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Interactions in binary polymer systems have been analysed from the viscosity behaviour. Dilute solution viscosity
measurements were made on three different ternary polymer (1)/polymer (2)—solvent (3) systems,
acrylonitrile—butadiene rubber (NBR)/polystyrene, NBR/poly(styramme-acrylonitrile), NBR/poly(acryloni-
trile—co—butadiene—styrene) in chloroform, as a function of blend composition. The polymer—polymer
interaction parametey;ip_ and the corresponding polymer—solvent interaction paramgtes;were determined

for all the blend systems. In order to predict compatibility, the interaction parameterArmbtained from
modified Krighaum and Wall theory, and the difference in the intrinsic viscosities of the polymer mixtures and the
weight-average intrinsic viscosities of the two polymer solutions taken separately are used. These results were
correlated with the experimentally determined densities and were found to be in agreement. Finally, the results are
correlated with spectroscopic eviden@ 1998 Elsevier Science Ltd. All rights reserved.

(Keywords: blend compatibility; dilute solution viscometry; Krigbaum and Wall interaction parameter)

INTRODUCTION polycarbonate (PC) and poly(hexamethylene sebacate)
(PHMS) blends has been characterised by a viscosity
technique using the Krigbhaum and Wall paramextdy, by
Shih and Beatty. The values ofAb for PC/PHMS mixtures

Polymer blends are physical mixtures of structurally
different polymers which interact through secondary

forces with no covalent bondingBlending of the polymers 4 were negative, and therefore they concluded that these

may result in a reduction in the basic cost and improve blends were not thermodvnamically compatible under
processing, and also may enable properties of importance to y y P

be maximised. However, the mechanical, thermal, rheo- equilibrium conditions. Using the glass transition tempera-

- ; ture, T,, of the blend as a measure of the bulk solid-state
logical and other properties of a polymer blend depend ' e ; . X ;
strongly on its state of miscibilify compatibility, a correlation was obtained with the Krigbaum

The compatibility of polymer blends is calculated and Wall parameteAb. The versatility_ of the viscometric
theoretically as well as being estimated experimentally by teth:,CrI]ql;Je }'<S Inﬁtr afrfﬁc:e? gthigen?hlo'%% c_?hs?#v?é]h ?/S was
dynamic mechanical, thermal, electron-microscopic, neu- > ° : dythuts fes tha afh : g o'a to a Ia e |
tron scattering, light scattering, spectroscopic and visco- "ePorted that for the three binary systems poly(viny
metric techniqués’. Because of its simplicity, viscometry ~ Chioride)/poly(ethylene vinyl acetate) (PVC/EVA), PVC/
is an attractive and very useful method for studying the styrene—acrylonitrile (SAN) and EVA/SAN, the Krigbaum

compatibility of polymer blends. Additional advantages, and Wall model modified by Williamson and Wright was

that no sophisticated equipment is necessary and that thd"0re applicable than the Catsiff and Hewett model. The
crystallinity or the morphological states of the polymer compatibility in the solution state was correlated to that in

blends do not affect the restiltmake the viscometric the solid state for these blends, and was found to be in

—15
method more convincing for characterising polymer agreemertt™** . . . . I
mixtures. Also, the retarded diffusion of polymers in the The present work discusses in detail our investigation

solid state makes it difficult to attain a condition of true Nt the compatibility of the three binary polymer blends
thermodynamic equilibrium, and so the behaviour of a poly(acrylonitrile-co-butadiene)/polystyrene, poly(acrylo-

polymer mixture in solution is the best method of assessing nitriIe—co—bu_ta_diene)/poly(s_tyrene;e—acrylonitr_ile_) and
the miscibility* poly(acrylonitrile-co—butadiene)/poly(acrylonitrileco—

Estimation of the compatibility of different pairs of butad|eneeo—styrene). An attempt has beef.‘ made to
polymers based on dilute solution viscosity for a ternary extend the most applicable viscometric the_or_|es to these
polymer/polymer—solvent system has been attempted byfhrmla p]?Iymer b:)glr_]d systems, which exhibit different
several authors, including Mikhailov and ZeilknTan evels of compatibility.

Bohmer and Floriah Feldman and RusuKrigbaum and
Wall®, and Catsiff and Hewett The compatibility of  EXPERIMENTAL

The basic characteristics of the polymers used are
*To whom correspondence should be addressed. Fax: 00 91 481 561190 given in Table 1 Chloroform (CHC}), cyclohexanone,
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Table 1 Details of materials used

Material Source Characterisfic Value
Nitrile rubber (Aparene N553NS; NBR) Guijarat Apar Polymer Ltd., Bombay Volatile matter (%) 0.130
Antioxidant (%) 1.400
Organic acid (%) 0.250
Soap (%) 0.004
Mooney viscosity, ML, 4 100°C 40.00
Bound —CN (wt%) 34.00
Density (g cni™) 0.911
Mol. wt, M,, (g mol™) 13.49x 10*
Polystyrene, atactic (PS) Polychem India Ltd., Bombay Density (%m 1.021
Mol. wt., M, (g mol™? 10.62x 10*
Styrene—acrylonitrile (SAN) Anoopam India Pvt. Ltd., New Delhi Density (g&m 1.087
—CN (wt%) 24.00
Mol. wt., M,, (g mol™) 15.59x 10*
Acrylonitrile—butadiene—styrene (ABS) Anoopam India Pvt. Ltd., New Delhi Density (g%Fm 1.041
—CN (wt%) 18.00
Butadiene (wt%) 41.00
Styrene (wt%) 41.00
Mol. wt, M,, (g mol™) 5.64x 10

tetrahydrofuran (THF), vinyl acetate, trichloroethylene and whereé, andé, are the solubility parameters of the polymer
toluene (A.R. grade; Merck) were used as solvents for the and solvent, respectively, and, R and T are the molar
various experiments in the present work. The solvents werevolume of the solvent (reference volume), gas constant
dried over calcium chloride and double-distilled before use. and absolute temperature, respectively.

The individual polymer solutions were prepared by Inthe case of polymer blends, the solubility parameter of
dissolving the polymers in the specified solvents, followed the blends for the blend—solvent system is calculated using
by stirring for 24 h. For preparing the blend solutions, the the following expressioh?
polymer_ solutions ~were subsequently blended in the 8 = X181 + Xobs @)
appropriate proportions.

The specific viscosities of the polymers and their where x; and x, are the weight fractions of the com-
mixtures in the specified solvents were determined with ponent polymers of the blends, add and 6, are their
use of an automated Ubbelohde-type viscometer (Schottsolubility parameters. Equation (1) has been modified
Gerate AVS 400). The measurements were carried out in afor calculating the polymer—polymer interaction para-
closed system to minimise solvent evaporation. The meters in polymer blend$* For this purposej, andé,
measurement temperature was=30.01°C, and this was are the solubility parameters of the respective polymer
achieved in a water-bath fitted with a thermoregulator components.

(Schott Gerate CT-1450/2 thermostat). The various dilu- The solubility parameters of the polymer, required in the
tions required during the viscosity measurements were above expression, were measured by determining the
performed in the bulb of the viscometer. At least five intrinsic viscosities in a series of solvefifs. The solubility
observations were made for each measurement. parameter of the solvent in which the intrinsic viscosity of

The densities of all the dilute solutions (prepared in the polymer is highest is taken as the solubility parameter of
chloroform with a concentration of 0.25gd) were the polymer. The intrinsic viscosities of acrylonitrile—
measured using a specific gravity bottle at’GO0 The butadiene rubber (NBR), polystyrene (PS), SAN and
densities are accurate to three decimal places. Infraredacrylonitrile—butadiene—styrene (ABS) in various solvents
spectra of the different blend compositions were obtained are tabulated iable 2
with use of a Perkin-ElmeFTi.r. (1600 series) spectro- All the polymer—solvent systems used in our investiga-
photometer. The blend solutions (5% (w/v) in chloroform) tion were incapable of exhibiting any strong interactive
were cast on a mercury surface at ambient temperature inforces, such as hydrogen bonding. The obtained solubility
order to obtain a uniform film thickness. In all cases, same- parameter values of the polymers are presentekhalrie 3
volume aliquots of the blends were poured onto same- Table 4 tabulates the polymer—polymer interaction
diameter areas of the mercury surface. After ensuring parameters of all the blend systems, whibble 5tabulates
solvent evaporation, the cast films were carefully washed the interaction parameters of polymer blends with the
using non-solvent methanol. Dried films about38 thick
were used for the spectral analysis.

Table 2 Intrinsic viscosities of the polymers in various solvents

RESULTS AND DISCUSSION Solvent Intrinsic viscosity (dI g%
Traditionally, the concept of the Hildebrand solubility NBR PS SAN ABS
parameter has been employed to estimate the miscibility of \T/?A;Fgge(ti-t?(g 0 2.509  0.383 gﬁfg 0051221
two materiald. The measure of the interaction between a Tetrahydrofuran (9.1) 0315 0524 0730 0583
polymer bIer_ld and a solvent in a polymer—solvent SYStemis Trichioroethylene (9.2) & _c 0.719 0.597
the interaction parameteg;, given by the following Chloroform (9.3) 1.663 0.769 0.712 0.571
relationshipg® Cyclohexanone (9.9) 0.494 0.112 0.209 0.108

VA 2The solubility parameters (4 cm™%? are given in parentheses
Xi = —'(62 — 61)2 Q) ®The highest+] value among the various polymer/solvent systems
RT “Not measured
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Table 3 Solubility parameters ((cal cii)?) for the polymers
NBR PS SAN ABS
8.9 9.3 9.1 9.2

Table 4 Interaction parameters for the polymer (1)/polymer (2) systems

System Polymer as Molar vol. of Interaction
component | componenf!|  parameter
(cmd mol™)
NBR/PS NBR 78.6 0.021
PS 129.2 0.034
NBR/SAN NBR 78.6 0.005
SAN 104.2 0.007
NBR/ABS NBR 78.6 0.012
ABS 55.4 0.008

#The molar volume of the monomer unit was taken as the reference volume

Table 5 Interaction parameters for the NBR (1)/PS (2) blend—CHG)
systems

System Solubility parameter Interaction
of blendf parametet
((cal cm™3)*?)
NBR/PS
0/100 9.3 0
30/70 9.2 0.002
50/50 9.1 0.005
70/30 9.0 0.010
100/0 8.9 0.021
NBR/SAN
0/100 9.1 0.005
30/70 9.0 0.009
50/50 9.0 0.012
70/30 8.9 0.015
100/0 8.9 0.021
NBR/ABS
0/100 9.2 0.053
30/70 9.1 0.089
50/50 9.0 0.012
70/30 9.0 0.015
100/0 8.9 0.021

#Values for the blends calculated using equation (2) have been quoted only

to the first decimal place. However, for the determinatiog,@enq values
obtained as such were employed

®The molar volume of chloroform was taken as the reference volume in
equation (1)

solvent. Molecular mixing of two high molecular weight
polymers can occur only whey is very close to zero. The
effect of this parameter is to require that the solubility
parameter difference is less than 0.1am~*2 From
Table 4 it can be seen that the polymer—polymer interaction
parametery; for all the three systems is very small,
suggesting partial miscibility.

However, they; values for the NBR/SAN and NBR/ABS

blends are much lower than the interaction parameter for the

NBR/PS blends. Therefore, the tendency for the NBR/SAN
and NBR/ABS blends to be miscible is greater than for the
NBR/PS blends. The reason lies in the smaller difference in
the solubility parameters of the component polymers in the
polymer blend, as given ifable 3 The value o6, — é, for

the NBR/PS blends is 0.4 c&lcm~%2 while 6, — &, for
NBR/SAN and NBR/ABS is 0.2 c&f cm™*?and 0.3 cal®
cm~%2 respectively.

Table 5 gives the interaction parameters of the

blends with the solvent. It is evident that for the NBR/PS

system, the polymer—polymer interaction is less than the

polymer-solvent interaction sinG&sr — ps > XNBR/PS— CHCl, -

Also, as the weight per cent of PS increases, the polymer—
solvent interaction increases. For the NBR/CEl€ystem,

as well as the NBR/PS systems, the- 6, value is 0.4 cdf?
cm~*2 while for the PS/CHGJsystems, thé, — &, value is 0.
Hence, increasing the concentration of PS in the blend favours
a polymer—solvent interaction larger than a polymer—polymer
interaction.

However, for the NBR/SAN systems, the polymer—
polymer interaction is greater than the polymer—solvent
interaction sincexnsr/san-— cHel, > XnBR—san- Again, as
the concentration of SAN increases in the blend, the
polymer—solvent interaction increases. Here too, the reason
lies in the lowers, — &; value of 0.2 cal?cm>? for the
SAN/CHCI; system, while NBR/CHG| has aé, — 61
value of 0.4 cat?cm32 The NBR/ABS blends demon-
strate similar behaviour to that of the NBR/SAN blends,
which is evident froniTables 4 and 5

Dilute solution viscosity theories for compatibility studies of
polymer blends

Earlier studies indicate that the interaction in binary
polymer systems can be analysed accurately by studying the
viscosity behaviou”**1€ To this end, a different theore-
tical approach has been formulated with reference to an
ideal, binary polymer system.

A completely empirical equation for predicting the ideal
behaviour of mixed solutions based on the additivity
concept was developed by Catsiff and HeWefccording
to these workers

Nspm = [Cl("flsp 1)+ CZ(nsn 2)]/C 3

whereng,m is the specific viscosity of the mixed polymer
solution, 55, and g, , are the specific viscosities of the
polymer components 1 and 2, respectively, at a concentra-
tion C=C; +C,, andC,; andC, are the concentrations of
components 1 and 2, respectively.

Using the above equation, Catsiff showed that the higher
apparent specific viscosity of the mixed polymer solution
than the expected ideal, , value may give a measure of
the attractive interactions in the system.

However, the classical Huggitfsequation expresses the
specific viscosityns, of a single polymer solution as a
function of the concentratio@, i.e.

1sy/C = [1] + Ki[1]°C @)

where ] is the intrinsic viscosity. The ternKy[y]? is
termed the specific interaction coefficient arising from
the polymer interactions at finite concentrations. A Huggins
plot of 5y versus Cof the polymer solution should yield a
straight line with intercept and gradient equal # &nd b,
respectively. Krigbaum and W&lhave adapted the Huggins
equation for an ideal polymer/polymer mixed solution as

[71]Cy + [12]Co + bllcf + b22C§ +2b1,C,C, (5)

where 4] and [n,] are the intrinsic viscosities of polymer
components 1 and 2, respectively; andC, are the con-
centrations of the respective components in the mixed poly-
mer solution, and,, is the interaction coefficient for the
mixture with components 1 and 2.

The interaction coefficient between the two polymers,
by, in a polymer blend, according to Williamson and
Wright*”, can be calculated theoretically as

Do =11 + byo/2

Nspm =

(6)
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According to Krigbaum and Wall, information on the inter- repulsive interactions between the two polymers, it can be
action between polymer molecules 1 and 2 should be obtain-concluded that the NBR/PS 70/30 and 30/70 systems are
able from a comparison of experimentah and theoretical incompatible, whereas the 50/50 system shows a positive
(byy)" values. The experimenthj, values are obtained from  deviation from ideal behaviour, suggesting compatibility.
equation (5) while the theoreticab{,)” value is computed The observed intrinsic viscosity of the NBR/SAN 30/70
from equation (6). The compatibility of the polymer mixture system is slightly lower than the ideal value. However, the
can be characterised by a parametle(hereafter referredto  NBR/SAN 70/30 and 50/50 blend compositions demon-
as the Krigbaum and Wall parameter), which is given by  strate a strong positive deviation from ideal behaviour,
) indicating compatibility in the polymer solution regime.
The observeddq] values for the NBR/ABS 30/70 and 50/
Negative values ofAb are found for solutions of systems 50 blends show a slight negative deviation while that for the
containing incompatible polymers, while positive values of 70/30 blend shows a positive deviation from the expected
Ab refer to an attractive interaction and compatibility. ideal value.
An alternative definition of ideal solution behaviour may e . . .
be obtained by considering the intrinsic viscosities of a SPECIfic viscosity as given by the Catsiff and Hewett model
mixed polymer solution, derived from the equation _ The observed E(IQS caflm;lated ;pecifti)? vizcosities (accord-
ing to equation of the various blend systems were
[1spm/Cle—o0 = [11](Co/C)c—o + [12l(Co/C)co  (8) determined. The differences between the observed and
Here also, if the apparent intrinsic viscosity of the blend calculated valuesins,, are plotted as a function of blend
determined experimentally is larger than the ideal value COMPOsition inFigure 1 According to the Catsiff and
(obtained from equation (8)), a strong attractive interaction Hewett concept™”, for an ideal blend system, thénym
between the two polymers is indicated. value should be zero throughout.
In fact, the basis of studying the viscosity for assessing For the NBR/PS 30/70 and 70/30 systems, gy
the compatibility rests on the assumption that repulsive Values are negative, while the NBR/PS 50/50 blend has a
interactions may cause shrinkage of the random coils of the POSitive A, value. Thus, only the 50/50 blend system
polymer molecules, resulting in a viscosity of the polymer Suggests a positively deviating blend (PDB) behaviour, and
mixture that is reduced below the value calculated from hence this system can be considered as being compatible.
viscosities of the pure components on the basis of _TheAnsnvalues for NBR/SAN are positive for the 70/
additivity'®. If there is an attractive interaction, the viscosity 30 and 50/50 blends, implying miscibility with increasing
increases and the system is compatible, while the oppositeeight per cent of NBR in the blend. However, the 30/70

Ab = blzexp - blztheor

may suggest incompatibility. blend value suggests immiscibility behaviour. The NBR/
ABS blends show a positive deviation only in the case of the

Additivity concept of intrinsic viscosity for assessing 70/30 blend.

miscibility The behaviour predicted by the Catsiff model was found

It has been shown that the maximum concentration for the t0 be in agreement with the conclusion drawn from other
validity of equation (8) is 2.0gdf’. The highest  ViSCOSity theories on polymer blends. ThL_Js the Catsiff
concentration used in this study was 0.5 g'dThe intrinsic ~ @and Hewett model is found to be applicable to the
intercept of the plot ofys/C versus Cby the method of  Studied in our work.
linear regression, and a perfect fit is obtained wla%ﬁ: 1.

The data for the various blend systems are givehahle 6

It can be seen that the 50/50 NBR/PS system exhibits a
higher intrinsic viscosity value than the value calculated on
the assumption of ideal behaviour. However the NBR/PS
70/30 and 30/70 systems demonstrate a lower value than the
calculated value. According to the assumption that a 002 -
negative deviation from ideal solution behaviour means

(#NBR/PS_ #NBR/SAN -*-NBR/ABS)

0.015 |-

Table 6 Observed and calculated intrinsic viscosities of NBR-based
blends in chloroform as solvent

£
Polymer system Correlation Intrinsic viscosity (di%y g"-" oot
coefficient,y?> Observed Calculated
NBR 0.99 1.663 - 0,005 -
PS 1.00 0.769 -
SAN 0.99 0.712 -
ABS 0.99 0.571 -
NBR/PS 30/70 0.99 0.9431.038 o &
NBR/PS 50/50 0.99 1.2811.216 K_/‘/ \
NBR/PS 70/30 0.99 1.3411.395
NBR/SAN 30/70 0.99 0.947 0.998
NBR/SAN 50/50 1.00 1.221 1.188 0,005 ! 1 ! ! I
NBR/SAN 70/30 1.00 1.394 1.378 20 30 40 50 60 70 80
NBR/ABS 30/70 0.99 0.856 0.899 WEIGHT % OF NBR
NBR/ABS 50/50 0.99 1.065 1.117
NBR/ABS 70/30 0.99 1.556 1.336 Figure 1 Effect of blend composition on thay, , values of different

NBR-based blends
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Krigbaum and Wall parameter\b

The values ofAb according to equation (7) for different
total concentrations of NBR/PS mixtures are given in
Figure 2 Itis seen that thab values for the 50/50 blend are
positive and show a positive deviation from ideal behaviour
over almost all dilutions, indicating an attractive interaction.
The Ab values for the NBR/PS 70/30 blend progressively
become negative with increasing dilution, indicating
incompatibility in solution. TheAb values for the NBR/PS
30/70 composition steadily become negative with dilution,
indicating a repulsive interaction after a critical concentra-
tion of the polymer blend solution. The decreasébfwith
total concentration of the mixture may arise because

the interaction between solvent and polymer increases as
the amount of solvent increases, and ultimately exceeds the

polymer—polymer interaction.

The Ab values for the NBR/SAN blends are shown in
Figure 3 TheAb values for the NBR/SAN 50/50 and 70/30
compositions steadily become increasingly positive with
dilution of the polymer solution, implying a stronger
attractive interaction with dilution. However thib values
of NBR/SAN 30/70, initially positive, gradually decrease
and become negative with dilution. The reason for this
contradictory behaviour with dilution is probably due to the
capability of the individual acrylonitrile chain segments of
the SAN phase to penetrate into the nitrile rubber phase,
since they are chemically identical, wice versa As the
weight per cent of NBR increases in the blend, the
concentration of acrylonitrile segments increases, and
hence the interaction due to the resulting penetration into
the other phase increases. Evidently, with increasing
dilution of the polymer blend solution, the polymer blend
molecules will become disentangled more spaciously,
resulting in a greater interaction between the structurally
similar acrylonitrile segments. However, in the case of the
30/70 NBR/SAN phase, the acrylonitrile concentration is
probably not optimum enough to induce a greater interac-
tion with dilution.

The Ab values of the NBR/ABS blends are plotted as a

(#NBR/PS(30/70) NBR/PS(50/50) ¢ NBR/PS(70/30)

ab

P I I I I I
0.2 0.3

CONCENTRATICN, gm/ dI

Figure 2 Effect of blend composition and concentration on Mevalues
of the NBR/PS blends

( NBR/SAN(30/70) #NBR/SAN(50/50) & NBR/SAN(70/30))

ab

1 1 1 1
0.2 03
CONCENTRATION, gmy/di

01

Figure 3 Effect of blend composition and concentration on Mevalues
of the NBR/SAN blends

(& NBR/ABS (30/70) # NBR/ABS (50/50) - NBR/ABS (70/30))

15 |-

10 |

a
<
5

0.1 0.2 0.3

CONCENTRATION, gm/di

Figure 4 Effect of blend composition and concentration on Mevalues
of the NBR/ABS blends

function of concentration irFigure 4. This indicates that
with increasing dilution, the 30/70 and 50/50 compositions
steadily exhibit larger negative values, suggesting increas-
ingly repulsive interactions, while the 70/30 NBR/ABS
blend shows increasingly positive values ab with
dilution. Thus, the 70/30 NBR/ABS blend becomes miscible
at a higher concentration. In the case of the NBR/ABS
blends, also, the reason for the strange behaviobafith
dilution cited for NBR/SAN holds good.

Dilute solution density measurements

The concept of miscibility predicted by viscometry has
been correlated to the findings of dilute solution density
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Table 7 Observed and calculated densities of various NBR-based poly-
mer blend—chloroform solutiofls
Polymer system Observed density Calculated density

(@em™) (@em™) 64.0
NBR 0.980 —
PS 0.984 - W\ ' I
SAN 0.989 - = ~
ABS 0.986 - = .ol || \ ‘
NBR/PS 30/70 0.982 0.983 g ||
NBR/PS 50/50 0.984 0.982 & N
NBR/PS 70/30 0.980 0.981 E
NBR/SAN 30/70 0.986 0.986 ‘% 32.0 |
NBR/SAN 50/50 0.986 0.984 gl v
NBR/SAN 70/30 0.983 0.982
NBR/ABS 30/70 0.985 0.984
NBR/ABS 50/50 0.983 0.983
NBR/ABS 70/30 0.982 0.981 16.0
aConcentration, 0.25 g dt; temperature, 3@

0.0 2229
3500 3000 2000 1500 1000
'fl'able 8 FTi.r.data for different blend compositions: —CN absorption WAVENUMBER (cm™1)
requency
Blend composition Figure 5 FTi.r. spectrum of NBR
V_cN
(em™)

NBR 2229
SAN 2229 100
ABS 2229 ~
NBR/PS 30/70 2236 = M

50/50 2233 ]

70/30 2237 z
NBR/SAN 30/70 2227 E

50/50 2222 7

70/30 2226 E
NBR/ABS 30/70 2212

50/50 2211

70/30 2208 0

3500 3000 2000 1000
WAVENJMBER (cm®)
measurements on polymer mixtures. If a system is miscible, Figure 6 FTi.r. spectrum of PS
an attractive interaction will cause an increase in the density
of the resulting blend. Hence, a greater observed density
would imply miscibility®?° However, our intention was to  the investigation of mutual interactions of various poly-
seek a correlation in the dilute solution regime, correspond- mer$*?2 The PMMA/poly(vinylidene fluoride) system
ing to our viscometric findings. Hence the concentration exhibits specific interactions involving the carbonyl group,
chosen of the polymer mixture solution was 0.25 g'dlt as derived from the infrared spectroscopic studies per-
seems quite natural that the deviation observed in the formed by Colemaet al.?>. The very small spectral changes
density may not be very substantial for this concentration that are introduced as a result of the interactions were
regime. The density was calculated from the density valuesdetected by noticeable shifts in thecy absorption peak
of individual polymers assuming an additive contribution, with blend composition in our studieJ&ble §.
according to the weight fraction of the components. TheFTi.r. spectra of NBR and PS are showrFigures 5
The observed and calculated densities (according to theand 6 respectively. The band at 1375 chis due to the
concept of additivity) of the polymer blend solutions are C—H stretching of the polybutadiene segment of NBR. The
given inTable 7 The observed densities are higher than the C=C and C—H stretching give rise to the bands at 837tm
calculated values for the NBR/PS 50/50 blend. This and 1244 cm?®, respectively. The sharp band at 2229¢m
densification of the 50/50 blend suggests miscible behav-is due to the —CN absorption. However, in the spectrum of
iour. The observed densities are found to be higher than thethe NBR/PS 50/50 blendF{gure 7), the »_cy shifts to
calculated values for the NBR/SAN 50/50 and 70/30 blends, 2233 cmi*.  The other bands at 1646-1600ch
while the 30/70 blend has almost identical values. This 1493 cnmi* and 1557—1521 ct in the spectrum originate
confirms that the NBR/SAN 70/30 and 50/50 blends are from the skeletal ring breathing modes=C) of the
miscible systems. The observed densities of the NBR/ABS aromatic rings of the PS segments. The bands at 1493, 1472
30/70 and 70/30 blends show higher values than calculated,and 1452 cm® correspond to the stretching modes of the
implying miscibility, whereas the 50/50 blend results aliphatic C—H groups of the PS segments. The C-H
suggest immiscibility behaviour. The miscibility behaviour aromatic stretching vibrations produce bands at 1810'¢m
for the NBR/PS, NBR/SAN and NBR/ABS blends for the which is the overtone of the out-of-plane C—H deformation
various compositions studied is in agreement with our vibration at 907 cm® of styrene.

predictions based on viscometry theories. Thus, the frequency shift (towards the higher energy
_ _ _ region) from 2229 cm* for pure NBR to 2233 cm' for the
Spectroscopic studies of the blend films NBR/PS 50/50 blend strongly suggests some repulsive

FTi.r. spectroscopy has been used as a potential tool forinteraction of a polar nature involving the =8 group.
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100.0

TRANSMITTANCE (%)

2233

4500 4000 3000 2000

WAVENUMBER (cm ™

Figure 7 FT'i.r. spectrum of the NBR/PS 50/50 blend

This may increase the =N bond order or, conversely,

1000

1

attractive interaction involving the acrylonitrile segments.

strengthen the bond, thus absorbing at a higher energy.The results have been correlated with those of spectroscopic

Similarly, »_cy for the other NBR/PS compositions also
shows a similar trend, as given irable 8

Thev_cyof the NBR/SAN 50/50 blend was found to be at
2222 cm ™. The corresponding_cy absorption frequencies
of pure NBR and pure SAN were 2229 ¢t This suggests

studies on these blends. However, spectroscopy can only
substantiate the findings from the other methods for
demonstrating compatibility, rather than being a speculative
tool in its own right. Finally, it is important to mention that
the viscosity parameters used in this work have been found

that there is some attractive polar interaction involving the to be highly sensitive and useful for characterising the

—CN bond. This may weaken the=@l bond, resulting in its
absorption at lower energy. The 30/70 and 70/30 NBR/SAN
blends also show a similar shift in_cy. The trend in the
shift of »_cy for the NBR/ABS blends is similar to that for
the NBR/SAN blends discussed earlier.

compatibility of binary polymer blends.
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