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Determination of Polymer Compatibility
by Viscometric Measurements on Ternary

Solutions of the Two Polymers

OMAR MELAD AND JAMES E. MARK

Department of Chemistry and the Polymer Research Center, The University of

Cincinnati, Cincinnati, Ohio, USA

Results on the intrinsic viscosity [h] are reported for the system solvent(1)/
polymer(2)/polymer(3) in which the solvent was benzene, polymer(2) was polystyrene
(PS), and polymer(3) was poly(dimethylsiloxane) PDMS. The values of [h] were then
used to determine the likely compatibility of polymer blends of PS and PDMS. Initial
focus was on the traditional interaction parameter b23

(1) used by several authors to
predict compatibilities, it but depends on the molar mass, weight fractions, and concen-
trations of each polymer. A new interaction parameter b23

(2) that is independent of
polymer(3) concentration and molar mass was evaluated for determinations of
polymer compatibility.

Keywords polymer-solvent, interaction parameter, polymer blend compatibility

Introduction

The investigation of polymer-polymer interactions by solution property measurements is a

subject of considerable interest (1). In this approach, the viscosity behavior of polymer A

(guest polymer), is determined in a solution that contains a second polymer B (host

polymer) at constant concentration. It is assumed that polymer-polymer interactions in

solution dominate over polymer-solvent interactions (2, 3), such as those involving the

polarity or dielectric constant of the solvent (1).

There are several specific techniques used in this area (1). Dilute solution viscometry

(DSV) is a particularly useful method because of its simplicity and low cost (4–11). It is

based on Huggins plots of hsp/C vs. C, where hsp is the specific viscosity and C is the

polymer concentration in the solution (12). This gives the intrinsic viscosity [h] as the

extrapolated value on the ordinate, and an interaction parameter b from the slope.

This Huggins equation can be applied to a solvent(1)/polymer(2)/polymer(3) ternary

solution. This equation can yield [h]m, which can be changed by an expansion or

contraction of the polymer random coil, depending on whether the interactions between

unlike i–j polymer segments are attractive or not. Also, the equation evaluates the
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viscometric interaction parameter bm, that characterizes the overall hydrodynamic and

thermodynamic interactions between like chains of the two polymers, and can thus be

used to determine polymer-polymer compatibility. From the bm parameter a thermo-

dynamic b23
(1) parameter, is obtained that depends on the molar mass of the two polymers,

on the weight fraction of each component, and/or on the concentration of each polymer

in the solution. Usually the estimation of the compatibility of the polymer blends can

be obtained by means of the sign of Db ¼ b23
(1) 2 b23 where b23

(1) and b23 are the experimen-

tal and the theoretical viscometric interaction parameter values. Specifically, the two

polymers should be compatible if Db . 0 and incompatible if Db , 0.

In previous work by one of the present authors (13), it was established that the b23
(1)

parameter depends on the concentration and weight fraction for the same molecular

weight (2), but for different molecular weights (3) varies (depending upon the range of

polymer weight fraction studied). These different dependences described in the literature

have lead to confusion in defining a clear criterion for the compatibility. Most relevant

here is the 1982 report by Lecourties et al. (14) estimating polymer compatibility for

the ternary system solvent(1)/polymer(2)/polymer(3) by determination of the intrinsic

viscosity of polymer(3) in a solvent containing a dilute solution of polymer(2). A new vis-

cometric interaction parameter b23
(2) was defined that is independent of the concentration of

polymer(3). Finally, the criterion D[h3]2 ¼ [h3]2 2 [h3] may also be used to predict

polymer-polymer compatibilities (15).

The present investigation uses this method to characterize the ternary system

benzene(1)/PS(2)/PDMS(3), and to compare some of the various approaches

mentioned above.

Theoretical

The theoretical consideration starts from the derivation by Krigbaum and Wall (16) and

Cragg-Bigelow (17). The specific viscosity hsp,m of a mixed polymer solution can be

expressed by

hsp;m ¼ hr;m � 1 ¼
tc2;c3

to
� 1; or:

hsp;m ¼ ½h2�C2 þ ½h3�C3 þ b22C2
2 þ b33C2

3 þ 2b
ð1Þ
23 C2C3

ð1Þ

where [h2] is the intrinsic viscosities of polymer 2 in the solution with the common

solvent, C2 is the concentration of polymer 2 in the mixed polymer solution, and b23
(1) is

the interaction parameter for polymers 2 and 3.

For the system consisting of polymer(3) in a binary solvent (polymer(2)þ solvent) at

concentration C2, Eq. (1) can be written as:

½h�3;c2
¼ lim

C3!0

hsp3;C2

C3

¼ lim
C3!0

tc2;c3=to � 1
� �

C3

¼ lim
C3!0

½h3� þ b33C3 þ 2b
ð1Þ
23 C2

1þ ½h2�C2 þ b22C2
2

ð2Þ
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If the system is independent of polymer(3) concentration, limc3!0 b23
(1) ¼ b23

(2), and:

½h�3;c2
¼
½h�3 þ 2b

ð2Þ
23 C2

1þ ½h�2C2 þ b22C2
2

ð3Þ

then:

½h�3;C2

C2

ð1þ ½h�2C2 þ b22C2
2Þ ¼ 2b

ð2Þ
23 þ
½h�3
C2

ð4Þ

The b23
(2) parameter can be obtained from the ordinate at x ¼ 0 of a linear dependence

of the first term of Eq. (4) against ½h�3=C2 for several values of M3. It depends only on M2

and C2, but is independent of M3 and C3.

Experimental

Materials

Samples of PS were purchased from Aldrich (USA) with average weight-average

molecular weights Mw of 4000, 20,000, and 170,000 g/mol. Samples of PDMS were

also purchased from Aldrich with average molecular weights of 18,000, 38,900, 90,200,

and 170,300 g/mol. Benzene from Fisher Chemicals was used as solvent.

Viscosity Measurements

All measurements were performed at 308C + 0.1 using a Cannon-Fenske type capillary

viscometer that was immersed in a constant temperature bath. The viscometer was cali-

brated with different solvents. The stock solutions of each binary or ternary system

were made by dissolving the polymer samples in filtered benzene up to concentration

�0.1 g/ml. An amount of PDMS was added to a solution of PS at various concentrations

of PS. The elution time of each solution was then determined as the average of several

readings. Kinetic energy corrections were taken into account for the evaluation of [h]

and viscometric interaction parameter b, determined by extrapolation to infinite dilution

(zero solute concentration) and from the slope of the linear plots, respectively. The uncer-

tainty in the observed measurements was estimated to be less than 5% for all the systems.

Results and Discussion

The intrinsic viscosities as well as the viscometric interaction parameters for the different

binary systems at 308C are compiled in Table 1. It can be observed that the intrinsic visc-

osities for the 170,300 g/mol PDMS sample and for the and for the 170,000 g/mol PS

sample are the highest (as expected), while values of the interaction parameter b for the

two binary polymer systems are the lowest. These data are required for the practical

use of Eq. (4). Fig.1 shows the plots of the first term of Eq. (4) vs. ½h�3=C2 for the

benzene(1)/PS(2)/PDMS(3) for the specific example where C2 ¼ 20 � 1024 g/ml at

M2 ¼ 4000 g/mol. The data for the other concentrations of polymer(2) and at different

molar masses of polymer(2) are tabulated in Table 2. These data allow the use of

Eq. (4) to obtain b23
(2). All the plots gave linear dependences from which the ordinate

at x ¼ 0 is b23
(2). Figure 2 shows the plots of b23

(2) versus the polymer(2) concentrations at

different molar masses of polymer(3). It can be observed that the b23
(2) parameter
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increases as the polymer(2) concentration increases, passing through a maximum at

C2 ¼ 20 � 1024 g/ml, and then decreases rapidly. Rather than paying attention to the

sign of b23
(2), the focus is now on the need for a thermodynamic parameter to describe

the compatibility of the polymer mixture based on differences between its experimental

and theoretical values. The first thermodynamic parameter chosen was Db ¼ b23
(2) 2 b23,

and Table 3 show the values obtained for different PDMS molar masses (independent

of C3 concentration) at several C2 values studied. Figure 3 shows a sharp increase in

Db values at C2 ¼ 20 � 1024 g/ml at constant M2 molar masses and C2 concentration.

The values of Db are positive indicating the compatibility of the two polymers in solu-

tion. The second thermodynamic parameter based on the difference between the

experimental and the theoretical values of [h] which is D[h3]2 ¼ [h3]2 2 [h3] for the

polymer-solvent method was used to predict the polymer-polymer compatibility [14].

Figure 1. Plot of ([h]3,c2
/C2) (1þ [h]2,C2

þ b22 C22
2 ) vs. [h]3,C2

for the system benzene(1)/PS(2)/
PDMS(3), C2 ¼ 20 � 1024 g/ml at M2 ¼ 4000.

Table 1
Intrinsic viscosities [h]2 and viscometric interaction parameter

b22 for the binary solvent(1)/polymer(2) at 308C at

different polymer molar masses M

System

M

(g/mol)

[h]2

(ml/g)

b22

(ml2/g22)

Benzene/PDMS 18,000 38.73 22716

38,900 43.63 23061

90,200 90.68 25149

170,300 100.9 27420

Benzene/PS 4,000 42.94 24157

20,000 45.78 23407

170,000 136.5 25098
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Table 2
Intrinsic viscosity of polymer(3) in a binary solvent formed by solvent(1)/polymer(2),

[h]3,C2
, 308C for different polymer(2) concentrations C2, and for several molar masses of

polymer(3) for the ternary system benzene(1)/PS(2)/PDMS(3)

M3

(g/ml)

104
� C2

(g/ml)

[h]3,C2
(ml/g)

M2 ¼ 4000

[h]3,C2
(ml/g)

M2 ¼ 20,000

[h]3,C2
(ml/g)

M2 ¼ 170,000

18,000 5 53.66 22.81 21.46

10 46.40 26.83 13.42

15 34.88 16.10 10.00

20 81.83 78.10 29.50

25 85.90 13.42 20.12

38,900 5 68.70 35.75 33.80

10 59.17 47.00 26.10

15 49.70 33.53 20.00

20 102.2 88.75 48.80

25 86.78 29.58 32.40

90,200 5 96.10 81.40 54.06

10 78.09 80.30 60.07

15 70.50 66.70 50.00

20 124.8 100.0 78.60

25 58.70 58.90 51.90

170,300 5 117.6 106.8 83.30

10 94.91 114.6 102.7

15 82.53 119.6 100.1

20 127.93 138.7 128.1

25 49.52 103.3 78.30

Figure 2. Plot of b23
(2) at a) M2 ¼ 4000 g/mol, b) M2 ¼ 20,000 g/mol and c) M2 ¼ 170,000 g/mol as

a function of polymer(2) concentration, C2 for the system benzene(1)/PS(2)/PDMS(3).
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Table 3
Values of parameter D b ¼ b23

(2) 2 b23 for the ternary system benzene(1)/PS(2)/PDMS(3)

at 308C and at different molar masses of polymer(3)

104
� C2

(g/ml)

M3

(g/ml)

Db (ml2/g2)

M2 ¼ 4000

Db (ml2/g2)

M2 ¼ 20,000

Db (ml2/g2)

M2 ¼ 170,000

5 18,000 3060.7 708.88 1185.0

38,900 6193.7 1966.7 2147.7

90,200 529.74 4147.7 1921.6

170,300 4115.7 4516.7 3347.9

10 18,000 3177.6 1108.2 894.11

38,900 5858.6 3165.1 1600.4

90,200 4592.6 4209.1 2431.3

170,300 1508.6 4969.1 4549.7

15 18,000 808.86 1148.3 691.60

38,900 3814.8 1616.1 478.50

90,200 3496.8 2804.1 1186.5

170,300 2107.8 6015.1 5203.1

20 18,000 6812.1 5844.1 1689.2

38,900 7513.1 6829.1 3165.6

90,200 6742.1 7483.5 4206.1

170,300 6467.1 6422.5 5344.1

25 18,000 3673.5 943.65 979.29

38,900 4482.5 1357.1 3116.1

90,200 2427.5 2915.9 2521.4

170,300 3731.5 4755.9 2879.1

Figure 3. Plot of Db at PDMS molar mass, 38 000 g/mol when a) M2 ¼ 4000 g/mol, b)

M2 ¼ 20,000 g/mol and c) M2 ¼ 107000 g/mol as a function of polymer(2) concentration, C2 for

the system benzene(1)/PS(2)/PDMS(3).
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Table 4

Values of parameter D [h3]c2 ¼ [h2]c2 2 [h3] for the ternary system benzene(1)/PS(2)/
PDMS(3) at 308C and at different molar masses of polymer(3)

104
� C2

(g/ml)

M3

(g/ml)

D [h3]c2 (ml/g)

M2 ¼ 4000

D [h3]c2 (ml/g)

M2 ¼ 20,000

D[h3]c2 (ml/g)

M2 ¼ 170,000

5 18,000 14.93 215.92 217.27

38,900 25.07 27.88 29.83

90,200 5.42 29.28 236.62

170,300 16.67 5.87 217.63

10 18,000 7.67 215.92 217.27

38,900 15.54 27.88 29.83

90,200 212.59 210.38 230.61

170,300 26.02 13.67 1.77

15 18,000 23.85 222.63 228.73

38,900 6.07 210.10 223.63

90,200 220.18 223.98 240.68

170,300 218.40 18.67 20.83

20 18,000 43.10 39.37 29.23

38,900 58.57 45.12 5.17

90,200 34.12 9.32 212.08

170,300 27.00 37.77 27.18

25 18,000 47.17 225.31 218.61

38,900 43.15 214.05 211.23

90,200 231.98 231.78 238.78

170,300 251.41 2.77 222.63

Figure 4. Plot of D[h3]c2 at PDMS molar mass, 38,000 g/mol when a) M2 ¼ 4000 g/mol, b)

M2 ¼ 20,000 g/mol and c) M2 ¼ 107,000 g/mol as a function of polymer(2) concentration, C2 for

the system benzene(1)/PS(2)/PDMS(3).
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Specifically, if D[h3]2 � 0, then polymer 2 and 3 are compatible whereas D [h3]2 � 0

indicates that polymer 2 and 3 are incompatible. Figure 4 shows the variations of

D[h3]2 vs. C2 when the values of M3 are 38,900 g/mol and 170,300 g/mol as examples.

The values ranged from negative to positive when C2 ¼ 20 � 1024 g/ml, indicating

good compatibility between the two polymers at that polymer(2) concentration. This is

in agreement with the results from the first thermodynamic parameter Db.

The present investigation has thus successfully provided useful insights into the com-

patibility of PS-PDMS mixtures, and this should encourage similar studies of other

polymer-polymer mixtures.

Conclusions

The present study involved dissolving polymer(3) (guest polymer) into solution containing

the second polymer (host polymer) at different C2 concentration and M2 molar mass and

constant C3. The compatibility of the two polymers was evaluated through experimental

measurements of specific viscosities of polymer(3). Our previous relevant work focused

on the interaction parameter b23
(1), which has disadvantageous multiple dependences. For

the present PS-PDMS system, emphasis was therefore switched to another parameter

b23
(2) independent of polymer(3) molar mass and concentration for all C2. Values of

Db ¼ b23
(2) 2 b23 indicate that for the system solvent(1)/polymer(2)/polymer(3),

polymer(2) and polymer(3) are compatible either as the molar masses of polymer(3)

increases for a given C2 and M2, or as C2 increases for a given M2. Finally, the results

appear to have an advantageous independence of the M3 concentrations.
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