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Creep resistance of Mg 4% Al 2% RE-2% Ca alloy®
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Abstract: The creep resistance of the alloy Mg 4AF2RE-2Ca( AEC422) and the base alloy AE42 was studied. The
results reveal that the precipitated phases of AEC422 consist of AlhbLa and AL Ca by contrast with the precipitated

phase AliiLa; in AE42, which is instable and decomposes to AlbLa and Al at high temperature. Creep resistance of

AEC422 is significantly improved compared with that of AE42. The microstructure of AEC422 has no obvious chan-

ges after creep test at 175 C and 70 MPa, as compared to that before creep test, indicating that Al,La and Al,Ca

have high thermal stability. Especially AlLCa phase largely increases the strength of the grain boundaries in

AEC422, which accounts for the creep resistance improvement.

Key words: creep resistance; grain boundaries sliding; intermetallic phase

CLC number: TG 146

Document code: A

1 INTRODUCTION

The ternary AE42(Mg4% AF2% RE) alloy,
in which RE mostly is lanthanum-rich or cerium-
rich misch metal, shows good elevated temperature
properties, excellent die castability and acceptable
cost'". However, when the temperature is above
150 C, its creep resistance drops abruptly, which
limits its further application in automotive indus-
trym .

Calcium additions have good effects on creep

>4 But nearly

resistance of binary Mg-Al alloys'
no results have been published in open literature on
calcium addition into AE42 alloy yet. So the study
on the combined strengthening effects of Ca and
RE on Mg Al based alloy will be of significance
and interest.

In the present work, the quaternary Mg~
4% AF2% RE-2% Ca alloy ( AEC422) shows much
higher creep resistance than base alloy AE42 and
the effect of RE and Ca on creep resistance is stud-

ied thoroughly.
2 EXPERIMENTAL

AEC422 alloy was melted in a mild steel cruci-
ble under the protection of a mixed gas atmosphere
of 1% SF6 and 99% CO: ( volume fraction). The
rare earth elements used in the present investiga
tion were lanthanum-rich misch metal ( RELa 80,
GB/T4153 —93, Chinese Specification). Calcium

addition was conducted by adding a master alloy

with composition of M g-30Ca( mass fraction, %).
After the alloying elements were dissolved, the
melt was held at 720 C for about 15 min, then
poured into permanent molds made of cast steel.
M eanw hile, the base alloy AE42 was also prepared
under the same condition for comparison. Dimen-
sion of the creep specimens was machined accord-
ing to National Standard GB2039-80 and tested on
the RD2-3 specified creep machine. Microstruc
tures were characterized on selected specimens u-
sing optical microscope(OM) and scanning electron
microscope( SEM ). Microanalysis and determina-
tion of crystal structure of precipitates were carried
out by X-ray energy dispersive spectroscopy ( XEDS)
and X-ray diffractometry( XRD), respectively.

3 RESULTS

3.1 Xray diffraction

The XRD analyses of AE42 and AEC422 al-
loys were carried out and the diffraction patterns
are shown in Fig. 1. All the peaks of AE42 are in-
dexed to come from two distinct phases aMg and
AlnLas(Fig. 1(a)), which is consistent with the

Bl Two new

result in the previous investigation
peaks appearing in AEC422 alloy are identified as
AL La and ALCa(Fig. 1(b)).

that Ca additions not only lead to the formation of

The results show

new aluminum-calcium intermetallic compound

Al2Ca phase, but also transform aluminum-RE in-
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termetallic phase from body centered AliiLas phase

to face centered ALLa phase'® .
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Fig.1 XRD patterns of AE42(a) and
AEC422(b) alloys

3.2 Microstructure

Fig.2(a) shows an optical micrograph taken
from the base alloy AE42, in which a large quanti-
ty of acicular intermetallic particles irregularly dis-
tribute in grains or at grain boundaries. The mor-
phology of these particles is shown more clearly in

Based
on XRD pattern and results of XEDS microanaly-

the higher magnification image( Fig. 2(b)).

sis, these acicular particles are identified as
AlinLas with some cerium substituting lanthanum.

The microstructure of AEC422 alloy is quite
different from that of AE42 under optical micro-
scope( Fig. 3(a)). The acicular Alii Las phase dis-
appears and two new phases form in AEC422 al-
loy. XEDS analysis shows that the spotted phase
contains La, Ce and Al elements, but the contents
of La and Ce are much higher than those in
AlinLas. The other is lamellar phase appearing at
grain boundaries( Fig. 3(b)). The chemical compo-
sition of the lamellar phase determined by XEDS is
approximately AlF31.7Ca15.2Mg. Referring to
the XRD pattern shown in Fig. 1(b), the spotted

Fig.2 Microstructures of as cast AE42 alloy
(a) —Optical image; (b) —SEM image

phase is determined as AlaLLa and the lamellar
phase is AbCa. It can also be seen the distribution
of Al;La phase is irregular in grains or along grain
boundaries, just the same as that of AliiLas phase.
However, the Al.Ca phase is strictly precipitated
along grain boundaries.

3.3 Creep properties

The creep tests of the two alloys were carried
out under the temperature of 175 C and applied
stress of 70 MPa. The creep curves are shown in
Fig. 4, from which the total time-dependent strain
measured and the steady creep rate calculated are
marked. Under the condition used in the present
investigation, the creep resistance of AE42 alloy
seems quite poor. The total strain and the steady
creep rate are 7. 75% and 2. 77 x 10" '/ s respective-
ly after creep rupture at about 61 h finally. 2. 0%
(mass fraction) calcium additions lead to signifi-
cant improvement of creep resistance of AEC422
alloy. The total strain of AEC422 alloy is only
0.76% after 100 h creep, one order of magnitude
lower compared with that of AE42. The steady
creep rate gets to 5. 54 x 107°/s, two orders of
magnitude less than that of AE42.

3.4 Microstructure of specimens after creep test
The fractograph of AE42 specimen after creep
fracture is shown in Fig. 5(a), from which it can
be seen that AE42 alloy ruptures along grain
boundaries after creep test. Meanwhile, a large
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Fig. 3 Microstructures of as cast AEC422 alloy
(a) —Optical image; (b) —SEM image
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Fig. 4 Creep curves of alloys at
175 C and 70 M Pa

number of new collective particles form in the
microstructure after creep instead of the acicular
AlinLas phase. The shape of these granular parti-
cles appears actually short rod-like under high
magnification (Fig.5(b)). XEDS analysis per-
formed on these particles shows that the mass frac
tions of Al and (La+ Ce) are 24.15% and
65.95% , respectively. So this new phase can be
identified as Al:La combining with the previous

[5.

. . . 8 . .
investigations'™ *'. Microanalysis also reveals some

gray particles( Fig. 5(b)), in which only Mg and
Al exist and the Mg/ Al molar ratio is about (1.3~
1.5)/1, thus, the phase is identified as Mgi7 Al
(B, which commonly appears in Mg-Al based al-
loys.

Fig. 5 Microstructures of AE42 alloy after creep
(a) —Optical image; (b) —SEM image

For alloy AEC422, 100 h creep test does not
result in obvious changes in microstructure, as
shown in Fig. 6(a) and Fig. 6(b). The shape and
size of grains after creep keep the same as those of
as cast and the precipitation process. Neither the
spotted Al:La phase nor the lamellar Al»Ca phase
undergoes any change, indicating high structure
stability of this alloy.

4 DISCUSSION

The fact that the creep resistance of AEC42
alloy is much higher than that of the base alloy
AE42 attributes to two factors as follows.

4. 1 Transformation of rare earth precipitated
phase

The atom radius of Mg and La are 1. 6 A and
1. 877 Arespectively and Ar/r= 17.3%, which can
not meet the requirement for the formation of the
solid solution according to Hume Rothery Rule
(Ar/r< 15%). Lanthanum element has nearly no
solid solubility in ® Mg according to Mg-La binary
phase diagram'”
(AE42 alloy), lanthanum combines with aluminum

. In Mg4Al2La ternary system
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Fig. 6 Microstructures of AEC422 alloy
after creep
(a) —Optical image; (b) —SEM image

to form AliiLas phase in the present investigation.
However, AliiLa;s is not a stable phase and decom-
poses when the temperature is above 150 C”:
AliLas ~ 3ALLa+ 5Al (1)
then the released aluminum reacts with Mg to form

Mgi7Alix phase:

12A1+ 17Mg~ MgirAlo (2)
two formulas abov_e> are combined as
AlnLas+ Mg AlLa+ MgirAle (3)

The Mgi7Al2 phase (Bphase) has a low melt-
ing point (437 C) and can readily soften and coars-
en due to accelerated diffusion with increase of

temperature[ .

, which greatly weakens the grain
boundaries. The formation of B phase is a key fac
tor accounting for the low creep resistance in Mg~
Al base system.

However in AEC422 alloy, calcium firstly
combines with aluminum to form the thermally
stable Al.Ca phase ( melting point of 1 079 ),
which implies the free energy of Al.Ca phase is
lower than that of AlFLa intermetallic phase.

Then,
through the formation of Al.Ca promotes the Al

the consumption of aluminum content

La intermetallic phase to transform from previous
AliiLas in AE42 alloy to Al.La in AEC422 alloy.
Therefore, the formation of the thermally stable
Al:La phase instead of unstable Ali1Las in AEC422

alloy is one of the reasons for the improvement of

creep resistance of AEC422 alloy.

4.2 Strengthening grain boundaries

Mg Al base alloys with hexagonal structure
can not afford enough sliding systems for disloca
tions to slip during deformation. Grain boundary
sliding supplies two additional sliding systems to
meet deformation requirement''""’. Grain boundary
sliding with a model of dislocation climb and slip-
ping has ever been investigated elsewhere''”,
which meets the experiment very well.

Generally, the grain boundary sliding can be
neglected at ambient temperature. However, when
the temperature rises, the atoms at grain boundary
are not stable and prone to diffuse, which leads to
movement of the grain boundary under the stress
during the creep. Humble found in their experi-
ment that grain boundary sliding takes up 40% ~
80% in total deformation in Mg-0. 8A1% by con-
trast with less than 10% in pure aluminum'"'.
Grain boundary sliding leads to the intergrannular
fracture finally just as the fracture of AE42 alloy
shown in Fig. 5(a). The result indicates the grain
boundary sliding plays a primary role in the creep
of magnesium based alloy'' .

In the present investigation, either AliiLas
phase or Al:La phase is randomly distributed in
grains or at grain boundaries. The strengthening
effect to grain boundaries through RE element add-
ed into Mg-Al based alloy can inhibit the precipita-
tion of B phase at grain boundaries during solidifi-
cation. Furthermore, AliiLas; phase is unstable
when temperature is above 150 ‘C, which directly
deteriorates the strength of the grain boundaries
and results in the dropdown of creep resistance.
But the lamellar Al,Ca phase in AEC422 alloy pre-
cipitated along grain boundaries can strengthen the

grain boundaries to the most degree' "’

. The pres-
ence of the thermostable Al.Ca phase at grain
boundary provides effective pinning to resist grain
boundary sliding and climb and improves the creep

resistance of AEC422 significantly.

S CONCLUSIONS

1) The precipitated phases in AEC422 alloy
are spotted Al.La and lamellar Al.Ca phases by
contrast with the acicular Ali1Las phase dominated
in the base alloy AE42 alloy.

2) AECA422 alloy shows excellent creep resist-
ance, whose secondary creep rate gets to 5. 54 %
10"’/ s at 175 'C and 70 MPa, two orders of magni-
tude less than that of AE42 alloy.

3) The microstructure of AEC422 is very sta
ble during creep test. However, the microstruc
ture of AE42 changes largely after creep on the
other hand. The poor creep resistance of AE42 al-



Vol 15

Ne 4

Creep resistance of Mg-4% AF2% RE-2% Ca alloy

* 867

loy attributes to the decomposition of AliiLas

phase at high temperature.

4) The high creep resistance of AEC422 is

largely due to the thermally stable Al.Ca phases

distributed at grain boundaries, which impedes the

grain boundary sliding in creep.
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