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MOX dissolution using silver-mediated electrochemical method will be employed for the
preparation of plutonium nitrate solution in the criticality safety experiments in the Nuclear
Fuel Cycle Safety Engineering Research Facility (NUCEF). A simulation code for the MOX
dissolution has been developed for the operating support. The present report describes the
outline of the simulation code, a comparison with the experimental data and a parameter
study on the MOX dissolution.

The principle of this code is based on the Zundelevich’s model for PuO: dissolution using
Ag(Il). The influence of nitrous acid on the material balance of Ag(Il) is taken into
consideration and the surface area of MOX powder is evaluated by particle size distribution
in this model. The comparison with experimental data was carried out to confirm the
validity of this model. It was confirmed that the behavior of MOX dissolution could
adequately be simulated using an appropriate MOX dissolution rate constant. It was found
from the result of parameter studies that MOX particle size was major governing factor on

the dissolution rate.

Keywords : Simulation, MOX, Dissolution, Oxidation, Ag( Il ), Reaction Kinetics,
Nitrous Acid, Particle Size
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3.3. UO:IAfER L DBk
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3.4. UsOs BAER &L DLLE

22 HITHRN=E DT, WEEHTO Ag(D)1F 12k 5 UsOs R DELKERIZIZ, F
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PuOz % UO2 IZHART UsOs IZ X T B EFEEEBMIEEITKEN, ZHIZBEL T, #
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1
1- (1~ X ) = kygt (35)
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Table 3.1 Initial conditions for experiments of Ag(Il) generation

experiment

parameters G—1 G—2 G—3
current [A] 10 1 10
anode

silver concentration [mol/L] 0.05 0.1 0.05

nitric acid concentration [mol/L] 4 4 4

volume [L] 0.5 0.3 4
cathode

nitric acid concentration [mol/L] 13 4 13

volume [L] 0.16 0.1 0.15
temperature [ C ] 25 26 20




Table 3.2 Initial conditions for dissolution experiments

experiments
parameters D—1 D—~2 D—3 D—4 D—5 D—6
current [A] 2.5 10 100 100 100 100
anode
silver concentration [ mol/L. ] 0.05 0.05 0.05 0.05 0.05 0.05
nitric acid concentration [ mol/L, ] 4 4 4 4 4 4
volume [ L] 1 1 8.5 8.5 8.5 8.5
cathode
nitric acid concentration [ mol/L ] 8 8 11 13 11 11
volume [L] 0.08 0.08 0.9 0.9 0.9 0.9
additional nitric acid flow [ L/h ] 0 0 0.16 0.16 0.16 0.16
additional nitric acid concentration [ mol/L ] 0 0 11 13 11 11
temperature [ C ] 25 26 25 25 25 25
powder PuO; PuO:2 UO0: UO0: Us0s UsOs
median particle size [« m ] 0.2 0.2 0.03 0.03 0.24 0.24
initial feed [g ] 21.2 80.1 0 0 0 0
feed time [ min ] 0 0 15~55 30~313 15~29 30~330
feed rate [ g/min ] 0 0 12.5 8.834 35.7 8.333
feed amount [ g | 21.2 80.1 500 2500 500 2500

100-€00C 2poD/ereq-rIAV(
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Fig.2.1 Schematic of a electrochemical reaction mechanism for the PuQOz dissolution process using Ag2+.
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Decomposition from nitric acid

to nitrous acid

( Calculation 2 )

Nitrous acid concentration

( Calculation 1 )

Nitric acid concentration i ' 1. Nitrous acid generation
2. Nitrous acid decomposition

( Calculation 3 )

nitrous acid a Solution volume

( Calculation 5 ) ( Calculation 4 )
Ag(Il) concentration MOX particle size
1. Eelectrochemical generation distribution
2. Reduction by the water 4"— 1. PuOs powder
3. Reduction by the nitrous acid 2. UOz powder
4. Dissolution of the MOX powder ‘ 3. UsOs powder

Reaction with MOX
powder and Ag(1l)

Fig.2.2 Flow diagram of calculation by proposed code.
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Fig.3.1.1 Effect of 7 value on Ag{Il) concentration change
obtained at experimental conditions listed in table 3.1
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Fig.3.2.1 Gomparision of experiment data with predicted

plutonium concentration change obtained at experimental
conditions listed in table 3.2 ( kp,o, = 4.2 £ m/min).
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simulation start Time [ min ]

Fig.3.2.2 Gomparision of experiment data with predicted
plutonium concentration change obtained at experimental
conditions listed in table 3.2 ( kp,o, = 4.2 ¢t m/min)
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Uranium concentration

0 &
Fig.3.3.1 Comparision of experiment data with predicted
uranium concentration change obtained at experimental
conditions listed in table 3.2 ( kyg, = 5.1 4 m/min )
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Fig.3.3.2 Comparision of experiment data with predicted
Ag(1I') concentration change obtained at experimental
conditions listed in table 3.2 ('kyg, = 5.1 4 m/min )
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Fig.3.3.3 Comparision of experiment data with predicted
uranium concentration change obtained at experimental
conditions listed in table 3.2 ( kyp, = 5.1 £ m/min )
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Fig.3.3.4 Comparision of experiment data with predicted
Ag(II) concentration change obtained at experimental
conditions listed in table 3.2 ( kg, = 5.1 £ m/min )
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Fig.3.4.1 Comparision of experiment data with predicted
uranium concentration change obtained at experimental
conditions listed in table 3.2( kysos = 107.2 £ m/min )
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Fig.3.4.2 Comparision of experiment data with bredicted
Ag(Il ) concentration change obtained at experimental
conditions listed in table 3.2 ( kyzog = 107.2 £ m/min )
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Fig.3.4.4 Comparision of experiment data with predicted
Ag(Il) concentration change obtained at experimental
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Fig.3.4.5 Dissolution of U504 powder in nitric acid
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Fig.4.1 Effect of initial silver concentration
on the dissolution rate
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Fig.4.2 Effect of anode temperature
on the dissolution rate
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Fig.4.3 Effect of initial anode nitric acid concentration
on the dissolution rate
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Fig.4.4 Effect of initial PuO, particle size
on the dissolution rate



This is a blank page.




FIFREALR (SD &R

F1OSIEAHME L OHIE R2 SIEHEH SN DEN *5 SHEIEE
& % R t 5 % I E# BETEEE VI
& slx =+ w m %, B, H | min, h d 10 | = E
& #lxor 3. kg B, &, B L 0%~ ¥ P
B i # s Vv kb ov L L 10” | 7 7 T
& w7 oo~ A F v 100 ¥ G
BAOEBE |7 v € v K TTHELF | eV 10° | % 7 M
M K &€ W mol ETEEHM | v 10° * o k
¥ Blr > 7 5 cd 100 | ~ 7 b b
TETEm Al o7 v | 1 eV=16218X10" "J w | 5 # da
Mok BIATTITUT Y St 1 u=16605410 kg 0| 7 i d
1007 &£ ¥ F
R 10°° 3 1) m
®3 BEHDOHHE b OSIHT HEL 05| =120 u
oy FATEER I - J
o e | OSIEL R4 SILAICHR 107 n
2 % E N e BEIE HEFES LB BT 0" ¥ o p
Bl i -8 N N I P LA R e f
7 Za—F¥ | N m-kg/s® FUIA - L A "] 7 k a
£ 7o, e 5 NA A b Pa N/m? 75 — > b y
TiLF-HEHE| Y 2 - | 7 | Nm s — | bar ()
T®, WmHE®E|7T v | ow s # W Gal 1. R1-5 13 [EREME] %5, EE
ERE ,EBR®K|lr - o C As ) Ci EEWE 1985EFIfTIZ L b, 72720, 1eV
Ehr, BE, #8EH K L M|V W/A | S A2 R BX U1 u DIEIZCODATAD 19864 4 4%
a 7z = 5 N = .
woE ; i ; T Z ; SN 7 M| rad 1z X o700
S a L L] rem 2. KRAIHER, S b TN, AH
Ay ¥y R |Y—AvA| S AV N e o
7 Y ; - VB A Xiva g
oA Y — /8| Wb V-s 1 A=0.1nm=10""m WEEINTVEHNHEDRM L DT
wm ® ® E|l7y 2 7| T Whb/m* 1 b=100fm*=10"*m’ ZTIdEmE L7z,
N - - ~ _ ) b = =)
L v 5 ¥ ‘/ 2|~ ¥y gH Wh/A 1 bar=0. 1MPa=10°Pa 3. barid, JISTRFEKOENEEDLTH
A ARE |y RE T s s ARIBYR2OHF I —IIFEIRLTW
% - s Im g 1 Gal=lcm/s’=10""m/s 2
s ca-sr
s 1Ci=3.7X10"Bq °
i Elv 7 A kX | Imm . 4. ECHEBHELIES T bar, bamB X
i 5t gl~ 21 1| Bq o 1R=2.58 X 10™*C/kg ) ) i
N . O TIEDEA] mmHgEE 2 DH 5 T
Q& L[l -V?Yi % Vi L ,f Gy J/kg 1 rad:chy:lO ’Gy —{.’Ajlf\,x%
w8 &= gL~k Sv ke 1 rem=1cSv=10""8v h °
# -1 *®
73| N(=10°dyn) kgf Ibf £ | MPa(=10bar) kgf/cm® atm mmHg(Torr) | 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062% 10° 145.038
9.80665 1 2.20462 P 0.0980665 1 0.967841 735.559 14.2233
444822 0453592 | 0.101325 1.03323 1 760 14.6959
#i B 1Pa's(N-s/m*)=10P (F 7 X)(g/(cm"s)) 1.33322X10™ | 1.35951X107* 131579107 1 1.93368X 107"
EASEE  Im/s=10°St(A b~ 7 X )(em?/s) 6.89476X107° | 7.03070X107° | 6.80460X107* 517149 I
? J(=10" erg) kgf m kW-h cal(Ft &%) Btu fr-1bf eV 1 cal= 4.18605) (Gt &%)
1;_ } 0.101972 2.77778%X 107" 0.238889 9.47813X107 0.737562 6.24150%10" = 4.184) (#fLs)
| 9.80665 1 272407 X 107¢ 234270 9.29487X107* 7.23301 6.12082 X 10" = 4.1855] (15°C)
% 3.6X10° 3.67098 X 10° 1 8.59999 X 10° 3412.13 2.65522X10° 2.24694X10% = 4.1868) (EIEBFERE)
. 4.18605 0.426858 1.16279X10™° 1 3.96759X 107 3.08747 2.61272X10" HEZE | PSULESN)
5 1055.06 107.586 2.93072X107* 252.042 1 778.172 6.58515 X 10" _ 75 kef-m/s
1.35582 0.138255 3.76616 X107 0.323890 1.28506X10™° 1 8.46233X10'® 135 499 W
1.60218X107" 1.63377X107% | 4.45050X107% | 3.82743X107% | 1.51857X107% | 1.18171X107% 1
b4 Bq Ci g Gy rad fig Clkg R 5 Sv rem
st N Iz Ll i
e 1 270270 % 107" #R% ! 100 i 3876 &L 1 100
e = i &
3.7%10" 1 001 1 258X 107 1 001 !

(86512 H26 B 1)



(]
(]

EHEEAF100%
HEETO%BERERBLTVET




