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Abstract 
The recrystallization of Ai-alloys is controlled by precipitates. Whereas large particles generally 
promote recrystallization by particle stimulated nucleation, finely dispersed precipitates - either 
already present in the as-deformed state or precipitating during the recrystallization anneal - are 
known to strongly retard recrystallization. It was the aim of the present study to elucidate these 
concurring effects of large particles and small dispersoids on recrystallization in a ternag Ai-Fe-Si 
model alloy. For that purpose, samples were prepared according to different pre-annealing 
treatments so as to comprise different states of precipitation and supersaturation. The evolution of 
microstructure and texture during rolling and recrystallization was characterized by metallography 
and by conventional X-ray texture analysis. EBSD-local texture investigations were employed to 
yield information on the efficiency of nucleation at the various nucleation sites and, consequently, 
on the influence of dispersoids on recrystallization. 

Introduction 
The recrystallization behavior of Al-alloys is strongly affected by the precipitation state. Large par- 
ticles (> 1 pm) are generally assumed to promote recrystallization by adding additional nucleation 
sites, which is usually referred to as particle stimulated nucleation (PSN) [ 11. Small dispersoids, on 
the other hand, are known to strongly retain both recovery and recrystallization and, thus, they retard 
the progress of recrystallization [2,3]. In the presence of a bimodal particle distribution, a complex 
interaction between the large particles and the small dispersoids can occur. In addition, in the case 
of a supersaturation of solute atoms, new dispersoids may form which also affects the progress of 
recrystallization. 
In recent studies on binary Al-1.8%Cu [4] and on commercial Al-Mn-Mg alloys (AA3xxx) [5,6] it 
was observed that a precipitation of solutes on the deformed substructure occurring concurrently 
with recrystallization led to a cube-recrystallization texture. This effect was attributed to a selective 
pinning of PSN, while the cube-nuclei could grow and, hence, finally dominate the recrystallization 
textures. Annealing of the same samples at high temperatures where no precipitation occurred 
resulted in a fine grained microstructure and a more random texture, which indicated that PSN was 
most effective. Likewise, examinations of commercial Al-Mg-Si alloys (AA6xxx) [7,8] and Ai-Si 
model alloys [9,10] proved that dispersoids which were already present prior to the final recrystalli- 
zation anneal are also very efficient in inhibiting PSN. The present paper reviews recent results 
about the influence of the precipitation and supersaturation state on recrystallization in a high purity 
ternary Ai-Fe-Si model alloy with 0.35wt%Fe and 0.7wt%Si [l 11 and presents new results on the 
spatial arrangement of the recrystallization texture orientations which were determined by electron 
backscattering diffraction (EBSD) in an SEM. 
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Sample Preparation and Experimental Procedures 
From a cast ingot made of a high purity A1-0.35wt%Fe-0.7wt%Si model alloy a 40mm thick bar 
was prepared. In order to receive a homogeneous fine grained initial structure, the bar was cold 
rolled by 50% thickness reduction, annealed for l h  at 550"C, again rolled 50% and finally annealed 
for 3Omin at 500°C. This pre-treatment led to a recrystallized microstructure with an average grain 
size of -60pm. To vary the state of supersaturation as well as precipitation prior to the final cold 
deformation process, three specimens prepared from this bar were subjected to different annealing 
treatments (cf. Tab. 1). The resulting precipitation state of the different materials was characterized 
by measurements of the electrical conductivity and the Vickers microhardness and, in particular, by 
means of quantitative metallography in an SEM. Some data on average particles size, spatial density 
and volume fraction are given in Tab. 1. 
After the final anneal, one specimen, which in the following will be referred to as "Q", was 
immediately water quenched. In this material, a large number of Fe- and Si-containing constituent 
particles with size > I  pm were observed which in principle are able to initiate PSN (see below). 
A second specimen, denoted "S", was slowly cooled within 12h from the pre-annealing temperature, 
500"C, down to 250°C. This treatment caused an increase in size and volume fraction of the 
constituent particles, whereas their spatial density remained more or less constant (Tab. 1). This 
means that mainly the already existing particles grew, rather than that new precipitates formed. 
The third specimen, labeled "A", was water quenched after the 500°C anneal and then aged for 96h 
at 250°C approximately to the same electrical conductivity as specimen "S", i.e. the same number of 
atoms retained in solute solution. In this sample, the size and the volume of the large constituent 
particles remained virtually unchanged with respect to the as-quenched state Q but, in addition, a 
very high number of small dispersoids with an average size of less than 50nm formed, so that a 
bimodal particle distribution was obtained (Tab. 1). 

Specimen 
Pre-Treatment 

Q S A 
water slowly cooled annealed for 
quenched to 25OOC 96h at 250°C 

Properties 
~~ ~ ~ 

microhardness[H\/1 25 
grain size [pm] 60 
large size [pm] 2.0 

densitv lm-21 3.9.10' 
Particle 
State 

21 23 
54 58 
2.5 2.1 
4.510' 4.1 . I  0' 

el. conductivity o [Rmlmm21 I 32.8 I 34.1 1 33.9 

small 

volume fraction [%] 2.0 4.5 1.8 

size [pm] I I 6 0 n m  
density [m-2] I I >5.1 0l2 

Tab. 1: Characterization of the three different starting materials. 

Subsequently, the three different specimens were cold rolled by 90% to Imm thick sheets and 
finally recrystallization annealed at various temperatures between 250 and 450°C in a salt bath. In 
addition to standard metallography, conventional X-ray texture analysis and measurements of 
microhardness and electrical conductivity, EBSD local texture analysis was employed to yield 
information on the orientation distribution of different grain size classes. More details on sample 
preparation and experimental procedures can be found in Ref. [ 1 13. 



Results and Discussion 
As already described in more detail in a preceding paper [l 11, the results obtained after complete 
recrystallization could basically be subdivided into two groups. In samples where recrystallization 
was not affected by dispersoids - i.e. in the equilibrium samples S and the supersaturated samples Q 
after annealing at high temperatures - very weak recrystallization textures were observed. Besides a 
high fraction of randomly oriented grains, a cube-orientation that is remarkably rotated about the 
normal direction (ND) towards { 00 1 } <3 1 O> as well as the P-orientation { 0 1 1 } -4 22> occurred (e.g. 
Fig. la). This texture type has frequently been associated with recrystallization being governed by 
PSN (e.g. [4,5,12]). In the microstructures of these samples very fine grained, equiaxed recrystal- 
lized grains with an average size of <30pm were observed (Fig. 2a; Tab. 2). Thus, it is anticipated 
that in these samples the large constituent particles (Tab. 1) can act as viable nucleation sites for 
recrystallization. 

the aged samples A and the supersaturated samples Q after 

texture type occurred. Here, the recrystallization textures mainly comprised the cube-orientation { 00 1 } 4 OO> with 45Ooc 27.9 27.0 

Strong scatter about the rolling direction (m) aS Well as 
the R-orientation { 124}<211> (Fig. 1 b), which are the 

In samples where dispersoids were to be expected - i.e. in T R  \ Sam le "S" '- Q "A" 
250°C 

350"c 
recrystallization at low to medium temperatures - another 21 300°C 

27.0 35.6 

Tab. 2; Grain size after recrystallization 
of the various samples [PI. 

typical recrystallization texture components of Al-alloys in 
the absence of PSN (e.g. [12-161). It is known that this texture type is dominated by the nucleation 
of cube-oriented grains at the so-called cube-bands - band-like structures which are composed of 
cube-oriented subgrains which pre-exist in the as-deformed microstructure (e.g. [ 12,15,16]) - and 
by the nucleation of R-oriented grains at the large-angle grain boundaries in the as-deformed state 
[12]. Thus, in accordance with earlier investigations E4-111 it is concluded that the dispersoids 
which are either present already before the recrystallization (samples A) or form during the recrys- 
tallization anneal (samples Q) strongly inhibit PSN but affect nucleation of cube- and R-oriented 

i o ,  u) =const. compl. ODF compl. ODF 

(a) sample "S", TR=45O0C 

Fig. 1: Textures after complete recrystallization. 



(a) sample "S", TR=35O0C 1 OOpm (b) sample "Q", TR=30O0C 

Fig. 2: Microstructure after complete recrystallization. 
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To analyze the differences in grain size in 
more detail, the grain size distributions of 
the two different groups were determined 
(Fig. 3). As already qualitatively stated 
above, in the samples recrystallizing in 
the absence of dispersoids, PSN leads to 
a homogeneous grain size distribution 
with an average grain size of about 
25pm. In the presence of dispersoids, 
however, the average grain size was 
slightly larger, about 35pm, and, in par- 
ticular, a more pronounced tail towards 
larger grain size data and even an indica- 
tion for a bimodal grain size distribution 
appeared. 



were defined as regions of contiguous, similarly 
oriented points with local misorientations below 
15". The grain size was then determined as the 
radius of a circle with the same area. Fig. 4 shows an 
orientation map in which the grains were shaded 
according to their sizes in three different grain size 
classes: Largest grains with a size D exceeding 
40pm are marked with white color and medium 
sized grains with 5pm<D<40pm with gray color. 
Smallest "grains" with a size below 5pm, marked 
black, may actually represent points with wrongly 
indexed patterns or grain boundary regions and, 
therefore, they were omitted in the following. 
Finally, for each grain size class separate ODFs 
were calculated (Fig. 5) which could then be 
compared with the two typical recrystallization 
textures shown in Fig. 1. Other cut-off values were 
proved not to significantly alter the conclusions 
discussed in the following. 

- bounduy Icvrls: 5.0' 15.0' 
210.0 pm - 70 steps OS 2...1370 

Fig. 4: EBSD-orientation map of sample A, 
shaded according to the grain size ( T ~ 2 5 0  "c) - 

The orientation distribution of the large grains (Fig. 5a) comprises a pretty sharp cube-orientation, 
f(drn&6, with pronounced RD-scatter as well as some intensities of the R-orientations with some 
scatter towards the P-orientation. This ODF strongly resembles the recrystallization texture of the 
samples in the presence of dispersoids, where PSN is expected to be suppressed (e.g. Fig. lb). This 
resemblance suggests that the large, successfully growing grains can be attributed to the cube-bands 
and grain boundaries and hence, it can be concluded that PSN is indeed retarded by the dispersoids. 
It must be emphasized that the ODFs shown in Fig. 5 are so-called textures-by-number [13]. Con- 
sideration of the volume of the respective grains, in particular in the case of the large grains (Fig. 
5a) would further favor these orientations in the final recrystallization textures (Fig. 1 b). 

r---+-CD, 0, =const. Gauss ODF 

I 1 

(a) large grains (Ds40pm) 

Fig. 5: ODFs of the two different grain size classes. 

0, @,=const. Gauss ODF 
I ,  I -  
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Cube 

(b) small grains (De40pm) 



The ODF of the small grains (Fig. 5b) is very weak, in contrast,f@,@3, comprising a strongly 
scattering cube-orientation as well as some intensities of the P- and the R-orientation. This ODF 
resembles the recrystallization texture of the samples in which PSN is dominating (e.g. Fig. la), 
which indicates that the small grains in sample A may nucleate by PSN. It must further be noted that 
during grain size measurements in two-dimensional sections large grains are fiequently sectioned at 
positions far below or beyond there maximum size. This leads to an overestimation of their 
orientations in the ODF of the small grains (Fig. 5b) and may thus account for the surprisingly sharp 
cube- and R-orientations in this ODF as compared to Fig. la. 

Summary 
In was the aim of the present study to investigate the influence of dispersoids on the recrystallization 
in a ternary Al-Fe-Si model alloy. In dispersion-free samples, particle stimulated nucleation (PSN) 
occurring within the deformation zones around the large constituent particles gave rise to fine 
grained microstructures and very weak recrystallization textures with a characteristic rotation of the 
cube-orientation about ND and a minor P-component. In the presence of small finely dispersed 
precipitates - which may either already be present in the as-deformed state or may precipitate during 
the recrystallization anneal - pronounced cube- and R-recrystallization textures associated with 
larger grain sizes were obtained. This indicates that the dispersoids selectively suppress PSN but 
affect nucleation at cube-bands and grain boundaries to a much lesser extent. EBSD local texture 
analysis of different grain size classes in a recrystallized sample with a bimodal grain size 
distribution strongly supports this assumption. 
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