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Table 1 The delayed time diffusion coefficients of solvent-nonsolvent and viscosity of casting solution ¢ 12

7 Dgy x 10° Diys x 10° D,, x 10° t1 0?2
Systems
Pa s cm?/s cm?/s cm?/s S S
H, O/DMF/PVDF 6.5 10.2 17.1 12.8 4.75 45.86
H, O/DMAc/PVDF 8.4 9.1 16.8 11.8 6.92 37.17

H, O/DMSO/PVDF 40.0 10.7 6.9 8.4 11.80 25.24
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Fig. 3 SEM photos of membranes from 14 wt% PVDF solutions in different solvents
a DMAc b DMF ¢ DMSO 1 Cross-section 2 Top surface 3 Bottom surface

Fig. 4 SEM photos of magnified cross-sections of membranes from 14 wt% PVDF solutions in different solvents
a DMF b DMAc ¢ DMSO
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Table 2 The properties of membranes prepared from various solvents . .
gelation time
N, flux
Thickness ~ Porosity Crystallinity .
Membrane L s
pum % % 107 m
0.1 MPa
DMF 30.0 68.59 4.27 25.40
DMAc 35.0 70.62 18.20 22.45
DMSO 80.0 82.09 25.35 18.97 1
2.3 2
DMAc DMF DMSO 12
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DIFFERENT INFLUENCES OF SOLVENTS ON PVDF CASTING
SOLUTION PHASE INVERSION AND MEMBRANE SKIN-SUBLAYER STRUCTURE

ZUO Danying' XU Weilin' XU Youyi’
' Key Lab for Green Processing and FUnctionlization of New Textile Materials ~Ministry of Education
Wuhan University of Science and Technology ~ Wuhan 430073
2 Institute of Polymer Science  Zhejiang University Hangzhou 310027

Abstract Poly vinyldiene fluoride =~ PVDF asymmetrical membranes using three solvents N /N-dimethylforamide

DMF N N-dimethylacetamide DMAc  and dimethylsulfoxide DMSO were prepared by phase inversion
process. The thermodynamic properties of the casting solutions and the kinetic diffusion during membrane-forming
processes were investigated via cloud point determination and light transmittance measurements. It was found that the

thermodynamic stability of the casting solutions was enhanced gradually from DMSO/PVDF/water DMF/PVDF/water
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to DMAc/PVDF/water the delayed demixing due to the decrease of kinetic diffusion rates was easier to occur as the
solvents were changed from DMF DMAc to DMSO. The characterization of membranes showed that membranes
containing a macrovoid structure were fabricated with higher porosity and lower crystallinity when DMSO and DMAc
were used as solvent but the honeycomb-structure membranes with higher crystallinity and lower porosity were
prepared from DMF solvent which indicated that the three membranes morphologies and properties were not
controlled by the thermodynamic property or kinetic process uniformly. As a result based on the theory of* the
predominance on the growth of preformed nucleus” and the macrovoid development the influences of the three
solvents on the phase separation behavior of PVDF casting solutions PVDF aggregate structure and membrane
structure were discussed by the membrane formation mechanism of skin-sublayer two step precipitation. The results
showed that for the three membrane-forming systems using DMF DMAc and DMSO as solvent respectively the
delayed solid-liquid demixing took place in the skin layer under the control of the thermodynamics of casting
solutions and the dense skin layer formed with spherical particles. The delayed time was controlled by the kinetic
diffusion. Mutual diffusion coefficient of solvent and non-solvent D, increased gradually in the order of DMSO
DMAc DMF therefore the delayed time decreased following the sequence of DMSO DMAc DMF. The phase
transformation behaviors of the sublayers of the three membrane-forming systems were dominated by the liquid-liquid
demixing controlled by the kinetic diffusion processes. For the systems with DMSO as solvent the instantaneous
liquid-liquid demixing happened in the sublayer and crystallization had little effect on the kinetic diffusion. It was
found in the light transmission that the demixing time was short and curve variation was steep . Correspondingly the
membrane formed with a fingerlike macrovoid structure and a small amount of crystal spherulite in the sublayer thus
the membrane displayed the lower crystallinity and the higher membrane thickness higher porosities and higher gas
fluxes. For the systems with DMAc as solvent the instantaneous liquid-liquid demixing happened in the sublayer.
Compared to the DMSO system crystallization had a great influence on the kinetic diffusion leading to the longer
demixing time and the flat curve variation in the light transmission drawing. Accordingly the membrane was
fabricated with an amount of crystal spherulite and the concurrent structure of macrovoid and spongy-like pores in the
sublayer and the membrane displayed the high crystallinity and the low membrane thickness porosities and gas
fluxes. For the system with DMF as solvent compared to the DMSO and DMAc systems the delayed liquid-liquid
demixing initiated in the sublayer and the crystallization had a greatest effect on the kinetic precipitation process
resulting in the longer demixing time and the flatter curve variation in the light transmission drawing. Finally the
membrane with a honeycomb-structure sublayer was prepared with the higher crystallinity and the smaller thickness
porosities and gas fluxes.

Keywords PVDF asymmetrical membrane Skin-sublayer two step precipitation Phase separation Kinetic mass

transfer Demixing time





