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Solubilities and Major Species of Selenium and Technetium in the KURT
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Abstract

The long-lived fission products 7°Se and 9°Tc have been considered as the major concern nuclides for the
disposal of radioactive waste because of their high solubilities and the existence of anionic species in natural water.
In this study, the solubilities of FeSe,(s) and TcO,(s), known as respective Solubility Limiting Solid Phase (SLSP) of
selenium and technetium, were measured in the KURT (KAERI Underground Research Tunnel) groundwater under
various pH and redox conditions. And their solubilities and major species were also calculated using geochemical
codes under conditions similar to experimental solutions. Experimental results and calculation for FeSe, show that
the solubility of selenium was found to be below 1x107 mol/L under the condition of pH 8~9.5 and Eh=-0.3~
0.4 V while the dominant species was identified as HSe™. For TcO,, the solubility of technetium was found to be
5x1078~1x10" mol/L in the solutions of pH 6~9.5 and Eh<-0.1 V, while the dominant species was TcO(OH)s.
However, when the Eh of the solution is -0.35 V, TcO(OH);™ and TcO," are calculated as the dominant species at
pH 10.5~12 and pH>12, respectively.
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Fig. 1. XRD pattern of synthesized FeSe,.
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Table 1. Composition of KURT groundwater.
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dom o5 F ¥ &N e NMWL (Nominal Molecular
Weight Unit) 10002] ultrafiltration membrane (Millipore,
PES)Z oj7slirt, ARz HavF 55 il
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Table 2. Reactions and equilibrium constants of selenium used
for the calculation of solubility and major species.

Reaction log Ka
Se2” + HY = HSe™ 14,9
2Se?” = Sezz' +2e” 25.32
35e?” = 8e,2 + 4e” 49.966
HSe™ + 4H,0 = SeO,2” + 9H™ + 8¢ -81.13
HSe™ + H' = I,Se(aq) 38
4HSe™ = Se 7 + 4H + 6e” 14.4
HSe™ + 3H,0 = SeO% + 7TH' + 6e” -45.64
H,Se +3H,0 =H,SeO, + 6H" +6¢” 46,2
SeO,r +H' = H8eO,” 8.36
SeO,2 + H,0 = SeO, 2 + 2H™ + 2¢7 -27.49
SeO, + 2H" = H,S¢0, 11.24
80, +2H" = 1,8¢0, 0.21
HSeO,” = SeO,> + H* -1.75
H,S¢0, = HSeO, + H' 2,64
H,5¢O, + H,0 = HSeO, + 3H+ + 2¢” -37.3
2HSe + Fe* = Fese(s) + 2H" + 2¢- 16.8

AA]l data refer to a standard state (298,15 K, 0,1 MPa and ionic strength=0).

) Concentration ) Concentration
Element (mg/L) Element (mg/L) Table 3. Reactions and equilibrium constants of technetium used
Na 19.9 Sr 5.8x107 for the calculation of solubility and major species.
K 0.6 Al 3.7x10°* -
Ca 13.9 W 3 62107 Reaction log Ka
3. . F— T z
Mg s o 2 0x102 TcO(OH), + HF = H,0 + TcO(OH) 25
CO, + HCO 3 Ba 3.0x10°2 TcO(OH), + 2H* = TcO,™ + 2H,0 3.87
cl 2.1 Mo 6.0x107 TcO," + 31,0 = 3H" + TcO(OH),” -14.9
SO, 18.8 B 7.0x107™ TcO,™ + CO,Z + H,0 = TeCO,(OH), 15.25
NO, 0.2 Zn 1.5x10° TcO," + COZ + 2H,0 = TcCO,(OH), + H* 6.95
- — 3 3
F 3.8 Li 2.4x10 § TcO,* +3H,0 = TcO, + 6H' + 3¢” 33.43
;11 18.8 ] Cu 3.0x10% TcO, - 1.6H,0(s) + 2H" = TcO,™ + 2.6H,0 4.4
n 1.3x10™ - -
pH 8.1 Eh -200 mV AAll data refer to a standard state (298,15 K, 0,1 MPa and ionic strength= 0).
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Table 4. The solubilities of selenium in this study and literatures.

Eh (V) pH S(Orﬁgﬁlﬁ?r Dg?g:f? ' Remarks

028 | 99 1.0x107
o 737 L7x10" Experimentally measured
— values in this study
+0.4 7.1 1.5x107
028 | 99 1.7x107° HSe™
-0.34 9.9 1.6x107 HSe™ Calculated results by
0.3 9.5 6.5x1071° HSe” PHREEQC and MINTEQ
-0.4 9.5 3.0x10® HSe” in this study
0 7.37 4,5x107 Se(0)
Oxidizing High Se0,”, SeO, > References [7, 17, 19]

0.28 8 1x1070 HSe™ Reference [19]
0.28 85 5x107 HSe™ Reference [17], SLSP"= FeSe,
0.3 11.4 1x107 HSe™ Reference [17], SLSP"= FeSe,
0.18 7.66 |1.0x10® (6.0x107)% HSe™ Reference (8], SLSPP= FeSe,

-(30235 7~85 1.0x10° (High—sfl{lifijtryerglisL[uSl]dwatcr)
0.35 7.8 4x107° HSe™ Reference (8], SLSPP= Se(s)
0.28 | 874 (8.0x107)" HSe™ Reference [8], SLSP"= FeSe,
-0.2 6.9 1.0x10™ HSe™ Reference [8], SLSPP= Fe3Se,
-0.3 8.2 3.0x107° HSe™ Reference [8], SLSPP= Se(s)
0.25 5x10°8 HSe" Reference [16], SLSP’= FeSe

(Boom clay water)

& Conservative values in parentheses
D Solubility Limiting Solid Phase

Vol. 10(1), p.13-19 Mar. 2012.
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Fig. 2 Major species of selenium in KURT groundwater at Eh=
-0.35 V. The species were calculated with a Visual MINTEQ code:
(a) [Seliota1=1075 mol/L, (b) [Seltotal=10"7 mol/L and (c) [Sel];ta=
1079 mol/L.

u-- P gr-s YeERHATH F4 97 Eh=-0.2~-0.4 V
ZZ0A de B APAINE Fig, 39 EHEAZET 2ol
H] sk le, o] 1RolA] K= uke} o] S kY] o
o (pH 6~9)°4] Eh7} -0.1 V o|3}3] §H 4] TcO,o] &
= 5x107°~1x10" mol/LE YERTE TcO,= 484

%Oﬂ/ﬂ TcO, + xH,O0% F3tE =), HT A7 xo Fhol oF
65 Zr=tH6, 91 3, HlavlFe Seiee T4 2 oF

°§7] z7004 At -7 TeaV)E FAZ 3¢, At

-17-

= [20]
0[21]

® This study (experiment)

1E—-6 4

[TeV)]

1E-8

1E-10 T

O -

—log,o[H']

Fig. 3. Solubilities of technetium in the reducing groundwaters.

o] 24 2 pHO JFL A/ LA g Aow dHA
=4

Visual MINTEQ FE2 0]-83}¢] Eh=-0.35 V Z71ol|A] €|
AU Fe F=o 2 §95 gEFE] xS} TeO, -
1.6H,0(s)2] Hlo|E| & o|&3le] &3l =& Aitet A3E 7}
7t Fig. 48} Fig, 59 YRt o]
2ol T4 E oFd7] o] pHE ZF Alstre] A
%, F &3] 3}8tE0] TcO(OH),Z ol2+E ™, pH 10.5 o]l
A= TcO(OH), 2 YRt 28fut 8945 pHYE 12 o]
&A7) &A= TcO, 7} F &3l shstg o2 Yehge],
o] TcO, 7} Te(IV)Z A== 7917} wll-¢- wola] H =)
Fol Te(VIDZ EA3te] &3 =7t S7hshe 2o s delA
ATHOL. Fig. 50 VFERH KURT A|akroll A Akt o &
o] g me APA KT} o wkofot, 1 55 ofollA] o
28kt

=

Ly

v. 2
Ehe] Zho| vte AR Aslpoa AYFe] 8 A%

Heo| x| 299 Zo]H, KURT A3t AJE-lA] FeSe,

Eh%to] -0.3 V o]a}lell A 1x10™° mol/L ©]38}¢]

°‘“?
il
r

‘g] T

e Zre vt 2l Ao 1.0x107 mol/L oo R
getEn, 89 A F &35 F8E2 HSe = AlAtE
Atk

pH7F 6~9.5 4l $Hl A s ABHF oA TcO,9 &
B = 5x10°~1x107 mol/LE UERst o, o] pH o 2d
A F &3 3}etEo] TcO(OH),Z o= A%}, pH 10.5~12
S} pH 12 o]}l A& TcO(OH), ¢} TcO, 7} ZHzh 5= &3
s}3tg o 2 vEbT)




J. Kor. Rad. Waste Soc.

08

—— Tc0™

—o— TcO,’

—v— TcCO,(OH), (aq)
—o— TcCO,(OH),’
—&— TcO(OH)"
—o— TeO(OH), (aq)
—a— TcO(OH),
—o— TcOy 1.6H,0 ()

06

Fraction

04

0.2

TeO,
0O

TeO(OH),
08

0.6 —— TcO"

—0— TcO,

—v— TcCO(OH),(aq)
—g— TcCO,(OH),
—8— TcO(OH)"
—0— TcO(OH),(aq)
—e— TcO(OH),;
—0— TcO, 1L.6H,0 (5)

Fraction

04 ¢

0.2

009 00
4 6 8 10 12 14

0.8 1

06 4 —— T

—0— TcO,”

—v— TcCO,(OH),(aq)
—g— TcCO,(OH),
—&— TcO(OH)"
—o— TcO(OH),(aq)
—&— TcO(OH),
—o— TeO,0 1.6H,0 (5)

Fraction

0.4 {Teco,(0H), (aq)

024

0.0

pH
(c)

Fig. 4. Major technetium species in the KURT groundwater at
Eh=-0.35V. The species were calculated with a Visual MINTEQ
code: (a) [Tc]total=10"7 mol/L, (b) [Tc]total=10"8 mol/L and (c)
[Tcltotal=10"2 mol.
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Fig. 5. Major technetium species and solubilities of TcO, . 1.6H,O
in KURT groundwater at Eh=-0.35 V.
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