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Abstract

Redox reactions of chromium (Cr) and neptunium (Np) onto iron(ll)-containing
minerals were studied. Redox reactions between Cr(VI) and iron(ll) chloride (FeCl2)
and those between Cr(VI) and magnetite (Fe(ll)iFe(l111)204) were observed as a
preliminary study. According to the experimental results, it was suggested that the
redox reactions were promoted more than the amount of Fe(ll) on magnetite surface
because of electron transfer from internal Fe(ll) to magnetite surface. The results
were quantitatively supported from quantum chemical calculations. Redox reactions
between Np(V) and magnetite and the reduction of Np to tetravalent were observed,
while those between Np(V) and FeClz were not observed obviously. It was observed
that the reactions were promoted rapidly when the magnetite / solution ratio and the
temperature were high, and the rate constant of the reactions was obtained. As a
result, it was suggested that the redox reactions were promoted more than the amount
of Fe(ll) on magnetite surface, similarly to the results of Cr(VI). Furthermore, it was
found that hydrogen gas and hydrogen ion were generated with crushing the quartz in
an inert gas atmosphere. It was suggested that the redox reactions would be occurred
in the mineral surface without containing Fe(ll).
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2.7 3.2 [51] Fe(IID)

Fe(ID)
Np(V)
Fe(IID)
Fe(IIT)/Fe(II)
2
3.3.4
3.11 3.13 Np(V)
3.14
Fe(ID)
Np(V)
. w _ k[Fe(ID][Np(V)] (3-1)
t S k M1st [Fe(ID] [Np(V)]
Fe(I) Np(V) M [Fe(ID]
Fe(I) (3-1)
log [Np(V)] = -k[Fe(IDIt + log [Np(V)]init (3-2)
INp(Wlinit  Np(V) 3.11 3.13
1 k[Fe(ID]
k[Fe(ID] 3.2
k[Fe(ID]
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(3-2) [Np(W)]
[Fe(ID]
Fe 5.99%10"7 mol.m™2 [23]
Fe(ID 2.00x107 mol.m2
BET 0.43 m2.g1!
Fe(ID) [FeID]
[Fe(ID] 3.3
106 M
106 M
[FeID]  101M 1 1 Np(V)
104 M Fe(II)
Fe(IT)
Fe(I)
3.4
Np(V)
35 45
Np(V)
1 108 M
Np(IV) Np(OH)4(aq)
1 Np(V)
Np(V)
45 25
Fe(II) Np(V) Fe(II)
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3.1 Np
[Nplinir(M) (mlg) () pH pH

Mag 5 1x10+4 20 25 5.88 8.04
Mag 6 5.50 8.19
Mag 7 5.89 8.15
Mag 8 45 5.61 7.91
Mag 9 5.59 7.88
Mag 10 5.76 7.89

_____ Mag1 50 25 348 644
Mag 12 3.45 6.41
Mag 13 45 3.73 6.93
Mag 14 4.22 7.14

_____ Mag2l  2x104 25 720 876
Mag 22 5.73 8.70
Mag 23 45 7.47 9.44
Mag 24 6.32 9.46

_____ Mag25 ~ 1x105 100 25 914 908
Mag 26 7.97 9.27
Mag 27 45 8.20 9.12
Mag 28 6.52 8.87
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3.2 Np k
) () pH" By KPeOD)
Mag 5 20 25 7.88 -281.2 7.67x10°
Mag 6 7.93 -286.1 1.04x10*
Mag 7 7.97 -294.0 9.17x10%
Mag 8 45 8.83 -484.2 1.38x10*
Mag 9 8.41 -502.7 1.60x10
Mag 10 8.34 -495.8 1.04x10
 Magu 50 %5 674 1089 1.48x10°
Mag 12 6.77 -106.9 1.27x10°
Mag 13 45 6.71 -112.7 7.12x10%
Mag 14 6.63 -129.1 6.96x10°
''''' Mag21 25 87 -1061  nd"
Mag 22 7.31 -73.9 9.84x106
Mag 23 45 7.51 -96.3 3.76x10°
Mag 24 7.45 -88.2 3.39x10°
 Mag2s w00 95 855 1905 213x105
Mag 26 8.13 -263.6 3.34x10°
Mag 27 45 8.38 -332.8 1.51x10
Mag 28 8.54 -381.1 1.20x10
“pH En 1
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3.3 Fe(ID) Fe(ID)
[Fe(D]est* [Fe(ID]est = [Fe(D]***
(ml.g) 0y [Nplinit™ (M) (M)
Mag 5 Mag 10 20 4.3X106 1.1X104 2.2x101
Mag 11 Mag 14 50 1.7x106 1.2x104 8.6x102
Mag 21 Mag 24 1.7x1076 2.2x104 8.7x102
Mag 25 Mag 28 100 8.6x107 9.4x106 4.3x102
* 2.00%107 mol.m2 0.43 m2.g1
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Fe(II) Np(V) 1x104 M
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600 | I | I | I L] I L]
—0O—25
i —@— 35
400 | Np02+ =
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200 |- % -
- ﬂNp(OH)4(aq) i
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400 o3 O - -
_600 1 | 1 ] lI P | 1 | 1 | 1 | 1
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pH
3.4 FeCl Np(V) pH En
Fe(Il) Np(V) 1x104 M pH-En [Np] =
1x108 M
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3.13
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600 —T1 r 1 1717
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200 |- NHO. OH(al
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> | - I T
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4,
4.1
[53,54]
pH
4.2
ppm 24
7.2 ORION ROSS pH
pH
40, 60 pH
2700 TCD

P-6

pH

sil-co-s11250

5ml
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4.3
4.1
4.2
pH
pH 4.6
4.3
4.4
pH
[56] SiC

SA3100

pH

23 ppm

Kirichenko and Visotsky [55]
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= Si-0-Si= + H:0 - 2 = SiOH (4-1)
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5.
Cr(VD)
Fe(I) Cr(VD
Fe(ID)
Cr(I1D)
Np
250

Np(V)

Cr(VI)

Cr(VI)

Np(V)

Np(V)

Fe(I)

Np(V)

Fe(II)

_75-

12
Cl
Cr(VD
Np(IV)
Np(V)
45
Fe(II)
Fe(II)



JNC TY8400 2003-008

10.

11.

12.
13.
14.

15.

16.

s« 7 JAERI
Research 96-011(1996).
” (1999).
OECD/NEA: Geological Disposal of Radioactive Waste. An Overview of the Current
Status of Understanding and Development, OECD/NEA, Paris(1984).

.

3 ” PNC TN1410 92-081(1992).
2 » JNC TN1400
99-020(1999).

2 3 7
JNC TN1400 99-023(1999).
S. Nakayama, T. Nagao: “Dissolution of Neptunium Dioxide in Aqueous Solutions”,
Radiochim. Acta, Vol. 52/53, p. 9(1991).
D 7 , Vol. 32,
No. 10, p. 970(1990).
C. Lierse, et al.: “Hydrolysis Reactions of Neptunium(V)”, Radiochim. Acta, Vol. 38,
p. 27(1985).
M. Benedict, et al.: 3
( ), (1981).
B.W. Veal, et al.: “Actinides in Silicate Glasses”, in: Handbook on the Physics and
Chemistry of the Actinids, Vol. 5, A. J. Freeman and G. H. Lander eds.,
North-Holland, Amsterdam, p. 271(1987).
2 (1999).
, (1992).
B.Allard, et al.: “The Sorption of Actinides in Igneous Rocks”, Nucl. Technol., Vol. 49,
p. 474(1980).
C.-K. D. Hsi, D. Langmuir: “Adsorption of Uranyl onto Ferric Oxhydroxides:
Application of the Surface Complexation Site-binding Model”, Geochim. Cosmochim
Acta, Vol. 49, p. 1931(1985).
A. L. Sanchez, et al.: “The Adsorption of Plutonium(IV) and Plutonium(V) on

_76-



JNC TY8400 2003-008

Goethite”, Geochim. Cosmochim. Acta, Vol. 49, p. 2297(1985).
17. , 7
, Vol. 2, p. 145(1996).

18. S.Nakashima, et al.: “Experimental Study of Mechanisms of Fixation and
Reduction of Uranium by Sedimentary Organic Matter under Diagenetic or
Hydrothermal Conditions”, Geochim. Cosmochim Acta, Vol. 48, p. 2321(1984).

19. D.R.Lovly, et al.: “Microbial Reduction of Uranium”, Nature, Vol. 350, p. 413 (1991).

20. ,

”, JAERI-Review 95-011(1995).

21. M. L. Peterson, et al.: “Differential redox and sorption of Cr(III/VI) on natural
silicate and oxide minerals: EXAFS and XANES results”, Geochim. Cosmochim.
Acta, Vol. 61, p. 3399(1997).

22. S. Nakayama, Y. Sakamoto: “Sorption of Neptunium on Naturally-Occuring
Iron-Containing Minerals”, Radiochim. Acta, Vol. 52/53, p. 153(1991).

23. T. Fujita, et al.: “Modeling of Neptunium(V) Sorption Behavior onto Iron-containing
Minerals”, Mat. Res. Soc. Symp. Proc., Vol. 353, p. 965(1995).

24. D.C.Girvin, et al.: “Neptunium Adsorption on Synthetic Amorphous Iron
Hydroxide”, J. Colloid Interface Sci., Vol. 141, p. 67(1991).

25. O,Tochiyama, et al.: “Sorption of Neptunium(V) on Various Iron Oxides and
Hydrous Iron Oxides”, Radiochim. Acta, Vol. 68, p. 105(1995).

26. H.Nitche: “Molecular Interfacial Reactions between Plutonium and Manganese
Oxide Hydroxide Surfaces”, Proc. 3rd NUCEF Int. Conf. NUCEF2001),
JAERI-Conf 2002-004, p. 365(2002).

27. L.N.Moyes, et al.: “Uptake of Neptunium from Aqueous Solution by Interaction
with Reduced Iron Sulfide: An X-ray Absorption Spectroscopy Study of Actinide
Speciation”, presented at 8th Int. Conf. on Chemistry and Migration Behavior of
Actinides and Fission Products in the Geosphere (MIGRATION’01)(2001).

28. B. Wehrli, et al.: “Redox Processes Catalyzed by Hydrous Oxide Surfaces”, Chem.
Geol., Vol. 78, p. 167(1989).

29. W.Stumm: Chemistry of Solid-Water Interface, John Wiley & Sons, Inc.(1992).

30. R.E.Meyer, et al.: “Valence Effects on the Sorption of Nuclides on Rocks and
Minerals”, US-DOE Report NUREG/CR-3389 (1984).

31. , o Canada, Manitoba
Lac du Bonnet

, Vol. 1, p. 67(1994).

32. G.Bidoglio, et al.: “Influence of Redox Environments on the Geochemical Behavior

_77-



JNC TY8400 2003-008

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

of Radionuclides”, Mat. Res. Soc. Symp. Proc., Vol. 50, p. 709(1985).
Y.Inagaki, et al.: “Effects of Water Redox Conditions and Presence of Magnetite on
Leaching of Pu and Np from HLW Glass”, Mat. Res. Soc. Symp. Proc., Vol. 506, p.
177(1998).

(1995).

e : (1998).

L. E. Eary, D. Rai: “Kinetics of Chromate Reduction by Ferrous Ions Derived from
Hematite and Biotite at 25°C”, Am. J. Sci., Vol. 289, p. 180(1989).
B. M. Sass, D. Rai: “Solubility of Amorphous Chromium(III)-Iron(III) Hydroxide
Solid Solutions”, Inorg. Chem., Vol. 26, p. 2228(1987).
L. E. Eary, D. Rai: “Kinetics of Chromium(III) Oxidation to Chromium(VI) by
Reaction with Manganese Dioxide”, Environ. Sci. Technol., Vol. 21, p. 1187(1987).
L. B. Khalil, W. E. Mourad, M. W. Ropheal: “Photocatalytic Reduction of
Environmental Pollutant Cr(VI) over Some Semiconductors under UV/Visible Light
Illumination”, Appl. Catalysis B: Environ., Vol. 172, p. 267(1998).
Y. T. Wang, H. Shen: “Modelling Cr(VI) Reduction by Pure Bacterial Cultures”, Wat.
Res., Vol. 31, p. 727(1997).
D. Rai, et al.: “Chromium(III) Hydrolysis Constants and Solubility of
Chromium(III) hydroxide”, Inorg. Chem., Vol. 26, p. 345(1987).
M. M. Gibbs: “A Simple Method for the Rapid Determination of Iron in Natural
Waters”, Wat. Res., Vol. 13, p. 295(1978).
M.Dolg et al.: “Energy-Adjusted Abinitio Pseudopotentials for the 1st-Row
Transition Elements”, J. Chem. Phys. Vol. 86, 866 (1987).
A. Bergner et al.: “Ab-Initio Energy-Adjusted Pseudopotentials for the Elements of
Groups 13-17” Mol. Phys. Vol. 80, 1431(1993).
M. J. Frisch, et al.: “Gaussian 98 Revision A.6.1”, Gaussian Inc., Pittsburgh,
PA.(1998).
M. C. Payne, et al.: “Iterative minimization techniques for ab initio total-energy
calculations - molecular-dynamics and conjugate gradients”, Rev. Mod. Phys., Vol.
64, 1045 (1992).
S. C. Foti, E. C. Freiling: “The Determination of the Oxidation States of Tracer
Uranium, Neptunium and Plutonium in Aqueous Media”, Talanta, Vol. 11, p.
385(1964).
R. J. Lemire, et al.: Chemical Thermodynamics of Neptunium and Plutonium,

North-Holland, Amsterdam(2001).

_78-



JNC TY8400 2003-008

49.

50.

51.

52.

53.

54.

55.

56.

K. Nakata, et al.: “Rate of Reduction of Neptunium(V) in Heterogeneous Solution
with Magnetite System”, Radiochim. Acta, submitted.

y ”, JNC TJ8400
2002-002(2002).

DEN1%
’

”, JNC TN8400 2001-001(2000).
H. Wakita, et al.: “Hydrogen Release: New Indicator of Fault Activity”, Science, Vol.
210, p. 188(1980).
R. Schrader, et al.: “Zur Oberflachenchemie von Mechanisch Activiertem Quarz®, Z.
Anorg. Allg. Chem., Vol. 365, p. 191(1969).
I. Kita, et al.: “H2 Generation by Reaction between H20O and Crushed Rock: An
Experimental Study on Hz Degassing from the Active Fault Zone”, J. Geophys. Res.,
Vol. 87, p. 10789(1982).
L. F. Kirichenko, Z. Z. Vysotskii: “Relationship of Cations of Alkaline Metals on
Silicagel and Acidity of Solutions”, Dokl. Akad. Nauk. SSSR, Vol. 175, p. 635(1967).
N. Suzuki, et al.: “Hydrogen Formation During Wet Grinding of Alumina and
Silicon Carbide”, Chem. Lett., p. 327(1994).

_79-



	Abstract

