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Crystallization processes of hydrous metal oxides
in the presence of aqueous-phase
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Osamu TOCHIYAMAD, Yuichi NIIBORIY, Kouichi TANAKAD, Yusuke MORIYAD,
Mikazu YUI2, Masahiro SHIBATA2 and Takeshi TETSU?

Evaluation of solubility-limiting solid is a central theme for predicting the rate
of radionuclide release from HLW repository to the accessible environment. Such
solids which control the concentration of radionuclide in subsurface water are
considered to be sparingly soluble hydrous oxides. However, most of the hydrous
oxides are thermodynamically unstable and alter from the amorphous form into
crystal (oxyhydroxide or oxide), which, in turn, changes the solubility of radionuclide
drastically. So far, such crystallization rates have been hardly clarified. This
co-operative research focused on (1) the crystallization process from amorphous
Fe(OH)s to goethite, i.e.,a -FeO(OH), and (2) the precipitation of Ce([1) or Ce(J ) and
the chemical change in ageing.

To begin with, the method to determine the crystallization fraction has been
developed for the study. This method using TG(thermogravimetry)-curve quantifies
the mole fraction of crystalline hydrous oxides, e.g., (Fe in goethite) / (total Fe in
hydrous iron oxides precipitated). Using this method, the crystallization process of
Fe(OH): was examined. The experimental parameters were the ageing time,
pH-value, temperature, and dehydration methods. The results suggested that the
aqueous phase plays an important role in changing the chemical structure into the
crystal form. This tendency was observed also in the hydrous oxides of Ce([] ) and
Ce(0). Further, the crystallization rate of Ce(OH)4 to CeO> depended on the initial
amount of CeO: in ageing (although its amount of CeO, was relatively small as
compared to Ce(OH)s). These information will contribute to predicting the
solubility-limiting solid in the performance assessment of HLW repository system.

This work was performed by Tohoku University under contract with Japan Nuclear Cycle Development
Institute.
JNC Liaison: Barrier Performance Group, Tokai Works

1) Tohoku University

2) Barrier Performance Group, Waste Isolation Research Division, Waste Management and Fuel Cycle
Research Center, Tokai Works, JNC
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Parsons, J. Jordan, Standard Potentials in Aqueous Solution, Marcel Dekker, INC., 19850

oxide AG?/kJlmol™ hydroxide AG{/kJnol™ AG? /kJ 0ol ™ *
Be BeO(c) -580.3 Be(OH),(c) -815.6 1.9
Be(OH),(am) -897.9 -80.4
Mg MgO(periclase) -569.2 Mg(OH),(c) -833.2 -26.8
Ca CaO(c) -604.0 Ca(OH),(c) -898.6 -57.4
Mn MnO(c) -362.9 Mn(OH),(am) -615.0 -14.9
Fe Feg. 9420(wustite) -245.2 Fe(OH),(ppt) -486.6 -4.2
Cu CuO(c) -134 Cu(OH)2(c) -359.5 11.7
Zn Zno(c) -318.3 Zn(OH),(B) -553.6 1.9
Cd CdO(c) -228.4 Cd(OH)(ppt) -442.6 23
B B,Os;(amorph) -1182.4 H3BO;(c) -969.0 -22
Al Al,0O3(a-corundum) -1582.3 Al(OH)3(am) -1137.6 9.3
Ga Ga,03(c) -998.3 Ga(OH)3(c) -831.3 23.6
Fe Fe,O3(hematite) -742.2 Fe(OH)s(c) -705.5 21.4
FeOOH(goethite) -488.6 Fe(OH)s(ppt) -696.6 29.2
Sc Sc,03(¢) -1819.2 Sc(OH)3(am) -1226 39.4
Y Y ,03(c) -1817.0 Y (OH)3(c) -1291 -26.7
La La,03(hexag.) -1706.5 La(OH)s(c) -1278 -69.0
Pr Pr,03(hexag.) (-1734) Pr(OH)3(c) -1286 -63.2
Eu Eu,05(cubic) (-1565) Eu(OH)3(c) -1195 -56.7
Am Am,03(c) -1613.2 Am(OH);(c) -1223.4 -61.0
Ti TiO,(c) (-888.4) TiO,MH,0 (-1058.5) 67.1
Si SiO,(quartz) -825.1 Si(OH), -1276 23.5
Np NpO,(c) -1021.7 NpO,(am,hyd) -957.3 64.4
Pu PuO,(c) -998.1 PuO,(hyd,aged) -963.7 34.4

AGY(H,0)=—2372 kJol™ / * 000000000 O0O0DOOO0OOODOO11mel OO
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