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Dechlorination/Solidification of LiCl Waste by Using a Synthetic
Inorganic Composite with Different Compositions
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Waste salt generated from a pyro-processing for the recovery of uranium and transuranic elements has high volatility at vitrifica-
tion temperature and low compatibility in conventional waste glasses. For this reason, KAERI (Korea Atomic Energy Research
Institute) suggested a new method to de-chlorinate waste salt by using an inorganic composite named SAP (SiO,~Al,0;P,0s).
In this study, the de-chlorination behavior of waste salt and the microstructure of consolidated form were examined by adding
B,0; and Fe,0; to the original SAP composition. De-chlorination behavior of metal chloride waste was slightly changed with
given compositions, compared with that of original SAP. In the consolidated forms, the phase separation between Si-rich phase
and P-rich phase decreases with the amount of Al,O; or B,Os as a connecting agent between Si and P-rich phase. The results
of PCT (Product Consistency Test) indicated that the leach-resistance of consolidated forms out of reference composition was
lowered, even though the leach-resistance was higher than that of EA (Environmental Assessment) glass. From these results,
it could be inferred that the change in the content of Al or B in U-SAP affected the microstructure and leach-resistance of con-
solidated form. Further studies related with correlation between composition and characteristics of wasteform are required for a

better understanding.
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deol & A7zl BAHTHL. PWR AREFEIAR 3 & < Sl ol o, dadt 80l A= frEle] A
Fo|2Z 2 AN BAHE QHl7IE2 FHAR A3 felle AiFes o] e v S 7T
AN TAEE V15 HFE T LiCl o7& ole} e aLshA] Alzel o] EAHE obIshE da
A A degollA dHE= ER TS T3 LCLKC & 55 AstE oA A A4sh3 § LshA| & A8k
sEdHTIEe] Tl IEFE TS LCIKC 389 W g ik, i

#7182 Whg-FF(reactive distillation) 34 53] AAE 2

ER::a *JE‘}% Fej o] BERE Fe7t 7hsetHi2l, ol wl shof QPR FEl R arsl/A| ke Ao 7hssith4 131 =
Eeld JER Astee HawE folsH frejaustAle] 4 SstES @9 § US| E Alxde e 29
= Axd 5 v lﬂﬁur /IS HFS 3 LCL ol 28 ol S&dsteo] AstEE AgH, o] uf 5%
Z1wolld FFRES Fefshe A2 A o, AudAst  dstEe] TRl whet, oF 35~50wtn g Az el WA
4= 53 BAE Licl Oﬂﬂr /IS 3 Fo] FHELCl e Ha, &¢last & A AsEEe dubd <l fejast =
2 Ee2E g ol o] ul viEHe VIE AF 5 LCl = Algbdastel] 47 A8d 5 e S 7HAAL itk
e 2T dstE FHo] =R Aol A ol webA S5 A%k el EAse daE 29 § st
& Bl et =7] wiigoll vk=A] /P S Fel® aslete] A sl W2 ARl #7180 A, ashA] Az ] 8ol A,
o= 2ol F e siut3l. askA| o] QHA T o] Sl ek AdE T At
o

ne,
- o N

S W3ksl= o2 4 (chlorine)E 1A B oo Bipal Sa]9k olakeg o]
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2. A¥A = 2 ¥y

FAF71 5 FA(U-SAP) = S o] &3t A z=3}3]
© 1, TEOS(Tetraethyl orthosilicate, Aldrich, 98%), A3}
FHF(AICL - 6H,O, Junsei, 98%) 2 U4HILPO,, Junsei,
85%), AsHE(FeCl,, Aldrich, 97%)3} 5-4HH,BO,, Yakuri
Pure Chemical) 55 Si, Al, P, Fe, BS] 9482 A&3}9t},
Ztzbe] AR EHAEL U-SAPY 24§ qelste] A &
] o] ik Fshe] oleh&(EOH) B SR 59 F &
GstSlaL, o] & 70°CellA 39 1F <748k $-90°C B 110°Cell
Al ok 34 2 A A3 AZRAIH LM, 650°Ce] 7|24 oF
12 A3F FRF dA) gfste] Al zsk ik, o] #HE F3f ozl
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Raw material pretreatment
(DIW, EtOH)

J
Sample mixing

\:

Gelation
(70°C, 3 day)

\:

Drying
(90°C & 110°C, 3 day)

\:

Treatment
(650°C, 12 h)

\:

Pulverizarion
(size: =100 um)

Fig. 1. Synthetic procedure of inorganic composites in this study.

Table 1. Composition of Inorganic composites used in this test (unit: wt%)

Sample Name SlOz A1203 P205 B203 F6203
REF
Standard (U-SAP) 45 17 25 11 2
A-1
Al increase 42 3 23 10 2
Al
A-D
Al decrease 48 1 27 12 2
B-D
B decrease 41 18 27 > 2
B
B £ 16 23 17 2
B increase

A E+= 100 um o]3FR B, 0] <] sol-gel& o] &
gk U-SAP A 23S Fig, 190 YERH I

U-SAP] 7|52 (Table 19] U-SAP)& o] o] A& 2
e S AAE ASRE, U-sAPS o] &3t A=k 113}
A= A Felek A frElE E23eka 9o, Wi+t
do] SHolX = 1A 7t AR B2 P
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7HITH14-171. AR o2 24887 kel (M0-P,0;, M=
alkali or alkali earth metal)¥= A 39| A4E& Fr}sto 2],
WS =olH, F83 7o 2+ B, Al
(18], 5=k 54k A fre]olA S8 =84
A, WdE frAskAY S3A71= 2dkE 7HA
zZh g itk & AFelxe olEd H-& arefste] 7]
Z/3] U-SAP thH] ALO,9} B,O,9] 2435 HsAA Fd5
[ EAE Al zskl e, 2 245 Table 1] YERH T,
Aol AHg-H Bof d7]E2 LiCl, CsCl, SrCl, (Alfa
Aesar, 99%) T2 AFS o] &3t 22t 90w, 6.8wtdh,
3.2wth 5o S TS Az vk 2o A rES

Az37)ol) A 18] AlSFES 200°Col A oF 441Kk <t 7}

5]
¢

fF W o

—~

N

dslo] S 3] A A F ARgEFH o, o] EA)
FHE QHEALH B2 (TGA)S 53] g2l

o] Fu7| & dPAast vhgolA U-SAPY Ro| ¢
H 7182 £ 7|E9 AFEAHRE S83lo 2:1(FA 7]
)2 AP, L= 650°CE Ao, o] uf
2943} ukg-o] A& A3s7] Y3 1 L/mine] S
A Y ATHLTIL ol 23t & 94s) vhe-S 9l3l U-SAP
7} 5o] du7|Ee] e Ar £97]9] S22 vk o
A S EQL. Azt wE 2o Uy &) ©@g4id) 3l
ydas gelstr] S8 BT AR BhgEe] T
£ =3t oH, ggas) vk d5d & AqFANE
(TG)E ZA3to] 2= & 4s) vhe-g-3) v wal et &
a3} v E L] 18k AxE Sl E9as A=
S 100 um ©]3}= E 5} graphiteo] T, Ar E29]7]3}
1150°Ce] 72X 4413 B2t A 2lste] Y3t s

3 271 Table 20 YeR AT},

o]e] Aol dojzl &ALt BdET} ashA o]
z22 FuE A9r7] 98 XA 3H8EH (Xray powder
diffraction, XRD, Rikaku, Cu Ke radiation)< =335} %3aL,
ashA o] HATE B P BRG] BEEHE )
A AARZE FAA 7181 7 (Field Emission Scanning
Electron Microscope, FE-SEM, FEI Company, Magellan 400)
< o838t BHEANS FHE T PCT-A FA A EH
(ASTM Standard C 1285-02)2 ©]-8-8}o] a13}A4] o] =4
< W7Fe7] AshA aLskA] AlRE 75~150 i A7) 2 243
T, A8 1 g F8ke] HIZE(Teflon) &7](8%: 30 ml)°
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Table 2. Conditions for dechlorination & consolidation for surrogates waste

Dechlorination conditions Solidification conditions

Inorganic .
composite/Salt 2:1 Temp(°C) 1150
Ratio in mass

Temp(°C) 650 Time(h) 4

Time(h) 24
Atmosphere Ar
Atmosphere 0,
w/ﬂ\ww B-1
B-D

2theta

Fig. 2. XRD-patterns of prepared inorganic composites with different
batch compositions.

g3, AlE 1 gol tishe] S/ 10 mle] H|Z 90°CollA]
74 7+ SP3F ik

3. 23 4 1%
3.1 YAAFIIEEA +23 EA

Z9mslo] W2 U-SAPS] 727 W2 AR 7] 95
34 /A| 2 U-SAP2] XRD 48 2Al5tgoH, 1 Ave
Fig. 20| YERITE., Fig. 204 B AR = AA &, &2
F71 54 A A= v 2d-s eI 21, 2 theta 20°
AF o] EAYFE SiO, F=x AlPO] 23t Ao g Bojxl
T}, U-SAP thH] ALOE ZE71A171 A-18} B,O,E Z71417] B-1
= U-SAPH 724 7} vl AR Ao = gelE it
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100 -
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L ---U-SAP
985
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——B-1
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Temperature (°C)

Fig. 4. Thermogravimetric analysis of reaction products after the
dechlorination(TGA condition: 200 ml- air/min, heating rate = 10°C/min).
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Fig. 5. XRD-patterns of reaction products after the dechlorination
(at 650°C for 24 h).
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- Grain size : 1~5 m -

(a) U-SAP

- Grain size : 1~2 (m -

(b) A-I

- Grain size : 1~5 ym -

(¢)A-D

- Grain size : 5~10 m -

(d)B-D

- Grain size : 0.5~1 ym -

(e) B-1

Fig. 7. FE-SEM-image of consolidated form with different compositions.

FHRA S AAlelen, 2 A3E Fig. 79 YEpA .
Fig. 704 & 4= 9J30] 600 um2] & Woll A U-SAPS o]-&
ho Al 23k 13} o A FZ2E Soto 7 Taksl AA o)
BoFellr el 2ol g FEHE B ot 10~30 um G ol
M= %‘%W} EAgo] FelEglon, BalH e Alo]=
= 1~5 m W2l JAER FAH] YUATE U-SAPS o]&
3} ig}xﬂg} o]l ANH o7 FH3 FH = ugu A

7158 A-1E o] &-38f] Alzgh ashA] Hgk 600 um F S W
oM vlnA & 89, 10~30 wn S el FE e}
I o1t U-SAP] 7-¢-¢ll vlaal 2] o] =717} 2
3 A FE S o] USAPY] B$-Hr} wjAH
ol Ao T Ao g AGEHUY, FATIEEA BIS
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o]-g-3le] Al %3k 13}AE= 600 un G M= Az =
719] ezt EAgte] FRlEA o™, 10~30 wn H ol
A A Ay e Aol T EEEHA %skoH,
P E e A7e A1) AR Zha A Y F
sttt o5 G| AXH o E W 7| 7 UERE
| T EGA A-DoF B-D ALSHAE-2 600 un G W]l
A& AEe7t 2A8HAL, 10~30 wn oA U-SAP] 7
FET A3 JFH7E W e A o ER1E S
t}. o]Elst mAl TR AHEL AAZ(LE2A]) A} b=
g AR BdS & Ao U-sAPY] Agole ¥ H
2| vhrst 48Rl dEelrt EAste] niAY TE A
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(a) U-SAP (b) A-I

(©)A-D (d)B-D

(e) B-I

Fig. 8. Micro-structure of consolidated forms by SEM analysis.
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