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ABSTRACT

ypothesis: Carbxylated graghene oxide nanosheets were synthesized and the
Hnanosheets were applied to the surface modification of the polyethersulfone-
based nanofiltration membranes for water treatment.
Methods: Different concentrations of the synthesized carboxylated graphene
oxide nanosheets were used as the surface modifiers to prepare the PES/PEI/
¢-GO nanofiltration membranes. The prepared membranes were analyzed by Fourier
transform infrared (FTIR) spectroscopy, scanning electron microscopy (SEM), 3D
surface images (AFM) and X-ray diffraction (EDX) spectroscopy. The permeability
and the separation performance of the constructed membranes were evalueted by the
water contact angle, water content, the flow of pure water and the rejection of sodium
sulfate salt and heavy metals.
Findings: the FTIR analysis showed the formation of favorable bonds in the

synthesized carboxylated graphene oxide nanosheets and the fabricated membranes.
The membrane surface modification by c-GO nanosheets led to a decrease in membrane

nanofiltration membrane, roughness and the contact angle decreased from 75° for the neat membrane to 36° for

graphene oxide, M1 at0.001 g of carboxylated graphene oxide nanosheets. Moreover, the water content

increased and M2 showed the highest water content. The highest pure water flux was
obtained at 13.065 L/m>h for the constructed M2 membrane containing 0.01 g of
water refinery, carboxylated graphene oxide nanosheets. In addition, the highest rejection of sodium
sulfate salt (Na,SO,) was observed 67.5 % for the M3 membrane containing 0.1 g of
¢-GO nanosheets and the highest rejection of copper nitrate (Cu(NO,),) was obtained
87.21% for the M1 membrane containing 0.001 g of c-GO nanosheets. Furthermore,
the obtained results indicated the improvement of the anti-fouling properties of the
modified membranes containing carboxylated graphene oxide nanosheets compared
to the base membrane.
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Fig. 1. FE-SEM images of carboxylated graphene oxide nanosheets.
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Table 1. The percentage composition of the materials of the manufactured membranes.

PEI, GA, NH,0OH,
Membrane Zn(NO), (wt %) c-GO (g) DMAC (wt %) PVP (wt %) PES (wt %)
MO 0 0.000 81 1 18
Ml 1 0.001 81 1 18
M2 1 0.010 81 1 18
M3 1 0.100 81 1 18
M4 1 0.150 81 1 18
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Fig. 3. XRD of carboxylated graphene oxide nanosheets.
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Fig. 5. FE-SEM images of the cross section of pure membranes (M0) and membranes containing 0.001 g (M1), 0.01 g (M2),

0.1 g(M3) and 0.15 g (M4) of carboxylated graphene oxide nanosheets.
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Table 3. Roughness parameters of the prepared membranes.

- il 9 03k IS JaunS 9 55 SasnST (3355 b pdlaan il Asly 24 Abblogils slisé: zKlaww Z kol

X 55 855 oty 3051 gl =Y Jpr
Table 2. Results of energy dispersive X-ray analysis.

After heavy metal test Before heavy metal test
N (wt%) 23.49
Cu (wt%) 100
Zn (wt%) 76.51

03 Sl p e (9550 B alie ple 4 o M2 sildias L
Cobes MO slis s s Apum i S 4N culbes M3 glis
ol Jdsa Culs (G151l aS Col F/08 pm 2 S Y
g oS 03 mla (S oS Pl sl g Bl (LT3 5 mla
el ol Lo cb..» 0o Sy Coslie 3 g
ol 2gms 5 5 SRS G Sy s s o n Gl
X 5 p il ik 0503 M3 GLie o 2 (505 5 030 5
e e (SAS|y Oddpaia [ faed przes A5 el

10000
9000
80001
70001
6000
5000
4000
3000
2000 Fulo

1000+ Cukp
O y A AI - eV
0 5 10 15

10000 -
9000 -
8000+
7000 -
6000 -
50001 ZnLa
4000
3000
2000

1000+

ZnKo

Membrane R, (nm) R, (nm) R (nm)
MO 3.089 4.127 30.27
M1 1.725 2.932 31.02
M2 2.542 3.817 34.63
M3 2422 4310 33.31
M4 2.330 3.914 29.94

0 : A LZHAI?B eV
0 5 10 15

Slaamin b /) g slls) M3 slie 5IEDXA ¢Sl -5 s
(o5 JouS 35 S LS| 31 S
Fig. 6. EDXA pattern of M3 membrane (containing 0.1 g

carboxylated graphene oxide nanosheets).
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Fig. 7. Atomic force microscope images of the surface of pure and modified membranes.

N g Comgsl sl 05 Sal 5 el s
SKes M3 s ML glalie 53 Of (glymms Sltie [2alS ¢ pioman
DYVT A2l e keS -dlol 5l e Ly dilie (S8 8 Lses o
sddantlu glalie 5 SOl 5 pwss ol e ) 5 shinens
a3l e b pled 515 Sl 5 5 e o3l uleS a1 )
Lol oles sl e Saix e o)l oS dal,y i e
DAY el jomssol Lie mhaw il S Lié o
s Lad b b OF e sl RalS adaslis ¥ gl 5o ol
Ll oo ol bl ol calalis dﬁM 93l 3 g
50l oS 5 S AT 31 S laamino U L s Ol Jdoe,
S3NH 5-COOH (slas 5 8 Oeliuly o g0 48 AL paenl ST L
a3 5 L1 (53b5 mnol baes S opl et gLid o
DT das o il il 1y resacl 5 S2alS | ules gl
sldasle glalie 5l e Lalls O Ll Ol ks Ly,
slalis 5l gose Lol O Jle jllie .o stal ¥ Joi> s
ol S oS o Bl 15l gLid 4 o Sl
A2l iSOl slge b lalis e pssol I s
S esls palls ST LS s (5 S5 A 55 eSS (e

0-1 161 (53737 B ol omisg s Jlus pols 5391955 9 e role alza

Ol Gl dos A S 9] 555 0 LS4 eddale cbalis
Slge b eddzdlol lalie das o 0L | sddastla slalis
bsie el odr il glis boalis s ss -3
Ll oo 4 35 pad odaline Sl s Of Gl lis 55 .5l
O3 poan dalis Aol 53 SLSs wb glie Sl eslinad Jse

80
—~ 781
S
o 761
3
8 74
e

72- I

70 - : - -

MO Ml M2 M3 M4

Membrane

ediatle glalis 53 O gl slie -A JS2
Fig. 8. The values of the water content of the constructed

membranes.
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Table 4. Values of water contact angle with membrane surface, average pore size, and pure water flux of prepared membranes.

Membrane MO M1 M2 M3 M4

Contact angle (°C) 75 36 40 37 46
Pore size mean (nm) 2.97 2.65 3.73 3.15 2.85
Flux (L/m?.h) 8.520 6.240 13.065 7.244 9.170
Rejection of Na,SO, (%) 62 64 52 67.5 53.78
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Fig. 10. Flux recovery percentage values of prepared

membranes.
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