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i Zhans, TEA-2, -1, 0, +4, +6 511
M. FERJETESAETS, W32 LL Se(-1) Se(-1)
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B 1 ik Er-pH AHEL IS 25 C, [Sely = 10° M, [Fe*'] =
10° M, [Sle = 107 M, HA82ED: FeS, + 8H,0 = Fe®* +
2SO0, + 16H" + 14¢7; BHAAFL®D): FeS + 4H,0 = Fe®* + SO, +
8H" + 8¢

(HEERI B SCK $2 4t i) Act2 F2 17 2 il 1) Al 1)
Eh-pH AP0 B 1 AT UG Y, SR Se(IV) )
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3Fe + 4H,0 = Fe;0, + 4H, 1 (2)
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REFE A, Bk AR R B K Fe®t M R K.

Fe** + ¢ = Fe**

E®=0.7694 V 3)
HSeO; + 4e” + 5H' = Se(0) + 3H,0
E® =0.7806 V 4)
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AR N O BRI HN9)), AEAE B T K s Hs T
K, ATHSO ] = 107 M, [Fe* ] = 107 M, 13375+
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FeSe, JE X AFLE M #E [ & R k. X T FeSe, K i
ML, FeATT H AT IE LR TT R HE— 2D T L AE.

TEIR A E, pH A Fe-S 4 43 J5 XV filh 19 f) 7
Ykl (B 1), #4321, FeSey SUZELT H AR
PEZAT N AR, MAERRYESRAE T, SOV =4 3 %
H Se(0). X EERAILF AR, 24 VP74 j2 FeSe,
PR FE Fe™, [N =400 Se(0) i IR i Fe®* () i
KADAN(12), WILAEZEINATIN Fe RO T,
BN AN BETE AW WA RIE SN FeSey, N =)
s RIRGYE 2).

FeS, + 3.5HSeO; + 1.5H" =

2S04% + Fe** + 3.5S¢e(0) + 2.5H,0 (11)
FeS, + 2.8HSeO;™ + 0.4Fe** =
2S0,> + 1.4FeSe, + 0.4H,0 + 2H* (12)

BT A AR S AR R, AT SR ™ ()
PRI i) U0 AT R PRI 6 A () e A RN
I, SRR 5RO YA R R VR R 477 R, X AR
ATFTAEO R R . S A DR, 257 A A
18 H RN =)0k Se(O)F, RMAFHFE HY. M TWIR
PESAE T B0 I8 JFOE A TR I 7= 1) R Se(0), AUk,
E— BRI L, B AR R A &7 R R, X
TR P 1 4 A R Y.
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YT Fe(ID)-S AL 403 J5U S il 12 1 s 3 AL, 3k
MIHAT B R RIS, A0 W 90 45 R 48 e 1 )5
IERFRSE. BT (%% S fE pH = 2.0 Bz,
£ pH > 2.0 W, T ALK R FePY,
DAL DAY 8 7 JE S0 A7 7R 1) HSeO5 1, SeO5™, 146H
X2 Fe’* J 1& Fe(HSeOs), Bk FeSeO; 451, 2 J&Hi T
JEiT Se-O-Fe M Fe 1) 3d Pl #4ESF4 Se [
A4d F1 4p B, FESeAV)HIE 5. X T [ N IE) )
2, BRATRIF R 45 SRR, Se(IV) 53088 1 [ W 12
MUE—Z [ V. {E pH 4.0 & 5.1 fffix, Se(IV)55 52k
WA B I 3 BAE 1.65%107 h™' & 4.76x10°* h!
2 [A].
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B 1, s v 0 40 1 A e Ak 1 5 R AR R R )
TSRS I (s N (2)). ARG, BRI
OIAART, FLIE R R R G2 2 R R kLA A A &
AR . WL (0 A= W) 5 B IR R Bk ik
i, Al LR R R R
3Fe,05 + 2H" 4+ 2e” = 2Fe;04 + H,O
E® = 0.1650 V (13)
3FeOOH + ¢~ = Fe;0, + H,O + OH™
E® = —0.7068 V (14)
BN (I3 MI(L4) K W], BERRD™ AT B 1) 38 Ji
PE, G5 RNV (4) S)F6) AT &N, #))% RS ¥
AR JE A Se(0). FeSe, fil FeSe #5247/, &l 1
(1) En-pH AR HE— 0 U TR RGN TR e 1, N ™
WIN. A FeSe B¢ FeSe,. H i O A MBI M5 2L L
3 AP R I () 7= 40 4 FeSe Tk Fe,Seg! '™ 17, AI%
Segt Bk E, T T AR R REERAT X 7 Se (1R
MR 2R B Fe-Se fh& W, {H & 15 68 B W
FeSe, P Wi A7 Rk — 25 IWFFUAf .

4.3 ZEHH

SRR R A R S TR SR TG AR T TR O,
ST 2 W — R . FLSR R R L, RIEAR
U DL S AR B Rk, OB T iR A G
(R Tk . S8R 1 7K A A A 32 2 AR B Bk
AT DL R Y R

FeOOH + CO;* + H + ¢” = FeCO; + 20H"

E® = 02641 V (15)

R, Ay 2% B3R 30 D Sl Rt 2 T A7 119
CA ORIl B, M LURERRE™, 28R 10 s B3
PEFEANE, NG BP0 Se(0) MY,

4.4 %k (green rust)

445 (green rust) /& Fe®/Fe ™ FH & 1 I Z IR A 4k
Y, BTN EAEWE. Koy An LR
Fe,_,"/Fe (OH)A™ - HyO, ot A N m AT
(IR B (Bl SO, CO5™, CI%%), Fe'/Fe™ [ Lhl
1E 2~3 Z (AP AR B A e R AR 4
PEF, WRES LRSS, H T4 Fe AP AE, ff
RS AT B i I8 Jsi . Myneni 2507V 5L HUE 5
T BRI IE S AE L Ak GR(SOL™) g 1l
W JF AN, BE G R — PR IR A Se(0) A
/D) Se(-IT). Scheinost 2 RIHIF 7T W22 51 GR(CI)
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WA ERN R 5 (0 7= H) 4 FeSe. MIXEEZh UKE, 4t
B REAT RO R A A IO RN &, (B T
[(¥) Fe e o el A, R AE LA R h SR A AR AN
REFE A7 AE.

5 Se(0), FeSe, il FeSe VA Ji5 ity b 4%

TE =1 TR D Ak PRI 22 VP, ARt S
BURPERZ ZIT I — AN R 25, HT T 2 A 25 31
&, Fe(l)-H Wit )3 WANIR 5, 22 Se(0). FeSe
1 FeSe,.

X Se, MIEI FeSe, YUIERT, W ME LT
N A e

FeSe, + 2H" +2¢™ =

Fe** + 2HSe™ (A,G° =97.712 kJ/mol)  (16)

log[HSe ] = —8.56 — pH — 0.5log[Fe*" ] —pe  (17)

M Se(0)ULVE I, FLWSAf FE B BLT e by X 4%
iR

Se(0) + H™ + 2e = HSe™ (A,G’= 43.471 kJ/mol)  (18)

log[HSe] = —7.62—pH—2pe (19)
A2, MBI FeSe i Ppiie s, FATA:
FeSe + H*
=Fe” + HSe™ (A,G°=23.041 kJ/mol)  (20)

log[HSe™] =-4.04 — pH - 10g[Fez+] 21
NI, 765 Fe(D)-BrAb ¥t R ES b (i
B /DI SRR AL B R ), R
AL I s FLTRE - Fe(Tn)-6% Ak 42 (A ¥ it i 42 1) 2 54,
IR BRI R] SR 3K (7) FH(9) 38 7 A 3R IR S84 38 Jit AT
Zr e (17), (1921 Hi(pe = 0.4343F/RT x Eh=
16.9 Eh), FeSe iR £ 35 K, 111 FeSe, 445 il (1) Al 45 it
BE L Se(0)8% FeSe 44 il ¥ A FE 22 /N LA B = 40
AES Fe(ID)-TAb ik &b, dlid FeSe, [MUTIE,
TG F 3k JBE A 2 RIE AR I AT, 36 T BELE ™Se 1)
TR EEN RN,

6 4HiithREY

W JEPTEEPLH PSe TR M . A
RIS HT R W, FeSe, 12 HIH Se R A%, kN
Se(0)F1 FeSe. Hui A MBFFTRY], fEAERME R
o (& L BT R ST A AR G DL T R e
i Fe 8 J5 Se(0), Hofih Fe(ID)-i Yy Bk 45k
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Se 47 A BETE I ) 2 b B B o i ME VAR 1) FeSe, M
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Abstract: The radioactive isotope "°Se, with a half-life of 2.95x10° years, is presently considered as the key mobile

fission product for the disposal of spent fuel and high-level radioactive waste. The solubility of selenium is significantly
controlled by its oxidation state, which depends on the redox conditions of the surrounding environment. Tetravalent
and hexavalent Se are very soluble and mobile aqueous oxyanions, while Se species with oxidation states 0, —I, and —II
are low solubility solids. Due to the weak adsorption of Se(IV) and Se(VI) on natural minerals, in particular on granite
or claystone minerals, which are considered as host rocks for nuclear waste disposal, reductive precipitation is
considered to be the most effective way to immobilize "’Se. On the other hand, Fe(II)-bearing minerals (such as pyrite,
pyrrhotite, magnetite, etc.) are ubiquitous in geological environment. Due to the reducing capacity, reduction of selenite
by Fe(Il)-containing minerals has received extensive attention worldwide. In this paper, we gave a critical review on the
research progress in this field, along with the thermodynamic calculations on the reaction feasibility and the
controlling-factor of the reaction products.

Keywords: nuclear waste disposal, Fe(Il)-bearing minerals, selenite, reductive precipitation
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