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Reaction mechanism in fabrication of high Nb containing
TiAl intermetallic by blending element powder metallurgy

YAO Xun, ZHENG Yi-feng, LIANG Jia-miao, ZHANG De-liang

(The State Key Laboratory of Metal Matrix Composites,
School of Materials Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Compacts of Ti, Al, Nb elemental powder blend sintered at temperatures of 800—1 200 “C were characterized
and analyzed. The results show that molten Al liquid first coats the Ti and Nb powder particles, and then inter-diffusion
happens between Ti and Al phases during the preparation of high Nb containing TiAl intermetallic. The extent of the
reaction becomes lager at a higher temperature. Multiple reactions happen during sintering. Ti particles are consumed by

the reactions at 1 200 ‘C, but the Nb phase still exist. The o-Ti phase still exist after sintering at 1 000 ‘C, showing the

sintered powder compact may have excellent workability.

Key words: TiAl intermetallics; powder metallurgy; elemental powder reactions; reaction mechanism

TiAl &S RSP EATICEE . mls R
R . PUEATE DU UG A YERE, Ok e B
Tt gs ka2 —12 Nb 76 TiAl kb A
HH R AR RE ] . HAT, TEERMEIEG S
(¥175 7254 5 Nb 75 i TiAl G @ &5, (Hied%ke
16 G AR S R 2R AT R KR G2y
P TIAL < IR AE A )R] LAAT 280t 36 S bl o
Kifrdhils TiAlL S A 59 Z SIS Sl
UL OICEM AR SN o PR Bt A 4800 2

WisBH: 2013-07-28; &iTHER: 2013-10-10
BIEEE: MR, #HIZ, 11; E-mail: zhangdeliang@sjtu.edu.cn

Joil e B AT HAR G o R A, 1G5 ARIL AN
T uER AR T I FL SR A AR, BATRUS K,

FIHT 5. & Nb & & TiAl @ RSP el n T qg
BN FIHTCEMARMA G RN, PR — 5

Ti A, AR Ti AR B4 S A b 1) (AR R BAT R A
PONTVERE, AR TR H bR G, X4
FHEAT FRAREE M i m] LAFS 21 S 0 A4 R H] PR RE
Pt AU WA Eh M . ASCAEHIESL T Ti, Al Nb
TCFMI AR, S S NRE LS Al N TR REMI DG R



§752 A G

1 X8

A SER AR 44 SUSSr Ti-45A1-8Nb(JR 141
IE Y%)o SER AT FH B R B iR, B
SPRIRLEE N 75 pme ALBMEZSALERE, TR
45 um. Nb By P3IRi A 45 ume K Ti, Al, Nb
W ARHEMALE S 12 he IBEFEM AR 500 MPa &
FI A 28 mm F4E 7 30 mm FI AR IR, KRR
JFEHRN B4 S TR 7E 800 °C, 1000 “CLAK 1200
CHr A 1 b kit F b AR Al RS PR S
o BREEEHIARE, b, M SEM Xy Hk
AT EER 53T I H XRD % AT HAH 4347 -

2 HREWR

Kl 1 By Ti-45A1-8Nb #3 K5 5i4E 800 C,
1 000 ‘CHI1 200 CHe45 1 h 5 BE#kIRITES X XRD
Kl . B 1] LLEH, 7E 800 CHe4lfa, itk
P R, BRI [ T Bk R R ] FELRTAS R TR
(1) Nb Ky ARk A [ G 22T e s IR 2R . ¥l 1(b)
Ji7s, £ 1000 CHELL R, WgEFEIX AR . 7£ 1200 C

S

2013412 H

WA T, RS X AR, A [T RORL A 2 AN
TSR L, IR H 0 Nb & HEX A D, ik
5 R0RL 2 B] PRI G AR R B X o NS R ¥ SEM
Pl T U BRI FLBR, 1% 2 HH ALY 584
BRI B 1(d)FTRN Ti-45A1-8Nb 7EAN [Fiim B besh
FRIRE ) XRD 3% . 800 CHe4t Jm U BLHIA N o-Ti,
Nb, ALNb LAK ALTi, Al B4584H %, #£ 1000 C
Pedhifa, LT y ALK ap #H. Mbegbi T s 1
200 °C, NHEFHILT a-Ti. HARELE 800 C KNI,
AUB R BURL 8 A4k, AR 5 Nb Al T R AR ORS¢
N, S3nlJER T ALND BAA ALTi , {HZ R INVANES:,
AR KEN Ti 5 Nb . MiRETH R,
ALTi-Ti J WA ALsNb-Nb SN, 4355 4 FE AR
Ti 5 Nb, 13 Ti 5 Nb 3 &> I y MHELK o
Ao MR NARFEARET S, AP, I OB
o 5y PIHHX, HrHin o 4.

Bl 2 i A 800 C a4k IEIFE i 1) SEM FEF XS B
(1) EDS TR I 2 FTLLE e B A B e
TERER BRI I T J T W s R 454, gk IC # M4y
UL Z IS A B A 5K, BB AL AHAN Ti Al
RAT RN, [FFENb 7 800 CHH & k4 T H,
UEWI Nb 5 Al Z [ C R AR T O, H 2 S W FE
AN, BRIRMSE Ti W ARRLAN BRI 26 Nb B AR 0k
FEALRFEFORII AR - EDS -2 B0 (K 1) &M,

. 7 = rd

Bl 1 Ti-45A1-8Nb A& AEANFREERESS 1 h ER KB EIESS XRD %

Fig. 1 Morphologies and XRD patterns of Ti-45A1-8Nb sintering at different temperature for 1h: (a) 800 C; (b) 1 000 C; (c) 1 200

‘C; (d) XRD patterns for sintering at 800, 1 000 and 1 200 C
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Fig. 2 Morphology and EDS mappings of Ti-45A1-8Nb sintering at 800 ‘C for 1 h: (a) Morphology image; (b) Al distribution; (c)

Ti distribution; (d) Nb distribution
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Table 1 EDS analysis at regions shown in Fig. 2 (molar

fraction, %)

Region Ti Al Nb
A 87.2 12.8 0
B 25.4 73.7 0.9
C 11.7 73.0 15.3

7E Ti PRI RETE R T Ti; Al SALE), e Ti
R AN & TiAL(B #), 765k Nb (F7hE, Nb &
25 ALRET RN

YRR THE E 1000 CIF(&] 4), AHZ I8
P, Ti 5 Al Z A ES HUr) X R E R, Ti
AR B O E2A bE ALG T, {H Nb Bk Lk
A HARICER . HPeaiRE T H] 1200 CHE(E 5),
KHEM Al JCE IS Ti FORLI LXK I, R
(1) Ti RIS 5 T V.. H 28 Nb Fiok f Ok AR
B ARG, B AL AT Ti £E Nb A fdr o
B . X 5 nE S LR AR — B EL BB T A,
Ti, Al, Nb Z W B IFAS R alifd) Ti 5 Al VAR
% TiAly 58 TiAL 884 2 TisAl, 1] 23 LR B A #R1E
TE TR RN . il BT s B AL s bl b

I, Al JFhasste. AL BREAE Ti BURLL & Nb Btk
JE 5 Ti R Nb SR 1, RAER . R IFIA
5 Ti BUFHE AL WP B R AR Ti T
R TE-AL SGHIEIE 3), ANTORE AR Ti
BT O NJEHTTF 66 4 ANCTIE MK AT 251 800 C
I, AICTIVABER, 2SR k. BER S ) ALCTI)Zk
45 TiORAERN, A ALTi. R AL B Ti

w(AD)/%

80 100
180 00 2|0 4|O 6|0 (

1600

[ —_— —
(=3 [\ &
(=3 [ [
[=} S S

Temperature/C

800

600

‘,zlzTiAlg (A

80 100

0 20 40
(A%

3 Ti-Al —JoHIEE)
Fig. 3 Ti-Al phase diagram!
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Table 2 EDS analysis at regions shown in Fig. 4 (molar

fraction, %)

Region Ti Al Nb
A 95.4 4.6 0
B 68.6 314 0
C 12.6 71.2 16.2
D 0 0 100
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Table 3 EDS analysis at regions shown in Fig. 5 (molar

fraction, %)

Region Ti Al Nb
A 81.8 18.2 0
B 66.1 33.9 0
C 51.6 44.1 4.3
D 0.66 72.2 27.16
E 0 0 100
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Fig. 4 Morphology and EDS mappings of Ti-45A1-8Nb sintering at 1 000 °C for 1 h: (a) Morphology image; (b) Al distribution; (c)

Ti distribution; (d) Nb distribution
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Fig. 5 Morphology and EDS mapping distribution results of Ti-45A1-8Nb sintering at 1 200 ‘C for 1 h: (a) Morphology image; (b)

Al distribution; (c) Ti distribution; (d) Nb distribution
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