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H[Al~(Tiy3 7Hfy 3)1(Alp.6oSno.15Si0.12(M0/Ta/Nb)g 3) 0 & 1
i TiZARINE SRR > R 724 Ti 1100
TEWZ a4, B Nol &4 e A s A,

Hfy3 AR Zrgs ITERL No.2 &4x; 7EbHEAl -, Tages
AT Nbyg g3 73 A Mog.os I TE R No.3 #l No.4 545

Tag015Nboors &5 L B AXHS S No.5 & 4, Mogor-
Tag01Nbg o1 55 LB AR A No.6 &4x, ARG 4
WIC R IR T i & S A Jr 22,

S T EOR N 4EE 99.99% () Ti Al F1 Zr,
99.95%(JFi 72 O M Mo+ Ta. Nb. Si Al Sn. 14l
Ar LY I 1 7 v 4% R A A I RE S 4
B, I BLASHSIIR EE OA B R %% ELAR N 6 mm )
HaE, FUERRAEL 0.1%. K& EHEE 950 °C
A AL BORR 1 h J5KEE, JFAE 560 CHEATIN Rk 2
{595 6 ho K[ Bruker D8 Focus X UL AT5HH Y (XRD)
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1 [Al-(Tij3Hf)3)](Algg0Sn0.18Si0.12(Mo/Ta/Nb)g 03) 51l 15 S e M B AL LA HTAAAL PERE(800 °C, 100 h)
Table 1 Compositions, microstructure, and oxidation mass G* (800 “C, 100 h) of designed [Al-(Ti;37Hf}3)](AlyeeSng 15Si0.12-

(Mo/Ta/Nb), o3) alloy series

Alloy Composition . G/
luster formul Microst _
No. Cluster formula (mass fraction, %) 1crostructure (mg'cm 2)

1 Al-(Ti1372503)- Ti-6A1-2.75Sn-4Zr-0.4Mo-0.45Si Lamellar 13.6
(Alg 69Sng,18Mo0g 03Si.1)

2 Al'(T‘me”)ﬂ Ti-5.83A1-2.73Sn-6.85Hf-0.37Mo-0.36Si Lamellar 4.9
(Alg.69Sng,18Mo0g 03Si.1)

3 Al'(T‘”'7Hf°-3)ﬂ Ti-5.81Al-2.728n-6.83Hf-0.69Ta-0.36Si Equiaxed 22
(Alg.69Sng,18Tag 3S1g.1)

4 Al'(T“3-7Hf°-3)', Ti-5.83Al-2.73Sn-6.85Hf-0.36Nb-0.36Si Equiaxed 2.4
(Al 69Sng,18Nbg 3Sig.1)

5 Al(Tirs7Hfo.)- A Ti-5.82A1-2.73Sn-6.84Hf-0.34Ta-0.18Nb-0.36Si Equiaxed 2.0

(Alg.69Sng,18Tag015Nbg 15Si0.1)
Al-(Tiys 7Hfp 3)- Ti-5.82A1-2.738n-6.84Hf-0.12Mo0-0.23Ta-0.12Nb-0.36Si  Equiaxed 22

(Al 69Sng,18M0g 91 Tag,01Nbyg 91 Si.1)
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Fig. 1 XRD patterns of aged [Al-(Ti;-,Hfy3)](AlygoSng 18-
Sip12(Mo/Ta/Nb)y3) alloy series: (a) Zry3Moges; (b) Hfys-
Moy 3; (€) HfpsTages; (d) HfgsNbgos; (€) HipsTago1sNboois;
() Hf 3Mog 01 Tag.01Nbo 1
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e TRV A i S R 4, (E S R AR e M 2
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HEHAMER R E BEHARAZ; Ta Fl Nb BEHAR
Mo I £ 46 15 & 4 0 0l f m& A BRI, JudL ™y
Moy o1 TagoNboo 55 LE W3 NI, & &6 5 % 2
323HV. AR L & S BEAEA B sgm, {1
SRR REANR, BEARSR UL, X RGP T
320~360 HV 2 [f],

SPHIAE 650 CH1 800 C R XSRS K R A& 4
HEAT T P E AR AR, LI RS TH 100 h, fF
25 hdsk— ARG N, 1B 4 3l T RAE
SACIX AN N AR I 2. "TUUEH, 7
650 ‘C4Ak 100 h Ji&, No.1~No.6 & 4 14 Ak o 548 hn
G'HI/N T 1.0 mg/em®, Hrp 25 L 4 10 S A0 T e 1
Inf Kl 0.9 mg/em?, Hf. Nb Fl Ta &4 AL HI& 411
AL RN Gl 0.2~0.3 mg/em?. AR, RAEG
AL 800 TR ERbtE M IERE B E N2 TS S
4> No.1 [, ZLL Ti 1100 4454 100 h J5 4405
I G'=13.6 mg/em®, 1fi Hf 48 Zr i, 45 No.2
PR ) BE S A, A TEE I G'=4.9
mg/em?®, ZINS A4 1/3; (ESEIERE 1, Nb Fl Ta
AR Mo 145 42 No.3~No.6 [tk it it — D4,
R e B A AT v, AU TR I N2 2 (2.240.2)
mg/em’, 580 Taw Nb G R MA SPURILRE M.

K5 fion hiZ R 5144 800 C4AL 100 h Jm AW
JEFE . v LA H, 264 No.l RIN AR 4 R
AR, IHEA R ARG RIS, WK S@PiR, A
R ™ E . HE BR Zr J5, No.2 A&RINAEE A
AR, I/ IR R, W 5(0)FT7R. Ta.
Nb A ] L7148 Mo T8 #1164 No.3~No.6 L2k
F e, R0 RE RV, WK 5e)fiR.
M, ARHE R A AL 2 4 R RS I A
JERE, Hh S EEE ™ E, ANEEEL N
150 pm, FAZMFEING, W 6(a)fin. HE &
AR Zr JG &4 Hfy sMog s(No.2) B AL B B E B2 BHIK,
214 18 pm, HAEAZAME5], WK 6b)Pin. /&
IEHER Tay Nb AN[H LU 1) & b S A A0 2 R B
WA AR, 2004 15 um, HAAALZ A 395,
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ik, S dRTTER(HI Ta/ND)ZS IR o-Ti 135 mill T A PERE K 520 2089

B2 WU RINGE [Al-(Tijs HE)3)]1(AleoSno. sSio.12(Mo/Ta/Nb)g o3) K AR 2 41 21
Fig. 2 Micrographs of aged [Al-(Tij;;Hfo3)](Aly.g9Sng 1851.12(M0/Ta/Nb)yo3) alloy series: (a) Ti 1100 Zrg3Mogg; (No.1); (b)
Hfy3Mog,03 (No.2); (c) Hfy 3Tag,03 (No.3); (d) Hfy 3Nbg o3 (No.4); (e) Hfy3Tag,015Nbg.15 (No.5); (f) Hfy3Mo0g 01 Tag 01 Nbg o1 (No.6)
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B3 R E[Al-(Tijs Hfo3)1(Alg.6oSn0.18Si0.12(M0/Ta/Nb)o 3)

I R0 i

Fig. 3 Microhardness of aged [Al-(Ti;;7Hfy3)](AlgoSng 15-

Sip 12(Mo/Ta/Nb)g ¢3) alloy series
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rEcae e, O FE Ti Hp ) A B K (B K i i
JER 14.3%(FiE 53 50)), WO EER N & &tk s #Ex O
B0 AR BT« AHA R &S Ts =206 O g
HO AN R P BEBSAE F , E MRS & S Pt e L Re )
KA Hio 3 AR Zro s J5Ar 410 AU T i 14 A1
RABERE, R HE JCRAEWIR R E L & A St
FALRET), Ta Fl Nb #—DHSMS IR EEMPA
fhfe oaksde s, Wkl 6 fiw, HE. Ta Fl Nb JCEN
LTINS AE G G 3R T = A — 2 80% B Tio, &
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Fig. 4 Oxidation mass gains curves of aged [Al-(Ti3 7Hf3)](Alg.g9Sng 1851y 12(Mo/Ta/Nb), o3) alloy series at elevated temperatures:

(a) 650 C; (b) 800 C

(@) (b)

©

B 5 MmARG|E4 800 ‘CEHAL 100 h F AN LK

Fig. 5 Appearances of typical alloys after oxidation at 800 ‘C for 100 h: (a) Ti 1100 Zry3Mog¢; (No.1); (b) Hfy 3Mog 03 (No.2); (c)

Hf, 3Mog 01 Tag 0 Nbg o1 (N0.6)

150 pm
S

6 HLTZF454 800 ‘CAE 4k 100 h SEM 1 TES A

Fig. 6 SEM back-scattering images of typical alloys after oxidation at 800 ‘C for 100 h: (a) Ti 1100 Zro3Moge; (No.1);

(b) Hfy 3Moy 03 (No.2); (c) Hf 3Mo0g 91 Tag 01 Nby o (No.6)

ALO; A ML)Z, BG4 — bk W HE AHX Zr
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4 Zig
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o 021, T BCC-B AHH L. R4 IR 22 5IAN K,
214 320~360 HV,

3) mlRPUAEA SR A RN RGBS LG
AL 650 C RN HAB M HUEARED], 1M14E 800 C
. A1 Ti 1100 AL, HE 24X Zr J5 & 1IPTA L RE
WP, Ta M Nb L&MW EEERPUARE
Dyt —Uafan, 100 h 5 9%AL SRS i Ti 1100
[ 13.6 mg/em’® PEIK % (2.2+0.2) mg/em?®, %84LJZ2 RS
W HH 150 pm FE(KE 15 pm.
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Effects of minor Hf/Ta/Nb additions on high-temperature
oxidation-resistant properties of near a-Ti alloys

CHE Jin-da', JIANG Bei-bei', WANG Qing', ZHANG Rui-gian?, TANG Rui?, CHEN Guo-ging', DONG Chuang'

(1. Key Laboratory of Materials Modification by Laser, Ion and Electron Beams, Ministry of Education,
School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, China;
2. Science and Technology on Reactor Fuel and Materials Laboratory, Nuclear Power Institute of China,

Chengdu 610213, China)

Abstract: The composition characteristics of near a-Ti alloy Ti 1100 with the guidance of a cluster-plus-glue-atom model
were investigated. A new alloy series with the cluster formula of [Al-(Ti;; 7(Zr/Hf)g3)](Alg.6oSng.18Si0.12- (M0/Ta/Nb)g g3)
was designed by adding minor Hf, Ta, and Nb. The structures of alloys were characterized, and the oxidation resistance
properties were measured. The results show that the Hf substitution for Zr doesn’t influence the f transition lamellar
microstructure. While that various combinations of Ta and Nb to substitute for Mo could form equiaxed o microstructure.
The oxidation-resistant capacities of designed alloys are enhanced obviously at 800 ‘C in comparison with that of
Ti 1100. The oxidation mass gains of the designed alloys with Hf, Nb and Ta co-alloying after 100 h at 800 “C are about
(2.2£0.2) mg/cm?.

Key words: near a-Ti alloys; composition design; minor alloying; high-temperature oxidation
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