriate reactive groups. Such blends are vulcanlz- 
able during m oulding by the blend con stituents them ­
selves in the absence o f any external vulcanizing agent. 
E.xamples are blends based on epoxidlzed natural rubber 
(E N R ) and carboxylated nitrile rubber (XNBR)*'^. 
polychloroprene (neoprene) and XNBR^, ch lorosulphon- 
ated polyethylene (hypalon) and X N BR *, and EN R  and 
hypalon^. It has also been observed that the m iscibility  
o f these binary blends depends on  the blend ratio, 
concentration and nature o f reactive groups and 
m oulding conditions®. Three exam ples are worth 
m entioning in this context. The binary blend neoprene/ 
X N B R  is im m iscible in all com positions^. O n  the other 
hand E N R /n eop rene’ is partially m iscible and E N R / 
XNBR^ blend is m iscible at any com p osition . There are 
a few exam ples in which two o f the binary pairs {A +  B 
and A -f- C ) are m iscible but the third binary (B + C ) is 
not®"*^. U is o f interest to investigate how  to  prepare a 
m iscible blend on addition of A to the im m iscible binary 
(B +  C) blend. In the present series o f rubber-rubber  
blends it is o f interest to  learn how much E N R  needs to 
be added to the binary (neoprenc/X N B R ) blend to  creatc 
a self-vulcanizable m iscible lernary blend.

In an earlier com m un ication “  we have reported that 
epoxidizcd natural rubber acts as a com patib ilizer when 
added to an im m iscible blend o f neoprene and XNBR  
to  form a 1/1/1 m iscible ternary blend. In the present 
paper we report the results o f our investigations into the

dependence o f  m iscibility o f  such ternary blends on  blend 
com position , m ould ing tim e and filler.

There are exam ples o f  a third com ponent in a ternary 
blend acting as a polym eric com patibilizcr for an 
incom patible or im m iscible binary system . Lee and 
Chen*^ reported that chlorinated polyethylene, with 
ethylene segm ents sim ilar to ^ E P D M ' rubber and 
chlorinated sequences sim ilar to  poly(vinyl ch lon dc)  
(PV C ), serves as a com patib ilizer for the binary blend of 
E P D M /P V C  just like the effect o f chlorinated poly­
ethylene on P V C /p olyeth y len e blends*^ **. Blends of 
poly(caprolactone) (P C L ) and PVC and PCL and 
chlorinated PVC (C P V C ) are m iscible at any com posi- 
t io n ‘°. H ow ever, PVC and C P V C  are im m isciblc‘ ^ It 
has been show n by A m eduri and Prud'hom me'^ that the 
addition o f PC L to a P V C /C P V C  mixture allows 
observation o f a single glass transition temperature (7 ,). 
at PCL contents > 4 0 %  at high PV C /C PV C  ratios and 
at PCL contents >  "-26%  at low  PV C /C PV C  ratio. Min 
et have identified a ternary m iscible system  bav.-d 
on poly(m ethyl m ethacrylate)/poly(epichiorohydrincj 
poly(ethylene oxide). There is no published report of a 
self-vulcanizable lernary rubber blend.

E X P E R IM E N T A L

Epoxidizcd natural rubber (E N R ) with 50molV<- 
epoxidation w as ob tain ed  from the M alaysian Rubber 
Producers” Research A ssocia tion . U K . Carboxylated  
nitrile rubber, con ta in in g  a liigh level o f carboxylated  
m onom er and a m edium  level o f bound acrylonitriic



(Krynac 221) was obtained from Polys;«r 1-td. Canada. 
Neoprene A D  was obtained from I^iiPonl Lid, UK. 
Vulcasil S (prccipilatcd silica) was obtained  from Bayer 
(Indial Ltd. Bom bay.

Form ulations o f the blends arc sh ow n  in 'I'dhlc /. I'NR 
and XNBR were separately m asticatcd for -«■ 1 min each 
and neoprene for —2 m in. on  a I 4 x / 6 i n .  two roll 
mixing mill. N eoprene and X N BR  were blended first and 
then ENR was added and blended further. The total 
mixing lime was about 8 m in. T h e tem perature ri.se 
during m ixing was 2 X  and the rolls were kept cool by 
circulation of cold water.

The blends were m oulded for 60 min at 150'C in a 
laboratory-size m oulding press.

Dynamic m echanical analyses (d.m .a.) were made 
using T oyo-B ald w in  R heovibron m odel D D V -lll  HP at

Table 1 Form ulaiion of blends

a strain am plitude ofO.0025 cm and a frequency o f3 .5  H /. 
T h e procedure was to coo l the sample to - 1(K)’( '  and  
record the m easurem ents during the warm -up. The 
tem perature rise was 1 (*  miii

DifTcrential scanning calorimetry (d.s.c.) studies were 
made on  a D uP ont thermal analy.ser m odel 910 m a 
nitrogen atm osphere. The 7„ of the sam ple was taken as 
the m id-point o f the step in the scan, run at a hcatm g  
rate o f  20°C  m in '

R ESU L TS A N D  D ISC U SSIO N

M iscibility o fth e  ternary blend based on I'.NR/neoprcnc, 
XNBR depends on blend com position. At constant 
neoprene/X N B R  ratio, an increase in ENR concentration  
increases the m iscibility. Figures I 3 show  the effccl of

Blend designation

Component

Neoprene A D  1% )

E N R  tphri

. * t ^ cA 1  ̂ > T

A B K C J 0 V. K M G I. |{ I

75 75 75 75 75 50 50 50 25 25 25 25 25
25 25 25 25 25 50 50 50 75 75 75 75 75
75 50 37.5 25 12.5 75 50 25 K7.5 75 62.5 50 25

\ • ^ —• ’ • 1 \ .L  -

Ihc c/Lc. ^t^ihe Icrnary blend showmg
eJTe^ ^ E N R  conteni on a fixed neo'prene/XNDR ratio of 7^ •><;

I 0 -

0 1

• 2 5

Temperotore ('O

>«nary b tcid  shouinp
he cQcu o f ^ N R  conieni on a fixed ncofrcne XN13R ralio  of 50 '0

.r7rav .erfi75FF5ur?c,f NR content (blend d e s.g n a U o n ):-- .- .7 .« 5 p h r< 0 }. . . .  SO phr
(•' I; . 25 phr (K ) ■



Ta b lf 2 ( ila ss  tranMtion icmpcralures 

Hlcnd Mlcnd

(7 ,) c»( various ternary hlcniK oblaincd from d m a and d

1, { ( ' )  from d m j
desi):njli<in c<uiipi)Miion (an () I.ONN miMlulus

A 75/2V7.S I I 27
1) 7.S/25/50 M 27
K 75/25/J7.5 -  5 30
r 75/25/25 -  29. -  1 -  35. shoulder at
J 75/25/12.5 - 3 3 .  + X -  3K. shoulder at
I ) 50/50/75 -  10 - 2 5
f-: 50/50/50 -  10 -2 4
I 50/50/25 - 2 9 . -5 -3 7 . -  17
M 25/75/K7.5 - 9 -  19
G 25 75/75 -7 - 1 9
L 25/75/62.5 -y - 2 0
|{ 25/75/50 - 7

\
-  .30. shoulder at

I

'N o  cicar-oui

25/75/25

iransiliun

- 3 7  to -2 9 .  - 10 - 4 0 .  - 2 0

• 4 0  - 2 0
>«n<C('a'u>t (*C)

Figure 5 D.S.C. ihermograms of ternary blends Blend c 
as gi\cn in Table I

composition

The efTccl o f crosslink density on m iscibilily o f such 
blends was then studied. In sclf-vulcanizable blends 
crosshnk density can be varied by changing the moujding 
tim e'^. The aim was to check whether miscibility of the 
im m iscible blend could be im proved by moulding for a 
longer time and sim ilarly whether a miscible system could  
be made im m iscible if m oulded for a shorter time.

Figure 6 show s the efTect o f m oulding lim e on variation 
o f  tan and viscous m odulus with temperature for a 
m ixcible system  (blend G ) and an immiscible system  
(blend C). Wheti the m oulding time is reduced from 
60 min to 15 min in a miscible system , miscibility is not 
afTected. H ow ever, the tani> peak is shifted to a lower

iy
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tcmpcruturc. (b) viscou> im>dulu> ifrsUN temperature, iu im p  tinic
t>lcnd G . W ' m i r

120 mm
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Figure 3 Dynam ic mechanical spectra ternary blend showing
the effect of E N R  content on a fixed neoprene.SNBR ratio of 25/75: 
(a| tani5 versus temperature; (b) viscous modulus versus temperature
E N R  contcnt (bicnd d esign atio n):--------- . 25.0 phr ( I ) ; -------- . 50.0 phr
( H ) : ------------ . 62.5 phr ( L ) ; ---------. 75.0 phr ( G ) ; ------- . 87.5 phr (H )

ENR con lent al constant ncoprcne/X N B R  ratio on  tan S 
and viscous m odulus plots of the ternary blends. Al 75/25  
ratio o f n eop ren e/X N B R . an ENR concentration up to 
25 parts per hundred parts neoprene/X N B R  blend (phr) 
docs not result in a m iscible ternary blend. In fact two  
T,s were observed, corresponding to two phases, i.e. 
neoprene/E N R  and X N B R /E N R . When ENR conlent 
increases to 37.5 phr and above, the m iscibility im proves 
in the sense that instead o f two peaks a single broad peak 
was observed. As ENR content in the blend increases 
from 50 to 75 phr the broad peak is replaced by a sharp 
peak, indicating enhanced miscibility.

Similar observations were made when neoprene 
contcnt in ihe binary blend neoprene/X N B R  decreases 
for exam ple from blend com position 50 /50  to 25/75. 
H owever, when neoprene content decreases in the blend, 
instead o f a broad p>eak a sharp peak was observed, 
indicating enhanced miscibility.

Figure 4 shows that at an ENR content o f 75 phr the 
ternary blend becom es a m iscible system irrespective of 
the binary neoprene/X N B R  com position. H ow ever, the 
m iscibility is greater when the neoprene con lent is less 
in the binary neoprene/X N B R  blend as evident from the 
sharp tan S peak. Results are summarized in Table 2.

Results o f d .s.c. studies {Figure 5) a lso  provide

I 0 .■1
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!
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v\

.■V
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T em p«fO tur« { * 0 )
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Figure 4 Dynam ic mechanical spectra o f ternary, blend showmg the 
effect of a 75 phr content of E N R  on different neoprene/XNBR rai:o*s ^
o f : -------. 75/25 (blend A ) ; --------  50/50 (blend D ); a n d -------- .'25 "5
(blend G ):  (a l tan 4 I'ersus temperature; (b) viscous modulus ir r u s  
temperature

supportive evidence for the conclusions drawn from 
d.m .a. studies. Results o f d .s.c. studies are summarized  
in Table 2. It is evident that m iscibility in a particular 
blend is m anifested in the occurrence o f sharp transition  
in the T, zone. A ccordingly, an immiscible system  
provided no clear-cut single transition, while a misciblc 
system  provides a single transition. For exam ple, blend 
G is a m iscible system  show ing a sharp 7 ,  at — 18'C. 
while blend C  is an im m iscible system  show ing two  
al —40^C  and — 18°C and blend H is an exam ple of a 
partially m iscible system  wherein the -tw o transitions 
merge with each other and no clear-cut transition is 
observed.

In the ternary blends, ihe broadening in the T, is due 
to m icrolovel inhom ogeneity. M icroheterogcneity can be 
attributed to partial interpenetrating network form ation  
involving therm ovulcanized neoprene and crosslinkcd  
EN R /X N BR * phases and also to density fluctuations'*. 
The phase separation behaviour o f intcrp>cnctrating 
polym er networks (IP N s) has been reported earlier**'"*''. 
It has been reported that due to  m icroheierogencit\ the 
glass transition o f the IPN  m ay be very broad, extending  
the range between the glass transitions o f two  
hom opolym ers^‘ .



T ib lc  .1 rfTcct of fillers nn glass UanstJion Icm pcfalurc (7 ,}  of innw.ihlc icToary blend G  of neoprene X N H R  HNR

HIcnd
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Figure 7 Dynam ic mechanical spectra of the miscible ternary blend 
G  filled with IS A F  black. S R F  black and precipiiatcd silica. Filler 
loading was 40 parts per hundred parts of rubber in each case: (a) tan 6 
i fr su s  temperature; (b) viscous m odulus I'trsus temperature.
------------. Blend G ; ---------- . IS A F  black + G ; ---------. S R F  black + G ;
------- , silica +  G

icmpcralurc due to low er crosslink density al I5m in  
m oulding as com pared lo  60 min m oulding. For the 
immiscible system , when the m ould ing time is increased
lo 120 min the m iscibility does not change, but the tan 6 
peak is shifted lo  a higher tem perature due lo  higher 
crosslink density at 120 min m ould ing as com pared to 
60 min m oulding. The lowering o f the dam ping level and 
broadening o f ihe dam ping peak due to an increase of  
crosslinking has been reported prcviously^^.

C*CJ

Figure 8 D.s.c. thermograms of the miscible ternary blend G  filled 
with IS A F  black. S R F  black and precipitated silica. F iller Icadmg was
40 parts per hundred parts of rubber in cach_ase , --------- . Blend G ;
----- . S R F  black +  G ; ---------, IS A F  black +  G ;  —  • — , silica +  G

Figure 7 show s the dynam ic m echanical spectra o f ihe 
m iscible ternary blend system  (blend G ) filled with three 
fillers, namely silica^^SAF] black and'SRI^'i black. The 
m iscibility o f the ternary blend was altered as is evident 
from the two peaks in both tan S and viscous modulus 
plots in the case o f  blends with ISA F black (al - 3 3 'C  
and —5°C) and silica (al —21®Cand — 7®C). However, 
in the case o f b lends with SR F  black a single peak at
— 5®C and a hum p at — 16°C were observed. It is evident 
that reinforcing fillers, such as ISAF black and silica, 
cause phase separation  in a m iscible ternary blend, 
presum ably due to  variations in the afilnily of ihe filler 
to dilTerent rubbers. SR F black is less reinforcing and 
accordingly rubber-filler interaction will be less and the 
effect o f the filler on  m iscibility will be less pronounced.

D .s.c. results show ing the elTect o f  different fillers on 
2 5 /7 5 /7 5  n eo p ren e-X N B R -E N R  blend (blend G ) arc 
show n in Figure 8. It is evident that the addition o f SRF  
black broadens the transition with no clear-cut glass 
transition. ISA F black also broadens ihe transition zone. 
Silica filler sh ow s tw o transitions at —40'"Cand —22 C.
Il is evident that reinforcing fillers affecl the miscibility 
of the self-vulcanizable ternary blend, as evidenced by 
the d-.m.a. and therm al analysis studies (see Table J). 
H ow ever, It is to be noted that transitions in d.s.c. studies 
are not as con clusive as those o f d .m .a. results.



In the ternary blend o f E N R /n cop ren c/X N n R . misci- 
bility is allaincd al an ENR conlcnt o f 75 parts per 100
parts o f ncoprcnc/XN B R  blend, irrcspcciivc of neoprene/
XNBR blend ratio. Al lower ENR content miscibility 
depends on neoprene/X N B R  blend ratio.

Reinforcing Hllers like ISA F black and silica cause 
phase separation in a m isciblc ternary blend. SR F  black 
does not have a pronounced effect on miscibility.

Increase in m oulding time shifts the glass transition to 
a higher temperature due to increase in crosslink density  
without affecting the m iscibility.
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Self-vulcanizable ternary rubber blend 
based on epoxidized natural rubber, 
carboxylated nitrlle rubber and polychioro-  
prene rubber. Part 2: Effect of blend ratio 
and fillers on properties

R. A le x , P . P . D e a n d  S . K. D e
R u bber T echnology Centre. Indian Institu te  a t Technology. Kharagpur. 7 2 1 3 0 2 . India 
(R ece ived  9  M ay 1990: rev ised  3 0  A u g u s t 1990: a ccep ted  3 0  A u g u s t 1990)

Mill-mixed blends of epoxidized natural rubber (ENR). carboxylated nitrile rubber (XNBR)and neoprene 
form a self-vulcanizablc ternary blend system which can be reinforced by fillers such as carbon black and 
silica. The effcct of fillers on processing characteristics and physical properties of self-vulcanizablc blends 
is similar to that of conventional rubbers. The properties depend on blend ratio and type of filler. The 
blend in the gum slate shows poor failure properties like gum ENR. but shows high resilience and low 
compression set. Abrasion loss and heal build-up properties of the blend are nearer to those of gum 
neoprene vulcanizate. The filled blends show lower heal build-up due lo non-uniform distribution of fillers 
in the miscible ternary blend. Mooney yiscosity and Mooney scorch time of the blend are found to be 
miermcdiaie between the control mixes of ENR and XNBR, but the Monsanto rheomeinc lorque values 
arc closer to ENR.

(Keywords: ternary blends; m iscibilily; mcchanical properties)

IN T R O D U C T IO N

In earlier papers*'^ it has been reported that a mill-mixed  
blend o f epoxidized natural rubber (ENR). polychloro- 
prene rubber (neoprene) and carboxylated nitrile rubber 
(X N B R ), forms a self-vulcanizable ternary rubber blend 
system  upon m oulding at 1 5 0 X . It has been observed  
that m iscibility o f such system s depends on blend 
com p osition  and incorporation o f  filler^. The processing  
and physical properties o f these blends have not been 
studied with respect to blend ratio variation and effect 
o f filler. In this paper we report the results o f studies on  
dependence o f vulcanization characteristics and physical 
properties o f the ternary blends on blend com position  
and fillers such as ISAF black, silica and SR F  black. 
Sim ilar studies have previously been made on the 
self-vulcanizable binary blend system  of EN R /X N BR ^.

E X PE R IM E N T A L

Epoxidized natural rubber (E N R ) with 50m ol%  
epoxidation  was obtained from M alaysian Rubber 
Producers’ Research A ssocialion . U K . Carboxylated  
nitrile rubber containing a high level of carboxylated  
m onom er and a medium level o f bound acrylonitrile 
(K rynac 221) was obtained from Polysar Ltd, Canada. 
N eoprene A D  was obtained from D uPont Ltd, U K . 
Vulcasil S (precipitated silica) was obtained from Bayer 
(India) L id. Bom bay. ENR and X N BR  were separately 
m asticated for ~  I min and neoprene for ~ 2  min on a 
14 X 6 in. two roll m ixing mill. M asticaied sam ples of  
neoprene and X N BR  were blended for '*-2 min and after 
addition  o f ENR were blended for a further 2 min. The 
mill tem perature for the initial m asticalion was 25''C.

The temperature rise during the m ixing of gum rubbers 
was only 2°C. The fillers were added after blending the 
rubbers. The total m ixing lim e for the filled blends was

12 min. The tem perature rise during mixing in the case 
of filled blends was 7®C. T he rolls were kepi cool by the 
circulation o f cold  water.

Form ulations o f  different blends are shown in Tables 
I and 2. Form ulations o f  the control mixes are given in 
Table 3. In the case o f  the blend the increase in 
rheometric torque above the m inim um  torque was 26 
units. The control m ixes o f ENR and X N BR  were cured 
until the rise in rheom etric torque was the sam e as that 
of the blend, i.e. 26 units. T he cure times ihus obtained  
were 30 min. 9 min and 60  min for E N R . X N BR  and 
neoprene respectively.

Rheographs o f the m ixes were taken on  a M onsanio  
Rheometer R-ICX) at 150. 160. 170 and I80'C . Scorch 
time and m inim um  M oon ey  viscosity at 120'’C were 
determined using M oon ey  viscom eter MK III (N egreiii 
Autom ation Ltd), according to  ISO 667. The properties 
determined by standard test m ethods were: lensilc 
strength, (ISO 37) using dum bbell specim ens by Instron 
1195 Universal T esting M achine: tear resistance (ASTM  
D624-84) using an unnicked 90 ' angle spccimcn die C* 
by Instron 1195 U niversal T esting M achinc; hardness, 
shore A (ISO 7619); and resilience (BS 903; part .A8; 
method A; 1963) by D u n lop  tripsom eier. Sam ples for 
com pression set (ISO  815) were cylindrical discs 29 mm 
diameter and 13 mm thickness, subjected to com pressivc  
deformation at constant strain for 22 h at 70 C . While 
determining heat build-up (ASTM  D 623-75) by G o o d ­
rich flexom eler the sam ples were subjected to cyclic 
deformation for 25 min at an am bient tem perature of
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Tibic 1 Formulation of blends

HIcnd dcMgn;ition

Component A li K (• J I ) I. 1 M ( i 1. H 1

Neoprene A D  {•/#) 75 75 75 75 75 50 50 5<) 25 25 25 25 25

X N B R  (K rynac 221) (V .) 25 25 25 25 25 50 50 50 75 75 75 75 75

E N R (p h r )* 75 50 .17 5 25 12.5 75 50 25 K7.5 75 62 5 50 25

i 1 ' • • ' ^ A  \  / •  " - " f . 1 , , ' , » f . ._

Ttb ic  2 Formulations of filled ternary blends ' c  t . . . . ' - A - r  ' n . « •»

Blend dcsignulion

Component G IS IO G IS 2 0 G1S30 G IS 4 0 G S R  10 G S R 2 0 G S R 3 0 G S R 4 0 G SR 5 0 G S ilO G Si20 G Si30 G Si40 G Si50

Neoprene A D 25 25 25 25 25 25 25 25 25 25 25 25 25 25

X N B R  (K rynac 221) 75 75 75 75 75 75 75 75 75 75 75 75 75 75

E N R 75 75 75 75 75 75 75 75 75 75 75 75 75 75

IS A F  black ” 17.5 35.0 52.5 70,0 - - - - - - -

S R F  black - - - 17,5 35,0 52-5 70.0 87,5 - - - - -

Silica* - - - - - 17.5 35,0 52,5 70.5 87,5

'Precipitated silica. Vulcasii S obtained from Bayer (India) Ltd . Bombay

’t J . -T- - t . f - f .
f . A  - ■ I ,  t •  •

Table J  Form ulations of control single rubber mixes , •

Component

Neoprene A D  

X N B R  (K rynac 221) 

E N R  

N a ,C O ,
Zn O

Stearic acid 
IS A F  black 

Dioctyl phthalaie 
Aromatic oil 
M gO 

Thiourea 

T M TD *
NBS*"
Sulphur

N

100

Nc

ICO

20
2

4

0.5

* T M T O  =  Teiram eihylihiuram  disulphide
*N BS =  /V-oxydiethylcne benzothiazole-2-sulphenamidc

I -  ___C_. ^
nicnd designiition 

Xc

ICO 100

5

2
20
■>

100
0.25

5

2

Ec

100
0,25

5

2
20

1.0
2.4

1.0
2.4

1.6
2.4

0.3

1.0
2.8

50°C with a load o f 24 1b 10.8 kg) and stroke of
4.5 mm. Abrasion resistance (BS 903; part A9; method  
A: 1957) was determined using a D uP ont abradcr. 
Samples were abraded for 10 m io  with the abrasive paper 
rotating at a speed o f 40 rev min" *. The volum e (in cm-') 
lost from a specified test specim en for 1000 revolutions 
of the abrasive wheel was then calculated.

Scanning electron m icroscope (SE M ) studies o f  the 
abraded surfaces were m ade on a scanning electron  
m icroscope m odel C am scan series 2 D V . The size, shape 
and direction o f  abrasion o f  specim ens arc shown in 
Figure I . The abraded surfaces were sputter-coated with 
gold for SEM  studies.

Volum e fraction (k",) o f  the rubber in the swollen  
vulcanizate was calculated from equilibrium  swellinc

data by the m ethod reported by Eilis and Welding'^;

K,----------- ________________  u .
W - F T y p , ] + { A o i f K )

where r  is the weight o f  the specim en. D is the sw ollen  
w eight. F  is the weight fraction of insoluble com ponents 
and A q is the weight o f absorbed solvent corrected for 
sw elling increm ent, and p , are the densities o f  the 
rubber and solvent respectively. C hloroform  was used as 
the solvent in tliis study.

R E SU L T S A N D  D IS C U S S IO N  

Eficct o f  hU'iui ratio variation
Cure characteristiv.s. Results o f cure characteristics arc



shown in Table 4. For a constant ncoprcnc/X N B R  ratio, 
minimum M ooney viscosity and scorch time at 120"C 
show progressive changc with CNR content. As the UNR 
contcnt increases, the minimum M ooney viscosity  
decreases and scorch lim e increases. As the XNBR in the 
ncoprcnc/XN B R  ratio increases, the scorch lim e is 
greatly reduccd and minimum M ooney viscosity is 
increased. For instance at a ncoprcnc/X N B R  ratio of 
75/25 when ENR at 25 parts per hundred parts 
ncoprcnc/X N B R  blend (phr) is added, minimum  
M ooney viscosity Is 33 and scorch lim e is 10.8 min. 
However, at a ncoprcnc/X N B R  ratio o f 25 /75  with 
25 phr ENR, minimum  M ooney viscosity is 45 and scorch 
lim e is 5.1 min. In the ternary blend it is believed that 
ihc carboxyl group o f XNBR and the epoxy group of 
ENR react to form cslcr linkages^ * and the epoxy group  
of ENR and allylic chlorine o f neoprene react to form 
ether linkages^ Furthermore -C O O H  group o f  XNBR  
has been reported to interact with allylic chlorine of 
neoprene in order to form a self-vulcanizable rubber 
blend*. Hence the low  scorch time In ternary blends 
containing high X N BR  is due to early onset o f chem ical 
reactions involving -C O O H  group, epoxy group and 
allylic chlorine.

M onsanto rheographs o f the different blends at 150°C 
are shown in Figure 2. All the blends show increasing

rhcom ctric torque with time. The dependence of 
m inim um  rhcomctric torque on  the blend ralio follows 
the sam e pattern as the changcs in minimum M ooney  
viscosity. At a fixed ncoprcnc/X N B R  ratio, increase in 
ENR contcnt lowers the M ooney viscosity. The extent 
o f crosslinking, as reflected from the rhcomctric torque, 
depends on the com position  o f the blend. Maximum  
rhcom ctric torque was observed in blend G which 
contains neop ren c/X N B R /E N R  in the ratio 1/3/3. Blend 
G has been found to be com pletely miscible and a 
hom ogeneous matrix is formed at the com position at 
which maximum interaction between the constituents 
takes place.

Physical properties. The physical properties o f difTcrcnt 
gum blends are shown in Table 5. Tensile stress versus 
strain curves are show n in Figure 3. High tensile strength 
is observed in blends containing a high proportion of 
neoprene. The system s which contain a high proportion  
o f neoprene are im m iscible at the segmental level, but 
are m echanically com patible. Immiscible systems which 
are m echanically com patible are reported to have good  
physical properties’ * .̂ For neoprene/X N B R  blends at 
75/25  and 50/50  ratios, increased incorporation of ENR  
causes a decrease in m odulus, tensile strength, tear 
strength, hardness and resilience and an increase in 
com pression set and abrasion loss. Values o f were 
found to decrease with increased ENR content. Since V,

Direction 
of obrosion

Frocture
surface

Scon oreo

Figure I Abrasion sample showing direciion of abrasion and scan

Figure 2 Monsanto rheographs of difTcreni gum icrnary blends ai
150”C . (a) B le n d s :------------. I ; ---------- . H ; --------, L ; ---------. 0 .
------- . M . 'B le n d s : --------. D ; ------------ . E : ---------- . F . (c) Blends.
____ A ; __ ___ . B ;_____ . K ; -------------. C ; ---------- . J- Com positions of
blends as given in Table I

T » b k  4 Cure characleristics of ternary blends
Blend (n e o p rtn e / X N B R .'E N R  ra lw )

P fo p en y

A B

U /l/2 1

K
13 1 1 ) l

C

| 3 ' M I

J
(3/1/051

I )
12 2 .3 )

f.
(2/2/21

r
(2 2 11

M
(1/3,-351

G
(1 .3 /3 )

L
11 3 2 ?*

I I
I I  3.21

I
I I  3 1)

M oon ey vucom clt>  
M inim u m  M oonev  

v is c o t it ; I I  l iO ' C 31 3 ’ J J 38 31 J2 3K 2A 30 3 ' 36 4<

M ooney tcp rth  iim e  
• 1  I2 0 'C  (m in i 20.1! I I I 11 0 10 R 6 0 100 8 3 K 3 KO HO 6^

M o n M M o  rh eo m eu )  

M inim u m  lorgue  
ki J JO 'C  (m m l 6 8 8 K 10 5 6 K 4 s <. H

M tx im u m to r q u e il  I5 0 *C  

(■I 60 m in i (d N . m l 15 22 2} 21 26 24 25 31 12 31 28 31



T*blc 5 Physical properties of gum icrnary b icnd i moulded for 60 min al 150 C

lllcnd (n cop rcn c/XN U R /TN R  raho)

A C* 1) I-. I ( i H I

Property (.V I/3 ) (3/1/2) (3 / i/ h (2/2/3) (2/2,2) (2/2/1) (1/3/3) (1/3/2) ( l/ 3 / l l

Modulus 300V. (M Pa) 2.5 2.K 6 4 3 5 3.5 6.1 5(1 4 X

Tensile strength (M Pa) 9.3 K.6 15-5 5 0 5.R 9,7 4.7 5.3 54

Elongation at break (Vo} 550 510 440 370 370 270 310 3.30

Tear strength (kN  m '> •33 29 39 23 26 27 18 IK 23

Hardness (Shore A ) 60 - 65 75 55 5X 65 49 52 55

Resilience at 40”C  (V#) 57 62 62 63 65 67 6X f>6 65

Compression set.
22 h a t 70 'C  (V .) 57 30 30 .■'o 27 19 11 1J

Abrasion loss (cm^ 10" ’  rev) 2.0 2.0 l.X 2.0 2.0 0 7 l.K 1.2 0.5

Heat build-up by Goodrich 
riexomctcr with a load of 
24 lb and stroke of 4 3 mm.
A r ( ' C ) a • • • • 38* • a

V, 0.06 0.07 0.10 0.10 O i l 0 11 0.13 0.13 o n

*Samplc blown out before 20 mm 
‘ Value aflcr 20 mm

100 2 0 0  3 0 0  4 0 0
StrOM (%) 5 0 0  6 0 0

Figure 3 Tensile stress ifrsus strain curves of ternary gum 
vulcanirates. Blend compositions as given in Tahle I

be considered as proportional lo  crosslink dcnsiiy , 
the gradual changes in properties could be understood  
On the basis o f degree o f crosslinking. However in 
f‘eoprene/X N B R  blend at 25/75 ratio, increased 
'fJcorporaiion o f ENR causes an increase in k  and

accordingly the changes in properties with blend ratio 
variation follow  a difTercnt pattern, in general, the 
changes in properties with blend ratio variation are less 
remarkable in this scries.

Effi'cT o f  fiUers
Cure characteristics. Minimum M oon ey viscosities and 

M ooney scorch times for the filled blend’ are given in 
Tabled. As expected, an increase o f  filler loading increases 
the minimum  viscosity and decreases the scorch time. 
The increase in M ooney viscosity is very high in the 
caseof silica-filled m ixes and low  in the case of SRF  
black-filled m ixes. For exam ple, at a loading o f 40 parts 
filler (er hundred parts rubber (phr), M oon ey  viscosity  
at 120°C increases from 30 for the unfilled blend lo  49 
for SR F black-filled m ix, to  71 for ISA F black-filled mix 
and lo  98 for silica-filled mix. T he higher M ooney  
viscosity o f silica-filled mix is probably due to  the strong  
interaction o f silica with rubber during mixing and  

'jnouidiftg al higher temperatures**’* .̂ The low scorch  
times o f the blends show  ihal the crosslinking reaction 
starts even at a processing temperature o f 120“C.

Rheographs of ihe gum blend at different temperatures 
and ofcon iro i EN R . X N BR  and neoprene mixes at I50 'C 
are shown in Figure 4. The gum blend show s increasing
rheometric torque w iih time and temperature of
m oulding. Figure 5 shows rheographs of ISAF
black-filled system s. It is evident that, as in the case of
conventional rubbers, ISA F black reinforces the ternary 
blend. The nature o f rheographs with respect to lim e and 
temperature is sim ilar to  that o f gum blend. Increase of 
filler loading increases the rheometric torque [Figured).

It has been reported that both neoprene and XNBR  
can be cured by epoxy resins* Furtherm ore neoprene 
and X N BR  interact to form ester linkages. In the ternary 
blend o f  neop ren e/E N R /X N B R  it is likely that ether 
linkages and ester linkages will be distributed randomly  
in the matrix. C onventionally cured vulcanizates with 
sulphur linkages show a tendency for reversion. On the 
other hand, due to the difference in the typo o f crosslinks, 
the ternary blend shows an absence o fcu rc  reversion and 
a higher degree of crosslinking at higher temperatures.



Table 6 Cure charactcrislics of ihc filled Icrnary blend G

Loading (phr|

Pfopcrly Filler 0 10 20 .̂ 0 40

Mooney viscometry

Minim um  Mooney visco!>ily at 120'C IS A F  black 42 43 58 71

S R F  black 30 37 39 39 49 62

Silica 45 '  49 67 9K ' 170

Mooney scorch time at I20 ’'C  (min) IS A F  black 6.2 5.5 5.0 4.0

S R F  black K.n 6.S 6.3 5.K 5.0 4.

Silica 6.2 5.5 5.0 3.2 2.

M onsanlo rheometry

Minimum torque at I50"C  (dN  m) IS A F  black I I 12 16 IK -

S R F  black 5 10 to 14 14 14

Silica n 12 17 31 34

M axim um  torque at 1S0"C IS A F  black 44 56 67 M -

(al 60 min) (dN  m) S R F  black 31 42 47 54 61 69

Silica 51 66 67 91 96

Figure 4 Rheographs of gum blend^at different temperatures and of 
control E N R . X N B R  and neoprene mixes at 150°C

Figure 6 Rheographs at 150®C of ternary blend G  filled with different 
loadings of IS A F  black

F ig u re s  Rheographs at 150“C  o f IS A F  black-filled systems of:
_______ . single E N R ; -----------. X N B R ; ---------. neoprene;-------- . ternary
blend G

Physical properties. T h e tensile stress t;crsus strain 
behaviour o f  the filled m ixes is shown in Figure 7. The 
cffect o f filler loading on  the physical properties is 
sum m arized in Table 7. As expected, the followm g

properties show gradual increase with increase in filler 
loading: m odulus, tensile strength, tear strength, 
abrasion resistance and hardness. Resilience decreases 
with filler loading. It is interesting to note that heat 
build-up is considerably reduced for filled m ixes at higher 
loading of filler. There is believed to be an unequal 
distribution of reinforcing filler in the ternary blend and 
this has been reported to result in low hysteresis** '*.

Polym er-filler interaction was studied by swelling of 
the blend vulcanizates in chloroform . Figure 8 show s the 
variation o f K jy ^ t  against <p/(l -  <p) according to the 
Kraus p lo t’*:

where 4> is the volum e concentration o f filler in the filled 
vulcanizate, is the volum e fraction of rubber phase 
in swollen gel of gum rubber vulcanizate and V,( is the 
volum e fraction of rubber phase in swollen gel o f filled 
rubber vulcanizate, assum ing that filler does not swell. 
Both and V,f arc determined by equation (I), m is a 
constant characteristic o f the filler-rubber matrix.

It is evident that the linear relation according to the 
Kraus plot is not obeyed in this system . This deviation- 
from linearity m ay be due to  tw o reasons. Fnstiy. Hllerb



Figure 7 Tensile sircss u'rsu5 sirain curvcs of Ihe misciblc lernary 
blend G  filled wtih dilTercnc loadings of (a) silica, (b) S R F  black and 
(c) IS A F  black

Figure 8 Kraus plois for lernary blend G  filled wuh IS A F  black ( O )  
S R F  black ( □ )  jn d  silica 1/^)

have been reporicd lo  influence ihe m iscibility o f (he 
crnary blend*. AfTlniiicsof ihe three rubbers for the fillers 

not the sqmc and therefore fillers will tend lo  
redistribute when mixed into a blend. This can result in

an accum ulation o f fillers at the interface”  and 
consequently som e portion of fillers will not be availab le  
in the rubber matrix for resisting solvent penetration  
This would cause a lower 1̂ ,, than expectcd . resulting in 
an increase in the ratio of Secondly, fillers
themselves take part in crosslinking reactions which may 
result in an increase in crosslink density o f the network. 
Accordingly the actual value in the filled blend will 
be higher than the measured value o f the gum blend. 
As a result the ratio o f V ,JV ,, will be higher than the 
value obtained if there were no increase in crosslink  
density due to filler incorporation.

The abrasion characteristics o f the blends have been 
studied by S E M . Ridge form ation in elastom ers has been 
reported previously'®” ”̂. It has been show n that close  
spacing o f ridges results in high abrasion resistance^*. 
Abrasion resistance depends m ainly on  the strength of 
the matrix. The gum lernary blend has poor matrix 
strength which is greatly im proved by the addition  of 
reinforcing fillers. The SEM fractographs o f the abraded  
surfaces o f the ternary blend, show ing the effect o f 
reinforcing filier on abrasion resistance, are show n in 
figures 9 - / / .  The abraded surface o f  the gum mix {Fu}ure 
9) shows horizontal ridges which arc deform ed and u idely 
spaced show ing poor abrasion resistance. W ith incorpor­
ation of 20 phr ISAF black the abraded surface sh ow s a 
tendency to form vertical ridges (Figure 10). W hen the 
ISAF black loading is raised to 40 phr closely spaced  
vertical ridges {Figure I I )  are formed show ing that the

Figure 9 S E M  fractograph of abraded surfacc of blend G

Figure 10 S C M  fraclograph of Jhe abraded surface of blend G  filled 
with 20 phr IS A F  black



Tibic 7 Physical properties of ihe filled icrnary blend G moulded for 60min ai 150 'C

Property

Modulus 200%  (M P a l 

Tensile strength (M Pa) 

elongation at break (% )

Tear strength (kN  m ‘ )

Hardness (Shore A)

Resilience at 40 C  (% ) 

Compression set. 22 h at 70‘ C  (V#) 

Abrasion loss (cm^ ID''* rev)

Heat build-up by Goodrich flexometer 
at a load of 24 Ib and stroke of 4.S mm

Filler

tS A F  black 

S R F  black 

Silica

IS A F  black 

S R F  black 

Silica

IS A F  black 

S R F  black 

Silica

IS A F  black 

S R F  black 
Silica

IS A F  black 

S R F  black 

Silica

I S A F  black 

S R F  black 

Silica

IS A F  black 

S R F  black 

Silica

IS A F  black 

S R F  black 
Silica

2.K

4.7

270

IK

49

68

1.8

l.ouding (phr)

in 20 30 4(» .MJ

5.5 7.3 10.0 15.4
6.5 7.0 7.5 9.9 11 X
34 5.6 X.5 lO.X 12 7
7.4 8.0 160 170
7.2 8.0 9.7 11.9 150
7.1 9 8 14 K I6.K 174

240 290 280 220

210 220 250 250 270

330 320 320 30f) 28(1
30 39 50 48

34 40 45 47 54

22 40 53 58 54
58 65 70 76

51 59 64 68 l i

60 65 75 82 K9

61 53 51 49 -

63 62 60 57 65
64 62 60 53 49

I I 12 14 15 -

M 11 14 16 16

14 14 14 16 16

1.2 0.8 0.6 0.4 -

1.7 1.6 1,5 1.3 t 1

1.2 0.9 0.5 0.2 0,2

A T  (^C) IS A F  black
30

27 32 35 -

S R F  black 38 30 35 35 35

Silica 30 33 31 26

dynamic set (% ) IS A F  black 1.2 1.2 1.3 1.3 -

S R F  black 4 4 2.2 3.1 3.5 } 5

Silica 4 0.4 3.3 1.4 i.4

V, IS A F  black 0.17 ■ 0 18 0.20 0.22 -

, S R F  blacic 0.13 0.15 0.17 0.18 0.19 0.20

Silica 0.15 0.!7 0.18 0.20 0.22

‘ Reading afler 20 min
* Reading after IS  min 
'Sam ple blown out before 15 min 
'Sam ple blown out

Figure 11 S E M  fractograph of abraded surface of blend G  filled with 
40 phr IS A F  black

abrasion resistance is im proved. Vertical ridge form ation  
suggests frictional typ)c wear^^.

Physical properties o f the ternary blend and o f control 
E N R , X N B R  and neoprene mixes are shown in T a b le  S . 
The observations can be sum m arized as follows.

1. As expected gum  neoprene show s high strength, due 
to  strain crystallization. A ddition of reinforcing ISAF 
black does not change the physical propcriies 
significantly. H ow ever, addition of 20 phr ISA F black 
reduces the e lon gation  at break and causes reduction  
in the abrasion loss and com pression set.

2. G um  X N B R  sh ow s good  matrix strength, excellent 
abrasion resistance but high com pression set due lo  
ion ic crosslinks. Incorporation of 20 phr ISAF black 
causes im provem ent in m ost of the physical properties. 
H ow ever, abrasion resistance remains unaiTected by 
the presence o f IS A F  black.



T i b k  R Physical p fopcrti«  of ihc ternary blend and of tn n lrn l R N R . X N iiR  and neoprene mixes

p ; V I

Hknd

Property

Modulus 300% (M Pa)

Tensile strength {M Pa)

Elongation at break (*/•)
Tear strength <kN m ' ')

Hardness (Shore A)

Resilience at 40 C  {% )

Compression set. 22 h at 70 C  <•/•)

Abrasion loss (cm* 10' ■* rev)
Heat b u i l d 'U p  by Goodrich flcxometer with a  load of 
24 lb and stroke of 4 5 mm

A r  r c )
dynamic set

K

N X I- ('■ Nc X.. f t ( i lS 2 0

7.1) 3,9 1.2 15 5 9 0

17 0 18.7 4.2 4.7 9.0 24 0 23 0 8 0

900 470 650 270 170 3X0 595 290

70 34 18 18 68 70 49 39

X7 69 30 49 X9 X3 61 65

61 62 i6 6K m 54 49 53

25 70 16 11 18 53 35 12

1 00 0.05 8.40 1.80 07 7 0 05 04 2 0.80

38 » 20 38"- 26 58 16 27

6 1 1.6 ' 1.6 4 2 7,3 1 2

0.09 0.05 0.09 0.13 0,23 0,10 0.12 O.IH

‘ Reading after 20m in 
*Sample could not be tested 
'Sample blown out

Table 9 Cure charactcnstics of control single rubber mixes and blend G

•Blend
Property N Nc E Ec X X c G* G is ;

Mooney viscometry

Minimum Mooney viscosity at 120'C 89 127 5 9 40 50 30 43

Mooney scorch lime at 120"C (m ini 5,0 3.0 10,0 6.5 3.8 2,0 80 5.5

Monsanto rheometry

Minimum torque at 150 C  (d N m ) 18 25 2 3 11 12 5 12

Maximum torque at 150 C  (dN  m) 39 87 33 80 87 115 31 56

'Values from Table 4

3. Gum  ENR show s poor matrix strength which, 
however, is reinforced on  addition  o f 20 phr ISAF  
black filler.

4. The self-vulcanizabic ternary blend in the gum  state 
registers poor failure properties, as does gum  ENR. 
but it shows high resilience and low  com pression  set. 
Abrasion loss and heat build-up properties o f the 
blend arc nearer to those o f gum  neoprene matrix. 
Addition of 20 phr reinforcing black causes im prove­
ment in all physical properties.

Cure characteristics o f the ternary blend G  and of 
control EN R , XNBR and neoprene m ixes are show n in 
Table 9. M ooney viscosity and scorch time o f the blend 
were found to be interm ediate between the tw o control 
mixes o f ENR and X N B R , but the M on san to rheometric 
torque values arc close to ENR.

C O N C L U SIO N S

Mill-mixed blend o f E N R , X N B R  and neoprene forms 
a self-vulcanizable ternary blend system . Processing  
characteristics, crosslink density and physical properties 
o f this blend depend upon blend ratio. Incorporation of  
reinforcing fillers, such as ISAF black, precipitated silica 
and SR F  black, causcs changes in processing behaviour

and physical properties which arc sim ilar to conventional 
ru b ier  m ixes.

Silica form s strong polym er-filler bonds during mixing 
in the ternary blend system  as is evident from processing  
characteristics.

D ue to  non-uniform  distribution o f fillers in the blend 
com p onents G oodrich  heat build-up of filled com posites 
is less than the unfilled blend.
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U.v. in it ia te d  p o lym e riza tio n  o f  a p o lye s te r u re thane : A. T. D oo rnkam p  an d  Y. Y. Tan

tv rate is not linearly influenced by the initiator
^ ira iio n . [ /]q i throughout [Fk)ure5). At values of 

c. I -5 In fp 0  shows a linear relation with 
Ifjding 10 order o f 0.6 in [ /]q . The small deviation  
the classical 0.5 order indicates a small tendency 

^ 5  a m onom olecular termination along with a 
^^•ular termination mechanism. M onom olecular 
J ^ i io n  could occur by entrapment of isolated living 

in the polymer network during polymeriz- 
\vhich m ay be expected to increase in the 

^ lo n . Trapped radicals have been detected by 
I'll the case o f several multifunctional acrvlic 

ppfTierb
^contrast there is no influence on ly o  when [ /]o  is 
-joJ c. 1-5 wt% . This may be rationalized as follows. 

B eers law Joshi*® derived the following 
tion for the initial rate:

= propagation constant; A:, =  termination con- 
quantum yield: 7o =  intensity of incident light: 

^ la r  e.xtinction coefilcient: / =  sample thickness; 
f^sinitial m onom er concentration, 
fee small values o f /;[/]<)/ this simplifies to

,lbc (initial) rate is proportional to the square root o f 
^ For large values o f r [/]n / which may be caused by 

as in the present case:

If, 9 is independent o f [/]o -
from these considerations one may anticipate a 
1^1 change in the order of [ /]q  from 0.5 to 0 by 
|)ttg the [ / ]o  from low to high values. The apparent 
Biptncss in Figure i  has no physical meaning and is 

to logarithmic scales on the axes.

fcally Table I shows the total conversion as a 
Bion of temperature and initiator concentration  
•%) after 5 min of reaction time. I.e. after the d.s.c.

had practically returned to the base line. Above 
Idunge-over temperature o f 330 K these conversions 

only little between 80 and 9 0 ‘’-o for all initiator 
•*ntrations. except for the lowest one. which averaged  
^ There is a possibility that the actual end 
•wsions are higher than those given in Table 1 

of a very slow  prolonged polym erization  
^ n ,  which cannot be detected by d.s.c.*®.
« m p le te  conversions may be expected, especially in 

formation during bulk polym erization because 
to rapid vitrification o f the system im m obilizing  

“double onds and polymeric radicals rendering them  
^*^ble for further polymerization.

Table I T o la l conversion after 15 min <or less depending on wi®'o 
initiator and tcmperaiurei as a function of temperature and iniiiator 
concentration for the photopolymerizaiion of P L 'A

Temperature i K l

293 308 323 328 330 333 336 343 353

0.1 _ 47 60 _ 68 _ 68 62
0.18 - 48 53 -  - _ 69 69 76
0.4 37 63 71 -  75 _ 76 80 86
0.8 - 48 53 -  70 _ 65 70 85
2.7 - 75 80 -  88 - - 90 92
5.0 58 76 78 83 - 89 - 90 91
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S e l f - v u l c a n i z a b l e  a n d  m i s c i b l e  t e r n a r y  r u b b e r  b l e n d  
s y s t e m  b a s e d  o n  e p o x i d i z e d  n a t u r a l  r u b b e r ,  
c a r b o x y l a t e d  n i t r l l e  r u b b e r  a n d  p o l y c h l o r o p r e n e

R osam m a Alex, P rajna  P. De and  S ad h an  K. De
Rubber Technology Centre. Indian Institute of Technology. Kharagpur 721 302. India 
{Received 21 July 1989: revised 24 January 1990)

[ncorpo raiion  o f epoxidized natural rubber ( E N R )  into the im m iscib le blend o f carboxylated n itn le  rubber 
( X N B R I  and polychloroprene rubber (N eoprenei results in a m iscible ternary blend w hich is 
self-vulcanizable in the absence of any vu lcan iz in g  agent. Th e  m oulded blend registers properties sim ilar 
to that o f conventional rubber vulcanizates.

(Keywords: epoxidized natural rubber: carboxylated nitriie rubber: polychloroprene rubber: seif->ulcanizabie rubber blend: 
miscible rubber blend)

INTRO DUCTIO N

Blends of carboxylated nitriie rubber (XNBR) and 
polychloroprcne rubber (Neoprene) have been reported 
to be self-vulcanizable but immiscible^. However, 
epoxidized natural rubber (ENR) was found to form 
miscible self-vulcanizable binary blends with XNBR and 
with Neoprene^'^. Accordingly, it was thought that if 
ENR is blended with the XNBR-Ncoprene binary system 
to form a ternary blend, it could result in a miscible 
ternary blend system which is self-crosslinkable in the 
absence of any vulcanizing agent. There are no published 
reports of self-vulcanizable and miscible ternary rubber 
blend systems. In the present communication, we report 
the results o f our preliminary studies on the X N BR - 
ENR-Neoprene ternary blend.

EXPERIM ENTAL

Neoprene AC was procured from Du Pont Limited, USA. 
The ENR used was ENR-50 (Malaysian Rubber 
Producers' Research Association, UK) with 50m ol%  
epoxidation. The XNBR used was Krynac-221 {Polysar 
Limited, Canada) containing high level of carboxylated 
monomer and medium high bound acrylonitrile level. 
Neoprene. ENR and XNBR were masticated in a 14 x 6 
inch, two-roll mill for about 2m in each. Masticated 
samples of Neoprene and XNBR were blended in the 
mill for about 2 min. Masticated ENR was added to this 
blend and further mixed for about 4 min. A rheograph 
of the blend was taken at 150°C on a Monsanto 
Rheometer R-100. The scorch time was determined using 
M ooney shearing disc viscometer, model MK-III 
(Negretti Automation. U K ) according to ASTM  
DI646-1963. The following physical properties of the 
vulcanizates were determined as per standard test 
methods: tensile strength (Instron 1195 universal testing 
machine. ASTM D 412-87 method A); tear resistance 
(Instron 1195 universal testing machine, ASTM D  
624-86). using an unnicked 90° angle specimen (Die C); 
hardness (Shore A. ASTM D 2240-86); resilience 
(Dunlop Tripsometer BS: 903; Part A8: 1963-method 
A); compression set (ASTM D 395-85 method A and 
method B), where the samples were subjected to 
compressive deformation at 70'^C for 22 h: heat build-up 
(Goodrich Flexometer, ASTM D 623-78) with a load of

0263-6476 90/090366-03 
< 1990 Butterworth-Heinemann Ltd.
336 POLYMER COMMUNICATIONS, 1990. Vol 31

10.9 kg and stroke of 4.45 mm; and abrasion n «  
(Du Pont Abrasion Tester BS: 903: Part A>
-  method C) expressed as abrasion Io m .  » 

is the volume in cubic ccntimelres abraded k  
specified test specimen for 1000 revoluliom » 
abrasive wheel. Volume fraction of the rubbe# k 
solvent swollen vulcanizate was dciermmcd by 
swelling in chloroform. The method is the Mifti It 
reported by Ellis and Welding*.

Dynamic mechanical properties were mcaiyfW • 
Toyo Baldwin Rheovibron. model DDV*llM.^ 
strain amplitude of 0.0025 cm and frcqucntfjr ^
The procedure was to cool the sample to *IOtTC 
record the measurements during the warm ttf 
temperature rise was I 'C min ■ »

Differential scanning calorimeter mcaiurfinwi!^ 
run on a Du Pont difTerential scanning 
model 910 in nitrogen atmosphere. The 
temperature (Tg) of the samples was taken a* the i 
of the step in the scan, run at a hcaimi 
20 C m in"‘ .

RESULTS AND DISCUSSION  
Formulation and processing charactcr^tks are ^  
Table I. A rheograph of the blend is ■
The increase in rheometric torque wi ^
progressive crosslinking of the system. .
Neoprene and XNBR are
vulcanized blend is insoluble m chlo «
that a crosslinking reaction has taken 
fraction of the rubber in the swollen ^  ^  ^
The stress-strain curve of the blend s ^
Table 2 gives the physical 
registers poor physical proF> r̂t‘̂  
rubbers.

Table 1
blend

Formulation and processing characitf*®'*

EN R-50 
Neoprene A C  
X N B R  (Krynac-221)

Minimum Mooney viscosity al 120 <: 
Mooney score time at 120 C  (mmi

Septem ber
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1 Rheoeraph of EN R -XN B R-N eopren e ternary blend at

TCt
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STRAIN,*/.

Iprr 2 Sircss-strain curve of EN R -X N B R -N co p rcn c blend

fclit 2 l*h>Mcai properties of EN R -X N B R -N e o p rcn e  ternary blend 
••klcil .11 150 C  for 60min

fc*!! modulus I MPa) 
h^M rcngth iM Pa) 
t| jiu )n  ai break (% )
J*«rcn5-[h ikN m"')
;*■̂ prĉ .̂lon sei at constant stress (% ) 
^te^vion set at constant strain (% ) 

Shore A
^  huild-up (Goodrich Flexometer)
*Tjt 50 C  ( C )

set after 25 min (% )
J^'»n loss ICC per 1000 rev)
Jjw ce at 40 C  {%) 

fraction

't •

2.9
4.6

400
16.0
19
27
55

29
2.8
5

66
0,10

J^^Terential scanning calorimeter thermograms of 
P'̂ n̂e. XNBR. ENR and the ternary blend are shown 

The blend shows a single Tg at a 
P r̂ature of — 30'C. indicating that the polymers are 

results o f dynamic mechanical studies 
4.5  and 6) further substantiate this observation, 
^r^nsition temperatures as determined by d.s.c. 

neovibron studies are summarized in Table 3. The 
^ rre n c e of to-- -  single Tg does not correspond 

^ ex isten ce  of two binary X N BR -ENR  and ENR 
phases because the binary phases do not have 

L I values^-^. Accordingly, it is believed that the 
polymers in X N BR -E NR -N eoprene system form 

/nogeneous phase in the 100:100:100 blend 
Position studied.

TEMPERATURE , ®C

Figure 3 D.s.c. thermograms of Neoprene. E N R . X N B R  and the 
ternarv blend

TEMPERATURE , ®C
Figure 4 Damping itan 6) plots of neoprene. E N R . X N B R  and the 
ternary blend
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.10

■L.it t M’WI

NEOPRENE
E N R  SO

---------X N B ft

---------  TERNABT

eiENO

-SO 0
T E M P E R A I U R E  ,* C

Figure 5 Loss modulus l£") plots of Neoprene. E N R . X N B R  and the 
ternary blend

Examination of the literature reveals recent interest in 
studies on the Ihermodynamic phase behaviour of ternary 
blends where two of the binary pairs. (A +  B) and {A -i-C), 
are miscible. but the third binary (B +  C) is not^~’ . It is 
of interest to study how much of A is to be added to the 
immiscible blend B-C to create a miscible ternary blend 
A -B -C . The ternary system in the present investigation 
belongs to the same category. Moreover, the present 
system is self-crosslinkable in the absence of any 
vulcanizing agent. Further work on such novel ternary 
blends is in progress.
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Figure 6 Elastic modulus (£ ’ ) plots of Neoprene, F.NR. X >  
the ternary blend

Table 3 Glass transition temperatures as obtained frw" ^  
scanning calorimeter and Rheovibron studies___________

Glass transition letDperaiurr f, ■ 

D v n a n u c  t n e c h a n * ^  •

Sample D .S .C .

X N B R  
EN R-50 
Neoprene A C  
Ternary blend

-2 5
-1 5
-3 7
-3 0

0
- 5

-2 9
- 9

Film set bv M id -c o u n tv  
Printed by Cam bridge  Um vers ty
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fhcrXJi properiies of PHP PEO blends''

T,
iK ) (K l

IH ,  iblendi 
iJ  g ■' blend 1

iP E O i 
i J g  ' P E O l

Blond
Cr\«it,
(“gj

PEO
Cr\>t-
l*ol

: i : 338 152.6 152.6 •4 "4
254 337 136.4 151.5 67 "4
240 336.5 120.4 150.5 59 -J

225 335 113.7 151,6 56 “4
238 334 81.0 124.6 40 61
260 333 45.7 91.4 45
340
45:

molecular weight 21 500

^  melting point depression of PEO has not been 
out^ *̂ . At most, the value of /  Is small and 

to zero around 333 K suggesting that 
jfc mtoractions between the components is not
H. presumably due to poorer hvdrogen bonding 
^litvofP H P.'

fUF Pl \(E  hicmls. THF cast Hlrns of PHP PVME 
^*crc not homogeneous and brittle despite the fact 
Itx PVAtE did not crystallize. These films did not 
H  transparent on heatmg to any temperature. The 

ill showed two 7 ŝ close to those of pure PHP and 
|PV\1(‘. It is concluded that PHP is immiscible with 
ME.

flf/'/YV, hk’iuis. PHP PCL blends were quite 
t̂K Jt room temperature and did not become clear 

Nthc of PCL. Some of the previously mentioned 
PliO blends e.xhibited haze at low temperatures. 

| |  to PEO crystallinity. but all became fully 
l^rcnt above 7^. D.s.c. showed the existence of two 
illisquiie evident that these blends were immiscible.

k summary. PHP has miscibility with PEO. 
■ojcncous films were obtained for temperatures 

the melting temperature of the PEO in the blends 
cloud point curve. The existence of a single, 

^ itiu n  dependent reveals that the blend presents 
^ ccn co u s single amorphous phase. Adding PHP  
^ 0  greatly lowers the crystallinity owing to the

increasing of the system. The minimum in the cloud 
curve for PHP PEO systems would appear to occur 
around 75 wtl'o PHP. However. PVME and PCL do not 
exhibit miscibility with PHP. It has been established that 
PEO. PVME. and PCL are all miscible with phenoxy. 
phase separation of the PEO phenoxy blends and the 
PCL phenoxy blends could not be induced by heating 
up to 300 C'®. Thus, it can be concluded that the 
hydrogen-bonding capability with proton-acceptable 
polymers for PHP is poorer than that for phenoxy.
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E p o x i d i z e d  n a t u r a l  r u b b e r - c a r b o x y l a t e d  n i t r i l e  r u b b e r  
b l e n d :  a  s e l f - v u l c a n i z a b l e  m i s c i b l e  b l e n d  s y s t e m

(
R. A lex , P. P. D e and S . K. De*
Rubber Technology Centre, Indian Institute o f Technology. Kharagpur 721302. India 
[Received 24 February 1989; revised 24 June 1989)

Ep oxid ized  natural rubber and carbo.xylated n itrile  rubber can be blended and vulcanized during  m oulding 
w ithout ad dition  of any curative. Su ch  a blend system of seif-vuicanizable rubber is com pletelv miscible 
as is evident from  differential scanning ca lorim etry and dynam ic mechanical studies. Physical properties 
o f the blends are com parable to those of conventional rubber vulcanizates. The  blends are reinforced on 
addition of reinforcing carbon b lack filler.

(Keywords: epoxidized natural rubber: carboxylated nitrile rubber: seif-tulcanizable rubber blend; miscible rubber blend)

INTRO DUCTIO N

It has been reported earlier that carboxylated nitrile 
rubber (XNBR) is vulcanizable by epoxy resin* and 
epoxidized natural rubber (ENR) can be vulcanized by 
dibasic acids’. Accordingly the blend of carboxylated 
nitrile rubber and epoxidized natural rubber was studied 
to examine the vulcanizing ability of one rubber by the 
functional group of another rubber, in the present 
communication we report the results o f our studies on 
XNBR-ENR blend. We designate such a system as a 
self-vulcanizable rubber blend. N o curative was used.

EXPERIM ENTAL

XNBR used was K.rynac-221 (Polysar Limited. Ontario. 
Canada), containing high level of carboxylated monomer 
and medium high bound acrylonitriie level. ENR used 
was ENR-50 (Malaysian Rubber Producers' Research 
Association. U K ). with 50 mol% epoxidation. Both ENR 
and XNBR were first masticated in the 1 4 x 6  in 2-roIl 
mixing mill for 6m in each. Masticated samples were 
blended on the mill for a further period of lOmin. 
Rheographs were taken at 140‘C on a Monsanto 
Rheometer R-100. The blends were vulcanized during 
moulding for 45m in at 140'C. The following physical 
properties o f the vulcanizates were determined according 
to standard methods: stress-strain (Zwick U TM . ASTM 
D412-87); tear (Zwick UTM . ASTM D624-86): hardness 
(Shore A, ASTM D2240-86); resilience (Dunlop tripso- 
meter. BS 903: Part A8: 1963. method A); compression 
set (ASTM D395-85. method A and method B); heat 
build-up (Goodrich fiexometer. ASTM D623-78); 
abrasion resistance (Cryodon-Akron Dupont abrader. 
BS 903: Part A9: 1957. method C). For swelling studies 
the vulcanizates were swollen in chloroform for 48 h and 
the percent increase in weight due to solvent swelling was 
noted.

Dynamic mechanical properties (damping) were 
measured using a Rheovibron model DDV III-EP at a 
strain amplitude of 0.0025 cm and a frequency of 3.5 Hz.

The procedure was to cool the .sample to -  I0») c  
record the me; arements during the warm up. 
temperature rise vas I C m in"'.

D.s.c. measurements were run on a Duponi diffcrt* 
scanning calorimeter model 910 in nitropcn 
Glass-rubber transition temperatures ( T,s) of Ihc 
were taken as the midpoint of the step in the 
at a heating rate of 10 C min ' ‘ .

RESULTS AND  DISCUSSION

Formulation of the two blends and the 
properties of the moulded biends arc shown in 
Blend A contains XNBR:ENR in the ratio KX) SO Bk 
A,, is similar to blend A. but contains 45 parts bjr 
of ISAF carbon black.

Rheographs of the two blends at 140 C arc 
Figure I . Increase in rheomeier torque with vulcaniam 
time indicates progressive crosslinking of the 
we shall discuss later, one blend conitiu^* P
vulcanized at 140 C  b y  the o th e r co m p o n e n t. The tF

Table 1 Composition and properties of E N R -X N B R
at 140 C  for 45 min __ —

• To whom correspondence should be addressed
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Composition (parts by weight)
EN R
X N B R
IS A F  carbon black 

Properties
IOOV« modulus (MPa)
Tensile strength lMPa>
Elongation at break (% )
Tear strength (kN m '  ‘ ) ^
Compression set at constant stress 
Compression set at constant strain I oi 
Heat build up (AT) at 50'C  I C ) 
Resilience (% )
Hardness (Shore A)
Swelling in chloroform (percent mcrea>e 

in weight)

50
100

102
3.70

396
14-tO
I I
70
ZX
bZ
43

I

S3*
m

r

5Ĵ
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Figure I  Rheographs of biends A and A , at 140 C

^ 2  EfTecl of moulding vulcanization time on physical properties 
Jck-filled X N B R -E N R  blend (A,I

Moulding vulcanizing time 
(mini

jt  |IK)"'« strain iM Pa) 
^  Mrcngih I MPa)
Hilion -It hrcak |%)
Ifrrsivi>>ncc (kNTT) ')
K  build-up at 50 C  {A T I ( C ) 
ttmK v:l Col 
^ftce ("•>)
Mlini in chloroform ipcrccnt 
krrjsc in weight)

.'0 45' 90

1.15 1.57 3.57
;o .i7 20.56 19.28

737 53« 374
41.75 38.00 33.02
44 40 30

9.3 3.6 0.76
44 47 4X

652 517 426

Wan also reported in Table I

>quc value in the case of blond Aj is similar to that 
I conventional rubber system in the sense that 

■forcing carbon black increases the torque value due 
kigh polymcr-filler interaction. Results of physical 

•pcriics and swelling studies, as discusscd later in the 
?er. further substantiate these findings. Marching 
Kjic in modulus with cure time as shown in the 
®fraphs implies that the cure reversion is absent and 
^'ulcanizate network is thermally stable.
^>sical properties of the blend vulcanizate. as 

^ a n z e d  in Table / .show s that gum blend vulcanizate 
poor physical properties. However, addition of 

forcing carbon black filler increases the tensile 
more than 5 limes, tear resistance more than 

r  and abrasion resistance about 4 times. As 
addition of reinforcing carbon black increases 

and hardness and causes reduction in resilience. 
2 *  hysteresis of the filled system causes an increase in 
^build-up and compression set. Reduction in percent 

in solvent (chloroform}, from 872% for the gum 
^  to 527% for the filled system, shows increased 
T^ion to solvent swelline due to polymer-filler

j ^gree of crosslinking can be changed by varying 
^ r in g  or moulding time. Table 2 shows that with 

of cure time, percent swelling decreases due to 
r in crosslink density, which causes formation 

 ̂ ?hter network resulting in low dynamic set. low 
ouild-up in Goodrich flexometer test, lower 

at break, higher modulus and higher 
However, tensile strength was not greatly

affected. Tear strength decreased at higher curing time. It 
has been reported that undercuring results in higher tear 
resistance^.

D.s.c. thermograms of ENR. XNBR and blends of 
ENR and XNBR arc shown in Fiiiure2. Glass transition 
temperatures of the systems are summarized in TableS. 
Thv* TgS of ENR and XNBR were detected at -  14.5 and 
- 2 5  C and the blends A and Â  showed T̂  values at
— 19 C. The occurrence of single T̂  in the blend and the 
transparent nature of the gum blend indicate complete 
miscibility of ENR and XNBR. This is also evident from 
the dynamic mechanical analysis. Fiiiurc'3 shows the plot 
of damping (tan ()) at different temperatures. Both single

Tuble 3 Glass transition temperatures 
difTcrential scanning calorimetry studies

(T^s) as obtained from

Rubber blend Z{C)

X N B R  
E N R  
Blend A 
Blend A,

- :5
-1 5
-1 9
- 1 9

TEM PER A TU R E(t)

Figure 2 D-S.c. thermograms of X N B R . E N R  and X N B R -E N R  blends 
(A and A .I
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101---------------------------------------------------------

1-0

oz
a2
< 01o

OOJ
-100 •so 0

TEMPERATURE (t)
50

Figure 3 Dam ping (lan <>) plots for X N B R . E N R  and E N R -X N B R  
blend

com poncnis and the blend A rcuisicr 
() value alm ost ai the same icm p cra iu rcti!? *  *
— I and —2.5 C. H ow c\er, the damn. 
blend occurred in between the «ndu,SlS! 
and the peak width or broadcnme 
o f the blend as compared to  XNBR  
indicates that blends o f XNBR and FVO r ^
system.

The present investigation shoH^ that 
m tnle rubber and epoxidized naiuraj n i S ^ r P ? *  
m iscible blend system  which is s e l f . v u j c a ^ ^ ^ ^  
absence of curatives and the b la c k -n i lc d j^ S T  
reinforcement similar to conventional rubfc!»  
vulcanization, carboxyl groups of X N B R ^  
epoxy groups o f E N R 'to  form esicr C T osdhiU ** * *
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Characterization of Self-Vulcanizable B l e n d s  of Epoxidized N a -  
'(ural R u b b e r  a n d  C a r b o x y l a t e d  Nitrile R u b b e r  b y  M o n s a n t o  Rlie- 
opietry, Differential S c a n n i n g  Calorimetry, T h e r m o g r a v i m e t r y ,  
Infrared S p e c t r o p h o t o m e t r y  a n d  Swelling

R. A lex and P. P. D e, Kharagpur (India)

I mixed blends of epoxidized NR (with 50 mol %  epoxidation) and carbox- 
nitrile rubber undergo self-vulcanization during moulding at elevated 
-ature (150®C) in absence of any vulcanizing agent. The self-vulca- 

characteristics are evident from studies on Monsanto rheometer.
spectrophotometer, differential scanning calorimeter, thermogravi- 

^iricanalyses and solvent swelling. The extent of vulcanization depends on 
^  ratio, the maximum occurring at 50:50 blend. Both processing 
^^yiour and physical properties are found to depend on blend composi-

p ^ k te r is ie r u n g  s e lb stv u lk a n is ie rb a re r V e rsch n itte  a u s  epoxi* 
lirtem  N a tu rkau tsch u k m it ca rb o xy lie rte m  N itr ilk a u tsc h u k  d u rch  
l^ttanto-Rheom etrie . d y n a m isc h e  D Ifferen zka lo rim e trie , Th e rm o - 
^ftfimetrie, In frarotsp ektrom etrie  u n d  O u e llu n g sm e s su n g e n

MdtrWalze hergestellte Verschnitte aus epoxidiertem N R (zu 5 0 %  ep>oxi- 
l^ u n d  carboxyliertem Nitrilkautschuk erfahren wahrend der Formgebung 
)lih(Mren Temperaturen (150 **C) eine Selbstvulkanisation ohne jegliches 
Msgnisationsmittel. Die Selbstvulkanisation gibt sich in ihrer Charakteristik 
llW trsuchungen mit dem Monsanto-Rheometer. dem Infrarotspektrome- 
■r, d»m dynamischen Differenzkalorimeter, dem Thermogravimeter sowie 

Ouellungsmessungen in Lbsungsmitein zu erkennen. Das AusmaB der 
Mtmisation wird durch das Verschnittverhaltnis bestimmt und erreicht be!

n VerhSttnis 1:1 sein Maximum. Das Verarbeitungsverhalten und 
Mn«o die physikalischen Endeigenschaften hangen von der Zusammen- 
MKung des Verschmttes ab.

} Introduction
%*nt publications |1 - 5 I  report self-vulcanizable rubber 

which get crosslinked at high temperatures by the func- 
^  groups of two rubbers without any curatives. In this self- 
^^ftizable blend of epoxidized NR (ENR) and carboxylated 

rubber (XNBR), it is observed that crosslinking depends 
•  the time and temperature of moulding, and that fillers 
•'in ce  the gum strength of the blend (6|. In this communica- 

we report the results of our studies on characterization of 
J l^ l-v u lc an iz ab le  blend of ENR und XNBR by Monsanto 
^^'^try, differential scanning calorimetry, thermogravimetry, 

spectrophotometry and solvent swelling with respect to 
ratio variation.

^P erim ental
^ (• ith  50 m o l%  epoxidation) w as obtained from M alaysian Rubber 

R e se a rch  Association, U K, X N B R , Krynac-221, containing 
of carboxylated monomer and medium  high bound acrylo- 

k ®vel w as obtained from Po lysar Lim ned. C a n ad a .

^ ^ u l a t i o n s  of the blends are g iven in Table 1. Both E N R  and 
separately m asticated for about 1 min on a 14" x 6" two 

mill. The m asticated sam p les of the two rubbers were 
together for a  period of about 6 min. Cold  water w as circulated 

| i| ^  ^  rolls to keep the temperature low in order to avoid sticking  
^  '̂Jbber on the rolls. The  mill temperature for the initial m astication 

^ 2 5 « C , T h e  temperature rise during the m ixing of gum  rubbers

Table 1. Formulation of the miices

BlencJ EXa EXb EXc

ENR 75
XNBRfKrynac-221)* 25

50
50

25
75

'High level of carboxylated monomer and medium 
high bojnd ^rv ljn iy ilg

Rheographs of the m ixes were taken on Monsanto rheometer R-iOO at 
150 and 180 °C . Scorch  time and Mooney viscosity at 120 * C  were 
determined by using Mooney viscom eter MK-llI (Negretti Automation 
Ltd.. U K) according to IS O  667. The properties determined a s  per stan­
dard test methods were tensile strength (IS O  37), using dumb-bell 
specim ens by Instron 1195 universal testing m achine; tear resistance 
(A STM  0624-84), using an unnicked 90* angle  specim en (die C ) by 
sam e Instron m achine: hardness, Shore A  (IS O  7619) and resilience 
(B S :9 0 3 :P a rt A  8:1963. method A) by Dunlop tnpsometer. Sam ples for 
com pression se l (IS O  815) were cylindrical d iscs  (29 mm dia and 13 mm 
thickness) and subjected to com pressive deformation at const- * strain 
for 22 h at 70 “C . W/hile determining heat build-up according to A STM  
(D823-75) by a  Goodrich flexometer, the sam ples were subjected to 
cyc lic  deformation for 25 min with a load of 10,9 kg (24 lb) and a stroke 
of 4 ,5  mm. Abrasion resistance (B S :9 0 3 :P a rt A 9, method A-1957) was 
determined by using a DuPont abrader. by calculating the volume loss 
in cm^ from a specified test specim en for 1000 revolutions of the ab­
rasive  wheel.

D S C  m easurem ents and therm ogravim etnc analysis (TG A ) were run on 
a DuPont differential scan n in g calorimeter, model 910, and DuPont 
thermal analyser model 900 in nitrogen atm osphere at a heating rate of 
10®C/m in.

IR  spectra were recorded by 843 Perkin E lm er spectrophotometer. The 
thin films of E N R  and X N B R  were prepared by pressing the neat 
sam ples between aluminium foils for 2  min with a pressure of 50 kg/cm* 
at 1 0 0 * C , using a  Labo press. Thin film s of blends were prepared in a 
sim ilar way, by moulding for 60 min at 150 ®C.

Volum e fraction of the rubber (V,) in the solvent swollen vulcanizate was 
determined by equilibrium sw elling in chloroform. The  method is  the 
sam e a s  that reported by Ellis and Welding [7).

(D-FT/e,)

K D -FT/e ,) +  (A ,/p J]

where T  is the weight of the specim en, D  is its deswollen weight. F  is the 
weight fraction of insoluble com ponents. A^ is  the weight of absorbed 
solvent corrected for swelling increment and q , and g ,  are the densities 
of the rubber and solvent respectively.

3 R esu lts  and  d iscu ss io n  

3.1 M ooney viscosity

The cure characteristics of the blends are shown in Table 2. In 
all the three blends of ENR and XNBR, increase in XNBR con­
tent in the blend increases the minimum Mooney viscosity and 
decreases the scorch time. As oxirane rings open readily in pres­
en ce of acids (8. 9) the reactions involving carboxyl groups are 
reported to start earlier and such m ixes becom e very scorchy 
[10]. Due to the early onset of reaction, with increase in XNBR 
content in the blends, the scorch times decreases.

Table 2. Cure characteristics of the blends obtained from Mooney v is­
cometer and Monsanto rheometer studies

EXa EXb EXc

Mooney viscometry
Minimum Mooney viscosity at 120 ®C 23 35 45
Mooney scorch time al 120 ®C, mm 14.5 7,0 5.7
Monsanto rheometry 
Minimum torque at 150®C. dN • m 5 6 8
Maximum torque at 150 ®C, dN • m (in 60 min) 13 36 36
Minimum torque at 180*0. dN ■ m 4 5 6

%■ tr



Figure 1 . Rheographs of gf ^  
and XNBR -  (a) at 180 *C, (b)at !S8*€

3.2  M onsanto rheom etry

The Monsanto rheographs of the blend are shown in Figure 1. 
The blends show marching increase in rheometric torque both 
at 150 and 180 °C. Blend EXa (ENR/XNBR In the ratio 75/25) 
shows comparatively low crosslinking at both temperatures. 
Blend EXb {50:50 blend of ENR/XNBR) show s maximum rise in 
torque both at 150 and 180®C.

In EXa, the concentration of carboxyl groups may not be suffi­
cient to cau se enough crosslinking and as the XNBR content in­
creases the availability of carboxyl groups increases resulting in 
higher extent of crosslinking as in EXb. In EXc. however, the 
concentration of epoxide groups available for crosslinking is 
less. Epoxidation is a random process [11, 12] and Davey et al. 
[8] have shown that when a reaction between an acid and epoxy 
group is initiated at one epoxide group of a block, the remaining 
epoxide groups undergo furanization and are destroyed before 
other reactions can occur. In EXc. even though there may be 
sufficient epoxide groups, the number of epoxide groups avail­
able for reaction is likely to be le ss  due to furanization or follow- 
up reactions. Due to the nonavailability of epoxide groups, 
crosslinking in EXc reaches a state of completion.

3 .3  D SC andT G A

Figure 2 illustrates the DSC profiles for cure of blends of ENR 
and XNBR and also control single ENR and XNBR. It is evident 
that there is no change in enthalpy in the temperature range 
from 170 to 300 ®C for the two neat polymers, while blends reg­
ister an exothermic enthalpy (13) due to self-vulcanization. 
TGA plots {Figure 3) indicate that the thermal degradation of 
neat polymers and the blend occur at sufficiently high tem pera­
tures, above 300 ®C, resulting in main chain scission  and loss of 
volatile fragments. The magnitude of exothermic enthalpy was 
calculated using the equation [14].

Hv ■ m

I 1S0 200
!em p*fO lwr* ,  *C

Figure 2. DSC profiles for cure of blends of ENR 
ENR and XNBR

where. Hv = enthalpy change in J/g
m ■ mass of the sample in mg 
A = exothermic peak area in cm* 
B » time base scaling in min/cm 
Aqs » y axis scaling in mW/cm 
E ■ 1 , calibration coefficient

and X N B R  andfl*'

E =
60 A • B • Aqs

iiiB QMiiiaipy i»iidriyca ww....j
ENR and XNBR are shown in Table 3. The 
maximum in the 50/50 blend of ENR and XNB

The enthalpy changes occurring during **
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3. TG  cu rves of neat E N R . X N B R  and 50:50 E N R -X N B R  blend
t
Ipil Cure characteristics of the blends obtained from thermal analysis

^  Cure initiation Cure lerminaiton 
lemperature *C temperalure ®C

Degradation
temperature,
«*C»

Hv. J/g

% 213 * 300 3.2S
% 186 • 300 13.75
II 171 300 300 12,18

^  lifmmaiion overlapped by degradation of polymer 
from thermogravimetric analyses

I
%ttate of cure is low, cure initiation starts at a higher tempera- 
^  As the XNBR content in the blend increases the cure Initia- 
^starts at lower tennperatures. This is in agreement with the 

scorch times of the blend. The plot of Mooney scorch 
versus cure initiation temperature (obtained from DSC 

l'^ )  as shown in Figure 4 reveals that as the ENR content in

A

170 190 2C0

C u rt In itio tio n  I t m p ir a t u 't   ̂ *C

'*■ Plot Of Mooney scorch  time versu s cure initiation temperature 
Ifom D S C  therm ogram s

the blend increases both cu:o initiation temperature and scorch  
time increase. The vulc?. .zation reaction as observed from the 
exotherms, show completion only when XNBR content in 
ENR/XNBR blend is high as in EXc. At a lower XNBR content as  
in EXa and EXb. the crosslinking proceeds till degradation and 
crosslinking reaction is overlapped by degradation reaction.

3.4 Infrared spectrophotom etry (IR)
The IR spectra of the three blends, and that of neat ENR and 
XNBR are shown in Figures 5 A and B  (see  next page). The 
epoxide group shows a characteristic band at 870 cm "’ due to 
ring vibration, together with absorption at 1240 cm "'' due to C -0  
stretching. The cis 1,4 double bond (C = C cis) stretching at>- 
sorption is at 840 cm ~’. The carboxyl group of XNBR shows ab­
sorption due to C = 0  stretching at 1696 cm "’.

In all the three blends of ENR and XNBR, there is a strong ab­
sorption peak at 1660 cm "’, which is absent in both neat ENR 
and neat XNBR.

Esters absorb strongly In the region 1725 to 1720 cm * ’, and this 
absorption is reported to be shifted to a lower frequency around 
1650 cm "’, when C = 0  group of ester is hydrogen bonded [15]. 
The absorption peak in the blend at 1660 cm "’ shows that dur­
ing vulcanization epoxy group of ENR and carboxyl group of 
XNBR react to form ester linkages and that the C = O of ester is 
hydrogen bonded with adjacent -  OH group (4],

In EXa.since epoxy groups are large in number in addition to the 
ester groups, the characteristic peak due to epoxy groups are 
retained and the absorption in the range of 1680 to 1750 cm "’ 
(due to C = 0  group of acids) is greatly reduced. In EXc, there is 
strong absorption due to carboxyl group in the range of 1680 to 
1750 cm “ ’ (as in neat XNBR) showing that there are unreacted 
carboxyl groups. Compared to EXa and EXc, in EXb the absorp­
tion due to epoxy group and C = O of acids is greatly reduced. 
These results are in agreement with the results of Monsanto 
rheometry and DSC.

3.5 Solvent sw elling
Both ENR and XNBR were found to be soluble in chloroform 
while the vulcanized blends were insoluble in the sam e solvent, 
showing that during vulcanization ENR and XNBR get cross- 
linked. The volume fraction of rubber in the swollen vulancizate 
calculated from equilibrium swelling data shown in Table 4 (see  
next page) reveals that in EXa degree of crosslinking is less  
than that in EXb and EXc.

3.6 Physical properties
The physical properties of blends of ENR and XNBR are sum­
marised in Table 4. As the XNBR content increases, tensile 
strength, modulus, tear strength and abrasion resistance in­
crease whereas elongation at break decreases. This is also 
evident from the stress-strain curve {Figure 6) (see  next page). 
This change in properties can be attributed to the high XNBR 
content in the blend, as XNBR mixes are reported to have very 
good gum strength. However, in the 50/50 blend (EXb) the 
Goodrich heat build-up is lower and resilience is higher than 
EXc.

4 C o n clu sio n s

Mill mixed blend of ENR and XNBR forms a self-vulcanizable 
rubber blend system. The processing characteristics and 
technical properties depend on the blend composition. During 
moulding at high temperature epoxy group of ENR and carboxyl
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F ig u re  5 (A). Infrared spectra of thin film s of (a) E N fl and (b) X N 8 R  

Table 4  Physical properties of the blends

EXa EXb EXc

Modulus 300%. MPa 1.9 3.2 -

Tertsile strength, MPa 2.2 3.2 3,6
Elongation at break. % 380 300 220
Tear strength. KN/m 11.0 12.6 16.8
Hardness. Shore A 30 47 50
Resilience at 40 “C, % 55 69 56
Compression set toi 22 h at 70 *C. % 27 12 12
Abrasion loss, cm*/1000 rev. - 1.97 0.80
Heal buikl-up by Goodrich Flexometer with a load of 
10.9 kg (24 lb) and stroke of 4,5 mm 

AT, »C » 17 30°
V. 0,07 0.12 0.12

Ŝample blown out before 20 mm 
'Value after 20 mm

group of XNBR react to form ester linkages. There is thermal 
stability, when the ENR content in the blend is high till 50/50 
ratio and when the ENR content is lower as in 25/75 ratio of 
ENR/XN0R the crosslinking reaction reaches a state of comple­
tion.
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K.Ir5 elf-Vulcanisable R u b b e r - R u b b e r  B l e n d s  B a s e d  o n  Eooxidise 
‘ "Natural R u b b e r  a n d  Poiychloroprene

R. Alex. P. P. De and  S. K. De. K h arag p u ' (Ind:"

hi(?nds ol ooivrniofcofpne (N<'or)'’pne AC^ and eroxm isn'i f.'P 
Mve fcunij to 50  seif-viiican'sah'c* 'n 'no aosencs 3* 3 ”y 

I agenl Ttus 'S 'ou*»d lo be a iD'SciDie syslsT i C^osr.i''’ '̂
,,^j^'phV®ical CfCDeM'CS of me system nr»non3 nn Ihp btflnc' 'aim

(fvuik^nisierbare K su lsc h u k /K a u ts c h u k -V e rs c h n ltte  auf B a s is  
^ jp o » id io rte m  N a tu rka u tsch u k  und P o lych lo ro p re n

^^fWatre nergesieiiie Verschmtte aus nooxiaieriem NR fEfJR) und Poly 
fNcoD'P'*̂  ACi zeigien in /^bwesenheit legtichpn Vulkan-sa 

^frri'e's die Panigxp't ju' SpiDsivuiKanisai'on Es wufoe festgesipn: daf! 
pj^r si"' ie'iwr!«in m'e.ĉ ba'-es Svsiom hanceli Die N€i2werkd:c’̂ tf 

iĵ .vtiV-̂ liScn*?-! P OPir-rnalien sinri v-nm Vrrschnittvprhallms abhan

Introduction

and co-workefs n«ve dfivGlopod seif-vulcanisabio blends 
on rubbers w?h reactive arouns Examples are blends 

I on Hypalon fCSM)-QDOxidised NR (ENR) (1.2], CSM-carb- 
nitnie rubber /XNBR) [3j. XNBR-ENR [a S] grd co'y 

3pfcne fCRi-Xf ’‘̂ R (61 These* rubbers qej crossi'okprj au'- 
[inoiiW'ng in fh<! ab':^fic“ ol any viiicanis-np .igent anri car.

ifO'CCĈ A'lth Ix, .;r.'hOr mCi SlllCb \*.'*'llf'
i furiher mvesirpaiionb cn ftiena.'? based cn ENR wc> od- 
Ihal CM fNccp.'THf' AC)-ENfi sysiom gels vulcaniscd 
rr ôulding in !he absence O' in- cror.slinking aQen! 

•(•'Ov .10(1 M airov  h?ivt' re rK > n r’ ll'.at N<‘ o n re n i‘j c a n  bP vu l- 
■srl bv epoxv re:>in 'y]

'present c o m m u n ic a t io n  w o report the re s u lts  of o u r nrcN- 
stu d ies o n  s o 'f - .'u lc a n is a b le  ^icop•■■f?nc A C - E N R  b le n d  

[kco rd m q  to n re lin ^ m ary s !u d ’e .<5 o ihe^ fo rm s 0'  C R  a ls o  
ifgo sirnilar re a ctio n  lik e  N eo n '^ '^ n  A C  g ra d e , B u !  w e  h a v e  

If lu d to d  det,'»ils. T h is  p a r e '  'h e re fo re  d e a ls  w ith o n ly  
'^I'p A C  type

[bpenm ental
chiofoprenp type Neonrrne AC r'rocurecl Irorr) Du Pent, 
Enr ust’O wns ENR-r.O v.'ith so not'^o epoxidaiiur,. obiamefl 

Rutiber Pro:liico".' Reco.irch Assocaiion iMRPRAi 
■ ^  Mooney viscosities ol ir̂ t- sanpie? M». n 4 4i ai 120 °C were 
'’^oprenc AC and 46 lor Ê .■R-50 T̂ ie formulation of the Dionds 

Tat»(e * Boih CR and ENR-'̂ O were T.aslicaied on a 1 -1 * 6  m 
mtli jo the same N'ooney viscosity and were blen<1ed cn 

a&out 6 mn M'O'rr'u'n Moonf'y viscos'ly and scorch tirno 
'^efm;ned as per ASTM D 1646-I9fi3 bv u«ing Negreiii autc'na- 

fy 5?iearino disc viscon^s’e' nonoi MK I'i Rh^ogrnphs o' tf’'’ 
-’9 ta'ror; s* ’9 0 '’C On a ‘.‘on5sn;r rroO'TlOlC' R-IOG 

I Cu'Cd a! 180 ®C tof €C '"■r' T'̂ r* toi'.iwina chys'Cf'i p"^po'- 
’'ij’canisate': were nr'T'r’r'g tr̂  stand.irc tif-*
ênsiift s'rrr.Qih tlnsi":' ''9r- unive'S î lertinp rr.ac?iint 

^̂ 2-75 ,\) tear * 1 9 5  un've'sa' lesi'n"
D 52^.er.i i,t;,rg 3.' ;",r.cv.-H Q-C' qn(3 « SPCC'f~''“' Cl®

'•  ̂t'8rani'<5< I P . :f''- ence O-jr rp triL?;.'''̂ '̂ ^̂ ’
A 8 too.̂  r'f•t^od A lASTW D

^81

1

•trt'fl sii^-r-*oT ‘C 2  ̂ * ro^o'c-sf *'e

^ O '- n u ia i io n  n n f l  C '

b 'e a d

. 1*>6
•'.I'O'i-A n* 
“'o .V •

rh a rA c io f is t lc s  of i h f

C'~
K-E SO  yj

Sf'

defO'f'iaticn ni 70 '‘C fP' 22  ̂ rient b<j''C m. ,0- •:.» ''C —ov A‘.-' v
D 523-93.'Alin a load &i 2 -i It anc Hr*.'a—r s'"
oera*j'’e of 50*C. a?r?.so“ re<i:3t-:’"cr r.i'
wh'cn s ’he vo'ume >n .ir'acod i ■ ®o le î socc 
1000 'evolutions of ine abrasive vvhofi .Di, =>c"» asns'C" ;«???«'• 
BS 903 C’a't A 9 - 1 9 5 7  r«mod A'

Dynam ic M echanical A nalysis (OM Ai was d c-'" Oy Toyo B ? ) ' : ; =*<■ - 
vibron model D D V III E ®  ai a stra>n a ’̂ n i iune o' 0,0025 c'^’ rT*:: 
quency of 3.5 Hz The p^ccodurp w.^s tn c c ? ’ t^e *'> - • '
and 10 feco'd  !'’9 rneasurenents our'''s  v - t — .•
rise was 1 ®C mm

Differentia' Scanm nq C a i0"'net0' fD S C ; ??u TC ' v.pf? co'"--? -■ c
Ron' t'^ef'Tia! analyser n o a e l 910 m m t'ca^n ;i''’’ orn ''?re  Gi?5.'^ " 3 ‘~' 
non teTiperatii'e  (Tg) a  in* sarnpio was ia*en 35 ih? rT.ii-no'"' 
s ie p  'p the scan run ai a heat*nq rate c '  20 ' C  rmn

The volum e !ract<on o' ruCPe' fV.) i’'  sni-.o’̂ ' 5we'ien ^^e” r' v.a-. -■ 
cuiaip:J from eqtjilib'iu'"^ swe-^mp rinf,*! 2‘, 'n^'trod f
and IVe/o.-np [01

V. - D-FTi/, ♦ AJ^
 ̂ I;, tr-.- rttjrii 01 int sL'errTi»-n ; 

we.c.'.. ‘\irnc''' c  'n?o!ji)'c r^np<'nr'". 
SOivf'"' cc'rtf'"5d Ic!' 'iicror!--.-
lie  ̂o' ;nc uhher and Sv>i.''’** -«r.r“̂ 'r'\-.i 
soivf'f'' ‘or inp nrrsent siuc.

3 R e su lts  and  d is c u s s io r

T h e  rn e o g r a o h s  of the D 'e n d s  c f  N c o ;: : ‘*nf.> A C  a n d  L t ; '^  nr 
s h o w n  in f^igijrc 7. C R  a 'o n e  i« r^DC'^nd !o ';n -'! ''rc ''-1" '  
c a n 's a t io n  [9|. It is  not Known w het''-'’ * *’̂ ‘̂'iPC'vul:T-'s:.r /  ' 
N e o p re n e  A C  w ill taKg  p la c e  in the o re s e n c o  ot f u n c t in r ’ ;;-.- a. 
tive  ru b b e rs  like  E N R  In a b le n d  of N eop'^ene A C  r n d  a 
w h ic h  d o e s  not co n ta in  a c t iv e  tu n c i:o n a i a ro u n s  (*or '
N R ) ,  r is e  in rh e o m e tn c  to rau e . if a n y . m the M en d, v •!! b ‘ ••) '• • 
th e rm o v u ic a n is a t io n  of N e o p re n e  A C  on!v A c c o r c " ;a  
c o m o a n s o n  w e  h a v e  ta '-en  rh e o g r a n h c  0' h ic n a s  '-f M eDr;' ■*- 
A C  a n d  N R  T h e  b le n o  c o m p o s in c o '' r  f-'eoor^n-* A '- »  '  
s y s te m  w e re  c h o s e n  to n e  th e  s .^ m f t"*.* rK o n rf-ft .' ''•■C
systen -i It is  o e iie v e o  m m  i-̂  ?ht: r ' •■'0 cn int» os ' - i  *

m p fn c  torqu e  in the N e c ? r e n n  A C -f ‘ '~  :.cr''e:;o.' ' -
th e rm o v u lc a n is a t io n  a io ~ *  v.-hile -r " • ‘r ■n'* ■<e':
A C - E N R  sy ste m  the to ra u e  n s e  :o -'-? r.? '-n c ?  to ;h e :n ’' . 
m s a ’ ion of N e o p re n e  A C  a s  w e ll a s  r.e'* .■•,i'ca''i5. i ’ ic-- Oy".*.?* 
N e o o ''3n e A C  a n C  E N R  A| a  p a rt:C u 'a ; ■ n T  t*" C:
c e  in t r e  two to 'O u e '.a ii je s  v.ii' t r  ‘ ne t r r j ; ; - -  -  . -•
se i'-v u !c a n !sa * io n  T n e  c a i c j ia i c o  rM -o c f? p h L  -•
s h o / .n  ' ’Ci/'-e 2 A iT c . . 'c n  r)om
s o lu b le  'n c h ; c '0*c'r*' " “e m o 'jid C '1  r>eno '? '^ s c u b i?  ■ ' t"" 
s a m e  soU 'ent s h o w in g  tn e re c v  ‘ hat n 'e n c  : a n s ' - : j e "  •;=.

crcsp i'n * .e a  oy :n e  r tn « r  c: j r ’' 'g  ' ' '  ■ ;"••
JB h o{ ,r-.mp.j;,0O Ip f"' ?'''(0'r^ !PS‘'  •■■■'’■■ '  ̂’ tn- '
?h0A'nc \^X d u rin g  v .-'-a n 'sa n o r*  nc”* Ntrr'-f '
q<’!ts " ’ ? s s i  r̂ *'-9d to 3 extpr*: ’ - i^  ;  5.^.-; =.• r.-?-...........  .
(voiu'^'^e fra ctio n  of 'u b b c ’ in the s w '^ ’e '' v u 'c a '-  Scilt-M i n u ^ -  
ra b 't ' 2  T h e  c r o s s lin k  d e n s ity  w h ic h  r? ."  :'e  i-n o d  r’ --';'
tion .n  tn V  !S h ig h  w n e '' tne N e o o 'cn -'- A C  c r ’̂ tnr'i s
p * a u r'r"n  rn '^ch an '^n ' c* r*ei>'-ee

a n d  E N R  '? ?n o w n  ;n 3

T h e  \-.Mv lo n g  s c c 'c h  for !h^  t ' - 'n . - ,  o ’
E N R  s h o w s  g r o d  P 'c c e '.s 'n n  s.-'’p»\ r ’ -'-'-><isi'ir. c " •

f id ic s  arp  s-O vvn  n  T .t: 1
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The physical propenies of blends are shown in Table 2 Hiaher 
pmporlion 01 Neoprene AC rn the blend results in improved 
physical properties The siress-stra.n curves are shown in F,g. 
lire 4 As the oroonriion of Nennrene AC in the biena increases 
compression set. abrasion loss ana heal bui'd-uo decreases  
However, resilience values do not show anv change
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pyfiamic storage modulus, or elastic modulus (E'). dynamic 
^ous modulus or loss modulus (E") and damptng (tan rt) at 

igrent compositions are shown m Figures 5 !o 7. The tempera- 
,s corresponding to maximum damping and maximum 
oiis modulus, were as taken as T,s. The T,s of the samples 
obtained are shown in Tab/e 3, Pure ENR shows a main re- 

ation at Tg and a relaxation corresponding to motion of side 
ps in the glassy region as seen  from plots of viscous mod- 

^;sand damping versus temperature (10) Neoprene AC in the 
jssy region does not show any transition other than T̂ . in the 
fegion as a general trend loss modulus and damping m- 
,gse until they attain their maxima and then fall with increase 
lemperature whereas the dynamic storage modulus falls 

pdly to the level in the rubber elastic region. Pure ENR shows 
pgie transition in (he T̂  region Pure Neoprene AC is observed 
show two transitions in the rubbery region as reflected from 
j(s of damptng and elastic modulus. For Neoprene AC there is 
$harp transition in elastic modulus around -  46 ®C anr) a slow 
leonfl transition around -  13 to + 3 6  ®C, In the plots of damp- 

versus lemperature the maximum damping occurs at 
29 X .

r;iDle 3 T. and width of T.
T. tn »r w>din 0* r .

>n DSC
DMA DSC Ihff'nco'.ifr

lan fi E in
AC 29 - 37 - I” 0

M-E 75 25 •27 -33 - ir
N E 50 50 -13 -22 , -33 24
ENR-50 - 6 - 13 . !«. 1?

Neoprene AC the first sharp transition observed in damping 
elastic modulus is due to transition from the glassy to the 
ry state, and the second transition is due to the melting of 

crystallites in the polymer as it contains about 90 % trans A  
•^^uration of the chloroprene unit in CR (11) Development of 

alliniiy, at low temperatures for elastom ers which are sub­
t ly  amorphous at room temperature have been reported 

er[i2, 13],

(3 relaxation shown by pure ENR is absent m the case  of 
ndsof Neoprene AC and ENR. This shows that there is inter- 

between the blend components. Absence of secondary 
*i'on I-' t:lends, due to the interaction between blend com- 

ts havp been reported earlier [14 15] tn biends of 
co*ene AC and ENR there is considerable broadening of the 

"̂ his shows that there is microievel mhomogemeiv ' e 
*»lniiscib!lity for the b'ends. When the Neoprene AC content 

'eased the transition to rubbery region starts at a lower 
JP̂ âiure, In Neoprene AC-ENR 75:25 blend the damping is 

" the region -  27 to + 9  *C. However, maximum damping 
n/ed at -2 7 « C . In Neoprene AC-ENR 50:50 blend the 

damping is observed at -  13 **C and the damping is 
the region -  13 to + 50  ®C. The transition in elastic mod- 

®^urs in a wider range of temperature. -  43 to -  6 °C for 
ene AC-ENR 75:25 blend and - 3 8  to * 50 °C for 

AC-ENR 50:50 blend. Thts wide temperature range 
"'On in the Tg region is also observed in the loss modulu^ 

“  the blends. Thus the blends show high damping over a 
of temperature depending on the blend ratio

^rnogram<5 as shown in Figure 8 gives additional support 
partial mtscibility of ENR-Neoprene AC blends Blends
3 Single Tg whjch is shifted to a higher temperature as 

decreases. As observed in the case  of DMA results 
' *^e Tjj zone becom es broadenrcf in the case  of blonds

Figufe 8. D S C  fher- 
mograms of Neoprene 
AC. E N R  and blends f t  
Nooprene A C  and 
EN R

■EsRs:

•80 •50 •tC -20 _ 
■^emoefclufe m *C

::

Thts broadening shows partial miscib'iity of the components 
the blend. Vukovic et al. (16) while studying compattbii *y o' 
poly(2.6 dimethyl 1,4-phenylene oxide)/DOly{fluorostyrene-cc 
chlorostyrene) have observed that there is >ncrease in T. .vtdf  ̂
of DSC thermogram with blend composition |i!! there ts p'lase 
separation. In an immiscible system the T̂  width of the DSC 
thermograms in the blends is the sam e as the T, width cf DSC 
thermograms of individual components fh e  magnitude cf th-s 
broadening and the transition width temDerature (AT\ is s^'owr' 
in Table 3. The difference 'O transition -emoe^ature obta nec 
from DMA and DSC results, is aue lo d'Hereni nature ■ re 
sponse in molecular segm ents of samoips *n 'he two tec h n c je s  
of analysis

4 C onclusions

It IS concluded that rriiil mixed blends of ENR and Neoprene AC 
form a self-vulcanisable system when mouldPd at 180 ®C. These 
blends are partially miscible. The sy>;em sncw s high damping 
in a wide ranqe of temperature deoer^oiog on the blend ratio 
The extent of self-vulcanisation also depends on the btend ra'to 
Higher proportion of Neoprene AC m the t:!end shows h -phc  
crosslink density and improved physical Dronert-es
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Alistrucc A mill mixed blend of epoxidised natural rubber (ENR) and carboxylated 
niirile rubber ;XNliR, forms a self-vulcanisable rubber blend on moulding at high 
temperatures, uhcn a crosslinkiiig reaction occurs between the epoxy group of 
l£NR and the carboxyl group of XNBR. Such a vulcanisate is reinforced by tillers 
like silica and carbon black.

1 In troduc tion

Mill mixed blends o f tunciionaily active rubbers can 
be vuleaniset! ai high tem peratures to form  self 
\u]cani>aiiie ruhbei blends. De and co-w orkers have 
developed >uch blends based on epoxidised natural 
nihber. lu p ak 'n . carboxylated nitrile rubber, 
neoprene. ' halobutyl rubber and polyvinyl

•ProNent addrcv' Rubber Rc'.earch Institute ol India. Rubber 
B«)ard. Koitjsain i)>>6009. India.
JTo v\huin all correNfX)ndencc should he addressed.

chioride.''*’ It has been shown that a mil! mixed 
blend of epo.xidised natural rubber (E N R ) and 
carboxylated nitrile rubber (X N BR) form^ a self- 
vulcanisable and miscible rubber blend system 
during m oulding at T h e  crosshnking
m echanism  in such a .self-vulcanisable ru b b er biend 
system  is based on the reaction betw een the epoxy 
group of E N R  and the carboxyl group o f XN BR 
(Fig, 1). It has been reported  earlier by C hakraborly  
and De'* that carboxylated nitrile rubber can be 
vulcanised by epoxy resin.

VV^ CHJ — CH — CH2 — CH= CH — CH2 —  CH —  CH2‘ 

CN COOH

V

CH3

^'AA_ —  c — CH —
\ /

0

B )

CH2 — CH
t
CN

C H2 — C H =  CH-----CH2 —  CH —  C H j - ^
i

C = 0
i

0 OH
! 1

•W — CH? —  CH —  C —  C H 2 ^ '^

I
CH3

Flu 1 The iMSsibk- m.chan,sn, of cr.sslinking bo,ween cartoxyla.ed nuriie rubber (AI and epoxidised na.ural rubber, B).
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In liic prcsciu paper we report the results of our 
tudies on ilie etfects of m oulding tem peraiure. 
nou ld ina  time and fillers on  the properties o f such 
elf-vulcanisable ru b b er blends.

E x p erim en ta l

Ipoxidised natural rubber w ith 5U m ol%  epoxida- 
lon iE N R -5 0 ) was ob tained  from  the M alaysian 
<lubber P roducers R esearch A ssociation, UK. 
.'arboxvlated niirile rubber, containing a high level 
)t carboxvlated m onom er and a m edium  high bound 
icn io n itr ile  le \e l • KrNnac 2 2 1 / was obtained from  
\)lysar L td. C anada. T h e  silica filler used was 
-u lkasil S ip recip iia ied  silica) obtained from  B ayer 
India) L td. T hane.

Both E N R  and X N B R  w ere first individually 
nasticated  on a 0-356 m x O -1 5 2  m {14 in x 6  in) 
wo roll mixing mill for abou t 1 min each. T he  
-looney  viscosities {ML  , . 4  at 120"C) o f E N R  and 
<NBR before blending w ere 33 and 24 respectively.
• lasticaied sam ples of the tw o rubbers were blended 
jiie th e r in equal am ounts on  the mill for a further 
oeriod o f 6  min. C old  w ater was circulated through 
lie rolls to keep the tem peratu re  low- in o rd e r to 
»void the i-ubber sticking on the rolls. T he mill tem- 
lera tu re for the initial m astication step was 25®C. 

he tem peratu re rise during  the mixing of gum 
ubber was only 2’C. T h e  fillers were added  after 
■lending the two rubbers. T h e  total mixing time for 
he filled blend was 10 min. T h e  tem peratu re rise 
uring niLving in the case o f filled blend was 7®C.

T he form ulation  o f the different blends is given in 
ables 1 and 2. T h e  form ulation for the control 

nixes is given in Table 3.
In the case of blend, the increase in rheom etric 

o rq u e  above the m inim um  to rq u e  was 30 units. T he  
ontrol mixes o f E N R  and X N B R  were cured to  the 

im e when the rheom etric to rq u e  rise was the sam e 
> that of the blend that is 30  units). For E N R  and 

“vNBR these times were 18 and  1 2  m in respectively, 
I I5()'C . T his was thought likely to  elim inate the

a b le 1 . Formulation of XN6R-ENR blend m ixes (in 
parts by w eight)

effect o f curing time or crosslink density on the 
parison  o f properties o f blend and control 
sates. ^

R heographs of the mixes were taken on Monvani 
rh eo m eter R-lOO at 150, 160, 170 and lSO*r 
S corch tim e and M ooney viscosity at 120*C 
determ ined  by using M ooney viscom eter M K ^  
tN egretti A utom ation  Ltd) according 1 0  ISO 667 
T h e  p ro p erties  determ ined as per standard ictt 
m ethods were tensile strength (ISO 37} using dum b 
bell specim ens and an Instron 1195 universal lestin# 
m achine; tear resistance {ASTM D624-84)u s i n g s  
u nn icked  90“ angle specim en (die C) and an Insiroo 
1 195 universal testing m achine; hardness, shore A 
(ISO  7619), and resilience (BS: 903, part AB; 1963 
m eth o d  A ) and a D unlop tripsom eter. S am p le  for 
com pression  set (ISO 815) were cylindrical discs 29 
m m  diam eter and 13 m m  thickness which were sub­
jected  to com pressive deform ation at constant strain 
fo r 22  h at 70®C. W hile determ ining heal build-up 
(A ST M  0623*75), using a G oodrich flexometer, the 
sam ples w ere subjected to  cyclic deform ation for 25 
m in w'ith a load of 10-89 kg (24 lb) and a stroke of 
4-5 mm. A brasion resistance (BS; 903. pan A9, 
m eth o d  A -1957) was determ ined by using a Du 
abrader. In the Du Pont m achine two test specimens 
w ere ab rad ed  sim ultaneously against an abrasive 
p ap e r (silicon carbide paper with grain size 325). 
T h e  specim ens w-ere held under a load o f 3-62 k |  
and the abrasive paper rotated at a speed of 40 
R PM . T h e  sam ples w ere abraded  for 10 min amJ 
then  the volum e lost (in m-̂  from a specified tcM

Table 3. Formulation of control m ixes (in psrti by 
weight)

Mix no. Exb s n o Si20 Si30 Si40

\R -50 50 50 50 50 50
NBR {Krynac 221) 50 50 50 50 50
iiica (Vulkasil S) — 10 20 30 40

Mix no. E Ec Es X Xc X«

XNBR (Krynac 221) — — — 100 100 100
ENR-50 100 100 100 — — —
NajCO, 0-25 025 0-25 — —
ZnO 5 5 5 5 6
Stearic acid 2 2 2 2 2 2
ISAF black — 20 — — 20 “ •
Silica — — 20 — 20
Aromatic oil _ 2 2 — —

Dioctyl phthalate — — — — 2 2
TMTD* 1-6 — — — —
M BS“ 24 1 1 1 1 1
Sulphur 0-3 28 28 24 2-4 2 4

'Tetramethylthiuram disulphide.
* A/-Oxydiethyleneben2 othia2 ole-2 *sulphenamide.

■4

Table 2. Formulation of XNBR-ENR blend m ixes (in parts by w eight)

Mix no. 1S5 : s io 1S15 IS20 IS30 IS40 SR5 SR10 SR15 SR20 SR30 SWO

MR-50 50 50 50 50 50 50 50 50 50 50 50 50
r̂ BR (Krynac 221) 50 50 50 50 50 50 50 50 50 50 50 50
AF black 5 10 15 20 30 40 _ —“

black — — — — 5 10 15 20 30 ^

PLASTICS AND RUBBER PROCESSING AND APPLICATIONS VOL. 14, NO- ^
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1
20 mm j
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surtoce

Scon ar«Q
' 2 Sample for abrasion tests showing fracture surface and

scan area.

pecinien for revolutions ot the abrasive
^ h c e l )  vms calculated.

Scanning electron m icroscope (SEM ) studies ol 
abraded surfaces were done on a SEM , m odel 
N SCA N series 2DV. T h e  shape, size and direc- 
1 of abrasion o f specim ens are given in Fig. 2. 
Icr abrasion for 10 min the abraded  surfaces were 
itier coated with gold for SEM  studies.

Table 4(a). Cure characteristics of different blends 

M ix no Exb SilO S120 Si30 Si40

in20*C
jney scorch time at 

120*C (min)

UBnto rheometry 
[Hftlmum torque at 

150*C (dN m)
Jmum torque at 

t50*C (in 60 min) (dN m) 
f'imum torque at 

 ̂ W C  (dN m)
torque at 

180*C (in 60 min) (dN m)

35 43 59 66 100

7-0 61 5-0 4-3 3 0

6 9 10 17 25

37 53 58 76 96

6 8 g 12 20

62 74 91 100 118

Volume fraction o f the rubber in the swollen 
vulcanisate was calculated from  equilibrium  swelling 
data by the m ethod reported  by Ellis and Welding^

Vr =
[ D - F T / p , ]

[ { D - F T I p ^  + { A o Ip ,)]
(1

w here T  is the weiiiht o f the specim en, D  Is its de- 
swollen weight. F  is the weight fraction of insoluble 
com ponents and rAo is the weight of abi.orbed 
solvent corrected  for swelling increm ent, p ,  and p^ 
are the densities of rubber and solvem  respectively. 
C hloroform  was used as the solvent in the present 
study.

3 R esu lts  a n d  d iscu ss io n

M inimum M ooney viscosities and M ooney scorch 
times for the gum and filled blends are given in Tables 
4(a) and (b). It is evidem  that an increase of filler 
loading increases the m inimum viscosity and 
decreases the scorch time. A lso, the increase in 
M ooney viscosity and decrease in scorch time is 
m ost prom inent in the case o f silica-filled mixes and 
least prom inent in the case o f SR F black-filled 
mixes, while the ISA F black-filled mixes occupy an 
interm ediate position. For example, at 40 PH R  load­
ing, M ooney viscosity at 120°C increases from 35 
for the unfilled blend to 49  for SRF black, to 63 for 
IS A F  black and to 100 for silica-filled blend. T he  
higher M ooney viscosity of the silica-filled mix is 
probably due to strong in teraction  o f the silica svith 
the rubber during mixing. It is well known that ISA F 
black is m ore reinforcing than SR F black, hence the 
higher viscosity in the case of IS A F  black-tilled
mix

Sam ples of neat E N R  and neat XN BR were 
m asticated for 8 min, which is also the blending lime 
for the two rubbers, and the M ooney viscosity 
values, at 1 2 0 r  w-ere detem iined  T he
values are as follows: EN R . 10; X NBR. ^  
blend, 35. It is evident that reaction betw een EN K

Table 4(b). Cure characteristics of different blends

Mix no.

.«120^C
. scorch lim e at 

(min)

’fo rheometry 
■'urn torque at 

(dN mi 
lum torque at 

^5crc (in 60 min) (dN  m) 
jm torque at 

(dN ml 
'um torque at

(in 60 mini (dN  m)

IRS ISIO 1S15 IS20 IS30 IS40 SR5 SR10 Sfl15 SR20 SR30 SR40

35 39 43 43 58 63 36 39 39 39 41 49

6-8 6-7 6 0 5-0 4-8 4-5 6-7 5-8 5-7 5-3 52 5-1

8 8 9 10 13 13 9 9 10 10 10 11

44 48 54 62 76 86 48 50 52 57 60 69

R 8 8 8 10 10 7 7 8 8 8 8

75 87 92 92 113 130 69 75 84 88 106 109
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Table 5. Cure characteristics of control mixes

Mix no. E Ec-* Es® X Xc** Xs'’

Minimum Mooney viscosity 5 
at 120-C 

Mooney sco^'ch time 
at 120‘C immj

Monsanto rr.eometry 
Minimum torque at 

150X (dN mi 
Maximum torque at 

150 C (oN m̂

9 6 40 50 53

TOO 6-5 200  3-8 2 0  2 5

2 3 2 11 12 12

33 80 63 87 115 118

*20 PHR ISAF black-fillea. 
'>20 PHR silica-filled.

120f

100-

80-
E
zo
V 60-

40

: t

and XNBR lakes place to limited extent at IZÔ C 
during Mooney viscosity deiermination. The mini­
mum Mooney viscosity and scorch time for the con­
trol mixes of ENR and XiNBR are shown in Table 5. 
The mixes of XNBR are very scorchy compared to 
ENR mixes. It is reponed that mixes of XNBR con­
taining ZnO have a low scorch time and a high 
Mooney viscosity, where metal carboxylate cross­
links are formed." In such mixes the low scorch time 
is due to the earls onset of the reaction of the car­
boxyl ert)up. The epoxy group of ENR permits 
elToctne eri’ssliiiking with chemicals like dibasic 
acids and polyamines.'-'' Hence, the low' scorch 
lime of the blend mi.x of ENR and XNBR is due to 
the early onset of the reaction of the carboxyl group 
of XNIiR wiih ihe epoxy group of FNR.
Rheographs of the gum blend (formulation Exb) 

at different temperatures J50. 160, 170 and 180”C 
are shoun in Fig. 3. For comparison rheographs of 
one control XNBR mix and one control ENR mix 
Table 3) were taken. It is evident that the rheometric 
tf)rque of the blend progressively increases with 
moulding time and with moulding temperature. This 
shows that in the blend both XNBR and ENR cross­
link each oiher duriim mouldinu and that both lime

10 20

>00--------

20 25 30
Time (r

36 40
■ 'i)

XNBR llbO’C)

Blend 0SO*C> 

Bief'O Ô O’C)
Blena 060*C) 

Biena 1150*C) 
T^R 1S0*C)

"“S 50 55 W

Fig. 3 Rheograph> of a jium 1; 1 ENR-XNBR blend at dif- 
lereni leniporaiuros and of control cum XNBR and ENR mixes 

at 150*C.

A  to-
Fig. 4 Rlicographv ji ISO’C. of ENR, XNBR « T  
ENR-XNBR blend filled with 20 PHR loadin* of B a t  hJ I

SRF black and silic3 filler. ^

and temperature cause progre.ssive increase in cro»- 
linking. At 150°C the self-vulcanisaUc Ue^ 
registers marching rheometnc torque like thal 
control XNBR compounds, while the ENR rng- 
pounds show reversion. Crosslinking of ENR wift 
dibasic acids has been reported to show a ftnrchin| 
increase in modulus with curc time.'̂ The XNBII 
system at 150“C shows much higher fhcome<m 
torque than the blend. Figure 4 show* ihc rhê  - 
graphs of the filled systems at 150*C It U evkieM 
that addition of tiller increases the rhcomctflî 
torque as in the case of conventional rubber 
The nature of rheographs with respcct to 
time and temperature is similar to that of gum bktti 
Increase of filler loading increa.scs the 
torque.
It has been reponed that the gum fircn|lh of 

dibasic acid cured ENR is greatly improved by 
addition of reinforcing black.In blend, Uif 
chemistry of vulcanisation and nature of croulinU i| 
different from conventionally cured ENR or XNBRf

100--------

226

25 30 35
Time (min)

O 5 10 15 20
Time (min) »

Fig. 5 Rheographs at 150*C of the 1:1 EN'R-XN'BK
filled with different loadings of ISAF black fiUcf- ^

4. US*PLASTICS AND RUBBER PROCESSING AND APPLICATIONS VOL M, NO



i'
tHi .X

IP
-^ h u r

nventionallv cured EN R  crosslinking is by 
^ u r  Unka^es*'^ and in XNBR crosslinking is by 
" iinkait.*s and meial carboxyl iinkaecs.‘' In 

i of EN R  and XN BR the crosslinking reaction 
and carboxyl groups forming esier 

es^hi'ch arc distributed randomly in the matrix. 
* *^^10 this diftercncc in the mechanism  of vulcimi-
^ a g e s

'^liie rlieoiirjphs ol blends show an abscnci.' ot 
5***̂’')eversion /therm ai stabilii\ of the crosslinked 
^ M u re  and a hiiih cure raie. 

r  mre 5 shows the effect of ISA F black loading at 
r  The cure characteristics of these mixes at 

raiures 150 and 180®C arc shown in Table 4. 
cement of lorque occurs in the following 

•n* sihca^  1SA F>SRF, As we shali see later, 
■nier-filler inieraciion also follows the same

r.
36r

3 2 “

:S 26'

2 4

22

W-

zc Vr -io 5C 60
Ttme (mm)

[ ^ 4  Pliti ;u W llMk- U'l ttw uiim  1:1
t \K - \  \H R bk‘iiJ ;!! 151)'C-

T  a IC

^ 0 1  k.̂  rate \o^ k • rtxrprocal of absolcit
Jor me I ;: l: NK-XNBR bk'nil aiul ft»r ilic bk*nO 

Aiih :ii I'l IR ISAI- black and mIw.i liUci

T he kinetics of a crosslinking reaction can be fol­
lowed from  the changes in rheom etric m aximum 
lorque with time. For the fusl o rder reaction.'* '

ln l.V /„ -A /)=  - k i + \ n i M „ - M o )

where M  is the lorque at time /. A/,, is the to rque at 
zero um e. and A/„ is the maximum torque. For cure 
curves bluwving iiiarehiiig nutdulus. was Uiken as 
the lorque when the rise in torque is less than one 
unit in 5 min; at this stage it is assum ed lhat the reac­
tion has almost com e 1 0  an end. From the linear plot

T a b le  6. R a te  c o n s t a n t  (A ) o f v u lc a n is a t io n  o f th e  b le n d  
a n d  c o n t r o l m ix e s  a t  15 0  a n d  I 8O C

Rate constant, k (min '' x 10 )̂

Blena

150'C 180X 150X 180'C 150X 180’C

Gum' ■'2-34 7234 7 0  23-50 3 31 3 84
ISAF black-filled ’ 21 07 194-60 7 0 26 27 3 20 4-68
S il ic a - f i l le d '  -  -  -  -  3 7 0  5 87

'Mix number Exb, IS20 and SI20 (Table 1).

T a b le  7. A c t iv a t io n  e n e r g y  fo r v u lc a n is a t io n _______

Activation energy, £  |kJ/moil 

c X Blend

Gum •’
ISAF black-filled 
Silica-filled'

77
86

34
43

65
G5
70

'Mix number Exb, IS20 and Si20 (Table? 1).

* 1 ,. .s  l e i i M  C  ....................
I NR-XMJR bleud n iD u k lcd  under d ittcrcn i

nu.uld.ng umc^^nd ' UXi'c nun"" E ' n«-C /6()

nniv. F lS(rC,60 min.4.' niin;

a n d  r u b b e r  p r o c e s s in g  a n d  a p p l ic a t io n s  v o l . 14, NO. 4, 1990
227



of -  A/ versus time the rale constant o f the 
first o rd e r crosslinking reaction can be determ ined. 
T he  activation energy for the initial vulcanisation 
reaction was calculated by using an A rrhenius eq u a­
tion. Figures 6 and 7 show typical plots for the 
calculation of rate constants and activation energies. 
Table 6 sum m arises the rate constants o f blend and 
control mL\es at i\^o tem peratures and Table 7 gives 
the values of the activation energy for vulcanisation. 
T he  activation energy for self vulcanisation is found 
to lie betw een 65 and 70 kJ/m ol. This is o f the sam e 
o rd e r o f m agnitude as reported  by o ther w orkers for 
conventional rubbers.'^

Strain ("la)
Fiu. y Tciibilc MrcNN-sirain behaviour ol ihe 1:1 ENR-XNBR  
blcnJ filled wiih 20 PHR IS.AF black and moulded under dif­
ferent condiiioub of linic and teniperaiure. A) 150“C/30 min: 
B 15(i*C 45 niin: C, 150“C/'60 min: 160*C/6() min: (E)

1 70X';6() min; i F 1 18()°C,'60 min.

Strain (®/«)
Fig. 10 Tensile siress-strain behaviour of ihe 1:1 

blend filled wiih 20 PHR silica and moulded 
under differeni conditions of time and temperature. (A) ISO^C/ 
30 min; ;B 150'C 45 min; iC) 150‘C/60 min; (D) l60*C/60 

min: >E 170*C/60 min; (F) lSO*C/60min.

100 200 300 400 500
Strain (•/•)

Fig. 11 Tensile siress-strain plots of the 1:1 ENR-XN’BA 
blend filled with different loadings of ISAF black, -

150“C for60m in. ^

Fig. 12. .g,. Tensile stress-strain plots of the 1:1 ENR^X^B® 
blend filled with different loadings of silica moulded M I5®v 

for 60 min.

228

3.1 Physical properties

Tensile s tre ss-s tra in  behaviour o f the gum  blend 
m oulded un d er d ifferent conditions is shown in rig- 
8. Sim ilar plots fo r IS A F  black and 
positions are show n in Figs 9 and 10. It is c v to o t  
that bo th  m ould ing  tim e and  tem peratu re alicr u*e 
s tress-s tra in  behav iou r and  the effect is prw niocnl 
in filled system s. T h e  effect o f  filler loading 
s tress-s tra in  behav iour is show n in Figs 
E nergy  at ru p tu re  increases w ith increasing 
loading and th e  trend  continues up lo the 
filler loading stud ied . T h e  variation  o f rup*'* 
energy with filler loading is g;iven in Fig. 14-

PLASTICS AND RUBBER PROCESSING AND APPLICATIONS VOL. 14. NO. 4.
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Stra:n (•/«;
Fk' 1.' I’cnsilc 'itrcss-Niraiii ploii of the 1:1 ENR-XNUR 
’IciJ tiiloii uiih diXcicni ioadings ot SKF bijck. niDuldcJ ai 

15(t‘C tor 6(1 niin.

I'iihk s >umni:ifises ihe resulis of the effect ot 
nunikliny innc m 1 on bomc plusical propertic.s 
like iimiluiiis. tensile strength. elongiUion at break 
Ai}C icai fcMstaiicc. It is evident that increasing 
moulding tnne at a constant tempeiaiure causes

10 15 20 25 30 35 40 45
filler loading (pnr)

Fig. 14 Plots oI relative rupture encrcy versus filler loading for 
ISAF black. SRF black and silica-filled'’ 1:1 ENR-XNBR blend.

lowering of both tensile strength and lear resistance. 
However, as modulus increases, elongation at break 
decreases. Table 9 shows the results of the variation 
of moulding temperature at a constant moulding

Table S. Effect of moulding time at 150X  on physical properties of the 1 ; 1 Xf^BR-ENR blend

■ .nie of tnoijioifuj imtni

JO

Gunt ISAF black-' Silica*

45 60 30 45 60 30 45 60

V.odolus 100% (MPa) 05 08 0-8 0-6 07 1-1 1-3 1-4 1-5
Modulus 200% iMPai 10 15 1-5 2-9 33 4 3 2-7 3-6 4-2
Modulus 300?'e (MPal 20 28 3'2 6-2 70 8'9 5-3 7-1 9-2
Tensile strength tf^Pa) 30 31 32 170 16 0 13-5 120 12-0 130
Elongation at DreaK (%) 340 310 300 500 470 410 400 370 370
"ear strength (klV/ ml 170 160 126 530 470 38-0 330 29-0 29-0

^At 20 PHR loading.

Table 9. Effect of moulding temperature at constant moulding tim e (60 min) on physical properties of the 1:1 
XNBR-ENR blend

Gum ISAF black' Silica

150X 180X 150X 180X 150“C 180X

Moculus 300“o iMPaj 3-2 — 8-9 — 9-2 —

■^ensile strength (MPai 32 32 13-5 10 0 13-0 8 0
elongation at break I'bl 300 200 410 200 370 200
Tear strength (kN/mj 12-6 11-8 380 270 29-0 230
Hardness, snore A 47 50 58 60 57 74
Rts.iience at 40 C {%) 69 74 61 67 64 70
Abrdsioo luSb ( >: 10''* mVlOOO rev) 1-97 1-61 0-69 0-46 0-61 0-37
Comprfessicn set at 70*C for 22 h (%) 12 4 14 6 12 7
Heat build-up by Goodrich

fle.xometer with a load of 10 89 kg
and stroke of 4-5 mm •
A r  CO 17 11 26 21 22 18
Dynamic set (%) 0-6 0-5 1-3 0-5 10 0-5

Vf 0-12 0-18 017 0-24 0-15 0-19

'At 20 PHR loading. 
“Ambient temperature, SOX.
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Table 10. Physical properties of ISAF black filled 1 :1 XNBR-ENR blerid moulded at 150'C for 60 m«n
Filler loading {parts per 100 of rubber)

0 5 10 15 20 30

Modulus 300®3 iMPal 3'2 3-3 4 0 6-4 89 11«
Tensile strengtn (MPa) 32 5-2 8 6 10-7 135 15K>
Elongation at break (%) 300 395 460 410 410 350
Tear strength (kN/m) 126 25-8 28-4 290 380 467
Hardness, shore A 47 49 53 55 58 67
Resilience at 40'C (%) 69 65 63 62 61 52
Abrasion loss (■< 10'* mVlOOO rev) V97 1 54 0'80 0-72 •0'69 &46
Compression set at 70'’C for 22 h (%) 
Heat buiio-up by Goodrich

flexometer witli a load of 1089 kg 
and stroke of 4 5 mm

12 13 14 14 14 15

A P  (X) 17 19 21 25 26 30
Dynamic set (%i 0 6 1-1 12 13 13 1-6

Vr 012 0-13 0'14 0-15 0-17 0-19

m

5H
75
a

17

33 
1€ ^ 
02C

‘ Ambient temperature. 50'C.

Table 11. Physical properties of SRF black filled 1 :1 XNBR-EfSJR blend m oulded at 150 C for 60 mln

Filler loading (pans per 100 of rubber)

0 5 10 15 20 30 40
Modulus 300®o (MPa) 32 37 4-9 6-3 73 76 99
Tensile strength (MPa) 3-2 5'2 7-6 9-2 105 11-5 145
Elongation at break (%) 300 310 385 390 390 440 460
Tear strength (kN/m) 12-6 26-0 280 29-5 30-9 360 4?0
Hardness, shore A 47 48 49 51 55 60 es
Resilience at 40'C (%) 69 69 68 68 66 59
Abrasion loss i x 10 ® m^/1000 rev) 1-97 1-15 089 0-80 069 063 04j
Compression set at 70“C for 22 h (%| 
Heat build'up by Goodrich

fiexoineter witn 6 loao of 10 89 kg 
ana stroke of 4 5 mm

12 13 14 15 16 16 H

A  V  ĈC) 17 18 19 20 21 23 30
Dynamic set ( '?o ) 06 0-6 0-6 0-7 0-7 07 10

'.'r 012 0-13 0-13 0-14 0-15 016 on
'AmtJient temperature, 50'C.

Table 12. Physical properties of silica-filled 1 :1 XNBR-ENR blend m oulded at 150 C for 60 min

Filler loading (parts per 100 of rubber)

20
Modulus 300®o (MPa)
Tensile strength (MPa)
Elongation at break (%)
Tear strength ikN/m)
Hardness, shore A 
Resilience ai 40X  cJo)
Abrasion loss ( x 10'* mVIOOO rev) 
Compression set a: 70"C for 22 h {%) 
Heat build-up by Goodrich

flexometer with a load of 10 89 kg 
and stroke of 4 5 mm 
A 7* (*C)
Dynamic set (%)

Vr

'Ambient temperature. 50*C.

230

3 2
3-2

300
12-6
47
69

197
12

17
0-6
0-12

10

5 0
8 0

400
2 6 0
51
64

082
12

19
10
0-13

9 2
130

370
290
57
64

0-60
12

22
10
0-15

30

13 4 
15-3 

330 
40-0 
67 
60 
048  

15

24
1-1
0-19

40

16H)
16^

330
4»7
76
55
033

16

30
1^
020
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76 
48 
03a 

t7

33

on

„j7ic «in phNMcMi propenieb. Il is o b sc n e d  ihal 
ir.trou-''c nf m oulding tem pcraiure from 150 to 

c:iu>cN iiKicaMiig iuiidnc.^i arid rcsiiiciicc and 
jecrta.sini; ahra.Mun loss, com pression set. heal 
t'Uild-up and dvnam ic sei. O n the evidence ut l-> 
sa iuo . these chan^ci are a.scribed to the formation 

additional crosslinks at elevated tem peratures. 
Eflccts of filler loading on the physical properties 

3 re ^unlmarised in Tables 10-12 . A s e.\pected. the 
folio^^ini! p roperties show a gradual increase with 
increasing riiler loading: m odulus, tensile strength, 
jear >trength. abrasion resistance hardness, heat 
fiuild’Up and dynam ic .set. Resilience decreases 
j»raduallv and com pression set increases with filler 
iiKiding.

in o rd e r to understand abrasion mechanism  we 
ha\e analvsed SEN! fractographs o f the abraded 
surtaces. In abra>ion. m echanical, chemical and 

] thermal p^oce^^es are involved.'*' Reznilvoiskii and 
'Bri'skii have described different types <̂ f wear in 
jciaMomerv.-' High abrasion resistance is observed in
• viiicanisatc’" wiih higii hardness, m odulus, tensile 
sliL'nutli. teai -.trenuth. resistance to therm o-

JoMdaiive degradation and crack growth - jsistance
• under dvnam ic conditions.-‘ Such elastoincric

durinii ab ra­

1990

SEM rtucrograph of a filled (20 PHR ISAF black' 
ENR vulcamsatc showing material removal

sion." ’-̂ Figures 15 and 16 show the failure surfaces 
of E and EIS 20 (formulations in Table 3V In ENR 
the abrasion resistance is very poor and the material 
seems to be chipped by the abrasive. This is due to 
low matrix strength as seen from tensile properties 
and hardness. The cut growth resistance is also poor 
as rubber is removed in lumps by the abrasive. When 
filler is added, the abrasion resistance is improved 
due to high matrix strength. There is ridge formation 
in XNBR vulcanisates and blends as seen from Figs 
17-21. Gum XNBR and ISAF black-filled XNBR 
show high abrasion resistance and follow frictional 
type wear (Figs 17 and 18).
The gum blend shows abrasive type wear (Fig.. 

19). Here the abrasion resistance is better than pure 
ENR due to a higher matrix strength. At low ISAF 
black loading (20 PHR) the blend shows the abrasive 
tvpe wear, and at higher ISAF black loading (4U 
PHR) the mechanism of wear changes from an 
abrasive to a frictional type (Figs 20 and 21). It has 
been reported that low ridge height and close 
spacing of ridges, as noted in the present case of 
black-filled blend and XNBR. are indicative of high 
abrasion resistance.'̂
Although the self-vulcanisable rubber blend 

system is similar to conventional rubber vulcanisates

Fig. 17 Abraded surface of the gum XNBR voilcanisate shov. - 
ing clear surface.

Fig. 18 Abraded surface of the 20 PHR ISAF black-filled 
XNR vulcanisate showing fine and closely spaced ridges.

*ST1CS AND RUBBER PROCESSING AND APPLICATIONS VOL. 14, NO. 4, 1990 231
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Fig, 19 Ahradal iurtace of the 1; 1 ENR-XNBR blond 
shi)vung abrasive lypc of wear.

Fig. 20 Abraded surfacc of ihc 1:1 ENR-XNBR blend filled 
uah 20 IMIU ISAF black showmj: ridges v^hich are not closely 

spaced.

Fi^. 21 Abraded surtaee of the 1; 1 ENR-XNBR blend filled 
Auh 4(1 PHI  ̂ ISAF black showing closely packed fine ridges.

as regards the iiitluence of filler, silica reinforcement 
in such blend occurs even in ihe absence of a coupl­
ing agent and the extent of silica reinforcement is 
similar to the ISAF black reinforcement. The degree 
of reinforcement occurs in the following order: 
SÎ <ISAF=silica. Reinforcement can be related 
\s ilh the polymer-filier interaction. An indication of 
polymer-filler interaction can be obtained from the 
Kraus plot.*̂ It has been shown elsewhere that both 
ENR and XNBR \xilcanisates can be reinforced by 
silica in the absence of coupling agent.

0533-

0416-

0300
Fig 22 Kraus plots for ISAF black. SR 

filled 1:1 ENR-XNBR ble
SRF black and ulic*-

nd.

Fig. 23 Variation of relative modulu.s wnh volume fr*cii»»n 
filler for a 1:1 ENR-XNBR blend filled with silica. ISAI 

and SRF black and moulded at 150*C for 60 mm.

The plot of y ^ / v against ̂ /{ 1 — frf) is sho'̂ n m 
Fig. 22. The slope ot the plot is maximum for the 
silica-filled blend and minimum for the SRF black­
filled blend. The slope of the ISAF black-filled 
blend is close to the sihca-filled blend. Accordingl), 
we observe that polymer-filler interaction increases 
in the order: SRF< ISAFi silica. It has been noted 
earlier in this paper that reinforcement in physical 
properties also follows the same order. The ploi ol 
relative modulus versus volume fraction of fiUer u 
shown in Fig. 23. The increase in relative modulus 
with filler loading also follows the same trend. 
Accordingly, we conclude that filler reinforcement 
of the self-vulcanisable rubber blend systeni is similar to the filler reinforcement of conventionaJ
rubber vulcanisates.For comparison, we have included in our stuoitt 
two control systems based on XNBR alone an 
ENR alone. These mixes were cured to a rheonjcinc 
torque rise similar to the corresponding
Table 13 shows properties of the XNBR"t* 

blend and the control vulcanisates, for bo^ gum 
filled systems. The blend shows higher lower compression set than the corresponding trol ENR and XN’BR vulcanisates. The difference m
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%
Ml
*
f

M ix  no.

M o d u l u s  300% (MPa)
Te n sile  stre n g th  (M Pa) 
e lon gation  at b re a k  (% )
Tear stre n gth  (kN /m )
H ard n e ss, s h o re  A  
□ esilien ce  at 40  C  (/o)
A hras.on  lo s s  < x  1 0 '"  m V lO O O  rev) 
ro m p re s s io n  se t at 7 0 'C  for 22 h (% ) 
Heat b u ild -u p  b y  G o o d ric h  

fle x o m e te r w ith  a lo ad  o f 10 89 kg 
and stro k e  of 4 5 m m

rc)
D y n a m ic  set

yr

V2
4-2

650
18-4
30
26

8-40
16

20
1-6
0 0 9

3-9
1 8 7

470
34-2
69 
62
002

70

Exb Eg Xc tS20' Es Xs Si20

3 2 90 15-5 8-9 6-9 13-0 92
3-2 23-0 240 13-5 18-0 25-1 13-0

300 595 360 410 500 400 370
12-6 490 697 380 39-0 60-7 29-0
47 61 83 58 53 81 57
69 49 54 61 49 52 64

1-97 042 0-05 0-70 2-00 0-06 0-60

12 35 53 14 23 45 12

0 0 5

17
0-6
0-12

. 3. 
s
I

4.

16
7-3
0-12

58
4 2
0-10

26
V 3
0-17

18
8 0
0'12

41
13-0
o-ie

22
10
0 1 5

'A m b ie n t  te m p e ra tu re , 5 0 X .

\hc propt^rt\ ascribed lo the type of vulcanisaie 
nei'^ork siruciurc,

4 C o n c lu s io n s

ENR ad X N B R  forms a self“\u lcanisab le rubber 
blend. Thi.s blt-nd shows mnrchiiig m odulus with 
increasinu m oulding time and icm peraiure. T he  
poor guni strength o f the blend is im proved by add i­
tion of reintorcing fillers. T he  proeessabiliiy and 
curing characteristics o f the blend depend on the 
type and aniouni of filler used. T h e  blend vulcani- 
wies show low com pression set and high resilience 
when com pared wiih con\'eniionally cured X N B R  
and ENR. Silica reinforcem ent in self-vulcanisable 
biend occurs in the absence of any coupling agent.
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FASTER SET

<

Self-vulcanizable Rubber Blend System  Based on 
Epoxidized Natural Rubber and Carboxj'lated 

Nitrile Rubber

n . ALEX, I \  p. DE, and S. K. DE, /tuhbrr Trc/trio/afiy Centre, J/u/ia/i 
Jjisntufe of Tvchnology, Kharagpur 72J.W2. India

AJlhough carhoxylatud nitrile nj!)hor (XNBR) is vulcanizabk* by epoxy resin,' it h:is 
been reported thni epoxidized natural rubber (ENU) can be vulcanized by dibasic 
tcjds.'' Accordmgiy, it wxs thought that the carboxyl groups of X N BR  could bf niiidt' 
available for vulcanizing EN'H and epoxy irroups of ENR could be utilized for 
vDlcuniying XNMiU m u blend of X N H ll and ENR. In the prt’scni communicaiion wo 
report the results of our studies on physical properties of blends vvhicl'.
are vulcanizabi<- by tlu- biend constiiuont theinselves in the absence of any curative* 
and additives We designate the system as a “self-vulcani/able rubber biend system "

EXnCRIM ENTAL

k ,

XN'HTt used uai- l\ryna:-221 fl'olysar ijm itcd). containirifi luph level of ciirhox>l- 
ited monomer and mediurr. high bound acrylonitrile level. used waj. ENK-.'v'
(Malaysian Rubber Producers' He.^oarcli Association, U.K.), with 50 mol? epoxidatioti. 
Both ENR and XNBJt was masticated m the 1 4 x 6  in. 2-rol! mixing mill for 
min each. Mfu .̂ticiiteci sampiea wore blended on the mill for a further period of 10 mi;. 
Rheoffraplis wen taken n: MO‘*C ot: a Monsanto Rheometer R-100. The blends wijn 
vulcdJiized to; -Jo miti at UO®C. Tlit following physical properi.ies of the vuicani'znid 
wcfc determined according to .«itandard methods: strcss-strairi fZwick UTM. ASTM 
!>1I2-8:i. tear CZwick t 'T \: , ASTM I)G24-8fi), hardness (Shore A. ASTM .
resilience (Dunlop tnpsomcier, BS:9n3: l^art A8:19t)3*method A), compre.ssion set 
<ASTM D395-flo, method A and method B), heat build-up (Goodrich flexomctcr, 

D623-78). and abrasion resistance (Cryodon-Akron Dupon abrader. BS:903:Part 
AO, method Cj- Ageing resistance was measured by studying retention of tear and 
ttress-strain properties o: the vulcanizate. For .>?welling studies the vulcanizates wert 
***’ollen in chloroform for .18 h and the percent increase in weight ow’ing to solvent

> T A D L E I
Korm ulation of the N(ixcs

I3k*nd No.

w e ifh t G H G . H :

EKR -25 ’ fiTl _ — —

^ ’R-50 __ 10() 100 100 lOl'

O'J 100 50 100 -V)

^ b o n  black* — - — 6c

*JS.A F-typc, obtained iioTT. Ph illips Ciul*f<n n iack Ltd ., Uurgnpur.

of PoU-mtr .^nen'-c I'iirt C Fn'rwr Lriters, Vol. 2T, XXX-XXX (KKn 
«■ VjhU John Wii.'v i  fon. in'.. f'-CC I



■If IMillrti II •■> ̂ŵ-i ■
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ALEX. DE, A N D D E

/ I

oh

s t r a i n  ( % )

Fig. 'J. Stria^-struii) plot (ur bli.*nd G.

m it 'n t  iti> m easu re d  b y  th e  m u x im u n i io r(|u t i& tu gh e r in  tht- C i i it  o f fo r in u la iio n  
C ( K N K / X N ’ i U i  1 0 0 /1 0 0 ) a s  co m p a re d  w ith  1 0 0 /5 0 ). M ix  G  co n ta in s
• l i i f h e r  ( ] u u n ii iy  of X N B R ,  u n d  th e  p ro p o rt io n  of c a r b o x y l g ro u p s  availub lu- for 
c r o ^ lin k in g  ia u k o  h ig h e r  in  ca se  of m ix  G  as co m p a re d  w ith  n u x  H .  A c c o rd in [;l> . th e  
C lie n t of Ci'o&sliii^ang a n d  th e  re s u lta n t  to rq u e  in  t) ie  rh e o g ra p h s  is  h ig h e r  in  n iix  G . 
T c ik ,*  w h ile  s t u d y in g  v u lc a n iz a t io n  o f E X U  b y d ib a s ic  a c id s, o b se rve d  th a t  rheonietric- 
torque dt-pL-iid.s on th e  c o n c e n tra tio n  o f th e  a c id . M a tc h in g  in c re a s e  in  m o d u tu s w ith  
Cure tu n e  x s  sn o w n  in  th e  rh e o g ra p h s  im p lie s  th a t  th e  cu re  re v e rs io n  is  a b se n t m id  the 
v u lc w iiz a t f  n e tw o rk  is  t l ie m ia J ly  s ta b le  (F ig .  2). U e in fo rc in g  ca rb o n  b h iclt o w in g  to

S T R A I N  (Vo)

F ig . 4. Sireaa-struin plot for blend 0^.



f . M S T E R  S E T

noied. The hysteresis behavior of the blend vulcanizales was delemiined 
the ratio of ihfr rL-traction energy lo  the ratio of input energy of deformation up

1 0  the point of struin reveriai, recordtd by the electronic integrator attaciied to tlie 
^ tr o n  L'njversai 1 esung machine model 1193. Tlie samples were pulled to the desired 
jtension  (2 0 0 ^ 1  or 41*0̂ 1) and retrucied at a crosshead speed of lt)U inni/nun.

SELF-VULCANIZABLE RUBBER BLEND SYSTEM 3

 ̂ KESULTS AND DISCUSSION

Blend compositior.s are shown in Table i. Blends C and H contain two different 
^ p ortion s of ENH and X N BR  and no other additives. Blends Gp and H. are the 

blends containing the reinforcing ISAF carbon black filler. Hheographis 
difTertni blends ore shown in Figure 1 . Frehnunar.v experiments with ENU-2') 

^ w e d  that an epoxidation level of 25 mol5l is not sufficient to cause crosslinking of 
XNBR, iis e^'Jdent from the rheographs of X N B R /E N K -25 blend (Fig. 1). There is no 
^CTease in modulus with cure time. Chakrabony and De,‘ while studying vuicaniza- 
tiori of X.N'BR by epoxy resins, obsen’ed dependence of crosslink density aiid iht- 
f»ultant rheonietric torque on the loading of epuxy resin. However, where epoxidaiioi: 
hn'L-l ''to  increusco lo  OO iiiolSi, as in EXU-5U, crossUiiliing occurred and tiie ri>eogru|m.»i 
ihow gradual bcre;tsc in modulus with cure tinje. Teik* has also observed tliai 
rulcanization of cooxidizeci naturai rubber by dibasic acids depends very mucii on 
ipoxjdaiicn level. It is apparent that the extent of vulcanization in the X N bR /EN U -oU

CH j- Cr -  CH^- CH -  CH - C H j -  CH -  f  C CH

[U]. COOh
t

Cn

■CKj -  CH -  Chj -  CM- CH -  CHj -  CH -  CH;-

C = 0 
I
0

n CHj 1 'pH

(B)

( A)

CHi

C -  C -  CHj— ---- ----- C H ,- C -  c -  CH,-CH,-C-CH-CHJ-1B)
I CH ^ CHj

0
I

= 0

■Chj-CM-------C h i-  CH = CH -  Ch2 -  CH -  C H j~ -C H - CH;—  lA)
CN C = 0

I
0

«  I
— —̂  Cm2 -  C — C—̂  fS)

Chj H
1 Tif. •?*t- 2. EpoucutJ r.aidrttl rubber t») cro&ŝ hr.kcd b> carboxylaifcti nitrile rubber (A) oiid vice 

the fctlf.vulciinizuliic rubber blei.d system.

V
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SELF-VX^LCANIZABLE RUBBER BLEND SYSTEM  

T A B L t :  I I
f'h ss ica l Frop erU csof belf-Vulcotiiajb ie Ilubber Blvnds

B lend No. ^

luo'i Mutiuiu* iMPu) 
T e n siic  s irc H g in  (M Ha) 
E longation  a i break ) 
T e a r s trc n g u M N /m ) 
A brasion  loss ic n r / h i  
Comprtaibioit constant 

I
Cumprt£J»iozi set. con»tani 

btruiii '
lieai bui!d-unj  y r  I, 

abovt 
Iie»iUeliCf (■' ;
Harflac-ss iSlioffe A I 
Svsvllm b in -{-.lorulorm. 

tncre^r Ui v.vi t̂U (‘c j

c H Cc K

1.28 1.18 2.40 1.25

3.G2 3.01 19.46 22.30

273 327 535 G34

12.6 11.1 41.9 36.5

2.88 24.23 0.48 2.G5

U.6 5.2 1.8 6.6

8.5 9.9 8.6 22.0

12.5 17.0 32.0 27.5

62 55 49 41

40 32 54 54

833 1192 i»32 581

stros.t; imKni.-r-iIil.-r iiueruction causes an iiicrtuiie in to rq u e  valutas m rnc-ographs. 
Ru:,uiu ui plu^cui proptrtitis aiid swtlUng studies, as discu^-d beiow, furiher sub^ 
u aies ihe^e obser^’at:o^s. Typical str«is-strain curves are shown m Hgures 3 und 4 for 
blend G .uid Licnd G,. Blends M and H, also show similar behavior. Physical properiit=b 
of diHcrcnt .s.tc-ins arc- summanz*Ki in Table II. U is evident that the g^n systems 
-now puo: sir'en.tn which, however, mcruase. 6 to 7 times in the pr^erice of remforcmg 
r^rbon oiick  aller. .\na!ysus of the r^ulU  for mixes G and H (Tab e 1) thu
:;i.nd 0  .n o u s higner ton^le value, tear resistance, hardness, and resilience and lower 
valu^  of conipr^ision set. This is indicauve of a greater extent of crossbnlunt. m blend

T A B L E  I I I
H vsteresis Behavior of Different B lends ____

Uiciiu Ni. C y tl«  No.

Hvster<isis lo-ss
r o

Set
(a rb ilrary  units. 

Instroti ciiurt)

He

15

6.5 
31

9.5 
9

25.5
(43)
18
(23)
16 
(18) 
35
19
20

4.3
1
O.b
■1

U.&
0.6

(16)
lii
(3)
0.8
(2)
6
2 
1

-  in p a rcn th ^ e s « e  ih e  valuas whers the .« e n s.o ..
was increased to 4005.
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Kifi- 3- H ysitr« ii»  cur\«» for lilend G  uxid at liOO't cxti-nsion.

G as compared with blt-nd H. That heat build-up and ubrmuon loss for blt-nd G is ksa 
iMaii blend H also poixiis Out ti^hur crosulinidng in the case of blend 0 .  Solvent 
swelling studies show lhai blend G ofTers gruater restriction to solvent penetration 
ouiin; 1 0  liigher crosslinking dfefiiity. The proportion of curboxyl group available for 
crui^siiniiir.g und for being crcsslinked is more in blend G than blend H. This is true for 
both ^un; and fill«?d systems. Rheographs also substantiate these observations. Blend G 
-now> rusher torque value than blend H. Similarly, blend Gj registers higher torque 
tmin blend Teik‘ has also observed that the tensile strength of ENR vulcanizates 
depiiicis on the concentration of dibasic acid cro&sUnking agent.

Audition of carbon black reinforces both blend G and H. Both tensile and tear 
prop.rties improve several fold owmg to higher dissipation of energy in the filled 
s> stent, vsiuch is manifested in higher heat build-up and set properties. Hysteresis 
studies (Fig. 5) showed that both energy dissipation and set are higher in blend Ĝ  as 
cuir.pared with G owing to the additional energy dissipation mechanisms, such us 
niotiud of tiller particles, chain slippage, aiid dewetting at high strains.^ That abrasion 
:os£>, rusiliencc, and solvent swelliiig decrease and hardness increases in filled systems 
a:i) 0  pomis out a high degree of polymer*filler interaction. \V)ien the hysteresis 
e:^permient was repeated after the drst cycle is over, both hysteresis loss and set in the 
dt'v.ond and third cycles were less as compared with the first cycle. Tiiis is due to 
Stress-softening or MuUin's efTect. Where the extension was increased to 400^ from

TABLE IV
Percent retention of Properties after Ageing at IOO*'C for -18 h

B lend No.

G H G. (1,

Tu n ^ilc  strength {M P a l 75 7G 76
T e a r  riuasiance 73 70 4d 60
E lo n gatio n  at break (fc) 55 62 33 30
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2oO^, iii was done in the cuse of G,, hight*r energy inpui caused a higher dissipation of 
energy. TJiis resuUs in higher hysteresis and set.

iie ten iion  of properties after ageing for -JS h at lOO^C (Table IV) indicates that the 
vulcajii^iites are quite stable under the ageing conditions owing to carbon-carbon and 
carbon-cxygen covaienl bonds in the crossiinJ;s (Fig. 2). Expectedly, carbon blacU 
c a ia ly z ii the degradation reactions during ageing, and the retention of properties 
worsens in hiled system s, as is the case with normal rubber vulcani-^ates vulcanized by 
a sulfur curative systenj."^

In summ ary, we conclude that a novel self-vulcanizable rubber blend system  has 
been studied wherein one constituent vulcanizes the other in the absence of any 
curatives. Kuriher work on such system s is in progre&s.

T h w ik i  a r t  due to S r i S . M ushiuq. K .  L  S a h a , A . T a lu k d a r. I I .  K .  Hujierjee, and J .  M itra  of 
t l iis  C c n itr  for osaisiujtce in experim ental work.
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