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Abstract: 

The effect of particle deformation zone (PDZ) on the microstructure and 

mechanical properties of SiCp/Mg-5Zn composites was studied. Meanwhile, the work 

hardening and softening behavior of SiCp/Mg-5Zn composites influenced by PDZ size 

were analyzed and discussed using neutron diffraction under in-situ tensile deformation. 

The evolution of FWHM (full width at half maximum) extracted from the diffraction 

pattern of SiCp/Mg-5Zn composites was used to interpret the modification of 

dislocation density during in-situ tension, which discovered the effect of dislocation on 

the work hardening behavior of SiCp/Mg-5Zn composites. In addition, the tensile stress 

reduction (∆Pi) values during in-situ tension test were calculated to analyze the effect 

of PDZ size on softening behavior of SiCp/Mg-5Zn composites. The results show that 
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the work hardening rate of SiCp/Mg-5Zn composites increased with the enlargement of 

PDZ size, which was attributed to the grain size of SiCp/Mg-5Zn composites increased 

with the enlargement of PDZ size. Moreover, the stress reduction (∆Pi) values increased 

continuously during in-situ tensile for SiCp/Mg-5Zn composites due to the stored 

energy produced during plastic deformation increased, which provided a driving force 

for the softening effect. However, the effect of grain size on softening behavior is 

greater than that of stored energy, which led to the tensile stress reduction (∆Pi) values 

of P30 (dPDZ=30μm) -SiCp/Mg-5Zn composite both were higher than that of P60 

(dPDZ=60μm) -SiCp/Mg-5Zn composite when the εri were 0.25, 0.5, 0.75 and 1, 

respectively.  

 

Keywords：PDZ size; SiCp/Mg-5Zn composites; Work hardening behavior; Softening; 

In-situ tensile; Neutron diffraction 

 

1. Introduction 

Magnesium alloys have the advantages of low density, high specific strength and 

specific stiffness, so they have been widely used in many fields, such as aerospace, 

aerospace, automobile and electronic products, etc [1-2]. However, the application of 

magnesium alloys is limited because of the low modulus, low strength and poor 

plasticity at room temperature. In recent years, it has been found that the mechanical 

properties of magnesium alloys can be significantly improved by adding SiCp [3-5]. 

Furthermore, it is known that the size of SiCp plays an important role in the 
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microstructure and mechanical properties of magnesium matrix composites. Deng et al. 

[6] has studied the effect of the SiCp sizes (0.2 μm, 5 μm and 10 μm) on the 

microstructure and mechanical properties of SiCp/AZ91 composites. The results 

showed that submicron (0.2μm) SiCp/AZ91 composite exhibited the better mechanical 

properties when the volume fraction of SiCp was 2 vol.%, but the mechanical properties 

decreased owing to the obvious agglomeration of submicron (0.2 μm) SiCp in the 

composite as the volume fraction increased to 5 vol.% and 10 vol.%. In reverse, the 

mechanical properties of the micron (5 μm and 10 μm) SiCp/AZ91 composite increased 

with the increase of the volume fraction. Meanwhile, Nie et al. [7] also found that 

compared with micron SiCp/AZ91 composite, the mechanical properties of nano 

SiCp/AZ91 composite were further improved when the volume fraction of SiCp was 

less than 2 vol.%. Then, it can be concluded that when the volume fraction of SiCp is 

less than 2 vol.%, the role of nano or submicron SiCp on mechanical properties of 

magnesium matrix composites is greater than that of micron SiCp.  

Furthermore, to improve the elastic modulus of magnesium alloys, the volume 

fraction of SiCp added to magnesium alloys is generally more than 5 vol.%. Nonetheless, 

when the volume fraction is more than 2 vol.%, the agglomeration phenomenon of 

submicron and nano SiCp leads to deterioration in mechanical properties. Compared 

with nano and submicron SiCp, micron SiCp has better homogeneous dispersion ability 

in magnesium alloys. Thus, the micron SiCp reinforced magnesium matrix composites 

have been widely studied to improve the elastic modulus and mechanical properties of 

magnesium alloys. Wang et al. [8] has reported that the elastic modulus and tensile 
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strength of the 10 μm SiCp/AZ91 composite were improved with the volume fraction 

of SiCp increased from 5 vol.% to 15 vol.%, which was attributed to the further 

refinement of dynamic recrystallization (DRX) grains with the increase of SiCp volume 

fraction.  

It is generally accepted that the PDZ, with high dislocation density and large 

orientation gradient, is generated around the micron SiCp due to the deformation 

mismatch between SiCp and the matrix during the deformation, which is beneficial to 

the occurrence of DRX [9]. Wang et al. [10] found that the formation of PDZ in 

SiCp/AZ91 composite during the compression deformation promoted the development 

of DRX. PDZ size is related to SiCp diameter, and PDZ size is about 1.5 times of SiCp 

diameter [11]. Therefore, the effect of micron SiCp on the DRX behavior of magnesium 

matrix composites is mainly related to the PDZ distribution. Furthermore, Sun et al. 

[12] discovered that the PDZ around SiCp overlaps when the volume fraction of 5 μm 

SiCp is greater than 5 vol.%, that is, the PDZ spacing is less than 0. Wang et al. [10] 

addressed that the role of PDZ overlapping region on DRX of magnesium matrix 

composites is much larger than that of the single PDZ region because of the higher 

dislocation density and orientation gradient in PDZ overlapping region than in single 

PDZ region. At present, the effect of PDZ on DRX behavior and mechanical properties 

is mainly concentrated in the magnesium matrix composites with overlapping region of 

PDZ, while the DRX behavior is rarely studied as to the magnesium matrix composites 

that PDZ spacing is greater than 0. 

Lately, Li et al. [5] prepared SiCp/Mg-4Zn-0.5Ca composite by adding 2 vol.% 5 
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μm SiCp into Mg-4Zn-0.5Ca alloy. After extrusion, it was found that the tensile strength 

(UTS: 409 MPa) and elongation (10.1%) of SiCp/Mg-4Zn-0.5Ca composite were 

improved simultaneously as compared with Mg-4Zn-0.5Ca alloy (UTS: 371.1 MPa, 

Elongation: 7.9%) [5]. According to the calculation of the relationship between SiCp 

and PDZ, the PDZ spacing in 5μm-2vol.% SiCp/Mg-4Zn-0.5Ca composite is greater 

than 0. Therefore, it can be concluded that PDZ that the spacing is greater than 0 also 

has an important effect on the DRX behavior of magnesium matrix composites, and 

improving the mechanical properties of the composites. However, the effect of PDZ 

distribution (size, spacing) on the microstructure and mechanical properties of 

magnesium matrix composites is not clear when the PDZ spacing is greater than 0. 

In this paper, the SiCp/Mg-5Zn composites with similar PDZ spacing (~ 23 μm) 

but different PDZ sizes (~ 15 μm, ~ 30 μm and ~ 60 μm) were prepared by adding SiCp 

with different sizes and contents into Mg-5Zn alloy. The effect of PDZ size on the 

microstructure and mechanical properties of SiCp/Mg-5Zn composites was studied. At 

the same time, the development of the lattice strain of (1010) and (1011) planes during 

elastic deformation were measured by in-situ neutron diffraction. Moreover, the work 

hardening and softening behavior of SiCp/Mg-5Zn composites were discussed through 

the evolution of the full width at half maximum (FWHM) of (1010), (1120) and (1011) 

planes and the reduction values of tensile stress due to recovery during in-situ tension 

test. 

2. Experimental 

2.1 Material design 
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In this paper, the Mg-5Zn alloy was selected as matrix alloy, and its preparation 

method was shown in Ref. [13]. The SiCp with the sizes of 5 μm, 10μm and 20 μm are 

selected as the reinforcement, and their volume fractions are 1 vol.%, 2 vol.% and 3 

vol.%, respectively. According to the formulas of Eq. (1), Eq. (2) and Eq. (3) [12, 14], 

5 μm-1 vol.% SiCp/Mg-5Zn composite, 10 μm-2 vol.% SiCp/Mg-5Zn composite and 

20 μm-3 vol.% SiCp/Mg-5Zn composite were designed. The schematic diagram of 

SiCp/Mg-5Zn composites was shown in Fig. 1. As seen from Fig. 1, the PDZ spacing 

of SiCp/Mg-5Zn composites is similar but the PDZ sizes are ~ 15 μm, ~ 30 μm and ~ 

60 μm, respectively. In this work, they are marked as P15-composite, P30-composite 

and P60-composite, respectively. 

     d =  d + 2d                        (1) 

                     λ =  d( π 4f⁄ －1)                     (2) 

                      λ  = λ－d                                   (3) 

2.2 Fabrication of composites 

In this paper, SiCp/Mg-5Zn composites were fabricated by semi-solid stirring 

assisted ultrasonic treatment under the protection of CO2 and SF6 gas mixture. The 

specific preparation process is as follows: firstly, the Mg-5Zn alloy was melted in a 

crucible at 750oC, then the temperature was reduced to the semi-solid temperature (~ 

640oC), and the Mg-5Zn alloy was stirred at a certain rate, the SiCp preheated at 600oC 

was added into the Mg-5Zn alloy quickly and evenly. After stirring for a certain period, 

the temperature was raised to 705oC, and ultrasonic treatment was carried out for about 

10min. After that, the molten SiCp/Mg-5Zn composite was poured into the mould which 
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had been preheated to 400oC, and then it was solidified under a pressure of 100 MPa. 

2.3 Hot extrusion of SiCp/Mg-5Zn composites 

The as-cast SiCp/Mg-5Zn composites were cut into 30 × 30 × 60 mm3 extrusion 

block, which were homogenized treatment at 320oC for 8h and then at a higher 

temperature of 430oC for 12h. The as-homogenized SiCp/Mg-5Zn composites were 

extruded at a constant speed of 0.1 mm/s at 200oC with an extrusion ratio of 16:1. The 

final extruded product was a rod with a diameter of 10 mm. 

2.4 Microstructure characterization  

The microstructures of SiCp/Mg-5Zn composites were characterized by OM and 

SEM. The samples for OM and SEM were etched in a solution of oxalic acid [4 g oxalic 

acid + 100 ml H2O] to recognize the grain boundaries and the secondary phases. The 

DRXed grains and precipitated phase of SiCp/Mg-5Zn composites after extrusion were 

analyzed by Image Pro-Plus software. The phase composition of the SiCp/Mg-5Zn 

composites was characterized by EDS and XRD. In addition, the bulk textures of 

SiCp/Mg-5Zn composites before and after in-situ tensile deformation were measured 

by neutron diffraction. 

2.5 Mechanical properties characterization 

Mechanical properties of the as-extruded SiCp/Mg-5Zn composites were obtained 

through the tension test at room temperature using a MTS-E45.105 test machine with a 

tensile speed of 0.5 mm/min. The tensile load direction is parallel to the extrusion 

direction, and the tensile specimen sizes are 25 mm × 6 mm × 2 mm. Three tensile tests 

were carried out for each composite sample, and then the mechanical properties were 
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averaged. 

The in-situ tensile direction is also parallel to the extrusion direction with an initial 

load rate of 10 N/s. The unique in-situ tensile rig at STRESS-SPEC (MLZ, Germany) 

was used and the sample dimension can be seen in Ref. [13]. A wavelength of about 

1.68 Å  neutron produced by Ge monochromator was selected. The evolution of 

FWHM extracted from the diffraction peaks of (1010), (1120) and (1011) of SiCp/Mg-

5Zn composites were analyzed during in-situ tension test when the tension 

displacement remains unchanged (so called position control mode). Meanwhile, the 

lattice strains of (1010) and (1011) planes during elastic deformation were calculated 

and analyzed through the shift peaks fitted by Gaussian algorithm. 

3. Results 

3.1 Microstructure of as-extruded SiCp/Mg-5Zn composites 

Fig. 2 shows the OM microstructure of SiCp/Mg-5Zn composites with different 

PDZ sizes after the extrusion deformation. It can be seen from Fig.2 that a large number 

of fine DRXed grains were formed in SiCp/Mg-5Zn composites after extrusion 

deformation. The average DRXed grains size of P15-composite, P30-composite and 

P60-composite are 0.68 μm, 0.97 μm and 1.76 μm, respectively. The DRXed ratios are 

88.3%, 97.1% and 98.0%, respectively. The average DRXed grains size and DRXed 

ratio of SiCp/Mg-5Zn composite increase with the enlargement of PDZ size. Obviously, 

it is obvious that the PDZ size has an important effect on the average DRXed grains 

size and DRXed ratio of SiCp/Mg-5Zn composite.  

It is well known that PDZ can effectively promote DRX nucleation due to its high 
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dislocation density and high orientation gradient [6]. Li et al. [5] found that the 

formation of PDZ during extrusion deformation in the SiCp/Mg-4Zn-0.5Ca composite 

promoted the occurrence of DRX, which made the DRXed ratio of SiCp/Mg-4Zn-0.5Ca 

composite higher than that of Mg-4Zn-0.5Ca alloy. Besides, Wu et al. [11] reported that 

the volume fraction of PDZ in the particle reinforced metal matrix composites can be 

calculated by the volume fraction of the particle, which is described by Eq. (4): 

              V = (R −  1)𝑓                       (4) 

where R is the ratio of PDZ size to particle diameter, it is approximately 1.5 [15]; fp is 

the volume fraction of the particle. It is observed that the volume fraction of PDZ in the 

composites is related to the volume fraction of the particle in the composites. In this 

work, the volume fraction of SiCp in the SiCp/Mg-5Zn composites are 1 vol.%, 2 vol.% 

and 3 vol.%, respectively. Then, the volume fraction of the PDZ calculated by Eq. (4) 

in the SiCp/Mg-5Zn composites are 2.4 vol.%, 4.7 vol.% and 7.1 vol.%, respectively. 

Therefore, the volume fraction of the PDZ increases with the increment of the PDZ size 

in the SiCp/Mg-5Zn composite, which results in a high DRXed ratio for SiCp/Mg-5Zn 

composite. 

Moreover, Chang et al. [16] found that PDZ can not only promote the nucleation 

of DRX, but also contribute to the growth of DRXed grains until PDZ was completely 

consumed by DRXed grains, and the growth of DRXed grains was hindered by the 

particles when the grain boundaries contacted with the particles. Meanwhile, Zhang et 

al. [17] studied the effect of the SiCp size (1 μm, 5 μm and 10 μm) on the DRX behavior 

of the 1 vol.% SiCp/Mg-Al-Ca composite. The results showed that the average DRXed 
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grains size decreased with the reduction of SiCp size, which is mainly ascribed to that 

the number of SiCp increased with the decrease of SiCp size when the volume fraction 

is the same. In this paper, the calculated number of SiCp in the SiCp/Mg-5Zn composites 

decreased with the increase of PDZ size. Therefore, the average DRXed grains size of 

SiCp/Mg-5Zn composite increases with the increment of the PDZ size.  

The SEM microstructure of the as-extruded SiCp/Mg-5Zn composites with 

different PDZ sizes is displayed in Fig. 3. It can be found that there are a large number 

of white fine precipitates in SiCp/Mg-5Zn composites, which are mainly distributed 

along the grain boundaries. Combined with EDS, it is found that the white precipitates 

contain Mg and Zn elements. In addition, the precipitated phases in SiCp/Mg-5Zn 

composites can be determined as Mg-Zn phases by XRD analysis (as shown in Fig. 4). 

According to Fig. 3, it is observed that the sizes of Mg-Zn phase in the P15-composite, 

P30-composite and P60-composite are ~56nm, ~89nm and ~105nm, respectively. The 

volume fractions of Mg-Zn phase are 5.15%, 4.88% and 3.89%, respectively. Therefore, 

it can be concluded that the PDZ size has an important effect on the dynamic 

precipitates. With the increase of PDZ size, the size of the precipitated phase in 

SiCp/Mg-5Zn composite increases, but the volume fraction decreases. 

According to the thermodynamic of precipitation [18], the reduction of Gibbs free 

energy of matrix alloy can provide the driving force for the nucleation of precipitated 

phases, but the interface energy and mismatch between matrix and precipitated phase 

will hinder the formation of precipitated phase. Therefore, it is favorable for the 

formation of precipitates at the positions where the interface energy and strain energy 



11 
 

are reduced, such as vacancy, dislocation and grain boundaries [18, 19]. Besides, the 

grain boundaries are conducive to the nucleation of precipitated phases due to the high 

density of dislocations and vacancies at the grain boundaries. The study made by Li et 

al. on the microstructure and mechanical properties of SiCp/Mg-4Zn-0.5Ca composite 

under slow extrusion speed deformation showed that the dynamic precipitates formed 

during extrusion mainly distributed at the grain boundaries of DRX regions, which 

indicated that the grain boundaries are beneficial to the nucleation of dynamic 

precipitates [5]. However, the number of the grain boundaries increases with the 

decrease of the grain size for the metal matrix materials. Therefore, the materials with 

fine grains can provide more nucleation sites for precipitates.  

In this paper, it can be seen from Fig. 2 that the average DRXed grains size of 

SiCp/Mg-5Zn composites increased with the increase of PDZ size, which resulted in 

the reduction of the volume fraction of Mg-Zn phases in the SiCp/Mg-5Zn composites 

with larger PDZ size. Moreover, the high energy in the composites may contribute to 

the growth of the precipitates. Sun et al. [20] found that the reduction of extrusion speed 

led to a less deformation heat in SiCp/AZ91 composite, which resulted in the 

deterioration for the growth of the precipitated phase. Then, the growth of Mg-Zn phase 

in SiCp/Mg-5Zn composite was promoted with the increase of PDZ size, which may be 

ascribed to the increase of deformation heat. 

3.2. Texture of as-extruded composites 

In order to study the influence of PDZ size on the texture of SiCp/Mg-5Zn 

composites, the macro-texture distribution of P15-composite and P60-composite before 
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and after in-situ tensile deformation were measured by neutron diffraction, and the 

results are given in Fig. 5. It can be found that a typical＜1010＞fiber texture with 

basal plane in most grains parallel to the extrusion direction was formed in the P15-

composite and P60-composite before in-situ tensile deformation. The maximum pole 

intensities are about 3.1 mrd (mrd – multiples of random distribution) and 2.4 mrd of 

each. Increase of the PDZ size weakens a little the texture. 

Humphreys and Kalu [21] found that the effect of particles on the texture of the 

aluminum matrix composites was mainly related to PDZ. Deng et al. [6] found that the 

maximum intensity of basal plane texture of SiCp/AZ91 composite decreased with the 

increase of PDZ size due to the enlargement of SiCp size. Moreover, Tong et al. [22] 

reported that the texture was weakened with the enhancement of DRXed ratio. In this 

paper, it can be found from Fig. 2 that the DRXed ratio of the SiCp/Mg-5Zn composite 

increases with the enlargement of PDZ size, which contributes to the decline of the 

maximum intensity of the basal texture of SiCp/Mg-5Zn composite. 

3.3. Mechanical properties  

Fig. 6 shows the tensile stress-strain curves of SiCp/Mg-5Zn composites with 

different PDZ sizes at room temperature. As seen in Fig. 6, the yield tensile strength 

(YTS), ultimate tensile strength (UTS) and elongation of the P15-composite are ~309.3 

MPa、~354.9 MPa and ~5.5%, respectively. The YTS, UTS and elongation of the P60-

composite are ~210.5 MPa, ~293.7 MPa and ~12.2%, respectively. Therefore, it can be 

noticed from Fig. 6 that the tensile strengths of SiCp/Mg-5Zn composites decrease with 

the increase of the PDZ size, but the elongation increases. 



13 
 

According to the Hall-Petch relationship, the grain size of materials has an 

important effect on the mechanical properties, which can be expressed by Eq. (5) [23]: 

                     σ = σ + Kd                            (5) 

where σy is the YTS of material, σ0 and K are constants, d is the average grains size of 

materials. It can be found that the improvement of YTS with the decrease of the grain 

size. Therefore, according to the average DRXed grains size of P15-composite and P60-

composite (as shown in Fig. 2), the difference of YTS from the grain refinement 

between P15-composite and P60-composite was calculated by Eq. (6) as ~62 MPa. 

        ∆σ = K(d
/

− d
/

)                   

(6) 

where d1 and d3 are the average DRXed grains size of P15-composite and P60-

composite, which are ~0.68μm and ~1.76μm, respectively. 

Besides, the precipitated phases in Mg alloys also affect the mechanical properties 

of Mg alloys [24]. The Mg-Zn phases in the SiCp/Mg-5Zn composites will hinder the 

movement of dislocation during the tensile deformation to result in the improvement of 

YTS, and the increment of strength (∆σp) from the precipitates can be described by Eq. 

(7) [5, 14, 25, 26]: 

    ∆σ = M
π√ υ(

.

√
. )

ln
.

                  (7) 

where M is the strength coefficient (1.25), G is the shear modulus of the magnesium 

(16.6 GPa), b is the Bergers vector (0.32 nm), v is the Poisson ratio (0.28), dP and f are 

the average diameter and volume fraction of the precipitates, respectively. In this work, 

it can be found that the size of the Mg-Zn phases in SiCp/Mg-5Zn composites increases 
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with the increase of PDZ size but the volume fraction decreases. Therefore, according 

to the size and volume fraction of the Mg-Zn phases in SiCp/Mg-5Zn composites, the 

difference of ∆σp between P15-composite and P60-composite is ~25MPa.  

Furthermore, the typical fiber texture was formed for the P15-composite and P60-

composite. However, the maximum intensity of the basal plane texture is slightly 

different, so the difference of the tensile strength between the P15-composite and P60-

composite is ignored. Meanwhile, the load transfer is also an important strengthening 

mechanism for particle reinforced composites [5]. According to Eq. (8), the 

contribution of the load transfer to the YTS is mainly related to the volume fraction of 

particles [5]. 

                     ∆σ = 0.5𝑓σ                           (8) 

in which, f is the volume fraction of particles and σm is the YTS of the matrix alloy. In 

this work, σm is the YTS of Mg-5Zn alloy, which is 146.1 MPa [13]. The volume 

fractions of SiCp in the P15-composite and P60-composite are 1 vol.% and 3 vol.%, 

respectively. Then, the difference of YTS due to the load transfer for the P15-composite 

and P60-composite was approximately -1.46 MPa. 

In conclusion, the effect of PDZ size on the YTS of SiCp/Mg-5Zn composites is 

mainly ascribed to its role on the DRX behavior and dynamical precipitates of SiCp/Mg-

5Zn composites.  

3.4 Work hardening behavior 

When the tensile flow stress exceeds the YTS of the materials, the material 

strength is further improved due to work hardening. The work hardening behavior of 
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materials can be described by the work hardening rate (θ) [27]: 

                          θ = ∂σ/ ∂ε                          （9） 

where σ and ε are the true stress and true strain, respectively. Fig. 6(b) shows the true 

stress-strain curves of SiCp/Mg-5Zn composites with different PDZ sizes during tensile 

deformation. The work hardening rate (θ) vs. (σ – σ0.2) curves of SiCp/Mg-5Zn 

composites with different PDZ sizes were calculated based on Fig. 6(b), which is 

plotted in Fig. 6(d). As can be seen from Fig. 6(d), a dynamic recovery stage (stage Ⅲ) 

and a large–strain work hardening stage (stage Ⅳ) appeared in the θ vs. (σ – σ0.2) curves 

for SiCp/Mg-5Zn composites. 

It can be found that the work hardening rate (θ) of SiCp/Mg-5Zn composites 

decreases rapidly with the increase of flow stress due to the dynamic recovery at the 

stage Ⅲ. According to the (σ - σ0.2)θ vs. (σ - σ0.2) curves of SiCp/Mg-5Zn composites 

with different PDZ sizes (as shown in Fig. 6(e)), it can be found that the slope θ0 of 

SiCp/Mg-5Zn composite decreased with the increase of PDZ size, indicating that the 

dynamic recovery rate of SiCp/Mg-5Zn composite decreased with the increase of PDZ 

size. 

The reduction of the work hardening rate (θ) at stage Ⅲ is mainly due to the 

annihilation of dislocations [28]. Wang et al. [29] reported that the formation of high-

angle grain boundaries (HAGBs) in the fine-grained materials, which possesses high 

non-equilibrium energy, resulting in the improvement of the dynamic recovery rate. In 

addition, the alleviation time (τ) for grain boundaries absorb dislocations can be 

expressed by Eq. (10) [30]: 
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                             𝜏 =
̇
                          (10) 

where ρ is the dislocation density, 𝜀̇ is the strain rate, d is the average grains size and 

a is a constant. Therefore, according to Eq. (10), the alleviation time (τ) decreases with 

the reduction of the grain size. 

In this paper, it can be found from Fig. 2 that the average DRXed grains size of 

the as-extruded SiCp/Mg-5Zn composites increase with the enlargement of the PDZ 

size, which leads to the increment of the alleviation time (τ). Therefore, the dynamic 

recovery rate of SiCp/Mg-5Zn composite descends with the increase of PDZ size.  

With the increase of flow stress, the work hardening curves of SiCp/Mg-5Zn 

composites entered the stage Ⅳ. It can be seen from Fig. 6 (d) that the decrease trend 

of work hardening rate (θ) slows down at the stage Ⅳ, which is mainly attributed to 

the formation of substructure [28, 31]. Meanwhile, it can be found that the work 

hardening rate (θ) of SiCp/Mg-5Zn composites increases with the increase of the PDZ 

size, which is mainly related to the grains size of SiCp/Mg-5Zn composites. The 

reduction of dynamic recovery produced by the large grains results in a high work 

hardening rate (θ) at the stage Ⅳ [32]. Li et al. [5] reported that the work hardening 

rate at the stage Ⅳ of SiCp/Mg-4Zn-0.5Ca composite decreased with the grain size 

decreased from 60 μm to 0.86 μm. Moreover, the study of Al content on the 

microstructure, texture and mechanical properties of Mg-3.5Ca alloy was made by Chai 

et al., the results showed that the decreasing degree of work hardening rate (θ) at the 

stage Ⅲ due to dynamic recovery is closely related to the required time for dislocation 

slide to the grain boundaries [33]. According to Eq. (10), the required time for 
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dislocation slide to the grain boundaries increases with the increase of grain size, which 

weakens the effect of dynamic recovery at the stage Ⅲ, and making work hardening at 

a higher value at the stage Ⅳ. Accordingly, it can be concluded that the grain size has 

a great influence on the work hardening rate (θ) at the stage Ⅳ, and the work hardening 

rate (θ) decreases with the decrease of grain size.  

3.5 Evolution of lattice strain measured by in-situ neutron diffraction 

Based on the above analysis of tensile mechanical properties of SiCp/Mg-5Zn 

composites with different PDZ sizes at room temperature, the influence of PDZ size on 

the plastic deformation behavior of SiCp/Mg-5Zn composites is analyzed. Normally, it 

is difficult to character the elastic deformation due to the elastic recovery, so the 

influence of the elastic deformation stage on the plastic deformation stage is often 

ignored [34]. 

The in-situ neutron diffraction can effectively detect the elastic recovery during 

the elastic deformation stage of materials through the lattice strain analysis. Fig. 7 

shows the neutron diffraction peaks of (10 1 0)Mg and (10 1 1)Mg in SiCp/Mg-5Zn 

composites with different PDZ sizes during in-situ tensile test. It can be found that the 

diffraction peaks of (1010)Mg and (1011)Mg of SiCp/Mg-5Zn composites with different 

PDZ sizes were shifted to low 2θ angle during in-situ tensile deformation, indicating a 

d-spacing increase of the diffraction peaks of (1010)Mg and (1011)Mg. 

The evolution of the lattice strain of (101 0)Mg and (101 1)Mg in SiCp/Mg-5Zn 

composites during in-situ tensile deformation are exhibited in Fig. 8, which are obtained 

by calculating the movement of diffraction peaks during the in-situ tensile test. The 
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lattice strain (εhkl) of the (hkl) crystal plane can be calculated by Eq. (11) [35]:  

                    𝜀 = (𝑑 − 𝑑 ) / 𝑑                     

(11) 

where 𝑑  is the interplanar distance of (hkl) crystal plane without tensile load, dhkl is 

the interplanar distance of (hkl) crystal plane during tensile test. As seen from Fig. 5, 

the typical basal fiber texture was formed in SiCp/Mg-5Zn composites after the 

extrusion deformation, which leads to the absence of the basal plane (0002) diffraction 

patterns using the current 2D neutron detector, so the (1010) and (1120) reflections 

were the most accurate [35, 36]. Besides, the lattice strain produced by (1010) and 

(1120) planes is almost same during in-situ tensile test [36]. Thus, the lattice strain of 

(10 1 0) and (10 1 1) planes during in-situ tensile deformation for SiCp/Mg-5Zn 

composites with different PDZ sizes are presented in this work, as shown in Fig. 8. It 

can be found that the lattice strain of (101 0) and (101 1) planes in SiCp/Mg-5Zn 

composites increase rapidly with the increase of the tensile stress, but the rate of 

increase is different. The rate of increase of (1010) plane is higher than that of (1011) 

plane. This might attribute to the distribution of the basal texture of SiCp/Mg-5Zn 

composites. The in-situ tensile load direction is parallel to the extrusion direction, 

which will cause the (1010) plane grains to show hard orientation during the tensile 

deformation. The hard orientation grains accumulate more and more stress with 

increasing external force, which makes the lattice strain larger [35]. 

In addition, it can be found that the maximum values of lattice strain of (1010) and 

(1011) planes in SiCp/Mg-5Zn composites decrease with the increase of PDZ size. The 



19 
 

maximum lattice strain indicates the beginning of plastic deformation. However, 

comparing the texture distribution of SiCp/Mg-5Zn composites before and after in-situ 

tensile deformation (as shown in Fig. 5), it can be found that the tensile deformation 

does not change the texture distribution, while the maximum intensity of basal plane 

texture of P15-composite increased from 3.102 mrd to 3.442 mrd, and the maximum 

intensity of basal plane texture of P60-composite increased from 2.430 mrd to 2.617 

mrd after tensile deformation. This means that the main deformation mechanism of 

SiCp/Mg-5Zn composites is the basal plane sliding during in-situ tensile deformation. 

Because of the starting of basal plane sliding system and the rotation of crystal lattice, 

the sliding direction is parallel to the load stress, which leads to the enhancement of 

basal plane texture [37]. However, the maximum intensity of basal plane texture before 

tensile deformation plays an important role in the initiation of slip system during in-situ 

tensile deformation. The lower the texture intensity, the easier the slip system starts [38]. 

It can be seen from Fig. 5 that the maximum intensity of basal texture of P60-composite 

is smaller than that of P15-composite before in-situ tensile deformation. Therefore, the 

basal slip system of P60-composite is easier to start during the subsequent tensile 

deformation, which leads to a low value of the maximum lattice strain for P60-

composite. 

4. Discussions about the work hardening behavior and softening mechanism of 

Mg-5Zn matrix influenced by PDZ size 

It is widely accepted that the work hardening occurs in the plastic deformation 

process for metal materials, accompanied by the dynamic softening of materials [39]. 
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Macroscopically, the work hardening behavior makes the flow stress increase with the 

increase of strain, but the dynamic softening offsets part of the flow stress. 

Microscopically, the work hardening and dynamic softening are related to the 

dislocation increment and annihilation, respectively. Therefore, the dislocations density 

plays an important role in the work hardening behavior, and the softening behavior is 

closely related to the recovery and recrystallization of materials. In this paper, the 

tensile tests of SiCp/Mg-5Zn composites were carried out at room temperature, and the 

recrystallization was difficult to occur at room temperature. Therefore, the softening 

behavior of SiCp/Mg-5Zn composites during tensile deformation is mainly studied by 

the recovery effect of SiCp/Mg-5Zn composites. 

4.1. Work-hardening behavior 

In the tensile deformation process, the strength of the materials will be further 

improved due to the work hardening behavior when the stress exceeds the YTS. 

Generally, the degree of work hardening of materials can be expressed by the work 

hardening capacity (Hc), which can be calculated by Eq. (12) [40]: 

                     Hc = (σ − σ . )/σ .                    (12) 

where σUTS and σ0.2 are the true UTS and true YTS, respectively. The true tensile stress-

strain curves of SiCp/Mg-5Zn composites with different PDZ sizes at room temperature 

are shown in Fig. 6(b). Thus, the Hc values of SiCp/Mg-5Zn composites can be 

calculated by Eq. (12), which is shown in Fig. 6(c). It can be seen that the Hc values of 

the P15-composite, P30-composite and P60-composite are 0.14, 0.20 and 0.46, 

respectively. Therefore, it can be concluded that the Hc value increases with the 
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increase of the PDZ size for SiCp/Mg-5Zn composites. The studies [41, 42] have shown 

that the better deformation ability of magnesium alloys can be achieved due to the high 

strain hardening, which resulted in a higher elongation and better ductility during 

deformation. Chai et al. [33] studied the effect of Al content on the work hardening 

capacity (Hc) of Mg-3.5Ca alloy, the results showed that the work hardening capacity 

(Hc) of Mg-3.5Ca alloy increased with the Al content increased, which caused the 

improvement of the tensile ductility of Mg-3.5Ca alloy. This phenomenon is consistent 

with the work hardening behavior of SiCp/Mg-5Zn composites in this paper. 

To understand the strains hardening behavior of SiCp/Mg-5Zn composites clearly, 

it is necessary to compute the work hardening exponent (n) [43]. The work hardening 

exponent (n) can be described by Eq. (13) [44]: 

                             σ = kε                       (13) 

where k is strength coefficient, σ and ε are the true stress and true strain of materials, 

respectively. In order to determine the n values of SiCp/Mg-5Zn composites, the 

logarithm of both sides of Eq. (13) is taken and fitted, as shown in Fig. 9(a). The work 

hardening exponent (n) values of SiCp/Mg-5Zn composites with different PDZ sizes 

are shown in Fig. 9(b), it can be found that the work hardening exponent (n) of the P15-

composite, P30-composite and P60-composite are 0.075, 0.095 and 0.147, respectively. 

Therefore, PDZ size plays an important role in the work hardening exponent (n) of 

SiCp/Mg-5Zn composites. The work hardening exponent (n) increases with the increase 

of PDZ size in SiCp/Mg-5Zn composites. Zhao et al. [45] pointed out that the work 

hardening exponent (n) is equal to (or approximately equal to) the size of the maximum 
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uniform strain of a material in the uniaxial tension test. Besides, Tomita and Okabayashi 

[46] also reported that the work hardening exponent (n) of pure aluminum are 0.164, 

0.103, 0.069 and 0.051, respectively, when the strain are 4%, 10%, 16% and 20%. The 

change trend is consistent with the research results in this paper. 

The above analysis demonstrates that the values of Hc and n of SiCp/Mg-5Zn 

composites increase with increasing of PDZ size and the work hardening effect of 

SiCp/Mg-5Zn composites increases, which is consistent with the work hardening rate 

curves (as shown in Fig. 6 (d)). Meanwhile, it is generally accepted that the plastic 

deformation of materials is mainly caused by dislocation slip. Therefore, the dislocation 

density plays an important role in the plastic deformation of materials, which affects 

the work hardening behavior of materials. The work hardening behavior of materials 

can be induced by the interaction of dislocations in the plastic deformation of the metal 

materials [45]. Considering the influence of the grain boundaries and dislocation on the 

work hardening behavior, the work hardening model can be expressed by the following 

Eq. (14) [45]: 

                   σ = σ   + σ   + σ                           (14) 

where σ0 is the frictional contribution, σ = kd /   is the stress from grain 

boundaries and σ = MαGbkρ /   is the stress from Taylor dislocation (ρ is the 

dislocation density, G is the shear modulus, b is the Burgers vector, M is the Taylor 

factor and a is a constant). According to the Hall-Petch formula (σ . = σ + kd / ), 

the Eq. (14) can be approximately written as follows: 

                      σ ≈ σ .   + σ                              
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(15) 

Therefore, the stress value σd caused by dislocation can be expressed by 

subtracting the yield stress σ0.2 from the flow stress σ as: 

                                              ρ / ∝ σ   ≈ (σ −

σ .   )                      (16) 

It can be seen from the Eq. (16) that the stress required for plastic deformation is directly 

proportional to the dislocation density in the material. 

In general, the FWHM of the diffraction peak is related to the dislocation density 

as follows [47]:  

                               FWHM ∝ ρ /                       (17) 

Therefore, the evolution of dislocation density in SiCp/Mg-5Zn composites affected by 

PDZ size can be reflected through the evolution of FWHM values extracted from the 

measured reflections by in-situ neutron diffraction during tension test, which is shown 

in Fig. 10.  

As seen from Fig. 10, it can be found that the values of FWHM of SiCp/Mg-5Zn 

composites have no obvious change in the early stage of tensile deformation, which is 

mainly ascribed to the fact that there are no new defects generated in SiCp/Mg-5Zn 

composites during the elastic deformation stage. When the tensile load stress of 

SiCp/Mg-5Zn composites exceeds the YTS, the dislocation slip starts in the composites, 

which makes the dislocation density increases continuously in the tensile process, 

resulting in the increase of the FHWM values of (1010), (1011) and (1120) planes in 

SiCp/Mg-5Zn composites. However, it can be found that the FWHM values of (1010), 
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(1011) and (1120) planes in the P60-composite after in-situ tensile deformation are 

higher than those of the P15-composite and P30-composite, which means that the 

dislocation or defect density in the P60-composite generated during in-situ tensile 

deformation is higher than that of the P15-composite and P30-composite. Therefore, 

the work hardening effect of the P60-composite is greater than that of the P15-

composite and P30-composite in this work (as shown in Fig. 6(d)).  

According to Section 3.4, it can be known that the work hardening behavior of 

SiCp/Mg-5Zn composites is mainly related to the grain size. With the increase of grain 

size, the dislocation density in SiCp/Mg-5Zn composites increased, which results in a 

high work hardening effect.  

In addition, the precipitated phases can increase work hardening behavior due to 

the strong barriers for the dislocation motion [48]. Zhang et al. [49] found that the strain 

hardening rate of SiCp/Mg-xAl-2Ca composites increased with the increase of Al 

content, which is attributed to the increase of precipitates in the SiCp/Mg-xAl-2Ca 

composites. In this paper, it can be found from Fig. 3 that the volume fraction of the 

Mg-Zn phases in the as-extruded SiCp/Mg-5Zn composites decreases with the increase 

of PDZ size. Therefore, the barrier effect of precipitation on dislocation motion 

decreases with increasing the PDZ size and reducing the work hardening effect. 

However, according to the work hardening rate curves of SiCp/Mg-5Zn composites (as 

shown in Fig. 6 (d)), the work hardening rate of SiCp/Mg-5Zn composites increases 

with the increase of PDZ size. Then, it is obvious that the effect of grain size on the 

work hardening behavior of SiCp/Mg-5Zn composites is higher than that of precipitated 
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phases, which leads to the increase of work hardening rate of SiCp/Mg-5Zn composites 

with the PDZ size increases. 

However, it is generally accepted that the work hardening behavior and dynamic 

softening behavior of metal materials are accompanied by each other during 

deformation [39]. Therefore, the softening effect of SiCp/Mg-5Zn composites will be 

discussed in the following part. 

4.2. Softening behavior 

Fig. 11 shows the in-situ tensile stress-strain curves of SiCp/Mg-5Zn composites 

with different PDZ sizes. It can be seen that the tensile stress declines rapidly when the 

tensile displacement remains constant during in-situ stretching, indicating the 

occurrence of softening. However, the poor tensile plasticity of the P15-composite 

resulted in few test sites for the softening effect during in-situ tensile process. Therefore, 

the effect of PDZ size on the softening behavior of SiCp/Mg-5Zn composites was 

studied by the stress reduction value of P30-composite and P60-composite during in-

situ tension test, as shown in Fig. 12 (a) and Fig. 12 (d). 

Fig. 12(b) and Fig. 12(e) are the magnified images of Fig. 12 (a) and Fig. 12 (d), 

respectively. It can be found that the stress reductions of P30-composite and P60-

composite are different at various strains, which shows that the softening degree of 

SiCp/Mg-5Zn composites is changing continuously during the in-situ tensile 

deformation. Meanwhile, the stress reduction values ∆Pi of P30-composite and P60-

composite under different strains are given in Fig. 12 (c) and Fig. 12 (f). The abscissa 

εri is expressed by Eq. (18) [13]: 
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                                                     ε =  
ε ε .

ε ε .
                   

(18) 

where εi is the strain value corresponding to the positions of stress reduction during in-

situ tension of SiCp/Mg-5Zn composites. The ε0.2 and εf are the strain of YTS and 

maximum tensile strain of SiCp/Mg-5Zn composites, respectively.  

As seen in Fig. 12 (c) and Fig. 12 (f) that the values of ∆Pi (i = 1, 2, 3, 4) of P30-

composite are ~ 63.4MPa, ~ 64.5 MPa, ~ 66.5 MPa and ~ 71.3 MPa when εri is 0.25, 

0.5, 0.75 and 1, respectively. However, the values of ∆Pi (i = 2, 4, 6, 8) for P60-

composite reduced to ~ 55.9 MPa, ~ 62.4 MPa, ~ 65.7 MPa and ~ 66.8 MPa, 

respectively. It can be seen that ∆Pi values of SiCp/Mg-5Zn composites at the same εri 

(εri = 0.25, 0.5, 0.75, 1) decrease with the PDZ size increases from 30 μm to 60 μm. 

Meanwhile, it is noted that ∆Pi values of the P30-composite and P60-composite both 

increase during the in-situ tension test. The increasing rate of the ∆Pi values can be 

expressed by Eq. (19): 

                                                𝐾 =  𝜕(∆𝑃 )/𝜕(𝜀 )                        

(19) 

Thus, the K values of the P30-composite and P60-composite can be obtained by Eq. 

(19), which are 10.2 MPa and 14.4 MPa, respectively, when εri increased from 0.25 to 

1. 

Shi et al. [13] found that the softening effect of pure Mg and Mg-5Zn alloy during 

in-situ tension test can be affected by the grain size and precipitates. According to Eq. 

(10) in this paper, the time for the grain boundaries absorbed dislocations decreases 
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with the reduction of grain size, which effectively promotes the softening. However, 

the existence of precipitates will hinder the movement of dislocations and worsen the 

softening effect. In this work, it can be found that the grain size of SiCp/Mg-5Zn 

composite increased with the enlargement of PDZ size, and the volume fraction of 

precipitated phases decreased. Meanwhile, it can be seen from the Fig. 6(e) that the 

dynamic recovery rate of SiCp/Mg-5Zn composites decreased with increasing the PDZ 

size, which means that the development of grain size prolonged the recovery time and 

reduced the dynamic recovery rate, although the reduction of volume fraction of 

precipitates helped to the softening effect. Therefore, the stress reduction (∆Pi (i=1, 2, 3, 4)) 

values of P30-composite when εri values are 0.25, 0.50, 0.75 and 1 is higher than that 

(∆Pi (i=2, 4, 6, 8)) of P60-composite during in-situ tension test, which is mainly attributed 

to the grain size of P30-composite is smaller than that of P60-composite.  

Additionally, Humphreys et al. [50] has demonstrated that the storage energy 

produced by work hardening during the plastic deformation had an important effect on 

the static softening of materials. Chen et al. [39] has found that the strain hardening 

effect of the Al-Zn-Mg-Cu alloy increased with the increase of Zr content, which 

provided a greater driving force for the static softening effect. In this work, it can be 

seen from Fig. 10 that the values of FWHM of SiCp/Mg-5Zn composites increase 

continuously in the process of tensile deformation, which indicates that the dislocation 

density and strain energy storage in the SiCp/Mg-5Zn composites increase continuously. 

Therefore, the stress reduction (∆Pi) values SiCp/Mg-5Zn composites increase 

continuously due to the increment of the driving force of the softening effect during in-
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situ tension test. However, it is found that the increasing rate (K) of ∆Pi values for P60-

composite is greater than that of P30-composite, as shown in Fig. 12(c) and Fig. 12(f).  

As seen from Fig. 6 (d), it can be found that the work hardening rate of P30-

composite and P60-composite at the initial stage of plastic deformation has little 

difference. However, the work hardening rate of P60-composite is obviously higher 

than that of P30-composite in the later stage of plastic deformation (at stage Ⅳ). 

Therefore, the strain energy storage of P60-composite increased rapidly during the 

whole process of plastic deformation, which provided an effective driving force for 

static softening, resulting in a large increase rate (K) of ∆Pi values for P60-composite. 

From the above analysis, it can be concluded that the driving force of static 

softening caused by the strain storage energy shows little difference between P30-

composite and P60-composite in the early stage of deformation. However, the grain 

size of P30-composite is smaller than that of P60-composite, which promotes the 

occurrence of softening for P30-composite in the early stage of deformation. As the 

plastic deformation of P30-composite and P60-composite progressed into the later stage 

of in-situ tensile deformation, the strain energy storage in the P60-composite is 

obviously higher than that of P30-composite, leading to the ∆Pi values of P60-

composite at later deformation stage increased significantly. However, the effect of the 

grain size of SiCp/Mg-5Zn composites on the softening behavior is greater than that of 

the strain energy storage on the softening effect. Therefore, the larger softening effect 

still occurs for the P30-composite in the later stage of in-situ tensile deformation due to 

the smaller grain size is, and resulting in the stress reduction (∆Pi) values of P30-
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composite are still larger than that of the P60-composite.  

5. Conclusion 

In this paper, the evolution of FWHM of SiCp/Mg-5Zn composites was analyzed 

during in-situ tension, and the stress reduction values during in-situ tensile deformation 

were calculated to study the softening behavior of SiCp/Mg-5Zn composites. 

Meanwhile, the effect of PDZ size on the work hardening and softening behaviors of 

composites was discussed. The conclusions are summarized as follows: 

(1) With the increase of the PDZ size of SiCp/Mg-5Zn composites, the average DRXed 

grains size of composites increased and the volume fraction of dynamic precipitates 

decreased, which resulted in the reduction of mechanical strengths of SiCp/Mg-5Zn 

composites.  

(2) The work hardening rate of SiCp/Mg-5Zn composites increased with the 

enlargement of PDZ size. This is mainly related to the increase of PDZ size, which 

leads to the development of the grain size of SiCp/Mg-5Zn composites.  

(3) The stress reduction (∆Pi) values of SiCp/Mg-5Zn composites increased 

continuously during in-situ tensile deformation due to the increasing driving force of 

softening produced by strain energy.  

(4) The stress reduction (∆Pi) values produced by the softening effect of SiCp/Mg-5Zn 

composites are affected by the grain size and stored energy produced during in-situ 

tensile deformation. However, the role of the grain size of SiCp/Mg-5Zn composite on 

the softening effect is greater than the stored energy. Therefore, the stress reduction 

(∆Pi) values of P30-composite both are higher than that of P60-composite when εri are 
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0.25, 0.50, 0.75 and 1.  
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Figure captions: 

1. Fig. 1. The schematic diagram of SiCp/Mg-5Zn composites with different PDZ sizes. 

2. Fig. 2. OM of as-extruded SiCp/Mg-5Zn composites: (a)(d) dPDZ=15μm, (b)(e) dPDZ=30μm 

and (c)(f) dPDZ=60μm. 

3. Fig. 3. SEM and EDS of SiCp/Mg-5Zn composites: (a)(d)(g) dPDZ=15μm, (b)(e)(h) 

dPDZ=30μm and (c)(f)(i) dPDZ=60μm. 

4. Fig. 4. XRD of SiCp/Mg-5Zn composites. 

5. Fig. 5. Macro-texture of SiCp/Mg-5Zn composites. 

6. Fig. 6. SiCp/Mg-5Zn composites: (a) Tensile engineering stress-strain curves, (b) true stress-

strain curves, (c) Hc values, (d) work hardening rate (θ) and (e) the plot of θ(σ-σ0.2) vs. (σ-σ0.2). 

7. Fig. 7. The neutron diffraction peaks of (1010)Mg and (1011)Mg of SiCp/Mg-5Zn composites: 

(a)(b)(c) dPDZ=15μm, (d)(e)(f) dPDZ=30μm and (g)(h)(i) dPDZ=60μm. 

8. Fig. 8. The evolution of the lattice strain of (a) (1010)Mg and (b) (1011)Mg in SiCp/Mg-5Zn 

composites during in-situ tension test. 

9. Fig. 9. Work hardening exponent of SiCp/Mg-5Zn composites: (a) lg(σ)-lg(ε) curves by true 
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stress and true strain and (b) work hardening exponent values. 

10. Fig. 10. The evolution of FWHM against tensile load for SiCp/Mg-5Zn composites: (a) 

(1010) plane, (c) (1011) plane and (e) (1120) plane and the enlarged figures of (b) (1010) plane, 

(d) (1011) plane and (f) (1120) plane. 

11. Fig. 11. In-situ tensile stress-strain curves of SiCp/Mg-5Zn composites: (a) dPDZ=15μm, (b) 

dPDZ=30μm and (c) dPDZ=60μm. 

12. Fig. 12. In-situ tensile curves of SiCp/Mg-5Zn composites: (a) dPDZ=30μm, (d) dPDZ=60μm, 

(b)(e) high magnification and (c)(f) variation of ∆Pi against εri. 
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Fig. 1. The schematic diagram of SiCp/Mg-5Zn composites with different PDZ sizes. 
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Fig. 2. OM of as-extruded SiCp/Mg-5Zn composites: (a)(d) dPDZ=15μm, (b)(e) dPDZ=30μm and 

(c)(f) dPDZ=60μm. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3. SEM and EDS of SiCp/Mg-5Zn composites: (a)(d)(g) dPDZ=15μm, (b)(e)(h) dPDZ=30μm 

and (c)(f)(i) dPDZ=60μm. 

 
 
 
 
 
 
 



38 
 

 
 
 
 
 
 
 
 
 

 
Fig. 4. XRD of SiCp/Mg-5Zn composites. 
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Fig. 5. Macro-texture of SiCp/Mg-5Zn composites. 
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Fig. 6. SiCp/Mg-5Zn composites: (a) Tensile engineering stress-strain curves, (b) true stress-

strain curves, (c) Hc values, (d) work hardening rate (θ) and (e) the plot of θ(σ-σ0.2) vs. (σ-σ0.2). 
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Fig. 7. The neutron diffraction peaks of (1010)Mg and (1011)Mg of SiCp/Mg-5Zn composites: 

(a)(b)(c) dPDZ=15μm, (d)(e)(f) dPDZ=30μm and (g)(h)(i) dPDZ=60μm. 
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Fig. 8. The evolution of the lattice strain of (a) (1010)Mg and (b) (1011)Mg in SiCp/Mg-5Zn 

composites during in-situ tension test. 
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Fig. 9. Work hardening exponent of SiCp/Mg-5Zn composites: (a) lg(σ)-lg(ε) curves by true 

stress and true strain and (b) work hardening exponent values. 
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Fig. 10. The evolution of FWHM against tensile load for SiCp/Mg-5Zn composites: (a) (1010) 

plane, (c) (1011) plane and (e) (1120) plane and the enlarged figures of (b) (1010) plane, (d) 

(1011) plane and (f) (1120) plane. 
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Fig. 11. In-situ tensile stress-strain curves of SiCp/Mg-5Zn composites: (a) dPDZ=15μm, (b) 

dPDZ=30μm and (c) dPDZ=60μm. 
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Fig. 12. In-situ tensile curves of SiCp/Mg-5Zn composites: (a) dPDZ=30μm, (d) dPDZ=60μm, 

(b)(e) high magnification and (c)(f) variation of ∆Pi against εri. 

 
 


