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Effect of alloying element Al on thermal stability of
Ti40 burn-resistant titanium at 550 C
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2. Titanium Alloy Research Center, Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: The mechanical properties of Ti-25V-15Cr-0.2Si and Ti-25V-15Cr-2A1-0.2Si after thermal exposure at 550 C
for different times were studied, and their microstructures were analyzed by OM, XRD and TEM. The results show that
the thermal stability of the alloy decreases obviously with the addition of Al element during thermal exposure process.
The analysis results of microstructures indicate that the addition of Al improves the precipitation of TisSi; and o phase,
and after 550 ‘C thermal exposed for 200 h there formed TiCr, ordered phases in the alloy with the addition of Al
element. The decrease of structure stability and much more precipitated phases are the main reasons of the effect of
alloying element Al on the thermal stability.

Key words: Ti40 burn-resistant titanium alloy; thermal exposure; precipitated phases; mechanical property

Tid0 & AR E B ERTR W BRRER & 6 Tt
REA, WA T R 2 A G E 2 2R
AR AFRYERZRG 15V RE, MR MR 23
MR A A EOR % G S th 2L AT B M i v e, Bk
JE T A AR ay A DA Al FEdE . AVRGEDE
RERE Fld PERE I — DN EZLEAR, 0 ABE PEREMIEIT
& Tid0 G NEETTI . 1 Tido FEusT,

Al THEEKREESWN—FMEZESESICE, BT Erm
N, AMEA] LUK S AGR I ALV 8] A 4 A ),
AT LB A AR A AR S AN BRI S S VR E
X, SEE SRR LB R [ A6 5 i A R 5T
ot [ 38 S A5 S AT R A9, A FH 1K A 42 46 OBy
B4 95 Rolls-Royce A #] [ Ti-25V-15Cr-xAl-xC &
&, AR EE R A S ARG TR, WH

HEEWH: MEELSROREEBIHHMKPT-01-101 (ZD)); B “973” %BhIHH (51333)

Wi EE: 2006-12-21; &iTHHR: 2007-06-19
BIAEE: BUKPS, #d%; Hif: 029-86266577; E-mail: trec@c-nin.com



1476 PR R AR

2007 49 A

X1 Al T FE IINE AT X LU AR SOHE RS B AEdE— 20
W ALTCRAERAE ST IEN, R BR KA
S IRIBE VAR T R S (4L B i (1 B VR A o

1 % I

S A 4R B () 4 2 | |AE LI
3 UK R, RS kg RS, TFIRHOE K d 25 mm (1)
BFE, K5 I d 12 mm FOEERE, FAKb3E N T
J d 5 mm FRARAERLARBUREZEAT FARR e S0 (R S 56 45
T A () 1 2 RE) o ARG EE T 200 S50 S 44
A St AE R T 2. 820 'C. 0.5 h, /K¥%+ 600 C.
5.0h, Z¥ . BFESEK T 204 550 Co Rl #k#z o,
50, 100 1200 h J5 MRS ER AR ERE . BT 112
PEREIIALE Instro—1185 Hr AL AT /£ OLMPUS
PMG G2 B8 . PWI1700 B X 5 £ Ay S AR
TECNAL G2 20 Zig 1 W lise AT WA 200
ERIIHT

S BT I P Rl A 4 I 48 SCRGAr A il R
Ti-25V-15Cr-0.2Si(1 5 & 4r); Ti-25V-15Cr-2A1-0.2Si
Q2 FHE4E). Lt 1 5584 0% AL G4 E ot
FEBEWTHIE) Tid0 A 4144 UK ST o

2 ER50H

21 hEMEe

1T A aAE 550 C TR FE AN H] IR g 2
PERE. X THISE PEIBETE, 8 AMWA T i —
JERIARREEIIET, RS I, SOk
[7-8] L HIFH] Tid0 A4:7E 600 ‘CLL R TAER;, 44U 2%
B R E, RIS TR IR N o AR
G AL T Tid0 gy, SERRREAE 600 CRLT, wLL
AFBRIMAA K, N A AR € 2 G &
550 CHREREE S PERE MNP IR 25 o i SR TR R AR
SEVERENR, ARG EE R — AN O R, T2
PERERT O — AR B S A B A A 200k 1Y, B0 i e 25
IR, S serte, LB — R AEE T,
I PR R I IR — B AL T R REEHA . fEARSE T,
T EMERE T LLE I, TERA T 1 52 2 564,
TEMGRFEFE T, & S PEH ™ G, KRR A4
PR R AR A F R BT I — A e AR i 2
170, BRI R RS ARGRET . R R . iR

P 50 h B EARL GRS, X RE R Sk

B TRGE TH 15 2 5 & BAEANR
MERFER I TERE, RIL Al TGRS SRR R
WSS AR, (H RS R P E PERE . ZEAR ]
REBAEAETN, 2 S BIEaR T 1 568, e
HPERFEERE] 200 h 5, T g R,
A e e S SEAR R ATCVE DI o X Tid0 54k
Bl BEVER AR ZLR R S ST A O, K
o i) i PR S e P A it T G S R T 55 4
B SR A < RO LS E A e
Ao 2 5 E RN R, UENXAHZN
AR 2 R TR

F 1 G550 CHERERANRIN 8] 1) 77 2 fE
Table 1 Mechanical properties of two alloys after thermal

exposure at 550 C for different times

550 ‘C,0h 1025 980 21.0 36.0

550 C,50h 1050 1020 5.4 9.0

: 550 ‘C,100h 1060 1025 2.5 5.0
550 ‘C,200h 1040 1010 1.0 3.0

550 ‘C,0h 1 060 1 050 16.0 22.5

) 550 C,50h 1 050 1 040 33 5.0

550 C,100h 1090 1 060 1.0 23

550 C,200h 1035 — — _
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Fig.1 Microstructures of alloys after thermal exposure at 550 “C for different times: (a), (¢) and (e) are respectively alloy 1 for 0, 50

and 200 h; (b), (d) and (f) are respectively alloy 2 for 0, 50 and 200 h
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Fig.2 XRD patterns of alloys after thermal exposure at
550 C for different times: (a) Alloy 1; (b) Alloy 2
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Table 2 Elements analysis of unknown phase

Element Mass fraction/% Mole fraction/%
Ti 34.70 36.45
A% 17.72 17.50
Cr 47.58 46.04
3 1 i

1 SH2 SHEEE TS &4, HbBEER
has AL, BATBARAAR A, Bk i AL TR,
FEEF B GG S AGE ALV Fa& 611
), FIEE T Al TTEfe G AR S, A T A
W B A e AR, A Sl R & S
FeoE M, HMNSLISRAE Al o0 T HREE A .
X RO T RERE T, Al JGER AR W EAE
M H—, e, digeettfaa; L=,
B AR ETEFRAR, X IARE A F . I 45 I T
I RHLELE = FEH . X TSENTe. atp &4,
HT AR ZH Al LR, (IE6 S RALR T S
B, PRIET HIREE R B RN & & TR
AR WX TEEMIE By B4, Al JUHE B
TEAER FR I P AR MR 3 R AE . AR



1755 9 FALAR, S AL JCEXT Tid0 BLAA G 42 550 CHE & MERIF M 1479

© 0 (h) (103), (i) 02)  (106)
“32) /_,/ \, . _ . //..-- - W
- ,.j(\ N o) @20~ NN
(13233(--’ \O11);__S\— ' (0T11), _ (TO11)TiSiy ““_'_f.,}f---’
\ (002, » l(sz), o< , ) (000) o -
\. (000) \ (1210)TigSisf— J20nTissiy (102} g
N\ A "/ (0000 /
N = - —
moi),r( e @D eaonyigsil : 4‘ 1210)TisSi;
SELUIIAN . - g
\ .\) “i]'_)} ( (1ﬂ||]TiSSi3 . {022])TI5SI3 . .
\ - (130) N > o)
(132, N
(AT03)> TiCr, [010]

2[7253]  Ti.Siy[1012]

3 A4 550 CANIFIHER EIN ) ) TEM R AT 5T B AT

Fig.3 TEM bright and dark field images after thermal exposure at 550 ‘C for 200 h: (a), (b) Bright and dark field micrographs of
o phase in g matrix of alloy 1; (c), (d) TisSi; in alloy 2; (e), (f) hep TiCr; in alloy 2; (g) A[310] and o[322] diffraction patterns of
(a); (h) a and TisSi; diffraction pattern of (c); (i) hep TiCr,[010] diffraction pattern of (e)
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