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Adsorption of Methylene Blue from Aqueous Solution onto Magnetic Fe,0,/

Graphene Oxide Nanoparticles

CHANG Qing', JIANG Guo-dong®, HU Meng-xuan' , HUANG Jia', TANG He-qing'

(1. College of Chemisiry and Material Science, South-Central University for Nationalities, Wuhan 430074, China; 2. College of
Chemistry and Chemical Engineering, Hubei University of Technology, Wuhan 430068, China)

Abstract: A simple ultrasound-assisted co-precipitation method was developed to prepare magnetic Fe,0,/graphene oxide (Fe;0,/
GO) nanoparticles. The characterization with transmission electron microscope ( TEM) indicated that the products possessed small
particle size. The hysteresis loop of the dried Fe,0,/GO nanoparticles demonstrated that the sample had typical features of
superparamagnetic material. Batch adsorption studies were carried out to investigate the effects of the initial pH of the solution, the
dosage of adsorbent, the contact time and temperature on the adsorption of methylene blue. The results indicated that the composites
prepared could be used over a broad pH range (pH 6-9). The adsorption process was very fast within the first 25 min and the
equilibrium was reached at 180 min. The adsorption equilibrium and kinetics data fitted well with the Langmuir isotherm model and the
pseudo-second-order kinetic model. The adsorption process was a spontaneous and endothermic process in nature. The composite
exhibited fairly high adsorption capacity (196.5 mg-g™") of methylene blue at 313 K. In addition, the magnetic composite could be
effectively and simply separated by using an external magnetic field, and then regenerated by hydrogen peroxide and recycled for further
use. The results indicated that the adsorbent had a potential in the application of the dye wastewater treatment.

Key words : magnetic composites; sonochemical synthesis; methylene blue; adsorption; regeneration
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®1 Fe,0,/GO BT REENINFESHE

Table 1  Kinetics parameters of the pseudo-first-order model and the pseudo-second-order model for the MO adsorption on Fe;0,/GO
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B(L-mg™)

Freundlich 8RR R T A R | L2 )2
W, =k (5) FrR >

Ing, = InK; + Llnce (5)
n

A, Ky I on S22 X0 7T I B 7 e AR B o R
Freundlich & %%
1E293 313, 333 K ARRRE T, S5l AY 41
BERA TR 2. SRR, R Langmuir %R 7
PG 5 YRR AR OC R HCH 0. 984 ~0. 995, & Tk
H Freundlich 5 7 R LA ROZPEAH C 2450 i BH
2 B i A2 4TS Langmuir J7 £2 T4 4 09 #4501
JEREISIE. #E 293, 313, 333 K AFIRE T, %
A Langmuir 25 5 W FHR 5 ) Fe, 0,/GO 1A
W B 54351 4 186. 6, 196.5, 206.2 mg-g . Bl
VLR P v VOB A B2 A A 3 15 I R o 5] W o
MV H SRR A AR R — I G 2. Freundlich 5 2
I FMFEEE n (KT 1, DL Fe,0,/GO X IF F 3t
WERR AR 2 5 64T, ELJE T 1 T IR
2.2.5 WG TI 220
W B ok i v A B T A 2 B 3 AT A g
(AG") | F&7E(AH" ) R AE (AS®) AT LAy LR 2358
TR,
AG’' =-RT In b (6)
Inb = AS°/R - AH/RT (7)
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A, RO [8.314 J- (mol-K) "' ],b K
Langmuir W f 5 80 AH® F1 AS® AT LI Inb XF 1/T
i i il 2t 2 R R 113545 31 R D) 2 2400
T3, 509 AG’ (EE W Fe,0,/GO Xt W F FL 5 J&
TEA R E L RPIRGL T AT 0. R R AS°

A AH® {EH 53 % 4 149.98 J-(mol-K) ~' il 14.49
kJ-mol . IEAY AS® {H 35 B 78 W B it A2 o TR L
HETN 3 W 2 A 2 B K A AE 1L T R A

BEAT BT IE Y AH® {H 3 WU B R Ol 0 A

&2 Fe;0,/GO 37k i FEH Langmuir 71 Freundlich %R R KR E S #E

Table 2 Langmuir and Freundlich isotherm parameters for the MO adsorption on Fe;0,/GO

T Langmuir Xl Freundlich 1571
/K Gna/mg g~ b/L-mg~! Kp/mg-g~! n R
293 186. 6 0. 481 0.995 57.48 3.98 0. 744
313 196.5 0.701 0.983 75.56 5.26 0. 863
333 206.2 0.982 0.984 77.11 4.43 0.720
#x3 Fe;0,/GO Btk REIENHANFSHE
Table 3 Thermodynamic parameters of the MO adsorption on Fe;0,/GO at different temperatures
/K b/Lemg~! AG®/KJ-mol 7! AS®/J+(mol-K) 7! AH®/KJ+mol ~!

293 0.481 -29.49

313 0.701 -32.48 149. 98 14.49

333 0.982 -35.49

2.3 Fe,0,/GO RYFAEMFT

S AT BRI T BT B R TR 48 KR R T
LA TR B 1l 38 3 4/ S 1 1 R AT 43 5 (ol D i P2 R
HH, A G A AR UE— 2 W B A5CR T4 5
YK Fe,0,. BFFRHAEI K Fe, 0, FE A 52001
AL LIS A S8 A S0 A T AR R i el 1 S8 A
Ffp 20260 BT A ] 0. 10 mmol - L' 5 Ak SR
Fe,0,/GO FATMWS , FH7E 313 K #EA7 W52 5.
WG RFF R 80 — k. R R AR R 0 R
HIESKA 89. 0% | 84. 2% F179. 6% , HAT &5 F-A
B RIEB AR R I FE . 55 FNI B 75 (45 R e 5
BRi o Z G B Y, 28 A I T W B R A e
fif R s R AR A I 10, SR O SR IO ik
LA I EN AR A X B G Fe,0,/,G0 H A
PR E PR TR, X 5 M DG R 0 45 SR A —
S5 BT G BRI TR B SR Fe, 0,/GO T L 1]
W, AR E A,

3 g

(1) SR FHR 7l B 9T 3 1 7 41 SR T
FRLLVE Fe 0, PIAK T, #4 T Fe,0,/G0 H 4
B, T LA R0 B R 22 8 s a3k e g
DAE- S

(2) ZEHE 96 1 pH {ETE I, Fe,0,/GO #HE R 2L
e I BT 6T, BEHE Fe, 0,/GO W B 7 FF 3
UK AT 1 AR R R W B 0 g 2 e 45

B3 A5 G OB B 7 2 AR AL A Langmuir
SRR,

(3) FFAE S B R BH , Fiv 5 80 0 P WO o 5]l LA
ARG E W A EE A, SR
PRI B8 SRR 14 79. 6%
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