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Abstract

Sorption behavior of neptunium (Np), which is one of the important elements for
performance assessment of geological disposal of high-level radioactive waste, onto
smectite was investigated under reducing conditions in carbonate media.  Distribution
coefficient (Kq) of Np onto smectite was determined by a batch method, and
dependency of the K4 on total carbonate concentration was investigated. The Ky of Np
under non-reducing conditions was also determined for a comparison with that under
reducing conditions. The obtained Ky from reducing conditions decreased as total
carbonate concentration increased. 1t was found that the obtained Ky was more than 1
m>kg™ at total carbonate concentration of approximately 0.05 M (M: mol.dm™) under
reducing conditions. On the other hand, the obtained K4 from non-reducing conditions
was around 10% m3 kg™, which was independent on total carbonate concentration. As
a result, difference of the Ky between reducing and non-reducing conditions was
typically observed. The experimentally obtained Ky was analyzed by a least-squares
fitting with free parameters of K4 of Np hydrolysis species and carbonate complexes.
Based on the analytical result, consideration of sorption behavior of Np, especialy
Np(IV) hydrolysis species and carbonatohydroxo complexes, was carried out, and a
possibility of specific interaction of the Np(IV) species with the solid surface was
pointed out.
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1.2 Np(IV)

1.3 INC-TDB
Np(1V)
14 OECD/NEA-TDB

3.1 100 ml.g*
3.2 1000 ml.g™
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3.4

35

3.6

3.7

3.8

39

3.10

311
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1.1
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1.2 Np(IV) TTA Np
Np(IV) Cr Cr
Np(1V) Np(V)
Ky
Kg =2 KgiXi (1-1)
i
Kai Xi
i Kai
Np
Cr
1.12M 2.04 M K4
Np 1x10° M Np(IV) Cr
Np Kd
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1.3 Np
Np 1x10° M
(V)
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JNC-TDB [9]
1M pH.=9.0 Np(IV) 1.3
12 JNC-TDB 25 0
Davies
Davies 25 i Yi
logYiz—O.Slziz[ I —0.31mJ (1-2)
1+,
z i In 1.3
Np((1V)
10°M
/ OECD/NEA Np
OECD/NEA-TDB [10] Np(IV)
1.4 12
SIT [11]
SIT 25 i Yi
2
logyi = —%‘jllm_m- +%s(i,k)mk (1-3)
e(i,k) i k
my
NaCl 1:1 In OECD/NEA-TDB Np(IV)
Np(CO3),(OH),”
Np(IV) [4]
1.4 0.05M Np(IV) 10°M
1.3 1.4 Np(IV)
log K I=0M I=1M Davies
JNC-TDB SIT
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OECD/NEA-TDB Np(OH)4(aq)
2
Davies
[11] I=1M
I= 0M
Np(CO5),(OH),”
[4] JNC-TDB
[12]
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Np(COs);*
Np V)
1.3 1.4
Np(IV) Np(CO;)s™
Np 1x10° M
0.09 M
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Np(V) pH <
10° M
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2.
2.1
F NaCl
[5]
[5] Np-237 Amersham
1.4 M HCI Np o
2.1 30 ml
NaCl NaHCO; Na,S,0,4 N,
Np(V)
K4
Np
20 ml Np [NDJinit 6.3x10%  1.7x 10
M 1.3x10° M 0002 1g 20 1000
mlg' NaHCO; 0.04 1M Na,$,05 0.01M NaCl 1
M 100 ml.g’ Ky
1000 ml.g" K4 20 ml.g™
K4
20 ml.g 25
70
pH =-logay: a pH. =-log [H']
pH. 0.001,0.1M  HCI NaOH
pH,  HCI NaOH
2 4 pH. ORP
pH/
0.4 ml 10*
Np
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3x10°

Np Np

EG&G Ortec

Np-237 «

1 ppm

22 Np

TTA TUPAC

[7.8]
M 100 %

0.5 0.6M

Np(1V)

Np
4.44-
TTA

TTA

[14]

134 M
0.05M TTA

0.45um
0.05 ml Np-237
Np 0.1 ml
Packard Instruments
N2 Oz
-1-(2- )-1,3-
(Iv)
Np(V) Pu(lV) 0.3
10 M
0.3 0.4 ml 1.5 ml
0.01 0.02 ml
Np(V)
1
N, (0 1 ppm
Np(1V)
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3.
3.1
pH. E.:
Ky [Np(IV)J/[Np]r
3.1 3.5 100 mL.g" 1000 ml.g™"
20 ml.g’ pHe Ei
3.1 100 ml.g™
0d 1.1
pH. 7
HCOy
pH
100 d Ey
En
32
Ky
Kd:MX
Ce S
Co Np M G Np M
S kg Np
Np
Ks Crp 35 3.7 3.5
[6]
35 K¢ Cr

20 ml.g"

3.1

MRNP

Ex

1

34

pH
9+1
CO>

02V

34

(3-1)

100 ml.g"

Cr

7.07

pH.
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K¢ 107 m’kg’ Np Np
K4
2
[6]
Np
Cr<0.08M Ky Np
1 Kq Kq
3.5 Ky Ky
3.6 Kq Cr
1000 ml.g™ Ky Cr 20 ml.g”
Ks Crp 3.5 100 ml.g"
Ky
92d Ky 10'm’kg’ Np
Ki Cr 3.7
Kq Crp 107 m® kg
20 ml.g’ Np
Cr 1M
K4 Kq
Ki Cr 3.8
3.9
3.10 K4 Np
3.3
Np TTA
Np [Nplr Np(1V) [Np(IV)]
3.11 3.13 100 ml.g” 1000 ml.g! 20 ml.g”!
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1.2 [6]
TTA Cr
Cr
TTA 156 d 92 d
TTA Np
Cr TTA
Np(1V)
Cr Np TTA
Cr 1.0M Np(IV)
Np 3 TTA
Np
Np(V) NpO,CO5 Cr
NpO,(CO3),™ 3.14
OECD/NEA-TDB [10]
Np 4
Np(IV) 3.15 Np(IV)
Cr=04M
pH Ey
100 % Np(IV)
3.7 3.13
Np TTA
Na,S,0;4
E, Np
Np(dV) TTA
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4.1

2
3
1.3 1.4
Np(CO;)s™ Np(CO;),(OH),* 3.14
NpO,(CO3),™
Na

Nagy 06(AlyMgy)(Sig<Al)O10(OH),.nH,O

[15] Na*

S-OH

S-OH," < S-OH +H,"
S-OH < S-O° +H,"

S-OH,"
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4-1) (4-2)
pH

int int
Kal KaZ

K= [S-OH]H"]s _ [S—OH][HWQXP(—ewSJ
[S-OH, "] [S—OH, "] kT

gint _[SZOTIH]y [S-OTIH™] ey
a2 [S—OH] [S—OH] KT

e 1.60x 107 C
1.38x 102 JK'!

0.1 M NaCl log K1 =-5.674 log K, =-7.916
pH
Davies

S-OH S-O

Np()zJr
Np
S-O°
4.2
Np Kd CT pHc
4.2
Np

1.2
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(4-3)
(4-4)
k
pH
[5]
4.1
pH 8 10
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Np(IV) Np(V)
Ky
KdZZKdiXi (1-1)
i
Kai X;
i 1.4 3.14
Np(V) NpO," NpO,CO; NpO,(COs),*
3 Np(1V) Np(OH)s(aq) Np(COs)s" Np(COs)s" Np(CO3),(OH),”
4 7 [4,10] 4.1
SIT 1 M NaCl
4.3 4.4
Np(IV)  Np(V)
NpO, " +4H +4e¢ < 2H,0+Np* (4-5)
K.
43 log K. log K. =
11.98 OECD/NEA-TDB [10] log K. =10.21
log K.
4.3 log K. Ky
Np(V) Kai
Np(1V)
Ex
log K. =
11.98 log K.
4.4
Ke Crp
Kai Np(OH)4(aq) K4a(Np(OH)4(aq)) =
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4.88x10" m’kg!
6.74x10" m’ kg™

Ky(Np(CO5),") = 2.25%10" m’ kg™

K4(NpO;") =
Ky(Np(CO5),(OH),*) = 1.91x10" m’ kg™

Ka(NpO,") log Ko = 11.98
1.4 3.14
Np(OH)y(aq)  NpO,"
Kq Ks Cr
4.3 TTA
Kgi Cq TTA
Cs (1-1)
Cr= SKZ+VC0i (4-6)
Coi i 4.2
K Np(IV) Np(V)
[Np(IV)J/[Np]r
4.2 2 log K. =11.98 4.5 log K.
4.6 4.5 [Np(IV)V/[Nplr
1 Cr [Np(IV)J/[Np]r = 1
TTA
4.3 Kq
4.6 log K. K4
156 d Ex
TTA 1 4.5
TTA
Np(IV) TTA
3.5 Cr
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TTA
TTA
Np(IV)
TTA [16]
Np Na,S,0,
Na,S,0, [Nplini/[Na2S,04] = 2x107
2x107 6x10° 1x10™ Na,$,0, TTA
TTA Np(IV)
Np(IV) TTA Na,S,0, Cr
Np(1V) TTA
TTA Na,S,0,4 Np
4.4 Np
Np(OH)4(aq)
Np(OH)4(aq)
Np Kai
Np
4.7 4.8
2 4.7 Cr
Np(COs3),(OH),™ Np(OH)4(aq) Cr Np(COs)" Np(COs)s™
4.6 Cr NpO,"
Cr NpO," NpO,COy
Cr Ky Np(CO;3)," Np(CO5)s™
Np0,CO5°
Np(CO:),(OH),”  Np(OH)4(aq) NpO,"
NpO,* 4.1 S-O°
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K¢ pH

S-O [17-19]

KNpO,") =6.74x10" m’ kg™

Np(V)
4.2 K4(NpO,COy)
Np(IV) Np(OH)4(aq)
Np(V)
/ 3
[24]

K4
K4(NpO,")

Kohler

Ky(NpO,(CO3),”

Np(CO;3),(OH),™
Kohler

Geen

=FeOH + NpO," + H,0 = =FeOH-NpO,OH +H"

=FeOH + 2 H" + CO;> < =FeOH-(HO),CO

Np(OH)4(aq)
Np(CO5),(OH),™ OH
(V)

S-OH
pH.
Np(CO;),* Kai
Np(COs),*
0.03 0.11 mol.kg™"

Np(IV)

S-OH

S-OH OH

4.1

OECD/NEA-TDB

Np(1V)
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[19]

OH

U.—FCQO3

[19] Np(V)/

a -FeOOH

(4-7)
(4-8)

Np(IV)

pH. 8 10
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Ky Cr
Cr K4
2
1 m’ kg
4.5 Np(IV)
Np(IV)
Pratopo
Np(IV)
K¢ pH Cr
Kai 43
Pratopo
3
Np(OH)4(aq)
8 10 pH

Pratopo Np(IV)

Pratopo
Pratopo Ca
[26]
Np
Pratopo
0.45pum Np

[25,26]

3 nm

Np

-17-

Np(OH)4(aq)

K4(Np(OH)4(aq))
FRHP

Ca

(1-1)

Kg = 48.8 m’ kg

48.8 m’ kg

Np

Pratopo

Ky¢(Np(CO3)2(OH),”)  K4(NpO,")

K

Np

10*

Pratopo

Np

pH:
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0.1 M
Np

1 M

Np(IV)

Np

Pratopo
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Np(V)

Np
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Np
0.04 M
Np(IV) Np(V)
Np(OH)4(aq)
NpO," Np(OH)4(aq) Np(COs);*
Np(CO;),(OH),™
Np(IV)
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1.1 [2]
(mol.kg™)
FRHP FRLP SRHP SRLP MRNP
pH 8.46 5.70 7.95 5.96 7.07
pe -4.76 -2.65 -5.14 -2.69 -4.14
E, (V) -0.281 -0.156 -0.303 -0.159 -0.244
() 25 25 25 25 25

0.0042 0.0040 0.6317 0.6544 0.3892

CO, 10713 1070328 107 1070134 10704688
o 3556107 347007 617<107 S00x100  3.09%10°
K" 6.15x10” 5.99x10” 1.06x107 1.09x107 7.99x107
Mg** 5.00x107 5.00x107 2.49%x10™ 2.07x107 3.32x10™
Ca** 1.09x10™ 1.07x10™ 3.34x10"* 2.76x107 4.52x10™

Cr 1.46x107 1.02x10™ 5.90x10™ 5.90x10" 2.95x10"
HCOy 3.44x107 3.77x10° 1.19x107 1.39x10° 8.14x107
CO5*> 5.75x10° 1.08x10” 1.25x10™ 1.50x10° 1.15x10™*
COs(aq) 2.50x107 1.59x107 2.10x10™ 2.39x107 1.08x107
CH.(aq) 1.54x107"° 1.59x107 2.00x107 4.23%x10™ 9.99x107
SO, 1.08x10™* 9.87x10" 3.16x107 2.22x10™ 1.51x107

"Ep pe -log[e]
F (= 9.65x10* C.mol™) R (= 8.31 I.mol" K™ T (K)

F

pe=———E
2.303RT

h
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1.2 pH.=9.0 Np(IV)
log K
I=0M I=1M
Np(OH)4(am) <= Np(OH)4(aq) -8.5 -8.5 [9]
-8.3 -8.3 [10]
Np(OH),(am) + 4 CO;> = Np(COs),* +4 OH -17.79 -17.37 [101°
Np(OH),(am) + 5 CO5> = Np(COs)s" + 4 OH -21.13 -20.03 9]
-18.86 -14.60 [10]
Np(OH),(am) + 2 HCO5 = Np(CO3),(OH),” -4.40 -4.20 [9]
-2.78 -2.21 (4]
"JNC-TDB
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2.1 Np
6] | Np(IV) i Np(IvV) i Np(IV) Np(V)
{ 100mlg' ! 1000mlLg' ! 20mLg’ ! 20mlg’
28 i 20 i 10 i 10 i 10
1 M NaCl +
NaHCO, NaCl, NaHCO; 1M
009 1M | 004 08M | 004 03M | 04 09M | 004 1M
< 30 ml >
100mlg’ | 100mlg’ | 1000mlg’ | 20mlg’ | 20mlg’
[NpJini 1x10°M | 63x10°M § 13x10°M | 13x107M | 13x10°M
pH < HCI, NaOH 8 9 >
< 0.01 M Na,$,0, 5
< 10* >
< N, (0, <1 ppm) >
< 25 >
42 § 156 | 92 § 92 § 30
2 i 2 i 2 i 2 i 1
Np o
Np TTA

24-
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3.1 Np
=100 ml.g"

No. ) pH, E, (V) Cr (M) Ky (m'kg™) [Np(IV)J/[Nplr
TT2-1 14 8.75 -0.424 0.06 (3.4i1.9)X10° 0.523
TT2-2 14 8.84 -0.424 0.06 (4.3i2.3)><10'1 0.333
TT4-1 14 9.19 -0.450 0.12 (1.5£0.8)x10™! 0.444
TT4-2 14 8.84 -0.433 0.12 (1.1ﬂc0.6)X10'2 0.310
TT5-1 14 8.81 -0.423 0.16 (7.1i3.5)><10'2 0.435
TTS5-2 14 9.45 -0.449 0.16 (6.H:3.0)><10'2 0.328
TTe6-1 14 8.84 -0.422 0.20 (8,2i4.1)x10'2 0.409
TTe6-2 14 9.93 -0.518 0.20 (1.5i0.8)><10'2 0.281
TT7-1 14 8.91 -0.424 0.30 (3.3ﬂc1.6)X10'2 0.425
TT7-2 14 9.10 -0.418 0.30 (7.4n|z3.7)X10'2 0.433
TTS8-1 14 8.93 -0.404 0.40 (3.7i1.8)><10'2 0.382
TTS8-2 14 9.05 -0.404 0.40 n.d. 0.250
TT9-1 14 8.91 -0.325 0.60 (1.1ﬂ:0.6)XI0'2 0.460
TT9-2 14 9.58 -0.371 0.60 (2.6i:1.3)><10'2 0.402
TT10-1 14 9.67 -0.358 0.80 (1.81|z0.9)X10'2 0.860
TT10-2 14 9.21 -0.309 0.80 (1.9ﬂ:0.9)X10'2 0.763
TT2-1 28 8.88 -0.369 0.06 (1.2i0.7)X10° 0.810
TT2-2 28 8.95 -0.368 0.06 (4.8ﬂz2.6)XIO'1 0.388
TT3-1 28 9.67 -0.389 0.08 (5.8ﬂc3.1)X1O'1 0.317
TT3-2 28 9.56 -0.446 0.08 (9.7i5.4)X10" 0.341
TT4-1 28 9.24 -0.400 0.12 (1.1ﬂ:0.6)><10'1 0.419
TT4-2 28 8.95 -0.332 0.12 (9.5i:4.8)><10'2 0.467
TT5-1 28 8.93 -0.312 0.16 (9.Sn|z4.8)X10'2 0.663
TT5-2 28 9.67 -0.360 0.16 (1.2ﬂ:0.6)X10'2 0.451
TT6-1 28 8.96 -0.327 0.20 (1.5ﬂc0.7)X10'2 0.318
TT6-2 28 9.98 -0.499 0.20 (1.2n|z0.6)X10'2 0.520
TT7-1 28 9.00 -0.357 0.30 (4.0ﬁ:2.0)><10'2 0.368
TT7-2 28 9.17 -0.368 0.30 n.d. 0.380
TT8-1 28 9.03 -0.298 0.40 (7.3i3.5)><10'3 0.503
TTS8-2 28 9.14 -0.310 0.40 n.d. 0.401
TT9-1 28 9.03 -0.261 0.60 n.d. 0.246
TT9-2 28 9.79 -0.384 0.60 n.d. 0.310
TT10-1 28 9.75 -0.304 0.80 (1.5ﬂc0.7)X10'2 0.301
TT10-2 28 9.28 -0.202 0.80 (6.6n|z3.2)XIO'3 0.537
TT2-1 156 9.10 -0.237 0.06 (3.1£1.8)x10™! 0.194
TT4-1 156 9.75 -0.222 0.12 (2.1i1.2)X10" 0.117
TT5-1 156 9.45 -0.201 0.16 (5.0ﬂ:2.7)X10'2 0.082
TT6-1 156 9.12 -0.180 0.20 (1.7£0.9)x1072 0.106
TT7-1 156 9.14 -0.175 0.30 (5,0i2.7)x10‘2 0.284
TT8-1 156 9.37 -0.175 0.40 (1.5i0.8)><10'2 0.220
TT9-1 156 9.17 -0.161 0.60 (3.9ﬂc2.1)X10'2 0.763
TT10-1 156 9.77 -0.174 0.80 n.d. 0.651
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3.2 Np
=1000 ml.g"

No. (d) pH. Ey (V) Cr (M) K4 (mkg™) [Np(IV)J/[Nplr
TT11-1 15 7.39 -0.441 0.04 (4.712.4)X10O 0.295
TTI11-2 15 7.39 -0.442 0.04 (4.3ﬂ:2.2)><100 0.184
TT12-1 15 8.30 -0.499 0.06 (1.210.6)X1O° 0.079
TT12-2 15 7.77 -0.479 0.06 (1.710.8)X10O 0.135
TT13-1 15 7.96 -0.490 0.08 (8.4ﬂ:4.1)><10'1 0.021
TT13-2 15 8.07 -0.496 0.08 (7.313.6)X10‘1 0.053
TT14-1 15 9.56 -0.542 0.20 (3.711.8)X10'1 0.006
TT14-2 15 8.47 -0.523 0.20 (2.1ﬂ:1.0)><10'1 0.015
TT15-1 15 8.54 -0.518 0.30 (3.2£1.5)x10™" 0.044
TT15-2 15 8.53 -0.519 0.30 (3.811.8)X10'1 0.013
TT11-1 29 7.52 -0.438 0.04 (6.3ﬂ:3.2)><100 0.287
TTI11-2 29 7.54 -0.442 0.04 (8.814.5)XIO° 0.333
TT12-1 29 9.34 -0.531 0.06 (3.611.8)X10O 0.170
TT12-2 29 8.03 -0.490 0.06 (2.0ﬂ:1.0)><100 0.291
TT13-1 29 8.73 -0.518 0.08 (1.310.6)X1O° 0.197
TT13-2 29 8.41 -0.512 0.08 (7.413.5)X10'1 0.100
TT14-1 29 9.64 -0.560 0.20 (1.7ﬂ:0.8)><10'1 0.021
TT14-2 29 8.71 -0.529 0.20 (3.311.5)X10‘1 0.099
TT15-1 29 8.71 -0.524 0.30 (2.711.2)X10'1 0.067
TT15-2 29 8.69 -0.521 0.30 (1.2ﬂ:0.5)><10'1 0.030
TT11-1 92 7.95 -0.388 0.04 (2.311.4)XI01 0.050
TT12-1 92 9.88 -0.497 0.06 (3.312.0)X101 0.230
TT13-1 92 8.95 -0.455 0.08 (9.7ﬂ:4.9)><10'1 0.048
TT14-1 92 9.76 -0.410 0.20 (1.710.9)X1O‘1 0.016
TT15-1 92 9.06 -0.447 0.30 (2.(>il.3)X10'1 0.088
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3.3 Np
=20 ml.g"

No. (d) pH. Ey (V) Cr (M) K4 (m'kg") [Np(IV)J/[Npl
TT16-1 15 8.61 -0.514 0.40 (2.4£1.2)x1072 0.063
TT16-2 15 8.56 -0.510 0.40 (1.910.9)X1O‘2 0.096
TT17-1 15 8.56 -0.511 0.60 (2.211.1)X10'2 0.678
TT17-2 15 8.61 -0.512 0.60 (1.2£0.6)x1072 0.622
TT18-1 15 8.63 -0.511 0.70 (9.5+4.6)x107 0.675
TT18-2 15 9.32 -0.529 0.70 (5.712.7)X10'3 0.596
TT19-1 15 9.35 -0.531 0.80 (7.9i3.8)X10‘3 0.674
TT19-2 15 9.67 -0.542 0.80 (1.1£0.5)x 107 0.564
TT20-1 15 9.68 -0.544 0.90 (3.711.7)X10'3 0.633
TT20-2 15 9.58 -0.541 0.90 (6.9i3.3)X10‘3 0.711
TT16-1 29 8.81 -0.517 0.40 (1.710.8)X1O‘2 0.192
TT16-2 29 8.73 -0.513 0.40 (1.210.6)X10'2 0.165
TT17-1 29 8.76 -0.511 0.60 (6.012.8)XI0‘3 0.579
TT17-2 29 8.81 -0.511 0.60 (6.012.8)XI0‘3 0.679
TT18-1 29 8.81 -0.511 0.70 (3.411.6)X10'3 0.584
TT18-2 29 943 -0.529 0.70 (5.5£2.5)x 107 0.653
TT19-1 29 9.39 -0.527 0.80 (.’a.8il.8)X1O‘3 0.602
TT19-2 29 9.67 -0.537 0.80 (4.011.9)X10'3 0.638
TT20-1 29 9.78 -0.540 0.90 (2.811.3)X10‘3 0.603
TT20-2 29 9.85 -0.540 0.90 (2.2il.O)X1O‘3 0.513
TT16-1 92 9.08 -0.416 0.40 (2.011.0)X10'2 0.183
TT17-1 92 9.06 -0.394 0.60 (1.310.6)X10‘2 0.304
TT18-1 92 9.08 -0.392 0.70 (1.410.7)X1O‘2 0.777
TT19-1 92 10.13 -0.421 0.80 (4.912.4)X10'3 0.523
TT20-1 92 10.09 -0.426 0.90 (3.211.6)X10‘3 0.508
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3.4 Np
=20 ml.g"

No. (d) pH. Ej (V) Cr (M) K4 (m'kg") [Np(IV)V/[Nplr
TT21-1 15 8.43 0.131 0.04 (2.0£1.0)x1072 0.009
TT22-1 15 8.47 0.109 0.05 (1.210.5)X10'2 0.006
TT23-1 15 8.48 0.087 0.06 (1.6+0.8)x 102 0.004
TT24-1 15 8.48 0.093 0.07 (3.8£1.5)x 102 0.005
TT25-1 15 8.54 0.085 0.08 (6.312.6)X10'3 0.001
TT26-1 15 8.54 0.082 0.10 (1.51z0.7)><10'2 0.019
TT27-1 15 8.59 0.082 0.20 (6.0i2.5)XI0'3 0.011
TT28-1 15 8.61 0.084 0.30 (5.412.2)X10'3 0.007
TT29-1 15 8.61 0.092 0.50 (8.2ﬂz3.2)><10'4 0.015
TT30-1 15 8.68 0.153 1.00 (1.5i0.7)><10'2 0.077
TT21-1 30 8.61 0.087 0.04 (1.710.5)X10'2 0.011
TT22-1 30 8.62 0.072 0.05 (1.4+0.4)x 102 0.006
TT23-1 30 8.66 0.065 0.06 (2.1i0.6)><10'2 0.029
TT24-1 30 8.66 0.063 0.07 (1.110.3)X10'2 0.005
TT25-1 30 8.68 0.059 0.08 (1.6ﬂz0.5)><10'2 0.011
TT26-1 30 8.99 0.056 0.10 (1.5i0.4)><10'2 0.004
TT27-1 30 8.78 0.056 0.20 (4.311.1)X10'3 0.014
TT28-1 30 8.84 0.062 0.30 (1.7ﬂz0.4)><10'3 0.010
TT29-1 30 8.84 0.068 0.50 (4.1i1.0)><10'5 0.015
TT30-1 30 8.84 0.098 1.00 (3.010.8)X10'3 0.054
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3.5
TTA
[NpJinit (M) (d) PH. Ey (V) Cr(M)  [Np(IV)J[Np]r
1.68x107 15 8.12 -0.505 0.04 0.014
1.68x107 15 8.61 -0.529 0.90 0.523
1.68x107 29 8.04 -0.494 0.04 0.020
1.68x107 29 8.83 -0.522 0.90 0.585
"""""""" LBea0t s w4 osm oo o
1.36x10° 15 9.68 0.130 1.00 0.330
1.36x10° 30 8.84 0.534 0.04 0.268
1.36x10° 30 9.98 0.824 1.00 0.314
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4.1 Np

log K

I=0M I=1M
Np(OH)4(am) < Np** +4 OH" -54.47 -51.40 [10]
Np** +4 OH < Np(OH)4(aq) 46.17 43.10 [10]
Np*"+4 COs* = Np(CO;),* +4 OH 36.68 34.03 [10]
Np* + 5 CO;5* = Np(CO;)s" +4 OH 35.61 36.81 [10]
Np** +2 CO5 +2 OH = Np(CO3),(OH),” 4438 40.82 [4]
NpO," +4H +4¢ = 2 H,0+Np* 10.21° 11.98™ [10]
NpO," + CO5* = Np0,CO;y 4.96 4.34 [10]
NpO,* +2 COs* = NpO,(CO5),™ 6.53 6.80 [10]

ok
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42
Kd1 Np Ke
log K. log K.
NpO,* <2.40x107 6.74x10""
NpO,CO;5” <3.50x10™ 4.07x10™
NpO,(CO;),* <7.40%x107 6.46x107
Np(OH)4(aq) 4.88x10' 4.88x10'
Np(COs),* 1.45%107! 2.25%107
Np(CO3)s* 5.07x107 4.28x107
Np(CO5),(OH),* 1.16x10™ 1.91x10™
log K, 11.97° 7.45
"OECD/NEA-TDB
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4.3 Kg
Kqi (m’ kg™
) " Ca
NpO," 6.74x10"" (1.31~13.1)x10° 10210001
NpO,(OH)," 2824039
NpO,CO;5’ 4.07x10™ <3.93x10™
NpO»(CO3),™ 6.46x107 <3.93x10*
 NpOHMGag) Lssxi00
Np(OH)s’ > 1.04x10*
Np(COs)4* 2.25%x10"
Np(CO5)s™ 4.28x10°
Np(COs);(OH),” 1.91x10™ 6.56x10"" 10012024
Np(CO;3),(OH),* 6.13x10 10093037
[25] [26]
"log K.
" 1.31x10% m*kg™" [25] K4
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0
102 |-
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3.7
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