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performance for emulsified oil wastewater
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Abstract: Metal-organic framework (MOF) material is expected to improve the water flux and antifouling property
of forward osmosis (FO) membrane, and improves its separation performance to emulsified oil wastewater. In
order to introduce MOF into FO membrane, poly(p-chloromethyl styrene)-polyvinylidene fluoride (PCMS-PVDF)
blend substrate was prepared by phase inversion method. The chloromethyl group (—CH,Cl) in the substrate

reacted with secondary or tertiary amine in 2-methylimidazole (Hmim), and then reacted with zinc nitrate
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(Zn(NO3j),). The antifouling FO membrane was prepared by in-situ growth of metal-organic zeolite imidazolium
ester skeleton-8 (ZIF-8) and interfacial polymerization. The surface chemical structures and hydrophilic/hydro-
phobic property of substrate membrane and FO membrane were characterized by SEM, XPS, FTIR, contact angle
analyzer and so on. The results show that ZIF-8 grows uniformly on the surface of PCMS-PVDF substrate, and the
nanocrystals are cubic crystals with regular shape. Due to the presence of ZIF-8, the substrate surface is hydro-
phobic, but the new polyamide layer formed by interfacial polymerization makes the membrane surface hydro-
philic again. The results show that the water flux of the FO membrane (PCMS-PVDF-FO) without ZIF-8 modifica-
tion is only 12.4 L-m2-h™", but the FO membrane (ZIF-8/PCMS-PVDF-FO) modified with ZIF-8 reach 20.7 L-m>h™
when using 1 mol/L NaCl as the drawing solution in FO mode. The separation experiment of emulsified oil simu-
lated wastewater shows that the recovery ratio of pure water flux of FO membrane (ZIF-8/PCMS-PVDF-FO) is re-
mained 89.9%, the total fouling ratio is 27.5% after running four cycles for pure water-emulsified oil separation. But
under the same condition, the flux recovery rate of PCMS-PVDEFE-FO is only 66.9%, and the total fouling ratio in-
creases to 66.2%. Based on the above, it can be seen that the FO composite membrane modified by in-situ growth of
ZIF-8 exhibits excellent performance in emulsified oil wastewater separation.

Keywords: in-situ growth; ZIF-8; polyvinylidene fluoride; forward osmosis composite membrane; emulsified oil

wastewater; MOF; anti-fouling performance
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Fig.1 Schematic diagram of preparation process of ZIF-8/poly(p-chloromethyl styrene)-polyvinylidene fluoride
forward osmosis composite membrane (ZIF-8/PCMS-PVDE-FO)
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Fig.2 ATR-FTIR spectra of the substrates and ZIF-8 modified

FO composite membrane
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Fig.3 XPS spectra of PCMS-PVDF and ZIF-8/PCMS-PVDF membranes
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Table1 Specific gravity of elements on the surface of
membranes PCMS-PVDF and ZIF-8/PCMS-PVDF

by XPS determination
Membrane ID C/at% N/at%  Cl/at%
PCMS-PVDF 99.15 — 0.85
ZIF-8/PCMS-PVDF 93.73 5.94 0.33

PCMS-PVDF F ZIF-8/PCMS-PVDF i 2 1 ¥ i 1
1F 685.7€eV. 284.77eV. 197.78 eV FHFIE . N[
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398.4 eV i BLHT I, %I Ry N1s FpfiElE, R BiX
PRI & AH N IR, SRl M &l 5.94at%.
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45 B 0] 41 ZIF-8 B T b e B e 1w A= . 3 Ah,
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STRYRE AR EE R, X A PA JZ 7 IR 2 1T A AR AR
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ML 4(e) AL A(F) B T IR ¢ LR 34 Ry R
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Ay, i HAE SR A A R O R & B PA 2
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(d) Surface of ZIF-8/PCMS-
PVDF-FO

(e) Section of PCMS-PVDF-FO

(f) Section of ZIF-8/PCMS-
PVDEF-FO

€l 4 i (PCMS-PVDF F1 ZIF-8/PCMS-PVDF) HlIE %5 E 4 (PCMS-

PVDEF-FO Fl ZIF-8/PCMS-PVDE-FO) [ FKr i SEM 8114

Fig.4 SEM images of surface and section of the substrate membrane
(PCMS-PVDF and ZIF-8/PCMS-PVDF) and the forward osmosis
composite membrane (PCMS-PVDF-FO and ZIF-8/PCMS-PVDF-FO)
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YR KR T35 T 1 R 7K P B % T A K T R R
) 5 R T B TS K R B e >, 2 R RS,
JEE 2 T8I 1) PA )23 I I 3% 11 5k 4l (—COC) % A1 K fi
J5 B Y 2 H (—COOH) 4 A1 1 Sy Ji5 ¢ 1o 4 it 1
1B 4 1Y 26 JK PE fiE, fdf PCMS-PVDF-FO Fil ZIF-8/

PCMS-PVDF-FO #% fii /i 43 51| B 1% 3| 55.4°F1 65.6°,
Ut B T ) 45 1) FO RRE HLAT 3808 1) S K M g
2.3 EBEHENT
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Fig.5 Static contact angle of the substrate membrane (PCMS-PVDF and
ZIF-8/PCMS-PVDF) and the forward osmosis composite membrane
(PCMS-PVDF-FO and ZIF-8/PCMS-PVDF-FO)
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Fig. 6 Water flux and reverse salt flux of PCMS-PVDF-FO 5 ZIF-
8/PCMS-PVDEF-FO under different draw solution
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T A PA SCHK BE AR, ACHAN 1Y PA JZ 38
K xR i ZIP-8 [k i (UL/),)
TN R IR e B, V% (R B AT R o B R A A
Pk, XF 4y HF PCMS-PVDE-FO 5 ZIF-8/PCMS-
PVDF-FO Y J,/J,, il %1 , PCMS-PVDE-FO {9 J /],
&4 0.50, T ZIF-8/PCMS-PVDF-FO 1[5 4 0.15,
AL, ZIF-8 el PR EL A L 5 1 4 B ke

H— 2P 5T T A [A] I B % PCMS-PVDEF-FO
5 ZIF-8/PCMS-PVDE-FO ¥ /K i 15 1 Jz [w] 15 i 1=
B8 Wi, Al UL 7E A 1 mol/L CaCl, & ¥ B i,
PCMS-PVDF-FO Ji§ /K il & $2 7+ & 16.6 Lm™>h™",
S Ia] £6 38 1 K A 4.3 gm2h'; 1 ZIF-8/PCMS-
PVDF-FO & 7K i & if — 2L $2 7+ 4 26.9 Lm™>h™",

i85 T LA NaCl 2 T BU 9 7K 38 £ (20.7 L-m™>h™),
[F] B s B A S Il b il i, {0 2.2 gm™h,
24 L0 1 mol/L CaCl, Ay I ORI, I 1% 7K 5 7l s
] £h 38 & 40 T 1 mol/L NaCl, = %5 [H & Wi &
SR E A, s, deRny
T, B AR B T8 38 R G 0 4k T 0K i Y
hno Bl B AR AU R PR N, X B AR
RRCRIE I, SRR mERERE . h TR
ZIF-8 YRR F A, o RSEX B9+ Py e B 15
XM E TR BT M E T, EXTE
A I F 53 1% DL AR SCH 28 T I P A G At 2 2 6
FO I A s B0AR , Gne 2 Air /R P2l g mT i AR
SCHT R B e Ty ik B — 8 L

F2 NEHREARR FO BEHIESEERE
Table 2 Permeability of different FO membrane reported by the literature

Membrane Jo/(Lm™>h™) J/(gm™h™) I/ Tl (g L") Ref.
ZIF-8/PVDF-PCMS 20.7 3.1 0.15 This work
PSU-UIO-66 20.7 43 0.21 [26]
PES-GO 16.1 75 0.47 [27]
ZIF-8/PDA/PS* 9.6 3.8 0.40 [28]
PES-GQDs@UiO-66-NH, 59.3 19.1 0.32 [29]
PSF-UiO-PDA 22.2 5.72 0.26 [30]

Notes: J,—Water flux; J;—Salt flux; PSU-UiO-66— Polysulfon-UiO-66; PES-GO—Polyethersulfone-graphene oxide; ZIF-8/PDA/PS—ZIF-
8/poly(dopamine)/polysulfone; PES-GQDs@UiO-66-NH,—Polyethersulfone-graphene quantum dots@UiO-66-NH,; PSF-UiO-PDA—
Polysulfone-UiO-66-(COOH),-poly(dopamine); The draw solution for FO membrane is 1 mol/L NaCl, * represents 1 mol/L MgCl,.

2.4 UM FO BRXYZLIL MR IUE KI5 L0
Pk 1000 mg/L & A= i1 58 40 2L Ak v B oK R iF 58
%4, %% PCMS-PVDF-FO #l ZIF-8/PCMS-PVDF-
FO X iy buim Yetkne, HEERWE 7 prn, &it
gl K -FL A E K 4 RAE A 5 B )5, ZIF-8/PCMS-
PVDF-FO & % 21 7K 3 5t i FF 47 19 20.7 L-m™>h™ %
i} 18.6 Lm™h™ (£ 4 W AE ¥ J5 5 (1% 477 4y /K 3
) H 20K &0 w0 3 %%, HLAE 120 min 47
B0k R Al K AR OR AP AR s T 0% FO B
SR FLA I K S, O B S B TR R
W, TEE 108 PR 0 b 2L Akl 4 Bl = R
20.1 Lm™>h™, £t 120 min 5, FLALH2> @ &
NN 175 Lm™>h?, 5 4 NEH T, R
18.8 Lm™2h™ [ & 15.0 Lm™>h™', 5 ZIF-8/PCMS-
PVDF-FO #f [, PCMS-PVDF-FO ¥ 43 &5 18 £ % /)
R, HEEEWILE™E, 24 MEHE,
Hoali KWk 2 5 th P 16 1) 124 Lm™>h TR
83 Lm™>h™; FL Ak ¥ & 7K 4 Bl i B IR Y
11.0 Lm2h™ F[& N 43Lm2h™", X0 ZIE-8 Bk

P FO 5 R i 1 J5Ex LA I R K 19 73 B P RE
#E— oM T FO X FLAL IR K B9 BT TS B
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Fig.7 Flux changes of PCMS-PVDF-FO 5 ZIF-8/PCMS-PVDF-FO

during water-emulsified oil cycling separation experiment
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Fig.9 Pure water flux recovery ratio for the PCMS-PVDF-FO F1 ZIF-8/
PCMS-PVDEF-FO after four cycles
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PVDF-FO ) 575 Y« ALK 27.5% , H A w5
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Fig. 10 Schematic diagram of emulsified oil separation
by ZIF-8/PCMS-PVDEF-FO
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