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ABSTRACT

TZP/SUS- and ZT/SUS-functionally gradient malerials (FGM) were fabricated by pressureless sintering in
Ar-atmosphere. The sintering defects such as warping, frustrum formation, splitting and cracking which origina-
ted from shrinkage and sintermg behaviors ol metal and ceramics diffrent from each other could be controlled
by the adjustment with respect to the particle size and phase type of zircoma. The residual stresses geperated
on the melal and ceramic regions in FGM were characterized with X-ray diffraction method, and relazed as
the thickness and mumber of compositicnal gradient layer were increased. The residual stress slales in
TZP/SUS-FGM have irregular paiterns by means of the different sintering bebavior and cracking at ceramic-
monolith. While in ZT/SUS-FGM, compressive siress is induced on ceramic-monolith by the volume expansion
of monoclinic ZrQ; at phase transformation. Also, compressive stress 15 mduced on metal-monclith by the
constraint of warping which may be created to the metal direction by the difference of coefficient of thermal
expansions. As a consequence, it has been verified that the residual stress generaled on FGM is dominantly
influenced by the thickness and number of compositional gradient layer, and the sintering defects and residual
stress can be controlled by the constraint of the difference of shrinkage and sintering behaviors of each compo-
nent.

Key words: Functionally gradient materials (FGM), Sintering defects, Residual stresses, X-ray diffraction method, Sin-
tering behavior
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Table L. Properties of Raw Matenals.
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Properties | Melting Density Mean coefficient of | Modulus of | Poisson's | Mean | Specific
point (10* kg/m?) | thermal expansions elasticity ratio particle | surface
() {1075/} (GPa) size {(m¥/g)
Materials {um)
N 96 (20~400C) ]
TZP* 2719 6.05 . 186 (20C) 0.31 0.3 158
11.8 (20~1000C)
MZpP* 2677 2.56 6.5 (20C) 210 (20T) 0.3 2~10 1~-2
172 (20~-100T
SUS*+* 1400~-1450 8.06 ¢ ) 193 (207C) 0.3 3~7 —
18.4 {20~-5387C)

*3 mol% YsOu-doped Tetragonal Zirconia Polycrysta, **Monoclinie Zirconia Polycrystal, ***Stairless Steel 304.
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Fig. 1. Schematic diagram of expenmental procedure.
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Table 2, X-ray Elastic Constants of Metal and Ceramic
and X-ray Diflraction Conditions for Residual
Stress Measurement,

Material
Zr, (TZP) SUS

Method

Characteristic X-ray Cr K, Cr K,
Duffraction plane Zr()y (331) | SUS304 (220%
Diffraction angl

iffraction angle 1557 1987

(deg)

Filler N1 N1

Fixed time 70 60
Young's madulus

. 21836 15600

(kgf/mm?}
Poisson's ratio .31 0.28
Stress conslant —31.301 —64.13
Tube woltage (kV) 20
Tube current (mA) 35
Measurement system Ordinary goniometer
Slit (mm} 1
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tal composites.
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Table 3. Residual Stress Induced un the Ceramics
Regions of Each FGM, which 15 Measured
by X-ray Diffraction Method.

Table 4. Residual Stress Induced on the Metal Re-
gons of Each FGM, which is Measured by
X-ray Diffraction Method.
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ZrQ: (331) plane SUS (220) plane
Specimen Center Edge Specimen Center Edge
TZI'/SUS joint TZP/SUS joint
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