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An Mg base alloy of this invention is character-

ized in that Ag is contained in an amount of not more
than 1.98 at% as an additive material other than Zn.
There is provided an Mg base alloy having not only a
practically sufficient strength but good ductility at room
temperature to an extent that it has hitherto been unable
to be desired and having small anisotropy in strength
characteristics.
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EP 2 157 201 A1
Description
TECHNICAL FIELD

[0001] This invention relates to an Mg base alloy containing Mg as a main material, realization of which is desired as
a lightweight material which is a replacement for Al.

BACKGROUND ART

[0002] With respect to this Mg base alloy, there have hitherto been developed various alloys disclosed in the following
Patent Documents 1 to 8.

[0003] In Patent Documents 2, 3, 4, 6 and 8, in order to contrive to improve strength, a rare earth element, scandium
or lithium is added. However, since such a rare earth element is a rare element which is hardly obtainable on the earth,
alloys thereof are high in the price and low in the multiplicity of use.

[0004] PatentDocument 1isconcernedwith aquinary alloy containing from 0.3 to 3 % by mass of Ca and simultaneously
containing Al, Sr and Mn. In such an alloy, a precipitate (crystal) is formed on the grain boundary of Mg.

[0005] Patent Document 2 is concerned with an Mg alloy which contains 0.3 % or more and not more than 1.0 % of
Zr and which in the case of containing Ca, contains 0.2 % or more and not more than 2.0 % of Ca (% means % by mass).
[0006] Patent Document 8 discloses an Mg alloy developed as a casting material, which contains from 3 to 8 % by
weight of Zn and from 0.8 to 5 % by weight of Ca.

[0007] During the process of experiments of this invention, it has become clear that a grain boundary precipitate is
formed because of an excess of the content of Ca, whereby ductility at room temperature is lowered. From this fact, in
all of the foregoing Patent Documents 1, 2 and 8, the ductility at room temperature is poor, too.

[0008] An alloy of Patent Document 7 is an alloy developed as a casting material. Specifically, it is disclosed that Ca
is zero or 0.5 % by weight, and Zn is from 1 % by weight to 7 % by weight; and in combinations of zero, in the case
where Ca is zero or 0.5 % by weight, when Zn is zero, then the alloy has a 0.2 % proof stress of less than 75 MPa,
whereas when Zn is from 1 % by weight to 7 % by weight, then the alloy has a 0.2 % proof stress of 75 MPa or more
and less than 100 MPa. Thus, it is demonstrated that when such an alloy is used as a structural material, its strength is
insufficient. Also, according to the foregoing knowledge obtained in the experiments of this Invention made by the present
inventors, there is nothing other than estimation that an alloy containing Ca in a high concentration is low in the ductility.
[0009] Patent Document5 discloses an Mg base alloy containing Mn and Zn as main components of additive materials,
and in order to obtain a high strength, it is described to perform a solution heat treatment. However, there is involved
such a problem that the process is complicated because, for example, an additional heat treatment of two-stage aging
is required.

[0010] In Patent Document 8, an alloy in which not more than 10 % by weight of Cu is added is developed. However,
the addition of Cu encounters a defect that the corrosion resistance of the Mg alloy is remarkably lowered.

[0011] In summary, most of members in which an Mg alloy is used are currently manufactured by a casting or die
casting method. In the future, though applications of an Mg alloy to transportation equipment such as automobiles,
aircrafts, etc. are expected, the casting method involves such defects that the structure of the material is coarse; the
ductility is low; and the size is limited so that the Mg alloy is not applicable to plate materials, rod materials, pipe materials,
etc. On the other hand, a wrought Mg alloy which is practically useful Includes Mg-Al-Zn (AZ based alloy) and Mg-Zn-
Zr (ZK based alloy). However, the strength of such a wrought Mg alloy is insufficient, and a proof stress to be used for
strength design is largely different between the case where a tensile load is applied and the case where a compression
load is applied due to influences of the texture to be formed at the time of hot working (in commercially available AZ31
alloy rolled materials, the compression proof stress is about 50 % of the tensile proof stress). Therefore, it is difficult to
use such a wrought Mg alloy as it is. Up to date, in order to realize a high strength of an Mg alloy, there have been
adopted methods for adding a rare earth element or adding large amounts of alloying elements.

[0012] However, since the rare earth element is expensive, its multiplicity of use is low; and furthermore, the addition
of large amounts of alloying elements is accompanied with the formation of a coarse compound phase and involves
such a defect that though a high strength is obtained, the ductility is impaired. Then, the development of a new wrought
Mg alloy which is free from a rare earth element and which is excellent in strength and ductility by the addition of
inexpensive alloying elements is being demanded.

Patent Document 1: JP-A-2007-70688
Patent Document 2: JP-A-2006-28548
Patent Document 3: JP-A-2006-16658
Patent Document 4: JP-A-2005-113235
Patent Document 5: JP-T-2004-510057
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Patent Document 6: JP-A-2003-226929
Patent Document 7: JP-A-2002-212662
Patent Document 8: JP-A-6-25791

DISCLOSURE OF INVENTION
PROBLEMS THAT THE INVENTION IS TO SOLVE

[0013] In view of such circumstances, an object of this invention is to provide an Mg base alloy having not only a
practically sufficient strength but good ductility at room temperature to an extent that it has hitherto been unable to be
desired and having small anisotropy in strength characteristics.

MEANS FOR SOLVING THE PROBLEMS

[0014] An Mg base alloy of Invention 1 is characterized in that Ag is contained in an amount of not more than 1.98
at% as an additive material other than Zn.

[0015] Invention 2 is characterized in that In the Mg base alloy as set forth in Invention 1, Ca is further contained in
an amount of not more than 0.61 at% as an additive material other than Zn and Ag.

[0016] Invention 3 is characterized in that in the Mg base alloy as set forth in Invention 2, Zr is further contained in
an amount of not more than 0.17 at% as an additive material other than Zn, Ag and Ca.

[0017] Invention 4 is characterized in that in the Mg base alloy as set forth in any one of Inventions 1 to 3, a crystal
grain size thereof is from 0.1 um to 25 pm.

ADVANTAGES OF INVENTION

[0018] According to Inventions 1 to 4, it has become possible to provide an Mg base alloy having excellent strength
and ductility to an extent that both of them have hitherto been unable to be desired and having small anisotropy in
strength, by the addition of inexpensive alloying elements.

[0019] Furthermore, since alloying elements which impair corrosion resistance, such as Cu, etc., are not used, excellent
durability can also be expected.

[0020] The alloy of this invention has an average Schmid factor in the bottom slip direction against the load application
direction of 0.2 or more and has uniform distribution of the Schmid factor as compared with extruded materials of the
existing AZ91 alloy (Mg-9 mass % Al-1 mass % Zn alloy) which is a practical Mg alloy. Namely, the alloy of this invention
is characterized in that a degree of integration of the bottom parallel to the extrusion direction is weak.

[0021] The alloy of this invention has such excellent mechanical properties that the compression proof stress is 75 %
or more of the tensile proof stress and that anisotropy in strength is small.

BRIEF DESCRIPTION OF DRAWINGS
[0022]

Fig. 1 is a flow showing experimental procedures of Example 1.

Fig. 2 is a graph showing an age hardening curve of each of alloys of Example 1 at 160°C.

Fig. 3 is a graph showing an age hardening curve of each of alloys of Example 1 at 200°C.

Fig. 4 is a TEM micrograph of an Mg-2.3 % Zn alloy of Example 1 at the peak aging stage when aged at 160°C.
Fig. 5 is a TEM micrograph of an Mg-2.3 % Zn-0.1 % Ag alloy of Example 1 at the peak aging stage when aged at
160°C.

Fig. 6 is a TEM micrograph of an Mg-2.3 % Zn-0.1 % Ag-0.1 % Ca alloy of Example 1 at the peak aging stage when
aged at 160°C.

Fig. 7 is a TEM micrograph of an Mg-2.3 % Zn-0.1 % Ag-0.1 % Ca alloy of Example 1 at the peak aging stage when
aged at 160°C and is a high-magnificatlon photograph of Fig. 6.

Fig. 8 is a TEM micrograph of an Mg-2.3 % Zn-0.1 % Ag-0.1 % Ca-0.17 % Zr alloy of Example 1 at the peak aging
stage when aged at 160°C.

Fig. 9 is a TEM micrograph of an Mg-2.3 % Zn-0.1 % Ag-0.1 % Ca-0.17 % Zr alloy of Example 1 at the peak aging
stage when aged at 160°C and is a high-magnification micrograph of Fig. 8.

Fig. 10 is a flow showing experimental procedures of Example 2.

Fig. 11 is an aging curve of an Mg-2.3 % Zn-0.1 % Ag-0.1 % Ca alloy of Example 2 at 160°C and is a graph showing
the comparison between a material having been subjected to a solution heat treatment after casting and a material
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having been subjected to a solution heat treatment for one hour after hot extrusion.

Fig. 12 is an aging curve of an Mg-2.3 % Zn-0.1 % Ag-0.1 % Ca alloy of Example 2 at 200°C and is a graph showing
the comparison between a material having been subjected to a solution heat treatment after casting and materials
having been subjected to a solution heat treatment for 0.5 hours and one hour, respectively after hot extrusion.
Fig. 13 is an aging curve of an Mg-2.3 % Zn-0.1 % Ag-0.1 % Ca-0.17 % Zr alloy of Example 2 at 160°C and is a
graph showing the comparison between a material having been subjected to a solution heat treatment after casting
and a material having been subjected to a solution heat treatment for one hour after hot extrusion.

Fig. 14 is an aging curve of an Mg-2.3 % Zn-0.1 % Ag-0.1 % Ca-0.17 % Zr alloy of Example 2 at 200°C and is a
graph showing the comparison between a material having been subjected to a solution heat treatment after casting
and materials having been subjected to a solution heat treatment for one hour and 4 hours, respectively after hot
extrusion.

Fig. 15 is an optical micrograph of an Mg-2.3 % Zn-0.1 % Ag-0.1 % Ca alloy of Example 2 as extruded at 350°C.
Fig. 16 is an optical micrograph of an Mg-2.3 % Zn-0.1 % Ag-0.1 % Ca-0.17 % Zr alloy of Example 2 as extruded
at 350°C.

Fig. 17 isa TEM micrograph of an Mg-2.3 % Zn-0.1 % Ag-0.1 % Ca-0.1 % Zr alloy of Example 2 as extruded at 350°C.
Fig. 18 is a high-magnification micrograph of Fig. 17.

Fig. 19is a graph showing distribution of a Schmid factor in the bottom slip direction against the tensile load application
direction of each of samples of an Mg-2.3 % Zn-0.1 % A-0.1 % Ca alloy and an Mg-2.3 % Zn-0.1 % Ag-0.1 % Ca-
0.17 % Zr alloy of Example 2 as extruded at 300°C and 350°C, respectively and showing that the distribution is more
uniform than that of an extruded material of an existing AZ91 alloy at 400°C and that a degree of the bottom texture
is small.

Fig. 20 is a graph showing a stress-strain curve obtained by each of a tensile test and a compression test at room
temperature of an extruded material of an Mg-2.3 % Zn-0.1 % Ag-0.1 % Ca-0.17 % Zr alloy of Example 2 at 350°C.

BEST MODE FOR CARRYING OUT THE INVENTION

[0023] It is noted from the following Examples that according to the invention of this application, age hardening
properties are enhanced by adding trace amounts of Ag, Ca and Zr, each of which is free from a rare earth element and
is relatively easily available. Also, it is noted that even by merely hot extruding the alloy, a fine grain structure having a
fine precipitate dispersed therein is formed and that the subject alloy is an Mg base alloy which is excellent in not only
strength but ductility and which has small anisotropy in strength as compared with the conventional alloys. Also, in view
of the Examples and the technical common knowledge, it can be expected that the foregoing effects are displayed within
the following ranges.

[0024] With respect to Zn, the maximum solubility of Zn in Mg is 2.4 at%.

[0025] So far as the composition range of Zn is 0.75 at% or more, age hardening is achieved. However, In order to
contrive to realize a high strength by dispersing a rod-like ’-precipitate which works as a strengthening phase of an
Mg-Zn based alloy, it is necessary that the Zn content is as high as possible, and the Zn content is preferably 1.52 at%
or more.

[0026] In order to disperse this rod-like B’-precipitate in a larger amount and finely, the Zn content is preferably 1.92
at% or more.

[0027] With respect to Ag, the solubility of Ag in Mg is large, and lts maximum solid solution amount is 3.82 at%.
[0028] In the case where a solution heat treatment after casting is performed at 400°C, when the Ag content exceeds
1.98 at%, there is a concern that a coarse precipitate is formed, thereby deteriorating mechanical properties.

[0029] When the Ag content exceeds 0.2 at%, even by Increasing the addition amount, age hardening properties do
not change too much. Therefore, in order to Inhibit the formation of a compound phase with Zn or Ca or Zr as a constituent
element, in a sense of suppressing the Ag content, an upper limit thereof is preferably 0.2 at%.

[0030] Also, whenthe Agcontentis 0.08 at% or more, a work for promoting the formation of a nucleus of the precipitate
is revealed, and therefore, a lower limit value thereof is preferably 0.08 at% or more.

[0031] With respect to Ca, the maximum solubility of Ca in Mg is 0.82 at%.

[0032] Inthe case where a solution heat treatment after casting is performed at 400°C. when the Ca content exceeds
0.61 at%, a grain boundary precipitate is formed, thereby impairing mechanical properties.

[0033] Therefore, its upper limit was specified to be not more than 0.81 at%.

[0034] Also, as shown In Figs. 2 and 3 of Example 1, even by doubling the addition amount of Ca, changes in age
hardening characteristics are not noticed. Therefore, in order to inhibit the formation of a compound phase with Zn or
Ag or Zr as a constituent element, in a sense of suppressing the Ca content, an upper limit thereof is preferably 0.2 at%.
[0035] Also, whenthe Ca contentis 0.08 at% or more, a work for promoting the formation of a nucleus of the precipitate
is revealed, and therefore, a lower limit value thereof is preferably 0.08 at% or more.

[0036] With respect to Zr, the maximum solubility of Zr in Mg is 1.04 at%.
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[0037] However, when the Zr content exceeds 0.17 at%, a peritectic reaction exists in the vicinity of 650°C, and a
coarse precipitate is formed. Therefore, the Zr content was specified to be not more than 0.17 at%.

[0038] When the Zr content is 0.08 at% or more, an effect for inhibiting grain coarsening in the solution heat treatment
and hot extrusion is expected due to a fine precipitate or the Zr atom itself. Therefore, a lower limit of the Zr content is
preferably 0.08 at% or more.

[0039] The foregoing specific addition amount of each of the elements is distributed on the basis of results of the
following Examples such that an average grain size of the fine grain structure is as small as possible and that orientation
properties of the crystal grain are weakened.

Example 1

[0040] Respective elements were blended so as to have an alloy composition shown in Table 1 and smelted in a high-
frequency melting furnace using an Iron-made crucible in an argon atmosphere.

[Table 1]
Alloy composition
Composition (at%) Composition (wt%)

Alloy Zn Ag Ca Zr Mg Zn Ag Ca Zr Mg
Mg-2.3Zn 2.32 - - - - Bal. 6.0 - - - Bal.
Mg-2.3Zn-0.1Ag 2.33 0.09 - - Bal. 6.0 0.4 - - Bal.
Mg-2.3Zn-0.1Ag-0.1Cal 2.33 0.10 0.09 - Bal. 6.0 0.4 0.16 - Bal.
Mg..2.3Zn-0.2Ag-0.2Ca2 2.33 0.2 0.2 - Bal. 6.0 085 031 - Bal.

Mg-2.3Zn-0.1Ag-0.1Ca-0.1Zr  2.34 0.09 0.10 0.17 Bal. 6.0 0.4 0.16 0.6 Bal.

[0041] After sealing in a PYREX (registered trademark) tube together with an argon gas, the melted material was
subjected to a homogenization heat treatment at 340°C for 48 hours. The resulting sample was cut out and sealed in a
PYREX (registered trademark) tube together with an argon gas; and thereafter, the sample was subjected to a solution
heat treatment at 400°C for one hour and then quenched in ice water.

[0042] The quenched material was aged at a temperature of 160°C and 200°C, respectively using an oil bath. Its
hardness by aging was measured by a Vickers hardness meter under a condition at a load of 1 kg for a holding time of
15 seconds.

[0043] Microstructure observation was executed using a transmission electron microscope (TEM). Details of experi-
mental procedures are shown in Fig. 1.

[0044] Figs. 2 and 3 show hardness changes in aging at 160°C and 200°C, respectively. From these figures, the
hardness reaches the maximum at around 100 hours in the aging at 160°C and at around 10 hours in the aging at 200°C,
respectively.

[0045] The age hardening properties become better by adding Ag, (Ag + Ca) or (Ag + Ca + Zr) to the Mg-2.3Zn alloy.
[0046] The maximum hardness of an alloy obtained by adding (Ag + Ca + Zr) to the Mg-2.3Zn alloy is the highest and
reaches 100 Hv.

[0047] In an alloy obtained by adding (Ag + Ca) to the Mg-2.3Zn alloy, the aging hardness of each of alloys obtained
by increasing the addition amount of each of the elements by 0.2 at% is examined.

[0048] However, even when the addition amount is increased, a distinct difference In the aging characteristics is not
observed.

[0049] With respect to each of the alloys shown in Figs. 4, 5, 6 and 8, the grain size was measured by linear intercept
method (ASTM standards E112). The average grain size was about 100 pm in the Mg-2.3Zn binary alloy shown in Fig.
4, about 50 um in the Mg-2.3Zn-0.1Ag alloy shown in Fig. 5, about 50 wm In the Mg-2.3Zn-0.1Ag-0.1Ca alloy shown in
Fig. 6 and about 10 um In the Mg-2.3Zn-0.1Ag-0.1Ca-0.17Zr alloy shown in Fig. 8, respectively. It is noted that by the
addition of Ag or combined addition of (Ag + Ca), the crystal grain size becomes small and that by the further addition
of Zr, the grain size becomes finer.

[0050] Each of Figs. 4 to 9 shows a TEM micrograph of each of the alloys at the peak aging stage when aged at 160°C.
[0051] In all of the aging structures, a rod-like precipitate extending to the c-axis direction of Mg is observed.

[0052] By adding Ag, (Ag + Ca) or (Ag + Ca +Zr) to the Mg-2.3Zn alloy, the precipitate becomes fine.

[0053] This refinement of the precipitate is considered to cause an increase of the peak aging hardness.

[0054] In conclusion, good age hardening properties are obtained in alloys by the combined addition of (Ag + Ca) and
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(Ag + Ca + Zr), respectively.
Example 2

[0055] Details of experimental procedures are shown in Fig. 10. Alloying elements were blended so as to have an
alloy composition shown in Table 1 and melted and cast in a (CO, + SFg) mixed gas atmosphere. Thereafter, the ingot
was subjected to a homogenous heat treatment at 350°C for 48 hours. Thereafter, the ingot was hot extruded at 300°C
and 350°C, respectively. With respect to the hot extrusion condition, an extrusion ratio was 20, and a ram rate was 0.1
mm/s. The material after extrusion was subjected to a solution heat treatment at 400°C for from 0.5 to 4 hours and then
subjected to an aging treatment at a temperature of 160°C and 200°C, respectively, followed by measurement for a
Vickers hardness.

[0056] Also, the sample after extrusion was subjected to microstructure observation by an optical microscope and TEM.
[0057] Figs. 11 and 12 show an aging curve of an Mg-2.3 % Zn-0.1 % Ag-0.1 % Ca alloy at 160°C and 200°C,
respectively.

[0058] Comparison was made between a material having been subjected to a solution heat treatment after casting
and a material having been subjected to a solution heat treatment after hot extrusion. As a result, the both are substantially
identical to each other with respect to the maximum hardness and age hardening characteristics.

[0059] Figs. 13 and 14 show an aging curve of an Mg-2.3 % Zn-0.1 % Ag-0.1 % Ca-0.17 % Zr alloy at 160°C and
200°C, respectively.

[0060] Comparison was made between a material having been subjected to a solution heat treatment after casting
and a material having been subjected to a solution heat treatment after hot extrusion. As a result, the both are not
distinctly different from each other with respect to the maximum hardness and age hardening characteristics.

[0061] Fig. 15 shows an optical micrograph structure of an Mg-2.3 % Zn-0.1 % Ag-0.1 % Ca alloy when hot extruded
at 350°C. The crystal grain size was measured by linear intercept method using this photograph. As a result, the average
crystal grain size was 20 pm.

[0062] Fig. 16 shows an optical micrograph of an Mg-2.3 % Zn-0.1 % Ag-0.1 % Ca-0.17 % Zr alloy when hot extruded
at 350°C. Figs. 17 and 18 are each a TEM micrograph of the same alloy.

[0063] In the optical micrograph of Fig. 16, the structure after extrusion is classified into three of (A) a coarse unre-
crystallized grain, (B) a fine equi-axed recrystallized grain and (C) an obscure region. The obscure region (C) is considered
to be corresponding to the TEM micrograph of Fig. 17, and it is noted that the obscure region (C) is a fine grained
recrystallized grain structure in a submicron order.

[0064] Fig. 18 shows enlargement of the interior of the fine grain in a submicron order, and fine rod-like precipitates
of several tens nm as formed along the c-axis of Mg.

[0065] The grain size of the hot extruded Mg-2.3 % Zn-0.1 % Ag-0.1 % Ca-0.17 % Zr alloy was measured from Figs.
16 and 17. Since the obtained structure was not homogenous, the major axis and the minor axis were measured for
crystals of the respective regions without employing the linear intercept method, and an average value thereof was
defined as the grain size. Also, with respect to the unrecrystallized grain (A) and the equi-axed recrystallized grain (B),
the optical micrograph of Fig. 16 was used, and with respect to the fine grain region in a submicron order (C), the TEM
micrograph of Fig. 17 was used. As a result, it was noted that the unrecrystallized grain (A) had size distribution of from
about 5 to 25 pm and had an average grain size of 11 um; the equl-axed recrystallized grain (B) had size distribution
of from about 1 to 5 wm and had an average grain size of 2.8 um; and the fine grain region in a submicron order (C)
had size distribution of from about 0.1 to 1 wm and had an average grain size of 0.75 um.

[0066] With respect to the Mg-2.3 % Zn-0.1 % Ag-0.1% Ca alloy and the Mg-2.3 % Zn-0.1 % Ag-0.1 % Ca-0.17 % Zr
alloy each having excellent age hardening properties, a tensile test at room temperature and a compression test at room
temperature were executed in parallel to the extrusion direction. A tensile specimen was a JIS 14B specimen and had
a gauge length of 20 mm. A compression specimen had a diameter of 9.5 mm and a height of 14.3 mm. The tensile test
and the compression test were performed under a condition at an initial strain rate of 103 s°1.

[0067] Fig. 19 (measurement data on which this figure is based are shown in Table 2) shows distribution of a Schmid
factor in the basal slip direction against the tensile load application direction, namely the extrusion direction. Since the
degree of integration of the basal texture parallel to the extrusion direction is weak, the Schmid factors of the alloys of
this invention are uniformly distributed as compared with those of extruded materials of the existing AZ91 alloy (Mg-9
mass % Al-1 mass % Zn alloy), and an average value thereof is 0.20 or more.

[Table 2]
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Chart: Schmid Factor
Mg-2.837n-0.142-0.1Ca Mi-2.870-0,1A2-0.1Ca-0.17Zr
extruded at 300°C extruded at 350°C  extruded at 300°C __extruded a1, 350C
(1 (2) (3) (1) (2) (3) (1) (2 (3) (1) (2} (3)

0.013 0062 6.1770.013 0074 7387 0013 .0.121 12,112 0013 0,131 13.0684
0.037 0.068 6.793 .0.038 0.051 3078 0.038 0.100 9978 0038 0.087 8709
0.062 0.062 6.151 0,063 0.073 7.285 0.063 Q.086 8557 0.063 0.093 9.2068
0.087 0.0683 6.303 0.088 0062 6,183 0.088 0.066 6640 0,088 0.093 9.296
0.112 0.058 5.811 0.113 0.085 . 8.472 0.113 0.050 = 5010 0,112 0.054 5.403
0.137 0.083 5.337 0.137 0.058 _5.812 0.138 0.046 4.389 0.137 0.031 3440
0,16%_0.054 5440 0162 0043  4.285 .163 0049 1888 0162 0.036 3596
0,187 0.050 5.032 0.187 0.050 4.962 0.188 0.033 3.308 0,187 0.026 2.516
0.212 0.042 4240 0.212 0066 5641 0213 0033 3275 0212 0.027 2.700
0.237.0.048 __4.314 0.287 0059 5883 0.238 0.03%. .3.468 0.237 0030 2996
0.262 0052 5158 0.262 0.048 4752 0.263 0.043 4.251 0.262 0.040..4.012

0287 0.046 . 4.598 0287 0.025. 2526 0.288 0.039 3,895 0287 0.028 2958
0.312 0043 4318 0312 0039 3862 0313 0026 3550 0312 0042 4175
0.337 0.041 4,062 0337 0.037 3.672 0.338 0.030. 3.080 0337 0.044 4351
0,362 _0.019 4859 0362 0042 4,227 0363 0041 4079 Q.362 0.0432. 1164
0.387 0.044 4.447 0.387 0.028 2848 0,888 0.0490 4945 0387 0040 4.017
0.412 0,019 4.886 0.412 0.042 4.248 0.413 0,033 3.533 0412 0.041 4036

D437 00535287 0437 0037 3697 0437 00393897 Q437 0056 5519
0.462..0.035 _2.494 0462 0.050. 5.004.0462 0.040  3.946 0462 0040 4003
0487 0033  3.295 0487 0042 4,176 0.487 0030 3020 0487 0020 1958

Average 0,228 22 824 0.220 22020 0.200_19.983 Q199 19.864

(1) :Schmid Factor

(2) :Number Fraction

(a): (2)x100

[0068] Fig.20 shows a stress-strain curve obtained by each of a tensile testand a compression testatroom temperature
of an Mg-2.3 % Zn-0.1 % Ag-0.1 % Ca-0.17 % Zr alloy as extruded at 350°C. Tables 3 to 7 show measurement data
corresponding to the stress-strain curve in the tensile test shown in Fig. 20; and Tables 8 to 11 show measurement data
corresponding to the stress-strain curve in the compression test shown in Fig. 20.

(Initial strain rate: 103 s1; shape of tensile specimen: JIS 14B (gauge length: 20 mm); and shape of compression
specimen: 9.5 mm in diameter and 14.3 mm in height)
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[0069] Table 12 summarizes results obtained in a tensile test and a compression test regarding an Mg-2.3 % Zn-0.1

Zralloy as extruded at 300°C and 350°C, respectively.

% Ag-0.1 % Caalloy and an Mg-2.3 % Zn-0.1 % Ag-0.1 % Ca-0.17 %
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[0070] It is noted from these results that the hot extruded Mg-2.3 % Zn-0.1 % Ag-0.1 % Ca alloy and Mg-2.3 % Zn-
0.1 % Ag-0.1 % Ca,-0.17 % Zr alloy are a material having both high strength and high ductility and having small anisotropy
in proof stress.

[0071] It is considered that revealment of such excellent mechanical properties with small anisotropy in strength as
well as high strength and high ductility has a relationship with a fine grain, a lowering in a degree of the basal texture
and a fine precipitate within the grain.

INDUSTRIAL APPLICABILITY

[0072] The material of this invention has high strength and high ductility and can be used for transportation equipment
which is expected to realize weight reduction as a replacement for Al alloys, such as automobiles, motorcycles, aircrafts,
etc. Furthermore, since the mechanical properties of the material of this Invention can be obtained without necessity of
an additional heat treatment after the hot working, the material of this invention is also expected as a replacement for
currently used wrought Mg alloys. Also, in view of the fact that the samples after hot extrusion at 350°C display an
ultrafine grain structure of about 500 nm in terms of an average grain size, there is a possibility that the material of this
Invention is applicable as a superplastic material.

Claims

1. An Mg base alloy containing Mg as a main material and Zn as an additive material, which is characterized in that
Ag is contained in an amount of not more than 1.98 at% as an additive material other than Zn.

2. The Mg base alloy according to claim 1, which is characterized in that Ca is further contained in an amount of not
more than 0.61 at% as an additive material other than Zn and Ag.

3. The Mg base alloy according to claim 2, which is characterized in that Zr is further contained in an amount of not
more than 0.17 at% as an additive material other than Zn, Ag and Ca.

4. The Mg base alloy according to any one of claims 1 to 3, which is characterized in that a grain size thereof is from
0.1 umto 25 pm.
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Fig. 1

Mg. Zn, Ag, Mg-33.3at%, Mg-12,5at%Zr

[Metting of ingot by high-frequency melting (in an Ar atmosphere)

Sealing in 2 PYREX tube
together with an Ar gas

Solution heat treatment (at 200°C for ane hour)

(Aging heat treatment (at 160°C or 200°C}

[Measurement of Vickers hardness

fTEM structure observatior]
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Fig. 2

—®— Mg-2.3Zn-0.1Ag-0.1Ca-0.17Zr
—®— Mg-2.37n-0.2A¢-0.2Ca
| 4 Mg-2.3Z2n-0.1Ag-0.1Ca
|—w— Mg-2.3Zn-0.1Ag
—O— Mg-2.3Zn

1 10 100 1000
Aging Time (h)
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Fig. 3

120
|—B—Mg-2.3Zn-0.1Ag-0.1Ca-0.17Zr

10 b~®—Mg-2.3Zn-0.2Ag-0.2Ca
L 4 Mg-2.3Zn-0.1Ag-0.1Ca
100 ~-v—Mg-2.3Zn-0.1Ag
L—~O— Mg-2.3Zn

9
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//@,,@/{}’QQ}}O%}
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Fig. 6
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Fig. 10

Mg, Zn, Ag, Ca, Mg-10.25at%Zr
[Casting (in a (CO; + SF,) mixed gas)

Atmosphere while allowing an Ar gas
to flow at a flow rate of 100 ml/min

IHot exteusion (at 300°C or 350°C)

Extrusion ratio; 20
Ram rate: 0.1 mm/s
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Fig. 11
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Fig. 14
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Fig. 18
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Fig. 19
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