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Abstract: Graphene oxide (GO) was prepared from graphite using Hummers' method, improved Hummers' method and
modified Hummers' method. The samples were characterized by FT-IR spectroscope, TGA, XRD, XPS,SEM and element
analysis. The results showed that graphene oxide was more oxidized prepared by the improved Hummers' method(IGO).
The isothermal adsorption experiments of Th(IV) and U(VI) on graphene oxide showed that the maximum adsorption ca-
pacity of Th(IV) on IGO was 192.3 mg/g, increased by 38.5% as compared with that of GO prepared by Hummers’
method. The maximum adsorption capacity of U(VI) was 156.2 mg/g, increased by 28.1%. Both of above values are in
accord with Langmuir isotherm model. Furthermore, kinetic and thermodynamic parameters of Th (IV) and U(VI) adsorp-
tion on IGO were investigated by using batch experiments, confirming that adsorption fits pseudo-second kinetic equa-

tions, which are spontaneous and endothermic.
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Fig. 1 Infrared spectra (a), TGA curves (b) and XRD patterns
(c) of HGO, 1IGO and MGO
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Fig.2 Cls XPS spectra of (a) HGO, (b) IGO and (c) MGO
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Th(IV)H1 U(VI)I W B 55454 Langmuir 553 W B 452
B R TRy TR MW, B A AR W AR 2 T 1
BIFW I . 8RB HGO. 1GO F1 MGO X U(VI)
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%1 HGO. IGO #1 MGO H#j Cls XPS Bl & &R
Tablel C1s XPS results of HGO, IGO and MGO

C=C/% C-0/% C=0/% O0=C-0/% C/O*
HGO 54.8 30.8 10.4 4.0 2.36
IGO 49.3 34.1 8.7 7.9 1.91
MGO 53.2 30.4 9.4 7.0 2.14

*C/O is the calculated value.

%2 HGO, IGO #1 MGO TEZHER
Table 2 Element analysis results of HGO, IGO and MGO

C/% H/% O/%
HGO 47.72 237 49.91
IGO 40.67 243 56.90
MGO 41.95 2.40 55.65

K3 44 B @@HBGO. (b)IGO Ali(c) MGO (1) SEM M
Fig. 3 SEM images of graphene oxide (a) HGO, (b) IGO and (¢) MGO
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Table 3 Parameters for the Langmuir and Freundlich models of U(VI) and Th(IV) sorption
Langmuir Freundlich
Quay/(mg-g™) Ku/(L'mg™) R’ Ke/(mg' ™L™g™) I/n R®
HGO 121.9 0.3306 0.997 48.11 0.2207 0.972
U(VI) 1GO 156.2 0.1688 0.994 31.43 0.3987 0.963
MGO 161.2 0.1294 0.993 32.48 0.3801 0.973
HGO 138.8 0.4199 0.984 53.54 0.2279 0.973
Th(IV) 1GO 192.3 0.6753 0.991 93.13 0.1786 0.971
MGO 188.6 0.5773 0.975 61.86 0.2981 0.976
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Fig. 4 Adsorption isotherms of U(VI) (a) and Th(IV) (b) on
the HGO, IGO and MGO

C(G0)=0.3 g/L, C(U)=0.05-0.5 mmol/L, pH=4+0.05 (a) and C (Th)=
0.05-0.5 mmol/L (b), pH=30.05, (T=298.15 K, t=12 h)

XA RE A i, WP e L 1) 1GO 4333
BEATWBE Th(AV)FT UV 8l ) 2 FI 34 ) 27 S
T, HHHLET pH IR 52 .

M5 LA H, pH XA A AT S5 43 IR FE Th(TV)
A UNVDII R, HgEaAARME . A TH T
XA ZE SRR AL, SR Visual MINTEQ 3 £E%} U(VI)
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Fig. 6 The species of U(VI) (a) and Th(IV) (b) in solution
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Fig. 7 Effect of contact time (a) and temperature (b) on the
Th(IV) and U(VI) adsorption on IGO

C(GO)=0.4 ¢/L,C(Th)=0.5 mmol/L, pH=3%0.05,T=298.15 K; C(GO)=
0.4 g/L,C(U)= 0.5 mmol/L, pH=4+0.05, T=298.15 K

R4 SUBERHEEH ThV)FD UV HZESE
Table 4 Thermodynamic parameters of Th(IV) and U(VI)
adsorption on 1IGO

Temp./K AHO/_1 As_(l’/ : AG"/_1
(kJemol™) (Jemol *K™") (kJemol™)

300 -22.18

308 -22.92

Th(IV) 318 5.43 92.05 —23.84
328 —24.76

338 —25.68

300 -20.98

308 -21.62

u(vI 318 3.23 80.72 —22.43
328 -23.24

338 —24.05
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F UV B 56 HE 2030 ) % D5 F

MWK 7o) LLE h, N 27CTFm %2 65T,
A S0 Th(IV) IR Bt & M 203.3 mg/g THim &
258.4 mg/g, WHNT 55.1 mg/g; XF UV M
124.1 mg/g TH % 142.8 mg/g, ¥INT 18.7 mg/g.
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