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ABSTRACT 

The objective of the present study was to investigate the cold deformation texture and 

annealing texture in pure Zinc (Zn). As-cast pure Zn was subjected to cryo-rolling of 90% 

reduction in thickness followed by annealing at 50
o 

C for different soaking times of 5 min, 10 

min, 20 min and 30 min respectively. The texture and microstructure evolution during cryo-

rolling and subsequent annealing of these samples were characterized through X-ray 

diffraction (XRD) and electron backscattered diffraction (EBSD). A dominant 1120   fiber 

texture was observed in both the rolled and annealed samples. However, the texture intensity 

was increased till 10 min of soaking time and it was then decreased on further increasing the 

soaking time. Only {1012} type tensile twins were observed in the samples and these 

twinning was found to be significant in all the samples. The Vickers hardness of the samples 

was increased till 10 min of annealing time followed by a decrease in hardness on further 

increasing the soaking time of annealing. 
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Introduction

 Zinc (Zn) is primarily used in galvanizing the iron and steel products 

while other uses of Zn include making of brass, making of alloys for 

pressure die casting, cans for dry cell batteries and printing material etc.

 The typical deformation texture observed in Zn are: the (0001) poles 

where c-axis is tilted by 15o-25o away from normal direction (ND) towards 

the rolling direction (RD), the (1120) poles aligned with the RD, and the 

<1010> directions pointed parallel to the transverse direction (TD) .



Motivation

Cold Rolled and Annealing Texture in Commercially Pure Titanium

(a) Cold Rolled
(b-g) Annealed 
for 10 s, 30 s, 1 
min, 2 min, 5 
min and 20 min 
respectively.
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Motivation

Cold Rolled 
and Annealing 
Texture in Pure 

Magnesium

(a) Cold Rolled
(b-g) Annealed for 
10 s, 30 s, 1 min, 2 
min, 5 min and 20 
min respectively.

(a) (b) (c) (d)

(e) (f) (g)



Experimental Details

Pure Zinc 
(as-cast)

Cold Rolled
(at cryogenic temp.)

Annealed
(at 50 oC for 5, 10, 20 

and 30 min respectively) 

XRD and EBSD 
Characterization

EBSD: 
1) Metallographic Polishing 

2) Colloidal Silica Polishing
3) Etching (with a solution 
containing 90 ml H2O, 9 ml 
HNO3 and 1 ml C2H5OH for 
few seconds)

Cold rolled samples were
kept inside a refrigerator to
avoid the recrystallization of
the samples.



Results and Discussion

Cold Rolled Annealed for 5 min Annealed for 10 min

Annealed for 20 min Annealed for 30 min

(0002) Pole Figures
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Cold Rolled Annealed for 5 min Annealed for 10 min

Annealed for 20 min Annealed for 30 min

(1010) Pole Figures
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ODFs, at constant φ2 = 30o, and maximum f(g)

Cold Rolled Annealed for 5 min Annealed for 10 min

Annealed for 20 min Annealed for 30 min
Max. f(g) Values
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Cold Rolled Annealed for 5 min Annealed for 10 min

Annealed for 20 min Annealed for 30 min

Inverse Pole Figure (IPF)
Maps
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Twin (Tensile) Boundary 
Fraction

Average Grain Size
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Average GAM (Grain
Average Misorientation)

Vickers Hardness



Results and Discussion

Misorientation angle 
distribution for orientations 
of  [1120] (< 15o from the 
exact orientation) and 
other orientations  i.e. 
orientations > 15o from the 
exact orientation of [1120].



Results and Discussion

Average KAM values of two orientations [1120] i.e. orientations of (<15o from the exact 
orientation) and other orientations (orientations > 15o from the exact orientation of  

[1120]) during cryo-rolling and annealing of Zn samples. The samples after cryo-rolling 
and annealed for < 10 min (region A) had higher average KAM values for          

orientations whereas samples annealed for > 10 min (region B) had lower average KAM 
values.



Results and Discussion

Possible mechanism for the microstructural developments during annealing of Zn samples. 
(a) Deformed microstructure superimposed with unit cells, (b) Normal grain growth (attributed to 

the difference in strain between neighboring grains), (c) Microstructure during intermediate 
annealing superimposed with orientations, (d) Final microstructure (obtained by stable oriented 

growth).



Results and Discussion

(a) Orientation of unit cell with respect to the applied load; (b) Initial deformed microstructure; (c, e, g) 
Nucleation of tensile twins in the plastic region after indentation; (d, f, h) Extent of back stress present in a 

grain after indentation (Length of black arrow indicates the extent of back stress developed due to 
dislocation accumulation in a grain after deformation as well as annealing); (i) A grain completely covers 

the plastic zone and nucleation of tensile twins in the same grain itself. 



Conclusions

1)  <1120> fiber texture was dominant in the samples during cryo-rolling 
and subsequent annealing. 

2) Only {1012}<1120> type of tensile twins was observed in the 
samples and these twins were found to be significant irrespective of the 
time of annealing. 

3) The Vickers hardness was found to be higher for  (1120) orientations. 
Also the hardness of the samples was increased with increase in 
annealing till 10 min of soaking time and it was then decreased on 
further increase in soaking time of annealing. 

4) The increase in hardness during annealing may be attributed to the 
effect of back stress on the nucleation of tensile twins. 

5) The static recrystallization mechanism follows normal grain growth 
followed by stable oriented growth.
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