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Abstract. The paper, to explore mechanical properties of magnesium alloy and ceramic 

coatings by micro-arc oxidation, through measurement of tensile modulus of elasticity of 

magnesium alloy matrix, three-point bending method to measure the elastic modulus of the 

ceramic coatings. The results show that: can get magnesium alloy matrix elastic modulus 

E=50.6GPa, Poisson's ratio ν=0.3, can get micro-arc oxidation ceramic coatings elastic 

modulus E= 127.4GPa, Poisson's ratio ν=0.3. At the same time studied the relationship elastic 

modulus of the ceramic coatings with the thickness of the thickness between 20-60μm. The 

results show that: With the increaseing of the thickness, the ceramic coatings elastic modulus 

trend to increase.  

1 Introduction 

In the study of mechanical properties of thin films is one of the most important parameters in elastic 

modulus of thin films, especially on the nano multicoatings film and ultra-thin films of “super 

hardness”, “super modulus” effect, so the research on elastic modulus of films has attracted many 

researchers[1]. 

Through the experiment study showed that the[2], the surface of magnesium alloy micro arc oxidation 

treatment of containing MgO, MgAl2O4 and Mg2SiO4 phase. Do mechanical test specimens, with 

increasing oxidation time, the ceramic coatings at the interface structure containing MgO are not the 

same, the change of properties of magnesium alloy. The elastic modulus of Xu lianyong[3] by three 

point bending method of a Fe based coating. The results show that, with the increase of coating 

thickness, modulus of elasticity. The analysis thinks, on the one hand, the thickness of coating, the 

higher measuring accuracy; on the other hand, the increase of coating thickness, the porosity 

decreased. 

2 The test material 

On the surface of magnesium alloy by microarc oxidation technology to produce ceramic coatings. 

The matrix for AZ91B magnesium alloy, magnesium alloy sheet 3-1 for each element content, content 

of each element of the 3-2 ceramic coatings. 
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Table1.The content of 3-1 AZ931B magnesium alloy elements (Wt%) 

The content 

of alloy 
Al Zn Si Cu Ni Fe Mn Mg 

Content(％) 3.1 0.9 0.013 0.01 0.00053 0.003 0.23 Allowance 

Table2.The content of the element 3-2 ceramic coatings (Wt%) 

The content of alloy Mg O Na P 

Content(％) 56.11 30.65 0.07 13.17 

 

3 Experimental results and analysis 

3.1 The mechanical properties of magnesium alloy 

3.1.1 The elastic modulus of magnesium alloy 

The sample substrate made of AZ31B magnesium alloy sheet by wire cutting, tensile specimens cut 

provisions, its shape and size as shown in Figure 3-1, the test device using CMT5205 testing machine 

USA production as shown in Figure 3-2, assembled in the tensile testing machine static resistance 

strain gauge as shown in figure 3-3. 

 

Figure 3-1 the shape and size of  the tensile specimens 
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Figure 3-2                                                 Figure 3-3 

The tensile elastic modulus measurement method: 

                     σ=F/A，  σ=E×με                           (3-1) 

A is the cross-sectional area of substrate, E is the modulus of elasticity. 

By the formula (3-1) deformation can be 

∆F/A=E×∆με                             (3-2) 

By the formula (3-2) can be obtained 

E= ∆F/A∆με                              (3-3) 

In a tensile machine through the static resistance strain gauge records tension F and micro strain με, as 

shown in table3-3 records three groups of tension tension between 100~800 F and micro strain με by 

the formula(3-3), the data of the three groups were calculated and the average elastic modulus, Can be 

the elastic modulus of matrix E=50.6GPa. 

Table 3-3 pull F and micro strain με 

F     με (με1)1 (με2)1 (με1)2 (με2)2 (με)3 (με2)3 

100 -43 119 -38 131 -69 159 

200 -1 169 -5 195 -40 223 

300 37 223 36 224 3 227 

400 88 265 81 287 53 322 

500 135 311 139 342 99 372 
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600 180 360 169 382 141 419 

700 229 410 225 434 191 466 

800 275 455 272 477 240 511 

3.1.2 The Poisson's ratio of magnesium alloy 

The ratio of transverse and longitudinal strain is known as Poisson's ratio. The Poisson's ratio of 

magnesium alloy floating around 0.3 in general, the Poisson's ratio is 0.3 of the magnesium alloy. 

3.2 Mechanical properties of ceramic coatings 

3.2.1 The elastic modulus of the ceramic coatings 

3.2.1.1 Three points to measure elastic modulus 

The elastic modulus of three point bending method for the determination of the ceramic coatings is 

relatively simple, the results for the overall value of ceramic coatings, can be avoided by the 

microscopic defects in ceramic coatings partially caused by the uneven distribution of inaccuracy. 

This section presents a calculation method for three point bending specimen can be measured, elastic 

modulus of composite coating. Application of load and displacement of points to record the test 

process, and draw the load displacement curves, modulus of elasticity can be obtained through the 

ceramic coatings of composite beam theory [4]. The micro arc oxidation ceramic coatings by double 

coating, as shown in 3-4 three point bending test diagram. 

 

Figure 3-4 Schematic diagram of three point bending 

Two side coated specimen: 

  2EcIc+EsIs=3Pl/48L                                   (3-3) 

                Is=bhs3/12                                       (3-4) 

                Ic=bhc3/12                                       (3-5) 

Among them: I—moment of inertia, P—The load test of the elastic bending, L—The corresponding 

displacement of elastic stage, l—span, b—specimen width, c—ceramic coatings, s—matrix. 

The(3-4), (3-5) into(3-3), known Es, P and L can be obtained by experiment, it can be calculated the 

elastic modulus values of the Ec ceramic coatings. 
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3.2.1.2 The test process 

Three-point bending test equipment using a small bending test machine and static resistance strain 

gauges shown in Figure3-5. Figure3-4 placement test specimen, loading at room temperature, figure3-

6 for the sample without loading condition, Figure3-7 the loading state of sample. Manual recording 

every moment plus the added load P and the corresponding static resistance strain gauges on the 

micro-strain με, through the micro strain values are converted to the displacement of L the time point 

of application, in the process of test samples to ensure online within the range of elastic deformation. 

Figure3-8 is a sample loading within the elastic phase—displacement curve. 

 

 

Figure 3-5                               Figure 3-6                                  Figure 3-7 
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Figure 3-8 The load displacement curves of the three point bending test 

Three-point bending test load - displacement curve as shown in Figure 3-8. Can be found in the initial 

load, the load applied to the corresponding linear relationship between the displacement. By Hooke's 

law (σ=E×ε)[5] shows that, This means that the stress in the elastic deformation in the stage of loading 

the sample, the smaller the strain. As the load increases when 128N, load the sample - displacement 

curve inflection point, this time between the load and the corresponding displacement of the non-

linear relationship, the slope of the phase curve changed significantly, the elastic deformation of the 

sample mean failure, this time material plastic deformation. Therefore in the calculation of the elastic 
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modulus of ceramic coatings, data should be obtained in the linear phase curve. Through the fitting of 

linear phase data in 3-8 diagram, can be obtained by the slope of the curve of K=1.174×10
6
N/m. 

Linear load displacement curve of the test results, the type (3-3), (3-4), (3-5) can be obtained in the 

elastic modulus of the ceramic coatings. Through the 5 bending test and 5 times the average, the 

elastic modulus of ceramic coatings is 127.4GPa. Table 3-4 need to explain differences in 5 tests, 

Microstructure of the coating and the specimen. 

Table 3-4 Modulus of elasticity of the ceramic coatings 

Test Test1 Test2 Test3 Test4 Test5 Average 

Modulus of 

elasticity（Gpa） 
128.9 128.1 126.7 126.4 126.9 127.4 

3.2.1.3 The relationship between elastic modulus and thickness 

Figure 3-9 shows the relationship between the elastic modulus and the thickness of ceramic coatings 

between 20-60μm thickness. Can be found, Elastic modulus of the ceramic layer increases with 

increasing thickness. Mainly due to the increase in the thickness of the ceramic coatings is 

accompanied by its internal porosity becomes small, so that the elastic modulus increases. 
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Figure 3-8 Relationship between the modulus and the thickness of ceramic coatings elastic 

3.2.2 The Poisson's ratio of ceramic coating 

The literature shows that: metal coating Poisson's ratio between 0.25-0.3[6-8]
a
, Metal coatings on the 

finite element analysis, the Poisson's ratio of 0.3 were taken. As shown in table 5-2, the main 

component of the ceramic coatings is Mg, it is possible to obtain a ceramic layer Poisson's ratio v = 

0.3. 

5 Conclusions 

1. through measurement of tensile modulus of elasticity of magnesium alloy matrix, The results show 

that: can get magnesium alloy matrix elastic modulus E=50.6GPa, Poisson's ratio ν=0.3. 
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2. three-point bending method to measure the elastic modulus of the ceramic coatings. can get micro-

arc oxidation ceramic coatings elastic modulus E= 127.4GPa, Poisson's ratio ν=0.3. 

3. studied the relationship elastic modulus of the ceramic coatings with the thickness of the thickness 

between 20-60μm. The results show that: With the increaseing of the thickness, the ceramic coatings 

elastic modulus trend to increase. 
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