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Separation into Phases of Polymer
Mixtures in Solution

SUMMARY

When three different polymers are dissolved in a common solvent and
the total polymer concentration is above a certain value, three liquid
layers are obtained because of the limited compatibility of the polymer
components with one another. Tests have been carried out at room tem-
perature on solutions of polystyrene + polyvinyl acetate + polyvinyl
chloride in tetrahydrofuran, and polystyrene + polyvinyl acetate + atactic
polypropylene in benzene. Analysis of the individual layers yielded the
following results: each polymer is always contained in each layer; the
mixing ratios of the polymers in the three layers are generally different
from one another and differ also from the mixing ratio of the starting
mixture; each of the three layers is distinguished from the others by the
fact that a specific polymer has been accumulated therein in preference
to the other polymers. Concerning the quantitative distribution of the
polymers among the layers, some laws could be found which can be ex-
plained qualitatively on the grounds of molecular-physical considerations.
A solution of polystyrene + polyvinyl acetate + polyvinyl chloride +
atactic polypropylene in tetrahydrofuran (equal amounts of polymers,
total concentration about 10 g/100 ml) forms four layers, the composition
of which was also determined by analysis.

When solutions of polymer mixtures are evaporated, separation into
phases takes place because the polymers become incompatible with one
another when the concentration exceeds a certain value. As a result,
strongly inhomogeneous films are obtained after evaporation of the solvent.
If the inhomogeneity of the films is not taken into consideration, mis-
leading results may be obtained in the analysis of the films.

It is shown that in the system polystyrene + polyvinyl acetate, with
tetrahydrofuran as solvent, surprising phenomena appear on the addition
in stages of cyclohexane. The phenomena are due to the overlapping of
separating and dissolving processes which have, in part, opposite actions.
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1. PROBLEM

In an earlier article [1] we showed that two liquid phases are formed
above a certain polymer concentration in a solution of polystyrene +
polyvinyl acetate in a common solvent because of the limited compatibility*
of the polymers, each phase containing both kinds of macromolecules. The
mixing ratios of the two polymers in the phases differ from the mixing
ratio of the total mixture, When, e.g., 2 g polystyrene and 2 g polyvinyl
acetate are dissolved in 50 ml benzene, the lower layer formed by separa-
tion into phases contains about 30% more polyvinyl acetate than poly-
styrene while in the upper layer the amount of polystyrene is 2.7 times
the amount of polyvinyl acetate. In the course of separation the polymers
are partially distributed among the phases according to their molecular
weights. It has also been shown that the separation processes depend on
the mixing ratio of the two macromolecular components, their molecular
weight, the nature of the solvent, and the total polymer concentration.

These resuits were the reason for expanding the research to more com-
plicated systems and for studying some further effects connected with the
partial compatibility of polymer mixtures.

The following were examined:

a) Appearance and composition of a film obtained by evaporation of a
solution of two polymers in a common solvent,

b) Distribution of the individual polymer components among the layers
formed when three or four different macromolecular substances are dis-
solved in a common solvent.

¢) Behavior of a solution of two polymers in a common solvent on dilu-
tion with a nonsolvent for one of the polymers.

2. SEPARATION PROCESSES DURING EVAPORATION OF A
SOLUTION OF TWO POLYMERS

If a sufficiently smalil total concentration of the two dissolved polymers
is chosen (e.g., below 2%), a homogeneous solution is generally obtained.
When the solvent is gradually evaporated, turbidity appears (formation of

*The word “incompatibility,” which is commonly used in the literature,
is misleading and has deliberately been avoided because a certain com-
patibility always exists between different polymers.
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microphases in the mixture) when the concentration exceeds a limit con-
centration cgr of the compatibility. When the solution is further evaporated,
the polymer concentration is increased in each microphase, whereby fur-
ther separations into phases continuously take place in the individual micro-
phases. Finally a film is obtained in which the polymer components are
distributed very nonuniformly,

To examine the extent of the expected effects, the following evaporation
tests were made: polystyrene + polyvinyl acetate in benzene, in tetrahydro-
furan, and in ethyl acetate, respectively; polystyrene + polyvinyl chloride
in tetrahydrofuran; polyvinyl acetate + polyvinyl chloride in tetrahydro-
furan; and polyacrylonitrile + polyvinyl acetate in dimethylformamide. The
solutions were evaporated at about 100°C in a stream of N,. The time of
drying was generally about 15 hr. No solvent residues could be detected in
the films by IR spectroscopy. Spotted and turbid films were obtained,
which shows that the polymers are distributed in the films very nonuni-
formly.

As mentioned above, in the separation into phases of a solution of
polystyrene + polyvinyl acetate, the polyvinyl acetate is accumulated in
the lower layer because of the higher density of the solution (while the
polystyrene is accumulated in the upper layer). To examine whether the
composition of the polymer film is also influenced by this separating effect,
the composition of the two surface zones of the film was determined by IR
spectroscopy according to the reflection method. In each case a higher con-
centration of polyvinyl acetate was found in the lower zone than in the
upper one. The values obtained varied within wide limits and were for
various places of the surface zones within the range of 60 to 90% polyvinyl
acetate in the lower zone and 80 to 95% polystyrene in the upper zone.

This result is of immediate practical importance: if only a cut-off
portion of a film is used for analyzing inhomogeneous mixed polymer
films obtained in the manner described above or in a different way, e.g.,
by kneading of polymer melts, different results are likely to be obtained
for the individual portions of the film. We have studied this source of
error for a film of polystyrene-polyvinyl acetate that had been cut into
several parts. The content of polyvinyl acetate in the individual portions
of the film differed by up to 20%, the largest differences being between
the zones at the periphery of the circular film, on the one hand, and the
zones in the middle, on the other hand.

Hence, no conclusions as to the composition of the whole film should
generally be drawn from the analysis of separate portions of an inhomo-
geneous film. If inhomogeneity only existed in the microphases (externally
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recognizable by a fine uniform turbidity of the film), the error would be
relatively small. Things are different, however, when the film contains, in
addition to microphases, different macrophases, which can be recognized
by a spotted and streaky appearance of the film. It is therefore necessary
in the latter case to homogenize the film prior to analysis, e.g., by mechani-
cal crushing at low temperatures below the second-order transition tem-
perature or by preparing a homogeneous solutioh of the film and atomizing
the latter, The measure which is the most suitable must be determined in
each case according to circumstances.

3. SEPARATION PROCESSES WITH MORE THAN TWO
POLYMERS IN A SOLUTION

3.1. Aim of Tests

It was to be expected that, in the separation processes in the presence
of more than two different polymers in the solution, phenomena appear
which are, in principle, similar to those described in Section 1 for two
polymers. Conditions are here more complicated, however, in that more
than two phases may be formed among which the polymers are distributed
according to nature, amount, and molecular weight. The study of these
complicated separation processes is certainly fascinating for scientific
reasons. Such separating tests are, moreover, also of immediate technical
importance.

To solve these and similar problems we have therefore set ourselves the
task of discovering the laws that regulate the distribution of the individual
polymers among the layers formed in the separation into phases in triple
polymer blends, The tests were also expanded to a system of four different
polymers dissolved in a common solvent.

3.2 Starting Polymers, Systems Tested, Method of Separation

For the following separation tests, the polymers indicated in Table 1
were used. The polymer mixtures tested are listed in Table 2. The solu-
tions were prepared in graduated cylindrical glass vessels with a base outlet.
The same vessels were used as separation vessels so that losses due to trans-
fer of the solution could be avoided. As the separating effects depend
largely on the temperature, the vessels were kept in a room maintained at
22 + 2°C until clear layers had been formed. This took 3 days in some
cases. After separation into phases, the volumes of the individual layers
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Table 1. Polymers Tested for the Separation into Phases

Polymer nsp/ c
Polystyrene 1.57 in benzene (¢ = 1g/100 ml, 25°C)
Polyvinyl acetate 0.86 in benzene (¢ as above)

Polyvinyl chloride 1.93 in tetrahydrofuran (¢ as above)

Atactic polypropylene  0.48 in decahydronaphthalene (c = 0.1 g/100
ml, 135°C)

were read. The layers were then drawn off separately at the bottom and
dried. The dry residues were weighed and chemically analyzed. In view of
the inhomogeneity of the resulting films mentioned above in Section 2, the
films were cut into small pieces for analysis, about 5 small pieces being
used for each analysis.

3.3 Sources of Error

The tests suffer from several errors inherent in the method, which
render it difficult to obtain exact analytical values. It is necessary to know
the kind and extent of these errors in detail in order to know the degree
to which conclusions can be drawn from the results. The main sources of
error are the following:

a) Nonsharp separation of the individual layers because a part of the
layer always adheres to the glass wall and the outlet,

b) In the evaporation of polymer solutions, inclusion of solvent residues
must always be taken into account. As control tests with weight-in amounts
of polymer have shown, this error can be substantially avoided by drying
at a temperature about 20°C above the highest second-order transition tem-
perature of the polymers present in the mixture.

c) The greatest error is due to inhomogeneity of the film. This error
was kept as small as possible by the measures described in Section 3.2.

These three errors are contained in the data given in the following tables.
A comparison of the analytical values as well as of the results obtained by
retests and a comparison between the weight-in quantity and the amount of
polymer after dissolution and evaporation of the solvent show that the
values indicated for the content of the individual polymers in the individual
layers may have been falsified by +0.05 g.
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Table 2. Polymer Mixtures Testcda

Polymer (type and amount Solvent

Number of
Test in grams) Amount layers
No. PSt PVAc¢ PVC POP Type (mi) formed
1 15 1.5 30 - THF 54 3
2 20 20 20 - THF 54 3
3 23 23 14 - THF 54 3
4 27 27 0.6 - THF 54 3
5 28 28 04 - THF 54 2
6 25 10 25 - THF 54 3
7 1.0 25 2.5 - THF 54 3
8 1.5 1.5 - 30 Benzene 54 3
9 20 20 — 20 Benzene 54 3
10 25 25 - 1.0 Benzene 54 3
11 27 27 — 0.6 Benzene 54 3
12 29 29 - 0.2 Benzene 54 2
13 10 25 - 2.5 Benzene 54 3
14 25 10 - 2.5 Benzene 54 3
15 25 25 2.5 2.5 THF 90 4

aPSt = polystyrene, PVAc = polyviny! acetate, PVC = polyvinyl chloride,
PQP = atactic polypropylene, and THF = tetrahydrofuran.

3.4. Results Obtained with Three Polymers

The test results are indicated in Tables 3 and 4. The figures in Column 2
of Tables 3 and 4 indicate the volume of the layers in milliliters and those
in Column 3 indicate the amounts by weight of the polymers dissolved
therein. From these values the concentration of the layers is calculated
(Column 5). Columns 6, 7, and 8 contain the analytical results as the
calculated weights of the three polymers in the individual layers. From the
data of these tables the concentrations of the individual polymers in each
layer and the percentage distribution of each polymer among the three
layers has been calculated (Tables 5 and 6).
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Table 3. Separation into Phases of the System PSt + PVAc + PVC

in THFa
Test Amount of polymer (g)
No ml g g/ml PSt PVAc pPVC
Lower layer
1 35 3.2 0.09 0.2 0.4 2.65
2 25 2.4 0.095 0.15 0.5 1.8
3 14 1.15  0.08 0.05 015 1.0
4 0.25  0.085 <0.05 <0.05 0.2
5 0 ] — Not measured
6 30 2.6 0.085 0.2 0.25 2.15
7 30 2.6 0.085 0.15 0.4 2.05
Middle layer
1 13 14 0.11 0.15 1.0 0.2
2 16.5 1.6 0.095 0.15 1.35 0.1
3 23 235 0. 0.2 1.9 0.25
4 30 305 0.1 0.3 2.5 0.3
S 32 33 0.105 Not measured
6 8 0.9 0.11 0.1 0.6 0.15
7 22 245  0.11 0.15 2.0 0.3
Upper layer
1 12 1.4 0.115 1.15 0.1 0.15
2 18.5 2.0 0.11 1.7 0.15 0.1
3 23 2.5 0.11 2.05 0.25 0.15
4 27 2.7 0.10 24 0.2 0.1
5 28 2.7 0.095 Not measured
6 22 2.5 0.115 2.2 0.15 0.2
7 8 095 0.2 0.7 0.1 0.15

aSee Table 2 for meaning of abbreviations,
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Table 4. Separation into Phases of the System PSt + PVAc + POP
in Benzened

Test Amount of polymer (g)
No. ml g g/ml PSt PVAc POP
Lower layer
15 1.5 0.1 0.1 1.25 0.1
20 20 0.1 0.15 1.8 0.1
10 24 2.5 0.105 0.2 2.2 0.1
11 27 2.8 0.105 0.2 2.6 0
12 30 3.1 0.105 Not measured
13 32 3.3 0.105 0.55 24 0.4
14 14 1.3 0.095 0.3 0.75 0.25
Middle layer Not measured
20 205 0.1 1.35 0.15 0.5
26 2.5 0.095 1.8 0.2 0.6
10 30 295 0. 2.3 0.25 04
11 29 2,75 0.095 2.5 0.1 0.2
12 30 2.9 0.095 Not measured
13 10 1.0 0.1 0.45 0.1 0.45
14 26 28 0.11 2.15 0.15 0.5
Upper layer
25 245 0.1 0.05 0.1 2.35
14 1.5 0.105 0.05 0.05 1.4
10 6 0.55 0.090 0 0.05 0.5
11 4 045 0.11 <0.05 0 04
12 0 0 — Not measured
13 18 1.7 0.095 0 0.05 1.65
14 20 19 0.095 0.05 0.1 1.75

4See Table 2 for meaning of abbreviations.
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Table 5. Assessment of Data of Table 3, Distribution of the
Polymers between the 3 Phases?

Concentration in layer

% of used polymer

Test (g/100 ml) in layer

No. PSt PVAc PVC PSt PVAc PVC
Lower layer

1 0.55 1.15 7.55 13.5 26.5 88.5

2 060 20 7.2 7.5 25.0 90.0

3 0.35 1.05 7.15 20 6.5 71.5

4 ~1 ~1 6.75 <2 <2 335

5 Not measured Not measured

6 0.65 0.85 7.2 8.0 250 86.0

7 0.5 1.35 6.8 150 16.0 82.0
Middle layer

1 1.15 7.7 1.55 100 66.5 6.5

2 0.9 8.2 0.6 7.5 67.5 5.0

3 0.85 8.3 1.1 9.0 82.5 18.0

4 1.0 8.3 10 11.0 92.5 50.0

5 Not measured Not measured

6 1.25 7.5 19 4.0 60.0 6.0

7 0.7 9.1 1.35 15.0 80.0 12.0
Upper layer

1 9.6 0.85 1.25 76.5 7.0 5.0

2 9.2 0.8 0.55 85.0 7.5 5.0

3 89 1.1 0.65 89 11.0 10.5

4 8.9 0.75  0.35 89 7.5 16.5

5 Not measured Not measured

6 10.0 0.7 0.9 88.0 15.0 8.0

7 8.8 1.25 1.85 70.0 4.0 6.0

aSee Table 2 for meaning of abbreviations.
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Table 6. Assessment of Data of Table 4, Distribution of the
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Polymers between the 3 Phases2

Concentration in layer % of used polymer
Test {(g/100 ml) in layer
No. PSt PVAc  POP PSt PVAc POP
Lower layer
0.65 835 0.5 6.5 83.5 35
075 90 0.5 7.5 90.0 5.0
10 0.85 9.2 0.4 8.0 88.0 10.0
11 075 96 0 7.5 96.5 0
12 Not measured Not measured
13 1.7 7.5 1.25 55 96.0 16.0
14 2,15 5.35 1.8 12.0 75.0 10.0
Middle layer
8 6.75 0.75 2.75 90.0 10.0 18.5
9 6.9 0.75 2.3 90.0 10.0 25.0
10 7.65 0.85 1.35 92.0 10.0 40.0
11 8.6 0.35 0.7 92.5 35 335
12 Not measured Not measured
13 4.5 1.0 4.5 45 4.0 18.0
14 825 0.6 19 86.0 15.0 20.0
Upper layer
0.2 0.4 9.4 35 6.5 78.0
0.35 ~0.2 10.0 25 <2 70.0
10 0 0.85 835 0 20 500
11 0.1 0 100 0 0 66.5
12 Not measured Not measured
13 0 ~0.2 9.2 0 <1 66.0
14 025 0S5 8,75 2.0 100 700

aSee Table 2 for meaning of abbreviations.
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3.4.1. Solutions of Polystyrene + Polyvinyl Acetate + Polyvinyl Chlo-
ride in Tetrahydrofuran. The following correlations can be seen from
Tables 3 and 5:

a) According to the data of Table 3, the total concentrations of the
three polymers in each layer are about equal to the polymer concentra-
tion of the total system and are about 0.1 g in 1 ml, almost independent
of the mixing ratio of the polymers.

b) In almost all cases each layer contains a partial amount of each
polymer.

¢) Each of the three layers formed is distinguished from the others by
the fact that a specific polymer has been accumulated therein in prefer-
ence to the other polymers. This applies even to cases in which one of the
polymers constitutes only one-sixth or even less of the total amount of
polymers used (cf. Tests 4, 6, and 7).

d) The order of the layers depends on the density of the layers.

e) The layer rich in polyviny! chloride always contains more polyvinyl
acetate than polystyrene (cf. Table 5).

f) The layer rich in polyvinyl acetate contains more polyvinyl chloride
than polystyrene (cf. Table 5) in almost all cases.

g) Of the concentrations of the three polymers in the individual layers,
that of the polymer having the highest concentration in the layer varies
least with the mixing ratio (cf. Columns 2, 3, and 4 of Table 5).

h) The quantitative distribution of one polymer among the three layers
depends largely on the initial mixing ratio (cf. Columns 5, 6, and 7 of
Table 5). This dependence is less pronounced for the polymer accumulated
in the highest concentration in a layer,

i) If the total mixture contains less than about 7% polyvinyl chloride
(Test 5), only two layers are formed because the small amount of polyvinyl
chloride is compatible with the other polymers and is distributed between
the two layers.

3.4.2. Solutions of Polystyrene + Polyvinyl Acetate + Atactic Poly-
propylene in Benzene. The following correlations can be gathered from
Tables 4 and 6:

a) Like 3.4.1.a.

b) Like 3.4.1.b.

¢) Like 3.4.1.c; the remarks on the distribution of the polymers apply
also to the case in which one of the polymers constitutes only one-sixth or
less of the total amount of polymers (cf. Tests 10, 11, 13, and 14),
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d) Like 3.4.1.d.

) The layer rich in polyvinyl acetate contains more polystyrene than
polypropylene (cf. Table 6) in almost all cases.

f) The layer rich in polystyrene always contains more polypropylene
than polyvinyl acetate (cf. Table 6).

g) The layer rich in polypropylene contains particularly small amounts
of polystyrene and polyvinyl acetate (cf. Table 6).

h) Of the concentrations of the three polymers in the individual layers,
that of the polymer present in the highest concentration in the layer varies
least with the mixing ratio (cf, Columns 2, 3, and 4 of Table 6).

i) Like 3.4.1.h (cf. Columns 5, 6, and 7 of Table 6).

j) If the total mixture contains less than about 3.5% polypropylene
(Test 12), only two layers are formed because the small amount of poly-
propylene is compatible with the other polymers and is distributed between
the two layers.

3.4.3. Molecular-Physical Explanation of Some Results. The distribution
of the three polymers among the three layers is above all regulated by the
forces acting between the solvated macromolecules of like or different
nature. In any discussion the following factors as deduced from the known
conceptions of the reciprocal action between molecules must be considered:

a) Only nonpolar dispersion forces, the strength of which depends on the
polarizability, act between the polypropylene molecules.

b) Only nonpolar dispersion forces, which are somewhat stronger than in
the case of polypropylene, act between the polystyrene molecules because
of the higher polarizability of the benzene rings and their partial reciprocal
orientation.

©) In addition to dispersion forces, dipole forces, the strength of which
depends on the magnitude of the dipole moment and the degree of accessi-
bility of the dipoles, also act between the polyvinyl acetate molecules. The
reciprocal action is therefore on the whole stronger than with polypropylene
or polystyrene,

d) In addition to dispersion forces, dipole forces, which are somewhat
stronger than in the case of polyvinyl acetate because of the dipoles being
more easily accessible, also act between the polyvinyl chloride molecules.

¢) The dispersion forces between polypropylene and polystyrene are
smaller than those between macromolecules of the same kind because of
the different structure of the partners.

f) Dispersion forces as well as inductive forces act between polypropylene

and polyvinyl acetate. The sum of the two forces is relatively small.
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g) The forces between polypropylene and polyvinyl chloride are the
same as those set forth in Section 3.4.3.f. These forces are, however,
weaker than those between polypropylene and polyvinyl acetate for the
reasons set forth in Section 3.4.3.d.

h) The forces between polystyrene and polyvinyl acetate are stronger
than those between polypropylene and polyvinyl acetate, as the inductive
forces between the C=0 dipole of polyvinyl acetate and the polystyrene
are more pronounced because of the higher polarizability of the benzene
rings.

i) The forces between polystyrene and polyvinyl chloride are stronger
than those between polypropylene and polyvinyl chioride mentioned in
Section 3.4.3.g because of the inductive forces described in Section 3.4.3.h,
but are smaller than those between polystyrene and polyvinyl acetate for
the reasons mentioned in Section 3.4.3.d (particularly strong reciprocal
action between the dipoles of the polyvinyl chloride molecules).

j) The forces between polyvinyl acetate and polyvinyl chloride are
stronger than those mentioned in Sections 3.4.3f, 3.4.3.g, 3.4.3.h, and
3.4.3.. They are, however, smaller than the forces between the polyvinyl
acetate as well as between the polyvinyl chloride molecules themselves.

These qualitative details may be used for explaining some of the experi-
mental results mentioned in Sections 3.4.1 and 3.4.2.

It is evident from what has been set forth above that each polymer
must be contained in each layer because of the reciprocal forces acting
between all kinds of polymers, regardless of whether the latter are of the
same or of different nature (see Sections 3.4.1.b and 3.4.2.b).

The accumulation of a specific polymer type in preference to another
in a specific layer (see Sections 3.4.1.c and 3.4.2.c) is above all due to the
fact that the intermolecular forces between the macromolecules of the
same kind are stronger than those between the different macromolecules.
As the forces between polyviny! acetate and polyvinyl chloride are stronger
than those between polyvinyl acetate and polystyrene (see Sections 3.4.3.h
and 3.4.3j) and the latter are in turn stronger than those between poly-
styrene and polyvinyl chloride (see Section 3.4.3.i), the relative distribution
of polystyrene, polyvinyl acetate, and polyvinyl chloride among the three
layers as indicated above (Sections 3.4.1.e and 3.4.1.f) takes place. In
analogous manner, the forces between polystyrene and polypropylene are
stfonger than those between polystyrene and polyvinyl acetate (see Sec-
tions 3.4.3e and 3.4.3.f), and the latter are stronger than those between
polyvinyl acetate and polypropylene (see Section 3.4.3.f). This results in
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the relative distribution of polystyrene, polyvinyl acetate, and polypropyl-
ene among the three layers as indicated in Sections 3.4.2.e and 3.4.2.f. The
relatively small reciprocal action between polypropylene and polystyrene
and between polypropylene and polyvinyl acetate, respectively, (see Sections
3.4.3.e and 3.4.3.f) accounts for the phenomenon mentioned in Section
3428

3.5. Results Obtained with Four Polymers

The mixture of polystyrene + polyvinyl acetate + polyvinyl chloride +
atactic polypropylene in tetrahydrofuran (cf. Test 15, Tabie 2) was sub-
jected to only one separation test. The results obtained are indicated in
Tables 7 and 8. From the data given in these tables, the following can be
gathered:

a) As has been expected, each layer contains all polymers.

b) The total concentration of the four polymers in each layer is about
0.1 g/1 ml solution in each layer.

¢) In each layer a specific polymer is contained in a higher concentration
than the other polymers.

d) The layer rich in polyvinyl chloride contains more polyviny! acetate
than polystyrene or polypropylene.

e) The layer rich in polyvinyl acetate contains more polystyrene than
polypropylene.

f) The layer rich in polystyrene contains more polypropylene than poly-
vinyl acetate or polyvinyl chloride and more polyvinyl acetate than polyvinyl
chloride.

These results correspond completely to those given in Section 3.4. for the
triple polymer blends. They can be explained as described in Section 3.4.3.

4. SEPARATION PROCESSES IN A SYSTEM COMPRISING
TWO POLYMERS, A COMMON SOLVENT, AND A
NONSOLVENT FOR ONE OF THE POLYMERS

As we have shown in an earlier article [2], the limit concentration Cgr
mentioned in Section 2, above which two different polymers become
partially incompatible in solution, depends largely on the nature of the sol-
vent. The better the macromolecules are solvated by the solvent molecules,
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the better is their compatibility with macromolecules of different structure
and the higher is cgr. However, the quality of a solvent may be deteri-
orated by the addition of a nonsolvent for one of the polymers. If the
starting solution of the polymer mixture is slightly turbid, i.e., if the proc-
ess is carried out with concentration cgr at the very limit of compatibility,
the following three possibilities exist for the action of a nonsolvent on the
total mixture:

a) By the dilution the total concentration of the polymers is reduced,
compatibility is consequently improved, and the solution becomes
completely clear.

b) The nonsolvent produces a partial desolvation whereby cgr is reduced
and the solution becomes very turbid because of the now increased in-
compatibility. When the mixture is allowed to stand, two clear layers are
formed.

¢) Desolvation is so pronounced that one of the polymers is precipitated,
i.e., turbidity occurs upon the addition of the nonsolvent, but when the
solution is allowed to stand the precipitated polymer separates from the
turbid solution in a strongly swollen form.

All three cases are possible. Polystyrene and polyvinyl acetate dissolved
in tetrahydrofuran as the common solvent, were used as polymers. By
using 0.7 g of each polymer and 22.3 ml tetrahydrofuran, a solution was
obtained which was almost clear at room temperature; cgy was therefore
5.95 g/100 ml solution. On the addition of 7.2 ml cyclohexane, in which
polyvinyl acetate is completely insoluble, the solution became strongly
turbid. From this it follows that turbidity was caused by the reduction of
Cgr on the addition of the cyclohexane, i.e., by a deterioration of the
compatibility of the two types of polymer, the reduction of cgy being
chiefly the result of the partial desolvation of the polyvinyl acetate mole-
cules. Hence, the result was case b) mentioned above. When a further 7.9
ml cyclohexane were added, the turbid solution became clear again since
the total concentration of the polymers in the solution had been reduced
by the dilution to 3.6 g/100 ml solution and this concentration was smaller
than the cgr value of the mixture which was 3.8 g/100 ml solution as
determined by control tests. Thus complete compatibility prevailed again
in the total mixture (case a)). When the mixture was finally diluted with a
further 15 ml cyclohexane, turbidity appeared (case ¢)) with precipitation
of polyvinyl acetate which was pure as determined by IR spectroscopy
(polystyrene did not precipitate under these conditions).
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The above example has been presented as a warning. When at least two
different polymers which are dissoived in a common solvent are used, un-
expected phenomena may appear when a nonsolvent for one of the poly-
mers is added, in order, e.g., to separate one type of polymer. These
phenomena may lead to false reasoning if they are not taken into consider-
ation. They are due to the production of several effects that may have
opposite actions,
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