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Analysis of the process of membrane solidification during hollow

fiber membrane preparation for water purification
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Solidification rate of a polymer solution is one of the most important issues which
affect preparation cost in the manufacturing of hollow fiber membranes for water
treatment. In this study, we investigated solidification behaviors of polymer solutions
during TIPS and NIPS process to control a factor which determines the solidification
rate. It was revealed that the crystallization temperature was correlated with the
solidification rate, and the rate was accelerated by adding nonsolvent to a
polymer/diluents system in TIPS method. By contrast, the solidification rate was
correlated with the hydrophilicity of polymer solutions rather than the viscocity of the
polymer solution in NIPS method.

AR E A
(SHHHAL - 1)
B AR [EEE Y & Ft
200 94FE 2, 700, 000 810, 000 3, 510, 000
201 04E 800, 000 240, 000 1, 040, 000
AR
AERE
R
woEt 3, 500, 000 1, 050, 000 4, 550, 000

BRIV« 1o
FHFRE DA - M © 70 2 T, (LT - BBE - HACHE
*—U— 1 W



1. WFEBRAE SO 5

VAR, AKALHE RSB 1T 5 By T4 Bl
ZOMBKEDO @ EREED L R RS
NHERZEDTWD, IO ST HA
ZBW T, ERMEETHLZ Y 7 AR
VO AEERICBRETEDEORHENS
PEFR D AMER M D7 & L Tk
Ehoobhb, ZNE TESFIEICET A4
el LT, BEHNERIZLE S BAMEREDIK T
(770 V7)), WEORREMLRE, YIHE
KMERE, TEREM OUEE DO TE < OMEN
RENTET, BT 77 ) o VAR
FIEOMHICE L TLTEET S2METH
D, ERHICHFENZZNLTWD, LaL,
TOEIREWEDKESD T2 DTN
EMAATONTNASDIZK L, EORE =
A NMZERET 5 RBEEERICE S EZ Y T
IEINETIFLAEREN TR, FES
BEIC X 2 KAEE CTIEBIELE 2 2 R 3 E WD
ZERKRETHY, HHPHHEHTHE=TA B
DB FEN TN D, BRERELEE T ORGSR HE
A ETDZENTEE, B R N R
BT AZENTEHZD, FTOMRAEESDZ
ENFIAKALERIBE D JRWFIH OBLE DB b IER
IZEETH D,

2. WFEOHM

AL CrE, RFA 7P CTH 5 B
oY BEE (TIPS ¥5) & IEvREE AR Bk
(NIPS 1) (22T, BIlE Tl s s b B
B CUT AR & 12 X B 58 38 B A fif
Wrd 2 Z Lick v, o5 R HH A |58
ERIETHRTFERALNCTDHEEBITED
A 2 3 A T,

3. WrZED ik
(1).TIPS Y 1 & A D ¥ FE R BURMT
EaFELTRY 7ok =Y 5
(PVDF, Mw = 136,000 % > i L LT
VtU 2 bY)T7tE7— MGTA) Z AW,

TIPS EOFELEE LTV U 2 vz,

200°C DA A AR APCTRHE AT D 2 L
TY—72mm TIRRE 1512, Z OEIRE KIC
RESETCAHLLIEF Y NAT—U%
W 10 K/min THHEIT 25 Z & THROBEE
L X, F ORFRZ LRl E A VTl
E LTz, HBELEDOZ Y2 ERT D720,
DSC Z AW CTHEAEIZ 10 K/min THHI LB
OfEeLE D2 R IE LT,
(2).NIPS 7 & 2 A D5 EE 3 B MRAT

B FICEBRICPVDFEZ iV, IS Y A
FATE 7 I K (DMAc), EKMEGRNA &
LAV E=rrrl F(PVP Mw =
40,0000 & R Y =F L 7 ) 22— L(PEG, Mw
= 6,000)% 7=, BEOFEEE 2 RIE T D RE
HEEE OB E2 KUY, FTRIEI
AT LI, AT —v EICEEEE > b

T5, FEOHETAT V% LRSS, A
KNZRT L O WCERE e S35 &, Bk
DIEFEIZE > TEEENEBETE L TV DN
ARRH EFens, L——EfETED
BN EZZRETHEZ LICLVREL KD,
FEAT B AR 2 ET D ERITX A T — OB EhRIIC
AT 2R S, RO CThF & B4 5
fih S5 2 & T, MHoBRRRRICI T 2 B E
ZHE LT,

Laser displacement sensor

b4
Needle Blade spring
Sample
ple. |ﬂﬁ$
Stage
i E
1

1
1 SRBEHNE S E OB

4. BEERE
(1).TIPS 7 1 & 2 D IR LR BUART

X 2 1 3EHGELHIE IS X A BELTRE & DSC
IZ L DRI EDRERZ I LK TH Y |
EEAGEVE T Fr N DG AP R/ N2 ot §
FLEIC K0 R B A RETE TS 2
LD T,

1.0 LY - 10 T
— 08 A ~os £
= eH DSC G
206 ¢ —o6 £
£ £
T 04 Light Hoa £
g scattering o]
G 02 —02 §

n

0.0 (N N I N B | 00

0 50 100 150 200 250 300
Time [s]

2 DSC &OtRUELEE TRIE L 72k S b 28 o Lk

20-30 wt%® PVDF ik % v T NIPS
1%, TIPS B X0 /ER U 72 oo [E LR
HERRAZX 31w d, Zhkbv, TIPS ik
TORPFETIE NIPS i L 0 & L E S 147
PLERWZ EDNEEMICHER SN, 7.
WINOGEIZ L E D FIRENE VI EE
LR E L 2o T2,

150 ® I I
® NIPS
100 o TIPS _|
)
m ®
£ 50 ’ -
0 s o o
15 20 25 30 35

Polymer concentration [%]
B3 TIPSEB SUNIPSEIZL DB A FRROE
LB D LR



FTIRE 7)) CIINEE 2L &+
72BED TIPS i CORBULREM 2 HE L, K&
ROFESACIRE & OfREZK 4 12787 > K
Lz, RED ., R CIREN EHT 21T L
(LRI 72> TWB Z ENbNnd, ZIUIE
DFEEAIZ & B B IR S LIRE & EIAE
DIREENHE N Lo TNAETZDEEZ
bIVD, Flo. W—IKEBE L E — AR B
LT 5 & WA BEDIE O D3 fEs b
BENE <, BUEEL 725 @EmN R ST,
ZHUE, WA BENE X D TR T
BEAR & @ AN B, &0 TEREAM
D& S AVIREE SN0 7 D& 4y -1 BE AR Y
THREMIEELD LEL o272 ThH
2o

20 T T T ]
B S-L phase separation
15 A L-L phase separation
@
£
= 10 5 —
a
o ks o P
L L L e« L
40 60 80 100 120

Crystallization temperature [°C]
B4 EMEERRISE T SERIEEEDEZE

(2).NIPS 7 & 2 A D3 EE 3 B MRAT

B4 51T, BEREENEEE CH LD AT —
VBN ENTREM OBRE T, EERSEIEIL,
25% PVDF &% % 7K 80%, DMAc20% D#E
B IIRIE S, BRI & LT 60s F5H
Rl & & 72 b D TH D, 225 pm (I TIE
NREMB EHLTEBY ., ZOME TEH & JER
B L= bbb, LT, 20757
DT EMNETRE IZHBE N H D B 2 b
DT, X5 OfREMS Lz, £
/AN GITRT L HIT, ESEE L=
I Cd 5 225 pm HHT0.404 LWV HHE %
Bz, ZOBEHPELEZBEOEET 22D
RERUCORRGREE & U, MBS E %) 5 HIE
BlthE CORMAZ AL S5 2 LT, PR
DR EA L Z 17,

 r rr v 7177

800 =
600 -
400 -
200 -

0 P B =

0o 1000
Stage displacement [ um]

Spring displacement [ um]

M5 RIEERIE D IEREMDEE

T 1T 7 1 ' e
0.8 ol
304— -
)
0.2+ @ =

0 10 20 30
Time [s]

M6 R5TRY ITREMDMAHE

5% D BLAKME D ERINFA 2 8 5y 1 IR AN
L 7= B ORI BB 2 X 7 1 2R T, VT
NORIZEBWT Y, FHBEER O TLIX
PIHN IR 2SS0 R L. FOBIKEIC
g5 LW OGO N, RIFIOE
L LCix, PVDF OA0OFR & EINFEIZ Nz
T2 RDEEE S B B NTIRINAI & N2 72 3%
THREFRBINR | WS o2 RN D,
CAVUTBUKPEDORIANZ LV . &5y TN
WCKERVIALRLT S Ipolzlnb EEZD
N5, ZAUCE LT, M 8ITENENDRAL
TYERL L 7=l oo SEM Eifgz w4, =
N, KEELTWERE (KEE) 715
~ 7 miRA RNFEEL L TWAN, TRINFIZ N
TR TIE~7 R FRESHORTWDS
ZEMbnD, KFHEMEIC L BEN G
JaRA ROREFHEENBEMLUTZZ & 2
BLTEBY, HONTKE LY ZHFSHED
FHAL VR < 72 B USINAl & N 2 72 % CIX R E
FREHLHELS o TWND EEZBND, FEED
RICBNTHZR 2 (ERS 2% & PVP IR
FCIEEALAMEE & du, PVDF &2 CIdakzh L
TR0 TR FE ORISR LT,

1.0FF Te I+ b =

08} oo ® o A 2
—_ . ‘0 (o) A ALY x
= o 4 a
o 0.6 o0 G*a A -
g SRR A0h £
o 04 A & PVP5% —

0.2 0 PEG 5% B

' | | A No adlditive
0 200 400 600
Time [s]

B7 BEMbZEEI<HITERMFOFE

00 um 00 um

X8 FEHE D SEME &
(@) F&mF AL, (b) PEG 5%



X8 [EMTE DSEMEE (=)
(c) PVP 5%

5. FE7RFEEFMLE
CdERERm S0 (B 1 44)
K. Nakatsuka, Y. Ohmukai, T. Maruyama,
H. Matsuyama, Analysis of solidification
rate of polymer solutions during PVDF
membrane fabrication via TIPS method,
Desalin. Water Treat., 17, 275-280 (2010).
(E7ef)

(%K) Gts 1)

1. FEZEI, Km s, LA, mm%
A, 853 %%%wty%ﬁW%ﬁﬁ BIF5
RERER BT v A DG, R AR T L
2009, 204. 2009.11.19. J&E

2. HEBEI, ﬁmmﬁ\ﬂMLE AL
A FRTEBEA AR T BHEIC L D oy T D
%f%ﬁ7u?x@@ﬁ\ﬁﬂml//f/
77'10, 2010.11.12, #F

3 RS, KRIm s 5, AL, BRH
mm%A 80 TR D B ARy B AR 1
76@%L@ﬂm7mtz EL I DR

P AL TEEE 41 KRS, AF3P02,

2009.9.18, HJAE

4 . K. Nakatsuka, Y. Ohmukai, T.
Maruyama, T. Sotani, H. Matsuyama,
Analysis of solidification rate of membrane
in phase separation of polymer solution,
The 5th Conference of the Aseanian
Membrane Society, P9-46, Kobe, Japan
2009.7.13, =

5. WIS, Kiad s, Al ‘ﬁﬂ
\mm%A o7 TR DA Ay BEEFR 1
Héﬁ%ﬁ@l%ﬁf@@ﬁ\ %&méﬁ

£ 2009, S8—P14, 2009.6.13, )iy

(X&) Gto )

(Z D)
AV

6. WFFEHRK

(1) WrgefRs

KA 755 (OHMUKAT YOSHIKAGE)
R BE TEEARge R - RramBh#
&5« 20513542



