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(V) Proton Exchange Membrane Fuel Cell (PEMFC)
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(V) Pervaporation

(Y) Non-solvent Induced Phase Separation (NIPS)
(*) Demixing

(f) Bindoal demixing
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(%) Anisotropic

(V) Macrovoid
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(V) Non-circular pores
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(v) C.A. Smolders
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(V) Barett-Joyner-Halenda algorithm (BJH)

Yy

AR = (sols



yyay ¥ D)Lows Y 8,93

AR g Al cpl p> odd g (hgisls (edig) b slie
9 Oy wle ;03 lajeddy slalis (ioren 5 Ladllic
Olys 4 58 0shl 5 JSSo loyesdy olsie 4 Sl Jolo
plos cdlo a3 (Y Joia) canl 00l pbsl 5ysk yesd
ool 035 o3lisaol Slani] plos i 4 O ) lalise

oAb Ol e b &5 08 Laskie awlie o
Soshdos Syoeh slalis | jiaS JSB 0 slajesdy slalié ]
USS  oS S len ol 65k pedly S 28 35 o
Lis calo )3 & (grauh (S Ol 4258 ccunl jasuie
5 0 dbj BB lise il L3l 35S oo S8 okl )90
b RlBl 35 Game pals Ol Ll e ol a3
2l Kok ogMe (Rgsld (ading) b yer 3590 5
(Lid oo ) jude) LWis > Jo55 ralil & g (Jogiel
oy 05l ¢ glopls e glaoyan JSis bl 03505 SaS
Iy 3550 cpl wcaol 4Bl iolidl G o slalie 4 cowd
Vsl &S agSplen b S Siom o)l plgise
IV Sl JSSo slalie Giom aul sad o2l
Jis sl gyl blis I g ol g oglaes slalze
9 (Sugh clde 4 a5 ol sy 55 cpl plgien 1y ) ]
Qb ioliel daw glaeyas ojlul Lig jldle fud glal
28 bl ol e Gl g (3m ol om0
5 Ay Sles S il jady SO 5l edlanl b wlg o
Sl Al 295 4 350 A01)8 0 Cunlio

S 5 4o
S b by gy b lie S sl lagl ol
(b (bing) b (oogbas yody Jl ool b Mo yd dlsgey
logy Jold oa ans slid Jlidle (CB)S )13 (owypn 3590
elbyorly S5l by oS 45 35y il ik g laly g5t
gl Jeis -\ Jals a5 cush ool JSis o
JSis =V Ihgil ohe Sl p LS dlwg daw 9y 2
Il ol Sl g w9y 2 Gloplps laoyis
oyl Bl bl ey oyled  ad glail Y
Sgh Sy We opp aw 3 sk ladinn Jsuis ¥
Lopd S P g e nl (2 a5 Jges (elul
3y o 0355 yose (Kapok 4l 5l bl ey Joloo 4
o) Uil St puilSe il & e g 4ol

B3 = (ole

Ol )Sed 9 (&) Wiz o)

O] (sowmd (om0 § (oo A gl

FAYXYe T
YAy
Y hexye "
yaaxye "

Y AAXY T

)05y
) Yoxye "
+AYAXY T

Oj9r 38 (b 383 ol im0

+FYEXY T
. FIFxy T

Yoo Y. De Yoo Yoo
(nm) o4 ,hd

OMbug) b U JSISS (lime g Woyis ojluil a5e8 -V JSS
2059 3 (da s (g 51 ool b (41,9591

Dev Yore Youo

dulio b ol yiog Suo ¥ 3l jieS pdaw cpl pd oads LSS
s Sk 45T 0> g5 oo Wil (p ) w9 Ay paw
o)‘l_\.il 9 (X W) ‘..S.M.o dwgy b Cund 3 Lis U")") Cja.u: 2 L5)‘“°§
b)f UL., AJ; Oi‘ O‘?su“’ ]) sdalie C)‘ll J,‘Jb o )ka))J LQ(»]
(ool cauling) b Y cppj Cond 4 Fpd ol e &S
Oyl g w8lpe T b dale b (536 > > ey
I o oanlidgng cde 4y o opl 58] 08 o Ay b joly
B oodel dgmg Lie pypj gdaw 0 obdKs @Y p»

DS e Yl obals e J 5 J.:,Jfa)é Jeios>N g N

Lis o Shos
Jols &5 oad aneg (ool king) by slis 3)Sles
rslsme € po)S i W Graling (Sjm 9 pals f L
55 ol V95 O3S g (ol ]S> o gl ecsglS oy pngll
S gy oSla]] )3 dgvge dubil olStwd ) edlinal |
aiol S 3 Ll (ol qpoyie 1) LA O L
loopyl8 L (JBwbghs Yermder) (g HUiS gy
ol 0 o0l s () A U5 55 45 & 8 ool dyiuasl
odd pldl Gilol O Jhde 1 Sle Sble dbi a
Lis cpl Glp i) locaS 5 (Giom -l Giagly ool
(@) A U3 5 o8 wb bl JWulshs” Yoo L
LS 5 cpl e 0 S e oy iy Cawl 0 00l L
o 5 Slawlie .l 03 ol oSy cly aoys AYID

Y¥



yyay ¥ D)Lows Y 8,93

O 355das oy 52 9 (]59998 cylatss) by Jodingil sLi Cdlw

nallis 1 s 45 £5 (o5 5 bl Slgkes oo sy a2l gislh (ooubsing) s SLEE (63, Shas (gl F g Y Jpan

O] (sowmd (om0 § (oo A gl

4 L N
. Sy a1l <. :
. F= . Lo | e wop | BEdRERe | s | R e L e .
e sl i 3,90 03 0 s o e o I o rock €55
(g/mol) (LMH") T
-] i
:;:A Yerrunn o s av,o Y. Yy Yoo bl b AY YA
[¥Y] - o Ol g ) OA 55 Y cblize ol -
[¥¥] | sve.. S5 pyw owesdl | 04 - ¥ ¥ Tt Ll - )
o ; 3
DAY VO %
2
5% ¥ :
[¥Y] - - - / WA e gl vy @
v v =
WYY ¥ -
Yoy ¥0
[¥a] | sv-.- 695 oy omegdl | AYYE YD - ) i Lol -
[YF1] vo..- JSdsolsll | oo i YE Y A ey g5 5
vt JsSl8 sl L a- WA¥ Va8 WY | gblite by A oo b
Yeoo 55 5 -Jsl Q-
[¥A] JAL “b“', V0 YA \ - \a-
[¥a] | y.syA 999! %)\ Y0 Wy Ve | ablie by YA
YOO, YV BYY (el 4.5
[f-] / o / \WAY oy 0 s gs) | Be i | 55 ekl
\_ O+ FY 55l V&AM )
Yoo — Ve
3189 P
e ) A oo |7 3 //
595 @y o9 9 05 o .
A k] A
- 3. o ¥ IR "
4 s 4 Ko
o 3 " =
S [#F ondSee /
S ot C py Sy = % r
\E Y.
v =
‘(Y < omelisg Ve
{~* y.f )8 y.” .Y B+ Yoo YO+ Yoo YO+ Fer FOr Do+ 0D+
(g/mol) JsVge o> (kPa) ,Lss
JWwlighs Yoo jLid 33 cim; SBCUS 5 (F50m () 9 JWwligh Yo oo v 500 ,Lid dleld pd (B O WS (A1) = A UKW
(259948 Cyaetsg) bt (5L (gl
Yo B = ol




yyay ‘Yb)h»:}cvrb)ga U')msd@bu‘“ﬁd")i u'ﬂ'ww%gwﬁw

Sl el g analiS b ol o Sles (goy 2 yesk (Supsk A8 pasde Gisy (e Gla gyl edliiel b ren
A o0 S8 iyl 4 gl ol (6 yobdess (sl pouly B ol 38das (gl g (pogl VA=YV ) 022 oL
Shod VD Sim g el o mpeye o ) YV

gl s (ploo s sl JSuslislS Yoo JLid 53 ol o)y

Fobo silam s (Whgdd (alig) b slalie > Sles

SNV S gyl £ I8 s bl gyl Oljee &5 Ad (asuie dllie 300 55 ol apd (ebl o il

&N
[1] Tan X., Tan S.P., Teo W.K., Li K., Polyvinylidene Fluoride (PVDF) Hollow Fibre Membranes

for Ammonia Removal from Water, J. Membr. Sci., 271, p. 59 (2006).

[2] Khayet M., Matsuura T., Preparation and Characterization of Polyvinylidene Fluoride
Membranes for Membrane Distillation, Ind. Eng. Chem. Res., 40, p. 5710 (2001).

[3] Han L.F., Xu Z.L., Yu LY., Wei Y.M., Cao Y., Performance of PVDF/Multi-Nanoparticles
Composite Hollow Fibre Ultrafiltration Membranes, Iran. Polym. J., 19, p. 553 (2010).

[4] Gao K., Hu X, Dai C., Yi T., Crystal Structures of Electrospun PVDF Membranes and Its
Separator Application for Rechargeable Lithium Metal Cells, Mater. Sci. Eng. B, 131, p. 100
(2006).

[5] Cheng L.P., Lin DJ., Shih C.H., Dwan A.H., Gryte C.C., PVDF Membrane Formation by
Diffusion-Induced Phase Separation-Morphology Prediction Based on Phase Behavior and
Mass Transfer Modeling, J. Polym. Sci. B: Polym. Phys., 37, p. 2079 (1999).

[6] Lin D.J., Chang C.L., Chang C.L., Chen T.C., Cheng L.P., Fine Structure of Poly(vinylidene
fluoride) Membranes Prepared by Phase Inversion from a Water/N-Methyl-2-
pyrollidone/Poly(vinylidene fluoride) System, J. Polym. Sci. B: Polym. Phys., 42, p. 830 (2004).

[7] Lin D.J., Chang H.H., Chen T.C., Lee Y.C., Cheng L.P., Formation of Porous poly(vinylidene
Fluoride) Membranes with Symmetric or Asymmetric Morphology by Immersion Precipitation
in the Water/TEP/PVDF System, Eur. Polym. J., 42, p. 1581 (2006).

[8] Strathmann H., Kock K., The Formation Mechanism of Phase Inversion Membranes,
Desalination, 21, p. 241 (1977).

[9] Stropnik, C., Kaiser, V., Polymeric Membranes Preparation by Wet Phase Separation:
Mechanisms and Elementary Processes, Desalination, 145, p. 1 (2002).

[10] Mulder, M., "Basic Principles of Membrane Technology", Kluwer Academic Publishers,
Dordrecht (1997).

[11] Barzin J., Madaeni S.S., Mirzadeh H., Effect of Preparation Conditions on Morphology and
Performance of Hemodialysis Membranes Prepared from Polyether Sulphone and

Polyvinylpyrrolidone, Iran. Polym. J., 14, p. 353 (2005).

93 = sole g



[12] Lin D.T., Cheng L.P., Kang Y.J., Chen L.W., Young T.H., Effects of Precipitation Conditions
on the Membrane Morphology and Permeation Characteristics, J. Membr. Sci., 140, p. 185
(1998).

[13] Li D., Chung T.S., Ren J., Wang R., Thickness Dependence of Macrovoid Evolution in Wet
Phase-Inversion Asymmetric Membranes, Ind. Eng. Chem. Res., 43, p. 1553 (2004).

[14] Yeow M.L., Liu Y.T., Li K., Morphological Study of Poly(Vinylidene Fluoride) Asymmetric
Membranes: Effects of the Solvent, Additive, and Dope Temperature, J. Appl. Polym. Sci., 92,
p. 1782 (2004).

[15] Cheng L.P., Effect of Temperature on the Formation of Microporous PVDF Membranes by
Precipitation from 1-Octanol/DMF/PVDF and Water/DMF/PVDF Systems, Macromolecules,
32, p. 6668 (1999).

[16] Buonomenna M.G., Macchi P., Davoli M., Drioli E., Poly(Vinylidene Fluoride) Membranes by
Phase Inversion: The Role the Casting and Coagulation Conditions Play in Their Morphology,
Crystalline Structure and Properties, Eur. Polym. J., 43, p. 1557 (2007).

[17] Madaeni S.S., Rahimpour A., Barzin J., Preparation of Polysulphone Ultrafiltration Membranes
for Milk Concentration: Effect of Additives on Morphology and Performance, Iran. Polym. J.,
14, p. 421 (2005).

[18] Bulte A.M.W., Folkers B., Mulder M.H.V., Smolders C.A., Membranes of Semicrystalline
Aliphatic Polyamide Nylon 4,6: Formation by Diffusion-Induced Phase Separation, J. Appl.
Polym. Sci., 50, p. 13 (1993).

[19] Cheng L.P., Young T.H., Fang L., Gau J.J., Formation of Particulate Microporous
Poly(Vinylidene Fluoride) Membranes by Isothermal Immersion Precipitation from the
1-Octanol/Dimethylformamide/Poly(Vinylidene Fluoride) System, Polymer, 40, p. 2395 (1999).

[20] Smolders C.A., Reuvers A.J., Boom R.M., Wienk .M., Microstructures in Phase-Inversion
Membranes. Part 1. Formation of Macrovoids, J. Membr. Sci., 73, p. 259 (1992).

[21] Boom R.M., Wienk I.M., van den Boomgaard Th., Smolders C.A., Microstructures in Phase-
Inversion Membranes. Part 2. The Role of Polymeric Additive, J. Membr. Sci., 73, p. 277
(1992).

[22] Akbari A., Homayonfal M., Jabbari V., Synthesis and Characterization of Composite
Polysulfone Membranes for Desalination in Nanofiltration Technique, Water Sci. Technol., 62,
p- 2655 (2010).

[23] Young T.H., Cheng L.P., Lin D.J., Fane L., Chuang W.Y., Mechanisms of PVDF Membrane
Formation by Immersion-Precipitation in Soft (1-Octanol) and Harsh (Water) Nonsolvents,
Polymer, 40, p. 5315 (1999).

[24] Bulte AM.W., Mulder M.H.V., Smolders C.A., Strathmann H., Diffusion Induced Phase
Sseparation with Crystallizable Nylons. I. Mass Transfer Processes for Nylon 4,6, J. Membr.
Sci., 121, p. 37 (1996).



yyay ‘Ya,Lo...SA"Ya,,.: ul)MS‘:QJLyWRwﬂ u'ﬂ'ww%gwﬁw

[25] Wijmans J.G., Kant J., Mulder M.H.V., Smolders C.A., Phase Separation Pphenomena in
Solutions of Polysulfone in Mixtures of a Solvent and a Nonsolvent: Relationship with
Membrane Formation, Polymer, 26, p. 1539 (1985).

[26] Barzin J., Sadatnia B., Theoretical Pphase Diagram Calculation and Membrane Morphology
Evaluation for Water/Solvent/Polyethersulfone Systems, Polymer, 48, p. 1620 (2007).

[27] van Aartsen J.J., Theoretical Observations on Spinodal Decomposition of Polymer Solutions,
Eur. Polym. J., 6, p. 919 (1970).

[28] Bucknall C.B., Gomez C.M., Quintard 1., Phase Separation from Solutions of Poly(ether
Sulfone) in Epoxy Resins, Polymer, 35, p. 353 (1994).

[29] Nashi T., Wang T.T., Kwei T.K., Thermally Induced Phase Separation Behavior of Compatible
Polymer Mixtures, Macromolecules, 8, p. 227 (1975).

[30] Gregorio Jr., R., Sousa Borges, D., Effect of Crystallization Rate on the Formation of the
Polymorphs of Solution Cast Poly(Vinylidene Fluoride), Polymer, 49, p. 4009 (2008).

[31] Mendelsohn J.D., Barrett C.J., Chan V.V., Pal A.J., Mayes A.M., Rubner M.F., Fabrication of
Microporous Thin Films from Polyelectrolyte Multilayers, Langmuir, 16, p. 5017 (2000).

[32] Bottino A., Capannelli G., Monticelli O., Piaggio P., Poly(Vinylidene Fluoride) with Improved
Functionalization for Membrane Production, J. Membr. Sci., 166, p. 23 (2000).

[33] Yan, L., Wang, J., Development of a New Polymer Membrane - PVB/PVDF Blended
Membrane, Desalination, 281, p. 455 (2011).

[34] Lin D.-J., Chang C.-L., Huang F.-M., Cheng L.-P., Effect of Ssalt Additive on the Formation of
Microporous  Poly(Vvinylidene Fluoride) Membranes by Phase Inversion from
LiClO4/Water/DMF/PVDF System, Polymer, 44, p. 413 (2003).

[35] Yuan Z., Dan-Li X., Porous PVDF/TPU Blends Asymmetric Hollow Fiber Membranes
Prepared with the Use of Hydrophilic Additive PVP (K30), Desalination, 223, p. 438 (2008).

[36] Nunesa S.P., Peinemann K.V., Ultrafiltration Membranes from PVDF/PMMA Blends,
J. Membr. Sci., 73, p. 25 (1992).

[37] Rajesh S., Senthilkumar S., Jayalakshmi A., Nirmala M.T., Ismail A.F., Mohan D., Preparation
and Performance Evaluation of Poly (Amide-Imide) and TiO, Nanoparticles Impregnated
Polysulfone Nanofiltration Membranes in the Removal of Hhumic Substances, Collo. Surf.
A: Physicochem. Eng. Aspects, 418, p. 92 (2013).

[38] Han B., Zhang D., Shao Z., Kong L., Lv S., Preparation and Characterization of Cellulose
Acetate/Carboxymethyl Cellulose Acetate Blend Ultrafiltration Membranes, Desalination, 311,
p- 80 (2013).

[39] Rana D., Scheier B., Narbaitz R.M., Matsuura T., Tabe S., Jasim S.Y., Khulbe K.C,,
Comparison of Ellulose Acetate (CA) Membrane and Novel CA Membranes Containing
Surface Modifying Macromolecules to Remove Pharmaceutical and Personal Care Product

Micropollutants from Drinking Water, J. Membr. Sci., 409, p. 346 (2012).

B3 = (ole

YA



[40] Leo C.P, Linggawati A., Mohammad A.W., Ghazali Z., Effects of
v-Aminopropyltriethoxylsilane on Morphological Characteristics of Hybrid Nylon-66-Based
Membranes Before Electron Beam Irradiation, J. Appl. Polym. Sci., 122, p. 3339 (2011).



