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Adsorption Properties of Modified Graphene for Methylene Blue Removal from
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Environmental Science and Engineering, Hunan University, Changsha 410082, China)

Abstract: In this study, cetyltrimethylammonium bromide ( CTAB) was chosen to modify graphene, which was applied to remove
methylene blue (MB) from aqueous solutions. The characteristics of graphene and modified graphene were characterized by X-ray
diffraction ( XRD ), fourier transform infrared spectrum ( FTIR), thermal gravimetric analyzer ( TGA ), transmission electron
microscopy (TEM) , and scanning electron microscopy (SEM). The effects of factors including pH, contact time, temperature, and
dosage on the adsorption properties of MB onto graphene and modified graphene were investigated. The results revealed that the addition
of CTAB in preparation could obviously increase the specific surface area and improve the efficiency of removal. The adsorption
processes were rapid within the first 15 min and reached equilibrium in about 120 min. The adsorption kinetics fitted well with the
pseudo-second-order model. The optimal reaction temperature was 293 K, the optimal concentration of adsorbent dosage was 2 g-L ™",
and the initial pH value of the solution had little impact on the amount of adsorption. The adsorption capacity of MB on modified
graphene inferred from the Langmuir model was 86. 43 mg+g ™' at 293 K, and the adsorption was an exothermic process.
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Fig. 1 SEM images of graphene and modified graphene
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Fig. 2 TEM images of graphene and modified graphene
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Fig. 6 Effect of amount of adsorbent on the adsorption of MB

2.2.2  WIhf pH {EXT A 8204 RSO A 8505 2Bk MB
(14 5 M

B 50 ml JiT & ¥R B 100 mg- L' A9 MB &
12 003, 57 F P B pH 0 5E T 2 . 4.6, 8,
10, 12,20 5IA 0. 1 g 1 8806 FN e M A7 B8 0 , 16 %
A TR 2 he ARV pH 5504 T A S50 Fnek
PR BRI 2 MB B9S2 25 AN & 7 s, th Rl
A A BRIR T MBI B RE 13555, 7E pH 2 ~ 12
90 [ N X L 2 B AR A 57% A A, Tele A A8 0
FA B MB (1817, i85 95% 4. Rl
AR IR pH (BN A7 88075 5 iobE A BB 03 X MB 11
WP BBV A B B RE ), LA ST 458 S AR 90
S5 JRAE B 2L, DRI 5 4 S I v R T R R TR
(45 pH H.
2.2.3 S AT EDR A SR S ot A SR 0 PR MB
(14 5 i

B 50 mL JF N 100 mg-L~' () MB ¥



114 SR . AU AT BRI X K eI R A IR B BE AT ST 4337
100 60
e T . .
o0 L . 50 + /‘..-l A A N A
P —&— Ptk 47 B 100 mg L
40 + I —— F B 100 mg L
£ T —m— WHEL S0 meL
& —u— £ B g o . . .
e —o— B A § J *
N0 b 30 | /f
" .._-/.._-- L L] L] L]
60 | 3
-‘_'___,_,_._-—-I I‘-"""'"_H_FF. " - :-j
10 — L 1 1 I |
Y 2 3 3 0 5 0 100 200 300 400 500
pH Himin

B 7  #0% pH X4 & J% oI B S IR B I B R A R 0
Fig. 7 Effect of initial pH on the adsorption of MB

onto graphene and modified graphene

20 O3, 20 WA, A BN 0.1 ¢ 1 8BS stk A
BIRTEFIRAMF R 1,5, 15,30, 60,90, 120,
180 300, 480 min. 73 4h, Bl 50 mL 5 4 50
mg- L~ MB ¥ 10 67, A 0. 1 g et £ B0 7E
[l — 25 F SOz, DAVEST FL st dniEl 8 firw, eletk
A1 S0 )R] B 2 R Ay B0 118 B (1) P £ A ] — e
AL, I HAEAS R B A R —Fp AL i
[i] 1t A, 3 AR AR, 33X Ul B S 0y R 6 32 MB W
WEEIE IR, A A6 oot BIR T MB A BRR
H P B TR] A ST . FE WSS 15 min N,
SN R AR, Y RN IR E] 120 min B, 25 Fh

40
—a— 323KF B
35 —e— 308K B4R "
—n—293Kf
ol 7 H9E
25 | "
)
W 20 | /
E
= 15| /
10 b
Shod / (a) 75 MR
0 . 1 Il L L L L
20 40 60 80 100 120 140 160

c/mg-L~ 1

B8 Iz A i % o 25 I o 1 iV R B I AR L B B 2 i
Fig. 8 Effect of contact time on the adsorption of MB

onto graphene and modified graphene

SINFART MB B 2 bR R A TR, XUl Y
At S5 1 5 AN AR B, oM A AR IR B MB A7 A B
TSI R] PRI At o i 8 S 3 v i A S B[] A
120 min.
2.2.4 SN A SRR S oot A B A BR MB
1) 5 )

B 50 mL )46 JoT 5 & B 4351 40, 80, 120,
160, 200 mg-L ™"/ MB ¥4 T3, 50 8 3 41,47
AIIA 0.1 g A 8845 Btk A SBETEIRE N 293
308, 323 K FRW 120 min. {1/ 9 Fis , 7EA A i
JET 8B SOt G 88 E 5T MB % W B 2 AN TR
Bl W SHE B B T, A ARIE S ot SR G X MB

70

60 | ,//’ .
ol e

40 | _/ *
/ —a— 33K Mt ML

5
2
‘E;; 0l . —e— 308K M7 ML
—m— 293K Mk LA
20 4 /
10 | £ (a) Mtk A
0 1 1 L L L . !

L 1
50 60 70 80O 90 100
eo/mg-L7!

0 10 200 30 40

B9 RR XA 8 0 Ui 28 0 IR I PR B I Y SN

Fig. 9 Effect of temperature on the adsorption of MB onto graphene and modified graphene
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Fig. 10 Langmuir isotherm model and Freundlich isotherm model for the MB adsorption onto modified graphene
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Table 1  Isotherm constants and regression data for various adsorption isotherms for adsorption of MB onto modified graphene
Langmuir Freundlich

/K
% /Mg g " ky/Leg™! R? 1/n kp/Leg™! R?

293 86. 430 46.957 0.989 0. 325 1. 060 0.998

308 75.132 21.784 0.979 0.491 0.701 0.957

323 70. 472 6.974 0.987 0.616 0. 301 0. 969
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Table 2 Calculated kinetic parameters for pseudo first-order and second-order kinetic models for the adsorption of MB on modified graphene

- th—4gh 1% th—4gh 12
s p P
/mg.L—l 9e,exp 1 Ge,cal R Ge exp 2 e, cal R
/mg+g ™! /min ! /mg+g ™! /mg-g ! /min ! /mg-g !
50 25.136 0. 006 0. 144 0.526 25.136 3.368 x 104 24. 869 0. 999
100 50.014 0. 006 0.251 0. 866 50. 014 2.271 x10 3 49.579 0. 999
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