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Abstract: The recrystallization textures in 95% rolled aluminum sheets with different purities and initial textures were investigated. 
The effects of recovery levels and the dragging effects induced by impurities on the effective driving force and corresponding 
behaviors of oriented nucleation and oriented growth during annealing were analyzed. The oriented nucleation is a common behavior 
in the initial stage of primary recrystallization if the effective driving force in deformed matrix is not too high to reduce the necessity 
of nucleation period. Oriented growth might appear if the temperature is not too high and the grains, of which the misorientation to 
matrix is about 40°〈111〉, have enough time and space to expand growth advantages, while certain reduction of effective driving force 
is also necessary. The recrystallization textures could be changed by controlling initial textures and effective driving forces which can 
be regulated by recovery levels and dragging effects. 
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1 Introduction 
 

It is known that grain boundary mobility in 
aluminum is misorientation dependent, and the velocity 
of boundary migration could reach the maximal value if 
the misorientation between two neighboring grains is 
characterized by a rotation around 〈111〉 axis about 40°, 
i.e. 40°〈111〉 rotation. The phenomena were confirmed by 
IBE et al [1] who observed statistically the grain growth 
behaviors of several hundreds deformed aluminum single 
crystals during annealing. The systematical investigation 
offered an important basis of oriented growth (OG), as a 
mechanism for formation of recrystallization textures. 
The rapid moving characteristics of 40°〈111〉 rotation 
were reconfirmed by different aluminum bicrystal [2] 
and polycrystal [3,4] investigations. The detailed 
atomistic mechanism of the rapid boundary migration 
could be interpreted to be close to the Σ7 CSL 
(coincidence site lattice with reciprocal density 7) 
relationship [5] and the corresponding substructure of the 
boundaries [6,7]. The OG mechanism predicts that 
different mobilities of boundaries could lead to formation 
of special recrystallization textures, of which the 
orientation relation to deformation textures is about 

40°〈111〉 rotation. 
It is known as well, that some recrystallized grains 

have stronger nucleation advantage and nucleate more 
frequently during annealing. These nuclei should form 
somewhere in transition bands [8] by means of strong 
recovery and polygonization processes of certain 
substructure in deformed matrix. The substructure with 
cube orientation indicates strong recovery ability and 
forms high-angle boundaries easily when it reaches a 
critical size for growth [9]. The cube substructure has 
been observed most frequently to turn to cube nuclei, 
which ensures the formation of strong cube 
recrystallization texture. The nucleation behavior of cube 
grains was firstly observed by RIDHA and 
HUTCHINSON [10] in copper, and is also very common 
in aluminum alloys [11]. It is obvious that the formation 
of recrystallization texture is determined here by 
nucleation process, which is called oriented nucleation 
(ON), as another mechanism for formation of 
recrystallization textures. 

There has been a long dispute between OG and ON. 
It is, sometimes, rather confused and hard to identify 
which one of the two mechanisms is more effective on 
the formation of recrystallization texture in aluminum. 
However, the ambiguity might be clarified a little bit 
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more if the evolution of driving force for 
recrystallization and its influence on formation of 
recrystallization texture are considered. 
 
2 Experimental 
 

Three kinds of aluminum samples (H, C and F) with 
different initial textures before cold rolling were taken 
from industry hot bands or ingots, in order to observe the 
influence of initial grain orientations on the behaviors of 
oriented nucleation during annealing after cold rolling. 
Sample H1 with 7.6 mm in thickness had high purity hot 
band containing initial cube texture. Sample H2 
including H2-1 and H2-2 was the same hot band. 
However, its cold rolling sample was cut in such a way 
that the rolling direction (RD) was 45° away from the 
RD of hot band, namely, the RD was 45° rotated around 
the normal direction (ND), so that the initial texture 
became rotated cube texture {100}〈011〉. Commercially 
pure sample C1 with 6.0 mm in thickness was cut from a 
forged ingot containing initial {112}〈111〉 texture [12]. 
An aluminum ingot containing Ti and B as elements for 
grain refinement was forged in two mutually 
perpendicular directions, so that an initial Goss texture 
for cold rolling of sample F1 with 6.9 mm in thickness 
was obtained. The Goss texture became initial inverse 
Goss texture {110}〈110〉 of sample F2 as the RD and TD 
(transverse direction) of following cold rolling were 
exchanged. All the aluminum samples were 95% cold 
rolled, and their compositions, initial textures as well as 
the parameters for following recrystallization annealing 
in salt bath are indicated in Tables 1 and 2. The rolled  
 
Table 1 Chemical composition of experimental Al alloys 

Sample Composition, w/% 

H1, H2-1, H2-2 Fe: 0.0004, Si: 0.0008, 
Cu: 0.0003, Al: >99.998 

C1 Fe: 0.032, Si: 0.032, 
Cu: <0.001, Al: >99.9 

F1, F2 Fe: 0.0027, Si: 0.0045, Cu: 0.0003, 
 B: 0.0009, Ti: 0.01, Al: 99.98 

 
Table 2 Experimental Al alloys, initial texture and parameters 
of recrystallization annealing 

Sample Main initial texture 
before cold rolling 

Recrystallization annealing 
after 95% cold rolling 

H1 {100}〈001〉 (240 °C, 600 s)+ 
(300 °C, 10000 s) 

H2-1 {100}〈011〉 (240 °C, 600 s)+ 
(300 °C, 10000 s) 

H2-2 {100}〈011〉 300 °C, 316 s 
C1 {112}〈111〉 500 °C, 900 s 

F1 {110}〈001〉, 
{110}〈221〉 

(240 °C, 600 s)+ 
(300 °C, 10000 s) 

F2 {110}〈110〉, 
{110}〈114〉 

(240 °C, 600 s)+ 
(300 °C, 10000 s) 

sample F1 was also annealed directly at 300 °C for 2 s 
and 10 s without 240 °C pretreatment, in order to 
observe rapid grain growth process. The microstructures 
during annealing were observed under optical 
microscope. {111}, {200}, {220} and {113} incomplete 
pole figures were determined based on the X-ray 
diffraction and the necessary orientation distribution 
functions (ODFs) were calculated. 
 
3 Results and discussion 
 
3.1 Formation of recrystallization texture dominated 

by ON 
Figures 1(a) and (b) give the initial textures of high 

purity aluminum samples before cold rolling. The initial 
cube {100}〈001〉 and rotated cube {100}〈011〉 are clearly 
to see in samples H1 and H2, respectively. The initial 
textures resulted in strong S {123}〈634〉 and Cu type 
{112}111〉 texture respectively after 95% cold rolling 
(Fig. 1(c)), which indicates the close connection between 
initial texture and rolling texture in Al [12,13]. 

The cold-rolled samples H1 and H2-1 were firstly 
pretreated at 240 °C for 600 s to conduct a strong 
recovery while the stored energy and driving force for 
recrystallization were reduced drastically. The samples 
were then annealed at 300 °C for 10000 s, after which 
the primary recrystallization was completed. Cube 
recrystallization texture formed in both samples, while it 
was much stronger in sample H1. Comparing Figs. 1(a) 
and (b) with Figs. 2(a) and (b), it looks that the more the 
cube texture before cold rolling was, the stronger the 
cube texture after recrystallization became. Cube 
orientation is generally not a stable one during rolling 
deformation. However, some cube substructure could 
survive the rolling deformation [10,14,15]. It is also 
possible during rolling that some grains shift their 
orientations in a path, in which certain cell blocks might 
stagnate as they pass by near cube orientation [8,15]. The 
survived or stagnated cube substructure indicates 
stronger nucleation advantage [9], which could nucleate 
more frequently during annealing [16]. Therefore, the 
growth of cube grains will determine the formation of 
cube texture. Its density depends on how much cube 
substructure has survived the rolling deformation, which 
is surely initial texture dependent. It is obvious that the 
formation mechanism of recrystallization texture   
(Figs. 2(a) and (b)) was dominated by ON. 

On the other hand, OG process could also help to 
form such a strong cube texture in Fig. 2(a), since the 
misorientation between cube orientation and four 
variants of rolling S texture in sample H1 (Fig. 1(c)) is 
just about 40°〈111〉, which could lead to rapid growth of  
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Fig. 1 Initial texture of samples H1 (a) and H2 (b) ({111} pole figures, density levels 1, 2, 4, 8, 14) and β-fiber analysis of 95% 
rolling texture of samples H1 and H2 (c) 
 

 
Fig. 2 Recrystallization texture of high purity aluminum sheets samples H1 (a), H2-1 (b) and H2-2 (c) ({111} pole figures, density 
levels 1, 2, 4, 8, 14) 
 
cube grains during annealing. However, according to the 
misorientation relationship, the strong {112}〈111〉 rolling 
texture in sample H2 (Fig. 1(c)) should lead to strong 
{100}〈013〉, i.e. about {18°, 0°, 0°} texture instead of 
cube texture, which was not obvious case (Fig. 2(b)). 
Nevertheless, the density distribution of cube texture in 
Fig. 2(b) does spread more in direction of ND rotation 
towards {18°, 0°, 0°} than that in Fig. 2(a) as indicated 
by the arrows in the center area of Fig. 2(b). Therefore, 
the OG effect could not be eliminated entirely while the 
ON effect dominated. 
 
3.2 Influence of driving force on texture formation 

The cold rolling sample H2 was also annealed at 
300 °C without recovery pretreatment while 
recrystallization process was conducted under very high 
stored energy and driving force. The corresponding 
annealed sample is indicated as H2-2 (Table 1). Higher 
driving force induced much more rapid recrystallization 
process as shown in Fig. 3. The recrystallization was not 

completed yet in sample H2-1 at 300 °C for 1000 s after 
the recovery pretreatment (Fig. 4(a)), but was almost 
finished in sample H2-2 at 300 °C for only 2 s   
without pretreatment (Fig. 4(b)). 10000 s was required to 
complete the recrystallization process under low driving 
force at 300 °C (Fig. 3, sample H2-1), while time less 
than 10 s was enough for the recrystallization under high 
driving forces (Fig. 3, sample H2-2). 

The recrystallization texture induced by high 
driving force in sample H2-2 indicated a tendency to 
become weaker and randomized (Fig. 2(c)), which is 
quite different from that induced by low driving force in 
sample H2-1(Fig. 2(b)). 

The stored energy consists mainly of dislocation 
density increased by cold deformation. It is not yet 
possible to determine the dislocation density in deformed 
aluminum accurately. However, a range of the density 
was estimated as 1014−1018 m/m3 [17], depending on how 
much the aluminum matrix has been deformed. A 
reduced range of 1014−1016 m/m3 should be more rational  
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Fig. 3 Volume fraction (x) of recrystallized grains during 300 
°C annealing of high purity aluminum (H2-1, recovered at 240 
°C for 600 s in advance; H2-2, without recovery pretreatment) 
 

 
Fig. 4 Grain structure during recrystallization annealing of high 
purity aluminum: (a) H2-1, (240 °C, 600 s)+(300 °C, 1000 s); 
(b) H2-2, 300 °C, 2 s 
 
just at the beginning of recrystallization since aluminum 
indicates high stacking fault energy and strong tendency 
of self recovery after cold deformation during 
temperature rising stage of recrystallization annealing. It 
is obvious that the recovery pretreatment at 240 °C for 
600 s will reduce the stored energy further. 

The relationship between radius, R, of potential 
nuclei in sphere and changes of Gibbs energy, ΔG, could 
be expressed according to conventional nucleation theory 
as  

γ2s
3 π4π

3
4 RGRG +Δ−=Δ                     (1) 

 
where γ and ΔGs are boundary energy and stored energy, 
respectively. If we think, in a simplified way, that the 
stored energy ΔGs would consist roughly of dislocation 
energy Δp as driving force, which could be calculated by 
Δp=ρGb2/2 [15], then equation (1) could be written as 

γρ 223 π4π
3
2 RGbRG +−=Δ                    (2) 

where b, G and ρ are length of Burgers vector, shear 
modulus and dislocation density in deformed matrix, 
respectively. The critical size Rc of recrystallization 
nuclei can be therefore deduced, which depends on 
dislocation density ρ. The relationship between ΔG and R 
at different ρ values is calculated according to Eq. (2) 
and shown in Fig. 5, in which γ=1 J/m2 is valid [17].  
The dotted vertical lines indicate the corresponding 
critical size Rc of nuclei at different dislocation  
densities. 
 

 
Fig. 5 Relationship between Gibbs energy ΔG and size R of 
potential nuclei at different dislocation densities (ρ) 
 

The matrix of 95% rolled aluminum has been fairly 
recovered if intrinsic dislocation density was reduced 
into the range of 5×1014−1015 m/m3, while the diameters 
of nuclei in critical size cover several micrometers (Fig. 
5). In this case an ordinary primary recrystallization 
could be conducted including nucleation and grain 
growth processes which resulted in formation of normal 
recrystallization texture (Figs. 2(a) and (b)). However, 
the deformed matrix should be less recovered if the 
intrinsic dislocation density maintains the level of 1016 

m/m3, while the diameter of nuclei in critical size 
became less than 1 μm (Fig. 5). It has been observed in 
heavy deformed aluminum matrix [18,19] that thickness 
of most lamellar structure, cell blocks or sub-grains 
appears in the similar size range. Therefore, some cell 
blocks could grow as nuclei directly into the deformed 
matrix with rather high dislocation density (e.g. ≥1016 

m/m3) during annealing if they have high-angle 
boundaries to the matrix [18,19], while an obvious 
nucleation period would become no more necessary. The 
orientations of the cell blocks with growth advantages 
will determine the recrystallization texture. Figure 3(c) 
shows that their orientation distribution in sample   
H2-2 tends to appear randomly in the deformed   
matrix. Neither ON nor OG was detected in sample 
H2-2. 
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3.3 Influence of dragging forces on velocity of 
boundary migration and texture formation 
There should be no obvious difference concerning 

intrinsic stored energy as both of the high purity and 
commercial purity aluminum samples, namely, samples 
H2 and C1, were 95% cold rolling. Figure 6 indicates 
that the rolling textures are characterized by strong 
copper texture {112}〈111〉 in both samples without 
serious difference. It was observed in similar commercial 
aluminum annealed at 500 °C for 2 h [20], that many 
secondary phase particles in size of 100−700 nm were 
distributed in the matrix with areal density of about 2000 
mm−2, which could drag the migration of grain 
boundaries during annealing. The effect is known as 
Zener drag pZ [21]. On the other hand, the higher content 
of impurity atoms in solid solution would drag the 
boundary migration as well, which is known as solute 
drag ps [2,21]. Therefore, higher annealing temperature is 
commonly applied to recrystallization of commercial 
purity aluminum (Fig. 7) [20]. 

Figure 8 indicates that an about 18° rotated cube 
texture {100}〈013〉 in sample C1 formed (Fig. 8(b)) [16]  
 

 
Fig. 6 β-fibers of 95% rolling texture (samples H2 and C1) 

 

 
Fig. 7 Rolling and recrystallization structure of commercial 
purity aluminum sample C1: (a) 95% cold rolled; (b) 500 °C, 
900 s, annealed 
 
in the deformed matrix with strong copper texture 
{112}〈111〉 (Fig. 8(a)). The orientation relationship 
between {100}〈013〉 and {112}〈111〉 is just about 
40º〈111〉 (Fig. 8(c)). 

There is a simple equation to describe the Zener 
drag pZ as [21] 
 

d
fp γ3

Z =                                  (3) 
 
where f, γ and d are volume fraction of secondary phase 
particle, boundary energy and average diameter of the 
particles, respectively. The possible volume fraction of 
secondary phase particles, mainly Al3Fe particles if they 
fully precipitated, can be estimated as f=0.0006 
according to the composition of sample C1 and the 
corresponding phase diagrams, while the level of Zener 
drag depends also on the average particle size d. The 
possible range of Zener drag pZ and recrystallization 
driving force Δp can be calculated according to Eq. (3) 
(γ=1 J/m2) and Δp=ρGb2/2, respectively (Fig. 9). It could 
be imaged that the effective driving force Δp−pZ and 
migration velocity of grain boundaries will be seriously 

 

 
Fig. 8 Rolling (a) and recrystallization (b) texture of commercial purity aluminum sheet C1 and their orientation relationship (c) 
({111} pole figures; ▼: {112}〈111〉; ○●: {100}〈013〉; density levels: 1, 2, 4, 8, 14) 
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Fig. 9 Calculated Zener drag pZ for sample C1 in comparison 
with driving force Δp 
 
reduced for matrix containing nano-scale particles, and 
the reduction should be higher than that in strong 
recovered sample H2-1. It seems that the mechanism of 
OG prevailed during annealing of sample C1. There 
should be certain relationship between reduced velocity 
of grain boundary migration and increased OG effect in 
consideration of similar rolling texture in samples H2 
and C1 (Fig. 6). 
 
3.4 Influence of driving force on velocity of boundary 

migration 
An atom flux of self diffusion in aluminum crystals 

is proportional to Zqυ·exp[−ΔGD/(kT)], in which Z is 
coordination number, q is atom jumping fraction in given 
direction, υ (~1013/s) is Debye frequency, ΔGD is 
activation energy, k is Boltzmann constant and T is 
temperature (Fig. 10(a)). If atoms jump across a grain 
boundary, the corresponding activation energy ΔGm 
should become generally higher than ΔGD (Fig. 10(b)), 
while the increment ΔGb(θ)=ΔGm−ΔGD depends on 
misorientation angle θ of the boundary. It should be 
considered sometimes, that the atoms are somehow 
pre-activated before they jump across the boundary, 
since their energy state could rise in certain extent if they 
contact the disordered boundary directly, in which the 
energy increment could be expressed by ΔGp       
(Fig. 10(b)). 

A boundary will move in the direction with higher 
energy state if there is energy difference of ΔGs between 
two sides of the boundary, namely, one side is annealed 
grain and other side is deformed grain (Fig. 10(c)). The 
velocity v of boundary migration could be described 
according to results of Burke and Turnbull [22] as 

( )
−⎢

⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛ Δ−Δ+Δ
−=
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⎤
⎟
⎠
⎞

⎜
⎝
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−

kT
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Fig. 10 Schematic illustration of atom jumps for self diffusion 
(a) or across boundaries (b), as well as boundary migration 
driven by stored energy ΔGs (c) 
 
where b is the length of Burgers vector. 

It could be accepted that stored energy ΔGs is 
replaced approximately by effective driving force 
Δp−ps−pZ for a simplified discussion, while the change 
of entropy during boundary migration is neglected. Then 
Eq. (4) could be deduced based on the first order 
approximation (since Δp−ps−pZ << kT ) as 
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            (6) 

while the influence of solute drag ps and Zener drag pZ 
have been included as well. 
 
3.5 Relationship between net driving force and 

texture formation 
An ordinary discontinuous recrystallization process 

is completed by means of migration of high-angle 
boundaries. The boundary misorientation angle θ≈40o 
should be much more mobile than that with any other 
high misorientation angle θ=θr according to the 
mechanism of OG. A large amount of experimental 
observations indicated that the velocity ratio r between 
v(θ≈40°) and v(θ=θr) could reach one order of magnitude 
[1−4], namely, the maximal ratio could be as high as 
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about 10, which is independent on effective driving force 
Δp−ps−pZ according to Eq. (6). The ratio r could be 
further deduced in comparison with Eq. (6) as 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ Δ−Δ
=

=
≈

=
kT

GG
v

vr
r

)40()(exp
)(
)40( o

r
o θ

θθ
θ         (7) 

which indicates that OG effect would be reduced if 
annealing temperature becomes too high. 

The recrystallization process was completed within 
a few seconds (Fig. 3) in high purity sample H2-2 with 
very high stored energy, while no obvious nucleation 
period was necessary. The increased orientation variety 
of nuclei restricted the ON effect and randomized the 
recrystallization texture (Fig. 2(c)). On the other hand, 
the recrystallization time was so limited and the grains 
grew so fast that those recrystallization grains, which 
would have obvious advantages to grow, did not have 
enough opportunity to expand their rapid growth ability 
when the primary recrystallization process had been 
completed already. Both ON and OG were not very 
efficient in this case, and a rather random ODF was also 
obtained (Fig. 11). 

The ON became very efficient under obviously 
reduced stored energy when an emphasized recovery 
pretreatment had been conducted before the 
recrystallization annealing of high purity samples H1 and 
H2-1, after which strong cube texture formed (Fig. 2(a) 
and (b)). Though the misorientation between cube and S 
texture was just about 40°〈111〉, the formation of cube 
texture was not induced mainly by OG in the deformed 
matrix with strong S texture in sample H1 (Fig. 1(c)), 
since the strong rolling copper texture did not induce 18° 
rotated cube texture distinctly, as predicted by OG, under 
the same annealing treatment. The recrystallization time 
and the incubation period might be still not long enough 
for the potential grains to expand their growth 
advantages. However, OG might help to strengthen the 
cube texture in sample H1 and induce a weak and 18º 
rotated cube texture in sample H2-1 (Fig. 11). Therefore, 
OG could not be eliminated entirely in high purity and 
emphatically recovered samples. 

The solute drag and Zener drag in sample C1   
with commercial purity reduced the net driving     
force, increased the recovery stage and delayed the  

recrystallization process obviously, so that the 
recrystallization process was conducted rather slowly. 
Therefore, the recrystallization grains with the rotated 
cube orientations, which would have obvious advantages 
to grow into deformed matrix with copper orientations 
according to OG (Fig. 8(a)), did have enough time to 
expand their rapid growth ability before recrystallized 
grains had contacted each other. The formation of 
recrystallization texture in this case is not sensitive to 
whether the appreciate nuclei for OG appear earlier or 
later. The strong and 18º rotated cube texture formed (Fig. 
8(b)), is located in the same position as that appeared 
slightly in sample H2-1 (Fig. 11), and there was no 
similar density distribution in sample H1. It could be 
concluded that OG prevailed during the recrystallization 
of sample C1. 
 
3.6 Formation of recrystallization texture under 

strong Zener drag 
Titanium and boron will induce formation of Al3Ti 

and TiB2 particles in aluminum alloys and could act as 
heterogeneous nucleation sites during solidification of 
aluminum melt [23,24]. Therefore, they are efficient 
elements reducing the grain size in aluminum (e.g. 
samples F1 and F2 in Table 1). Figure 12(a) gives the 
microstructure of sample F1 before cold rolling. It is 
obvious that the Al3Ti and TiB2 particles should 
distribute mainly along the grain boundaries. Many new 
grain boundaries were introduced inside the grains in  
Fig. 12(a) while they elongated along the RD during 
rolling. The new boundaries did not contain so many 
Al3Ti and TiB2 particles. 

Figures 12(b) and (c) indicate the grain structure of 
sample F1 95% cold rolled and annealed at 300 °C for 2 
s and 10 s, respectively. The recrystallization grains 
could not grow in the deformed matrix freely, which is 
different from that shown in sample C1 (Fig. 7(b)). It 
seems that the grain growth in the initial stage of 
recrystallization (Fig. 12(b)) was limited in the grain 
before cold rolling (Fig. 12(a)). Therefore, the Al3Ti and 
TiB2 particles indicated much stronger Zener dragging 
effect against the boundary migration than Al3Fe 
particles in sample C1. The grain growth could later  

 

 
Fig. 11 ODF φ2=0° sections of annealed samples H2-2, H1, H2-1 and C1 (from left to right, density levels: 6, 12, 20, 30, 42, 56) 
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Fig. 12 Microstructures of sample F1: (a) Before cold rolling; 
(b) 95% cold rolling at 300 °C for 2 s, annealed; (c) 95% cold 
rolling at 300 °C for 10 s, annealed 
 
pervade across the boundaries existing before cold 
rolling (Fig. 12(c)), while the grain orientation had been 
determined already. The characterized grain growth 
behaviors will influence the formation of 
recrystallization texture. 

Figure 13 shows the texture evolutions during the 
rolling and annealing of samples F1 and F2. There were 
initial textures before cold rolling (Table 1). The initial 
{110}〈001〉 texture led to strong brass texture {110}〈112〉 
after 95% cold rolling in sample F1 while the instable 
{110}〈221〉 texture disappeared (Fig. 13). The initial  

{110}〈114〉 texture in sample F2 resulted in strong 
rolling texture {110}〈112〉 while the instable  
{110}〈110〉 texture vanished (Fig. 13). A strong recovery 
pretreatment had been conducted at 240 °C for 10 min, 
while the effective driving force was drastically reduced. 
A {110}〈001〉 or {110}〈114〉 recrystallization texture 
formed in samples F1 and F2 beside cube texture after 
annealing at 300 °C. The OG behaviors were not 
observed, which is quite different from that in sample 
C1. 

It is clear, however, that the ON mechanism played 
an important role in determining the recrystallization 
textures. The weak cube texture before rolling became 
strong after annealing (Fig. 13), and the formation 
mechanism should be similar to that in sample H1 based 
on ON. Figure 14 gives the α-fiber analyses of samples 
F1 and F2 before rolling during annealing. Obvious 
{110}〈001〉 (sample F1) and {110}〈114〉 (sample F2) 
recrystallization textures formed around the positions 
before rolling, which indicates a strong ON effect. Some 
{110}〈001〉 textures formed also in sample F2 after 
annealing (Fig. 14(b)), which could be explained by the 
mechanism of ON as well. The nuclei in the initial stage 
of recrystallization did not obtain enough space to grow 
in consideration of observations in Figs. 12(b) and (c). 
The space was so limited (Fig. 12(b)) that those 
recrystallization grains, which would have obvious 
advantages to grow, did not have enough opportunity to 
expand their rapid growth ability. Therefore the 
possibility for OG was drastically reduced. It could be 
understood that the ON effect exists all the time if the  

 

 

Fig. 13 ODF φ2=0° sections of samples F1 and F2 at initial stage, after 95% rolling and after annealing at (240 °C, 10 min)+(300 °C, 
10000 s) (density levels: 2, 4, 8, 14) 
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Fig. 14 α-fiber analysis of samples F1(a) and F2(b) before cold 
rolling during annealing 
 
effective driving force is not too high and could be 
observed clearly if the OG effect does not obtain the 
opportunity to enshroud ON. 
 
4 Conclusions 
 

1) The basic behavior in initial stage of primary 
recrystallization in aluminum is that some cell blocks 
and sub-grains are transformed into or even directly 
become nuclei, of which the orientation variety and 
prominence of ON depend on the level of driving force. 
Too higher effective driving force Δp−ps−pZ leads to 
increase of orientation variety and reduction of 
prominent ON. Otherwise, ON should be general 
behaviors at the initial stage of recrystallization. OG may 
happen during annealing; however, it needs time and 
space to expand its advantages on growth selection and 
determining recrystallization texture. OG effect will be 
reduced obviously if the grain growth period for primary 
recrystallization becomes very short due to too high 
driving force, or if grain growth space in deformed 

matrix becomes very limited because of high density of 
secondary phase particles at the boundaries before 
deformation and corresponding strong dragging effects. 
OG effect would be also reduced if the annealing 
temperature becomes too high. 

2) It could be imaged that the control of initial 
texture, recovery process and effective driving force 
before recrystallization of deformed aluminum could be 
applied to changing the recrystallization texture. 
Therefore, quantitative investigations concerning the 
relations among initial textures, levels of recovery, 
matrix purity, dragging effects, levels of effective driving 
force, mechanisms of texture formation and following 
recrystallization textures need to be conducted. 
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基于选择形核和选择生长理论的 
铝板再结晶织构形成机制 

 
毛卫民，杨 平 

 
北京科技大学 新金属材料国家重点实验室 材料学系，北京 100083 

 
摘  要：研究不同纯度和初始织构铝板经 95%冷轧后的再结晶织构。分析回复程度和杂质钉扎效应对退火过程中

定向形核和选择生长行为的影响。在初次再结晶的开始阶段，若变形基体内有效驱动力不是特别高，在不缩短形

核周期的情况下，通常会有定向形核行为出现。若温度不是特别高以致与基体保持约 40°〈111〉取向差关系的晶粒

有充分的时间优先长大，则也会出现选择性生长，此时也需使有效驱动力有所降低。借助控制初始织构或用回复

程度和钉扎效应调整有效驱动力可以改变再结晶织构。 

关键词：铝；再结晶；织构；回复；储存能；晶界迁移 

 (Edited by Xiang-qun LI) 

 
 


