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Abstract: In this review, surface modification methods of hydrophobic poly(tetrafluoroethylene) (PTFE) membrane are
introduced and their improved hydrophilicity results are discussed. Fluoropolymer based membranes, represented by PTFE
membranes have been used in various membrane separation processes, including membrane distillation, oil separation and
gas separation. However, despite excellent physical properties such as chemical resistance, heat resistance and high mechan-
ical strength, the strong hydrophobicity of PTFE membrane surface has become a challenging factor in expanding its mem-
brane separation application. To improve the separation performance of PTFE membranes, wet chemical, hydrophilic coating,
plasma, irradiation and atomic layer deposition are applied, modifying the surface property of PTFE membranes while main-
taining their inherent properties.

Keywords: PTFE membrane, hydrophilic modification, wet chemical method, hydrophilic polymer coating, plasma
surface treatment
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o 7lES A AA = B9 Al Qo] 8% Vs
% StUE A 4 dxt Bttt Polytetrafluoro-
ethylene (PTFE), polyvinylidene fluoride (PVDF), poly-
propylene (PP), polyethersulfone (PES), poly(vinyl
chloride) (PVC) 5= Xt f7] 2t 2 Egolvtol=
dhat 523 BHPATFC)2 A2 o 3H(MF), 3] o{3HUF),
Ui oIHNF), GAFERO)E EFHE Fxgol 348
AstAl AHEES 2], % Ve 42 HEAs, o
< oyA a7 B N8I ZE oo
Aol glo} B 7heAS ATsAR, e R

g Hdes g% B9 9 &2 FHE st 9
<+ Y T dHE Zen x=3 Ao BN T
Sk AHd B8 VA =S HeE A9 wol 2o 3
4 Y & FFHo s aHokete AH8A F
shueltt. o] F Wigtstde] Holjd PTFERS |5 A
go] o A& 7eAdd Z2H L VS RYEL.
PTFEE 73 C-C 2%, C-F 2% ¥ &4 ZZo=
ols] -3k Wgtstd, e 2 71418 A= =2
244 59 /3 548 Yeldth PTFEE 19384

EL
= &3t | 3, 1960 o|F AF7HA 3etA B4,
A7) A 2 3 AR Fo] aEHE A7, 3
2 o84y 7 2L FEEokE HEH glor
(Fig. 1), ¥ 3AA= 2 SF(membrane distillation,
MD), A% ZFH(osmotic distillation, OD), - &2,
717k A 2] T3 22 Rt EokollA de AHEE
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Fig. 1. Application of PTFE in various fields.
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2. PTFE =2to| #l=at @Y

coating), SeF=r}F 3
ZAN(irradiation), ¥AS FZh(atomic-layer deposition
(ALD)) 5°] 9o Table 13} o] QoFdt} I4 F
7H] 8] MAYUE TS T dom, A "=
C-F 23| yeto] FHtE= PTFE %9 3sh3 ¥
slolm, t& shbe= 38hd Fx9 W3}t §lo] PTFE

FHe| e FRSAAM 7% I IF Ao

Table 1. Comparison of Different Modification Methods of PTFE Membrane

Modification method Methodology

Disadvantage

Wet-chemical

Coating Surface and Inner Crosslinking Coating

Plasma treatment .
surface activation

Irradiation

Atomic-layer
deposition

Introduction of reactivity/functional group through
chemical reaction treatment.

Formation of active functional groups and

Formation of active functional groups and
initiation of polymerization

Deposition of uniform thin films on substrates

Surface darkening, waste liquid pollution,
mechanical strength retrogression

Long-term stability, coating material detachment

Ageing of the polymer after treatment,
breakage of the fibrils

Surface structure destruction, expensive and
intricate equipment

Low growth rates
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Na-naphthalene

PTFE

and

Fig. 2. Reaction scheme of the PTFE modification[5].
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A A4 = %—4*&01 6“’54 &
Aol PTFE 2 A8 60~100°C] =0l A 3A|13E
<t A8tk PTFE 2| 27] = A4 133 + 3°
A A AR E 257t FUhsl mek HE7te] 7
23301, 100°CoA 3A17F A8 & 30 + 4°8 A&
sto] @A Hgslze] F7HE BT ME & F/eY

1. Hydroboration
2. H,0, (o]

PTFE

Hlgo] 1.65904 0.100.2 Zragtol] wel C-F 2
HES FIskeH, 35 AE & A" 7tEd
(C=0)3} 3| ==4(-0H) 715717} oe] A4 54
of 7] tkal B skiThA4].

Gabriel > YEF-UZ&HS st 744 oA
E4E o8 F2 33 FAHL Fall PTFE & <
A &k Z 4718 YEE- Uz &9 PTFE

2h& @A skl PTFES] ALEA Abs Z4 A
AAs C=C olF ZAFE FAF F, BH; £
AIZE "A st A3t B4 H7F dkee =Skt
(Fig. 2). °]% 10% TABIGEFS 238t
20| A 2413F EF EA] Ste] PTFE | 3%
Zth PTFE & 27] & HAZ7Z 113 + 5.0°004 YE
Fuzgd 89 HE F 47 £ 27°2 AaEgon,
Fast BA H7F §hE olF 29 + 7.3°2 g3iErt
o F7kshe 23S YERAATHS]

ToE o] &% &4 1EA o =AY A
A A7= B gk EF A2 &9 d(mussel ad-

/*/H 7H

hesive protein, MAPs)2 &3 7oA thafgt 714
3 73 ARELe FAste o E I ge BAS
B glom, =unl e ﬂalg AL 7] 3=
2 MAPs?] EAS ZAS= =23 94 = ol

SRS AbA EA] 3 %}%‘F/]*é Z700 4 AR 2.4
Al FHe b, E=9iRle] %Y‘ﬂﬂﬁé NA =iyl &
U, 2 FHo] Z =97 (pDA) 52 A3 THFig. 3).
7F2EA(-COOH), 3l°]EZ4(-OH), °F7]x(-NH,) 7|
718 E¥ohs LTUEHR(PDA) T2 % IR 5

AL JeRATH9]. Zhu:s
o9l &Y PTFE & %4116‘}04 Hop opdEd =
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Fig. 3. (a) Structural evolution of dopamine in aqueous solution (b) Possible deposition process of pDA on the PTFE sub-

strate surface[6] (Copyright 2011, American Chemical Society).

AedA K3t PTFEE AZ3th. =947 &9
& Tris-HCl =5 U4HE(Na,HPO+KH,PO,) €
Bl gzt AxsFA 30°C, 0.2 - 2.0 gL &
o] =apql gHof HA|ste] AET PTFE 2 27|
HE7ZF 124.0 £ 3.4°004 ZH F 80.6 + 5.0°2 A4
Hom 309 Bt A F= A3t s A%
I BIEHth =8-S o) ge st A e
3N, Z3NSA, 4718 &S o] 87 ol HIs)

v, pud s H -
AFHEE Wl AT A7) kA B Ul

R m{ﬂ b ol bt

coating)

PTFE | W9 44 49 3”2 IA F7HA
Fa3 75 E TG stue =39 4 AF AT
2ge Tl o TR apA 2do] FAHA A=
e 9 sk 8 & Fske Ao, e @
e Al o] &4 v wdd =22 5 SIA &t
T A 4TL sk Zlolth10]. A A 18

A2 & poly(vinyl alcohol) (PVA), poly(ethylene gly-
col) (PEG), polyacrylic acid (PAA) 5©°] Ut} 44
1RAE FEY Ee frEmol &aiAA ARESHH
AEAe] wEol wEt AesteE 24 & gk &
v o2 ¢ F8(dip-coating), 2~X#H©] E(spray-coat-
ing), 2% I E)(spin-coating) 5 WHE ARE3te] B
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0
B
2

.
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oA ke T

A
71780 Holjuhal 7hrEdafio] -t O]'/"I]Fé’ A%E 3
sk 8 ol g A5 Baod bk QlE11].
PVAE polyvinyl acetate (PVAc)E 7Fri-3sllste] dof
AH, 3 EE4A7](-0H)°l o3l F+8E YEhE +&
A AEAR dFE fr]18mol e ARAS U
o] y&ul4d ZH F= AHEET 7l 2 AR
5= GATE Ak 7HA9l 2709 €Hl8| =7](-CHO)E 7t
A 4 Zuf St A PVASH MY H7WMS =
st ofME AgE FAZTHFig. 4). 4t SR 4
Ah A b 5 Rte]l FE AR HH, AF T o)
B
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(a)

Poly(vinyl alcohol) Glutaraldehyde
H H H
H 7 \”/\/\H/
OH OH (0] O

(b)

Nucleophilic addition reaction
(o) +acid Ho H a5 H

R"O
2'LH R'OH Z<R.O R OH Z4R.O
——————— -
R —_— R R . R
Addition Elimination
Aldehyde Hemiacetal Acetal

\'T"H \C‘IH \CF{
(?Hz)a (?H2)3 (CH2)3
CH CH CHO

Fig. 4. (a) Structure of PVA and glutaraldehyde, (b) General mechanism for the reaction between aldehydes and alcohols, (c)
Reaction mechanism of the crosslinking of PVA with glutaraldehyde[10].

< HRITH12]. Ve e EA4E Fodn A2 ¢ B A8 7
Wange PVA &) dimethyl sulfoxide (DMSO)E 3l 2t ol X144 PEGT] HHEH o2 AFA =

A7lete] g9] S =2 T 60417 B A om %7] & HE7 1475 + 2.95°904 PEG ZH &

ARt PTFEYfe] ZHE FH, GA £ 3A7F 24 62.4 + 2.92°% ZrAstT) v ZHo] e &4 F9

st Zhw W& FESHATh ¥4 3t IHE 7194 290 B8 ¥ mES B "8 jlo] 1

PTFE 2& 27] & HE7} 134.5°004 28 & 355°2 < AAAZ F dueE AHE /Ry Busieth
2T 48 o83 WL s HAEA X4 [14]

3} X%Elﬂ HA] & PTFE & 5471 0|3 E3t%7}

50% #aste] 7 11 AR Fol|= FHETL I EH XA 23. Ze2t=o} ¥H Xz2| g (Plasma surface

%2 HH, PVA/GA ¥W I8 *]¥ PTFE 2] 7 treatment)

T 2007 B BAE A3 fien 2 H Al etz A e 7129 8k A el v

A Y3 FAEE YERATH10]. Floros= PTFE 3 2 7HA] Fa3 o|dS Uehdth M A5 E¢

S st w59 PVA £ 2447 94 & GA 7, g}etx W3 EAo dFs 4 ¥ xuHS NE

9} citric acid (CA) &3 §d4°2 7l AlAH PVA & er T o, A g #AJe] AE FHE

o g HFstEe] AtolE IRttt W 43} datA M & F ot =3 fee & 2 55 &

FEE PTFE 92 %7] = A2 128 + 2°94 0.05, Aol AHg §lo] MHo] 71s3sh] wEol] AETA Al

0.1, 0.5, 1 wt%® PVA %o ot z+2F 115 + 3°, H3 s3tE= #9 o] 7hestthe Ade Zet

95 & 2°, 56 + 2°, < 5°9] 7rAH HEZS YA [15]. Zet=uls o] &3k wd /)2 W 4 =¥

T3 EU& Arsls S7te dFo = o S/ F4 A 243 Wiy Je=ZE Bx PHoZ Us 4 Qlth

ol %7] 45 LMHOIA 122 LMH7HA 7tk

[13]. Parkv= PTFE 9} 9ol & W8 71 &/ 2% 23.1. Z2t=o} 5H A3} gy

S o] &3 LA PEG 59 HF 2 w2 B8 AN Zetzr 2H 43t o Wl vk FHRuE
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FAAA A4E ZEE FA4sHE WYYt F=
Ar[16], No[17, 18], H, ,He, NH3[19]5¢] 7}25 A&
3 Zelznl A S 53 PTFES ¢ W C-F 2%
o] M71E ZaAA AFA8E S7HZITHTable 2)[20].
Carbonet-& Aol Al Ardk Ar/O, £ 714 =4 3 rv}
o|AZ 3 WA Eet2nt Aol W& PTFE 94| = A
=7 WstE gRIstTh Ar 71A 2604 50w A7
et ZTk=nt A Al & FEFZo] 110°94
90°2 &F Tadhs RS RISk, 0,77 F7H4
Ar/O, EF71A 2AdAE & FF4ol 233 120°
2 37V o9} 2 Ade FEZuLY] ¥
ZRE 79s=d, Ar 2A3AME 100200 nm I}
 99E A FE20b AoH e #Q C-F
&e] dito] doju PTFER EH 9 X
W, 0, 71AY AS FESRNE 042110}% iy
stod Ar/O, & 714l 24stelA C-F 238 dd=
ZH2:317] wEoltH16]. Chiend Ardt N, 7|4 27 &,
50~400 W H] A radio-frequency (RF) Z2h&r}e]
A7l o] gt Oéff} ﬁ"lo}%it} Ar 71%1]4 e e

I

|

]'93\0‘4' J—E—v-’] Eopznt
Al PTFE o] *‘8}74] NRE tad FHS A

o] Z7FIATh N, 7IANAME vzt
A2 g %E—%oﬂ A= CFs 9 CF, 29| oFs)o} 3t

B
>

7l C=N-H 54 B8-S Ao & HZ7bo] 2202
A ZAastgoy, 1EHdMe Aol F4 ;}741
Z71stgTh Em RS He W WA5E Ay 3 )
ZFoll 240A17F =2 A1 A} Ar 71A] 2AA E2k=

n} A2]E PTFE 2o 4% & HFZo] 40004 75°%
A S7re e, N, 714 2004 Egznt A2E
PTFE &) A9 79 L3 HE24E A8k o
© N, Z2h2v} A2 3 PTFES] ¥ 243} A7 1
FY o A&E F AYvke AL ulstH, st
ool o] SE7HsAEE AABTH21]. Xus AUolA
H,O/Ar &£} 712 =43} oA nlo|a 25 Zetzn} A

£ 53] PTFE &R X3t =s FIAAT
HAEFZo] 110.0°014 23.6°2 skl Ewo] 254
o] ZA Md=HNeH, of W PTFE &H| 3=
S7he Fetzut 24 A5 =& Azt nl#EEksith
AR Fetxnt = ARto] 54 Fhol =2 o, A
Z7te] e ARR vmEie, ol Fekxut A

7} PTFE %o 574 Zo] 7% f8ste =3 A7t

m{n

P
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F7FIAE AgE zlo] ojddAs &4 FH &
A WEE & F ¢l7] " Eo|tH22]. Jie-Rongd A&
Zet=rtE A gld PTFEYY = tig M52t v
EA4E 2 F¥(polar force)d] TA| thal HstS
o A, A10? Pa), 300 W A7), 0, CH. Ar,

NH;, He, H, 71%*] 24 stellA Feznt HgE
PTFE 2to] =9 A7l ZH7F 0.3, 74, 84, 8.4, 89,
12.3(10% cm™ )€ Yepgon, o]9} whHl#ste wte] &
HEZHS 1100, 103°, 102°, 102°, 98°, 88°2 ZFAdlE=
AL ZRlstdtt. ol v WY = °l kst =
A Aol F7MEFE Ao 7hAdh] wiio|H,
FAZYo] YerE = HF7o] HAsy| wio|th19].
Liut RF Zet2rke} 304 A9 w-7(dielectric-barrier-
discharge (DBD)) Zgt&=r}e] a3fo] sl Rttt
T 7HA 39 Sk2nt =5 PTFERS] &4 38t 9
mA T2 M3LE T 84S FIATIE BHOe
2, 131F AeelA LAUAE At FH ol
A FHelZt Fo] #ElE =%t DBD &
Wil A9 1A 4A-Eo] PTFE ¥ EHETH
Fetell EAlste AAEH TESE Fol O Bol RF
Eehznt A ol vis)] A HE AETF o
97t o HEle doluA gt o]df whe RF Z2t
zut AgE THe 2HHEE uH e 53 HE7t
< D Eeh=utE Ay
Mﬂ o] ﬁli o

Ach

o

o Ak —%a}z b ASIE PIFE E91e) 51 240)
W8E 74 gouA 1 ALY FIS 8
dthe A7 Ak low[2s], A% Aold] we A4

To] Zpol7} ASS &old 4= Qlrh26]. AHHNA
2] Al PTFE 9 ZH 9
%

3}7‘3 AN MorraT‘E ’?li %E}ZU} 17—%
wet = HE4] FUkek A w9
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Table 2. Surface Modification under Different Plasma Conditions and Its Effect on the Wwater Contact Angle (WCA) of

Membrane Surfaces

Plasma Atmosphere Pressure (mTorr) Pristine WCA WCA after treatment Ref.
RF glow discharge H, 1.5 114.0° 88.0°
RF glow discharge NH; 1.5 114.0° 102.0°
RF glow discharge He 1.5 114.0° 98.0° 191
RF glow discharge Ar 1.5 114.0° 102.0°
Microwave Ar ambient 110 90° [16]
RF glow discharge H,O/Ar 200-375 110.0° 23.6° [22]
RF glow discharge CH4/N, 120 119.0° 37.8° [36]
RF glow discharge N, 2 114.4° £ 3° 87.8° + 4.2° [17]
RF glow discharge N, 10 ~105° ~18° [18]
DBD plasma open air ambient 110° 56° [23]

232 Zof=op Bx =gl gy
Sohzrt 29 293 BHe 39 9 29 APES

gho] A5 A5edE Y AZ ;9}?‘]“&, Ao
A &A k] GAFolgls EAIZF Atk #Ale =0l
A AAE 1FY97HA vl 154g0] §A HA &7 o
ol 5o AT Begsith old gk sfd Wtk
2 x9 Zg2v A F 2z 35S e
WHol itk Zekznt Bz JEy we 3
43t EAS aRH0E FAT F e 1A T
o ® woyA e Fetznt Mg F3) PTFE 2
EHO C-F A%S vty gzd-S A4 &, dA
T 1A e GEFA AEAA T TS 53l
FITHAE AT Eg2vhe RAY] FHA T
gtz Adsty] died 2Hzy FEFAE 34
HE W9E v e T E AFHETH28]. o=
o AA e EAC FES WA= Zlo] ofyzt EH
UrE 539 Zoldut 4&s T+ o= ARe
71AA B 94 §lo] st A F s
frEste] 2re] EHe T A871E FAE F Qe
Ve AFet T3 W] /Aol acrylic acid

(AAc), acrylamide (AAm), glycidyl methacrylate (GMA),
poly(methacrylic acid) (PMAA), 2-acrylamido-2-methy-
l-propyl-sulfoacid (AMPS), aniline (ANI), 2-hydroxyethyl
methacrylate (HEMA), polyethylene glycol (PEG) &3
22 A GEFAE F2 AREETH29-36]. HuangS

CHy/N, &% 7|4 Eef&rt XA2E F3 PTFE EHol
oldl 158 FAATT RudHTh 10-50 W 744 =
gtzut A7|7F F7Fgkel okt PTFE 9o EH At 9
YUAZE F7keke s gl on, 9 A ofluA]
o] 37} N-H 2%e] 1%& Z7M4# PTFE ¥ %W
of ol I&FS TS EASS W*é&t}i B3
t}. ol gt ZAZ ¥ 2871E

3 C=N A=A} 77 = 2

Wang¥ Zhang-S PTFE 2} W) Ar Eeft2utE 2A}
skl FetslE B zd-S J43 H 4

= F4 3FATH36,38]. AR FitskE gz 7t
7t GMA®} ANI T4 2 AAc DFAE o] &3l
PZE T WS A S9CH, Yang EF Ar
gzuls zAlsle] o mHo] IitskE gode A
& T AAm TGFAE |3t 7 FHo]| FHAE ¥
AsAth IR B4S 53 7HRE7](C=0), o]
(-NH2), 7+2EA7](-COOH)$} Z& ¢4 #47]9
AL Bl 3 4 9iglon, BH Ui BEAHOZ O/C

Hl &9 3718 <18k TH39].

me 4

2.4. Z=AHrradiation)

of2, Artd, ALA B AAS 2 2AMIE ©]

g 2AL 7)EE TP ARkl iR As 59 )
A oR A 2A S T B BRI TE,
Fol, 54 3 3k 2AS A 5 Q. SN
AT o e 99 2AE o83 =W 4R
L vt ¥W SA4E I7HeE MR 3
A3 zdstel A A8 A FAT e Ay 2 8L
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4 PTFE o] ]3] vs] SEvbse] 438 sl

= Y AV 2 & 4 SdTH40].

ol A= B4 Fxol HI7t9 3 ¥EE =5t
gho] 214 B4 MslE & 4 ok a2oyA| Y o
0] ZAEH PTFE A F528-& 53 3}13H4]
o2 g4y, olo we} PTFE %W 9| ¥4 +x7}
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Fig. 5. Schematic of atomic-layer deposition(ALD) process[51].
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