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Abstract

Reaction layer growth between two chemically different solids may be controlled by polycrystal-
line diffusion kinetics in the growing phase. The kinetics depend on the interplay between volume and 
grain boundary diffusion. Using spinel formation between single crystals of periclase and sapphire as 
an example, we quantify the effects of an applied mechanical stress on the bulk-transport properties 
of the reaction layer. The rate of spinel growth increases fourfold when stress normal to the reaction 
interface increases from 3 to 30 MPa due to stress-induced changes in grain boundary structure. At 
low applied stress, low-index (i.e., Σ3) “coincidence site lattice” grain boundaries with slow diffusion 
coefficients dominate, related to epitactic growth of spinel on sapphire. Increasing stress triggers epi-
tactic growth of spinel on periclase, and causes sapphire-grown spinel grains to rotate out of epitaxy, 
and grain boundaries with fast diffusion coefficients dominate. This effect outweighs the hitherto 
emphasized influence of grain size on the bulk transport properties of polycrystals. 
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Introduction

The nucleation and growth of new phases in rocks, ceramics, 
and metals often occurs along the interface between two react-
ing phases (e.g., Schmalzried 1962; Joesten and Fisher 1988; 
Ashworth and Sheplev 1997; Carlson and Johnson 1991; Joesten 
1991). Commonly, new phases form polycrystalline layers along 
the reaction interface leading to spatial separation of the reactant 
phases. Progress of the reaction may then be controlled by diffu-
sion across the growing layer. This diffusion mass transfer may 
occur by a combination of volume and grain boundary diffusion 
(Keller et al. 2006, 2008). In many cases, the growth behavior 
of a reaction rim can be approximated by a kinetic law, ∆xn = kt, 
where ∆x is the thickness of the reaction layer, k is a rate constant, 
t the time, and n is a parameter that accounts for the diffusion 
regime (Schmalzried 1962; Irving 1964; Fisher 1978). Provided 
that effective bulk transport properties of the reaction layer are 
constant with time, layer growth follows a parabolic kinetic law (n 
= 2). Then, the rate constant k (m2/s) depends essentially on bulk 
diffusion of the rate limiting chemical component in the growing 
reaction layer. Parabolic growth was found in many previous 
experimental reaction rim studies (Whitney and Stubican 1971; 
Fisler and Mackwell 1994; Yund 1997; Watson and Price 2002). 
The effect of grain boundary diffusion on bulk diffusivities is 
commonly addressed by describing diffusion as a weighted av-
erage of the grain boundary diffusion coefficient and the lattice 
diffusion coefficient (e.g., Kaur et al. 1995; Harrison 1961). One 

fundamental assumption inherent in this approach is that all grain 
boundaries have similar transport properties and potential effects 
of grain boundary character are disregarded. Non-isostatic stress 
and deformation may produce texture and thus have an influence 
on the character of grain boundaries.

The effects of non-isostatic stress on the kinetics of diffu-
sional phase transformations have not been investigated previ-
ously. The influence of differential stress on reaction kinetics is 
manifold (Wheeler 1987; Kenkmann and Dresen 1998; Stünitz 
and Tullis 2001; Heidelbach et al. 2009). In particular, plastic 
deformation may influence grain boundary density due to the 
formation of subgrains (Poirier 1985; Hay 1994). However, 
since the diffusivities along a specific grain boundary depend 
also on the boundary structure (Sutton and Baluffi 1995; Kaur 
et al. 1995), the chemical transport rates in stressed reaction 
layers may depend not only on the grain boundary density, but 
also on the distribution of grain boundary types with different 
structures. Furthermore, deformation of starting material and 
reaction products may increase dislocation density providing 
fast diffusion pathways along dislocation cores. So far, the ef-
fect of stress- and strain-induced changes of the defect structure 
on bulk transport properties have not been investigated in the 
context of reaction layer growth. The magnitude of non-isostatic 
stress needed to modify individual microstructural parameters in 
reaction layer growth is unknown. In addition, the microstructure 
of a polycrystal that forms between two reacting phases may 
be imprinted by epitactic growth on the reactant phases, but it 
is largely unknown how such a microstructure is modified by 
deformation under differential stress.* E-mail: Lukas.Keller@empa.ch


