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XWeE L, RE L2, ZEE L, xR L, BENA L, BLE L skivgE 2
(1. bl Ry TRE%P, B 201306;

2. BgAgl Ry RSB R B W E A%, B 200240)
P N7 ot Sk 89 (GO) Wt i Y e s A MK I8 Hh 20 B 10 R AL, SR 3R 2046 0 %
(PEI) %t GO #HATEME, % PEI-GO EAMEL FERALIMEIGAL. B2, ks, fEik
PEERTE A IREAT SE MRS RAE o AT AN [EIWR R INF 1) IR 7R R Bt MBI B RS
Wi, XSRS AR AR TIG, i85t GO WH MB 5PET-GO W MB Ji VAR A 23
BSR4 R, PEI-GO EAMEBIGIIEA RIFI ZHPOREN, PR BRI & AR
W5 PET BB AR 0 = C-NH L. EEHFEL PEI-GO XIMB BAT R AP RE
7E MB ¥ILEVKFE N 25mg/L, PEI-GO #EANEHN 30mg MI% M K, PEI-GO KWL PH& mlik
204. 87mg/g; W MHUERAF & #E 2Bl 14 A LUK Freundlich SEIRAEAL; WIS, 7B
B GO WPRETR 475 Ao
KRB o FUARIG: WM WHEE: WA 8

Adsorption of methylene blue in water by modified graphene oxide

LIU Xuan'!, ZHU Meilong"? LI Yamei', LIU Yu'!, XIONG Yuexi!, YANG Hongqi',
ZHANG Yafei?
(1. College of Engineering Science and Technology, Shanghai Ocean
University, Shanghai 201306, China;
2. Key Laboratory of Thin Film and Microfabrication Technology, Shanghai
Jiaotong University, Shanghai 200240, China)
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different adsorption time and adsorbent dosage on the adsorption performance of MB were analyzed,
and the kinetic and temperature line models were used to fit them. The separation time of MB
adsorbed by GO and PEI-GO was recorded respectively. The results show that PEI-GO composite still
has a good two—dimensional nanostructure and the O0=C-NH covalent bond which is formed by the
reaction of the oxygen—containing functional group in the nano film and the amino group in PEI.
The composite PEI-GO has good adsorption property for MB. When the initial concentration of MB
is 25mg/L and the input amount of PEI-GO is 30mg, the adsorption capacity of PEI-GO can reach
204. 87mg/g. The adsorption behavior was fitted to a quasi second-order kinetic model and
Freundlich isothermal model. After adsorption, compared with GO adsorption, the separation rate
is 475 times faster.

Keywords: modification; graphene oxide; adsorption; methylene blue; fitting;
separation

RS (VB) WK A8 i, R, wAE IR ORI, B N TR
B {HERREM MB S5 oK, fa A mzes . HRBREFEKT MB Z6 P15 S+
B e BT Sk JeRRIRE . MR R BRI B R W PR AR RLEAT RS
KU AR BRI NS5 YIRERAT T I5PSRea, (E2 Tl K A 3 75 i
ZRF AT Z

A 554 (GO) MEDRTEIRBHAPRL, BRI A m A& e A SRIRRAARL, GO o
A sp® I sp® FARMILEESERG Y, IS BEIHAEG0 A KRS AL A, XKk
BRI MB HA RS WP R 7). TR FE R, AR AL EE AN, GO XIMB MRt
BIE 3517 741ng/g 208", REG @A GO XMB BAMRSIMWMEE S, HHET 60 5
KT G RE G RR U BER AR 2, WS MB M LMK H 70 B H R, 50idE ki —
U5, WORIIBRA T AR KA R R ™ o 8 P B RGeS0 A e,
FEIRELY B ik, SLPE BN R 32 e N T BRI R AR B JE AR A B IRE S, Rl
TAEE R RABFE GO HHATE A, HISHRARl, S AaEE. MtEAE 6%
8 IR AE I IR AR T, W PR AL B I A DA K I VR B L (ERE S AR
TERPREA, R B FOR B SR, AR TSR R .

T HESE GO IR IS B B PERE S ORRFR S R i B, R 1- (3-SR BN ) -3- &
Fefk — % (EDC) XFGO #HATHRZE, FERHMN T8N 600 FIER LGN (PED) #4175
Wk, IS A AT 8% (PET-GO) S SEMLEDS FT-IR DAK Raman RFPEI-GOHHTHRAE, #%L
WL BHRTRIL K. PET-GO A4k FH 0 W B 1A RE A A, T3 20 5 ) (R PR 50 FL R B LB
1 MRS
11 S J kA

Faskr (500 H) WHILARESRREGR AR (hE)Y RoMmk (PED L& 1- (3-
THREEIENE) -3-25 % (EDC) BN pral, W H R EE (MB) 250 H [E 254 1k 2
WAARAR (RE) Fra 2Rt — B .

12 PEI-GO A4k % K RAE

SO Hummers ¥EHI4% GO, 7E 30mL (2mg/mL) GO VAN 300 n L EDC, 255 Tk
#:1h )5, TERBARZRFIIN 0. 5g PEL kit 3h, HEEEBE F/KEGRIEFTE, mit—Da
PRI EHRAE . FHEEZETSS 2 A 1 Gemini SEM7426 AU TS (SEMBEIEAX (EDS) X}
PEI-GO TSRS TCEHHTHRAL; P& 0 A R VERTEX 70 B L0 484X (FT-TR) 43 PEI-GO
I RER]; B PerkinElmer ARIF) LAMBDA950 48 ANa] WL eG4 (UV-VIS) , Sk
IS MB IR S TR SR RENISHAW AF] inVia #4511
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Heie A Xt PEI-GO AT+ 2 Kt 434 (Raman) o
13 Wt sz

I — 5E S PEI-GO MMNMREES 25mg/L 1) MB ¥, IRFUR BRI DO R PR sm; R
PRAPIS R SRR, ARG, FRSMEEF AR 0. 22 u mPI IS JE RS, XHERGHAT
UV-VIS 43#f.

R g THEA:

_ G0V

)
w
b CAMIC JAMB RIS P LA SR BE (mg/L) s VARV (L), W IR B 77 4 o

(g) -
14 43 B [a]

AR R FH B s 3 7 o0 88, K718 1bar, MB25mL (25mg/Ly) WRB 7515010
Img. 5mg, WRBHEITEA 2h, 1C3% 7 &0 E] .
2 ER 51
21 GO LAM PEI-GO FIEAE

K FH FT-1IR X il & I PET-GO LA K J5 45 GO HEATERAE, WL fiR. JE4RGO 7E 300073500
em ' AN HECHE I, X2 OH MRz 4. ¢ =0, C=C, C-0H, 0-C FIC-0
IYRRAE 1724 emt, 1616 cm', 1365 cm™!, 1216 cm', F11045 cm™' 4MEE). 4 PET 560 &%
BEES, DA 1724em™ yHoL LR R . — /N TR IS AR 1560 com !t &b, XEHIT
PEI-GO "B 0 = C-NH JLMEEMH MRS ER), $H] GO thiRIES PET itk
KAT RS CEDS Al Z IR TR RS 0. %N 8. 8% (F1) it —HAFSL T LI B4,
RUELL PET 707550 GO ACHBER N4 H PETI-GO,

[ b]
2
=
=
%3
%
3500 3000 2500 2000 1500 1000
% % Wavenumber(cm™ L )
Kl 1 PEI-GO LAJ GO MZLAMaik
Fig.1 FT-IR of PEI-GO and GO
% 1 G0 5 PEI-GO ff) EDS ¥
Tab. 1The EDS data of GO and PEI-GO
e JLER oE
Sample Element Content/
%
GO C 69. 1
0 30.2
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N 0.7
PEI-GO C 66. 7
0 24.5
N 8.8

N TR PEI-GO BIROWSEH, XA TR 2061/ ar, S5 WK 2. ME 2 7L
E i, PEI-GO HID 775 G ArfsfEbhs GO (MRt oREHE, AH PEI-GO BRI S, #4481k
AK. GO LA PEI-GO MRS LA 3, A8k PET J5, PhEARKERIMAIN 48 248
K, AT Bh 355t MBI

5000

4000

3000

2000

9 S Intensity(a.u.)

1000 P

0

1000 1500 2000
78 £ Raman shifiem1)

K2 PEI-GO LUK GO Iz 261K
Fig.2 Raman of PEI-GO and GO

500nm S00nm
—

(a)GO ff] SEM [EISEM of (b)PEI-GO 1] SEM KISEM of
Kl 3 RowIEsR
Fig.3
22 W B[] Micromorphology

FEPPESATT, B MB 200mL (25mg/L) « PEI-GO 60mg, 43 HT W PF 25 F It B 3 B 1] (1) A8 A0
. WK 4 Fow, 7EAT60min PN, BGOSR, PEI-GO AW B 25 Bt n, X2
FAERNAIEI B, PEI-GO BTG TEAT s 4 £ o BB TG MEAL AR, PR 78 s B
M, RALE T0min AAG#a T 4.
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Fig. 4 Change chart of adsorption capacity with time
23 WA 75158 %o W A28 i P 5
MB GRSy 25mg/L, WAFY 100uL, 230 5.10.15.20.25.30.40. 50mg PEI-GO,
RS IR 2he I 5 AT RAE H, BEAE R R E AN, W B A T £ 30mg
FIET, WP ER B IR 204. 8Tmg/g. WRMIFITTEAE 30mg LA LIy, IR BH 57 o &)
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Fig.5 Change chart of adsorption capacity with adsorption dose
24 4 BSIN R) L
AR 2 P, Mo ERS R LLE H, PEI-GO WRF MB 570 BdAR4EL GO f2E
475 5. JERRITRIER s, EEEREDY, RGO Hh B AU E R e 0 = C-NH SR,
F R E RGN,
® 2 ESH

Tab. 2 Separation parameter

FF it W e 751) o 53 BER [H]

Sample Adsorbent Separation
quality/mg time/s

GO 1 148
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5 393
PEI-GO 1 24

25 WX PN RERE B3N 77 5 R0 55 W B A5 iR A 7Y
N THRFC PEI-GO XMB AW BNAHILEE, S HBEATE) )5 S SRR AR AR, BT U 7R 3h )
PRI H R P AR A HE — el AR m R, nAas (20 A (3) o
In(qe = q) = Inge — kit ()
Lol (3)
av kaq®  qe
I qe R RN BT I I 5 me/ g, qoNAE ¢ I ZIR RSP B S B, ko k23
NUME—RGUE RN TIF R qeki~ kAT AMNIULE - 2R RER 5503 . A E R W& 3.
#* 3 PEI-GO WRHt MB M1zl 712454
Tab. 3 Kinetic parameters of adsorption of MB by PEI-GO

PR ZH Bl

Models Paramete Values
s

HE— % K,/min™! 3.648
R? 0. 804

HE— 2% K,/min! 0. 02703
R? 0.999

SR, PEI-GO W Fff MB BN /15 G —RIIE S HCERIR T 1, IZRYPEI-GO
WeBH MBI RR Y, AR SRR S EEE A, EAEAL SRR T B DA A T RS

XU B I AT AR LS, I H SR Langmuir 1 Freundlich PP IEAT
e HHEARXWMAKX @) . 6) .

L= 1oy )
de  bdpax Amax

Inq. = InK; + lnc, (5)
Kb q PN N &, c N THETRIREE: q. BRI E: by Koo n W EER
W& 4.
% 4 PEI-GO WRFft25:iR 24K
Tab. 4 Adsorption isothermal parameters of PEI-GO

Lt ZH Bl
Models Parameters Values
Langumuir Gax 39. 37
b 2.4091
# 0. 952
Freundlich K 171.98
1/n 0. 0254
2 0.976

HAE LR WAL, Freundlich AWK AL T Langumuir W SR IAH R R 2L
PET-GO APRIXS MB R A SE 754 Freundlich W PHARIRABIAY, IR Bt ick 72 Fn Ah 24 B o 3
ZAEM
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M5 PATLAE Y, PEI-GO 560 MHEL, 7 @i a3 RHE S . S S gk ik LA
LRk i A AR Sk O SR B, R IR B 2 B 5 T R A BRI e 3
R 5 A P LA

Tab. 5 Comparison with other adsorbents

W Bft 751) W i 25 £ e B 22 SETTE AR
Adsorben Adsorption Adsorptio Separati  Separati
t capacity/( mg n rate/% onmethod on

/g) difficul
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