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ABSTRACT

In order to vitrify the Ion-Exchange Resin (IER), Dry Active Waste (DAW), and borate concentrate generated from the commercial
nuclear facilities, the glass formulation study based on the their compositions was performed. Two glasses named as RG-1 and DG-
1 were formulated as the candidate glasses for the vitrification of the IER and DAW, respectively. A glass named as MG-1 was also
formulated as a candidate glass for the vitrification of the mixed wastes containing the IER, DAW, and borate concentrate. The process
parameters, product qualities, and economics were evaluated for the candidate glasses and confirmed experimentally for the some
properties. The glass viscosity and electrical conductivity as the process parameters were in the desired ranges. The product qualities
such as glass density, chemical durability, phase stability, etc. were satisfactory. In case of vitrifying the wastes using our developed
glass formulation study, the volume reduction factors for the IER, DAW and mixed wastes were evaluated as 21, 89 and 75,
respectively.
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Table 1. Major Requirements for Vitrification (Process Para-

meter, Glass Quality, Economics)

Major properties Requirements Remark
Viscosity 10 - 100 dPa - s Process
Electrical conductivity 0.2 - 0.6 S/cm parameter
Density > 2.5 glem’
Chemical durability PCT, TCLP Product
Phase stability No secondary phase | quality
Dose rate < 10 mSv/h
Waste loading Volum:ffzecfuctlon Economics
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Fig. 1. A flow diagram for selection of candidate glass.
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'Table 2. Compositions and Theoretical Properties of Candidate
Glasses and Benchmark Glass (SRL-EA)

Candidate Glasses

< Table 20 293159tk HAE felst & A d49)
45 AN ks A2 29 w7}t felol FUrs st
o 71wt A7HE EFI FHAE RG-1S st
gt gF2A4 FRAE DG-12 7Twit%e] FAA Ao 93
wt%2] 7S EFstY MLl en EFHIE FREA
 MG-19] A% dlx A Swid%, FIA A 5.7 wi,
BEAFHAAZE 10wt%o] 793 wi%e] H7HAE E3sie]
N2t Fig. 20 Al 3R/ 3552 (SRL-EA)®] 7}

HER BT

Classification IER | DAW | Mixed | SRL-EA
(RG-1) | (DG-1) | MG-1) wto%)
SiO, 50.78 | 39.89 | 43.69 46.30
K,O 0.80 9.29 0.21 0.00
Li,O 8.78 0.00 1.51 4.20
Na,O 5.98 9.14 23.80 163
B0, 9.88 | 2077 | 1019 | 109
AlLO, 747 1545 | 14.36 3.20
CaO 5.98 358 292 1.00 onid
C MgO 000 | 045 0.37 1.60 Fig. 2. Oxides distribution of candidate glasses and benchmark
f’t‘FIPO' CoO 001 | 000 [ 000 [ 0.00 glass (SRL-EA).
sitions
Cu0O 0.01 0.00 0.00 0.00 Table 3. Experimental Results of Candidate Glasses and Bench-
Fe,05 | 330 | 004 | 060 | 870 mark Glass (SRL-EA)
MnO, | 014 | 00l | 003 | 160 Propertics Condidate Glss | i ga
NiO 685 | 000 | 118 | 06 RG1 | DG-1 | MG
TiO, 000 | 110 | 0.89 0.70 Color Brown | Colorless B?sg(n Purple
P,0s 000 | 017 | 013 | 000 _
Viscosity
SO, 0.00 0.13 0.10 0.00 (dPa - s @1,150°C) < 100 24
5 Others 0.00 0.00 0.00 4.90 Homogeneity Homogeneous
Density (gfcm’) 269 | 259 | 257 | 256 Liquidus Temp. (°C) | 1,075 | < 800 | < 800 |< 1,050
Viscosity (poise) i
@1.150°C e sl 2 M%ﬂg :F 221) PH | 088 | 935 | 1157 | 1169
geccrtf)ca(l@ lci’ggé‘g‘v“y 047 | 023 | 051 | 050 7-day PCT(g/m’) See Fig. 3
- . 5 TCLP (Before—>After) | 493— | 492— | 488— | 4.94—
L1quidus Temperature ( C) < 1,050 954 pH 490 495 4.89 496
7
7-day PCT(g/m") <1 - TCLP Result Pass - Pass -
Dose Rate (mSv/hr) 3.5 8.98 8.16 - See
Cs Retention - - - -
Waste treatment Fig. 5
3 42 18 14.7 -
(o drom( D) Transition Temp. | sa3 ¢3| 671718 | 590-652 | 568-587
Volume Reduction Factor | 21 89 75 - Range (°C)
Vitrified Drum 2 6 3 i
Generation (Drum/Reator)
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s =3 28l &g - 318 Aol e Aol
Atk FHHE] F RG-13 MG-18] A4+ FY8 HA5R 9}
Bakd ol thake] B-4vF FEY UX DG-19] A B4
7} vl gGEe] d7E st B4AE FUEE F7RIAT Al
FHR{EE 88431 SEME o]83le] Tatgt A} BT o
2 s om A Table 39 YER} i5e] #H7jEdl &0
A AolFEHES] FH gt dEA Jehdth
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Fig. 3. Result of 7-day PCT.

3.2 581x 54
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(©)
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4 5 ot AFoew pH F715L 74 g PCT

>
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Z9] Jo] AujFoz BE Aol Bt} Frieke As ¢
T AR THEZE, A FHAGE FAA pHF 7P 8ol
Z7F MG-19] 7% ALO:®} B,059] $(24.55 wi%)°]l &
ZEj9 EFE §(28.81 wit%) Bok AiF oz e e
°on ALO,¢ B,0;9 E(36.22 wi%)o] ddee} BEFEe
(2246 Wi%) B} AR o R we DG-19 A% pH &
7FEo] 7Hg W3kt

M) B2 2 Aol 33t WH(Resource Conservation and
Recovery Act®oll 2lAsle] 234 2 & SAEAE)
ghEe Je AEE BN NEFER A4 |8t
o] ArsHs TCLP A1g 23 Cr, Nio] E91E RG-13%
MG-1 ¥ FE {2 25 FF390. DG-191= TCLP &
& davt glov e FEAEe sdsiA A1ES st
o pH WH3E =43t TCLP A - ¥ pH ¥d=

®

@

Fig. 4. SEM micrograph of candidate glass (RG-1) for ion-exchange resin. (a) heat treated at 1,050°C for 20 h, (b) heat treated at
1,000°C for 20 h, (c) heat treated at 900°C for 20 h and (d) heat treated at 800°C for 20 h.
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Table 304 HojF%o] mlg- Aol F-gdoz A}
£57 UE 2419 27] pHE FE FA HIYLS ¢
T A

3.3 E2lN Y

SElaslAle] UEE 25gem’ oY W 8 72AL T
9. Al FEAE] BT 878 BERS ST
2 2 A4A R4S U9EE 269 gem’E 7P BG4S
gl ol #EAd FaE e A, 28, UA § AoF
&7o] TR #7189 EU=F Bk 7] wEe|t

TR A5 F=AES 1001 100dPa-s ©|3ke] A
EH9E BF 9E3IHY. A57 100dPa- s BxolH o
Aoz Fo| JEot fAlEITh §-87dEoA fElel M=
7} o] ool Fste H7|Ee SR IS & ¥ of
Yt 8-gfale] wiEelle FA7} ot HidEsel] o) Al
AHE fEEel tish 4%l vug AdddF ez sk
o YRS 4= 718l 7S AE WE/ErE
(Rh) 7oA 73 o] {8 £83% & 7189 o
& 1 289e AIZRE S43] FxE BAT whEel T
olAE AWML AMEIYTEY o] WA Axr}t e
RFERNG ARSI BAZAE THERNOT o]& E3ld
glst A7 FHAEES HEx= 10 ©)% 100dPa - s ©|
312 g ehe wg TSI

Al FEAHC dig A7) AEEE 2Q)F o83t Al
g A Zhzt FRRE]Ol thate] Table 2014 B %o
023914 0.51 S/em AlRlZ ¢FYE F2F F(Joule's effect)E
el 88 F48 F A= 234

SEM/EDS #4123 Fig. 49 YeRt} Ro] H5A] $1
FHRG-1) g 2047+ SAe] AP A7} trevorite spinel
(NiFe,0,) EHZAX (surface crystallization)°] 84 HAL-E
o & A 1,000°C oM 2T AR AP
Fig. 4(a)olx9l o] 37142l ZAHLA meniscusoll A A
e & = oy gy AAME A AAdel
AL I}, 900°COlA = meniscuset =7 AAH
Rl AA Aol Aok el 800°CE GAEE
FEoM 29d 442 A FHox 2A=HATE 2007
B A¥EH Qo] APHA & HA 2=E A9
AFEEZ Aosted o] A¥AF HA FRFEE
1,075°C7F Ao, FuAet EdH71E SR G2
o] 7% 800°CollM = AAAAe] glor] L ol3lE Fgst

AeAle] FREANE WAV dE F AE(Cs-137)0
£xd IFREAL AE] st vk Agd
5 o83 d¥o] FYHNCY 1 AFE Fig. 54 X
of F3 9tk 900014 1,050°C FZrelA] Mgl e
it 2] e S M2 Fleke AES Bolort
1,050°C o|FolMe FFo) Zashe RS & 5 USiHh

b 2
e

sAe}eate)A]
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Fig. 5. Retention of Cesium (Cs) in candidate glass (RG-1) for
ion exchange resin. Melting temperature range : 900~
1,300°C, melting hour : 1 h.

T3 1,100004 1,200°C Alojollxe O] FFo] F7)st
£ %S Holtr} 1,200°C ©]3FE thA] ZFao] F7t
e AL & 4 YT dutE oz Alge] FAFE 2ot
Z71IAA AEHoZ 7HAT AoZ difsidont 494
= Spalding®ll 93] +3¥ soil FElgellM Mol 32
A AT 9% AR AL BTk felddlA Al
o] L WFIEE HE3] ¢ = ot St frEid
oM FHEUEAEC] FEo 24 L= WA dT 5
g 7RI Lol BRuFQrk? zgme o] Rolo 1
g U A A7t FHE ol fEd £Fex
g 95 Ags T3 deAe HEeo] BoAe &
Aol Qo Algs frE)TRetel Bt Bo| ZFATlE A
o] t Fo3uE A &§2oA HFAE Felslsl vl
9] ¢ dukdd fEst £x91 1,150°C B} 100°C A
T %o 2o 88ewrt 28" AL & 5 Y

DTAE o83l Al FEFe] Hol2rgds A%
A3 Table 390 A= Aot o] Hex] FHATY S
7t 718 WA BA AT e FaA SRSy A
Hol2EgRe 7K =4 #4=HUY. ol Wemrt =
olAH ol e PR WolAA =Y FuFor ye
EHYoA fej7) AA 29 Hol(transformation)E Lo
713 IS RIS HAFA TR SFEIE ¥

BRI Aoz A Frfeo vls] AgHe| &
T Fo] & AL T FRAY 7R e Aolagse
Fgoltt. Aolgge s WA= 2ud FH o &3]
(activation) SU=|7} HolF<go] gl A FHEAE A
A= silicate A E43) olviA] Hoh R7] wjiZol
th'® Activation oUAAI7} R A9 ARL FAAFE )
Re FEPFEolA URIZF Bk w2 AEQ] FdER
9 o7} 4gs] A7) wjio)t},

WA EIZNE fE TAEY] 9% FY9EHEY 10cm A
oA H) TVUAFEL 10 mSvhrE 233A| gojok dt
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7 ANFEE ojgsld = FUMFLLS AN
A3 FiA FEAF A= 898 mSvhrE FAIRIE &
Hakx) ekgtom M4z Fr {9 A deA T
Hol9lE AlE(Cs-137), YA Ni-63)8] Wby sEgsko =z
108 B= AAE HeAe] Aol = BHAZE 7A1A
& e B3, EEE TR 94 10d
decay® HFAE AREE 79 8.16 mSvhrE FAIXE T
3k, v, Tk WAMdE)ZIE f2l7F 10 mSvihr ©)
el Mgog 2343 7¢ 2HdE 8718 ol&t HF
o & g g Aoz wekEn

3.4. MY

Frelol #7189 loading 7Fedt U3} 7H8HIE Alaksl
o} ZRf H7EL A4 F R A9 e A
& 7leo R AFAE AR TR 29%7H] loading
& & 03, FuAe FA SR 7%, 282 £
A8 THfeole AR A 5%, ZA A 57%, B4
HH 10%E loading & & YUt o|& ZAZ #7129
Zevle AME H7EAAS HF fElasE 2
A Aol vz AXbsloh. AL 3 #H4ex) FrFee) 7t
SH)E 21, FAlY ZeulE 89, EFH B ZgulE
758 @4 & 4 U

4.4 £

HpR], FIA, EFH71ES fEFstr] At sigw
Al FEAEC] B - 818 BEAES Alsty AgdE
o Btk Al FEAEE &, 2skH 4, 7§
27 Aol i) JeRAE #Els @ 39 2008
=4 fgdd #H5A < 3EE AT F den FuA
Ae oF 368 182 EFHE FEsA e H5A
504 kg, F2A| 288, LMY 514kege] A 7Fssid)
adEz 7y 93 3|9 H5A fEle 7 =8, JZaA
el N =1, E3l71EY Aes 8 =do= Uy
A Zeasis 24T = IA "ot o] fElxy d7E
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