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Development of Matrix for the Immobilization of High Level Radioactive
Waste : Study on the Synthesis of Ce-pyrochlore

S00-Chun Chae'*, Youn-Nam Jang', In-Kook Bae' and Yudintsev, S.V?

"Department of Geology Division, Korea Institute of Geoscience and Mineral Resources, Taejon 305-350, Korea
Ynstitute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry

Ce-pyrochlore (CaCeTi,0;) was synthesized to study its properties and phase relations in Ca0-CeO,-TiO, sys-
tem because Ce-pyrochlore was known as a promising material for the immobilization of radioactive actinide. The
samples were prepared from the high purity starting materials under the pressure of 200~400 kg/cm® at room tem-
perature, and annealed at 1000~1500°C. The Synthesized samples were analysed and identified with XRD and
SEM/EDS methods. The optimal formation condition of Ce-pyrochlore was at 1300°C under O, atmosphere and the
chemical composition of it was CaysCeixTizyOrxay (x=0.03~0.05, y=0.02~0.04). At temperature between 1300~
1400°C, Ce-pyrochlore underwent rapidly the incongruent decomposition to perovskite. Ce-perovskite, a partial solid
solution between perovskite and loparite (Ceg¢TiO3), was observed as a major phase above 1400°C.

Key words: pyrochlore, perovskite, immobilization, incongruent, loparite

Ce-lo] 22 0] (Ce-pyrochlore; CaCeTi,Or)= 7] HAM H71&E2 oevol= Q482 7L 4 e
M2 BFolng Ce-do|nERold PAste] 488 oA 2 SXL d7aunh &8 AaEs A=A 200-400
kg/em?e] gt oz HEE Z 1000~1500°C FHolA 2des T BY71E M 7HM 248 $48 AR
= XRD, SEM/EDSE ARS-slo] AHAls) Qakide AAesich. ddda, Cedojzg ol A FzAe &
A&8H7] slelA, 1300°C2 24510E HRor, ol S3t2AdL Cayy,Cey Tip 0745, (x=0.03~0.05, y=0.02~0.04)
o2 HFEREZ ] EALS HYrh Ce-HolR2ERo= 1300~1400°ColA whe H]=& B @S Jepigen,
1400°C o gollME | ZE A7) E (perovskite)?} Z3lElolE(loparite; CenggTiOs) Alole] F-2 7842l Ce(ll)F)=
HxzlolE7p Fode 2 Aok

FR0: Ho|2FR0], Hzuivlo|E, 343, Hx8}, il

.M o Aot 53], 5] Wk FAULE A dE
WAME H71Ee] e, felE wiAY e v &

Aol WA sk A H71EE At ASEZ HRFoM s A2 B g =
SeiA] Ao ZF9] W7 BHLWol AdEed & stal otk HEld widlel dite =, SYNROC
A borosilicate -2 aluminophosphate 2] T8 (Ringwood et al., 1988)& W|£-%}r t)okst AA 2 v
AT e el AMET glovt fEld wixle Yot Apsiaso] AEAE DAl gk 53], 2
Aol AAEH A S]], dFe] BisEo| A} =9 AH7E W] ofEvel= 4 B Zre IR 5
e A MEY: FoM A AFTREREH §
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e H93 Aoz HAEHT JArh(Wang e dl,
1999). o|E2 AR ddEe] +37F @ +4719] ¢
Eluols fAE TEAE F 9o, B AR B
A (alpha-decay), =2 38 7483 S B
38k gk AelZA wl=te] Lawrence Livermore
National Laboratoryollx] 2F 17 £2] Pug 24g3}s}
7] 98 golzg2ois JFHoE HEAZ vt 9
th(Ebbinghause ¢f al., 1998). o|m] AMS-E Ho|=F
2ol FEEAAL 50 CaUTiy0,-25 CaPuTi0,-25
Gd;Hf,0,(+9] :mole%) olH, o] L&A oll= of
12wt% Pu0, 2 24wt% UOyt ¥3g 4 olvh,
g, $22 mEZAA S Pud deld AL 1
wt.% Ao e AHIAE 7HRIeh

A8 Babg HW1ES 2A4sE 98 AMEE
AARE wjE-”AE hot-pressing(Ringwood, 1985),
sintering(Ebbinghaus ef al., 1995), inductive melting
(Sobolev et al., 1995) S9¢] Wpgo® A zEn E3]
sintering 3-2 inductive meltinggo] 242 wjEslx
2 A FRE Azsked 4% Ades RuHy
1=
SES] HA B F8 AN WAl +471] o
Uolzd] ths] {43 imitatores o] 2HbEo] A& #
AKsH Cettoln], Ce-mfo|2E20)7} G823 njEg~Y
7¥eAels Belar, ojel ek AFRIE A f
th, wEA B delMe Ce-mlo|2ER2E st
o FEshe FdE] AHE A 2 544 diE)
o A7staA} ST

s

2. Ay

2719248 CaCO;(High Purity Chemicals,
4N), TiOy(Rare Metallic Co. Ltd, 3N) 2 CeO,
(Johnson Mattey, 3N) & gt 2 A 35ES
BAUALE B, Ce-Fol2EE0Y(CaCeTi0y) %
Aoz s3slgnt. &8k A EE A2A] 200~400
kg/em?e] gEo= A &, 1000~1500°C H2Iol

A} BEQAIAT) AFERgS BVE 2 £ e
superkanthal 3]E17} 42hd AAHE XWE"W 5-50
A7V Fob Ay g8 A8 42 900~1100°C

ol ¢k 5.1047H8¢t FAFAYPE FIIR ""‘]3}9\113}
FAE Mg A 2 AEEE Askd, &

== 2| Bl (monochrometer)7} F-2H¢ Phll]lp/\}'(—}:—-r I t11)
o] Xpert MPD X-A #2337 (Xray powder
diffractometer, XRDYZ AM2-813ith. Cu-Kod FEE

- wljQl - Yudintsev, S.V.

AL, 7R 2 ARE A7 40 kV 2 30
mACI AT g Zh AFEe] st B 2 R
< 9sl, SEM/EDS(SM-5300/0Oxford Link ISIS
EDSygxE ol&sldrt. o] 7S 25 kV,
9ol A71E 1 mmyEey, SAE s 02~04
wt.%S

3. EHd AEdn

31. XRD 4 @3

AYE NEx 7] 2 AR skiA 2Als
2 A7RE HATIHA dEE ‘*lé}iiE}(Fig . 2
*o«l 3o XRD HElE F3dHe] dud -7}

TZERE e s BA o}%‘;ﬂr.

27] oA 2AA(Fig. 1a), 1000~1100°C # 2]
e Ce-d| BB 2710 E((Ca,Ce)TiOy), 54 (rutile;
Ti0,), Al&eh}o] E(cerianite; CeOy), B Ce-Tjo]|=F
2ol Fo] #ZFUL} Ce-gfo|2Foio ke 2
ol vjdlsle] 27k R, 1200°CIAM D}E
Enth 2AEIT 1300°CM & F3A0] ekals] A}
x5, CeF|ZHATIo|ES} Ag|olto] E2] f‘é}% o]
oE 2oMe] Axel vng o, /M e e

nE A

(@) (5) (548)
e

Relative X—ray peak intens ty
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Fig. 1. Dependance of relative intensities of the stable
phase assemblage with the sintering temperature (a) under
air and (b) under O, condition. Numbers in parenthesis
indicate heating time (hours), and the rest of symbols
without numbers indicate that heating time of 20 hours.
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Hol7] wid], o] 257} Ce-HolfFEzo]e] 34 4
Aewg Wt 1400 ¥ 1450°C7H 58 4
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oM FHAOR 4dEH, CedZH 2Tl ES} 1|
gro] AlgjohtolExte] EAIBIALE ofu, Alglohto]
Eo] Aze]l Hae] PEE HEAE 5AZIA
48N 70 B S AL SR gt

Aba B9)7] slol|Al(flow rate: 200 co/min) A2 S
A5} A$-(Fig. 1b), Ce-do|ZF 207} 1100°CollM
BE] AEEAS 1200°CoA F5 2] SRk, Al
ool E, Ced|RZHATlole 2 nigke) FgAjo] &
sk 1300°ColA s F3Mo] 9hxs] AlA A,
Ced|mH27tolE9} Algjoptolert A3} Zaele 4
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Fig. 2. XRD patterns of Ce-pyrochlore and Ce-perovskited
wich are sintered at (a) 1300°C and (b) 1400°C.

HAZT ), HAASHEE ARSI Ce-tol2ER
o8] ANNFE 2% A3}, 2x 9 B9 o
zpol7F oLt hAIHQD Axpise] Hes 10,139~
10.152A 08, vlelzgaoo] 3 F{HA ThTi0O,
(No. 41-363:10.156A and No. 23-565:10.145A in
JCPDS card)s} AFstsdTh.

3.2. SEMEDSO|l o3t 45X U SEME

AP A 8E FAPHAH0A(SEM)?e] A2
BA7EDS o8 Aaa 9 AREAE dAs
th 1300°Cold A Agel S, 71dRe Ce-3t
o|RFF oIy FAEH, 15 um o]k} CeHZHL7}
olE8} 25 um ©)313] AlgeltelErt A ACHFig,
3). ooz YEAH o7 1500°ColA] 4FE A g 7

£ Ce-o|g287o] Y2l CedEHATIO|EZ} 713
B2 #4817, 10 ume|ste] MiglohtolEg} tlEre]
7130 A= USvk(Fig. 4).

Ag. 3. Scanning electron microphotograph of samples sintered
at 1300°C.

Fg. 4. Scanning electron microphotograph of sample sintered
at 1500 °C.
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Table 1. Chemical compositions of Ce-pyrochlore and Ce-perovskite.

Heating Chemical composition*
No. Ce-pyrochlore Ce-Perovskite
Temp. hours
Composition Ce/Ti CaTi CelCa Composition Ce/Ti Ca/Ti Ce/Ca
Under air atm.
LGZ-73 1200 20 CayCegg3Tin 05 040 049  0.82 CaggsCepsTipe703  0.15  0.87  0.18
(air) Ca oCeg.79Ti5.1 065 037 050 077
LGZ-62 1300 20 Cay ;CegogTi9406g 049 052 095 Cay,CepqTige;03 025 072 0.34
(air) CaggsCeyosTi 97065 048 049 097 CagssCey27Tipg:0; 028 0.68 041
LGZ-96 1400 20 Ca; g¢CeogsTij9006s 044 053  0.83 Cays7Cey3,Tigeg03 033 058 0.56
(air) Ca; 4CeggrTinn0sg 043 051  0.84 Cags7Ceq3 TigegOy 032 058  0.54
LGZ-21 1450 5 CagssCen 3, TigggO3 033 056 0.58
(air) Cags6Ceg33TigegO; 034 057 059
LGZ-15 1500 5 CayssCega3Tige70; 034 057 0.60
(air) Cags54Cen3qTigo70s 035 056  0.63
Cags6Ceg33Tige70; 034 058  0.59
LGZ-81 1500 48 Cags57Cep33TigesO3  0.34 059 0.58
(air) CagseCepaaTiper0; 034 058 0.59
Under O, atm.
LGZ-77 1200 20 Ca; uCegrTi01063 043 051 084
(0y)
LGZ106 1270 40 Ca, 45Ceg 94Ty 407 046 051 090 Cagg7Ceg 14Tigos03  0.15 091 0.16
Oy Cay (3Cey 99Ti,07 049 051 096 CagsCeg13Tige70;  0.13 0.88  0.15
Cay 47Cen.97Ti} 9907 048 053 091
LGZ128 1300 20 Cay 04Ce 98T} 9607 049 052 094 Cagg Cey1gTiges03  0.19  0.84 022
(0y) Cay 46Ceg97Ti,0; 048 053 092 Cagg Cey17Tipe70; 018 0.84 021
LGZ109 1350 40 Cay 1Ceq9gTiz 0107 048 050 097 Cag75Ceo,Tiges03 021 081  0.26
(0,) Cay 3,Ceq 95Ti,07 049 051 097 Cag74Ce 0 TigosO; 023 077 030
Cay g¢Ce; 01Ti} 9607 051 054 095 Cag7Ceo,Tipe;03 021 078 0.26

*Chemical compositions were analysed by EDS.

F4E Ce-dolzgzo] ¢ CeFlZHATlO|ES
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Fig. 5. Variation of Ce/Ca ratio with temperature in Ce-
pyrochlores and Ce-perovskites.
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AAE Ho|E2M(Fig. 1), 0] =04, AlgjohtelE
7} Ce-mol2E 20l AL 3 AvixIeH,
1270~1350°CollX Ce-vlo|2E&20lo] &-5E 5 U=
Ce2l FUYAE Yehle Aoz sye] 7hssict. o
H Ced|ZEATIO|ES] 75, 1400°C7HA] 2=F71
vl 8l CeTizt Ce/Ca H1-&-S F7ish=d] sl
Ca/Ti &S 4o zH, Ce o2o] HEH2T}0]
E AHTZE o|BHASE AAFTh 22t 1400°C
oM E ol AE Alele] E WHIEE Holx W¥F
o=x, T4 =g ZoE wddnh g Ce-
Ho|2EZoie] 74, Ce/Ca Hl7} 471 wet &
HEE HolA] AT, Ced|E2HATlo]Eel Ce/Ca Bl
B ARV 28 ATt 3] oA AE




229 WH7IE vASE A WEYE Y CedlolggEo] Y AT 101

Ce,0,
12000C 0 2

127000
13000C
13000C »
13500C
14000C
14500C %
1s000C ,, /

32

> > O e BB OO0

Cex03
0 _ 100

ca0 YT T T T 1

50 52 54 58 §8 60 62 64

T Tio,

68 70

Fig. 6. Compositional variations of Ce-perovskites, a solid solution of loparite and CaTiO; in the system Ca0O-Ce,05-TiO,.
Dotted line indicates imaginary solid solution boundary between perovskite and loparite. The symbols ( O, (1, , A, ¥ )
represent the samples treated in air and @ , ll , @ , under O, atmosphere.
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