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ABSTRACT

problem for people around the world. Finding an appropriate method to solve
this problem has attracted the attention of many researchers. In recent years,
the well-known electrospinning technique has been used as a conventional method to
prepare nanofibrous membranes.
Methods: A hydrophobic and oleophobic (omniphobic) nanofibrous membrane
made of poly(vinylidene fluoride) (PVDF) was prepared by electrospinning. The
surface of the nanofibrous membrane was modified using low-pressure plasma
polymerization. First, the membrane surface was activated using argon gas plasma to
generate free radicals on the polymer chain. Then, perfluorodecyl acrylate monomer
was polymerized on the surface of nanofibers in a low-pressure plasma medium.
The long-term performance of the prepared omniphobic nanofibrous membrane was
evaluated in an air gap membrane distillation (AGMD) module. For this purpose, a
saline solution (3.5% by wt) containing 0.2 mM of sodium dodecyl sulfate was used
nanofibrous membrane, -
as the feed solution.
electrospinning, Findings: To prove the membrane omniphobic characteristic, the contact angle for
omniphobic, isopropanol, engine oil, kerosene and water droplets was measured as 120°, 126°,
127°, 140°, respectively. In the AGMD module, the unmodified membrane became
wet and unusable after 25 min, whereas the modified membrane maintained a flux
low-pressure plasma of 4.2 L/m2.h and salt rejection of 98% for a time period as long as 300 min. To be
more precise, in comparison to the unmodified membrane, the long-term performance
and wetting resistance of the modified membrane enhanced more than 12 times. In
this research, an efficient and relatively simple technique was provided to modify
the surface of electrospun PVDF fibers by low-pressure plasma polymerization of
perfluorodecyl acrylate monomer. The modified membrane can be considered for
water desalination using AGMD technique.

l l ypothesis: Today, the lack of access to fresh water has become a serious

perfluorodecyl acrylate,

polymerization
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Table 1. Conditions of fiber surface modification using plasma along with codes assigned to the membranes.

Hydrophobic plasma Argon plasma
Membrane code Power T, T, Time Ar flow Power
Plasma mood Plasma mood ) )
W) (us) (us) (min) (mL/min) W)
M 0 - - - - - - - -
M 1 Pulse 50 20000 30 Continuous 5 50 100
J(L/mh) = % M) <35 L olJl sl DCAT 11 Jas Dataphysics olScws SaSa

g () Slles Oby oS T 5 Ag A b ol o
o3l 5 LS 5 (kg) sddisoslae (et 2 035 M) L 5
Sad S s dmls gl (Y) Wslas 31 .ol (L/m%h)
ot ol 5 St Jdoe S0l Sasla dd eslinal

IVF] A 5,8 o3Il e il L w,\.:@ﬂ@?

-C

R(%)=%x100 )
F

uT L;{ifg‘ df.)wl.w) g_M.':'J.':'M R 9 CF ‘CP calslae U'i\ BE
)‘J..iﬁ B LS\))} [GEONVIET ‘_;ii;&“ ufu\.a\,w) ‘eMLSJJT@q-
alel e)\jc‘)b Y Jg.i BE el 4.1.:.&)4; (/) Sas d)w
(s ol o3 el a4 SSa gles Aol glyls i b

RGO P WA £ QL.;;

X g

B g 230! 3 g 9 L oM g7 (SBLEE i JSCo
FE-SEM b, K5, coja () F 5 @) ¥ s Ko s
M_D) sdz Mol 5 (M_0) imdhol glalis mhams 5l oddass S
@ F K2 5048 5 sbilen ol oals Ol Calises gl pladS 55 L
o e Loy s Os PVDF GUISL wpd e ol
Sle S J s lan S 18 s ) Slo SLlS ()
534S ssbolen JLEES Glewdly O jacky 31 G SUI ke
el 035 3 5 OLLE sbas el esls 0L () ¥ IS
AP0 s sl mhaw SSol Wl Olpe 5ty &S sb0kes
Wy Oy O mL/mim e e b5 0,551 58 555 Lol jen
3G 5med 038 0551 sledly s el O min Ol 5 Ve s W

VE J5=313,3 1Y 0 Loy razmigg o Jn crasly (539J9is5 9 pole «pole alzo

SaSas Jgoes los sy opl o3 s (5 ,Se3lul +/+) mN/m
GD S s 3 5o 4zl &5 ol S O s S sl
e 558 g0 iyl 4 gad Sl pasete o e by g el Jslme 5
Slasl @by iy S b a3l 5 SaSa (5 s eddals 5,0
Al (g Sesll

slae Sais 5 gpSel Cools esn ke
Gay e s eslimad ol aly sl Sl el e S
AL e b ookl (35 b 5 Ad e3ls U3 lsen b
A esls 13 Lae e a5 ) 5 S W lspanl ()
033 3 oslinad b i mhaw (655 48 513 (glao b 5l ¢ s
ImageJ)l}'e\rj‘ L ladpod wlad agsly dd (6505 5 e iy

sle 5 s Jule ooy S S et kg
sl LCE“ el Sl e s e i)y clalie
(ATR-FTIR) eddicinas S UL s bagysd s 5e 35
Bomem Hartmann & Braun MR Series100 o&Kins oS4
2 3gm e Jele Glaes S cprmmen A 4 S 0 g U ol
L olelis FTIR 04051 b 55 o550 skl

Uié i Ogo3T
3 St ooy 18] (AGMD) |5 sl s ls Lié lais lale 5|
Ex T CM E e bl L Ui o plate sy A sslinad sl slalis
¥mm Gas bl ps dhols gl slacs plis i Jyil 05,0
Cams 33 3 Sl Caw 3 Jslee 535 o A o3ls 3
5 S sl Shys 0l sles i 4 S s 5 YO L/h 5,
wils &5 b el sb plas U3 5 35 0050°C Jlab e
Doy 3 Shos gl Sl S s seas (Bl 55 A
53 /Y MM chle U SDS 3l PVDF edd o5 2S00 (slis
TYF] S arloes (1) ol 51 Lad 5La S e3liza] ST gt J ploes

07



e (512 JUin3(aS (Gloass By s posls b (3295508 Salaing) A 0 Sl s 29 i8I Sliisé o Mol

IFe 15550 o ol 315 B o (555 5055 g0 O packy OISl 05800
Il 1) ] el 0 o, LE 35 iy Sla 55 3 4S5 shOlen
Odd pody 5 B =l (655 el | Jlad (Slacuad 3o 4 o550
53 SN 55 5 BU =l (655 slags)l soal sl Zsls O
wledaliv FE-SEM sl K55 558 0 SOUK w0 bl > 5
Al Ll IV 20l cllle ot latasn b
o a3ls QLS 0 IS5 53 e Ml Sl ey 5 S SUIL
Ol ey &S sl ol 31 Sl GUIEE s (6 Sesll e
o pmnay [ SUISL ks o Sle il 3 O rlaw (55 o se
SUISL b 3ol (S Ol po S 5 sbas [VT] ool 4zl
rpsn Losbre 55 HLBS landly Ol pady 18 ) ool
bl SUISL RS Ll Wl e O ST Jews sy 5350
Juisa 1 Kue 4 SUI Jlast 5 SUI mdaw (5355 Lags )l sl

AL anils

G s 3kl 3 g § ot NI 7 (SBLEE & Khoe
sl S o 3lul (LEPW) C_L« Sl il 5 oles alie Y Jyd s
sd oodss aS 5 sbolen sl ol (5518 ) 5 slalis ol
YO, el Mol GLid b anslis 55 sdim ol gl (¢l LEPW
sddeslitnl slis sla S5 A S el sl 2158
Ogil 53 OAS 5 ply oo Lie goll ( plie Jba wlble s
L LEPW 3530 obssl LEPW L Sy opl el el

N7

Hot feed
tank

AGMD
module

Feed pump

_balance

(AGMD) 138 dhols gl)ls plie s slla Uljcjb - s
Fig. 3. Schematic of air gap membrane distillation (AGMD)

system.

Y41 3505 55 S o (555 (S sl 5 e (s3ladlas
el CE S T e S e N
G5 Loy b 4 0 ST s ) 2505 2 a5 50 «SUIISIL
L omlis Lol oy James 5 P0°C (glos )3 josise 55 A
SLIEG3 35 c@ls 5o 25le oo ool sa s pe DA ey S
SE L s g3ladled OBUI mla (55 30 5 LDy Jammo s 15T

slie (b,) «by) «b) «b) sM_0 ekl sl slis (@) (@) (@) (@) 3l ciles gl iS55 LFE-SEM b, K5, —F Jse
M_l erfucﬁLﬁ‘
Fig. 4. FE-SEM micrographs with various magnifications: (a,), (a,), (a,), (a,) unmodified membrane M_0 and (b)) , (b,), (b,), (b,)

modified membrane M_1.

\Ov VE H5-313 )35 ¥ 0 loud amizg o Jw rosky (SI9J9iS5 9 pole (sole alzo



e (8l JUiad S (Sloan My oS poaks b (3293910 o Sulaag) ks © Sub s 99 338Ul (SLin: Flows Z Mol

Frequency

0 0.1 0.2 0.3 0.4 0.5

Fiber diameter (um)

(a)

12 4

10 -

Frequency

0 02 04 06 08 1 12 14

Fiber diameter (um)

(b)

ML sd2z5lol (0) 5 M0 sl (@) glalis 53 SUISE b a5 -0 S

Fig. 5. Nanofibrous diameter distribution in (a) unmodified membrane M_0 and (b) modified membrane M_1.

S sboles ol st osls 0L £ IS 3 el (slis
ofab led asls cmle (b RIS LI L e ok
Sl 5l S S Wl P s L mhe s b
ol e b b (Sl s Saslie gl L iy
wdls pa e ddp ol S0 Gl opde s ks rores
5 sl b Il sl der Sl (S daw (RIS L 3l
I e Y A 2T A LM [P
g ol ol 2 St s, 5 n Sl (S sl sddpdlol

150

145 |
140 |
135
130 | . l |

125 | -

)
20 { O

115 A ‘.’

Contact angle (degree)

110

D53 4 (D) mle 358 6l oY SLas 1 2eS Olsen 015 e
SRE Al s a8 e O i Sl 5s s LS e ks
Lae 0dd 5 Jlas| (il ziw LEPW lade jix a lis
S on 3 el Wsed 6l LEPW las ool a8
2l S e Sldas 5l o &S J= 3 s (686310l /A bar
asl 2ol5sl ) bar 4 Glade ol ) bar jLis 5 \YA°C (gles s
ol ol dalie BB YY w3 3 elie mls o
slis Cka C)Lpl Jole 53 4 LEPW 158l o S Ol ge Ol 55
ol Jol Jole asls (S 2L S o 55 5 0k g3 S
sl kel o S15 5l ess el 5ol OF Glad 50 b5
el 42313 ol e | Ladine 63161 zalS
e slamlbe @ly led wsls 030 5 Jols ml
Lol s ol o Shst e w5 HEas WJebsanl Jols
Gl VY mN/m O YO e YW L e pdaw glaiiS

Table 2. Liquid entry pressure (LEPw) for M 0 and M 1

Isopropanol Engine oil Cooling oil Kerosene Water
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Fig. 6. The contact angle of liquids with different surface

tensions on the surface of the modified membrane (M_1).

membranes.
Membrane Hot press

code temperature (°C) LEP, (bar)
M 0 Not pressed 0.8

M 0 120 1

M 1 Not pressed 1

M 1 120 1.25
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Fig. 7. Images taken by a digital camera from liquids with different surface tensions on the surface of: (a) the unmodified membrane

and (b) the modified membrane.
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Fig. 8. ATR-FTIR spectra of unmodified (M_0) and modified
(M_1) membranes along with FTIR spectrum of perfluoro-

decyl acrylate monomer.
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Fig. 9. Permeate flux measure for the produced membranes

before (M_0) and after (M_1) surface modification to evalu-
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Table 3. Investigation of peaks observed in FTIR spectrum of

perfluorodecyl acrylate monomer [36].

T A Functional | Peak position
group (cm™)
Bending (wagging) CF, 530
Bending (rocking) CF, 652
Bending (rocking) C-H 699
Bending Cc=C 842
- CF, 986
- CF 1083
Symmetric stretching CF, 1145
Stretching C-O 1195
C-F Stretching in CF,-CF, groups C-F 1240
C-H wagging in CH, group
Bending C-H 1412
Stretching Cc=C 1638
Stretching C=0 1736
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