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Theoretical Study on the Phase Diagrams of Associating Polymers
O Il. Gelling Systems 0O

Fumihiko Tanaka and Y ukinori Okada
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Theory of associating polymer solutions introduced in Part | is applied to thermoreversible
gelation induced by pairwise cross-links of polymers. Phase diagrams showing coexisting phase
separation and gelation are derived. The theory is then extended to gelation with multiple
cross-links to study agueous solutions of associating polymers whose network junctions are formed
by micelles of hydrophobic groups. The effect of hydration leading to phase diagrams with
LCST coexisting with low-temperature gelation is studied and compared with the recent experiments.
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Fig.1 Comparison of the theoretical phase diagrams
for low molecular-weight (n0O 1) trifunctional
(fO 3) molecules calculated by Flory's treatment
(upper lines) and Stockmayer's treatment (lower
lines) of the postgel regime for the same
association constant. Flory's treatment allows
cycle formation within the gel network, so that
phase separation between dilute gel with only
a few cycles and concentrated gel with many
cycles with a critical solution point (white circle
indicated by CP) is possible in the postgel regime.
The grey area indicated by the letter U is the
unstable region (y= Ae/ksO).

Fig.2 Phase diagrams showing phase separation
interfering with gelation. Binodal (outer line),
spinodal (inner line), unstable region (shaded
area) and sol/gel transition (broken line) are
shown for two different values of Aq. (a) critical
endpoint type (Ao0 5), (b) tricritical point type
(Ao 20).
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Fig.3 Phase diagram of atactic polystyrene in carbon
disulfide. Thermoreversible gelation coexists with
phase separation. Theoretical sol/gel transition
line (broken line), binodal (solid line) and
spinodal (dotted line) are drawn. Temperature
is measured by the reduced temperature 7= 10
O/T with the theta tempearature @00 700.
Experimental data of the gel points (black
symbols) and cloud points (white symbols) are
shown for three different molecular weights.
Theoretical calculation is fitted to the data for
MO 9.06x 104
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Fig.4 Sol/gel transition lines (thick dotted lines),
binodals (thin broken lines) and spinodal lines
(solid lines) of bifunctional (fO 2) polymers with
nd 100, AoO 10.0 for association with fixed
multiplicity k. Multiplicity k is changed from 3
to 8. The transition line shifts to higher
temperature and lower concentration regions with
the multiplicity. Gelation is easier for larger
multiplicity.
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Fig.5 Augmented Eldridge-Ferry plot applied to the

gel melting concentration of poly(vinyl
alcohol)/water. Dotted lines show the gel melting
concentration at constant temperature, while thin
straight lines show those at constant molecular
weight. (a)910; (e ) 870; (0) 830; (0) 780;
(0) 740; (o) 710.
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Fig.6 Lower shift of the LCST induced by end-chain
association. The LCST moves downwards due to
(i) the interaction between the hydrophobic end
chains and water, and also (ii) the increase in
the average molecular weight of the aggregates
with Ao.
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