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Abstract: Hydrophobic porous PVDF hollow fiber membranes for Membrane Distillation (MD) were fabricated by a
combination of thermally induced phase separation (TIPS) and stretching. The purpose of this study is to investigate the
shape and operating conditions of the module and the effect of piping size on parallel connection. In the optimization ex-
periment of the vacuum membrane distillation module, the flux decreased as the packing density and length of the mem-
brane in the module increased. When the module was connected vertically, it was confirmed that the nearest to the inlet of
the vacuum port was the highest flux. In selecting the size of the header pipe of the module, it was confirmed that the max-
imum flux is shown when the inner diameter area of the hollow fiber membrane and the inner diameter area of the header
pipe are the same. Also, it is necessary to find the optimal linear velocity because the higher the linear velocity in the mod-
ule, the higher the flux, but the pressure acting on the module also increases proportionally.

Keywords: PVDF hollow fiber membrane, membrane distillation module, length, packing density, header

1. M B 7HR ko] AAde A4 AR Ag A
WAst7] 918t PTFE (polytetraﬂuoroethylene), PVDF
=5 (membrane distillation, MD)-2 Tha-Ad o] 4 (polyvinylidene difluoride), PP (polypropylene) 53} %
T4 2Y9Es AAR =29 FF5 FHAA DA < A Eelute] AHSEHIL Stk
T e o83t FHTY FEoIY 1EE £ TEF IS U JHE o] 7hesid, 24
9] =0l o] &F 1 JtH1,2]. FEFH ALEEH= B o M9 A9l wet EAAG g AL &0
g2 7)1FS Fata] Eo] opd T—o—ymg Qa7 EA vER7] diEel g AR mEe] JE
ol sAI Ak = EAS JHAok @tk o]y d E4E o] g Fa3 4TS . HSH FAHLS EE

T Corresponding author(e-mail: jihee@econity.com, http:/ /orcid.org/0000-0002-2363-6760)

83



84 Ji Hee Min - Seul ki Lee + Nam Seok Gil - Min Soo Park - Jin Ho Kim

g 2o met A4 47HAE FEET 1A A
s+ Agss 4 HAZA7l= DCMD W4 (Direct
Contact Membrane Distillation), H1&4] 7] Aol ]3] &
% dHo| 55 o]Fo $FEES EQ SGMD W
2](Sweep Gas Membrane Distillation), & 7]l <3l
o 2 RE] 35 EWo] HolA Sl AGMD ¥4(Air
Gap Membrane Distillation), 18|31l 7H9t& o] 83 H
2 HEAE 4NA oAf 2925 5Y 7 Ue
VMD %](Vacuum Membrane Distillation) 0.2 12
T UTH3-6]. A4 A thE EAJ 2= DCMD+ 7+
72 zhggk FAolANE Ao e whyo] 9low,
AGMD= € 3]l Fe]skAI%t DCMDO Hlgto] W
g2& Yehdth SGMD+= DCMD$F AGMD9| %4
Ajtste] Ajbd FAHOE AT ot dEAE =
omn, o]5e] 7IAE =5t £ 5719 £40]
ATE S7HIA B 5&
A%k DCMDo| H]ate] o3
HlH]-go] YA ZT= @ilo] QT WA= o® VMD
gl 77k e kS

T~ X

o m& 2L off 32 dlo m\H

i
ofd

7 —
#& o) DCMDY AGMDET ©& 49 &
o

N
b <y
o=
rx
_?{_1’
N
%0
o
n:
» L
i
=}
ofN
=
hint
k.
o
1
HE
|

rlo

VMD F#

MD BHA BE S Fa4e BEe) Aol
g} Tadge] LAY 2L fu vaHo
2 2o RINE gxo] 7h5a] we] ouix &
& SRR felshl 2488 5 A7) WRolh

ATHES B AALTE wo] A

340 #438 nEE 48

_l

mugel A 28 A A 2 3, 2018

ato] Hlu TS 3.

2. &
2.1. TIPS®t stretchingel =§3d2 S8t Ci3d
2ok M=

27489 tEA PVDF #89e AxE st
dope &4 PVDF/AAE wutda oA dAii
718 el 4A1ZE - Ejbete] Azt ALY
AL 710 D tybe-in-orifice E}YY o=
T2 24 01]/‘1 ‘ﬂ/‘}?‘?} T 2o 37 FolA WAl
Zke FFAE AFAE Axst

£ SA7)) S 334

% 2
T3 B AR de gAE dvAd
(AM413ZT, Anmo Electronics Co., Taiwan).S. %)
st o, Fej9e] HA/H+ 71332719 A2 capil-
lary flow porometer (CFP-1200AE, PMI, USA)E AM&
stk Wet curve 34 Al Y9 AE2 159
dyne/cm®] EHAES 7FA+= Galwick wetting liquid
2 7189 wettings AAISHAH.

29kl HEZ2 dynamic contact angle (sigma
701) AWz =AY B9 EuAEe ZHSE
72.8 dyne/cmol $raEo] ARSI, B9 HE7He
ZA%-& advancing o2 AT

Volumetric porosity= mercury porosimetry (Autopore
IV 9520, Micrometrics, USA)Z =4 F ¢ oH, +2

52 o83 J1BE 24 Ul we} AFHE Se

o wHR3)e GozA vehhs fok.

Y] Wxe 9|3 242 scanning elec-
tron microscopy (SEM, AIS2100, Seron Technologies
Inc., $=)9] AH|Z SAHsGoH, ZE Bt A&
5% &< gold ion beam© 2 FE I} T}

mlru

2.3. Z3AF 22|99 LEP (liquid entry pressure)

Ao
0z

A== SA%E o183 LEP

= 20 wt% NaCl (sigma)9] ==



Evaluation of the Flux According to Membrane Distillation Module Structure and ~ 85

1 Membrane module
2 Feed reservoir

3 Feed pump

l 4 Hot exchanger
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Table 1. Specifications of PVDF Hollow Fiber Membrane Used for the Test

OD/ID (mm) Porosity (%)

LEP (bar)

Pore size (um) Contact angle (°)

PVDF 1.2/0.7 70

2+ 10% 0.15 110

Membrane material

Inner surface (X5K)

Outer surface (X5K)

PVDF

Fig. 2. Surface pore morphologies of PVDF hollow fiber membrane.
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Fig. 3. (a) lumen side (b) shell side.

QE7} vt (asymmetric) 725 7HAIL o, 9
F718e 77 W Z1ea71in AUE 725 ©]

I Qee BAT 5 Yok

2. X-Io| A-|74|o|x|_
A% UER AN AALAE 27 D AHE P
BY 5 ook 950 49 W A5 o= 2 ¢
% 8 M,, %ol 7% 4%, mEY T2 2
2 welvtel o) 4%, 1l 2
7]—~(Skld) TZ ”% Hj#e] 27144 Fol Utk
o] 3 UFel FUMEA AFE ¥ A5 2=
T APe PSR, Aol s g 54
SE Fig 30) JERIQT, 249 79 we 94
Z3A 2279 lumen side® ZEZE I shell
sideZ 32+ WHo] l=d), & 243 =
FAF B9 lumen side® HEZ5HE HF
o Froll 4

l‘l

O{

KR
hu =
o o =]
21 AFEE 2 4L A%

;]

3]

pad

f
=
ot

mugel A 28 A A 2 3, 2018

Vacuum permeate side

Shell side

Feed outlet

- — _— >

Vacuum permeate side

Hollow fiber membrane

.
Feed inlet Hot brine feed flow
................

Vacuum permeate flow

(b)

d -0.8 bar® 13k 2
Fo] FUXEE 70°CE HAsIGTh

& 4N

ZEO| x|of| ME USF ds

2 A e} o2 A
2 Hlasta, EE E-4 -r]iloﬂ
e Fdadiah. A8 Zee HHz2 0.1

m’o]m f&H Zol= 40 em, WFELEQ] 9 _]'\Lf A
37HA R vrol Agslth. 282 U inlet 7ol
of YRR B9k 2Ee| she AR A 2Hx
A9 outlet F-&oll X A5 wlustrt. A+
= Fig. 40l Yebliich

g9 FH% 72 wxo] e 4P JFEEY
Aol Faglo]l Aoz AXT H7F <F 10~15%
7V B s Y& HEpiin 2 w1 4%

A57F B9 lumens oFf WEFFEH A FTol



Evaluation of the Flux According to Membrane Distillation Module Structure and ~ 87

-4 Horizontal il Vertical

MD Flux (LMH)

0

Inlet Middle Outlet

Fig. 4. Vapor permeation fluxes of horizontal type and
vertical type of MD module with positions of Vacuum
port.
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Fig. 7. Vapor permeation flux of PVDF membrane and
Pressure with linear velocity.
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