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ABSTRACT

The objective of this study is to illustrate the effect of two types of heat
treatment on microstructure and mechanical properties of C102 copper
alloy. Annealing and quenching were conducted to study the effect of
cooling rate on material. Specimens were heated at 350, 400 and 500°C
and were cooled by using two types of cooling medium; furnace cooling
and water quench. Tensile strength of 254.6 MPa was obtained for the as-
received specimen. It was shown that an increase in cooling rate contributed
to a higher strength due to local strain effect. Rapid cooling in quenched
specimen had successfully increase the hardness by 41% and recorded
the highest tensile strength of 359 MPa while slow cooling rate which
experienced by an annealed specimen resulted in the lowest tensile strength
of 136 MPa. Microstructure investigation shows annealed specimen
produced coarse austenitic structure with larger grain size. Meanwhile,
quenched specimen produced finer austenitic structure with smaller grain
size. It was observed that the grain size of annealed specimen was increased
with soaking temperature, however, quenched specimen shows the other
way around.
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1.0 INTRODUCTION

Copper is an essential element for major industrial metal because of
its high ductility, malleability, thermal and electrical conductivity and
resistance to corrosion. Copper and its alloy mainly used in wiring
production, piping, automotive and architecture. Heat treatment
process was applied on copper and copper alloys in order to attain the
desired properties for each application (Trophe, 2003).
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Annealing is the heat treatment process where a metal or alloy acquires
a structure close to the equilibrium state. A material is exposed to an
elevated temperature for an extended time and then slowly cooled.
Normally, annealing is carried out to relieve stress, increase softness
and ductility. The temperature of heating in annealing depends on
the composition of an alloy and the particular kind of the process; the
rate of cooling from the annealing temperature is usually not high.
There are varieties of annealing heat treatments possible. These are
characterized by the changes on the microstructures and are responsible
for the alteration of the mechanical properties (Zhang, 2007). Based
on previous study, the recrystallization temperature was determined
by measuring the micro hardness in the side surface for different
annealing temperatures. The recrystallization temperature of a material
is characterized by softening due to the decrease in dislocation density
and the nucleation of new grains. Annealing in the recrystallization
temperature causes a large drop in hardness (Kakani, 2004).

The most widely used and the oldest heat treatment process are
quenching. Quenching involves heating the metal part above a
temperature, which causes a change in microstructure, and then rapid
cooling to force an unusual change in the microstructure which not
formed on slow cooling. Quenching is the procedure used for cooling
copper alloy that basically use the water as a medium. Because most
metals are cooled rapidly during the hardening process, quenching is
usually associated with hardening (Klinger, 2002).

Although there are several studies conducted on copper alloy, however,
there are only few of study regarding heat treatment of C102 copper
alloy that can be found. Hence, this study intended to analyze the effect
of cooling on microstructure and mechanical properties of C102 copper
alloy.

20  MATERIALS AND METHODS
2.1 Specimen Preparation and Heat Treatment

Two type of specimen was prepared for the experiment. The dog bone
specimens were prepared to investigate the mechanical properties
while semi-circle plate with 24 mm diameter and 4 mm thickness
were used for metallurgical investigation. ASTM E-8M was referred
to fabricate the circular dog bone specimens. Heat treatment was
conducted at three soaking temperatures; 350, 400, and 450°C for one
hour and cooled in two different medium; furnace and water quench.
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The yield strength and tensile strength for the as-received material are
211.37 MPa and 254.6 MPa respectively.

22 Mechanical Testing and Microstructure Investigation

ASTM E-8 (Standard Test Method for Tension Testing of Metallic
Materials, 2010) was referred for tensile test on specimen using
INSTRON Universal Testing Machine. The extension rate set for
the machine is 5.00 mm/min. Yield strength and the ultimate tensile
strength were recorded for each specimen.

For metallurgical investigation, the specimens were mounted and
followed by grinding and polishing to obtain the mirror surface.
The specimens are then etched on Marble mixture solution to reveal
the microstructure. The grain size of the specimens was measured
by using Lineal Intercept Method, ASTM E-112-10. (Standard Test
Method for Average Grain Size, 2010). Grain size is measured with a
light microscope by determining the number of grain boundaries that
intersect with a given length on selected test area.

3.0 RESULTS AND DISCUSSION
3.1  Tensile properties

Table 1 shows the yield strength and ultimate tensile strength value of
annealed and quenched specimens. Figures 1 and 2 show the trend of
ultimate tensile strength and yield strength for annealed and quenched
specimens respectively. Quenched specimens show increase in tensile
strength from 299 to 359 MPa as the soaking temperature increased
from 350 to 450°C. On the other hand, annealed specimens show
decreased in tensile strength from 208 to 136 MPa. These findings show
that the strength of annealed and quenched materials is highly affected
by the soaking temperature. This finding is consistent with Ridhwan et
al. (2013) and Mao et al. (2009).

The decreasing in strength for annealed specimens can be attributed
to several factors. Habibi et al. (2011) states that dislocation density of
grain plays a main role in the strength changes. Since annealing can
reduce the dislocation density of material by recovery action, thus, the
decrease in strength can be attributed to the reduction of dislocation
density. A dislocation is lattice effects which play a main role in plastic
deformationbecauselessenergyisrequired to produceslipby movement
of dislocation (Nunes et al., 2001). Thus, it is easier for deformation to
occur with lower dislocation density which then decreases the strength
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of material. On the other hand, since annealing temperature was set
beyond the desired temperature of recrystallization, the new strain-
free grains are heated that leads to a progressive increase in grain size.
Furthermore, at higher annealing temperature, second-phase particles
which inhibit grain growth will dissolve progressively and results
to coarsening of grain. Thus, this coarser grain structure leads to the
softening of the material and the reduction of strength (Dieter et al.,
2012; Ridhwan et al., 2013).

The increase in strength for quenched specimen was discussed by
Perry et al. (2006) where by preserving the solid solution formed at the
solution heat-treating temperature by rapid cooling, solute atoms that
precipitate on grain forced the vacancies to migrate into disordered
regions that contribute to the subsequent strengthening. The loss
of vacancies on the structure induces to the clustering of the grain
structure. Local strain is produced by the clustered region which leads
to the hardening of the structure. In addition, the formation of coherent
alloy phase also responsible for material strengthening (Nagarjuna et
al., 2001). This hardening mechanism explains the increased in strength
for quenched specimen.

Table 1. Tensile properties of quenched and annealed copper alloy

based
Heat T,=350°C T,=400°C T;=450°C
Treatment Yield U. Tensile  Yield U. Tensile  Yield U. Tensile
Process Strength Strength Strength Strength Strength Strength
(MPa) (MPa) (MPa) (MPa) (MPa) (MPa)
Quenching 291 299 329 331 356 359
Annealing 205 208 167 169 129 136
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Figure 1. Effect of cooling medium on ultimate tensile strength
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Figure 2. Effect of cooling method on yield strength

3.2 Microstructure Investigation

Both annealed and quenched specimens show austenitic structure after
heat treatment. Figure 3 shows that the microstructure of annealed
specimen experienced grain coarsening as the annealed temperature
increases. This is due to the grain growth and reduction of dislocation.
This behavior explained the decrease in strength of annealed specimens.
The grain growth phenomenon was caused by decreasing of surface
energy which has been mentioned on the previous section. On the
other hand, quenched specimens show decrease in grain size (Figure
4). This is because during quenching, the grains become clustered and
finer grain structure was observed. The clustering was produced by the
loss of vacancies on the structure as mentioned in the previous section.
Thus, higher temperature results to higher loss of vacancies.

Further analysis was conducted on the microstructure of annealed
and quenched specimens by calculating the grain size number based
on ASTM standard. In this standard, smaller number represent larger
grain. Figure 5 shows the grain size number for quenched and annealed
specimens. The annealed specimens undergone reduction in grain
size number with increase of annealing temperature. The grain size
number was slightly decreased from 5.2 to 4.1 which indicated that the
grain has growth as the temperature increases. Meanwhile, quenched
specimens show increment of grain size number with increase of
soaking temperature. Highest grain size number of 8.2 was measured
at 450°C which also represent the highest strength specimen in this
study. The increased in grain size can be attributed to the dissolution of
pinning particles at higher temperature which allowed grain growth to
occur (Ridhwan et al., 2013). On the other hand, eventhough the grain
size was increased for quenched specimen; however this phenomenon
does not decrease the strength of material due to the local strain effect
that exists in the quenched specimens.
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Figure 3. Microstructure of annealed copper alloy at
(a) 350°C (b) 400°C and (c) 450°C

Figure 4. Microstructure of water quenched copper alloy at
(a) 350°C (b) 400°C and (c) 450°C
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Figure 5. Effect of cooling rate to the grain size number
(smaller number represents greater grain size)
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4.0 CONCLUSION

Analysis on the microstructure and hardness of heat treated C102
copper alloy has led to few conclusions:

. Quenched specimens which subjected to high cooling rate have
higher strength as compared to annealed specimens due to local
strain effect. Highest tensile strength of 359 MPa was recorded at
4500C soaking temperature which is 163% higher than annealed
specimen. On top of that, higher soaking temperature results to
increase in strength for quenched specimen, but decrease the
strength of annealed specimen.

. In terms of microstructure, grain growth was observed for
annealed specimen with increases in soaking temperature due
to dissolution of pinning particles from the grain boundary.
Quenched specimen shows finer grain after heat treatment due
to grain clustering effect.
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