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Abstract- The objective of this study is to investigate the effects of microstructure and mechanical properties like 
Tensile/Yield strength, ductility and Vickers hardness on brass alloys when subjected to annealing conditions. The results 
indicated improvement in ductility with successive annealing temperatures, by compromising strength and hardness. 
Microstructures of base metal as well as annealed samples were observed using Metallurgical microscope. Additionally, 
brass alloys with different lead concentrations were subjected to severe plastic deformation using ECAP process and the 
experiments indicated that the samples could not undergo shear deformation. The fracture surface of failed specimen has 
been studied using HITACHI S-3000H electron microscope. The electron images of the surface when subjected to EDS 
analysis, indicated lead segregation ahead of the crack tip. 
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I. INTRODUCTION 
 
Brass alloys being versatile in applications due to its 
formability, good corrosion resistance, good 
machinability, etc. is one of the prime interest for 
most of researchers. Generally brass is formable but 
in cast condition crystalline dendritic segregations are 
found which reduces ductility and toughness of cast 
brass. Dendritic inter crystalline segregation (which 
increases material’s susceptibility to brittle fracture) 
present in cast brass, were eliminated by stress relief 
annealing. Several scholars have reported study of 
annealing on mechanical properties as well. For 
instance, (Zuhal A. Kabash, Mar 2015) [1], reported 
that annealing did not have major effect on 
microstructure, but torsional properties like torsional 
strength, twisting angle have been improved with 
annealing temperatures. According to (J.A. 
Omotoyinbo, May 2009) [2], during homogenized 
annealing, redistribution of dislocations occur with no 
new sub grain boundaries being formed. Surplus 
vacancies were absorbed by the dislocation while the 
interstitial atoms were redistributed on heating.Also, 
reduction of vacancy concentration occurs due to the 
migration of vacancies to grain boundaries. Cu-Zn 
alloys have been widely used in applications where 
complex geometrical shapes are involved like 
utensils, doors, knobs, fireplace, handles, etc. having 
close dimensional tolerance.So, machinability 
character is most important aspect of this alloy. 
(G.Pantazopoulos, Apr 2002) [3] has done extensive 
studies on machinability of brass alloys and it is 
reported that lead content and lead particle 
distribution plays crucial role in machinability of the 
material. Insolubility of Pb in α or β phase was 
reported and distribution of Pb along grain 
boundaries was observed. It was also reported that 

with homogeneous finer lead particle distribution 
(less than 5µm), the chip breaking action during 
cutting processes became stronger and therefore the 
machinability was enhanced but the formability is 
decreased. 
Considering the different approaches, this study was 
formulated to focus on deformation behavior of Cu-
Zn alloy upon different annealing and cold working 
conditions and investigate the failure to undergo 
severe plastic deformation during ECAP process.  

 
II. EXPERIMENTAL PROCEDURE 
 
2.1. Material composition and Sample preparation 
Material used for this study is a brass alloy of 2 
different compositions as shown in Table 1. 
Compositional analysis was carried using Inductively 
coupled plasma optical emission spectroscopy (ICP-
OES). Mechanical testing as well as microstructure 
characterization were focused primarily on specimen 
A (mentioned in Table 1). Sample preparation for 
these tests were done according to ASTM standard 
specifications. Sample preparation for microstructure 
analysis involved cold-mounting followed by belt 
grinding along with emery paper polishing with 
increased grit sizes. Etching solution was prepared 
using Ferric chloride powders (25g)with 1% 
concentrated Nitric acid (HNO3) along with dilute 
water. 

 
Table1: (a) Elemental Composition of brass                      

Specimen A (wt %) 
 

 
Table 1: (b) Elemental Composition of brass                      

Specimen B (wt %) 
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2.2. Heat Treatment 

Annealing was carried out in a Box furnace on 
Specimen A (Table 1). Based on annealing 
temperatures, samples are grouped in four different 
categories and temperatures are controlled from 
450oC to 600oC. The process involves heating each 
corresponding sample to desired temperature 
followed by soaking the samples for 45 min 
(maintained constantly for all samples). The samples 
are then allowed to cool inside the furnace till it 
reaches the room temperature. Samples after heat 
treatment are subjected to tensile test, hardness test, 
severe plastic deformation and microstructural 
characterization. 
2.3. Tensile Test 
Tensile test for the samples are carried out using 
Hounsfield Tensometer. The samples were prepared 
according to ASTM E-8 standard specification shown 
in the figure 1(a). Initial gauge length and diameter 
are 24 mm 1and 6mm respectively. Prepared test 
samples are depicted in Fig 1(b). Maximum peak 
limit was set to 20KN. Readings are noted with the 
aid of videorecorder. Similar procedure was followed 
for each sample and their tensile and yield stress as 
well as their ductility values are tabulated 
 

 
Fig 1 (a): ASTM E8 standard tensile specimen 

 

 
Fig 1 (b):  Test sample prepared for Hounsfield tensometer 

 
2.4. Hardness Test 
Hardness of the samples (base as well as annealed) 
was measured using Vickers hardness test (VHN). 
Indenter used for Vickers test consist of a square base 
diamond pyramid, with the included angle of 136o 
between the opposite faces of pyramid and applied 
load was 10kgs over dwell time of 10s. 
2.5. ECAP Process 
ECAP process was performed in a die with channel 
angles of 90o and 120o. Samples were machined to 
11.9mm diameter. Brass alloys - A and B (Table 1) 
were subjected to ECAP though route-A at room 
temperature. Die geometry facilitates sample to 

undergo simple shear. Fig 2(a) shows photograph of 
ECAP die used and Fig 2(b) shows dimension of 
material undergoing ECAP process. Die channel 
angle is 120o and outer arc curvature is 20o and 
diameter of both die opening and punch are 11.9 mm. 
MoS2 lubricant was used inside die channels, billets 
and to the punch in order to reduce friction between 
punch, billets and the channels during the process.  
 

 
Fig 2(a): Photograph of ECAP dies; (b) dimension of prepared 

sample 
2.6. SEM and EDS 
Sample is cleaned and rinsed thoroughly with acetone 
before performing SEM. Vacuum enhanced SEM 
coupled with EDS measurements were performed 
using Hitachi S-3000H model SEM apparatus in 
order to investigate the origin of the crack. SEM 
images were taken at different magnifications and 
compositional analysis were made using EDS 
attachment at distinctive points focusing around the 
crack initiating zone.  
 
III. RESULTS AND DISCUSSION 
 
3.1. Mechanical properties 
Stress strain values were calculated based on 
recorded vales from Hounsfield tensometer and 
tensile curves were generated for annealed specimens 
depicted in Fig 3.It is noted from the graph that 
annealing has negative response on strength of brass 
alloy as with higher annealing temperatures, tensile 
and yield stress values decreases considerably. From 
the tensile data, yield stress and tensile strength 
values are extrapolated and are tabulated in Table 2. 

 

 
Fig 3: Tensile curves of annealed brass alloy specimens 
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Table 2: Strength values corresponding to successive annealing 

temperatures 

 
Maximum yield strength was observed at 450OC 
similar phenomenon was observed for UTS Vs 
annealing temperature. So, in order to achieve 
optimum strength after annealing, 450OC would be a 
better choice. Based on initial and final dimensional 
observations of tensile specimens, ductility 
measurements like percentage elongation and 
reduction in area can be calculated and are depicted 
in the chart given in Fig 4. 
 

 
Fig 4: Ductility measurements varying with annealed samples 

 
Both % elongation as well as reduction in area are 
measures of ductility. Since maximum elongation 
was observed at 600o, with greater reduction in area, 
it is reasonable to ascertain this temperature exhibits 
higher ductility. As the temperature increases, ductile 
behavior of sample also increases this was evidenced 
by the results obtained from the collected data.  
Vickers hardness was measured for subsequent 
annealed specimens at different locations, the values 
are then depicted in the graph below (Fig 5). Negative 
impact of annealing on hardness of brass alloys was 
observed.During annealing, at higher temperature, 
complete recrystallization occurs. When this occurs, 
it can spread to neighbouring grains in the metal; the 
grains merge and become larger, and thus material 
becomes softer than it was before heating. Hence as 
the annealing temperature increases, hardness 
decreases. 

 
 

Fig 5: Effect of annealing of brass alloy on VHN 

From table (2) and fig (3,4,5) we observe the 
mechanical properties deteriorates with increasing 
annealing temperatures.. It is also agreed that 
annealing promotes ductility and toughness and also 
mobility of atoms tend to increase upon annealing.  
 
3.2. Microstructure 

 
Fig 6 (a): Microstructure of base material (A), Annealed 

samples 4500(B), 5000(C), 6000 (E) 
 

 
Fig 6(b): Microstructure of Brass sample at 5500 (D) Annealed 

condition 
 

This type of microstructure comprises both α+β 
phases; the α phase being the copper solid solution 
with zinc, having a face-centred-cubic crystal lattice, 
while the β phase is the ordered nonstoichiometric 
compound CuZn with a body-centred-cubic (bcc) 
lattice. Fig 6(b) reveals clearly the distinct phases of 
this alloy. For extrusion of complex shapes, α-brasses 
are preferred than (α+β)-brasses because of the lower 
extrusion temperatures and extrusion loads. The 
extrudability can be controlled by adding certain 
alloying elements which in turn regulates the fraction 
of β-phase thereby exerting a significant effect on 
extrudability. The extrudability is improved by 
increasing the β-phase content. 
3.3. ECAP failure investigation 
Brass sample of specimen A and B (Table 1)were 
tested for ECAP process at 1200die angle under 5500 
annealed condition, since it is known annealing at 
higher temperatures removes segregations and softens 
by dissolution of hard phases and also it is observed 
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that this temperature range also exhibited minimum 
hardness (Fig 5). But, the material could not 
withstand the shear deformation in both the cases, 
and so the material fractured perfectly at the shear 
plane of 450can be observed in Fig 7. 

 

 
Fig 7: ECAP failed Specimen A at 1200 die  

 
Surface morphology of failed specimen A have been 
studied using SEM and EDS electron images have 
been taken for two different locations in and around 
crack growth region, and their compositions are 
mentioned in Table 3. 
 

 
Fig.8: Electron image of Specimen A at crack tip 

 

 
Table 3: Chemical composition at point 1&2 

 
Compositional data at crack tip (point 1 &2) revealed 
the presence of lead to greater extent. 10% lead was 
observed which was a greater content compared to 
base material composition (Table 1). Finally, it was 
attributed that Pb has fragmented from the sample 
towards the crack initiating zone. This can also be 
one of the contributing factors for the material 
behaviour towards inability to undergo shear 
deformation.  

CONCLUSIONS 
 
Following conclusions have been arrived based on 
the experimental results as follows: 
1) Annealing is found to reduce the mechanical 

properties like Yield strength, Tensile 
strength, and hardness due to 
recrystallisation. Improvement on ductility 
by annealing is obvious, and maximum 
ductility was observed at 6000C. 

2) Micro segregations (lead) found in the 
sample restricts the severe plastic 
deformation. 

3) Even though the sample exhibited 
pronounced ductility, the annealed sample 
could not be deformed by severe plastic 
deformation due to presence of lead.  
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