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Solubility of Np( V) in Beishan Groundwater at Different Temperatures
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Abstract: The solubilities of Np(IV) in deionized water and groundwater were measured by
oversaturation method at 30 °C and 60 “C and pH around 8. 20. Na,S,0, was added to keep
the oxidation state of Np([V) unchanged. The solubilities of Np(IV) in deionized water and
groundwater are found to be (3.4=41.0)X10 ? mol/L and (1. 0£0. 3) X 10 ® mol/L respec-
tively at 30 C, and (1.9+0.6) X 10 ® mol/L and (3.740.5) X 10 ® mol/L at 60 °C. The
solubilities of Np(]V) in deionized water and groundwater increase as temperature increas-
ing. The thermodynamic data at zero ionic strength were calculated at experiment condition
by using the “Specific Ion Interaction Theory (SIT)”. The solubility-controlling solids in
deionized water and groundwater are identified as Np (OH), (am) by thermodynamic
calculation. The dominant aqueous species are deduced to be Np(OH), (aq) in deionized
water, Np(OH),(aq) and Np(CO,), (OH)%™ in groundwater.
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Fig. 1 Time evolution of aqueous concentration of

Np(IV) in deionized water at 30 °C and pH=38. 20

6 L
10° Ay
=
107k
(=)
g
Z
’%lox L /.\.
<
10*‘] L L L 1 )
0 20 40 60 80 100

t/d

Bl 2 dtilidh T KRR 30 °C . pH=38. 20 i}
JKAH Y Np e 2 5 i ] 1 5 &
Fig. 2 Time evolution of aqueous concentration of

Np(IV) in Beishan groundwater at 30 ‘C and pH =38. 20
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Fig. 3 Time evolution of aqueous concentration of

Np(IV) in deionized water at 60 °C and pH=38. 20
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Fig. 4 Time evolution of aqueous concentration of

Np(IV) in Beishan groundwater at 60 ‘C and pH=28. 20
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Table 1 Experimentally determined solubilities of Np([V) in deionized water and Beishan groundwater at 30 °C and 60 C
30 C 60 C
& & (Systems)
¢/(mol « L™1) pHo  pHe Ehg/mV Ehe/mV ¢/(mol « L™1) pHy pHe Ehy/mV Ehe/mV
£ 8 F K (Deionized (3.441.0)X10°9 8.35 8.00 —278 —250  (1.9£0.6)X10°8 8.23 7.80 —278 —230
water)
Jeili#ts R /K (Beishan  (1.0+0.3)X1078 8.30 7.99 —290 —200  (3.740.5)X107% 8.27 7.70 —280 —200
groundwater)

Tt — 2R B AE A X NpCIV) 7 25 B
TR AL LR K R AR SR R R H AE 30 °C
TELMAAE M E T 60 CH M. kR — &
PR ) BBORE 00 S 0056 9 R Np CIV) 119 ¥ 2 A2
SRR T 5. i B S AL AEE P Np #
JEA I 3 T+ f 28 38 B0 - L 9 H i Np i
W 560 CH MK Np e — 5., Xit—#
VLT T NpCIV O A 7 fiff 12 o 3 13 1) e o 3

FLA X NpCIV ) 78 3 A 4 7K I 980 10 3 e 12

WF5T 85 /0 SCHRL6 . 8-9 Tt NpCIV ) (4 45 fifp 14 {1 4
291077 ~10"" mol/L. A SEH 7 % B F /K ik &
H1 Lk Na, S, O, Jy B i ) - & & 1) Eh= —280 mV,
NpCIV ) % (3.4 1.0 X 10~ mol/L.
B 255 A T A A — B (H s R 1 2
IS HR I B AT X 9 it S5 42 o A 20 HE AT
FERF S s R 3 Ao 18] 4 43 BT A % i R 4% i
AH R S Np(OH), (am) . 3% 1 /2 [ Br | 22 A /Y

4
4R



80 BeAe o 5t e

107
A, N
(a)
=10
—
;o o
Eqo7
~ . [
5 .
S10° . ﬁ
n
10°

t/d

0 50 100 150 200 250 300

107 ¢

10°F

¢(Np) /(mol+L™)

1 1 ° - 1 1 1 ]
0 50 100 150 200 250 300
t/d

10"

5 MR J: 8 T oK (O AL L TR K (b H NpCIV ) i 1) 52 i)

Fig. 5

Effect of temperature on concentration of Np([V) in deionized water(a) and Beishan groundwater(b)
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Table 2 Ton interaction(SIT) coefficients used in

the present paper (from NEA-TDB)!#1%

i J €
HT ClOr 0. 14
H' Cl 0.12
OH™ Na™ 0.04
Np'* ClOr 0.82
Npt* Cl™ 0. 40
Np(OH) (aq) j 0

T (Note) : BL(Np'™ /ClOT ) i 4 5.7 I & B (Np' ™/
NO; ) (A HAEFH %0 (To the interaction coefficient of (Np*™ /

ClO; ) instead of the interaction coefficient of (Np*™ /NO3 ))

AREHFMT LB FRIE RIS TN
0.16 mol/L., Hi F/KAIE F 58 E A4 0. 32 mol/L,
By SIT J7 2 Fl g8 5 B DL K 3R 2 4@ 41k i Al H AR
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Table 3 Hydrolysis constants of Np'" at I=0 and this study situation

7K i )5 L Hydrolysis equation) lg K lg K' (328 F /K (Deionized water)) lg K'(Hi F 7k (Groundwater))
Np'* +H, O ==Np(OH)** +H* 0.5 —0.2 —0.3
Np** +2H,0 ==Np(OH)*" +2H"* 0.3 —1.2 —1.2
Np'* +3H, O ==Np(OH) | +3H" —2.38 —4.5 —4.7
Np#* 44H, O ==Np(OH), (aq) +4H" —8.0 —9.8 —9.0
Np*T +5H,O==Np(OH); +5H" —20.0 —20.0 —20.0
F 4 Np' WMBREE TS HE
Table 4 Complexation equilibrium constants of Np'™ at =0 and this study situation
J% Ji7 ( Reaction) lg K lg K'
Np'* +4C0O? —=Np(CO;)" 36.8 36.0
Np'* +CO? +40H —=NpCO; (OH)>~ 50.5 47.9
Npt* +2C0? +20H ==Np(CO;), (OH)? 46, 4 43.2
Np'* +802" —=NpSO** 9.0 6.5
Np'* +280? " ==Np(S0,); 11.7 8.5
HCO; ——=H" +C0? —10. 33 —10.0
A3 MR B 5 i B 422 R [ AH A Np(OHD , Cam) Fll # 5 bl R K s o (BSOS JD
NpO, Cer) s 37 SIT 1445 5] 52 86 54 T 78 5 Table 5 Composition of Beishan groundwater(BS03)
BTk F& A . Np(OHD, (am) F1 NpO, Cer) [ %5 B # T (Tons) p/(mg+ L~
PO 4 lg K, = —54. 6 Fill lg K|, = —61. 6 Na* 1101
TE 3 F K & Z& o, NpCOHD , Cam) 1 NpO, (er) K* 14,4
W RUX B S 0 lg K= — 54.4 A Ca?’ 241
lg K,=—61.3, Mg?* 51.7
F [ H A G 1 A B LS R K B S A NH{ <0.04
F 5, LM pH=28.20,Eh=—280 mV. # Fei ' + Fe? 0.02
TR R LT K Y c(SOT ) =1.47 X HCO; 133
107 mol/L,c(HCO; )=2.18X10"° mol/L, H coz- 0
4 sl HCO, F1CO:F W44 COF 1)k cl- 1159
&R 2.5X107° mol/L, SO*~ 1418
MG 3 KR WO R 4 PSS F- 2.16
B, THAAT B0 X B K AL He R K i 45 NO; 19.1

KA ) R BE (3R 6) TN A% B 4% G W i ik
(£ 1),

53 B R S i B 4 ) AR O Np (OHD , (am)
F NpO, (cr) ., 456G 3R 6 F13R 7 W &K 5= Py fil
A TR BE AR Np CIV) ok B2 5 # b, it
ST B PRI B0 T B Np V) B A B L 3153
ERBIANFR 8. IR 8 MI . 2 (B I5 I fifk 42 1l

[ A4 Np COHD , Cam) B, 25 8§ /K 4K & Akl
R KRR H I o (NP AF5IH 4.0 X107 mol/L
F 3. 7X107° mol/L,Np(IV)7E 2 MK R H 1%
fRBE SIS 45 B (3.4 £ 1.0) X 1077 mol/L
(1.040.3) X 10"° mol/L, & 4K 52 16 2% 5 5% %
TR0 —38 NSRRI R B 4 [ AH S NpO, (e
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Table 6 Concentration of hydrolysis species of Np([V)

in deionized water and Beishan groundwater

¢/(mol« L 1)

KA 5 ECRR el R ok
(Hydrolysis species) (Deionized (Beishan
water) groundwater)
Np'+ 1.5X107% 2.5X107%
Np(OH)** 5.6X10 % 2.3X10 %
Np(OH)2* L1X10 % 5.9X10°17
Np(OH) 3.5X1071 4.0X107 1
Np(OH) 4 (aq) 4.0X10°? 3.7xX10°8
Np(OH) 5 8.5X10 19 7.9X10 12

7 dviii Rk Np't 5 COF Al
SO % B &5 Bl 2% G- ) ok 3
Table 7 Concentration of complexation species

of Np([V) in Beishan groundwater

2% 45 I8 25 (Complexation species) ¢/(mol « L7™1)

Np(C();;)i* 1.1X10 1
Np(:()g(()H)jM 7.9X10° 12
Np(C()g)z(()H)i 1.0X107°
NpSO2* L2X10%
Np(SOy)» 2.0X10 27
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B A T 3 i R 45 o T A o 3 B o T R
Np(INDMFLETEAS . TEAR LI M LA LT L K
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TEIA 55 Jo vk B H AR 20 BT iZovk B 1
Np(IV) AELEIEAS s HARE o #8007 =1 B 7 ik
2 NpCINDOAFERIE A .

6 W TR R Np (V) 1 4 GOk ff
PRI T . MFE 6 B 0. Np(OHD, Caq) ) Hk BF
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Af A K Np(OH), (aq) 42 NpCIV) 78 £ 8§ /K K %
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R AR AL L 3 KR R B AT RE £
REDA, BT KT EEZR I E T,
EATATRES Np' IR AW, 20 NpCIV)
MOV IRIE . 30 T R K 93 75 B e i o T
REFZ M NpCOHD, (am) fy K, 145 G K il 15 500 3%
25X Np IV 14 ¥ A B2 365 B2 )

Fede 2 7 by B A R E B, s R ok
Np(CO;), (OH)Z ¥ £ 1.0 X 10 mol/L,
HEE G ER 3 M ERL L,
Ui Np(CO),(OH): 2 EFE K F B S,
Np(CO;), (OH)F I Bt Np (OH), Caq) #Y #k
JE (3. 7X10° mol/L) M85 45 2 1 Np(IV) iy %
fife BE AR /N 1A B . B DL bl M R K
Np(INO W) EZ AL A A Np (OH), (ag) F
Np(CO;), (OHD}

NpCIND7E & 8 AR b th T 7K o 09 5% 1
BRI E A AR R, FEAAETR S EATEF . XUl
W5 ) 5 ik 1) 32 8 S Ng 2 7K i B (] ) 2%
PR AR X VS JE A — g RSl nl DL
BCAC IR K o NpCIV) B35 i FE R F 285 7K
e Np CIV ) 5 e 32 11 JA R o 8 1 5 8 LA S T AL B
BT aIERME G,

F 8 WMIESEHE AN Np(OH), (am) Al NpO, Cer) I # ¥ f J3 31 84
Table 8 Solubilities of Np([V) on the assumption that solubility-controlling solids is Np(OH), (am) and NpO, (cr)

il [ 40 % B F 7K (Deionized water) 4611 H1 F 7K (Beishan groundwater)
(Solubility controlling solids) lg Ki\:‘() lg K\’p cior (Np) /(mol « L™1) lg KET:_[, lg KJ[) ¢t (Np)/(mol « L™ 1)
Np(OH), (am) —56.7 —54.6 4.0X10°° —56.7 —54.4 3.7X10°8

NpO; (cr) —63.7 —61.6 3.9X10716 —63.7 —61.3 5.0X10°1
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3 N &
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TE B TR AL LR /K A A v e .
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MBS TR T 58 TR E P g, KL L
BB T 45 B E RSG5

(3) i Th s i Np CIV ) 1) ¥ fiff B8 36 K, T
Np CIV ) 7E 7K I W T B0 M BE A BT 1 K 23 48 i TR
T Np (e Rk B AR T4 ik

(4) 8 2 R 2 T Np (V) #E
BT K AL Ll R K b i A R A A R
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