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The effects of extrusion temperature on recrystallized grain size and texture of Al-Mg-Si alloy
extrusions have been investigated. Materials were extruded at temperatures in the range of
753~793K at the speed of 3m/min. As the temperature of extrusion fell from 793K to 753K, average
size of recrystallized grains increased from 170pm to 230pum and volume fraction of recrystallized
cube oriented grains increased from 30% to 40%. In addition, to clear the formation process of
recrystallized grains in the alloy, observation of hot-compression deformed and recrystallized grain
structures were carried out. It was revealed that the number of recrystallized grains was smaller and
the stored energy was larger after deformation at 753K compared with those after deformation at
793K. It is suggested that in these extruded alloys, increase of the stored strain energy and decrease of
temperature promoted the preferential grain growth of recrystallized cube grains.
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1. Introduction

The control of grain size and texture is important for improving mechanical properties and corrosion
resistance of extruded Al-Mg-Si alloys. The proof stress of the alloy gets higher as grain size was
finer [1]. Toughness is higher with larger content of cube-oriented grains [2]. Intergranular corrosion
is caused by high angle boundaries and precipitate free zones [3]. In addition, it has been reported
that average grain size increased as the temperature of extrusion fell from 803K to 673K [1]. On the
other hand, there are few studies about texture of extruded Al-Mg-Si alloys in comparison with rolled
sheets [4]. By conventional studies about extruded materials, it is understood that the strain state in
the surface layer and that in the center layer are different greatly. [5, 6]. That's why texture in the
central layer is different from texture in the surface layer. In extruded plate, deformation texture
components are mainly {112}<110> and {001}<110> in the surface layer and is B-fiber in the center
layer. Recrystallization texture component is mainly {112}<110> in the surface layer and is cube
texture in the center layer [7]. However, little is known about effects of extrusion conditions on
texture, except effect of extrusion ratio [8]. Therefore the purpose of this study is to clarify the effect
of extrusion temperature on recrystallization grain size and textures.

2. Experimental Procedure

The chemical composition of Al-Mg-Si alloy used in this study is presented in Table 1. It is classified
as 6005C. The experiment process of extrusion is shown in Figure 1. Billets of 6005C alloy having
155mm in diameter were homogenized at 793K for 4 hours. After homogenization treatment, billets
were preheated at 753K, 773K and 793K by an induction furnace prior to extrusion. The billets were
extruded at the temperature of 753K, 773K and 793K and at the speed of 3m/min.

Table 1 Chemical composition of AI-Mg-Si alloys studied (wt.%)

Si Fe Cu Mn Mg Cr Zn Ti Al
Specimen 040 020 0.15 - 0.80 - - 0.02 bal.
AA 6005C 0.40-0.9 =0.35 =0.35 =0.50 0.40-0.8 =0.30 =0.25 =0.10
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Extrusion ratio was 44. Cross-section was the square-shape of 40x40mm with 2mm in thickness.
Samples were quenched in water in 20s after extrusion. Extruded samples were aged by heating at the
temperature of 463K for 3 hours. The aging condition of the specimens was T5. The proof stress of
the extruded samples shown in Table 2 fell in the range of general value for the alloy 6005C. After
that, extruded samples were machined into the specimens for observation by optical microscope
(OM), for measurement by scanning electron microscope (SEM) — electron back scattering
diffraction (EBSD) and also for observation by transmission electron microscope (TEM). For
observation by OM, specimens were etched with 5% caustic soda solution. Specimens, observed by
OM, were electropolished and subjected to EBSD analysis with the OIM device attached to
JSM-7000F SEM. The measured step size was Sum and the measured area was approximately 2mm
x 2mm. Although the homogenization condition was common with all specimens, the size and space
of dispersoids were measured by TEM. In addition, to clarify the behavior of the recrystallization in
this alloy, high temperature compression tests were carried out with an apparatus thermechmaster Z
made by Fuji Electronic Industrial Co.,Ltd. The schematic view of the process of the compression
test was shown in Figure 2. The specimens were columnar, having 8mm in diameter and 12mm in
height. In consideration of a difference of calorific value during extrusion and compression
deformation, the heating temperature was controlled at 768~808K. Compression tests were carried
out with an initial strain rate of 10s™. After true strain was reached to 1.3, specimen was kept for 2s or
5s and quenched in water. The central parts of the deformed specimens were observed by OM.

Speed : 3m/min
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Fig. 1 The schematic view of the process of extruded
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Fig. 2 The schematic view of the process of hot compression

3. Results and Discussion

3.1 Microstructure in specimens

Optical microstructures in ND-TD cross-section of the extruded specimens were shown in Figure 3.
As the temperature of extrusion fell, the size of recrystallized grains increased. Relationships
between extrusion temperature and the recrystallized grain size in each layer were shown in Figure 4.
In the range of 753~793K, the average grain size in the central layer got larger as extrusion
temperature lowered. The surface layer was not affected by extrusion temperature. The maps of
crystallographic orientation distribution in extruded specimens measured by using SEM-EBSD
technique were shown in Figure 5. The upper section of Figure 3 shows crystallographic orientation
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Fig. 3 Optical microstructure of LT-ST cross section in 6005C alloys after extrusion at
(a)753K, (b)773K, (c)793K.
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Fig. 5 SEM-EBSD maps of 6005C alloys extruded at (a)768K, (b)788K, (c)808K.
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Fig. 7 Dispersoids in 6005C alloys extruded at (a)753K, (b)773K, (c)793K.
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Coarsened grains in a specimen deformed at 768K were larger than those in a specimen deformed at
808K. It is thought that there were two reasons for above phenomena. At first, stored energy was
larger in a specimen deformed at 768K than at 808K. Secondly, there was less numbers of
recrystallized grains in a specimen at 768K than at 808K. The same may be said in the case of
extruded 6005C alloys. It is guessed that there was less number of recrystallized grains just after
extrusion and stored energy was large in an extruded specimen at 753K. In this situation, it is thought
that Cube grains of which growth rate was larger than other oriented grains preferentially grew up and
coarsened Cube grains developed in recrystallized microstructure after extrusion at 768K. On the
other hand, when extrusion temperature was high at 793K, it is thought that there was much larger
number of recrystallized grains just after extrusion and stored energy was smaller. On the basis of the
facts that 6005C alloy extruded at At low temperatue

793K had smaller recrystallized
grain than that at 753K and a /// ////
fraction of non-Cube in 6005C W
alloy extruded at 793K was higher [\ nrecrystallized ares Z
than that at 753K, it is proposed HHmmeHw ‘

that a lot of non-Cube grains were /// // .\-—4@1‘1’?/
already included in recrystallized ‘ %.
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gxtru ded at ;1931(. The sch ematiz Fig. 10 The schematic view of recrystallization in 6005C alloy.

At hlgh ternperatue

hd Im “““““““““ it >

view of recrystallization in 6005C
alloy is shown in Figure 10.

4. Conclusions

From the present investigation on the effect of extrusion temperature on recrystallized grain size and
texture of 6005C alloys, the following knowledge were provided. As the temperature of extrusion
fell from 793K to 753K, average size of recrystallized grains increased from 170um to 230um and
volume fraction of recrystallized cube grains increased from 30% to 40%. It is suggested that there
was few recrystallized grains just after the deformation and was large stored energy in 6005C alloy
extruded at 753K. In this situation, it is thought that Cube grains of which growth rate were faster
than other oriented grains grew up preferentially and coarse Cube grains developed in recrystallized
microstructure after extrusion at 753K. On the other hand, when extrusion temperature was high at
793K, it is thought that there was larger number of recrystallized grains just after extrusion and stored
energy was smaller. Based on the experimental results that recrystallized grain size was smaller and a
fraction of non-Cube was higher in 6005C alloy extruded at 793K than at 753K, it is suggested that a
lot of non-Cube grains were already included in recrystallized grain structure in 6005C alloy extruded
at 793K.
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