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Abstract

A magnesium-based alloy contaiming at least 92 wt? magnesium,
2.7 to 3.3 wt% neodymium, 0.0 to 2.6 wt% ytirium, 0.2 to 0.8 w%
zirconium, 0.2 to 0.8 wt% zinc, 0.03 to 0.25 wt% calcium, and 0.00 to
0.001 wt% beryllium. The alloy may additionally contain up to 0.007

wt% iron, up to 0.002 wt% nickel, up to 0.003 wt% copper, and up to

0.01 wt% silicon, and incidental impurties. The alloy may contar

3

from 0.2 to 0.5 wt% Zn, arnd from 0.03 to 0.15 wt% Ca. and 2.9-3.2
wt% Nd, 1.9-2.1 wt% Y, 0.3-0.5 wt% Zr, 0.2-0.4 wt% Zn, and 0.03-0.12

wt2% Ca.
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HIGH TEMPERATURE RESISTANT

MAGNESIUM ALLOYS

-

Field of the Invention

The present 1nvention relates to magnesium-based aliovs suitable for

applications at temperatures as high as 250-300°C, whach alloys have good

mechanical properties, corrosion resistance, and castability.

\

Background of the Invention

Magnesium alloys, being the lightest structural metal material, are very

attractive in automotive and aerospace mndustries. New alloys are required

that would resist the increasingly onerous operating environment, and
that would provide more complex components with increased lifetime and

reduced malntenance ¢osts.

An ideal alloy should meet several conditions related to 1ts behavior both

during its casting and during its use under confinued stress. The good

astability includes gonod flow of melted alloy into thin mold sections, low

sticking of the melted allov to the mold, and resistance to oxxdation during

the casting process. The allov should not develop cracks during cooling

and solidifying stage of castirg. The parts that are cast of the allov should

L

have high tensile and compressive yield strength, ard during their usage

wi
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thev should scow a low continuved sitrain under stress at elevated

4

nce). The alloy should be further ressistant to

temperatures (creep resi

-4
U:

the corrosion. Some applications, for example use as parts of the gear-box

or a crankcase, require tnat the resistance to corrosinon and to mechanical

stress be also kept at high temperatures

The physical and chemical properties of the alloy depend substantially on

the presence of other metallic elements, which can form a vanety of

intermetallic compounds, conferring on the alloy improved mecharical and

chemical properties. The selection of elements and their ratio in the alloy

15 important also from the economic viewpoint, since the cost of the alloy

represents a significant part of the total component cost.

Magnesium allovs can conveniertly be categorized into two groups,

namely Mg-Al based alloys and Mg-Zr based allovs. The best known

representative of Me-Al group 1s alloy AZS1E which 1s widely used due to

1t3 good castabilitv and good corrosion resistance. However, this alloy has

cecreased strength and crsep resistance above 120°C. In additicon, the

outcropoing microporosity followed by lack of pressure tightness is offen

present 1n castinges, and the mechanical properties of said allov can vary

with section thickness. The mentioned drawbacks, charactensuce “or Mg-Al

allovs, ares overcome 1n Mg-Zr allovs. Zirconium exihubits a potent gramn

' \ . W 'ﬂ/"‘\“‘v‘ mv'\ '4'-'*' ™ «"‘+.' ": + N y f “1
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improved mechanical properties. Mg-Zr aildovs have more consisient

properties through thin and thick sections, and are nct prone to

outcropping through-wall porosity, which prevents lubricant leakzage. A

variety of alloys, exploiting the unique eiiect of zircomium, have been

developed, some being based on the mixture Mg-Zr-Zn-RE (rare earth
elements), wherein RE 1s usually a rare earth mixture with cerium as the

major component, others being based on the mixture Mg-Zr-Nd-Ag.

Commercial magnesium alloys of the former group. ike ZE41 and EZ33,

provide moderate strength at ambient temperature with retention of

properties up to 150°C. Alloys of the latter group, like QEZ22, can be
solution heat-treated and artificially aged to g@ive high sirength at
temperatures both ambient and higher than 150°C. However, both

mentioned groups of alloys exhibit poor corrosion resistance due to the

presence of 2-5% Zn or 1.5-2.5% Ag. [n addition, siiver 15 an expensive

element.

Trying to improve existing alloys, yttrium was 1ntroduced as a major

alloving element. It was found that the presence of ytirium corsiderably

improved the high-temperature properties of the alleys. British patent No.

—

1,483,609 describes magnesium-based ailoy contamming 2.5 to 7 wti%

vittrium, 1.25 to 3 wi% silver. 0.5 to 3 w2 rare earth metals, 0 to 1 wt%

zirconium, O to 0.5 wt% zinc, and opticrally other comporenzs. U

=

-

194,908 discloses magnesium-based allovs containing 0.1 to 2.5 wt%
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viirium, 1.6 to 3.5 wt?% silver, 0.1 to 2.3 wt?s rare eartn metals of which at

‘o b

least 60% 1s neodvmium, and ootionally other elements. The paten

demonstrates that an improved creep r

(fJ

1stance at elevated temrperatures

could be obtained by the addition of smaller quantities of vttrium to

magnesium alloys containing silver and neodymium. Whten the ytirium

content is less than 0.5 wt%, thorium should be present too. However,

thorium 1s radioactive, and its use in magnesium alloys 1s prohibited. US

3,419,385 discloses magnesium-based alloy which comprises 0.2 to 10 wt%

vtirium, 0.5 to 2 wt% silver, 0.1 to 6 wt% zinc, and possibly manganese

and zirconium. The allovs of this invention are mostly designated

extrusions. In sand casting, the alloys of this invention are inferior than

conventional alloys like QE22. The American patent US 4,116,731

discloses magnesium-based alloys, exhibiting high temperature stapility,

which are heat treated and aged and which do without silver, said alloys

containing 0.8 to 6.0 wt% vtirium, 6.5 to 4 wtd neodymium, 0.1 to 2.2 wt%

zine, 0.31 to 1.1 wt% zirconium, up to 0.05 wt% copper and up to 0.2 wt%

manganese, provided that no less than 350% of the total amount ot

neodyvmium and yttrium additions enters the solid solution after heat

treatment. US 4,401,821 discloses magnesium-based alloys which

comprise 1.5 to 10% of vtirium component of which at least 60% 1s yttrium

ard the balance are heavvy RE mesals, 1 to 6 wt?% oI neodymiw

. > ; .3 - : ' | - 3 SRS N I T A
component of which at least £0% 1s neodymium, and Possidiy other

s of sa1d patent exhibic bertter
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creep proverties than anv conventional magnesium alloys including QE22,

E733, ZE41 and 2083 allovs, and in addition thev have a good corrosion

resistance. However, the high content of yttrium makes the aioys too
expensive. Moreover, these allovs exhibit worse castability, particularly

fluidity, since yitrium lncreases viscosity ot the molten magnesium.

[t 1s therefore an object of this 1nvention to provide magnesium alloys

-

suitable for long-term applications up to 250°C and short-term

apolications up to 300°C which have good castability.

[t is an object of this invention to provide magnesium-based alloys
suitable for use sand casting, permanent mold casting, and direct chiil

casting with subsequent extrusion or/and forging.

[t is also an object of this invention to provide alloys, which are well

adapted for plastic forming overations such as forging and extrusion.

[t is another object of the present invention to provide alloys, whicn
bit excellent combination of strength, creep resistance and corrosion

resistancs.

o provide aiovs, which exhibit low

L .

[t 1s a further olject of this mvention

"‘

COTYOSIOn ratigue.
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[t 1s still a further object of this 1nvention to provide alloys, whica exhibit

toe aforesaid behavior and properties, and have a relatively low cost,

particalarly 1n comparison with commercial magnesium alloys of the tvpes

of WE43 or WE34.

Other objects and advantages of the present invention will appear as the

description proceeds.

Summarv of the Invention

The present invention relates to magnesium-based alloys swutable for

applications at temperatures as high as 250-300°C which have good
mechanical properties, corrosion resistance, and castabibhty. Said alloys
contain at least 92 wt% magnesium, and 2.7 to 3.3 wt% neodymium, 0.0 to
2.6 wi% vitrium, 0.2 to 0.8 wt% zirconium, 0.2 to 0.8 wt% zinc, 0.03 to
0.25 wt%% calcium, and 0.00 to 0.001 wt% beryllium. The contents of iron,
nickel, copper, and silicon are not higher than 0.007 wtd%, 0.002 wt%,

0.003 wit%, and 0.01 wt% respectively. A preferred ratio tetween ytinmum

and neodymium contents is from .45 to 0.70, and a preferrsd zirconium

cortent is calculated according to the following equation:

1.3/ (wi% Nd + wt?s 1) € witds Zr < 0.6 wi
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The allovs of this invenuion are well adoptad for sand casting, permanent

mold casting, and direct chill casting with subsequent exirusion or/and

»>

forging.

The invention further relates to articles produced by casting and forming

magnesium-based allovs having the properties defined hereinbefore.

Brief Description of the Drawings

The above and other characteristics and advantages of the invention will

be more readily apparent through the following examples, and with

reference to the appended drawings, wherein:

Fiz. 1 1s a photograph demonstrating the ring test;

Fig. 2 1is a photograph demonstrating the dudity test;

1]

b2
U<

o

is Table 1, showing chemical compositions of alloys of Examples 1-

10 and Comparative Examples 1-5;

Fig. 4 1is Table 2, showing castabuitv properties of the alloys of Examples
1-10 and Comparative Examples 1-5;

Fig. 5 is Table 3, showing mechanical properties of the alloys of .

Examples 1-10 and Comparative Examples 1-5;

Fig. 8 is Table 4, showing chemical compositions cr alloys of Exampies
11-15 and Comparative Examples 8-3; and
Tig. 7 1s Table 3, showing mechanical properties of the alioys of

Examples 11-15 and Comparative Exampies 6-3.



CA 02415729 2002-12-31

13392/H/01

Detailed Description of the Invention

It has prow been f{ound that certain combinations of elements In

magnesium-based alloys. comprising neodymium, yvtirium, zirconium, zinc,

-

and calcium confer on the allovs superior properties. These properties

include good castability, excellent creep and corrosion resistance combined

with high tensile and compressive yield strength at ambient and elevated

temperatures 200°C and 250°C .

A magnesium-based alloy of the present invention contains 2.7 to 3.3 wi%

neodvmium. 1f the Nd content 1s less than 2.7 wt%, the alloy will not have

sufficlent strength at ambient temperatures. On the other hand, Nd

content higher than 3.3 wt% will lead to embrittlement of the alloy due to

excess of intermetallic compounds. An allov of the present 1nvention

contains yttrium up to 2.6 wt%. Yitrium has a good solubility 1n Mgz-based
solid solution, which decreases with decreasing temperature and

consegquentlv permits an age hardening response. The presence of yitmmum

-4

and neodvmium in the alloy leads to marked precipitation hardening afier

3

T6 treatment, which includes soud solution treatment., quenching and

(fi

aging. The vttrium content higher than 2.0 wi’ can cause embpriiilement,

not mentioning the increased cost. since viirium 1S an expensive element.
The alloy of this nvention also contains zirconium as a unigque grain
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rafiner of magnesium. Zr aiso berefiis corrIsion r281sianc
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prevenis porosity 1n castings. [t has been found that 0.2 wt% of zirconium

."(“ - .

s sutiicient for grain refining. The upper lim:it for the zirconium contant 1s

b .

0.3 wt% due to 1ts Lmited solubility 1n Lquid magnesium. The alloy of this

invention contains from 0.2 to 0.8 wt% zinc which imparts to 1t improved

castaoninty, particulariv fluidity. At higher Zn contents, the most of ¥ and

MNd will be bound as a stable Zn-Y-Nd eutectic intermetallic compound,

1nsoluble m solid magnesium, thus suppressing the alloy's response to

aging. The zinc content is preferably lower than 0.5 wt%. The alloys of this

invention further contain calcaum from 0.03 wt% to 0.25 wt%, as an

ox:dation 1inhibitor, optionally accompanied by up to 0.001 wi% of

beryllium. The calcium content 1s preferably lower than 0.15 wt%, taus

preventing possible porosity problems. The beryllium content 15 preferably

lower than 0.0005 wt% in order to prevent grain coarsening.

Silicon 1s a typical magnesium impurity that 1s used for the preparation of
alloys, however, 1ts content should not exceed 0.01 wt%, and preferably it

should be lower than 0.007 wt%. Iron, copper and nickel lower the

corrosion resistance of magnesium alloys. Theretore, the allovs of this

invention do not contain more than 0.007 wt?% iron, 0.003 wt% copper, and

0.002 wit% nickel, and preferably thev contain less than 0.005 wt) Fe,

0.0015 wt% Cu, and 0.001 wt?% N1

Tn a preferred embodiment, the articles are produced by sand casting,
cermarent mold casting, and dwrect chill castung foitlowed otv plasuic

uCh as extr

U?l

1sion ard torzing.
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We have found that the zirconium cortent 1s optimally not higher than 0.6

wi?. Further we have found tnat the optimal zircomium content depends

on the contents of neodymium and yvitrium. In a preferred alloy according

to the invention, the zirconium content compiies with the following
equation:

1.3/ (Nd wt% + Y wt%) < Zr wt% < 0.6 wi%

In another preferred embodiment of the present invention, a magnesium-

based alloy contains 2.9-3.2 wt% Nd, 1.9-2.1 wt% Y, 0.3-0.5 wt% Zr, 0.2-

0.4 wt% Zn, 0.03-0.12 wt?% Ca, 0-0.0003 wt% Be, 0-0.005 wt% o1, 0-0.005

wt% Fe, and 0-0.001 wt2 Cu.

The magnesium alloys of the present invention have been tested and

compared with comparative samples, including widely used, commercially

avallable magnesium-based alloys WE43, ZEL1 and QE22. The allovs were

prepared in a 100 lter crucible made cf low carbon steel and cast 1nto 8 kg

ingots. The mixture of CO» + 0.53% SF; was used as a proteciive

atmosphere. The ingots of all new and comparative ailoys were then re-

by

elted and permanent mold cast, obtaining bars 30 mm 1n diameter,

—

which were used for the preparation of specimens for tensile, compressive,

fatigue, corrosion and creer tests. The ring test was used 1 order 1o

Ay

: M A SR : = . . 2 W S ~. < g .11 P—— v
svaluate susceptibilit7 to ket tearing. Another parameter characterizing

T 4



CA 02415729 2002-12-31

13892/HH/01

castapility 1s Hwudity, 1.e. the abilityv of the moiten metal to continue to flow

|

and Ol thin mold sections, also as it cools down. Fluidity properties were

analvzed using spiral mold test. Some alloys were re-melted and direct

chill cast i1nto billets with 100 mm diameter. After scalping, the billets

were annealed at 500°C for 10 hrs. and extruded at 450°C to round bars of

30 mm 1n diameter . Permanent mold cast alloys were subjected to heat
treatment to obtain the best combination of mechanical properties. Tensile
vield strength (TYS), Ultimate Tensile Strength (U'TS), percent elongation
(%15), and Compression Yield strength (CYS) were tnen determined.
Corrosion behavior was evaluated by the immersion corrosion test as per
ASTM Standard G31-87. Fatigue tests were carried out using high

frequency resonance method. For aerospace and automotive aprlications,

the fatigue performance of magrnesium alloys 1n aggressive corrosion

environment 1s of particular importance. It 1s known that commercial
wrought magnesium alloys are prone to corrosion cracking. Thereiore,

fatigue tests were performed both 1n ambient air and 1n spray of aqueous

—_—

5% NaCl solution (corrosion fatigue test).

The results show that the new alloys exnibit betier tluidity and lower

AR

susceptibdity to hot cracking than comparative alloys. Tae melt loss for
the new allovs is also lower than for comparative allovs. It 1s a very

X

imporsant factor because the allovs contain rather expensive elements.




CA 02415729 2002-12-31

13892/H/01

Neither opurning rnor oxdation was observed on the surtace of 1ngots mads
of allovs according to this Invention. [= contrast to this, the preparation of
comparative allovs was accompanied by strong oxxcdation and undesirabie

losses of alloving elements, particularly yitrnmum.

The mechanical properties of the allovs of this invention exhibit similar or

higher strength than that of commercial allov WE43 (comparative

example 1) and QE22 (comparative example 3). All new alloys are superior

in strength with regard to all other comparative alloys, including ZE41

(comparative example 2). The new alloys also surpass commercial alloys in

by

fatigue strength and corrosion resistance. However, the greatest

advantage of the new allovs was found during performing tensile tests and

tensile creep tests at elevated temperatures. The new alloys exhibit
similar or higher TYS than WE43 allov, and sigmificantly higher than the
other comparative allovs. As for creeping behawvior, the tests show that
MCR of the new alloys at both 200°C and 250°C :s considerably higher
than of comparative alloys. The value MCR 1s by two to three orders of

magnitude lower for the allovs according to tais invention than for thae

commercial allovs ZE41 and QE2Z.

The superb properties of the allovs according to tols Invention over wice

ran

(7S

.

e ¢f temperatures, comprising the ambient temperature, 200°C, and
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I3
Uy
T
b3

-term applicatiors up to 230°C, as well

as for short-term applications art 300°C.

Further, the alloys of this invention show superior corrosion resistance.
The corrosion rate (CR) values of all examined alloys of this invention was
lower than CR values of anv of the comparative samples, 1n some cases

even by one order of magnitude.

[t was found that rew alloys can reach optimal mechanical properties
after accelerated T6 heat treatment, comprising soilution heat treatment at
520-560°C, preferably at 340°C, for 2 to 10, preferably for 4 to 6 hours,
followed by cooling in a quenchart, and by subsequent aging at 240-260°C,
preferably at 250°C, for 0.5 to 7 hours, preferably for 1 to 5 hours, wherein
tensile vield strength, compressive yield strength, and creep resistance

increase atter said treatment.

The allovs according to the invention were also direct chill cast, extruded

and compared with comparative examples, including commercial ZK60

wrought alloy for extrusion and forzing. The test results show that the
new allovs exhibit TYS and UTS shghtly lower than ZKo0 alloy, and

better than other comparative examples allovs. However, all the new

allovs significantiy surpass all comparative samples in auct:lity, impact

—T

. . . . T . 1 N YA : - - oy e
strength and compressive vield strength (CYZ). Fatigue strengih and

(1)
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parficularly fatigue strength in corrosive environment (spray of 5% Na(l

(/;

solution 1n water) is the most important property for wrought allovs to be

b,

used for proauction of road wheels for premium and racing cars. All the

s

sampies of alloys accordinz to this invention have corrosion fatigue

?

strength better than the comparative alloys, the value being more than

twice higher in the new alloys than in the conventional alloy ZKE€O.

Based on the above findings, the present invention 1s also directed to the

articles made of magnesium allovs described herein before, said articles

| .

having improved strength, and creep resistance at ambient temperaturss

and at elevated temperatures, as well as a good corrosion resistance,

wherein said articles are used as parts of automotive or aerospace

construction systems.

The present 1nvention 1s further directed to the articles which were

subjected to accelerated T6 heat treatment, comprising solid solution heat
treatment at 520-560°C, preferanly at 540°C, for 2 to 10 hours, preferably
for 4 to 6 hours, followed by coolbing In a querchant, and by subsequent

aging at 240-260°C, preferably a: 250°C, for 0.5 to 7 nours, preferabiv for 1

t0 5 hours.

~oecifically, the present iavention re=lates to allevs wnich exhibit tensile

neld strength at ambient temperature higher than 120 MPa and tensile
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vield strength at 250°C higher than 150 MPa; alioys which exhikit

(/i

minimum creep rate (MCR) less than 2.6x102 /s at 200°C under stress of

150 MPa; articles which exhibit minimum creep rate less than 2.1x10-%/5

Al

at 250°C under stress of 60 MPa. The 1nventiorn further relates to the

allovs which exhibit the average corrosion rate, as measured by the

immersion corrosion test as per ASTM Standard (G31-37, less than 0.55

mg/cm?/day. This invention further relates to the articles made of such

allovs.

The present nvention thus provides alloys that are sutable for
applications at temperatures as high as 250°C to 300°C, as well as articles

made of these alloys.

The 1nvention will be further described and illustrated in the following

examples.

Examples

General procedures

The alloys of the present invention were prepared in 100 | crucible made of
low carbon steel. The mixture of CO- + 0.5% S5 was used as a protective

atmosphere. The raw materials used were as tollows:

(5G
£
e
’_._..J
(T
L
N
:-’ .
e
o
O
AN

Magnesium — pure magnesium, grade 998CA, conlainin

Mz

-’
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Zinc — commercially pure Zn (less thar 0.1% 1mpurities).

%

Neodvmium - commerciaily pure Md (less than 0.5% 1mpurties).

Zlrconmium — Zr55 TABLETS, containing at least 953% Zr.

Yitrium — commercialiy pure Y (less than 1% impurizies).

Calcium — Mg- 30% Ca — master alloy.

| R |

RBervilium — In the form of Na-Rel 4 .

Zinc was added into the molten magnesium during the melt heating in a

=y =~

temperature interval 740°C to 770°C. Intensive stirring for 2-5 min was

sufiiclent for dissolving this =lement 1n the molten magnesium.

Neodymium and zirconium were added typically at 770-730°C. Special

preparafion of the charge 1n the form of small pleces and i1ntensive stirrin

G

of the melt for 135-20 min have been used 5o accelerate dissolution of these

elements 1n the molten magnesium and to maximize their recovery rate.

After addition of zirconium, the melt was held for 20-40 minutes to allow

* D®

iron to settle. Yrtrium (1 required) was added after the irorn setiling

without intensive stirring, to prevent the formation of Y-Fe intermetallic

pounds, which leads to excessive loss of vitrium. A strict temperaturs

-

COj

ntrol was provided during the alloving in order to 1nsure that the melt

C
(o

temperature will not 1acrease above 783°C, thus preventing an excessivi

ﬁ.':

contamination bv iron from the crucible walls, and to ensure that the

temperature will not decrease below 765°C. thus preventing an excessive

loss of zirconium. Calccum and ue""vlnu,..“ were added Cl+0’r LD SE
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Iter obtalning the rsquired compesitions, the alleys were held tor 30-80

minutes for homogenization and settling of 1ron and non-metallic

] B

1nclusions, and then taey were cast into the 8 kg ingots. The casting was

carried out with gas protection of the molter metal dunng soizdification in
the molds by CO« + 0.53% SFs mixture. The ingots of all new and
comparafive allovs were then re-melted and permanent mold cast into 30

mm diameter bars, which were used for the preparation of specimens for

tensile, compressive, fatigue, corrosion and creep tests.

The ring test was used 1n order to evaluate susceptibility to hot tearing.
The tests were carried out using steel die with an inner tapered steel core

(disk) having a varnable diameter (Fig. 1). The core diameter may vary

from 30 mm to 100 mm with the step of 5 mm. The test samples have the

snape of flat ring with the outer diameter of 110 mm and the thickness of

5 mm. The ring widtn 1s varied from 40 mm to 5 mm with the step of 2.5

mm. LThe susceptibility to not tearing was evaluated by the mimimum

width of the ring that can be cast without hot tear [ormation. The less tais

value the less suscepaibilitv o hot tearing.

Twadity tests are useful for stmulation of actual casting situation and can

»

ve used for comparative assessment of allev's castapiiaty. Fluidity

croperties wers analyzed using spiral mold test (Fig. 2).
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Several allovs in 1ngot form were re-meited and direet cnill cast into billets

with 100 mm diameter. After scalping biilets were annealed at 500°C tfor

0 hrs. The billets were then extruded at 430°C to round bars with 30 mm

diameter. Permanent mold cast allovs were supjected to heat freatment,
and optical and mechanical proverties ware checked. It was found thar
new alloys can develop optimum mechanical properties aifter accelerated
T6 heat treatment comprising solution heat treatment at 320°C-560°C,
preferably at 540°C for 2 to 10, preferably 4 to 6 hours, followed by eccling
In various quenchants from hot water to still ambient air, with subsequent
aging at 240°C to 260°C. preferably 250°C for 0.5 to 7 hours, preierably 1

to 5 hours.

Tensile and compression testing at ambient and elevated temperatures

were performed using an Instron 4483 machine equipped with an elevated

temperature chamber. Ternsile vield strength (TYS), Ultimate Tersile

th

{J

Ci'

Strength (UTS) , percent elongation (%E) and Compression Yield stren

(CYS) were determined. The SATEC Model M-3 machine was usea lor
creep testing. Creep tests were performed at 200°C and 230°C for 200k

smated based or the value

ct
$0
'
e,
o
é
£
U
D
)
ct

under various stresses. Creep resist

of minimum creep rate (MCR) and creep strength. Cresep sirsngtn is

usually defined as the stress, wnich is regquired to produce a certain
amount of creep at a speciiic time and a given temperature. [T 15 a common

1

practice to report creep strength as the stress, which produces 0.2% creep
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strain at a given temperature for 1CO nours. This parameter is used by

design engineers for evaluating the load-carrving ability of a matenal for

Lmited creep strain in prolonged time periods. Corrosion behavior was
evaluated bv the immersion corrosion test as per ASTM Standara G31-87.

This test consisted of a 72 hrs rnatural 1immersion n 5% Na(Cl solution

/i

exposed to ambient laboratory conditions at 35°C. The specimens were

shaped as cylindrical rods with the 100 mm length and the 10 mm

diameter. The samples were degreased in acetone and weighed prior to the

immersion in the test solution. Five replicates of each alloy were tested. At

the end of the test the corrosion products were stripped in a chromic acid

solution (180 g CrQgs per liter solution) at 80°C about three minutes and

the weight loss was determined. The weight loss was used to determine

the average corrosion rate 1n mg/cm?/day. Fatigue tests were carred out

using high frequency resonance methed. In this method the specimens are

excited to longitudinal resonance wvibrations at ultrasonic Iirequencies
around 20 kHz. This leads to sinusoidal cveling loading with maximum
load amplitude in the center of the specimen. The specimens wita gage
diameter of 4 mm were usad. The specimens were tested on the case of 10°

cveles at the stress ratio R=-1. For aerospace and automotive applications,

the fatigue performance of magnesium alloys In aggressive corrosion

environment 18 of particular importance. It is known that commercial

i
e

nereiors,

wrought magnesium alloys are prone to corrnsion cracking.



CA 02415729 2002-12-31

13392/H/01
20-
fatigue tests were performed both In ambient air and 1n sprav of agueous

5% Na(Cl solution (corrosion ratigue test).

Examples 1-10 and comparative Examples 1-5

Tables 1 to 3 illustrate chemical compositions and properties of alloys

according to the Invention and alloys of comparative examples. The

comparative examples 1, 2, and 3 are the commercial magnesium-based

alloys WE43, ZE41 and QE22 respectively. The results of castability tests

are listed in Table 2. It is evident that new alloys exhibit better fluidity

(longer spiral length) and lower susceptibility to hot cracking (iess ring

width) than comparative alloys. The melt loss for new alloys 1s also lower

than for comparative alloys. It is a very important tactor because both new
alloys and comparative alloys contain rather expensive elements hke Ag,

Y. Nd, Zr and rare earth mish metal. The mechanical properties of

permanent mold cast alloys of this invention and comparative alloys are
illustrated in Table 3. All new allovs are superior 1n strength with regard

to other comparative alloyvs. Fatigue strength and corrosion resistance of

2

new allovs also surpass those properties of commercial alloys. Tabie

—~—

shows that tensile vield strength (TYS) of new allovs at 250°C 15 similar to

or higher than that of WE43 alloy and significantly migher than that of

-1 .

other comparative allovs.
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A great advantage of the allcvs of this invention car te further seen when
comparing them with commercial alloys w1ith respect to creep behavior.
The table 3 shows tha: alloys according to thls 1nvention can surpass
WE43 at both temperatures, with MCR reaching values as low as 1.8x109
at 250°C / 60 MPa . The values of minumum creep rate (MCR) are lower by
two or three orders for the new allovs, when being compared with the
commercial alloys ZE41 and QE22, both at 200°C and at 250°C. For
example, MCR value of an alloy according to this mvention 1n the Example

8 is 1.8x109 /sec at 250°C, compared to the value 2124x10% for alloy

FAO:SE

Examples 11-15 and comparative Examples 6-8

Five alloys according to the invention, constituting comparative examples
6 to 8, were direct chill cast, extruded and examined as described above.
Three comparative alloys were prepared according to the same procedure
and used for comparison. The chemical compositions of the said alloys are
listed in Table 4. Comparative example 6 is the commercial ZK60 wrought

alloy for extrusion and forzing. Table 3 demonstrates that new alloys

¥

exhibit TYS ard UTS betzer than those of alloys of comparative examples

7 and 2 and slightly worse in these properties to ZKo0 alloy. However, new

alloys significantlv surpass alloys of all comparative examples in duciility,

™

impact strength and compressive 7eld strengin ((CYS). Fatigue strength,

(1)
!

{
O
L

o
O™

and particularly fatigue strength in corrosive environment (Sor

.~
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NaCl solution in water), i1s the most important propertv for wrought allovs
to be used for production of road wheels for premium and racing cars. As
can be seen from Table 5 new allovs of the Instant 1nvention pessess

corrosion fatigue strength, which is more than twice higher than that of

conventional allov ZK&60 (compararnve example 6), and are also superior in

fatigue properties to other comparative alloys.

While this invention has been described in terms of ~some specific
examples, many modifications and variations are possible. It 1s therefore
understood that within the scope of the of the appended claims, the

invention may be realized otherwise than as specifically described.
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CLAIMS

1. A magnesium-based alloy containing
a) at least 92 wt% magnesium,
b) 2.7 to 3.3 wt% neodymium,
c) 0.0 to 2.6 wt% yttrium,
d) 0.2 to 0.8 wt% zirconium,
e} 0.2 to 0.8 wth zinc,
f) 0.03 to 0.25 wt% calcium, and
g) 0.00 to 0.001 wt% beryllium.

2. The alloy according to Claim 1, additionally containing up to 0.007
wt% 1ron, up to 0.002 wt% nickel, up to 0.003 wt% copper, and up

to 0.01 wt% silicon.

3. The alloy according to Claim 1, further containing incidental
impurities.
4. The alloy according to Claim 1, containing from 0.2 to 0.5 wt% Zn,

and from 0.03 to 0.15 wt% Ca.

. The alloy according to Claim 1, which contains 2.9-3.2 wt% Nd,
1.9-2.1 wt% Y, 0.3-0.5 wt% Zr, 0.2-0.4 wt% Zn, and 0.03-0.12 wt%
Ca.

. The alloy according to Claim 1, containing less than 0.005 wt%
iron, less than 0.001 wt% nickel, less than 0.0015 wt% copper,
less than 0.007 wt% silicon, and less than 0.0005 wt% beryllium.

7. The alloy according to Claim 1, which contains 0.00-0.0003 wt%
Be, 0.00-0.005 wt% Si1, and 0.00-0.001 wt% Cu.

8. The alloy according to Claim 1, wherein the ratio of Y content to Nd
content 1s from 0.45 to 0.70.
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10.

11.
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14.

15.

16.
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The alloy according to Claim 1, wherein the Zr content depends on
the total Nd+Y content according to the following equation:

1.3 / (Nd wt% =Y wt%) < Zr wt% < 0.6 wt%

An article which 1s a casting of the magnesium-based alloy

according to of any one of Claims 1 to 9.

The article of Claim 10, wherein the casting i1s chosen from the
group consisting of sand casting, permanent mold casting, and

direct chill casting with subsequent extrusion.

The article of Claim 10, wherein the casting is chosen from the

oroup consisting of sand casting, permanent mold casting, and

direct chill casting with subsequent forging.

The article of Claim 10, wherein the casting is chosen from the
group consisting of sand casting, permanent mold casting, and

direct chill casting with subsequent extrusion and forging.

An article produced by casting or forming the magnesium-based

alloy according to any one of Claims 1 to 9.

The article according to Claim 10, which was subjected to
accelerated T6 heat treatment comprising solid solution heat

treatment at 520-560°C for 2 to 10 hrs, followed by cooling 1n a
quenchant and by subsequent aging at 240-260°C for 0.5 to 7

hours.

The article according to Claim 10, which was subjected to

accelerated T6 teat treatment comprising solid solution heat
treatment at 540°C for 4 to 6 hours, followed by cooling in a

quenchant and by subsequent aging at 250°C for 1 to 5 hours.
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