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Disclosed is a magnesium based amorphous alloy having a 
good glass forming ability and ductility. The Mg based amor 
phous alloy has a composition range of Mg 1OO_x_yAxBy Where 
X and y are respectively 252x230, 2.5éyé20 in atomic 
percent. Here, A includes at least one element selected from 
the group consisting of Cu, Ni, Zn, Al, Ag, and Pd, and B 
includes at least one element selected from the group consist 
ing of Gd, Y, Ca, and Nd. 
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MAGNESIUM BASED AMORPHOUS ALLOY 
HAVING IMPROVED GLASS FORMING 

ABILITY AND DUCTILITY 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application claims priority under 35 USC §ll9 to 
Korean Patent Application No. 2004-0043453, ?led on 14 
Jun. 2004, the contents of Which are incorporated herein by 
reference in their entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to a magnesium 

based amorphous alloy. More speci?cally, the invention 
relates to a Mg-based amorphous alloy, Which has basically a 
good glass forming ability, along With an improved ductility. 

2. Background of the Related Art 
In general, a magnesium alloy is one of lightWeight alloys 

having a high strength-to-Weight ratio. The Mg alloy has an 
excellent vibration, impact, and electromagnetic Wave 
absorbing abilities, a good electrical and heat conductivity, 
and an enhanced fatigue impact resistance at elevated tem 
perature. Thus, it has a broad range of applications as a 
lightWeighting material, for example, for automotive parts, 
transportation means, defense industry, and general machin 
ery. 

HoWever, mostly crystalline Mg alloys have been used. In 
order that the Mg-based alloy can be employed for applica 
tions necessitating high mechanical properties, a Mg-based 
amorphous alloy needs to be developed, Which is knoWn to 
have an improved tensile strength, toughness and corrosion 
resistance, relative to the conventional crystalline Mg-based 
alloys. 

Thus, up until noW, various types of Mg-based amorphous 
alloys have been proposed as folloWs. 

Examples for a binary Mg-based amorphous alloy include 
Mg4Ca, MgiNi, MgiCu, MgiZn, MgiY, or the like. 
In addition, a tertiary Mg-based amorphous alloy system is 
exempli?ed by Mg4Cui(Si, Ge, Ln, Y), MgiNii(Si, Ge, 
Ln), MgiZni(Si, Ge, Ln), MgiCai(Al, Li, Si, Ge, M), 
MgiAl-(Ln, Zn) and the like, Where Ln is a lanthnide and M 
is a transition metallic element (Ni, Cu, Zn). 

Conventionally, these Mg-based amorphous alloys can be 
manufactured only in the form of a ribbon having a thickness 
of several tens of microns or in the poWder form, mostly using 
a rapid solidi?cation method such as a melt spinning method, 
a splat quenching method, and a liquid atomiZation method. 
Thus, there have been lots of limitations in their applications. 

Furthermore, recently-developed Mg-based bulk amor 
phous alloys embrace limitations in their practical use, simi 
larly since they can be manufactured in a bulk form having a 
diameter of beloW 4 m using an injection casting process 
under vacuum atmosphere. Also, the vacuum atmosphere 
leads to an increase in the manufacturing cost thereof and a 
decrease in the production ef?ciency therefor. 

In addition, mo st of the conventional Mg-based amorphous 
alloys exhibit a brittle fracture behavior Without plastic defor 
mation after the elastic limit thereof, and thus have a limited 
applicability. In order to overcome these limitations in the 
conventional Mg-based amorphous alloy, that is, to provide a 
plastic deformation property at room temperature, extensive 
research and developments have been carried out. For 
example, a third element is added to the amorphous matrix, or 
a heat treatment is applied, to form a composite material so as 
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2 
to have a plastic property, or a post-treatment after forming an 
amorphous phase is performed to thereby provide a plastic 
characteristic to the amorphous material. 

HoWever, in order to provide a plastic deformation charac 
teristic, research on the basis of thermodynamic and kinetic 
consideration (boundary condition of amorphous/ crystalline) 
of amorphous-formation has been barely performed. Particu 
larly, even appropriate standards or criteria for general pur 
poses have not been produced yet. 

SUMMARY OF THE INVENTION 

Therefore, the present invention has been made in vieW of 
the above problems in the art, and it is an object of the present 
invention to provide a Mg-based amorphous alloy having a 
good glass forming ability, Which contains metallic elements 
capable of enhancing the glass forming ability thereof, and 
can be cast in the air atmosphere through a common mold 
casting process. 

Another object of the invention is to provide a Mg-based 
amorphous alloy, Which has a good ductility through an alloy 
design capable of using the inherent magnesium characteris 
tics. 
A further object of the invention is to provide a Mg-base 

amorphous alloy having an improved strength, relative to 
commercial Mg alloys. 

To accomplish the above object, according to one aspect of 
the present invention, there is provided a magnesium based 
amorphous alloy having a good glass forming ability and 
ductility. The Mg-based amorphous alloy has a composition 
range of Mg lOO_x_yAxBy Where x and y are respectively 
2.5 2x230, 2.5§y§20 in atomic percent, Wherein A 
includes at least one element selected from the group consist 
ing of Cu, Ni, Zn, Al, Ag, and Pd, and B includes at least one 
element selected from the group consisting of Gd, Y, Ca, and 
Nd. 
The Mg-based amorphous alloy is capable of being manu 

factured in a bulk amorphous form, using a die casting pro 
cess, an injection casting process, or a high-pressure squeeze 
casting in an air atmosphere. 

According to an embodiment of the invention, x is 
102x230 and y is 2.5éyél5. 
According to an embodiment of the invention, x is 

252x220 and y is 2.5éyé20. 
According to an embodiment of the invention, A includes 

Cu, and B includes Gd. 
According to an embodiment of the invention, A includes 

Cu and Ag, and B includes Gd. 
According to an embodiment of the invention, A includes 

Cu and Ni, and B includes Gd. 
According to an embodiment of the invention, A includes 

Cu and Zn, and B includes Gd. 
According to an embodiment of the invention, A includes 

Cu and Al, and B includes Gd. 
According to an embodiment of the invention, A includes 

Cu and Ag, and B includes Y. 
According to an embodiment of the invention, A includes 

Cu and Ni, and B includes Y. 
According to an embodiment of the invention, A includes 

Cu and Zn, and B includes Y. 
According to an embodiment of the invention, A includes 

Cu and Al, and B includes Y. 
According to an embodiment of the invention, A includes 

Cu, Ni, Zn and Ag, and B includes Gd. 
According to an embodiment of the invention, A includes 

Cu, Ni, Zn and Ag, and B includes Gd. 



US 8,016,955 B2 
3 

According to an embodiment of the invention, A includes 
Zn, and B includes Ca. 

According to an embodiment of the invention, A includes 
Ni, and B includes Gd. 

According to an embodiment of the invention, A includes 
Cu, and B includes Y. 

According to an embodiment of the invention, A includes 
Cu, and B includes Nd. 

According to an embodiment of the invention, A includes 
Ni, and B includes Nd. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the 
present invention Will be apparent from the folloWing detailed 
description of the preferred embodiments of the invention in 
conjunction With the accompanying draWings, in Which: 

FIG. 1 is graphs shoWing X-ray diffraction results to evalu 
ate the glass forming behavior for Mg-based amorphous 
alloys of the invention, Which contain 10 atomic % of Gd and 
further contain (a) 25 atomic % Cu, (b) 25 atomic % of Al, (c) 
25 atomic % of Ni, or (d) 25 atomic % of Zn respectively; 

FIG. 2 is a graph shoWing the results of differential scan 
ning calorimetry for Mg-based amorphous alloys of the 
invention, Which contains 10 atomic % of Gd and further 
contain (a) 25 atomic % Cu, (b) 15 atomic % of Cu and 10 
atomic % of Ag, or (c) 15 atomic % of Cu, 5 atomic %Ag, and 
5 atomic % of Pd respectively; 

FIG. 3 is a graph shoWing the results of differential thermal 
analysis for Mg-based amorphous alloys of the invention, 
Which contains 10 atomic % of Gd and further contain (a) 25 
atomic % Cu, (b) 15 atomic % of Cu and 10 atomic % ofAg, 
or (c) 15 atomic % of Cu, 5 atomic % Ag, and 5 atomic % of 
Pd respectively; 

FIG. 4 is a graph shoWing X-ray diffraction results to 
evaluate the bulk glass forming behavior for Mg-based amor 
phous alloys of the invention, Which contain 15 atomic % Cu, 
5 atomic % of Ag, 5 atomic % of Pd, and 10 atomic % of Gd; 

FIG. 5 is a graph shoWing the compression test result for a 
l mm-diameter rod specimen of the composition 
Mg65Cu l 5Ag 1OY2Gd8 among the Mg-based amorphous 
alloys according to the invention; 

FIG. 6 is a plot of stress versus strain obtained through a 
compression test for (b) the example 18 of the invention and 
(a) the comparison example 7; 

FIG. 7 shoWs the result of a differential thermal analysis for 
the example 18 (MgsoCulsGds) of the invention; 

FIG. 8 is a SEM photograph of rupture surfaces after frac 
tured respectively for (b) the example 18 of the invention and 
(a) the comparison example 7; 

FIG. 9 is a plot of stress versus strain obtained through a 
compression test for the example 25 of the invention; and 

FIG. 10 is an optical micrograph for the example 25 of the 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiments of the invention Will be here 
after described in detail, With reference to the accompanying 
draWings. 
A magnesium based amorphous alloy according to an 

embodiment of the invention has a composition range of 
Mg1OO_x_yAxBy Where x and y are respectively 252x230, 
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4 
2.5§y§20 in atomic percent, and provides a good glass 
forming ability and ductility. Here, A is at least one element 
selected from Cu, Ni, Zn, Al, Ag and Pd, and B is at least one 
element selected from Gd, Y, Ca and Nd. 

In the Mg-based amorphous alloy of the invention, the x 
and y values are limited as described above for the folloWing 
reasons. 

If the constituent A and B are contained to less than 2.5 
atomic %, the amorphous alloy can not obtain a close-packing 
effect, Which is provided in a multi-component alloy system 
of three or more constituents, according to empirical prin 
ciples on the amorphous formation, thereby failing to 
improve the glass forming ability. Thus, the content of A and 
B is preferred to be no less than 2.5 atomic % respectively. 

In addition, if the A and B are contained to above 30 
atomic % and 20 atomic % respectively, bulk amorphous 
formation is inhibited due to an increase in the melting point 
thereof, and the ductility to be inherently acquired from mag 
nesium cannot be achieved. Accordingly, the contents of A 
and B are preferred to be no more than 30 atomic % and 20 
atomic % respectively. 

Furthermore, in order to further improve the glass forming 
ability of the Mg-based amorphous alloy of the invention, the 
content of the A constituent may be limited Within a range of 
2.5~20 atomic %. In order to further enhance the ductility 
thereof, the contents of A and B may be further limited to a 
range of l0~30 atomic % and 2.5~l5 atomic %. 

The Mg-based amorphous alloy of the invention has basi 
cally a good glass forming ability, and simultaneously pro 
vides an enhanced ductility in a certain speci?c Mg-rich 
region. 

That is, according to the invention, in the Mg-rich region in 
the bulk amorphous region, the Mg-based amorphous alloy of 
the invention exhibits a plastic deformation characteristic in 
an amorphous state, due to the inherent contribution of mag 
nesium to ductility. 

Therefore, the Mg-based amorphous alloy of the invention 
has an excellent glass forming ability, along With ductility, 
thereby providing for a variety of applications. 

The folloWing examples are provided for a further under 
standing of the invention, but not intended to limit the inven 
tion. 

EXAMPLES 1 TO 17 

The examples 1 to 17 Were carried out in order to explain 
the glass forming ability of the Mg-base amorphous alloy of 
the invention. Various alloys, including the examples 1 to 17 
and the comparison examples 1 to 5, Were prepared so as to 
have compositions listed in Table 2 and tested for the glass 
forming ability thereof. 

In the Mg-based alloy of the invention, the alloying ele 
ments, Which are added to the major constituent Mg, have a 
large atomic radius difference With Mg and a negative heat of 
mixing With Mg, as shoWn in Table 1. In addition, through 
addition of the above metallic elements, the supercooled liq 
uid region is expanded, the packing density thereof is 
enhanced due to the multi-component of the alloy system, and 
the melting temperature thereof is loWered, thereby improv 
ing the glass forming ability and mechanical properties 
thereof. 
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TABLE 1 

Mg Cu Ni Al Zn Pd Ag Gd Y Ca Nd 

Atomic 1.6 1.28 1.24 1.43 1.38 1.37 1.44 1.80 1.78 1.97 1.82 
radius (A) 
** 0 -29 -12 -7 -13 -153 -47 -25 -27 -26 -28 

Note: 

** Heat of mixing between Mg and other elements (KJ/g-at) 

10 
In Table 2, the compositions of the example alloys accord- In order to evaluate the glass forming ability of the above 

ing to the invention and the comparison alloys are listed. All prepared bulk specimen, the exothermic heat values Were 
the alloys Were prepared through a common die casting pro- compared With respect to the vertical cross-section of the bulk 
cess in the air atmosphere and compared for their glass form- specimen and a specimen prepared in the form of a ribbon, 
ing ability. using a differential scanning calorimeter. In addition, the 

TABLE 2 

Division Composition (at %) Tg(K) TX(K) ATX(K) T,g dmwxmm) 

Example 1 Mg65Cu25Gd1O 408 478 70 0.55 28 
Example 2 Mg65Cu25Gd5Y5 420 482 62 0.57 26 
Example 3 Mg65Cul5AglOGdlO 416 459 43 0.58 27.5 
Example 4 Mg65Cu15Al1OGd1O 428 463 35 0.58 25 
Example 5 Mg65Cu15Ni1OGd1O 423 469 46 0.58 26 
Example 6 Mg65Cul5ZnlOGdlO 432 462 30 0.59 25 
Example 7 Mg65Cu15Ag5Pd5Gd1O 430 472 42 0.58 210 
Example 8 Mg65Cu15Ag1OPd5Y5 435 474 39 0.58 26 
Example 9 Mg65Cul5AglOY2Gd8 420 464 44 0.615 29 
Example 10 Mg65Cu15Ag1OY4Gd6 424 467 43 0.622 28 
Example 11 Mg65Cu15Ag1OY8Gd2 428 472 44 0.620 27 
Example 12 Mgmzn?ca5 372 389 20 0.56 22 
Example 13 Mg75Ni15Gd1O 452 495 43 0.58 24 
Example 14 Mgsjcu?Ndl0 423 452 30 0.57 22 
Example 15 Mg65Cu7_5Ni7_5Zn5Ag5Gd1O 427 465 38 0.614 211 
Example 16 Mg65Cu7_5Ni7_5Zn5Ag5Y5Gd5 434 472 3 8 0.604 214 
Example 17 Mg65Cu15Ag1OY1O 428 469 41 0.634 26 
Comparison Mg55Cu35Gdl0 458 473 15 0.52 <1 
Example 1 
Comparison Mg73Cu25Gd2 i 421 i i <1 

Example 2 
Comparison Mg65Cu25Gd5Nb5 i 505 i i <1 

Example 3 
Comparison Mg65Cu15Fe1OGd1O 435 454 19 0.51 <1 
Example 4 
Comparison Mg45Cu15Ni1OGd3O 471 494 23 0.48 <1 
Example 5 

45 

In these examples, the raW material Was melted using a 
high frequency induction furnace of argon atmosphere and 
the melt Was cast into a copper mould having a conical shape 
to thereby form conical specimens having a length of 45 mm. 
A copper mould can be used to manufacture an amorphous 

alloy, Without necessity of a high cost facility, such as vacuum 
equipment, and a high level of atmosphere control, thereby 
easily obtaining a bulk amorphous phase. 

With respect to the above-manufactured Mg-based amor 
phous alloys, the glass transition temperature T8, the crystal 
liZation temperature TX, and the melting temperature Tm Were 
measured using the differential scanning calorimetry, as 
shoWn in FIG. 2. Based on the above measurement, the super 
cooled liquid region AT,C (:Tx—Tg) and the reduced glass 
transition temperature T,g (:Tg/Tm) can be calculated, Which 
are major parameters for evaluating the glass forming ability 
of alloys. 

The bulk glass forming ability may be expressed using a 
maximum diameter dmax. In these examples, the specimens 
Were cast using a copper mold of conical shape, and thus the 
diameter of the circular face in the cast conical specimen is 
regarded as the maximum diameter. 

50 

presence of a halo pattern Was con?rmed for each specimen, 
using the X-ray diffraction analysis. The maximum diameters 
of the specimens, Which Were con?rmed as an amorphous 
alloy, are listed in Table 2. 

In general, if the maximum diameter (dmax) is above 1 mm, 
the alloy is determined as an amorphous alloy having a good 
glass forming ability. 

Therefore, the Mg-based bulk amorphous alloy of the 
invention, Which contains Cu, Ni, Zn, Al, Ag, Pd, Gd, Y, Ca 
and Nd and are cast into a metallic mold in the air atmosphere, 
has the AT,C value of above 20 K and the T,g value of above 
0.55 respectively, and the maximum diameter (dmax) of above 
5 mm. Thus, it is determined that these alloys prepared 
according to the invention have an excellent glass forming 
ability. 

In addition, the alloy of example 17 can be manufactured in 
the form of bulk amorphous of up to 10 mm diameter, When 
using a high-pressure squeeze casting process. 

FIGS. 1 to 5 shoW the results of analysis for the specimen 
having example compositions, Which are listed in Table 2. 

First, FIG. 1 is graphs showing X-ray diffraction results to 
evaluate the glass forming behavior for Mg-based amorphous 
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alloys of the invention, Which contains 10 atomic % of Gd and 
further contain (a) 25 atomic % Cu, (b) 25 atomic % of Al, (c) 
25 atomic % of Ni, or (d) 25 atomic % of Zn respectively. 
As shoWn in FIG. 1, it has been con?rmed that the example 

alloys exhibit a halo pattern indicating the presence of amor 
phous phase and do not present any diffraction peak indicat 
ing a crystalline phase. 

FIG. 2 is a graph showing the results of differential scan 
ning calorimetry for Mg-based amorphous alloys of the 

8 
the comparison examples 6 to 10, Were prepared so as to have 
compositions listed in Table 3 and tested for the mechanical 
properties. 

In the examples 18 to 27, a rod-shape specimen for the 
mechanical test (compression test) Was prepared using an 
injection casting process. 

That is, in order to fabricate the rod specimen using the 
injection casting process, each composition listed in Table 3 is 
loaded inside a transparent quartz tube, the vacuum of Which 

invention, Which contains 10 atomic % of Gd and further 10 Was about 20 cmHg, and melted using a high frequency 
contain (a) 25 atomic % Cu, (b) 15 atomic % of Cu and 10 induction furnace under argon gas atmosphere of about 7~9 
atomic % of Ag, or (c) 15 atomic % of Cu, 5 atomic % Ag, and KPa. Then, at the state Where the melted alloy Was held inside 
5 atomic % of Pd respectively, the quartz tube by means of the surface tension of the melted 

Referring to FIG, 2, it can be seen that the Mg_based alloy, argon gas of about 50 KPa Was injected into the quartz 
amorphous alloys of the invention have a supercooled liquid 15 tube before the melted alloy Was reacted With the quartz tube, 
region of above 20 K over the entire composition range, While rapidly descending the quartz tube. In this Way, the 
which indicates the glass forming ability thereof, melted alloy Was ?lled into a Water-cooled copper mold, 

FIG. 3 is a graph shoWing the results of differential thermal thereby Prodneing a rod speeimen having a length of 40 mm 
analysis for Mg-based amorphous alloys of the invention, and a diameter of1 mm. 
Which contains 10 atomic % of Gd and further contain (a) 25 20 The above-prepared rod specimen was cut so as to have a 
atomic % Cu, (b) 15 atomic % of Cu and 10 atomic % of Ag, length of 2 mm and the compression test therefor Was carried 
or (c) 15 atomic % of Cu, 5 atomic % Ag, and 5 atomic % of out at the strain rate of 1><10_4/s. 
Pd respectively, The compositions of the above-prepared specimen and the 
As can be seen in FIG, 3, the melting point thereof, which test results therefor are listed in Table 3. As can be seen from 

is one of the major parameters indicating glass forming abil- 25 the results in Table 3, it has been found out that the examples 
ity, is no more than 800 K, and the T,g value, another param- 18 to 27 exhibit an excellent plastic deformation characteris 
eter for the glass forming ability, is above 0.55. In general, the tie of above 1%, While retaining an amorphous form due to 
T,g value of 0.55 represents an excellent bulk glass forming increase in the Mg Contents, Or a Composite form due to 
ability. uniform precipitation of the competitive crystalline phase. 

FIG. 4 is a graph showing X-ray diffraction results to 30 In contrast With the examples 18 to 27, the comparison 
evaluate the bulk glass forming behavior for Mg-based amor- example 6 (Mg6OC1135Gd5) is compared to the Case Where the 
phous alloys of the invention, which contain 15 atomic % Cu, metallic element A of the invention is contained up to above 
5 atomic % of Ag, 5 atomic % of Pd, and 10 atomic % of Gd. 30%, and Can he formed With a bulk amorphous phase of 
As shown in FIG, 4, it has been found that the Mg_based above 1 mm. HoWever, it has a problem that the comparison 

amorphous alloy containing 15 atomic % Cu, 5 atomic % of 35 eXample 6 exhibits a brittle fracture behavior Without plastic 
Ag, 5 atomic % of Pd and 10 atomic % of Gd is formed With deformation after the elastie range thereof. 
a bulk amorphous phase, and a good bulk amorphous phase is The Comparison examples 7 and 8 (Mg6OC112OGd2O, 
formed up to 10 mm of the maximum diameter. Mg55C11 iONiSAgiOGdi OYiO) are Compared to the Case Where 

Thus, it can be seen, from the above analysis results, that the metallic element B of the invention is contained up to 
the Mg-based amorphous alloys according to the invention 40 above 15%, and Can he formed With a bulk amorphous phase 
has a good bulk glass forming ability, of above 1 mm. HoWever, the comparison examples 7 and 8 

FIG, 5 is a graph showing the compression test result for a exhibited a brittle fracture behavior Without plastic deforma 
1 mm-diameter rod specimen of the composition tion after the elastie range thereof. 
Mg65Cul5AglOY2Gd8 among the Mg_based amorphous The comparison example 9 (Mg7OYlO) corresponds to the 
alloys according to the invention. 45 case Where the metallic element A of the invention is con 
As shown in FIG, 5, the Mg-based bulk amorphous alloy of tained up to less than 2.5%, and did not form an amorphous 

the invention has a compressive strength of 1 Gpa, Which Phase 
corresponds to more than three times of the conventional Mg The comparison eXample 10 (MgmculsNisAglo) Corre 
alloys. sponds to the case Where the metallic element B of the inven 

In vieW of the above result, it can be see that the Mg-based 50 tion is contained up to less than 2.5%, and did not form an 
amorphous alloy of the invention canbe applied to a structural amorphous Phase 
material. As can be seen from the above results, the Mg-based amor 

phous alloy of the invention has a good ductility, along With 
EXAMPLES 18 TO 27 the high strength thereof, and thus provides a good resistance 

55 to rupture under stresses above the elastic limit thereof. Con 
The examples 18 to 27 Were carried out in order to explain sequently, according to the invention, a high-strength and 

the ductile property of the Mg-base amorphous alloy of the high-toughness Mg-based amorphous alloy having practical 
invention. Various alloys, including the examples 18 to 27 and applications can be achieved. 

TABLE 3 

Division Composition (at %) Oj(GPa) ej(%) Structure 

Example 18 Mg8OCu15Gd5 848 5.52 Amorphous 
Example 19 Mg80Cul0Yl0 908 3.02 Amorphous 
Example 20 Mg75Cu15Ni5Zn2_5Ag2_5Gd5Y5 864 2.91 Amorphous 
Example 21 Mg75Ni1ONd15 889 3.45 Amorphous 
Example 22 Mg75Ni15Gd1O 837 3.25 Amorphous 
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TABLE 3-continued 

10 

Division Composition (at %) Oj(GPa) ej(%) Structure 

Example 23 Mg7ONi15Gd15 908 3.63 Composite 
Example 24 Mg85Cu1OGd5 712 7.22 Composite 
Example 25 Mg85Cu5Yl0 586 14.1 Composite 
Example 26 Mg75Zn2OCa5 547 9.46 Composite 
Example 27 Mg85Cu5Zn2_5Ag2_5Gd2_5Y2_5 623 6.78 Composite 
Comparison Mg60Cu35Gd5 762 1.82 Amorphous 
Example 6 
Comparison Mg6OCu2OGd2O 733 1.74 Amorphous 
Example 7 
Comparison Mg55Cul0Ni5Agl0GdlOYl0 703 1.76 Amorphous 
Example 8 
Comparison MggoYlo i i Crystalline 

Example 9 
Comparison Mg7OCu15Ni5Ag 10 i i Crystalline 

Example 10 

FIGS. 6 to 10 show the results of analysis for the specimen 
having the example and comparison example compositions, 
Which are listed in Table 3. 

FIG. 6 is a plot of stress versus strain obtained through a 
compression test for (b) the example 18 of the invention and 
(a) the comparison example 7. 
As can be seen from the curve b of FIG. 6, the example 18 

(MgsoCulsGds) has a high strength of 848 MPa, Which cor 
responds to three times of the compressive strength (200~300 
MPa) of common crystalline Mg alloys, and exhibits a frac 
ture elongation of 5.52%. 

In contrast, as can be seen in the plot (a) of FIG. 6, the 
comparison example 7 (Mg6OCu2OGd2O) has a relatively good 
strength (733 MPa), as compared With crystalline Mg alloys, 
but exhibits a brittle fracture behavior Without plastic defor 
mation after the elastic range thereof. Thus, it can be under 
stood from these results that the alloy design of the invention, 
i.e., an increase in the Mg content so as to have the ductile 
property of crystalline Mg alloys leads to an improvement in 
the mechanical properties, in particular the plastic elongation 
rate. 

FIG. 7 shoWs the result of a differential thermal analysis for 
the example 18 (MgSOCul 5Gd5) of the invention. As shoWn in 
FIG. 7, the example 18 of the invention has a similar thermal 
behavior in both the melt-spun ribbon-type amorphous alloy 
and the bulk amorphous alloy (d:1 mm), in particular, a 
similar value in AH, Which indicates the heat generated dur 
ing crystallization. 

The above experimental result means that the example 18 
constitutes a single-phase of amorphous alloy, in spite of the 
higher content of magnesium. 

FIG. 8 is a SEM photograph of rupture surfaces after frac 
tured respectively for (b) the example 18 of the invention and 
(a) the comparison example 7. 
The photo (a) in FIG. 8 shoWs a typical brittle fracture 

surface of a conventional Mg-based amorphous alloy. In con 
trast, the photo (b) of FIG. 8 shoWs a ductile fracture image of 
vein pattern formed through plastic deformation, Where the 
amorphous alloy is partially melted and re-solidi?ed due to 
heat generated by rupture-resistance and the loW melting 
point of the alloy of the invention. 

In other Words, it is knoWn that, if a stress is concentrated 
in a certain portion of an amorphous alloy, the concentrated 
stress is alleviated, forming a shear band Within the alloy. 
Thus, in order that an amorphous alloy exhibits a better plastic 
deformation characteristic, multiple shear bands are to be 
formed. When fractured after plastic deformation, the 
residual stress alleviated during the plastic deformation is 
instantly changed into heat, Which is then discharged. 
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In addition, amorphous alloys exhibit a viscous ?oW 
behavior at elevated temperature, and thus vein patterns are 
formed in the fracture surface, during a viscous deformation 
at the elevated temperature caused by an instantaneous exo 
thermic heat. Particularly, in case of the amorphous alloy of 
the invention having a loW melting point, When fractured, the 
fracture surface thereof is instantaneously melted due to the 
instant exothermic heat energy and then re- solidi?ed, thereby 
easily forming the vein pattern in the rupture surface thereof. 
The above vein pattern and the traces of melting in the 

surface prevail much more When the alloy exhibits a plastic 
deformation behavior under compressive stress, Where the 
material sustains the compressive stress. Conversely, after 
compression of an amorphous material, these features in the 
fracture surface thereof indicate that the material has under 
gone a plastic deformation. 

These results mean that the amorphous alloy according to 
the example 18 of the invention has a good ductility, dissimi 
lar to the conventional Mg-based amorphous alloys. 

FIG. 9 is a plot of stress versus strain obtained through a 
compression test for the example 25 of the invention 
(Mgs5Cu5Y10)~ 
As shoWn in FIG. 9, the example 25 of the invention has a 

high strength of 586 MPa, Which corresponds to around tWice 
of the compressive strength (200~300 MPa) of crystalline 
Mg-base alloys, and in particular, exhibits a fracture elonga 
tion of 14.1%, dissimilar to the brittle fracture behavior of the 
conventional Mg-based amorphous alloys. 

FIG. 10 is an optical micrograph for the example 25 of the 
invention. 
As can be seen from FIG. 10, the example 25 of the inven 

tion exhibits a composite-like form, Where a competitive 
crystalline phase related to the amorphous formation is uni 
formly mixed in a Mg-based amorphous matrix. 

In other Words, under the competitive situation betWeen the 
stability of liquid phase and the formation of crystalline phase 
in common-type amorphous alloys, the formation of amor 
phous phase is more favorable if the liquid phase is more 
stable, and the entire alloy system is solidi?ed into a crystal 
line phase if the competitive crystalline phase is more stable. 
In case of the example 25 of the invention, as shoWn in FIG. 
10, While the amorphous phase is formed under the given 
cooling speed, partially a competitive crystalline phase is 
formed together (in-situ composite). 
The above result is totally different from those provided 

With a plastic deformation property through the conventional 
techniques, in Which other elements are added to the conven 
tional Mg-based or common-type amorphous alloy composi 
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tions (ex-situ composite), or a ceramic material or the like is 
mixed therewith to form a composite material. 

In the example 25 shown in FIG. 10, a stable amorphous 
phase (the gray area in FIG. 10) is formed at the given cooling 
speed, and formation of competitive crystalline phases (dark 
spots in FIG. 10) is occurred partially, thereby providing a 
good plastic deformation characteristic. 
As described above, the Mg-base amorphous alloy of the 

invention can be manufactured in a bulk amorphous form 
through a die casting process in the air atmosphere. Thus, 
expensive vacuum equipment and high level of vacuum con 
trol are not necessitated, thereby enabling an easy commer 
cialiZation. 

In addition, the Mg-based bulk amorphous alloy of the 
invention, Which is manufactured through a conventional die 
casting process, has an improved compressive strength of 
above 800 MPa, and thus can provide a greater possibility of 
being used as a structural material. 

Furthermore, at the boundary composition betWeen the 
amorphous forming composition range and non-forming 
range, a competitive crystalline phase is partially precipi 
tated. Thus, non-uniformity is occurred Within the alloy With 
out adding other elements, thereby providing a plastic defor 

20 

12 
mation characteristic at room temperature. Consequently, the 
Mg-based amorphous alloy has a high strength and an 
improved ductility, and thus exhibits a good resistance to 
fracture under stresses beyond the elastic limit thereof. 

While the present invention has been described With refer 
ence to the particular illustrative embodiments, it is not to be 
restricted by the embodiments but only by the appended 
claims. It is to be appreciated that those skilled in the art can 
change or modify the embodiments Without departing from 
the scope and spirit of the present invention. 
What is claimed is: 
1. A magnesium based amorphous alloy having a glass 

forming ability and ductility, the alloy consisting of a com 
position of Mgloo_x_y AxBy, Where x and y are respectively 
5§x§30 and 2.5 §y§20 in atomic percent, Wherein A 
includes Ag present in at least 2.5 atomic percent and Cu, and 
B is Gd. 

2. The amorphous alloy as claimed in claim 1, Wherein the 
amorphous alloy is capable of being manufactured in a bulk 
amorphous form, using a die casting process, an injection 
casting process, or a high-pressure squeeze casting in an air 
atmosphere. 


