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Effects of Mullite Contents and Particle Size on Tribological Properties of Copper-iron
Matrix Composites

HOU Baogiang, GUO Haixia, ZHU Yuxuan, WANG Bo, YANG Jianfeng
(State Key Laboratory for Mechanical Behavior of Materials, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: Copper-iron matrix composites containing mullite were prepared by powder metallurgy. By adding 0-25% (volume
fraction) industrial mullite and high purity mullite respectively, the effects of mullite contents on the mechanical properties and
tribological performances of the composites were compared. Furthermore, the influences of graphite content and mullite particle size
on the friction performance of the composite were studied as well. With the increase of mullite content, the relative density and
bending strength of the composites decreased, although the hardness increased. The coefficient of friction (COF) rose to the highest
when mullite content was 15% and the wear rate showed smallest when mullite content was 5%. Compared with high-purity mullite,
industrial mullite with wide particle size distribution and various particle shapes had a negative impact on the bending strength and
wear rate of the composites. With 15% (volume fraction) graphite addition, the friction coefficient of the composite containing 15%
industrial mullite was 0.3-0.4, with a lower wear rate. The industrial mullite with large particle size after sieving selection were
beneficial to increase the friction coefficient. However, the industrial mullite with small particle size after ball milling had little effect
on increasing the friction, and the wear rate was higher.
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Fig. 1 Particle morphologies of mullite M1 and M2
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Table 1

v(Mullite)/% w(Cu):v(Fe) W(Zn)/%
0 2.5:1.0 3
5 2.5:1.0 3
10 2.5:1.0 3
15 2.5:1.0 3
20 2.5:1.0 3
25 2.5:1.0 3

v—Volume fraction.
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Fig. 2 Relative density variations of the composites with the
content of mullite M1 and M2 respectively
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(a) Mental matrix of copper-iron
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(f) High magnification of area F in Fig. 3(c)
é e : -

-

& » = 10 um

-

(g) High magnification of area G in Fig. 3(c) (h) High magnification of area H in Fig. 3(c) (i) High magnification of area 7 in Fig. 3(c)
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Fig. 3 Microstructures and BSE image of the composites with different mullite contents
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Fig. 5 Variations of hardness (HBS) and flexural strength (oy)
of the composites with different mullite contents
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