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Table 1 Preparation parameters and nomenclature of

the PVDF/SIiC hydrophobic/ hydrophilic composite membranes
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Mys—75 10 25 ;75 20
Mo 10 100 : 0 40
Miso) 10 100 : 0 60




54

FIGESE . PVDF/SIC i /K Janus & & 51 2 MR ZE 1R b BRRR 1 R K P RE <159 -

2"

e

R
[ |

PVDE/SIiC Janus% &7 AR>S

K1 PVDE/SIC & & il & id R Kl

Fig. 1 Schematic diagram of the PVDF/SiC composite membrane preparation process
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Fig. 2 (a) Schematic diagram of the self-made DCMD device and (b) appearance of the membrane cell
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Fig. 3 Surface morphologyof composite membranes prepared with different PVDF concentrations
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Fig.4 The change of surface WCA over time for the composite

membranes prepared with different PVDF concentrations
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Fig. 5 WCA diagrams of composite membranes prepared in different coagulation baths
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Table 2 Surface roughness of the composite membranes

prepared in different coagulation baths
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Fig. 6 Surface SEM images of (a) the SiC support (M,) and (b)—({) the composite membranes prepared
in different coagulation baths (10% PVDF, 20 C)
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Fig. 7 SEM images of the composite membrane surface prepared at different coagulation bath temperatures
(10% PVDF, water as the coagulation bath)
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Fig. 8 SEM images of the M,, composite membrane

cross-section at different magnifications
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Fig. 9 The appearance of the M, composite membrane surfaces before and after peeling by cross-cut test
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Fig. 10 The surface appearance of the M;, composite membrane before and after backwashing with

gas (top) or water (bottom) for 10 min at different pressures
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Fig. 11 Effect of PVDF layer thickness on the DCMD performance while concentrating dilute H; SO,

(a) permeate conductivity, (b) pH, and (¢) permeation flux
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Fig. 12 The effect of feed liquid temperature on the performance of DCMD for the concentration of dilute H, SO, :

changes over time of (a) condensate conductivity, (b) pH, and (¢) permeation flux;

(d) the change in permeation flux with temperature

AT LA I o B3 it i A 0 Ak VR U B T R T A
FFEr A 40 TRy 4.5 L/(m® « D FFEF] 70 “CHY 11
L/(m* « W[ 12 (o) | 3 2Rk bl 5 B AR
JEE S0 S R A0 ) 9 2 A8 A, T R YRR 22 A R A
1117 31K 20 3 e 44 KT [ R R B T v
BRI KRB T B, 9Bl A R T8 55 i 22
etk A 40~70 CHEREIN R EER -5 M pH {H
WRE SRR E L E 12(a) 12(b) 1. Bl B Y
Fhis B R Ho SO, B i e 738 17 5
107 g/LAy e 4 2 109,110,111, 114 g/L. A ik,

FE A R R 7R 32 110 30532 51 TR N 12 i 2 A AR L i
e s e (R 12 (D A R R I v G A
2.3.2 HABAT DCMD 4b BRARH 1 % 7K
BRI 11 B 7K i 107 g/1 Ho SO, ¥ Wi K
/LiE CuSO, ., FeSO, F1 NaCl 4 i, H A Cu®t,
Fe?™ \Na™ JRHEW)E 9k 150,850 F11 50 mg/L. #E
BHRIREE R 70 °CL R BEHRE W N (15£2) C,Jf
K H PVDF JZIE R R 150 pm 2247 15 B M.
DCMD 1217 Ri A AU 1% 7K pH {E L fL 5%



* 166 + R e 5 R 8 A4

B FUREXS L 3 fizn. 847 5 h e gbebilds 2.3.3  BABHT DCMD Kz 7ia e it
TARA PN TR pH AT BT BEAR 53 51 DK 4 A S I R B AT AR E M A M,
JE B W AE ICP - OES A2l RN R K BIk #1724 h @ Zis47 DCMD Ak BAEEURR MG 1 K .
THEF TR S Y BRI ™ XE T IR 24 h 5 BRI L SRR Bk B ARk, 2
M, 1 DCMD KLIEE%UE& PEBT IR KRy AT EEME REBIRLTE 24 h iESs b BR B ELE 12 L/
fie. AR AL 5 — 3 i PTFE BE#EAT TXF (m® « h)324 h 5888 A S R 00 B F 3055 LT+
I Eﬁ@*ﬁlﬂéﬂﬁiﬂ‘ﬁ%?&@a P LK Bl E (45 pS/em) (38 5) L 11X 545 [ S 25 5 — 3, Ul
HAARRI], M RYBE R ORFE 13~15 L/(m®e X — G0 th B4 AR B 50 480 10 AN U 1 A0 5 18
b L MR Ah PTFE BEAUGAE] 5~7 L/ (m® « h). BER I AR I BRI EE B X Ui T 2 5

M, 538 5 SCHR P HoAl MD /e DCMD 43 78 DCMD KA fr iR e k. X PR 1. A I
FRVERE K M REHEAT T U AL (R . XL oR, T PVDE 245 SiC 3RS & 5 o Bism HLAMAR &t
PVDF/SIC Gi/ /K E G BREA SRR, 53¢ fEHRS T RKsr a0l Sk, '?/ﬁ\ﬂﬁﬁm?&””
ik 223 MID I e A 2. A S HA ).

£3 A4 M F2 7 & PTFE 28 F DCMD 4 32425057 L B4 bk & K 3T 6 #Hhik T AL
Table 3  The change of feed during the DCMD treatment of the synthetic mine drainage by the composite

membrane M, and the commercial PTFE membrane

BFRaEwE/(mg s L7H

MD fi ] /h pH fH 33/ (mS+ em 1)

Cu*" Fe?" Na™ SO

ML 0 0.3 406+1 154 851 49 107 000

5 0.2 44144 190 873 57 113 000

0 0.4 41141 156 861 45 107 000

PTFE )
5 0.3 42741 160 872 61 110 000
F A HAR M5 e MD Mgtk
Table 4 Comparison of the MD performance between composite membrane M;, and other membranes
MD Ji& LR /pm BERR2/C R/ (Lem “«h D) N 27 ik

PTFE 0.22 55 24.1 b T PR B B K [30]
PTFE-PVDF/PET 0. 45 40 11.5~13.0 T4 B MRS I A K [31]
PVDF 0.2 40 6.2 T PR [32]
PVDF 0.2 35 38. 4 R A HEK [33]
PVDF 0. 22 50 5 N NGAENEEE ) [34]
F-POD 0. 25~0. 3 50 5.97 b BRI R SR K [35]
PTFE 0. 45 40 36 DA P R A I VR [36]
PTFE 0.2 35 6. 82 SR T2 (POX) KA [37]
PVDF/SiC 0.6 55 11~12 AR A3
PVDF/SiC 0.6 55 13~15 Ab AL R R )92 7K AL

%5 HAM M AT DCMD 422 A 48 BRME B /K 3% 4233 47 24 h 216 sbAbim 5 A% ik KR B4k
Table 5 The water quality changes of feed and condensate before and after 24 h continuous operation of

DCMD using the composite membrane M, to treat synthetic mine drainage

Bl E/ (mg - LY

il /h SR/ (uS e em )

Cu?” Fe'! Na' SO%
L 408 000 152 855 49 107 000
R 24 490 000 213 1 200 65 150 000
0 5.5 0 0 0 0
e

24 45 0.5 <1 <1 <1
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Preparation of PVDF/SiC hydrophobic/hydrophilic Janus composite
membrane and its performance in the treatment of acidic
wastewater by membrane distillation

JIAN Kejie'*, FANG Min feng"**, WU Xin"?,
LI Jun®*, SUN Yiran'*, RAO Pinhua'*, LI Guanghui'*

(1. Innovation Center for Environment and Resources, College of Chemistry and Chemical Engineering,
Shanghai University of Engineering Science, Shanghai 201620, China; 2. Petroleum and Chemical
Industry Key Laboratory of Silicon Carbide Ceramic Membrane, Shanghai University of Engineering
Science, Shanghai 201620, China; 3. Zhejiang Motonghuihai Technology Development Co. , Ltd. ,
Huzhou 313000, China)

Abstract: This article focuses on the treatment and resource reuse of acidic wastewater using direct contact
membrane distillation (DCMD) technology. In response to the problems of low mechanical stability and
low flux of traditional distillation membranes, a hydrophobic polyvinylidene fluoride (PVDF) porous thin
layer was constructed on the surface of hydrophilic silicon carbide (SiC) microfiltration membrane using
tape casting and non-solvent induced phase separation (NIPS) methods, and a PVDF/SiC hydrophobic/
hydrophilic bilayer Janus composite membrane with asymmetric wettability was prepared for the study of
its performance in DCMD. Using N, N-dimethylacetamide (DMAc) as the solvent and a water-ethanol
system as a non-solvent coagulation bath, the effects of factors during the membrane preparation process
such as PVDF casting solution concentration, the coagulation bath composition, and the coagulation bath
temperature on the surface morphology and wetting properties of the PVDF layer were investigated. The
performance of the composite membrane in concentrating dilute sulfuric acid and treating synthetic mine
drainage by DCMD were studied. The results show that the optimal fabrication conditions are 10% PVDF
casting solution by weight and pure ethanol as coagulation bath. The resulting composite membrane had a
water contact angle of 140°, a separation layer porosity of 45%, an average pore size of 0. 6 ym, and a
strong adhesion between the PVDF layer and the SiC support. Using the composite membrane in DCMD,
the permeation flux of water in the concentration of 10% by weight (107 g/L.) dilute sulfuric acid solution
and the treatment of synthetic mine drainage both reached above 10 L/(m? « h), and the rejection rate of
non-aqueous components both reached nearly 100% as well. It also showed long-term operational stability,
demonstrating potential application for treating acidic wastewater by DCMD.

Key words: Janus composite membrane; silicon carbide microfiltration membrane; poly(vinylidene fluor-

ide) ; non-solvent induced phase separation; direct contact membrane distillation; acidic wastewater



