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Swelling Behaviour for Polyacrylonitrile
Copolymer Films in Organic Solvents

Akihiko GOTO®, Makoto TAKAHASHI*®,
Nobuhiro KUWAHARA®, Kenji KUBOTA*

Polyacrylonitrile (PAN) - polymethyl acrylate (PMA) copolymer film was swollen not only
in solvents with high dipole moment but also in solvents with moderate dipole moment,
whereas PAN homopolymer film was swollen to a lower extend. PAN copolymer was swollen
in a solvent with intermediate dipole moment increased in surface roughness and became
frosty by an increase with the degree of haze from 16 to 30%. This frosty phenomenon
could be caused by the large local fluctuations in the index of refraction. Swelling
temperature dependence of PAN copolymer was interpreted in terms of a solvent molecular
volume and interaction parameters associated with solbility parameter, hydrogen bond, and
dipole moment.

Keywords : Polyacrylonitrile, Swelling process, Solubility parameter, Dipole moment, Hydrogen
bond, Molecular volume, Diffusion coefficient
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Table 1 Change of physical properties by the swelling effect

Sample
PAN copolymer Homopolymer
Haze Young’s Density Volume Haze Young's Density
Modulus Modulus

Status % MPa g/ cm® % % MPa g/ cm?
(1) Initial 16 2900 117 100 4 2800 115
(2) Swelling by Me OH 30 900 — 135 4 2800 -
(3) Dryness after (2) 52 2900 L13 103 4 2800 115

Haze was measured by ASTM-D1003 and Young's modulus by ASTM-D882
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Fig. 1 Electrom micrographs of PAN copolymer film
(a) Surface of original film
(b) Film surface swollen by methyl alcohol
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Table 2 Classification of solvents by swelling characteristics for PAN polymer

Effect of swelling
Category PAN copolymer PAN homopolymer

PMA

Typical solvents

A DorS DorS
B P and F Non-effect
C Non-effect Non-effect

D DMSO, DMF, Nitrobenzene

D or S Acetone, Methyl alcohol, Methyl acetate

D Benzene, Toluene

D : Dissolve, S : Swelling (transparency), P : Pliability, F : Frosty
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Fig. 2 Solubility of PAN polymer as functions

of 6§ and p

Symbols O, [, and A denote A, B, and
C typpe solvents, respectivly
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Fig. 3 Solubility of PAN polymer as functions
of 8 and v
Symbols O, [, and A denote A, B, and
C typpe solvents, respectivly
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Table 3 Solubility of three kinds of polymers for several organic solvents

Quoted data®
Solubility Solubility hydrogen dipole
PAN PAN PMA Parameter Bonding Moment
Category Solvent Copolymer Homopolymer (] 7 7]
m Av Debye
A  Dimethyl sulfoxide D D D 129 7 40
A Dimethyl folmamide D D D 12.1 117 20
A Diethyl folmamide S S D 106 117 20
A Pyridine S S D 10.7 181 2.2
A Nitromethane D S D 10.7 25 34
A Nitrobenzene ) S D 10.0 28 43
B Benzonitrile S N D 84 17 44
B Methyl alcohol P&F (40) N S 145 187 1.7
B/C Ethyl alcohol P&F (70) N S 127 187 17
B,/C Benzyl alcohol P&F (70) N S 12.1 187 17
C  Propyl alcohol N N S 119 187 1.7
C  n-Butyl alcohol N N S 114 187 17
A  Butylolactone D D D 165 o7 27
B  Acetone P&F (20) N D 10.0 97 29
B  Methy ethyl ketone P&F (40) N D 9.3 7 2.7
B/C Methyl propyl ketone P&F (50) N D 89 80 2.7
B/C Methy butyl ketone P&F (70) N D 85 84 2.7
B  Methyl formate P&F (10) N D 102 84 19
B  Methyl acetate P&F (40) N D 026 84 1.7
B  Ethyl formate P&F (40) N D 94 84 19
B/C Ethyl acetate P&F (60) N D 9.1 84 18
B/C Diethyl carbonate P&F (70) N D 88 50 1.2
B/C Propyl acetate P&F (70) N D 838 86 19
B  Ethylene dichloride P&F (30) N D 08 15 L1
B  Methylene dichloride P&F (40) N D 97 15 15
B  Chloroform P&F (40) N D 9.3 15 1.2
C Trichloroethane N N D 96 15 1.2
C  Carbon tetrachloride N N S 86 0 0
C  Carbon disulfide N N 100 0 0
C  Benzene N N D 9.2 0 0
C  Toluene N N D 89 0 0

D : Dissolve ; S : Swelling and transparency ; P & F : Pliability and frosty ; N : No effect
Number in parenthese shows the lowest temperature treated
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