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Abstract

The aim of this work is to study the effects of corrosion behavior on diffusion
bonded AA5083, AA6082 and AA7075 aluminum alloys, the samples are
subjected to potentiodynamic polarization resistance measurements in NaCl
solution. It is observed that the parent metal wrought aluminum alloy AA7075
found to corrode higher than the corresponding welded region of joints.
Similarly the corrosion current and corrosion rates are higher for the AA7075
compared to the AA6082 and AA5083. The corrosion rates observed were
2.47,9.93 and 12.14 mm/year for AA6082, AA5083 and AA7075 respectively
at diffusion bonded zones. Microstructure study was conducted by optical
microscope to validate the results of the weld joints.

Keywords: Diffusion Bonding, Tensile strength, Corrosion rate, Optical
microscope, leorr.

Introduction

Diffusion bonding is one of the promising techniques to join alloys as there is no
melting occurs during bonding and absence of contamination at the weld joints . The
metals are brought in close proximity to each other with heating and the metal surface
is subjected to compressive pressure to near plastic state and by giving upset pressure
to get the diffusion bonding [1]. Diffusion bonding has exhibited superior joint
strength when joining dissimilar materials [2]. In recent years nonferrous metal
aluminum alloys drawn more attention in application to marine, aerospace and
automobile industries due to high strength to weight ratio, together with its natural
ageing characteristics. Diffusion bonding process involves application of different
parameters like bonding Temperature, bonding pressure, holding time to get the
formation of the bonding of the samples. It is carried out at high pressure, shorter
processing time and temperature below melting point [3]. Three wrought aluminum
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alloys AA6082, AA5083, and AA7075 were selected to study the corrosion behavior
at the diffusion bonded zone. Out of the three alloys selected two namely AA6082
and AA 7075 are heat treatable and AA5083 is not heat treatable. Presence of Si and
Mg forms Mg2Si equal to or approaching that of non-heat treatable alloys [4]. On the
other hand AA5083 is more prone to inter granular corrosion on the grain boundaries
[5]. The AA7075 wrought alloy containing copper & zinc has the highest strength
used primarily in aerospace applications [6,7]. All the three alloys have unique
differences in its processing, and applications. the corrosion studies carried out at the
diffusion bonded zone might be useful & appropriate. The corrosion evaluations were
carried out by electro chemical method. Polarization resistance measurements are
done to measure the general corrosion rate.

Experimental Work

The chemical composition of base metals selected for corrosion studies of the study
are presented in TABLE I. . The joints are fabricated as per Taguchi L9 orthogonal
array technique at three levels and four parameters as shown in TABLE Il. Square
shaped specimens (50mmx50mm) were machined from rolled plates of 5mm
thickness aluminum alloys AA5083, AA6082 and AA7075, shown in Fig.1. The
polished and chemically treated specimens were stacked one over the other in a die
made of H-13 AISI Tool Steel and the entire diffusion bonding setup, shown in Fig.2,
and inserted into a vacuum chamber (vacuum pressure of 29 mm of Hg was
maintained). The specimens were heated up to the bonding temperature using
induction furnace with a heating rate of 25°C/min. Identical soaking timings were
given for all the pairs of the alloy subjected to diffusion bonding. After the
completion of process, the samples were cooled to room temperature before removal
from the chamber. By this procedure, 27 joints were fabricated with different
parameters of bonding temperature, bonding pressure and holding/soaking time which
are displayed in Table-11. Microstructure studies were carried out to evaluate the
diffusion bonded layer and subsequent microstructures at the interface after etching
using Kellar’s Reagent soln. In order to evaluate the joint strength, suitable test was
conceived to measure the shear strength(SS) is shown in Fig 3. The specimens for
bonding strength(BS) as shown in Fig.4, were prepared from the diffusion bonded
joints by electrode discharge machining process. Test was carried out in 50 kN
capacity servo controlled Universal Testing Machine and the results are presented in
TABLE Il. Similarly Ram tensile test was conducted by using specimen shown in Fig
4. The results of the test conducted for the specimen are given in TABLE Il. Based on
the tested values three samples from each alloy were selected for further corrosion
studies.
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Table 1: Chemcial Composition of base metal AA5083, AA6082 &AAT7075

Chemical Composition Of Aluminum Alloys

Alloy . : othe | Bala
Si Fe Cu Mn Mg | Cr Zn Tin rs nce

AA5083 | 0.26 | 0.35 | 0.05 |0.60 |4.74 |0.11 0.05 | 0.06 | 0.01]|Al
0.7- 0.4- | 0.6-

AA6082 13 05 122 010 | 12 025 102 |01 |0.15 Al

AA7075 |04 |05 |01 |03 25 1021 56 |02 |0.05]AIl

Figure 2b: Vacuum Furnace

Figure 2c: Vacuum Furnace
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Figure 2d: Diffusion Bonding Setup Figure 3: Lap Shear Sample

Figure 4: Ram Tensile Sample

Table 2: Diffusion Bonding Parameters Used For Bonding

Parameters DL (um) | HV | SS(Mpa) | BS(Mpa)
(AA5083)

450°c/3Mpa/45mini. 3.8 79.6 14 33
475°c/AMpa/30mini. 9.35 83.9 13 36
500°c/2Mpa/15mini. 6.3 79.5 10.5 33
(AA6082)

450°c/3Mpa/45mini. 5.0 41 16 22
475°/4AMpa/30mini. 6.54 43.2 17 23
500°c/2Mpa/15mini. 5.9 40.8 16 22
(AA7075)

450°c/3Mpa/45mini. 3.96 62.1 13 38
475°c/AMpa/30mini. 5.90 40.8 16 22
500°c/2Mpa/15mini. 4.11 58.1 13 38
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Results and Discssion

A. Corrosion Test analysis sample for corrosion studies

Diffusion bonded samples of size 10 mm x 10mm having two regions namely base
metal and the diffusion bonded zones were sectioned from the square specimen by
wire EDM processes with the thickness of 1.5mm. In this study 3.5% (by weight) of
Sodium chloride was used as an electrolyte. The samples were initially polished and
prepared to identical surface finish using metallographic techniques. Polarization
resistance measurements are an accurate and rapid way to measure the general
corrosion rate[8,9]. Electrochemical polarization test methods are extremely pertinent
for understanding and evaluating the corrosion behavior of materials with changes in
the exposed corrosive environment. The results of potentiodynamic corrosion studies
would throw light on suitability of alloys for anodic or cathodic protection and
susceptibility to several forms of corrosion. Venugopal Et. al [10] and srinivasarao
Et.al[11]studied micro-structural and pitting corrosion properties of friction stir weld
of AA7075 Al alloy in 3.5% NacCl solution. It is observed that corrosion resistance of
weld metal is better than that of TMAZ (Thermo mechanical affected zone) and base
metal. Samples of base alloy AA5083, AA6082 and AA7075 and Diffusion bonded
samples were subjected to electrochemical corrosion in sodium chloride solution of
3.5% to determine corrosion parameters such as corrosion potential (Ecorr.) and
corrosion current (Icorr.) as shown in TABLE I11.

Aluminum alloy, AA7075 is susceptible to galvanic attack near precipitates of
MgZn2 MgAICu. Srinivasan et.al [12] reported that the general corrosion resistance
of the AA6082 parent material is better than the AA7075 parent material due to
content of copper. The zinc rich precipitates in the AA7075 alloy causes the formation
of micro galvanic cells, leading to higher rates of dissolution. Further, zinc is active
when compared to aluminum alloy matrix, hence can enhance the corrosion rate. The
potentiodynamic polarization curves for alloys under study are shown in Fig. 5, Fig. 6
&Fig. 7 in 3.5% NaCl at temperature 29-C. It is observed that the diffusion bonded
AAT7075 shows higher corrosion rate of 12.142mm/year followed by AA5083 parent
metal imparts 9.9274 mm/year while AA6082 parent metal imparts 2.4749 mm/year
with better corrosion resistant properties. This result indicate that the sample AA6082
of the diffusion bond joint act as a cathode and give better resistance to corrosion
when compared to samples AA7075& AA5083.

Table 3: Results of Corrosion Tests

Sample I.D. |, (Corrosion current in Mamps/Cm?) Corrosion rate mm
per year

AA5083 0.9116132 9.9274

AA6082 0.2272643 2.4749

AAT075 1.115 12.142
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B.Corrosion Chart

o — Data graph

Potential (mV)

Current mA/em?

Figure 5: Corrosion Graph ofAA5083
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Figure 6: Corrosion Graph of AA6082
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Figure 7: Corrosion Graph ofAA7075

Microstructure

A. Parent Metal

Optical microscopy studies were conducted to the Diffusion bonded samples of
AA5083, AA6082 & AAT7075. The microstructure of parent metal, diffusion zone and
HAZ were imaged. The microstructure of all the alloys showed the precipitation of
the respective phases based on the alloy content. This is due to soaking and slow
cooling of the specimen after diffusion bonding. The microstructure of the parent
metal Fig. 8a, Fig. 8b & Fig. 8c and the diffusion bonded zones are shown in Fig. 9a,
Fig. 9b & Fig.9c. The effect of polarization leads to the formation of large corrosion
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pits. These pits are shown in black color cylindrical shape and occurred in close
proximity. In addition the grains boundaries are ditched and nowhere the surface of
the metal is free from corrosion pits. The Fig. 9d, Fig. 9e & Fig. 9f shows the micro
structure of alloys after potential-dynamic polarization. As stated above the corrosion
pits are in the same order of corrosion rate. The effect of polarization leads to the
formation of corrosion pits of different gravity

Figure 8c: Microstructure of Parent Metal AA7075

The three corrosion surface images are taken from the fusion zone. Fig.9[a,b,c]
image is taken from the core of the fusion zone which shows better resistant to
corrosion but it shows inter granular corrosion by polarization method. G. Elatharasan
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et.al also reveals that the affected zone of the weld exhibited highest susceptibility to
inter-granular corrosion [13, 14]. This zone does not show the presence of deep pits
instead, the grain boundaries are marginally ditched. The Fig. 9c is taken from the
fusion zone which is closer to the AA7075 side. The constituents of the fusion zone
are more diluted with AA7075alloy. Hence the corrosion behavior is more and
follows the pattern of AA7075. Fig. 9a. Shows the fusion zone more diluted with
AA5083 and least affected. However the corrosion rate is the consolidated effect of
the entire three zones as the corrosion cell covers all the three zones. In
AAT7075parameter the effect of polarization leads to the formation of corrosion pits of
different gravity. The three corrosion surface images are taken from the fusion zone.
All the three images shows Fig. 9a,b,c severe corrosion pits as well as grain boundary
ditches but there is more resistance to corrosion while compare to other zones. It is
evident that this surface should have shown more corrosion and the experimental
values confirm the same. Moreover fusion zone is more diluted with AA7075 alloy
constituents. Fig.9c
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Figure 9b: Microstructure of Diffusion Bonded AA6082
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Figure 9e: Microstructure after Corrosion test AA6082
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Figure 9f: Microstructure after Corrosion test AA7075

Conclusion

The present work investigated the corrosion behavior of diffusion bonded
AA5083,AA6082,AA7075 aluminum alloys. The findings made by the experimental
work are given below.

The maximum strength obtained is 38 Mpa for the diffusion bonding of
similar alloy namelyAA 7075

Out of the three alloy bonding experimented the AA7075 showed higher
deformation after diffusion bonding.

Out of the diffusion bonded alloys, AA6082 showed low corrosion rate of 2.47
mm per year. AA5083 diffusion bonded zone showed 9.92 mm per year
followed by AA7075 with high corrosion rate of 12.142mm per year with least
corrosion resistance.

The rest potential vary in the order AA7075 > AA5083 > AA6082.
Comparison of microstructure before and after potentiodynamic polarization
corrosion pits in the order AA7075 > AA5083 > AAG082.

The corrosion rate of the three diffusion bonded similar alloys are in the order
AAT7075 > AA5083 > AA6082
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