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Q ok E AFdAe, A AGO) B AstE o] 75stE A 1 HE(M-GO)S &%l dimethylformamide (DMF)l|
ZEIEYHE o] &5ty $A] B &, 7]A T EAQI polyacrylonitrile (PAN)SI # 713t} A7[WAFO 24 Ui &
ol B@Lgurs Azt Axd vxAdf S AFTE HMIAA 7375 28T Scanning Electron
Microscope (SEM) #4] AZZHE ¢F 500 nm 27]¢ 1E AAEEXE 71 YA EEe o] AzHASS <13
#th. T3, Raman spectroscopy 1 Z Energy Dispersive x-ray Spectroscopy (EDS) 4 Z#ZFH GO ¥ M-GO7} &g
2ol EAkE Y Qlas stk HE AT BFEYYS 48027 um, 55%)F A 718-54(0.21~0.24 pm,
40%)S BAFoy, FREAE SH A PAN ol H3] < 200% FFE A5& BAFAT. o A2 5E, W78
Hog Azxd UxAf EFEIYE FAYE YT EAN FESG E8UtsAcl dnta AdHE

Abstract: In this study, the nanofiber composite membrane was prepared by electrospinning method with poly
(ancrylonitrile) (PAN) and a dispersed solution of graphene oxide (GO) and Fe;O4 functionalized graphene oxide (M-GO) in
dimethyl formamide (DMF). The pore-diameter of prepared membranes was controlled by change of those layers. It was
confirmed with SEM that the nanofiber composite membranes having fiber size of 500 nm were prepared. It was found with
Raman spectroscopy and EDS that GO and M-GO were well dispersed on those membranes. Final nanofiber composite
membrane showed the similar pore properties (0.21~0.24 pum/pore-size, 40% porosity) with the commercial membrane (0.27
pm/pore-size, 55% porosity) and their water-flux results also showed the 200% higher flux than its PAN membrane. From
these results, it was expected that the nanofiber composite membrane prepared by electrospinning method could be utilized
as a water-treatment membrane.
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. AT gAY H(carbon nano-
tube, CNT), 123 (graphene)
oxide, GO), Y% E(nanoclay)
(nanofiller) 2415 &-&3tq 717
A F7h g Fo 5 2 7s

A77F L3 WAHI AT 3,6-11]. 53], 231
°] ¢ carboxyl (-COOH), hydroxyl (-OH), aldehyde

ox

E

(CHO) 1% & <tstaejde] 2o 2 ufo] ohefst
A4 2FES T8t o, A8 29y H7t
B4R 888 A, A58 E Fo3ta, fr71=2 o
S Uedd St gEd a3t e A7t A&
Ho g AREI SITH10-13].
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2.1, AEE Y Al

Graphene oxide (GO) &3S 9130l natural graphite$}
NaNO; (= 99.0%) 2 KMnO,; (= 99.9%)= SIGMA-
ALDRICHOI A 34HH,S0,, 98%)S SAMCHUN, 34+
3} AF(H0,, 35%)E J.T.Bakerol Al Ztzt Fujsfol
AHE-3EATE Fes0,-GO (M-GO)E82 913l FeCl, * 4H,0
(99.0%)= SAMCHUN®| A FeCl; * 6H,O% SIGMA-
ALDRICH, HCI (IN)2 DUKSAN, NH,OH (29%)%
J.T.Bakeroll Al 27} Frujate] ARG8Tt &2k Yiid
F 2l AMSE 7]1ZIEAE Poly (acylronitire)
(PAN, MW=100,000, SIGMA-ALDRICH)S A}-&3}%1 2
o, &9l N,N-Dimethyl formamide (DMF)= DUKSAN
oA Fujsted A-g&EtATh HlwEto® AMEE PVAF
(Cat. No. ISEQ20200) 2t2] 7% MillporeAtell A -ul
ato] A&-3FSAT

2.2. GO ¥ M-GO &4

Gosl 3 o] gste] A xs}3d
Natural graphite %3 NaNO;, HSO, £4& %
gh3e] Yol afAAgE AT KMnOsE A4
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graphite ZHFE09 5 vol% F4H&dS H7}sty

HZ

£ Hummer’s§ <

s
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Y F 283 2y
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< o] 83t ghds] BAkAZIT E4E oA 9

Y AA S FPsto] FAHE A =& AAS
2

4 &
L)
Al oo 9
AFLEE ol &3t AxAAE AR F HFHO
sheet FEJ 9] graphene oxide (GO)E Al =3} T
Fe;04+-GO (M-GO) ¥4 ¢ #A4& 5 Azxd

=

=
o =
a, +
= =



4stdo] 71EstE Al eE 3 PAN Ui

Table 1. Composition Ratio of Electrospinning Solutions

Sample code PAN (g) GO (g0 M-GO (g) DMF (g)

PAN 1 0 0 4
PAN/GO 1.0 0.020 4
PAN/M-GO 1.0 0.020 4

sheet FE} O] GOE o]&3ato Azt Img/mL H
22 24" GO £94(100 mL)ol FeCl, + 4H,0 (0.2 g)
3} FeCls - 6H,0 (0.54 g)= ZZF HCI (0.5 mol, 5 mL),
D.I. water (10 mL)o #4HAZ] 84S FEEep2Td
do] AAE7dA HHs FAF F 158 Wit
AL 2839t NH,OH 16 mLE H7lste] 4583
WA S FPsrgon, A3 FREAI77]
90°Col A F A7t B wuke s wgo] o
38 898 &7 DI waterS o] &3fo] 2 Wt
Bato] AlAdsidon, JFE(70°C)d 2447 o]
AZANZ & AR 29 H S M-GOE FAstAt

2.3. PAN, PAN/GO % M-GO ii=M7 =§HE2

of M=

d48 GO € M-GO (~2 wt%) Z$HZ DMF
247y gol 25 oEAH S o] &3t 1At Bk 448
FAAT FAHE S 71 H AR PAN (1.0 g)
= AUbste] 2447, oA wRtARA S Fal A
=Q T A7PRAPE S o] &3t A xstATt. A4 Az
H A7 ARE A Y] 2AHE Table 191 YEMIAT &
HlE g9 5 FA7)o Qo 308 o) FHo=

AYFol ZFa e 7|EE 4 AAT T AL
34tk KDS100 (KD Scientific Inc.)2 ©]&-3fo] WAL
Ho] FYP&EEE  FHJYPSW, PCS  60KO2VIT
(CHUNGPA EMT co., Ltd)Z o] &3te] WALHLS =
At 2 Aol Hed A7)EA 271& Table 29
UER AT

A7gA R Azxd UyxAds BEge 74
EAo] A3 oA = EAVF LA B, FAE
& BYHor Agsty] faiAe HAH rgarE
ZFA I glofof gttt metA, B AFdi e 7]F AT
243 7|AA B4 F4e A8 Ax" yeds o
deF A4 ¥ AT ¥ AAEY YA
2leh& Al 2.

ok

M o
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Table 2. Electrospinning Conditions of PANs Nanofiber
Membranes

Flow rate . TCD . Needle
Voltage (Tip to collector Duration .
(mL/h) distance) s1ze
15 kV 09 mL/h 15 cm 5h 22 gauge

A7 GA o2 A ZzE PAN, PAN/GO ¥ M-GO 4
A 2Tl 72 9 FUTEE FAs] A8t
o Energy Dispersive x-ray Spectroscopy (E.D.S,
Hitachi, S-480)$} Scanning Electron Microscope (SEM,
Hitachi, S-480)< ©|&3te] Hla #4135ttt Raman
spectroscopy (WITec project, alpha 300R)E ©]-&3}¢]
GO % M-GO =% o5& #lst3ith

71 &EARE E4357] 3819 Porometer (POROLUX
1000, IB-FT GmbH)E ©]-&3te] B 7132718 &4
39T} 16.0 dynes/em] EAAHE 744 porewick &
HG o] g3t 4 AMZES oF 308 o FE3] FH
A F, 7 AEe N1ZAE BHSG. ol AF
o] FEAEL 25 mmo|™, wet down/dry down 4] 2.
ZAst T

718 % (Porosity) Z4-2 T 2l(1)< 53 dojzit
celo] o o) 24A)7F $A3 AzZAZ A
(Wdry)¢t #3(Vdry)e FA% F, F2-E&(n-butanol,

Zl )

o1 A RELL AAR T FA(Wwet

=2
FEE ZASQC BE AFS FedA

r
N _q}p

3] 7] 3
SFATH 18]
W=
P(%) = PR (D

W, = n-butanol®l 3 E membrane®| 77|
W, = 21Z% membrane®] F7
p, = n-butanol®] &

V; = Z1Z%H membrane®| F3]

Azxd 2eo FERES E487] fl8) Fig 10]
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Fig. 1. Schematic diagram of dead-end cell device[18].

UElH dead-end cell ZAE o] &39t). olw =] &
FHAL 385 cm’olH, celld) WHE o WA T
A & e L9E4Y AFE A7) 93] mag-
netic stirrerE ©] €3} 200-300 rpmoE I HA| 7|
A At S49 48 WHAE 0.1~0.5 baro|H,
2F2-(25%00 A distilled waterZ AH&3te] ZA 33T
Hl 2702 AE-¥ PVAF (milipore) -&2H A ol A

=0

FEA Tl YA &7] bz, deEd FRT
(1:1) &oll oF 1A Tk FHAZ & £FAES =
A43592H, PAN, PAN/GO % PANM-GOY:=A
w27 A 2ol A 27 Wil Exe 34 ¢l
o] 4¥L APt o, FREAZ(QT Ue 4
()l st ALttt
m, * C,
Qlkg/m? + h) ==~ @)
m, = F3H59 F(kg)
C, = XERAA T
t = 7%E AZkh)
A, = 2] FEH A (cm’)

SERAATF(C) AT Ba A 3ol s ALtH
o} A, 25°CAA 19 7}7E S YERATH

¢, = -0.575InT(C) + 2.85 3)

Weygel, A 24 @ A2 3, 2014

Fig. 2. SEM image of prepared membrane (X5000); (a)
PAN nanofiber, (b) PAN/GO, and (c¢) PAN/M-GO.
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Fig. 3. Raman spectra of prepared membranes.
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Fig. 4. ED.S. results of prepared membranes; (a) PAN
nanofiber, (b) PAN/GO, and (c) PAN/M-GO
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Table 3. The Pore Characteristics With Various Layer
Numbers of PAN Nanofiber

Avg.
diameter Porosity (%)
(um)
0.35+0.03
0.21+0.01
0.22+0.01

0.24+0.01

Thickness

Sample code
P (um)

PAN (4-layer)
PAN (8-layer)
PAN/GO (8-layer)
PAN/M-GO (8-layer)
PVdF (MILLIPORE)

55~60
105~110
103~112
105~115

47.0+5.0
43.0+7.0
41.0+3.0
40.0+5.0
105 ~ 107

0.27+0.02 55.0+5.0
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wetting 34 0] &7 A et
A3sl7] $15ked, contact angle £41&
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