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ABSTRACT

Hypothesis: In this study, the composite Ag/Cu,O nanoparticles were synthesized
to fabricate the polyethersulfone (PES) nanofiltration (NF) membranes.
Methods: To optimize the nanocomposite PES membranes for NF applications,

different concentrations of the Ag/Cu,O nanoparticles were added (0.05, 0.1, 0.5
and 1% by wt) into the pure PES dope solution. Field emission scanning electron
microscopy (FE-SEM), Fourier transform infrared spectroscopy (FTIR), 3D surface
images (AFM) and X-ray diffraction analysis were utilized to investigate physical and
chemical properties of the membranes and the nanoparticles. Moreover, the effects
of nanoparticles on membrane properties were characterized by water contact angle,
water content, average pore size, and porosity. Finally, permeability and separation
of the membranes were examined in the NF process of sodium sulfate (Na,SO,) and
copper sulfate (CuSO,) as a heavy metal.

Findings: The results of FE-SEM images and X-ray diffraction analysis depict the
formation of nanoparticles. Also, their functional groups can be seen in the FTIR
results. The M2 membrane, containing 0.05 wt.% Ag@Cu,O nanoparticles, showed
the highest pure water flux. In detail, the pure water flux increased from 11.2 L/m*.h
Ag/Cu,0 nanoparticles, for the pure PES membrane to 24.36 L/m>h for the M2 membrane. For the M5
membrane with 1% by wt/Cu,O, the rejection of Na,SO, increased to 68.08%, which
was higher than that of the pure PES membrane. Moreover, the M5 membrane results

salt removal, in increasing the rejection of heavy metal CuSO, up to 98.15% being higher compared
water treatment to that of the pure PES membrane with a rejection factor of 92.63%. The results of
reducing surface roughness and increasing hydrophilic groups lead to improved anti-
fouling properties of the membrane. In addition, the highest amount of flux recovery
ratio (FRR%), being 50%, was obtained for the M5 membrane, whilst FRR for the

base membrane was about 31.5%.
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Table 1. The percentage composition of prepared membranes.

Ag@Cu0O| PVP | PES | DMAc
Membrane 2
(Wt%) Wt%) | (Wt%) | (wt%)
Ml 0 1 18 81
M2 0.05 1 18 80.95
M3 0.1 1 18 80.9
M4 0.5 1 18 80.5
M5 1 1 18 80
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Fig. 1. Schematic of the membrane filtration system.
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Table 3. Surface roughness values of the manufactured

membranes.
Membrane M1 M2 M3 M4 M5
Rmm) | eve | viah | ¥1Y | vive | YA

eldasla 6[.&[.&_9 PJQU =3 9 I .hw_,:.a e)".b" -y J}J}
Table 2. Average pore size and porosity of the fabricated

membranes.
Membrane | Mean pore size (m) Porosity (%)
Ml 1.23 x 10° 67.50
M2 2.8 x 107 91.67
M3 1.1x10° 79.17
M4 1.4x 1010 54.17
M5 1.05x 101 80

R R R BN R R e B T )
e ol [ Ag@Cu,0 &oly3 56U 055550 L dilels LSS
b Y badin e 11 sl e s ol 03 S i
350 Gl L s s mee mis HLo 4 Wl8 e aS A edalle
Sl O e Wl e o8 dl ol e Y Culis
e Ll e oS LS S5 ) e Ble wulg s e
osbObes il Lis LSCis ol8im (63 Ul Al b e 2l 531
5 a8l el Lo gladine Jsb M3 glis 3 oy e o> oS
SLJLL slad (ol s O3l ol adS FoST ey 2 &Y
Ol 3l s sl gn cdas sod bl oS ol aBly il 53] ans 5ol
L8 53 b dal s e G5 e 3 S Gl 4 5 S s
3L o (ol Ag@CU,0 S350 555+ /07, 515 S M4
Jdsas K55 o o8 35 edalin Lid mlaw 3 0155 o | I3 5L
SIS mae M5 glis il Sl Sl oA iy ot
DaeS| e sl S35 Rl 55 e sdalie L2 e (5,5
S a0 s plioe S e Culbes s mh
B L el
cblie 51 ziy Sl bl gbalis zupol i
P K P P CH ¢ RGN [gon [P
Sel B mnd J1 sl ply (Kipd e sl Sl el
a3 5 Ngd e Lk Skl 5 585 glae i O b
FE-SEM sl 5 45 jsbolen s e Shlpl 1) Jslss
5 oanl il e i o3I a3 80 il by s sdaline
Rl el &S b R 5 s adiie S el bl
Sl s e stiasOlis ¥ ol 355 e Lalie s
GLls M2 glid 35 o sdalie S 5 sbOles . Colas im o510

&Y 653-)3T D o)losh it 9o Jbw youly (5391935 9 pole ool alxo z‘“A



OISR 9 3o Ls Jlue

ine 2
Combine 2 Combine 1

oufisz Combine 1
® _
o=l 5l e (0) 5 el sl iy (@) M3 lie EDX s slas =2 IS
Fig. 6. EDX images of M3 membrane (a) before test and (b) after test.
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Fig. 7. AFM surface images of pure membrane and modified membranes.
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Fig. 9. Water flux values of the constructed membranes.

S L ol sdd el gli 4 o L Sl e L
Cules FE-SEM sl plle M5 slis s ol 356 chle
5ok FaSlae b cplply ol 4l B0 4 i S WY
Sl eada Sl sdd sdaline I3 60 51 (ool o

[F YY) 555 o e ()0 LS 2alS

o3 (FHm
Slli= L1 s 2 612 CuSO, 5Na,S0, e slad sl |
Vo UK s Sl 5 m palie A eslinad sl -Slol glalie
Sad gl sl 55 e o iis el ol eals OLLS
Ol Ag@Cu,0 5357 shyls slié 1,1, CuSO, 5Na,SO,
S J 5 Lus Sl LIAANDT 5 PAPA LS S oS das e

~9-CuSO, —#—NaSO,

120 .
& 92/63 95/7 98 9754 ogis -
< e ¢ ———e——o [l00Z

] o
2 80 o S
: Z
@]

60 A W I z
L‘5 65/05 6131 65/2 68/08 60 g
: 7 55/08 I £
= 40 0 £
5] i
220 ) &

(e}
(e}

Ml M2 M3 M4 M5

Membrane No.

Na, SO, sCuSO, sladsls 5y nslie =\ S
Fig. 10. Return values of solutions CuSO, and Na,SO,.

V&Y 63—)3T D olosds (piad 9w Jlws rosls S 39)9isS 9 pgle (pole dlxo

0O Contact angle BWater content (%)

60 90

8029
7651 7442 L 80

o 65
B 405 T 405

N 05

Water content (%)
I
[an)

Contact angle (°)

M3 M4 M5

Membrane No.

Ml M2

o3 eddantle glalis wled asly 5 O (glgmee polis —A IS
36l el laclals
Fig. 8. Values of water content and contact angle of

membranes made at different concentrations of nanoparticles.
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Table 4. Comparison of the results of this study with other published articles.

Membrane Nanoparticle Nanoparticle (wt%) Water flux (L/m2.h) Ref.
Polyethersulfone Cu,0 0.05 36.78 [18]
Polyethersulfone CoFe,0,/CuO 0.5 34.5 [16]

This Study Ag@Cu,0 0.05 24.36 -
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Fig. 11. Flux recovery ratio (FRR%) of fabricated mem-

branes.
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