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Fig. 1 Schematic diagram describing the dry-wet spinning
process: (1) godet roller, (2) two dimensional braid, (3)
spinneret, (4 ) coagulation bath, (5) two dimensional
braid reinforced hollow fiber membrane and (6) winding

roller
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Fig. 2 The mechanical properties of PAN braid tubes with
different L values: (a) 400 pm, (b) 500 pum, (c) 600
wm and (d) 700 pm

Fig. 3 Diamond braided structure
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Fig. 4 The mechanical properties of PAN braid tube and

braid reinforced hollow fiber membranes: (a) braid tube,

(b) reinforced PAN and (c¢) reinforced PVDF

Hi & 4 vk il & 39 9 B v s 27 4 5 AY W
BT AN TR LR PO & AN =R N (ER ¢ A
R 2 (b) L (e) fE A MZ AT (a) A,
1E A5 B, B, MZMHET (a) 75 B, B, ZJ5
PIART (a) .t BLIX b BE 52 9 JL D9 2 9 I 94k 49 2
UR BEAE SRR [R5 A 2 3 03 21 2 2 218 10 25 it
TR BRE B 9 v I A R T o S TR R R A
LR Y2 BN R S5 TR o, BB T A5 B K 22 T G 21
LRI AL s R T 0 S SR B TE I, A5 £ R 2 1)
FIRD R R 58 R8N, A T D 2R 5 JRE R T 2R A I
R L7 4 2 SUE #R D AR A KUZ AT, T8
BB A B> 2= B, IR S A =S B, 4
52 S ) 7 AFH A e W JE 9 52 AR o0 e AR TR AR, 3R
B /N TR AE X s 78 A 5 B, (B, Z [, 4k 4k
PR B 7R 27 4 25 B b RS W B AS T 26 245 4
AR TE , ¢ B 0 8 ik R0 v 23 2 4E R g AR R T
FYEgmdl; B, B, MZJaRaYRE > &Rl
£ 2 o 22 ) A EL R 4R R A, 3% B D g i A o
23 2T YE RN T AR W SR8 S W SR RN T AT



5 FR 42 45 . 4 2 o5 200455 10 o8 26 o 25 S 8 B T 695

i TEN =

A5 T i B 1 i 75D v 2 A 2 5 Dy 4 0 8
A3k 75 MPa DL . SCBR b, 78 F 4 40 2145 3 5 7
v s 2F YRR R T 2L 2 T, R4 S )2 B R AR
B85 1 R AR R B T AR A S B 1 i 5 1 Bk
Tk, 2F Y o 2 2 3G ok B rh 2s SR 4R R D) S PR g
) F R
2.2 HHUE

[ 5 Shy 34t i 7 v 2 2 2ff RS BT 1D TR A0 &
5 AL UL, rh s 2 AE R AN 3R T A BUR S5 R, R E 3 B
2R Z AL E s a5, B 2 O HRRFLEE . 2 55
W2 A GE W B, BT R R R R
AT, V25 50) A 47 BB 302 KT PR 0 Ah 9 B 3, AR
Gy ES I R A AR IR R, 5 B B A5 .

K S al &, 55 IR T = A £F 4 2 SV 2 i =S
Bt e 7 P I R o g iR AR 2T A 3 T A I B O
QIS R (Y N T TR Y R P e D R
HLEE VR, PR T R O R G B R A 2 1] Y
S5A 0 L, JUHOR A TR SR R PAN Hh s £ 4 JE A
Xf T AL R S B PVDE 28 25 4 i, H 85 5 R
A PAN £ 4 45 BV 25 B S8 20, 56 55 0 11 46 7t
5% I 5 1 A A 2 2 2 T A AR A0 il B T 4
BRSSO R AR AL, TR R R
U ST 45 £ R A e T R R A AR TS
e TR A R A, AR R SUVE SR G
22 ) B A G 7 A R RS D) A T AT R
(4 7314 T3 Te) ek 1 3 286 0 2 e g g A
P e B A5 SR . B B T AL IR e, £F 4k 4 2L B

Fig. 5 The SEM morphologies of reinforced hollow fiber membranes: (al ~a2) PANIO wt% cross-section and outer surface, (bl ~b3)
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Fig. 6 Effect of the polymer concentration on pure water

flux and protein rejection of the reinforced (a) PAN and

(b) PVDF membranes ( PVP concentration: 7 wt% )
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Fig. 8 Effect of sonication on pure water flux and protein

rejection of the reinforced membranes
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Fig. 9 Effect of the elongation on pure water flux of the

reinforced membranes: (a) PAN and (b) PVDF
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Fig. 10 The cross-section and outer surface SEM morphologies of elongated reinforced hollow fiber membranes: (al ~ a3) PAN cross-
section, elongation rate: 3% , 10% , 50% ; (bl ~b3) PAN outer surface, elongation rate: 3% , 10% , 50% ; (cl ~c3) PVDF cross-
section, elongation rate: 3% , 10% , 50% and (dl1 ~d3) PVDF outer surface, elongation rate: 3% , 10% , 50%
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Preparation and Properties of Filaments Braid Tube
Reinforced Hollow Fiber Membranes

Quan Quan, Chang-fa Xiao® , Hai-liang Liu, Wei Zhao, Xiao-yu Hu, Guo-lan Huan
( Department of Textiles, Tianjin Polytechnic University, State Key Laboratory of Hollow Fiber Membrane Materials and Processes ,

Tianjin Polytechnic University, Tianjin 300387)

Abstract  Polyacrylonitrile ( PAN ) filaments were braided into a braid hollow tube for membrane
reinforcement via two-dimensional weaving techniques. Polyacrylonitrile and polyvinylidene fluoride were used
as membrane-forming polymers, N, N-dimethylacetamide ( DMAc) as solvents and polyvinyl pyrrolidone
(PVP) as an additive. PAN filaments braid tube reinforced homogeneous PAN hollow fiber membranes and
enhanced heterogeneous polyvinylidene fluoride (PVDF) hollow fiber membranes were prepared by concentric
circles squeezing-coating spinning method. Results showed that for the PAN filaments braid tube reinforced
hollow fiber membranes the rupture strength was up to 75 MPa or more, and the interface adhesion between
reinforcement and separation surface had a good combination in the range of 10% elongation rate. The structure
of the separation surface was similar to the structure of asymmetric membranes. The casting solution could
penetrate into the gap between fiber bundles of the braided tubes, and did not affect the permeability of the
membrane. With polymer concentration increasing,the membrane flux was decreased,and the retention rate of
BSA was increased. With additive PVP concentration increasing, the membrane water flux was increased and
then decreased,in addition, maximum was at 8% ; but the retention rate of BSA was increased monotonically.
The results also showed that the interface adhesion of the filaments braid tube reinforced homogeneous hollow
fiber membranes were better than that of the heterogeneous ones.

Keywords Polyacrylonitrile, Polyvinylidene fluoride, Braid tube, Hollow fiber membrane, Reinforced
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