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Electrolytic Decontamination of the Dismantled Metallic Wastes
Contaminated with Uanium Compounds in Neutral Salt Solutions
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FUl9 7H5 FAE $EE A@AEY A A O $EFeE 2dHo e F54Y HIE
o AL E= AAALE AT AGrIez 49 AHdE A& AAAG T4 HE4
€ Br1E7] 93t St AEAA uRdue F 34 A5Y SUS-304 Z Inconel-6004] o
g AV LAAE dTFE FYSHAY. olE e FAY AsA P, ANAY FE,
AFYE, APALY 2L gAY =AE0] & A8y &8 X 9FE FUedY =
o AJHE AHEE HEAMY HH&s A ZAE ZAZR HAA foE HINEERH A&
UQ;, AUC (ammonium uranyl carbonate) ¥ ADU (ammonium diuranate) 2 GA1Ho| 3]
Na:SOs # NaNOs 449 €A A AGLdES P92, 489 FT7F 2 29 &4
o diasgtEs #AR) BE AHA dlsle] 10% oluje] e Az Uld AAXE JEX ols=
B ¥Abs £98 #A2AFo2ZAN B A9 dsAgel ws 4FHYL U5

Abstract

Electrolytic dissolution study was carried out to evaluate the applicability of
electrochemical decontamination process using a neutral salt electrolyte as a decontamination
technology for the recycle or self disposal with authorizatien of large amount of metallic
wastes contaminated with uranium compounds generated by dismantling a retired uranium
conversion plant using SUS-304 and Inconel-600 specimen as the main materials of internal
system components of the plant. The effects of type of neutral salt as an electrolyte, current
density, and concentration of electrolyte on the dissolution of the materials were evaluated.
On the basis of the results obtained through the basic inactive experiments, electrochemical
decontamination tests using the specimens contaminated with uranium compounds such as
U0O,;, AUC (ammonium uranyl carbonate) and ADU (ammonium diuranate) taken from an
uranium conversion plant were performed in Na:SOs and NaNOjz solution. It was verified that
the electrochemical decontamination of the dismantled metallic wastes was quite successful in
NazSOs and NaNOs; neutral salt electrolyte by reducing B radioactivities below the level of
self disposal with authorization within 10 minutes regardless of the type of contaminants and

the degree of contamination.
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e A 7te T4 & "4 Tﬂ/\l*é_«l Sus A F34AHATE Wl $3E AF
*11501 fom, o] NdE EFEY AYgE T3 an &4 Wy Aule 44 siA FAsn
=22 AAHE @ Aoz o wEA A4 Fdst E o WEAde 7354

A4 BA HIEe] TAstA ol AH

A #Ewete] 27 E waby f-2hE AFAIA Al Qe Gdd gre #AHE
WAL H1E¥ ARe AMME AT $HE & dE 1 AG e HEol &7
2ot A7A W7l MERZE FRHA X S AR dAFHATE W H#AVE dANAF
3o A & nHE SSHFRABAALY A o TRHAE UFe] FSEAVES AERE
AU AAAE e Aol A F & HAVIE FALL F & AR AAI.

et 2 ATAME FEHEREAAL dA d fRdE edEd R A F FEEAN gt
o AL =& AAAEe] 7t £E AGEsS e +4F AFEZ 299 BHY A4
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AR 2H47HA EEe B AGAT & & Jdon, HYLE 23 HIE Fo] vuY
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Ag 7L B2 UAdE F7] AN 2AHE &, e R AP 224 A8 &
dE e FHAVNER A AR g3 F7& wE & JNEA o AFME ¥
Agol e Al 7tA AFGA A FAE vk Y3, ole] wEt WA FEAVES AAARE
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3 HAAGe Ha) Aol ol AE HAHEAME 23 Hojo] FHoE TAHEER At &
o33, WA LEEo] FAEE FHE FAHA SRS AFeE o] AL AAAA
o3 HAbg H7IE 2AFE ZA AZY 5 AH2~6) ol F FHAE BTsm i, B4
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o, AaiAlge F4HQA Wl vt 12HQ FRIt F5T Aot
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o Aol g $E AFE A7 EyE £ 29 A AY 54 A
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2. 439

2.1. 294y FzAR AH L3

TEHE AEAA A A dFgeoz 2AE fEtE FEEE 2LE9E FEY AAA9 FEES Y
7] 98t ohddt A uiE du) 2 el 5o F P4 A5U 2HAAE 2" 2 Az:de o
o2 FAY AHLAL AL AF &3 ¥ S F5 o]E 343 Potentiostat/Galvanostat
(JS-P500, X3 A7N)E AMEsta) Al 719 AFoz AR TAAQ A WA A
YA ARE EFE dAAF HHoz AL 4¥e YA AGUHLEo HE Yo
Z2E Sty HAAAE oA 8 A8 SUS-304(Fe:74%, Ni:18%, Cr:i8% [ASTM B 240])
9} Inconel-600(Fe:8%, Nii72%, Cri15%[ASTM B 166])¢] 2ojA|H & A2t BYgAHE A"
o =& "3o] ¢ 095 cm’Y ¥ (KO0105, EG&G)Y & REZ2 fd¥o2 7138 a JAst H&
AIEZRE A2 Anpste HFHog 05 pm GFuY dgYgow XEdte Algsgd. NE
AF o2 Ag/AgCl(saturated KCD& AHE3IA L, AdlAdFoR 25 x 5 cm A7|9 HFHE ALE
3t A AR A 2L F8 F SUS-304A13 7 Inconel-600 A1H 2] A =Asle 1 W3z
e AL SA4S Hrhsd.
22. $EEIFER 299 A4 &N " AJAY

Sty ¥ ANPERE JAH S U0, AUC, ADUZ 298 HAANHEL % 4~5 cm’e] 2
712 Adse 249 AALA oA 100 mA/cm’s AFIAEZ AHAY A5AEL $39319
o} olwl AGAZHE 5ECIA 1N 7AX WINRALw, 93 NRTFHoZ AAe A A F
Aol AAQ 87) A B ALY AHAYG R & Fo p AT S SAHA ol2RE AY
A(DF)E A%t AQ9 A5 Hrredd

3.45% 2 313

3.1. 2G4 FxARY AR L3
311 A LA B FE5AH £

A713e 2" FAF 84 F U A EHLE 2 Fol EFHAUE o]=d A
AFE T34 s miAeltt. SetE L ddn Agd AFd A LAE AT 5Hez £ A
TiaME FAHAEYU NagSOs 2 NaNOs, FH7190 NaCOs ¥ NasPOs2} oF4HQl (NH):COs %
NHNOzol tidted zbzhe) =7k 05Mo] HEE A#HEAE AXT F A7 &8y Yo
SUS-304%} Inconel-600 R AIH A &3 AFE ZAEAT o W A3 §HAPLS 26T=E
#AHE 2zt AHLY WX 526 mA/em’ o ARLERZ INLFE FARUWE 2Hoz
Fystgon 2 A¥E Fig. 1 2 Fig. 20 42 &3,

o] A2 HE SUS-3049 Inconel-600 AlHo] M3 o) upegt M2 & &3 EHE BY
€ ¢ F Utk SUS-304A18 9] B o8 7HA A §4E FIME NaSOs T4E SHlA
713 FARFol ZA JEN R, ol vE AHMLAA B} NaxSOs A& oA AP
o] Aoz AYF F USS veldrh FH NaNO; FAE SHoA SUS-304 AH] A3
L3 o FARLE NaSOs TAAY £ vis) o 30%<] &8 HAH

o]9} Wtie)] Inconel-6002] 7§+ SUS-304A|H e 7 $-s}= Y EA NaSOs, NaNOs, NH4NO3
Ad gl A9 v£F &3 E&S RET, 2 9 A £ BFSoe A AFFa U
e grsioh B 2847325 E NaS0s8F NaNOz Adfld ol FAE AsfAde] adH
4 ¢ F AU WA B AFME A 4FZAFA A Add el F1, AT F9
pHE A3 FH FHLo] Lol £ ofYgt ZLu7l & EARCIE A4 A BH9 1/30)
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£ 4§ F ol 23 HUIEF] vl$ FAdn RI[7]18n YE NaxSOs FAYE A s
HEA LA A2 (Us00) & TFE St g8 &3] A 2ade Agsigeny BB o3
FTHEe FAE AT ZE T AL AN FAHUT $F AEANHY 1F Fo LA
& AAH7 8 AF2Q Lagoon®] AE 80 Fust NHNO:SH NaNOze] FAAdEoZ ¥
stg €8x FHZE EA%n Jde dF2 A4 29 $8F 98 FEFAd 34 ¢ HuE
Aol 7t T ALY sEHw €A HrEe "5"5‘—% nete AHE ANEE A Do) Nitrate 8
B2l NaNO; A E S AHE3te AafAlgol g &AW 932 sotstgrt
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Fig. 1. Electrolytic dissolution characteristics of Inconel-600 specimen in various
SUS-304 specimen in various electrolytes. electrolytes.

312. AFYEE G FEAH §3

FHEE o] 8T AMAG A HHE AFLEE FAAY] A8ty AF &8 HTol £
3 H7FE NaSOs 2 NaNO; £Ho A9l SUS-304A1H 2 Inconel-600A] R il HFLz ] o
TS A B SUS 304218 A= F ZE H3FHES 900 coulomb ¥ 450 coulombe] HE

2 3t ZAAAM ARYEE HSAANE A L3 APES FP3A 3L, SUS-304AHEY A
L& Aol %'& 3 Inconel-6008] A9+ AFI= wat NaS0:.2 7 150 coulomb,
NaNO3;9 A¢E 75 coulombe] HEE sl 2702 AFUL WE FA #FE 2Hsq o
A3 E Fig. 3 ¥ Fig. 49 &3 91},
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Fig. 3. Effect of current density on the

electrolytic dissolution of matal Fig. 4. Effect of current density on the
specimen in 0.5M Na»S04 electrolytic dissolution of metal
solution. specimen in 0.5M NaNQO; solution.
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Fig. 3914 d#HHEH NaySOs £ AN SUS-304A1HE AFLE wat AsfAQD slgS ol 50
mA/cm* 7t A& AJHe] FA A gol FASA 2757 100 mA/em’ o)A AFAE M E
AFHAS F/MAEI S9sA JEldd, AFYUEI 43 AdA0o] G2HAA A8}
F7Hete AES HolBE AN SHolA Bud & AFYE/ AR oE Ho|w, AHA
A& nedgy dABAT ARE FHEE FX AVE AGed YR X &L AFYUE
& AAdA AFYADES F3stojok 3}, Inconel-600A Ao A9+ SUS-304A1H o] AFE wt
B2 o 50 mA/cm’e] AFUE 7AAE AHEE ol WZ kst 50 mA/em® ol A E
ARIES F7tel wel ANHY AF FZorFgozN AYEE) Z2eeE Aoz Y} AYgE g
2 HEAZe mHE B of 50 mA/em’e] FHDEANN AAALGE FHs= Ao upEHH
Aoz #gdy,

NaNO; A& oA SUS-304r1H 2] 29 Fig. 4914 BE uiet Zo] AFYE7 100 mA/cm?
AR Fag uel AAY T&E F2EY 100 mA/cmP ol AN E AFLRY Zr19= T3
A AAAG E&ol A FYdHA YElwttt ol AAZRE AFIEI #H4eHE AsfAd
&L F7H8IA T AGAZe] YR ZogXez AGALE 28 HAF AFUEE A48 9
&7 gk 29t FAG AHAYG A 289 100 mA/cm® 03] AFLZA AsA Qo
o]Foj2 = 75 AHe HAIZALNE 1T Wi AFLUEI} EF4E2 AT AE LS o
HA AGAT] D58 F Jorz o 2 AFIEE HAYsle Aol Kt Addd, a9
U AFEEY F7te 859 AdLd7 AEFH 990N LTAHEE JAYE Fojggez ¢
3 AdfArvigdie Ege AdAGel 2E F Je FHA AE F ZHe ddA o 9IS n
271 W& HAF AFEEe AHd¥eo] Fadvdn HIETh Inconel-600A1 A2 FH$E 50
mA/cm®0)3e] AFUENNE AH AF F2go] TR ZF78tx ¥ AT RO Ho}
SUS-304A1 Rt wttle] 4L BgFy o] AL AHAG AFE 13 50 mA/cm’o]
Ao AFLEAN AFE FP3tE Hol AxA Aoz AP
3.13. A4 sxo B FH5AHUY LHEA

Na;SOs @ NaNO; A& A9 =7} SUS-304A 83 Inconel-600AH 2] AsfAG & 1
e TS zAE7] A3t 025MOAAA SM7EA] =& WA A7 SUS-304A1H 9] 45 100
mA9 AFE 1ATEG dASA 718F 3 Inconel-600AH 2] 4= 50 mAY AFE 08 &
¢t AASHA &3 RuUlFo AutSo] 5 ¥ FAZLE FAHsMNen, 2 A& Fig. 5 2
Fig. 69 Z7 &3t
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Fig. 5. Effect of Na;SOs concentration on the Fig 6. Effect of NaNO; concentration on the
electrolytic dissolution of SUS-304 and electrolytic dissolution of SUS-304 and
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Fig. 69 ZA 2% E NaSOs Aal§ A =7 F7hgdetE SUS-304 2 Inconel-6004) 3 9]
AafAd a€de 20X & 93E vAA 4S8 & 5 Urh o9& whuo] NaNOs A&
Well Al SUS-304 Al 8] ¢ NaNO; Asfj&de F=7t 713 wat AR ZAZA7 3M7}
Ae GostA S/ttt a2 o)}l E FA3 FEE @48 BAFn Yuk(Fig. 7). © A
S E3iA SUS-304A1H-2 NaNO; &H9] 5y} 7t wat Azl &3 £%71 ul$ Zriges
AN 7t g2 AHEAg AMEIE AgAY Az @] JYEE Aoz ®BAL A
NaNO; dal &9 Frt Fold4E F&£A MY EALS Fig. 89 838 uviep o] njurzyx
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Fig. 8. Optical microscopic images of SUS-304 specimen surface after electrolytic dissolution
with the variation NaNOs; concentration.

3.14. 948 N¥ L£H5A

Sy AEAAY YREAu AN TRES0) 60THM 650TY 2% ZANA 715H0) B &
Zold ZABHAY WEAue A A 2 FEHe 27 st AUy TR Y StEeE
¢ 293 &5 8 AT SUS-304 2 Inconel-600 913} AJHE 7}A 31 NaNQ3 =49 A
AolA 100 mA/em® 8] ARUEE & A7 5 7hste Yehs Ade] fa=48
o Y% WHZANAN olFd AUE Fx B AWL AAAY ¥ FEAAY LHEAL )
2§ A%E £4589 Fig. 99 +2aQ0.
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Fig. 9. Electrolytic dissolution performance of as-received and sensitized specimen.
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SUS-304 ~]He] A AW AR A &gl 28X &2 AlHd v 3v] ol F7ld
Roew, AE ¥ EFUE ¢ vy gs A = dJh wEA nle AN EFE A
Heo] JRIAAG S 2H2 02 dfAde] 4 7158S ¢ 5+ Ao
32 $EEIHEE 299 A AEA M AFgAY

SE ¥ ANEZREH 958 UO, AUC, ADU Q@A Ao dis] 2 EHAo] ok 4~5 cm’9
A7)2 A8t Na;SOs 2 NaNO; A& 4S AF23t 100 mA/em®e] AFLER A W3}
AAZI AAYG 2F AFS FHAAY. U0, L9 He x7] B Ay 2 9=E 160~270
comelQen, AUC LGN A 27 B WAMS QUEE 324~490 cpm©lQUT, ADU L @A ¥ 9]
27] b BAS LYEE 1700~2420 comol Atk $HAEHFER 299 F2te AZAH Tt
o NaxS0s 2 NaNO; 49 €9 WollA AFGAIZHE 58ANA 1AA7A] ASAAZS A F
< FYP3ET A AR FeR AHe BA a9 FA AsAG slr] A p HA e A
AL st ¢ £ B AT E FAHIY olZEH AFASFDORE AR 1 2HE AU,
o] Table 19 +=Z3R 0.

Table 1. Electrochemical decontamination results of metalic wastes contaminated with uranium
compounds taken from an uranium conversion plant.

Time B-Radioactivity
Contaminants Electrolyte (min) before after DF Specific Activity
{cpm] [cpm] [cpm/cm®]
5 2314 1.75 132.2 0.697
10 2334 11 2121 0.3432
NaxSOq4 20 244.02 0.9 258.9 0.552
30 244.02 0.635 384.3 0.478
UO: 60 269.22 0 +00 0
10 176.2 5.65 31.19 1.346
20 160.65 2.69 59.83 1.001
NaNQO;
40 189.15 09 2102 0.564
60 189.15 0 +00 0
10 454.47 4.7 96.7 0.654
NazSO4 30 489,57 1.15 4257 0.127
60 386.13 0.60 6135 0.079
AUC
10 208,53 5.25 39.72 1.15
NaNOs 30 385.50 5.37 71.79 0.649
60 324.03 2.55 127.1 0.255
10 1978.3 1.185 1669 0171
NazS04 30 1951.0 1.765 2550 0.0905
60 24186 0.43 5625 0.0489
ADU
10 1702.8 1.83 930.5 0.239
NaNO; 30 1705.3 1.65 1034 0.219
60 17595 0.85 2070 0.09

AAF A

FEU7E Fdol 299 -#HEIEEY ddol dEAGE B HIAIEE BF A
1o 2% A AAE

Zrol BA#Ee wa FE DolA i Y& B § ow 107 ol AAd g
71Z2A B = 04 Bg/cm’[19.] cpm/cm’)E 283 234




U2 289 Agd dstd AY AR Ad F ANde EPLHE SEME o83t #F& R
ow, 1 AFHE Fig. 108 Fig. 119 FE3ch p vW¥Als FAHZ34 (Table N2FH 41T
ARH A2 FAEA 108 olviel AFGLRZE YAbe LFEATE A9 &43] AAHANE
& & glen, o] Axe AHAG ANPE HEFozn AAL To2 £2HE A 5
GE A2AAPOBA olAHVIEY ¥ HAHANA F Jotn dDEn. EF AdsjAA Az
e ZAFstd gde e uA FAVY A E] WS Aourt ¥l FHA= B
e HoFA gk 29 FA] NaNO; Asi A Ffelle Ao 24t Aldd B o &
AHAGE T3 ZAHE olxurIEe AN avA v ARE HAFX 2T ez
o &gt

S o g

<before decont.> <after 5 min> <after 10 min> <after 30 min>

Fig. 10. SEM images of UOQO: contaminated metal surface before and after electrochemical
decontamination with the variation of decontamination time using Na:SOs electrolyte.

<before decont.> <after 10 min> <after 20 min> <after 60 min>

Fig. 11. SEM images of UQ; contaminated metal surface before and after electrochemical
decontamination with the vanation of decontamination time using NaNO; electrolyte.

4. 2&

(1) 93 712 2AHE 29 Yo U A 3ol SUS-304 E Inconel-600 A]H ] 7 )-8 3}
A ALE AEol M 58 NaSOs 2 NaSOqol WsiME thta Aol BoAA $-2F
WA JtE5old e mHEE NaNOs 4 §do] Sty AEAEY A A 2 E 7
7|52 AMAQG EHo2 HATS B

(2) NagSOs o)A SUS-304¢] tig FHEAE AFAE7E 50 mA/em® ool A,
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Inconel-600%] W3] A& 50 mA/ecm’® A7 E}AH A whHe) NaNO; & lojME SUS-304
A Hol M= 100 mA/cm® ©) &M, Inconel-6009] WA E 50~100 mA/cm® A7 & 33
o] At

(3) NazSOs Ad-&d oA AL/t JAHE ¢ F5AHY FAREE 59 ¥H39
T FasAa, AHEY HAd A 93 £ AP 9, NaNOs Asf & Ho QAME
FTFTt we A" FAFAE 718, §3] 3M ol oM E FRPEAY FrtE EARA
o FA% FIt A AW FH AV v FUHEEAN PARY EF A 29 7MEA
L ojx} I Ee TAFY] Ft $FREHEE IM oldte wxzACAA Y AHA Gl uFAF
Aoz Hwdd ‘

(4) AN dusi(EA ) SUS-304 AlHe AL A &3 d&d A7 UA=IN} F
7PEo 2N Rzt A S AW H|Ele] 3u] o] &3 %ol F7MH AL, Inconel-600 Al
He Ao doAXE A o7t fles ¢ & AU

(5) FEF HIAMAA AT UOz, AUC 9 ADU Qo.¢A¥d thdted NaSOs 243
NaNO; As)& oA 100 mA/em®e] AFUE Az AHAY AZANPYL F98 27 &
QL2 =7 2 249 F99 dies FAIQel BE AHY gt 108 oo #FL& AT W
ZAAAE 71EA] olFE 9 WAls EHE ZAaAFoEN B FAY AdgAGe] b HFHY
< 3o
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