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2.1 SUSEBAKRENKBZESEHEOHE

E*J%E%ﬁﬁéﬂﬂﬁ%(pristine MWCNTs) , i J&
96% V4 I (Fh T W ak <3% , K53 <0.2% ) ,
HAZ10 ~30 nm, K1 ~10 pwm, 14 H RINTTHK
W] o AL ZZ BERR AN OK A 8 o TR A R 4E L I
BHRKRE TS, 655, PRI MWCNTS 3 g, il A
400 mL ¥&AigA2 , T 80 C T [mlyi 24 h, R [ I 56 A
JEIMA B FK, B0, FEIA 400 mL ¥ 6 2 A1
WRRIR AR A (1: 3, V/V) 4REE ]I 48 h, B0
LB T/KUEE pH ~ 6, RIFS A Mk 2 BERR 40 K
& (oxidized MWCNTs, oMWCNTSs) .

R (Coo) , BHRE >99% , W 17 ¥ e 45 1 P
TS g a8 A BR A o 5 i iy e A sk 3
WRBASCH ' (7 3, 46 50 mL % 1 mg/mL ) Cy,
VWA, A 2 mL 0.5 mol/L #J NaOH ¥, FH 5
1% 10% 1) TBAH 1 AHEE B A AL ), 28 )= A
1 mL 30% 1) H,0, 3 T R 12 h, iy R %
SR R o o N [ ) R S E o R R A 7 TR
PO W 2 #EATAH 53 B A9 B AR A Coo (OH )
VW, A B Coy (OH ) 5 IUTE, B 0> Z 4 1
P 5 PN K (S 00 5 e, i A R BELTE , TR 2K
2 I pH < 8,50 C H.245 T 424 hig & i)
iE(Ce(OH),) o

FRILALE # M (Coo (C(COOH), ), ) il £ 75
Bio ¥ Coo¥& THAREW P, A NaH, 35 W 5
2L AL IREL AL ARG AR 1R — &
Mo RAZIR WA L2 , B FEA Ar AU R R TR
Ar AR T HES) 10 b, FRRE SR i 75 19 5 Tt
P LSO 7)) 2 W =) (NGRS 3 I
A 20 %5 5 1 NaH, 28 WA B 25, 5B AR
S HHIRAE 80 °CTR L 1E Ar SR M AR SmAd
10 h, BRI, 7RI P oin A CH; OH h
1B, I 2 mol/L HCL, B B 15 7= il ik
g T R Y TTVE W) 23 ) 2 W 2K, 2 mol/ L HC,
H,O, Ay Mg HE 171

U(VI) B 7 AR A 25 W (1 mg/mL) 38 i K
U0, (NO,),-6H,0 ¥ T £ &5k .

HAGR I A A2, SRR £ B 1K
2.2 IRMSEE

T 2 P P T R [ L i Bl 1 7E— R 51
ROmEoEREMA—EREWIL R 0.1 ¢/L
ATtk A K A8 Ak T VR RIS ) 2 58 B 19 NaNO, i
HEATHUCTA , SR I A E AR EE R U (VD) %,
FH0.01 mol/L HCI 5f NaOH J#35{& 219 pH {H.
RO E A H iR R A B IR WK R,
12 000 r/m%% 3 T B .0 43 5 30 min, B L VE K
3 mLH G BT AE 652 nm A0 W S6 EAE,
PRSP UV LRI R B, 500 -
Je i pH AE . W RN AR T 2 R TR BE 43 Sy 293 + 2,
313 +2,333 £2 K k47, U(VI) B TRk E xR
FHAT I EE I , TR RIS 652 nm 200
HWOB R,

3 FRSihe

3.1 SHSEMAKERRIE

B 1 7R 53 50 R 8 AL 22 BE R 9 K 8 R A 2
BERRINKAE 5 Co (OH) , TR G AL 22 BERR 91 K
5 Cyu(C(COOH),), BG4 T /KW Y
TEM EAEE. B 1(A) Al &840 5 1Y 2 BE
WRANK AR BA Se R 1 rh s IR SS M, R BOGH
A RE S [ JC B ik 7 I 2 T il R At 0 £ 7E
ML 1(B) 157 Hb A& A8 Ak 22 BE Rk 40 K48 R T A
W, R ATHED Co, (OH), JEHAE T A2
BERRIIKAE IR . HIE 1(C) 5B 1(A) ZE 1
(B) XFLEAT LA H, A Ak 22 BE i 44 K A R T A 4%
TR R G 1, B AT FIURLIR () B P A A, 3R
TEM £k Lk W Hib Z BERAKE S
Ce (C(COOH),) , KHANEH . Al 2 BERRAN KA
TR BN RS TE S AN [R) a] RE 2 T B0 25 1 i
FE 0 D e AN [R] T SO Rl VAR w80 ) v o
AT X S . N, = BET 230145 oMWC-
NTs (% b % i B F 100 m?/g, L & B>
0.34 em’/g, FLR 24 13,326 nm,
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1 (A) EALZEERRANKA s (B) FALZBERANIKRE + Co (OH) 5 (C) AL ZEERRIIKE + Cy (C(COOH), ), 1Y

B AL

Fig. 1 TEM photographs of (A) oMWCNTs; (B) oMWCNTs + C, (OH) , ;3 (C)oMWCNTs + C¢, (C(COOH), ) ,
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B2 Sk 2 BE Bl 4 oK A8 R N TS A 21 A0 X L
(A) AL Z BERR ARG (B) L Z ER AN K E +
Ceo(OH) 5 (C) H b £ BE fix 44 Kk & + Cy
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Fig. 2 FTIR spectrum of (A) oMWCNTs; ( B) oMWC-
NTs + Cg, (OH) 5 (C) oMWCNTs + Cq, (C(COOH) , )1

AL 2 BERR AN K A IR BT S R 2L % e 3R AR
mE 2 fs. B 2(A) R lEhs 2 RERANK S 4251
PRAL B S ) 2T ShRAE &, 3 429 em ™' 22 47 B #K
TP T A5 S R A IR S0, S R R BE A - OHL fift
PRI ;2 922 F12 853 em ' AU Ky A ) BE —
CH W45 ¥R shé ;1 734 em ' BT RCOOH 1k
B C=0 MgEIRshE; 1 628 fil 418 cm ™'
BT I C = C AR PR 204 ; 1 Hh BLAE 1 560
em ™ RFT 4) 06 DU) SA 43 S AR B B S  1 e  R
Bl ;2 F 1000 A1 1 380 em ™' Ao A7 HY B AY 5 04
H - C = O B4 B sl W RN 2 0L 0k 5 R
M) — OH 1y 25 il 4ig sl 0, % WY 8 {1k aok 2 i 45

MWCNTs i = A= K L R IL S & A B Ak
P SR R AR SR K G, 15 20 BE R 44
K5 F Bk R o IR R LLE F],
ST 22 B B 0 K A W B I ) 21 4 IR W AT SR A
1E. HE2(B) AlAL WM Co (OH) =, AL 2 BE
BRAKASE 2 922 12 853 em ' 4bAY — CH [y f
AR, 1 734 em ™ AbEY C = O 4R IR B LL
1628 i1 1 418 em ™' AbAY C = C Y4 45 i 3h 06 )
WA 35 3440 3, - FLAE 1 404 em ™ Kb HYER T B
AR IO ( L R B D I — OHL ()45 il R i ) o 31X
S AE T R T Coo (OH) 12 B 3] 4801k 22 BE ik
P S e TR IR

Bl 3 JEn T AL ZBERRAUR AT 1) zeta BT
FR AL T 0 0 R A w0 vk R AR Ak Y i 3
Kl EIrPLrZe R BB ot S0 o 4 1k 22 B e 44
KA zeta HLOE Y200, 15 2 AR FOR HAL = )
IEHISEI B R A B R FOR S AL Bk
BRI, A 22 BE Rl 9 K A 38 T A £ P g Bl 22
W%, (HMNE AT DR B 8 o o 5, 4R Ak 22 BE ik
YKAE 1) zeta HLAT BEFE F2FLAb B W e B (A 35 K
T i FRA, FRATTHE DU ] B 2 8 B 3] 4R Ak 22 BE
YROKAE R Y R AL B W AR T AR A 2 RE R AN
KA BRI T, R, B 25 8 S Ab s 0 vk
FIHE T, S Ak 22 BE Bl A A 2 T A 70 R 7y B 22 34
%, MR E Ff X A b 2 BERR AR zeta HL
DA B IR R M, 3 156 BH R AL & 8 S b
ZRERRIUKAE 45 6 R R A & i 5 EE & 1
AR, XA feit—2 B,
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Fig. 3 Effect of Co (OH), and Cq (C(COOH), ), on

the zeta potential of oMWCNTs: red line represent
Cg, (OH) , ;blue line represent C, (C(COOH), ),

B4 A RERRANRAS TR T B 70 R RS [R] e 2
IR E G AZ AL : (A) RIMAE # 5 (B) oMWCNTs
+10 mg Cg (C(COOH), ), ; (C)oMWCNTs + 100 mg Cy,
(C(COOH),),; (D) oMWCNTs + 1 000 mg Cg (C
(COOH),) . ; (E)oMWCNTs + 10 mg Cg (OH) . ; (F) oM-
WCNTs + 100 mg Cq (OH) , 5 (G) oMWCNTs + 1 000 mg
Ce(OH),

Fig.4 The dispersibility of oMWCNTs after adding differ-
ent concentration soluble fullerene: (A) single oMWCNTS;
(B) oMWCNTs +10 mg Cy (C(COOH),), 5 (C) oMWC-
NTs +100 mg Cg, (C(COOH), ), ; (D) oMWCNTs + 1 000
mg Ce, (C(COOH),),; (E) oMWCNTs + 10 mg Cg
(OH),; (F) oMWCNTs +100 mg Cy (OH), 5 (G) oM-
WCNTs +1 000 mg Cq (OH) ,
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B o IXUERAW IR S T R B v T A R
BRARAE AR PR B . g RS 18 3 R
SR —E B2, XUl IAL & e o 1
A 2 BERRANRAE 2 10T PR o

3.2 REAEHHMRENLERHBILIRIE

Jilf Cop\ F2 AL Cop SR HE AL A0 21 T 15 1Y
Ce (C(COOH), ) LLAMRAEXS LL A& 5 o, 7E
Ce (OH) W £LAMGIE K b (4nEl 5B B ) , 78
3 234 em ™ AbEETEMY TSR Y - OH i 454k 3h
W, 1 609 em ™ W IT B C = C i 45 4R 3 0%,
1086 em ™' fff T B9 C - O 1 45 4 3l 1 DL K
1365 em ™'} B9 — OH 1 9 25 il 4% 2l 0, 2594
Ceo (OH)  IILTAMEARIE Y o HH I SC BRI Cy
(C(COOH),) ML sMEE AT LI 2], & A
YIAESE B 3 439 1 718 .1 201,523 em ™' 4b 47 B
0 MRS Sk BRSP4 5o O — H i B 48
el .C =0 a4k, C -0 E%4Rs),0 -H
AR 4% 30, 45 & FH SR, T LR E B Y
Wil Coo (C(COOH), ) o

Transmittance/%

C-0 (1201,523)

4000 3000 2000 1000
Wavenumbers/cm™

B5 Jilhi Cy Co (OH), 5 Cy (C(COOH), ), 2T
HhEAE

Fig.5 IR spectrum of raw Cg ., Cq (OH), and Cg
(C(COOH), ), (A) raw G5 (B) Cg (OH) 5 (C)
Ce (C(COOH),),
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BRI s T 6. WAl LA U
(V) RO B sl £ 75 A ) B8l s I A TR DI
JETEARAA T, FURAE pH > 6 RUS, U (VL) A f
SRR R FEMRIRIE X (pH <3) JERI A, B34l
&R U VD) W LT 54 . X5 3C
ik AR AR B AR X Th IV ) 14 W B 5 i 25
R, A2 pH LR U(VI) R 1T AN (pH <
4) o T pH >3 i ZEAL B Ba IR ] U (VD)
I o

100+
o™ . "=
80+ UL e 2
-,;‘v v vvvY )
) a
g 604 -~
£ R o
=401 - .
& & =NeCy (OH) b
< 50 F ec10mgLc, (OH) .
% + 75 mg/L c (oH)" .
LY v 125 mg/L C (OH)
0 ° 250 mg/L c (OH) " M
0 2 4 6 8 10

pH

B 6 Cqu(OH), X U(VI)ZE oMWCNTs | 0% fif i1 7
B, m/V =05 gL T =25+1°C,I =
0.01 mol/L NaNO, ,C[ U®* Jinitial = 1. 12 x 10 ~* mol +
L

Fig. 6 Effect of C, (OH),on U(VI) adsorption on
oMWCNTs as a function of pH, m/V=0.5 g/L, T =25
+1 °C,71=0.01 mol/L NaNO,,C[ U°* Jinitial = 1. 12
%10 *mol-L™"

O3 M I A S A A BR A B T BE AL 2 RE
AR FTIE T Co (OH), — oMWCNTSs i1 U
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WAk AEAE M. 4 AL 2 BE B 94 K 45 7 W B
Ce (OH), [ J5 M XF kb 3 fiF 45 | B 4 i 52
Coo (OH)  iff ST B 28] 4 Ak 22 BE Bl 40 K A8 2R 1T, 3X
n e A& BERA) m - m AR —Z R
MBI &M, FHELZREmRMAKRE S
Ceo (OH) , [ (4 W BRFAE FH 5 X Th (TV') f6 W
YER . BRIL, 7R © W B 78 SR AL 2 BE IR AN KA 11
U (VL) g W B 2] 8 b 2 BE fie 0 K5 L 19
Ceo (OH) , A7 48 T WL PRV A5, T AL Z BEBR AN K
X UCVI) [ B8 R R

1004
| QQ@& 9
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S 60 A Ny
5 . 8
g" 404 A Fs)
K
< VA m]
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oMWCNTs W Fff (5%, m/V =0.5 ¢/L,pH =7. 00
+0.10,7=0.01 mol/L NaNO,,T = 25+1 C,

Fig. 7
(VI) adsorption on oMWCNTs as a function of
Cg (OH) ,initial concentrations, m/V=0.5 g/L, pH =
7.00 £0.10, 7=0.01 mol/L. NaNO,, T=25+1 C

Effect of U ( VI) initial concentrations on U

1 oBgo
gof 988ficome,
8%
& 60 Avxj ©
K- N N o =l o
g 1 va
g-40- Ve : ;
%20- (] m/V:lg/L 4 g
<M L mvV=05gL % A~ ©
o] & m/V=025gL v o v
| < m/v=01g/L -
-20 DSSM model
0 50 100 150 200 250
Coo (o ! (mg/L)

B8 ARFERELT Cqp(OH), X U(VI) 1E oMWC-
NTs |0 Fft 52, pH =7.00 £0. 10,7 =0. 01 mol/L
NaNO;,7=25+1 °C,C[ U®* Jinitial =1.12 x 10 *mol
7!

Fig. 8 Effect of U(VI) adsorption on oMWCNTs as a
function of Cq, (OH) ,initial concentrations under differ-
ent solid-liquid ratio, pH = 7. 00 = 0. 10, I =
0.01 mol/L NaNO,, T=25 +1 C, C[ U°* ]initial =

1.12x10 ™" mol - L'

P 7 FITET 8 35 %ok IO AN [ [ 98 L T FHAN [
UCVD 1 aae T, U (VD) £E AL 2 BE e 24 K A
R A T SR A e AR B AR A e . AP
Kbyl LU, U (V) B0 Bl e A0 & 4
W e P2 B SR BT REAR Y . I Z RS 18] 6 h
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ARG —2, &7 IR 8 [ B2 T2 T LAY i
PRI X . 2 — DX Ta] O SR R4 & ik
JE/NTF 50 mg/L it , U (V) £5 S0 22 BE fil 48 K 4
BRI B L AN B2 2 A A A 1) 2, S A
LY — MEE AE 26 i R
A R HIE R T 50 mg/L i, U (VD) fE AL
22 BERRINKAS L 1) R B B Bt R T 8 s g 1 22
M2l o A7 il LI Y, 25 UV 14
B FE AR — 1 I, AR SR A 90 KA b By IR
2 FRARZ) 50% X UL BN AN A TR 5L 5
B, U (VD) H 5 R A2 BERR 90 R A8 e A A
K8 W, HEA L REm A KA R EE 0.25 ¢/L

B, FE R AL & A Tk B i 150 mg/L DU,
U(VI) T8 22 BERR AN K AE T (0 W B2 ke T
G AAERFE L) 15% Jo Ao M0 £ BER 4 K
BN 0.1 /L B, 75 B2 AL B 0 i ok 2
it 150 mg/L LU, U VD) TEE L 2 BERR N K S [
(1R R B2 v s T G A AE R AR 24 5% FiAi o 3X
042 S e T 8 Al o 04 A S 22 BE e 4 KA
I P R o R A A i o RO B A5 A
T A S e A B AR B 5 R (L 1),
8 BH FH O A 78 W) DAAR i Bl g B C (OH) X U
(VD) FE 58 AL 2 BERR A KA T IR S5 R 2k () 52

R OURBH AR B AR S 4L

Table 1 Parameters of double adsorption site model

Double Adsorption Site Model

(m/V)/(g-L7")

C,/C, e'/C, kb R?
1 267.26 -165.72 -773.41 0.948 5
0.5 -4 148.21 4 246.26 12 867.49 0.973 9
0.25 -10.97 104. 89 127.13 0.975 7
0.1 -7.72 185.38 55.43 0.945 7
€/ (mol L) Double Adsorption Site Model
C,/C, e /¢, k-b R’
1.88 x107* -267.39 -4 148.21 -18.12 0.962 8
1.12x107* 368.95 4 246.26 164.01 0.973 9
5.64x107° 1 093.02 12 867.49 98. 58 0.980 4

3.3.2 ARG A UV R a7
P9 X LU /R T JCIRFEAL W R A7 AR A
AR SE R FAL & e Je U (VD) 125 AL 2 BE Bk
GORAE LR IRRTEE pH ALY HE 2R . 72 A IR
AL B U (V) W BR AY 82 5 2 AL )
I8 BRI R SR T, (R A D B B R AL B )
H (10 mg/L Cq (C(COOH), ), ) BA W FFEAT T U
(VD) FE R AL 2 BERRIN R AE b Ry IR BT , i 25 e 1 55
SR B WA HE AR F Xt U (VD) B0 R L 35
SN o PLRA X PRI E E S OV LB
AR A Cq (C(COOH), ), R Y FRIEZ
HLT M B T G (C(COOH), ), 54 fL 2 BE
WK R IR« - o HEBUE, F i d T
Ce(C(COOH),), By =5 [a] fr BH % N 58 T

Ce(OH),, K I, C (C (COOH ), ), K &
Coo (OH) ,—FEZE T W B 31 1k 22 BE Bk 44 K 45 1Y
i, {H Cy, (C(COOH), ), i IEHLfar, i T H 5
FAAER T HY 5 UCVD) B2 4B, (515
U (V) fER AL Z BERRAR A L B RRAIS . ELTE
pH >7 LUR , EAL L BERR KA X U (V) I
(T B AR AR I B B A A B B 0 AN T 2 Sk
BIRAAAERT 35 CHIR] pH =9 B, A S iR
FAb & Eha S E A (380 125 mg/L) U
(V) (0% B 435810 60% 1 20% ) o i — 2:30F
A 3 R R K O M A TR R R . IR
SyHTHT BB B R R B B s s T A e
RERRAN AT S AT LTI o 340 A SE A A
et — R AR
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Table 2 Parameters of double adsorption site model
(m/V) /(gL Double Adsorption Site Model
m/V)/ (g C,/C, ' /C, kb R’
1 111.62 -20.56 -208.30 0.926 5
0.5 -11.01 102.48 215.21 0.858 0
0.1 -20.54 117.05 106. 87 0.8530
O Double Adsorption Site Model
Cy/(mol-L™") X |
C,/C, e'/C, k-b R’
1.88x107* 126.94 -38.93 -250.79 0.878 2
1.12x107* 278.16 -189.93 -760.91 0.9370
5.64 x107° 292.34 -204.14 -655.62 0.949 7
100+ 90.]
e e 80{ CFeRLE_omm
80 . ‘.-: H,vn K 'x o~ ", 70.] B .
o® At ® o .
8 60 vvxvv‘v - & B e
3 - 2 50] .
b= ] v v -
am £ 40 = o
_540_ - 230] o Oy, =188x10 mol/L
< 0 vem = No C,, (C (COOH) ,) , <20] o )y =l2x10¥mol. e
v * 10 mg/L C, (C (COOH) ,) , 104 C (wi) =564 %107 mol/LL
ol e 125 mg/L C,, (C (COOH) ,) , 0] DSSM model
1 v 250 mg/L C,, (C (COOH) ,) , _10
0 2 1 6 8 10 0 0 100 150 200 250

pH

B9 Cgu(C(COOH),) % U(VI)1E oMWCNTs |1
MR, m/V=0.5 gL T=25+1%C,I=
0.01 mol/L NaNO,, € [ U°* ] initial = 1. 12 x
10 *mol - L™

Fig. 9 Effect of Cg (C(COOH), ), on U(VI) adsorp-
tion on oMWCNTS as a function of pH, m/V =0.5 g/L,
T=25+1"°C,I=0.01 mol/L NaNO, ,C[ U** Jinitial =
1.12 x10 *mol - L'

I, 32 AT BIBESE T B0 U VL) IR0 46 e
JEFNFRL , A R E ) Co (C(COOH),) X U
(VD) TE A 2 BERRN R A LW BE SR A 5200, 45
NP 10 Al 11 Fros. Nl RLE ), Toig e
U (VL) 180 46 W b % 5 %, B &
Coo (C(COOH), ), e BE Y384 O, 46 Ak 22 BE e 4 oK
XS UCVI) B0 B 52 ]2 T B 3, ok — 20 ]
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Effect of Hydroxylated and Carboxylated Fullerenes on Oxidized
Multi-walled Carbon Nanotubes Adsorbing U( VI)

WANG Jing'?, ZHANG Zhi-hong ', LIU Peng *, LI Zhan *, WU Wang-suo *, GAO Zhao-yong *,
WANG Hong °, MA Li °, WANG Min'?, PANG Deng-ke'~
(1. Key Laboratory of Comprehensive and Highly Efficient Utilization of Salt Lake Resources ,Qinghai Institute
of Salt Lakes,Chinese Academy of Sciences ,Xining ,810008 , China ;2. Key Laboratory of Salt Lake
Resources Chemistry of Qinghai Province ,Xining ,810008 , China ;3. Qinghai University , Xining ,
810016, China ;4. Radiochemistry Laboratory, School of Nuclear Science and Technology,
Lanzhou University, Lanzhou 730000, China)

Abstract : The adsorption of U( VI)on oxidized multi-walled carbon nanotubes( o MWCNTSs) as a function of two
kinds of soluble fullerene ( i. e. hydroxylated fullerene ( C,, ( OH ), ) and carboxylated fullerene
(Cg (C(COOH),),) were studied under ambient conditions using batch techniques. The results indicated
that the drastic effect of Cy, (OH), and C, (C(COOH), ), on the adsorption of U(VI) on oMWCNTSs have al-
most not been found at pH <3, whereas the negative effect was observed at pH >3. No obvious inhibition
effect on U( VI) adsorption was induced by Cq, (OH) , at a lower concentration. Cy ( C(COOH), ), showed a
significant effect at 10 mg/L. The mechanism of C., (OH), may be contributed to the competitive adsorption
sites on oMWCNTs between Cy (OH), and U ( VI). The surface charge of oMWCNTs may be changed by
C4 (C(COOH), ) ,. The double site sorption model (DSSM) was applied to simulate the adsorption isotherms
of U(VI) in the presence of Ci (OH) , and fitted the experimental data well.

Key words: oMWCNTs; U( VI) ; Adsorption ; Ci, (OH) , ;C,, (C(COOH), ),



