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Table 1 Experimental parameters of spinning hollow fiber membrane
Spinning solution composition PPESK/ - PPESK/ PPESK/ QDI q)z ®3 In @1 / @3 In @2/ @3
DMAc/GBL DMAc/PA DMAc/Water
Dope flow rate  ml: min~! 11.7 11.7 11.7 2 :
Bore fluid flow rate ml: min~! 7.3 7.3 7.3 2 LCP
External coagulant temperature °C 10.4 9.8 10.9 R
Bore fluid temperature °C 15.0 14.8 15.0
Air gap distance mm 110.0 110.0 110.0 0.99 LCp
Room temperature °C 14.5 14.8 15.5 a b
Relative humidity % 55.5 54.6 51.6 LCP .
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Fig. 2 LCP relationship of PPESK/DMAc/NSA non-sovent additive
system
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Table 2 LCP fitting results for cloud point data of PPESK/DMAc/NSA

system
NSA Intercept a Slope b Correlation coefficient R
GBL -0.4852 0.9433 0.9986
PA -2.6254 1.0754 0.9936
H,0 -4.3219 0.9811 0.9972
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Fig. 3  Calculated binodal lines of PPESK/DMAc/NSA system
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Wisa ® W ® Table 3  Effect of non-solvent additives on membrane performance
NSA GBL PA H,0
Before coating
osgsen 5.2x1077 7.6x1077  1.4x107°
J nitrogen 5.2x1077 8.1x 1077 1.5x107°¢
oxygen/nitrogen 1.0 0.9 0.9
3 PPESK/DMAc/H, 0 S
After coating
PPESK-DMAc Jorygen 3.8x107° 8.4x107° 3.3x10°8
Jnitrogen 9.8x 10710 3.2x107° 1.6x10"%
Q oxygen/nitrogen 3.9 2.6 2.1
* Test temperature 60°C
PPESK/DMAc/GBL PPESK-

Fig. 5 SEM images of membrane cross section from left to right GBL PA water as NSA respectively
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Fig. 6 Effect of GBL content on membrane performance Fig. 7 Effect of PA content on membrane performance
Test temperature 60°C  After coating Test temperature  60°C  After coating

Fig. 8 SEM images of outer surfaces of membranes made from PPESK/DMAc/GBL system
GBL content a 20 wt% b 24 wi% ¢ 28 wt% d 30 wt%
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Table 4 Mechanical properties of PPESK hollow fiber membrane PPESK
PPESK/  PPESK/  PPESK/
Spinning solution composition
DMAc/GBL DMAc/PA DMAc/water
Tensile strength at break MPa 12.91 10.84 7.50 . GBL PA
Elongation at break % 5.65 2.28 2.32 GBL
Young' s modulus MPa 1040.3 1119.6 742.2
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RELATIONSHIP BETWEEN THE PHASE SEPARATION OF PPESK
SPINNING SOLUTION AND THE STRUCTURE AND
PERFORMANCE OF MEMBRANE FOR GAS SEPARATION

FU Haitao YANG Daling ZHANG Shouhai YANG Yongqiang JIAN Xigao

Department of Polymer Material & Science Dalian University of Technology
Liaoning High Performance Resin Engineering Research Center  Dalian 116012

Abstract  Poly phthalazinone ether sulfone ketone  PPESK hollow fiber membrane for gas separation was
prepared by dry/wet phase inversion technique in water. The cloud point titration method and the calculation based
on linearized cloud point LCP curve correlation were employed in the research of the phase separation of PPESK
ternary spinning solution. In the PPESK/N N-dimethylacetamide ~DMAc /gamma-butyrolactone GBL  and
PPESK/DMAc/propionic acid PA  systems the theta composition of nonsolvent additive NSA /DMAc solvent
mixture was determined according to Elias’ s method. The results showed that the experimental cloud points and the
calculated binodal lines based on LCP had a good agreement in the systems of PPESK/DMAc/PA and PPESK/
DMAd¢/ water. From the thermodynamics stability of spinning solution and the final performance of hollow fiber
membrane conclusion could be drawn that higher the thermodynamics stability of spinning solution was higher the
gas selectivity of ultimate membrane was. The theta composition of NSA/DMAc solvent mixture played a very
important role in the membrane forming. When the NSA content of spinning solution was lower than its content at
theta composition the performance of membrane was excellent but when the NSA content was higher than the theta
composition the performance of membrane droped sharply.The PPESK hollow fiber membranes had fine mechanical
properties.

Key words Poly phthalazinone ether sulfone ketone  Binodal Hollow fiber membrane for gas separation

Structure and performance





