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Ultrafiltration Characteristics of the Membrane Grafted with Graphene Oxide
on the Aminated Polyethersulfone Surface
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Abstract: To overcome the disadvantages of polyethersulfone (PES) as an ultrafiltration membrane material including
hydrophobicity and low antibacterial properties, an aminated PES (aPES) membrane grafted with graphene oxide (GO)
onto the membrane surface (aPES-GO) were prepared. The water flux of the aPES ultrafiltration membrane increased as
the aPES content in the membrane increased, and when the aPES content in the membrane was 20 wt% or less, the solute
rejection of the membrane was almost the same as that of PES. The water flux of the aPES-GO membrane increased fur-
ther as the amount of grafted GO increased without a reduction in solute rejection. In addition, the aPES-GO membrane
exhibited excellent antifouling characteristics due to the antibacterial properties provided by GO and the hydrophilicity

originated from aPES and GO.

Keywords : aminated polyethersulfone membrane, graphene oxide, ultrafiltration, hydrophilicity, antibacterial property.
M = So] A7) FAA Bl B A& 0w Feol
o[l o5 futo] Relup Eo] P Wl i
R olgd £He 7% oletel £ Jlgel v 2 ogoR <ls) YA e SR Yo A4
) S A v, BHIe Al 84 el AHos 4 7] W20 gejer el 93] A% Befrel 45
% B 8 AL A AR, S 5ol W) e St 94 YA, 591 WA R el 3
AL QTR 1‘/} ﬂ”‘ A A E e A B = A o] A& o FAE] HA FAL 29Tl ¥
o] oo sl FFIETE ARS Akl wet A} Zhas) dElo] £ SPAIZITESS 2] o] A%, 3}
= SRS 2 Qo] A B 34 B 3 elet St A2l 52 S8l Eelv 2ddl ¥4E HSS AL
&5 Al e ik’ °‘Zl”} B}y g82Q A B 34 fleiMe 24
Eeus o83 A g 3 S B o9 wE Hol Haskd Az Eele] /o] e7dn §77]
TFHE Aske T A Al 23 e, vAdE EEY Ul*@goﬂ oJgh el i 9 HEld Azl A
© A AT W Bl 711 Zlol7]d
"To whom correspondence should be addressed. '\rﬂ ol 315413} SRS BA)0)] HoJdt S Qe RS

ckkim@cau.ac.kr, ORCID'®0000-0003-3304-1100
©2022 The Polymer Society of Korea. All rights reserved.

843

2] 7ol e


https://orcid.org/0000-0003-3304-1100
https://orcid.org/0000-0003-3304-1100
https://orcid.org/0000-0003-3304-1100
https://orcid.org/0000-0003-3304-1100
https://orcid.org/0000-0002-8227-6865
https://orcid.org/0000-0002-8227-6865
https://orcid.org/0000-0002-8227-6865
https://orcid.org/0000-0002-8227-6865

844 EEL

g Bl 2154 Hefahs WEOE polyvinyl
pyrrolidone(PVP), 2-hydroxyethyl methacrylate(HEMA) <]
S84 Be A4H TEAE BAssle] Buhe Azshs
W, 204 TR 2AE SR E 054719 sel=
=471, ol17], 7HEAAY 55 Este] EEluE Alxske
W Sl AFEE! Bl et FolE QA 2,

Y= QB 2l S| =(GO), Wi ThelolR =, 7
FUERE 59 e 72 AR5 Ao 23E AR
FE @A skE G4 Ak 7IQ1s g vERITh &
HA UThE 2y e 7R S wle =2 MR
A o= Qlall FAF Al Yiol] EAte] oH L aEAke Y
7HEZRe] AW Ao EFFste] Yie 7HEE sk AL
2} AEAL 0]23F Hajuks sfursl=g] ojg]Lo] Tt e

2 AFoM = ZEdEIZ - EPES)e] MEE T3l ofFl
717} =¥ PES(aPES)E A|Z3le] Hajuto) 31448 Ho
alar, B2t e GOE ZHZEAA AL Fols]
583 dH8E A 2 BE9e AlXske AFE
Y5t AIZE aPESS} PES/F 23 182} §91-& A}
£5j0] v]gn)] JEHO R Jtejod kS A g & Hejut
FEHA aPESS] ofRl7] 9} ofdF 2ol =72 7|53t
GO(GO-COCN)®] ol Zzato| =72 HHSAlA GO7} He
T EHo] 2P ZEH N2 hejodpaks ATk PES
Felozato)] aPESSt GO E9)ol e FEaw, 82 A
&, g Wsks AT

Al
=

e

Mz F82 AxE s Z28] e 24 E(PES, grade:
Veradel 3000P)2 Solvay Korea®l|A +J35tith 22i¢ <
ARI=(GO, Z#ol= =7]: 0.5-5 mm, Ha =7 541 1.1
nm)= Graphene Supermaket(USA)SZHE] st AME-3}
ATk UEZ3HE PES(nPES) A1ZZE 913+ ammonium nitrite
(AN)®} trifluoroacetic anhydride(TFAA), nPESZH-H o}717]
7} =¥ PES(aPES)E A|Z35}7] $13 sodium hydrosulfite
(N2,S,0,)5 Aldrich Chemicals(USA)IA T3l ARS8 T
ol EEelo|=r|E 7153 GO(GO-COCHe] AZ=S 9|3
thionyl chloride(SOCL)2} N-methyl-2-pyrrolidone(NMP), di-
chloromethane(MC), tetrahydrofuran(THF)E- X33t 215 &
]/ SA] Aldrich ChemicalsellA sl AME-3FSI T}

Agat 2 EM BM Figure 19 aPES2F GO-COCI
S Axshs WH T4 o] E2HE aPES Sl 7t W
o GO7} L ZEH (aPES-GO) e of}uhe AZ2sh= &
A& YeRNSIT) aPESE Figure 1914313 $-4 PESE Y
ERZ3IAIA nPESE A x5 F ol & Sdal AlzxH Ak
PES(10 g)& MC(100 mL)°| =<2 ¥ AN(3.12 g)¥ TFAA

ZaH, Al46d A6%, 20221

(36.7 mLYE T3t 30 °CollA] 8AIZF BRF HEEAIZ] & &
o] FHAA ¥RES 35sIslth 3¢ ¥Hg-=-S sodium
bicarbonate”} E3}E g0 2 A F 60°C 7] o8 &
FollA 24x7F AZx3le] WESE(nPES)S 353191t aPES
£ nPES(10 )2 NMP(100 mL)°ll 35¢1 5 Na,S,0,(40 g) &
718l 90 °CAllA] 6417 BF RESAIA A3 TE GO-COCL
2 SOCL(100 mL)2 GO(0.1 g)S-ZHE A Z= Atk GOl
SOCLE #7183 & 2892 7HK18le] GOE B4k &
70 °CollA] 24417 F3F WS XSSt 3)4d vheES
8} THFZ MA3) 3|538tal 8 HE5S WA 87918
gAlAlo| Eof] HAslAt}. A ZE nPESS} aPES, GO-COCI
o] ¥ F+xE= FTIR(Magna 750, Nicolet, USA)), X-ray
photoelectron  spectroscopy(XPS, ThermoFisher Scientific,
USA, K-alphat)g AR&-3te] &la13]t.

ghejof ke Hl-gul) oS o83t §uiel NMP
(77 wt%)ol PESS} aPES(23 wt%)Z 591 {0 22 3E 7|
Z3nh AlxE g8 Zgo|2H FAE ol 100 mme]
AR ALE o] ZE o]&ate] Aet § o Hj 2] 3
FAAA LS FE51 Sl Hg Axsielth. @At &
A= F aPES H2 0 wt%(PES), 5 wt%(aPES5), 10 wt%
(aPES10), 20 wt%(aPES20), 25 wt%(aPES25), 30 wt%(aPES30)
2 243 657 FHeloiztto] A|lxE AT

shejoizjut el GOZEF =’ #2]9R(aPES-GO)
Figure 19 UePd A8 gke]oi=lat stHol|A] aPESe] oFl
719} GO-COCIE ¥H-A1A A =3t &4k GO-COCI
0.02 wt%(G00.02), 0.04 wt%(GO0.04), 0.06 wt%(GO0.06),
0.08 wt%(G00.08), 0.10 wt%(GO00.1), 0.12 wt%(GO00.12)=
250 Mo R A = g Fald ¥ 10
mm A2 =235t 1087 92 A F L e B
gl 2Esh= mHke- GOE A A S8l datel] M=
g 2578 108 Bt 7KIEIT. aPESe GO-COCI
o] whgof o]k ofmfo|=7]9] PYA I} FEH FH FR=
XPSe} FAAAE U] (FE-SEM, Sigma Carl Zeiss)S ©]&

Q

ML/ aNTRAA /N § ™\ oy NS0, L
KOO B4 O ok 2 4 O ok

5]

o
NOz \H,
PES nPES aPES
GO ] .GO
cooH COOH coal 6o é=0 C§-o
NH
e d 1 L | o) of h‘H
[ed Low socl, (o] ol e
LR ™= TR M
Hooe "~ A coom e~ AN
oo coc
Go GO0-COC1 aPES-GO membrane

Figure 1. Synthetic routes for aminated PES (aPES) and GO func-
tionalized with acylchloride (GO-COCI) and aPES-GO ultrafiltra-
tion membrane fabrication from aPES and GO.
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Figure 2. FTIR spectra of PES, nPES and aPES.
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Figure 3. (a) XPS wide spectra of PES, nPES and aPES; Decon-
voluted N1s peak of (b) nPES; (c) aPES.
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Figure 4. (a) XPS wide spectra of GO and GO-CI; (b) the decon-
voluted CI2p peak of GO-COCI.
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Figure 5. (a) XPS wide spectrum of aPES-GO; (b) the deconvo-
luted N1s peak of aPES-GO.
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Figure 6. FE-SEM images of membrane surface fabricated from (a)
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S2s, S2p FE©] AAFIL o= GO-COCHl| x3+H =2
do] Hhgel oJsf Alehzl 218 YERATE. aPES-GO oo}
2 ] 3l Nis H2 ofrl7]e)] 7|18k ¥(399.2 V)
opajo]=7]o) 7|18 2 (400.4 eV)OE A= ] Utk o] A
= ghelodapat o) olnl 7|9l GO-COCIe] ol E=Ze}o]
=7} RESS) ofnto]|=717F A =] GOZ} PES gheloi et
Bl a2z o] aPES-GO ghejofsjuto] A H 2
e

Figure 69 PES, aPES20, aPES20-GO0.1 3] o s}uto)
EWS FE-SEMO.2 ##st A5 Vet of 7)ol A]
aPES209114] 20 #-2]=o|412] aPES wt%E GOO.191A4 0.1
=3 gdxe] GO-COCI®] wi%E YERHATE FE-SEMS]
A2 5E PESSF aPES20 Shejoiztut W 9] AR
°], aPES20-GOO0.1 $te]odet o= GO7F L ZH &
o] EAgto] #FEJt. =3 EHoflA 2] GO-COCIe]
Halo] w2 Goo Eu 31 93&S AES 43
aPES20-G00.02, aPES20-GO0.04, aPES20-GO0.06, aPES20-
G00.08, aPES20-GOO0.1, aPES20-GO0.12& &=3-go o1 €]
GO-COCI®] o] S7I5tel mt 39 Y382 4.8, 107,
11.6, 15.9, 19.0, 19.2%% Z7}3}ch.

stejojntate| Ms B3} Figure 791& aPES 39w}
o] FEFE} 84 wiA|E& HElE aPES $Hgell wEl vEl
WAtk 5= w2l W9 aPES gHgo] Svhstell weEk
Z7Y5121t}. PES, aPES10, aPES20, aPES25, aPES30 -]
ko] Evkgte] HES AT A 82, 69, 58, 55, 48°
2 F29t W9 aPES o] Sl mEr HE7e A

ZaH, Al46d A6%, 20221

A2
30 Q‘F—Q\N 100
_ By 80
&£ =
E 20 s
3 60 £
515} S
T e
[= - 40 o
€ 10f 3
= @
5| 20
—&— Water flux
—o— Solute rejection

0 10 20 25 30
aPES wt% in membranes

Figure 7. Water flux and solute rejection of aPES membranes as a
function of aPES content in the membrane.
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