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The CuZn10 alloy, a prominent brass variant known for its excellent cold formability, corrosion re-
sistance, and suitability for various cold forming processes such as bending and stamping, finds 
widespread application across numerous industries. Optimizing its performance for specific industrial 
demands necessitates a thorough understanding of how different preparation technologies influence its 
intrinsic properties. This study provides a comprehensive examination into the impact of various proces-
sing routes on both the structural evolution and mechanical characteristics of deep-drawing CuZn10 
brass. Utilizing advanced analytical techniques, including Electron Backscatter Diffraction (EBSD) ana-
lysis, the research systematically investigates microstructural changes, grain orientation, and texture de-
velopment resulting from distinct manufacturing processes. The findings delineate clear correlations 
between specific preparation methodologies and the resulting mechanical properties, such as hardness, 
strength, and ductility. This work aims to establish a foundational understanding that can guide in-
dustrial practitioners in selecting optimal processing technologies to tailor CuZn10 alloy for enhanced 
performance and efficiency in its diverse applications. The insights gained are critical for refining manu-
facturing protocols and improving material quality in an industrial context. 
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 Introduction 

CuZn10 is a copper alloy containing 10% zinc 
(brass) and is one of the strengthened copper alloys. 
CuZn10 has very good cold formability and is suitable 
for bending, stamping and other cold forming pro-
cesses. The alloy can be soldered or welded. As the 
zinc content increases, strength increases, but conduc-
tivity and ductility decrease. CuZn10 has good corro-
sion resistence, high hardness, strength and duktility, 
which is used in many industry sectors, such as auto-
motive, energy and military industry [1-3].  

This alloy can be processed using several technol-
ogies. The copper alloy is first melted in an electric 
crucible furnace at a temperature of 1,050 °C. After 
the copper has melted, the required amount of zinc is 
added to the alloy, in this case around 10%. A very 
small amount of additional zinc may then be added to 
the brass alloy to compensate for the evaporation of 
zinc during the melting process. The molten metal is 
poured into a mold, which can be made of various ma-
terials such as sand and is designed to create the de-
sired shape of the final casting. In this prepared mold, 
the molten metal then solidifies and becomes an ingot 
[4,5]. The introduction of a modern production pro-
cess in the field of continuous casting allows to have a 
brass ingot that is highly homogeneous and has a top 

quality that guarantees higher customer satisfaction. 
Castings can be obtained by using casting technologies 
that include, for example, pressure casting, gravity 
casting and continuous casting [6].  

The initial heterogeneous structure, in which de-
fects such as voids, porosity, segregation can often oc-
cur, is formed by large columnar grains. These grains 
must be changed by a hot rolling process that breaks 
the grain boundaries and forms new grains with 
stronger grain boundaries and a uniform material 
structure [7, 8]. Hot rolling of the CuZn10 alloy must 
be carried out by heating the alloy above the recrystal-
lization temperature and then deforming it in rolls to 
the desired shape. The ingots are heated above the de-
sired recrystallization temperature in a furnace. These 
hot ingots are then passed over steel rolls, the surface 
of which can be cooled with running water to reduce 
the thickness of the brass. During this operation, the 
overall length of the brass is also increased [9]. After 
cooling, the brass is then passed through a milling ma-
chine also known as a Scalper. This machine removes 
the outer coating of brass, which can be tarnished due 
to oxides formed when the metal is exposed to air. 

Cold rolling is performed on a metal below its 
recrystallization temperature (usually at room tempe-
rature), which increases the strength by strain harde-
ning by up to 20%. Common cold-rolled products are  
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sheets, strips and bars. These products can usually be 
rolled to much thinner thicknesses than would be pos-
sible with hot-rolling [10-12]. If hot-rolled brass be-
gins to solidify, it loses its ductility, and therefore must 
be heated to a certain temperature before further 
rolling, at which it becomes more ductile again. This 
process is called annealing. For the CuZn10 alloy, the 
first annealing time is 10 minutes at a temperature of 
650 °C, followed by a second annealing time of 7 
hours and a temperature of 450 °C, based on a study 
by Yilmaz S. In general, the CuZn10 alloy can be an-
nealed in the temperature range of 450 to 680 °C  
[13-16]. 

Larger pieces of hot-rolled brass can be placed in a 
sealed furnace and annealed together. Smaller pieces 
can be placed on a conveyor belt and fed continuously 
through the furnace with an airtight closure at each 
end. 
In both methods, the atmosphere inside the furnace is 
a neutral gas such as nitrogen to prevent the brass 
from reacting with oxygen and forming undesirable 
oxides on its surface [17]. 

The annealed pieces of brass are then passed 
through another set of rolls to further reduce their 
thickness. This process is called cold rolling. Cold 
rolling deforms the internal structure of the brass at 
the grain level and increases its strength and hardness. 
The more the thickness is reduced, the stronger and 
harder the material becomes. In some operations, the 
pieces of brass are joined together into one long con-
tinuous sheet and passed through a series of annealing 
furnaces and rolls arranged in series. At this point, the 
wide sheets can be cut into narrower sections to pro-
duce a brass strip. The strip can then be subjected to 
an acid bath and rinsed to clean it [18]. 

Deep drawing of brass is a complex process that 
requires the design and preparation of a die. The pro-
cess involves stretching the blanks and then transfer-
ring them to a die that is to be cut into the desired 
shape. Deep drawing of brass is used in many indus-
tries, including cartridge case manufacturing, musical 
instruments, and plumbing applications. When pre-
paring for deep drawing of brass, several factors must 
be considered, such as the thickness of the brass, the 
shape and size of the blank, the shape of the final 
product, the speed of the press, the radius, the draw 
ratio, the plastic deformation ratio, the surface finish 
of the die, the temperature of the die, and the lubri-
cant. The thickness of the brass blanks depends on the 
desired size and strength of the final product. Thicker 
brass blanks are inherently stiffer than thinner brass 
blanks—this allows the thicker blanks to hold to-
gether better during the deep drawing process. Exces-
sive friction can also disrupt the deep drawing process. 
If the friction during the process is too large, uneven 
forming or breakage is likely to occur. To prevent this, 
it is necessary to select the right type of lubricant. The 
draw ratio is one of the most important factors to  

consider when deep drawing CuZn10 brass. This ratio 
is defined as the difference between the draw bar and 
the size of the blank [19-21]. 

 Experimental 

Four strips were received from Povrly Copper In-
dustries a.s., each prepared using a different technol-
ogy. The first sample was a cast strip only (Fig. 1), the 
second was a hot-rolled sample (Fig. 2), the third sam-
ple was processed by cold rolling (Fig. 3), and the 
fourth sample was processed by cold rolling twice and 
then annealed at 500 °C for 1 hour, thus also investi-
gating the effect of annealing on the microstructure 
and hardness of the alloy. 

 

Fig. 1 Sample prepared by casting 

 

Fig. 2 Sample prepared by hot-rolling  

 

Fig. 3 Sample prepared by cold-rolling 
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The samples were cut on a Struers Lobotom-5 
metallographic saw and a Struers Secotom-20 auto-
matic cutting saw. After cutting, the samples were em-
bedded with a mixture of blue acrylic powder medium 
VariDur. The embedded samples were then ground 
on a Saphir 360 polisher. A series of grinding wheels 
with different grits, specifically from P80 to P4000, 
were used for this process. After grinding was com-
pleted, each sample was polished on polishing wheels, 
with two different diamond polycrystalline polishing 
suspensions (particle sizes 3 and 1 μm) being applied 

in turn. 
Polishing and etching were performed on a fully 

automatic KrisTall 620 polisher. This equipment uses 
electrolytic processes with prescribed electric current 
and voltage. 50% phosphoric acid was chosen as the 
etching medium. The conditions of electrolytic polish-
ing and etching were chosen according to previous ex-
perience with polishing and etching of brass and the 
voltage and current values used for individual samples 
are shown in Table 1. Polishing and etching were al-
ways performed for 30 seconds.

Tab. 1 Values of electric currents and voltages during etching and polishing 
 Voltage [V] Current [A]  

Casting 1.5 2.6 Polishing 
 1.5 0.44 Etching 

Hot-rolling 1.5 3.0 Polishing 
 1.5 0.48 Etching 

Cold-rolling 1.5 3.5 Polishing 
 1.5 0.3 Etching 

Cold-rolling + annealing 1.5 3.4 Polishing 
 1.5 0.42 Etching 

 
After polishing and etching, the samples were ob-

served using an Olympus LEXT OLS 5100 laser con-
focal microscope. For a more detailed investigation of 
the microstructure of the samples, a Tescan Vega 3 
XMU scanning electron microscope was selected. 

The electron backscatter diffraction (EBSD) 
method was selected on the scanning electron micro-
scope to determine the grain size and their orientation. 
The copper indexing (cubic structure) was selected, 
the parameters of this phase are given in Tab. 2.  
All samples were placed at an angle of 70 °C to the  

detector (they were glued to a special holder) to be 
able to observe the Kikuchi lines emerging from the 
sample surface on a fluorescent phosphor screen. The 
acceleration voltage was 30 kV at a working distance 
of 15 mm, binning (matrix) 4x4 (in the case of rolled 
samples 2x2). The orientation of the samples is shown 
in Fig. 4. For all samples, maps of inverse pole figures 
in the direction of all three axes with the appropriate 
color keys, maps of dislocation density, grain bounda-
ries including twinning, and average grain size were 
measured.

Tab. 2 Parameters of indexed copper 

Phase a b c Alpha Beta Gamma Space group Database 

Copper 3.61Å 3.61Å 3.61Å 90.00° 90.00° 90.00° 225 HKL 

 

 

Fig. 4 Orientation and coordinate system of sample axes for 
EBSD 

 Results and discussion 

 Microstructure of the samples 

First, the samples were observed on an Olympus 
LEXT OLS 5100 laser confocal microscope in order 
to observe the largest possible area. The microstruc-
ture of the sample after casting is shown in Fig. 5. The 
figure shows that the microstructure consists of large 
grains, which are not visible in their entirety even at 
the lowest magnification of the microscope. For this 
reason, it is not possible to describe the grain bound-
aries and grain size.  

After hot rolling (see Fig. 6) the etched structure is 
more pronounced and the individual grains are better 
visible. The individual grain boundaries, including 
twinning, are also very pronounced in the picture. 
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Fig. 5 Microstructure of the sample after casting 

 

Fig. 6 Microstructure of the sample after hot-rolling 
 
During the cold rolling process, the individual 

grains of the material are stretched in the direction in 
which the rolling is carried out. This process causes 
the grains in the material to undergo significant defor-
mation. As a result of this deformation, the grain 
boundaries become less visible (see Fig. 7). During the 
cold rolling, the stretched grains in the rolling direc-
tion are again visible. In addition, there is also a 
strongly deformed structure. This structural defor-
mation is caused by the deformation of the CuZn10 
lattice.  

The sample that underwent the annealing process 
should exhibit clearly visible grain boundaries; how-
ever, as shown in Fig. 8, the grain boundaries are less 
distinct, with only faint traces visible. This was caused 
by insufficient sample preparation prior to measure-
ment. 

 

Fig. 7 Microstructure of the sample after cold-rolling 

 

Fig. 8 Microstructure of the sample after cold-rolling + anne-
aling 

 EBSD analysis 

Fig. 9 shows the sample after casting with the area 
selected for EBSD analysis. Figures 10, 11 and 12 
show the inverse pole figure maps in the direction of 
the individual axes for this sample. Since the grains are 
huge and cannot be included in one image, the follow-
ing information may be inaccurate. The individual 
grains are randomly oriented with a preferential direc-
tion in the <111> direction parallel to the x-axis. This 
is confirmed by Figure 13. The grain boundaries were 
divided into low-angle (5–15°) and high-angle (above 
15°). The selected area of the sample contains most of 
the high-angle grain boundaries (see Figure 14) and no 
twinning, which occurs in the <111> direction in the 
fcc structure. A GND Density map was also created 
in combination with a grain boundary map (see Fig. 
15) to investigate the dislocation concentration. The 
dislocation density in the selected area of the sample 
ranges from values close to zero (places marked in 
dark blue in Fig. 15) to values of approximately 
1.5·1014/m2 (places in light green). 



June 2025, Vol. 25, No. 3 MANUFACTURING TECHNOLOGY 
ISSN 1213–2489 

e-ISSN 2787–9402 

 

indexed on http://www.webofscience.com and http://www.scopus.com 322  

 

Fig. 9 Sample area selected for EBSD analysis (sample after 
casting) 

 

Fig. 10 Inverse pole figure map, axis x (sample after casting) 

 

Fig. 11 Inverse pole figure map, axis y (sample after casting) 

 

Fig. 12 Inverse pole figure map, axis z (sample after casting) 

 

Fig. 13 Inverse pole images for all three axes for the sample after casting 
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Fig. 14 Grain boundaries including twinning in the sample 
after casting 

 

Fig. 15 GND density of the sample after casting 
 
Figure 16 shows the sample after hot-rolling with 

the area selected for EBSD analysis. Figures 17, 18 and 
19 show the inverse pole figure maps in the direction 
of the individual axes for the sample after hot-rolling. 
The individual grains are randomly oriented, however, 
a slight preferential direction in the <001> direction 
parallel to the x and y axes is visible (red grains in Fig-
ures 18 and 19). This is also confirmed in Figure 20. 
The grain boundaries were divided into low-angle (5–
15°) and high-angle (above 15°). In the selected area 
of the sample, 1.85% of low-angle and 98.15% of 
high-angle grain boundaries are found (see Figure 21). 
For a more detailed description of the grain bounda-
ries, special grain boundaries were also examined on 

the sample, where twins are included (see Figure 21). 
Twinning in the fcc structure occurs in the <111> di-
rection. 

Twins are shown in red in Figure 16 and reach 
61.1% of all grain boundaries found in the structure. 
A GND Density map was also created in combination 
with the grain boundary map (see Figure 22) to inves-
tigate the dislocation concentration. The dislocation 
density in a selected area of the sample after hot-roll-
ing ranges from values close to zero (areas marked in 
dark blue in Figure 22) to values of approximately 
2·1014/m2 (light green). In most grains, the dislocation 
density is almost zero, only in selected grains (parts of 
grains with green area) is the dislocation density 
higher. The average grain size is 25.8 μm (see Figure 
23). 

 

Fig. 16 Sample area selected for EBSD analysis (sample af-
ter hot-rolling) 

 

Fig. 17 Inverse pole figure map, axis x (sample after hot-
rolling) 
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Fig. 18 Inverse pole figure map, axis y (sample after hot-
rolling) 

 

Fig. 19 Inverse pole figure map, axis z (sample after hot-
rolling) 

 

Fig. 20 Inverse pole images for all three axes for the sample after hot-rolling 

 

Fig. 21 Grain boundaries including twinning in the sample 
after hot-rolling 

 

Fig. 22 GND density of the sample after hot-rolling 
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Fig. 23 Grain size of the sample after hot-rolling 
 

 

Fig. 24 Sample area selected for EBSD analysis (sample af-
ter cold-rolling)  

 
Figure 24 shows sample after cold-rolling with the 

area selected for EBSD analysis. Figures 25, 26 and 27 
show the inverse pole figure maps in the direction of 
each axis for sample after cold-rolling. The individual 
grains are elongated in the rolling direction. The black 
areas in these figures indicate that the samples are 
heavily deformed and textured, and in the areas where 
the microscope does not pick up the signal (black 
area), the copper lattice has been severely deformed 
and no longer picks up the signal according to the cop-

per parameters given in Table 2. However, a preferen-
tial direction is seen in the <111> direction parallel to 
the x-axis and <101> parallel to the y-axis (the dark 
blue grains in Figure 24 and the light green in Figure 
26 predominate). 

This is confirmed by Figure 28. Due to the texture 
and deformed structure, the exact values of grain 
boundaries and twinning cannot be determined. A 
GND Density map was also created in combination 
with the grain boundary map (see Figure 28) to inves-
tigate the dislocation concentration. The dislocation 
density in the selected area is significantly higher than 
in the Casting and Hot Rolling sample and in most 
grains is around 7·1014/m2. In some areas, the disloca-
tion density is even above 11·1014/m2. The average 
grain size cannot be determined in this case. 

 

Fig. 25 Inverse pole figure map, axis x (sample after cold-
rolling) 
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Fig. 26 Inverse pole figure map, axis y (sample after cold-
rolling) 

 

Fig. 27 Inverse pole figure map, axis z (sample after cold-
rolling) 

 

Fig. 28 Inverse pole images for all three axes for the sample after cold-rolling 

 

Fig. 29 GND density of the sample after cold-rolling 
 
Figure 30 shows the sample after cold-rolling + an-

nealing with the area selected for EBSD analysis. Fig-
ures 31, 32 and 33 show the inverse pole figure maps 
in the direction of the individual axes for the sample 

after cold-rolling + annealing. The individual grains 
are randomly oriented and a slight preferential direc-
tion in the <001> direction parallel to the z axis is vis-
ible (the red grains in Figure 33 predominate). This is 
also confirmed in Figure 34. The grain boundaries 
were divided into low-angle (5–15°) and high-angle 
(above 15°). In the selected area of the sample, 2.46% 
of low-angle and 97.54% of high-angle grain bounda-
ries are found (see Figure 35). For a more detailed de-
scription of the grain boundaries, special grain bound-
aries were also examined on the sample, where twins 
are included. Twinning in the fcc structure occurs in 
the <111> direction. Twins are shown in red in the 
figure and account for 55.8% of all grain boundaries 
in the structure. A GND Density map was also created 
in combination with the grain boundary map (see Fig. 
36) to investigate the dislocation concentration. The 
dislocation density in the selected area of the sample 
after cold-rolling + annealing is zero in most grains, 
reaching a value of approximately 2·1014/m2 in the 
light green areas. The average grain size is 18.1 μm, see 
Fig. 37. 
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Fig. 30 Sample area selected for EBSD analysis (sample af-
ter cold-rolling + annealing) 

 

Fig. 31 Inverse pole figure map, axis x (sample after cold-
rolling + annealing) 

 

Fig. 32 Inverse pole figure map, axis y (sample after cold-
rolling + annealing) 

 

Fig. 33 Inverse pole figure map, axis z (sample after cold-
rolling + annealing) 

 

Fig. 34 Inverse pole images for all three axes for the sample after cold-rolling + annealing 
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Fig. 35 Grain boundaries including twinning in the sample 
after cold-rolling + annealing 

 

Fig. 36 GND density of the sample after cold-rolling + an-
nealing 

 

Fig. 37 Grain size of the sample after cold-rolling + annea-
ling 

 Hardness of the samples 

For the hardness test of CuZn10 alloy, the Vickers 
microhardness test was chosen, which uses a diamond 
pyramid with an apex angle of 136 degrees as an in-
denter. For this type of material, a load of 0.1 kg (100 
g) and an indenter time of 10 seconds were chosen as 
input parameters. The microhardness was examined 
on samples with various technological treatments, 
which included casting, hot rolling, first cold rolling, 
second cold rolling and annealing. On each of these 
samples, 10 measurements were made at different lo-
cations of the sample so that the results were as ob-
jective as possible. This microhardness measurement 
was performed on a Shimadzu HMV-2 hardness  
tester. 

The arithmetic mean and standard deviation of the 
determined microhardness values were subsequently 
calculated. The microhardness for casting reaches 
63.35 HV 0.1, for hot-rolling 60.24 HV 0.1, for cold-
rolling 162.3 HV 0.1, and for annealing 80.87 HV 0.1. 
Individual measurements including arithmetic mean 
and standard deviations are shown in Table 3.

Tab. 3 Vickers microhardness measurement values 
 Casting Hot-rolling Cold-rolling Cold-rolling + annealing 

 61.9 58.9 164 85.7 

 63.9 56.6 156 84.2 

 66.3 58.9 160 89.5 

 62.9 57.1 162 87.2 

 67.0 62.9 161 77.5 

 64.2 62.9 168 75.7 

 63.9 66.3 161 74.9 

 62.3 60.1 157 75.7 

 61.9 60.4 169 81.2 

 59.2 58.3 165 77.1 

Average hardness 63.35 60.24 162.30 80.87 

Standard deviation 2.26 3.01 4.27 5.41 
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When examining a sample that has been processed 

by hot-rolling above the recrystallization temperature, 

the resistance to deformation decreases, grain boun-

daries disappear and new grains are formed. Further-

more, the ductility increases, toughness and internal 

stress in the material decrease. Thus, the microhard-

ness decreases, as can be seen in the measured values 

in Tab. 3. 

The microhardness values of the samples after the 

cold-rolling show a sharp increase, which is caused by 

plastic deformation in the cold, for which higher 

microhardness is typical because the grains elongate in 

the direction of plastic deformation and the internal 

stress also increases here, which leads to strengthe-

ning. 

In the annealed sample (500 °C for 1 hour), the 

microhardness decreased by about half, which may 

also be caused by a slight change in the crystal 

structure, and mainly due to the release of internal 

stresses in the material under investigation in our case 

CuZn10. 

 Conclusion 

The results showed that the processing technology 

has a significant effect on the microhardness of the 

alloy. The highest microhardness values were rec-

orded for samples that underwent the cold-rolling 

process, while the lowest values were recorded for 

samples that underwent the casting and hot-rolling 

process. 

Microstructure analysis showed that the processing 

technology also affects the size and orientation of the 

grains. The cast samples without subsequent treat-

ment showed large grains. During hot-rolling, the 

grain size had already decreased. Subsequent cold-roll-

ing caused the grains to stretch in the rolling direction 

and significantly strengthened the grains and formed a 

deformation structure (there were significantly more 

dislocations in the samples). After annealing the cold 

rolled samples, there was a significant reduction in the 

grains and the removal of stress in the material, as well 

as the removal of dislocations. 
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