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Compatibilization of SBR/NBR blends using v
chemically modified styrene-co-butadiene

rubber

Part 2. Effect of compatibilizer loading

MT Ramesan and Rosamma Alex*
Rubber Research Inslilule of India. Kotlayam-9. Kerala. India

Abstract: The present work focuses on the compatibization of styrene-co-butadicnc rubber (SBR)/
acrylonitrilc'co-butadiene rubber (NUK) blends with diehlorocarbcnc modified styrene-co-butadiene
rubber (DCSIJR) as a function ofconcentration ofcompatibilizcr and composition ofthe blend. FTIR
studies, differential scanning calorimetry and dynamic mechanical analysis reveal molecular level
miscibility in the blends in the presence of compatibilizer. The formation of intcrfacial bonding is
assessed by analysis of swelling behaviour, cure characteristics, stress-strain data and mechanical
properties. These studies show that the compatibilizing action of DCSUK becomes more prominent as
the proportion ofNBR in the blend increases. The resistance ofthe vulcanizate towards thermal and oil
ageing improved with compatibilization. The change in technological properties is correlated with the
crosslink density of the blends assessed from swelling and stress-strain data,
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INTRODUCTION
Blending of two incompatible polymers yields a
material with poor mechanical properties. "'The mech-
anical properties of such blends can be significantly
improved by the addition of a suitable com-
patibilizer'  during the processing stage. I'he compa-
tibih/ers can be block, gral'i t)r random copolymers" "
and the segn)cnls ol' these copolymers can he
chcmically identical with those in the respective
phu8Cs."” 'I'ncsc compoundK 1 csiicc. Lhc miKro'
scopic inhomogcncities and improve the morphoiogi-
cai siabiiity, by dccrcasing the intcrfacial tension and
subsequently reducing the dispersed phase sizc'»  as
expccted from Taylor’s theory.

The selection of a copolymer as a compatibilizer for
a polymer blend is important to ensure better
compatibility. According to Paul and Barlow,'™ the
compatibilizer must fulfil ccrtain requirements. It is
essential to know whctlicr the copolymecr is nblc to, (a)
ensure fine dispersion during mixing, (b) be preferen-
tially locatcd at the interface between phases, (c)
provide a slabilizalion elfcct against gross separation
during processing, and (d) improve adhesion between
blend components, Suitably sclectcd copolymer may
form an intcrphasc between ihc immiscible blend
components, ro that impi>»cd stresses can be trans-
ferred between l)ic phases viti flu’ covalcnr biinds al<™p
the copolymer backbone."™

A thorough understanding of blend morphology is
important becausc the properties of polymer blends
are strongly dependent upon it. It has also been
observed that the procedure used to prepare compa-
tibilized blends has a significant cffect on their
morphology and ultimate mechanical properties.

(‘hlorinatcd polyethylene acts as a compatibilizer in
chli)rnprcne ((*K)/cihy)ene-«(»-propylenc iliene mono-
mer rubber (IiPDM) and acryloniirile-t'«)“buladicnc
(NHK)/1:1M:)M blends."” PolyCmcihyl mcihacryUue)
(PMMA) acts as a compatibilizer in blends of natural
rubber NR/NBR”” and CR is also a cpmpatibilizcr in
NR/NBR blends”~? NBR is a good compatibilizcr for
Pvc/styrcnc'co-butadicnc rubber (SBR) blends. ™
Kargcr-Kocsis cr al*~ and Thomas and co-workers?®’
studied the relationship between morphology and
impact behaviour of various polymer blends. Recently,
the rcactive compatibilization technique has been used
for compatibiliKing polystyrene having oxazoline rc-
activc groups (OPS) and polyethylene with carboxylic
acid groups (CPE).*" Modifications of 70/30 PVG/
NBR biends using NR and SBR have been attempted
by George ctal. 'I'heir studies show that replacement
of NHR by NR up lo 15% (by weight) improves
mcchanical properties and decreases the cost of the
blend.

It is possible to use ablend of high acrylonitriic NBR
with siyrene-t'(»-buiadicne rubber to obtain a degree of
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Scheme 1. Structural changes of SBR during dichlorocarbene
modification.

oil resistance equal to that given by a low acrylonitrile
N BR with an overall reduction in cost. Products made
from high acrylonitrile NBR have a tendency to shrink
in contact with hot lubricating oils, and replacement ol'
part of it by SBR overcomes this defect. Besides oil
resistance, oil seals and gaskets sometimes require
lower compression set at higher temperatures, and
these can be improved by blending with SBR; blending
also improves the processing properties. Blends of
SBR and NBR are found to be immiscible™* and can
possibly be made miscible by using compatibilizers
that can interact with both SBR and NBR. In this
paper the elTect of dichlorocarbene modil'ied SBR
(DCSBR) as a compatibilizer in SBR/NBR blends is
evaluated and the amount of DCSBR required for
compatibilization is studied in detail with reference to
component miscibility, cure characteristics, swelling
behaviour, mechanical properties, oil resistance and
air ageing behaviour.

EXPERIMENTAL

The basic materials used in the study and their sources
are as follows. Styrene-t£)>butadiene rubber (Syna-
prene 1502) having 25wt% bound styrene was
obtained from Synthetics and Chemicals Ltd, Bareilly,
UP, India. Acrylonitrile-co-butadiene rubber (Aparene
N553 NS) having 34% bound acrylonitrile content
was supplied by Gujarat Apar Polymers Ltd, Mumbai,
India. Dichlorocarbene modified styrene-tv)-butadiene
rubber (DCSBR) containing 25% chlorine was used
as the compatibilizer; it was prepared by alkaline
hydrolysis of chloroform using cetyltrimethyl ammo-
nium bromide as a phase transfer agent as described in
aprevious paper.T he structural change taking place
during chemical modification is shown in Scheme 1.
The number average molecular weight (A/,,), weight
average molecular weight (M J and / average or

Table 1. Molecular ctiaracteristics of SBR, NBR and DCSBR

K K M,
Material (gmol ) (gmol ") (gmol ")  Polydispersity
SBR 12L.5h)0 3b9b00 . 99G000 2BG
NBR 103120 268910 801410 261
DCSBR 164980 525780 1241 100 3.19

Table 2. Formulallon ot 70/30 8QR/NBR blends

Concentration of DCSBR (phr)

Chemical 0 1 3 5 10
SBR 70 70 70 70 70
NBR 30 30 30 30 30
Zinc oxide 5 5 5 5 5
Stearic acid 1.2 12 12 12 1.2
CB&' 0.7 0.7 0,7 -07 0.7
TMTD" 0,3 0,3 0,3 0.3 0.3
TDQA 10 1,0 1,0 10 10
Sulphur 169 169 169 169 1.69

HCBS is W-cyclohexyl 1,2-ben?olhia/ol sulphenamide.
TMTD IS letramethyl thiuram disulpliide.
¢ TDQ is 2.2.4-trimelhyl 1,2-dihydroquinoline,

Table 3. Formulation ot 50/50 SBR/NBR blends

Concentration of DCSBR (phr)

Chemical 0 1 3 5 10
SBR 50 50 50 50 50
NBR BO 50 50 50 50
Zinc oxide 5 5 5 5 5
Stearic acid 10 10 10 10 10
CBS” 0.5 0.5 0.5 0.5 0,5
TMTD" 1 1 1 1. 1
TDQ" 10 10 10 10 10
Sulphur 1,35 135 135 135 135

See footnotes in Table 2.

sedimentation average molecular weight (M), to-
gether with the polydispersities of the materials are
given in Table 1. Rubber additives were reagent grade
obtained from local rubber chemical suppliers.
Master batches of SBR and NBR were prepared
separately with all compounding ingredients without
accelerator and sulphur. The master batches were
blended at 70/30, 50/50 and 30/70 compositions. The
compatibilized blends were prepared by adding
DCSBR at various dosages of 1-10 parts per hundred
resin (phr). The required quantities of curatives were
then added and mixed properly with the preblended
mixes as per formulation given in Tables 2-4. The
iTiixing was done on a laboratory size two-roll mixing

Table 4. Formulation of 30/70 SBR/NBR blends

Concentration of DCSBR (phr)

Chomicffl 0 1 3 5 10
SBH 30 30 30 30 30
NBR 70 70 70 70 70.
Zinc oxide 5 5 5 5 5
Stearic acid 0,8 0,8 0.8 0.8 0.8
CBS* 0.3 0,3 0.3 0.3 0.3
TMTD" 0,7 0.7 0.7 0.7 0.7
TDQ' 10 10 10 10 10
Sulphur 100 101 101 1010 101

See lofjinolos to Tablo 2.



mill (15cm x 30cm) at a friction ratio of 1:1.25 as per
ASTMD-15-627.

Cure characlcrislics were sludiod usiny a MonsanU)
(USA) IUicomctcr K-IOO ai 150”C according in
ASTM D2705. The samples were vulcanized to their
respective optimum cure time in a hydraulic press at
150°C and pressure of 45 kgcm “on the mould. The
tensile strength and tear resistance of samples were
tested with a Zwick (Germany) Universal Testing
Machine (Model 1474) at a temperature of 25+2°C
and a crosshcad speed of 500 mm min ' according to
ASTM D412-80 and ASTM D624-81, respectively.
All other physical properties were determined accord-
ing to the relevant ASTM standards.

TTie cfficicncy of compatibilicicr was a.sscsscd by
determination of using a Perkin Elmer (USA)
differential scanning calorimeter, operated at a heating
rate of 15°C min ' within the temperature range -80
to +20 °C. IR spectra of the blends were recorded with
a Shimadzu-8101 (Singapore) M Fourier transform
infrared spectrometer using a pyrolysate of the sample.
The dynamic mechanical analyses of blends were
carried out using a dynamic mechanical analyser
(DMTA MK-Il) at 4% dynamic strain and at a
frequency of 0.1 Hz.

RESULTS AND DISCUSSION

Differential scanning calorimetry

The DSC traccs of pure SBR, NBR and 50/50 SBR/

N13R blend in the presence and absence of compati-

bilizer are presented in Fig 1. Pure SBR shows a 74 at
pm-j. NBR (containing 34% AN) shows

two transitions’™at -38°C and -28°C, For uncom-

TEMPERATURE(T)

Figure 1. DSC tharmograme of (a) DCSBR, (b) SBR, (c) NBR, (d) SO/SO
S8R/NBH blflnd, (=) 50/50 SBR/NBR with 3phr compallbllizer, and
(/) 5(VS0 SOR/NBR wiJh Spbr compalibWier,

1300

patibilized 50/50 blend, there appear to be two
transitions in the temperature range -68 to -28°C
which shows ihc prcKoncc of microlcvel inhiinu)-
gencily. The irnnsilions ai  5()"C and 28"C for
the blend correspond to the transition of pure SBR and
pure NBR, respectively. However, the 50/50 blend
with 3phr DCSBR (Fig 1(e)) exhibits two transitions
which become closer than in uncompatibilized blends,
indicating that 3phr DCSBR is insufficient to bring
about enhanced interaction between the SBR and
NBR phases. However, the blend with 5phr com-
patibilizer shows a single transition at -44°C in the
temperature range -6 8 to -29°C ; the single transition
implies that one phase is present, showing that
DCSBR acts a compatibilizcr in the blends of SBR/
NBR.

FTIR analysis

IR spectra of the pyrolysatcs of SBR, NBR, DCSBR,
50/50 SBR/NBR and 50/50 SBR/NBR containing 3
and 5phr of DCSBR containing 25% chlorine arc
shown in Fig 2, and the IR absorption data arc given in
Tabic 5.

It is assumed that there would be polar-polar
interactions between the chlorine of DCSBR and the
cyanide group of acrylonitrile repeat units present in
N BR which leads to miscibility in these blends. It was
shown earlier®” that methyl methacrylate grafted

WAVR NUMWmt (dll *)

Plguro 2. FTIR spectre ot pyrolysatcs of (a) SBR, (b) NBR. (c) DCSBR,
(d) 50/50 SBR/NBR, (e) 50/50 SBR/NBR containing 3phr DCSBR and
(/) 50/50 SBR/NBR conlalnJng 5phr DCSBR.
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Tabte S. IR absorption peaks ol SBR, NBR. DCSBR, 50/50 SBR/NBR, 50/50
blend containing 3phr OCSBR, and SO/SO blend containing 5phr DCSBR

Wdvenumber
Material (cm Assignment
SBR 968 Trans-CH=CH-
698 Aromatic substitution
1653 as-CH=
NBR 2237 —C-N
970 r/cins-CH=CH—
760 Aromatic substitution
DCSBR 968 r'anS'CH=sCH—
806 Cc—Cl
1059 Cyclopropane
50/50 SBR/NBR 2237 —CIrN
968 7An/W-CH=-CH
756 Aromatic substitution
50/50 SBR/NBR 2237 —C-N
with 3phr DCSBR 804 c—cl
968 Trans-a-i=CH—
756 Aromatic substitution
50/50 SBR/NBR 2240 —C=N
with 5phr DCSBR 966 rrans-CH=CH—
800 c—Ccl
758 Aromatic substitution

natural rubber and CR act as compatibiliser in blends
of NR/NBR because of the possible interactions
between the compntibilizcd NBR units. The polnr-
polar interactions aflcct IR absorption peaks of the
groupsconcerned.As seen from the IR spectro-
graph and IR absorption data, with an optimum
concentration of DCSBR there is sufficient polar
interaction between DCSBR and NBR. Pure NBR
and 50/50 blends of NBR and SBR show an IR
absorption at 2337cm ' due to CN stretching,
whereas NBR/SBR blends containing 5phr DCSBR
show a shift in absorption to 2240cm There is no
shift in the IR absorption for SBR/NBR blends
containing 3phr DCSBR because the amount of
DCSBR is not sufficient to affect the interaction in
the IR region.

Dynamic mechanical analysis

Figure 3 is the plot of storage modulus versus
temperature for SBR and NBR from which it is clear
that there is a transition in the storage modulus of SBR
for a temperature range -35 to -14®C. In the case of
NBR, the transition in the storage modulus occurs in
the temperature range -49 to —36“C; there is also
another weak transition in the temperature range -20
to -3 “C. It can be seen that SBR shows a slightly
higher storage modulus than NBR.

The variation of storage modulus wiili leinperature
for uncompatibilized and compatibili/’'ed 50/50 SBR/
NBR blends is shown in Fig 4. It is clear that
uncompatibilized and compatibilized samples show
higher storage moduli than their individual compo-
nents. The uncompatibilized 50/50 blend shows a
drop in storage modulus at around —36 and -14“C

nMTKAU' (d

Figure 3. Variation ot storage modulus f ’at 0.1 Hz with temperalure for
SBR (A) and NBR (O).

revealing its incompatibility. After the addition of3phr
DCSBRj the drop in storage modulus is again a two-
siep process, but when the concentration of DCSBR
increases to 5phr there is only a single transition in
storage modulus at around —25 ®C, thus revealing that
DCSBR acts as a compatibilizer in SBR/NBR blends.
The above behaviour could be seen very clearly in
the plots of loss modulus and tan  The variation of
loss modulus with respect to temperature is presented
in Fig 5. The loss modulus reaches a peak value for the
SBR sample at around —30°C while in the case of
NBR there are two maxima at —17 and —9°C. The
presence oftwo values for NBR has been reported.””
Blends have a lower loss modulus than pure SBR
and NBR (Fig 6). In the case of 50/50 SBR/NBR
blend there are two maxima in the viscous modulus at
-34.67°C and -12;7°C. However, with the addition
of 5phr of DCSBR containing 25% chlorine, two
peaks are no longer visible and instead a single peak
appears at —25®C. When the concentration of
DCSBR is 3phr, there are again two peaks with

TRYFERATURE (O

Figure 4. Variation of storage modulus £’ at 0.1 Hz with ten>perature for
50/50 SBR/NBR blends (A), blend with 3phr DCSBR {-), and blend with
5phr DCSBR (O).
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Figure S. Variation of ioss modulus £" at 0.1 Hz wilt* temperature lor SBR
(A) and NBR (0).
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Figure 6. Variation of loss modulus ~'aiO | Hz wilhi temperature tor 50/50
SBR/NBR blend (A), blend with 3phr DCSBR (—), and blond wilh 5phr
DCSBR (O).

maxima at —32®C and -13®C showing that com-
patibilizer with a concentration of 3phr is not
suflicicnl lo siuiiralc ihc Inlcii'ucc.

The tan t) plots for the similar compositions arc
given in Figs 7 and 8. The obtained from the
temperature corresponding to a maximum in tan d is
shown in Table 6. SBR presents a slightly higher tan ()
value (damping) compared lo NBR. SBR shows a Tj, at
—27.5®C while that of NBR shows two 7/ values, one
at —22®C and another at —8°C. The blends have
lower damping values than their individual compo-
nents. TTie 50/50 SBR/NBR blend shows two T
values (at —36 and -1SC) due to the presence of
two immiscible SBR and NBR phases. In the 50/50

"MIMFiHATIN'(X)
Figure 7. Variation of tan.) at 0.1 Hz with iemperature (or SBR (A)
NBR {O).

TBMPKRATUHU ("C)

Figure 8. Variation ot tani'i at 0.1 Hz with temperature for 50/50 SBR/NBR
(A), (b) blend with 3phr DCSBR {—), and blend wilh 5phr DCSBR (0).

blend containing 5phr DCSBR, there is only one at
-25 °C which indicates the formation of a misciblc
SIiK/NIIR blend.

Effect of concentration of DCSBR on processing

characteristics

Figures 9-11 show the rheographs of SBR/NBR
blends containing various concentrations of DCSBR
in different blend ratios. Table 7 gives the optimum
cure time for SBR/NBR blends in the presence and
abscncc of compatibilizer. The optimum cure time
increases, whereas the scorch time and induction time
decrease”™ as the NBR content of the blend increases.
During vulcanization, interface crosslinking occurs via

Sample Viscous modulus (°C} Tan CO

SBH 29b

NBR 17, 9 225, 7
modulus and damping (or SBR, NBR. 50/50 50/50 SBR/NBR -34,67, -12.7 -36, -18
SBFWSR. 50/50 blend containing 3phr DCSBR, 50/50 SBR/NBR with 3 phr DCSBR -32,4,-12.1 -34, -14
and 50/50 blend containing 5 phr DCSBR at a 50/50 SBR/NBR with 5 phr DCSBR -25.,8 -26.5

frequency ol 0,1 Hz
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Figure 9. Rheographs of 70/30 SBR/NBR blends al 150°C with various
concentrations (0. 1. 3, 5 and 10phr) of DCS6R.

attractive interactions between chlorine units of
DCSBR and cyanide groups of nitrile rubber; this
leads to an increased cure time. Studies on the effect of
loading of compatibilizer on the different blend
compositions make it clear that the maximum cure
time is achieved at a loading of 5phrof DCSBR. When
the compatibili/cr concentration increases above
5phr, the compatibilizer efficiency decreases. This
reduces the interfacial area and thereby causes a
decrease in optimum cure time. The minimum time
needed to start vulcanization (?,) is lower for com-
patibilized blends, showing that the components arc
dispersed with better interfacial adhesion.

The increase in torque due to the crosslinking
process (Mh- Mn) of compatibilized and uncom-
patibilized SBR/NBR blends is shown in Table 7. As
the loading of compatibilizer increases, the difference

TIMI-; (min)

Figure 10. Rheographs of 50/50 SBR/NBR blends at 150"C with various
concentrations (0. 1, 3, 5 and 10phr) of DCSBR.

TIME (min)

Figure 11. Rheographs of 30/70 SBR/NBR blends al ISO”C with various
concentrations (0, 1, 3, 5 and 10phr) of DCSBR.

in torque value increases and then decreases in all
blend compositions. At lower concentration of com-
patibilizer the torque variation with blend composition
is negligible, but as the concentration of compatibilizer
increases from 5 to 10phr, the torque attained
increases with concentration of NBR. Ofall the blend
compositions”™ that with 5phr DCSBR shows the
maximum difference in torque; hence at this concen-
tration, the compatibilizer enhances the formation of
interdiffused chains with higher crosslinking that lead
to development of a higher torque.

Effect of loading of compatibilizer on swelling

behaviour
According to the equation of Lorentz and Parks

@

where Q is defined as grams of solvent per gram of
hydrocarbon and is calculated by

swollen weight —dried weight
- l'original weight x 100\ @
V formula weight )

The subscripts ¢ and u of eqn (!) refer lo compati-
bilized and uncompatibilized vulcanisates, respec-
tively; 2 is the ratio by weight of compatibilizer to
rubber hydrocarbon in the vulcanizate, and a and b are
constants. The higher the values, the lower the
cxieni i)i' inieruciion beiwccn ihc compaiibiii‘/er and
rubber blends, ie between the polar (DCSBR) and
non-polar solvent. Parks™*” also showed that the value
of 1/(2 can be used to study the effect of interaction
between two polymers. Table 8 shows the Qp/Qu and
1/Q values for SBR/NBR blends as a function of
concentration of compatibilizer after swelling in
K-heptane. The lowest value of /Q™ is obtained for
5phr compatibilizer loading on all the blend ratios,
which confirms that 5phr DCSBR brings about



Dosage ol

Blend composilion ~ DCSBR (phr)

SBR/NBR 70/30 0 7.5
1 8
3 8.5
5 8.5
10 8
SBR/NBR 50/50 0 9
1 9,5
3 10.5
5 115
10 10
SBR/NBR 30/70 0 10
1 105
« 3 115
5 135
10 115

sufficient adhesion between the phases from polar
interactions among the blend constituents.As the
loading of compatibilizer increases above 5phr, the
interaction between the two phases becomcs negligible
which leads to slightly higher swelling values. The
result from 1/Q values also supports this observation.
Plots of volume uptake of solvent («-heptane) versus
blend composition are given in Fig 12. As seen from
the figure the volume of solvent absorbed is below the
additive average with increase in concentration of
compatibilizcr up to 5phr. If inicrfacial bonds arc
formed during covulcanization, the lightly swollen
phase will restrict swelling of the highly swollen phase
below the additive average.'”~ ‘'Hiis confirms that
interfacial bonds arc formed in blends of SBR and
NBR in the presence of DCSBR.

The volume fraction of rubber in the solvent swollen
sample is calculated by the method of Ellis and
Welding."**

e (d~/w)p”™ ' +AoPs ®)

Optimum cure lime
at 1SONC (toff) (min)

Scorch time Induction time Mh - Mn
at 150"C (tp) (min)  at 150”C (t,) (min) (dNm)
5.5 5 56
5 45 57
45 4 58
4 35 60
35 3 57
45 4 53
4 35 56
3.75 3.25 59
35 3 62
25 2 59
4.25 3.75 54
3.75 3.25 56
35 3 58.5
«3.25 2.75 64
2.75 2.25 61

where d is the weight after drying out the sample, and
w is the weight of the swollen sample. Aqis the weight
of the absorbed solvent,/ is the fraction of insoluble
components, and and are the densities of the
rubber and solvent, respectively. The Kraus*" and
Tinker’” theory can be applied to blends of SBR and
NBR:

(4)

where K, is the volume fraction of elastomer in the
swollen gel when no dispersed phase is present is
the volume fraction of the continuous phase elastomer
when a lightly swollen dispersed phase. is the
volume fraction of dispersed phase in the unswollen
covulcanizate and Af is a parameter depending on
and the extent of swelling restriction. A plot of

as a function ofthe volume fraction of SBR in blends in
the presence and absence of compatibilizer is given in
Fig 13. Because deviates from unity with
addition of compatibilizer in all blend ratios there is
formation of interfacial bonds,but interfacial

Table 8. Swelling eharaclerislics. crosslink densily parameters C 1. C2. and crosslink density values for SBR/NBR blends with and wilhout compalibilizsr

Loading of compatibilizer (phr)

70/30 SBR/NBR 50/50 SBR/NBR 3070 SBR/NBR

Property 0 f 3 5 10 0 t 3 5 to 0 1 3 5 10
1/0 1.3103 1.8132 1.8872 1.9272 1.5693 1,6286 2.4182 2,5437 2.5674 1.5697 3.8865 4.1179 4.1921 4.2019 2.9091
oJlQ. - 0.7289 0.7001 06799 06887 0.6734 0.6402 0.6269 1.0375 0.9559 0.9438 0.9249 1.3358
vV, v, - 0.9381 0.9265 0.9115 0.9229 - 0.9045 0.8939 0.6269 1.0082 0.9926 0.9895 0.9881 1.0459
Crosslink density 1.39 3.21 3.40 351 3.31 2.36 3.40 4,16 511 4,63 4.12 4.67 5.85 6.97 5.24

Flory-Rehner

* 10 Mgmnrwlcm
2C2(Nmm 064 1.04 1.20 128 1.20 1.04 1.20 1.52 2,08 1.64 1.52 1.76 1.96 2.48 1.98
2C, (Nmm 3 0,72 0.95 1,04 11 1,08 0,68 0,96 1,17 1.48 1.29 1,1 1.3 1.37 1,78 1.49

CrosstinK densily 1,04
Moooey-RIvlin
(10 ~gmmolcm

1,16 1.2 1,28 1,26 1.25

1,53 1.79 21 1.99 141 1.61 1.96 2.62 2.31



bond formation increases only as the concentration of
SBR in the blend increases fron\ 0 to 50 phr, and at
higher concentration the interfacial bond formation is
not very effective because the Kraus plots deviate from
linearity. Thus the compatibilizing action is higher
when the concentration of SBR in the blend is 50phr
or lower. This is clear from the mechanical properties
discussed later.

Calculation of crossiink density
The crosslink density values were calculated from both
the swelling data using Flcry-Rehner’' equations and
stress-strain data using the Mooney-Rivlin™*“ equation
(a) from swelling studies.

The molecular weight between the crosslinks is
calculated using the following equation;

Me= (5)
in(i - K)+K +vyyr

where /~p is the density of polymer, the molar
volume of solvent, the volume fraction of polymer
in the fully swollen state, which is determined by the
method of Ellis and Welding™*” and X is the interaction
parameter given by Hildebrand equations as

(6)

where and are the molar volume and solubility
parameter, respectively, of the solvents; // is the lattice
constant, whose value is normally taken as 0.34; R is
the universal gas constant; and T is the absolute
temperature. From the crosslink densities shown in
Table 8, it is found that crosslink density increases
with the contcnt of compatibilizer in all blend

Figure 12. Inlorincial bonding in RnR/NRR blonds in Iho proHnnco ol
DCSBR compalibillzof al conconlrations o» 0, 1, 3, 5 and 10phi.

Figure 13. Kraus plols lor SBR and blends ol SBR with MBR in the
presence of DCSBR compatibilizer at concentrations of 0 (a.). 1 (0).
3(«), 5(B) and 10phr(#).

compositions up to a concentration of 5 phr compati-
bilizer and then decreases. These effects are noted to
be maximal for 30/70 and minimal for 70/30 SBR/
NBR compositions because of the restriction on
swelling which causes an increase in and in turn
increases the crosslink density values.

Stress-strain data
The physical effects of crosslinks in an elastomer can
be understood from the Mooney-Rivlin equation’”?

F=:2/40(A-r")(C,+A-"C2) @)

where F is the extension force required to stretch a
piece of rubber vuicanizate of cross-sectional area
to an extension ratio A From the plot of FI2AQ
Q.~>. ") and the constants C, and Cj can be
determined, ie the intercept curve on the F/2Aq
axis corresponds to the value of C, and its
slope corresponds to the value of Cj. The physically
effective crosslink density (Vphy*) is given by the
equation

C, - I>rRT vphy, (8)

The plot of the stress-strain data is shown in Fig 14,
and the values of crosslink density are presented in
Table 8. It can be seen that the crosslink density
increases as the concentration of DCSBR increases up
to 5phr and then decreases, in good agreement with
the rheometric torque. Cj, a term which serves as a
measure of deparuire of the observed stress-strain
behaviour from the form suggested by statistical



theories,is given in Table 8. The 2C2value increases
with the loading of DCSBR up to 5phr and then
decreases. The higher C2 value obtained for the 30/70
SBR/NBR blends shows the presence of higher chain
entanglements. A" Because the elastomeric matrix is
composed of two components, higher entanglements
show better mixing at the molecular level.

Effect of loading of compatibillzer on physical
properties

The variation of mechanical properties with varying
content of DCSBR on SBR/NBR blends is presented

in Table 9. The data reveal that compatibilization
substantially increases the tensile strength. In compa-
tibilized blends tensile strengtli increases as concen-
tration of NBR in the blend increases. The tensile
strength value slowly increases with the compatibilizer
concentration and peaks at a dosage of 5phrj with
further increase in the concentration of compatibili/.er,
ihc Jcnsjlf slrcnglh ilrtips bccjiusc of ihe p<er
inicraciion between the interface ol blend consliluents
and the compatibilizer.

As in the case of tensile strength, tear resistance
improves with the addition of DCSBR, becoming

Rgur* 14. Pk>l ol R2ZAN(X-i ") venua i ’ior SBR/NBR blend with various concenlrations of DCSBR: 0 (A). 1 (0), 3 (=), 5 (m) and 10["r (+). (a) 70/30

SBR/NBR blends; (b) 50760 SBR/NBR blends; <c) 30/70 SBR/NBR blends.
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T«bi« 9. Variation of physical propartlas ol SBR/NBR bioodt compatlbillzed with OCSBR with douga (phr) ol compatlbiUzar

70/30 SBR/NBR 50/50 SBR/NBR 30/70 SBR/NBR
Properly 0 t 3 5 W 0 / 3 5 10 0 t 3 5 10
Modulus, 300% (MPa) 1.9 2,46 2.82 347 3,01 2.51 2.73 291 3.18 3.01 199 211 249 27 264
Tensile strength (MPa) 2.9 3.4 4.7 5.2 5,0 3,5 4,1 5.3 6.2 6.0 3.0 4.0 5.6 6.8 6.0
Elongation at break (%) 310 350 440 555 510 325 390 470 515 495 360 300 425 450 430
Tear strength (kNm*’)  15.7 169 19.0 22,8 21.6 16.1 189 22.8 242 24.0 18.8 209 23.7 264 25.8
Hardr>ess (Shore A) 40 41 42 44 45 41 42 43 44 46 42 43 44 46 48
Resilience (%) 68 68 69 71 69 62 63 65 67 64 58 59 60 62 63
(Dunlop tripsometor)
Compression set (%) 17.5 17.0 16.7 15,6 16.1 18.0 16,5 15.3 14.2 14.9 18.3 17.0 16.1 156 16.8

after 22h at 70“C

Table 10. Airageing (96h al 70*~) and oil resistance (5 days at 25‘C) of SBR/NBR bler>ds

Swell in ASTM Decrease in % (wM)

Change in tensile properties after
ageing at 70°C for 96h

Dosage of ASTM ail ASTM oil ASTM ail Decrease in Decrease in

Blend comfx>sHion DCSBR (phr) no 1 no 2 no 3 tensile strength (%) EB™ (%)
SBR/NBR 70/30 0 6.68 11.31 37.15 39 20
1 6.63 11.28 37.3 36 18
3 6.60 11.24 37 35 17
5 6.58 11.2 36.1 34 16
10 6.55 1111 358 36 15
SBR/NBR 50/50 0 481 8.32 26.73 42 24
1 4.77 8.3 26.13 40 22
3 4.69 811 25.92 36 20
5 441 7.9 25.23 49 20
10 4.56 7.3 24.81 34 19
SBR/NBR 30/70 0 3.02 5.14 16.31 45 26
1 2.98 5.02 158 43 25
3 2.89 4.80 15 41 23
5 2.8 4.46 13.95 40 21
10 2.73 4,01 13.36 42 23

'EB is etonyation at break

maxima! at 5phr of compatibilizer. Uniformly dis-
tributed finer domains tend to form and elongate
under higher sirain, effeclively preventing lear propa-
gation. With increasing the concentration of com-
patibilizer above 5 phr, the tear strength decreases.
The compression set decreases and die resilience
increases with increase in SBR content of the blend.
Compatibilized blends show a lower compression set
and a higher resilience than uncompatibilized blends.
The compression set is minimal at 5phr of DCSBR in
all blenfi ratios. Uncompatibilized blends show lower
hardness th”™n compatibilized samples. Increased
interfacial adhesion in compatibilized blends elimi-
nates air spaces therein and hence hardness increases.
Ageing of SBR/NBR blends in the presence and
absence of compatibilizer was carried out in ASTM
oils at room temperature for 5 days at 25 ®C and in air
at 70"C for O()h; the results arc presenied in 'Fuble 10.
Blending of NBR with SBR imparts considerable oil
resistance to SBR and this is improved by the addition
of compatibilizer. The ageing resistance of the

uncompatibilized blend is improved by the addition
of compatibilizer because of the enhanced crosslink
density obtaii'A.'d, as revealed fn>m swelling studies.

CONCLUSIONS

Dichlorocarbene modified SBR acts as a compatibili-
7er in blends of SBR/NBR as revealed from DSC,
DMA and INIR studies. The efficiency of com-
patibiiization depends on the concentration of com-
patibilizer and also on the biend ratio of the
components. The addition of even Iphr of DCSBR
considerably enhances the interfacial adhesion in the
blends. The compatibilizing action increases with
concentration ofcompatibilizer up to 5 phrin all blend
compositions. The effectiveness of DCSBR as a
compaiibilizer increases with increase in NBR content
in the blend. The addition of DCSBR enhances the
overall mechanical properties including air and oil
resistance. The change in mechanical properties



correlates well with change in crosslink density
measured by both swclhng and strcss-strain data.
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