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Flow analysis of electrode reaction in pyrochemical reprocessing
—LEstimation of the a diffusion layer thickness in oxide electrowinning method—

Takumi Kawamura®, Takaaki Sakai*?, Tsuguyuki Kobayashi*
Abstract

A pyrochemical reprocessing system using a molten salt electrolysis has been studied as
one of the feasible concepts for the FBR fuel reprocessing system. In order to calculate the
amount of deposits of the salvaged material in molten salt electrolysis process in high accuracy, it
is necessary to evaluate appropriately the concentration diffusion layer thickness of a deposit
ingredient near the electrode surface. However, measurement of diffusion layer thickness is
extremely difficult. Therefore, it has been a subject to develbp the evaluation methods of the
diffusion layer thickness.

In this report, we have developed the two-dimensional analysis code, in order for
numerical analysis to estimate the diffusion layer thickness near the electrode surface. This
code can solve simultaneously a deposit by electrode reaction of Nernst's equation, concentration
distribution of reactant near the electrode surface, and the natural convection resulting from the
density change by concentration change. By using the code, we carried out analysis of the oxide
electrolysis experiment in Russia, and evaluated the characteristic of diffusion layer thickness
and the polarization curve.

As a result, although indeterminacy remained in the physical-properties value, the
polarization curve in analysis agreed with the experiment result in general. By the analysis of a
molten salt electrolysis, it was clarified that the diffusion layer is formed with hundreds
micrometers thickness along the natural convection on the cathode surface, and the diffusion
layer thickness changes corresponding to the velocity boundary layer of the natural convection
flow which is driven by mass transfer at the electrode surface. In addition, Ito's mass transfer
correlation for aqueous solutions shows good agreement with the molten salt calculation within a
reasonable accuracy. Therefore, it is prospected that the diffusion layer thickness in the molten

salt can be evaluated from Ito's correlation.

*1 Nuclear Energy System Inc.
*2 Thermal-Hydraulic Research Group, Advanced Technology Division, O-arai Engineering Center
*3 Dry Process Technology Group, Advanced Fuel Recycle Technology Division, Tokai WORKS
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0.80IVICiE, IFLALEREL . BEZEEHAL LERBEARKEZR UBEORS
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0.65[VIMTIECEL  BBEMABICRELRBLEBIRD ., —EOEIEZELEVTL <,
BEHEMZAICRES LTV E—EDRITHT T2 DI, H51RE. BEEE U2t
REPET T 2 L RAEESBRIBEEEICHE L. BRNRRESELLELRE7=DT
BHBo

BRREICOWTEAEICES U TR - FRBERBEEZ, RIAR K CEfIh -8
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#3531 PEMEEM D R iERe

IHE%Z ®E
BRLR NaCl-2CsCl
BE U0z
HHIRE K1 923.15
NIV BEGeas+eg) *t [kg/m?] 2630.2
BREEE (b) [kg/m3] 2531.6
BWEIVV Y EE (mol%) [mol/m3] | 2968.9(16.8)
BPRh TR AL [kg/m/s] | 1.45%10°8
HABER R (U0s in NaCl-2CsC1) [m2/s] 1.50% 109
FRLB TC BT (U0s2+2e-=U0y) Vi - 0.65
RS [m] 0.12
FELAW (a) [kg/mol] 0.0332
TEERRE 6.0

*1 BHEBECuo N 2BEREE0DER : o=a'Cuoztb

%32 BRTOEXDMENYT — Z(casel)

T — X BEimEA[V]
casel-1 -0.90
casel-2 -0.80
casel-3 -0.70
casel-4 -0.67
casel-b -0.66
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Detailed mesh near cathode surface
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8C/ dy=0
u, v=0
8C/ dx=0 i
u,v=0 E
C = Courr E C = Cout C = Chuik
125 v=0 : u, v=0

: s
8C/8x=0 | 5

y u, =0 )

| 0C/ 0y=10
X uv=0

32 RS
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0.006

0.005

0.004

0.003

0.002

Vertical velocity [m/s]

0.001

0.008 |,

0.005
0.004
0.003

0.002

Vertical velocity [m/s]

0.001

0.006

0.005

0.004

0.003

0.002

Vertical velocity [m/s]

0.001

—6— Vertical velocity

-B— Concentration of U022+

3500

f T T

i ! |

~{ 3000
-1 2500
- 2000
-~ 1500
-{ 1000

0 0.1 0.2 0.3 0.4

——o&—— Vertical velocity -

Distance from cathode surface [cm)

- (a) E=—0.66[V]

-B— Concentration of U022+

T I T

3500
- 3000
- 2500
- 2000

. 4 1500

- 1000

0 0.1

—&— Vertical velocity

1 I !
0.2 0.3 0.4
Distance from cathode surface [em]

(®b) E=—0.67[V]

-B— Concentration of U022+

1

! L ]

3500
- 3000
4 2500
- 2000
4 1500
- 1000

|
S
o

0 0.1

0.2 0.3 0.4
Distance from cathode surface [cm]

(c) E=—0.70[V]

0.5

3-5 casel [EMRBEEEDFE « UO2HEE S (1/2)
x=0.0~0.5[cm], y=12.0lcm]
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Vertical velocity [m/s]

Vertical velocity [m/s]

—&— Vertical velocity -B— Concentration of U022+
0.006 | : : , 3500
0.005 - 3000
0.004 7 2600
-| 2000
0.003
- 1500
0.002 1 1000
0.001 1 500
0 t ! | ! 0
0 0.1 0.2 0.3 0.4 0.5
Distance from cathode surface [cm]
(d) E=—0.80[V]
—6— Vertical velocity ~-B— Concentration of U022+
0.006 | : : | 3500
0.005 - 3000
- 2500
0.004
- 2000
0.003
- 1500
0.002
- 1000
0.001 - 500
0 i 1 ! L 0
0 0.1 0.2 0.3 0.4 0.5

Distance from cathode surface [eml]

(e) E=—0.90[V]

3-6 casel FEEREELEDOWE - UO2EE /7 (2/2)

x=0.0~0.5[cm]}, y=12.0[cm]

4

[(@/10m] "0 Jo WoneIusouo)

[groy/Towm] +zzo (1 Jo uotjBIjULIUO)
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[mol/m’]

2+

- Concentration of UO2

Fluid density [kg/m’]

1.00E+04
1.00E+03 |
1.00E+02

1.00E+01 |

1.00E+00 ' ‘ '

-1 -0.9 -0.8 -0.7
Cathode potential [V]
3-10 casel RSB UO2+E

06

0.5

2.64E+03
2.62E+03
2.60E‘+03 5
2.68E+03
2.56E+03 r

2.54E+03

2.62E+03 ' I
' -1 -0.9 -0.8 -0.7
Cathdoe potential [V]

X 3-11 casel EBREzEHAEE

0.6

0.5
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Current density [Alem’]

0.05
0.045
0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005

Diffusion layer thickness [cm]

8.00E-01
7.00E-01
6.00E-01
5.00E-01
4.00E-01
3.00E-01
2.00E-01
1.00E-01

0.00E+00

P

L

1

-0.9 -0.8 -0.7 -0.6 -0.5
' Cathode potential [V]
3-12 casel VHILEBEX

—<&—casel

e o RTAR

-0.9

3-13

-0.8

-0.7

Cathode potential [V]
casel FHREBERBE
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3.4 BEREBERFIHMERNT

ERMEBROMT 5. BEES Y. BIEEHEORBOEEESILZILF/ELLN
Po COZEWE, RBEMRERS LRDNIHARETFITONT, BEBEIEA
DB Z1T Do

3.4.1 AR WA O

(1)EM

BRE7OELRIIBNT, BEREI UO ST 2L, Chbifiib kb, HWRkE L
DRETEENE T T2 LHHEIND, Nernst ORIZEBEMOE D, BETF
B - BTEMDDP SREEENREINDE, 2O b, REDIZRT LT, &
BECHRBAZRERT 5 Licd b, BEREHEEOEMIC L A2EBBES ~OEE DR
2175,

Xy = —L-exp(%- (E-E°yA) (3-D

0

(2 AT St
T T — 223 3-3 X7 T, MEIT I — R DREEILBEBEN — 0.90[VIIC B 17 3 sz m i
R BERIIT oo MOBIITRFSERMIBEMOBITEHELALREL L,

(3)FRMT S R A .

BEAEEEAL—0.90[VIIC DWC BBEBERTEIC BT 2 8B S S ARES R U EKFEN B
2R 3-14 UK 3-15 12, HEES LRBEREE 2N 3-16 LM 3-17 KR T AR
B DFEHTRER (case1/Cs=4.6[mol/m3) ¥ [b# LT, BBEMEEHLS LH2 L4 U35
ZET. BHEIEIE2H L. BEEREEIETL NS, ¥ BEEEICET 24
M. SHICKERELITEN,

BEERE UOHBERREAEE 2K 3-18, K 3-19 CZNENRT, BEHER UQs+
BREZRBAZRAWCEMLIEZILICLD, REEELELLTVS, Tk, KEEE
(IEEMRE U2 BN L2 ICoh, BREMBMOBEARITEDLLICRSTND,

FEPEBE S ROEYRBEREEZK 3-20, K 3-21 ILZZNRT, EEEX
(FEEHRRE UCBEN R Lz itd b, BB EMICENEMIYEISH LT
Who Fiz, BMRME UOLHBEM/ VI EBED U4 BELUTICRS LIEHBES0ZEL -
BPELBR2TND, REBREOHAR LHRVWILEBESI PEAL, BRTEIRETL
TW5, Floo REBEOEMICL V. BIREMICN U TSNS - 2 EmS, BEg
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MIZRoTWB, —HA. RIARFEBRT —% L BT 2 L BN T2 AWDP/NE N,

EEEE UOLHEE OZLIIRABEEELICHETOWTE D, BEAPRSWVERIC
BOWTHEBESANOEEIREVD, BERER UOEED+LTHD., MEBEEICER
D3 <725 LHHEES DP—E L RBEICH DI LDz,

% 3-3 PRMRREIERE Ol 77— X (case2)

I — X Fafm R EEE *2(mol/m3] | RECA
casel 4.6 1.0
case2-1 57.1 0.60
case2-2 278.8 0.35
caseZ2-3 737.6 0.20

*2 I KR E N B=- 0.90[VIic BT 2 EHEEE
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Concentration of UO,% [molim®]

Fluid density [kg/m?]

10000

1000

100

10

2640

2620

2600

2580

2560

2540

2520

! I - L 1 !

—0—Cs=4.6
—3—Cs=57.1
—A— Cs=278.8

—0—Cs=737.6 [mol/m?3]

-0.95

0.9 -0.85 -0.8 -0.75 -0.7

Cathode potential [V]

X13-19 case2 BBREFRAHEE

—31 -

-0.9 -0.85 -0.8 -0.75 -0.7 -0.65 0.6 -0.55 -0.5
Cathode potential [V]
3-18 case2 [EHRFRME UO2+ERE
—o—Cs=4.6
—B—Cs=57.1
—A—Cs=278.8
—0— Cs=737.6 [mol/m3]
] 1 1 ) ) 1 1 1 1
-0.95 -0.65 -0.6 -0.55 -0.5
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Diffusion layer thickness [eml

Current density [A/em?]

0.05

0.04

0.03

0.02

0.01

0.00

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

—&o—Cs=4.6

—=— Cs=57.1

—A— Cs=278.8
—6—Cs=737.6 [mol/m?

1 L ! 1 ! 1 ! I L

-0.96 -0.9. -0.85 -0.8 -0.756 0.7 -0.65 0.6 -0.55 ‘0.5

Cathode potential [V]

¥ 3-20 case2 TEHHEEEX

—— Cs=4.6
—B—Cs=57.1
—A— Cs=278.8

N —0— Cs=737.68 [mol/m?3]
N wo s RIAR ’

\
1 ! 1 [ ! ] .y L !

-0.95 -0.9 -0.85 -0.8 -0.75 0.7 -0.65 -0.6 -0.55 0.5

Cathode potential [V]

3-21 case2 TEHIRBEREE
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3.4.2 BiRLNERI DI

(LE®

BALMERRE AW 50 2 BEENaCl-2CsCDIZ WS ET — 7 D Z L < BIRETIZ R W,
e, BEVED CBRETORSEENT 2, 20720, FHHERBOTLEBBE S ~D
TEMEiZ B LB EIT D,

(2)fRMr it
Rt — 2 %% 3-4 LZI"TO HEEr— 2% case2-3(v =1.45% 1076 [m2/s]) & L T Ek5E
- REEECI BN ETI L L Lz,

(3)FEMTHER

BERREEAL —0.90[VIIZ DWW, BRIBREIC BT 2 HEA MBS REES 1 R B ARENE
ZX 3-22 KUK 3-23 I2, HHBE S L BBERBE 2K 3-24 & [X] 3-25 12757, Bk
BEENS S ULETF—XATEREIEL R RELLET—IATIIEBLROTWS, F
7es WHEDEL 2D EBARAFEMEZEBREICES SHEHBESIIIEI D, RENE
{RBEFESHD, BLBoTWVW3. BEEREEIRENE RD L, B R3E
WOL T3, BBEREICBIT2AFOEMICKEREMIR SRV,

EimRE U EERURAEAEE 2K 3-26. X 3-27 XZhZENFRT, BEERE U2t
BERUEEIL., Nernst DR aﬁa@%uu DIRESND =0, FRERROEEL ST
A AW

EHEBEE S RUEEBRBEREE 2K 3-28, X 3-29 KZhZNTT, hEEES
. BIMMRBDIRESRDLELIRDNS KRB LELR>TNVS, FHEREE T
BUERSIONG LTEILLTE D, BRMEREIDIAE (RB LhE L, DI RBLEXRE
B2 T3, FHEREBONI BRI —2DGRE. BHREMICNT3HEIKELRD,
RIARART —F TV ERBEOMEAZ R L7z,

TR, L. B REEELIEEGE. B LS TICEANROTRICEET
%7:%. BEREMICNT2HBEESOERIZED LTI, BEIVEETIZIehbho
2o
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% 34 EREMERELD BT 7 — X (case3)

fRIT I — PR R HEE *mol/m3] Bk MR A [kg/m/s]
case2-3 737.6 1.45%X10°6
case3-1 737.6 1.45X10°5
case3-2 737.6 0.73%X10°5
case3-3 7876 2.90X1077
case3-4 737.6 1.45X10°7

*3 [ ENL B= - 0.90[VIic BT 3 REEE
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Concentration of U0, [molm?]

Fluid density [kg/m?]

10000

1000

100

—
[e]

2640
2630
2620
2610
2600
2590
2580
2570
2560

2550

1 il 1 1 Il L

-0.95

-0.9 -0.85 -0.8 -0.756 -0.7 -0.65

Cathode potential [V]
3-26 case3 BEMRFEME UO22 iR

-0.95

-0.9 -0.85 -0.8 -0.75 -0.7 -0.65

Cathode potential [V]

X 3-27 case3 REBEEBABE

—0— Cs=737.6
[mol/ m3]
1 1
-0.6 -0.55 -0.5
—o—Cs=7376
[mol/ m3]
0.6 -0.55 0.5
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Diffusion layer thickness {cm)

Current density [Alem?]

0.09
_0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

0.00

0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

2003-020

—9— Cs=737.6, v=1.45E5
—o— Cs=737.6, v=0.73E-5
—o— Cs=737.6, v=1.45E-6
—A— Cs=737.6, v=0.9E-7

—x— Cs=737.6, v=1.45E-7

[mol/ m3] [me/s]

) 1 1 t I

1 i l 1

095 -09 -0.85 0.8 -0.75

Cathode potential [V]

0.7 -0.65 -0.6 -0.556 -0.5

X1 3-28 case3 FELHUEES

[mol/ m3] [m2/s]

—8— Cs=737.6, v=1.45E-5
—o— Cs=737.6, v=0.73E-5
—o0— Cs=737.6, v=1.45E-6.
—a— Cs=T37.6, v=2.9E-7
—A— Cs=T37.6, v=1.45E-7
~ = RIAR

-0.95 0.9 -0.85 -0.8 ‘0.756

Cathode potential [V]

X 3-29 case3 FHEHBEREBE

— 38—
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3.4.3 BEEEX OFEM

(HE®
FEMPEEERMICIZBRNREZR L TCNE I L5, HEBEXICHT 2EE5
SORENDH D LHNI NG, ZOED, BEESE 252 L2175,

(2)ffdr 5t
M —R%ERBBICHRT, ¥ —I % casel(Le=12.0[cmD & LT, BBEX% 2
(Le=24.0[cm]DiZ L. B 2T,

(3)fEM IR

BEAREAL —0.90[VIIZ D\ T, BBBERIC BT 2 HE S HEARESH LRV RKIENE
ZX 3-30 KUK 3-31 12, HBES LEEERBELKN 3-32 LM 333 I0RT. YOX

KBNTHERETIEE.OlemD b & BHEr — X DB _Hi%(16.0[cm])) ORI —B LT E D .
BRI 2RI EEEERIE N, EXZ2 2B LAV —XiE 4.0~16.0lcm] DMEHE D
¥. B _bi28.0lcmDFR T\ B,

ERE UOBERUVRAEE 2K 3-34, X 3-35 ICZ2NZ2NRT, BBERE UL+
BERVEEIL. Nernst DR EBEBEMNICL DIEINZ =D, BEEXICL 5B,

FHBRERE S RCEHRBEREE 2K 3-36. M 3-37 ICZh2NTT. BEBEGE
FOWEEE S IR biRicab > CEI 2HTEALH > 2o 20720, BBES% 2
EICT 2 L EHWICEAZB L. FhiCE->T, $ﬁ@ﬁ%ﬁ*§%ﬁ? LTW3,

BRI E 2FIC LCTFYRBERBEENMET LEE WS Z L, BREBSEH 2 51k
BREBNWILERKRLTED, BRAMNETCOBRICB VT, BEBEXOZENLET
DBEEZD, KENERTIBEBEIOLY 21 LT, BBREHOIL 1.686 (234)
&b, HRNICEINELE 1O LI —B L,

#356 BEETOFHIEMN I — X (cased)

R — 2 BEHES (m]
casel ‘ 0.12
case4 0.24
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10000
£ 1000 |-
Q
8
ON
=]
< 100
o
.2
-
124
]
=]
8
g 10
O —&—Le=12.0
——Le=24.0
‘ [eml]
1 1 1 1 L I 1 L 1 1
-1 -0.95 -0.9 -0.85 -0.8 -0.75 -0.7 -0.65 -0.6 -0.55 -0.5
Cathode potential vl
Xl 3-34 cased [EMFRTE UO22+ B
2640
2620 -
"’g 2600
)
=
B
‘m 2580
=
]
o
=
=
= 2560 |
——Lc=12.0
2540 1 —5—Le=24.0
[eml
2520 1] 1 1 1 1 Il L L 1
-1 -0.95 -0.9 -0.85 -0.8 -0.75 0.7 -0.65 -0.6 -0.55 0.5

Cathode potential [V]

X 3-35 cased EMEERAZE
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0.04

o
o
@

0.02

Diffusion layer thickness {cml]

o
(=
—_

0.00

0.8

0.7

0.6

0.5

0.4

Current density [A/em?}

0.2

0.1

%
<

——Lc=12.0

—B—1Lc=24.0

feml

-0.95 -0.9 -0.85 0.8 -0.75 0.7 -0.65 -0.6

Cathode potential [V]

X1 3-36 cased FHILEBEX

-0.55

0.5

0.3

—o—Lc=12.0

—8—Lc=24.0 [em]
= RIAR

-0.95 -0.9 +0.85 0.8 -0.75 0.7 ~-0.65 ‘0.6

Cathode potential [V]

Xl 3-37 cased EWEBERIBE

-0.55
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3.4.4 WRHE A DA

(LE®
BRI ERRE IRV 5 1 2 BEIENaCl-2CsCO R, U iEHAREIC BT 3 BEDF
HEUDREN, 202D, FEO U0 BEICNT2BEAREELICFT 21T 5

(2 ) &t
RN r— 223K 3-6 ICm T, B — % casel(Grad. D=0.0332[kg/mol) & LT, AHE
% UCly & UCRAE L= B E A (Grad. D=0.0993[kg/molDiZ D\ T. B ETS,

( 3 M #5 5

BRREEAL —0.90[VIIZ DWW T, IR IZ BT 3 SAB S B FED 6 R B A FEE
X 3-38 UK 3-39 2, IHEEX LRBEREE 2K 3-40 X 3-41 IZRT ., BEL
MEAS LEILICLD, BESESAOTHEINEL RoTHBD . BAREMEIIEE
FHICESE, BEEEIRH A>T\, BBEREE LLZBIE ol LIz
L0, 2EETEML TN S,

BEMsEE UO2+BE RUHAEE #K 3-42, X 3-43 L Zh2NRT. BILETEMNT
FENKRIVH, BHAEICKAEI BRI EENEIARSTNL, Thid. BEEEICHT
%%E@Eé%tbt:tt&b\%ﬁ@ﬂ»b%ﬁﬁ%%btﬁb\%ﬁﬁﬁﬁ+ﬁﬁ
TTal. IFAEBEEICHET 2720CTH 5,

$ﬁ%ﬁ§?é&0$ﬁkw REERN 3-44, X 3-45 ICZhZ2NTRT, HEUEE S
IFEATICA T B IEMICR SRR <. BEARISRICIRE LHEIR>T\D, k.
EH B EREE I EE ARSI RIC R I EICE D AE L RTINS,

BIERDP S, WEEECHT 2 RABEOAREELIRIBE, B LT ICH

RAKOREHET 2720, HEUBE S IBAICHT 2 EARED 6 Fic, S H5Em
T3 DSR2,

£ 36 WMIFEELE D FHMEN — X (caseb)

T — BENE [kg/moll
casel 0.0332
cased 0.0993
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Concentration of UO,?* [mol/m?]

Fluid density [kg/m®]

1.00E+04

1.00E+03

1.00E+02

1.00E+01

1.00E+00

2.85E+03
2.80E+03
2.75E+03
2.70E+03
2.65E+03
2.60E+03
2.55E+03

2.50E+03

—6— Grad. D=0.0332

---B3--- Grad. D=0.0993  [kg/mol]
-1 -0.95 0.9 ‘ -0.85 -0.8 -0.75 -0.7 -0.65 ‘0.6 -0.55 -0.5
Cathode potential [V]
3-42 caseb PFEMEEE UOL2+ EE
—6— Grad. D=0.0332
I ---@--- Grad. D=0.0993 [kg/mol] o
: 1
1
i
!
A
tI’I
!
nl'
- !
-0.95 -0.9 -0.85 -0.8 075 0.7 -0.65 0.6 -0.55 0.5

Cathode potential [V]

Xl 3-43 case5 EBEBEBMRIKEE
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5.00E-02
450E-02
4.00E-02
3.50E-02
300502
2.50E-02

2.00E-02

Diffusion layer thickness [em]

1.50E-02

1.00E-02

. 5.00E-08

0.00E+00
0.8
0.7
0.6

¥

S 0.5

=

2

] 0.4

Q

=

E)

5

= 0.3

5

O
0.2
0.1 ¢

—&— Grad. D=0.0332
---B3--- Grad. D=0.0993 [kg/moll

1 ' 1 ! 1 1 1 Il L

-0.95 0.9 » -0.85 0.8 -0.75 0.7 -0.65 0.6 -0.56 -0.5

Cathode potential [V]

X 3-44 cases EHILEUBEX

—&— Grad. D=0.0332 .
---B8--- Grad. D=0.0993 [kg/moll
o soms RTAR

-0.95 0.9 -0.85- 0.8 0.75 0.7 -0.65 0.6 -0.55 0.5

Cathode ‘p otential [V]
X 3-45 caseb FHEHMEREBE
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4. KBEWBMBOMRTTHBEIR & Dt

4.1 KBEWEFOFKTHBER

FRECBI2WEGEEN DS, RNEVVEGEZEOEZEEZIT RN LS RIBAIIE
WELZELHAGCEO 7T OV WBREVILRICED 5> TEIT 2, C0Bs. RECHIT
ZEHEERRIIRATEZI NS 3,

: dc
m, =-D (a_;)x=o =05 (Chp — Cpoo) 4-1)

ma: RECBTEAFHEBICLZEBHR oo PEEEHEE D WEEHEEN ]
Caw: REICBITIHEEE Cao: Fetkh OB RE

WEERE oo EBMERRBOBA L ARICEAEE RESKOERHEDRH 2o Tk,
REPOHEEEE Cul LT, BRBRND LS RABENTIIERC BT 2EE LD,
BARO L5 RABKENTILESPHEREZANSE DT, o OEEIE CoDBUAICH
BitRT %,

R RABORMICMELRENH 2 L. BEAHIIK 24 ODLSich b, BEEES .
TEAVRE. ATFHBIC I ZERBRIIRE 1D R, o L WEILEIRE D OREICR
KBEED 3D,

Qp =—7 (4'2)

aold ¥ 7 ORWNOIRRE, RAEDYEE. ROBRRLE OB TH 2. NHEMEEE
BdT 2 REZ XM T 2 MRTRHER L LT, RO 225N T3,

ol
¥ ¥ —17 v RE(Sherwood number) : SA = 2 = L, (4-3)
5.
Y2 3w ME(Schmidt number) : Sc = % (4-4)

L RERS v BT
NECEOHEICRBERCESSEERCL > TELZBAI L > TERNMFRIE

Udo LIEDoT, BMRBICBIIZVIXF 78 Gr DL (t.v— 1t )DEE(00— 04 O
WESHRI S LTIV YEEECHT S Gr 2UTORICIDEZRTE D,
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13
75 271 7 #(Grashof number) : Gr = —é(& -1 (4-5)
Ve Pw
P : REEE  ow: REEE

— IR KAREMRDES. Sh#id Sc & Gr HOBEK L LTRahd, BANKE TS
WT Shavg & S, Gr ORAICIZR 4-1 1ZR T & S RERTEEMEDH 2 L 3., ATESHE
BRWEKAREREREOKL D, ROFEOHBERADBIREINTNS 10,

Sh,,, =0.638(Sc * Gr)''* (4-6)

42 BITRRE O

INETIT OB — A0 HR 41 ICRTHERYT — X 2BV, ZDBITHRIZOWN
T, REXRIZEBBEI L UTERGTEERE 2T o/ EH v —Uw FE S hav 2
KEHICOWTHARICES L TORDEZHANT, BEULBR2X 41 RIZRLE,
BUOTEE U RIS 2RI R T —2Th, KEREROEIRTHER D
AL X K—BUTNB D, ShagidHBERICHRTOPREVEEL RS> TV,

COREE LT, KREBHROMEEDNEZ SND, [ 4-2 IZERTTEHEEE R & A M@ O Bk
A DOEZRZERT  HERTGHERX CIXAREREORMERNGIEFRZ2EHE LT\, &
D RSEEE TR CIIEAEP S OANNVIEBEORALND D, HETHERED
LEBDBEL S, KEWHAERTE, BRRXEZ2RZEI T2 -DCEBO LTI V2%
RITTNB. 202, BB TFRIEIBEASEICMHITMA. THRAPS SNV EBEDRAD
HD, LWHICIIEHOAIEN D, HBEOIEABLERLIRIREGEIELZR> TN
2rEZbN,

43 Ei®

RIFNHRERIC OV CERTEEETS> 2 LIc LD, Sh % Sc K ¥ Gr MOBEKTtET
EHTE, KARBROBITHEMER L B L EEER. FROHEICLD Sha KED
THEHOD, BN—BET Uk 2D Lh 5, KEREROERTREDFHEDORD,
BDBMREICBIT 2 ERHEER BV CHEATETH D, BHBEIIOLYEEE
OFIGTHRERIC L > CFRMEREETH 2 BB LHB LN
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41 s —2
i RiRR E R EhR GRS BRiRR X B EAR
Cs[mol/m?3] v [m?/s] 1. [m] - [kg/mol]
casel 4.60E+00 1.45E-06 0.12 0.0332 |
case2-3 7.38E+02 1.45E-06 0.12 ©0.0332
case3-4 ‘7.38E+02 1.45E-07 0.12 0.0332
cased 4.60E+00 1.45E-06 0.24 0.0332
caseb 4.60E+00 1.45E-06 0.12 0.0993
IOOOt Ik?r'ﬁ&%ﬁg I T ) | . 'y
KBRS A
7000 Gohioiii 9
500f 4Cu 5
. v Ag B
+Cd ® %
300 B x Cu 1Y
a &
B 200L "Tl %y 39 Gl
: T o i ;
& o H 1) 5 1A s
o 100F  ° KU GW 5 .
; 8 e NaCl s
=3 = /
= 70r \
507 & Nuwg=0.66(ScX Gr)¥
30
BRNEER
207t (5.0 (UO; in NaCl-2CsCl)
® casel
case?-3
10? A cased ‘ N
7: ¥ caseb
5'— 1 1 It 1 1
3 8§ 9 10 11 12 13

log (ScXGr)
4-1 BAXT T TCOWEBEORTHELT 19



JNC TN9400 2003-020

ERED L EBEVELS
£

N

Cathode -

¢

-_\_.
BEAD> S DRADH

Dimensionless model

4-2

Sheve 1
THPS BRWAND b KISHENFE

{3 Flow pattern
Diffusion layer

Analysis model

BlREORNDHE
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5. %

il

BEMESMRE 7D 22 NRIC L BRBREEEIC ST 3 BEEORERET D S, BEUE
EZOffiZTo/k. ZORR. UTOL S RARERE:,

(1) PMEFCTHEERIERS OO, BFIC L3 0BHRIRBRER L Bh—5
LTHD. BUBEMRIIC X 2 BEEE S OFHEIC DOV TRB LY 5Nz,

(2) AREEMOBIEED>S. BEEIEBEEOBANKICB > CTEREh. #
DEIFIBEum BETHLI eBbh oz,

(3) BEEHFCLDOARPEMLESE. BREES . HEEREOZIC G
LTEMTZ LML NIRRT,

(4) WEEEMRMICNUT. KAREROME GEREICET 2 F RO ER TS

ADPBARGETH D, COERTHER LV EEBESIPTFM X2 LhHLD
ttﬁ?to
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