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Preparation and performance of graphene oxide/basic aluminum sulfate doped
polyethersulfone/polyamide composite nanofiltration membrane
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Abstract: Graphene oxide/basic aluminum sulfate (GO-BAS) composites were prepared via hydrothermal method
using graphene oxide (GO), aluminum sulfate and urea as raw materials. The composites were blended with
piperazine (PIP) solution as the water phase, trimesoyl chloride (TMC) was desolved in the hexane solution as the
organic phase. The GO-BAS doped polyethersulfone/polyamide (PES-PA-GO-BAS) composite nanofiltration
membrane was synthesized by interfacial polymerization method which forms a polyamide functional layer on the
polyethersulfone (PES) ultrafiltration substrate membrane. It’s performance was studied at a lower working
pressure(0.3 MPa). The inorganic salt solutions rejection of the composite membrane as follows: Na>S04(91.08%)>
MgS04(83.42%) > MgClx(68.97%) > NaCl(17.62%), and the pure water flux up to 24.19 L-m >-h"!, which is
improving nearly 60% than the polyamide membrane. The nanofiltration membrane has a good alkali resistance and

operation stability.

Key words: graphene oxide; nanofiltration; membrane; nanoparticles; basic aluminum sulfate

2018-03-08 Y EI4IAw, 2018-05-28 W BB LH . Received date: 2018-03-08.
BRAREAN: fE8, Wi, B—EE: P IE1994—), 5, BidiH Corresponding author: Prof. HE Xumin, hejin@xmu.edu.cn; Prof.
FE. LAN Weiguang, lanwg@sinomem.com



9 1

www.hgxb.com.cn

* 4067 *

PIENF) 2N T B IR [ B3 2 (8] 8 B 4y
BRI, g SLAIEE N 1~10nm, [FBA
P faf,  faf FEL 40 908 5 M ok 7 R A O B BOHE R U
TR 5 S 2 T R AT A S BROR [ ) 0k B I e A
FHB-S1, G ()i 2% 2 B AEAR AL L0 JEyiyED
MG EER, Hodr, Fa T p St R AEN
NI ZHK

& 28 R TH 54 il & I AN JE I IE =/, 2
AE—HBU) TR NIER S, Wl R
G SN (AN S S I KV VRSP S A R R = K
£ 555 (GO A sl [ —FhETAY), R ET LA
sp® ZALHE BB HEB T 7S A B0 SR it Ak 4
P i el 8, 5 BIa AR R 2, HRMEA
EERENBIERE. REMKAETENNSAE
REIU41S), IE & X s e A TE, I
SRR N R AP SR KA B 5 R, [
BRI T 22 10 S AL i, 75 AR A B ) 4 A
N FH AR B 52 kU011, Hu 25033 TMC FIEE %
EL R AE A B FAAE F RN |, #1143 GO &
G, AREW, RS E GO MEAAE S
f) 7K i B (80~276 L-m 2-h !-bar !, 1 bar=10° Pa),
L BANPEREI 4~10 £F, HXFFH HLGR
BE R A v, AEN A B A B 0 B R A I
Wang 252U i 7 A7 A2 i 7R E GO KT AEK
TiOx KA, AR50 SR A5l % GO &/
GO PERR, (F15 HPris YL RE 71 K KHE S - Huang 55
(22145 57 1E H 1) Cu(OH) 44 K B4 2 3\ GO JZ 1] »
LR, IMAGUKEEEIE T GO A BRI M
imiE, ML T2 GO B, fEEEEA
2R (1) [R50 2R AR T 10 i

ok 5B R B (BAS) IR L R 47 19 57 7K R W B 12
RETE K AL BR ATy B 23230 AR Sl Ji 3 7K #4
#Hl% GO-BAS E&), 44 GO 5t GO-BAS &
G053 il 5 Wk R (PIP) VA R VR A R K AR s 38
K= HELE(TMO) T 1E e fE A HLA; 2K/
A HL P AR A R B K(PES) 6 Il 26 1H & 4= A TR
RERN, B IEPAESZ, 5808
I B A A 58 0 /0 SR R R S W 15 4 1 B Tk
BA- 2 Bt % (PES-PA-GO B, PES-PA-GO-BAS)E &
YNUENE, WFF GO M GO-BAS [ 5 hn A%t T 44
PERES . KR TAERES T 4l 7K & A% Lk
W B YERE RS2

1 SERe A A Ae 7 ik

1.1 ##

SRR AN B JE L B (PES, M,,=50000); % H 17 58
(50 um), FHEHEDGRBEABHRAT; TKIKE
(PIP). IECbt, EZGEFMNARAERAT; B2
—HEESE(TMC); TE/K LEE, SkTiiAE R gL 2%
A PRA T, EARERET. WREER . WEERR. JREK.
HEAE. MRS . &8s, . i
FReE. SN, PR TR AR AF
1.2 SR ER

FHOEVEREINARR B[ H S, =B RERH(E )
HIRAF; #p R M E T B8 (SU-70, HA
RS H AL E B BOR BT SL i) s X S ERAT5 2
HriX(D8-A25, fEEAME wAA]); JHF 1 RME
(Multimode8, 3 [E 4k 7 B HAXARA IR 2 7)); [
PP HTAL(STA 449 F3 Jupiter, 78 E A F): 4K
ST AN REAY [Nicolet™ iST™ 10, FEER G /RBHK
(PENA IR A PGz fik A B (DSA, 1
v B IRARAFR); HSFHF(DDS-307A, FifF{X
HL R A BRI PR A 7).

1.3 GO #1 GO-BAS E&4 1895

GO 153 i) Hummers VAP 8% EBEAR R0
A 3 g Aaag, TERIHERE T2 360 ml K
R AN 40 ml WRIERR, TR LRSI 18 g Mtk
FREH; M ZE SO°CIIEH, Hiidt 12 he BUHBEAF,
HAXRHREER . RIMEENEELE 400 ml(F 18 ml
30% HoOo) B AEE K FIOKE |, RS e o o ¥
W 0.05 pum 15 PR B AT ES L 98, PRIk ER
F MUEW pH A 6~7 IESHY, A 1h J5 A 4000
HELONLEG 15 mine i3 EEBOWEN GO %
W, BCH IR E R 2 g L7

GO-BAS H AW H/KAGEHI &L, FHIIRE N
0.5 mol-L ™" 1] Al(SO4)s ¥ - 75— R =43l
A 05, 1A 15 ml iz, HAEEEIMA 0.2 g K
FE M 2.5ml GOQ2 gL )&, RE), #8730 min,
FIREE 24 h 25, ZHBEAWT 80°C/KIGH %
BN 2 h, i BAS 8T GO: i JE LR HL
T, IR =R GO-BAS ¥, 43 7lbric
A GO-BAS-1. GO-BAS-2 1 GO-BAS-3.

14 BEREEEAMNERNGIZ

ALY AT PES 8RS HEIAN A 12.57 em?(1E
JECZELA AR A 2 AR T AR 9.08 em?). FEMFE B IR
1E LA 2 B 7K R 292 30 min, BRI A



* 4068 -

LT

L

69 %

Ji. 2.5 ml ] GO. GO-BAS-1. GO-BAS-2 1 GO-
BAS-3 ¥ 73 il 5 U273 3 1.5%PIP MR, —di
FEOTHL, FCRRIS ST KA. 1.5 g L7 [ TMC ¥
fREIECbet, EBCENUARE . BifE, Kokt
HF) PES FEMR5E 4R N KA, 10 min J5HL
H, JBCE BB AL 30 min P FRERIRE K. 4RRA
HHLAHF 1 min, 4 PIP 5 TMC 7E PES R R AT
MRE, B PA BEZ. mIGHE 70 CH X T4
FErP IR EE 20 min, HUHE . HA, PES. PES-
PA 43N SRR JE IR . SRR 4N e, PES-PA-
GO . PES-PA-GO-BAS-1. PES-PA-GO-BAS-2 Al
PES-PA-GO-BAS-3 &7 Al il GO+ GO-BAS-1.
GO-BAS-2 fll GO-BAS-3 ] PES-PA & & 4NJEE
1.5 fEMEEENR

HH =X IR (T A BR 2 = B 6] 52898t
JEEI e B S 1 P, N IR E . 9N
JERESE NFRAAPEE, JefE 0.6 MPa K I R HUE 10
min, {FREAHERERRE . 2K HIFE 0.1~0.6 MPa /N
HAANFETAEE S Z N &REFE 5 min, WEEEGHHE

HRAEAN RS 0 T RI2EKIE R . 2KiEE J K E A
B
v
= (M

X, JoAgKEE, Lm>h VO iEmik
i, Ly A N ARG, m? ¢ NIRRT E, he

£ 0.3 MPa ¥ TAE R IR 43 A et 2 g L7 1
BREREN . BREREE . LB S L BRI 4 B P fE
BEEA R HEAN

R[l —%jxm% )

A, R OVEHERE R, %; Ci G 7RI EE

WANBERNIRIE, gL' W &AW S

% pressure gauge
NN
pressure regulating
valve
membrane
inorganic salt filtrate

solution
1 PR RE ke B

Fig.1 Schematic diagram of flat membrane test unit
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Fig.8 AFM surface morphologies of each membrane
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