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Fig.1 OM images of two titanium alloys: (a-b) Ti-3Al-6Mo alloy and (c—d) Ti-38V alloy
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Fig.2 EBSD microstructures of two titanium alloys: (a) IPF map of (a+f) Ti-3Al-6Mo alloy, (b) phase map of (a+p) Ti-3Al-6Mo alloy, (c) IPF
map of stable f Ti-38V alloy, and (d) grain size distribution of stable # Ti-38V alloy
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Fig.6 Tensile fracture morphologies of two titanium alloys at different temperatures: (a) Ti-3Al-6Mo at 300 K, (b) Ti-3Al-6Mo at 20 K,

(c) Ti-38V at 300 K, and (d) Ti-38V at 20 K
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portion, (c) GB map near fracture zone, and (d) GB map at grip portion
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Fig.8 Schmid factors of <a> slip near fracture zone of Ti-3Al-6Mo alloy at 20 K: (a) (0001)<1120>, (b) (1010)<1120>, and (c) (1011)<1120>

Schmid 7 8. H(1010)<1120>FHETI(1011)<1120>  45.7%, T 20 K FLARAS T 2 2F T /N i s 5 o B, 3t 3F
(1) Schmid (K 74 T 5 i AKF, A F 9k Abr a7 s s SE TR A RIS BRI (20 KOFEREIZL. K
(0001)<1120>[1] Schmid K 781K, #54> o J2 AL T “HEAL - 9b A19d J2& Ti-38V (I AE Wt 11143 EBSD ZH 47, 40 57
7, TE R I . T3 SR T pAH AT LB HE S 7 45 M I o AH SR 4T (TR RS B

TR T s R, R AR R R R T R A AR AR AR 5 1 O SR X R A A
Ty VIR 3 (CRSSOk/IN , AL IE B I . 9228 E  pASTRARFERE S K E IR = AR IR R o H 2 A F
SAFEE N ARG EBSD AL, El9aflock  JFEA MERINAS S, v KR A T AR, N )
Ti-3Al-6Mo £ 4 2% il 174 )5 ¥ IPF+GB K 1 GB Kl . P R MU S R AT S R AR R R 2 . R, L AE
9aF H, JLTFR—Na v EABMAERE NS B REFTEAFEREMEMNE, 5 XM TEM AL 0B 2T
Oc fb S G040 A R B H 20~ /N AR R BT BB IESE.

Min Max Fraction ¥ A} S % i Fraction
= 2° 5° 0.457 3 s 0.727
— 5° 15° 0.134 o 0.199
— 15° 180° 0.409 % 0.074

K9 2 Rl SrfE A RN T R T T B A EBSD 2H4%
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Fig.10 TEM analyses of two titanium alloys after cryogenic temperature tensile test: (a) twin deformation and (b) dislocation slip of Ti-3Al-6Mo

alloy, and (c) dislocation accumulation of Ti-38V alloy
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Microstructure Evolution and Cryogenic Deformation Mechanism of Titanium Alloy
with Different Mo Equivalent

Zheng Zhuangzhuang, Lu Zichuan, Yang Jianhui, Chang Ruohan, Zhang Yalian, Yao Caogen, Lv Hongjun, Li Jiangtao,
Li Qijun, Kang Li, Wang Yong, Huang Fengchun
(Aerospace Research Institute of Materials and Processing Technology, Beijing 100076, China)

Abstract: The microstructure evolution and deformation mechanism at room temperature and cryogenic temperature of cryogenic titanium alloy
bars were investigated through controlling Mo equivalent. The results show that with the increase in Mo equivalent, § phase stability is improved,
which limits the precipitation of a phase. High-Mo-equivalent alloy forms single-phase f grains without a phase precipitation. As for the low-Mo-
equivalent alloy, the basketweave microstructure occurs. At room temperature, the plasticity of stable f alloy Ti-38V is higher, which is attributed
to bee-ff phase possessing more slip systems than hep-a phase. The slip ability of # phase is better than a phase, leading to the excellent plastic
deformation ability of § phase. As a result, a large number of dimples occur in the tensile fracture. The strength of (a+p) alloy Ti-3Al-6Mo is
higher, which is mainly caused by the strengthening effect of interweaved a lamella. The higher Schmid factor of the (a+p) titanium alloy makes
the dislocation slip easier, which makes the dislocation slip act as the primary deformation mechanism at both room and cryogenic temperatures,
while deformation twins can also be activated at cryogenic temperature. For the stable /8 titanium alloy, stress concentration occurs at the grain
boundary because of dislocation pile-up. The higher V content increases £ stability, which makes the fracture sample at cryogenic temperature
without stress-induced mechanical twins. Consequently, the deformation ability is poor and it exhibits brittle fracture characteristics at
cryogenic temperature.

Key words: cryogenic titanium alloy; microstructure; mechanical properties at cryogenic temperature; deformation mechanism
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