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Abstract Crack-free joining of SisN, and Al,O3; using 15 layers has been achieved by a unique approach
introducing Sialon polytypoids as a functionally graded materials (FGMs) bonding layer. In the past, hot press
sintering of multilayered FGMs with 20 layers of thickness 500 um each has been fabricated successfully. In
this study, the number of layers for FGM was reduced to 15 layers from 20 layers for optimization. For
fabrication, model was hot pressed at 38 MPa while heating up to 1700°C, and it was cooled at 2°C/min to
minimize residual stress during sintering. Initially, FGM with 15 layers had cracks near 90 wt.% 12H / 10
wt.% Al,Os and 90 wt.% 12H/10 wt.% Si3Ny layers. To solve this problem, FEM (finite element method)
program based on the maximum tensile stress theory was applied to design optimized FGM layers of crack
free joint. The sample is 3-dimensional cylindrical shape where this has been transformed to 2-dimensional
axisymmetric mode. Based on the simulation, crack-free FGM sample was obtained by designing axial, hoop
and radial stresses less than tensile strength values across all the layers of FGM. Therefore, we were able to
predict and prevent the damage by calculating its thermal stress using its elastic modulus and coefficient of
thermal expansion. Such analyses are especially useful for FGM samples where the residual stresses are very

difficult to measure experimentally.
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Fig. 1. Comparison of the stresses for a 3-layer sample vs. a 20-layer FGM cylindrical sample with a 19mm diameter: axial
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Fig. 2. Radial, axial, hoop stress system of a cylindrical
sample.”)
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Fig. 3. Experimental setup used for the fabrication of the
SisNs-ALO; joints using polytypoid functional gradient
(Schematic of FGM with total of 15 layers).
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Fig. 4. Temperature and loading profile of hot press during
sintering.
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Table 1. Physical Constants for the materials used for
numerical analysis

Si3N4 POlytypOld A1203
Elastic Modulus
E [MPa] 3.30E+5  2.90E+5  3.90E+5
C. of Thermal Expansion
o [10°-6 / °C] 3.9 5.6 8.08
Pmssonys Ratio 0.22 022 0.22
Tensile Strength « s -
[MPa] 800 366 300

* ref, 9, #% pef,!0 #uk pef 1D

Table 2. Weight of each layer used design new composition
profile of crack free joint in the numerical analysis

Layer .. Weight of
N}(]). Composition cach lit;er @

1 SizN, 100% 2.0

2 SisN; 75% / polytypoid 25% 2.0

3 SisN; 50% / polytypoid 50% 2.0

4 SisNy 25% / polytypoid 75% 2.0

5 SisN, 20% / polytypoid 80% 2.0

6 ALO; 10% / polytypoid 90% 1.0

7 ALO; 20% / polytypoid 80% 1.0

8 ALO; 30% / polytypoid 70% 1.0

9 ALO; 40% / polytypoid 60% 1.0

10 ALO; 50% / polytypoid 50% 1.0

11 ALO; 60% / polytypoid 40% 1.0

12 ALO; 70% / polytypoid 30% 1.0

13 ALO; 80% / polytypoid 20% 1.0

14 ALO;3 90% / polytypoid 10% 1.0

15 ALO; 100% 1.0
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Fig. 6. Comparison of the computed axial, hoop and radial
stresses with critical failure strength for new composition
profile calculated by the numerical analysis method (Maximum
tensile stress theory).
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Fig. 7. Final FGM joint between Al,O; and Si;N4 with 15
gradient layers.
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