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Abstract 
This paper reports on the effects of shot peening on the surface layer properties and corrosion 
behaviour of AZ31 Mg alloy. Shot peening was carried out using two sizes of ceramic balls; 2850 
(ct> 850 µm) and 2150 (ct> 125- 250 µm). The Almen intensity was varied from 0.042 mmN to 0.2 
mmN. The results referred to significant surface contaminants by using fine balls at high Almen 
intensities. The amount of these contaminants was reduced by using coarser balls and lower Al
men intensities. Applying SP with different Almen intensities led to significant differences in polar
ization resistance and surface layer properties; residual compressive stresses and surface rough
ness. 
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Introduction 
Magnesium is the lightest structural metal with high specific strength, excellent machinability and 
good castability [1-2]. These advantages make magnesium alloys very attractive for the automo
tive industry. One of the drawbacks of magnesium alloys however is that magnesium has a hex
agonal close-packed crystal structure, which limits the number of available slip systems [3]. Thus, 
magnesium alloys are relatively brittle, and it is difficult to manufacture components with complex 
geometries (such as wheels) by forging, and therefore for many applications magnesium compo
nents are produced by casting [4]. Fatigue properties of magnesium alloys are poor when com
pared to Al alloys, as proven by Wagner and co-workers, who studied the fatigue properties of 
wrought magnesium alloys AZ80, A231, and Al alloys 2024 Al [5] and 6082 Al [6]. They reported 
that fatigue strengths of the magnesium alloys were much lower than those of their Al counterparts 
[7]. Shot peening is a mechanical surface treatment technique widely considered as simple and 
comparatively cheap method to enhance the fatigue properties of structural metallic materials 
made of steel [8], aluminium, titanium [9] and Mg-Al alloys such as AZ31, AZ80 [10, 11]. It is a 
process of affecting a surface with shot round metallic, glass or ceramic particles with force suffi
cient to create plastic deformation. It is similar to sandblasting, except that it operates by the 
mechanism of plasticity rather than abrasion: each particle functions as a ball-peen hammer. In 
practice, this means that less material is removed by the process, and less dust created [12]. The 
improvement in fatigue life stems from a combination of work hardening of the surface and an 
increased dislocation density, and the introduction of a near-surface compressive residual stress. 
Compressive surface residual stresses help to improve the life of engineering components by 
retarding fatigue crack initiation and growth [13]. However, the beneficial effect of shot peening 
can only be achieved by carefully selecting the peening parameters to avoid the strong over
peening effect [10, 11, 14]. There are many studies on fatigue properties of shot peened magne
sium alloy [5,7,15]. The aim of this study is to perform a surface analysis of shot peened A231 
samples in order to evaluate the effect of ceramic shot media size and used Almen intensity. 
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Experimental Methods 
Magnesium alloy AZ31 was used in this investigation. Its chemical composition is listed in Table 
1. It was prepared by a continuous casting followed by a homogenous ageing at 420 °C for 16 
hours. The tested material had an average grain size of 220 µm (Fig. 1) and the microstructure 
revealed polyhedral grains of solid solution of aluminium, zinc and other alloying elements in mag
nesium. 

a e em1ca compos1 ion o T bl 1 Ch . I f AZ31 11 a ov 
Compo- Al Zn Mn Si Cu Ni Fe Mg 

nent 
wt.% 2.96 0.828 0.433 0.004 0.004 0.001 0.002 balance 

Fig. 1 Microstructure of AZ31 Magnesium alloy, light microscopy, etch. picric acid+ ac. acid+ 
ethanol + distilled water 

The samples were treated by grinding (P1000 emery paper) and shot peening (SP). Shot peening 
was performed on a grinded surface using ceramic balls with different diameter Z850 (cp 850 µm) 
and Z150 (cp 125 - 250 µm). Almen intensities of 0.140 mmN and 0.042 mmN were used when 
shot peening by ceramic balls Z850 and Almen intensities of 0.200 mmN and 0.120 mmN were 
used when shot peening by ceramic balls Z150. Shot peening was followed by air streaming and 
ultrasonic cleaning in ethanol in order to remove impurities from shot peening process and rests 
of ceramic medium. The surface morphology observation and EDX analysis of shot peened sur
faces was realized by scanning electron microscopy (SEM). Surface roughness was measured by 
perthometer PPK8 on a normalised distance 5.6 mm. Induced residual stresses after SP were 
measured by using incremental hole drilling method. Electrochemical properties were character
ized through the measurements of the corrosion rate and polarization resistance. 

Experimental Results 
SEM images of AZ31 surface shot peened by various Almen intensities and ceramic balls type 
are listed in Fig. 2. As can be seen, shot peening by ceramic balls causes surface contamination 
of soft magnesium alloy by damaged ceramic particles at all possible used Almen intensities. Fig. 
2d shows, that the deformation of the surface after shot peening by Z850 ceramic balls with Almen 
intensity of 0.042 mmN is not such intensive, so that it could overcome the scratches caused by 
grinding prior to shot peening. EDX analysis of a contamined surface is listed in Fig. 3, which 
shows evidence of the presence of ceramic medium composed of Zr and Si on a shot peened 
surface although it was ultrasonically cleaned. 
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Shot peening significantly influenced the surface roughness also as can be seen in Table 2. Sur
face roughness measurements performed on AZ31 samples shot peened by ceramic balls(<!> 850 
µm) were also studied in our previous study [16]. 
Further research was performed on samples shot peened by ceramic balls Z850 representing 
better surface quality. Fig. 4 shows the induced residual compressive stresses after SP at 0.042 
mmN and 0.140 mmN. The effect of shot peening on the electrochemical characteristics is illus
trated in Fig. 5. 

c) SP 0.140 mmN (Z850 c. b.) d) SP 0.042 mmN (Z850 c. b.) 
Fig. 2 Detail view of the surface shot peened by various Almen intensities (AZ31 alloy) 

a e u ace rough ness parame ers a er vanous su ace rea men s Ta bl 2 S rfa h t ft t rfa t t 
Rmax[µml Rz furn] Ra fuml 

Grinded surface (1000 wit paper) 2.98-3.72 2.93-2.75 0.34-0.32 
SP 0,042 mmN (c.b. <!>850 um) 9.08-10.17 7.76-8.46 1.42-1.75 
SP 0,140 mmN (c.b. <!>850 µm) 9.85-13.75 7.83-10.25 1.56-1.89 
SP 0,120 mmN (c.b. <!>125-250 um) 7.31-9.61 6.46-7.40 1.14-1.37 
SP 0,200 mmN {c.b. <!>125-250 µm) 11.28-14.38 9.61-11.57 1.72-2.03 
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Fig. 3 EDX spectra of a surface (AZ31 alloy) shot peened by ceramic balls Z150 using Almen 
intensity of 0. 120 mmN 
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a) SP 0.042 mmN b) SP 0.140 mmN 
Fig. 4 Induced residual compressive stresses 
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Fig. 5 Influence of various surface conditions on (a) corrosion rate, (b) polarization resistance 

Discussion and Conclusions: 
As can be seen from Fig. 2, surface morphology of AZ31 magnesium alloy is strongly influenced 
by used ceramic balls and by used Almen intensity also. There is a significantly higher number of 
ceramic medium particles stranded in the base material after shot peening by Z150 ceramic balls 
followed by cleaning process compared to surface shot peened by Z850 ceramic balls. In addition, 
a lot of notches caused by fractured ceramic shot medium parts can be found on a surface, which 
can possibly result in lowered fatigue properties of the samples. These findings show that ceramic 
balls with lower diameter (<l) 125-250 µm) are more detrimental for AZ31 magnesium alloy surface 
when they become damaged. These damaged particles are very small and sharp which allows 
them easily to infiltrate the base material. 
Usage of lower Almen intensity is another alternative allowing reduction of stranded particles 
amount. There are almost no contaminants present on the surface shot peened by Z850 ceramic 
balls at 0.042 mmN. On the other hand, usage of such low Almen intensities results in not such 
intensive plastic deformation of the surface when there are still some scratches from grinding 
process present on shot peened surface. 
Surface roughness of AZ31 samples after shot peening was higher at all conditions compared to 
grinded surface. The higher the Almen intensity was used, the higher the surface roughness. 
As shown in Fig. 4, increasing the Almen intensity from 0.042 to 0.140 mmN resulted in a marked 
increase in the induced residual compressive stresses. SP-surfaces revealed lower corrosion re
sistance as illustrated in Fig. 5a and 5b. Compared to the as-grinded surface, SP samples exhib
ited higher values of corrosion rate and lower polarization resistance. Moreover, increasing the 
SP Almen intensity led to further decrease of the corrosion resistance. 

Acknowledgment 
The research is supported by European Regional Development Fund and Slovak state budget by 
the project "Research Centre of the University of Zilina", ITMS 26220220183 (75% ). Authors are 
grateful for the support of experimental works by project VEGA No. 1/0831/13 (25%). 
References 
[1] B.L. Mordike and T. Ebert, Magnesium Properties- applications- potential, Materials Sci

ence and Engineering A, Vol. 302 (2001 ), pp 37-45. 
[2] F. Pastorek and B. Hadzima, Study of calcium phosphate (DCPD) electro-deposition process 

on a Mg-3Al-1Zn magnesium alloy surface. Materials Engineering-Materialove lnzinierstvo, 
Vol. 20 (2013), pp 54-63. 

486 



[3] C. Jaschik, H. Haferkamp and M.Niemeyer, Magnesium Alloys and Their Application (Ed. K. 
U. Kainer), Wiley-VCH,Weinheim, (2000), pp 41-46. 

[4] N. Barry, S.V. Hainsworth and M.E. Fitzpatrick, Effect of shot peening on the fatigue behaviour 
of cast magnesium AB, Materials Science and Engineering A, Vol. 507 (2009), pp 50-57. 

[5] T. Dorr, M. Hilpert, P. Beckmerhagen, A. Kiefer and L. Wagner, 1999. Influence of shot peen
ing on fatigue performance of high-strength aluminum- and magnesium alloys, Nakonieczny, 
A. (Ed.), Shot Peening. IMP, Poland, Warsaw, (1999), pp.153-160. 

[6] M. Hilpert and L. Wagner, Response of light alloys to mechanical surface treatments: compar
ison of magnesium and aluminum alloys., Magnesium Alloys and their Application, Ed. Kainer, 
K.U., Wiley-VCH, Weinheim (2000), p. 525. 

[7] P. Zhang, J. Lindemann and C. Leyens, Shot peening on the high-strength wrought magne
sium alloy AZBO-Effect of peening media, Journal of Materials Processing Technology, Vol. 
210 (2010), pp 445-450. 

[8] L. Trsko, 0. Bokuvka, F. Novy and M. Guagliano, Effect of severe shot peening on ultra-high
cycle fatigue of a low-alloy steel, Materials & Design, Vol. 57 (2014 ), pp 103-113. 

[9] K.H Lang, V. Schulze and 0. Vohringer, Shot peening, Ed. L. Wagner, Weinheim: Wiley-VCH 
(2003) p. 281. 

[10] P. Zhang and J. Lindemann, Influence of shot peening on high cycle fatigue properties of 
the high-strength wrought magnesium alloy AZBO, Scripta Materialia, Vol. 52 (2005), pp 485-
490. 

[11] L. Wagner, Mechanical surface treatments on titanium, aluminum and magnesium alloys, 
Materials Science and Engineering A, Vol. 263 (1999), pp 210-216 .. 

[12] Y. Fouad and M. El Batanouny, Effect of surface treatment on wear behaviour of magne-
sium alloy AZ31, Alexandria Engineering Journal, Vol. 50 (2011 ), pp 19-22. 

[13] G.A. Webster and A.N. Ezeilo, Residual stress distributions and their influence on fatigue 
lifetimes, International Journal of Fatigue 23 (2001 ). pp 375-383. 

[14] P. Zhang, J. Lindemann and C. Leyens, Influence of shot peening on notched fatigue 
strength of the high-strength wrought magnesium alloy AZBO, Journal of Alloys and Com
pounds 497 (2010), pp 380-385. 

[15] X. Song, W.C. Liu, J.P. Belnoue, J. Dong, G.H. Wub, W.J. Ding, S.A.J. Kimber, T. Buslaps, 
A.J.G. Lunt and A.M. Korsunsky, An eigenstrain-based finite element model and the evolution 
of shot peening residual stresses during fatigue of GW103 magnesium alloy. International 
Journal of Fatigue 42 (2012), pp 284-295. 

487 




