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Volubility characteristics of bisphenol A polycarbonate, acrylonitrile-butadiene-styrene and their blends are
studied in different solvents. A computer program known as ‘spherical volume of volubility’ is used to
determine total and partial volubility parameters of the polymers and their blends. The volubility parameters
calculated from group contribution techniques are compared with the computed data. Using Bagley’s
approach, the composition of a blend with synergy is predicted. Mechanical properties of the blends are
found to be in good agreement with the predictions made from the volubility
Science Ltd.
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INTRODUCTION

Aromatic polycarbronates (PC) are recognized as a
family of high performance polymers owing to their
excellentmechanical properties such as impact strength,
flexural modulus/strength, tensile strength and heat
deflectiontemperature. However, these polymersexhibit
poor chemical resistance and require high temperatures
for processing (above 300”C).One approach to improve
chemical resistance and ease of processability (with a
marginal lossin mechanicalproperties) isby blendingPC

l–lo The re5ultant blend propertieswith ABS polymer .
are dependent on the nature of ABS, miscibilityof the
components, their processingconditionsb)7and ultimate
morphology of the blend.

Volubility parameter, an index of inter-molecular
forces, is generally being used in selecting a suitable
solvent.The Hilderbrand’sapproach to volubilityparam-
eter and refinementsin its conceptsare discussedin detail
by Olabisi et al.]’. The predictionsof polymer-polymer
miscibility, based on unfavorable physical forces,
described in terms of non-hydrogen bonded volubility
parameters and favorable specificinteractions is pre-
sented by Coleman et aZ.12. These predictions are
discussed in terms of critical values of interaction
parameter, XCrit,and the upper limits of non-hydrogen
bonded volubilityparameter difference,6. A microscopic
volubility parameter theory for polymer blends is
developed based on liquid-state polymer reference
interaction site model (PRISM) integral equation meth-
Odsls The microscopic volubility parameter theory

predicts many novel, non-Flory–Huggins effects and
their contributions to the X-parameter. However, selec-
tion of solvents for blends based on the concept of
volubilityparameter is rarely found in literature.

*IPCL communicationnumber 366
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In this paper, the
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Hansen’s approach14-16, applied
earlier to various copolymers171S,-is extended t~- PC,
ABS polymers and their blends in order to calculate
‘three-dimensionalvolubilityparameter’ along with its
components, viz. dispersive,polar and hydrogen bond-
ing forces. The three-dimensionalvolubilityparameters
of individual polymers and their blends are com-
pared with values calculated from group contribution
techniques19-21.An attempt has been made based on
solvent–polymer and solvent–blend interactions to
predict a suitable grade of ABS with which PC can
form a blend with synergistic performance. The pre-
dictions are correlated with mechanical performance of
the blend.

EXPERIMENTAL
Materials

Two different grades of polycarbonate (Lexan sup-
plied by GE Plastics, The Ne~herlands)having viscosity
average molecular weights (Mv) 33243 and 14079 are
used in the investigations.Three differentgrades of ABS
resins (Absolac supplied by ABS Plastics, India, and
Polylac supplied by Polychem Ltd., India) having
acrylonitrile (A) 24–27 wtO/O;butadiene (B) 12–
20wt%; and styrene (S) 54–64 wt% are used.

Blends preparation
In order to removemoisture, PC and ABS are dried at

120+ 2°C for 4h and 80+ 2°C for 2h, respectively.
Later they are dry blended in the concentration range
PC/ABS 100/0 to O/lOOwtO/Oand then extruded in a
Brabender Plasticorder with optimized temperature
profile, for each blend. The extruded blends and their
compositionsare given in Table 1.

The extruded blend granules from the Brabender
Plasticorder are dried a: 100+ 2°C for 2
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Table 1 Extruded blendscode and composition

Sol. No. PC/ABS Code Sol.No. PCIABS Code

1.
2.
3.
4.
5.

6.
7.
8.
9.

10.

11.
12.
13.
14.
15.

PC-1/ABS(A)
90/10 APCIB-1
70/30 APCIB-2
50/50 APCIB-3
30/70 APCIB-4
10/90 APCIB-5

PC-1/ABS(B)
90/10 BPCIB-1
70/30 BPCIB-2
50/50 BPCIB-3
30/70 BPCIB-4
10/90 BPCIB-5

PC-1/ABS(C)
90/10 CPCIB-1
70/30 CPCIB-2
50/50 CPCIB-3
30/70 CPCIB-4
10/90 CPCIB-5

16.
17.
18.
19.
20.

21.
22.
23.
24.
25.

26.
27.
28.
29.
30.

Pc-2/ABs(A)
90/10 APC2B-I
70/30 APC2B-2
50/50 APC2B-3
30/70 APC2B-4
10/90 APC2B-5

Pc-2/ABs(B)
90/10 BPC2B-1
70/30 BPC2B-2
50/50 BPC2B-3
30/70 BPC2B-4
10/90 BPC2B-5

Pc-2/ABs(c)
90/10 CPC2B-1
70/30 CPC2B-2
50/50 CPC2B-3
30/70 CPC2B-4
10/90 CPC2B-5

Table 2 Volubilityparameters of selectedsolvents

sol.
No. Solvent 8 fsd q dh

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

Hexane
Diethyl ether
Cyclohexane
rz-Butylacetate
Carbon tetrachloride
p-Xylene
Ethyl acetate
Benzene
Chloroform
Methyl ethyl ketone
Tetrahydrofuran
Ethylenedichloride
Acetone
Cyclohexanone
Methylenechloride
1,2-Dichlorobenzene
1,4-Dioxane
Diaeetone alcohol
Benzaldehyde
t-ButyIalcohol
Nitrobenzene
Aniline
rrz-Cresol
N,N-Dimethylacetamide
N-Methyl pyrrolidone
Isopropyl alcohol
N,N-Dimethyl forrnarnide
Ethyl alcohol
Dimethyl sulfoxide
Methyl alcohol
Propyleneglycol
Ethyleneglycol
Formamide

14.77 14.77 0.00 0.00
15.55 14.39 2.86 5.10
16.69 16.69 0.00 0.00
17.27 15.65 3.67 6.66
17.65 17.65 0.00 0.00
17.96 17.65 1.02 3.06
18.57 15.18 5.31 9.18
18.67 18.26 1.02 2.04
18.80 17.65 3.06 4.69
18.92 15.86 8.98 5.10
19.43 16.77 5.71 7.96
19.92 18.77 5.31 4.08
19.94 15.47 10.41 6.94
20.16 17.65 8.37 5.10
20.27 18.18 6.33 3.26
20.37 19.08 6.33 3.26
20.41 18.98 1.84 7.34
20.78 15.61 8.16 10.82
21.22 18.67 8.57 5.31
21.65 15.20 4.16 14.28
21.67 17.55 12.24 4.08
22.53 19.45 5.10 10.20
22.67 18.00 5.10 12.86
22.76 16.75 11.47 10.18
22.84 17.86 12.26 7.18
23.55 15.75 6.08 16.37
24.78 17.39 13.67 11.22
26.36 15.77 8.77 19.39
26.39 18.37 16.33 10.20
29.14 15.14 12.24 22.24
30.20 16.82 9.39 23.26
33.27 16.84 11.02 25.92
36.33 17.14 26.12 18.98

All the values are in (Jcm-1)0”5
Values for most of the solventswere taken from Hansen’swork16

moisture. The granules of all the compositions are
compression moulded into sheets (0.150m x 0.125m x
0.0032m). The compressionmoulding of all the blendsis
carried out in the temperature range 460–490K at
100MPa pressurewith a mouldingcycletime of 4–8 min.

Volubility test
Thirty-three solvents having volubility parameters

from 14.77to 36.33 (Jcm-1)112are used in the study of

volubilitycharacteristics of the neat polymers as well as
their blends.The valuesof total (8)and partial (d~,6Pand
&) volubilityparameters are listed in Table 2.

About 0.2g of polymer/blendis taken in each of the 33
test tubes and about 5ml of each of the selectedsolvents
is added individually to all the test tubes, fitted with
stoppers. Then the test tubes are kept undisturbed at
25+ I“C, for 48h. However, after an interval of 24h, the
volubilitycharacteristicsare observed.The solvents,with
whichpolymer/blendhas either partial or no interaction,
are heated in a water-bath maintained at 50 + 5°C and
the volubility characteristics are observed again after
24h. Based on these observations, the polymer/blend is
classified as completely soluble, partially soluble or
insoluble.

Testing
The test specimensof PC, ABS and their blendsare cut

with dimensions0.152m x 0.127m x 0.0032m from the
compressionmoulded sheets.These specimensare tested
for Izod impact strength, tensile modulus and strength
properties using an impact tester and Universal Testing
Machine (Instron 1195)respectively.The tensile testing
of the prepared specimens is carried out with a cross-
head speed 0.005mmin-l, chart speed 5/1, and grip
separation 0.0108m with full scale load 200kg.

RESULTS AND DISCUSSION

The volubilitycharacteristicsof pure polymers as wellas
their blends are given in Table 3. It is observed, that the
neat polymers, PC-1, PC-2, ABS-A, ABS-B and ABS-C
are soluble in polar solvents like chloroform, tetra-
hydrofuran, 1,2-dichlorobenzene,1,4-dioxane,benzalde-
hydeand nitrobenzeneetc. (A littlehaze is observedin all
ABS solutions.)The volubility,of these polymers, in the
solvents may be attributed to the presence of possible
interactionssuch as polar (due to nitrilegroup) as wellas
hydrogen bonding (due to carbonate group and the
presenceof tertiary proton in PC and ABS respectively).
The parent polymers and their blends are found to be
insoluble in esters, ethers and aliphatic hydrocarbons
like n-butyl acetate, diethyl ether, hexane, etc. It is
observed that as the ABS concentration increases in
CPCIB(I–5) and CPC2B(1–5) blends, the volubility
decreasesconsiderablyin even strong polar solventslike
dimethyl sulfoxide,N-methyl pyrrolidone, rn-cresol,etc.
A similar trend is observed in APCIB(l–5) and
APC2B(1–5); BPCIB(l–5) and BPC2B(1–5) blends.
The marked change in the volubilitybehaviour (from
completely soluble to partially soluble/insoluble)in the
highly polar solvents, may be attributed to the non-
availability of resonance forces necessary between the
solvent and the blend when compared to the parent
polymers. By feeding the data, of&, 8Pand 6hof those
solventswhich had interactions with the polymer/blend
leading to dissolution either completely or partially, in
the computer program (the algorithm used is stated in
the flow diagram shown in the Appendix), spherical
volume of volubility,the co-ordinates of the centre and
the radius of interaction sphere are obtained. The
co-ordinatescorrespondto the r$~,6: and 61 of polymer/
blend. The computed data for PC-1/PC-2, ABS-A,
ABS-B, ABS-C and their blends are shown in Table 4.
In a similar way the total (6’) and partial volubility
parameters (b~, 6; and ti~) for PC-2 and its blends are
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Table 3 Volubilitycharacteristics of polymersand blends

ABS APclB/APc2B
sol.
No.a PC-2 A B c 1/1 2/2 3/3 4/4 5/5

-1-
-1-
-1-
-1-
-1-
-1-
-1-
-/.
+/+
-1-
*I*
+/+
-1-
*/*
+/+
+/*
+/*
-1-
+/–
-/-
+/+
+-/*
+/–
+/–
-1-
-1-
*/—
-1-
-1-
-1-
-1-
-1-
-1-

-1-
-1-
-1-
-f-
-1-
-1-
-1-
-/.
+/+
-1-
+/*
+/+
-1-
*/+
+/+
+/.
+/*
-1-
+/*
-1-
+/+
+/*
-/+-
+/+
-/*
-1-
*/—
-1-
-1-
-1-
-1-
-1-
-1-

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

—
—
—
—
—
—
—

— —
—
—
*
—
—
—
*
+
+
+
+
—
+
+
+
+
—
+
—
+
*
*
—

+
—
*
—
*
—
—
—
—

—
—
—
—
—
—
—
—

+
—
—
*
—
*
*
+
+
—
+
—
+
—
—
—
—
—
—
—
—
—
—
—
—

-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-
+/+
-1-
-/+
+/+
-1-
-1-
+-/+
-1-
-/+
-1-
-/.
-1-
*I*
-/.
-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-

-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-
+/+
-1-
-/+
+/+
-1-
-1-
-+/i-
-1-
*/+
-1-
-/.
-1-
-/.
-/.
-1-
-1-
-1-
-1-
-1-
-I-
-1-
-1-
-1-
-1-
-1-

-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-
+/+
-1-
-/+
+/+
-1-
+/–
+/+
+Ji-
*1*
+/–
+/–
-1-
*I*
+/*
+/–
-/.
-1-
-1-
*/—
-1-
-1-
-1-
-1-
-1-
-1-

—
—
—
—
—
—

+
+
*
*
+
—
+
+
+
*
—
+

—

+
—

+
+
—
—
+
*
+
—
*
—

+
+
+
—
—
—
—
—

—
+
—
*
—
*
—
—
—
*—

—
—
—
—

cPclB/cPc2B

3/3 414

BPcl B/BPc2B
sol.
No. 1/1 2/2 3/3 4/4 5/5 1/1 5/52/2

-1- -1- -1- -1-1. -1- -1- -1- -1- -1- -1
-1-
-/-
-1-
-1-
-1-
-1-
-1-
+/+
-1-
+/–
+/+
-1-
*I+
+/–
+/i-
*/+
-1-
+/+

2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

-1-
-I-
-1-
-1-
-1-
-1-
-1-
+/+
-1-
-1-
+/+
-1-
-1-
+/i-
-1-
+/–
-/-
+/–

-1-
-1-
-/-
-1-
-1-
-1-
-1-
+/+
-1-
*/+
i-/+-
-1-
-1-
+/+
+/*
+/+
-1-
-/.

-1-
-I-
-1-
-1-
-1-
-/-
-/-
+/+
-1-
+/+
+/+
-1-
+/+
+/+
+/+
*I+
-1-
+/+

-I-
-1-
-1-
-1-
-1-
-1-
*/–
+/+
-1-
+/+
+/+
*/—
+/+
+/+
+/+
+/+
+/–
*/i-

-1-
-1-
*/—
-I-
-1-
*f–
+/+
+/+
-/.
+/+
+/+
*I*
+/+
i-f+
+/+
+/+
-1-
+/+

-1-
-1-
-1-
-1-
-1-
-I-
-1-
+/+
-1-
-/+
+/+
-1-
-/+
+/–
-/.
+/+
-1-
-/.

-1-
-1-
-1-
-1-
-1-
-1-
*/–
+/+
-1-
*I*
+/+
-1-
-/+
+/.
*f—
+/+
-1-
+/*

-1-
-1-
-1-
-1-
-1-
-1-
-I-
+/+
-1-
+/.
+/+
-1-
-/+
+/–
+/–
+/+
-1-
-1-

-1-
-1-
-1-
-1-
-1-
-1-
-1-
+/+
-1-
+/*
+/+
-1-
+/+
+f–
+/+
+/*
-1-
+/+
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Table 3 (Continued)

BPclB/BPc2B cPclB/cPc2B
sol.
No. 1/1 2/2 3/3 4/4 5/5 1/1 2/2 3/3 4/4 5/5

20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

-1-
i-/–
-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-

-1-
*I*
-1-
-1-
---
-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-
-1-

-1-
+/+
*/–
*I+
+/–
i-–
-1-
+/–
-1-
-1-
-1-
-1-
-1-
-1-

-1-
*/+
*f—
+/+
*/–
*/—
-1-
+/–
-1-
*/–
-1-
-1-
-/-
-/-

-1-
+/+
*/–
+/+
+/+
+/+
-1-
+/+
-1-
+/+
-1-
-1-
-1-
-1-

“The solventnumberscorresc.ondto the same solventsas mentionedin Table 1
+, completelysoluble;*, par~iallysoluble;–, insoluble
APCIB/APC2B 1/1corresponds to APClB-l/APC2B-l

2/2 corresponds to APCl B-2/APC2B-2,etc.

Table4 Partial (bj, tij, 6:) and total (6’)solubilityparametersofPC-1,
ABS-A,ABS-B,ABS-Cand their blends

Blend
code 6; 6; 6L 6’

Pc-1 18.27 7.04 5.71 20.39
ABS-A 18.32 8.67 6.12 21.17
ABS-B 18.06 6.64 4.61 19.79
ABS-C 17.60 7.65 4.39 19.69

APCIB-1 17.60 7.65 4.39 19.69
APCIB-2 18.58 4.08 5.31 19.75
APCIB-3 18.18 7.75 9.29 21.84
APCIB-4 18.18 7.75 9.29 21.84
APCIB-5 18.18 7.75 9.29 21.84
BPCIB-1 18.26 7.04 5.71 20.39
BPCIB-2 18.26 7.04 5.71 20.39
BPCIB-3 18.18 7.75 9.29 21.84
BPCIB-4 18.32 8.67 6.12 21.17
BPCIB-5 18.32 8.67 6.12 21.17
CPCIB-1 18.58 4.08 5.31 19.75
CPCIB-2 17.91 6.63 3.06 19.34
CPCIB-3 18.18 7.75 9.29 21.84
CPCIB-4 18.18 7.75 9.29 21.84
CPCIB-5 18.67 9.08 8.78 22.54

All values are in (Jcm-1)0”5

also computed. The typical plots of three-dimensional
volubilityparameter in &-6j, 6@~ and d~–~~axes for
CPC2B-1 blend are shown in Figure 1.

From Table 4, it is observed that having fulfilledthe
necessaryand sufficientconditionsfor volubilityto occur
according to Krause22, PC and ABS resins have not
formed miscible blends, as is evident from other
studies23.From a study of phase behaviour of PC/ABS
blends Kim and Burns24reported that these are partially
miscible.And a similar trend is also observed,earlier, by
Heiss25with neat polycarbonate dissolution in various
solvents. It is felt that the presence of active hydrogen
atom, small molecular sizeand volubilityparameter (for
solvents) are to be considered but not volubility
parameter alone in order to assess solvent effectiveness

-1- -1-
-/+ +/+
-/+ +/+
-/+ -/+
-1- -1-
-1- -1-
-1- -1-
-1- -1-
-1- -1-
-1- -1-
-1- -1-
-1- -1-
-1- -1-
-1- ---

-1-
i-/–
+/–
-1-
*/–
-1-
-1-
*/–
-1-
-1-
-1-
-1-
-1-
-1-

-1- -1-
+/+ +/+
+/– +/.
-1- -1-
*/— */–
-1- +/–
-1- -1-
+/– +/–
-1- -1-
-1- */—
-1- -1-
-1- -1-
-1- -1-
-1- -1-

Iu●
●

●.●

18 . +
●

●.
●

16

k 8 12
1/2

Sh (J /CM) —

Figure 1 Typical plots of three dimensional volubilityparameter in
ti@iP,&itj and &6h axesfor CPC2B-1blendaccordingto Hansen’s

for volubility to occur. The volubility parameter (6)
values obtained by theoretical methods (such as group
contribution techniques) according to Sma1119,Van
Krevelen20and Hoy’21are shown in Table 5’for pC-1/
PC-2, three gradesof ABS and their blends.Thesevalues
are found to be in good agreement with the three-
dimensional volubilityparameter (6’) obtained by the
computer program. ‘Sphericalvolume of volubility’.The
differencesin 6’valuesare due to the differencesin basic
assumptionsin the respectivemethods in calculating the
contribution of cohesiveenergiesof various groups that
are present in the repeat units of the basic polymers.
These differenceshave resulted in different 8 values for
the same polymer/blend.

As observed earlier, the contributions due to polar
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Table 5 Volubilityparameters of polymersand their blendsobtained from differentmethods

Sma1119 Van Krevelen20 Hoy21 Computer program
Polymer/blend (15) (6) (0 (6’)

Pc-1/Pc-2 20.14 21.14 21.63 20.39
AIM-A 21.82 23.51 22.02 21.17
ABS-B 22.00 23.73 22.16 19.79
ABS-C 24.73 26.67 24.98 19.69

APCIB(l-5)/APC2B( l-5) 21.33 22.53 22.51 19.67-21.84/19.75-20.39
BPCIB(l-5)/BPC2B(l-5) 20.61 21.82 21.75 20.39-21.16/18.94-21.16
CPCIB(l-5)/CPC2 B(l-5) 21.16 21.59 21.57 19.35–22.55/19.75–20.39

All values are in (Jcm-1)0”5
APCIB(l-5) means APCIB-1 to APCIB-5
BPCIB(l-5) means BPCIB-1 to BPCIB-5
CPCIB(l-5) means CPCIB-1 to CPCIB-5
Similarlyfor APC2B,BPC2Band CPC2Bblends

‘t

&v (J /cm)’lk
12.

@

I~
;: (J /cm)’k~2

Figure 2 Plots of 8, vs fh of: (a) ABS-A; (b) ABS-B;(c) ABS-C;
(d)PC-l; (e) PC-2 neat polymersaccordingto Bagleyet aL26

forces and dispersiveforces, which are almost alike, but
really not the same, are plotted to identify the limits of
volubilityfollowing the procedure adopted by Bagley2b.
The plots are shown for pure polymers PC-1, PC-2,
ABS-A, B and C in Figure 2 and for blends CPC2B-1to
CPC2B-5 in Figure 3. A parameter, similar to that
proposed by Bagley, 6, [6, = ~c$3 + 6~)], is also
reported by Van Arkel and Vles27in their multidimen-
sional approach to volubilityparameter in which the sum
of the partial volubilityparameters due to dipole–dipole
and dispersive forces are considered. According to the

w“
@ 2’

(J II● 20
● * +* ●

● .
16

I l—14_LL———
1+ 8 12 k 8 12

24

r

1/2
&h [J /Ct71 ) —

I 1 1 I
4 8 12

Sh (J/cm~’2 -

Figure3 Plots oftivvs& of: (a) CPC2B-l; (b) CPC2B-2;(c) CPC2B-3;
(d) CPC2B-4;(e) CPC2B-5blends accordingto Bagleyet aL26

26 he points for good solventhave fallenBagleyconcept , t
in a circular region and the radius of the circle has
demarcated the volubility region for polymers/blends.
Using this volubilityregion, an appropriate solvent can
be selected for a polymer or a blend for solution
processing. It has been observed that the radius of
circle obtained by plotting 8Vvs tj is significant in the
selectionof PC and ABS grades to result in a synergistic
blend. From Figure 2, itis found that the radii of circles
are in the following order: PC-1 x PC-2 and ABS-A >
ABS-B > ABS-C. A combination of ABS-C with either

POLYMER Volume 38 Number 141997 3569



Prediction of synergy in PC blends: V. IV. S. Pendyala and S. F. Xavier

PC-1 or PC-2 resulted in a better blend than with the
other two grades of ABS. Further, the application of
Bagley’sapproach to CPC2B blends, shown in Figure 3,
has indicated a blend with minimumradius, at CPC2B-3.
This blend has exhibited synergy in its mechanical
properties which are discussedbelow. In a similar way,
CPCIB blends have also shown the same pattern of
behaviour in the entire composition range. These blends
have also shown synergynear the compositionwhere the
radius is minimum in the plot of 6, vs tj. In fact, the
CPCIB-3 blend exhibits a circle with minimum radius
and the synergy in its mechanical properties is also
exhibited near this composition.

Mechanical properties
Mechanical properties of neat polymers and their

blends are evaluated. The properties, viz. Izod impact
strength, tensilemodulus and tensilestrength are shown
for neat polymers in Table 6, and for all the blends in
Tables 7 and 8. The blends of PC-2 with ABS-A; i.e.
APC2B(I–5), have shown higher values of tensile
modulus than PC-1 with ABS-A; i.e. APCIB(l–5) in
the entire composition range, whereas APCIB(l–5)
blends, except APCIB-3, exhibited a similar behaviour
in their modulus values.In the case of the blendsof PC-1
with ABS-B;i.e. BPCIB(l–5), have shown highervalues
of tensilemodulus than PC-2 with ABS-B;BPC2B(1–5).
It is also observed that BPCIB(l–5) blends exhibited
higher modulus values compared to the corresponding
neat polymers.The blendsof PC-1 and PC-2with ABS-C;
i.e. CPCIB(l–5) and CPC2B(1–5),exceptCPCIB-2 and
CPC2B-2, exhibited a similar behaviour in their values.

Table 6 Mechanicalproperties of PC and ABSpolymers

Tensileproperties
Izod impact
strength Modulus Strength

Polymer (Jm-’) (MPa) (MPa)

Pc-1 587.44 1521.88 22.51
PC-2 467.50 1609.00 20.01
ABS-A 43.64 1850.71 20.33
ABS-B 129.26 1562.88 20.10
ABS-C 291.76 1344.49 20.99

Table 7 Mechanicalproperties of PC-1/ABSblends

Blend
code

APCIB-I
APCIB-2
APCIB-3
APCIB-4
APCIB-5

BPCIB-I
BPCIB-2
BPCIB-3
BPCIB-4
BPCIB-5

CPCIB-1
CPCIB-2
CPCIB-3
CPCIB-4
CPCIB-5

Izod impact
strength
(Jm-’)

28.73
424.94
141.71
56.39
20.89

124.84
18.93
13.34
11.28
15.30

247.63
53.94

496.73
337.66
339.33

Tensileproperties

Modulus
(MPa)

1395.02
1539.35
1807.07
1342.63
1527.68

1861.25
1692.61
1821.52
1698.15
1644.77

1477.35
1535.75
1296.73
1304.58
1215.78

(MPaj

14.15
21.41
16.84
27.75
18.44

20.77
14.35
6.58
6.25

27.14

24.30
21.67
29.39
27.29
26.85

Table8 Mechanicalproperties of PC-2/ABSblends

Tensileproperties
Izod impact

Blend stren th
5 Modulus Strength

code (Jm- ) (MPa) (MPa)

APC2B-1 101.01 1822.56 26.72
APC2B-2 392.58 1701.68 26.61
APC2B-3 220.66 1678.83 34.45
APC2B-4 28.93 1699.74 30.35
APC2B-5 42.66 1759.07 35.25

BPC2B-1 131.81 1567.05 14.58
BPC2B-2 58.16 1542.22 10.90
BPC2B-3 47.32 1684.32 10.90
BPC2B-4 68.65 1719.97 15.15
BPC2B-5 127.49 1584.53 17.21

CPC2B-1 278.81 1018.16 18.32
CPC2B-2 656.09 1567.00 31.31
CPC2B-3 429.26 1359.84 31.43
CPC2B-4 188.00 1418.32 25.13
CPC2B-5 364.14 1210.76 24.84

It is observed that the difference of IOwt% of styrene
content in different ABS resins did not influence the
modulusbehaviour of the blendssignificantly.The lower
values of tensile strengths of APCIB(l–5) (except
APCIB-4) and BPCIB(l–5) (except BACIB-5) in
comparison with CPCIB(l–5) are due to the absence
of intermolecular interactions between PC and ABS
resins. The present study on the blends confirms this
observation. The tensilestrength values of the blends of
three different ABS resins with PC-2 are found to be
higher than with PC-1 and are in the following order:
APC2B(I-5) > CPC2B(I-5) > BPC2B(I-5). The
intermolecular interactions such as dipole–dipole,
hydrogen bonding, etc. are attributed to be maximum
in these blends. These interactions, leading to partial
miscibility,are influencedsignificantlyby the molecular
weight of polycarbonate (as observed in APCIB(l–5)
and APC2B(1–5)blends shown in Tables 7 and 8). The
interactions between PC and SAN phases of ABS are
influenced by the acrylonitrile (AN) content28. It has
been reported7 that the adhesion has gone through a
sharp maximum when the AN content is in the range of
25–27wt%. Huang and Wang29have also reported a
similar observation in their study on PC/SAN blends.
Their study has made use of the volubilityparameter
approach with its three components 6d,{Pand dh.These
three components are used in the estimation of optimum
volumefractions of AN content in the continuous phase
of ABS.

CPCIB(l–5) and CPC2B(1–5) blends have shown
better impact strength than other blends. The difference
in the impactbehaviourin the blendswith ABS-A,ABS-B
and ABS-C is due to the difTerentbutadiene contents30.
The impact strength, exhibited by these blends, is
probably not only dependent on the rubber content but
also on other morphological features (which are dis-
cussed below) just as in the case of other toughened
plasticssuch as HIPS and ABS31.The factors influencing
the impact strength, with respect to three differentABS
polymers and other morphological features are being
investigatedin detail to understand the history of blend
formation and their performance.

In toughened plastics, mechanical properties are
significantly influenced by the rubber content, its
nature, rubber particle sizeas wellas the interparticulate
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distances32-35.Volubilitycharacteristicsofa blend,on the
other hand, are identifiedbased on chemical interaction
between the solventand the components of the blend but
not on the physical features of the blend constituents.
Thus, the volubilitycharacteristics are apparently insen-
sitiveto the finer morphological features such as rubber
particle sizeandinter-particulate distancesin a blend.The
exceptional behaviour of certain blends, mentioned
above, calls for an in-depth study of such morphological
features vis-a-vis mechanicalproperties which becomesa
separate subjectfor study.

CONCLUSIONS

(1) The volubility parameters obtained through a
computer program are found to be in good agreement
with the theoretical values obtained from group con-
tribution techniques, according to Small, Hoy and Van
Krevelen, for polycarbonates, ABS and their blends,
respectively.However, the Krause rule is found to be
disobeyed in the blends formation.

(2) A salient feature observed in PC/ABS blends is
that with the significanceof the radius of circle in the
plots of 6, vs ij. The smallerthe radius of a neat polymer
(both PC and ABS) the greater the preference, for those
polymers, for the formation of a blend with better
performance. A similar behaviour is observed in the
blends (e.g. CPC2B-3 radius is found to be small in the
plot of b, vs C$hamong all the blends of CPC2B and
synergyoccurred near this composition).

(3) However, the computational values of # using
Hansen’s approach are found to be the basic require-
ment, in our PC/ABS system,in the prediction of a blend
with an optimum mechanical performance.

(4) The mechanical performance of the blends is
found to be in good agreement with the predictions
made from the volubilitystudies.
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APPENDIX
Flow diagram

[
START

I

I
N, XPi, YPi, ZPi, NFFi, i = 1, N

I

1
L1 = 1

L2= 2
DL = [ ( XP (L2) - XP (Ll) ) **2+( YP (L2) - YP (Ll) ) **2

+ ( ZP (L2) - ZP (Ll) ) **2]

N1 = N -1

I
--------------A- DO 10 I = 1, N1
I I
1
I
1 i
I
I I

J1 = I + 1
I I

I
I
I
I---------------
I
I
1 =+=
I t
I
I DS = SQRT [ ( XP (I) - XP (J) ) **2+( YP (1) - YP (J) ) **2
I
I + ( ZP (I) - ZP (J) ) **2]
I
I
I
I
I
I
I DS < DL NO
I
I
I
I YES
I

*h

LI = I

i L2 = J
-------------------- 10

DL = DS

CR= DL/2

Cx = ( XP (Ll) + XP (L2) )/2
CY = ( YP (Ll) + YP (L2) )/2

CZ = ( ZP (Ll) + ZP (L2) )/2

N = number of points, representingsolvents,in the cluster.
XPi, YPi, ZPi = Co-ordinatesof a point, representingfd, 6P and h of solvent, in three dimension~ sPace
CR= radius of sphere.
CX, CY, CZ = co-ordinates of centre of sphere.
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