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Synthesis and Properties of Polyimides Derived from Triptycene with D ;h Symmetry

Xue-jian Zheng, Yu Shao, You-hua Xiao, Sheng-hua Du, Lin Cheng”
( College of Material Science and Engineering , Huaqiao University, Xiamen 361021)

Abstract 1,2,3,4-tetrachlorotriptycene was synthesized by Diels-Alder reaction using tetrachlorophthalic
acid and anthracene. Then by nitration and reduction of 1,2,3,4-tetrachlorotriptycene, 2 ,6-diamino-13, 14,
15,16-tetrachloro triptycene diamine monomer was prepared. Novel triptycene polyimides were synthesized via
a two step polycondensation by 2,6-diamino-13, 14,15, 16-tetrachloro triptycene diamine and bisphenol A
dianhydride and hexafluoro dianhydride and 3, 3’, 4, 4’-benzophenone tetracarboxylic dianhydride. The
structure of 2, 6-diamino-13, 14, 15 16-tetrachloro triptycene diamine monomer was characterized by 'H-
NMR,"”C-NMR and FTIR. The structure of polyimides were characterized by 'H-NMR , FTIR , the properties of
the polymers were investigated by solubility , thermal properties,inherent viscosity and BET. The results showed
that polyimides containing the tetrachlorotriptycene structure had good solubility, polymers could be dissolved
in common organic solvents,such as DMAc,DMF,NMP,THF , pyridine and m-cresol. In particular, polyimides
based on bisphenol A dianhydride and hexafluoro dianhydride were easily dissolved in chloroform at room
temperature. These polyimides had excellent thermal properties,the glass transition temperature of the polymers
was not found between 0 ~300 C and the 10% weight loss temperatures of these three polyimides were all
above 500 °C. The three polymimides also had good film forming properties giving light transparent films,
wherein the polyimide films based on bisphenol A dianhydride were colorless transparent. The polyimide based
on hexafluoro dianhydride with BET specific surface area of 370 m’/g was a novel porous polymer.
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Fig. 1 Schematic diagram of the heterogeneous reinforced

PVDF hollow fiber membranes

Table 1 The compositions of pre-wet solutions and coating dope solutions of heterogeneous reinforced PVDF hollow fiber membranes

Membrane ID PVDF (wt% ) PVP (wt% ) DMAc (wt% ) Pre-wet solution (wt% ) Matrix membrane
MO 0 0 0 —
M1 —
M2 Ethanol 30 PVC hollow
M3 10 10 80 Ethanol 60 .
Fiber membrane
M4 Ethanol100
M5 DMAc 60
M6 DMAc 80
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Fig. 2 Contact angle of pre-wetting solutions: ( a)
PVDF coating solution, (b) ethanol 30 wt% , (c¢) DMAc
60 wt% , (d) DMAc 80 wt% , (e) ethanol 60 wt% and
(f) ethanol 100 wt%
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Fig. 4 Morphologies of heterogeneous reinforced PVDF hollow fiber membranes without using pre-wetting solutions; (a) cross section,

(b) partial enlargement of cross section and (c¢) outer surface

Fig. 5 Morphologies of PVC hollow fiber matrix membrane: (a) cross section, (b) partial enlargement of cross section, (c¢) outer surface

and (d) inner surface
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Fig. 6 Morphologies of heterogeneous reinforced PVDF hollow fiber membranes using pre-wetting ethanol aqueous solutions: (a) M2,

(b) M3 and (c¢) M4; 1-cross section, 2-partial enlargement of cross section, 3-outer surface
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Fig. 7 Morphologies of heterogeneous reinforced PVDF hollow fiber membranes using pre-wetting DMAc aqueous solutions :

(a) M5 and

(b) M6; I-cross section, 2-partial enlargement of cross section, 3-outer surface
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Table 2 Permeation properties of heterogeneous reinforced PVDF hollow fiber membranes

Membrane 1D Porosity (% ) PWF*(L/m?-h) PSF" (L/m?+h) BSA rejection( % )
MO 60. 87 160. 58 109. 11 12.57
M1 59.42 17.76 7.50 62.73
M2 73.07 110.91 82.73 67.20
M3 79.76 154.03 107. 46 68. 00
M4 62.90 83. 89 46. 82 58.50
M5 44. 14 25.82 14.08 51.35
M6 64. 88 30. 40 19. 20 67.78

“PWF: pure water ﬂux;l’PSF; protein solution flux
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Fig. 8 The mechanical properties of PVDF hollow fiber membranes
Membranes (i.e., MO, M1, M2, M3, M4, M7) were immersed in

30% glycerol-water solution before stretch test.
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Fig. 9 The mechanical properties of heterogeneous

reinforced PVDF hollow fiber membranes using pre-wetting

DMAc aqueous solutions
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Fig. 10 Effect of the elongation on pure water flux of the

heterogeneous reinforced PVDF hollow fiber membranes:

(a) M1 and (b) M3
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Fig. 11  The cross-sectional and outer surface SEM morphologies of elongated heterogeneous reinforced PVDF hollow fiber membranes ; (al

~a2) M1 cross-section at elongation of 20% and 40% , (a3) M1 cross-section at break; (bl ~b2) MI outer surface at elongation of 20%

and 40% , (b3) M1 outer surface at break; (cl ~c2) M3 cross-section at elongation of 20% and 40% , (c3) M3 cross-section at break ;

(dl ~d2) M3 outer surface at elongation of 20% and 40% , (d3) M3 outer surface at break

Fig. 12 Photos of the membranes after the tensile

strength test: (a) M3 and (b) M1
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Effect of Interface Pre-wetting on Performance of Heterogeneous
Reinforced Polyvinylidene Fluoride Hollow Fiber Membranes

Zhi-li Fan, Chang-fa Xiao" , Hai-liang Liu, Xiao-yu Hu, Guo-lan Huan
( State Key Laboratory of Hollow Fiber Membrane Materials and Process, Tianjin Polytechnic University, Tianjin 300387)

Abstract  Heterogeneous reinforced ( HR ) polywinylidene fluoride ( PVDF ) hollow fiber membranes
consisting of polyvinyl chloride ( PVC) matrix membrane and PVDF coating layer were fabricated via
concentric circles coating process. The polyvinyl chloride (PVC) matrix membrane with macroporous structure
was prepared by melt-spinning method. While the coating layer was obtained by non-solvent induced phase
separation method with PVDF as the polymer matrix, dimethylacetamide ( DMAc) as the solvent, and
polyvinylpyrrolidone (PVP) as the pore-forming agent. During the coating process , high concentration DMAc of
polymer solutions could infiltrate into the surface pore of PVC hollow fiber membranes due to the effect of
capillary force. Interface layer was formed between the coating layer and the matrix membrane of the HR PVDF
hollow fiber membranes with compact structure. Therefore , pre-wetting solutions were used for the pretreatment
of PVC matrix membranes before the coating process. The influences of pre-wetting solutions on structure and
performance of HR membranes were investigated. The results showed that the interface layer of HR membranes
without pre-wetting solutions was thick and dense. Because of the protection of pre-wetting solutions to surface
pores of matrix membrane ,the interface layer of HR membranes was thin and porous. The performance of HR
membranes with pre-wetting solutions of ethanol and ethanol aqueous solutions were better than that of the
DMAc aqueous solutions. The optimal permeability of HR membranes was obtained as the ethanol concentration
of pre-wetting solutions reached to 60 wt% . The tensile strength of HR PVDF hollow fiber membrane was
nearly 9 MPa. The results also showed that the interface adhesion between reinforcement and separation surface
had a good combination in the range of 40% elongation.

Keywords  Polywinylidene fluoride, Heterogeneous Reinforce, Hollow fiber membrane, Pre-wetting,

Interface

# Corresponding author; Chang-fa Xiao, E-mail ; cfxiao@ tjpu. edu. cn



