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ABSTRACT 

Rolling and subsequent annealing are common processes to produce brass sheet. Cold rolling has attracted a lot of 
attention due to complicated deformation process that involves shear band and twinning. Debate remains on the level of 
deformation at which change in deformation mechanism occurs. Subsequent annealing process results in dynamic 
recrystallization, which is able to produce grain sizes and properties as required. Deteroriation of formability and ductility 
during cold rolling may be recovered during annealing. This research studied change of microstructure and mechanical 
properties of Cu-32%Zn (wt. %) brass during cold rolling and annealing processes. The Cu-32%Zn alloy was produced by 
gravity casting in a metal mold with the dimension of 110x110x6 mm3. The cast plate was homogenized at 800 oC for 5 h 
in an muffle furnace. The plate was then cold rolled with the level of deformation of 20, 40 and 70 % in multiple passes. 
Annealing of the cold rolled plate was conducted at 150, 200, 300, 400 and 500 oC for 30 minutes. The cooling of samples 
was performed in water. Characterization included Vickers hardness measurement and microstructural observation by 
using optical microscope. The results showed that slip was clearly observed at the level of deformation of 20 % together 
with few twinning. When the deformation was increased to 40 %, the twinning is major and some shear band started to 
form. Further increase of deformation to 70 %, the twinning was mostly replaced by shear band. The change in mode of 
deformation was followed by the increase in hardness of the materials. The annealing process after cold rolling resulted in 
recovery, recrystallization and grain growth. The higher the temperature of the annealing process, the speedier the 
recrystallization process that followed by grain growth and reduction in hardness. 
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INTRODUCTION 

Brass is metal alloy which contains copper and 
zinc, where copper is the main element. This material is 
widely use for piping, tube, musical instrument and 
cartridge case for ammunition. The common 
manufacturing process of brass is casting [1]. Brass with 
zinc content up to 37 % has a single phase, which is α 
solid solution. This alloy is good in strength, ductility, 
corrosion resistant, formability and cold workable. The 
strength and hardness of brass increases with addition of 
zinc content up to 37% [2]. 

Formability of material is affected by many 
factors, such as crystal structure, stacking fault energy 
(SFE), composition and grain size [3-5]. Brass possesses 
FCC crystal structure. Deformation mechanism in FCC 
materials is interesting because it depends on the SFE. 
Sheet with high SFE, such as pure copper, tends to have 
homogeneous deformation by slip mechanism, which 
results in copper texture with major orientation of 
{111}<112>. Addition of Zn for 2.5 to 30 % into Cu 
systematically reduces SFE and drives the formation of 
twinning, that inhibits slip to occur at the major 
orientation, therefore inhomogeneous deformation (shear 
bands) forms and result in different texture, which is 
known as brass texture {110}<112> [6-7]. The transition 

of deformation mechanism may also be due to degree of 
deformation. At larger deformation, a dense population of 
twins occurs in {111} oriented grains that are 
approximately parallel to the rolling plane. This makes 
homogeneous slip on these planes is extremely difficult, 
and leads to inhomogeneous deformation (shear bands) [6-
7].  

Salari et al [8] found that in Cu-10Zn, heavy cold 
reduction resulted in inhomogeneous deformation (shear 
bands), which led to large misorientations between 
adjacent subgrains, so that strong texture was produced. In 
general, higher degrees of cold reduction increased the 
inhomogeneities and reducing the subgrains size before 
annealing. Debate remains on the level of deformation at 
which change in deformation mechanism occurs. In cold 
rolling of thin sheet, the thickness of the sheet as well as 
the grain size will affect the flow stress of the material. 
When the grain size is almost the same, decreasing 
thickness of sheet will decrease the flow stress. Because in 
a very thin sheet, the volume ratio of surface grains to 
inner grains is high. The surface grains are easier to 
deform than the inner grains, so that lower the resistance 
to deformation and hence decrease the flow stress [9].  

Subsequent annealing process after cold 
deformation results in dynamic recrystallization, which is 
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able to produce grain sizes and properties as required [10]. 
Deteroriation of formability and ductility during cold 
rolling may be recovered during annealing. Stretchability 
of brass increases at higher annealing temperatures at the 
range of 400-600 oC [11, 12]. 

This research studied the deformation behaviour 
of Cu-32% Zn alloy at various degree of cold reduction, as 
well as the change of microstructures after subsequent 
annealing process. It was intended to understand when the 
inhomogeneous deformation starts to form, and how it 
affected the recrystallization processes during annealing. 
 
EXPERIMENTAL METHODS 

The Cu-32%Zn alloy was produced by gravity 
casting at melting temperature of 1000 oC, by using pure 
Cu and pure Zn ingots as feeding materials. The molten 
metal was poured into a 600 oC preheated metal mold with 
the dimension of 110x110x6 mm3. The chemical 
composition of the as-cast alloy is shown in Table-1. The 
as-cast plate was homogenized at 800 oC for 5 h in a 
muffle furnace. The plate was then cold rolled with the 
level of deformation of 20, 40 and 70 % in multiple 
passes. Subsequent annealing was conducted at 150, 200, 
300, 400 and 500 oC for 30 minutes. The samples were 
water quenched within 5 second after the annealing 
process.  Observation of microstructure was conducted by 
using optical microscope. Standard sample preparation 
included polishing with 0.5 µm alumina and etching with 
10 % FeCl3 in alcohol for 7-10 seconds. Quantitative 
measurement of grain size used intercept method. 
Hardness testing was performed with Vickers method by 
using 300 g of load in accordance with ASTM E384. Five 
indentation was made for each measurement.  
 

Table-1. Chemical composition of as-cast Cu-32%Zn. 
 

 
 
RESULTS AND DISCUSSIONS 
 
Microstructures 

Figure-1 (ar) illustrate microstructures of cold-
rolled Cu-32 % Zn samples with the level of deformation 
20, 40 and 70%, followed by annealing at the temperatures 
of 150, 200, 300, 400 and 500 oC for 30 minutes. At the 
level of deformation of 20 % (Figure-1 (a)), only few 
twinning was observed in the microstructures, which 
indicated that slip mechanism is more dominant than 
twinning. When the deformation was increased to 40 %, 
twinning became more visible and more dominant, while 
at 70 % of thickness reduction, shear band were detected 
in a significant amount. The increase in level of 
deformation was also followed by the change in the 

morphology of grains, from equiaxed to elongated 
structure. 

After annealing at 150 and 200 oC (Figures 1 (d-
i)), no change of microstructure was observed. The 
temperature may only provide energy for recovery and 
stress relieve. At the annealing temperature of 300 oC, the 
sample with 70 % deformation had shown to start 
recrystallization process (Figure-7 (i)). Stress-free new 
grains were formed around the shear band. While samples 
with lower deformation level had not shown any changes. 
When the annealing temperature was increased to 400 oC, 
recrystallization started in the 40 % deformed samples at 
the grain boundaries. The 70 % deformed samples had 
shown significant progress of the recrystallization process, 
although some shear band remains visible in the 
microstructure. And finally at 500 oC, all microstructures 
with 20, 40 and 70 % of deformation have small grains, 
indicating that the recrystallization process completed and 
the grains grew. The grains of the 20 % deformed samples 
were bigger than the 40 and 70 % ones. From Figure-1, it 
is clear that that deformation level affects the 
recyrstallization process. The higher the deformation level, 
the lower the recrystallization temperature. In Cu-32%Zn, 
the recrystallization process starts at 300 and 400 oC for 
deformation level of 70 and 40 %, respectively. Higher 
deformation level resulted in higher internal stress as the 
driving force for recrystallization process. Detailed 
observation is needed to clarify the role of shear band in 
recrystallization process.  

Deformation level also affects the final grain size 
after annealing process. Figure-2 shows the correlation 
between degree of deformation and the average grain size 
after annealing process at 500oC for 30 minutes. The 
higher the deformation level, the finer the grain size after 
annealing process. The deformation process introduces 
dislocations and texture in the microstructure. Subgrains in 
between shear bands and twinning may act as nucleation 
sites for new grains. Therefore, higher deformation leads 
to higher grain nucleation rate that ends as finer grains 
after annealing process. 
 
Hardness 

Figure-3 shows the hardness of the Cu-32%Zn 
alloy after deformation at various levels, followed by 
annealing at various temperatures. It is clear from the 
figure that the higher the deformation level, the higher the 
hardness of the material. This is due to strain hardening 
occurs in the samples. The strain hardening is resulted 
from the formation of dislocation that moves along the slip 
planes. At 40 % degree of deformation, the twinning was 
more dominant than slip, so that slip was difficult to 
homogeneously occur on the {111} planes, resulted in 
higher hardness (171 VHN). Further increase in hardness 
(192 VHN) was found in 70 % deformed samples, because 
slip became more difficult due to the formation of shear 
band, or is known as inhomogeneous deformation. .  

Annealing process applied after the cold 
deformation reduced the hardness of the material. At the 

Zn Pb Mn Fe Si Cr Al Co Bi Cu

32.1 0.005 0.002 0.005 0.005 0.001 0.002 0.027 0.188 67.6
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level of deformation of 20 %, the hardness of the material 
did not change after annealing unless the temperature is 
500 oC or above. When this is correlated to Figure-1, it is 
clear that almost no change in microstructure is apparent 
after annealing at temperatures below 500 oC for samples 
deformed at 20 %. The 20 % deformation did not provide 
sufficient driving force for recovery and recrystallization 
to occur. Deformation for 40 and 70 % resulted in great 
amount of twinning and shear band, which drives the 
recovery and recrystallization process. In these samples, 
annealing at low temperatures, such as 150 and 200 oC, 

has caused reduction in hardness although the change is 
not significant yet. It suggests that these temperatures are 
below the recovery temperature of brass (~ 200 oC) [13]. 
Annealing temperatures of 300 oC and above substantially 
reduced the hardness of the samples. Overall, Figure-3 
shows that the higher the annealing temperatures, the 
greater the reduction in hardness. The effect of 
temperatures is strengthened by degree of deformation. At 
the same annealing temperature, the decrease in hardness 
is more significant in higher deformed samples.  

 

 
 

Figure-1. Optical micrographs of Cu-32%Zn alloy (a-c) after cold roll for 20, 40 and 70 % thickness reduction, 
followed by annealing at (d-f) 150, (g-i) 200, (j-l) 300, (m-o) 400, and (p-r) 500 oC for 30 minutes. 
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Figure-2. The correlation between level of deformation 
and average grain size of Cu-32%Zn after annealing 

process at 500 oC for 30 minutes. 
 

 
 

Figure-3. The change of hardness of Cu-32%Zn alloy 
after cold deformation for 20, 40 and 70 %, followed by 

annealing at 150, 200, 300, 400 and 500 oC for 30 minutes. 
 
CONCLUSIONS 
 The results of the observation on Cu-32%Zn can 
be concluded as follows: 
 
1. The level of deformation of 20 % majorly occured 

through slip mechanism. When the deformation was 
increased to 40 %, the mechanism was dominated by 
twinning and some shear band started to form. Further 
increase of deformation to 70 %, reduced twinning, 
which was replaced by shear band, and this followed by 
change of grain morphology from equiaxed to elongated 
structure.  

2. The annealing process after cold rolling resulted in 
recovery, recrystallization and grain growth. The higher 

the annealing temperature, the speedier the 
recrystalization process that followed by grain growth 
and reduction in hardness. Higher deformation level 
accelerated the recrystallization process.  

3. The hardness of material increased with the increase in 
level of deformation and decreased with higher 
annealing temperature. 

 
ACKNOWLEDGEMENT 

This research was funded by Advanced Research 
Grant (Hibah Penelitian Unggulan Perguruan Tinggi, 
PUPT) from Universitas Indonesia. IB is grateful for the 
provision of Domestic PhD Scholarship provided by the 
Ministry of Research, Technology and Higher Education, 
Republic of Indonesia. 
 
REFERENCES   
 
[1] Campbell J. 1991. Casting. Butterworth-Heinemann. 

Linacre House. Jordan Hill. Oxford OX2 8DP. 

[2] Taha M.A., El-Mahallawy N.A., Hammouda R.M., 
Moussa T.M., Gheith M.H.  2012. Machinability 
characteristics of the lead free-silicon brass alloys as 
correlated with microstructure and mechanical 
properties.  Ain Shams Eng. J. 3: 383-392. 

[3] Shafiei A., Roshanghias A., Abbaszadeh H., Akbari 
G.H. 2010. An Investigation into the effect of alloying 
elements on the recrystallization behavior of 70/30 
brass.  J. of Mat. Eng. And Performance. 19(4): 553-
557. 

[4] Oishi K., Sasaki I., Otani J., 2003. Effect of silicon 
addition on grain refinement of copper alloys. Mat. 
Lett. 57: 2280-2286. 

[5] Yan H., Zhao X., Jia N., Zheng Y., He T. 2014. 
Influence of shear banding on the formation of brass-
type textures in polycrystalline fcc metals with low 
stacking fault energy. J. Mater. Sci. Technol. 30 (4): 
408-416. 

[6] El- Danaf E., Kalidindi S.R., Dohert R.D. 2001. 
Influence of deformation path on the strain hardening 
behavior and microstructural evolution in low SFE 
FCC metal. Int.J. Plast 17: 1245-1265. 

[7] El- Danaf E., Kalidindi S.R., Dohert R.D. 1999. 
Influence of stacking fault energy and grain size on 
deformation twinning in low SFE FCC metall. Trans. 
A 30A: 1223-1233. 



                               VOL. 11, NO. 4, FEBRUARY 2016                                                                                                            ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                               2745 

[8] Salari M., Akbarzadeh A. 2007. Effect of 
microstructural inhomogeneities on texture Evolution 
in 90-10 brass sheets. J. of Mat. Proc. Tech. 182: 440-
444. 

[9] Anand D., Kumar D.R. 2014, Effect of thickness and 
grain size on flow stress of very thin brass Sheets. 
Proc. Mat. Sci. 6: 154 – 160. 

[10] Nestorovic S. 2004. Influence of deformation degree 
at cold-rolling on the anneal hardening effect in 
sintered copper-based alloys. J. of Mining and metall. 
40B: 101-109. 

[11] Hajizadeh K., Tajally M., Emadoddin E., Borhani, E. 
2014. Study of texture, anisotropy and formability of 
cartridge brass sheets. J. of Ally and Comp. 588: 690-
696. 

[12] Hu H., Cline R.S., 1988. On the mechanism of texture 
transition in face centered cubic metal. Text. And 
Micros. 8 and 9: 191-206. 

[13] Omotoyinbo J.A., Aribo S. 2009. Effect of stress 
relief annealing and homogenizing annealing on the 
microstructure and mechanical properties of cast 
brass. The Pac. J. of Sci. and Tech. 10 (1):15-19. 


