Polymer (Korea), Vol. 28, No. 1, pp 51-58 (2004)

2EA FAAH TE P4

73A4 - 7‘:]7103 . sr_%iog’r
S 7)AE

(20039 949 49 A<, 2004 14 8¢ A=)

Bubble Nucleation in Polymer Solutions

Sung Lin Kang, Ki Young Kim, and Ho-Young Kwak '
Mechanical Engineering Department Chung-Ang University,
Seoul 156-756, Korea
te-mail : kwakhy@cau.ac.kr
(Received September 4, 2003, accepted January 8, 2004)

CRAA (ha 2 7kt gelel SR EE f] gulel] S0E A el S A
7] slstel FAg 1E Qe AR o 2elq o] 1A 71xe] Ao okl <l EAe) A
of olFojAlth ¥4} ¥4 0|22 Agssivh Ea WA} 1A veln 717} Ak 7
A7) Sk & By oA Tt e 1010200 Dels 22§ oo <)
okl B9 AR 7E S ARAS F dA st

oftt 2, JH“
J[)u
_?L

0.
2 ok

2 o o tlo
d

~
(i,

ABSTRACT : The molecular cluster model for the homogeneous bubble nucleation rather than the classical
nucleation theory was extended to predict the bubble nucleation events in elastomers (cross-linked polymers),
polymers and polymer which are dissolved in the organic solvent. The classical theory assumes the formation of
the critical bubble while the molecular cluster model assumes the critical cluster as for the initiation of the bubble
nucleation. For the bubble nucleation in elastomers and polymers, the strain energy overcome by a critical bubble
was also considered. The calculation results for the number of bubbles nucleated in elastormers and polymer
solutions, which are about 10°~10'? bubbles/cm’ are in good agreement with observed ones .
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Figure 1. Development of the coherency strains (a) due to misfitting of a critical bubble (b) in original polymer matrix (c).
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Figure 2. The number of bubbles formed as a function of initial
saturation pressure in natural rubber: experimental values (O)2

and calculated results (—) at 7=25 TC; experimental values (@)
and calculated results (--) at 7=100 C.
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Figure 3. The number of bubbles formed as a function of initial
saturation pressure in natural rubber: experimental values (O)’
and calculated results (—) at 7=25 TC; experimental values (@)
and calculated results () at 7=100 C predicted by the classical
theory.
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Figure 4. The number of molecules as a function of initial gas
pressure in natural rubber at 7=25 C: the solid line is the
number of molecules in the critical cluster and the dotted line
indicates the number of molecules in the critical size gas bubble.
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Table 1. The Number of Bubbles Formed in Polysty-
rene/Toluene Solution at 7=150 C

number of bubblesx 10~

weight % of  P- Py(P;) (number/cr’)
polystyrene (kPa) calculated measured
(this study/Han and Han)  (Han and Han)
40 2372.7(486.3) 476/25310 1481
50 25439(315.1) 160.8/167600 4374
60 2588(271) 149.9/400000 17.33
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Table 2. The Number of Bubbles Formed as a Function
of Temperature in 50/50 Polystyrene/Toluene Solution

number of bubbles x 10~

temperature ~ P:- P(Py (number/cn’)
(© (kPa) calculated measured
(this study /Han and Han) ~ (Han and Han)
150 25439(315.1) 160.8/167600 4374
170 2477.6(381.4) 1827.7/167600 7438
180 2450.5(408.5) 3186.3/140055 1229

Table 3. The Value of Physical Properties Used in
Calculation (* use the value of monomer)

natural rubber  PMMA  polystyrene

/ Argon / CO, / tolune
hard sphere diameter or van der
Waals® diameter of solvent (nm) 0.3816 0.5034 0.6960
shear modulus of solvent
(MPa) 0.30 0.32
radius of unconstrained hole 31 36
(nm) ' '
activation barrier for diffusion
or heat of fusion 333 439 333
(KJ/mol)
enthalpy of evaporation * *

(KJ/mol) 26.8 37.6 43.9
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