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Fig.1 Schematic diagram of ECAP die and marks of sections of

samples

2 HFHRE5SH

2.1 BfBLET 5B &R

Kl 2 24 ECAP 78I 20T Bk AE 52 6 M B 21
Lol TIRTFIrEr R, B 2R o #H 2K,
BAAGAGT T o v )ZI], RAKE R LT4E N TiB HY a4k,
LR LayOs ik . ZIEAT I A4k (B
2a) W)ER a P, PRS2 2.1 pm, TiB “F%
KAty 5.9, ZAMEZL 600, 700 'CF ECAP K
MU JG (K 2by 2¢), ZEIUIN I 5m, AR
o A YT ™ E, TiB FA4EW R, KA
INEL 4.0, HEMEIZ 800 C N ECAP K MHAR K
(B 2d), Rk o HEE— 25T, JEERADNEL 1.9
um, TiB 4T P K BN EL 3.1, H%287Y)
NS A . 22 900 C N ECAP K¥IMEAR
Jo (B 2e), FR a AHZBYU) N ) 52w W3, R
I3 AE, YR RE 1 pm BLR, TiB “F¥K 42 LR
NN 2.1,

Deformation ~~ =
direction =
SN

Broken
. TiB

*
~

50 plﬁ'

2 [ ECAP IR A FRHEM 4140

Fig.2 Microstructures of composite materials at different ECAP
temperatures: (a) forged, (b) 600 C, (c) 700 C, (d) 800 C,
and (e) 900 C
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Fig.3 TEM images of ultrafine grain structure in matrix after
ECAP deformation: (a) forged, (b) 600 C, (c) 700 C, (d)
800 C, and (e, f) 900 C
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Fig.4 Microstructures of reinforcements (a, b) and neighbouring

(c, d) matrix after ECAP-processed
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Fig.6 Schematic diagram of microstructure evolution during
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Microstructural Evolution and Properties of Particle Reinforced Titanium Matrix
Composites Processed by Severe Plastic Deformation

Xiang Juan ', Han Yuanfei ', Le Jianwen ', Chen Yue %, Huang Guangfa ', Lai Xiaojun °, Lv Weijie '
(1. State Key Laboratory of Metal Matrix Composites, Shanghai Jiao Tong University, Shanghai 200240, China)
(2. Kunming Metallurgical Research Institute, Kunming 650031, China)

(3. Zhejiang Jiatai Metal Technology Co., Ltd, Jiaxing 314211, China)

Abstract: Micro TiB and nano La,0s particles hybrid reinforced difficult-to-deformation Ti-6A1-4V titanium matrix composites (TMCs)
were processed by severe plastic deformation of equal-channel angular pressing (ECAP). The effect of ECAP temperature on
microstructure, formation mechanism of ultrafine grains and mechanical properties was studied by SEM, TEM and room temperature
tensile test. The results show that ultrafine-grained (UFG) structure forms in ECAPed matrix, and ECAP temperature has significant impact
on the formation mechanism. Plenty of dislocation pile-ups and tangling contribute to cell structures of hundreds of nanometers in matrix at
lower ECAP temperature, while dynamic recrystallization occurs at higher ECAP temperature, which promotes the formation of a large
number of new ultrafine grains (100~500 nm). The ultimate tensile strength of ECAPed TMCs at 800 °C is up to 1128.01 MPa, which is
18% higher than that of unECAPed ones. In addition, micro-nano reinforcements induce continuous dynamic recrystallization in the
interface microdomain, resulting in further refined grains. However, the average aspect ratio of ECAPed TiB whiskers decreases with the
increase of ECAP temperature, which makes TiB tend to debond with matrix and be disabled to play a load-bearing role. It results in the
inapparent effect of ECAP temperature on ultimate tensile strength. And the voids in matrix formed by debonding induce stress
concentration, cause crack easily and reduce ductility of TMCs.

Key words: titanium matrix composites; ECAP; reinforcement; strength; elongation
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