EOUTEC S AF i HBEERMRISEIRE Vol.46, No.9
2017 4 9A RARE METAL MATERIALS AND ENGINEERING September 2017

AALIES TLM RE S EMAL R 1

XBGR , THR%E , ME#H , R &, KXF £ B,

't HEHY S

K B F

(FdbA & mu sk, Bl Fi< 710016)

1 E: RN ©4.0 mm>0.3 mm %% TLM (Ti-25Nb-3Zr-3Mo-2Sn, TLM)) & 44115 #EL & 41, 2 51 660, 720 C
BEAT AL B DL X 720 C VA G M TE 510 CHEATH BUb#, FIHSH BHEE. XRD. FIRBLMH KW DR 547 T

NN SO0 % ANV c3- i) A

AN RS E M 2 AL, B AR T, TR R K

FIAE i VA BB e BRI o R, AR S BL R B HIUE A D& o Mo RO RES, BRI o HEAE &R BT i
R, HEMELLTER fra ' fra"+a—fro, BYIFERT 3 hid, o AHEGHT B AR 77- M0AE Y 2RFK < XU AR R
99 FE RN A RORERC, FURLBRE . ARG e SR AR T, TORE R BEAR . LR G MR 720 'C+510 C, 3h

B S B B E R
KGR pAEKS 4, TLM: 4015 EE, 42,
FEESES: TG146.2°3

1

XHERFRIRAD: A

X EHS: 1002-185X(2017)09-2651-04

B L SRR N R o] 1 LK, B 50 T R 5 R Y
eI 1) S B L B e In T4 R s B TAR 3 1) a5
Jite . BT E R B TSR SSRGS A R B AN
BN, S & RN IRICIZE &% . ENILE X
e, R T RO AR T I AR A R AN, iR BB
SR ARS ) ST 77« B0 1)l ) SR P SRR R IR
Wi fE O 3161 AN, H2H R EIRE (Y4
200 GPa), FECHEA Gyl id 52 s il i) Mg . [ i
WF TR I, L8 I Y ao 7 o AN B 40 1f 5 S 28 A o
MR VER T Crf . NPT 8 1 P £ 51 i = 38 0
BETT 2 PR AN B A o S 2R R A A
GELY/ Aoy E o N TR CYSEI R NSO VA RS S
ol B o SRR A B B S SO R FE ) E BRI R
DI RAG I N W it — P4 m, BHRESAHENITER
Ni B 10 Sl 45 0 2 R 7 LI R 1) K 99 sz P 4k 29
DRI I 5 380 B S 2R R I 2 BRI A SR [ P b 22 38 1T
FURIFA AT, R, @I OB B ARG S IR Bk
P AR AR 256 T RE R 2 — AN B 2L TT 1)

Ti-25Nb-3Zr-3Mo-2Sn (TLM) &Z&%F Mo &
d B8t —MASFRE TR EHIE B
ARG &M, am ARy Za & A RIFN
AR YE S E RS 0 I S SRR R R AR
MDY RE AR ORI S A AR
TR HR R, fHGE Rt TIA

It HEA: 2016-09-07

316L REFEMNE R (Ry>670 MPa. E<193 GPa), i
SR R i )RR B R, A — AU Ik 3
LLYRp

B TLM & &7 B R EE, w7 i
W BT ZXT AR SRR e 1S R R R,
DUIA SR B B & B ) A AL TR T2, 3ETG 318 B 0 R 1
Gaky/ WAk S c 3 IN I R=

1 52 I

K N @4.0 mm>0.3 mm A TLM 4k & 44
Mo RS TLM KA £ HIAHAE 51690 C), 43 7 £ 660
720 C#t47 30 min AL (ST), HEEHSHEY,
TV (AC): JEXF 720 CREIEREMAE 510 CHr i 4T
1. 3 % 6 h [\ AL BE (AT). KA 1 mL HF+2 mL
HNO3+97 mL H,O Ji ih & W rh 2K, 7€ PMG-3 B4
HEHEE (OM) M HFO A ZL: FH D8Advance X
SR ATEHC AT ML R (B AR S5 Cu #E, FHE
Fil: 3090 % HiJE 40 kV, & HLJi 40 mA); FH ik
FE = 5 f I A 1% R GB/T228.1-2010 (4@ A Kl =I5
PR 56 J7:) 7E INSTRON-5985 7 75 R & ML Ll
58 (IR P Sk 110 JERF 000 75 I R Fobobd b B 3k, 32 % B
50 mm, H7EJEFREA K A4CEE, Bk,
B 1FTR). ERHES (SEM) LW H ki,

EEWH: P EARBCRELIH (2016KTCG01-04); 4% AHY R H# 4 (XBCL03-18)
TEHEN: XDUE, B, 1988 4£4:, Wit P B E&EU sk, B Pi% 710016, Mif: 029-86222297, E-mail: hyliu_5220@163.com



WA SR ELS TR

46 3%

* 2652 ¢
N
.
£
£
NN

K1 M
Fig.1 Sample of the tube tensile test
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Fig.2 OM microstructure of TLM alloy thin-tubes: (a) cold rolled, £~25%; (b) ST-660 C; (c) ST-720 °C; (d) ST-720 C+
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Fig.4 Stress-strain curves (a) and mechanical properties (b)
of TLM tubes
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Table 1 Mechanical properties of TLM tubes with cold-
rolling, solution treatment and aging treatment

State Rm/MPa  Rpo2/MPa  Asomm/% E/GPa
Cold-rolled 833 579 10 56
660 C 673 480.5 14.0 68.9

720 C 626 443.0 29 725

720 C+510 C,1h 636 326.6 175 72.5
720 'C+510 C,3h 696 362.6 11 74.2
720 'C+510 ‘C,6h 709 510.8 9.5 77.9
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Fig.5 Fracture morphologies of TLM tube subjected to cold-
rolling (a) and solution treatment at 720 ‘C (b)
AN H R A NGE I W 2 AR HE R
SIEYERE, (HJ2 AT DN G G 0 W 2 U il 4

3 &£ ip

1) AELEEMAE 660, 720 CIEWE G 0% A
g1, B BT S, PSR R T R AR
DL B TS S AL 2330 B AR o AHAL %, AHAZ FUBLR
% fE e S A D& o Mo

2) FEVEREMBIE R FRAE, 2B h i
DEGI A SIMa A7 B AR Fs Bl [ e P T vy, A R
FERRAR, JEffZedg e, R E B .

3) WU, ERE o MTE ST H ER, &
SHBUILTEN pra""—p+a"+ra—pra; B BT R [E]
B3E I, RN, WAL, EMAE 720 C
3%, FFAE 510 “CHI 2L 3 h ] DLSRIS AT 256 1%

PERE -

S 30k

[1] Niinomi M. Metallurgical and Materials Transactions A[J],
2002, 33: 477

[2] Cwikiel W, Willen R, Stridbeck H et al. Radiology[J], 1993,
187: 667

[3] K&ster R, Vieluf D, Kiehn M et al. The Lancet[J], 2000,

References

356(9245): 1895
[4] Yu Z T, Zhou L. Materials Science and Engineering A[J], 2006,
438: 391
[5] Yu Zhentao(-F#&¥), Zhou Lian(J& B&), Wang Keguang(F 7%
) et al. China Paten(# [E % #), CN1490422[P]. 2004
[6] Ma Xiqun(#k FE #£), Han Yong(#% ), Yu Zhentao(T-#2¥%) et
al. Rare Metal Materials and Engineering (%% 4:J&#4 ¥l T
F£)[J], 2012, 41(9): 1535
[7] Kent D, Wang G, Yu Z T et al. Journal of Mechanical
Behavior of Biomedical Materials[J], 2011, 4: 405
[8] Kent D, Wang G, Zheng L H et al. Material Science Forum[J],
2010, 654: 871
[9] Kent D, Wang G, Yu Z T et al. Materials Science and Engine-
ering A[J], 2010, 527: 2246
[10] Wang Y B, Zheng Y F. Materials Letters[J], 2008, 62(2): 269
[11] Moffat D L, Larbalestier D C. Metallurgical and Materials
Transactions A[J], 1988, 19(7): 1677
[12] Ma Xiqun, Yu Zhentao, Niu Jinlong et al. Transactions of
Nonferrous Metals Society of China[J], 2010, 20(S1): 410
[13] Yu Zhentao(T-#%#F), Zhang Yafeng(ik I #), Yuan Sibo(i=
JB.7%) et al. Rare Metal Materials and Engineering (% i 42 )&
R L FE)[J], 2008, 37(S4): 542

Influence of Heat Treatment Process on Microstructure and Mechanical Properties
of TLM Titanium Tube

Liu Hanyuan, Yu Zhentao, Ma Xiqun, Yu Sen, Zhang Yongtao, Wang Chang, Zhang Yafeng, Cheng Jun

(Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: An alloy with the normal composition of Ti-25Nb-3Zr-3Mo-2Sn (TLM) has been prepared using cold-rolling technology for

application as a thin tube material with @4.0>0.3 mm. The heat treatment process has been carried out for TLM at 660 and 720 C; in

addition, the TLM alloy with 720 ‘C solution treatment was subsequently aged at 510 “C. The effects of heat treatment and aging process

for TLM on the microstructure and mechanical properties have been investigated by metallurgical microscopy, X-ray diffraction and

mechanical measurement at room temperature. Results show that the column-like crystals can be observed at any heat-treatment temperature.

The average grain sizes increase with increasing temperature. The phase transition from g+a" to a occurs in TLM. The mechanical properties

depend on heat treatment temperature, due to the phase transition induced by temperature. The phase transition are dynamic, which can be

described as f+a"—f+a"+a—p+a. The presence of o phase is beneficial for improving the tensile strength and elastic modulus and declining

the elongation ratio. The preferable comprehensive property can be obtained by 720 °C, 0.5 h (ST) +510 C, 3 h (AT).

Key words: g-type titanium alloy; TLM; small diameter thin-tube; microstructure; mechanical properties
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