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TE: Ak A1 B (Graphene Oxide, GO 1A % K (Y H 2 17 AR 42 w8 19 B T P ot R B /K A% v 1 22 b ¥5 e
Yy HE e S RE R E M B A B N AT B, B GO ER R AR R T EMAIE RS L AW HBR T4
UV/H, O, il UV/id i FR ¥k (Persulfate, PS) ™ Az 3 S A P A 1 55 1Y 1A R AL 35 BT % GOs X 3 3L i (Methyl-
ene Blue, MB) FYMKHPERE . AL PE A i 3R R JEIREEEE 300 W SR AT .30 mL GO & (1 mg/mL) 78 # Fh
FALAR T RN 1.2.4 h J5 #1715 GOs, SLIHEE T A E SR 41X GOs W B 3l g 257 19 52 00, 44 BL it A2 $e 21 ARl
I (FTIR) WY T GOs &4LHT 5 R E A2k, 4R 2R, 4 UV/H,0,, UV/PSE 1 hJ5.GOs I
T EUE B AR TG B s WY 3h ) 2 AR R A A i R sh S 2 A (R >>0.999) ; W B #R T 2 ad BRE AF A
Langmuir 81, MB 1 F1W% ff £ (2 UV/H, 0, F UV/PS &k 1.2.4 h 5210 G112 GiovGis Gt Goy \Gas)
KR 580.26.,591.80.598.63,521.77,554.91.568.00 mg/g. WFF F B, GO AT LI W B 45 W B 95 [ 9
MB, HL X 1% e B Yo A 22 B0 HH B0 47 19 25 BRI s GO X MB 1Y W Bt &2 B 5 pHL (B (4 38 Jin 372 347 388 K, 76 B 1t 2% 1F T 3%
IS T B W 2 WAL RIS , GOs 1 W B BE Rl 40Tk B IR 1) 38 1, MR RB B3 , T e UV/PS IR R P i %,
SRR SUIh A BB AL Al B s R R R R S I SRS

HE 4y 2K 8 : X506 MERARRAD: A MEHE 1674 -3075(2018)06 — 0106 - 08

VB R 7 88 0 09 1 9K 1A, 41k A1 88 4% (Graphene
Oxide, GO) 51 24 A H M ULAY AL 7= 454 , A [H]
4. GO R 43 1 & V2 & 2 Be A, o B Al
BB TE GO By %, T F2 3 FL A AU Re A 32 2 A
FHFLH E (Dimiev et al,2012), X 265 48 3 H 1
FEAE TS GO HA MBI SR K gk iy —
AW PEZE R . EL3E N T Ak 2= 48 1 R D e Ak 1 3 1k L
FOOHAER A, 2016) , HAE A= Wyl 25 A% B LB 55 11
REPRSE A Z G845 3] T 712 W H (Chen et al,
20123 Chung et al,2013; Peng et al,2013), GO A&
B RS A A, e R M E A 2620 m/g
(Stankovich et al, 2006) , { b — F Hr Y fic & % fff
ML Bz T A IR MAS W £,
Seredych 4§ (2007) il 415 #) GO Xf NH, &M i F
B 2 B 2 B4 %% SR 5 Zhang 25 (2013) JH B A -G O %
Rt Cr® Wz it &35 1149.4 mg/g; Yang %5 (2010) &
W Cu* g GO KB MR R G W iE M Cu®

YR EHE2017-03-17

BT H: B K HEMAO KRB H (2016YFC0400501/
2016 YFC0400509) ,

YEZ B PRI 1991 4F A L &, B0 58 2k L B 5 07 100 S K 35
Peg il 1 . E-mail: gracesly@163.com

BEEE: TIRE.

E-mail: zhaohuiwang@ dhu.edu.cn

W I s 25 AR A 2015) I 45 G A AL — Ak
/B B (Fey, O, @mTiO, @GO , 2 B W
£1.(Congo Red, CR) W] & KW 4 89.95 mg/g.
HEA ARG 0 &2 .

X GO A B Re A TR KR 24 b F X His
FEE GO FBFE (Zhang et al,2010) , B % H ik
75 BE A Y T BE PE & i (Chen et al,2012), JetE RN
— et RN 7 2L 0 DL GO #E 1T W08 R
B3R GO AR5 K S B P (Matsumoto et al,
2010) 5 [A1BF . J 30 J AT 75 24 A FLAR S5 M 1 GO,
AT DA 3ob o732 't B2 P 45 0 FE AT A R B A A%
#il (Koinuma et al, 2012), iTHAMTSEFEH, — LA
AT LA GO Mk 85 M B 4. Zhou %
(2012) W55 485 i, GO 7E-Fenton K & T Hi & A 1k
AT, LR T B SE AR BU/INEL 38 M AR LR AL B R
GO R K /N 40 nm B A B F s Yu 55
(2016) I\ GO KT & A H eI AT LB - OH %
b LB 15 23R 1 EA 9K LR B GO,

B A 4k H R ( Advanced Oxidation Proces-
ses, AOPs)J& i1 45 3F 7K b #1451 88 & & + 43 10 3 1)
— Tk R AR L B A U 4 )R L JEHLAE
& )8 Ot AR Ty O A E AR L 7 A A AR R
B EH B « OH, « OOH,O; #il SO, %), 5
V5 9% Wy VB 91 i H % % ( Anipsitakis et al, 2004
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Navalon S et al,2014;Johnson et al,2008; Antoni-
ou et al,2010), ABFFESE UV/H. O, fl UV/id
Bk £k (Persulfate, PS) Biflik R & kL GO, H &
GO &84k I W M e 9 B (b5 L. UV/PS K R
FHEA R SO (E=2.5~3.1 V)£t UV/H,0, &
ZEEAMN « OH(E=1.8~2.7 V) A bk 5 i
17, H PS B 58 % 1% 1k (Yang et al,2010) , ASTH
H@ o L3, Ak GO BZSHFTESE UV/
PS 1A 28 S ) ) 57 25 o A RO L LS T K R P AR
AL HL IS GO A 5 RE i AR BT .

YL R 3L 5 (Methylene Blue, MB) 2 —FlK
BB EL AW . R T B A k), (8 &, 4K
FAARFER, BT GO A E KPR K,
FMHKMEAY -1 38 B, 26K P . 6 g 25 5
5 F NE BB R R A 85 p R AR S 5 A R
M MB fx A B 5t B9 M B Z — (Liu et al, 2012;
Yang et al,2011); Yang %5 (201 D) BF3T1A R GO %t
MB ()W B 5 35 F] 714 mg/g, H X4 MB R E & &
B 38 T W 1 B T SR R RIS A 1 A LA (Dis-
solved Organic Matter, DOM) ¥ & , fEdF — 25 42 =
GO Xf MB 1Y W Fff & 5 17 Zhang %% (2011) 1A A GO
W B MB 245 25 TR S . AR MB M H
FRIGHY) . 5 T GO 2 UV/H, O, fil UV/PS {k&
F L E X L R AT R

1 RS 7%

1.1 SLIEAF#

MB, H, O, .NaNO, , HCl, NaOH,NaHCO, fI
W 2 R — 1 (Ethylene Diamine Tetraacetic
Acid, EDTA « 2Na) ¥ T [& 25 4 W15 3 o /i #
(PSYWT Alfa Aesars S50 17K g 2lik (HL & 5
H18.2 mQ/cm),

1.2 SRR

tG S1 3 FE A% (CIB-S-10D. i 14 2 1 55 Bl 7 & e
A BRAA T 5 75 T Uk #F (JP-040S, 3% B s L R
F-(FA2004B, | 4 B R SER XA A RA D
pH i+ (PHSJ-3F, L § 7k s 6 2% SR AL (XPA-
I 29, F 5 F AL T )5 540 0T U 43 0% O B2 3
(Model U-2910, Hitachi) ; {8 H 0 45 # 21 4 6 1%
(Bruker Tensor FTIR spectrometer) ,

1.3 GOs #l#&

J iR GO Ky AR W T 1 50 35 B KRB A RA
A LR A B i A 1 mg/mL A1 2 mg/mL
fift 2% W, &k DG E T UK AE P AR £, 150 mmol/L

H,0O,, PS,4 mol/L NaNO, fi# % W ¥ 80 B 8 .
etk I WG IRE B 300 W H R 4T (W B GO
W 1.2 g/Ls; H,O,, PSHJE .60 mmol/L) . %%
K1 h2 hod h 5B, 52 ED A & 5 9 NaNO,
VSR K 2 2 W8GR 5 H OB 5E SR 5 A 300 Da
#EHT 42 (10 ¢ NaHCO,, 186.6 mg EDTA + 2Na,
500 mL/K & 10 min) FEN 1 &, R E TIBES
#| GOs,
1.4 GO WMt MB X8
1.4.1  MB 4146 3K & An % M B 18] 3¢ 9% B B9 % e 55 36
AL A W R R A BRI O 50 mL, Hih
MB 9] 45 e B 53 51 B R 5.20.50,100 mg/L, B
43 EL 0.5.2.5.10 mL ) MB 45 (500 mg/L) ,
ZMEMA 5 mL GO fif % (1 mg/mL) , I i 454>
WA R GO Fifeh 5 mg, MWLM 0.1 g/L.
TG 3k A% N BEAT U M S5, 23 00 T 2.4.5.10,20,
30 min Af AL ST 0.22 pm R BE R (Polyether Sul-
fone, PES) 4 it it U& Sk 75 B AH A% £S48 40 43
6 BE TN A A RO RE . H A (D RNy it
BB Gp) A B i (gD

7=(Co— C,)/CyX100% (D
q.=(C,— CHV/M X100% (2)

K. Co A C, 53 5 R0 46 A [] ¢ B
MB B ¥ B (mg/L) s q, N B 2] ¢ B By W B 25 &
(mg/g) sV g W R ¥ W A AR FR (mLL) s My 152 i 541
GO Wi (),
1.4.2 pH M H MM FmEE B 10 mL MB
B4 W (500 mg/L) .5 mL GO f# 4 (1 mg/mL),
Bpmg Bff & 22 & GO JiE & & 5 mg, MB ¥ J¥ &
100 mg/L, F 0.1.1 mol HCI #1 NaOH #77 pH.
T MB 7Em pH B2 OH A iUt 3 . b i I8 %
TERA I L B . R E L AR BB A S b pH
B HN2~10,

2 HEREHW

2.1 GO ¥t MB B Bt 4T 4

MIE 1-a Fa] LB L GO W MB 1 72 -+ 4
HGH 5 min PN ATk W BRSP4 R S SE SR T R R
2 oAy R RF B ) 6 O R B 3K 2 . AR 1-b R,
SR L MB R BR A T 50 %6, XKk BE Gy ok
R TSR L BRAOR . 78 925 B vk ¥k, MB
W RN 20 mg/L B EBR R 42308 95% . Wl
1547 5% B8 10 AR W B A MIB A i DR T RE S LG ol i
B PR 45 8 (Yang et al,2011), 7E—26H Ah %
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% MB ()7 3438 T, 0 TiO, £ 5845 5 4 W 6 R i
MB, 7] L& B W A 3 09 MB(2 mg/L) K
W 58 4> B ft (Zhang et al, 2009), 24 MB ¥ J& )

. 1.0 (a) —&—5mg/L
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Fig.1 Removal of MB at different concentrations by GO (100 mg/L)

W R 2l 03 27 5 FH A 4l 3 W2 86k 390 WA T WA oI5 1) 32
RGBS E2 Ml B[] % GO W [ MB 1 5 ) K&
PRAFAA B 12 280 L0 R T e — O =9
ol ) 2 BRI Z R AT TR R IR AR

(DHE—H BN 17 AT .

g =q.[1-exp(-k;1)] (3)

Xpoq, ¢ W20 G B B (mg/g) s5q.,
I - 8 I P PR B S R (mg /@) s ko —E— 28l ) o
KHE B (min™),

OMWEZ G 1 A F

q. =k, g2t/ (1+ky, q.t) (4)

600 (a)

400

—&— 20 mg/L
—0—100mg/L

200

W% Bt & /mg « g
q.

0 2 4 5 10 20 30
Ff [B)/min

Time

K.k, M%) = HEH [ g/(mg -
min) |, HEWREX K t/q,=1/q. +1/(k, 1)
q. Flk, BIME AT ¢ /q, XF ¢ PEVE 0 B 26 R R OM #E
R 2,

% GO WeRth MB 47 i — 29 S i — AR Y
A T GBI 2480 ¢, ki ke FIAHOC R
R*, WF 1 0 LLAE B, W F B 400 1 AH ¢ 3R BB AR
s BIR T 0,999, H S Ak B L 1200 B ok B A G
T E R, B AE GO M E R 100 mg/L, MB
WRE S 100 mg/L B, F f 0 B4 &g, 35 F

515.46 mg/g.
0.81

(b)

-1

g
N
T

t/q/min * (mg * g)

0 10 20 30 40
B (8] /min

Time

Ca) HE— 23l ) F B R 5 (b) Wk 2 3l )y 2 B
B2 GO(100 mg/L)3 MB B3l H I &#E 5

(a) Pseudo-first-order; (b) Pseudo-second-order

Fig.2 Kinetic models of MB adsorption on GO (100 mg/L)

#z 1 GO(100 mg/L)3t MB HIZh h ZHE B ESH

Tab.1 Kinetic model parameters for adsorption
of MB on GO (100 mg/L)
PIRRE g Sy =G B S
v &g/ qe/ ki/ q/ ko /
R? R?

mg+ L7 mge gl min! mg -+ g! g+ (mg* min)!

5 39.86 1.34 0.999 39.86 0.70 0.999

20 188.61 3.89 0.999 188.68 0.50 0.999

50 417.75  2.31 0.999  420.17 0.05 0.999

100 513.04 2.85 0.999 515.46 0.10 1.000

T e — L WS B e YL BHE GO b i W R AT
DAy o 0 SBUH T P TR o A B A T 2 R R AT T 40
& (F 3),41 508 Langmuir #1 Freundlich W& B 45 15
7 (Langmuir, 1916; Freundlich, 1906), Lang-
muir A58 Y AR W B R 2 T 5 4 4 — 1, ROFE BT Ay
FR 2 BAE A7 A W B B A — B0y L 1 T 5 1 2 i
Bif . HAMERIAK N .

C, 1 1

= + (5)
q e (1 max KL q max
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00T C-0.C-O-C.-COOH W 37 38 55 , iX 5 A 1 H 241 Z Hif
w500} FRRIT T 45 R 2 — B0, RIDE ISt AL 9 A= iy A
2 400t i BE 2 Mo 5 AR RE ML AR b (R BT £ 4
% o300} Pl b U 3 B A 5 S e AL 2K R A
= I Langmuird® B! _
& 200 Freundlicht$ 5! ; 800 B - 80
[ 100 on
;n 700 —&—R 70 °
0 1I0 2I0 3I0 4lO 5I0 ﬂl]?; i ;%c_.‘_z
MB P #]¥k f& /mg « L' = = 600 460 &*S z
c = # 5
B3 GO(100 mg/L) R K MB IS 2 & 50 {50 &
Fig.3 Adsorption isotherm of MB on 400 40
2 3 5 7 8 10

GO (100 mg/L)

Freundlich #5& 84 fi5 15 M Fff 70 2 10 2 A8 249 50 /9
RV 75 W RS AS7  BE  AN 24 — , I L W B AR BE A 4
T8 RO £ oA 3 T A AN 24— W RS 570 5% 1A AIE
PRAE SO B, AR 2 R IR A

q.=K C.» (6)

A eq. I T 7 I 5ORE A IR B (mg/g) 5
C. ~JeRPEAF B (mg/L) 5 Ky — Langmuir 52841
B 85 K; — Freundlich 55 i 8 %50 o — 38 10 5 o114
FH 5 q e SRR TR B WG B R (mg/ @) .

R 2R T PRI A S HG T LUR L
W Bt i 72 B £F A Langmuir #7228 AL, 481 & 4 56
FBOEE B GO X MB AW B 3 & AR A GO
eI el %1 R Y VA=Wl Y A R s o a0 =03 N
BAEMLA S TR RIE GO R MB ) 55 K W b 25
H# ¢, fHM 518.75 mg/g,R*=0.986,

®2 GOWRM MBHARNZFREBSSH
Tab.2 Langmuir and Freundlich isotherm constants

for MB adsorption onto GO

HR g 2 % A R 28 R?
qo=518.75
Langmuir 0.986
b=0.592
Freundlich K{=241.73 0.943

WE 4 .Y pH M 2 EFFE 10 1, GO Xt
MB 1) 0 B £ Bl 2 pH (B A9 3 2 i 38 K H 7 B
KT LM R,
2.2 GOs Xt MB By T B 14 &E

¥R s GO 43514 UV/H, O, Al UV/PS 4 fk
0.1.2.4 hiE N G.G11 G121 G5 Goy v Gy Fl Gy,
Kl 5 prs A A ALET S 3 B/ GOs LA RAERE], H
f 3 050 ~3 800,2 900,1 732,1 604,1 380,
1058 em™ 72 47 WY W 43 S %F 0 Ch F% L C-H.
-COOH,C-C 8 C=C,C-O fl C-O-C X} jj {1y FE1iE
W, ZAfb)E C-H 8, C-C 5k C=C W8, 1

pH
B 4 pHEX GO K MB K50
(GO ¥ JE N 100 mg/L; MB ¥ FE}y 100 mg/L)
Fig.4 Effect of pH on the removal of MB by GO
(initial condition: MB 100 mg/L; GO 100 mg/1)
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j

1
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ES5 GOsHEEMIIHIE

Fig.5 Fourier transform infrared spectra of GOs

[FIFE X GOs W Hf MB #E4T T #1304, B
MG S R 3. h& 3 T IL. 4 UV/H, 0, #l
UV/PS &AL )G #4510 GOs 19 Hif Wt it g, 974
BTN [A) R R A 4R . X T A R R T L %
B i B B AT 4T Langmuir 25 30 WAL . 1205 Y 1Y)
S AT LA 185 DR o S A R R R D I A
PERERY L 5 19 00 HA T3 Rk 0 F

1

T1FK.C,

A K, #8092 Langmuir W R i 5 %,
M R, =0 W Fem MR i # AN A 5 0<<R, <<1 f 3R
X W R o A M) B ) B R B R A R, =1 AR
FRANEWL B 2L B R, > 1 B 2 7R X W Bff o 7 R A
AR, XF C, fEE LA 2IE 6 TR R, 5 Co 922Gl

R, YD)
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F3 GOs M MBI N FEELEGSE
Tab.3 Langmuir and Freundlich isotherm constants

for MB adsorption onto GOs

FE i Langmuir isotherm Freundlich isotherm
PR qo b R? Ky 1/n R?
G 518.75  0.592 0.986  241.73  0.201 0.943
Gi 580.26  0.644 0.960  272.38  0.201 0.893
Gz 591.80  0.643 0.964  273.02  0.208 0.905
Gis 598.63  0.575 0.979  264.38  0.220 0.922
G2 521.77  0.569 0.988  240.00  0.204 0.941
Gos 554.91  0.563 0.972  246.10  0.217 0.939
G 568.00  0.533 0.963  251.62  0.215 0.915
0.11
0.09
# 007
£
§ 0.05

20 3I0 SIO 8I0 l(I)O
MB#] %5 & f&/mg « L"
6 FEEHR 5C HWELXZR
Fig.6 Relationship between equilibrium constant
R, and C,

HiE 6 AT JL R, HA T 0~ 1, W& At 2 A
IR 8 GO 52 PR BE R 4r e f5h) . FEE MB
S IT . GO Y I BT 1 RE 2 7 R A1 42 18 8 T A A
M2 A A AR R RT RLANE GO MR /Y MB A
A A B W PR BE L 5 b SR R e R I B 25 B R
KT 800 HIZEE—5., HWMPERE R LN Gy
XG> GG > Gy > Gy > Gy BB S ) 1Y
« OH AW FETE GO R #i i 1 H 10 B 14 BE , i
SO X H A A X 0 B A BEAS A

B 7 R G fl G W Hf MB JS 19 FTIR F,

L6 N\
e

P

_ =
SN

Transmission

4000 3500 3000 2500 2000 1500 1000 500
Wavelength/cm ™

B 7 GOs %k MB 58 FTIR B
Fig.7 FTIR spectrum of GOs after the adsorption of MB

16 MB £ Ahiderh, 1 593.1 488 em™ A 1R 3%
MB R B3RS ;1 327 em™ 2245 S B R AE %
FRIEAEPR 51 246 cm™ .1 169 ecm ' R FE C-N Y
RO IEIE 51 136 cm ™ .1 039 e AR E C-S
BEAPRSUERAE IS . & 7 BT, MB B gl T W
3 iTig
3.1 pH X GO WZHt MB B Ih

WFoE 2B, pH L AR MB 1) 5 11k, 5 XF
GO HEMREEAREW ., TIZIA 2 ,GO BRE
b 3 FRCTE VSV T 2 R KR L R T R AR i &
JEFAk . Bk GO AH B DU LR AR AE . W
{451 A5 [ 25 BT A6 7 ) % 7% L BV RE IO 2 R R A
mH", fERGES pH Z1FF,GO ElF1ib, 2
ML GO f7AE . ATl /L 51 ) W 38 2 1 MB, HL
FERCA H ™ 23 v 0B R 3 B 5 33 B R 1 I 1
7. EBEMM pH &4 T.GO R L Fik. U
GO-H MIEF7E H H &5 MB 524 GO B W Fff
AL A5 W B8R AR 22, pH X GO W MB 11
g R EUE T GO EEE A F RG] 715 MB )%
T8

GORMEANTZ HFAHREN, XLTAER
X BH 25 - 2% B0 H 88 K ) 58 A ) (Seredych et al,
2008;Xu et al,2009), fE GO X} H k47 K b, #
ML 5| 0 E BRI B 455 01 2 I AT 2 X A
AHEAE 32 222 A W B ol & b B i T s Y AR
%2 A Y (Haubner et al,2010); [f B}, i 474 II-11
MHESAEN . FEARZE 50T . GO W Ff MB B 5T
6 W2 3h J1%: M Langmuir f 8,
3.2 GOs Xt MB BB Bt gE T 4L

GO £ UV/H,O, f1 UV/PS &k J5 1% 3
GOs, LA & B Al 0, E AL 5 19 GOs R T & 5 E
il AT 0 58 ik 555 5 AH G I 5% 45 2R — 2 (Hou et al,
20163 Zhou et al,2012); T L& 1 g, FHE K (G,
G112 G1o GGy \Goy WGy 7E Langmuir 5 7Y [ 411
AF q. WKWK 518.75,580.26,591. 80, 598. 63,
521.77.554.91,568.00 mg/g) , 1 W 7E 1 W B 1o 7
L.GOs XF MB 1Y W i B 1 38 i # L 51 y Ah L I
1) HE B A A A4 T A A [R) I T H A 22 AT
W58, GO ZWiFh 7 A AL 5 R T 1 4B e
SE A BT L, GOs 23 A [a] T2 32 b iy 24 il 5
NIRRT, RS R GO RSP/, B T £
4 300 2% P BE A I I B e 18 K — I R A . AR
FoE 4 P W, 2SR AL BRS (G Os 1Y W B BE B
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&AL ] R, PERB IS L U HAE UV/PS KR
T A RS ORI AE (2016) 1 diRE — 3K,
OB 5 AR A R B2 3 o 7 ] 5 GO BF S KMinO,
P . HE— 2D TAE R DL 58 GO S22 &4
W EARTEA Y T B 1S A 254 5 P e e T
3.3 GO MB MR RER N Aai=

GO WEFFZ L RFFEM N )iz, A%
Wh9E T H4 UV/H,0,., UV/PS EALHT 5 X% MB #Y
W R RE . AR 1-a B DL HY 12 W B ok A e e ]
P 3L ] -7 (<<5 min) , 55 Zhang 45 (2011) W2 F] iy
— B WG M & (Activated Carbon, AC) FlER 48 K
& (Carbon Nano Tube, CNT) X} MB [ M [ff 18 &
FTH 1 h AREE P (Hameed et al,2007; Yao et
al,2010) . 3% /& GO b T A Bk b1 8} 9 — A~ 5 35
R#, B 1-b Bl MB W B 38, JL L PR R &2
61 T V0N 1 R A A R R A T 0 L X —
J5 T & B MB 43 F 2E E R GO T i 2 b f
B IR KA RN E A 2Z 8] (4 BH 7, 90 B MIB ik B A58 K
B B2 T s IR A BEL 77 5 55 — 5 THI A2 R Dy 2 b
K MB W JER . MB 2 78 GO K1 HE5 L 1 5t .
Bl BT ) A K G B ) A 4 0 R D 3R PR R
R EBRARAEN . T GO AT LU R 45 K v B v
PR MB. FEAS A AT LR A Tl HE 8 7K ) ik 2
o WA EIR L AZ TS Y H AR K .

5 £ K

FEAER B , X FETE 55,2016, Ak A X 55 YL
A B AT Oy B W BRI BRLT ], Mo BROBE S R 31C1D)
1125 -1136.

ZEgR AR, 2015, TRR ARG Pk A A5 0 02 B A Ak 1 1 & A M BE F
FID]. e k.

TR LN LB RV A, 2016, A AL AR B XA AL A AR 0
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Adsorption of Methylene Blue by Graphene Oxide Chemically Modified with Free Radicals
SUN Lin-yan, YANG Fei, FENG Min, WANG Zhao-hui

(College of Environmental Science and Engineering, State Environmental Protection
Engineering Center for Pollution Treatment and Control in Textile Industry,
Donghua University, Shanghai 201620,P.R.China)

Abstract: Graphene oxide (GO) has been used to absorb pollutants from water due to its large specific sur-
face area and high stability. However, large-scale production of GO has raised concerns about its functional
stability, given that the GO structure could be altered by advanced oxidation processes. In this study, the
removal efficiency of methylene blue (MB) by GO was investigated after GO oxidation by UV/H, 0, , gen-
erating the hydroxyl radical, or UV/persulfate (PS), generating the sulfate radical. A series of GOs with
varying degrees of oxidation were synthesized by exposing GO stock solutions (1 mg/ml) to a 300 W me-
dium-pressure Hg lamp for 1, 2 and 4 h in the presence of H, O, or PS. We explored the influence of reac-
tion conditions on the adsorption kinetics of GO by setting the initial MB concentration at 5, 20, 50 or
100 mg/L and pH in the range 2 — 10. Changes in GO surface functional groups were characterized with
Fourier Transform infrared spectroscopy (FITR) and functional group density began to decline after one
hour of oxidation. The adsorption kinetics of GO were well described by pseudo-second-order kinetics
(R?>>0.999). The Langmuir model best fit the adsorption data and was used to calculate the maximum MB
adsorption by GO. The various GO preparations were designated by two subscripts, the first denoting the
oxidant system (1=UV/H,0, and 2=UV/PS) and the second denoting the time of UV exposure (1, 2 or
4 h). The maximum MB adsorbed by G,,, G», G5, Gy, G,, and G, ; were, respectively, 580. 3,
591. 8, 598.6, 521.8, 554.9 and 568.0 mg/g. Absorption by GO decreased with increasing oxidation time,
particularly when oxidized by the UV/PS system, but increased with increaing pH and alkaline conditions
obviously enhanced the absorption process. The modified GO displayed rapid adsorption at higher MB con-
centrations, but better removal efficiency at lower MB concentrations.

Key words: graphene oxide; hydroxyl radical; sulfate radical; adsorption capacity; methylene blue



