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ABSTRACT

ypothesis: The porosity and pore size of polystyrene (PS) porous films prepared
by immersion precipitation can be adjusted by varying the composition of

the ingredients. The effect of composition variations on the characteristics of
porous films can be elucidated by thermodynamic parameters.
Methods: A PS/chloroform solution with additives (polystyrene-block-poly(acrylic
acid), polyethylene glycol (PEG), and glycerol) and/or non-solvent (2-propanol)
was prepared. Then, the solution was cast and immersed in a 2-propanol/chloroform
coagulation bath. The resultant porous film was imaged by scanning electron
microscopy (SEM) and investigated by image analysis. The phase diagram of
system was plotted through experimental measurements (cloud point) and theoretical
method. The thermodynamic properties of the solution and coagulation bath were
evaluated using non-solvent osmotic pressure difference (AIl ) and solvent osmotic

pressure difference (AIIN,) between the solution and coagulation bath. Moreover, the
approaching ratio of solution (AR, . ) and bath (AR, ) to the binodal curve was

porous membrane film, also obtained.
polystyrene, Findings: The porosity and pore size of the films increased with decreasing the

polymer concentration and adding the additives to the casting solution. By decreasing
polymer concentration from 17 wt% to 12 wt%, the film structure changed from dense
osmotic pressure, to porous (35% porosity and average pore diameter 2.8 um). Addition of small amounts
of PEG 400 and glycerol to the solution (20% by weight relative to PS) significantly
increased the porosity of the films from 35% to 54% and 66%, respectively. The
porosity and pore size decreased first and then increased with adding non-solvent
to the solution. Adding solvent to the bath helps increase porosity. Addition of non-
solvent to the solution and addition of solvent to the bath were accompanied by
decreasing solvent quality (AR . increase) and decreasing precipitation power of
coagulant (AR, , increase) for the polymer, respectively. The increase in porosity and
pore size was mainly associated with increasing AIl ¢ and decreasing AIL.

immersion precipitation,

prediction
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Table 1. Solution compositions, in weight percent, used for the fabrication of porous film.

Solution code * PS Chloroform 2-Propanol PEG 400 Glycerol PS-b-PAA

P ,C 12 ]8 } ) i ]
P .C,, 17 83 ) ) i )
P12C82Pr6 12 ]2 6 ) ) i
P C,Pr, 12 74 14 - - ;
P C,. PEG,, 12 85.6 ; 24 ] )
PpCsseCas 12 85.6 - - 24 .

P C. B, 12 85.6 - - . 24

p.C,PrB,, 12 79.6 6 ) ) 4

* P: PS, C: Chloroform, Pr: 2-Propanol, PEG: PEG 400, G: Glycerol, B: Block copolymer of PS-5-PAA.

The subscript numbers are the weight percentage of components.
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Table 2. Solubility parameters of solution components.

) 3, ) 3,
Componet P
(MPa%) | (MPa%) | (MPa%) | (MPa'%)

PS 19.26 18.6 4.5 2.9
Chloroform 19 17.8 3.1 5.7
2-Propanol 23.5 15.8 6.1 16.4
PEG400 21.6 16.6 3.7 13.3
Glycerol 36.2 17.4 12.1 29.3
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Fig. 1. Experimental and theoretical ternary and pseudo-ternary phase diagrams of the polystyrene systems in volume percentage,

including the composition of solutions, coagulation bath, and vitrification boundary. The weight ratios of PS/PEG 400 and PS/

glycerol are constant and equal to 5. The theoretical curves have been plotted using the Flory-Huggins (FH) interaction parameter

and the Hansen parameter with different values of the correction constant (o).
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Table 3. Thermodynamic properties of solutions and coagulation baths and characteristics of porous films.

Solution * Bath * D* (um) Porosity (%) All (bar) | ATl (bar) ARy AR,
P ,Cy Pr,, 2.8+0.5 35 1936 1935 0 0

P ,Cy Pr,.C 32+0.7 38 1910 576 0 0.055

P ,Cq Pr..C,, 1.8+0.8 27 1891 426 0 0.104
P_C,, Pr, - - 1906 1931 0 0

P_.C,, Pr..C,; 1.4+£04 4 1861 422 0 0.112
P ,C,,Pr, Pr,, 0.6+0.4 31 465 1894 0.234 0
p,C, Pr, Pr,, 28+ 1.1° 72 267 1845 0.605 0

P ,C, Pr, Pr. C., 38+£1.6° 75 221 336 0.605 0.104
P C.. PEG,, Pr, 3.6+0.8 54 1963 1955 0 0

P C.. .PEG,, Pr,.C,. 29+0.8 62 1937 592 0 0.061
P .C..G,, Pr,, 16.0+23.5" 66 1962 1921 0 0
P.C.B,, Pr,, 04+03* 12 - - - -
pP.C,PrB,, Pr, 09+08* 33 - - - -

E3

P: PS, C: Chloroform, Pr: 2-Propanol, PEG: PEG 400, G: Glycerol, B: Block copolymer of PS-b-PAA. The subscript numbers are the weight percentage of
components.

# The average pore diameter of membrane.

@ The pores in the membrane cross-section can be divided into two parts, the near of membrane skin layer (bath/solution interface) with a diameter of 1.2 +
0.5 um and the underneath of top layer with a diameter of 3.2 + 0.7 um.

+ The pores in the membrane cross-section can be divided into two parts, the near of membrane skin layer (bath/solution interface) with a diameter of 1.4 £ 0.6 um
and the underneath of top layer with a diameter of 4.6 + 0.9 pm.

¥ It contains macrovoids with a diameter of 49.1 + 13.4 um and microvoids with a diameter of 2.1 + 0.5 pm.

# |t contains sponge-like pores that comprise large and small voids with a diameter of 1.2 + 0.4 um and 0.3 + 0.1 um, respectively.

& [t contains large and small pores with a diameter of 2.1 + 0.9 um and 0.5 + 0.2 pm, respectively.
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solvent (2-propanol, Pr) and PS-b-PAA block copolymer
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immersion precipitation in a 2-propanol bath.
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