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Abstract : A study on the destruction of organic cation and anion exchange resins by electro-generated Ag(Il) as
a mediator was carried out to develop the ambient-temperature aqueous process, known as Ag(Il)-mediated electro-
chemical oxidation (MEOQ) process, for the treatment of a large quantity of spent organic ion exchange resins as
the low and intermediated-level radioactive wastes arising from the operation, maintenance and repairs of nuclear
facilities. The effects of controllable process parameters such as applied current density, temperature, and nitric acid
concentration on the MEO of organic ion exchange resins were investigated. The cation exchange resin was com-
pletely decomposed to CO,. The current efficiency increased with a decrease in applied current density while nitric
acid concentration and temperature on the MEO of cation exchange resin did not affect the MEO. On the other
hand, anion exchange resins were decomposed to CO and CO,. The ultimate conversion to CO was about 10%
regardless of temperature. The destruction efficiencies to CO, were dependent upon temperature and the effective
destruction of anion exchange resin could be obtained above 60°C.

Key words : Destruction, Organic ion exchange resin, Ag(Il), Mediated electrochemical oxidation, Current efficiency

1. A = 2 Agste] dojshe 3¢ WAKO) o8 22 4t T

e 7Fs7d0l slom, AHIE Tste] 4 WE S0 Q3

LAY S NIRRT 448 A Al WAl sk ¢ of kAl 2 AL LS ATeEN H frlole
Adel 7hs T A7V FAES A9 AEAY FolA 2 TR A7) A B AR A ¥ dFgE 7HA 2
sk AP Hde] APelle dutdez frlo]2udkrA] oD mEba Al Y] H71E AR E SEEa g 2
o]

7bde] AREA glon, ol <l WbsE T ' # o SHAE 71l AA sl BElE] dside B R

20 gt AR AJde] FH HNE Fo shE gl 2RFFAE HIANA F/E38I, A BHE A7)

th ojEgt # frlelendrRe dAl dAE A4 Yol 2] 5 HAg xerlee] adoh

7F ARG ARER wsiA sl 2Rl ot f7)o)e FAZAA #7144 Hr g 14 B e s izto)

DETAE TS A5 9] b AFE 87] o) 2 ARSE T o}t AZRe RN SAEH7] wiEel Fxo) B
HEA Fol MEI, A wet Faek vir|A s S

"E-mail: nwkchoi @nanum kaeri.re kr 7Fs7del Atk 53] §7] A EIIES] A doME &

183



184 J. Korean Electrochem. Soc., Vol. 2, No. 4, 1999

Zr2 258 wiEHE 7| S B8 WA 4R diZ1E A
3 f2HA FEE og3pA]Fs o|&HS] w7l M ERFT &
FE}2 T o] 2 @8R A7S $FME 712 dnkE
ol A7hgo g Ayt o9, §5F AUEE AT F
fALFH AL 5o At AL JP=E 5 gt

A4 B2 oz FHoZA AF ZAPE, Fenton AH3HY
2 A7k bl 22 &4 Aksh BaljAe]d] sk A
= 3 wydle] 2as] AT Utk dA7A] o] sk
28] &2 BejxE] ATe P2 4 AAYH 9 Fenton Az}
Hol] FEEo] FE ot 2t A AAELS AsAR oF
250°Ce] A 2 it B godo] AMEE7| wjiol] UFAA
o] AAR ZAE AFslostar, o] FAN o3 F71Eo] &3
e B SO, ¥ NO® 28 54 7IAV AdHER olE
o] AE AT Kot vzt 9FEE 5 AP uR ©R
o] Ut}.® T3 Fenton 418} Aol & 2 FE[e} 22 Hola
2 Zn) sl AR Hlslgart AREE] diiol] FHE
Aoz oJatuH|7|&Eo| thy Walshs ©Ho] UTh

ol FAE] FAx nasiA A7EEE e 34
AL, Arel 2AsIAM 7HeE 4 YA, A8 B AR 2
ol vlzd #4n, 947 25 9 9kge] Aojrt &olste
Abs E97)0llA ddFez AME ¢ e ARl itk o
Zo] A7z}t 07 AAEE 23 lAE AM-gE A7)sEt
2 ufsi4ksH(mediated electrochemical oxidation, MEQ) 37
< f7) WA B BalAelel AEshs Aot Aol v
S ghas) AP ik A1 eisakel 3L sz
o] oA wAE ASAZIA S (D), A A
el A9 bulk Welld 7188 4BIAA B Qe &+
|4 FHo2M, o] ¥HE T3l AUIEL A9 3] w1
Hy, FFHozEs U1ETY g9 $4vt ojilksierls
B2 MgHe] A9 ulRE Fr|EZ He dBE ol&sx
ATt

Mn+ s M(n+l)+ + e (1)

M®™D* 4 Organics — M™ + Inorganic Products )

MEQ &Ad] o)A A zZE Ce*/Ce™, Fe*/Fe®, Co*/
Co3+ 1;_! Ag*/Ag2+ %;_o} }\]__g_}q_—l,_ %]\_9_131,6-8) O}% ;és Ag+/Ag2+
AR 79 7oA AEEAA s e o240
Hla) oM frlEe] At i BWHSsH FHE&FL 9l
12 £3] o] 7|&2 eHoz fuig B4 AsE W
E2lo] EAst e EAWIIEY EHlER MEs BHo2
AF7F AP Yt

B AFoxe dxE A e B fRET Foll o
TAshe 1 frlo)engrle] Mr|stEd wisjatsl FAE
e 2oz Zikgdl o vig FFor AR AgdD
Z o7 4ElAE ARESl] ool H Sol2mEEA| e B3
AEE AR, sifatsl T A Al Zhsd AR
AFds, 25 2 AAE AMgE Fake] Frvt o]2udke
A o] B agel uxe T TANAT

o X rlo

2. M7|sex of7fAbst =X st

CRREEE RIREE LIV CE e EERT
Arslo] s Sepie-e thest 2 T B ST |
B & sl A AgE Agrel BT Ashkgel osiA o
&% 7o) 4HEY

Agt — Ag*t + ¢ 3)

(]

AgtAg™ AEAe] AEEkl A BF £ thaiA
1.91~1.98 VEX 1l 723 Al 2y giok'Y oA
& AFHAE Agllyt V18-S A TFHHoEE &
NEFe) SIULE oldsEaE AEAY & ke AL ©
mlalar k. 2 WM Aghe fr71Ee] SR &
£ A% daael A5EA ANOTE RIS Bk

Ag?t + NOs — AgNO; )

FF APl TSI S Tt o] Aol of
Aoz FeE vhge] WAFTHOW

NO; + 3H' + 2¢” = HNO,; + H,O )

AL T ol sk FHAA ANoE AT
o, NO&l A4 GRS 5 AUrkSY

2 HNO; + O, — 2 HNO; (6)

3, &= FeoM AAE Age F71E 2 &3 Wk
A P} Po B Aghe} Ele] uhg-e Ap?o] e 9F
st M= ok 7S wet I, o] ol - OH
gtz 2o whgo] g 2 seige] A4 B}
Aok, Jalgd ol 718 EAlshs A% AghE F71ER
HES-sle] ojitslgast Jlete] FUER AT,

Ag¥ + Organics — Ag' + CO, + Inorganics @)

aE Aghe) B, A9 BE, 47189 9 ERd we
Abas} QRBRLTL A B

3. MEAEX U uy

3.1, AEHER

F7) ol A7zl wmjsfjstsRfel] AhgE A
PR = AR FAs, Huy 5 A, ¢ 2 &
F Asfjed A4z, 18l FF 2 55 AsEAL £
= JEZE= pAEe} Sl

7] AEAR ARREHE AghE 0.03X0.12X0.002 m 729
FFA 3} §F4lo] Nafion 117 FolL23 Aol 2fsia Zg
o] olon, U= U &F QYE2 7k} "Eo] 19.5 em’(7IR
3 em, AE 65 cm)@ WF TS AES FHY 2§ A3
AL ARgsle] AgEom MAPANAT. AP Aghe B3 Ul
A F7) olenBFA Y FAYE BINHER(@E e
AA2E FHEA F71EH I E Stk 4= 2 &
F ALY AARE F25 o AR d8E 2=
b FAEES S AF 717 vl 258 %2 YR
A&Aoz 718 Bojgo] Fo24 Ravke 5¢ 298k
o8 AMEE ofdalks Axto g A FAlo o}Fite]
He Bl 7Idshe Fh AdglEe] AAo] AFHEE 3

ot

32. M2

B Ao ALET f7] o|2BFA= FEFE
Amberlite IRN 77 o]e@ 8429} Amberlite IRN 78 29|
2352 (Rohm and Haas Co.)EX |59 353ty Fx&
Fig. 19 #2319tk /7] oleudrAs 3idd Aol 50°C
oA 24A7} o) ARAZ ARTAE AL, ol
olewdrx] Y Zo|2wmBAe] e Zzt 131 H

14.2% ©]At}.



A2A718k8t87), A 29, Al 4 F, 1999 185

~CH—CH, ~CH—CH, ~CH~CH, — CH—CH,— CH—CH,—

10999

~CH—CH, —CH~CH, ~CH—CH, - CH—CH,—~CH—~CH,

2 999

@ —CH-CH, —

—~CH—CH, —CH—~CH, —CH~CH, —CH—CH,—CH—CH,—

30¢

CH,N*R,OH" CH,N*R,OH"
—CH—CH, —CH—CH, ~CH—CH, ~CH—CH,—~CH—CH,—

Y. 90

CH,N*R,OH CH,N*R,OH"

—CH~CH, —
(b}

Fig. 1. Chemical structure of organic ion exchange resins. (a)
Cation exchange resin (Amberlite IRN 77), and (b) Anion exchange
resin (Amberlite IRN 78).
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Fig. 2. Effect of applied current density on the destruction of

cation exchange resin by electro-generated Ag?* in 5 M nitric acid
solution at 40°C.
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Fig. 3. Destruction fraction of cation exchange resin plotted
against cumulative charge in 5§ M nitric acid solution at 40°C.
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Fig. 4. Effect of input amount of cation exchange resin on the

destruction by electro-generated Ag?* with 12.8 mA/em’ in 3 M

nitric acid solutions and with 25.6 mA/cm2 in 5§ M nitric acid
solutions at 40°C.
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