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Abstract- The light weight structures of Aluminium alloys are still widely used in weight sensitive products like aircraft,
bicycles, boats, and automobiles, etc. The components fabricated from Aluminium alloys are desired to perform against the
mechanical loads, cyclic loads, thermal stresses, creep loads, Wear loads and other environmental factors such as corrosive
atmosphere or acidic atmosphere etc. In this present work, the Aluminium Alloy Al2024 was chosen because of its high
strength and wide use in automobile and aerospace industry. In order to enhance the strength as well as wear performance
the Al2024 was subjected to one of the severe plastic deformation technique i.e. rolling at room temperature as well as
liquid nitrogen temperature. Through hardness test, it has been found that the Hardness is increasing with the compromise
of ductility. Similarly, it has been found through reciprocating wear test that the wear resistance is increasing after rolling at

room temperature as compared to solution- treated, however less than rolled at liquid nitrogen temperature.
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1. Introduction

It has been reported that the plastic deformation of the
metals and alloys provides the microstructural changes
which leads to improve the mechanical properties [1-7]. In
1970, Dr. Segal was first researcher who worked upon the
metals and alloys to convert the coarse grain in to fine grain
material by the Severe Plastic Deformation (SPD) resulting
better mechanical strength as well as better hardness and
wear resistance [8-15]. Later, many of the researchers
suggested and adopted different SPD techniques to achieve
fine or ultrafine grain metals and alloys. Due to SPD
processes, strength of material improves and it can be better
understood by the Hall-Petch equation [1]. In the present
work, cryorolling i.e. rolling at liquid-nitrogen-temperature;
process was selected to deform the specimens to convert
coarse grain materials into ultra-fine grain. After
deformation the material, a comparative studied was made
in terms of the microstructure, mechanical properties and
wear resistance.

I1. Experimental Procedure

To start the experiments, the Al2024 was procured in
the form of sheet having 5 mm thickness. For verification
of the chemical composition, a chemical test was conducted
at ELCA Laboratories, Thane, Mumbai, India and the test
report is given in Table 1.

Tablel. Chemical composition of the Al2024

Element | Mg | Si Cu | Fe Cr | Zn Ti Mn | Al

Weight 1.2- | 1.2- | 3.4- 0.3- | Balan

% 18 |18 |49 |03 |01 02510150 59 | o
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Before start of rolling process of the Al2024, the strips
of dimensions 5 mm x 35 mm x 100 mm were solution
treated at 510 °C for two hours to nullify any previous
effects. After solution treatment, strips were divided in to
three groups. The first group of strips called as solution-
treated (ST) was kept for microstructural test, mechanical
test and wear study. The second group of strips was
subjected to rolling up to 40% reduction at room
temperature called as room-temperature-rolled (RTR)
material. The third group strips were dipped for 10 minutes
in to liquid nitrogen and then subjected to rolling up to 40%
reduction called as cryorolled (CR).

Figurel. Schematic diagram for cryorolling process

In order to investigate the effect of processing on the
microstructure, the solution treated and rolled A12024 were
grounded with SiC paper and then polished with the
Alumina powder. Further, the samples were etched by
Keller reagent (2.5% HNO; + 1% HF + 95% H,0) and put
under the Microscope. According to ASTM E384 the
Micro-vickers hardness tests were performed for all the
three type of samples. During hardness test, the 5 gram load
was applied with the indentation of 20pm and 10 second
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was given as dwell time. To see the effect of rolling at
room temperature as well as liquid nitrogen temperature on
the wear resistance, wear tests were performed involving
the flat specimen and a spherically ended specimen (ball
specimen) which slides against the flat specimen. In this,
the load is applied vertically downward through the ball
specimen against the horizontally mounted flat specimen.
This test method involves reciprocating sliding where
changes in the sliding velocity and direction of motion
occurs during the test. However, constant velocity
conditions are not maintained. The wear test conditions are
given in Table 2.

Table 2. Parameters to perform wear Test

Ball radius Normal force Stroke length Oscillating
frequency
5 mm 3-10N 100pm 5.0 Hz
Test Ambient . . . .
duration temperature Relative humidity | Specimen size
37 min 22 +3°C 40 to 60 % 15x15mm

II1. Experimental Procedure
A. Microstructure Examination

Fig. 2(b) and 2(c) are clearly depicting the effect of
rolling on the grain size, elongation and orientation of the
grain, formation of secondary phases as compared to
solution treated material shown as Fig. 2(a). However, the
much grain size has been reduced in case of cryo-rolling as
compared to room-temperature rolling due to suppression
of the dynamic recovery.

10 pm

1¢

Figure2. Optical micrographs of (a) ST (b) RTR (c) CR at
100x showing the variation of Grain size

B. Hardness analysis

In Fig. 3, the data obtained from Vicker’s hardness tests
has been plotted. It can be observed that the rolling at liquid
nitrogen temperature (CR) i.e. cryorolling offers more
resistance to plastic deformation as compared to room
temperature rolled (RTR) and solution treated specimen
(ST). It can be attributed towards the loss of ductility in lieu
of hardness due to increase in the grain boundary density.
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Figure3. Variation of Hardness before and after rolling at
different temperature

C. Wear Analysis

The critical portion (i.e. mostly damaged region) of
damage is much bigger because of most superficial layer
are removed and Formation of smearing(spot), crack and
shearing zone is due to adhesive transfer of material, which
enhanced wear volume under particular condition. Table 3
showes the dissipation energy, wear volume, specific wear
rate and COF. The detailed analysis of wear characteristics
are shown in the Table 3. The dissipation energy at 3 N
loads was very less in cryorolled as compared to room
temperature rolled and solution treated, as the load
increases the dissipation energy was less in case of
cryorolled as compare to room temperature rolled and
solution treated.

Table3. Type of specimens, load and wear test results

T Wear Specific wear
Dissipation

Type of Volume rate

. Energy 3 o 3 COF
Specimen (x10_4 Joule) (x10 (x10° mm

mm°) /Nm)

ST-3 3.2244 152 50.660 0.52
ST-5 3.1226 502 100.400 0.38
ST-7 4.2346 580 82.857 0.34
ST-10 6.9582 2393 239.300 0.26
RTR-3 3.6357 209 69.660 0.58
RTR-5 3.9021 303 60.600 0.47
RTR-7 5.1768 495 7071.000 0.43
RTR-10 5.9808 4374 437.400 0.36
CR-3 2.8463 343 114.330 0.49
CR-5 2.944 974 194.8 0.42
CR-7 5.3478 1209 172.71 0.32
CR-10 5.4092 3964 396.4 0.22

Similarly it can be observed that the coefficient of friction
(COF) was very less in case of cryorolled as compared to
solution treated and room temperature rolled at lower load,
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as load increases coefficient of friction also decreases in a
similar manner in cryorolled, room temperature rolled and
solution treated. It can also be seen that specific wear rate
in solution treated A12024 at 3 N was less as compared to
cryorolled and room temperature rolled, as load increases
its behavior was changed and specific wear rate at
cryorolled obtained less as compared to room temperature
rolled. The significant increase in the wear resistance in
case of cryorolled material was attributed to increase in the
surface hardness due to reduction in the grain size,
formation of dislocation cell, increase in the dislocation
density and grain boundary area.

IV. Conclusions

From the above mentioned experiments and results it was
concluded that the rolling at lower temperature (Liquid
Nitrogen Temperature) rather than at room temeperature
i.e. around 30 °C is more effective to reduce the grain size
and other microstructural characteristics which enhances
the hardness as well wear resistance in the metals and
alloys.
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