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ABSTRACT

Master degree thesis "Crack initiation and propagation mechanism during uniaxial

compression of SIC/AZ91D magnesium matrix composites"
115 pages, 41 figures, 5 tables, 79 references

This master thesis is devoted to the creation of three-dimensional finite
element models for studying the mechanism of crack initiation and expansion of
SiC/AZ91D composites under uniaxial compression. In the work, a unit of cohesive
force was added to the three-dimensional model of SiCp particle-reinforced
magnesium matrix composites (SiCp/AZ91D) using the finite element analysis
program Abaqus and the crack propagation mechanism of SiCp /AZ91D with
different equivalent particle sizes and volume fractions under uniaxial compression.

The invention of the cohesive force block offers a new approach to solving
the problem of crack propagation by avoiding the drawbacks of pre-cracked
specimens and the singularity of the crack tip.

Work materials can be used in the aerospace industry and in educational

processes related to the deformation and destruction of composite materials.

Fatigue, crack propagation, cohesive strength, composite materials, finite

element modeling, numerical simulation
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INTRODUCTION

As particle-reinforced composites are widely used in the fields of communication,
automotive, and aerospace industries, the characterization of composite microstructure,
elastic-plastic properties, and especially crack extension failure analysis is particularly
important. Numerous studies have found that the introduction of particles not only reduces
the ductility and fracture toughness of the material but also may contribute to the generation
of microcracks and pores.

The mechanical properties of particle-reinforced metal matrix composites also vary
greatly due to many factors, such as the preparation process, the choice of material
components, the shape of the reinforcing particles, the equivalent particle size, volume
fraction, the degree of bias, and the bonding between the particle and matrix interfaces,
among which the effect of particle properties on the properties of composites is particularly
significant. Therefore, it is of great academic value to study the particle properties of the
crack sprouting and expansion mechanism of particle-reinforced metal matrix composites.

To address this situation, the purpose of this paper is to establish 3D finite element
models through numerical simulations to investigate the crack initiation and expansion
mechanism of SiC/AZ91D composites under uniaxial compression, and to explore the
effects of different particle equivalent particle sizes and different volume fractions of SiC

particles on the crack initiation and expansion mechanism of the composites.
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1. TECHNICAL DESCRIPTION OF THE PROJECT

1.1 Background and significance of the subject research

Metal Matrix Composites (MMCs) are a new type of material formed by adding
inorganic non-metallic (or metallic) reinforcement of different sizes and forms (including
fibers, whiskers, particles, nanoparticles, etc.) to a metal matrix as the reinforcing phase by
artificial methods[1]. Through reasonable design, metal matrix composites can improve the
limitations of poor performance of single-component materials, bring into play the
respective performance advantages of the reinforcement and the matrix, and obtain special
properties that "alloy" materials do not have, such as high-temperature resistance, high
strength, high modulus and low coefficient of thermal expansion, etc., inland transportation,
thermal control, aerospace, electronic equipment, sports equipment, and weapons
manufacturing. The application potential is huge in the fields of land transportation, thermal
control, aerospace, electronic equipment, sports equipment, and weapons manufacturing.

Particles Reinforced Metal Matrix Composites (PRMMCs) are an important part of
metal matrix composites, and the commonly used reinforcing particles include oxide
ceramics, carbide ceramics, nitride ceramics, such as A1,03;, Ti03, ZrO,, SiC, MgO, WC,
SiC, Si3N4, SiO,, AIN, B4C, etc[2]. Particle-reinforced metal matrix composites can be
prepared from a variety of matrix alloys and ceramic particles with a wide range of alloy
and ceramic particle matching and diverse experimental influencing factors. Therefore, the
process of studying the material properties of particle-reinforced metal matrix composites

by experimental methods is tedious and costly, and the experimental design cycle is long
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and has more stringent requirements for personnel operation and equipment. Therefore, in
recent years, the prediction and calculation of mechanical properties of particle-reinforced
metal matrix composites from theoretical and numerical simulations, followed by
experiments to verify the validity of the theoretical and numerical simulation methods, have
gradually become one of the common methods for the study of particle-reinforced metal
matrix composites[3-5].

As one of the lightest metallic structural materials, the research and utilization of
magnesium alloys are receiving more and more attention, but the many disadvantages of
magnesium alloys, such as low strength, low modulus, low resistance to wear, low hardness,
and high coefficient of thermal expansion, limit its wide application, and magnesium matrix
composites can eliminate or mitigate these deficiencies of magnesium alloys [6,7].
Therefore, it is necessary to investigate the relationship between the mechanical damage
mechanism and various influencing factors of magnesium matrix composites, so that it can
effectively provide a reliable theoretical basis and guarantee for the application and

development of composite materials.

1.2 The current state of research

In the fields of communication, automotive, and aerospace sectors, the research of the
deformation and fracture behavior of particle-reinforced metal matrix composites has vital
applications[8,9]. The conventional strength design assumes that the material 1s a continuum
without defects, and the failure process is divided into three stages: crack initiation, crack

propagation, and fracture. But in fact, there are always crack defects in materials. Therefore,
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the application of fracture damage mechanics theory to fatigue strength design is the trend
of future development.

Numerous facts[10-12] have demonstrated that low-stress fracture caused by crack
extension is the underlying factor in a wide range of structural and component failures as
well as a wide range of significant incidents in engineering. The need to learn about
numerous crack emerging events, comprehend the crack expansion circumstances, and
comprehend the crack expansion mechanism led to the gradual emergence and development
of fracture mechanics. An important theoretical foundation for estimating the strength and
predicting the lifespan of engineering components is fracture mechanics. Fracture
mechanics has played a significant role in assisting people in understanding the full range
of crack extension, from the microscopic scale of atomic dislocations to the macroscopic
process of crack extension, from the deformation fracture in the linear elastic phase to the
energy change in the elastic-plastic zone[13].

In fracture mechanics, cracks can be divided into three ways according to the expansion
mode of cracks under the action of external force, as shown in Fig. 1.1:

(1) Open type (Model I ): The crack produces an opening displacement under the action
of tensile stress perpendicular to the crack surface.

(2) Sliding type (Model II): The crack produces a sliding displacement under the action
of shear stress perpendicular to the crack front.

(3) Tear-off type (Model III): The crack produces a tear-off displacement under the

action of shear stress parallel to the crack front.
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Mode | Mode Il Mode Il

Fig. 1.1. Three basic forms of cracks.

The model I, I1, and III cracks are all for penetrating cracks, and type I cracks are the
main damage in engineering practice [14].

Numerous studies [15-19] have discovered that a variety of factors, including the
preparation method, the selection of material components, the shape of the reinforcing
particles, equivalent particle size, volume fraction, degree of bias aggregation, and bonding
at the interface between the particles and the matrix, among others, can greatly affect the
mechanical properties of particle-reinforced metal matrix composites. Studying the effects
of particle characteristics on the crack expansion and sprouting mechanisms of particle-
reinforced metal matrix composites is therefore extremely valuable academically.

Particle-reinforced metal matrix composites are most commonly damaged by the
particles themselves breaking, the particle-matrix contact debonding, and the matrix failing
[15]. By using the powder cure (PM) method, Peng [16] created B4C,/6061A1 composites
with various particle sizes. He then observed the crack expansion in the composites and

discovered that the damaged interface and fractured particles act as the initial crack, expand
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along the high-strain region of the matrix at the crack's tip, and eventually form the main
crack. When Rahimian and Ehsani et al. [17] looked at the mechanical characteristics of
AL Os-reinforced composites with various particle sizes, they discovered that larger
reinforcing particles increased the matrix's grain size and were more likely to fracture during
hot pressing, which increased the composite's porosity. In their investigation of the impact
of particle form on the microstructure and mechanical characteristics of SiC,/Al composites,
Cui Yan et al. [18] discovered that the composites are more vulnerable to fracture and exhibit
greater stress concentration at the sharp corners of the particles. Additionally, Li Kun et al
[19] looked at how SiC particle volume fraction affected the spreading of fatigue crack
prevention in SiCy/A1 composites. The findings indicated that as the volume percent of SiC
particles was increased, the fatigue fracture propagation resistance of the composites grew
as well. However, it was only at 15% that the fatigue crack propagation resistance of the

composites exceeded that of the matrix.
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Fig. 1.2. SiC-Al crack propagation path.

Numerical simulation techniques are another significant means to examine the
mechanical damage properties of composites, in addition to experimental research methods.

Many researchers [20-23] have simplified the reinforcing particles into ideal shapes to create
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corresponding three-dimensional finite element models to study the impact of particle
microscopic properties on the crack sprouting and extension mechanism of composites. For
instance, Azra Rasool et al. [20] built 3D finite element models to explore the impact of
particle form on the macro and micro fracture behavior of composites by simplifying the
particles into spherical, square, and ortho-octahedral shapes.

To study the impact of mixed particles on the fracture behavior of iron matrix
composites, Liu Peng [21] simplified the particles to a spherical shape and established TiC
and TiN particles in mixed reinforced iron matrix composites. Due to the disregard for the
microscopic characteristics of the composites' reinforcing particles, there are significant
discrepancies between the simulation findings and the actual outcomes. To implement a 3D
finite element simulation, it is currently standard practice to create the matching finite
element model of the composite material based on the microstructure of the reinforcing
particles. For instance, Su et al [22] established a 3D finite element model of the microscope
structure of the approximate shape of SiC particles and studied the effect of SiC particle
properties on the fracture behavior of metal matrix composites. Zhang et al [23] studied the
fracture mechanism of SiC/Al composites during the tensile process by doing the same.

In conclusion, aluminum alloy is typically used as the matrix by researchers looking at
the effects of particle characteristics on the fracture mechanism of metal matrix composites

[16-23], while magnesium alloy-based composites are much less frequently documented.

1.3 Numerical simulation of crack expansion

With the rapid development of computer technology, numerical computational methods
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have a unique advantage in the study of particle-reinforced composites and are increasingly
favored by researchers. The current simulation methods for crack extension include the
SMART method (Separating, Morphing, Adaptive and Remeshing Technology); VCCT-
based crack extension (virtual crack closure technique); cohesive zone model(CZM) to
simulate fracture; and extended finite element method(XFEM). Among them, the most
frequently used are the extended finite element method based on the finite element method
and the cohesive zone model method, which are based on the theory of linear elastic fracture
mechanics and elastoplastic fracture mechanics, respectively, and have their advantages and

differences in the simulation of crack extension problems.

1.3.1 Extended finite element (XFEM)

In 1999, Belytschko [24] proposed the extended finite element method (XFEM) for
solving discontinuities in the conventional finite element framework. This method is based
on the idea of unit decomposition and the addition of the jump function and the crack tip
progressive displacement field function to the conventional finite element model, and the
finite element mesh is independent of the crack. Mose et al [25] simulated the expansion
path of arbitrary cohesive cracks in concrete materials by using extended finite elements. In
the literature [26-27], surface dislocations in arbitrary materials were simulated. In this paper,
the displacement mode of the extended finite element is given for type I cracks, the discrete
equations are developed, the detailed procedure of calculating the stress intensity factor by
J-integration is derived, and the influence of the integration area and mesh density on the

accuracy of the stress intensity factor calculation is analyzed.
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The basic principles of the extended finite element method are.

(1) Construction of displacement mode

The displacement pattern in the conventional finite unit method is expressed as

u(x) = Xty Ny (1)
where: N; is the interpolated shape function of node i; u; is the displacement vector of node
i. At any point in the domain, the interpolated shape function satisfies Y-, N; (x,y) = 1.
However, the displacement mode of the above formula for conventional finite elements is
only applicable to continuous media and is not suitable for dealing with discontinuities such
as cracks.

Belytschko et al.[26] of Northwestern University proposed an approximate
displacement interpolation function suitable for describing crack-containing surfaces based
on the idea of unit decomposition of the interpolation function.

u(x) = Yien Ni(0)u; + X jenaic NiH(x) @ + Yienasy N Xg=1 Pa(X) b (2)
where: N is the set of all conventional unit nodes; N%s¢ is the set of unit nodes completely
penetrated by cracks (nodes indicated by the square in Fig. 1.3); N%Y is the set of unit
nodes containing crack tips (nodes indicated by the circle in Fig. 1.4); w;,a;, bi denote the
displacements of conventional unit nodes, penetration unit nodes and crack tip unit nodes,
respectively; H(x) is the jump function (Heaviside function, Eq. 3), is used to reflect the
discontinuity of the crack surface displacement, on the crack surface, the lower side is taken

as +1 and -1, respectively.

_(+1 Crack face side
H(x) = {—1 Lower side of crack surface (3)

¢, (x) is an additional function of the crack tip asymptotic displacement field, reflecting
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the stress singularity of the crack tip, and consists specifically of the following basis
functions.
.6 6 .6 0
Py (x) = [\/?Slnz, Wcos;, \/751715 cosé, \/76055 cos@] 4)
where: 1, 0 is the polar coordinate system with the crack tip as the coordinate origin (Fig.

1.4).

sl
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\

X

Fig. 1.3. Additional Functions for Enhanced Nodes  Fig. 1.4. Crack tip coordinate system.
(2) Establishment of discrete equations
As with conventional finite elements, substituting the finite element approximation
displacement function (1) into the imaginary work equation yields the discrete equation.
Kd=F ()
Where K is the overall stiffness matrix, integrated by the cell stiffness matrix:

K kR kR
k= ki ki k?jb (6)

kP kb kPP
Among them:
ki; = J, (B))'DB} dQ,(r,s =u,a,b) (7)

B! is the partial derivative of the form function (B}, B¥, B? correspond to the regular cell,

i
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the split-tip cell through the cell Split-tip cell), which is expressed as follows:

Ny O )
Bi=|[0 N,
|Niy Nix
(N;H), 0
B = 0 (N;H) , > )
((N;H),, (N;H),
[(Ni9a) x 0
Bl=| 0  (Nipo)y| (@=1~4)
|(Nida)y (Nido) x )

d is the nodal displacement vector, which includes the displacements of the regular unit

nodes, crack penetration unit nodes and crack tip unit nodes.

T
1,2 ;3 ;4
d = {w,a;, b}, b;, b}, b;'} 9)

F is the equivalent nodal load vector, which is formed by the collection of equivalent nodal
loads of each unit (see fig.1.5). denotes the equilibrium state of the object under the
boundary conditions, I3, I;,, I. are the external force boundary, displacement boundary, and
crack boundary respectively; f,, f, denote the body force and external force respectively.
T
4
F = {fiu' fia;f;bl;f;bz,f;bg,f;b } (10)
Among them:
fi* = I, Nifedl' + [ Nifedf2
it = frt NHfdl' + [, N;Hf.dQ (11)

kba|a=1’2’3’4_ = f[‘i Nk(paftd[' + fQ Ivj(pafbd.())
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1.3.2 Cohensive Zone Model (CZM) g
The cohesive Zone Model (CZM), which is seen in fig. 1.6, was initially presented by
'Dugdale and Barenblat[28] td .feddoundaryteepsiibrgmbastytat the crack tip. The Cohesive
Zone Model was first put forth, and since then it has been extensively utilized to examine a
variety of composite materials, including interface delamination, adhesive interface

cracking, and fracture of quasi-brittle materials like ductile metals.
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Fig. 1.6. Crack tip cohesion region.

Needleman[29] proposed a nonlinear cohesion model in quadratic polynomial and
exponential form (i.e. parabolic) to analyze the cracking of grains in metals and the dynamic

expansion of grain cracks with bubbles; Tvergaard and Hutchinson [30] proposed a trilinear
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cohesion model for elasticity and ideal plasticity; Camacho and Ortiz [31] proposed a
bilinear cohesion model for brittle fracture and used this cohesion model to simulate the
crack expansion of a two-armed beam specimen under impact loading; Geubelle and Baylor
[32] used a bilinear cohesion model to simulate the crack initiation, extension and
delamination of composite fiber plates under low-velocity impact loading. The above-
calculated results compared well with the experimental results, and all of them reflected the
actual fracture characteristics. Different shapes of cohesion models correspond to different
tensile-disintegration intrinsic relationships, where the main fracture parameters are critical
stress and fracture energy, while the shape parameters determine the shape of the cohesion
model (parabolic, bilinear and trilinear) and its mechanical properties[33-35]. The fracture
energy of the cohesion model was obtained by theoretical calculations and experimental
comparisons. The mechanical properties of fracture and crack emergence of the cohesion
model were obtained using theoretical calculations and experimental comparisons. for the
analysis of the reliability of different bonding materials and bonding structures under actual
working conditions. reliability [36-41] .

Although, Blackman et al [42] concluded that the shape parameters of the cohesion
model are independent of the fracture curve during the fracture of a two-armed beam, Yan
and Shang [43] calculated that the shape parameters of the cohesion model play a role in
their analysis. Recently, researchers[44-46] have started to focus on the effect of the shape
and important parameters of the cohesion model on the modeling of different adhesives and
bond structures; Campilho et al.[47,48] showed that the shape of the cohesion model has a

significant effect on the lap structure of ductile adhesive bonds, but not on brittle adhesives.
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The influence of the shape of the cohesion model on the lap structure of ductile adhesives

was significant, but not on brittle ones.

As shown in Fig. 1.7, there are three commonly used traction-separation-based

modeling damage initiation-evolution criteria: Bilinear, Exponential, and Trapezoidal.

Bilinear Exponential Trapezoidal
A A A
______ . = _—
1 1
[t ] (o | =
S ' S ' S
© S ks -
© i © ' © Cohesive
= : i L i = Energy
! Cohesive :
1 Energy :
1 '
Displacement Displacement Displacement

Fig. 1.7. Three traction separation criteria.

(1) Bilinear cohesive model

The relationship between the tensile force and the separation displacement of the

bilinear cohesion model is given by

MAn (An < O-nl)

On1
T, = (12)

85—y
max -f (Ap > 1)
6n_6n1

Czn_:xAT (AT < Url)
T, = f_ (13)
' 6T = (A‘r > O-‘rl)

0.
max 65—511

Tensile and shear fracture energy is

(14)

Pr = = Tmax0) (15)



Where 5,{ and 6{ are the critical displacements for the interface separation and

also the bilinear shape parameters of the model, as shown in Fig. 1.7.
(2) Exponential cohesive model
The relationship between the tensile force and the separation displacement for the

cohesion model in exponential form is given by

=~ o2 (e () + 21 e ()] (r-2)) 9

R et il o Z)gml exp(—32)ew(-35) @D

The fracture energies in tension and shear are associated with the critical stresses and

are expressed as

bn = OmaxOni€ (18)
br =+ e/2 Tmax0r1 (19)

where T,, and T, are the tensile and shear forces; ¢, and ¢, are the separation work in
tensile and shear, respectively; A, and A, are the separation work in tensile and shear,
respectively. a,,,, and t,,4, are the critical stresses for tensile and shear fractures.o,,;
and &, are the displacements when the tensile and shear stresses reach the critical stresses,
respectively;q = ¢, /¢,,,r = A5, /5,1.

(3) Trapezoidal cohensive model

The relationship between the tensile force and the separation displacement of the

trapezoidal cohesion model is given by

( &";'ZXA (A, < 6,1)
Tn < O-né_crlnjilx f (6111 S AnS fnZ) (20)
o 6.7 (60 —0p) (62 < Dp<6))
.0 (An> 671:)
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rTon.Tzj AT (ATS 61:1)

T 4 Tmax (5‘51 = ATS 5‘[2) (21)
‘ 6;?2: (5‘[ - A‘r) (612 <A< 6{)
L0 (A,> 6

The fracture energy of tensile and shear for this cohesion model is

1
¢n = Eo_max (6712 — 0pq + 67{) (22)
1
¢, = ETmax (61'2 — 07 + 6‘[) (23)
Where 6,1, 0n2, 57{ ,071,0,2, , and 6{ are the separation displacements

corresponding to the different stresses of the cohesion model, respectively, and are the shape

parameters of the trilinear cohesion model.

Summary of this chapter
Chapter 1 is the introduction, which mainly introduces the background and significance
of the topic selection of the paper, as well as the latest progress of related research at home

and abroad, and defines the research content and research methods of this paper.
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2. EXPERIMENTAL AND NUMERICAL SIMULATION METHODS

2.1 Experimental material preparation and testing

(1) Experimental materials

The experimental materials were commercial a-SiC particles with equivalent particle
sizes of 5 um, 10 pm, and 15 pum. The composition of magnesium alloy AZ91D is shown in
table 2.1.

In this experiment, the main experimental equipment needed is: medium frequency
induction resistance melting furnace, medium frequency induction insulation preheating
furnace, electric furnace temperature control equipment, gas protection device, graphite
casting mold, thermocouple thermometer, metallographic polishing machine,
metallographic  microscope, tungsten filament scanning electron microscope,
microelectronic universal mechanical testing machine. Auxiliary experimental equipment is:
file, manual saw, bench vise, crucible, burning fire brick, graphite stirring bar, crucible pliers,
pulling spoon, funnel, heat-proof gloves, brush, etc.

Table 2.1

Composition of AZ91D magnesium alloy for experimental use(wz%)

Element | Mg Al Zn Mn Si Cu Ni Fe Be

wit% balance 8.9504 0.6326 0.2614 0.0223 0.0018 0.0005 0.0023 0.0003

(2) The preparation process of the experiment

The preparation of magnesium matrix composites by all-liquid stir casting is prepared by:
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(D Prepare the alloy material. Use sandpaper or a file to polish off the dirt and oxide
layer on the surface of the material. If the material is large, use a hydraulic press to
divide it into small pieces (at least smaller than the diameter of the crucible).

@ Preparation of crucible. The experiments were performed with a small stainless
steel crucible, so the crucible must be cleaned and preheated to 250°C before
heating the crucible to prevent impurities such as iron filings within the crucible
wall from being incorporated into the alloy solution.

(3 Preheating. Magnesium alloy will be a violently exothermic reaction when it meets
water, so all experimental materials and equipment that need to contact with
magnesium alloy solution must be baked dry and preheated to 250°C in preheated
resistance furnace, such as alloy materials, molds, graphite stirring bars, crucible
tongs, plucking spoons, funnels, etc. SiC particles with equivalent particle sizes of
Oum, 5um, 10um, and 15um were cleaned and dried in alcohol, wrapped in
aluminum foil, and preheated at 600°C (volume fractions of 0%, 5%, 10%, and
15%)

@ Preparation of paint and brushing paint. First prepare the paint (mixture, the mass
ratio is water: water glass: talc = 3:1:3), and then preheat to 250 °C crucible wall,
crucible pliers, plucking spoons, funnel and other iron products surface are brushed
with a uniform thickness of paint, and finally put back to the preheating furnace,
baked dry and insulation 250°C.

B When ready for all the above work, it will start the alloy melting, it should be noted

that: magnesium alloy melting the whole process, is required to mix gas
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(99vol.%CO,+1vol.%C,Fs) protection, block all possible contact between
magnesium alloy solution and air.

The preparation process of magnesium matrix composites by all-liquid stir casting is

as follows:

(D Heating crucible. Put the clean, painted, preheated 250°C crucibles into the medium
frequency induction resistance melting furnace, set the heating temperature to
400°C, and heat the crucible to dark red.

@ Melting magnesium alloy. Put the preheated AZ91D magnesium alloy into the dark
red crucible, set the heating temperature to 740°C, and heat the magnesium alloy
to the liquid metal state.

(3 Add flame retardant and SiC particles. When the magnesium alloy is completely
melted into the state of metal liquid, add 0.4vol.% of flame retardant Ca into the
metal liquid, cool to 670°C, add the aluminum foil-wrapped SiC particles into the
molten metal liquid, stir rapidly clockwise for 2-5min, and then keep warm for
10min.

@ Stirring. The metal liquid was cooled to 585°C and semi-solid mechanical stirring
was carried out for 30 min at 400 r/min; after that, the temperature was increased
to 720°C and liquid mechanical stirring was carried out for 5 min at 400 r/min to
ensure that the SiC particles could be uniformly distributed in the metal liquid.

® Slag picking and temperature measurement. Pick off the oxidized skin on the
surface of the alloy liquid with a pulling spoon and a funnel, stir the metal liquid

clockwise again with the pre-heated graphite rod, and measure and control the
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temperature of the solution to reach the pouring temperature.

Pouring and molding. Cool to near liquid phase line temperature of 595°C, hold for
10 minutes to get a semi-solid embryo, use crucible clamp to clamp the crucible
out of the resistance furnace, and quickly pour into 200°C preheated mold for
molding.

Extrusion casting. The prepared semi-solid embryo was put into the semi-solid
extrusion die (shown in fig. 2.1), put into the open and closed furnace at 585°C for
30 min, extrusion pressure 2000KN, extrusion speed 1mm/s, holding pressure for
1 min, and the specimen was removed after forming and cooling (shown in fig.

2.2).

Fig. 2.1. 13YB32-100B four-column presses machine.
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Fig. 2.2. SiC,/AZ91D composite casting.

2.1.1 Mechanical performance testing

Fig. 2.3. Microelectronic universal mechanical testing machine.

WDW-E100D microelectronic universal testing machine was used for room
temperature compression experiments on magnesium matrix composites, the specimen was
arectangular body of 8 mmx8 mmx12 mm, the loading rate was 0.2mm/min, and continuous
loading was used until the composite specimen was fractured, the original data was kept and

plotted into compression stress-strain curve.
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2.1.2 Microstructure observation

Fig. 2.4. Field emission scanning electron microscope

Field emission scanning electron microscope (FESEM) is composed of an electron
optical system, signal collection and processing, image display and recording system, and
vacuum system. The electronic image of the field emission scanning electron microscope is
very sensitive to the four convexities of the specimen surface, which can show the
organization and morphology of the fracture specimen surface. After the sintering of
magnesium matrix composite materials selected 400#, 600#, 800#, 1500#, and 2000#
sandpaper to coarse grinding to fine grinding, pay attention to each with sandpaper grinding,
the specimen rotated 90 ° to ensure that each sandpaper abrasion marks perpendicular to
each other, in time to observe whether the previous layer of coarse abrasion marks has been
eliminated, the grinding process is water grinding. Next, the specimen is polished until the
surface of the specimen is free of scratches and etched with a 2% nitric acid alc