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ABSTRACT

AnAI-30Mg,Si- 2Cu alloy was produced by spray casting and the second-
ary processing such as hot compression and heat treatment were carried
out. The coarsening behavior, distribution and size of the Mg,Si precipi-
tates, the influence of subsequent heat treatment on the microstructure
were investigated Uniform distribution of Mg,Si was achieved by spray
casting. The hardness tests were conducted on spray deposited, secondary
processed and heat treated alloys. The results indicate that spray casting
has strong influence on microstructure and hardness of the material. The
microstructural refinement of the alloy was enhanced during hot compres-
sion. The aloying with copper lead to further increase in strength by age
hardening due to precipitation Al,Cu phase. A significant improvement in
hardness was observed after hot compression and heat treatment.

© 2012 Trade Sciencelnc. - INDIA

KEYWORDS

Al-Mg,Si alloy;
Spray deposition;
Microstructure;
Age hardening;
Hardness.

INTRODUCTION

High strengthand light weight duminumadloysare
thedemand of present day automobileindustry. Alloy-
ingAl with highcontentsof Mgand S (>15wt % Mg,S)
givesanincreased siffnessaswell assignificant reduc-
tionindengity. However, therequired finedistribution
of theMg,S particlesinthea uminummatrix isdifficult
by conventiona casting methods, dueto excessvedag
formation, high porosity, high solubility of hydrogenin

such meltg*® and low solidification rate. Spray cast-
ing offerstheposs bility of producing thesealoyswith
very fine and homogeneous microstructures® dueto
high solidification ratesachieved. Post processing such
as hot compression /extrusion and heat treatment are
generally carried out to optimize mechanical proper-
ties. Besides, theformation of undesired phase mor-
phologiesis suppressed by thistechnique®®. There-
fore, inthe present study, Al-30Mg,Si-2Cu alloy was
spray formed and characterized in termsof microstruc-
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tural featuresand mechanical propertiesinthe spray
formed aswell asin different heat treated conditions.

EXPERIMENTAL PROCEDURE

The chemical composition of thealloy, usedinthis
work, was 17.8%Si, 10.4%Si, 1.8%Cu, 0.5%Fe,
0.2%Ni and 0.6%Zn. The details of the spray form-
ing setup used are described el sewhere”. Thealloy
was atomized with nitrogen gas and deposited onto a
copper substrate, consolidated to form a coherent
preform of asshownin Figure 1. The parameters of
spray deposition processing (SDP) aresystematically
represented in TABLE 1. The preform was cut into
rectangular billetsand hot pressed at atemperature of
480°C after soaking for 60min. Thedensity measure-
ments were carried out by means of Archimedes
method. Solution hesat treatment wascarried outina
muffle furnace at 530°C for 2 h followed by water
guenching. Artificial aging was performed at atem-
perature of 180°C and holding the specimensfor dif-
ferent time’s viz. 1 h, 2 h, 4 h, 6 h and 12 h. The
specimenswere prepared from sprayed deposit, hot
compressed as well as aged samplesto study their
microstructural featuresand compositionsof constitu-
ent phases using optical microscope, scanning elec-
tron microscope and energy dispersive X-ray spec-
troscopy (EDS). The hardness of the specimenswas

Figurel: Spray deposited prefol

TABLE 1: Primary processparameters

Process parameters Value
Mélt superheat (°C) 100
Melt flow (kg/min) 2
Gas-to-metal ratio (G/M) 1.82
Substrate distance from nozzle (mm) 390

investigated using micro-hardnesstester (Mitutoyo
ATK-600 hardness.) at aload of 300gms.

RESULTSAND DISCUSSION

Microstructure

A coarsemicrostructureof primary B-Mg,Si phase
wasformed as evidenced in optical micrograph of the
as-cast dloy, asshownin Figure2. Thisisduetolarge
solidification range (interva between liquidusand soli-
dus) for higher Mg,Si content in the pseudo binary sec-
tion and slow cooling rate’®. The SEM image of as-
cast aloy (Figure 3a) showsthe existence of primary
Mg,Si (B) phase intheform of coarse platelet and po-
lygona blockswith clear sharp cornershaving uneven
digtributioninthea-Al matrix. Thesharp edgesof these
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Figure3: (a) SEM micrograph of as-cast alloy (b) EDS spec-
trum of largegray M g2Si particles
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largefaceted intermetallic particlesand Al matrix lead
to stressconcentration and find failure. Finefiber-like
phase was observed asafinebright eutectic structure
(Point 1, Figure 3) with acicular, clavicorn or vermi-
form having eutectic phasesof Al Mg, .S, (Point 4,
Figure 3b) Al Cu (0), and Q (Al ,,Cu,Mg.Si.). The
exact composition of Q phaseisunknown butitisusu-
aly stated as Al .Cu,Mg,Si, or Al,CuMg,Si, or
Al,CuMg,SiorAl ,CuMgSi, Thecomposition of
each phaseisrepresentedinthe TABLE 2.

TABLE 2: EDSanalysisof as-cast alloy

Composition (mass %)

L ocation

Al Mg Si Cu
PT1 68.01 3.65 6.47 11.54
PT2 94.48 0.20 0.59 1.60
PT3 22.60 36.17 24.76 Nil
PT4 0.69 4991 3221 Nil

Optical micrograph of spray deposited alloy is
showninFigure4. Themicrogtructureindicatesuniform
distribution of primary Mg,Si(B) phase particleswith
globular shape (some of them il possessanirregular
shape) inthe supersaturated o-Al matrix. Itisobserved
that the average size of these particlesreduced toless
than 7 um asagaing 60-70 uminascast condition. The
nucleation and growth ratewereinfluenced by cooling
rate. Asthe cooling rateincreased during atomisation,
thenuclegtionrateof  phase increased and growth rate
was suppressed dueto high undercooling. Thus, large
amount of fineand uniformly distributed  phase was
formed. Because of the high content of magnesumand
silicon, agglomeration of particles can be observed.
During deposition, smal particlewhich wereagglomer-
atetogether wereassumed to beonelargeparticle. The
initid sizeof Mg, Si(j3) dependssignificantly onthespray
deposition conditions. Theformation of poresof vari-
oussizes(Figure4) inthespray deposit was 14%. The
main causes of the porosity formation could bethegas
entrapped between arriving dropletsand pre-exigtingin
thedeposit, another possibility could bethe evol ution of
hydrogen from thefeed stock. Theamount and appear-
ance of porosity in spray depositsisstrongly governed
by and isacomplex interplay of process parameters
likemelt superhesat, G/M ratio and deposition distance.
Theporosity can be minimized by judicioussd ection of
thesefactors. The SEM/EDX of spray deposited aloy
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showed Al ,CuMg.S.(Q) Mg, S, (B).Al,

Mg,Si ,Cu,, Al.,Cu,, (0) and Al,-Mg,-Si,,
Phases(3) whichareshownin Figure 5aand figure 5b.
TheEDSfor different phasesin spray-deposited aloy
isshowninthe TABLE 3. Theprimary fineMg,Si(B)
particles areinterconnected dispersoidsdistributedin
a-Al matrix and intermetallic phases (6 and Q) with
platelet irregular shapewith sharp edgeshaving differ-
ent aspect ratioswere observed. It ispossibleto rec-
ognize an equiaxed appearance of a-Al phase is re-
markablefestureinthe observed microstructureand is
ascribed to theextens ve fragmentation and coarsening

kaV
Figure5: (a) SEM micrograph of spray deposited alloy;
(b) EDS spectrum of 8 and Q phases
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TABLE 3: EDSanalysisof spray deposited alloy

Composition (mass %)

L ocation

Al Mg S Cu
PT1 96.07 1.36 0.72 18.97
PT2 25.58 27.98 26.77 Nil
PT3 6.93 53.88 33.21 Nil
PT4 45.27 15.35 27.49 Nil
PT5 67.02 0.99 0.61 30.80

of solid phases during the buildup of the deposit.

Hgure6 showsthebackscatteredimageof thesample
hot pressed at 480°C. The microstructure shows reduc-
tioninporosity, partid recrystalization and the second-
ary phases (6 and Q) are fragmented to fine particles.
Therewasno significant changein sizeand morphol ogy
of high content of hard coarseMg,Si (B) particles. When
thedloy isstressed, thedeformationin materiad isevenly
distributed and consequently theresistance of dloy to
stressconcentrationisimproved, resultinginamateria
with enhanced mechanica properties.

alloy
Microstructureof alloy after heat treatment

Fgures7 and 8 show optica and SEM imagesof hot
pressed and solution tregted dll oy, respectively. TheEDS
for different phasesin spray-deposited, hot pressed and
solutiontrested sampleisshowninthe TABLE 4. Mag-
nesium and copper rich phaseswhich havebeenformed
during solidification aredissolvedintoa-Al matrix during
solution trestment. Fragmentation, spherodisationand
coarsening occurred for f-Mg,Si phase and Q (Al -
Mg, ., Cu,) phase. Rapid cooling freezesthenew cre-
ated structureand large amount of Q phaseprecipitates
wereformed aroundtheMg S phaseinterface (Point 2,
Figure8ad). Easier and faster diffusion occursaongthe

grainboundariesandinterfaces, obvioudy theMg, S - Al
interface play significant roleduring the morphol ogical
changeof Mg, S particles. If thequenching rateissuffi-
ciently high, soluteisretainedin solid solutionandlarge
numbersof vacand esremanwithout any change. Onthe
other hand if thequenching rateislow, particlesprecipi-
tate heterogeneoudly at grain boundariesor defectsre-
sulting in areductionin super saturation of soluteand

Figure7: Microstructures of solution heat treated spray
deposited and hot pressed alloy
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Figure8: (a) SEM micrograph of solution heat treated spray
deposited and hot pressed alloy (b) EDSspectrum of B-Mg,S
and Q (Al ,~Mg,-s,, Cu,) phase.
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TABLE 4 : EDSanalysisof spray deposited, hot compr essed
solution heat treated alloy

Composition (mass %)

L ocation -
Al Mg S Cu
PT1 76.61 0.70 0.46 20.00
PT2 46.18 15.87 26.38 10.50
PT3 213 55.95 35.26 Nil

thereby alower maximum strength after aging. Thefor-
mation of induced residua stressesinthecastingisthe
mai n drawback associ ated with thequick cooling.
Theartificia ageing treatment isdesigned to pro-
duce optimum size, distribution, constitution and mor-
phology of precipitates and amount of solutein solid
solution. Controlled ageing of solutiontreated aloysen-
genders high hardness, with adecrease of ductility®.
Figure 9a shows the SEM image of sample aged at
180°C for 2 hours. TABLE 5 shows the EDS data for
different phasesin agehardened aloy. Theincrease of
Al-Mg,S eutectic phaseand areafraction of precipita-
tiondongtheinterfaceof primary Mg,s () phase could
beeasly observed. The phase re-precipitatesinavery
fineform during aging. Precipitation of 6-Al,Cu phase
leadsto increasein hardnessand apeak isobservedin
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Figure9: (a) SEM micrograph of agehar dened alloy (ageing
time2h); (b) EDSspectrum of g and 6 phases
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TABLE5: EDSanalysisartifical agehar dened alloy

Mg Al Si
PT1 15.83 47.55 25.47
PT2 0.39 97.31 0.18
PT3 60.54 0.61 34.45
PT4 0.99 67.02 0.61

Figure10: SEM photograph of agehar dened alloy (1 h)

theageing curve?, It observed that fineand uniform
digtributionof Al ,, Cu, (0) phaseandAl,, Mg S, Cu, .
(Q) phaseinand a. -Al matrix ispresent in figure 10.
ThereisalsoanincreaseinMg,, S ,(B) (Point 3, Fig-
ure 9a) phase areafraction. Thesefine f precipitates
combinedwiththe6 precipitates can significantly increase
thestrength of thealloy. Upon additional aging the par-
ticlesgrow withanincreasein coherency strainuntil in-
terfacial bond strength isexceeded and they become
incoherent. After agingthealoysfor 1 hand 2h, SEM
images were obtained and are presented in Figure 9
and 10. Precipitatesin the alloy kept for 2 hismore
compared totheonewhichisagedforlh.

EFFECT OFHEAT TREATEMENT
ON HARDNESS

Figure 11 showsthe VHN hardnessof theascadt,
sprayed deposited, hot pressed and heet treated dloys
and was measured by applying aload of 300g. The
hardness of spray deposited dloy ishigher than theas
cast, which may beattributed to alargeamount of fine
and uniformly distributed of Mg,Si () and AL Cu(6)
phasein a-Al matrix. The 3 phase providesan appre-
ciableimpediment to plastic deformation. Thefrag-
mentedintermetalics, fineand uniformly distributed pre-
cipitatesaswell asreductionin porosity leadsto high
hardness. The hardness of hot pressed alloy ishigher
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than the as cast and asdeposited aloy. The deforma-
tion caused by the indentation was restricted by the
finerefined intermetallicsphases (0 and Q). Thehard-
nessof solutiontreated aloy was 121 HV, duetorapid
cooling from thesol utionzing temperature. Point defects
andlinedefectsareformed around theMg, S particales
duetolargetherma stressgenerated by the significant
difference of thermal expansion coefficients between
Mg,S andAl. Thesedefectsinteract withthedisloca-
tionsand caused theincrease of the hardness, and the
degree of supersaturation of soluteatomswashigherin
solution heet treated dloy whichledtoincreaseinthe
hardness. The hardnessof aged dloy ishigher thanthe
solution treated alloy. During ageing, asprecipitation
proceeds, thesize and number of precipitatesincreases
and leadsto appreciableimpediment to plastic defor-
mation. The alloy reaches the peak hardness of 174
HV at 2h of aging time. Asthe aging time increased
hardness decreased because precipitates transformed
gradually from metastable stateto the stable state, and
finally to anincoherent i nterface between precipitates

TABLE 6: Samplenomenclatureof alloy

Sample
nomenclature
A scast dloy A
Sprayed aloy
Sprayed & hot compressed alloy
Soln heat treated at 530c -2hr
Age hardened - 0.5 hour
Age hardened - 1 hour
Age hardened - 2 hour
Age hardened - 4 hour
Age hardened - 8 hour
Age hardened - 12 hour
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Figurel1l: Hardnessvaluesof thealloysbeforeand after

ageing

and matrix. The second peak isdueto the occurrence
of thelatticestrain, which thedid ocationsmust beforced
through causing the. maximum hardness. Gradudly, the
hardness decreases, beyond second peak, dueto the
release of | attice strain and growth of precipitates

CONCLUSIONS

1. Themicrostructureof spray deposited Al-30Mg,S--
2Cudloy hasfiner and equiaxed particles, refined
o-Al matrix and near uniformdistributionof Mg,S
particlesin o Al matrix. Hot compressed spray de-
positsleadtoaggnificant reduction of porosity leve
of thedloy. After solution heat treetment an impor-
tant reduction and spherodisation of theMg,Si par-
ticlesoccurs.

2. Theincreased hardnessof thedeposit against as-
cast alloy increased by 25%.The peak hardness
level during ageing was reached after about 2 h.
The peak hardness of heat treated alloy ishigher
than as cast and deposited alloysand is approxi-
mately 97% and 58%, respectively.
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