FERE: kF 2019 F % 49% % 10 #i: 1308 ~ 1314

SCIENTIA SINICA Chimica

it X

ChERE ) Atk
SCIENCE CHINAPRESS

chemcn.scichina.com
CrossMark

& click for updates

CHEMSPECH L 7EIE AR 1 T 7K i B A s o0 A

hET Brm 20 Ens, T s

1. AER o FRE S A 0 AL 5 S AR ST S R SRR = o K 5 7 RSB, JERT 100871
2. P E TP SR, 4860 621900
*HIE#, E-mail: liucl@pku.edu.cn

W H A 2019-01-22; 4232 H#: 2019-03-12; MLk &% HH: 2019-09-06
EZx A RRARE S5 U1530112, 11475008, U1730245)% B 75 H

HE AU ACHEMSPECH BEN T AR B T A F A AL, #Fi1i8 TpH. Eh. B FREUKIE
B AR S RRR, AEBRRELAGT, TEUVO, W R F 4, HFBRE. & RERE
4T, EEVUUONOH)(aq) W R E; EBREMEFHT, ZELUOL(OH), MK FE, ¥ &4 £ RCaUO, il
7. Eh<33 mVEf, U(OH),(aq) % ft % F¥ Z5; MEh>33 mVES, UVDE HA&E. R AB FRGI A 4hiy f &0 A &
W5 B A /NIRF HHCO, >F >S0,7>Cl. UO,” W & By 8 in {2 # 7 CaUO,(CO5);,” #1Ca,U0,(COs)y(aq) B9 4 fk. I8 &

AEEEARERTAFUOOH KE LERE.
KT

1 5%

AEVR fE HLANIR I8 Y5 Y O 48 N i 04t 2 250 FIN
FATRFAL R ) BN, A% e o Ok bk )
. BRFDEE =M REMLE, SR
(0.0056%)~ >U(0.7205%)F1*U(99.2739%), HrH** U
R—Fh SR E, | g URSZE RN AS &
F2.7x10° gt 5e A RBO R R B, DRIt 2 JE B
BERIRZIRRE. Bl IR = ) 7 21 LA U b e
P, THAEEHSEK, 25 582.46x10° a(P*U).
7.04x10° a(*PU)F14.47x10° a(P*U). REMEER 12 o
S KRB RRURY), XL R0 BA U %
REEm. WRES. mHRER. SRS R s, Hr
HIRLHT A% 2= T Re & G Hb N KRR H R A=W

CHEMSPEC, 4#, A&, A, 2w H £

POPNE VB8 A)5 R ey R

H A 0 82 52 1 S U b B Tk R T 2 E
BRI RGN AL B, B S R B A
500~1000 miR I F A, K 2 3 5 AR 25 =i
PRGBSk, SRR [ SEAA R) 2 M Ak B JE —1E
NI Bk, T A&KIRE . s, Kk
WIEME. ZRTERMES. KA MEEEA
SUTSHE, AR R R LR EE L R R HIX AL
T PN 52t G 5 B K 2k b R S DR A S 4 I AR B b
Z, WA X LA, BAENSTBURYIHR & B )
MIRT 5. AN, 1ZH X I HA RO ) e i 71, Hoab
HIAR R DA B R, AR A
b TR 2% A R S0 AT FE X e R A P 14D 5 i 45 75 THD 6 2%
Hh BBl RSO 34T T SR A AT

2019, 49: 1308-1314, doi: 10.1360/SSC-2019-0006

IR XuX, Zhou W, Dong L, Tan Z, Wang X, Liu C. Speciation distribution of uranium in Tamusu groundwater calculated by CHEMSPEC. Sci Sin Chim,

©2019 (HEMZFE) FiEHt

www.scichina.com


https://doi.org/10.1360/SSC-2019-0006
http://www.scichina.com
http://chemcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSC-2019-0006&amp;domain=pdf&amp;date_stamp=2019-04-10

FREFRRE: L2 2019 4E 349 % 5 10 3

Wb R KW D R R i o SR .
AT KB b A BB R, B R KL —
NF10 g/L, THESA Z A R HL R KH™ b B 7 2 7T LA
553539 /L. FERESEDRI R, A X 4
WA B2 K CE VR I, KA A R R T R
T P AR SR AN EBR,  EAEBRIR BRI 45 A
VIR, BTG SR AL T 23 (3 B

b ER A 2 R TR A 4 8 P B35 AR R R K A .
HLA R U ERE 22 B0 AL FEPHREEQC . MINTEQA2.
EQ3/6%. Tz FIPHREEQCIH & T A ZE X T
HES R K E AN BRSNS EhR M 5%
P30 Pl B ED B 46 P FE BIR Cly. 11 2506 fai A 14
R 1 AT AL, 1 CH, S HLSHITR &/ U
PRI K, S B Bk & e (e i . BRA s
FIPHREEQCHH T ¥ A ZE M R /K H Tht R AIF A4
A, FEWFFE TR EE . pHATERSE X Thify b2 24 (1
AU

SRR, HEAR X RE S B, (ERE SR o Bl
EHEBAHR, KEWAGE R, Fob, AR5 SR
X AR 5% (R F 7E h 2A 4 32 B LAUO,(CO,),” Al
UO,L(COy) B RAETE. N K il e e T 2 3
pHME . Ehff. ANFE FRESHNELFEH, AW
KA, RS B8 S I 5 AR R 461 T il
(RIS, FSHRNEMAZ R BT BAT N, Hsi
Wb B PER 2 AV R LER BRI SRR X S B R T
i e 30 B AR .

2 PR SR A
2.1 FHEEHAHEA

AR AP 3 B A CHEMSPECTHE T
BARZH TN KPR HI A S A, JE R %
WA R T # B T T2008E H i dn 5
CHEMSPEC, H- AWt H b 47 5 B Fi ik

CHEMSPECH 4 4t A\ ST b ) 5 4 43 B 94 B2 A
OV MR 500, RIS S R A R &P 7
FEVEHAR FR I8 B3 ) 2 P AT VR R AR AE ) b S I
WRPE, AT DLAL B P E -5 e 1 17 B S A 3 iR~ i i) S
WL FE R AR AR HET ) Debye-Hiickel A 3K
DaviesAa 3. B-dotA. & E FHHEHIRSITA

FIPizern 3, BATE T4 € 12 T Va1, o] DARR
LR TR BTSRRI & 7 R A AR I A SR A
MR 2t T FRd, 27 B Yo 4> i HNewton-Raphson
%, fEZAUEOUT, AREPOE S A M. AU
4, FERFRIRESE G R BB fe s ARk, BAliE s
s TSGR E AR R - R, BRIk

Wi 50 % 25 I CHEMSPEC S i+ 5 T
AmAINEAL Lt R KRG 1 L — oK A i A 25 o0 A
FOVAMREE, ke #i 25VF) F C++iE & % CHEMSPECH
PR FHEAT T AL, R T AmgEdb L
MR KRV F bt R K RS A SR, R
2l ) HH 87 Np IPurE Ak L H R 7K rh (b 245 40 A
FEAIEK S SR BRI, 22 R4 T ik
7B i T A PR 2 B A B T B S R
BRI, TR T e AL R KA
T 245 o0 A Je FLAE A7 TR K & S8 A Bk R RE R _E i
B, X EERE TR TH B 45 R 3R B CHEMSPECH 411 1& H
PETEAR W .

5PHREEQC. MINTEQA2. EQ3/6%% Hfth #h 1k
b2 AR EE, CHEMSPECANMY A LA FH A A %k
WritiE AR BR, B RETHA AR R &, AR 4
BT & ) R A J1 e SRR, Ak, FRIEE AL R,
AN [E) DX S R 7K SO BT A4 22 oK, /I CHEMSPEC
P E EFNRAATA #, BATAT AL A A S UL
Aib BB Xk Y S 56 54 S b B HT CHEMSPEC )
HOHE M GRAIE T 38 FH 1 R A

22 BERRARBOE

A YA FH PR3 A 25t R 7K B o3 B R IR T 4%
Tl Ab 5l BT T R R 45 R, Bk N ZKH58-44
ERFLINTRS10 mAb B, I EpHNT.17, HALS A
WIRVFR. BRI 0 IR B Al RS AR e m 2 Ak, 5
PR B 8 N25°C, SR H0.1 MPa, pe( HL T3 FE
11X 45) 44.0.

3 R
3.1 pHAZm
AL EE T pHIN AR Al AR 25 20 A (120, pHIF)

AT N3~12, TR RN R, e AR
TR RS 73 A S pHIR R K ERT 70 = A B

1309



8% 24 CHEMSPECHE USRS AR T /K i i) Al A1

F 1 BARE ZKH58-44 S 461510 mig kbl T 7K fb 2 4 k™

Table 1 Chemical composition of water taken from ZKH58-44 drilling hole 510 m underground in Tamusu area [2]
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Figure 1 Influence of pH on uranium speciation distribution in
Tamusu groundwater (color online).
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Figure 2 Influence of pH on uranium speciation distribution without
limit on precipitation generation in Tamusu groundwater (color online).
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Figure 3 Influence of Eh on uranium speciation distribution in

Tamusu groundwater (color online).
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Figure 4 Influence of different anions on uranium speciation distribution in Tamusu groundwater. (a) C17; (b) F~; (c) SO42_; (d) HCO;™ (color

online).

1311



8% 24 CHEMSPECHE USRS AR T /K i i) Al A1

A MF 500, BRI S Wi et H . X4
pM<4.0, B8 F/KPE I E>10"" mol/LIE, A&
VO, PRI 3 I S5 BRARG, R0 b FU At o 285 P ik 32 0 K VE )
BRI

HCO, XAk R N R 4%, 7ERTF A AIpMAE
W, SF&SIRESRE T Z AN ERZL. pMIE
2.0~3.2I5, CO” WREH E, UOK(COs),  AIEM I
T, BEECO, WK MEIK, U0L(CO,);* Z#i
UO,(CO;),” FIUO,CO5(aq)kitt; HpM>3.21, B
CO,*" 2 5L T & W VR B2 #B i p ML 38 K 17 PR IR,
I UO,(OH),(aq) BUATE R H IR A FE. fEHAH
AR, B pMIRE K, UO, IR B Wi AR, [k
5 CI BRSO, T RIE - 40V P2t A 7 A1

SRR, DU B 7 5 AR =R Kl i Fh
BRI R/ A: HCOy >F >80, >Cl".

B 7 VURRBH B T-4b, A SCERFSE T U0, WX
REH TR g IR S 23 AR I, U0, R A (1
H8107~107" mol/L. BEEUO,” WERIHM, &5
CITRISO,” TR FITC 5 Wk FE #3ZWi  , 5.CO,™ 4
K PIFRAS I AR A L BORE IR, AH G TH 4 R a0 B S B
. pPM<8.7HF, 4 Z i I T CaUO,(CO5),” F1Ca,U0,-
(COy;(aq) AT TN AS. B TEEAREM T~ /KHHCO,”
WEEARAK, FrLLUO, B 25— COy ML fr A ik
U0,CO;. UOL(CO3) W5 5 — e Ca’ &% 4.
pM<4.0fit, B UO, WK, CaUOLCO,),> i
Ca,UO,(CO;)s(aq) IR E AR in, B i T-COy i
A, UO,COsn UOLCO;): "+ UO,CO,(OH); ¥ Ji #5
Faaub. ERFEENE, EFFRHCO, IREXNIEAR
FHF KRS A R e, HCO; IRFEHE K
F 107> mol/LI & & h th R H BLCaU0,(CO5),> Al
Ca,UO,(COs)5(aq), TT WLUO,™ & JBE (1 38 Jin xof 3 195 A Fi
B R A I R A

3.4 R

RIEA R 2 5 80 T /K PR R AR, AR
FH A ST T 5~80°C N EE AR K M T K A A i b
Ao, HEE R uEe k.

HH 6] LUE H, BEAE TR I T 1, UO,(OH),(aq) M
UO,(OH), £ [MIUO,OH #4k, AT I 12 A B 43 #r
JRIA, FATMCHEMSPEC I B 3R T ik =4
FhASTE25C T IRRE R HL, #1329, UO,(OH); -

1312

10° 4
1070 ] 1-U0,CO,(aq)
) 2-U0,),CO,(OH),”
10" o 3-Call0,(CO,),*
w02/ 3 4-Ca,U0,(CO,),(aq)
- N 5-U0,(CO,),*
3 1073
£ 4
T 10t
107" 4 5
s /
10’171 /
T T T T T
2 4 6 8 10 12
pM
B 5 UO,” 8 0T 5 A 2 R /K ol o 25 43 A £ 2 (10
2
LT A

Figure 5 Influence of the concentration of UOZ2+ on uranium
speciation distribution in Tamusu groundwater (color online).
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Figure 6 Influence of temperature on uranium speciation distribution
in Tamusu groundwater (color online).
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Speciation distribution of uranium in Tamusu groundwater calculated
by CHEMSPEC

Xuewen Xu', Wangiang Zhou', Liang Dongz, Zhaoyi Tan’, Xiangyun Wangl, Chunli Liu"

: Beijing National Laboratory for Molecular Sciences; Fundamental Science Laboratory on Radiochemistry & Radiation Chemistry; College of
Chemistry & Molecular Engineering, Peking University, Beijing 100871, China

% China Academy of Engineering Physics, Mianyang 621900, China

*Corresponding author (email: liucl@pku.edu.cn)

Abstract: CHEMSPEC was used to study the speciation distribution of U in Tamusu groundwater and the effects of Eh,

pH, different ions and concentrations and temperature. The calculation results indicate that uranium mainly exists as

UO,(OH),(aq) in Tamusu groundwater. Under strong acidic conditions, uranium mainly exists as U022+, while in weak

acidic, neutral or weak alkaline conditions, the main species is UO,(OH),(aq). When the solution is in strong alkaline

conditions, most of uranium exists as UO,(OH); , with the possible generation of CaUO,. U(IV) is stable in the

reduction condition, while U(VI) is stable in the oxidic condition. The concentration of different anions also has

influence on the speciation distribution of uranium in the order of HCO; >F >S0O,” >CI". Increasing UO,”"

concentration promotes the generation of CaUOz(CO3)32_ and Ca,UQO,(CO;);5(aq). As temperature increases from 5 to

80 degree centigrade, the concentration of UO,OH increases significantly.

Keywords: CHEMSPEC, uranium, Tamusu, speciation distribution, influencing factor
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