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Metal Matrix Composites for Future Application

XTAO Bolv LIU Zhenyu ZHANG Xingxing MA Zongyi
( Institute of Metal Research Chinese Academy of Sciences Shenyang 110016  China)

Abstract: Metal matrix composites are developed toward higher strength  good ductility or toughness and high performance
in order to meet demand of a wide application. For this purpose attempts have been focused on multi scale strengthening
nano carbon reinforcing and architecture design. A review on the present research indicates that the synergetic strengthening
of ultrafine grains and reinforcing particles could provide high strength and good toughness. Based on that addition of
dual-scaled reinforcements is effective for improvement of comprehensive properties such as the elastic modulus. The nano
carbon reinforcements are highly effective and multiple for strengthening metals due to their ultrahigh mechanical and
physical properties. As to the hierarchical architecture it is highly feasible for effectively strengthening metals without
sacrificing ductility and toughness and challenges for these studies are addressed. In the future modelling and simulation
for architecture and interface between nano carbons and metals should be conducted. Furthermore novel fabrication methods
for mass production should be developed. Research of metal matrix composites has entered a new era and it is one of
important branches of novel materials.
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Fig. 1 Microstructures and tensile properties of nano Al, O; reinforced ultrafine grain Al by friction stir

processing before tension ( a) after tension ( b) engineering stress-strain curves (¢) and true

stress-strain curves ( d) 1718
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Table 1 Comparison of the performance of typical ceramic and nano-carbon material
. . . Elasticity modulus/ Density/ Coefficient .Of linear Thermal conductivity/
Materials Strength/ GPa ’ 3 expansion/ o
GPa gem 105K ! Wm™' K
SiC ~1 450 3.25 4 ~100
Al, 04 - 430 3.5 7 ~ 100
Carbon fiber ~1.9 230 -412 2.2 — 1. 4( Axial dierction) ~355
Carbon nanotubes >30 ~ 1000 1.8 ~0 900 ~ 3000
Graphene >50 ~ 1000 2 ~0 >3000
37-39
41
34 35
36 -40 . I
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Fig. 2 Schematic of processing for friction stir processing and rolling of carbon nanotube reinforced Al
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6 57 59

architectonic CNT /Al composites TiBw/Ti

Electrical conductivity ( IACS%) °
Materials TiB
Clustered Random Network

6061 Al - 55.0 - ° TiB
1.5 vol% CNT/6061 Al 46.8 49.5 52.8 °
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Fig. 6  Microstructure of TiBw/Ti with network distribution ( a) slip band in Ti matrix and broken TiB whiskers
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