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1.3 IR GOS B9Hl &

FREX 0.03 g A4k A 55 E T 100 mL XU E ZZ 1K,
TR HHHA T (100 W, 2 )53 BI5EAA 52 465(GO),
AN 0.35 g P23 i b B 4L pH WY 3, HIE N
W45+ 1 h, FEIX 0.8 mL TEOSU I AN TR-A W, 4%
LERETIEHE 12 he BEPTAR W) B O0EE 3 Ik, LLERR
BRI P123 AR L. ¥ 207 W E T 60 CHLAY
THAET, 153 GOS, TR L&

1.4 GOS EHHRIE

FIGE M AN 30 mL & T 100 mL HEIR
H1, 1 0.1 mol/L. 0.01 mol/L HCI F1 NaOH 753 pH
i FRHC0.01 g GOS, Bl E i ¥ 20 mL. #4 30 mL
B 20 mL BRI A, TEERER A LLLL 130
r/min ()R EREGAHMN I TR], SOV fEk g8 10 mL |
TEW AT W 6 BE v (Te)ill s OB g,
B BOFEHME SRR UVDIREE, JFza(1).
(2)1H5 GOS *F UV W Bt 5 Kz U (V)W B 2

q:(Po—pe)XV (1)
m

R =20"Pe 1009 ©)
Po

XH: g Ky GOS Xt U (VD)MW mg/gs R 43 U(VI)

(IR PR, %5 po AR BT M UVIHSE, mg/Ls

pe MBS UVDHREE, mg/Ls VAR,

L: m J GOS i, g.

1.5 GOS f#IR KA IE

FRIL 0.01 g W B8 5 1) GOS #: A 50 mL HCI (0.1
mol/L)¥# 1, 30 CE IS % W 90 min, i 3EHX 10
mL  FVER, E ETE RS IR . KRS IR
BRI 2525 /K PR 3 WK, SRJETBUE 60 C 3025 T5AH
TR, PRI, R 4 K. Al

fE R A R (3) T 5
p=%100% 3)
q

X d 4 U (VDA R, mg/g; ¢ b GOS %} U (VI)
(B, mg/gs D UNVDIIRR, %.

2 HR5E

2.1 pH {EX GOS WM UV IR
76 U(VDFIUAKREE ) 10 mg/L, GOS #n& 2 0.1

g/L, W JEHR 30 CIIZAMT, K pH EHIHN 2.0~8.0 N,
W BF 120 min, S PRI 0 2 W T R AR UVDH
FE, #%0F pH X GOS W B UVD))smd, a5 45 21
WiE 1 fios.
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Fig. 1 Effect of pH on U(VI) adsorption by GOS

& 1 %W, pH (X GOS W UV 5w
Ko WM IRISG, & HEHIE pH R H A [ BE 1)
Thi, XK H S5 TSR, 4 pH=2 I, W
AN 46.5%, KRN pH BAKES, LU0 A7
FERVE S W h KA AR B R AR Se 4, I HOR
T H AT GOS RIMATILTF16, bt 5
UO Z Al L 7, BELAS UGV, W8 B % ¢
fi%; 1 2.0<pH<6.0 i}, BHEE pH EMTFE, TE4K
Btk RN GOS JRTALAZ 55, UV PR 21 in s
1 pH=6.0 I}, i1 3= LA[UOL(OH)] & T A7 4, ik
IR B R 5 i G5 98.7%)0). 24 pH>6.0 I, W
RGN R, XN I LA[UO, (CO5)]
AAAE, AEBRPEREER , UV KT BOHE W B (3T
UV B 22 AR o DAL, ASERES 26 T GOS W B UV
e pHE N 6.

2.2 GOS #&EF GOS WM UVI)AIZ N

B ) GOS BN HA R GOS 5 U(VDIf4f
BT EH , B E B UVD RS, e
FE2h 30 °C, U(VDWIEHIKRIEA 10 mg/L, pH=6, Wkt
IFA] 24 120 min (451N, 5N A GOS B E(0.05
0.1. 0.15. 0.2, 0.25. 0.3, 0.35 g/L)X} GOS W} U(VI)

G, g5 K 2 Brs.

H & 2 1T LUA Y, GOS #0mE: 4 0.05 g/L I, U(VI)
W B fe K (K 162 mg/g), {H U(VD)HR B 24 81%. Fiti
H GOS BN E R, UV 8 BT, Wt
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FARBWIAG . Xt TR GOS M N, GOS
5 UOWDHZE mi B 2, i fE UVD R % F
Tt {H GOS Bhn 3 in—J7 1533 GOS JJZ 2 ]
ARG R, AR G gl , ki
R, o5 T BURAL TR BRI UV
Sh B BB WA, T LA IR 75 R B 2 BT Y
GOS Fehttik 5] 0.2 g/L I, UVD) Wt 2155 97.60%:;

AR GOS W B UV 5 W Bt B ) 326 4
120 min.

DT GOS W UV KI8) 12448 1E, K
FH& ) 3 Fhgl) g A A (e — 8 45 L e — 2]
) ) A RUFIRURL A 4 USRS ) % GOS IR UVt
FEHHTRIA, UESHEILE 1.

ARSI B ZE 0.25 g/L, GOS X U(VI) W b 5 4k 22
AW I, AREG A~ GOS Wt UVt
BonsH 0.2 g/Lo 21F
180 "oy 20T
1.00 I
£
< 197 "—5 mg/L
0.96 1140 4+—10 mg/L
*+—15mg/L
N = 18
< 0.92f o
k=) 1100 &y
= & 17 . . .
3 0.88F S 0 40 80 120 160
160 t/min
0.84r1 3 MBI UCVD 52
Fig. 3 Effect of time on U(VI) adsorption
0.80F , . . 1?0 & (WD) adsorp
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py/(g'L™
2 GOS BT IR 28 R ) 5 0
Fig. 2 Effect of GOS amount on U(VI) adsorption

2.3 GOS ¥ U(VI)RIMR Mizh 15

L 30 °C, W pH {EN 6, UNVD VIR IE
G319 5. 10 F1 15 mg/L 4T, 3 W B R[] %o
GOS Wt UVDI sz, R4 45 Rl 3 s

B3 %W, GOS XF UV WK P8 77 T P e i it
(0~20 min). &I (20~60 min). W BF-11(60~120
min) 3 MHEEY, 4 20 min I, GOS XA [ UVDHk
JE5 ERY R o 2 3 o) s~ R B B 1) 92.68% (5 mg/L)+
92.69%(10 mg/L)F1 92.71% (15 mg/L); 120 min Itf, 3
AR UCVI) 0694 J5E 1R B 8 A T4 o DALk

F1 WG S

M1 ITEUE H, HE ) 2T R A PR
HE— ) Sy 2f TR, HALER P B o g ca 155K
B VBT L g enp IR HET, DRI, ME S8 Sy 257 RE
AE B A IR GOS X U(VD) W By 5h Jy 25 f . X%
B GOS MR Bt U(VI) Rt R LUK 27 W B Ay g 20 31
H 1 RS, WO A R R LA it g Rk &
bR, BEHRORL N O A GOS WFR UV ffi 2
PSR, W PR AR A H 2 0 BRELER S [ 4>

2.4 GOS XfHBIZERW M=

FEIEE 4 30 'C, pH 4 6, =120 min, GOS $H
N 0.2 g/L A 8T UVDWILGIREEXT GOS W
B UVDI sz, g Rk 4 Pros. HIE 4 o7 W,
BiE UVDWILGA B FI T GOS (R B 2 i 4 K,

Table 1 Kinetic parameters of uranium (VI) adsorption on GOS

P O/ quexp/

Pseudo-First order

Pseudo-second-order

Intra-particle diffusion

. . In(ge—q)=Inge—kt 1lg=1/kag+1lg. gkt *+C
(mgl”) (mgg)) ; ; ;
Kl Gecal R KZ Ge-cal R C kdif R
5 20.63 0.062 5.439 0.9139 0.031 20.877  0.9999 16.887 0.429 0.8938
10 21.12 0.065 5.702 0.9565 0.030 21.413  0.9999 17.178 0.459 0.8874
15 21.69 0.068 6.216 0.9844 0.027 22075  0.9999 17.479 0.491 0.9113
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Fig. 4 Effect of initial concentration on U(VI) adsorption

TR EN 20 R B XA BT UNVDWILEHE
By, HAR R (Ap=po—p) B, et UV 17
GOS K [HFI N Y 1L, A UV GOS 14647 s 4h
AR UERIG N, AN R B e DT o W B S BRI
PRI by B8 A 5 (R WRCBH ) 5 UV &5 & A s A7 PR
(Ul DRk, e SERRA AR KA B, IS BRI
AL, oK UVDIREE LA 10~20 mg/L o E .

WG S 11X < Je 25 7 R B R ATL 3L P P R o 45t 2 e
IR, AR K Freundlich F1 Langmuir 2535 W% B 5%
A0S GOS Wbt UV it FREATHIE, DAt
PR ZR IR B BT AT I, GOS. P R B 5 I R o
A U(VDREZ MR, HalE S HLE 2, W& 2
WA IC R B R? AT LA Y, Freundlich J7 R4l & 75 54T,
XKW GOS X UCVD)IWLBE A 22 )20 b 24 =308 K
I, M FIE R B n A 1121, —BAA Kk n (AT 1
I 5 TR Y BRI R I 28 5 O A 204.082
mg/g.

2 HEENERAS S
Table 2 Simulation of isotherm models and corresponding

parameters

Langmuir Freundich
T/K 1/ge=1/Omax(1/bp+1)

Qmax/(mg'gil) b R2 KF n R2

Ing =Inkg+Inp./n

298 192.308 0.385 0.9864 43.634 1.121 0.9953
308 204.082 0.358 0.9870 42.828 1.121 0.9951
318 227.273 0.321 0.9894 41.863 1.127 0.9961

2.5 GOS WRHsharfERIZLIN g 4
5 Hhihgk(a). (b)73lh GOS W B4l Ay 5 A 40

AR 6T B (FTIR) o 4% SCHR [25-261 %6 B8 i i 17 30847 43
Fr, fEihZ (), 3409 cm ' AbEFRFE—OH X IV [ f
ARSI s 2904 cm ' 2853 cm ! b4 B RE S
—CH; —CH,—3EJ1 1 e R s olicigs 1717 em'!
Wb ERFETH) C=0 FEPIMIP4a s 1634
em A (RIS AT K IS A i R K 43 RS R AR Bl R
s 1520 cm ' AbEAE A —CHy. —CH— 2125
ARSI s 1402 em ™' AbJE R T —OH H:J1 (125
AR BRI s 1259 em™' Ab S Rk Si—CH; 25 i
BB 1076 em ™' A AESARE Si—O—Si 4
B 940 cm ™ AbSE Si—OH 1175 i 3 sl Wi i 0% ;
833 cm ' AbJE C—Si FIIHZE R BRI

o e 2 (o) AT I WY U(VD) i, —OH. —COOH.
Si—CHs. Si—OH ¥ P kit%, £ W]—OH. —COOH.
Si—CHs. Si—O0—Si A T ERFH7 A1 (B AT /S 11
LLHNEREARLAN R, R GOS WL UV A [ 5 45 1)
HARKRADAN, 75 3410 em ' A, EWRNRTE Y
AEAE— MR EI—OH WSealaty, iy Wi B J 0 284 1 %
G, YA GOS P& Ik iE S U(VD R AT
BT AE 1374 em ' AL IR AE RO 0%, &
IR—COO— 1R FR 455 W 1 s %o B feh 4 e, 61 GOS
B UNDEATE 7 H. 76 937 cm™' Ab Hi Bl 51
InFnE RIS, Y] GOS W HES UV KL T % &
S

1 1 Il Il Il Il
3500 3000 2500 2000 1500 1000 500

Wavenumber/cm™!
5 GOS Wkt U(VDHT S IZLAMGE
Fig. 5 FTIR spectra for GOS before(a) and after(b)
adsorption of U(VI)

2.6 GO. GOS B X BH& 1751 (XRD) 2 17

FEXS PR RE W (R FEAE L, I X5 2R Air i
(XRD)XF L AR EE AT T RAE, WilE 6 FivR.

Hi& 6 1T WL, GO 75 26=9.8°Fft It IR B R 477 5
e, kR (002) 1, TifE GOS MIfiThHE ., 26=9.8°
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1) GO BRIEIEI 2%, {E 260=19.88° 13T H B — M5k 1)
RIS, XU GO 5 Sio, E & REH, Wik Kk
BT A, ZEMEF GO HEURLE, TEE W ERIE,
5 Si0, H& 5, WABFRHEATH IEMALE, X PDF
P B E, nTDAA e A SRR T
JEIAIE Si0, 2 AR IR T % . XN GO 2 1
FEAE KRR AL AL, 15 Si0, REfE ik
i1 GO .

" GO
GOS
10 30 50 70 90
20/(%)

B 6 GO 1 GOS [ XRD i
Fig. 6 XRD patterns of GO and GOS

2.7 GOS M UVDRIEHAEBER TS

Kl 7 itz GOS Wi AT /5 1K) SEM 5. HHIE] 7(a)
AL, GOS W B2 B AN iR g4, SRt
We WZZIAAFAE— & P H AR A, Xt
GOS [ R LR AN, RIS 22 1R 45 A7 i 5 25
Ko XTLLE 7(a)s (b)rI 4, WeBtah/E, GOS ik
BYRUSP3E,  2Rif K )2 2 10 SO B e e TR,
XU GOS X UV H A TR EF B4R . 18 8 s
W PRETRT S X SRR R (EDS) T8l . A 8(a)
ATCLEH, WRBTT, GOS EZH C. O+ Si JuHEM K,
BH UNVD JuEMAEE: WS, GOS H U(VDFI
EE RIS 14.37%, & GOS X} UV H AT 5 1%
B fie 0 T UCVI) IR B T B R 3t . JRIEM BT A8
e, wF L Si—OH 4E XNV .

2.8 GOS 3T U(VI) YRR Mt 3

AR R B PR R, AR A TR B 1
IR BB R 2 —. LL 0.1 mol/L (1) HC %0
Bt U(VI)(po=10 mg/L)J5 ) GOS HEATM AL, 1L
gE L 9 fis.

i R HYBOR GOS ETrREdl S U0
Pt &4, Al U0, A GOS Hfithir ik

B 7 GOS Wt U(V)FTJ ¥ SEM &
Fig. 7 SEM images of GOS before (a) and after (b)
adsorption of U(VI)

Si

. ! MM Aos .

0 2 4 6 8 10 12
Energy/keV

0 (b)

0 2 4 6 8 10 12
Energy/keV

B 8  GOS MW bt Bl i AU B 4l 1) EDS 3%
Fig. 8 EDS spectra of GOS before(a) and after(b) adsorption
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Fig. 9 Adsorption and desorption of U(VI)

B9 FTLUE WX 1K 97.62%, Zeid I
—fEI B 4 BRAEIA IS, ARICR TSR Fk 94% L L,
YW GOS HAT A M fE, HoAT N Bl
(g[SRI (8 o

1) AR FR A HAL, pH X GOS WLt UV
Wi 5 A, HLW B UV e pH E R 65 GOS Wt U(VI)
M AR 0.2 g/Ls 78 GOS W U(VD) ik #2
T RN PO 0 F P, 20 min [ PR A T
W BB 92.69%, W BFFAE 120 min # T V47, Wt
FEFF AU 205 )12 (R*=1)F1 Freundlich ZFiR W%
FHAI(R=1).

2) FTIR. SEM. EDS 7r#rgs & m: UuVDfg
TRUFHIR FHAE GOS |, L N = B 5 P20 JRIE )
B, LY GOS H Si—OH A1 .

3) LA 0.1 mol/L (1) HCl ¥ AR, W Bt
U(VD)J5 117 GOS i, 283 W P — W~ B B8 4 2
S B A RIE 94% LA 1, UL F R GOS A%
i 180 EE AR A RS FH T T8C5 P % Al B 7K Ak

=
puniiyg
cr
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Adsorption properties of graphene oxide/silica
composite materials for uranium (VI)

WANG Liang, XIE Shui-bo, YANG Jin-hui, ZENG Tao-tao, LIU Jin-xiang

(Hunan Province Key Laboratory of Pollution Control and Resources Reuse Technology,

University of South China, Hengyang 421001, China)

Abstract: The graphene oxide/silica composite (GOS) was fabricated using graphene oxide (GO), ethylsilicate (TEOS)
as the raw material, oxygen polyoxyethylene-polypropylene-polyoxyethylene (P123) as the surfactant. Through a static
test, different experimental parameters, such as solution pH, dosing, initial concentration and contact time, were
examined to investigate their effects on adsorption of uranium by GOS. The composite was investigated by FTIR, XRD,
SEM and EDS. The results show that the optimal pH, addition, adsorption time are 6, 0.2 g/L and 120 min, respectively.
The equilibrium data fit well with the pseudo-second-order model (R*~1) and Freundlich model (R*~1). Silicon dioxide
has been successfully combined with GO. GOS has good adsorption effect on U(VI), and the GOS structure itself
keeps unchanged during the adsorption. It is shown that both ion exchanges of —COOH and —OH play a major role,
with the assistant of complexation reaction of Si—OH in the adsorption.

Key words: graphene oxide; silica; composite; uranium (VI); adsorption
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