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ABSTRACT

Purpose: Purpose of this paper is to determine the effect of Equal Channel Angular Pressing (ECAP) processing 
on the microstructure and hardness of α+β brasses. The effect of deformation temperature and number of passes 
was investigated particularly on the shape and size of grains of both phases.
Design/methodology/approach: The specially constructed channel with 90° pressing angle, allowing 
heating of the tool with the sample was used for ECAP processing. The grain size was investigated using optical 
and transmission electron microscopy. The hardness and measurements microhardness were used to determine the 
effect of ECAP on the hardness of both phases.
Findings: Significant grain refinement down to 300 nm from the initial 20 mm was observed after ECAP 
processing at 300°C. At 400°C grain refinement occurred down to 1-3 mm. Frequent microtwins were observed 
within α phase. The microhardness of the β phase  was higher than that of α phase, 235 HV and 173 HV 
respectively.
Research limitations/implications: The limitation is a size of the sample which makes difficult future 
applications. Another one is elevated temperature (minimum 300°C) otherwise the samples forms crack. This 
limits also the grain refinement which is above the range of nanomaterials.
Practical implications: Significant grain refinement allows to increase the hardness and strength of the sample 
preserving a good plasticity. The limitation is the size of the channel what limits the application. The material could 
be used in such cases when high strength of brasses is needed with sufficient plasticity and good conductivity.
Originality/value: In this paper detailed TEM studies were performed for α+β brasses showing high density of 
microtwins and higher density of dislocations within α phase, than in the β phase. Higher hardness of the β phase 
results from the ordering, which hinder deformation of this phase.
Keywords: ECAP; Severe plastic deformation; Ultra-fine grained materials; α+β brasses; CuZnPb alloys
Reference to this paper should be given in the following way: 
J. Dutkiewicz, F. Masdeu, P. Malczewski, A. Kukuła, Microstructure and properties of α+β brass after ECAP 
processing, Archives of Materials Science and Engineering 39/2 (2009) 80-83.

MATERIALS

1. Introduction 
 
Equal Channel Angular Pressing (ECAP) was used by several 

authors to obtain significant grain refinement in copper and brass 
[1-13]. In the paper of Neishi et al., [3] authors studied 
superplastic deformation in two phase brass Cu-40% Zn possible 
at relatively low temperature due to application of severe plastic 
deformation (SPD). Already after one ECAP pass at 400ºC 
authors obtained significant grain refinement of α and β phases 
down to about 1 µm. Neishi and coauthors [3, 4] proved that it is 
possible to obtain superplastic properties after ECAP processing 
due to formation of large number of nuclei for phase transition 
and consequently small grain size. After the 1st ECAP pass it was 
possible to obtain superplastic deformation of 640% at the 
temperature of 400ºC. In the next work [4] Neishi et al., described 
superplastic deformation Cu-Zn-Sn alloy subjected to ECAP 
processing at temperature of 400ºC. Authors have shown 
heterogeneous microstructure of investigated alloys consisting of 
recrystallized and not recrystallized areas.  In the recrystallized 
parts the grain size was estimated at 1.5 µm. However like in the 
case of copper [1] cavities formed during deformation tests.  
 
 

2. Experimental material and procedures  
 

The brass of composition Cu 61.2 wt% Zn37.3 wt% and Pb 
1.5 wt%, rest copper (corresponding to MO60) was supplied in 
the form of hot pressed rods. Structure was investigated using 
optical microscope Leica DM-IRM, samples for metallographic 
examination were prepared by conventional techniques. The 
specimens were etched in the electrolyte 10 cm3 HCl, 5g FeCl3, 
50 cm3 C2H5OH and 50 cm3 H2O. Microstructure was investigated 
using transmission electron microscope (TEM) Philips CM20. 
Thin foils were prepared by electropolishing in the electrolyte 
consisting of 1/3 HNO3 and 2/3 CH3OH at subzero temperatures. 
Microhardness of α and β w phases was investigated using Micro 
– Hardness Tester CSM Instruments with Indentation software. 
The load was used in the range of 0.05 - 30 N. The ECAP 
processing included sequence of sample orientation changes after 
each pass as shown in Fig. 1. The variant B was used with 90o 
rotation after each pass.  

 

 
 
Fig. 1. Scheme of the sequence of sample rotation used between 
particular passes marked as A, B and C 
 

In the frame of present investigations 3 samples were processed 
using ECAP: Sample 1- two passes at 400oC corresponding to B 
scheme, Sample 2 – 1 pass at 400ºC followed by the second one at 

300ºC, Sample 3: single pass at 300ºC. The technological 
parameters used during ECAP processing are summarized in the 
Table 1. The hydraulic press of maximum capacity 400 kN was 
used at the deformation rate between 5.6 – 6.7 mm/min. 
 
Table 1.  
Technological parameters used In ECAP processing 

 Temperature 
[oC] 

Strain rate 
[mm/min] 

Load 
[t] 

400 5.6 4-4.5 Sample 1 400 6.8 3.6 
400 6.3 3.8-4.5 Sample 2 300 6.7 4 

Sample 3 300 6.8 4-4.2 
 
 
3. Results 
 
3.1. Optical microscopy 

 
Fig. 2 shows optical microstructure from the investigated 

 brass in the initial stage. One can see 3 types of phases: 
dominating  phase, which contribute to about 70% of the sample 
area, phase visible as slightly darker, of estimated fraction near 
30% and the smallest particles of lead of less than 1%. The largest 
grains are that of the  phase of the average size near 20 m and 
that of the phase slightly below 10 m. From the shape of 
grains one can see that the initial material was in the as annealed 
condition. Fig. 3 shows optical microstructure taken from the 
sample 2 after 1st pass at 400oC and the second at 300oC. One can 
see that the shape of grains of both phases  and is more 
elongated, and some dark details can be seen within  phase. 
However, not basic differences in the grain size can be seen, what 
is astonishing in comparison to works of Neishi [3,4].   
 

 
 
Fig. 2. Optical microstructure of investigated α+β brass in the 
initial annealed stage 
 
3.2. Transmission electron microscopy 
 

Twice ECAP pressing allowed to obtain a fine grain size 
structure, however not nanocrystalline, as results from TEM shown, 
what is in agreement with observations of Neishi et al. [3, 4]. The 
grains are elongated along the pressing direction, however in optical 
micrographs it was not possible to determine the existence of a low 
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angle grain boundaries. The optical microscopy allowed to state that 
the highest degree of deformation was in the central part of the 
sample, while in the starting part and at the end of the sample 
deformation manifested by grain shape change was much smaller. 
Microstructures obtained using transmission electron microscopy 
from the ECAP pressed α+β brass allowed to determine much more 
structural details than using optical microscopy. Fig. 4 shows a 
TEM micrograph taken from the sample 2 after two passes. One can 
see dark grain of size slightly larger than 1 m in the reflecting 
condition. Selected area diffraction pattern (SADP) from this grain 
indicates that it is  phase at [001] zone axis orientation.  

Diffraction pattern (Fig. 4b) indicates that it is B2 ordered phase. 
It is surrounded by slightly smaller grains of the  phase on the right 
side as results from the frequent microtwins existing within grains. 
Small changes in the contrast indicate most probably small 
differences in orientation. 
 

 
 
Fig. 3. Optical microstructure of Sample 2 (ECAP at 400oC, then 
300ºC) – picture from the middle part of the sample 
 

0,5 m 

a 

 

                          
 

Fig. 4. Sample 2 after two ECAP passes (a) TEM micrograph (b) 
electron diffraction pattern 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Sample 2 after two ECAP passes (a) TEM micrograph (b) 
electron diffraction pattern 
 

Both phases show rather high dislocation density, however that 
in the  phase seems to be higher. Fig. 5 shows a microstructure of 
the sample 2 where in the central part high density of twins in the  
phase can be seen SADP from this area is presented in Fig. 5b. One 
can see a twin orientation at [110] zone axis orientation. The 
twinning plane (111) is marked in the SADP and it can be seen that 
it is perpendicular to the lines representing twin boundaries.  
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Fig. 6. Sample 2 after two ECAP passes (a) TEM micrograph (b) 
electron diffraction pattern 
 

Deformation twins formed in a larger grain can be seen in Fig. 6. 
One can see that their thickness is very small from 50 – 200 nm and 
they are bent due to plastic deformation of twins during ECAP. 
Deformation of twins can be seen also in SADP as extension of spots 
along Debye-Scherrer rings. The microstructure in the central part is 
rather non-homogeneous and there are also places like those shown in 
Fig. 7, where fine grains are equiaxial of size less than 0.5 m. SADP 

b

b 

 

0,5 m 
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from this area shows rings of reflections from  and grains, typical 
for ultra fine grain materials. The hardness and microhardness 
measurements, which were performed for the brass in the initial stage 
and after various stages of ECAP at 400oC, showed increase of 
hardness after application ECAP. The increase of hardness is more 
pronounced in the sample 2 than in the sample 1 where the second 
pass was at 300oC, as compared to 400oC in the sample 1. The 
difference between average hardness of deformed and non-deformed 
state is about 40HV. The sample 3 where only one pass at 300oC was 
done show a similar hardness increase like sample 2, with 2 passes at 
400 and then 300oC. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Sample 2 after two ECAP passes (a) TEM micrograph (b) 
electron diffraction pattern 
 

Microhardness studies of the α + β brass in the initial stage 
show higher hardness and Young’s modulus for the β phase than 
for the  phase (respectively  - 235 HV and E = 162 GPa as 
compared to α phase - 173 HV and E = 131 GPa). It results from 
the ordering of the β phase below 400ºC. Results of the 
microhardness studies after ECAP, show that the average 
hardness increases of the  phase from 173 to 235 HV, and 
Young modulus from 143 to 203 GPa. Due to narrow elongated 
shape of  phase, its microhardness could not be determined. 

 
4. Conclusions 
 
1) ECAP hot pressing at 400oC of α + β brasses causes 

elongation of grains of both phases and their refinement down 
to several m. Additional ECAP hot pressing at 300oC causes 
further grain refinement to the range from 0.3 to 1.5 m. 

2) In the α phase after ECAP hot pressing at 300oC frequent 
microtwins (of thickness from 50 to 200 nm) were observed and 
relatively high dislocation density, higher than in the β phase. 

3) In the initial stage β phase show higher hardness and Young’s 
modulus than for the  phase (HV  = 235 HV and HVα phase 
-173 HV). After ECAP the average hardness of the  phase 
increases from 173 to 235 HV. 

 

Acknowledgements 
 
The financing from the Pedagogical University research 

finances and from the research Project Hiszpania 122/2006 is 
gratefully acknowledged . 

 

References 
 
[1] T. Kvackaj, R. Koćisko, M.Besterci, T. Donic, I. Pokorny,  

T. Kuskulic, K. Suileiova, M. Molnarova, A. Kovacova,  
M. Kvackaj, Influence of SPD by ECAP on Cu Properties, 
Proceedings of the Scientific International Conference 
“Problems of modern techniques in engineering and 
education”, 2008, 95-100. 

[2] S. Rusz, K. Malaník, Using severe plastic deformation to prepare 
of ultra fine - grained materials by ECAP method, Archives of 
Materials Science and Engineering 28/11 (2007) 683-686. 

[3] K, Neishi, T, Uchida, A. Yamauchi, K, Nakamura, 
Z, Horita, T.G. Langdon, Low-temperature superplasticity in 
a Cu-Zn-Sn alloy processed by severe plastic deformation, 
Materials Science and Engineering A307 (2001) 23-28. 

[4] K. Neishi, Z. Horita, T.G. Langdon, Achieving super-
plasticity in a Cu – 40%Zn alloy through severe plastic 
deformation, Scripta Materialia 45 (2001) 965-970. 

[5] J. Cai, S. Shekhar, J. Wang, M. Ravi Shankar, Nanotwinned 
microstructures from low stacking fault energy brass by high 
– rate severe plastic deformation, Scripta Materialia 60 
(2009) 599-602. 

[6] J. Kuśnierz, Microstructure and texture evolving under 
Equal Channel Angular (ECA) Processing, Archives of 
Metallurgy 45 (2001) 375-384. 

[7] J. Kuśnierz, J. Bogucka, Effect of ECAP processing on the 
properties of cold rolled copper, Archives of Metallurgy 48 
(2003) 173-182. 

[8] H. Xiao, N.R. Tao, K. Lu, Microstructures and mechanical 
properties of a Cu-Zn alloy subjected to cryogenic dynamic 
plastic deformation, Materials Science and Engineering A 
513-514 (2009) 13-21. 

[9] J. Kuśnierz, J. Bogucka, W. Baliga, Influence of ECAP 
mode C on the properties of cold rolled Al and Cu sheets, 
Materials Engineering 3/140 (2004) 375-384.  

[10] T. Kvackaj. V. Vrchovinsky, I. Pokorny, I. Mamuzic, 
Nanostructural formation by severe plastic deformation, 
Metalurgija 44 (2005) 49-51. 

[11] V. Subramanya Sarma, K. Sivaprasad, D. Sturm,  
M. Heilmaier, Microstructure and mechanical properties of 
ultra fine grained Cu-Zn and Cu-Al. alloys produced by 
cryorolling and annealing, Materials Science and 
Engineering A 489 (2008) 253-258. 

[12] A.P. Zhilyaev, A.A. Gimazov, G.I. Raab, T.G. Langdon, 
Using high-pressure torsion for the cold-consolidation of 
copper chips produced by machining, Materials Science and 
Engineering A 486 (2008) 123-126. 

[13] M. Greger, R. Kocich, L. Čížek, L.A. Dobrzański, 
M. Widomská, Influence of ECAP technology on the metal 
structures and properties, Archives of Materials Science and 
Engineering 27 (2007) 709-716. 

 

0,5 m 

a 

b 

http://www.archivesmse.org
http://www.archivesmse.org
http://www.archivesmse.org
http://www.archivesmse.org
http://www.archivesmse.org


83

Microstructure and properties of α + β brass after ECAP processing

Volume 39    Issue 2    October 2009

angle grain boundaries. The optical microscopy allowed to state that 
the highest degree of deformation was in the central part of the 
sample, while in the starting part and at the end of the sample 
deformation manifested by grain shape change was much smaller. 
Microstructures obtained using transmission electron microscopy 
from the ECAP pressed α+β brass allowed to determine much more 
structural details than using optical microscopy. Fig. 4 shows a 
TEM micrograph taken from the sample 2 after two passes. One can 
see dark grain of size slightly larger than 1 m in the reflecting 
condition. Selected area diffraction pattern (SADP) from this grain 
indicates that it is  phase at [001] zone axis orientation.  

Diffraction pattern (Fig. 4b) indicates that it is B2 ordered phase. 
It is surrounded by slightly smaller grains of the  phase on the right 
side as results from the frequent microtwins existing within grains. 
Small changes in the contrast indicate most probably small 
differences in orientation. 
 

 
 
Fig. 3. Optical microstructure of Sample 2 (ECAP at 400oC, then 
300ºC) – picture from the middle part of the sample 
 

0,5 m 

a 

 

                          
 

Fig. 4. Sample 2 after two ECAP passes (a) TEM micrograph (b) 
electron diffraction pattern 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Sample 2 after two ECAP passes (a) TEM micrograph (b) 
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Fig. 6. Sample 2 after two ECAP passes (a) TEM micrograph (b) 
electron diffraction pattern 
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