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INFLUENCE OF HEAT TREATMENT ON THE MECHANICAL
PROPERTIES OF RE Al-5.0Mg—0.6Cu ALLOY SHEET
FOR AUTOMOBIL BODIES®

Sun, Xiaochua Wang, Mingpu
Central South University of Technology, Changsha 410083, China

ABSTRACT -

The inMucnces of solution temperature, time in solution and quenching rate on the mechanical propertics of

RE Al-5.0Mg—0.6Cu(wt—%) alloy shecls for aulom-obilc bodics have been studied. The results show the re-

quircments lor heal trecatments for the alloy sheets were not harsh. Therelore this alloy shects arc casy to produce

on an industrial scalc. The cxperiments indicale that there cxists slight age hardcning in the alloy. The typical

microsiruclurcs of the alloy have also been analysced.

Key words: heat trealment  rarccarth Al-Mg—Cu alloy mechanical propertics.

I INTRODUCTION

To lighten the automobile bodics with alu-
minium alloy instcad of steel is one of the most
importanl ways Lo save cnergy, reduce pollution
and improve a car’s overall pcrformanccs“]. So
far the investigation of aluminium alloys [or car
bodics has focuscd on Al-Cu—Mg systcms,
Al-Mg~-Si systcms and Al-Mg systcmslz_s],
which the Al-Mg systems, because of their cor-
rosion-resistance, casce in welding, excellent work-
ability and formation by slamping, have been
widcly developed all over the world, especially by
Japancsc aulomobile manulaclurcs who arc [a-
mous [or their high clliciency. Recently, great
progress has been made 1n automobile indusiry
in China. In order to improve the competitive
strength of China in the world markets, it 1s ur-
gent 1o develop aluminium alloys {or its own
auto mobile bodics. In this paper, the microstru-
cturcs and mcchanical propertics of the RE Al-
350Mg~0.6Cu alloy have been studicd with em-
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phasis placcd on heat treatment ol the alloy.

2 ALLOY PREPARATION AND EXPERI-
MENTAL METHODS

The composition of the studied alloy is
Al-5.0Mg—-0.6Cu (wl.—%)m. In order to make
good usc of the rich natural reserves of rarc carth
mctals in China, 0.2wt.—% Cc was addcd, and
tracc amounts of rapidly solidificd Al-5Ti—1B
powdcr were also added. The alloy was melled in
a graphile crucible by an clectric [urmace. The
molten alloy was cast into 5 kg [lat ingots, then
hot and cold-rolled into sheets ol 1 mm thickness
lor use.

Mecchanical propertics of the alloy were
mcasurcd on a WD—10A type universal clectric
lesting machine. The lensile ralec was 2 mm / min
and the sizes of the samples are shown in Fig, 1.
The valucs ol the mechanical propertics were the
averages ol 3~ 5 samples.

X-ray dillraction analysis was conducted
on a D500 type diffractometer (CuKa, 40 kV |
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Fig. 1 Sketch of sample for tensile test

2 C /min) with 20 mm X 15 mm X 1 mm sam-
ples. The samples were solution heat treated,
then mechanically polished and destressed by
clectrol- ytic polishing. The clectrolyte was com-
poscd of 9 wi.—%Cr0O,, 5.2 vol-% H,PO,, 14
vol.—% H,S0,, 20 vol.~% H,0. the samples lor
microscapic obscrvation were prepared as above
bul withoul clectrolytic polishing, and the corro-
sive agent is  THCIH2HNO,+1HF+96H,0
(vol.%).

EDA experiments were performed on a
X—=650 typc SEM lor microscopic obscrvation
samplcs and the tensile [racture surlface respecti-
vely.

The samples for TEM observation werce
mechanically thinned and punched with a mix-
turc of 30 HNO,+70 CH,OH (vol.—%) at =30~
20 C, and then obscrved with a H-800 TEM at

an accclcrating voltage o[ 200 kV.
3 RESULTS AND DISCUSSION

3.1 Effect of Solution Temperature on Mechan-

ical Properties of Al=5.0Mg—0.6Cu alloy

Fig. 2 shows the mcechanical propertics cur-
ves of the studied alloy, which was solution heat
treated at different temperatures [or 1h and then
watcr-quenched to room temperature. Tt can be
scen that the values ol the strength gy, 4, and
the clongation d incrcasc with increasing solution
icmpcerature.

At 470 T | the values of gy, g5, and d arc
respectively 280 MPa, 115 MPa and 30%. When
the solution temperature exceeds 550 C | there
appcar overheated structures in the alloy, and the

mechanical propertics of the alloy become extr-
cmely poor. Therelore, the reasonable solution
lempceraturc range [or the alloy is 470~ 530 C.
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Fig. 2 Mechanical properties of RE Al-5.0

Mg—0.6Cu alloy versus solution temperature

3.2 Influence of Time in Solution on Mechanical
Properties of Al=5.0Mg—0.6Cu Alloy

Fig. 3 shows th¢ mechanical propertics cur-
ves of the studicd alloy, which was solution heat
trcated at 470 € [or dilferent times and then
walcr-quenched to room tcmperature. Tt is clear
that the mechanical propertics ol the alloy im-
prove with increasing solution times. Alter a so-
lution tcatment, the valucs of gy, g, and & can
recach 290 MPa, 123 MPa and 31.1% rcspecti-
vely. Because their slow change a reasonable so-
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lution time can be considered to be 20 min~ 2
h.

3.3 Influence of Quenching Rate on the Mechan-
ical Properties of A1—-5.0Mg—0.6Cu Alloy

Table 1 lists the data for thc mecchanical
propertics of the alloy, which was solution heat
trcated at 470 C for 20 min and then quenched
al dilTerent rates. It can be scen that the values of
0y, 0y, increasc with decreasing quenching rate
but the valuc ol d changes little.
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Fig. 3 Mechanical properties of
Re—5.0Mg—0.6Cu alloy versus solution

time (solution temperature: 470 C)

Fig. 4 shows the tensile curves (6—&) of the
alloy quenched at dilTerent rates. There cxisls a
yicld platform undecr the condition ol air cooling,
and therc appear to be similar platforms cascs

under the conditions ol strong breeze cooling |

and natural cooling on asbestos board. Generally
spcaking, the cxistence of this kind of yicld plat-
form means the appcarance of Luders bands in
the alloy, which alfcet the surface quality of the
alloy later formed by stamping.

But from Fig.4, it can be scen that the strain
ol the yicld platform is only 0.8%. Whecther it in-
fluences the surface quality of the alloy aflter
formation by stamping necds lurther investiga-
tion. If the inf{lucnce i1s very small, then a lower
quenching ratc may be adopted [or the conve-
nicnee ol industrial production.

3.4 Typical Microstructures of Al=5.0Mg—0.6
Cu Alloy

The typical microstrutures ¢l RE Al-5.0
Mg—0.6Cu alloy arc shown in Fig.5, [rom which
the following [acts can be gleaned.

(1) No dctrimental needle-like phases such
as FciAl appear in as-cast (Fig.5(a)), cold rolled
(Fig. 5(b)), anncaled (Fig. 5(c)) and solution heat

Table 1
RE Al-5.0 Mg—0.6Cu alioy quenched to
different rates (T =470 T, =20 min)

Mechanical properties of

Cooling conditions a,/ MPa a,,/ MPa 8/ %
Waler-quenched at RT 288 118 29.5
Strang breese canled 300 128 31.2
air-cooled 305 137 29.7
naturally cooled on ashesins board 32t 141 30.0
320
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Fig. 4 o¢—0 Curves of RE Al-5.0Mg—0.6Cu alloy

a—walcr-quenched; hA—air-cooled



e

Fig. 5 Typical microstructures of RE AI-5.0Mg—(}.6Cu alloy
{(a)——as-cast; (b)—cold rolled{polarized light); (c)—anncaled; (d)—quenched; {¢) fracture morphology of quenched sample(SEM);
(N— overheated (55 €, 1h); (g)— fracture morphology of overheated sample(SEM); (h)— TEM micrograph and clectron
diffraction pattern(001)" lor aged sample {175 T, Ih)
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trcated (Fig. 5(d)) samples.

(2) The as-guenched microstructure of the
alloy 1s a solid solution composed ol a—phasc, on
which are distributed (orcign substances brought
in during casting. (Fig.5(d), Fig.6). In the cold
rol- led state, the impuritics distributed along the
rolling dircction, and anncaling or hcal treating
in solution didn’t change their distribution oricen-
tation (Fig. 5(b)—(d)). )

(3) After solulion trcatment, the amount of
impurnitics decrcased. This mcans that part ol
them (such as Mg,Al;, CuMgAl,)) could be
solutionized. That thc mechanical' propertics of
the alloy increasc with incrcasing solution fem-
peraturc and solution timc may be ascribed Lo
the solution degree of the alloy. The lattice con-
stant ol the base mictal altuminium (4.070A) cal-
culated [rom the XRD patlerns shown in Fig. 6
is larger than that of the purc aluminium
(4.0491&). This implics that the alloy i1s mainly so-
lution hardening.

(4) The tensile {racturc surlace ol the as-
quenched alloy appcars to be sheared [racture
(Fig. 5(c)). This indicates ductile ailure of the al-
loy. From the EDA data in Table 2, we know
that the small particles such as points 1 and 2 in
the tough combs in Fig. 5(c) arc rich in rarc carth
mctals and have high concentrations of Fe, Si,
Cu and Mg. This mcans that rarc carth metal can
improve the distribution of detrimental clements,
such as Fc and Si, to inhibit the [ormation of
needle-like phases, and then improve the mechan-
ical propertics of the alloy to some cxtent.

(5) When overheated, the grains of the alloy
grew rapidly. There existed cracks on the grain
boundarics afler quenching and culcctic struc-
turcs ol low mclling points along thc grain
boundarics (Fig. 5(I)). The overheated [racturcs
(candy-like) arc ol typical intergranular failure
(Fig. 5(g)).

(6) In Tablc 3, the valucs of the mechanical
propertics of the alloy arc compared with the
qguenched statc and the aged state (175 T, 1 h,

simulated paint roasting). Tt is shown that the
strength increcases and ductility decreases alter
ageing.

Thercfore, there exists slight age hardening
in the alloy. Fig.5(h) shows thc TEM micrograph
and the corresponding dillraction pattern of the
aged alloy. There cxists artilicial age hardening in
the alloy and no new difTraction speckles appear.,
Therclore, the line granular precipitales in the
TEM micrograph can bc preliminarily deter-
mincd G. P zones and the age hardening mecha-
nism ol the alloy is precipttation strengthening,.

Table 2 EDA data of RE Al-5.0Mg—{.6Cu alloy

particle | particle 2

clement wi—% al—% SE% clement wi—% al—% S.E%

Mg 9.19 5.85 181 Mg 10.04 12.39 1.16

Al 91.58 93.01 0.65 Al 72.24 §0.23 0.27
Ce 1.24 0.24 3515 Si 130 1.39 5.16
Fe 0.68 0.33 2591 Ce 7.22 1.55 252
Cu 1.30 0.56 22.01 Cu 9.20 4.34 1.46

Tabhle 3 Comparison of mechanical properties of
RE Al-5.0Mg—0.6Cu alloy with those of the quenched
state and aged state(175 T, 1 h)

stule o,/ Mpa .,/ MPa 3/ % HH
quenched 288 118 0.7 66.0
uged(175 T, 1h} 130 141 279 724

4 CONCLUSIONS

(1) The mecchanical propertics of RE Al-
5.0Mg—0.6Cu alloy improvc with incrcasing so-
lution tcmpcraturc and solution time. This may
be ascribed to the degree of solubility of the
alloy;

(2) The strength of the alloy incrcases with
dcercasing quenching rate and there appcears a
yicld platlorm when the quenching rate is lower
than a ceriain valuc;

(3) With rcgard 1o the convenicnee for its
production on an industrial scale, the alloy may
bc heat treated at 470~ 530 € for 20 min~2 h
and then cooled by a strong breeze;

(4) The typical values of mechanical prop-
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Fig. 6 X—ray diffraction pattern of as-'quenched RE Ai-5.0Mg—0.6Cu Alloy

ertics of the alloy arc ¢,=290 MPa, g,,=123
MPa and 6=31.1%. And therc cxists slight age
hardening in the alloy. Therclore it ts an idcal
matcrial to be used as automobile body sheets.
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