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Dissolution of simulated fission-produced noble metal

alloys in boiling nitric acid solution
Tsuneo Matsui %
Abstract

Literature survey and experiment on the dissolution behavior of the
fisson-produced noble metal alloy in boiling nitric acid solution, which is
necessary for the recovery of the noble metals from inscluble residue of
spent fuel, were carried out.

The quantitative studies on the dissolution of ncoble metal alloy are
few. Kleykamp reported that the dissolution rates of the simulated fission
produced noble metal alloys (Mo-Ru-Rh-Pd alloys) varied wtth composition and
the dissolution was homogenecus. The present authors previously reported the
dissclution behavior of Mo-Ru-Pd ternary alloy, and fount that the alioy
dissclved inhomgeneously i.e. the dissolution rate of Pd was larger than
those of Mo and Ru. The dissolution of each consitituent element of the
alloy obeys the linear process (surface dissolution reaction). The averaged
total dissolution rate of Mo-Ru-Pd alloy was determined to be 1-3 orders of
magnitude lower than those of Mo-Ru-Rh-Pd alloys reported by Kleykamp. A few
studies on the dissolution of fission-produced noble metal alloy in spent
fuel have been reported. The dissolution rate was observed to be complex,

i.e. in some cases, depending upon burn-up, linear heating rate ane the
reprecipitation by occurrence of hydrolysis and radiolysis.

In the present experiment, the dissclution behaviors of the
Moy . 4oRug. 40Rhg. 1 ¢Pdp. o alioy-{1.38um), Mog.29Ruy . soRhg. 1 oPdg. 10 alloy
(3.81um) and Mog.4oReg. 20RUy. 20Rhg. 10Pde. 1o alloy (2um) in 3N boilig nitric
acid solution were studied. The dissolution of each constituent element of
all the alloy obeys the linear process {surface dissolution reaction}). The

alloys were observed to dissolve preferentially, i.e. the dissolution rates
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of Pd, Mo, Rh {and Re} are larger than that of Ru. The dissolution fraction
0of each constituent element differs dependently upon the composition of the
alloys, i.e. the higher the Ru concentration, the lower the dissolution
fraction (and rate). In the case of Mo-Re-Ru-Rh-Pd alloy, Re dissolved
completely within 10 h and the dissolution fractions of other elements
including Ru also increased rapidly in an early dissolution time. However,
the dissolution rates of Mo, Re, Rh and Pd except Ru seemed to be nearly
equal, regardless of the compositions of alloys. The averaged total
dissclution rates of the Mo-Ru-Rh-Pd alloys_determined in this study were 1-
2 orders of magnitude larger than that of the ternary Mo-Ru-Pd alloy
obtained previously by the present authors and about 1-2 order smaller than

those of Mo-Ru-Rh-Pd alloys reported by Kleykamp.

Work performed by T.Matsul under the contract with Power Reactor and Nuclear
Fuel Development Corporation

PNC Liaison:

% : Department of Nuclear Engineering, Faculty of Engineering, Nagoya

University
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(2)

H.Kleykamp, "Post-~irradiation examinations and composition of the
residues from nitric acid dissolution experiments of high-burnup LWR
fuel”, J. Nucl. Mater. 171 (1990) 181.

K.Naito, T.Matsui, H.Nakahira, M.Kitagawa and H.Okada, "Recovery
and mutual separation of noble metals from simulated insoluble

residue of spent fuel”, J. Nucl. Mater. 184 (1991) 30.

XEROBE
B. Kleykamp, J. Nucl. Mater. 171 (1990) 181.

BAMREES. 9% CHRHE L LWRANGDOEASTERESB &
ZhETMUE (115°C) BBAKRDTSBEE®EL, lum74 L%
—TRELILBOAEEREL 2+ XEER, SEM. EPMAZ2AWVT
Fto, BEDORSBERELEIEMo-Tec~Ru—Rh—-PdHE®E
ZAeT. PHERIER%TMo : Tc : Ru:Rh:Pd=30 :
16:22:10:22Th-1k, HWREBROTRABREE IR D
0.6wt%THy, ZOHNRIE S mPlLOKEZIOMIINT, 1~
Sum»9 1% Th-7Ic (BEBRLIYNE,-I2) » EERE (EHlD)
T BEBOLAE. Mo 19 (Wt%) . Tc:25%, Ru:
60%. Rh:51%, Pd: 15%Tdhh., BRBOIESZEIPI>Mo
>Tc>Rh>RuThoic, Flo. BUUBRFICL3BLYELR WK
BHEDANBRESEOBRBEOERRICET 28EIE. Mo 4%, Tc: 9
%. Ru:4%. Rh:10%. Pd: 4%T&hb. FEHIT/NEh -7,

K. Naito, T. Matsui, H.Nakahira, M. Kitagawa and H Okada, J. Nucl.

Mater. 184 (1991) 30.
Mo~-Ru-Rh-PdMTREEEMAVTHMHERE, Shofe

B (&%) #3ME /i 6 MBEHETICERIH /-, T ~OEREROD
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Table (1)
Composition of the residues in wi% after dissolution in 7 M Table © . . . . )
HNO,D : Mass ratio of the fission products in the solid residues related
1o their yicld!
Residues /fuel 0.6
- - Fission product Residuc/yicld
Actinides/residue 0.8 in percent
u 0.7
Pu 0.1 . Sr 2
Zr 5
Fission products /residue 81.9 Mo 19
Mo 15.0 - Te ‘ 25
Tc 4.1 Ru 60
Ru 342 Rh 51
Rh 4.4 Pd . 15
Pd 6.5 Sn 75
Sr 04 Te 75
Ba 3 Ba 8
Te 8.9 -
Zr 4.1
Sn 1.0
Structural material /residue 4.9
Zr 15 '
Sn . 0.02 ’
T 08 % ) —
Fe 21 20 | T reprecepiloled oxide |
r 03 - Bl uwndissolved uolloy
Ni 0.2 £ 6o — 1
o
Oxygen /residue 124 f so b — .
o
Sum 100 2
c L0 1
3 ]
v
= mn =
Table' ® -
Chemical state of the fission products, actinides, structural a
material and cladding in w1% of the (otal rcsiduu‘) ]
Component Chemical stale e SE_VEL MR H
Sr 2r Mo T¢ Ru Rh Pd Sn Te Bo
Metallic Oxidic 0 38 W0 L2 &3 4Lt L6 S0 S SB
Mo 13% 1.7% Fig. . )RCprccipilalod oxides and undissolved alloys in the
Te 1.5% 2.6% residue in percent of the fission product yic]d.o ‘
Ru : 2.5% 31.7%
Rh 0.9% 35%
Pd 1.8% 4.7%
Sr. Ba. Te, Zr, Sn 0% 17.7%
Structural matenial and cladding 3.0% 1.9%
U, Pu 0% 0.8%
Oxxygen - 124%
Sum 13% 87%
6
3 yield
St 1 M B residue N

yield ond residue in kg FP/1 LD,
w
T

LB B e . E
S Zr Mo Tc Ry A Pd Ag Cd Sn 5b Te €35 Bo
3B L0 L2 L3 WL L5 L6 L7 LB S50 S¥ 52 55 S6

() . .
Fig. . Fission product yield and mass {raction in the residue in kilogram fission products per ton UO,D
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Dissolution fractions of noble melals, recovered by the Pb exiraction with the addition of Ag. Bi and Pd, in JM boiling nitric acid
solution for 3 h at the ratio HNO, /Pb = 50 ml/g

Weight ralio Dissolution fraction (%) Exiraction condition
(M /Noble metal alloy) Mo Ru Rh Pd by Pb
0 67 0.024 33 92 1373 K. 2 h. in air
M= Ag 5 91 <0.14 32 96 1373 K, 2 h, in air
5 75 <(0.14 28 95 1373 K. 4 h, in air
10 91 <0,14 35 97 ] 1373 K, 2 h, in air
M = Bi 5 8 0.024 83 100 1023 K, 2 h, in air
5 76 0.024 87 99 1373 K, 2 h, in air
5 4.6 0.024 83 o8 1373 K. 4 h. in air
10 47 <0.14 91 98 1373 K. 2 hh. in air
M=Pd 5 78 0.019 83 100 1023 K. 2 h, in air
5 94 0.019 85 100 1373 K. 2 h, in air
5 96 0.019 81 100 1373 K. 4 h. in air
10 94 <0.14 ‘ 91 100 1373 K. 2 h, tn air
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