MATEC Web of Conference406, 05003(2024) https://doi.org/10.1051/matecconf/202440605003
2024 RAPDASA-RobMech-PRASA-AMI Conference

The effects of isothermal soaking time on the
mechanical properties of AA3003 cladded with
AA4045 alloy

JosephMoema”, CharlesSiyasiy&, VeronicaMorudut, Nomsombulukéladebé and
ThokozanButhelez?

1 Advanced Materials Division, MINTEK, South Africa
2 Department of Material Science and Metallurgical Engineering, University of Pretoria, South Africa
3 Hulamin Operations Proprietary Limited, Moses Mabhida Road, Pietermaritzburg, South Africa

Abstract. In this study, the effects tiie simulatedsothermal soaking time

on the mechanical properties AA3003mod cladded with AA4045 alloy
(9031:H24 tube stock) used for automotive heat exchangeese w
investigated The highstrength 404%003mod clad sheetsvere fabricated

by the roll bonding process and further codlled down to the thickness of

0.3 mm. Intermediate annealing (IAjgs conducted during cold rolling at
270~350 . The ensile testvas performed with the clad sheets before and
after brazing heat treatmerithe fractographs of tensitest specimens were
analysed using scanning electron microscopy (SEM). The effect of soaking
time on the mechanical properties of the cold rolled and annealed (CRA),
and brazed alloy are presentéanongst all the samples soaked at different
times, coldrolled and annealed (CRA) specimens shibwehigher yield
strength of 167MPa and UTS of 2KPa than the brazed specimens. Post
brazing UTSremainedn the rangef 90 to 152MPa.The tensile and yield
strength ofsamples preheat treated at ®D%or longer residence times of

40 hrs, then cold rolled and annealed was found to be on the lower end of
the 9031H24 specificationThe fracture morphologgf the CRAspecimen
wasdominanly dimple fracturetypical of ductile fracture

1 Introduction

Aluminium roll bonded sheets are utilized in the automotive sector for producing components
in heat exchangers [1]. They possess fisable strength characteristics, exhibit good
resistance teorrosion, and are easily deformacbking them suitable for suriabrazing at
approximately 600¢ [1]. One of the requirements in the specification of materials meant
for automotive tube stock clad, AA4045/AA3003 are the mechanical properties of the
finished product before the tube forming process and brazing. This ensures that the tubes do
not collapse dung the manufacturing process and that they can also withstand internal
stresses in service [2[.he mechanical properties specifications for the fiedliAA3003
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(i.e. 9031H24) tubestock for automotive brazing shebt minimum tensile yield strength
(%PS)is 145 MPa and the ultimate tensile strength (UTS) range is between 190 and 230 MPa
[3-5]. The properties of the material pdsiazing are affected by every stage of production,
including the final cold rolling processes. Tube materials usually fall within a thickness range
of 0.2 to 0.5 mm, posing challenges for conducting different mechasital Mechanical
strength is crucial in structural or lode@aringapplications as it is necessary for providing
support Similarly, the tubestock for automotive heat exchasgeed under tensile stress
(i.e., pressure) needto possess much higher strength than the stress they will experience
during serviceo cater for the factor of safety.

Many researcher${10] performed mechanical tests on aluminium brazing sheetiseor
assemblingf heatexchangers and observed tha tatio of ductility tostrength of the final
gauge largely depends on thalid solution and precipitation state of the alloying elements
Fe and SiThe solute level should remain low for processing purposes. This indicates that
while solid solution hardening has a limit to its strengthening effect, dispersion hardening is
the main mechanism for strengthening, with solutes also playing &Heee, the volume
fraction, size and distribution of the dispersoids are an importarrfactdispersion
strengthening.

Grain size has a minimal effect on strength, but significantly affects ductility, with finer
grain size resulting in increased ductility. Therefore, in order to attain an ideal equilibrium
between toughness and shapeliness in the end gauge productedessary to undergo
recrystallization to create a fine, consistent grain strucil®® Muggeruder. al. [11]
indicatedthatwith a good combination of time and annealing temperature, the mechanical
properties of the 3xxx series can be significantly iaseel with higher Mn and Si
concentrationsMn is the predominant alloying element in the 3xxx series ofhemt
treatable aluminum alloys. Mn has an essential effect on the behavior of recrystallization,
which influences the mechanical properties [T2]s research aimed to explore how soaking
time affects the mechanical properties of cold rolled and annealed products. This study
examines the fractummorphologyand strength of 4045/3003modufhinium clad sheets
before and after brazing through tensilgtiteg and scanning electron microscopy (SEM)

2 Methodology

2.1 Materials and m ethods

The materials utilized in this study were a customized AA3xxKAlFe-Si alloy, provided
by Hulamin Rolled Product. Table 1 presents the weight percentages of the modified alloy's
chemical composition as provided by the supg8es].

Table 1. Composition of theAA3003modcore, and AA4045 Al cladding materiait(%o).

Elements wt.%

Material —¢; Fe Cu Mn Mg Cr Al
AA3003 006 020 042 150 021 001  Ba
AA4045 101 0.15 ] 0.02 001 ) Bal

The AA4045/AA3003 packs were heated from ambient temperature to 505°C (5 °C) at
a heating rate of 60°C/h until they reached the soaking temperature. The AA4045 clad alloy
and AA3003 core alloy were ptesated for three different soaking durations of Z),ahd
40 hours. The stack was first rtiibnded at a high temperature to a thickness of 3 mm, then
further cold rolled to a final thickness of 0.3 mm. The cold roll bonded sheets were
subsequently subjected to annealing at 330 °C for 3 hours in theduwithccirculating air.
The cold rolled and annealed sheets were cleaned effectively in an ultrasonic bath with
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ethanol, then dried and inserted into a controlled atmosphere brazing (CAB) furnace. The
substance was warmed to a temperature of @0&nd left to sit for 3 minutes. Afterwards,
it was cooled using a predetermined ramp off3per minute inside the furnace

Tensile specimens were produciedth rolling direction according to ASTM E®4,
Standard Test Methods for Tension TestisfigMetallic Materials [13. Since there is
anisotropy in the microstructure in the rolled AA3003mod alloy, the samples were only tested
in the rolling direction to allow for a simple comparison of tensile properties in the different
specimensThe Al clad sheet was machindéato tensile specimens of the glgaand size as
shown in Figure 1Three tensile specimens were producedawmhenld rolled and annealed
(CRA) and cold rbed and annealed and braz&RA-B) samplesFigure 1(ad), to evaluate
the tensile properties of the proposed materials with increasing preheating time in the furnace.
Tensile tests were performed at a croead speed of 5Smm/min at room temperature using
an Instron tensile tester Model No 1175 to determine tbehamical properties and to
evaluate the effect of extended soaking times on modified AA3003 (Alloy 903i®)02%
PSand UTS were allmeasurecexceptfor % elongation Scanning electron microscopy
(SEM) with an energy dispersive spectrometer (EDS) vesl uo observe the fracture

morphologies.

(b)

Fig. 1. Photograptof tensile amplesmachine accordmto ASTM E8 showing (a and c) AA3003
shiny/smooth surface and (b and d) bra&@d045 with rough surface finish.

3 Results and d iscussion

3.1 Mechanical properties  of 4045/3003mod Al clad sheets

Tensile testing was performed to determine the effect of sodkimg on the tensile
properties, especially for the CR#nd the results argiven in Tables Zand graphically
presented irFigures 2 to 4 Othertensiletest results are included for comparison purposes.
Also, included is the AA3003mod (AA9031) tubestock neethbal properties specification
(with the elongation8% min) The elongation for all the samples was not determined as the
samples failed outside the marked gauge length.

Table 2. Mechanical properties of roll bonded AA4045/AA3003mod aluminium brazing sheets

Mechanical properties (MPa)

Material CR CRA CRA + Brazed
%PS (Rp,2) UTS (Rw) %PS (Rp2) UTS (Rw) %PS (Rpp2) UTS (Ry)
AA3003mod spec N/A N/A 145min 190 - 230 N/A N/A
AA3003 20hrs 185 257 150 270 22 111
AA3003_35hrs 174 252 167 276 27 109
AA3003 40hrs 191 336 141 251 30 147
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There is a significant difference in the yield and tensile strength incotdrolled (CR)
andcold-rolled and annealed (CRAamplesas shown in Figures 2 and Amongst all the
samples soaked at different times, the cold rolled and annealed (CRA) specimen showed a
higher yield strength and ultimate tensile thanable rolled, annealed armtazed CRA+B)
specimenshown in Figure 4This is because when a metal has been plastically deformed,
cold rolled in this instance, it has an increased number of dislocations and their interactions,
increasing the subsequent stress required to cause slip in theldjefBhg interactions and
entanglements of dislocationstiveach other a barriers which impede their motion causing
work hardening. Hence high yield strength and ultimate tensile strength in cold(@Rgd
conditions before annealing is expected. However, this increase in dislocations leads to a
decrease in elongation because the materials are unable to deform.

Annealing at 330 °GH24-temper)led to reduced yield strength and tensile strength
(UTS), seerigure3. This decrease in strength is as expected and Gottstein and|Simaand
[14] have indicated thadlislocations are lattice defects that are not in equilibrium, so the
material must eliminate them to reach thermodynamic balahcerefore, heating the
samples to 330 °C leads to recovery recrystallization and softening of the material. It may
also be due to the rearrangement of the microstructure atriipetature. After the brazing
process, the yield and tensile strength were reduced significantly. This is because brazing
was carried out at a temperature near the melting point of the AA4045 clad material and this
can lead to grain growth and a decreasstriength. An increase in the graigesieads to a
reduction in strength as per thdall-Petch equation [1% Therefore, recrystallization
resistance is require@razing does increase the elongation of the material because the heat
during this process lieved the distorted, dislocated lattice structure and allowed it to reform
into relatively undislocated planes again, restoring ductility at the cost of the stfEhgth.
elongation increase is shown in Figure 4. Nonetheless, the sheets are predominantly utilized
or provided in cold rolled and annealed (CRA) states, so the study's main focus was on the
impact of soaking time on the mechanical properties of the cokbralid annealed (CRA)
product.

This study revealed that the mechanical prige of the CRA specimenshat were
initially soaked for 4@irsduring processindid not meet the targeted specification since they
spent excess time in the preheatnhce at temperatures over 5@. Microstructural
analysisthat wasreported byMoemaet al. in theirpublished worl3, 4] revealed thathe
samplehad large and coarse Mn dispersoids that formed dpretgeating. The resulshiow,
thatlonger preheat stage residence times lead to the cagyseihMnbearing dispersoids,
causing early recrystallisation during temper annealing, resulting in reduced mechanical
properties.This study was undertaken to understéma influence ofsoaking timeon the
coldrolled and annealed (CRAJroduct’s mechanical properties. It has been found that
soaking for adnger period such as 4@ is detrimental to the mechanical properties of 9031
H24 tubestock for automotive brazing sheet, i.e. AA3003mod.
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Fig. 2. Plots ofengineering stressstrain cuvesfor cold-rolled (CR- 76% reduction) AA4045/
AA3003mod alumiium brazing sheets
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Fig. 3. Plots ofengineering stress aistraincurves for coletolled and annealed (CRAYA4045/
AA3003mod aluminiunbrazing shest
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Fig. 4. Plots ofengineering stressstraincurves forcold rolled,annealed and brazed (CR3
AA4045/ AA3003mod aluminium brazing sheet

3.2 Fracture morphology of 4045/3003mod Al clad sheets

Figures 5 and 8howthe fracture morphology of the AA4045/AA3003mod Al cad sheet
before (CRA) and after brazing(CRA+B). As may be seenhe fracture morphologys
different, especially near the clad layéiig 5 shows the entirecrosssectionof thefracture
surface of the tensile specimens, where detisgple fracturewas observed in all samples,
cold rolled,annealegdtypical of ductile fracture.

Both materials exhibit a ductile fracture with a combination of large deep and smaller
dimples, both before and after brazi@pnstituent prticles that make up the whole were
seen on the surface that has been broken. The fracture surface exhibited two types of dimples:
a low amount of large dimples and a higher quantity of small dimples, as shown in Fig 6.

Thelonger soaking timeresultedn theformation ofmoreintermetallicAl-Mn-Fe phase
which negatively affestthe mechanical propertie$hese particles werebserved in the
fracture surfacg blue arrows in Figre6. Lloyd et al. found that the fracture of rddbnded
cladsheetmaterials in tensile test always takes place in the lower strength materials because
plasticity predominantly occurs in the softer al{ogd arrows)andfailure occurs when this
reachsits ultimatetensile strength [16 Thesefindingsare consistent with the present study
wherefailure wasinitiated on theside 0fAA4045 clad material, Fi.
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20h unbrazed 20h Brazed

40h unbrazed 40h Brazed

Fig. 5. Fractography of AA404%\A3003mod Al clad sheet in various conditiondeft) cold-rolled
andannealed stat@inbrazed)(right) brazed stateRed box showing a cladded side of the sheet.
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Fig. 6. Fractography of AA404%\A 3003nod Al clad
andannealed stat@inbrazed (right) brazed state
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4 Conclusion

The impact of the duration of isothermal soaking on the mechanical characteristics of
AA3003mod coated with AA045 alloy(9031:H24 tube stockwasinvestigated and the
following conclusion can be drawn:

X TheR,.andR, of the specimen after soaking for 20 and 35 hoORA and then
tensile testing meet the requirements for the AA3003 alloy, which has a yield
strength of around 145 MPa and an ultimate tensile strength ofZHDMPa.

X Both the yield and tensile strength@RA stock decreased with an increase in the
simulatedresidensoakingtime. Overall, it was found that the mechanical properties
of the stock substantially began to decline after 35 hours of soaking at elevated
temperatures (505 °C).

x All testedmaterials show a ductile fracture wahmixture oflarge deep and smaller
dimples. Constituent particlegere alsoobservedn the fracture surface.

X The longer soaking timeesuledin an increased amount ioftermetallic AFMn-Fe
phase as evident on fractured surfaedsich negativelyaffecied the mechanical
properties.
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