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Progress on Titanium Matrix Composites with

Network Microstructure

HUANG Lujun, GENG Lin
(School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: In order to fill a gap of structural material used at 550 ~ 800 °C that possesses low density, high temperature
durability, high toughness, deformable and easy processing properties, as well as solve the bottleneck problem of high
brittleness and low strengthening effect of titanium matrix composites (TMCs) fabricated by powder metallurgy, network-
structured TMCs were successfully and steadily fabricated by low energy milling and hot pressing sintering technologies,
based on architecture design and accurate adjustment. The ductility of the network-structured TMCs can be increased by 5
times compared with that of the conventional TMCs with a homogenous microstructure. Moreover, the network-structured
TMCs exhibits higher strengthening effect at room and high temperatures, as well as higher designable character. The
service temperature can be increased by 200 °C compared with that of the monolithic TC4 alloy. In other words, the
network-structured TMCs can be used at 550 ~800 °C to partially replace high-temperature alloy, and to achieve 40% of
weight loss. Therefore, the network-structured TMCs possess extensive application prospects in aerospace and receive
much concern. Recent research progress on the network-structured TMCs of design, fabrication, deformation, forming,
high temperature property, as well as heat treatment modification and control were reviewed. In addition, the solved key
problems and the remained problems were also pointed out, and the further research directions are proposed. On the one
hand, the present material systems, theory and technology should be further optimized to solve urgent demand of practical
application; on the other hand, new TMCs and modification technology can be exploited by design of multi-scale
hierarchical and process in order to further enhance their combination property.
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Fig. 1  Schematic of design and fabrication principle of TiBw/Ti

composites ( SEM micrograph of network microstructure )
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Fig. 3 SEM micrographs of the as-sintered TiBw/TC4 composites with different network parameters
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Fig. 5 Tensile stress-strain curves of the as-sintered TiBw/Ti composites (a) and TiBw/TC4 composites

with a network microstructure (b) 81
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Fig. 6 SEM micrographs of compressed specimen of network-structured TiBw/TC4 composites

(insert shows different deformation characteristics ) : (a) overall longitudinal section

showing I, II, III and IV regions at a low magnification, ( b) magnified region A,

(¢) magnified region B, (d) magnified region C, (e) magnified region D, and (f) mag-

nified region g3
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Fig. 10 SEM micrograph of matrix of TiBw/TC4

composites after quenching and aging

heat treatment!**)
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Fig. 11 Variations of tensile strength and elongation of 5 vol%
TiBw/TC4 composite with increased quenching

temperatures followed by aging at 500 °C (4]
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Fig. 12 Tensile stress-strain curves of the as-extruded
(5 vol% and 8 vol% ) TiBw/TC4 composites

before and after heat treatment!*’)
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Fig. 13 Tensile properties of TiBw/Ti60 composite after

aging process (47]
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Fig. 14  Comparison of high-temperature/tensile strength

between three TiBw/TC4 composites with a network

microstructure and the monolithic TC4 alloy'®
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Fig. 15 High temperature tensile stress-strain curves of as-extruded
Ti60 alloy and the TiBw/Ti60 composites with different
volume fraction of TiBw at temperatures from 600 to

800 ¢ %)
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Fig. 16 High temperature tensile stress-strain curves
of the as-extruded 3. 4 vol% TiBw/Ti60

composites after aging heat treatment*
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Fig. 17 The as-sintered billets (a) and tube (b)

of titanium matrix composites with a
network microstructure fabricated by hot

pressing sintering
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Fig. 18 The thin-wall pipes of titanium matrix composites prepared by

hot hydrostatic extrusion and rotary forging technology!™’

119 FIrRs Sk 28 ok A5 e 5 AL T4 15 19 8 vol%
TiBw/TC4 525 MRHZZAF DL K 5 R T5 W R R G FHEA TR A
AIEAVEIF R 2 vol% TiBw/TC4 54 MHEHE 1, K[
AT A R TR}, 3B B R 22 T A E
ZELIE R AT LA 2 R G . g 2 v R TR R
2 vol% TiBw/TCA% A M L 5 JE B M % i 1 B om
1118 MPa, ZEAfI3R 21.9% , Wi 46 % 29% , M B i
J&: 500 C O 45 min, BRSSP E N 650 MPa, 51
FEHAb P S IR TR B 1334 MPa, iR 11% , Wik
Wedi % 23% , §YUI SR 740 MPa | RHE LERG A
650 MPaf2 /5 T 13.8% . #BRaE & . 500 °C &R 45 min,
HIRIBREE A 700 MPa #53k 11 TC4 £k&4: 19 520 MPa #2755
T 34.6% o FEFRE S5 PEREMNRZE R B, K4 NAS
FRUEXTIERR AT T2 55 M, 18413 5 R B o



684

A e

35 %

[b]

(a) 8 vol% TiBw/TC4 G5B 2485 (b) 2 vol%
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Fig. 19 The (a) 8 vol% TiBw/TC4 screw and (b) 2 vol% TiBw/TC4

fastener prepared by tianium matrix composites'*’
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