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Pyrochlore is known as one of the most promising materials for the immobilization of radionuclide in high level
waste. This study included the synthesis, phase relation and characteristics of pyrochlore(CaCeZr,Ti, ,O7, y-g2-20) In
the system of Ca-Ce-Zr-Ti-O. Using the CPS(Cold pressing and sintering) method, the mixtures of CaCO;, CeO,,
ZrQ, and TiO, oxides were pressed, and sintered at 1100~1600°C for 20 hours. The optimal synthetic conditions at
various compositions were differed from 1300 to 1600°C Even in the optimal temperatures, pyrochlore or fluorite
coexisted with minor amount of perovskite, CeO, or Ceg;5Zry,50,. It was confirmed that pyrochlore and fluorite
structures were stable at x<0.6 and x=1.0, respectively. Especially, the compositions of pyrochlore or fluorite
showed non-stoichiometric compositions in that contents of Ca and Ti were more deficient and those of Zr and Ce
were more excess than batch compositions with the increase of x value. These characteristics stemmed from the
behavior of elements occupied at eight- and six-coordinated site, and then caused the coexistence of perovskite,
CeO, or Cej15Zr1g,50, along with pyrochlore or fluorite.
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Fig. 1. Relative intensities of phases in the matrices synthe-
sized from (a) CaCeZry,Ti;¢O; and (b) CaCeZr4Ti; 407
batch compositions. The real compositions of (Ca, Zr)O , and
(Ce, Zr)O, are Cay 152198501 g5 and Ce 752192505, respectively.
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Fig. 2. Relative intensities of phases in the matrices
synthesized from (a) CaCeZr ¢Ti, (O, and (b) CaCeZr, 4
Tig 07 batch compositions.
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Table 1. Relative intensities of phases formed from various composition systems.

Temp. TiO, ZrO, Cay;sZrygs0185 Pero.  Pero  CeO, Cey15Zry250; A;BO; (Flu) Ce-pyro
(325) (3.16) (2.97) @271 (2.83) (3.12) (3.09) (3.01) (2.93)
CaCeZr,Ti; 30
Ce-16 1200 8 - - 69 100 - - 65
Ce-1 1300 - - - 23 32 - - 100
Ce-6 1400 - - - 28 20 - - 100
Ce-11 1500 - - - 39 25 - - 100
Ce-21 1600 melt
CaCeZr(Ti; 40
Ce-17 1200 2 15 - 60 100 - - 49
Ce-2 1300 - 16 15 51 100 - - 73
Ce-7 1400 - - - 40 57 - 31 100
Ce-12 1500 - - - 35 - 49 - 100
Ce-22 1600 melt
CaCeZr, 4Ti; 4O,
Ce-18 1200 - 18 17 52 100 - - -
Ce-3 1300 - 11 - 52 100 - 47 -
Ce-8 1400 - - - 58 - 89 100 -
Ce-13 1500 - - - 42 - 35 100 -
Ce-23 1600 melt
CaCeZr, 4Tiy O,
Ce-19 1200 - - 26 5 7 100 - - -
Ce-4 1300 - - 77 28 4 100 - 40 -
Ce-31 1400 - - 35 19 - 5t - 100 -
Ce-14 1500 - - - 17 - - 23 100 -
Ce-32 1600 - - - 7 - - - 100 -
CaCeZr, gTiy,0
Ce-20 1200 - - 47 33 100 - - -
Ce-5 1300 - - 75 25 100 - 57 -
Ce-10 1400 - - 20 19 57 - 100 -
Ce-15 1500 - - - 11 - 7 100 -
Ce-33 1600 - - - 7 - - 100 -
CaCeZr,0,
Ce-26 1200 - - 94 79 100 - 17 -
Ce-27 1300 - - 53 61 100 - 49 -
Ce-28 1400 - - - 39 26 - 100 -
Ce-29 1500 - - - 25 - - 100 -
Ce-30 1600 - - - 1 - - 100 -

*Unit of number in the parenthesis is A.

Holou}, uidalelo], sig2tolEL 2 Ce0,9] 3]

AATE 1200°CNSh Al SAIHITE 1400°CA
£ B0 Aul AFAEE BAY, Ce0,9} video}

o|Ev} k3] AdEHE U4l o] F /K] HEoE
TAE CegrsZros07t A-go=2 YAHNT. #HF27}
ole] gt FAFYCE 1500°CAA FEEE= AR
1400°Ce} FL3A T, a2 Aslae IR Er}
ta ZAaEE AFE Bk 283 o] A 94
1600°CollA] &3] -8-5-=iTh
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Fig. 3. Relative intensities of phases in the matrices
synthesized from (a) CaCeZr, gTig,07 and (b) CaCeZr, (07
batch compositions.
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Fig. 4. XRD pattemns of phases synthesized in optimal conditions from CaCeZr ,Ti, O, batch composition. Abbreviations :
Py (Pyrochlore), P (Perovskite), C (CeO »; Cerianite), Cz (Ce-Zr-O oxide), F (Fluorite).
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Table 2. Chemical compositions of pyrochlore, fluorite and perovskite synthesized from batch compositions, CaCeZr ,Ti, 07

(x=0.2~1.8).
No. Temp. Ca0 CeO, Zr0O, TiO, Chemical composition Phases
Ce- 6 (x=02) 1400 13.36 39.06 10.83 35.75 CaOAQCe0'92r0‘3Tf14SO7 Py
12.95 42,05 578 39.21 CayoCey ¢Z1o.,Tiy 405 Py
Ce-12 (x=0.6) 1500 11.23 36.72 25.24 26.81 Ca0'8Ce0.ng0,3T%1.407 Py
11.47 37.57 25.69 25.27 CaggCeggZrogTi; 507 Py
6.22 34.23 55.28 427 Cap sCegoZry Tig307 F
Ce-13 (x=1.0) 1500 5.71 36.25 53.88 4.16 Cag5Ce gZr, 4 Tig 207 F
5.92 33.11 55.92 5.05 CaysCegoZr; 1 Tig307 F
3.32 4082 5413 173 CagsCey 21y Tig 10y F
Ce-24 (x=1.4) 1600 3.61 40.36 54.95 1.08 Cagy;3Cey 1 Zr;5Tig  O7 F
344 39.16 56.38 1.02 CagsCe; 1Zr2,Tig 107 F
N 365 4213 53.02 120 CapsCe;Zr, Tig 07 F
Ce-25 (x=1.8) 1600 4.49 45.53 4843 1.55 Cay 4Ce, 3211 gTip 107 F
5.16 45.24 48.37 1.23 CaysCe) 3Zr1 ¢Tiy 07 F
Ce- 6 (x=0.2) 1400 2547 22.20 0.65 51.68 Cay-Ceg,Ti, 003 Pe
Ce-12 (x=0.6) 1500 28.27 16.13 1.86 53.74 Cay ,Ceq 1 Ti; 03 Pe
Ce-13 (x=1.0) 1500 31.07 12.71 2.23 54.00 CayCeo, T oOs Pe
Ce-24 (x=14) 1600 22.98 4248 1.79 32.75 Cao_7Ce0}4T?o‘7O3 Pe
22.46 4278 1.63 3313 Cag1Ce4Tip 704 Pe
Ce25 (x=18) 1600 25.15 38.53 2.84 3347 Ca0_3Ce0,4Zr0'1T?0,7O3 Pe
23.06 39.24 5.03 32.67 Cag7Ceg 4710 1 Tig 705 Pe
Py : pyrochlore, F : fluorite, Pe : perovskite
Table 3. Optimal conditions, lattice parameters and average radii of elements with coordinated sites in each system.
Optimal Conditions Average Ionic Radii A/B
Temp., °C Time, hrs A B
CaCeZ1,,Ti; sO; 1400 20 0.1045 0.0617 1.6951
CaCeZryTi) 407 1500 20 0.1045 0.0640 1.6341
CaCeZr, oTi; O 1500 20 0.1045 0.0663 1.5774
CaCeZr, 4 Tig 40, 1600 20 0.1045 0.0686 1.5244
CaCeZr, gTiy,0; 1600 20 0.1045 0.0709 1.4749
CaCeZr, ,0, 1600 20 0.1045 0.0720 14514

A : average ionic radii of Ca and Ce in 8-coordinated site, B : average ionic radii of Zr and Ti in 6-coordinated site.
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Fig. 5. BSE images of specimens synthesized from batch compositions, CaCeZr (T, (07 (a) at x=0.2, (b) at x=0.6, (c) at
x=1.0, (d) at x=1.4 and (e} at x=1.8. Abbreviations : Py (pyrochlore), F (fluorite), Pe (perovskite}, CeZO (Ce (75215 2507)
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Fig. 6. (Ca+Ce)-Ti-Zr diagrams of pyrochlore and fluorite synthesized from CaCeZr ,Ti,.,O; compositions.
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