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�ïÄj��É��z Pu(1) ��Cz�¹9zÆ­½5, ± Gd2O3, ZrO2 ���, Ce(1) �� Pu(1) ��[
O�Ô�, æ^eØ9�(��{��Ñ Gd2Zr2−xCexO7(0 6 x 6 2.0) X��¬. ©O3 40 ◦C Ú 70 ◦C �Ü¤°
Y¥, é�zN��ÏEÑ5U?1ïÄ. /Ï®" X ��û�¤é¤���¬�Ô�&E?1Â8, |^�lf
N�Ì¤é�zN�EÑßÝêâ?1©Û. ïÄ(JL²: � x 6 0.08 �, �zN�±��É��; � x > 0.08

�, �zN=C�äk"��D�.(��. �zN¥ Gd3+, Zr4+ Ú Ce4+ 3Ü¤°Y¥, �XE��m�ò�
EÑßÝÅìþ,, 70 ◦C e�EÑßÝpu 40 ◦C e�EÑßÝ. 3 42 d �, �zN¥ Gd3+ ���EÑßÝ
3 0.032 µg·ml−1 ±e, Zr4+ ���EÑßÝ3 0.003 µg·ml−1 ±e; Ce4+ ���EÑßÝ3 0.032 µg·ml−1 ±e.

'�c: �É�, �zN, Ô�, zÆ­½5

PACS: 24.41.Kw

1 Ú ó

1953 c, Hatch[1] l,
U,¶ÔU
�ÏD
�f¥��é«, JÑ¶Ôñ��z��5Ø��
Vg, ±¦<E��5Ø�U�U,Ø����±
S�
�Ï­½/£8g,. �é��m�UÉ�
­À. �� 1979 c, Ringwood[2] ��ó�Úå�¥
NõÆö�pÝ'5�È4�A. 3��� 20 c
m, <�éuD�U,��5���U,f¶½o
¶?1a', ï�Ñ�þ�<Eñ� (á�Æ[¡
��>b), ¿éY!9!åÍÜ^�e�zÆFÈ
5mÐ
�\[��ïÄ, 3©z [3—5] ¥k�~

�¡�µã.

±céu��5¢Ô?n�ó�Ì�8¥
3¹��5¹Ý�� 90Sr, 137Cs Ú U Ø�¢Ô
��z?n. 
éu Pu ��z, {IQ�ÝrW
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Ëì (1 MeV � Kr+) 
Øu)Ã½/z¿�±¬
N(� [8]. 2000 c, Weber ïÄ�|9 Sickafus ï
Ä�|�ïÄ(J, þuyj��É�äk�~
Ð�|Ë��úUå, ¿�Ñ Gd2Zr2O7 ´ Pu Ú
�þ�XØ��n��zN [9,10]. ��, NõØI
[��Æ[ÚÆöªªmÐ
�'�ïÄ, ­:�
é«1�X (��) Pu) Ø��j��É�?1�
þ�ïÄó�, ¼�
NõËìJþ�Ëì�ú�
½þ(J. ,
, éuj��É�?1p�¢Ô?
n�¡�ïÄÌ�8¥3�ØÅn9Ëì­½5
�¡, 
8céuj��É��z Pu ���5Ø
��'X�XÚïÄ9�zN3?�¥¥�zÆ
­½5��¡�ïÄm���. éd, du Ce(1)

� Pu(1) �lf�»�C (þ� 0.80 Å), �ïÄ|
^ Ce(1) �� Pu(1) ��[O�Ô�, æ^eØ9
�(��{��Ñ Gd2Zr2−xCexO7(0 6 x 6 2.0)

NXX��¬, éj��É��z Pu(1) �Ô�C
z�¹?1XÚ©Û, ¿�36Ø�Ä��Ëìé
�zN�K�, éÙmÐ
�ÏEÑ5UïÄ, ?

� Pu(1) �j��É��zJø�Æ5�êâ
ÚïÆ.

2 ¢ �

2.1 ���¬¬¬���������

� � � [ Ø � � z N Gd2Zr2−xCexO7(0 6
x 6 2.0) ¤¦^����: Gd2O3 ®N (AR, ¹
þ > 99.0%, þ°½C.¶ÁJk�úi); ZrO2 ®
N (AR, ¹þ > 99.0%, ¤Ñ½�9zóÁJ�);

CeO2 ®N (AR, ¹þ > 99.0%, U9½��îzÆ
ÁJk�úi. �âzÆª Gd2Zr2−xCexO7(0 6
x 6 2.0), UìIOzÆOþ©O¡��½���
3çØïÄ¥?1·Ü9[z?n. ,�, ò?n
���¬3 10 MPa �ØåeýØ¤�»� 12 mm

��¡.

òýØ¤.��¬�\p§�ª>{¬¥?
1�(, Ü¤^��: ¿§� 100 ◦C, >{¬¢1§
Sg1,§, Ù,ªg"m� 15 min �m, ,�ÏL
�O§S¦Ù 240 min ��� 1500 ◦C, ,�òÙ�
§ 72 h, g,e%� 200 ◦C �mò�¬�Ñ. ��
|^ß�é¤����¬?1\ó?n, ¦�z�
�¬�þÝ� 2 mm.

2.2 EEEÑÑÑ¢¢¢���

2.2.1 EÑJ�O�
ïÄ¥¤¦^�EÑJ�Ü¤°Y, EÑJ

´�â GB7023-86(��5¢Ô�zN�ÏEÑ¢
�) ¤�¦?1���, ��L 1. ¤¦^����:

NaCl(AR, ¹þ > 99.5%, U9½��zÆÁJk�
úi); MgCl2(AR, ¹þ > 98.0%, ¤Ñ½�9zó
ÁJ�); NaSO4(AR, ¹þ > 99.0%, ¤Ñ½�9z
óÁJ�); CaCl2(AR, ¹þ > 96.0%, ¤Ñ½�9
zóÁJ�); KCl(AR, ¹þ > 99.8%, ¤Ñ½éÜ
zóÁJïÄ¤); NaHCO3(AR, ¹þ > 99.5%, ¤
Ñ½�9zóÁJ�); KBr(AR, ¹þ > 90.0%, ¤
Ñ½�9zóÁJ�).

L 1 1 kg Ü¤°Y¥zÜÔ¹þ

zÜÔ �þ /g

NaCl 23.497

MgCl2 4.981

NaSO4 3.917

CaCl2 1.102

KCl 0.664

NaHCO3 0.192

KBr 0.096

oþ 34.449

2.2.2 �zN�E�
|^Z9-ò�¬]!3NÈ� 100 ml �à

¯L´¥, 3à¯L´¥\\ 20 ml Ü¤°Y, ¿¦
�¬��E�3EÑJ¥ (�ã 1), ,�©O�\
�ºZH�¥. ©O3 40 ◦C Ú 70◦C ^�eò�
´�§ 7 d, 14 d, 21 d, 28 d, 35 d Ú 42 d ��g�
Ñ, ¿�ÑEÑ�ÿÁ.

ã 1 �zNE�¢�ã
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2.3 ÿÿÿÁÁÁ���LLL���

|^Ö=øBAúi)�� X’ pert MPD Pro

. X ��û�¤é¤����¬?1©Û. ¢
�^�: Cu q; +Ø 40 kV; ×£�ª: ëY×£;

d ¿ X Ú DS1/2◦, SS0.04 rad, AAS5.5 mm; × £
��� 3◦—80◦; ×£�Ý� 25◦/min, Ú° 0.02◦.

/Ï VG PQ ExCell .�lfN�Ì¤éEÑ�
¥ Gd3+, Zr4+ Ú Ce4+ �¹þ (µg·ml−1) ?1½þ
©Û, �¸�Ý� 72%, §Ý� 23 ◦C.

3 (J�?Ø

| ^ XRD ÿ Á L � Ã ã é � z N � Ô
� 9 ¬ N ( � C z � ¹ ? 1 
 ï Ä, ã 2

� Gd2Zr2−xCexO7(0 6 x 6 2.0) X��¬� XRD

û � ã Ì. Ä u � É � 3 2θ = 29.45◦, 34.20◦

Ú 49.04◦ � �NCrû�¸��Ñy, ±9
3 2θ = 14.5◦, 28.17◦, 37.2◦, 44.7◦ Ú 51.3◦  �
NC�¬�¸��3, �±�ä|^ 1500 ◦C �
§ 72 h ù���ó²^�, �±¢yj��É�ü
�Ô��Ü¤.

��X x O\� 0.2 �, �¬�¸�Ü��. ù
Ì�´du3j��É�¬�¥, Zr(1) � O(- /)

´± 6 � �ª�3�, 
 Ce(1) O� Zr(1) �,

Ce(1)(0.80 Å) �lf�»� Zr(1)(0.72 Å) �lf
�»�, Ce(1) 3¬�¥� O(- /) ´± 8 � �
ª�3�, du O(- /) �êþk�, l
��¬�
¥ Ce(1) � O(- /) ´±"� 2 � O(- /) � 8 �
 �ª�3. �X Ce(1) V\þ�O\, ¦��¬
�(�¤�)��fû�¸��, �zNd�É�
�=C�äk"��D�.(�� (�ã 3). ÏL
ã 2 ��±wÑ, �X x d 0.2 ÅìO\� 2.0 �
����S, �zN©ª�±�D�.(��, ¿
ÃÙ¦#���). dd�±�ä, �zNd�É
���D�.(��=C� x �A�3 0.2 ±e.

3é Gd2Zr2−xCexO7(0 6 x 6 2.0) �¬ XRD

(J��[©Û¥uy, � x 6 0.08 �, �zN
�±��É��; � x > 0.8 �, �zN��¬
�¸��, =C�äk"��D�.(��. ã 4

´ Gd2Zr2−xCexO7(0 6 x 6 0.08) �¬� XRD ©
Û(J. ÏLÿÁ(J�±wÑ, x 6 0.08 �, �z
N3 2θ = 14.5◦  �NC�r�¬�¸þ�3, �

�X x ��O\Åì~f°z.

ã 2 Gd2Zr2−xCexO7(0.0 6 x 6 2.0) �¬ XRD û�­�

ã 3 Gd2Zr2−xCexO7 �¬(�=C¥F�.ã

ã 4 Gd2Zr2−xCexO7(0.00 6 x 6 0.08) �¬ XRD ©Û
(J (2θ = 10◦—32◦)
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Gd2Zr2−xCex O7(0 6 x 6 2.0) �¬EÑ�
¥ Gd3+, Zr4+ Ú Ce4+ �ßÝÿÁ(J�L 2—7,

ã 5—7. ÏL¢�(J�±wÑ: ÃØ´3 40 ◦C,

�´3 70 ◦C ð§�¸¥, � x �(½�, EÑ�
¥ Gd3+ �MÝ�E��m¥��5'X, �XE
��m�ò�, Gd3+ 3EÑ�¥�ßÝÅìO\;

�� 42 d �, EÑ�¥ Gd3+ �ßÝª�­½. 3
Ó� x �ÚE��m�^�e, Gd3+ 3 70 ◦C ð
§�¸¥EÑ�¥�ßÝ��Npu3 40 ◦C �
¸e�ßÝ�. �§Ý�E��m(½�, x = 1.0

�EÑ�¥ Gd3+ �ßÝ´���; Gd3+ �ßÝ�
3 70 ◦C ð§�¸e�§ 42 d �� 0.032 µg·ml−1.

L 2 Gd2Zr2−xCexO7 X��¬¥ Gd3+ �EÑßÝ (40 ◦C)

�¬
EÑßÝ /µg·ml−1

7 d 14 d 21 d 28 d 35 d 42 d

Gd2Zr2O7 — 0.00600474 0.00641616 0.00679266 0.0114996 0.0124665

Gd2Zr1.8Ce0.2O7 — 0.00657677 0.00745243 0.0112462 0.0186952 0.0190894

Gd2Zr1.6Ce0.4O7 — 0.00736333 0.0165768 0.0186014 0.0193272 0.019592

Gd2Zr1.4Ce0.6O7 — 0.00988943 0.016605 0.0188089 0.0205542 0.0228521

Gd2Zr1.2Ce0.8O7 0.00429578 0.0101368 0.0180414 0.0200353 0.0241781 0.0248168

Gd2Zr1.0Ce1.0O7 0.00491667 0.0110638 0.0185051 0.020686 0.0263877 0.0269413

Gd2Zr0.8Ce1.2O7 0.00482497 0.0108884 0.0180814 0.0201796 0.0245439 0.025843

Gd2Zr0.6Ce1.4O7 0.00475705 0.0105958 0.0167144 0.0199185 0.0226646 0.0230145

Gd2Zr0.4Ce1.6O7 — 0.00884856 0.0155289 0.0159204 0.0199268 0.0199847

Gd2Zr0.2Ce1.8O7 — 0.00817618 0.00949353 0.0156866 0.0160871 0.0195434

Gd2Ce2O7 — 0.00297715 0.0080763 0.0117245 0.0133068 0.0141057

L 3 Gd2Zr2−xCexO7 X��¬¥ Gd3+ �EÑßÝ (70 ◦C)

�¬
EÑßÝ /µg·ml−1

7 d 14 d 21 d 28 d 35 d 42 d

Gd2Zr2O7 — 0.00624156 0.0064493 0.00701306 0.0121761 0.0144849

Gd2Zr1.8Ce0.2O7 — 0.00658596 0.00771353 0.0113433 0.0187299 0.0193264

Gd2Zr1.6Ce0.4O7 — 0.00743257 0.0173143 0.0186144 0.0195217 0.0197266

Gd2Zr1.4Ce0.6O7 0.00371759 0.0100886 0.0175438 0.0189258 0.0225213 0.0236005

Gd2Zr1.2Ce0.8O7 0.00492245 0.010169 0.0181127 0.0219509 0.0247153 0.0249392

Gd2Zr1.0Ce1.0O7 0.0051024 0.0110998 0.0185719 0.0223624 0.0286543 0.0318346

Gd2Zr0.8Ce1.2O7 0.00509013 0.0110481 0.0182324 0.0220596 0.0247856 0.0263805

Gd2Zr0.6Ce1.4O7 0.00492787 0.0109327 0.0176755 0.0199185 0.0227832 0.0237611

Gd2Zr0.4Ce1.6O7 0.00406412 0.00901135 0.0156425 0.0165073 0.0199879 0.0200252

Gd2Zr0.2Ce1.8O7 — 0.00854395 0.00956877 0.0161549 0.0165371 0.0195886

Gd2Ce2O7 — 0.00497358 0.00816443 0.0123695 0.0145626 0.0150535
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L 4 Gd2Zr2−xCexO7 X��¬¥ Zr4+ �EÑßÝ (40 ◦C)

�¬
EÑßÝ /µg·ml−1

7 d 14 d 21 d 28 d 35 d 42 d

Gd2Zr2O7 — 0.0003255 0.0009767 0.0015066 0.0026135 0.0026332

Gd2Zr1.8Ce0.2O7 — 0.000175 0.0009575 0.0011795 0.0015925 0.001933

Gd2Zr1.6Ce0.4O7 — — 0.0007749 0.0011738 0.0012484 0.0012746

Gd2Zr1.4Ce0.6O7 — — 0.0006504 0.0007888 0.0010521 0.0010981

Gd2Zr1.2Ce0.8O7 — — 0.0004714 0.0005462 0.0007379 0.0007452

Gd2Zr1.0Ce1.0O7 — — — 0.0004895 0.0005747 0.0007198

Gd2Zr0.8Ce1.2O7 — — — — 0.0003761 0.0004122

Gd2Zr0.6Ce1.4O7 — — — — 0.0001687 0.0002807

Gd2Zr0.4Ce1.6O7 — — — — — 0.0002392

Gd2Zr0.2Ce1.8O7 — — — — — —

L 5 Gd2Zr2−xCexO7 X��¬¥ Zr4+ �EÑßÝ (70 ◦C)

�¬
EÑßÝ /µg·ml−1

7 d 14 d 21 d 28 d 35 d 42 d

Gd2Zr2O7 — 0.000339 0.0010251 0.0015207 0.0029266 0.0029598

Gd2Zr1.8Ce0.2O7 — 0.00033 0.0009643 0.00139 0.0016571 0.0018973

Gd2Zr1.6Ce0.4O7 — — 0.000779 0.0013836 0.0014032 0.0014099

Gd2Zr1.4Ce0.6O7 — — 0.0007115 0.000922 0.0010829 0.0011132

Gd2Zr1.2Ce0.8O7 — — 0.0005097 0.0005506 0.0007487 0.0007566

Gd2Zr1.0Ce1.0O7 — — 0.0001918 0.0005155 0.0006218 0.0007283

Gd2Zr0.8Ce1.2O7 — — 0.0001821 0.0002285 0.0004416 0.0004605

Gd2Zr0.6Ce1.4O7 — — 0.0001562 0.0002123 0.0003136 0.000314

Gd2Zr0.4Ce1.6O7 — — — 0.0001952 0.000239 0.0002498

Gd2Zr0.2Ce1.8O7 — — — — — 0.0001083

L 6 Gd2Zr2−xCexO7 X��¬¥ Zr4+ �EÑßÝ (40 ◦C)

�¬
EÑßÝ /µg·ml−1

7 d 14 d 21 d 28 d 35 d 42 d

Gd2Zr1.8Ce0.2O7 — — — — 0.00331811 0.0054729

Gd2Zr1.6Ce0.4O7 — — 0.000469819 0.0047662 0.00568973 0.00702317

Gd2Zr1.4Ce0.6O7 — 0.000999558 0.00463195 0.00569665 0.00711452 0.00835509

Gd2Zr1.2Ce0.8O7 0.00103991 0.00432368 0.00688746 0.00831507 0.00865706 0.00983582

Gd2Zr1.0Ce1.0O7 0.00168857 0.005412 0.00970589 0.0103501 0.0103824 0.0109237

Gd2Zr0.8Ce1.2O7 0.00209136 0.00675175 0.0108111 0.0118889 0.0122127 0.0130819

Gd2Zr0.6Ce1.4O7 0.00366164 0.00685875 0.0120704 0.0128413 0.0133153 0.0136205

Gd2Zr0.4Ce1.6O7 0.00462904 0.00784518 0.0147119 0.0148054 0.0161543 0.0183605

Gd2Zr0.2Ce1.8O7 0.00528636 0.00913805 0.0154836 0.0176202 0.0192957 0.0196646

Gd2Ce2O7 0.0081297 0.0107501 0.0180972 0.0193096 0.020351 0.0206798
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L 7 Gd2Zr2−xCexO7 X��¬¥ Ce4+ �EÑßÝ (70 ◦C)

�¬
EÑßÝ /µg·ml−1

7 d 14 d 21 d 28 d 35 d 42 d

Gd2Zr1.8Ce0.2O7 — — — 0.00143153 0.00335193 0.00726179

Gd2Zr1.6Ce0.4O7 — 0.00308192 0.00519641 0.00521104 0.00715865 0.00844382

Gd2Zr1.4Ce0.6O7 0.00218576 0.00515195 0.00696958 0.0076976 0.00770772 0.00855221

Gd2Zr1.2Ce0.8O7 0.0022974 0.00527281 0.00767564 0.00943819 0.00991658 0.0104285

Gd2Zr1.0Ce1.0O7 0.00306567 0.00688147 0.0102604 0.0105378 0.0115566 0.0117957

Gd2Zr0.8Ce1.2O7 0.00455637 0.00757821 0.0115216 0.0126916 0.0128342 0.0131552

Gd2Zr0.6Ce1.4O7 0.00592692 0.00823716 0.0125565 0.01382 0.0139968 0.0144401

Gd2Zr0.4Ce1.6O7 0.00629074 0.00937397 0.0212366 0.0216481 0.0262972 0.0269801

Gd2Zr0.2Ce1.8O7 0.00640026 0.011001 0.0252854 0.0253646 0.028018 0.0304025

Gd2Ce2O7 0.00814977 0.0112208 0.0266852 0.0298327 0.0307705 0.0319511

ã 5 Gd2Zr2−xCexO7 X � � ¬ ¥ Gd3+ � E Ñ ß
Ý (F0 � L Gd2Zr2O7, F1 � L Gd2Zr1.8Ce0.2O7, F2

� L Gd2Zr1.6Ce0.4O7, F3 � L Gd2Zr1.4Ce0.6O7, F4 �
L Gd2Zr1.2Ce0.8O7, F5 � L Gd2Zr1.0Ce1.0O7, F6 �
L Gd2Zr0.8Ce1.2O7, F7 � L Gd2Zr0.6Ce1.4O7, F8 �
L Gd2Zr0.4Ce1.6O7, F9 � L Gd2Zr0.2Ce1.8O7, F10 �
L Gd2Ce2O7, eÓ) (a) 40 ◦C; (b) 70 ◦C

ã 6 Gd2Zr2−xCexO7 X��¬¥ Zr4+ �EÑßÝ (a)

40 ◦C; (b) 70 ◦C

ÄN¥ Zr4+ �EÑßÝ3 21 d ±céõÑ
$u¤¦^¤ì�ÿÁ4�, �vk¼�. ÏLé
ÿÁ(J©Ûuy: �§Ý� x �(½�, EÑ
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�¥ Zr4+ �ßÝ�E��mLyÑ��5'X.

��¸§Ý�E��m(½�, �X x ��O\,

EÑ�¥ Zr4+ �ßÝÅìü$, ùÌ�´du�
X x ��O\, ¬�¥ Zr4+ Åì� Ce4+ �O, �
� Zr4+ �¹þü$, ?
��EÑ�¥ Zr4+ �ß
ÝCz� x �¥yÑ��5'X. 3Ó� x �Ú
E��m�^�e, Zr4+ 3 70 ◦C �EÑßÝpu
3 40 ◦C �¸e�EÑßÝ. �¬ Gd2Zr2O7 �E
Ñ�¥ Zr4+ �ßÝ3 70 ◦C ^�e�§ 42 d ��
��, �� 0.003 µg·ml−1.

ã 7 Gd2Zr2−xCexO7 X��¬¥ Ce4+ �EÑßÝ (a)

40 ◦C; (b) 70 ◦C

� x ���¸§Ý(½�, �[Ø� Ce4+ �
EÑßÝ�E��m�LyÑ��5�'X, �

3 x �ÚE��m(½�^�e, �Nþ Ce4+

3 70 ◦C �EÑßÝpuÙ3 40 ◦C �¸eEÑß
Ý. �E��mÚ§Ý(½�, EÑ�¥ Ce4+ �ß
Ý� x ��O\
O\. ùÌ�´du3�zN¥
�X x ��O\, Ce4+ �¹þ�ÅìO\, ?
¦
��zN¥�EÑ��>� Ce4+ �þO\, l

¦� Ce4+ �ßÝ�� x �m¥y��5'X. �
¬ Gd2Ce2O7 3 70 ◦C ^�e�§ 42 d �EÑ�
¥ Ce4+ �ßÝ���, �� 0.032 µg·ml−1.

3ý¢/�?�¥^�e, �zNéu��5
¢Ô�z?n�?��­½5Ø=É���5¢
Ô«a�K�, ��É�?�¥^�eY!å!
9!��5Ø��PCgËì (α, β Ú γ �) �õ
«Ï�ÍÜ�^�K� [11]. 36Ø�Ä��Ëì
�Ï�éj��É����z Pu(1) ÿÀ¶Ô­
½5�K�, �ïÄl Pu(1) lf�»éj��É
�(�K���ÝÑu, XÚ5��
j��É�
�z Pu(1) ��'X, ¿3Ü¤°Y^�eéÙ�
ÏEÑ5U?1
ïÄ. �|^Ù�� Pu(1) ��
zNÿkéõS�5µdó�I�mÐ, ��K|
8c�3mÐd�¡�ïÄó�, �Y�ïÄ(J
ò±Ø©�/ªuL.

4 ( Ø

3 1500 ◦C ^ � e � § 72 h ?
1 Gd2Zr2−xCexO7(0 6 x 6 2.0) X��¬��
�´���1�, � x 6 0.08 �, �zN�±��
É��; � x > 0.08 �, �zN=C�äk"��
D�.(��. �zN¥ Gd3+, Zr4+ Ú Ce4+ 3Ü
¤°Y¥, �XE��m�ò�EÑßÝÅìþ
,, 70 ◦C e�EÑßÝpu 40 ◦C e�EÑßÝ.

3 42 d �, Gd3+ ���EÑßÝ3 0.032 µg·ml−1

±e, Zr4+ ���EÑßÝ3 0.003 µg·ml−1 ±e;

Ce4+ ���EÑßÝ3 0.032 µg·ml−1 ±e.
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Abstract

In order to investigate phase change and chemical stability of pyrochlore Gd2Zr2O7 used for immobilizing Pu(1), tetravalent

cerium is used as the simulacrums for plutonium with tetravalence, and Gd2Zr2−xCexO7(0 6 x 6 2.0) series samples are successfully

synthesized by high temperature solid reaction and using Gd2O3 and ZrO2 powders as starting materials. The experiments of long-term

chemical stability are conducted in synthetic seawater at 40 ◦C and 70 ◦C separately. The XRD diffractive data and extraction ratio of

as-gained samples are collected by the help of X-ray diffraction (XRD) instrument and inductively coupled plasma mass spectrometry.

The results indicate that the phases of compounds change from pyrochlore to fluorite-type phase when the value of x is more than 0.08.

Extraction ratios of Gd3+, Zr4+ and Ce4+ in waste forms increase with the increase of immersion time in synthetic seawater. The

extraction ratio of waste form at 70 ◦C is higher than at 40 ◦C. The highest extraction ratios of Gd3+, Zr4+ and Ce4+ for 42 days are

no more than 0.032, 0.003 and 0.032 µg·ml−1 respectively.

Keywords: pyrochlore Gd2Zr2O7, waste forms, phase, chemical stability
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