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Description
BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to a low-cost heat resistant magnesium (Mg) alloy.

[0002] Because itis a lightweight material, Mg alloy, which is more lightweight than aluminum (Al) alloy, has recently
attracted attention. Mg alloy is the most lightweight among suitable materials used to construct airplanes and automo-
biles. Mg alloy is used, for example, for wheels and head covers of engines of the automobiles.

[0003] Inrecent years, making automobiles more lightweight has been environmentally important. Therefore, use of
Mg alloy is considered even in equipment and apparatus for use in high-temperature environments. In this case, it is
the heat resistance of Mg alloy that matters. Prior art Mg alloy is characterized by a lack of high-temperature strength
and is unsuitable for use in high-temperature environments. Additionally, when prior art Mg alloy is used for a structural
material to which relatively large stress is applied, it is susceptible to creep deformation.

[0004] An additional element, when added to Mg alloy, improves the heat resistance of Mg alloy. The following pub-
lications disclose such a heat resistant Mg alloy.

[0005] Japanese Unexamined Patent Publication No. 9-272945 discloses Mg-Al-Ca-Si series alloy where Ca and Si
respectively denote calcium and silicon. Also, Japanese Unexamined Patent Publication No. 9-291332, which corre-
sponds to United States Patent No. 3,229,954, discloses Mg-Al-Ca-RE-Mn series alloy where RE and Mn respectively
denote a rare-earth element and manganese. In addition, Japanese Unexamined Patent Publication No. 2002-157979
discloses Mg-Al-Zn series alloy where Zn denotes zinc. Further, other publications or references disclose heat resistant
Mg alloy such as Mg-Al-Zn-Mn series alloy, Mg-Al-Si-Mn series alloy, Mg-Zn-Ca series alloy, and Mg-RE-Zn series
alloy in such a manner that the heat resistant Mg alloy contains various elements and amounts of the elements.
[0006] However, most prior art Mg alloys contain a plurality of elements in large amounts. Some prior art Mg alloys
contain costly RE. Consequently, these prior art Mg alloys are expensive.

SUMMARY OF THE INVENTION

[0007] The present invention is directed to a heat resistant magnesium alloy excellent in heat resistance, which is
produced using a low-cost element and by appropriately adjusting an amount of the element.

[0008] The presentinvention has a following feature. A heat resistant magnesium alloy contains about 1 to about 6
percentage by mass of aluminum, about 0.5 to about 3 by mass ratio of calcium to aluminum, and the remainder made
from magnesium and unavoidable impurities.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The invention together with objects and advantages thereof, may best be understood by reference to the
following description of the presently preferred embodiments together with the accompanying drawings in which:

FIG. 1is a graph illustrating results from a relaxation test applied to specimens made of various magnesium alloys;

FIG. 2A is a picture of metallic formation of a specimen No. 3 observed by a metallographical microscope; and

FIG. 2B is a picture of metallic formation of a specimen No. C2 observed by a metallographical microscope.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0010] A heat resistant magnesium (Mg) alloy according to a first preferred embodiment of the present invention will
now be described. In the first embodiment, the Mg alloy contains 1 to 6 percentage (%) by mass of aluminum (Al), 0.5
to 3 by mass ratio of calcium (Ca) to Al, and remainder being Mg and unavoidable impurities.

[0011] In the first preferred embodiment, the heat resistant Mg alloy essentially contains only Al and Ca together
with Mg so as to improve heat resistance of the Mg alloy. Since only a few kinds of elements that are low cost and
commonplace are used, not only the material cost of the heat resistant Mg alloy but also the total manufacturing cost
is reduced. Therefore, a competitive heat resistant Mg alloy is obtained.

[0012] A Mg alloy excellent in heat resistance is obtained by restricting Ca content and Al content respectively in the
above ranges. Al is an element that is dissolved in the crystal grain of Mg so as to improve the strength of the Mg alloy
at room temperature. Also, Al lowers the melting point of the Mg alloy and improves the casting performance thereof.
At the same time, Al narrows the temperature range of coagulation of the Mg alloy and reduces stress caused by
solidification shrinkage of the Mg alloy, and thereby prevents casting crack. Therefore, when the Mg alloy can be formed
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not only by metal mold casting but also by die casting whose cooling speed is relatively high, Al is an useful element
for improving the casting performance of the Mg alloy.

[0013] If the amount of Al is less than 1% by mass, the above effect is not sufficiently achieved. Even if the amount
of Al is more than 6% by mass, the above effect is not improved and is not economical. Mg alloy preferably contains
2 t0 4% by mass of Al.

[0014] Meanwhile, if the amount of Al that is contained in the Mg alloy becomes more than a predetermined amount
of Al, Al is dissolved in Mg matrix including dendritic cell and alpha crystal grain to excessive saturation to form Al-rich
phase. Since Al-rich phase is thermally unstable, if temperature of Mg alloy is raised to a predetermined value, Al-rich
phase and Mg alloy change to Mg-Al compound such as Mg4,Al,, and separates from Mg matrix and Mg crystal grain
boundary. If Mg alloy is left to stand in a range of high temperature for an extended period, intermetallic compound
coheres and becomes coarse. Thereby, creep deformation of Mg alloy is increased. That is, heat resistance of Mg
alloy is reduced.

[0015] However, in the first preferred embodiment, a proper amount of Ca is contained in the Mg alloy in accordance
with Al content. Ca inhibits deterioration of the heat resistance of the Mg alloy accompanied by increase of Al content.
The reason is considered as follows. Ca reacts with the Mg-Al compound and the Mg alloy matrix and thereby reduces
the amount of Mg,,Al;,, which causes an increase of creep deformation to Mg alloy, while forming Ca-Al compound
and Mg-Ca compound, which are stable in a range of high temperature, together with Al and Mg.

[0016] These intermetallic components are crystallized or separated mainly from grain boundary so as to form a
network. Thereby, it is considered that the intermetallic components serve as a wedge for preventing transposition of
Mg alloy. For these reasons, when proper amounts of Al and Ca are contained in the Mg alloy according to the first
preferred embodiment of the present invention, it is considered that the Mg alloy excellent in heat resistance with very
little creep deformation even in a range of high temperature is produced.

[0017] If the mass ratio of Ca to Al is lower than 0.5, separation of Mg4;Al,,, which causes an increase of creep
deformation of the Mg alloy, is not sufficiently inhibited. Therefore, heat resistance of Mg alloy becomes insufficient.
On the other hand, even if the mass ratio of Ca to Al is more than 3, improvement of heat resistance of Mg alloy is not
achieved. In this case, it is not economical either. Also, since an excessive increase of the amount of Ca causes
deterioration of castability, casting crack, burning to die, and deterioration of extensibility, it is not preferable. The mass
ratio of Ca to Al is preferably 1 to 2.

[0018] A heat resistant Mg alloy according to a second preferred embodiment of the present invention will now be
described. The Mg alloy contains the same elements of the first preferred embodiment and the same amounts thereof.
In the second embodiment, the Mg alloy further contains 0.2 to 1% by mass of Manganese (Mn). More preferably, the
Mg alloy contains 0.5 to 0.7% by mass of Mn.

[0019] Mnis an element that is also dissolved in the crystal grain of Mg so as to improve the strength of the Mg alloy.
Mn also reacts with Al so as to prevent separation of Mg,,Al4,, which causes an increase of creep deformation of the
Mg alloy while forming a thermally stable intermetallic compound together with Al. Thus, Mn is an element that improves
not only the strength of the Mg alloy at room temperature but also the strength thereof in high temperature. Further,
Mn settles out impurities such as iron (Fe), which causes corrosion, in order to remove the impurities. If the amount of
Mn is less than 0.2% by mass, the above effect is not sufficiently achieved. Even if the amount of Mn is more than 1%
by mass, the above effect is not improved. In this case, it is not economical either.

[0020] In the present specification, a compositional range of each element is indicated in a form of x to y% by mass
of the element. In this case, unless it is specifically noted, the compositional range of the element includes a minimum
value or x% by mass itself. In a similar manner, the compositional range of the element also includes a maximum value
or y% by mass itself.

[0021] In the present invention, the heat resistance is estimated by a mechanical property of Mg alloy in a high-
temperature environment. The heat resistance is estimated, for example, by creep characteristics or high-temperature
strength resulting from a test such as a relaxation test or an axial force retaining test.

[0022] Inthe Mg alloy according to the present invention, the manufacturing process of the Mg alloy is not restricted.
Therefore, the Mg alloy may be obtained by any method of sand-cast, metal mould cast and die-cast. The materials
used are also not restricted. That is, pure metallic materials such as Mg, Al, Ca and Mn may be used. On the other
hand, a relatively low-cost alloy such as Mg-Al alloy may be used.

[0023] Mg alloy according to the present invention is used in various fields, such as space, military affairs, aviation,
automobile and household electrical apparatus. It is further preferable if Mg alloy according to the present invention is
applied to a product used in a high-temperature environment in order to utilize its heat resistance. The product is, for
example, an engine, a transmission, a compressor for an air conditioner and an associated product that is placed in
an engine compartment.

[0024] Examples of the Mg alloy according to the first and second embodiments of the present invention will now be
described. In the examples, specimens of the Mg alloy are produced in such a manner that amounts of Al, Ca and Mn
contained in or added to the Mg alloy are varied, and properties of the specimen are measured by various tests.
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[0025] First, specimens of the Mg alloy are produced as follows. A halide flux is applied to an inner surface of crucible
made of iron that is preheated in an electric furnace. Pure Mg metal, pure Al and Mg-Mn alloy are selectively introduced
into the applied crucible by a predetermined amount and dissolved therein. The molten metal is maintained at a tem-
perature of 750°C and a predetermined amount of Ca is added thereinto. TABLE 1 illustrates the amount of each
element in each specimen. After those elements are completely dissolved in the molten metal by stirring the elements
into the molten metal, the molten metal including the elements is cooled down and is maintained at a predetermined
temperature. While Ca is dissolved in the molten metal, the surface of the molten metal is sprayed with mixed gas of
carbon dioxide and sulfur hexafluoride (SFg) gas and is sprayed with flux in order to prevent combustion of Mg.

TABLE 1
SPECIMEN No. COMPOSOTION (% BY MASS: REMAINDER TENSILESTRENGTH | EXTENSION (%)
Mg) (MPa)
Ca Al Mn MASS RATIO Ca/Al
1 2 4 0.2 0.5 - -
2 3 6 - 0.5 128.5 1.75
3 1 1 - 1 104.8 2.08
4 3 1 - 3 136.3 2.46
C1 1 9 - 0.1 158.0 2.53
C2 1 3 - 0.3 131.9 2.38

[0026] Thus, an alloyed molten metal is obtained. The alloyed molten metal is poured into a die and is solidified in
the atmosphere. A test piece is cut from the obtained ingot and cylindrical specimens of ® 10 X 10 mm are machined
from the test piece.

[0027] Then, the specimens are measured as follows. Referring to the above specimens Nos. 1, 2, 3 and 4, which
are shown in TABLE 1, the relaxation test is performed in order to examine heat resistance of the specimens Nos. 1,
2, 3 and 4, or creep characteristics thereof. In the relaxation test, stress applied to the specimens is relaxed in accord-
ance with passage of time in such a manner that displacement of each specimen is retained at a predetermined value
in the atmosphere of 150°C. Specifically, when compressive stress of 100 MPa is first applied to each specimen and
displacement of each specimen is a predetermined value, the compressive stress is reduced in accordance with pas-
sage of time in such a manner that displacement of each specimen is retained at the predetermined value. At this time,
the relationship between stress, which is applied to each specimen, and time is shown in FIG. 1.

[0028] For a comparative test, a similar relaxation test is applied to specimens Nos. C1 and C2, which are made of
various alloys in a market. The result from the test is shown in FIG. 1. Note that the alloys used are an Al alloy ADC12
(Al-11Si-2.5Cu), Mg alloys AE42 (Mg-4Al-2.7R.E.), AS21 (Mg-2AlI-1Si), and AZ91 (Mg-9Al-0.9Zn).

[0029] Subsequently, normal tensile test is applied to each specimen. Also, mechanical property of each specimen
is measured at room temperature. The results from the test and the measurement are also shown in TABLE 1.
[0030] Further, metallic formation of the specimens Nos. 3 and C2, which are shown in TABLE 1, is observed using
a metallographical microscope with a magnifying power of 500. Pictures of the metallic formation are shown in FIGs.
2A and 2B.

[0031] The result from the relaxation test, which is shown in FIG. 1, is now analyzed. In view of the result of FIG. 1,
since the Mg alloy whose mass ratio of Ca to Al is equal to or more than 0.5 has a relatively small rate of diminution
of stress, it is understood that the Mg alloy has sufficient heat resistance. In addition, as the mass ratio of Ca to Al
increases, the rate of diminution of stress becomes small. The Mg alloy whose mass ratio is equal to or more than 1.0
is equivalent to Al alloy (ADC12) in heat resistance.

[0032] Further, even if the mass ratio of Ca to Al is equal to 0.5, it is understood that the Mg alloy, which includes a
proper amount of Mn, is substantially equivalent to the above Al alloy in heat resistance. Further, Mg alloys according
to the present invention are superior to prior art heat resistant Mg alloys in terms of creep characteristics.

[0033] This reason is also understood from the pictures of metallic formation, which is shown in FIGs. 2A and 2B.
Specifically, as shown in FIG. 2B, a relatively large amount of Mg,;AL,,, which reduces the creep characteristics of
Mg alloy, separates from metallic formation of Mg alloy of the specimen No. C2 whose mass ratio of Ca to Al is equal
to 0.3. In contrast, as shown in FIG. 2A, every Mg,7AL 4, of Mg alloy of the specimen No. 3 whose mass ratio of Ca to
Al is equal to 1.0 is replaced by Al-Ca compound, which is thermally stable, or by Mg-Ca compound, which is also
thermally stable.

[0034] The present examples and preferred embodiments are to be considered as illustrative and not restrictive, and
the invention is not to be limited to the details given herein but may be modified within the scope of the appended claims.
[0035] A heat resistant magnesium alloy contains 1 to 6 percentage by mass of aluminum, 0.5 to 3 by mass ratio of
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calcium to aluminum, and the remainder made from magnesium and unavoidable impurities.

Claims
1. A heat resistant magnesium alloy comprising:
aluminum in an amount by weight of about 1 to about 6 percent;
calcium in an amount such that the weight ratio of calcium to aluminum is from about 0.5 to about 3; and

the remainder magnesium and unavoidable impurities.

2. The heat resistant magnesium alloy of claim 1, wherein aluminum is present in an amount by weight of about 2 to
about 4 percent.

3. The heat resistant magnesium alloy of claim 1, wherein calcium is present in an amount such that the weight ratio
of calcium to aluminum is from about 1 to about 2.

4. The heat resisting magnesium alloy of claim 1 further comprising manganese in an amount by weight of about 0.2
to about 1 percent.

5. The heatresistant magnesium alloy of claim 4, wherein the manganese is present in an amount by weight of about
0.5 to about 0.7 percent.



EP 1 418 248 A1

(HNOH) INIL

(€0=Iv/eQ)

20N NWIOIAS (g 1v/20)

(5°0=1v/®0)

ZON NIWIDdS T mmreeeeaae,

e "
e

(€=Iv/®Q) (1=lv/eQ) -

. VON NJWIO3dS €ON NIWIOIJS ==+~

»
e L e N
okl 'II’ -y
- - wem Rl
" mm = me = my - o \\Ill'lll
S ll\ll'l -
- e g -

-
-
- -
-

. R E
P -
N N

(UN%Z 0+5 0=1V /2D e
L'ON NINIDIS Semy

ozwoay

L Old

09

§9

0L

SL

08

68

06

G6

001

(edN) SS3HLS



EP 1 418 248 A1

4 —_<n —ME

(€°0=IV/20)20°N NIWIO3dS

d¢ DOl

(L=IV/8Q)€ON NIWIOIJS




EPQ FORM 1503 03.82 (P04C01)

EP 1 418 248 A1

-a)) Euiopean PeteN!  EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 03 02 5817

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (int.CL.7)

X

vol. 1998, no. 02,

* abstract *

* claims 1-17 *

* claims 1-20 *

vol. 1997, no. 02,

&AMP;DEV LAB INC),

* abstract *

* claims 1-12 *

* claims 1-15 *

PATENT ABSTRACTS OF JAPAN

30 January 1998 (1998-01-30)

& JP 09 271919 A (MITSUI MINING

&AMP; SMELTING CO LTD; MAZDA MOTOR CORP),
21 October 1997 (1997-10-21)

US 5 073 207 A (FAURE JEAN-FRANCOIS ET
AL) 17 December 1991 (1991-12-17)

US 5 681 403 A (MAKINO KUNIHIKO ET AL)
28 October 1997 (1997-10-28)
PATENT ABSTRACTS OF JAPAN

28 February 1997 (1997-02-28)
& JP 08 269609 A (TOYOTA CENTRAL RES

15 October 1996 (1996-10-15)

EP 0 799 901 A (MAZDA MQTOR)
8 October 1997 (1997-10-08)

DE 199 15 277 A (VOLKSWAGENWERK AG)
5 October 2000 (2000-10-05)
* page 5, line 16 - line 33 *

EP 1 048 743 A (GEN MOTORS CORP)
2 November 2000 (2000-11-02)

-/

The present search report has been drawn up for all claims

1-5

1,2,4,5

1-5

1-4

€22C23/02
€22C23/00

TECHNICAL FIELDS
SEARCHED (Int.CL7)

c22¢C

Place of search

THE HAGUE

Date of completion of the search

18 December 2003

Examiner

Vlassi, E

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention
E : eartier patent document, but published on, or

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

document




EPO FORM 1503 03.82 (P04C01)

EP 1 418 248 A1

o ) Eur-opean Patent EUROPEAN SEARCH REPORT Application Number
Office EP 03 02 5817
DOCUMENTS CONSIDERED TO BE RELEVANT
Catego Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (Int.CL7)
X EP 0 990 710 A (MAZDA MOTOR) 1-4
5 April 2000 (2000-04-05)
A * claims 1-15 * 5
X PATENT ABSTRACTS OF JAPAN 1-4
vol. 2000, no. 13,
5 February 2001 (2001-02-05)
& JP 2000 280043 A (MAZDA MOTOR CORP),
10 October 2000 (2000-10-10) ,
A x abstract * 5
A PATENT ABSTRACTS OF JAPAN 1-5
vel. 2000, no. 21,
3 August 2001 (2001-08-03)
& JP 2001 107171 A (JAPAN STEEL WORKS
LTD:THE), 17 April 2001 (2001-04-17)
* abstract =
A EP 0 791 662 A (HONDA MOTOR CO LTD) 1-5
27 August 1997 (1997-08-27)
velains 15 x| eSS " oin
A EP 1 127 950 A (MITSUBISHI ALUMINIUM) 1-5
29 August 2001 (2001-08-29)
* claims 1-8 #
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
THE HAGUE 18 December 2003 Viassi, E
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A:technological backQroUN e e s e bt b st aba et et n gt st
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document




EPQ FORM P0459

EP 1 418 248 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO.

EP 03 02 5817

This annex lists the patent family membersrelating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

18-12-2003
Patent document Publication Patent family Publication
cited in search report date member(s) date
JP 09271919 A 21-10-1997  NONE
US 5073207 A 17-12-1991 FR 2651244 Al 01-03-1991
CA 2023900 Al 25~-02-1991
DE 69006293 D1 10~03-1994
DE 69006293 T2 26~05-1994
EP 0414620 Al 27~-02-1991
JP 1822336 C 10-02-1994
Jp 3097824 A 23-04-1991
JP 5034411 B 24-05-1993
NO 903711 A ,B, 25-02-1991
US 5681403 A 28-10-1997 DE 4446898 Al 04-07-1996
GB 2296256 A ,B 26-06~1996
JP 2730847 B2 25-03~1998
JP 7011374 A 13-01~1995
JP 08269609 A 15-10-1996  NONE
EP 0799901 A 08-10-1997 JP 3415987 B2 09-06-2003
JP 9272945 A 21-10-1997
CN 1174243 A ,B 25-02-1998
DE 69706737 D1 25-10-2001
DE 69706737 T2 04-07-2002
EP 0799901 Al (08-10-1997
US 2002020475 Al 21-02-2002
DE 19915277 A 05-10-2000 DE 19915277 Al 05-10-2000
WO 0063452 Al 26-10-2000
EP 1171643 Al 16-01-2002
EP 1048743 A 02-11-2000 US 6264763 Bl 24-07-2001
AU 725991 Bl 26-10-2000
EP 1048743 Al 02-11-2000
JP 2000319744 A 21-11-2000
EP 0990710 A 05-04-2000 JP 2000104137 A 11-04-2000
CN 1249355 A 05-04-2000
EP 0990710 Al 05~-04-2000
KR 2000023503 A 25-04-2000
JP 2000280043 A 10-10-2000  NONE
JP 2001107171 A 17-04-2001  NONE
EP 0791662 A 27-08-1997 JP 3229954 B2 19-11-2001

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

10




EP 1 418 248 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 03 02 5817

This annex lists the patent family membersrelating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

EPO FORM P0459

18-12-2003
Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 0791662 A JP 9291332 A 11-11-1997
DE 69704801 D1 21-06-2001

DE 69704801 T2 30-08-2001

EP 0791662 Al 27-08-1997

us 5811058 A 22-09-1998

EP 1127950 A 29-08-2001 AT 243265 T 15-07-2003
AU 753538 B2 24-10-2002

AU 2314501 A 30-08-2001

CA 2337630 Al 24-08-2001

DE 60100370 D1 24-07-2003

EP 1127950 Al 29-08-2001

JP 2001316752 A 16-11-2001

NO 20010902 A 27-08-2001

US 2001023720 Al 27-09-2001

1

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82




	bibliography
	description
	claims
	drawings
	search report

