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Abstract: In this study the nanofiber was prepared by electrospinning method with polyvinylidene fluoride (PVdF) and a
completely dispersed solution of graphene oxide (GO) in the mixed solvent of dimethylformamide (DMF) and acetone. The
0.4 um pore size microfiltration flat membrane was made by increasing layers of the PVdF/GO composite nanofiber. Also,
transmembrane pressure (TMP) was measured in order to evaluate fouling of the PVdF/GO composite membrane which was
introduced GO reducing biological fouling with the intrinsic antibacteriad characteristics. The permeate experiments were car-
ried out smultaneoudy for the PVdF/GO and commercialized CPVC (chlorinated polyvinyl chloride) flat membranes with
0.01 nY’ effective area in the activated sludge solution of MLSS 4,500 mg/L. TMP of PVdF/GO membrane decreased up to
79% lower than that of CPVC for 10 L/m? + h permeate flux without air supply. Also, for the case of run/stop operational
mode, TMP of PVdF/GO membrane decreased up to 69% lower than that of CPVC for 10 L/m’* - h.

Keywords: composite nanofiber, electrospinning, flat sheet, graphene oxide, MBR, TMP, fouling
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A7] 913t top-down'2 0. & 7174 ] (mechanical
exfoliation), 384 ®lg](chemica exfoliation) 18]
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2.1, Al 2 Rz

GO9 T4 YEZA naura graphite2} NaNOs; (=
99.0%, Sigma-Aldrich), KMnO, (= 99.9%, Sigma-Ald-
rich), H.SO0s (98%, Samchun) 2 H.O (35%, J. T.
Baken)E AH&stdion HF Uridf S A 7]
A FEAZE polyvinylidene fluoride (Kynar 761,
Arkema)E AH&3tth =3 Sl 2= dimethylforma
mide (DMF, = 99.0%, Duksan Chemicals)¥} acetone
(= 99.0%, Duksan Chemicals)S AF&3F%TH

2.2. GO M=

B AN =99 GOY 7% thed 22 Hummers
W& o] 83t A =z3FAT) WA, Naurd graphite &% 2
g7 NaNOs (1.52 g), H.SO4 £4(67.6 mL)= 5 &2t
230 Y& 3 KMnO, (9 9= AA3 kst 2413t
&<t icebath Wjoll A w¥tag-& 23k, ice-bahs Al
Aste] 6Y B A REEAZITH Rl $4EH
graphite 250l 5 vol% F4HE-S 200 mL 3 7}5}ed
SNJHZE THE T, H0, (5 mL)E 78t =g o]
graphite HAHES AQUTh ¥R a1 dolgle o
& AA] Al F& HS0% HO, €4S #7}st
of dAEAAES APt oH, FRTE ol &stoq F

2 wEste] AAHsgo. Aol ShEE graphite

4 -
H GO % 100 mge F7F4 100 mLol| ¥ &
=] 1=

2.3. PVdF/GO =&t LicMf ¥ Ho M=

Sheet FEIE AI2H GO (0.02 g)S 7:39 HEE
EdH DMFS} acetone €7H(4.15 g)oll ¥ F 243t
o 23y BHor 97 EAAZIY. Batd
GO &9 714 1EA<2 PVdF (0.85 )= A7}tstd
2477t Fk 50°Cell A wHAIA S HQd F A7)
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Table 1. The Artificid Wastewater Compositiong18]

Table 2. Water Qudlity in the Activated Sludge Reactor

Compositions Concentrations (mg/L) Variables Concentrations
Glucose 300 CODran 400~ 450 mg/L
KNGO 135 CODout 23~25 mg/L
KH2PO4 45 DO 2~4 mg/L
N&COs pH 7-8 (control) ORP 150~ 180 mV
MgSO47H,0 32 pH 7~8
MnSO,4H,0 28 Temperature 25 +1°C
FeCl36H,0 01 MLSS 4,500 mg/L (+ 5%)
CaCl,2H,0 3.2
Aol GO =Y o F-E gelsty] 9kl 1 em x
HARE A S Az E=0E £9L2 5 mL FA 1 cm& AZE AEE o]85te] Raman Spectroscopy
dol 30% ol FHLE AT FFsL de VX (WITec project, adpha 300R)Z 33} o] WHE =43}
& g8 AAT 5 6ME ¢ AIPEAE AAISA ATt
t}. KDSI100 (KD Scientific Inc.)& o] &3t} HrAL&-o
o FA&LKEE  zHsoH, PCS 60KDO2VIT 2.5. 71337| &4

(ChungPa EMT CO., Ltd.)& o] &3te] WaAAHtS =
Astdch A7HA 24L& 15 KV, £%F 0.6 mL/h,
TCD (tip to collector distance) 15 cm, needle size 22
gaugel ™ £EE 20~40 RH%°| 1 A2 el A A
s st

olol A7|WA o g AzxH PVAFIGO B¢ Ui
Afre EYHozAY VA B4 gHsa V¥
A715 24387 st UrAdRE o8 5 FJ3 %,
TAY TR AANst HFHOE HE

=)
oflt
fluj
lo
Mo
AC)

A" GOool =¥ 7Is7lE sty sk
Fourier Transform Infrared spectroscopy (FT-IR, Jasco,
FT/IR-6200& AH&3t3lor EAAEE KBr 239}
sheet JEE A 2H GOE 4 ¥ "3 FHE A
z3td A3t GO W FxE sy 3
o Scanning Transmission Electron Microscope
(STEM, Hitachi, HD-2300)5 AH&3t9th. SA4AEE
01 mgmL UEZ A ZxH GOE AetS gdoH =&
T2 1083k BN F 1 mL FAIR A3 5
TEM gridell 1 WA 2%2S gojzxeg|a Hod 5o
S AxAA AHE3HAT PVAF/IGO 53 YA 9]
29 72 9 YAt U GO =94E FHE 1l
7] $38t9  Scanning Electron  Microscope  (SEM,
Hitachi, S-4800)5 AH&3t%th. =3 PVAFRGO &¢ 1

Azd 53 d=df B 7132718 34
15t Porometer (Porolux 1000, IB-FT GmbH)E At
st A% o] 16.0 dynesemsl porewick &

FEAE 25 mmo] 7+ A8E 308 o)A FHA
, wet down/dry down 402 ZA3EAT

Job 2 oo Ao

2.6. MBR #4%&2{X| £3
2.6.1. 22|% 2= Mzt

2 Ao Az 71337 04 pme PVAF/GO
o UxAdft 299 fixd e g 71337] 011 pm
2l PAFS] CPVC (chlorinated polyvinyl chloride) 2t
< AHgstd RES A oW, f& LY |
b

|
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Fig. 2. FT-IR spectra of fabricated graphene oxide sheets.
gatatt. 3heta 4ka Q5" (chemica oxygen demand,
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=2 Fig. 1o YehiSith 20 L 2719 ARz)dE
Hutg el 250 AAH don a9
LS #FsA Atk 2 REY dA" Pz
((4), Masterflex 7518-00)& AH8-dte] YAF o=
]
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(6) Computer

(7) Air pump

(8) Air flow meter
(9) Air diffuser

Schematic flow diagram of the submerged flat sheet membrane system[18].

A g

Fig. 3. Surface morphology of fabricated GO and mem-
brane : (@) GO and (b) PVdF/GO composite nanofibrous
flat membrane.
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Table 3. Pore-diameter with Respect to Number of PVdF/GO Composite Nanofiber Layer

Sample code Thickness (um) Avg. diameter (um) Max. diameter (um)
PVdF/GO(2-layer) 28~35 0.72 £ 0.13 102 + 0.15
PVdF/GO(4-layer) 45~52 040 + 0.11 0.80 + 0.13

—&— 1) Lim’*h PVAF/GO
- 80 4 —&— 10 Lw’h CPVC
E —8— 20 Lin’h PVAFIGO
= —6— 20 L/m’bh CPVC
t =4 —=— 30 L'm’h PVAF/GO
{ 5 60 { & wLwncpve
2 b PVdF/GO s
E 40
2D :Ea
E
GO é 20

1000 2000 3000 4000
Wave number(cm-1)

Fig. 4. Raman spectra of fabricsted GO and PVdF/GO
composite nanofibrous flat membrane.

2 gold & Yok =3 1,720 em oA carboxyl 1
£9 C=0 °|%24%3 1,050 cmolA C-0-C 1E¢]
vibration absorption peskE &1 4= U Th

GO ¥ PVAF/GO HY YxAfe FHIFZRE
STEM¥} SEM< ©]§3te] ##sta, 1 A%4E Fig 3
of eIt Fig. 3@l 9 2] GO shegtd] F&
A(winkle) Z4S #&S + 9en, o= GO i
o] EAL& Y& Aolt19]. B¢, thF +x9 GO
sheets AT 4 Aoy ol AE AZA A
2505 o] g3t HuA Fe ALE EAANZE
-, GO sheeto] 3 3 Abo]7} ¢xl3] uhels A 0‘9}

7] RO 8 A Flg 3(b)el A9t Zo] PYAF/GO
o B3t Yy Adfe EWL 1 um °J3t Y=g FE A
z9 AL gogd ¢ M‘zizﬂﬂ oju, Fa YA f2
B AAL o 06~07 um 7|2 ZAHJ. £

Fig. 49] Raman spectras ©]&3t9 GO =4 HH&
BA3519 . Aromatic C=C o|FA%S 9n|st=
D-band pesk”} 1,352 cm™* ol 4] ﬁ%ﬂ 1oH C-C
A% G-band pesk’} 1,601 cm® HEZoJA GO}
PVAF/GO 53 Y fr BFol Selse H7HAZ A
£ GOZF YA Hol EAEE SdT AU

3.2. PVAF/GO %8 Liz4% Bote] 7|@837| 41
ANRAROE AZY it B A3 49

0 ].[I 2.ll 3Ili 4’11 30
Time (min)
Fig. 5. Transmembrane pressure of the CPVC and PVdFHGO

membranes in MLSS 4,500 mg/L activated sudge solution
without aeration at 25°C.
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Fig. 6. Transmembrane pressure of the CPVC and PVdFHGO
membranes in MLSS 4,500 mg/L activated dudge solution
with 1 L/min aeration at 25°C.
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Fg. 7. Transmembrane pressure of the CPVC and PVdHGO
membranes for run/stop operdiond mode in MLSS 4,500
mg/L activated dudge solution with 1 L/min aeretion & 25°C.
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