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Thermodynamic data for Am(III) in carbonate media presented in seven publications from six organiza-
tions of five countries were reviewed and discussed. Fairly good agreement was found for the equilibrium
constant for the mono carbonate complex of Am(111), AmCOj. Two different analyses have been proposed
for the formation of higher coordinated complex species, one of which assumed formation of pure carbon-
ate complexes, and another assumed formation of both carbonate and hydroxy-carbonate complexes. This
review found a set of solubility data that requires unreasonably large stability constants for the carbonate
complex species unless the hydroxy-carbonate complexes are taken into account. This review estimated up-
per limits of the stability constants of the hydroxy-carbonate complexes from another set of solubility data
that was originally interpreted only by the carbonate complexes. These upper limits were consistent to the
reported stability constants for the hydroxy-carbonate complexes. There is a set of solvent extraction data
that requires no hydroxy-carbonate complexes in the data analysis although the hydroxy-carbonate com-
plexes could be dominant under the employed conditions. This review considered the hydroxy-carbonate
complexes as well as carbonate complexes to develop a database that is consistent to all the published solu-
bility data because the main purpose of this database is to estimate the solubility of Am for the performance
assessment of geological disposal. Stability constants extrapolated to I=0.by specific interaction model
were selected.

Key words: Americium, Thermodynamic data, Carbonate complexes, Hydroxy- carbonate com-
plexes, Speciation, Equilibrium constant, !onic strength, pH, Solubility
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2.1 Lundqvist, R.: Hydrophilic Complexes of Ac-
tinides. 1. Carbonates of Trivalent Americium and
Europium, Acta Chem. Scand., A36, 741-750 (1982)
[4].
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2.2  Bidoglio, G.: Characterization of Am(III)
Complexes with Bicarbonate and Carbonate Ions at
Ground-water Concentration Levels, Radiochem.
Radioanal. Letters, 53, 45-60 (1982) [5].
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DL Y2 —[12] bHERHLTWB LI, TOERER
RIDERZFBTILEOTXEN RLZEEY
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39 5 Bernkopf & Kim D7 — S f#ff L BN
CIZIEERSADETH B,

2.3 Bernkopf, M. F., Kim. J. I.: Hydrolysis Reac-
tions and Carbonate Complexation of Americium
(I11) in Natural Aquatic System, RCM-02884, Tech-
nische Universitit Miinchen (1984) (in German)[6].
pH 3 —13, ¥8/%25+0.5°C0.1 mol/dm® NaClO
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Fig. 1 Solubilities of americium(It) in a 0.1 mol/dm® NaClO,
solution and in a HCOS /COZ™ solution. Modified from

Bernkopf and Kim [6).
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107" IAEFEELTED. TOEE Y 5P
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Am (OH)y ;= Am* "+ 30H ™

log K, =—25.7 (1)
Am(OH)CO,, = Am** + OH™ +CO}~
log K, =—18.7 (2)
" €Oy + H,0 = H,CO;
logKk=—15 (3)
H,CO,=H" + HCO;
logK=—6.16 (4)

52



Vol.3 No.1

HCO, =H"+CO%~

_ log K=—10.00 (5)
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log f=18.29%0.17 (1)

Am*T+2003" = Am(CO,),~ (12)
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3, [X 1 OBHEDT -2 20, BHAMOH), &
TF1E Am(CO,);, DIDOTEIL,

AmM(OH), , +2C0%" = Am(CO,); + 30H ™
logK=-157 (13)
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log B =11.8(14)

PEEND, £142R5BEIDMEH, Am(CO,), DR
EEERE UTRE SN EDEID §RE NI LA
7B, Felmyetal. [9)i2 123 & WS {EAELEZ T3
N, ThIA 4 VBE O TDETH 5, OECD/NEA
[12]EChEDXEENSA X VEEOICBT S
Am(CO,), DREEEKE LTI123L04DHEES5Z
T3, log B=11.8 %SIT TA 4 V3 0 IZfHIET 5
&, 135& %%, Bernkopf & Kim [6]DEERFER %
AM(CO,); THE L B L1=3540 13,5 LW 3 iid
OECD/NEA [12)35- A 7=RHHE L D 63 0 B RELME
THY., HEOLEE, S, BHThHN, R(1DHK
(2B ZRATBETH 5 LI OIZESANSIZEL
WA, BRI T~ 2 L OBAM LKL D DTE
BTH5b, 2. Bernkopf & Kim [6]#HBE L /=
Am(OH),CO, D&RLE ., #HHIDD & 52 Am(CO,), T
LHATEZ LW HHTEE TS DIZERM TS 5,

Bernkopf & Kim [6){OECD/NEA DL ¥ 2. —[12]T
EESP XN AR, BLEICER U &S ic 7208tz
BTLEMES D TIREN, ALK 2 -3 FED
E%H 5 Bernkopf & Kim DIFERAEHHTE 5 &
U.. SIT T4 o V8RB A8 L 7B # Table 1 D
IR U7, s, [OH THIEDMELE 14 gL o
129 280D 1 A M B fERf%RE(ion interaction co-
efficients) DERELEFE L €, KEEERDHRE LN
BTE02& Uk, 56 IXEREH T THENTEY
{EEEREAMCO!, Am(CO,)*”, Am(CO,)} )z DN TK
EHREDDNIREEER A LTS (Table |
PN & TREEK) 25, IR BICDWTMEENY
IZZLneEZ 5,

2.4 Nitsche, H., Standifer, E. M., Silva, R. J.:
Americium(III) Carbonate Complexation in Aque-
ous Perchlorate Solution, Radiochim. Acta, 45, 185-
189 (1989) [7].

pH 4.37-6.40. [CO; |=3.4X 107"~ 135X 10" ¢
mol/dm”*. ¥ 22.5 £ 1.5°CD0.1 mol/dm * NaClO, &
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AMCOIDBREEERlog 8 =6.6910.15 4187, %
SRS FEFEOE R AMER CE 5 pH TIFbITH
0., REEA A EE HME D TER DA AL & T
%5728, B5NAnCOIDREEERIIEMTE
BLELZOND, SITTAL VHREEIIZIEL -(E
% Table 1 1SR L, 7— 2BEOFFIZH =,

2.5 Robouch, P., Vitorge, P.: Americium Chem-
istry in Carbonate Media, In: Contribution to the
prediction of americium, plutonium and neptunium
behaviour in the geosphere: Chemical data, CEA-R-
5473, pp.46-83 (1989) [8].

T AV LAEERISKRIL S b Y S AR IMA THER
L7-[E% HEWE L UTA 4 VRENBVER G
mol/dm® NaCIO,) ™ CIE##E & RIE L7z, REEA A
VEEIRRO OO FETAIY bu—L LT,

[1] pH75~ 10412V CEHARETS
[2] pHS.1 ~78IcH\ TR A A L4 HIET 2
5 XARIERT I X O B % Am (CO,), () LHERRL

log[C07 ]

Fig. 2 Americium(lll) solid phase predominance diagram in
carbonate/water system reported by Vitorge [12]. The solid
line (log Pco, = — 1.5) represents the border between the
predominant range of Am,(CO3)s,, and Am(OH)CO;,. The
broken line (log Pco, = — 7.8) represents the border be-
tween the predominant range of Am(OH)CO,, and
Am(OH},. The circles and squares represent the condition
of solubility experiments performed by Robouch & Vitorge
[8] and that of the third series of solubility experiments per-
formed by Felmy et al. [9], respectively.
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7z& LT3, Fig 213FHED—ANThH 5 Vitorge [11]
AI1992 FITR U REEA A » RFERICB T B 72 ¥

7 LDBEEOREER S A 705 LTHB, Fig. 212

13[EIEFIZ Robouch & Vitorge [8]DFBRS M4 72 b
LThb, EERIZAM(CO,), ) BEREAEM L,
Am(OH)CO, ) PEELFHIZE 0TI T
Bl Litkb, DI &I, Robouch & Vitorge [8]T
AR HIBRENIZ 9N T Amy(CO,), ) & U TR
FHNTONBZEEFIET B, ThhbAMLCO,), |
DIEBER b Am* T ORI 4 Y CATFEDRRIE
EREEDTODIDREMTH 5. ZOFLIITERE
IZE 3OS LBDNL DDH Y T DNT X HRERT
TREMEARIE L 200 s, @RIEET/ 4 -2
RENTNELY, 772 UFig 215 L7 Amy(CO,y); ¢
& Am(OH)CO, () DERIZ, Vitorge [11113K % &34
E(Pco,= 107 atm) & L T3 T LT3R
ETH5, '

2.6 Felmy, A. R, Rai, D., Fulton, R. W.: The Solu-
bility of AmOHCO,,
dynamics of the System Na T-Am®T-HCO;-CO}~-
OH "-H,0, Radiochim. Acta, 50, 193-204 (1990) [9].
EEE E FaF ) REEIE Am(OH)CO,, 4 HBWHE
EUT, RD 3 V) — ADOEREZMGTHIEE 4 HlE L
7
(1]
[2]

and the Aqueous Thermo-

IREEH XY =10 *atm, pH=5.5~9.3

pH =10.6~ 11.3. Na,CO,¥# & = 0.003~ 0.1
mol/dm*

(3] Na,CO,#% =0.07 mol/dm®, pH=11.7~13.0
WHIXTNTOF — 2 % 4 DOVETEREAM (CO,) ™,
(x=0~3)THHL., BOBOREBERLTL TV
3, ZOEOFEITRN/ & S1Z, Pco,= 10" atm i
BITB T — 4 ORFUIIREEER TR v Fof Y REE
HEETERATELLVSHEBMENS S, £2T
Felmy 51331 — X [3] OEEER» S FhaHiaL
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Fig. 8 The americium(lil) solubility in 0.07 mol/dm*® Na,CO,
solutions reparted by Felmy et al. [9].

Am(OH)CO,,,, precipitate was resuspended in 0.07 mol/dm®
Na,CO, solutions at the pH range of 11.7 - 13.0.
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Fig. 4 The americium(ill} solubility in Na,CQO, solutions ver-
sus a) measured pH; b) calculated carbonate concentra-
tions reported by Felmy et al. [9]. Am(OH)CO,, precipitate
was resuspended in Na,CQ, solutions at the concentration
range of 0.003 - 0.1 mol/dm® and at pH range of 10.6 - 11.3.
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Fig. 5 The americium(l11) solubility at fixed Pco, ot 10atm
reported by Felmy et al. [9].
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Fig. 6 Estimation of upper limits of the formation constants
for Am(OH)COj and Am(OH)(CO;)5 based on the solublllty
data reported by Felmy et al. [9).
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Fig. 7 The americium solubility at fixed Pco, of 10%atm re-
ported by Meinrath & Kim {10] and of 10™**atm reported by
Bernkopf & Kim [6].

(a) Meinrath & Kim [10] explained the increase of solubility
at [OH ]>10®mainiy with Am(CO,),” while Bernkopf &
Kim [6] with Am{OH),CO;".

(b} If the data reported by Bernkopf & Kim [6] are explained
by Am(CO,); (log ;7 =11.83), the concentration of this
species under the condition employed by Meinrath &
Kim [10] will be much higher than their experimental re-
sults.

(c) Concentration of Am(OH),CO; (log 2 =18.29) under the
condition employed by Meinrath & Kim [10] is very close
to their experimental results.
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