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ABSTRACT: The presence of the even very low concentration of dyes makes it undesirable due to
its appearance. Most of the organic dyes have aromatic rings in their structure that, make them very
toxic and non-biodegradable. So removal of this dyes from industrial effluents before discharging in
natural waters is very important. In the present study, Graphene-oxide (GO) nano-sheets were first
synthesized using the modified Hammer method and then magnetic graphene oxide (mGO) was
prepared using a solvothermal method. The properties of nanofillers were investigated using SEM, XRD
and VSM analyzes. The synthesized GO and mGO were embedded in the matrix of polyethersulfone
(PES) using phase inversion technique in order to improve its hydrophilicity, permeability, antifouling
properties, and rejection performance. Surface and cross-sectional morphology of the resulted bare and
nanocomposite membranes were characterized by SEM images. The effect of blended nanoparticles on
membrane hydrophilicity and performance were determined using water contact angle, pure water flux,
BSA solution filtration, and Reactive Green 19 (RG19) and Reactive Red 198 (RR198) dye solution
rejection. Cross-sectional SEM images of the prepared membranes presented an asymmetric structure
with a finger like porous sub-layer and dense top-layer. The water contact angle for the bare PES,
PES-GO 0.25 wt%, and PES-mGO 0.25wt% were 61.17°, 55.11°, and 51.04°, respectively. The pure
water flux of the blended PES membranes was enhanced significantly compared to the bare PES due
to the higher hydrophilicity. The results of antifouling properties using BSA filtration demonstrated
that the PES-mGO 0.25wt% had the best antifouling properties. Values of flux recovery ratio for the
bare PES, PES-GO 0.25 wt%, and PES-mGO 0.25wt% were 45.0, 67.0, and 72.7%, respectively. Dye
rejection performance also was increased for the PES-GO 0.25 wt% and PES-mGO 0.25wt% compared
to the bare PES. . Compared to the all fabricated membranes, PES-mGO 0.25wt% showed the highest
hydrophilicity, permeability, rejection, and antifouling properties.
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1. Introduction

Dyes are known as a group of toxic organic pollutants,
present in many industrial wastewaters such as plastic, textile,
dyestuff, paper, leather, etc., with the annual production
of about 700,000 tons [1]. Textile industry is known as an
industry producing a huge amount of colored wastewater [2].
Membrane separation is considered as one of the most
effective technologies in the field of water and wastewater
treatment [3]. membrane separation technology has attracted
great attention as a low-cost, easy-operation, environmental-
friendly and highly-efficient technology [4].
Thegoal ofthe presentstudy is preparation and characterization
of polyethersulfone (PES) membrane modified with graphene
oxide (GO) and magnetic graphene oxide (mGO) and
investigation and comparison their permeability, antifouling
properties and rejection performance.

*Corresponding author’s email: a_Shahbazi@sbu.ac.com

2. Methodology

Graphene oxide was synthesized by using modified
Hummer’s method [5] and the magnetic graphene oxide
was obtained using a solvothermal method [6]. The
resulted nanofillers were characterized by using scanning
electron microscopy (SEM), X-ray diffraction (XRD),
Fourier transform infrared (FTIR), and vibrating sample
magnetometer (VSM) techniques.
Nanocomposite PES membranes (including bare PES, PES-
GO 0.25wt%, and PES-mGO 0.25wt%) were prepared using
the nonsolvent induced phase inversion technique using
DMACc as polymer solvent [7]. The surface and cross-sectional
morphology of the resulted membranes was characterized
using FESEM. The surface hydrophilicity was measured
by using contact angle technique. The overall porosity of
the prepared membranes was also determined based on
gravimetric method.
The performance of the prepared nanofiltration membranes
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was investigated using a dead-end filtration system with a cell
capacity of 200 mL and membrane effective area of 19.6 cm? at
3bar operation pressure and room temperature. Antifouling
properties was investigated using BSA filtration and rejection
performance was determined using reactive green 19 (RG 19)
and reactive red 198 dyes (RR 198).

3. Discussion and Results

Cross-sectional SEM images (Fig. 2) present an
asymmetric structure with a finger like porous sub-layer and
dense top-layer. It is well-known that the dense top-layer
limits permeability and enhance separation performance [8].
The results of the water contact angle measurement are
showed a decreasing trend by addition of GO and mGO to the
PES matrix. Values of water contact angle for the bare PES,
GO-PES 0.25wt%, and mGO-0.25 wt% were determined to be
61.17°, 55.11°, and 51.04°, respectively.
The overall porosity of the membrane was also increased
by addition of GO and mGO. The GO and mGO modified
membranes had a higher porosity (73.9 and 74.6%,
respectively) compared to the bare PES (68.5%).
The measured pure water fluxes for the prepared bare and
modified membranes are presented in Fig 1. As shown in this
Fig, the pure water flux has increased twice for the PES-mGO
0.25wt% (41.0 L/ M2 h), compared the bare PES (19.9 L/ M2 h).
Increasing in hydrophilicity has resulted in an increase in
membrane permeability and indicates a close relationship
between the hydrophilicity of the membrane surface and
PWE. Generally, increasing in hydrophilicity can increase
wettability and subsequently permeability of the membrane [9].
The results of Flux recovery ratio (FRR) as the most important
fouling index are shown in Fig 2. The FRR results confirmed
that addition of GO and mGO has improved antifouling
nature of the PES membrane.
The values of FRR for the bare PES and PES- mGO 0.25wt%
were calculated to be 45.0 and 72.7%, respectively, showed the
excellent fouling resistance of the mGO modified membrane.
The trend of FRR changes is harmonized with water contact
angle and pure water flux of the prepared membranes.
Dye rejection performance was investigated by filtration of a
100 mg/L solution of two reactive dyes (RG 19 and RR 198)
at initial pH of 7. The results of dye rejection performance are
presented in Fig 3.
The results showed high performance of the membranes for
rejection of both dyes. The rejection performance of RG 19
was higher than RR 198 due to the more molecular weight
and bigger size of this dye compared to RR 198.
The rejection performance of PES-GO 0.25wt% and PES-
mGO 0.25wt% also was higher than the bare PES due to the
more negative charge on the surface of these membranes and
repulstion effect.

4. Conclusions

SEM images showed a finger-like cross-sectional structure
of the nanocomposite membranes with a smooth surface.
Membrane surface hydrophilicity and permeability of the
GO and mGO modified membranes was more than the bare
PES. Moreover, the fouling resistance of the GO and mGO
incorporated membranes was significantly enhanced due to
the decreasing water contact angle and increasing surface
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hydrophilicity.

The results of dye rejection performance demonstrated high
efficiency of the modified membranes for removal of reactive
dyes.
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Fig. 4.The results of XRD (a), SEM (b), FTIR (c) and VSM (d) analysis
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Fig. 5.Cross-sectional SEM images of PES membrane
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Fig. 7.Water contact angle results of bare, GO blended and
mGO blended PES membranes

sLid Jolss S dlos j Jolo glis ¥ Joun

Table 2.Overall porosity of the membranes

slic g4 EIE SRRV
PES FAOE 1Y)

PES-GO -/vo wt%
PES-mGO -/vd wt%

Yy & V-

\AAEAD)

Pl Jols e s g )1 2T 518 4 995 sy (658 Jolos yordy

o> ol Sl ) 4 yomie ol e b oo iol8l Pl e g

) lad whaw 5l (ohug) (£95 QoS Se pglai 7SS

olwl g > J1s 5o jeus conlie Pl Lo 4 a0 ol
Sl slae Jole jo o Ldgl canlin jizn g Sed Jolore SO
Sy eomline slid 4 by SEM olas 0 GO a5 oy, o3
GO lial (i oo (laislid g5, 2 (50,55 (o7 9573
).Lij Sy LsLQ;Lm.C )| AW :Ld; )ajL.a_» B .,\...ul.»‘sn ).o...Li J}l.}
)L:.,.M.gGOlgoM)L.\laLc :L&&@@»ﬁ&jﬁjﬁ5o)j} Olio
lilislh slorlid oles als ol gl ¥ IS5 o

SlS gl canl sals ols lis mGO 9 GO L ou Lol
5 s elee 5 b 45,5 S b gy iy o 3 s
uoj)sl Lv clae u.ul.o.v 4.:5‘) 65.«»‘50 sdaliv a5 )5.'4;[.9.@ el 00l
o] Caols MGO b o L2els mGO 3 GO LLsgl
&S cel ol ks eles asgly (rals 1wl so Juals ax ;0 O)
slid 4 Cud (g i cwgdo] Caols gl sad i slad
S o515 Ll cow MGO  jga> cid> o .ol PES
5o A—JT P 3985 g Ll el g ouds slie @a...: 5o G:.wsogi
il ¥ gz o slid Ul IS alme 5l Jol> gzl

3,ls a8 ‘5..151 ST 13550 alaly 4 mGO el aisl Sl
y‘)sWGMszsowsw&auMWBOu]w
“_)—‘ J)‘L‘>M O clae olaws! ‘ali...m Azl B | oé; C,u...vso«g]

1aa.



VAR B VAAY doxio VYRR Jlo oA 0yl Y 095 ¢3S paol () yo suobies 4yl

120
o L BRG 19 BRR 198
100 | 96.98 o778 94.63 o788 93.90

b ouud < 5 PES g PES (ysnl il gl glalicd s Shos 1+ JSis
RG19 3 RR198 %) 93 bi> ,o mGO 9GO

Fig. 10.RR198 and RG19 separation performance of bare,
GO blended and mGO blended PES membranes

ol Hl ioles] s cwl oal ools las A IS o ol Cawd
ol ol e i fs MGO ol sloelic L anslia 1o (s 5e8
L il o 45 Ao loelid Ikl s il 5 ol
U5 5o 5 e zsly 50T s b gualts ol el o oL
oo llaa laclss
sk, 4 S8 el )L ol5k s o (65,1 4 (S8 Sus
oled 3l cwd ol jo ams oo ioles 1) ool 4y glaslie (Lo
uwb».l.«.? 6‘)-‘ S92 IR 4.».9).? QLM:JJQ.M u_:] )Lw as @L@;Lw.c
B oo ML’?LA ).la.ko u] )LA.AJ o)l.‘ugb B 09.4»‘5‘0 oolawl BSA
G bslae ol 5l 50 alo e ol 0 008 aseie (KB T e
Ao )3 0ul Mol sladiges dan 0l a8 5 cod LU YT ol
PES gl iliboils clid b aolio s 6,200 (FRR) L sk
2oy s Lals PES ol aligili led ol ol alls
sl 00y YYIVZ Jlaie 4 MGO (404381 L a5 04 FO7 50
Mbsa [ RW) C)Lé‘ Lgl.m;[....c ‘5»...490«_)“— )‘ u..wla gs’l"‘}’ U'»’o‘
mGOBGOLoMu..S)JPES ua....u‘).a.l..ﬁyl) sline o)il.o..c
o ool las Ve IS ,0 RG1I9 ¢ RR198 X5, g0 a0

1449

60
41.0
3507 37.7
'—3. 40 L
= i
o 30 19.9
= 20
&
10 |
0 1 1
S oo Qo
© ©
P8 o™

3 PES ¢gmml il il slalisé bl 5L ialesl ulss A S
mGO 4 GO L ouis sy PES

Fig. 8.Pure water flux of bare, GO blended and mGO
blended PES membranes

100

90
) L 72.7
) 38 i 67.0
2 60 |
3 50 | 45.0
<3 40
—~ 30 t
< 20

10 F

0 1 1

S oo Qfo
¢ 15«‘ Qflr’«

oo G
Q‘?ﬁ"e ngfv"“

5 5 PES g PES (ygunl ilidgib slolid jLis b3k wwoy0 4 Sl
mGO 9 GO L ouis

Fig. 9.Flux recovery ratio of bare, GO blended and mGO
blended PES membranes

Dgd g0 S35 il g

) gl kil Y-

S 1y 00y i gloslic bwg KO Bis ol aSl L8
3,18 ol b slae o)y a8 slae (S50 e (Shg 90 mS
Olies Jold (29 99 Cnl S (o0 Son g 001 )18 oo 2 350 |,
el sLie L sl olgee g sLie L

@ mls wb pbal Lo Glesl sleg s lie oy ln



YAAY b VAAY doiuo TR Lo A oyl DY 093 €pusS pual 3 yas (wbies &yt

» J.‘}LL‘)U w..“)ﬁ‘ ‘)”) Cnd )—“—’ slae )L..u O gufr oS J...ul) aS
slid (KB Fus (ol (Lo bk ol cute U L )
roe ok 2 15 w8bios 4 BBl 3 Gl 0ol S
T3 i e Job a5 iy a5 o35 e 6 asli
Ol ol a8l o295 LB o9 GO gyl slie w cos
Ky Glp wds Gl g 00,5 low oee FIOZ lee & PES
Olme a0 PES :lae & s PES-mGO :Lze ;o RG19
> ol (S5 Bdo) aaal wwld (IS sk 4wl
Lg Sl odls slas ‘s‘l)lf ),....M...b U‘.J‘)S‘ [ESvew) u,ﬂ.x.......f\ u‘)\byb
510590 9945 85 A lgf o o] Cws 4 sloosls 4y axg3

3los,S oy Sgugs (090 U o slas

e a2

el SMe
cm? el maw colue
um:lie cwls
gr/ cm’ol J&>
L/m? h.lag Lo

H & L

minol jee b Soe

%L L5 il s, FRR

%S5, Bi> sy R

PPMST]e> Jolxe j0 S5, clal G,
PPM s 5 Gl o SO, el C
g ol

%slie IS Jxlss €

ol slaslis oI5 05 co oamlive jlagei jo a5 ghailen .ol
sl A Comnd RG19 9 RR198 g_§.|) 9o B> 3o )l..ﬁyla L’ 0
RR198 X5, slp i ol .ol a8l 20158l PES alls
Soupe FIO7 oo 4 PES clice 4 cos PES-mGO clag o
PES'mGO slie B RG19 g_f.') 6‘)4 ud} u‘).».ﬂ 9 oo; LA...;
@ axg bl 4l ogp 4 lie a0 PES clac 4 s
S EEF am lg (o0 SO, 0 slil (Sim lade Dol
RR198 %, 4 s RG19 K5, Gi> o (g ien )5 slas
Sl K5 oyl J5Ug0 051l RG19 K55 g (G5 e o)l
sk 40,10 RR198 K5 4 s (6555 ,5 o3lsl ) ol 15
el slig Olyas ojlasl 51 L5 aS o ls iS>6S o5lail b
Oy GO lJ 03l C)Lo‘ PES slae K9y 2 as ‘5...&5).: 5o
dee s L/m® h MY 5l lae Lo e o 0b sanlie o 5
o0gs, PES-GO -\ wt% sl s L/m° .h VY)Y « PES
oAl slae o az 0 FOI0 5l el agly e pizen ol
Olie il 2l PES-GO 1\ wt% :lie o a5 0 OA/D4
5l g 0,5 log 950 PES-GO /Y wt% clie o 55 Lo obsL
Gioe (e bawgs a5 (6,500 rmei yo LYo ] oew, YYZ 4 YO
OlgaS Adgil b ooads Jlakele PES clid (g5, » (il Sen 4
BBzl s ploul ) Ba> Gua b ool anSTL ool oS 5
)P;|)¢:U¢o)il&sé%)i§l¢gdfmi¢mo@w§
Giegi (2l )0 g 5alaST L et oS 5 pligS slayLisl
IO WE% clié o YF a4 @B clié 0 Y el slad Lo
o Sy i e Geizes el oupw, PES-CC-Fe O,
sline )L...: tsul_v)la Q‘)"’A 9 0w ‘\‘\/. 4 /\AZ )I 9 :L.Bla ] )L..m.»

IV el oo, WVIVZ o YAZ 5l g axsls g5 BB Liol33l 5

&S domis ¥
PES- clié a5 0 oanlie 43,5 &ypo (gla i,y o
a>5 L .o,ls PES-mGO :lic & coes 5,80 !, mGO
PES- clié [l oo 45 ah oanlie 48,5 &y slozlll 4
ooy ;lis a5 el PES slee ) o L/m?*h vi/y mGO

UG aimed sl oo i gloslié wges] il

YAy



VAR B VAAY doxio VYRR Jlo oA 0yl Y 095 ¢3S paol () yo suobies 4yl

[9]E. Petrucci, L. Di Palma, R. Lavecchia, A. Zuorro, Treatment
of diazo dye Reactive Green 19 by anodic oxidation on a
boron-doped diamond electrode, Journal of Industrial
and Engineering Chemistry, 121-116 (2015) 26.

[10]H. Shon, S. Phuntsho, D. Chaudhary, S. Vigneswaran, J.
Cho, Nanofiltration for water and wastewater treatment-a
mini review, Drinking Water Engineering and Science,
(2013).

[11]W.S. Hummers Jr, R.E. Offeman, Preparation of graphitic
oxide, Journal of the american chemical society, (6)80
1339-1339 (1958).

[12]X.-L. Qi, S.-C. Zhang, Topological insulators and
superconductors, Reviews of Modern Physics, (4)83
1057 (2011).

[13]R.W. Baker, Ub. Staff, Membrane technology, Kirk-
Othmer Encyclopedia of Chemical Technology, (2000).

[14]]. Y. Ho, T. Matsuura, J. P. Santerre, The effect of
fluorinated surface modifying macromolecules on the
surface morphology of polyethersulfone membranes,
Journal of Biomaterials Science, Polymer Edition, (10)11
1104-1085 (2000).

[15]]. Hong, Y. He, Polyvinylidene fluoride ultrafiltration
membrane blended with nano-ZnO particle for photo-
catalysis self-cleaning, Desalination, 75-67 (2014) (1)332.

[16]M .Morra, E. Occhiello, E. Garbassi, Knowledge about
polymer surfaces from contact angle measurements,
Advances in Colloid and Interface Science, (1990) (1)32
116-79.

[17]M. Safarpour, V. Vatanpour, A. Khataee, Preparation and
characterization of graphene oxide/TiO2 blended PES
nanofiltration membrane with improved antifouling and
separation performance, Desalination, 78-65 (2016) 393.

[18]H. Yan, X. Tao, Z. Yang, K. Li, H. Yang, A. Li, R. Cheng,
Effects of the oxidation degree of graphene oxide on
the adsorption of methylene blue, Journal of hazardous
materials, 198-191 (2014) 268.

[19]R. Boom, I. Wienk, T. Van den Boomgaard, C. Smolders,
Microstructures in phase inversion membranes. Part 2.
The role of a polymeric additive, Journal of Membrane

Science.292-277 (1992) (3-2)73,

yaay

gr:lis iz (59 ,0

&b

[1]A. Anand, B. Unnikrishnan, J.-Y. Mao, H.-J. Lin, C.-C.
Huang, Graphene-based nanofiltration membranes for
improving salt rejection, water flux and antifouling-A
review, Desalination, 133-119 (2018) 429.

[2]M.T. Yagub, T.K. Sen, S. Afroze, HM. Ang, Dye and its
removal from aqueous solution by adsorption: a review,
Advances in colloid and interface science, -172 (2014) 209
184.

[3]A. Fakhri, Adsorption characteristics of graphene oxide
as a solid adsorbent for aniline removal from aqueous
solutions: Kinetics, thermodynamics and mechanism
studies, Journal of Saudi Chemical Society, 2017) 21)
S-52857.

[4]N.M. Mahmoodi, M. Arami, Bulk phase degradation of Acid
Red 14 by nanophotocatalysis using immobilized titanium
(IV) oxide nanoparticles, Journal of Photochemistry and
Photobiology A: Chemistry, 66-60 (2006) (1)182.

[5]S. Dawood, T. Sen, Review on dye removal from its
aqueous solution into alternative cost effective and non-
conventional adsorbents, Journal of Chemical and Process
Engineering, .11-1 (2014) (104)1

[6]Z. Rahmani, M. Gholami, Determination of quality and
quantity textile industry wastewater located in 21 area
(zone) and comparison their effluent with environmental
protection organization standards in 1389, Iran
Occupational Health, 10 (4) (2013) 25-32.

[7]K. Rahimi, R. Mirzaei, A. Akbari, N. Mirghaffari,
Preparation of nanoparticle-modified  polymeric
adsorbent using wastage fuzzes of mechanized carpet
and its application in dye removal from aqueous solution,
Journal of Cleaner Production, 383-373 (2018) 178.

[8]M.A. Zazouli, D. Balarak, Y. Mahdavi, M. Ebrahimi,
Adsorption rate of 198 reactive red dye from aqueous
solutions by using activated red mud, Iran J Health Sci,

43-36 (2013) (1)1.



YAAY b VAAY doiuo TR Lo A oyl DY 093 €pusS pual 3 yas (wbies &yt

[21]S. Zinadini, A. Zinatizadeh, M. Rahimi, V. Vatanpour, [20]S. Zinadini, A.A. Zinatizadeh, M. Rahimi, V. Vatanpour,

H. Zangeneh, M. Beygzadeh, Novel high flux antifouling H. Zangeneh, Preparation of a novel antifouling mixed
nanofiltration membranes for dye removal containing matrix PES membrane by embedding graphene oxide
carboxymethyl chitosan coated Fe304 nanoparticles, nanoplates, Journal of Membrane Science, (2014) 453
Desalination, 154-145 (2014) 349. 301-292.

o2 gyl dlio (nl & 4y
A. Shahbazi,M. Aghaei,H. Koulivand, RR198 and RG19 Dye Removal by using PES membrane
modified with graphene oxide nanofillers, Amirkabir J. Civil Eng., 52(8) (2020) 1983-1994.

DOI: 10.22060/cee}.2019.15781.6029

y44¢



