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ABSTRACT

In order to simultaneously vitrify the Ion Exchange Resin(IER) and Dry Active Waste(DAW) generated from the Nuclear Power
Plants, a vitrification pilot test was conducted using an induction cold crucible melter. The PCT result evaluating the chemical
durability of the vitrified form showed that the final glass was more durable than the benchmark glass. Liquidus temperature for the
final vitrified form was 1048 K(775°C) for heat treatment experiments. The value of the compressive strength for the vitrified form
was ninety times higher than the regulation limit, 34 kg/cm2. The glasses on bottom, middle and top of the CCM were homogeneous
with no secondary phase. The precipitation of the magnetic metal phase was able to be avoided by simultaneously feeding of DAW
with IER containing strongly reducing organics. Volume reduction factor of 74 was achieved through the vitrification pilot test for
mixed waste.
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Table 1. Glass Frits Used for Start-up and Additives

El.ec'trical Viscosity* Remarks
conductivity* (S/cm) (dPa - s)
NE/CE 0.30 154 Ignition
MG-Li 1.59 12 Additive
™M 0.28 79 Additive
CE 0.20 52 Additive
NE 045 453 Additive
*at 1423 K(1150°C)
2. AEYY

21. 72| H7H M
ASA ] A FEE7HAES H71E §Y A
el 8-S eV 8 ARESE A #HolEel FYE
= FHNAM A48T f=] 8% fAe 9 - 39 A
2L FAE] Y5t AREE Ul /7 Atk AFA
Holl AME-T fFEle] &3]3 548 Table 19 YER T
O E A FElAle] B - 887 EA S o 53]
e HIPHH ABE ZAZR AT Ha Z2aY
GlassForm 1.172.2 A& Hxe f2o &§, £, vl
EA] F8F gy B3 {29 M HAEEE
27133}, A520 8% §A), IFIR FElY &
H 2HE A% T8 ot dityor 3 2E9
= 10~100dPa-s°] 32 A7] A%+ 0.2
~0.6Sem7} 7H HA gow geA Uk

22 MEX

ol mBAet A EFHEol FYHI A H
& wWiEste DO D02 F 7 fEl AEE AHEA
th SR 7ES FYstdEAM F Wl 7H(D03~Do06) el
ANEE AFEAeH AY FE T CCM A, &, 3
2 23A A5} meniscus 8 3 ©] A} (secondary
phase) A5 AN 3Act.

23 xRy BY

TCLP(Toxicity Characteristic Leaching Procedure)'® 2
e frel LS HE AES F 23 23 1S
B o ZstAe] MY E vehlle 7MY F88 AR
7 Aot #F AEGNA frEl LA A" o e
AP 29 FFo2 A3 M EEH T35 2
< fER fEQd), TCLP AEL 1 438 493
HaHog ] 1HE AEdelder & 4 vk TCLP
AL 95 mmA|(sieve)S T3 TAN A B0 ths)
FslEE A ok AENE 24 (acetic acid)H
I N S3hE -8 (NaOH)O 2 A Z38= pH 4.93+0.05
o] A& #1373} ZAH(acetic acid)2Z Y A Z3h= pH 2.88

A

Pa=71E el fel 23 B4 577

10.059] &N L& FH3 Uk FHAE F 52
#8) 500mi Blo]AH HIL @e]2F 96.5miE Wol &
ZF gt & pHE A3 pH7E 5.0 ©)31A pH 4.93
+0.059] X&NE AME3IAL pHZL 5.0 ©]de]H pH 2.88
£0.059] AENg ALtk AlE FA9) 200 s
dhe AEAH AZE 879 Y3 WHste] 2954276
K(22+3°C)2] 2504 3042 pmo & 18+ 24|17 B9t 3
A aN7IE Mol HEAL fE] ARYUEHR AR ¥
HE g HNOE H7Fsl pHE 2 oJ3lE wHEol &
k=

F2]9] 315180 AT AJPS.ZA PCT(Product Con-
sistency Test)'V& 79 5 2] 384 W] Na, B, Li,
Si®] A& HEL 7|¥(benchmark) F22] & A%} v
23 Algolt). 71EfdE v Savannah River 9+
AolA A 2% EA(Environmental Assessment) <25 A}
&3tttk PCTE 83171 $43) 149 um(100 mesh)8- %
38l 74 um(200 mesh) 9o A A F2] 10g A=
3 ohe e A7HSUS 304L) £7]9 ¥ £8]9
1089 s Fsle= ASTM Type 1 Bol 58 Afohe 2
B3l o] A feEle] WA A& A FHu|(SA/
V)= 2000 m™ o]t} v]E] 363 K(Q0°C)E «g® QB u
I 7Ye] At T AU HEF F 1miE 3 1%
HNO; 20 m/ &) &7l vialol Fo} 2 233 = RE
&= Y2 Na, B, Li, Si¢] A&ES SRL-EA 71F
9] AEEH v w3 ol &S E F
3 pHE A3t

24 BE|H 54 24

8 aspA ] dder 2 2 A YY Ases &
1&7] 15k} BA) 2 (heat treatment) FH-E TP
AHEEE A 71712 AR met 2ol 75 3L
£ X712 ARINEE B2 e 10ml £32] WF(95%)
F(5%) =7HUE AMEslg T o] A4S WaaA oA
A £ de FE §o 2FH PR dHu7]
Al 1423 K(1150°C)oN M FE] 25 K25°CYY &2 9=
7hEA A xolA 20417 EXEE sk Aolh'?
FAHE =AM FEFALE TUE BES] 5o
AEE F =7RE Bl 39 3o SEMISM-5600,
JEOL Ltd.)EDS(INCA Energy, Oxford Instruments)E A}
&3t 24 AR B A

fre] A8 4EAE S4E 9%t ceMelA ajE =
el g I2H7Z2AM Al £FA1AH ZE moldo] #&
F 873 K(600°C)Z vlg] oldd o Yol A3 Wzt
AN ZTh ASTM C39 23y Vo) ]3] B-(cylinder) % e
2 Az Mg AP Fol vl 10 1.8~2.2 Ale]
b HEE slgon A EE 1.5~3.5kgem® - s& 3}
At &S 24 7)(DTU-900HC, Dackyung Tech &
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el 23pAe] FAAH oAt P TR 2 RS
#A317] 9)3ld SEM/EDSE AME-3titt. SEM/EDS #
Ag A8l AHE AsSe A 1~2cem olUZ HAddE ©
2 epoxy resin®E mountingdte] FEH AP} (polisher)o]
A BN R AutsE A EHo] ALEA AulE Al

E M AR IS ArjFHow AR

=% 3 F 2Hauo?
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26. 4EEHM

Frel LA el EAste FaRE FFEAS
213l A}4-3h= ICP-AES(OPTIMA 3300DV, Perkin Elmer)
e Frest 3 £02 ol2F(An) 7FEE FIA
A A ol22 ET=vEE AHESY A8 9AhES
o7l AA E4ste Wit #4& AT Alge dA
7] WHo 2= MD(Microwave Digestion)S AHE-3191 o0
AEE &8 FHE E tE o2 Eezule 79
AL 4 daso] 9718 i voE if PR A
ki

st
3. ¥o ¥ @

3.1. Bulk % Meniscus 2|

CCM®] RN E Ealdt & A 8§ HHAS
o] falEe] £FL oF 16cmolPen FelFH AR
ZRH CCM HH S vl 299 meniscus 8] F0|
= % 6emA). ol AEEHo] oF 6cm Px swelling
H98¢ JepEn'? geto 2 893 ceM A, =,
3 R AsAle BE #E S AU $Y HEY
F¥ CCM ®=hH 2 skull(autocrucible) 2] F7A= <F 3
~4mm FERL YA G FAE 2mm FEE CCM
o] WA} vieRE FE5o QlArh. Meniscus &)
Yol A AwFe] sulfide 2343 7oA sulfate 2%
do] AAHJTE F2 AFAHE HRT o)E oAt
AAE A 2R W8S B3 3482 SEM/EDS
A EEe Ygstuct

3.2. el 1&tx|o| sty &Y

EgA7E B9 F A #A SRl Do3FE M
WA elERe1d D06 A8 s TCLP H43e 33
F A& A3 M- F9 pH WslE 5743l Table 2
of Aelstieh vl 7f A& 7 &R pHe F
7heteh dwiH o2 TCLP HEHe pH $7h= Fel%
o gzte] da I EFE 949 IE g o

ERDELEE

she . B3 ARF - Hu

CWAE - uRER - ARe - A

Table 2. TCLP pH Variations for Drained Glasses

Glass Contents of ol TCLP pH
nten _
D © of glass Before After

D03  Ist drained glass after waste feeding 4.89 528
D04 2nd drained glass after waste feeding 490 5.36
D05 3rd drained glass after waste feeding 491  5.34
D06 4th drained glass after waste feeding 4.92 531

Table 3. Result of 7-day PCT for BULK
Glass ID

Elerments BULK (gm®)  SRL-EA (g/m?)
Si 0.12 224
Na 047 743
B 0.48 9.94
Li 0.29 493

10 10
=)
e ® 6
€ 4 4
B
® 2 2
@D
-0 0
/Va 42;\00
&}, <&
ements ‘b@fo
o)
B RDO5 B SRL-EA

Fig. 1. Result of 7-day PCT for BULK (RDO5) compared with
benchmark glass (SRL-EA).

ojutt” o]l ewBFLR FRFYRGD), FLA FRH
2)(DG-1), CVCS IER#} F1AE &EFstd Xasles &
HAE(MG-1)9] 2§ 2% TCLP pHE 4.95 ©|3I33L 7]
Z68)(SRL-EA)Q] 7% 3% TCLP pHE: 4.960)1t}h®
TCLP 2%¢| pH WH3IE Hrigt B HAFANF2RE
Agk v 71 FAEEY 8EE ATAgE UdelA o
3 F2 ZAE Bt JoHoR veg & AN
o 2y, HF e 2skA] BULK A& uis)] 7d
% PCT AEE 43¢ A3} SRL-EA 7]&fEdl H]s)
WxEAdo] 43gh Zeg Hr=EUTh Table 32 7Y PCT
AFNE BAFY dor Fig 1L 74 PCT AF}E 7&F
S2)9} vlwdly] sty agoz Jehd Aolth &a
AN el FA8l= Si, Na, B, Li 94 o3t 3
&Y 94 BE 05gm’ ol3de & 4 AUt siol
% 71E/2Y oF 27%, Na9] A o 6%, B2 A%
5%, Li¢] 39 F 6% PEe AEFES Byt #d

i
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A S 363 K(90°C) 37 7d Bt HEAZ F A
3t 7]154-2(SRL-EA)2] pHE 13.30]90H HE /8 2
SIA(BULK)S] 7% 1288 71&f2| Kt} pH H3lst A
At} ole ZIEHERT Y450 AFo] Ho JF A
pH Wsloll B2 JF& 2 FUEE BAsh

3.3. 72l nsiH 2 g2l 5

EFHE 48] 2] Aexg sl ©
&, GGl AAEE 2SS FHrskr] g8k 3
2 93] w3 (BULK)Y) thal 25 K(25°C) © 912 207 7¢
gxa] A3 33 A3 1023 K(750°CYFE Aol A
AEe o £ ot A3 AA-LS glass/air = glass
jerucible 74 Ao WA E+= heterogeneous A AA] Wl #

Z2 Ho] FQon A4 ZFAe] EDS £4FF Al°]
Bl 289 Sivt gFE o de AR JERTh
201 7F i) A¥AS FAAo) XA & HA &
T2 g8 e Folstey o AYAn T
718 fEE 1048 K(775°CP A2 S & 5 AT

g 2o YA SH AT Table 49 Ve
AEo] HIE FY F 3 HA wj&3 f-22] D03e] 7
2 3316 kg/em’ol® HF fa) wapAe] A 3208 kglem’
2 u2A AlME 138} ujho)] e LT AP
34 kg/em?(500 psi) ©1%4g A ZIste W ¥z 4
I35 vehlnh =3, EFHEIE f8 2L EA
=& Joule Heated Ceramic Melter(JHCM)oll A A 5=
8 239 AT B ik B2 Z0E JER
o In-Situ Vitrification(ISV)oll A @8t 2] 28
o) PEAE WY ol AL & F AN EFH )

M=

Table 4. Result of Compressive Strength Experiment
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3.4. SEM/EDS #4

CCME] 5A19} 7A] W&t Aolo] e 6A] W3k Pl
meniscus 8] & ¢HHoA] sulfate Aol LHAFHYL
™ 64 W3k CCM wall/meniscus F-21 ZANA 2F 2 mm
FA9 ge =& FM &3 B g EDS £4
A3 sodium-sulfatedl] A% Cl, K, Ca, Cs, Cr, Feol
g S & & AT Sulfate AAAFo] =AY
S RY ASole Uwbd oz chromatett molybdate7t &
8 A9z 284 YokBP aEg B AFA Pl
A w3 sulfate AT Aee BAAFAA
Bt chromate $H52 & 4 3tk 6A] W3 meniscus/air
ZAANA AFE F 3mm A9 FM S E sodium-
sulfated]] &x#e] K, Cavt &=l den ye=] 49
¢] CCM/meniscus F&] AA FolA= sulfate Aol Y
oA Ao g AU 24 B} 9A] Weke] CCM/
meniscus 73 Al A= FrF A FHAT

CCM 7, %, 3¢9 # 2skA w2 ¥ 3518 =
A BEE #F3}7] 918l SEMEDS 48 #3353
o Fig. 22] SEM micrographoll UERG ule} o] o]z}
R 4T AHE et EDS ¥4 93 e AL
aA 2o 74 AR ALO, NaO, S0, FIFE CCM
A, &, sHfElelA FYd =2 Yeikd v A
FfrElo] 3l Ca, Ti, Fedl 5% CCM9 4, F, sH7-f
golA ZF T @A) $9f FEE CCM Hol
A Fdez Z4E gadte AFS eI 4R

Diameter Height Area Max. load Compressive strength
Glass 1D (mm) (mm) (cm?) (kg) kg/em® (psi) Remarks
D03 29.75 55.98 6.948 23,040 3,316 (48,747) Regulation limit:
BULK 29.72 55.95 6.934 22,245 3,208 (47,159) 34 kg/em® (500 psi)

1Electron image 1

(a

300 pm 300 um

(b)

1 Electron image 1

- 300 ——_—um —1Electron Image 1

(©)

Fig. 2. SEM micrographs of bottom, middle and top glass of the CCM (a) CCM bottom, (b} CCM middle, (C) CCM top.

A 394 Al 6 3.(2002)
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Fig. 3. SEM micrograph of sulfide phase.

ol BA =R ekotrt ol H 7Bl HEsA] g2
B2l CCM ks AR Abslz0]|B2 S71 SO, &
& 82 matrixt}ol] incorporation Hy} #H 7] E HEo] 9
£ CCM A= 392102 Q8 S7} SO, gas® i
S A sulfide 24 FAS Row B 4 ok

CCM A Aol AAHAM A F54 TAHA 2%
Ou AFe] sulfide 2440 Y FGoA LAFAUL
Sulfide 234 el 3t EDS ¥4 A3} Fe, Co, Ni sulfide
A4 IFEZ BAFAJY. Fig. 32] SEM micrographe
T N9 sulfide o] EEZORE AFE HHE HAFN
At} Micrographoll A BH2 F-2-& EDSE 438 A3} Ni
9} s = 94E AFH dYes Nigt 89 atomic%7}
thek 3th 22 ol X UAE NisS, AAHAO|L oF & &
o] EDS A= Fe, Co, Nizt S7F &35 4ot} Fe,
Co, Ni Al 94 49 atomic%$t S atomic%= thek
It 18 o]F32 Jorz of A& (Fe, Co, NS +2&
ol2T e ARAYL & £ AUr?

Sulfide 2342 A AAUSH 54 =3 ¢
FAz7ANA sulfide(ST)E F71 4TS 3d AOlEHE
Z 3 AAHo] =2 o] 2E(reduction potential order:
Ni>Co>Fe>Cu>Zn )93 2 A¥sld sulfide 2
S FAHA Hed ditdoz felst ol &
A3k sulfide 44742 5A4EL o3 2t Adshe
Holg&9 F/o| wel thE=ARE NiyS, AH-$- 1060K
(787°C) o]l AAGEZE 1 o] dolM e &§ FEHE
A3k NiS, CoS, FeSel A9+ 747} 1249 K(976°C),
1455 K(1182°C), 1461 K(1188°C) ©|3}ollA] 4] Aei= &
A ot EEE fEisk gol UER b sulfide
48 Ni, Co, Fe 5°] ZFH dejo|BZ o]& I2%7]
2 YoM &8 AlA = &838S S48
AA 973 K(700°C)oll A sulfide YA & HA

kv

§2

e ERLE R

kot 1073KEB00°C)IME &8ES € & UdT
Sulfide ZAde] M= AR} 1423 K(1150°C) B
Ab S ANA 107 am olsloll A} HE{o]n] Fee] X|AA
2 27k} 37F FaIENA o 6% ol 271 Ho] &
sk sulfide 240 AL Rz 4¥A g

3.5. #8H|
YAV H 71 ES el AR e 4& & e 7F
2 8% F shvbe %2 78)(volume reduction factor)
B Aolnt® B #23t AFAHAN 2 78|
FEist AN AMS-SE S5 7B FoE BT
fr2le] Yz e gtolth ASAIEY AMESE F o]
WFFAFE 368kgolH olE o]2uBFA| UE oF
0.72x 10’ kg/m’E WA ¢ 0511 m>7} H2 A<
F A 751kl B2 o]E FIA Y UE oF 02x
10° kgm’2 J5H 3.755m’7t "otk weid AEA o)
AHEE £ 718 & F9E 4266 molth EEH 7]
Eo] CCMol| FYUHI YA AE Foll wiEd 72 63
kgt &9 715 FYol FEEHIE WA F2 CCM W9
A% 2090 83kge) T2 146kgd] Fu] ANE 3
Z s89 WE9 253x10° kgm’Sz Ak 0.058
m’ §2Ru7 A2Ec ageg Z2gHlE AN &
Fu71Be % By 4266 m’E & F39) 23] 0058
m’& e oF 7471 "k

e o

4.4 B

A UW7AHe Fr1slr] 9t 4383 PCT A& A

A3} 71&72(SRL-EA) Bt} U] HEAo] 43 3oz
el 2] matrixell 2ol AEHA FEE 2 F
of fA Fojok & fE B HAAHLEE 4]
Al HE ol sl A AdPgE FAS A3 AN

LEE 1048 K(775°C)2 A CCM& ©) &3t &8 st
o FPA 2508 & F Ut 7] wiE fEl9
F f2 23l g8 4SS 3T 49 234
7B HEss 4P FAXQ 34 kg/em?(500 psi)
Hu} oF o0u] H& HEEE VERlo] EEFoE 1A
ol EHYL ¢ F AT ceMY] SR, S, AF F
2l ZsA|e) i3] PAlTERE SRS Ad {8 L3k
= o]l §lL F(S)E A A Kl 7+ A7
tEE A7t gl #AT Y. o] 2n A ¢
FuAg EF FUFoz gty o R o]l2wityA| o
= s BAste A 58 e 1" =
At #EEE o83t EdHrEe] AgHE 42 UE
T3AE] PHE o] fF AS Hoh 52 748 ZHs ¢
e g FrrE ATt
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