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Abstract: To improve the surface properties, lining of magnesium alloys with hard powders by shot peening was carried out in order. 
The hard powders were tried to bond to the workpiece surface due to the collision of many shots. In order to fix the hard powders to 
the surface of the workpiece, the powders were set on an uneven surface. To easily facilitate fixing of powders, lining of the 
workpiece with the powder sandwiched between two aluminum foil sheets was also attempted. In this experiment, a centrifugal shot 
peening machine with an electrical heater was employed. The workpieces were magnesium alloys AZ31B and AZ91D, and the hard 
powders were commercial cemented carbide, alumina, and zirconia. The joinability of hard powders near the lined surface was 
observed by a optical microscope. The wear resistance was also evaluated by a wear test. The hard powders were successfully 
bonded to the surface of workpieces by the shot lining process. The results show that the present method is effective in wear 
resistance of the magnesium alloys. 
Key words: shot peening; surface treatment; lining; joining; joinability; magnesium alloy; hardness; wear resistance; cemented 
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1 Introduction 
 

Magnesium and its alloys are used widely in 
industry because of excellent properties such as light 
weight and high specific tensile strength[1−3]. However, 
the application is still limited because the wear resistance 
of magnesium products is not nearly as good as steel in 
ambient and high temperatures. Therefore, there is a 
strong demand to improve the surface treatment that can 
guarantee the wear resistance of the part in the 
aggressive atmosphere environment. In general, surface 
treatments are used to improve the surface properties 
such as wear resistance and corrosion resistance. There 
are many lining processes, such as plating[4], PVD and 
CVD[5−6]. Also, the bonding processes are utilized in 
many of metal forming[7]. On the other hand, the authors 
proposed a lining process of metals with thin foils using 
shot peening[8−11]. In this method, the foil can be 
bonded to the workpiece surface to bring about large 
plastic deformation. The pressure generated by the hit of 
many shots is utilized for the bonding. The lining process 
using shot peening, i.e. shot lining, is very suitable for 
the bonding of thin and dissimilar foils. 

In the present study, the lining of magnesium alloy 
with hard powders by the shot peening process was 

investigated. The hard powders were bonded to the 
workpiece surface by the collision of many shots. The 
joinability of hard powders near the lined surface was 
observed in the optical microscope. The workpiece 
surface lined by hard powder was also examined by a 
wear test. 
 
2 Experimental 
 
2.1 Lining of hard powders 

In the shot lining process, it is very difficult to bond 
the hard material. In the present study, by using the 
powder of hard material such as cemented carbide and 
ceramic, the lining of magnesium alloy with hard 
powders was tried. The hard powders were bonded to the 
surface by the collision of many shots. The powders are 
set on an uneven surface as shown in Fig.1. The uneven 
surface was treated by shot peening. The pure aluminium 
foil was used to prevent the air pressure generated by a 
rotary wheel of peening machine and the contamination 
of dust in the air chamber. 
 
2.2 Modified lining of hard powders 

In order to simplify the fixing of hard powders, the 
lining of the workpiece with sandwich foil shown in 
Fig.2 was tried. In the modified method, the hard powders 
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Fig.1 Lining of workpiece with hard powders by shot peening 
 

 
Fig.2 Lining of workpiece with sandwich foil by shot peening 
 
were sandwiched between two pure aluminium foils by a 
press. The aluminium foil used was about 0.015 mm in 
thickness. The sandwich foil is easy to be used for lining. 
 
2.3 Shot peening and materials 

A centrifugal shot peening machine was employed 
in the experiment. The hard powders are cemented 
carbide, Al2O3 and ZrO2. The workpieces are magnesium 
AZ31B and AZ91D. To make the bonding easy, the hard 
powders and workpiece were heated in air by using an 
electric furnace. The shots used for the lining are made 
of the high-carbon cast steel and the shot diameter is 1.0 
mm. The lining experiment was performed at 300 ˚C at 
an impact velocity of 80 m/s. 

The method of lining of the hard powders is shown 
in Fig.3. The workpieces surface was cleaned with emery 
 

 
Fig.3 Lining of workpiece with aluminium foil by using 
masking plate 

papers. The lining range is limited by the mask plate. As 
the cover foil, pure aluminium foil is slightly larger than 
the mask plate and is fixed for the collision by the plate. 
The margin of the foil for the fixation is about 5 mm. 
 
2.4 Wear test 

To evaluate the wear resistance for the lined surface, 
wear test was conducted. A cylindrical grinding wheel 
removed a layer of material under a certain load, as 
shown in Fig.4. The workpiece was held in place with a 
chuck. The size of abrasive grain was about 0.2 mm. The 
experiment was performed in a wet atmosphere in order 
to prevent the friction heat.  

 

 
Fig.4 Experimental equipment for wear test by using grinding 
wheel 
 
3 Results and discussion 
 
3.1 Appearance of lined workpiece 

The lining of magnesium alloy with hard powders 
was performed by shot peening. The lined surface of 
workpieces is shown in Fig.5. The workpieces are 
AZ31B (a) and AZ91D (b). The pure aluminium foil was  

 

 
Fig.5 Appearances of lined magnesium alloys after shot 
peening: (a) Workpiece AZ31B with cemented carbide powders; 
(b) Workpiece AZ91D with alumina powders 
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successfully bonded to the workpiece. Therefore, the 
hard powders were also bonded to the workpiece. 
 
3.2 Micrograph of lined workpiece 

The microscopic photographs of cross-section for 
magnesium alloy AZ31B and hard powders, magnesium 
alloy AZ91D and hard powders are shown in Fig.6 and 
Fig.7, respectively. The hard powders were successfully 
bonded to the workpiece. There are no voids and cracks. 
However, it is very difficult to measure the bond strength 
between the workpiece and powder. In this study, the 
lined workpieces were bent until the cracks occur. 
Although cracks were generated on the surface, the 
separation from the surface was not observed. Thus, the 
bond strength of the powder was sufficient. 

 

 

Fig.6 Micrographs of cross-sections of magnesium alloys 
AZ31B with different hard powders: (a) Cemented carbide; (b) 
Alumina; (c) Zirconia 

 

 
Fig.7 Micrographs of cross-sections of magnesium alloys 
AZ91D with different hard powders: (a) Cemented carbide; (b) 
Alumina; (c) Zirconia 
 
3.3 Micrograph of lined workpiece by using sandwich 

foil 
Since it is difficult to fix the hard powders on the 

workpiece with the smooth surface, the powders are set 
on the uneven surface. However, it is not easy to fix the 
powder in the case of the workpiece with a curved 
surface. These workpieces require special surface 
treatments to fix powders. To simplify the fixing of 
powders, the lining process of workpiece with sandwich 
foil was attempted. The microscopic photographs of 
cross-section for magnesium alloys and sandwich foil are 
shown in Fig.8. The foil used for the sandwich was a 
pure aluminum foil of 0.015 mm in thickness. The 
sandwich foil was successfully bonded to the workpiece. 
There were no voids and cracks around the powders. 
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Fig.8 Micrographs of cross-sections of magnesium alloys with 
different hard powders using sandwich foil: (a) Cemented 
carbide/AZ31B; (b) Zirconia/AZ31B; (c) Cemented carbide/ 
AZ91D 
 
3.4 Wear resistance 

Wear test by using grinding wheel was examined. 
The surfaces of the lined workpieces after the wear test 
are given in Fig.9. The workpiece was magnesium alloy 
AZ31B. The equipment used for wear test imposes a load 
of 19.6 N on a 6 mm diameter wheel. The grinding time 
was about 10 s. The surface of the workpiece with the 
sandwich foil was uniformly hit with many shots 
(Fig.9(a)). The exfoliation of the sandwich foil from the 
surface of the workpiece was not observed. The surface 
of lined workpiece in Fig.9(c) shows good wear 
resistance. However, the surface of the un-lined 
workpiece in Fig.9(b) exhibits a flat substrate by 
grinding. Thus, the lined workpiece provides excellent 
wear resistance. 

 

 
Fig.9  Surface of lined AZ31B workpieces after grinding: (a) 
No-grinding of lined workpiece; (b) Grinding of un-lined 
workpiece; (c) Grinding of lined workpiece 
 

To evaluate the wear resistance for the lined surface, 
the depth of wear was measured. The variation of the 
ratio of depth of wear with processing time is given in 
Fig.10, where the ratio of depth of wear is defined as the 
depth of wear divided by an initial thickness of 
workpiece. The workpiece was magnesium alloy AZ31B. 
The ratio of depth of wear increases with the processing 
time. In the case of the lining of workpiece with the 
cemented carbide and alumina powders, the ratio is 
smaller. Namely, the lined surface has a fairly good 
resistance to wear. 

The wear test was examined by changing 
magnesium alloy workpiece. The variation of the ratio of 
depth of wear with processing time is given in Fig.11. 
The wear resistance for the lined workpieces is nearly the 
same as the magnesium alloy AZ31B workpieces. 
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Fig.10 Variation of ratio of depth of wear vs time for 
magnesium alloy AZ31B 
 

 
Fig.11 Variation of ratio of depth of wear vs time for 
magnesium alloy AZ91D 
 
4 Conclusions 
 

1) Lining of hard powders by using the shot peening 
process was investigated in order to improve the surface 
characteristics of magnesium alloy. 

2) The hard powders could be successfully bonded 
to the workpieces by the hit of shots. To simplify the 
fixing of powders, the lining of sandwich foil with the 
hard powders was also tried. The sandwich foil including 
the hard powders was also bonded to the surface. 

3) The wear resistance of the lined workpiece was 

confirmed to be sufficient by a wear test of lined 
workpieces. The present method using shot peening was 
effective in wear resistance of the magnesium alloys. 
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