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ABSTRACT:The adsorption of mixtures of thermodynami-
cally compatibile and incompatibile polymer pairs
from common solvent has been studied in the concen-
tration regime of dilute and semidilute solutionse.
The critical concentration of overlapping(crossover
region) was being dependent on the component ratio
estimated from the relationship /[y, =/7], ¥, +n]s%
Where ﬂZZis intrinsic viscosity of pure components
in common solvent, ?k and V% are their volume frac-
tions in the mixture and [QLvaverage intrinsic vis-
cosity of the mixture. It was found that by transi-
tion from dilute to semidilute regime the processes
of macromolecular aggregation proceed and during ad-
sorption macromolecular aggregares pass onto the ad-
sorbent surface., This transition diminishes in the
crossover region.
Considering solution of polymer mixture A+B as a so-
lution of A in mixed solvent(solvent + B) and vice
versa, the peculiarities of adsorption are discussed,
which are connented with changing thermodynamic qus-
1llity of mixed solvent.
KEY WORDS Adsorption /Mixture / Aggregation / Crosso-
ver Region

The present concepts of the properties of polymer soluti-
ons suppose the existence of two regimes-those of diluted and
semi-diluted solutions/[1],In diluted solution macromolecu-
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lar coils are separated in space but when reaching critical
concentration C* and, respectively, the volume fraction of
polymer‘(f)x the coils begin touching each other and overlapp-
ing. Concentration region of coils overlapping (crossover re-
gion) corresponds to local concentration inside a coil which
is due to concentration of solution,Under these conditions
there takes place compressing of coils and decreasing their size.
Critical concentration is determined by molecular weight of

a polymer and by thermodynamic quality of the solvent.
According to various theoretical models c* ig inversely pro-
portional to intrinsic viscosity [q] s proportionglity fa-
ctor being dependent on the chosen model of coils intera=-
ction [2-6]

There are alsoc a lot of the data which show that forma-
tion of macromolecular agscciates or aggregates of fluctuati-
on character with long mean lifetime [ 7, 8] is possible in
solutions of polymers depending on their concentration and
thermodynamic quality of a solvent. Size of aggregates also
depends on the polymer molecular weight and solvent nature.
Dynamic equilibrium between the aggregated and free macromo-
lecules exists in solutions of any concentration. Proceeding
from solutions division into diluted and semi-diluted ones
it is evident that the processes of aggregation must begin
in the diluted solution and stop when transferring to semi-
-dilute regime where all the macromolecules overlap and form
a network molecular entanglements.

In some our invesgtigations summarized in [9] we have
determined conditions of the aggregate formation their sizes
and number in the volume unit. A comparison of these results
with adsorption date has permitted us to formulate the con-
cept of the aggregative adsorption [7, 9]. The aggregative
adsorption means that in certain concentration region of the
golution, where macromolecular aggregates appear both aggre=
gated and nonaggregated macromolecules come to the adsorbent
surface under adsorption, the transfer of molecular aggrega-
tes being preferable. As a result after adsorption equili=-
brium being established, the aggregates are practically ab-
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gent in the goclution over the adsorbent, but in time their
equilibrium concentration is established again.

Aggregative mechanism of adsorption permits explaining
gsome experimental data which exceed the limits of traditio-
nal description of adsorption from diluted solutions,[10, 1ﬂ .
i.es: great values of adsorption, which considerably exceed
those calculated for monolayers, under simultaneously low
fraction of gegments bound to the adsorbent surface: inversion
cf the influence of thermodynamic quality of a solvent on
adsorption when changing concentration; dependence of the
adscrption value on the ratio adscrbent-solution, etc. [7]
The aggregative mechanigm of adsorption shows a considerable
distinction of polymer adsorption from that of low-molecular
subgtances [7, 9] Under adsorption of polymer molecules not
only conformation of the adsorbed molecules but glso the si-
ze and number of macromolecular aggregates change depending
on the solution concentration and thus at any point of the
isotherm we meet different structure of adsorbing units and
their different ratio in the solution. From this viewpoint
it is of interest to consider the adsorption of polymer mix-
tures from the diluted and semi-diluted solutions in which
the conditions of aggregation of each sort molecules should
be different., It could be supposed that thermodynamic compa-
tibility or incompatibility of polymers in solution determi-
ned by the value of thermodynamic interaction parameter bet-
ween two polymers would contribute to adsorption of mixture-
components from common solvente. A number of experimen-
tal data on adsorption from mixtures solutions
ﬁ2—17] has been accumulsted till nowe. As a rule, the sele-~
ctivity of adsorption of one of the components is observed
which was first found in [12-14] It seemed reasonable to
suppose that a tendency to segregation of similar macromole-
cules, i.e. to their aggregstion [17] will be to the most
extent expressed for the incompatible pairsof polymers. Un~
der these conditions the effect would depend on the total
concentration of components in the solution, their ratio
and concentration of each component and position of the
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crossover region.

The adsorption of mixtures should be considered from
the following positionse. Solution of a mixture of two poly-
mers in the common solvent may be described as the solutions
of polymer A in the sclution of polymer B and at the same
time as solution of polymer B in the solution of polymer A.
In this case thermodynamic quality of the "mixed" solvent
(solvent + polymer) for each polymer will differ <from the
quality of a pure solvent. Adsorption of each polymer will
depend on the fact, how the other polymer affects thermody-
namic quality of the "mixed" solvent. The adsorption value
of each component will be thus determined not only by the
affinity of each component to the surface but also by the
ratio of components. This simple and self-evident conclusion
however leads to great difficulties in the analysis of mixtu-
res adsorption if it will be concerned from clagsical posi-
tions of determination of adsorption iscotherms. The first
works on adsorption from mixtures dealt with the experimen-
tal method to study adsorption from the solution whose con-
centration remasined unchanged only the ratio of dissolved
components being changed [12] oSuch a method can give in-
formation on the preferential adsorption of one or ano -
ther poclymer depending on the presence of the other one. But
this method cannot be called a strict one because each chan=
ge in the components' ratio in solution resulted in the chane~
ge of thermodynamic quality of a "mixed" sclvent for each
component, i.e., the adsorption conditions are different
for the mixtures with different composition,

The second experimental method is possible where only
one component concentration being varied in the mixture solu-~
tion, the other component concentration being constant. In
this case cne can plot the adsorption iscotherms for the com=-
ponent with varying concentration. However, such a scheme
of the experiment is simply equivalent to the study of the
given component adsorption from the solvents of different
thermodynamic quality and thus it is difficult to reveal
the specificity of mixtures absorption if it exists.
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The third method - corresponds to classical approach
to plotting isotherms. It consists in increasing the solu-
tion concentration of both components introduced to the so-
lution in the constant ratio. This method also is not strict
There will occur simultaneous adsorption of the both compo-
nents but in different smounts and thus each of them will
be dadsorbed from the solvent with permamently changing
thermodynamic quality for the glven component. Since there
are no other possibilities, besides three ones considered,
one principal peculiarity in the study of polymer mixtures
adgorption follows from this without any experiments. This
study cannot be carried out in classical variasnt of plott-
ing the adsorption isotherms and the very essence of mixtu-
res adsorption itself ig determined by the fact that ther-
modynamic quality of a solvent for each polymer in the mix-
ture proves to be different and changing. Thus, one cannot
make "pure" experiment on the adsorption selectivity as it
ig impossible that & solvent for each polymer possess the
same thermodynamic quality as for the other one. The only
possibility to make a "pure" experiment is to study the ad-
sorption of components from the melt of two polymers with
the abgsence of any solvent. We have made such an investiga-
tion [ﬁ8] but it also was not strictly adsorptional.

Results and Discussion

We have studied the adsorption for seme polymer pairs
in common solvent. Systems polystyrene-polybutyl-methacry-
late (PS~PBMA) and PS-polydimethylsiloxane (PDMS) are ther-
modynamically incompatible in the solution and & pair poly-
carbonate (PC) - polycaprolacton (PCL) - compatible in the
used solventse.

If one considers the adsorption of mixtures in two re-
gimes of solution (diluted and semi-diluted) it is evident
that the conditions of aggregation and adsorption must also
depend on the value c* for the mixture, i.e., on the region
of concentrations where there begins touching and overlapp-
ing of coils of both polymerse. It is evident that one can-
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not use the value C¥ for individual components in the sol-
vent since thermodynamic quality of "mixed" solvent in the
mixture golution differs from pure solvent and depends on
the concentration and ratio of components.

The theory of behaviour of polymer mixtures solutions
proceeding from their hydrodyneamic properties has not been
developed. That is why we propose using the notion of the
"gveraged" critical concentration for the mixture determi-
ned from the "averaged" intrinsic viscosgity. Here, in con-
trast to the approach developed in the work [19-20] we sug-
gest to represent the "averaged" intrinsic viscosity of the
mixture [/], by the ratio:l?&v’[7A‘ﬂ *[7439;
where éﬁ-—%@ = 1 and is a volume fraction of the compo-
nent in the mixture.

Indeed, for the case of the mixture of macromolecules
A and B independent of their thermodynamic compatibility
the crossover region will be achieved for each polymer un-
der the concentrations below CxA or CXB because the part of
the solution volume is already occupied by the coils of A
or B kind. We accept that C§V=1/EQLW.In this case the avera-
ge crosgsover concentration is the function of the ratio of
dissolved molecules of the kind A and B.

Experimental methods for determining adsorption from
mixtures, which we have used, are described in [16, 17].
Adsorption of mixtures PS-PMBA and PCIL-PC was studied under
the conditions of constant concentration of mixture in the
solution at different ratio of components and adsorption
in the system PS-PDMS under constsnt concentration of one
of the components in the system and variable concentration
of the second component.

In Fige 1 the data are presented on the dependence of
PDMS adsorption from the mixture with PS in common solvent
at different constant concentrations of PS (Above and below
¢® for PS) in scaled coordinates A (adsorption) - C/Civ .
As 1s evident from the figure in the crossover region and
above CXAV a decrease of adsorption is obgerved after it
passes through maximum both for the adsorption of pure
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Fig. 1. Dependence of PDMS adsorption from individual solu-
tion (I) and its mixtures with PS (2~4) in ethylacetate in
scaled coordinates at PS concentration: 2 - 0.5; 3 - 1.0;

4 ~ 2.5;

PDMS and from the mixtures containing different amount of
PS. Absolute values of adsorption asre very high and this
corresponds to the mechanism of aggregative adsorption. A
decrease of adsorption at concentrations above Civ also
meets this mechanism. PS content being increased in the so-
lution (worsening of thermodynamic quality of "mixed" sol-
vent) the adsorption value drops, maximum being kept in the
region of scaled concentrations above 1 (above the crossover
region). As it was mentioned we connect these regularities
with s decrease of solvent quality for PDMS which decreases
simultaneously both the sizes of coils snd of aggregates.

Data presented in Fig. 2 show that PS adsorbtion in
mixture is characterized by smeared maximum in the crossover-
region. Adsorption of PS from mixture is lower and that of
PBMA - higher as compared to their adsorption from pure sol~
vent. These data indicate to preferential PBMA adsorption
from mixture. In this case it is evident that incompatibili-
ty of components promotes preferential adsorption of one of
them when adsorbtion of each pure component is approximately
the same.

In Fige 3 data for the considered system are presented
otherwise, i.e. iIn g form of a dependence of the ratio of
components adsorption values on the concentration of mixed
solvent. PBMA concentration in the solution is plotted on
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Fig. 2. Dependence of PS ad- Fig. 3. Dependence Zf the
gsorption from individusl so- sdsorption ratio PBMA
lution (I) and from the mix- Apg
ture with PMBA (2) in carbon on PBMA concentratione.
tetrachloride in scaled
coordinates

the abscissa, total solution concentration 3 g /100 ml being
preserved. It is evident from the figure that at any ratio
of the mixture components in the solvent PBMA adsorption
is preferentisl. At the game time this dependence is chara-
cterized by minimum. A similar minimum (17) was observed
in the dependence of the second virial coefficient A, for
the ternary system PS - PBMA - solvente. This concentration
for the given pair coincides with sz. After the transition
through CiV the ratio of adsorptions increases againe.

For the gystem PCL - PC - CHCl3 which is compatible in
the common solvent, we have studied adsorption from the

solution with constant concentration and variable composi-

tion. Maximum in the crossover region is observed for PCL.
Adsorption of PCL is apparently preferential, in spite of
low molecular mass and thus PC adsorption begins at its
sufficiently high concentrations in the mixture which sur-
passes Cﬁv. However the adsorption of each component from
common solvent is higher than from the mixture, which, as

we suppose, is connected with thermodynamic compatibility
of componentse.
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CONCLUSION

The presented experimental data show that there exists
an interrelation between polymer adsorption from mixture,
thermodynamic compatibility of components in the solution,
change of thermodynamic quality of the "mixed" solvent and
critical concentration of the crossover for each component
and averaged critical concentration for the mixture. It
also proves evident that the aggregation of macromolecules
in the mixture solutions, due to the mentioned factors,
affects the adsorption in the region of concentrations abo-
ve and below Civ. As a rule, when passing through Civ the
adsorption value drops.This, among the other reasons, may
be due to the fact that the value and number of macromole
cular aggregates also depend on ¢* and are not the same in
the region below and above cx, As far as formation of aggre-
gates is due to the change of thermodynamic quality of a
solvent, it seems evident that the presence of the second
component decreases thermodynamic quality of the "mixed"
solvent (independent of the fact whether the given pair is
compatible in solution or not) and changes the conditions
of aggregates formation and their adsorption. High values
of adsorption of polymers from pure solvent and from the
mixture in common solvent can be explained only from the
positions of aggregative mechanism of adsorption. Proceed-
ing from this, differences in behaviour of the studied sy-
stems under adsorption in the region below and above the
crosgover should be connected with the change of aggregation
conditions of macromolecules of different nature in both
concentration regimes and under conditions of continuously
changing thermodynamic quality of the solvent.
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