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U;]—E]—k] % ﬂ-?ol]/ﬂ% CaysCeqsZrFe;012 %‘ CaZCleFeFe30|2°L1 _7.:/‘3% 7]'%_] 4’-‘,%’%‘% @‘/‘33}04 [¢]
29 493 ¥ 9 54& AT7SAL. EFH ARE 200-400 kefem’S] Ao YT F,
1100~1400T Wl 25 3 E9718 WHFATIEM L% glon 49 ANEE XRD, SEM/
EDSE ALte] AT ARAS ANGACh 48A5 o5 2L H) AFASS 13000
2 1Q89e W, 47 YALE 28 5 UNAT 239 AFLIOIE 5 Hatol BESIAT.
CaxsCeosZnoFeiOn R CaxCeZrFeFe;0128) 242 R-E FAH Fe-d {49 24 247t Cavsan
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oA HER Aoz s Hch
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ABSTRACT : Garnet has been considered as a possible matrix for the immobilization of radioactive
actinides. It is expected that Fe-based garnet be able to have the high substitution ability of actinide
elements because ionic radius of Fe in tetrahedral site is larger than that of Si of Si-based garnet.
Accordingly, we synthesized Fe-garnet with the batch composition of CaysCeysZrFesOp, and Cay
CeZrFeFe;02 and studied their phase relations and properties. Mixed samples were fabricated in pellet
forms under the pressure of 400 kg/cm® and were sintered in the temperature range of 1100~ 1400C
in atmospheric conditions. Phase identification and chemical composition of synthesized samples were
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analyzed by XRD and SEM/EDS. In results, where the compounds were sintered at 1300C, we
optimally obtained Fe-garnets as the main phase, even though some minor phases like perovskite were
included. The compositions of Fe-garnets synthesized from the batch compositions of CaysCegs
Zr,Fe;01; and Ca)CeZrFeFe;0yo, are Cays.32Ce03072r1828F€19.32012 and Cazz5Ce0s.1.0Zr13.16 Feosor
Fes 3201, respectively. Ca contents were exceeded and Ce contents were exceeded or depleted in
8-coodinated site, comparing to the initial batch composition. These results were caused by the
compensation of the difference of ionic radius between Ca and Ce.

Key words : garnet, perovskite, immobilization, actinide, sintering

Moo

Axzel A Ead A

ARG S o, A 17 2

RN EREE FEERNE
7

i e
1, op

O

[o)

1

RS 3l A borosilicate
aluminophosphate 2] S22 143 A 7)<
ol ARG gloy A wfals Alztol
W AA g =], AF HAg5HEH| A3y
= ©Hel ok &3], FF7] A THdA
gata A= 1EY A71EY AS, §E
uid o] dAls oS gdsinz Mg
t Aze lEY2 gl waistn itk &
214 WA gigte 2, SYNROC (Ringwood ef
al, 1988)% W% vikd 247 sz}
A7 AR AEAD WAl Sk ofE ol
C 94 2 IJERFE A e FETRE
2o AT e EF, #AloF VG
Khlopin Radium Institute, ©]= Lawrence
Livermore National Laboratory 5 A7 <2
A7) AFA EG 2 st FAAY
A17b FeEo] gon, TudAMe FLEHA
g AFANA F98 9 Aok AFAA, 79
3 wjA2zE HW&3 SYNROCS ¥ Esld,
pyrochlore, zircon [(Zr,An)SiOs4], zirconia [(Zr,
An)O,], cubic zirconia [(Zr,Gd,An)O;], AF{FA
[(Y,Gd,An)(ALGa,An)sOr] B HEF27FlE (Y,
Gd,An)(Al,Ga)Os] S©o| UtHBuroakov et al.,
2000a; Burakov et al., 2000b; Burakov and
Strykanova, 1998; Burakov and Anderson, 1998,
Burakov er al., 1999; |53 <, 2002a; A<yt
9], 2002; Chae ef al., 2002; Yudintsev et al.,

2002).
&8

e ke R
e AN
o do
oL
>
o ox
5
P
=3
g 3
o
k)
Of
i)
k)
L
dob i o
o ok rlo o R HE ok

I, e

WA 917189 1S A8 A

f5= A42 fEZ 2= hot-pressing (Ringwood,
1985), A7 (Ebbinghaus et al, 1995), induc-
tive melting (Sobolev et al, 1995) 59| HHo
2 AzxHAWN 53], £2249 & inductive melt-
ingo] 242 MEYAE YF FRE Ax
sl A9e Ao BialEa Qioh

2 oMo AFYe get paae AT,
BLXY0p2 HAH, B3 49 A g A
= [XV]el 94d we aluminates (A7),
gallates (Ga3+), ferrates (Fe3+), silicates (Si“),
germanates (Ge') @ vanadates (V') o2 U
T 4 UtH(Yudintsev, 2001). 47240} o}EjL}o]
Z Y45 A ¢ e 7Y, & 1433 Y2
o]2ig Ao ulg} z}o]E Hol=1|, Burakov 9|
(2000b):= REE-Al-Ga A&49 A<, Ce*, U™
2 put 52 4T 5 AE AAEAT} 4~6
wt%o] £33 Roez FA% ub Qith o]gh=
x4 o2 loudintseva and Yudintsev (2002)=
REE-Fe A&Ao AL Htll 30 wt.% Th, 20%
U 9 15% Pue] 1§58S 7 A& &<
At
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etz ng5g g FATEES 93 ¥
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g3l ojyd ol HFG o] FojA
Fe'e @ Asts 71 & oleEAr ¥
Ga™)el wla] Ao & o)lfa7E 71A7
w o), Fe'-d&Me Th", UY, Np* 2 pu"
of tisir 714 & n&FEsS 7HE Aoz 7
ek weka B AFeAs 47he] ey
o|=¢] ¥ ZA|(imitator)EH4 Ce-g& A3}, Ca-
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Ce-Zr-Fe-O7A 9] & FAAHL 533191 o
9 49 ¢ 548 a7
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=0ood

%7]1&% &3¢ CaCO; (High Purity Chemi-
cals, 4N), ZrO; (Rare Metallic Co., Ltd., 99.9%),
Fe;O; (Hayashi Pure Chemical Industries, Ltd,
3N) 2 CeQ; (Johnson Mattey, 3N) 5 &L 2
}‘3%74] ﬂ-?}%% Ca2,5Ceo,5ZrzFe3012 ‘;—l Ca,CeZr
FeFe:0udl 2402 B9d § THadnh &
FE Ame ALoA 400 kgem’d] FHo=
AT T, 1100~1400T WSl 2ANAT.
AMEe 278 28T 4 db 30
3) ¥l (superkanthal heater)7} FZ8 Ad9d 3
AZoln 5~2042 5% AW P4
ARS BEde HAsd, £ ExAZH
(monochrometer)7} &% PhillipAle] X-A B
9 3 A 7](Model™® : X'pert MPD powder dif-
fractometer ; Cu-Ka tube ; accelerate volatage :
40 kV, current : 30 mA)E AE3SITH T3 72
e dig RExYd 9 AERENS 98,
SEM/EDS (JSM-5300/Oxford Link ISIS EDS)#
A% o g31ATh olwe] A& AL 25 KV,
o A7E 1~3 ymgoH, LAHYE 02~04
wt.% % t}.
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Ltk A AEQ CarsCepsZrFe;09 Ca
CeZrFeFe;01,0) A AL 3ha] 1100~ 1400C,
5~20A17t) Mo FAAE L AAEe 53
B97le) mE Hads #2357 Ystd O,
FANE ARl 37 oAy 2¥ass

Bl sttt

CapsCepsZroFesOr

37 FAA AER AES A9(Fig la),
1100Co A 3" AgolA, HF27I0E I
(d=2.84 A7} 718 733 JHAEE HYow,
AEM(d=2.84 A), HELFIE (d=2.73 A),
AB,OxE H3lE 9 wlo] 2 F & of(pyrochlore) 1
1 27]& A0 E Fe,03 @ CeD; So] &

H 2tk AB.Os= d=4.0, 3.18, 2.495 2.01, 1.84,
1.695, 1.649, 1.589 A S|4 3 E Jehyn,
U(Nb,Ta),0s (JCPDS No. 29-1435)%} XRD &l
o] Y3 FAAYU A2 FATdHET. 1200T )
A, AFAe Ay AL EE Hon, ABOs
8 AFgEL AY3lnE FHEAIE I, 119
A FAREE 1100Co) B8] FHEGe
W, Bo]ZFZ0], Fe05, 2 CeO, 5 FF4E
o] Ad=E AT} 1300CAHAANE 1200C ) X9} )}
7R R A7 e, HFLTE I ¥
AB, 0z 9] g Evte] A% EABIG oY, 3
F27l0lE 18 A AFETh 1400TCAME
ANg7l &1 855, 4787 dEY, dE
7olE 119 AR E7F A ATFS B
om, 1200CTANA A22HAY go|2FE ]9}
AB,OsE 28} Eo] EA3t9 ). webr, o]
TEAOoEREY, B AL HZIFLFAYS
sty Brldo =z, 1300ToHA FE3=
48 7 Ade H 7MEARS 204t E
SN ASANE B3kl XRD #jdo] ¥glE]
A Fthe AFEL 13007 B Ao 2RE
AFd A HAzALS AAMFT Yot
(Fig. la%} Fig. 2a).
A7 w2 Wstes #Estr] Hstdd i
TSt 4gg P35t thFig. 1b). 1100T
HE27t0|E I7F S8 Adolglen, A&
HFLTOE I, ABOsE AH3HE, wjo]2
o] B CeO, 5 #Zo] RgAdoz #FH
L AAEEE 1200C74R] SUHAAE W, 4
Mol A IAAEE HQ by, #E A7)0
II 2 CeOy/} F7sle AdS By =37
AB,Os¥ 9] 41318 B FFATI0IE To] i F
7be Whd, gle]2Z 2ol AWEIT 1300T
GA, AFdde] A3 HYHE =g KYL
o, HE27F0lE I Z4ddn ABOsE 4
g5 2 H3E JguRA @3 Jou, HE
27}0)E 17 CeOre A3 2Pyt (Fig.
1bs} Fig. 2b). o} 2= oA £BAZE 2047
¢ 7 AR Lol BEta ] shelM g
A7 Zo] & WgE Holx ¢SO EN, &
AN F7he & 4TS vAR EgE F§d
9t} (Fig. 1b).
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Fig. 1. Relative intensity of phases synthesized with CaysCeosZr:Fe;Or; (a) in
air and (b) under O, atmosphere. All sintering duration are 5 hours except
labelled figures.

A o1

2.72 A)z 4 F4(d=2.83 A)ol /M 33 B
dEE HAFQon, HF2AI0lE I(d=284
A), CeOy, 229 FZE 7 CaFe0s 2 Zr0,

o 22HNY selzFRole A4, a2l
ABOg tH8t= 9| EA T 47kA9] Aol EAt
o, 2 240] Hlzsg§4 54L& /IR AS

g5k

CaxCeZrFeFezOi2

7] & 1100CAM e HEFEXT)E I(d=

7} #EE) QHFig. 3a). 1200°C ) A
Hdl IHAAEE HYon, HEAFE I,
CeOs, 210, @ CaFe,07} AEEHQ O, Bt
o= HEF2FIO|E Igte] #AFHAT 28 F)
E2TM01E 1 2A% 1300CE 714E A, A%
E7F 49E Hade FEE 2Y Wy, 1200
Toll &228H ZAoE FAHUYD CeOy7} #2H
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Fig. 2. XRD patterns of CazsCepsZroFe;Or; sintered at 13007C (a) in air and (b) under O
atomosphere, and of Ca;CeZrFeFe;02 sintered at 1300C (c¢) in air and (d) under O, atomosphere.
G : garnet, P1 : perovskite (d=2.73 A), P2 : perovskite (d=2.84 A), C : cerianite, O8 : AB,Os

oxide.

¢ tHFig. 3a%} Fig. 2c).
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Fig. 3. Relative intensity of phases synthesiszed with the starting composition of
CaCeZrFeFe;0nn (a) in air and (b) under O, atmosphere. All sintering duration

is 5 hours except labelled figures.

A H(BSEI ; back scattered electron image)-2
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(e)

(f)

Fig. 4. BSE (back scattered electron) images of samples synthesized with Ca,sCeqsZr2Fe;O1;
in air. (a) Gat-11 (1200°C/5hrs); 1,4,5 : garnet, 2 : Fe;O; 3 : perovskite, (b) GAT 21 (1300C/
5 hrs); 1,3 : garnet, 2 : Fe;0s, 4 : Ca-Ce-Zr-Fe oxide, 5 : perovskite, (c) and (d) GAT 46
(1300°C/20 hrs); 1,2,5 : garnet, 3.4 : perovskite, (e) and (f) GAT 17 (1400C/5 hrs); 1,3,5,8,9

: garnet, 2 : pyrochlore, 4,6,7 : perovskite.

E7} ¥3 9 B el (Fig. 4f9] 4,6,7)2, 18]aL
FRAoE g AxE me 939 o)z
Zo|(Fig. 4f2] 2)7} BEH o), XRDZAT A
AHA, HE2710E ¥ o2 Fzole 34
AT FA Aekg B tHFig. 4e9} Fig. 4f).

g AHA B9)7] slelA AZFE AR 94 F
7] FoAM A2FE AESY A9 FARRE S
H Y HFig. 5).

37 T R Ak Bl FAE AR 24
(Table 1) Z¥2} [Cas28Ce307]" [Zrioa2s]” [Ferasi]”
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(b)

Fig. 5. BSE (back scattered electron) images of samples synthesized with CaysCeysZrFe;0r, under O,

atmosphere. (a) Gat-12 (1200°C/5 hrs); 1,2,3 : garnet, 4 : perovskite, (b) GAT 26 (13007C/5 hrs); 1-5 : garnet
gamnet, 4 :

(c) GAT 51 (1300°C/20 hrs); 1,5 : perovskite, 2,3 :

On & [CaysaaCeoso7]" [Zris26]" [Felszm.z]w OnZE,
EHiﬂi i7] batch }\-11:1 (CavsceoszraF%O]z)EE}

Caito] 238 PE HolE Ao SHAol
Aot o] 8l Y Aol A9 Ca (1.12 A)H Ce
097 A)9) 0|32 Fole] Ze1slel, 44
Fe-21529] X zZ(jonic radii""/ionic radii’'=
1.51~1.66; Yudintsev et al., 2002)o| ¥-3}%| 7]
Jg BAH BANN MY A0 ARY
o HE2A7 o|ES] AS(Table 1), (Ca,Ce)FeOs
BAEIE2IIE D} CaZrO; BFY(HE27)
°o|E o2 F&IY, 0|59 gstzxAe 77
CagsCeos06Fe03 B Cago-10Cen0.1Zr05.09F€0.1.0203
Aok E3 129 I(>1300T)NMe CazZrOs B
Yol AP A(<1300C)o A= (Ca,Ce)FeO; E}
Ado HFLTIEVE AT EH, XRD 3]

3

Fe203.
4 23 dA skt

CaxCeZrFeFes01

7] ToAA 1300CE 228 AEE AFA
o] 714%E A5l glom, HEAIIE, Ca-
Ce-Zr-Fe oxides (Cagz.05Ce0.0.1Zr0.0.1Fe;5.1.803;
hematite (?)) 2 CeO,7} 2% #AHTL) o] &5
A i EHVE 22" ALE 7ARE A

ez THAGE FA9 Ad A5

(Fig. 6). AFAE97] 3loA 7FEA|I7HE &7}
(QOATHAZ ALE SA7HESH A4A7 AL

5 Aol AL AU 8o ANTF
ol w Wtk ’b% TEZ & 3 Th(Fig. 6).
@EL‘?,M Ax, A j,¢] §}§_]-7\H—— [Cazzas

Ce0810I [Zr1316F60407] [Fessa]' Yonz, Sk
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Table 1. Chemical formula of garnets and perovskites synthesized from the precursor composition of

Cay 5CeosZrFe;0n2
No. Condition Garnet Composition AP* Perovskite Composition AP*
In Air

GAT-11 1200°C/5 hrs Caz 3Cep3Zr25Fer 4002 1 Cayge,CepsFeOs 3
Cay7CeosZr2.1Fe; 002 4
Caz.6CensZrz0Fe31012 5

GAT-21 1300°C/5 hrs Caz3CeqsZr) 9Fes 0012 1 Cai 0ZrooFe 103 5
Cay.7CepsZrr0Fe; 0012 3

GAT-46 1300°C/20 hrs Cay7Cep6Zr20Fes0012 1 Cay ¢Ceo.1Zro9Feo.103 3
Cay6Ceo.sZr2.1Fes 0O 2 Cay oZrosFe.10; 4
Caz7CeosZry.1Fes 9012 5

GAT-17 1400 °C /5 hrs CazA7CCo,6ZI‘z,0Fe3‘0012 1 Cao;;Ceo. IZI’0,3F60203 4
CaysCeqeZrroFes 1012 3 Cag 9Ceo.1ZrosFe0203 6
Cay6Ceo.7Zr20Fe3 0012 5 Cayg 9Ceo.1Zro 9Fe020; 7
Cay5CeosZra0Fes 001 8
Cap.5CeosZryoFe; 001 9

Under O;

GAT-12 1200C/5 hrs Caz3CeysZry gFe; 5012 1 Cags,CeosFe0; 4
Cay6CeosZr2Fe2 9012 2
Ca71Ce3Zr23Fe29012 3

GAT-26 1300 oC /5 hrs Cazjceo,le‘z_oFe}oOn 1
Cay6CeosZraoFe; 000 2
Ca32Ceq37Zr28Fe1 9012 3
Cay5Ceq7Z11 sFe3 2012 4
CapsCeorZr1 gFes3 2012 5

GAT-51 1300 °C /20 hrs CazsceOAsZrz,}Fez,sO]z 2 CaZro‘gFe()_ 1 03
CaysCeosZry. FesOn 3 CaZrosFep, 0 5

* : Analytical points number in SEM images (Fig. 4~Fig. 6)

71&3t CarsCeosZnFe;Ondl XY Az} viitz)
A2 27] batch A E(CaCeZrFeFe;02)¥} B]xl
Al, 89 A|oA, Ca Aol 298 P&
Bk =3 FE2TtolE 19 sEtxAde
[Cap;s5.06Cen5-08Zr0-0.1][Feos-1.0]0sE, CaysCeosZraFes
08l 27124 L2 1200C74HA 719 A B35
£(Ca,Ce)Fe0; BY T Ao fAE 2SS B
—’F—?;ll‘% :lE‘]L]' 3_7]}_}‘3 O] CaxCeZrFeFe;0p, &
£ 1300C7 A (Ca,Ce)FeQs B}l HE AT
°o|Ev} #FHETeE HAA AolE HIIY
(Table 2). 28}o) Fed} A9 Ca 18lal o
ZFol Ce ¥ Zrs 3t e FAH (Caosos
Cep0.1Zr9.0.1Fe; 5.1503)0] #Z =)

wsl7] Ydle, Ca-Ce-Zr-Fe-O Al~EoA] Ce
A&l g Fe-AFAe 18580 Ut A9
S ST B Aol A" AFM AR
o ARHA 20E 3P HAe e B
o] EAH

) [Ca+22,5Ce+4o_5]Vm[Zr+42]VI[Fe+33]W012 (ol 2
FH-192 #7))
- [Ca'%Ce™ VM Zr *Fe ) Fe %1V Om (o)8F A
FA-0.2 %7))
7N1E AP AEHE AR 3t FHE B,
JERE THS Al, Ga-, Fe-AFANA 6 &
8ul ¢ A2l & AAE L v YAE9 o]t
Hl(evm/rv)E 2 313HE ©2 443 W7 oL
CHTable 3). 9% B4, FedRd AWTEE
FAJAE 5 AT HaE ol2urE 1y
rvi/vie 1.51~1.66 M9 o]iL, o} & 7= §A =
A ¥ AFAE 1Y v/ g 151
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(a)

(e)
Fig. 6. BSE (back scattered electron) images of samples synthesized with Ca,CeZrFeFe;Oi.
(a), (b), and (¢) GAT 28 (13007TC/5 hrs in air); 1-3,7 : Ca-Ce-Zr-Fe oxide, 4,5,6,10 : garnets,
8 : CeOy 9 : perovskite; (d) and (e¢) GAT 19 (13007C/5 hrs under O, atmosphere); 1,2 :
perovskite; (f) GAT 53 (1300°C/20 hrs under O, atmosphere); 1,4,5 : garnet, 2,6 : perovskite,
3 FezO3.

~1750|th. & AFoA FAHE Fe-4 {49 5
g Adas ENWE SEYEF 2494 dA
HE 183 Jao|2RAES oAZ AMts B
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FOIE 4F49 g6l aTsE olewy
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N 71 2 elewre 2R ARt As

o 12
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¢
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Table 2. Chemical formula of gamets and perovskites synthesized from the precursor composition of

Ca,CeZrFeFe;012

No. Condition Garnet Composition AP* Perovskite Composition AP*
In Air

GAT-28 1300 GC /5 hrs Ca2_4Ceo,9Zr1A5Feo,5Fe3,0012 4 Cao,sceo‘gFeo,sO3 9
Cay3CeosZr sFeo sFes 2012 5
Caz3CeosZr sFe0ales O 6
Ca.4CeosZri sFeosFe; 001 10

Under O;

GAT-19 1300 0C /5 hrs Caz_zcel,ozl‘L:;FeoJFellO]z 3 Cao,6Ce0,5Fe03 1
Cap.4CeooZri 3Fe0Fes 0012 4 Cao.sCeo.sZro.1Fe1.00; 2

GAT-53 1300°C/20 hrs Cay 3CepoZri sFeosFe; 1012 1 Cao,GCeoA5Zro,1Fe1AoO3 2
Cay 4Ce) oZr 3Fe07Fe3 0012 4 CansCeosZro.1Fe1 003 6
Can5CeooZri 4FeosFes 0012 5

Table 3. Stability of garnets with stoichiometry: [REEV"3[BV'L[B"]:012, where the [B]'"™"Y sites are
occupied by A", Ga*', or F&’' (modified from Yudintsev et al., 2002)

lon and its radii in A (rvi=0.545 A)

Ga™'(rvi=0.62 A) Fe"'(rvi=0.65 A)

coordination VIII(A) Tvin/tvi rvin/rvt rvin/tyi
La* 1.16 2.13(-) 1.87(-) 1.78(-)
ce™” 1.14 2.09(-) 1.84(-) 1.75(?)
pr* 1.13 2.07(-) 1.82(-) 1.74(?)
Nd** 1.11 2.04(-) 1.79(+) 1.71¢(7)
Pm’ 1.09 2.00(-) 1.76(+) 1.68(2)
Sm™ 1.08 1.98(-) 1.74(+) 1.66(+)
Eu* 1.07 1.96(-) 1.73(+) 1.65(+)
Gd* 1.05 1.93(+) 1.69(+) 1.62(+)
Tb* 1.04 1.91(+) 1.68(+) 1.60(+)
Dy’ 1.03 1.89(+) 1.66(+) 1.58(H)
y** 1.02 1.87(H) 1.65(+) 1.57(+)
Ho™ 1.02 1.87(+) 1.65(H) 1.57(H)
Er’* 1.00 1.83(+) L61(+) 1.54(+)
Tm™ 0.99 1.82(+) 1.60(+) 1.52(+)
Yb** 0.99 1.82(+) 1.60(+) 1.52(+)
Lu* 0.98 1.80(+) 1.58(+) 1.51(+)

* Garnet sturcture is (+) stable, (-) unstable and (?) no data

Ho] dubAolt(Yudintsev er al., 2002), Ca~ %}
Ce™e] ojeul7do] 742} 112 A, 097 ASZ th
2 74 949 oleutdd v 953 am
2, Ca?%} Cee H74 7z F sujY A4S
A3 Aog Alg9t. E3, Awtzgos %7
batch 23 F443 Fe-dF40] FsIgot,
gul 9l Aol $ix)st QlE Cad] FAHIE A

Py
FA-13 AFA-IAA 2+ 2.5~3.29 22~25

2, 7t 249 getdeAQ] vRg b w9t
h(Fig. 79 Fig. 8). E& FAte] Aole HHA

19 A9, 27 22249 vus £ 9, 45
A4 A= o, AR Ceo] Z3d
F3E B whA(Table 13} Fig. 7), 474119
BF, 312 Ceo] ZHH FFE EATKTable
2%} Fig. 8)). o]$} o] HFA-I HFA-IU A
o]9] Ced| HFWIE ZAE, Fe-AlFA A
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Ca2.5Ce0.5Zr2Fe3012

1200C/5hrs : Air
1300C/Shrs : Air
1300C/20hrs : Air
1400C/5hrs : Air
1200C/5hrs : 02
1300C/5hrs : O2
1300C/20hrs : 02
Stoichiometric value
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Ca(VIli) (mole)
Fig. 7. The relation of Ca(VIII) and Ce(VIII) in garnets synthesized from

Cay 5CepsZryFesO12 composition.
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Fig. 8. The relation of Ca(VIIl) and Ce(VIIl) in garnets synthesized from

Ca,CeZrFeFe;012 composition.
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