
Rare Metal Materials and Engineering 

Volume 49, Issue 11, November 2020 

Available online at www.rmme.ac.cn 

 

 

Cite this article as: Rare Metal Materials and Engineering, 2020, 49(11): 3741-3747. 

 

 

               

Received date: November 25, 2019 

Corresponding author: Du Zhiming, Ph. D., Professor, School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, P. R. China, 

E-mail: duzm@263.net  

Copyright © 2020, Northwest Institute for Nonferrous Metal Research. Published by Science Press. All rights reserved. 

ARTICLE 

 

Science Press 

 

Preparation and Mechanical Properties of ZL205A Al-

loy-Infiltrated SiC Foam Ceramic Composites 

Qi Yushi

1

,    Wang Yanbo

2

,    Du Lanjun

3

,    Fei Yanhan

1

,    Du Zhiming

1

 

 

1

 School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China; 

2

 Shanghai Spaceflight Precision 

Machinery Institute, Shanghai 201600, China; 

3

 Beijing Aerospace Propulsion Institute, Beijing 100076, China 

 

 

Abstract: ZL205A alloy-infiltrated SiC foam ceramic composites were prepared by extrusion infiltration process. The effect 

of different porosity of SiC foam ceramic on the properties of the composites was investigated. The results show that the 

prepared SiC foam ceramics are tightly combined with the ZL205A matrix material, and there are few cracks and other defects 

can be observed. The SiC foam ceramic as the reinforcing phase refines the grains of the ZL205A matrix phase. The pore 

structure and the grain size are finer and smaller with the decrease of reinforcing phase porosity. The mechanical properties of 

the ZL205A alloy-infiltrated SiC foam ceramic composites were investigated. The hardness (HV) and flexural strength of the 

composites are 1276 MPa and 415 MPa, respectively. The wear resistance of the composites was also investigated. The results 

demonstrate that the addition of ceramic reinforcing phase can effectively transform the severe adhesive wear and spalling 

wear of the matrix phase into lighter abrasive wear, which greatly improves the friction and wear properties of the composites. 
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Al alloy has attracted more attention due to its perfect 

ductility, environmental friendliness and ease to recycling. 

However, the low specific stiffness, hardness and poor wear 

resistance limit its applications in the engineering field

 [1, 2]

. 

Ceramic materials have high specific strength, outstanding 

hardness and wear resistance. Thus, researchers put forward 

the metal matrix composite (MMC), and the ceramic-metal 

composites have considerable application prospects, which 

combines the advantages of metal and ceramic material

 [3-6]

. 

Ceramic reinforcing phase usually consists of ceramic par-

ticle, ceramic fiber and ceramic foam with three-dimension 

structure. Ceramic particle and ceramic fiber may have un-

even distribution in metal matrix, which will be detrimental 

to the properties of composite. Fortunately, ceramic foam as 

the reinforcing phase could effectively solve this problem 

because of its special network topology structure 

[7-10]

. 

Extrusion infiltration process is commonly used to pre-

pare ceramic form-reinforced metal matrix composite

[11]

. 

During the process, pressure is applied to the molten metal 

liquid, which is then infiltrated into the ceramic foam. The 

process schematic is shown in Fig.1

[12]

. The advantages of 

this technology are that the molten metal liquid can be in-

filtrated into the ceramic foam with a high speed, and this 

process eliminates the effect of capillary action. In addition, 

compared with other infiltration technology, extrusion in-

filtration process needs lower infiltration temperature, 

which can inhibit adverse interface production and improve 

composite property

[13-16]

. 

The paper prepared ZL205A alloy-infiltrated SiC foam 

ceramic composite by extrusion infiltration process, and 

investigated the effect of different porosities of SiC foam 

ceramic on the properties of composite. 

1  Experiment 

ZL205A alloy (Northeast Light Alloy Co., Ltd, China) was 

used as experimental blank with dimensions of 50 mm� 
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Fig.1  Schematic of extrusion infiltration process

[12] 

 

70 mm×150 mm. The composition of the blank measured 

by X-ray fluorescence spectrometer (AXIOS-PW4400) is 

shown in Table 1. SiC foam ceramics with 85vol%, 80vol% 

and 75vol% porosity were the reinforcing phase. The pho-

tographs of SiC foam ceramics are shown in Fig.2. SiC 

foam ceramics were rinsed with the distilled water under 

ultrasonic wave to eliminate the effect of the surface impu-

rities, and then were dried at 120 °C in a vacuum oven for 

24 h. Before infiltration process, SiC foam ceramics were 

pre-heated in an electric furnace at 300 °C, and ZL205A 

alloy was melted in a well type furnace at 720 °C. During 

the infiltration process, the pre-heated SiC foam ceramic 

was placed in the mold, and subsequently the molten alloy 

liquid was poured into the mold. It was made sure that the 

alloy liquid submerged the foam ceramic. Infiltration proc-

ess was conducted on a 2000 kN hydropress (THP16-200), 

and the alloy liquid was pushed into the foam ceramic un-

der the pressure of 20 MPa with the duration of 30 s. 

The wear resistance, mechanical properties and micro-

structure of the composites were characterized by the fric-

tional wear test, three-point bending test, optical micro-

scope (OM) and scanning electron microscope (SEM) with 

energy dispersive spectroscopy (EDS). The composite 

phase was tested by a D/MAX-RB X-ray diffraction (XRD) 

system with Cu Kα radiation. The tube voltage and current 

are 40 kV and 40 mA, respectively. The friction and wear 

test were performed on a pin-disk friction and wear tester 

(YTH TB-1000) at room temperature in air. The grinding 

disc made of GCr15 bearing steel rotated at a linear veloc-

ity of 1.6 m/s and a friction distance of 2000 m. In the fric-

tion and wear test, the samples (5 mm×5 mm×15 mm) were 

firmly fixed on the fixture of the testing machine, and a 

normal load of 30 N was applied to the sample surface. 

Flexural strength was measured by an electronic universal 

material testing machine (AG-Xplus 250 kN). 

2  Results and Discussion 

2.1  Microstructure of the prepared composites 

Microstructure of the prepared composites 85C, 80C 

and 75C, which denote the composites with 85vol%, 

80vol% and 75vol% porosity ceramic reinforcing phases, 

respectively, are shown in Fig.3. In Fig.3a~3c, the 

ZL205A grain becomes finer with the decrease of ceramic 

reinforcing phase porosity. This can be ascribed to the 

larger temperature gradient and small liquid convection. 

In composite 75C, the larger interfaces between the ce-

ramic and alloy liquid also make the release of the crys-

tallize latent heat more easy. Furthermore, the ceramic 

bones are intensive and slender in 75C, which are facili-

tated to break up the coarse dendrite and refine the grains. 

In composites with small porosity (75C), the size of the 

grains near the ribs is larger than that of the grains far 

away from the ribs, which is converse to that of the com-

posites with high porosity. In composite 85C, the size of 

the grains near the ribs is smaller than that of the grains 

far away from the ribs. This can be attributed to the larger 

temperature gradient, which derives from the intense in-

stantaneous thermal conductivity of the sturdy ceramic 

bones. In Fig.3d~3f, the micro holes and cracks can be 

obviously observed, which is beneficial to improve the 

composite mechanical properties. 

 

Table 1  Chemical composition of ZL205A (wt%)  

Cu Ti Zr V Mn Cd Al 

5.16 0.19 0.17 0.23 0.40 0.24 93.61 

 

 

 

 

 

 

 

 

 

 

Fig.2  Photographs of SiC foam ceramics with different porosities: (a) 85 vol%, (b) 80 vol%, and (c) 75 vol% 
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Fig.3  Microstructures of the prepared composites: (a) 85C, (b) 80C, (c) 75C, and (d~f) different positions in 85C 

 

SEM image and EDS analysis of points 1~4 in the 85C 

composites are shown in Fig.4. Fig.4b demonstrates the 

EDS analysis of point 1 (SiC ceramic reinforcing phase), 

and Al, O, Si, C and little Cu is detected. Al and a large 

proportion of O come from the Al

2

O

3

, which is the sintering 

additive for the SiC ceramics. There are also some O ele-

ments deriving from SiO

2

, which is the oxidation product of 

SiC. The SiO

2

 can react with Al

2

O

3

 to form mullite phase, 

which as a reinforcement phase can improve the composite 

mechanical properties. At point 2, some strip-shaped prod-

uct can be observed. Cu element is detected in this area, as 

shown in Fig.4c. This can be ascribed to the Cu benefici-

ation on the grain boundary, and the AlCu precipitation on 

the grain boundary during the solidification. In addition, the 

existence of O element indicates that the oxidation occurs 

in this area. Fig.4d shows the EDS analysis of point 3, 

which is located at the interface between ceramic and alloy 

phase. The peaks of Al and Si are intense, and the content 

of the Al and Si are 66.61% and 16.57%, respectively. In 

Fig.4e, only Al and O can be detected, which demonstrates 

that the alloy matrix is oxidized slightly during the process. 

Fig.5 presents the SEM image and EDS analysis of the 

area away from the ceramic reinforcing phase. There are 

also a large number of strip-shaped products. Fig.5c and 

Fig.5d indicate that the strip-shaped products are AlCu 

which are precipitated on the grain boundary. The XRD 

patterns of the as-prepared composites are shown in Fig.6. 

The detection of AlCu, CuSiO

3

, SiAl

4

 phases (PDF standard 

cards are 88-1713, 82-1403 and 79-0988, respectively) in-

dicates the element diffusion between ZL205A alloy and 

SiC reinforcing phase. 

2.2  Mechanical properties of the prepared composites 

Mechanical properties of the prepared composites and 

ZL205A alloy matrix are shown in Table 2. In hardness test, 

the test positions are chosen in alloy matrix, which are 

away from the ceramic phase. The 75C composite displays 

the largest hardness (HV) (1276 MPa), and the smallest 

hardness of the 85C composites is 705 MPa, which is also 

larger than that of the ZL205A alloy matrix (528 MPa). 

This can be ascribed to that the addition of ceramics phase 

refines the alloy grain, which is consistent with the compos-

ite microstructure in Fig.3. The flexural strength of the pre-

pared composite increases with the increase of porosity. The 

flexural strength of the 75C and 85C are 367.5 MPa and 
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Fig.4  SEM image (a) of 85C composite and EDS analysis (b~e) of the points 1~4 in Fig.4a 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5  SEM images (a, b) and EDS analysis (c, d) of strip-shaped products for 85C composite 

 

Table 2  Mechanical properties of the prepared composites 

and ZL205A alloy matrix  

Sample 

Hardness, 

HV/MPa 

Flexural  

strength/MPa 

Relative  

density/% 

75C 1276 367.5 96.15 

80C 977 379.8 94.24 

85C 705 415.7 96.37 

ZL205A 528 - - 

415.7 MPa, respectively. There are more interfaces between 

ceramic bones and alloy matrix in 75C, so more defects will 

be generated during the text. Furthermore, the ceramic 

bones in 75C are thinner than those in 85C, which are det-

rimental to the mechanical properties. 

2.3  Wear resistance of the prepared composites 

Fig.7 presents the wear rate and coefficient of friction of 

the prepared composite and ZL205A alloy matrix. The co- 
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Fig.6  XRD pattern of 85C composite 

 

efficient of friction of the ZL205A alloy matrix is 0.365, 

which is lower than that of the composite. The largest coef-

ficient of friction of the composite is 0.473 (75C), and the 

coefficient of friction decreases with the increase of the ce-

ramic porosity. This can be ascribed to that the small poros-

ity ceramic reinforcing phase (75C) has much ceramic 

bones and dense microstructure, which will increase the 

contact surface between the ceramic and the grinding disc. 

Influence factor of contact surface on ceramic coefficient of 

friction is set to be λ, and the composite coefficient of fric-

tion µ

0

 can be calculated through the following formula: 

µ

0

=λµ

1

+(1�λ)µ

2

                              (1) 

Where 1� λ is the influence factor of contact surface on 

ZL205A matrix coefficient of friction, µ

1

 and µ

2

 are the coeffi-

cient of friction of ceramic and ZL205A matrix, respectively. 

The lowest wear rate of the composite is 1527.51×10

-6

 

mm

3

/(N·min), which is much lower than the half of the wear 

rate of the ZL205A matrix (3862.48×10

-6

 mm

3

/(N·min)). 

 

  

 

 

 

 

 

 

 

 

 

 

Fig.7  Wear rate and coefficient of friction of the prepared com-

posites and ZL205A alloy matrix 

 

2.4  Discussion of the wear resistance of the pre-

pared composites 

Fig.8 demonstrates the SEM images of the ZL205A alloy 

matrix after wear resistance test. In Fig.8a, there are some 

obvious scratches and grooves, and some abrasive dust is 

also can be found in the scratches along the wear side. 

These are the typical characteristics belonging to adhesive 

wear mechanism. Some stripping pits can be observed be-

sides scratches and grooves, as shown in Fig.8b, which in-

dicates the effect of spalling wear mechanism. During the 

wear test, defects such as cracks form because of the load 

pressure along the normal and the friction force along the 

tangential. The fragment will be stripped out from the ma-

trix when these defects extend to the contact surface. Micro 

cracks on subsurface after exfoliation and obvious scratches 

on surface could be detected, as shown in Fig.8c. Fig.8d 

shows that a great number of abrasive dust form in the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.8  SEM images of the ZL205A alloy matrix after wear resistance test: (a, b) scratches, grooves and dusts; (c, d) micro cracks and ab-

rasive dusts 
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Fig.9  SEM images of the prepared composites after wear resistance test: (a, b) ceramic reinforcing phase and (c, d) abrasive dusts 

 

boundary between surface and subsurface. This can be as-

cribed to the matrix softening and surface spalling because 

of high temperature during wear resistance test. 

Fig.9 presents the SEM images of the prepared composite 

after wear resistance test. At the initial stage of wear resis-

tance test, the composite exhibits serious abrasion. This is 

because the ZL205A alloy matrix is the main wear-resistant 

material at this stage. With the test proceeding, SiC ceramic 

reinforcing phase is observed and the wear scratches around 

the ceramic phase become weaker, as shown in Fig.9a. The 

SiC ceramic reinforcing phase which possesses high hard-

ness sustains the main load pressure along the normal and 

the friction force along the tangential at this stage. No ob-

vious scratch and crack could be observed in Fig.9b, which 

indicates that the adhesive wear mechanism is weakened. In 

Fig.9c, some abrasive dust accumulates in convex position 

marked in the white circle. These abrasive dusts will form 

incompressible points and strip off the convex position, 

which are detrimental to the wear resistance property. 

However, the existence of the ceramic reinforcing phase 

would distribute the abrasive dust to eliminate the effect of 

abrasive dust accumulation

[17, 18]

. Above all, not only the 

addition of SiC ceramic reinforcing phase can improve the 

composite wear resistance, but the coaction of ceramic re-

inforcing phase and alloy matrix are facilitated to the com-

posite wear resistance as well. 

3 Conclusions 

1) ZL205A alloy-infiltrated SiC foam ceramic compos-

ites are successfully prepared by extrusion infiltration 

process. The elements diffusion occurs at the interface be-

tween SiC foam ceramics and ZL205A matrix material, and 

there are few cracks and other defects can be observed.  

2) The largest hardness (HV) and flexural strength of the 

composites are 1276 MPa and 415.7 MPa, respectively. The 

SiC foam ceramic as the reinforcing phase refines the 

grains of the ZL205A matrix phase.  

3) The 75C composite possesses the best wear resistance. 

The largest coefficient of friction and the lowest wear rate 

are 0.473 and 1527.51×10

-6

 mm

3

/(N·min), respectively.  

4) The ceramic reinforcing phase can effectively trans-

form the severe adhesive wear and spalling wear of the al-

loy matrix phase into lighter abrasive wear.  
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