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Abstract

Magnesium alloy have the advantages of light-weight, high strength/weight ratio,
high stiffness/weight ratio, high damping property and electromagnetism shielding
property and so on, so recently it has acted an important role in automobile and
electric industry as a weight reducing material. Following with the light-weight of
automobiles, more and more automobiles’ components are made from magnesium
alloys, where the wheels have a special magnificence and ettect for the weight-save of
automobiles. But wheels should have both high strength and high toughness
depending on their working environment, the magnesium alloys at present has not
satisfied the requirement for material yet. AM60 and AZ91 are the most broadly used
magnesium alloys in industry. AZ91 alloy’s strength is high enough to meet the needs
of wheels, however, due to the high Al content, the ductility of AZ91 alloy is not so

good. AM60 alloy has a high ductility but its strength needs to be improved.
In this paper, more than ten kinds of new AM60B-based and AZ91D-based

alloys have been made up with microalloying of rare earth enriched by Ce. Whilst the
test of their fluidity, mechanical properties at room temperatures, and HB hardness,
effects and their mechanism of rare earth addition and heat treatment on the
microstructures and mechanical properties have been investigated using modern
analysis and test facilities such as optical microscopy (OM), X-ray diffractometer
(XRD), electron probe microanalyzer (EPMA), scanning electron microscopy (SEM)
with energy dispersion X-ray analysis (EDAX) and inductively coupled plasma (ICP),
etc.

Experimental results showed that rare earth preferentially combined with
aluminum to form rod-shaped AlyRE3 after it had been added to Mg-Al based alloys.
Secondly, because the manganese contained in AM60 and AZ91 alloy, rare earth,
aluminum and manganese would combine to an AljoRE;Mn; ternary phase. If there
were no rare earth in the alloy, manganese and aluminum would combine to Al-Mn
phase. The addition of rare earth had the effect of . second-phase strengthening.

Because there are not so much y-phase(Mg;7Al;p) in AM60 alloy, so such
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strengthening was well exhibited. On the contrary, there were lots of y phase in
AZ91D alloy, and when RE is added into it much rod-like Al;RE; phases are formed,
these rod-like Al;{RE; phases and net-like v phases have a tendency to dissever the
magnesium matrix with weakening the effect of strengthening even reducing the
strength of the alloy as the content of RE is relative high,

Also the influences of solid solution treatment on the two alloys are not fully
same. Because of the high content of aluminum in AZ91 alloy, its solid solution
strengthening effect was remarkable. And the effect of solid solution strengthening
was low due to the lower content of aluminum in AM60 alloy. The effects of aging
heat treatment on these two alloys were also different. In AMG60 alloy, y phases
precipitated in the grain and grain boundaries uniformly with the mechanism of
continuous precipitation. In AZ91 alloy, y phases were formed by means of two
precipitating mechanism: The vy phases precipitated with the mechanism of
discontinuous precipitation grew lameltar from grain boundaries to the inside of
grains; And the y phases precipitated with the mechanism of continuous precipitation
were formed inside grains. On the other hand, solid solution and aging heat treatments
couldn’t change the shape of rare earth phase obviously.

On the whole, heat treatments and RE addition less than 1.6wt% can notably
improved the mechanical properties, such as ultimate tensile strength, yield strength,
and elongation rate, of AM60B and AZ91D alloys. Where the properties of S4 alloy
with T4 treatment are: op>220Mpa, Go. ;=80~85Mpa, 6=10~13%, HB hardness>7 0,
strike toughness more than 16J. Those of SS2 alloy with T6 treatment are: oy, up to
241.5Mpa, oy 2 up to 130Mpa, & about 6%, HB hardness more than 75, and strike
toughness up to 12J.

With a h.c.p structure, failure of magnesium alloys is usually brittle through
cleavage or quasi-cleavage fracture. In cleavage fracture, micro-cracks develop along
certain crystal planes, which is (0001) for magnesium. Two parallel cracks with
relatively high differential altitude can form steps through the pattern of secondary
cleavage or tearing, and RE addition changed the formation of the steps from
secondary cleavage to tearing, The fracture of AM60B with RE additions obviously
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features the combination of quasi-cleavage and local gliding fracture, and the fracture
of AZ91D with RE addition has a feature of combination of intercrystalline crack and
cleavage fracture which leads to the relative bad plasticity of the alloys.

In this paper, on the basis of the researches and developments of new high
strength and high toughness magnesium alloys, the pilot production and casting
process researches of automobile wheels by the new AM60B magnesium alloy with a
little RE addition were carried out. FEM mechanical analysis and computer
simulation of casting procedure of wheels were adopted to simplify the design and
amendment of the gravity casting process of magnesium alloy wheels. Some

acceptable wheels were produced and went through the bench test.

Key Words: rware earth, solid solution, aging, microstructure, mechanical property,

continuous precipitate, discontinuous precipitate, automobile wheels, bench test
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% 2-1 AZ91D 5 AM60B #1fh# &4
Table 2-1 The chemical composition of AZ91D and AMS0B

g . _ sk (%)
ik Al Mn Zn Si Cu Ni Fe  HY
AZ9ID 83~97 0.15~05 035~10 0.10 003 0002 0005 0.0
AM60B  55~65 024~06  <0.22 0.10 0.10 0002 0005 002
%22 SEEKSSEA&LHELFRS
Table 2-2 The chemical composition of S and 85 series alloys
i HERS (%) _
W5 L Alm I\ﬁlm Zn RE Hg
SO(AM60B) 5.5~6.5 0.24 ~ 0.6 < 0.22 / Mg
Si 5.5~ 6.5 0.24 ~ 0.6 <0.22 0.4 Mg
S2 55-6.5 0.24 ~ 0.6 <0.22 0.8 Mg
S3 55~6.5 0.24 ~ 0.6 <22 1.2 Mg
S4 5.5~6.5 0.24 ~ 0.6 < 0.22 1.6 Mg
S5 _ 55~65  024~06 <0.22 2.0 Mg
SSO{AZS1D) 83~9.7 0.15~0.5 035~ 1.0 / Mg
SS1 §3-907 0.15~05 0.35~ 1.0 0.4 Mg
$S2 8.3~97 0.15~0.5 0.35~ 1.0 0.8 Mg
$83 8.3 ~ 9.7 0.15~0.5 0.35~ 1.0 1.2 Mg
SS4 83-97 0.15~0.5 035~ 1.0 1.6 Mg
385 83-9.7 0.15~0.5 0.35~ 1.0 2.0 Mg
BZRBEEXAEBELEREHIEETE, S F RN EEHLN
Y5 B~ dm 3k 243,
& 2-3 F e BEWHLABRS @ %
Table 3-1  Compositions of the mixed rare earth & pi%
Ce La Nd Pr Fe 8 Mg Mn Ca mﬁ*ﬂﬂ_
5020 2667 1528 537 065 001 038 0.1 001 0003 1317
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Table 2-4 The composition of coating {wi%e)

L T K(60C £ 1)
10 __L_ 2~4 &
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700°C 2B E, BUE Mg~ RE &l &4, AANEGEBHF, FRE 730 ~760°C
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EEEA+ AIHREK (T6), HENERESLNEREE, EREEAIE
ik, ARE TR, 284 AZO1 B AM60 #E R 85 T6 AL K-

S %% ( AM60+xRE ):

43447 410C £ 6°C, 24hr B,

MAERE. 204+6C, BREESHA: 10, 15, 25hr, BEZT .
SS &7 { AZ91+xRE):

%3#4T 410C £ 6°C, 24hr B #,

BARERE: 168+6°C, BB AH K 10, 15, 25hr, BEEZ%.
PR R XA SR RALEN R LE T4&2-6.

& 2-6 RAEAEX

Table 2-6 Heat-treating criterion
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T4-35 | 410 35 A A
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| 204 10 s S&%
A oy o # A 168 | 10 % | SS 7
, 204 15 = S %%
Te-1> 40 24 AH 168 15 ik | SS &7
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HELEEE, THERIERELTEET, ENAUXLEREZRA, AXEA
HV-50 RAE T KEEY, KFHR25AF, FEREN0H, gHEAN
PHENEEREMNALNTHKEd AEEEREELFEEE.

3. wHH
Lot AN ARARSERERE. WE
2.5, HE P& ML, FEAR : :::;::l- ‘
(r-20)%=3206, 6 =0-2m, (2.1)
¥R g = 20mm. EHRUEPLE&IRA
B OWEBAME AR —F LA B E
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o8 EAEFR S0mm B — /MR, EAIRE,
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WHR

2. ML

FIH X HEATH (XRD) 241 &2 094 4 5K, #7508 DMAX-RE 77 5 13X,
R W JE R 40KV, BEN 100mA, KA Cu ¥, HHEF R 1 E/n, HHEEH
21090 B, WX AyHE4ERAE F#E4 (EPMA, JEOL Superprobe 733) fogkif
( EDAX. Hitachi S - 520 SEM ) 3474047, |

3. BroBHEAH
F X AR O B R & Hitachi S-520 H# w45 T #H1THY.

4. SENFERDTLAT

AWML ERS O RAELRBELEB TR T XA A EN Inductively
coupled Plasma PE40Q 247 Al <.
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B=Z AM60B+xRE B AZ91D+xRE &4 BIHLL 5750

— BT E,E Ce e L RE v Mg-Al X& 4+ 2BK Al EREP E
BIE, FUREHIHE, ATBRE &L EHal B REA AM6G0 %
0 AZ9l BSATHE AT HRIERXLTSL 8, EFAFARLE L £HETH
17 A 47 .

KM ESESGLEYEENME, CASEFAARHOHAT AR, HHE#
TG HNRE.

F i, AEFEHFR RE RALE T Y 3 AM60B #2 AZ91D AR F &4 8
M. BEATHMEAEN D H.

§3.1 LR&ERT

#%3-15 8 T AM60B+xRE 2 &4 # LML FE RS, 5Xit0E& 4 math,
548 TEHRGEEE 80%U L.

& 3-1 AM60B+xRE & &-&1bF R4 @ /%
Table 3-1 Compositions of the studied AM60B+xRE alloys &) 5%
Alloy Mg Al | Zn | Mn | Ce | La | Nd | Pr | Total RE

SO Balance | 5.15 | 0.48 | 0.24
S1 Balance | 5.15 | 0.48 | 0.24 { 0.16 | 0.082 | 0.048 | 0.017 | 0.315
S2 Balance | 5.15 | 0.48 | 024 | 0.32 | 0.26 { 0.074 | 0.045 0.70

S3 Balance | 5.15 | 048 [ 0.24 | 0.53 | 0.41 | 0.097 | 0.044 1.087
I S4 Balance | 5.15 | 048 | 024 | 0.69 | 0.56 | 0.109 | 0.055 1.450
‘ S5 Balance | 5.15 | 048 | 0.24 | 0.90 | 0.81 | 0.12 | 0.089 1.92

. *RRAEN A o

#3258 7 AZ9ID+xRE 428 ML E Ko, 5 &t 6401t
H4TEHWHERE 90%LL L,

F 32 A F RS w /%%
Table 3-2 Compositions of the studied alloys w /%
L ¥ »
Alloy Mg Al Zn Mn Ce La Nd Pr Total RE

SSO BRalance | 8.68 { 0.51 | 0.21
SS1 Balance | 8.68 | 0.51 | 0.21 | 0.20 | 0.093 | 0.058 | 0.020 | 0.381
SS2 Balance | 8.68 | 0.51 | 0.21 | 0.28 | 0.19 | 0.083 | 0.029} 0.596
SS3 Balance | 8.68 | 0.51 | 0.21 | 0.46 | 031 | 0.133 | 0.047 ) ©0.572
SS4 Balance | 8.68 | 0.51 | 0.21 | 0.66 | 0.44 | 0.177 { 0.062 1.358
SS5 Balance | 8.68 | 0.51 _51;21 0.87 { 0.75 | G.15 0.09_6_5_ 1.87J
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BEE(C) BHEAA (vol¥)
650-705 Air+0.04%SF6
650-705 Air+0.2%SF6
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705-760 50air/S0CO2+0.3%5F6
705-760 S50air/50C02+0.3%SF6
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