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ABSTRACT A phase-field model and computational procedure for primary static
recrystallization are developed to study the recrystallization kinetics. The deformation
microstructures and plastic deformation behaviors of polycrystalline metal are simulated
by finite element method using strain gradient crystal plasticity theory. Based on the
results of crystallographic orientation and dislocation density, recrystallization phase-
field simulation is performed. The effects of nucleation model of recrystallized grain on
the recrystallization kinetics are also eval uated.

INTRODUCTION: It is well known that the key to controlling properties of metallic
material is to control microstructure. It is, therefore, very important to understand the
relationships between processing parameters and microstructura evolution. Monte Carlo
Potts models [Srolovitz et al. 1986] and cellular automata models [Hesselbarth et al.
1991, Raabe 2002] are widely used as numerical models for static recrystalization. The
both models are very similar each other and describe the state in terms of discrete values.
The MC Potts model requires an introduction of spatial and kinetic scaling, because time
and space in MC simulation is not real. On the other hand, although cellular automata
model is more efficient and easier to extend to 3D problem than MC mode, it does not
allow for curvature as adriving force for migration.

Phase-field models have attracted considerable interest in the last decade as a means of
simulating complicated microstructures. It does not require any scaling because of
treating real time and space, and the curvature effect is included in the model explicitly.
We, therefore, believe that the phase-field model is promising approach to simulate
recrystallization. In this study, we develop a phase-field model and computational
procedure of primary static recrystallization. We adopt an adaptive mesh technique to
perform the phase-field smulation efficiently [Takaki et al. 2005]. The crystallographic
orientation and dislocation density of plastically deformed material, which are required as
driving force of recrystallized grain and information of nucleation site, are calculated by



strain gradient crystal plagticity finite element method [Higa et a. 2003]. Some
recrystallization simulations are conducted to compare nucleation models, because the
nucleation condition is considered to be dominant factor that decide the recrystallization
microstructures.

PROCEDURES, RESTULTS AND DISCUSSION: The procedure for primary static
recrystallization developed here consists of three steps. First, the deformation behavior is
evaluated by finite element method using strain gradient crystal plasticity theory. Second,
the results, such as the crystallographic orientation, accumulated dislocation density and
stored energy, are transferred into phase-field method. Finally, phase-field smulation is
performed during isotherma annealing to simulate the nucleation and evolution of
recrystallized grains.

Figure 1 shows the results of crystal plasticity finite element simulation, where
polycrystalline aluminum with regular hexagonal grains is compressed 45%. The black
lines are original grain boundaries. The distribution of dislocation density p (omin = 0.30,
Pmax = 1.47 [x 10" 1/m?) and high angle grain boundaries in which misorientation is
larger than 15° are illustrated in Fig.l. These data are transferred into phase-field
simulation and used for calculating a stored energy and used as information of nucleation.

In recrystallization phase-field ssmulation, we solve following TDGL equations for phase

field ¢ and crystallographic orientation &:
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where phase field ¢ equals zero in the deformed matrix and unity in recrystallized grain,
and have 0<¢ <1 inside recrystallized grain boundary. f(g) is a free energy density and
expressed by double well type function: f(¢)— (1- p(¢))Egye +Wa(p) where

p(¢)=#°0-15¢+6¢°) . (p)=¢°(1—¢)' . Euwo=05pub® Stored energy, and
W =60/6 energy wall height related to interface energy o and interface thickness 6.
Furthermore, o =+/30c gradient coefficient and s=av2W/z . M, =m/2W /6o and
M, =(1- p(¢)M, + p(¢)M, /1000 are mobilities for ¢ and 6, respectively, where mis a

mobility of grain boundary migration. Here we consider three types of nucleation model,
i.e. site saturated nucleation (nuclei are placed at t = 0 on area satisfying A9>15° and p >
aomax Where a = 0.5, 0.6 and 0.7), constant nucleation rate (one nucleus is placed every
10, 100, 500 and 1000 time steps) and decreasing nucleation rate (constant nucleation
rate for unrecrystallized area). Figure 2 shows time evolutions of recrystallized grains and
adaptive mesh, and final recrystallized microstructures for decreasing nucleation rate
model (100 steps). Comparing with Fig.1, we can see from Fig.2 that the nuclel occur at
high didocation density area and on the high angle boundaries. Figure 3 indicates the
recrystallized area fraction X versus time for three nucleation models.
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Fig. 2 Time evolutions of recrystallized grain (blue region) and adaptive mesh, and final
recrystallized microstructure (color indicates crystallographic orientation).
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Fig.3 Recrystallized area fraction vstime for (a) site saturated nucleation, (b) constant
nucleation rate and (¢) decreasing nucleation rate.
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