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Abstract - Age hardenable aluminum alloys
belonging to the Al-Zn-Mg family have proved useful as
structural materials primarily because of their unique
combination of low density, high strength and good
corrosion resistance. In the present study an attempt is
made to investigate the effect of RRA heat treatment on
the wear resistance of AA 7049 high strength aluminum
alloy. In the present paper AA 7049 aluminum alloy has
been subjected to heat treatment processes of T6
temper, T73 temper and RRA at different conditions. A
systematic experimentation has been conducted to
evaluate hardness and wear characteristics at various
heat treated conditions. Based on the result it has been
observed that, hardness is higher for the temperature
range of 180°C to 200°C for all the retrogression time
durations when compared to T6 temper. When
compared to T73 temper hardness is higher for all the
retrogression temperatures and time durations except
for the temperature of 220°C and 240°C for more than
20 minutes duration.
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1. INTRODUCTION

Aluminum and its alloys are attractive engineering
materials for many applications in chemical, aeronautical,
automotive, food and aerospace industries, because of
their low density in combination with good mechanical
properties and good resistance to degradation in some
corrosive environments [1]. However, they often suffer
severe damage under the synergistic attack of wear and
corrosion in some aggressive media, regardless of their
good corrosion resistance [2]. Since poor tribological
performance limits the use of aluminum and its alloys in
wear related application, many efforts including
modification of bulk and surface properties have been
made to improve their wear and corrosion wear
resistance. High strength aluminum alloys when heat

treated with T6 condition have high mechanical
properties. However, they are prone to stress corrosion
cracking. High strength aluminum alloys when treated
with T73 condition have resistance to stress corrosion
cracking. However, decrease in mechanical properties.

A two-step heat treatment known as Retrogression and
Re-ageing (RRA), has been shown to give high corrosion
resistance in 7xxx aluminum alloys equivalent to the T73
temper, together with the T6 strength levels. The concept
of retrogression and re-ageing was first developed by Cina
in 1974[14], which consist of two steps,

e Retrogression of the 7xxx-T6 material at an
intermediate temperature between the ageing
temperature and the solutioning temperature.

e Re-ageing of the retrogressed alloy at 120°C for
24 hrs,

In this present investigation the effect of Retrogression
and Re-ageing on properties such as the hardness, wear
resistance on the aeronautical grade extruded AA 7049
high strength aluminum alloy has been studied. The effect
of RRA treatment is compared with T6 temper and T73
temper conditions.

1.1 EXPERIMENTS

Heat treatments were carried out at three different
conditions namely, T6 temper, T73 temper and different
retrogression & re-ageing tempers. The T6 temper heat
treatment consists of solutionizing the samples at 470°C
for duration of 120 minutes, followed by quenching in
water at room temperature. Further, these quenched
samples were subjected to ageing process, which
comprises of heating the test samples to 120°C in a muffle
furnace, holding the same test sample for duration of 24
hours and then removal of test sample from the furnace
and allowed to cool to room temperature in air. The T73
temper heat treatment mainly comprises of solutionizing
and 3 steps of ageing processes. The solutionizing is a
process ( similar to T6 temper) where in the test samples
were heated to 470°C in a solutionizing furnace, hold the
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same test samples for duration ( soaking duration) of 120
minutes in the furnace and then subsequently water
guenched. Further, the solution treated samples were left
for natural ageing (room temperature) for a period of 48
hours. Then the samples were subjected to two steps of
artificial ageing. The first step of ageing was carried out at
a temperature of 120°C for duration of 24 hours in an
ageing furnace (muffle furnace) and the test samples were
air cooled to room temperature. The second step of ageing
was carried out at a temperature of 160°C for duration of
14 hours in an ageing furnace and air cooling to room
temperature.

Prior to retrogression and re-ageing treatment (RRA), all
the test specimen were first subjected to T6 temper heat
treatment. The RRA heat treatment (T77 temper) schedule
comprises of retrogression and re-ageing processes. The
retrogression is a process, wherein test specimens already
heat treated to T6 temper, are directly introduced into the
furnace maintained at temperatures ranging from 180°C
to 2400C in a step of 20°C for a time duration varying from
2,510,15,30,45 & 60 minutes in a solutionizing furnace.
All  the specimens were water quenched after
retrogression treatment and subsequently subjected to re-
ageing process at 120°C for duration of 24 hours. After
ageing treatment the samples were air cooled to room
temperature. Solution treatment was carried out in an
electrical resistance furnace type with natural air
circulation. This furnace consists of refractory brick lining
to maintain the temperature at stable condition.

Hardness has been measured by hardness tester
on Brinell Hardness Scale. INDENTEC Hardness testing
machine was used to measure the hardness on Brinell
hardness scale. Specimens were machined to the
dimensions of 15mm diameter and 15mm thickness.

Experiments are conducted in the Pin-on-disc
type Friction and Wear monitor with data acquisition
system, which is used to evaluate the wear behaviour of
the developed alloy, against hardened ground steel disc
having hardness 65 HRC and surface roughness (Ra) 0.5
um. The disc rotates with the help of a D.C. motor; having
speed range 0-800 rpm with wear track diameter 40 mm-
80 mm, which could yield sliding speed 0 to 10 m/sec.
Load is to be applied on pin (specimen) by dead weight
through pulley string arrangement. The test specimen
diameter is of 6mm and length 40mm. The tests were
carried out with a sliding speed of 400 rpm with a wear
track diameter of 40 mm for load of 1 kilogram for sliding
time of 30 minute.
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Fig. 1 Photograph showing real test specimen utilized for
wear test

2.RESULTS & DISCUSSION

The hardness for T6 temper was 182 BHN and for T73
temper was 167 BHN. From chart 1, the following
observations are evident. In the temperature range of
1800C to 2000C, it is seen that the hardness value achieved
is above T6 temper for all retrogression time duration
employed in this investigation. At higher retrogression
temperature range of 2009C-240°C, it has been seen that
peak hardness occurs at 10 minutes retrogression time.
The maximum hardness of 196 BHN is observed in the
RRA 180-30 and RRA 220-10 regime. There is appreciable
drop in hardness at higher retrogression temperatures
and higher time durations. Hardness for all the RRA
tempers is higher compared to T73, except for samples
retrogressed at 220°C & 240°C for more than 20 minutes
duration.
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Chart -1: The variation of Hardness with Retrogression
time

2.1 Effect of heat treatment of Wear rate

The wear rate data evaluated at 400 rpm for duration of
30 minutes at a load of 1 kilogram have been presented.
The same response of the material retrogressed at 180°C,
2000°C, 2200C and 2400°C, for different retrogression time
durations followed by re-ageing have been illustrated in
charts 3to 5.
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The wear rate for the test samples heat treated to T6
temper and T73 temper have been superimposed in these

charts for the sake of comparison.
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Chart 2: Variation of wear rate of AA7049
aluminum alloy subjected to retrogression at 180°C
for various time durations, followed by re-aging.
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Chart 3: Variation of wear rate of AA7049
aluminum alloy subjected to retrogression at
2000C for various time durations, followed by re-
aging.
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Chart 4: Variation of wear rate of AA7049
aluminum alloy subjected to retrogression at
2200C for various time durations, followed by
re-aging.
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Chart 5: Variation of wear rate of AA7049
aluminum alloy subjected to retrogression at
2400C for various time durations, followed by re-
aging.

From the chart 2 the following observations are evident.
For the temperature of 1800°C it is has been seen that the
resistance to wear is less than the T6 temper for all the
retrogression time From Figure 1 it can be seen that the
wear decreases gradually as the sliding distance increases
and also the wear rate decreases gradually for increase in
retrogression time. When compared to the T73 temper
condition it is seen that there is more resistance to wear.

From the chart 3 the following observations are evident.
For the temperature of 200°C it is has been seen that the
wear rate decreases gradually for all the time lengths. It
can also be observed that the resistance to wear for the
retrogression time of 45 minute is more when compared
to T6 temper condition. And also has more improvement
in wear resistance when compared to T73 temper
condition except for retrogressed time duration of 30
minute.

From the chart 4 the following observations are evident.
For the temperature of 2200°C it is has been seen that the
resistance to wear is less than the T6 temper for all the
retrogression time and can be seen that the wear rate
decreases gradually as the sliding distance increases and
also decreases gradually for increase in retrogression
time. When compared to the T73 temper condition it is
seen that there is more resistance to wear for all time
lengths except for 45 minutes retrogressed time.

From the chart 5 the following observations are evident. It
is has been seen that the resistance to wear is less than the
T6 temper for all the retrogression time and the wear rate
decreases gradually as the sliding distance increases and
also the wear rate decreases gradually for increase in

© 2015, IRJET.NET- All Rights Reserved

Page 1959



’// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395 -0056

JET Volume: 02 Issue: 03 | June-2015

www.irjet.net

p-1SSN: 2395-0072

retrogression time. When compared to the T73 temper
condition it is seen that there is more resistance to wear.

3. CONCLUSIONS

Based on the results obtained by carrying out heat
treatment on high strength aluminum alloy confirming to
AA 7049 alloy specification and  systematic
experimentation the following conclusions are drawn.

1. The effect of RRA heat treatment on hardness in
terms of BHN has achieved the values above the
T6 temper for retrogression temperature of 180°C
and 200°C for all retrogression time durations.
The higher hardness is observed for retrogression
temperature range of 200°C to 240°C for
retrogression time of 10 minutes. And also there
is appreciable drop in hardness at higher
retrogression temperature and higher time
lengths

2. The hardness is higher for all the RRA treated
samples compared to T73 temper, except for
samples retrogressed at 220°C and 240°C for
more than 20 minutes duration.

3. The effect of RRA on wear rate reveals that there
is a gradual decrease in wear rate as the sliding
distance and the applied load increases. It is found
that for a retrogression temperature of 200°C and
the retrogression time of 10 & 45 minutes there is
improvement in wear resistance when compared
to T6 temper condition.

4. The improvement in wear resistance can be found
for all the retrogression temperature and time
durations when compared to T73 temper
condition except for retrogression time of 30
minutes and above.

REFERENCES

[1] ASM Hand Book. “Heat treatment of non-ferrous
alloys”, Vol. 4, ASM International, Aug-2002, pp 841-
879.

[2] Mundolfo L F., “Aluminum and its alloy, structure
and properties”, Butterworth and Co Publishers Ltd,
1976, pp 403, 842-865.

[3] Kenneth G. Budinski., “Guide to Friction, Wear, and
Erosion Testing”, ASTM International Standards
Worldwide. PP 1- 45

[4] 1. ]. Polmear., “Light Alloys”, Metallurgy and Material
Science, Third edition. PP 182-210.

[5] William F Smith, Javad Hashemi, and Ravi Prakash,
“Materials Science and Engineering”, 4th Edition, Mc
Graw-Hill publishing company limited, PP 411-428.

[6] K. C.Ludema., “Friction, Wear, Lubrication”, A text
book in tribology, CRC Press, London.

[7] C Grard., “Aluminum and its alloys- Their properties,
thermal treatment and industrial application”,
Constable & Company Itd. 1920.

[8] B.Cina: US Patent 3856584, (1974), Dec 24.

[9] Park.]. K“ Influence of Retrogression and Re-ageing
treatments on the strength and stress corrosion
resistance of aluminum alloy 7075-T6”, Material
Science and Engineering, A103 (1988), pp 223-231

[10] M. Kanno, I. Araki and Q.Cui, precipitation behavior of
7000 alloys during Retrogression and re-ageing.,
Materials science and technology, Vol. 10, (1994), pp.
599-603.

[11] F. Viana, AM.P. Pinto, HM.C. Santos, A.B.Lopes,
“Retrogression and re-ageing of 7075 aluminum
alloy: Microstructural characterization”. Journal of
Materials Processing Techonology, Vol. 92-93 (1999),
pp 54-59.

[12] A. F.Oliveira, jr, M.C. De Barros, K.R. Cardoso, “The
effect of RRA on the strength and SCC resistance on
AA7050 and AA7150 aluminum alloys”. Materials
Science and Engineering A379 (2004) pp 321-326.

[13] Chaofu meng, Houwen Long, and Yong Zheng, “A
study of the Mechanism of Hardness Change of Al-Zn-
Mg alloy during Retrogression and Re-ageing
Treatments by Small Angle X-ray Scattering (SAXS).
Metallurgical and Materials Transactions, Vol. 28a,
(1997) pp 2067-72

[14] Feng Chun, Ning Ai-lin and LIU Zhi-yi, “ Retrogression
and re-ageing treatment of Al-9.99%Zn-1.72%Cu-
25%Mg-0.13%Zr aluminum alloy”. Trans. Non
ferrous Met. SCC. China 16(2006) pp 1163-1170.

[15] Murat Baydogan, Huseyin Cimenoglu, E. And Sabri
Kayali, “ A Study on Sliding Wear of 7075 Aluminum
Alloy”, Istanbul Technical University, Department of
Metallurgical and Materials Engineering, Istanbul,
Turkey, 2004.

[16] CN. Chandrappa, Dr. KV.Sharma, Dr. MK
Muralidhara, “Study on Wear Properties of 7075(Al-
Zn-Mg) Alloy Subjected to Retrogression and Re-
ageing Heat Treatment”,

[17] Wu,XJ., Raizenne. M.D., Chen, W.R., Poon, C., And
Walllace. W, “Thirty Years of Retrogression and Re-
ageing” Institute of Aerospace Research, National
Research Council of Canada, Ottawa, Canada.

[18] Harun Mindivan, Murath Baydogan, E. Sabri Kayali,
and Huseyin Cimenoglu, “ Wear Behaviour of 7039
Aluminum Alloy”, Istanbul Technical University,
Department of Metallurgical and Materials
Engineering, Istanbul, Turkey, 2004.

© 2015, IRJET.NET- All Rights Reserved

Page 1960



