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- W p” =1.0470 g/mL.

1 XWHES 113 ZABREZEER @ FRAE

1.1 BXZH 50 mg, M, =1.65x 10°.
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Table 1 Swelling behavior of 2 PS granules in a series of dioxane/water mixed solvents at 13 ~ 15T

Water/dioxane { ¥ol%) Swelling time (h) Concentrated phase afier awelling Appesrance of the gramules
0 15 Homogeneous, transparent Dissolved, 1 phase
5 13 Transparent fluid 2 Phases, ne intergranular surface
10 21 {Same as above}
15 58 Semi-transparent fluid 2 Truncated spheres in merging
20 95 Semi-transparent granules 2 Spheres
25 144 (Same as sbove)
30 »23 Semi-transparent granules Original appearance
35 »23 ( Same as sbove)
40 >23 Transparent granules Original appearance
45 »>23 { Same as above)
50 »>23 {Same as above)
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Table 2 Volume fraction of the polymer in the concentrated phase,$,”,
at swelling equilibium and at phase sepamation equilibrium of
monedisperse PS granules in dioxane/water {6.8 wi% ) at 30°C

- Tibn
Swelling equilibrium Phase separation equilibrium

Sample after dissolution at 130°C,
Quenched Sub-T, annealed phase separation_on cooling
pplg/ml)  1.0451 1.0470
V,(mLfg PS} 3.11 3.06 3.15
#,” 0.308  0.312(0.313°) 0.304

* Calculated from p, = 1.0451

BAE ps BRI E | ATF/K(K 6.80
wt% )P MRB 10CHERBBAHAERE . BA
30CIEE KW, AR HARPEEMSTE ., S
HEGH SR AFEAREER V, =3.15 mlig
PS, ENEMBRER ¢,"=0.304( LK 2). MNEH
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BB BOCHEBREHERE, EEAR
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Fig. 2  Phase separation equilibrium of gquenched
monodisperse PS after swelling equilibrium
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STUDIES ON THE COHESIONAL ENTENGLEMENT NETWORK OF POLYMERS
IN GLASS STATE BY EQUILIBRIUM SWELLING

YU Yansheng, |QIAN Renyuan

( State Key Laboratory of Polymer Chemistry and Physics, Center for Molecular Science ,
Institute of Chemistry, Chinese Academy of Sciences, Beijing 100080)

Abstract  Equilibrium swelling in a non-solvent is a simple experimental method to reveal the cohesional
entanglement network structure present in an amorphous polymer in its glassy state.In the present work results of
visual observation of the swelling behavior of two PS granules in a series of dioxane/water mixed solvents are
presented . On decreasing the water content in the mixed solvent a change of physical state of the PS granules from
glassy state (water in dioxane =40 Vol%) to swollen glassy state {water in dioxane 35 Vol% ~ 30 Vol%),to
swollen rubbery state {water in dioxane 25 Vol% ~ 20 Vol% ) and to fluid state (water in dioxane 10 Vol % ~ 5
Vol% ) was observed.It corresponds to the change from glassy state to rubbery state and to fluid state on raising
temperature of the granules. Base on these observations a mixed solvent of dioxane/water (water 6.8 wt% ) was
chosen for equilibrium swelling and phase separation equilibrium measurements for a monodisperse PS sample of M,
=1.68 x 10° at 30°C . In this mixed solvent PS granule can only swell but not dissolved. For the phase separation
equilibrium the PS granule in the mixed solvent was first brought to 130°C (in a sealed tube} to become a
homogeneous single phase solution, then phase separation occurred on cooling and phase separation equilibrium at
30°C was reached in 30 days to give a volume fraction of the polymer in the concentrated phase $," = 0.304. The
dilute phase is practically the pure solvent.Monodisperse PS granules quenched from being heated to 120°C for 30
min to erase thermal history of the sample (o, = 1.0451 g/mL) reached a swelling equilibrium in the mixed solvent
in 80 days to give #,” =0.308.This quenched PS granules after being subjected to a sub- T, annealing at 80°C for
100 days (o, = 1.0470 g/mL) reached swelling equilibrium in the mixed solvent in 70 days to give $,” = 0.312.
From the curve of increasing volume of the swollen phase V,(t),in ml/g PS, during the equilibrium swelling
process it could be inferred that during sub- I’, annealing the cohesional network structure in the PS glass became
more uniform, being closer to the equilibrium state at the annealing temperature, the van der Waals crosslinking
density was increased, with tighter inter-chain cohesion resulting in higher density of the glass. If we take the
polymer solvent interaction parameter y = 0.63 obtained from phase separation equilibrium measurement, we
obtained the molar mass between crosslinking points of the network, M, = 11.6 x 10" for the quenched sample, and
M.=6.9 x 10" for the annealed sample from Flory theory of network swelling. The experimental results clearly
indicate that swelling process and swelling equilibrium measurements in a very poor solvent can offer a rather
sensitive way to obtain some idea about the structure details of the cohesional network in polymer glassy state.

Key words Polymer/solvent system, PS/dioxane-water, Equilibrium swelling, Cohesionalentanglement network



