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Electrochemical Decontamination of Radioactive Metal Waste

Using Neutral Salt Electrolyte
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Abstract

Electrochemical decontamination devices, which 1s used for the decontamination of
metals contaminated with radioactive materials by a electro—polishing using neutral
salt solutions as electrolytes, were prepared. The devices mainly consist of two major
parts, electro—polishing tank and washing tank. The objects for decontamination were process
equipments, the SUS-304 pipes and plates, that were used at the conversion plant in KAERL
Sodium nitrate, and sodium sulfate were used as electrolytes. ICP-MS and SEM-EDX were
used to analyze uranium ions in the electrolyte solutions. After first electro—decontamination



at 60C for 10 minutes, about 99% radio active materials were removed and the possibility of
complete decontamination of radioactive materials was shown. While, radioactive materials
removed from the metals can be separated by the precipitation as a form of metal hydroxides
sludges and by the centrifugation.
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A8l A vk (Electropolishing)+ 1931 =Z&#~¢] P. A. Jaquet® H. Figour’} g, U#A
5o A7slstH 0w St FIOLH)ES Ao AESuFEE AFEHAT 1 o] F
2 At gk &8 w7t ES eyl A A9 JAEHASH,  Jaquets
AsfArte] g3+ anodeol viscous layerZF 4 H o @Attt al 5735 oH 1.
Z|ERo w2 Haldvle 54 Ao #5AAS anode® WHEO] S Antete
TAol A7 E=F(electro plating)e] HHkSojt}. UuWFH o2 phosporic acid, sulfuric
acid, == 7 g9 &3 = perchloric acid, acetic acids?] F+8&9S HafjHo =2 A& 3
oh 1efuf 9heF neutral salt &N ZE AR{VE FEEHWA AUAoE He dREE
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(passive)S 7FA &= WA Aol 23 WS & Ak dirdoz Adfdvtes BE =
23} skFo] A8" 4 9 A9 homogeneousdtil fine-graineddt %71 af oA £& 4
Ig 45 F 3

A Ark= anode®t cathode7t A= HFekA] ¢F7] wiwol S5 et dast &4
o Ampel] fFatw, 1 WAYSFS o4 $HstA WA A FAAIN e S AL
2 oqgdth AF7t e EHE, =& s JAeE 2o 559 &E Walcle A9 =
ol oxidation filmo] ®¥W<e ©& FHAES QA Ho, £& JAEL oxidation filmel| ©
A A Hrd 8RR 5& 3358 cathodeZHEH AUidoz ¢ & AFE 2
Ha g& w2 g3Ech dade F3+e] anode ¢fcathoded] AF{7F EsHA W, &
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T3k plateau region® ® e Wsto] dia] A} AFLEE 7HA = FFo® o
T Aol 2o AA YIS LoH[3], e-fe] Tl A= anodecl A =& EH
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W3t sodium nitrate, sodium sulfates ¥ 22 A FTE&AqS Aoz ALE3HH, F
A To TAsE FAE ol 2 anodeZ2HH £F H g5 Yol=E5Y Aste a&54
sl=o FelZ HHdsHA dAvh. Sehmels 9GA "l pHE 2ATo=ZH FAlsER
AAANA 222 AR = A7 EF AodS AAaAA, A Ade] a5 & 5 9l
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3.1 AAAZA A2
olF sty Ao AFS Fslo] AA HsjAATAol HEAZ F AE
o AAE scale up FoEN AAHATAL HANHY A FeiAS BHor FAHIS

o] 43 Pilot scale?] A3NAA IS A=)

32 AAAERZA S T4
A Al &A= counter electrode(7-2] 99%)¢t &3 N5 LI Al AntdA] o
e Ad 5 LS sludges A7 A AL 7I7F sty d4o=2 F3E o
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3.2.1 AsA B A

hid 2 Polishingst”7] g 7]
(15V DC , 5000A) AaAvtdx= daldntg 7ol AdudEss dAst
o Ade HaAS daAvtEr|E o]Fste] HadAnt Fdel v H, AR ThA|
dafld Byggos "t
Aajdntg71(2d. 3)9 AAL SUS 3042T), Fel= F4 Type, &
2 A#ste] dafjdo] ddstA £3E T AEF A, Ad dEES dsl
ds A7EE Sk dafdvtd 28212 60T, Y RS
e L A7) whep el A Adlste 2R A Aste] s
kel A atEo] AXH ) counter electrode®t working electrode®] @] 7F 1-2em7}
g4 7 JEE AAstden, dadvtgr] o¥dl 25315 2H1200W, 28KHz)E A A
w3 EAA BAEE 2595 o] &5t AD HAES sludgeol 93 AL
ds HastslH, dafjdnt Al F AFo2RY HAEHE A FAVMS AAE GA &
o} A BHaEe AL SUS-304Q2T)=, e+ HdType® £7] 7= 29074 =
Aslar Wzhr), 3 e, %A, A, pH Meter, SeHA|o] A 2 G4 & o] At}
7y Ko Ve v 2k dadnty RE7F AY2E(40-60T)EY =8 ¢
T8 937 S8 WAvlE AAsta, daldnt AlF Al AT s e =28
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Control®d & A=F Frh. FHAlol A= el naFglel S84 BExE Setor &
A F A=EF A BHyE o] A Hdefjdnt & I SeA 9] G F<t
AolA® &% 140z JAE 714 SdAE sy, Bod SeA= S84 A
A2 Bt AAA= Aol wAAIE AAs] Akl AT

3.2.2 Sludge #| A %=X
Al Ad & @AY= sludgers FH 3o & WHEr Xk oF 15~22¢/crd] ¥
=5 7FAY, 2940me] HdJAA7|E A vk daHE
AA7] f1gk He® FHE ol &g WhHol 7MY | &

A5k sludgeE ultrafiltration®l] 9] 3l 28kl AA R, WA BEHS X
woll, F7FAQ1 2ol wA & 9lar, 2+ dH
TAAE dstr] 9t dAE 5
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A2 AFA4el HMEA AU SUS-304= A& A #skar, Pilot scale®] 7 al Al 4 4]
A S Aldedth AnodeZ = WAbs 29 T4 AW SUS-3045 Cathode
ZE 99% CuZ o]&3ttt. Plated] WA+ anode®}t cathodeo] FW A o] L= A
st 3L, pipeol WsiA = F AF31e] ALE VITEoE SHA
Ao © 2= sodium nitrate, sodium sulfate & 05MS AF-&3F )
PotentiostateZ o] &3to] HafA| Aol F L3 polishing regions ZAA SR om, A H 9
WAL 1 2712 AalY 100mloll 500mA/cn’] current densitye] Z2A o= 10E7H
fAAs AAsAT dAd F HAHded o5 AT HH sludge= st 22140
2000rpme. & 157 AR 7S o] &35t sludges HlstSdtt.
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WAL 9 559 Aol ¢A sodium nitratee] SUS-304¢] gt = 3w}
dS Aldstdtt. daldnt & AN A5 HY sludgez FElHRow, 7k A

S ICP-MSE o] &3l #ASATH(E. 1). SUS-3042] = A i< Fe, Cr, Ni¢] sludge=
= AL A & F AAAR CrY A= §EAHAA AFAel2E& FAdsto] A
S o cation® HE|Z E=A15FA T} Sodium nitrate, sodium sulfate &4 7+
AsfjHoz ALgste] 91 xHo=m AafAdS At dalAdE Ax, did Al
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AsAd A T HAs Fol 8147Bg/ardl A, AaAA F WAilbs S 02~043Bg/are =2 Al
A=A SEM-EDX(Scanning  Election  Microscopy—Energy  Dispersive  X-ray
Spectroscopy) & &35t HaAE * SUS-34e] WS & A3k, 2) Ad A HEH

e WAl Ad F HEHA ‘3%9}2‘351 ap counting?} SEM-EDXE &3 AlH <
E/‘q A3 wA o] 93] edE] AW FE5S AAAS Fot I LddS AA &
T A
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w3 A dnp T AL (xH oz HAo g A5 sludgeR FAFA HEly
Ko, FEd 45 A sludges A 71E ol &3t 23408 e & ATk

SN} sludge?] S ICP-MSE o]&sfo] &gt i E AT B uranium®] o] 7t
8.2x10 ~ Yppm, 0.75ppmO-= uranium®| H3AIE $ AsHel uranium cation® = EAJSHA] ¥4,
uranium hydroxide®] FE2 HHAEH IS ;?_]5}91‘4
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& sodium nitrate, sodium sulfate &< ﬁéﬁ o2 AE3HE "o Ad HAsadE
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[1] H. Figous and P. A Jacquet. French Patent NO: 707526(1930)
[2] T. Hryniewicz, proceeding of first East-West Symposium on Materials and
Processes UK, pp. 245-252 1990
[3] J. P. Caire et al., Proceeding of the 80th AESF Annual Technical Conference, 1993
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F. 1 v S5(SUS-304) dsiAld 5 dafj&d T 55 ZEICP-MS)
= B upper water(ppm) |metal hydroxide(ppm)
Si 8.03x10 ° 1.5%10 2
Cr 4.5 1.7
Mn 1.6x10 1 0.97
Fe(56/57) 0.14/<0 17/16
Ni 1.4x10 3 6.1
Mo 3.6x10 * 7.3x10 2
o] &3 WAls 24 F5(SUS-304) Al #H F5 AR 24
A9 7 A+ A+
clement (sodium nitrate) (sodium sulfate)
weight % | atomic % | weight % | atomic % | weight %6 | atomic %
Al 0.7 15 04 0.8 0.1 0.3
Cr 17.6 19.0 18.1 19.3 18.2 194
Fe 69.5 69.3 70.4 69.6 71 70.3
Ni 104 9.9 11.0 10.3 10.7 10.0
U 16 04 0 0 0 0
3 29 F5(SUS-30H) AN AYE F A& Fo 55 J=ICP-MS)
sample name |U & % (ppb)
Upper water
) . 0.8
(sodium nitrate)
Upper water 07
(sodium sulfate) )
Sludge 1
. ) 746.1
(sodium nitrate)
Sludge II 4577
(sodium sulfate) '
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