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Literature Survey and Experiment on the Physical and Chemical

Properties of Fission - Produced Noble Metal Alloy (1)

Keiji Naito ¥

Tsuneo Matsui ¥
Abstract

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

The quantitative studies on the dissolution of noble metal alloy are
few. Kleykamp reported that the dissolution rates of the simulated fission
preduced noble metal alloys (Mo-Ru-Rh-Pd alloys) varied with composition and
the dissolution was homogeneous. The present authors recently studied the

‘dissolution behavior of Mo-Ru-Pd alloys, and found that the alloy dissolved

inhomogeneously i.e. the dissolution rate of Pd was larger than those of Mo

and Ru. The dissolution of each constituent 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 and the

reprecipitation by occurrence of hydrolysis and radiolysis. ‘
In the present experiment, the dissclution behavior of the

Mog . q0Rug . 40Rhg. 1 gPdg .o alloy in 3N boiling nitric acid solution was

— -



studied. The alloy was observed to dissolve préferentially, i.e. the

dissolution rate of Pd is largest and that of Ru is smallest. The

dissolution of each constituent element of the alloy obeys the linear

process (surface dissolution reaction) in the beginning of the dissolution
process (0-12 h) and then obeys the parabolic process (diffusional

dissolution reaction) up to 50 h. The averaged total dissolution rate of

Mog . 19Rug. 10Rho. 1 oPdp. ;¢ alloy for 0-12 h determined in this study was 1-2
orders of magnitude larger than that of Mo-Ru-Pd alloy obtained previously
by the present authors and about 1 order smaller than those of Mo-Ru-Rh-Pd

alloys reported by Kleykamp.

Work performed by K. Naito and T. Matsui under contract with Power Reactor and Nuclear Fuel
Development Corporal.ion‘ ‘

PNC Liaison:

# . Department of Nuclear Engineering, Faculty of Engineering, Nagoya University
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Table 1

Experimental conditions employed in the study of solids formalion from synihelic nuclear fuel reprocessing solutions in 3 M HNO,

Experiment Zr Mo Ru Pu U Mole ratio . Compound formed
no, (mg/ml) (mg/ml} (mg/ml) (mg/ml) (M) Moy Zr Mo/Pu Mo/t
1 2 2 2 - - 2123 - - ZrMo,0,(0H);-2H,0
2 2 4 2 - - 222.3) - -
3 2 6 2 - - 2525 - - ZrMa,0;{OH),-2H,0 and MoO,
4 1 [ - - - 4.0 - -
5 1 6 - - 1 nol measured
6 2 3 - - 1 2.2
7 2 5 - 1.1 - 23(26) ZrMo,0,(0H);-2H,0 and
Pu-Mo compound
3 2 5 2 1.1 - 2.3(2.5)
9 2 5 - 1.1 1 2.2(2.5)
10 - 6 - - 1 2.0 U0O;-2M00,-1-3H,0
n=- - 2 - 1.1 - 2.0 Pu(Mo0O,},-2H,0
124 2 5 5 - 1 No precipitation

MNoles: The 1otal reaction volume in all cases was 300 ml excepl in cxperiments conlaining Pu where it was 35 mi. The ¢clemental mole
ralios were from (he analysis of the filter samples and those in the parantheses indicale the values obtaincd from the analysis of the
filtrate samples. The data for experiment no. 4 are taken from ref, [7].
* “The concentration of HNOQ, was 1 M.

®) The contents were irradiated at ambient lemperature by y-rays from a ® Co source for 220 h at a dose rate of aboul 1 kGy h~!

Amount Precipiloled ()

L0

0 4

3 A 8 p

. L+]
e © o [}

wo 100 1 {mint 200 i)

0
Fig.lojlf’rccipi:n(ion yiclds of hydraied Zr molybdate from

synihetic nuclear fuel reprocessing solutions, Zr: © (e}
Mo: a a, Pu: D ; XRF: © © and
a o; ICP-AES: ® ®and a A (A) 2 mg/ml

Zr, 4 mg/ml Mo and 2 mg/m] Ru; (B) 2 mg/ml Zr, 2 mg/ml

Mo and 2 mg/m! Ru; (C) 2 mg/ml Zr, 6 mg/ml Mo and 2

mg/ml Ru; (D) 2 mg/ml Zr, 5 mg/ml Mo, 1.1 mg/ml Pu and
MU
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Assuming a spherical particle as a [irst approxima-

fraetran

. »

0.013l- r ! ! ! R tion, Jander's model [10,11] was employed (o analyze
. OM e A the dissolution process. In this model the dissolution
2 ans process is given as the equation:

- QToTAL

: Amys = prO[I — (1~ x)vj] =ki", (1)
© 0.02f~

“ 7 where Am is the dissolved amount (g), 5 the unit
z surface area of the powder (cm?), p the density (g/cm®),
M ro the initial radius of the sphere particle before dissolu-
" a tion (cm), x the dissolution fraction, k the dissolution
< Ut — rale constant (gem®h™!), ¢ the dissolution time (h),
W a A D and n =1 when the chemical reaction at the solid-liquid
i

= interface is the rate controlling step,
< g~ ©° ———35 " N .

' o AéEE;i [ I f

G 9 12
Biesolutinn time /by

H
Fig {3 1~(1~ x}3 versus ¢ plot for the dissolution of 0,36
#m alloy powder in 3N nitric acid solution at 381 K,

Table 3 et
Dissolution rate constam &
Metals and alloys k (mgem~2hy " Dissolution conditions Ref,
Total Constituenl :
Moy zoRug e Pdy |, (1%10°%) 3 Mo gx10-% 0.66 pn powder, 383 K, §N this study
Ru:6x10~*
(Pd:3x10-%) ™ '
Moy yoRug4oPdy |y 9x10~? Mo:8x 10~ 0.36 pm powder, 383 K, §N this study
Ru:7x1074
Pd:2x107?
Moy 79 Rug4oPdy 4 Ix1o~* Mo:3x10™* 0.36 pm powder, 383 K, 3N this study
Ru:7x103 '
Pd:9x10-4
Mo 1x10° - foil,
Pd - 5x10°¢ 5-10 pm powder,
Rh 1x10-? 50-100 pm powder,
Ru 2xi0-? 50-100 pm powder, | 383 K, 7N Kleykamp {13}
Moy soRugoPdgsRhg s 5x107 block,
MogysRugysPdgsRhg s 1x107! block,
Moy 1pRug 63 PdgyssRhg s $x1072 block,

" The dissolution rale constant was calculated using two dissolution {ractions at r=Cand r= 3} jn fig. 7.
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Table 1 )
Dissolution rate constant k

Metals and alloys k{mgem~*h~!) Dissolution conditions Ref,
Total Constituent
Moy z9Rug s Pdy, 1y {1x107%)* Mo:6x10* 0.66 pm powder, 383 K, 8N this study
. Ru:6x10~* "
(Pd:3x10-%H ¥
Mop 39Rugs5Pdy, gx1074 Mo:8x10"* 0.36 pm powder, 383 K, 8N this study
Ru:7x10~*
Pd:2x10"?
MogaeRugsePdy Ix10~¢ Mo:3x10-4 0.36 pm powder, 383 K, 3N this study
Ru:7x10"% ‘
Pd:9x107¢
Mo 1x10° foil,
Pd 5x107! 5-10 pm powder,
Rh 1x10-2 50-100 pm powder,
Ru 2x10~? 50-100 pm powder, } 383 K, 7N Kleykamp [13]
Mop soRug30Pdg, sRhg s 5x107! block,
Mog3sRug s Pdg sRitg,s - 1x107! block,
M%,IORuB,GJPdoJ”R}IQ_l” 5x10°2 block,

* The dissolution rate constant was calculated using two dissolution fractions at =0 and =3 hin fig. 7.
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Fig.] Time dependences of the dissolution fractions of 1.83

#m alloy powder in 3N nitric acid solution at 383 K aflter

subtracting the dissolution fraction at ¢ =0 from the dissolu-
tion fractions al £ >0 in fig. 1.
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1 dissolution time/ h .

Fig.2 1=(1-=x)"3 versus 1 'plot for the dissolution of 4,83
pm alloy powder in 3N nitric acid solution at 383 K.,
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OFo + Ru ©Rh A Pd X TOTAL

o —

Fig. 3 1=(1=x)'% versus /4
1 alloy powder in 3N nitric acid solutjon at 383 K.,

plot for the dissolution of 1,93




Table 1

Dissolution rate constant k

Metals and alloys

k(mgem~2h-1)

Total

Constituent

Dissolution conditions

Ref.

Moo.scRup.40Rhg, joPdg. 10

Mop.soRug.s9Rhg. 10Pdo. 10

MOo,ggRUo.S?PdG-IZ

Moo.2¢Rug.59Pdeo. 2

Mog.2sRug.359¢Pdg. 2

1.4%10°2

4.7x10°2

{1x10-%)*®

9x10-4

3%10"4

Mo:
Ru:
Rh:
Pd:
Mo:
Ru:
Rh:
Pd:
Mo:
Ru:
(Pd:
Mo:
Ru:
pd:
:3x10°4
Ru:
Pd:

1.6%10°2
A4x10°38
.2%1072
L9x1072
L6X10°2
.5%10°2
.8x10°2
L1102
6x10°4
6Xx10°4
3x10-3)®
8x10-¢
7%10°4
2x10°3

L=l . T T N % e )

7%10°3
9x10-4

1.83 um powder, 383 K, 3N
(0-12 n)

k(mgem 2h~172)
(6-50 h)
0.66 um powder, 383 K, 8N

0.36 um powder, 383 K, B8N

0.36 um powder, 383 K, 3N

this study

this study®’

Matsui et al.l’

Matsui et al.!’

Matsui et al.!



Mo 1x108 foil,
Pd 5%10° 1 5-10 um powder,
Rh 1%10°2 50-100 um powder,
Ru 2%x10° 8 50-100 um powder, 383 K, TN Kleykamp?!
MOo.soRUO_goPdg.]sRho_ls 5%10°1¢ block,
Mog.33Rug.33Pdg. 15Rho. 15 11071 block,
Moy . oRUg.g3Pdg. 1a5Rhg. 145 3X1072 block,
a) Parabolic dissolution rate constant Am/s=kt!/?
at t=0 and t=3 h.

b) The dissolution rate constant was calculated using two dissolution fractions
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