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Abstract: In order to explore a rapid synthesis method for Gd,Zr, O; pyrochlore immobi-
lizing actinide elements from radioactive wastes, Gd; ;Nd, ,Zr,O; pyrochlore was
synthesized via solid-state reactions for 15 min under high pressure (3-4 GPa) and high
temperature (1 573-1 673 K). The products were characterized by powder X-ray
diffraction and scanning electron microscopy. The results indicate that among all the
compositions, Gd; ;Nd, ,Zr,O; solid solution with a cubic pyrochlore structure is
synthesized within only 15 min. This period is approximate 200 times faster than other
common preparation methods with synthesis time of not less than 48 h. The phase tran-
sition pressure and temperature of the samples are expanded under high pressure and

temperature conditions. The stability of the pyrochlore phase is found to increase. The
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lattice parameters of Gdi ¢ Ndy, Zr, O; solid solutions gradually increase with the

neodymium content and the synthesis temperature, and decrease with the increase of the

synthesis pressure.

Key words: Gd,Zr, O; pyrochlore; high temperature and high pressure; high-level waste

immobilization
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Fig. 1 Scheme of cubic assembly chamber

for high pressure synthesis
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Table 1 Technical parameters of Gd,. ; Nd, ,Zr, O, pyrochlore

Bt £ 71/GPa /K
14 3.0 1573
2% 3.5 1573
34 4.0 1573
4% 3.0 1673
54 3.5 1673
6# 4.0 1673
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Fig. 2 Appearance scheme of prepared synthetic samples
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Table 2 Physical properties of Gd, cNd, ;Zr, O, pyrochlore samples

RS ps:/(g+cm ?) om/(g+cm ) BAALER/ % A ICHE R/ (kg « mm™?)
1+ 6. 70 6. 82 0.06 1047
24 6.71 6. 85 0.07 1 058
3% 6.75 6. 87 0.07 1045
44 6. 68 6. 81 0. 06 1072
54 6.74 6.81 0. 09 1048
64 6.75 6. 82 0.07 1 080
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Fig. 3 XRD patterns of Gd; ¢ Nd, ,Zr, O; compositions synthesized at different pressures and temperatures
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Fig. 4 XRD patterns of Gd, ¢ Nd, ,Zr, O; synthesized

at different temperatures and 4 GPa

2318, Gd, Nd, Zr, O, B84 A 105 T2 42
Ferl M 1. 46 (Gd, Zr, O;) 28 3 1. 54(Nd, Zr, O;)
J&F 1,46 ~ 1.78 Z [al, 1 & B B IR AE
1 803 KEATF o A bk A 5 55 9 oK WL 4¢ 3 A 7% 2%
R SCHRC 14 ] 2R A w5 3 e He [ A0 B B 3k i &
Gdy Zr, O; 57 J5 e A BN R B35 ) 1 873 K
B AT oA O 4% 3] A 7 A, DR oG A 3 A A o TR
EEH AR K Gd, Zr, O, B 4 A K [ 4k 1k 78
WO R AR AR IR B . S A, N ik il B/
L Bl R R 3 0 W AR 45 R TG W) AR Ak
Vi B 7E AR A R B (1 573 KO F B Al 4k 45 34



394

JETRERLERR 46k

TERARZS A, B el ] & Gd, Zr, O R 5 1 1Y
A R FE AR 300 K il 4 4% 18 55 Jmii Az 4

F H X Pert Plus Version2. 0 # 4%} 6 4~
FE S A I 2 B0 AT T 5 BT AR B8R A T
F 3. BT R EE TR BT AR R AR AL
P g e T A A B 09 I Kk (G, Zr, Oy 57275 %
441 PDF F A i S8 a=1. 050 10 nm) ;
W6 I B T A S B K BB R ) 4
R At S RO/ o AT B AT AR il b 4
SO KA T B 2R AR BRI N il
B T GA AL, X A I EPUE T Nd 2 i
A dm g B Gd 7 i 2 52, 5 XRD §E & A
B AH A 5 W BE T e K 2E — 25 o Ja ot A% 522, DA
1717 3 B0 M RO K TR ) 4 5 SR
s/ X U T B s R T B o
AR BRI 4 B K B0 S 3mSR R B
KK,

%E 3 Gdl.sNd0.4ZF2071‘$|:ﬁ'J‘T‘£Z<EiEEJ.'TEj]—FE"]E}IEIEIHE%%Z

Table 3 Lattice parameters at different temperatures and

pressures for Gd, ¢ Nd,. ,Zr, 0,

iR /K JEJ1/GPa I ZHORE B/ nm

il
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38 1573 4.0 1. 053 33
44 1673 3.0 1. 056 39
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6# 1673 4.0 1. 055 78
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