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Fabrication of polyvinylidene fluoride blending membranes filled by
La-TiO,-reduced graphene oxide with photocatalytic activity

HUANG Lulu, ZHANG Yanling , WANG Ting , WU Liguang’, DONG Chunying

(School of Environmental Science and Engineering, Zhejiang Gongshang University, Hangzhou 310012, China)

Abstract: To improve the flux and antifouling performance of polyvinylidene fluoride (PVDF) ultrafiltration mem-
brane, La doped TiO,-reduced graphene (La-TiO,-RGO) was first synthesized by the adsorption phase reaction
coupled with alcohol solvothermal reduction processes. Followed that, La-TiO,-RGO was blended with PVDF to fab-
ricate a La-TiO,-RGO/PVDF ultrafiltration membrane with high anti-fouling performance. The results show that the
water flux and antifouling performance of the La-TiO,-RGO/PVDF blending membrane increase, when more well-
distributed La-TiO,-RGO with hydrophilic groups added. The aggregations generate in the La-TiO,-RGO/PVDF
blending membranes will depress their water flux and antifouling performance. When the loading content (mass ra-
tio to PVDF) of La-TiO,-RGO is 2.0%, the La-TiO,-RGO/PVDF blending membrane has the best pure water flux. The
optimum pure water flux of the La-TiO,-RGO/PVDF blending membrane reaches 171.5 L-m *h™', which is 5 times as
high as that of the PVDF membrane. And the flux decay rate of the La-TiO,-RGO/PVDF blending membrane is signi-
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ficantly lower than that of the PVDF membrane. The flux recovery of the contaminated La-TiO,-RGO/PVDF blend-

ing membrane treated by illumination then washing is obviously higher than that just treated by washing, due to the

addition of La-TiO,-RGO with photocatalytic activity. The increase in the solvothermal temperature enhances the

photocatalytic activity of La-TiO,-RGO, thus improving the flux recovery rate of the La-TiO,-RGO/PVDF mem-

branes after light irradiation. However, too high solvothermal temperature inhibites the formation of Ti** in La-TiO,-

RGO, which weakens its photoactivity and decreases the flux recovery rate of the resulting La-TiO,-RGO/PVDF
blending membranes. For the La-TiO,-RGO/PVDF blending membrane filled with La-TiO,-RGO loading of 2.0%,

the flux recovery rates of contaminated membrane are 79.28%, 52.42% and 90.01%, respectively, after washing, illu-

mination for 2 h and illumination for 2 h then washing.

Keywords: polyvinylidene fluoride (PVDF) blending membrane; antifouling; flux recovery rate; photocatalytic

activity under irradiation of weak visible light; La doped TiO,-reduced graphene oxide (RGO)
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Table1 Contents of components of La-TiO,-reduced graphene oxide(RGO)/
polyvinylidene fluoride(PVDF) blending membranes

. Vi Mass of Mass of Mass ratio of La-TiO,- E
Membrane La-Ti0,-RGO mDLMAC/ PVDF/g  PEG2000/g RGO to PVDE/% Mm;;/
PVDF — 50 7.5 2.5 0 75.3
La-TiO,-RGO(160)/PVDF-1 La-TiO,-RGO(160) 50 7.5 2.5 1.0 86.7
La-TiO,-RGO(160)/PVDEF-2 La-TiO,-RGO(160) 50 7.5 2.5 2.0 98.9
La-Ti0O,-RGO(160)/PVDEF-3 La-TiO,-RGO(160) 50 75 25 3.0 88.1
La-Ti0,-RGO(170)/PVDEF-1 La-Ti0,-RGO(170) 50 7.5 2.5 1.0 87.2
La-TiO,-RGO(170)/PVDE-2 La-Ti0,-RGO(170) 50 7.5 2.5 2.0 101.1
La-TiO,-RGO(170)/PVDE-3 La-TiO,-RGO(170) 50 7.5 2.5 3.0 89.5

Notes: E,.,—Maximum tensile strength of membrane; La-TiO,-RGO(160)/PVDF-(1/2/3)—Blending membrane in which mass ratio of La-
TiO,-RGO(160) to PVDF is 1%, 2%, 3%, respectively, La-TiO,-RGO(170)/PVDF-(1/2/3) is also understood like this; Vpya.— Volume of N,N-

dimethyl acetamide.
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Fig.1 HRTEM images of La-TiO,-RGO treated by solvothermal reduction under

different temperatures (Inset are TEM images)
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Fig.2 XRD patterns of La-TiO,-RGO treated by solvothermal reduction

under different temperatures
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Fig.3 FTIR spectra of La-TiO,-RGO treated by solvothermal reduction

under different temperatures
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Fig.4 XPS spectra of La-TiO,-RGO treated by solvothermal reduction

under different temperatures
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Fig.5 Visible light excitation photocurrent response curves of La-TiO,-

RGO treated by solvothermal reduction under different temperatures
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(a) PVDF (b) La-TiO,-RGO(160)/PVDF-2 (c) La-TiO,-RGO(170)/PVDF-2

3.0kV 8.4mm x50.0k SE(UL) OkV 8.4mm x50.0k SE{UL) 3 0kV 8 4mm x50 Ok SE(UL) 1 pm

(d) La-TiO,-RGO(160)/PVDF-3 (e) La-TiO,-RGO(170)/PVDF-3 (f) La-TiO,-GO/PVDF
€6 PVDF Al La-TiO,-RGO/PVDF LIRAS i 1Y SEM 114

Fig.6 SEM images of surface of PVDF membrane and La-TiO,-RGO/PVDF blending membranes

(b) La-TiO,-RGO(160)/PVDF-2 (c) La-TiO,-RGO(170)/PVDF-2

(d) La-TiO,-RGO(160)/PVDF-3 (e) La-TiO,-RGO(170)/PVDF-3 (f) La-TiO,-GO/PVDF

[§7 PVDF Jiifll La-TiO,-RGO/PVDF RIS TE Y SEM EI4

Fig.7 SEM images of cross-section of PVDF membrane and La-TiO,-RGO/PVDF blending membranes
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# 2 4y PVDF Jii fil La-TiO,-RGO/PVDF 3 i JiE
MIFLBR A5 HE . R SEK M A BGE i . N2 WA B
B P L 55 45 ) 7R 39 TET 532 7K 1 A 5 vl B i 17%) O
&, ATLAH, La-TiO,-RGO/PVDF iR 5 it 4
7K 3 1 1 BSA ¥ Wi /K 38 it ¥4 K F PVDF i ; B
La-TiO,-RGO (160) 5 La-TiO,-RGO (170) i 7t & 1Y
¥, La-TiO,-RGO/PVDF 3 IR [ A4 4l /K 18 & Al
BSA ¥ W 7K 38 1t 5 e 1 KU N B, meK Al
7K 3 1 F BSA ¥ W 7K 38 1 7T 43 513K 171.5 Lm™h™
F142.8L-m2h™; La-TiO,-RGO(160) #1La-TiO,-RGO
(170) () 3 75 & A [F] B, La-TiO,-RGO (170)/PVDF

LR ARG 4l 7K M HE A BSA I VRUK 8 5 T La-TiO,-
RGO (160)/PVDF iR 5, H 318 i & 1Y 42 {1k A1
HE B FLBR | LA R R K 9 AR Ak
gk B —3 . La-TiO,-RGO (160) fil La-TiO,-RGO
(170) B {3 W &5 ¥4 711 La-TiO,-RGO/PVDF 1 3 fIE 134
W25 H 3 B ik B T K AR A A

2.3.2 S AT X R B A el ) 5 i)

& 8 Jy o B X PVDF i Al La-TiO,-RGO (170)/
PVDF-2 1B IR 5t 5 el it B 52 i . AT LA
La-Ti0,-RGO (170)/PVDF-2 R & it T4 78 7 A
A 1T UL G AR AR 36 P A 2% 7K PE ) La-Tio,-GO (170),
FE ' BEAE T G i e gl ok 23 ) Il A1 T T Ok R
Mo T RFEEREIOEM AT, La-TiO,-RGO
(170)/PVDF-2 J& G 5 114 R 38 £ 50 v i 2% 34 W 4l A1
T PVDF fi§¢, fii PVDF i i & 5 Il 5 0 AS 52 56
o, VLB 8 5 B 5E La-Ti0,-GO, La-TiO,-RGO/
PVDF 3 i I8 (7% 38 &t R peis Je e A9 248 & 5 ek

% 2 PVDF [E#0 La-TiO,-RGO/PVDF iiBEMFLISEH . REEKAIEREES

Table 2 Porosities, mean pore sizes, water contact angles and flux of PVDF membrane
and La-TiO,-RGO/PVDF blending membranes

Membrane Porosity/% Mean pore size/nm Water contact angle/(°) Jo/(Lm™h™) J,/(Lbm™h™)
PVDF 30.2 35.1 91.3 379 7.4
La-TiO,-RGO(160)/PVDE-1 61.3 51.5 66.7 145.3 315
La-Ti0,-RGO(160)/PVDE-2 71.1 62.3 65.3 169.2 39.6
La-TiO,-RGO(160)/PVDE-3 68.8 49.7 61.2 119.1 224
La-TiO,-RGO(170)/PVDF-1  65.3 57.2 56.4 149.2 334
La-TiO,-RGO(170)/PVDF-2  70.7 65.3 55.8 171.5 42.8
La-TiO,-RGO(170)/PVDE-3 69.7 59.7 58.9 155.1 38.7
Notes: J,—Water flux; J,—Bull serum albumin (BSA) flux.
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Fig.8 Effect of irradiation on flux decay process of PVDF membrane and La-TiO,-RGO(170)/PVDF-2 blending membrane



WFEEEAF 58 AT LG AL T 1 La-TiO,-ide J S 1 A7 28 07 J2 78 2% Ml . £ 0 AL TR B i g 2

<2757 -

IOGIR & Fiz47, La-TiO,-RGO/PVDF LR 5 fy
T AP TS Ye T DLtk — 4R

2.3.3 IF Uk 2 Bl T e i) VR A K AR R
1) 5 )

& 9 JEB 5 YL Y PVDF % )2 La-TiO,-RGO/PVDF
TR B2 KEVE . JCBALH | 6 BR AL S 1K T
Pe=Hor XIS gl Kl & . £ 3 NS R
PVDF fi5 J La-TiO,-RGO/PVDF H: i il 28 7K 5 ¥k .
JE AL BE SRR AL B S KT Ve = A Oy R v S
MR R R . AT LLE Y, BT La-TiO,-RGO/
PVDF S 5 5 38 0 H A 55 /K R 55 R UL ' 4 46 3 1
oy, Hog/K RIS Y 1 68 B & 0k T PVDF X,
W75 Y B9 La-TiO,-RGO/PVDF 3 iR 5 H % I K i
PEFHOKGE RS RE 1S B K, IR E RN
60%~80%. 75 YL La-TiO,-RGO/PVDF L iR 5 ]

200
180

=7 After washing
| EFA After illumnation 2 h
160 After illumnation 2 h then washing _1_

140 t I & 1
o 120 ¢ I B
Z 100 | :
&=
g 80 | &
g 60 t §
[}
T ke
20 g =
0 - L
B O o8 oO% OF pog oo
a Ok Ok Ok OK o o
> xR 22 Q2 xA ED 2@
A > g g g > >
22 2% 25 2% 9% o9&
T8 38 T8 TR g %8
4T A AT A Sz Sz
[#19 PVDF [I5#1 )2 La-TiO,-RGO/PVDF iR I iy 415 Yt i

Fig.9 Anti-fouling performance of PVDF membrane and La-TiO,-
RGO/PVDF blending membranes

% 3 PVDF J##0 La-TiO,-RGO/PVDF it;B IEHIHT T B
Table 3 Anti-fouling performance of PVDF membrane and
La-TiO,-RGO/PVDF blending membranes

Membrane R/% Rp/% Ry, /%

PVDF 32.65 14.19 34.86
La-TiO,-RGO(160)/PVDE-1 77.40 34.70 82.22
La-TiO,-RGO(160)/PVDE-2 79.79 48.47 84.51
La-TiO,-RGO(160)/PVDE-3 63.69 33.55 72.09
La-TiO,-RGO(170)/PVDF-1 78.59 43.78 86.00
La-TiO,-RGO(170)/PVDE-2 79.28 52.42 90.01
La-TiO,-RGO(170)/PVDE-3 66.12 40.87 72.81

Notes: R—Flux recovery rate of contaminated membrane after

washing; Rg—Flux recovery rate after illumination for 2 h; Ry, —
Flux recovery rate after illumination for 2 h then washing.
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