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 FE AL (ThO, ) & — P28 4 Jm Al , AV S W B 530 2 JH o S 04 7 P O o) 22—, LR 7 P 91 B
FARR, AR TE . RATHR T KGE S B2 5 ThO, PUKERFERR TR B k4% ((NH, ) ,[ U0, (CO;3)5])
VSR PO W B R B, 25 SRR, £ A 2 mmol/L NH,HCO, F1 20 mmol/L = & H¥ J 2 5t B He-HCl (1)
(NH,),[UO,(CO; ), 1% (pH =8.45) t , ThO, YLK BRXT Al 1) W B 45 G 1 Z 23 7 27 W TSR, 7E90) 46 Al vk
&4 20 mg/L i, ThO, 44 2K BR %t 4l i) W B 25 & v] L35 3 6. 52 mg/g; ThO, 44 K BR XS 4l (1 55 10 W% Bt 745 &
Freundlich#7Y , W 4l IS Y ThO, 44K 3K P b I ok B2 1 BR B #E AT = UM . HLIRIT ST 3R WA, 78 I 92 3 2%
L ThO, 4 KBRS G A, 388 3 BB T W BEILER I B VO3 28 55 32 3] Ca® \Cu® ™ R Ni** 462 BH S T ¥ 35 4 T3 s
R 5 5 T BB 0 o A5 SO S AR X 463 Jam A Ak 0 DA 553 P 5 o i S e 3 Y R g /K rh 4R B B 2
HMr{H .
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ThO, &t — Bl 7 4 J8 S8 AL AN (U — Tl T LA R ARORE, 1T L7 0 [ e A R A
BRI LR A S R AT T2 N

AUTAEAE, ThO, 1 Ay W B 550 X6f F BH 2 88 B0 1R 2 1%y W RS P, DT 5 1 A7F 5 N B3I ) 92 %
Wang %5 7R K 45 19 ThO, 7499 FH T YLk BT , & BT T FL A7 19 ThO, 388 3ot e A EL R PR T
LIRSS 44 0 B 9 225 7 S bk R SRE2T ., Miishra 4555 DOEE B B T 3 45 ik 19 ThO, | % BRILREAR ST Hb
SR Y Ba®t L Se® BHES TS A AR A T DT 3 BRI A R R . Gupta 251 I
BT KA ThO, 7255 R 1 A R AN e 720 P W B 9 PR R L 7581 U0 kAR BE i 45 5 O 5 B % A5
B FFAR S ThO, ol DU T8 AW Bt o 76 550 e b Pk AR S R IR SR i A v A7 A3 R IR L 1 L L
U0,(COy) 3™ JESAFAER o ThO,REASAE CO3™ SEAHFIL T A AR I , 18 K W SRR o

TEM AR FRATHFFE 7K PIE G A ThO, AR BRTE (NH, ), [ UO, (COy ) 5 | i Tris-HCL 375 3 H xt
b ) R B B A ML

1 SRy

1.1 {EFFtH

Tecnai G2 T20 %37 5 B F W4 55 (TEM, 22 (%] FEI A 7, T/EHL K 200 kV) ; Nova Nano SEM 430 %1
T BT (SEM, 38 [ FEI A W], TAEHE 10 kV) ; Rigaku Dmax-2000 %Y X A7 414X (XRD, H
& Rigaku 471 1) CuKa A =0. 15418 nm) s Prodiey 76 LSS & 5 B T K5 T 4 4L (1CP-
AES, 2 [E Leeman /3 7] ) ; Dionex model 1CS-900 %Y &5 7 {6 3% ( 35 [E Dionex /A &), Yl & % i IonPacAS16
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(250 x4 mm) 43 BT FE FT TonPacAG (1650 x 4 mm) {5445, YeE %1 & 30 mmol/L KOH 7K 7 ¥, i Ky
0.8 mL/min, >k F] AMMS-300 U %5, 75 mA B SEATHI]) s T70 B [ 2 s A3 i {U AT Delia320 %Y
pH i (Fi+ Mettler Toledo 2\ 7)) ; ASAP-2010 %I v, &1 FL 23 A7 P 22 A ( 22 [E] Micrometer 23] ) o

VUK A AR L (Th (NOy ), < 4H, O, 43 b 2, LR e 3 (0 &)@ A FRA F ), 7S /K A filf 1R 4l 1k
(UO,(NO,), -6H,0, g4l , #E s i ve Chemapol A ]) , JRER (7 Hr4ll, AL st AL A ks i1k~ i A PR 3¢
AT BRER R B (32l A6 5t 25 R 4 A2 S A BR S | | Tris (438 410, [ 25 52 1A Ak 24350 A BR A
Al H AR R (YR AL TABRAFD) 35 0 Bl
1.2 (NH,),[UO,(CO;),] @ikEH&

HRAESCHR[ 12 ], 4 U0, (NO; ), -6H, 08 T Sy #f Jr v 350 °C ke 3 h, 15 BIAE i (1) UO MoK . 4%
1.8 g UO My AR FE RS2 = LB, i 90 mL 1 AINH,HCO, ¥, 76 60 °C 48 /K 7 hoim e 1, #5-5)
BTG U B . A R E R, A i i A (NH,),[UO0,(CO, ), ] b i, KU M it & 43 %X
3% NH,HCO, /K . =K RN PR G ,40 C LS T4 (NH,),[UO,(COy), | ik ™2 K 71%
TEEHILIG A (FEAE) /% . C 6.87(6.90) ,H 3.09(3.09),N 10.70(10.73)

1.3  ThO, K kA #l &

SRECCHR [ 7 ] 438 ) K A 45 ThO, AK3K 4% 1. 1042 ¢ Th(NO, ), -4H,0 .60 mg JREF 2 mL 1
A IEAE 50 mL 7K B P 2 I B G , 7 F8 2] 100 mL 7 58 VU £ 05 N TH A AN BB AN /K B s g 28+,
A 120 CR 4 b, FF ARR AR ERG , 5050 B U0E, JHH ZYOKBEREOX , £ i 52 TR 5
ThO, BifSKY o 1 J5 7E 25 U5 H 800 CHALE IR 5 h, 753 ThO, ¥y A .

1.4 ThO, £ Bk i 0% B M BERRF 53

TESATU R Bl g 2 F1W B 25 & BIF 58 I6F, B 30 mg ThO, 44 K BR E T 10 mL 5l 5z &5 e B2 o 20 ~
120 mg/LAY(NH,),[ UO,(CO;),; [VEW (HH 4 2 mmol/L. NH,HCO, il 20 mmol/L Tris-HCI, 5% pH =
8.45) th 7 25 C T H#ATE IR IR G WL [ . {57 1] TCP-AES -5 0 B AT J5 v vk v Bty %) Jo 2 Vi B8 o W% S A e
MR Q (mg/g) il FEC( L) THRTAS

Q:(Po_Pe)V (1)

A, o (/L) A BRI 0 Y188 (9 0 Bt R 4 38 5 p, (/L) Sy W BRI J2 95 VS 0 i e 3 5
VL) AW AR s m (8) AL ThO, 1 Btk o
TEHEATIRB R AR T 5 30 mg ThO, 9K BRE T4l 5 & 38 5 i F IR GV b (PHES 3%
B R, Na ™ Mg®" (Ca® (Cu®" Ni** %5 42 g W 20 55 19 0 W 3 300 20 mey/L s B8 73 5 1K
B9, U0, (€O, )3 5 €17 Br™ \NO; (SO; S JCHLB B T ORI EE S 4 20 me/L) , 7E 25 C T ik
IR IR o P TCP-AES 1T (5% 43 00 WS 75 Y 52 B 88 - R IG L) 88 7 9 ek o
HE o BeRERAS izl (2) TS
Sy = i (2)
u/M deM
KA kg o (mL/g) Fl ke y (L g) G351 ThO, K BR4l FIL T2 35 4 B IO AN b o A3TRCLE ey 1R (3)
T
(po —p.)V

p.m

k, = x 1000 (3)

1.5 ThO,MKBKA) LR ERETAR
A BN HFH R 19 ThO, 4KERE T 10 mL 0. 01 ~0. 05 mol/L [y Fi#hFR Y, 78 25 C FHR M
—E MR, (5 ICP-AES 5 v B F5 4 8 P Al AL () B fe vk 1 PR RICR E il il = (4) 647115
E=—P (4)
Po ~ Pe
K, p(mg/L) Ayl e 7 4l o o s Tk B
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1.6 ThO,MAKRKIRERETHHHR

T SR AR SR R AT A R A N, LA 25 A R k3 2 R 1
SRR, SR pH E4M 314 4. 01 .6. 86 F19. 18 119 3 Flkrifi pH Z& vhigsifixt pH A A T . —
fi 25 °C I LM 192 5 R AE pH {E 6 ~8 2 i), HA AR A/NT -52 mV/pH,

R AR , K B VERFR I A9 ThO, 4Kk Bk 5 40 mL 8. 87 x 10 ™ mol/L NaNO, % i 7 3 £ M ik 72 #
R A G L3 A S e A e A b FERRELE A N O, BRI I pH (E 28 b 2 HIEA R KA
A5 HEH9. 36 x 10 72 mol/L HCl KR Sk 2 2 pH =3, SR)5 FH 8. 52 x 10 % mol/L NaOH 74 X 1E
AT R E R pH = 11 IHE 1k o B8N 52 1 75 Hh e (6730 52 AX A 330 5% HCL/NaOH (i AR FR L K
W pH (MR

R T T BT S AT S B Al P X 0 TG, A R TS SR A AR
HAHIA ThO, 44K ER Y 8. 87 x 10 ~* mol/L NaNO; ¥, H & M3 5 5 -S54 b 0 2 2o R o AR I o Bk
WA S8 FAE ) 7 256 ThO, 4K BRAE = UK R (2 H o 5 064 T T 0

2 ZRHTE

2.1 FYIMRIE

B 1A 2 &3 20 P SEM B R BN 1A FRa] LI, 7=k BARTE 100 ~ 300 nm  JESH R
— kR, P TEM IR 5 (& 1B) s HoR A MRS . 78 7 W30 S DX 30 3k X 417 5
(SAED) EHR (I 1C) b I BL T 5 ANV SE R AT 5 30 o 45058005 45 360 W 19 Sl i [R1BE d 43512 0. 330
0.285.0.200.0. 173 1 0. 144 nm, 5577541 ThO, (111) . (200) . (220) . (311) F1(400) & i it d (&
0.323.0.280.0. 198 0. 169 1 0. 140 nm( JCPDS NO. 42-1462 ) JLA5F 4, 0] ARG E T3 P2 £ S A 1

ThO, . [ 1B v 56, 5 HE FF 7% DX I 4 25 43 98375 6 HhL 7 S 00 ( HRTEM) B (1 1D) o B T iR i
Sef AT AIEE 9 0. 33 nm K 4540, 4557 75 H ThO, 19 (111) TR FI XS BE. BE4h, 724 XRD %
(CHEBIREEL, B S1) Hh 75 20 S 27. 6° 31.9° 45, 8°F1 54. 3° bt L T % F-37 J5 4 ThO, (111) ,(200)
(220) F(311) S T AT 06 , 45 Sk —3, B R 7 40 sz 5 F ThO, o DB 3046 SAIE M, il 45 14

~

100 nm

—_—

10 1/nm

B 1 ThO,44KERA SEM(A) TEM(B) SAED(C) fil HRTEM(D) & K-
Fig.1 SEM(A), TEM(B), SAED(C) and HRTEM (D) images of ThO, nanospheres. Image D was obtained in

the square area of B
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PR 2 i ThO, AR R o by T B 300 £ 1 38 TR0 B 28R A D S B ), A1 D% 11 4 19 ThO, 45K
BRUERT N, BTSRRI AT SE (1 2) o 45 5L W1, 4 1) ThO, 44 K BR i L I X N 48.9 m™/g, /)N
TCHRE T (60.3 m*/g) o X AT RE R B T A TR B0 40/ 2% B 5 BOUF A3 ThO, 44K BR 19 R~ (100 ~
300 nm) K FSCHRME ( ~30 nm) L5

40 8
a
ETA 30k on 6F
- |
iE)/ b 0/4 _ob 4r
3 20f H a w
2 p=00 =
2 R <
% Unno—o—‘"‘" o—o—0=? ook
% 101 «“/u a the fitting curve of pseudo-second-order
; kinetic model
or b the fitting curve of pseudo-first-order kinetic model
oL L L L 1 1 1 1 1 1 1 1 L
0.0 0.2 0.4 0.6 0.8 1.0 0 4 8 12 16 20 24
Relative pressure(p/p,) Time/h
B2 ThO, 4HKERIF N, 05 B - M6 B il 2k Fl'3 ThO, 2 K BR7E BRI i I 4 775 10 1% e el ) 5
Fig. 2 N, adsorption desorption isotherm of ThO, palealiiEe
nanospheres Fig. 3 Adsorption  kinetics curves of uranium
a. N, adsorption; b. N, desorption adsorption by ThO, nanospheres

m(ThO,) =30 mg, volume of solution for adsorption:10 mlL,
p(Uranium) = 20 mg/L, ¢(NH,HCO;) = 2 mmol/L,
¢(Tris-HCI) =20 mmol/L, pH =8. 45, temperature =25 C

2.2 WMEhAZE

W B 20 32 S BIF 5 W B A Ak R 44 R 1) B S, WY 0 0 2 i A AT A A 81 W B P-4
A LGE S BELA o A W PSSR S5 0 AL B . 8] 3 2 ThO, 4K ERAE (NH, ), [ UO, (€O, ) 5 ] %5 ¥ W B
Mzl reE M. K3 RTLAE ), R SFEARH W B 5 Q ekl ] « 34K, Z S5 2848 7,24 h ik 5%
Bt F- A

SCHR rhR P — ) ) 2 BRI 2 B ) 2 R S SR A T o W — 2B AR
TR RS 853 14 o3 A R R I BT A R 5 ok 8] o 20 30 g 2 R AR R W B Ay A2 W AL, S
R 5 35 95 590 3 52 s ol TR ST Y R AL 1y 75 R A0 =K (5) I (6) R -

Q, =0Q.(1-e") (5)
k,Q2t
00 =3 + k0.1 (6)

A, Q. (mg/g) S P H B i, Q, (mg/g) RIS ] ¢ (h) B AU Bt by (1) Lk, (mg/ (g-h) ) 43502 o
— G ME BN AR R B R A
W M G = B A RIS 1 S8 AR R B(R) FI TR 1. WFE 1AL
X ThO, GO BR e v — G e — 3 1 BB A B RAHZEAT, P #4711 o (EA
b RT A W sl 207 RO S 2 (S22 i 125 52 30 A0 et O R P o — 2 Bl g 2 T R U i
2o (MEZR) S/ MEZ s AU G B B B, S8 e — 8l AR B ) P B B Q. ) M
R1 E—REZFGREFEX ThO, K BRIK i SH3N T FHIBHOBESE

Table 1 Fitting results of the pseudo-first-order and pseudo-second-order kinetic models

Pseudo-first-order kinetic model Pseudo-second-order kinetic model
ky/h! R Quca/(mgg™")  ky/(gomg™'-h™") R? Qeca’/ (mg-g™")
6.52 0.64 +£0.12 0.946 5.88 £0.25 (1.37£0.20) x107! 0.989 6.54 £0.16

Qc.oxp” (mgg™")
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6. 54 mg/g, SRR TBIULITR (0., )6. 52 me/g HA—5L, 50, ThO, 41K BR 1L B 5 12 1 7
FERE T B 1R 20 2 St B 7 4 TR A8 A W B Al g Sk e b
2.3 BMERE

W53 % 98 % T 60 E OB 6 5 3R, A PR R Langamuie B8 (% (7))
Freundlichf 2 (:(8) ) 161,

@:pﬁﬁn (7)
0. = Kp!" (8)

Adr, Q. (meg/g) 2 W B R 1 Bk W B

0. (mg/g) S -7 i, p, (mg/L) S P )2 i

YT A W B b (L/mg) Sy Langmuir 678

ZHLK (mg-g™ - (mg™' -L)"") 1 n 24 Freundlich T:b 8k

BRI B z

/4 Jy ThO, 4 K BR 76 (NH,),[UO,(CO,),] S 4

VAP 9 W W 2 3 2 7 T B 50 vk i 9 i b ingcune of Langmir model

IR B Q Bt TRV ., T 88 KT T 25 , T T of

KF—AF& B FE R HR 45 Langmuir £ ; % m % 30

HE I FreundlichBS 5 D175 08 B 262 358t 2 16 60 1o 5 pf(me- L7

RH|FH2 i, WEEATLLEH (il Freundlich & B4 ThO, 44 K BRAE R 1 1 T 42 V4 Y8+ A o el 14 45

TR TR BRI I LA B B0 R gk N | |

T Langmuir ORI 2 10 225 50 117 EL MK 5 %t Fig.4  Adsorption isotherms of uranium adsorption by
ThO, nanospheres

P45 W28 1) 285 R E 76 (] Freundlich B 431 45 ’

ﬁ%@“ E/‘J EEH?% ( l‘;@éﬁ ) mﬁjﬁ%}io‘ Jﬂj ’ '11102 él"]ﬂéﬁk 2 mmol/L, ¢(Tris-HCl) =20 mmol/L, pH =8.45, adsorption

Xﬂl‘% E,:J WWE%}% Freundlich %ﬁ%w*%ﬂ ° time =24 h, temperature =25 C

m (ThO,) =30 mg, Vuun =10 mL, ¢ (NH, HCO;) =

% 2 Langmuir Freundlich #£# 3t ThO, 49K 3k K Mt s Z B &l & S5
Table 2 Fitting results of the Langmuir and Freundlich models

Langmuir parameters Freundlich parameters
b/(L-mg™") Qua/ (mgeg™") R? K/[mgeg™ +(mg™"-L)""] n R
0.97 £0.45 9.53+0.54 0.854 4.97 £0.40 5.59+£0.74 0.934

2.4 FREKLE
N T 75 EEThO, 40 K BRI BBl 22 J5 60 3 LA BE , F AT AS [) e B2 A9 A 42k IR o 7 ol Joit e B Oy

*3 WRHHARAR ThO, K BRiE R MEEES 5

Table 3 Desorption parameters of ThO, nanospheres after uranium adsorption

c(HCL)/(mol-L~1) Time/h E/% pTh/(mg'L’I )
0.01 4 73.9 1.05
24 81.6 0.80
0.02 8 77.6 1.77
24 77.4 2.50
0.03 8 79.4 1.10
24 81.0 1.39
0.04 8 78.9 1.03
24 78.0 1.20
0.05 8 81.3 3.51

24 81.7 3.07
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20 g/ LI BHA I H 1 500 B0 SF- 465 5 7). ThoO, 48 K Bk HE AT e S 36, A Py 45 R i e 2 3 b v,
c(HCL) (mol/L) JyBEMt FHIERBR AR IEE ¢ (h) Iy BEIBEIS 18], E S VRIS, pry, (mg/L) P B I 5 1 v
f) SR T

A a0k B, FRATT T = UK X W Rl 22 5 1) ThO , AR BRFEA TR M S 56, S BV A 10 P oty Bl , F2
HE ) H e ) B RV 240 09 1. 29 mg/ L, 3 AR AT BE S A MOEE ThO, 90K BRER B 7E PRI , AN RE T 52 8508 )7
OB, FE 3 HYSEERSE P A B, {0 0. 01 mol/L Ak Eh R UEME N, VeI AR BB P Mt I 1] 1
KMAE K, ELVEIBL G O A vk B VA W S8 T 5 o (BRI R YR B2 2 I, VEIBE A -5 B 1 Ot e ]
ARSI A . Y PEREI A 0. 05 mol/L FisEh RIS, WEME 8 h J HAEi v At iy vk A WIS T i85 508 42 , 1 ]
ThO, K BRTE IR £h 8 P A T I , St A PE BB b B T 0 Th, RA TR 2eab B TR, e 52
B0 0. 01 mol/L FERFRVEML 24 h 82 WA 16
2.5 EHRH

TESSBRPEFN P OB LB B Kk o, Sl 221 U0, (CO5) s ITERAFAE, 5 U0s ™ MISE 4y 158
SB/ETA Na® Mg™ Ca® S** Cu® A1 Ni** 45,55 U0, (CO,);~ BB FHIZE S M= E +4
Cl™ \Br™ \NO; 1 SO;™ %, %% ThO, 44 K Bk M Al 5 H & 35 4 8 T4 AF /9 (NH, ), [ UO, (€O, ) 5 1 ¥
v R i A B 3, X ThO, 8 K BR (4 W B B B8 PEHEAT 1 R 58 v, ThO, 299 K BR 78 52 4l 1 752 o
54 R BB T35 4 WM AV O LL by SRR R BL S 9 T3 4 h.

Fz 4 ThO, KRR MSHAIEIFEIESEL

Table 4 Selective adsorption properties of ThO, nanospheres

kd.U/(mL'g_]) kd,M/(mL'g_l) Sum
Na* (3.68 +0.58) x 10° 0 —
Mg** (1.29 £0.12) x10° (3.56 £0.07) x 10" 36.12 +2.73
Ca®* (4.18 £0.06) x 10? (2.56 £0.15) x 10> 1.64 +0.10
Ni2* (3.98 £0.16) x10? (1.66 £0.02) x10? 2.40 +0.07
Cu?* (4.05 £0.16) x10? (3.81 £0.07) x 10> 1.06 +0.03

T4 I BH B 755 GBS 36 24 (NHL, ), [ UO, (COL) JIEHH & Na* il Mg®* F4E B Fit, ThO,
2P K TR RE A5 AR AT o S E AT R P B, A 45 O B 2R G T 24 Ca® " Cu® L NI FETE R, ThO, 44
ORI 0T b 1y VPR R B T L, LG 4 W B T I, T TS 6 4 R B T S A AR TR R S TR
T 7ETE AL B9 T35 4 W BTS2 36 v, A9 9 8 7 0 S B8 HH S 5 06 ThoO, 44 K Bk Xef il 6y 5 B 4k L2 % 35 4%
Yo X VLB ThO, 49K 3R L) BH 85 W BHL BRI jfF U035
2.6 HEWHR

ThO, AT L2438 3 8175 1052 B PR 55 54 pH {5 H 2 FL 77 20 AR X X 28 00 52 0 B 5 7 30 2 BT 8 T O VR R
— UL, TR AR A B TSR FREE T, ThO, A BT 54 8.5 ~ 11170 72 2 B STk & T ThO, 1 B )
(A ISE HLERBIESE P, W FFFAILER 55 ThO, F) 2 LA 5 R KR 352 1) pHL {F A W 0 10 56 2%« 24 % FF BRBE 119 pH
B T ThO, % L 7 s, ThoO fi 1] W% B PR 85 15 S22, DUV ) 082 B B 8, B e 5 i AR LV
ThO, 15 1] T W% B AT 5 52 17 P A B 85 T Wang 267 % BUZEA T ThO, 22 Ha fof S A BREE v, 45 1F
FELA 14 ThO, 1o # A AR A FRAR -3t 82 O B 85 7 B ISR 41 . Miishra 255 %% B ThO, 7640 F i T HE
HLT S I ER B R (pH > 11) A5 67 o A7, REAR A b5 R Atk 9 194 Ba™* 1 St BB 1 4 A i v AR A
JT, DT 35 0 6 W AR

AR A T2 B R B PR 5502 pHL (B2 8. 45 FZZ s iR 2R KT b 3& ThO, 28 i fif sk, 0 32607 B 25 1
S2 REFATLEE , (L 3 20 W RS2 B 46 SR 5 2 A o Pack ™™ B ZERIESE b 2 R, 4 S 11 25 vl A7 25 B 2 15
) 84 TR TR AR ARG o 7 A D6 Py W R 98 3 4 W B3 9 2 mmol/ L ({)NH,HCO, FNY& 4 20 mmol/L [
Tris-HCL (2% 0fxf , 85 FHRIE 290 8. 87 x 10 ~° mol/L(FH5 i B WA BIATRL) | 1T VLI B8 9 v 9 B 1
SR HANIG . FEBLFRBE R, ThO, 12 o 7 1545 SCBR IR GE (7T RE A7 1E W R[]
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R T HRGE ThO, 9K 3K AE W i 28 55 v 1) 25 H fap s DA KA oz 18 18 BEE ML L, AT SR FH HL A7 R s 32 %
ThO, 94K BRI 2 T HL 7 20 A7 AT T F98. B T ThO, 99 K Bk W B 4t 95 4% /2 7E 2 mmol/L. NH,HCO,
20 mmol/L Tris-HCI ()52 thigs i b ifE AT , B4R FH R BAHA WG T 00 5 S 3075 B K pH (237 A2
P 22 , PRI AT T LA 5 I v SR P 5 o VR L B2 B Y 179 28 5 B o 30 ) 5 4 W R S8 3
B, ThO, 44K ERXT Na* F1 NO; Wi S 135 JC W] W Bt o tfb— A0 A5 Wk 2 0 8. 87 x 10 ~° mol/LL
19 NaNO, 1 5 55 W B TR B T3 BEAH 2 o PRI, SR 8. 87 x 10 ™ mol/L NaNO, i& VR EA TP 5% o

P71 7 S B AR TR 1Y) T2 5 45 AR A — 2 AR B HCL/NaOH 5 Wi AR R pH (9 50U(EL, S it iy
et I R A BRI BR BB RS BRI R pH HZ MR R o P, BEAE AT ThO, 4K BR (19 22 1
JiF- 3 76 ( B ThO, 2R K BRI S sl Bl H ™ it , PR 2R 1 o T8 45, AQ , mol/g) 5 {3 pH {H Z [A] 5 R
HLE , T B SRR AT e — B b B 5 7 st (9) Bt

AQ = [ (CA,susp - CB,susp> - (CA,blank = CB blank — [HT + [OH_] ) :| V/m (9)
KA, ey (mol/L) Fll ey ., (mol/ L) 43 5 A 2 $HEA T B I Sl i W P AR R/ MR JEE , ¢y pgasc (mol/ L) T
¢ prank ( MO/ L) 3350 A8 2 A TSI S VA W TP A R/ B0k B2 s LH J AL OH ™ ] (mol/L) 3 il Ak £ vp
W T OH ™ B EE 5 V(L) R WARE 1 m (g) & ThO, Ak Bk Fi . Horb,[H™ JAI[OH™ 1Y
(A FT FH iR S e W B Y pH B TR 2

ThO, Z>K 5K AQ BE pH {H RS {2 an &l 5
Jime WIS AMEFR Y, LR 7E =K (5 i
2 a) I JEAE NaNO R (18 5 i<k b) H BEE pH 00t
EHE R, ThO, 2K ER ) AQ MIEF: Rt , B S iy
JEFEE pH {3 K, ThO, 44 K BR i) 2 187 M IE HL PEF%
St EE . FE = UOK (BVES TR 27 0) AR5
H, 24 pH (HZ974 9. 2 B, ThO, 44K Bk AQ % H
ThO, K BR i 22 W 777 5 9. 2, S SCmk e A g™ . 00T
TER T3y 8.87 x 1077 i) NaNO, i i+, 1l 15 5 6 7 8 5 01
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Adsorption Performance of Thorium Dioxide Nanospheres
Towards Uranium in the Aqueous Solution of
Ammonium Uranyl Tricarbonate

LIU Xiaodong, CHEN Qingde *, SHEN Xinghai "
( Beijing National Laboratory for Molecular Sciences , Fundamental Science on
Radiochemistry and Radiation Chemistry Laboratory, College of Chemistry and
Molecular Engineering , Peking University , Bejjing 100871 , China)

Abstract Thorium dioxide(ThO, ) , a kind of actinide metal oxides, has good performance as adsorbent, but
it is necessary to extend their application scope. In the present work, we investigated the adsorption property
of ThO, nanospheres prepared by hydrothermal method in the aqueous solution of ammonium uranyl
tricarbonate. In the presence of 2 mmol/L. NH,HCO,; and 20 mmol/L tris ( hydroxymethyl ) aminomethane ) -
HCI, ThO, nanospheres had an adsorption capacity of 6.52 mg/g when the initial concentration of uranium
was 20 mg/L, which followed pseudo-second-order kinetic model well. In isothermal adsorption studies,
Freundlich model was preferable. The desorption of ThO, nanospheres after adsorption was achieved easily by
using dilute HCI solution. In the mechanism research, it was found that ThO, nanospheres have negative
charges under the experiment conditions and adsorb UO3* via cation adsorption mechanism. However, the
uranium uptake was seriously affected by other cations, such as Ca**, Cu’* and Ni’*. This work will
contribute to the recovery of uranium from seawater and alkaline/neutral radioactive waste by metal oxides.

Keywords thorium dioxide ;uranium ; adsorption ;ammonium uranyl tricarbonate
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