i 45 %5

%14 wHEERMMSIRE
2016 4 1A RARE METAL MATERIALS AND ENGINEERING

REREESHNARHER

HEPxX ', 8 W’ ORKRY,EHGT R F°, =

(1. PEAE T RS BERE R E K E S sih s, PvE 754 710072)
(2. FHdLAE LB 5B, BEPE 7G4 710016)

= 2 1
5, BI1K

B E: NAEARRNREREGEMIRE, SeSFENVERENRE TEMETTZEH Z B ZER. AR 1 2510 E BR g
RGP AIK, N atkEE. off KRGS, REETTH, LR 7RG SRR THUEIK SO ottt , Jf
BETIX 3 EARFMA KRS SRR EIE . WEE. 80, BAREMEMALTH, BHBLE T AR

Vol.45, No.1
January 2016

HE X Bk A SRR VEARTEAL REmT . S5k, IR TGRS e r R RS, BUIIDY N B Ex & 1 RE 5 4F 101G IR Bk

EAWRE TR R Rt 2%,
EHIE: kA E; KR BH; LR
FEESES: TG146.2°3 THERARIREGD: A

X E4S: 1002-185X(2016)01-0254-07

BRE I AHEN. SR eeF MR TEME, A
EAF AR PITE . e tbaR iz, HARE TH e S
FAR. WK RBUN . TouiE Kot vk se b SE LR SR A
PEREN . R, RS B R L b R R AR
FLAT e o L 1) () B 3 7 OR 455 R 48 F) 490 P AL 11 S8 ) 1
RESH, A R IE: X T RORE AR S AL
f, WBAENHRF, POk a SeNR . B
AT AR Sy — i B ) A1 T T R e R ok s 8,
B < At I P 5 ARt R 7 2% IR KT R 1
HE SRR, BHR RS O ERMRE AN a
REE. alp MR E &K ARG &I, Sk THEN
AR B < AR TR B AR TR LR ) BB BIF AUk JiE , 4R T
HARR K RIS .

1 RIMRRRE SR AR

H oA E N ME ORI & 4 B . aligk .
Ti-5A1-2.55n (TA7). Ti6AI4VELI. CT20 %, H
TIBAIAVELI FJ7E 77 K & NEH, 1 TA7 #1 CT20
HWAT/E 20 K HEEAREE FEHE, % 1 50H 7L
P ek & 42 AR IR 77 2 M RE T,

IR R < DR HL AT v 1 e = S, 5% [
o FLAFF 50N AR FLEE AR . T 7 B X LA A N A
FHB ) OT4.BT5-1KT F1 IT-3BKT &4 4 CLEAT
TR K i A5 AU R B N A AR SRR K T R BAL IR A

It HEA: 2015-01-26

S RN (PR N R e SR TR TP A (o SN 5 S
B i & BT 7 e BT6 &4l 1 TAFIRE ik
—200 °C ) HB00 mm [¥IBE4E 1 Rl K BRI 2 5108, [
FER I vk Rirh, {5 7 RER TATELL 1 Ti-6Al-
AVELI $K&&1F R KHiRMAS S FEM&EESM
#EE, EHHE T TiSAILMo1V. Ti6AI3ND2Zr &% iR 5k
#4081, 20 {it4 80 4E40H), HAKH Ti-6Al-4VELI
FTATELI Hil/E T 30MVA T & ML 7 ARG B 77 51
AR AR dEk, HAWHN T LT700 A 4,
HHHBE R E R IR, 0¥ Ti-5A1-2.55n ELI B T
MR 200, R E SRR & S BT R, 4T
SRR TR E, “hH” M, vEith as @R
B S 5 B ) T O0E R TR IR B R4 Ti2AI2.5Zr,
Ti3AI2.5Zr, CT20 % RINKIEKA S, Hh CT20 &
A4S T RENPARIT R, A I T 5K 3L
A i R g8,

2 NESREERNEBHRIRK

2.1 aREERBEFHINIE

o BRE & IR AR TR AL 32 E O A 55 78 , 78 I L
IR BN AR i R I, TEEAT AR AR (HARAE SR B
AN F—ANEF I, BRERN, U8R I
FH A TR . {EIA hop G5k SR 018 B i S U1
77 B8 I P B AR T T AR AR, T 2R AR SR AR A

EEUWIHE: Boiy E SR 8 BB RIS SR BT FIBN (2012KCT-23); BPGERLSZ6)H TR E (2014KTCQ01-38)

{E& i W 5,
163.com

1988 4E4:, A, WAL GBS EMARL, BiPE 9% 710016, Fif: 029-86250729, E-mail: huangchaowen318@



14 BSOS (RIS SRR iR - 255 -
Fz1 LMHBHLKEENEEIF MR
Table 1 Tensile strengths at low temperatures for several commercial titanium-based alloys®®
Alloy Condition Test temperature/K opn/MPa 00.2/MPa Elongation/%

295 602 588 16

Annealed (a)", normal interstitial 200 752 725 14

' 77 958 937 12

. 20 1156 1149 5.1

Ti-5Al-2.5Sn

295 520 486 17

. . 200 629 588 16

Annealed, extra-low interstitial (ELI) 77 862 814 17

20 1053 985 15

295 698 650 15

. . 200 766 705 15

Ti-8Al-1Mo-1V Duplex annealed (b) 77 1019 917 22

20 1156 1101 1.2

295 677 609 12

N . .. 200 793 732 11

Annealed (c) , normal interstitial 77 1047 978 1

Ti-6Al4Y 20 1211 1163 4

295 677 636 12

200 787 746 12

Annealed ELI 77 1074 1012 11

20 1129 1074 11

295 930 848 7

. . * 200 1074 1005 2.1

Ti-13V-11Cr-3Al Solution treated and aged (d) 77 1129 0.2
20

Note: * (a) at 707~867 “C for 15 min to 4 h, air cool, (b) at 787 °C for 8 h, furnace cool, plus at 787 °C for 15 min, air cool,
(c) at 707~817 “Cfor 30 min to 4 h, air or furnace cool, and (d) at 427~507 °C for 20~100 h
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Fig.1 Tensile stress-strain curves of the CT20 alloy at different

temperatures™®
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Table 2 Deformation mechanisms of Ti alloys at cryogenic temperatures

Type of Ti alloy

Deformation mechanisms at cryogenic temperatures

o titanium alloys

With temperatures decrease, deformation mechanisms transit from slipping to twinning,
accompanied by serrated yielding.

alp titanium alloys

Primary deformation mechanisms of a/g ELI alloys is twinning, or else is slipping
and slip bands crossing a/f interphases or grain boundaries.

To metastable g alloys, deformation mechanisms are deformation induce martensitic
transformation o” or omega transformation w and {332}<113>twining, accompanied

S titanium alloys

by serrated yielding; and {112}<111>twining and slipping are their main deformation
mechanisms of stable g alloys.
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Table 3 Influence of several factors on deformation mechanisms of Ti alloys at cryogenic temperatures

Factor

Influence on deformation mechanisms of Ti alloys at cryogenic temperatures

With temperatures decrease, deformation mechanisms change from slipping to twinning,

Temperature

accompanied by serrated yielding.

Alloy elements

Alloy elements can restrain twinning; to g alloys, elements can affect the stability of
S phase and then have a significant influence on their deformation mechanisms.

A crystal has different SF at different deformation additions and then different slipping

Factors of deformation

or twinning systems act; twinning becomes more active than slipping at higher strain

amplitude or higher strain rate.

As monotonic and cyclic deformation, twinning becomes more active at coarse lamellar

Microstructure

structures than that at small globular structures; in addition, deformation structure

evolves from twins to stacking faults with grain size increase as cyclic deformation.
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Research Progress in Titanium Alloys at Cryogenic Temperatures

Huang Chaowen?, Ge Peng?, Zhao Yongqing™?, Xin Shewei?, Zhou Wei? Li Qian?, Zeng Weidong®
(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: Because of their excellent low temperature comprehensive properties, titanium alloys have gradually attracted considerable
attention as important engineering materials at low temperatures. The application situation of titanium alloys at cryogenic temperatures in
recent years is critically reviewed. The recent progress of deformation mechanisms of titanium alloys at low temperatures, including a
titanium alloys, «/f double phases and f titanium alloys was then overviewed and concluded. Influences of temperatures, alloy composition,
deformation factors and microstructure on plastic deformation mechanisms of titanium alloys at cryogenic temperatures were summarized.
Finally, the development trend of titanium alloys used at cryogenic temperatures was discussed, in order to provide some valuable
references to design and explore new titanium alloys with better comprehensive performance at cryogenic temperatures.
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