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Abstract Hot rolling of Mg-6Zn-0.6Zr-0.4Ag-0.2Ca-(0, 8 wt%)Li powder was conducted at the temperature of 300 oC by

putting the powder into the Cu pipe. The microstructure and mechanical properties of the samples were observed. Mg-6Zn-

0.6Zr-0.4Ag-0.2Ca without Li element was consisted of α phase and precipitates. The microstructure of the 8 wt%Li containing

alloy consisted of two phases (α-Mg phase and β-Li phase). In addition, Mg2Zn3Li was formed in 8 %Li added Mg-6Zn-0.6Zr-

0.4Ag-0.2Ca alloy. By addition of the Li element, the non-basal planes were expanded to the rolling direction, which was

different from the based Mg alloy without Li. The tensile strength was gradually decreased from 357.1 MPa to 264 MPa with

increasing Li addition from 0 % to 8 %Li. However, the elongation of the alloys was remarkably increased from 10 % to 21 %

by addition of the Li element to 8 %. It is clearly considered that the non-basal texture and β phase contribute to the increase

of elongation and formability.
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1. Introduction

The magnesium is one of the lightest alloy used as

structural materials such as electronic goods, PC, auto-

motive and aerospace industries, also has an outstanding

castability, specific strength and a low density.1-8) How-

ever, since the crystal structure of its alloy is a hexagonal

close packed (hcp), there has been a disadvantage that

the slip system at room temperature is restricted so that it

brings about the poor deformation.3-5) In order to solve

this problem, transferring the crystal structure from hcp

to body centered cubic (bcc) is one of the best ways.4)

Alloying Mg with Li is required which could be possibly

changed from hcp to bcc structure by adding Li addition

more than 6 wt.%.3) It was reported that addition of Li

between 5.5 and 11 wt.% results in two phases, α phase

(hcp) and β phase (bcc) in the magnesium alloy.4-5,9-11)

Additionally, Mg-Li based alloy has a great property if

viewed from a lightness and a good formability.3) How-

ever, it is reported that Mg-Li alloys have disadvantages

in mechanical properties which are the yield strength and

tensile strength.3) So, other elements such as Zn and Ca

are usually added in Mg-Li alloy.11) It is thought that

alloying Mg with Zn, Ca, and Ag provides the effect of

an increase of mechanical properties as well as grain

refinement.11-12) Also, there exists many process like ex-

trusion and rolling to improve the mechanical properties.

Especially, rolling process is quite effective to enhance

the yield strength due to the grain refinement by shearing

deformation. In the case of powder rolling, it is also

available that the strength could be increased by grain

refinement. It is well-known that grain size(d) is related

to yield strength(σy) according to the Hall-Patch

equation. Besides, There are some advantages of its

process that anisotropy and impurities could be decrease,

and powder rolling process is expected that fabrication
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process would be more shortened compared to melting

process. Additionally, this process is so suitable for poor

formable materials and melting point is high. Despite the

fact that many scientists have studied Mg-Li based alloy

about hardening response and precipitation since the last

many years,1) they are lack of the papers about powder

rolling with Mg alloy. In this study, we selected Mg-6Zn-

0.6Zr-0.4Ag-0.2Ca alloy, and added Li element (0, 8

wt.%) to investigate the effect of Li addition with

powder rolling. In order to recognize the microstructure

and mechanical properties, Mg-6Zn-0.6Zr-0.4Ag-0.2Ca

with Li addition alloys have been examined by field

emission scanning electron microscope(FE-SEM) and

conducted by a universal testing machine(UTM, Shimizn,

AG-IS 50 KN, Japan).

2. Experimental procedures

The compositions of the alloys used in this study are

Mg-6Zn-0.6Zr-0.4Ag-0.2Ca-xLi (0, 8 wt.%). In order to

fabricate powder, master alloys of Mg-6Zn-0.6Zr-0.4Ag-

0.2Ca-xLi (0, 8 wt.%) were prepared and the powders

were produced respectively by using argon gas atomized

process. To produce powder, Mg alloy was melted under

the pressure of 10 and SF6, argon gas were used in order

to prevent oxidation then, Li was added to Mg alloy. The

produced powders were put into the Cu pipe and con-

solidated during thesis hot rolling process at the tempera-

ture of 300 oC as provided in Fig. 1. To understand the

microstructure and mechanical properties, the specimens

were finally made by hot rolling process to the thickness

of 2 mm in 1 pass and then, tensile specimens of Mg-

6Zn-0.6Zr-0.4Ag-0.2Ca-xLi (0, 8 wt.%) alloys were re-

spectively fabricated by following the ASTM regulation.

X-ray diffractometer(XRD, PAN alytical, X’ Pert Pro,

Netherlands) was used to analyze composed phases in each

alloy. In order to observe microstructure, the specimens

were polished using diamond suspension of 1 μm and

then, silica was used for final polishing. After that, the

specimens were etched in a solution of HNO3 to expose

grain boundaries. Field emission scanning electron micros-

cope(FE-SEM, JEOL, JSM-7000F, Japan) was used to

analyze the components or differences between each

phases (α phase and β phase), to measure grain sizes

with energy-dispersive X-ray spectrometer(EDS), EDAX,

Electron Backscatter Diffraction(EBSD). In order to

evaluate the mechanical properties, a universal material

test machine(UTM, Shimizn, AG-IS 50 KN, Japan) was

used at room temperature.

3. Results and Discussion

Fig. 2 shows the SEM images of raw powder of Mg-

6Zn-0.6Zr-0.4Ag-0.2Ca-(0, 8 wt%)Li alloy. The morphology

of the powder for Mg-6Zn-0.6Zr-0.4Ag-0.2Ca alloy is

round shape and the average sizes of the alloys are 11.4

μm and 19.6 μm respectively. With increasing Li to

8 wt.%, the powder size was increased and the shape of

powder has been irregular.

Fig. 3 shows XRD patterns of as-rolled Mg-6Zn-0.6Zr-

0.4Ag-0.2Ca--(0, 8 wt%)Li alloys. 0%Li alloy indicates

the α-Mg peaks mainly as shown in (a). 8 % Li alloy

shows the strong β phase as a main peak and it is

composed of α, β and Mg2Zn3Li phases. β phases and

Mg2Zn3Li phases are increased by increasing Li element.

It is expected that formability or elongation could be

improved due to the β-Li phase which is the bcc crystal

Fig. 1. Schematic diagram of powder rolling.

Fig. 2. SEM images of raw powder of Mg-6Zn-0.6Zr-0.4Ag-0.2Ca-xLi alloys. x = (a) 0, (b) 8 wt.%.
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structure composed in 8 % Li alloy with Mg-6Zn-0.6Zr-

0.4Ag-0.2Ca.

Fig. 4 shows the SEM images of Mg-6Zn-0.6Zr-0.4Ag-

0.2Ca alloy. In the Mg-6Zn-0.6Zr-0.4Ag-0.2Ca alloy, a

large number of white particles are observed that are

irregular and needle shapes. This alloy is consisted of

97.22 % α phase and 2.78 % 2 phases. By 8 % Li

addition, grains became smaller in the β-Li matrix. 8 %

Li added alloy is consisted of 38.35 % α-Mg, 59.31 % β-

Li and 2.34% 2 Phases. Additionally, according to

EDAX analysis, the second phases(MgZn) are exited in

the α-Mg matrix. α-Mg, β-Li and Mg2Zn3Li phases are

found in the 8Li addition alloy. It is in accordance with

XRD results as shown in Fig. 3.

EBSD analysis results for Mg-6Zn-0.6Zr-0.4Ag-0.2Ca-

Fig. 3. XRD patterns of as-rolled Mg-6Zn-0.6Zr-0.4Ag-0.2Ca-xLi

alloys. x = (a) 0, (b) 8 wt.%.

Fig. 4. SEM images of Mg-6Zn-0.6Zr-0.4Ag-0.2Ca-xLi alloys.

x = (a) 0, (b) 8 wt.%.

Fig. 5. EBSD analysis of Mg-6Zn-0.6Zr-0.4Ag-0.2Ca-xLi alloys. x = (a) 0,  (b) 8 wt.% and pole figure maps (c) 0, (d) 8 wt.%. 
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-(0, 8 wt%)Li alloys are presented in Fig. 5. Inverse pole

Figure of Mg-6Zn-0.6Zr-0.4Ag-0.2Ca alloy is mainly

developed with basal plane. The average grain size of its

alloy is 2.5 μm. With Li element, it is not obviously

analyzed due to the restriction. Li element restricts the

analysis of orientation and texture in the β-Li phase that

cannot be represented in Fig. 5(b). By addition of Li

element to 8 wt.%, non-basal plane is expanded com-

pared to Mg-6Zn-0.6Zr-0.4Ag-0.2Ca alloy. Also, the

grain sizes of these alloys are little coarser than 0 %Li

alloy that is 5.15 μm. In the bottom, basal texture was

formed in the alloy without Li contents as shown in Fig.

5(c), and non-basal texture was formed in the 8 %Li

addition alloy as shown in Fig. 5(d). Moreover, In the

alloy with 8 %Li, basal texture was spread to the rolling

direction(RD). It could be indicated that its phenomenon

contributes the improvement of elongation, and improves

the effect of deformation. 

The tensile stress-strain curves of Mg-6Zn-0.6Zr-

0.4Ag-0.2Ca-(0, 8 wt%)Li alloys are shown in Fig. 6.

The tensile strength was slightly decreased from 357.52

MPa to 264.78 MPa by addition of 8 %Li. However, the

elongation was dramatically increased from 10.04 % to

21 %. It is because of the β-Li phases (as shown in Fig.

2 and 3) which crystal structure could be transformed

from hcp to bcc. It is possibly noted that increasing these

elongations are related to the Li addition and random

texture which is indicated in Fig. 5. Table 1 shows the

results of the mechanical properties of Mg-6Zn-0.6Zr-

0.4Ag-0.2Ca--(0, 8 wt%)Li alloys. The yield strength of

Mg-6Zn-0.6Zr-0.4Ag-0.2Ca alloy is quite high which is

about 322 MPa. It was reported that the yield strength

for Mg-2.4Zn-0.16Zr-0.1Ag-0.1Ca alloy(at%) is 289

MPa with as-extruded alloy.8) The similar composition

alloy which is Mg-6Zn-0.6Zr-0.4Ag-0.2Ca(wt%) has

little higher value of yield strength. Additionally, the

results of 8 % Li added alloy is around 50 to 100 MPa

higher than existing papers with Mg-Li alloy.9-13) With

the commercialized Mg alloys such as AZ31, the yield

strength for 8 %Li addition is also around 60-70 MPa

higher than commercialized Mg alloys processed by hot

rolling.6,14-15) As already mentioned before, high yield

strength is related to grain size according to Hall-Patch

equation so that it is considered that grain refinement

by the rolling process is an effective way to improve

the yield strength and mechanical properties.

Fig. 7 shows fracture surface SEM images of Mg-6Zn-

0.6Zr-0.4Ag-0.2Ca-(0, 8 wt%)Li alloys. A large number

of dimples were observed in Mg-6Zn-0.6Zr-0.4Ag-0.2Ca

Fig. 6. The tensile stress-strain curves of Mg-6Zn-0.6Zr-0.4Ag-

0.2Ca-xLi alloys (x = 0, 8 wt.%).

Table 1. Tensile properties of as-rolled Mg-6Zn-0.6Zr-0.4Ag-0.2Ca-(0, 8 wt%)Li.

Alloys YS (MPa) UTS (MPa) E (%)

Mg-6Zn-0.6Zr-0.4Ag-0.2Ca 322.6 357.1 10

Mg-6Zn-0.6Zr-0.4Ag-0.2Ca-8Li 259.3 264.0 21

Fig. 7. Fracture surface SEM images of Mg-6Zn-0.6Zr-0.4Ag-0.2Ca-xLi alloys. x = (a) 0, (b) 8 wt.%. 
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(a). With increasing Li elements, dimple sizes and depth

tend to be gradually decreased. According to the results,

fracture surface and grains are gradually homogeneous

with increasing Li content.

4. Conclusions

In this study, microstructure and mechanical properties

of the as-rolled Mg-xLi-6Zn-0.6Zr-0.4Ag-0.2Ca-xLi

alloys (x = 0 and 8 wt%) by using powder metallurgy

were investigated. Through using copper can, the Mg-

xLi-6Zn-0.6Zr-0.4Ag-0.2Ca alloys were consolidated

without oxidation and defect during hot rolling at 300 oC.

Li addition to Mg-6Zn-0.6Zr-0.4Ag-0.2Ca alloy resulted

in the formation BCC β-Li phase and Mg2Zn3Li in-

termetallic compound. The tensile strength was decreased

from 357.5 MPa to 264.8 MPa by addition of 8 %Li. On

the other hand, the elongation was dramatically increased

from 10 % to 21 % by addition of 8 %Li. It is considered

that Li addition in Mg alloy plays an important role for

the improvement of deformation and formability with

high strength due to the development of the non-basal

texture and BCC β-Li phases 
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