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Background

» Unique devices such as fuel cells and micro-
electronic packages require co-firing and/or a
combination of different materials

» The character of the interfaces is critical to
both processing and performance

- Quantifying interface properties experimentally
is very difficult or impossible

» A combination of experiments and finite element
simulations allows studying interfaces during
sintering

Experimental Procedure

Materials
0.2 ym ZnQO (Aldrich, # 255750), PVA/PGA binder
Sintered 99% pure AlI203 rods, cut in disks

Preparation

Uniaxial pressing of ZnO green bodies
* Cylinders (py = 0.57): 5, = 138 MPa
* Toroids (pg = 0.47): 6,= 31 MPa

Sintering

Samples fired in a box furnace in air
Oven curve: 1000°C @ 5 K/min with 30 min hold @ 550°C

Skorohod-Olevsky Viscous Sintering
(SOVS) Constitutive Model *

Key Equations

Linear viscous case of the SOVS constitutive relationship
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Normalized viscosities, ¢ and y and the Laplace
pressure, PL (sintering stress) are functions of
the instantaneous relative density, p.
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* E.A. Olevsky, "Theory of Sintering: From Discrete to Continuum,” Mater. Sci & Eng.,
R23, 41-100 (1998).

** Reiterer, MW., Eswuk, K,G., Arguello, J.6., "An Arrhenius-Type Viscosity Function
to Model Sintering Using the Skorohod-Olevsky Viscous Sintering Model within a
Finite Element Code”, J. Am. Ceram. Soc. 89 1930-1935 (2006).
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Sintering of a Toroid with a
Semi-Filled Dense Core

Sintering of a Bidensity Concentric Cylinder

Comparison of Experimental and Numerical Results
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Sintering of a Toroid with a Dense (Rigid) Core

Influence of Friction Coefficient Final Shape
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Summary

Co-firing and a combination of different materials are required to fabricate unique
devices such as fuel cells and micro-electronic packages. The character of the inter-
faces in a multi-material system is critical o both processing and performance;
however, quantifying interface character can be difficult. In this study, a combination
of experimentation and modeling was employed to determine the coefficient of static
friction at a ceramic-ceramic interface during sintering. Experimentally a dense, 1.27
cm diameter alumina cylinder was mechanically inserted into the 1.27 e¢m inner diame ter
of a toroid-shaped green powder compact, and the sintering behavior of the 47% relo-
tive density, 0.2 um average particle size ZnO toroid was characterized and simulated.
Sintering simulations were made using an improved Arrhenius-type viscosity function
and the Skrorohod-Olevsky Viscous Sintering (SOVS) model, as implemented within the
Sandia National Laboratories JAS3D finite element (FE) code. Comparisons between
the shrinkage, density, and deformation measured experiment and predicted by model-
ing were then used to approximate the coefficient of static friction between the
sintering toroid and the rigid alumina cylinder. Excellent agreement between the ex-
perimental and numerical results was observed, and a friction coefficient of ~1 was
determined for the ZnO-alumina interface. The results demonstrate the feasibility and

value of a coupled experimental and numerical modeling approach to define the charac-
teristics of interfaces during sintering in complex mul ti-material systems.
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