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1 Sample Preparation

2 X-ray Diffraction

14 mol%CeO2-ZrO2

ZrOCl2⋅8H2O+Ce(NO3)3⋅6H2O

Chemical coprecipitation synthesis

Ø Grains sizes:100-200µm;
Ø The fracture sources are pores and grain boundaries;
Ø Ductile fractures derive from the method of sample preparation.

Ø Bending strength and fracture toughness increase with decrease of 
temperature;
Ø The increase of mechanical properties at cryogenic temperature come 
from the transformation toughening;
Ø Compared to different epoxy and Al2O3, Ce-TZP shows higher 
bending strength and fracture toughness.

Electrical insulators, which are used to insulate the cryogenic supply
lines and the conductor winding, are critical units in superconducting
magnet of TOKAMAK. Electrical insulators used in superconducting
magnet fall into axial and radial insulators. These insulators can be made
from glass ribbon epoxy densification and have been used in the
Experiment Advanced Superconducting Tokamak (EAST). The properties
of Ce-TZP can satisfy the requirement of electrical insulators. In this paper,
thermal conductivity, mechanical properties and coefficient of thermal
expansion of Ce-TZP have been investigated at cryogenic temperature.
Results indicate that the Ce-TZP shows better properties than epoxy and it
demonstrates that the Ce-TZP can be used as insulation material in
superconducting magnet.

2 Sample Test 
Scanning Electron Microscopy (Hitachi, S-4800)

The powders of Ce-TZP were pressed
by cold isostatic pressing apparatus
under 250 MPa for 1 min and sintered
at 1773 K for 2 h.

5 Thermal Expansion
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FIGURE 2 Temperature dependent of X-Ray diffraction of the Ce-TZP

4 Mechanical Properties
Temperature 

/K
Bending Strength /MPa Fracture Toughness 

/MPa·m1/2

300 410 6.7

77 550 10.3
4.2 680 14

Ø X-ray diffraction were performed at 300 K, 200 K, 100 K, 60 K, 50
K, 40 K, 30 K, 20 K;

In the present work, physical properties of the Ce-TZP are
investigated at cryogenic temperature. It is observed that the
ZrO2 shows no martensitic phase transformation at 20 K with the
introduction of the stabilizer CeO2. In addition, results indicate
that the Ce-TZP shows higher bending strength and fracture
toughness than epoxy and alumina. The CTE of the Ce-TZP is in
the same order with 316L and has higher thermal conductivity
than epoxy. Results indicate that the Ce-TZP can meet the
requirement of usage as insulators in superconducting magnet.

Ø Ce-TZP shows higher thermal conductivity than epoxy.

Scanning Electron Microscopy (Hitachi, S-4800)

X-ray diffraction (Bruker, AXS D8Advance)

Bending strength and fracture toughness (SUNS, UTM5000)

Thermal conductivity (Quantum Design, PPMS)

Coefficients of thermal expansion (CET) (strain gauge technique)
RESULTS AND DISCUSSION

3Thermal Conductivity

Temperature /K Laminates  /Wm-1·K-1 Ce-TZP /Wm-1·K-1

295 0.797 1.89
77 0.361 1.10
4.2 0.078 0.32

ØThe thermal expansion decreases monotonically with the temperature 
decrease;
Ø CTE of Ce-TZP is in the same order with 316L of 10-5K-1.

CONCLUSIONS

1 Microscopy and Density

FIGURE 1 SEM image of Ce-TZP

Theoretical Density 
/( g·cm-3)

6.28

Sintered Density 
/( g·cm-3)

6.14

Relative Density /(%) 97.8

TABLE 1. The high
relative density of the Ce-
TZP demonstrated that
this method is good for
high density

FIGURE 3 Temperature dependent of thermal conductivity of the Ce-TZP from room 
temperature to 2.7 K

TABLE 2 Thermal conductivities of the Ce-TZP and the glass-cloth/epoxy laminates 
(unit: W/(m⋅K))

K, 40 K, 30 K, 20 K;
Ø Monoclinic phase of ZrO2 results from the sample preparation;
Ø No change of diffraction peaks means that CeO2 decreases the
martensitic transformation start temperature.

FIGURE 4 Temperature dependent of thermal expansion and CTE. Thermal 
expansion is shown in (a) and CTE is shown in (b).


