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Fig.1 XRD patterns of 45A1 and 45A1-Y,0s alloys
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Fig.2 OM (a, b) and SEM (c, d) microstructures of 45Al (a, ¢) and 45A1-Y,05 (b, d) alloys

F1 B2 2d PREME SR EDS KA HER
Table 1 EDS analysis results of different points in Fig.2c and 2d (at%)

Point Ti Al Nb \4 Y O
1 46.63 47.55 3.40 2.43
2 48.39 38.94 7.64 5.04 - -
3 13.17 14.42 0.62 22.79 49.01

R 2 45A1 T 45A1-Y,0; S EEARLRE T B S8 5 (7 1% 8¢
Table 2 High temperature tensile properties of 45Al and 45A1-Y,O; alloys at different temperatures

Alloy 800 C 850 C 900 C
o/MPa 0/% o/MPa 0/% o/MPa 0/%
45A1 579 8.1 590 9.2 545 9.1
45A1-Y,0; 747 14.1 668 22.7 597 22.5

45A1-Y,0; & I sk b vk fe B 20T 45A1 & 4,
MR 800 CTHFE 900 CHY, 45A1-Y,0; &4 It
o BE L 45A1 G450 l4 @ T 168, 78, 52 MPa; &
RS HRE T 6% 13.5% 13.4%. Z5REW, &
T 0.15%Y,0; 43 8 32 = = Nb-TiAl & & AR PR Pz
5 FERIIE A 22, X2 BN YL0; S AL 414k T & 4
2R, RGN T RE I AR AR RORL, R DAE i 4 A
558 TR B AR 1R 3 R R P R O G 4 I v i b A v
Ao BbAh, XA SR B St e AR T R S 4 15
W, BEEMLER T, 45A1-Y,0;5 & 4 8 B BT o
JE£ HE R 1) Yk AL, T S Ar 3R 00 A 25 T v T S s T R
Ui B AN K Y205 1R 3 A0 250 i A ek 88 1 T v 228 W 59

2.3 BERPIET 4R

23.1 REVEA TG T i

2 G 4{E 800 C R4t N 2504 300 MPa iV )
D5 AR fh 2k Pl 3 B o IR ARLE 800 “C A Bs
HEAT 100 h J5 2 1k, e B b U 45A1 5446 800 C .
300 MPa 448 NI, IRARAE 1k 44.70 h, AR ML
RRAWZING . HE 3 a5, MiEARRN )k 250 MPa
I, 45A1.45A1-Y,05 & 42 W URIGEAE A 53 7 2.34%
2.28%; MFHEAZN 104 300 MPa I, 45A1. 45A1-Y,0;
B S VIRIGEAZ N A3 5 3.43% 3.41%. 459RFW,
MU AR N AR AV, 2 BB S R AR A AR S A — 5,
VIRV Y205 X W46 A2 B B s i L4

4 49 2 P G AEAS AR 25 1 P A2 i 8- F [
k. MBI R DLE AT H 2 PG 7E 800 C AN
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© > ———45A1 850 'C/250 MPa
e 6L § s 45A1-Y,0, 850 C/250 MPa
g =10 ———45A1-Y,0, 900 ‘C/250 MPa
w2 [
4 45A1-Y,0,/250 MPa 8 106
2 107
0 1 1 1 1 1 "
0 20 40 60 80 100 10

Time/h

Bl 3 2 F& 410 800 CAN [N ) T A 1oy A ith £
Fig.3 Creep curves of two alloys at 800 °‘C with different
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Fig.4 Creep rate-time curves of two alloys under different test

stresses conditions
3 45A1F1 45A1-Y,0; S EWIE TS H
Table 3 Creep parameters of 45Al and 45A1-Y,0; alloys
Steady-state creep
Alloy Test parameters . Statistical error/% Creep time/h Creep results
rate/x107" s
800 C/250 MPa 1.056 5.75 100.00 Unbroken
45A1 800 ‘C/300 MPa 2.389 2.92 44.70 Broken
850 C/250 MPa - - 14.10 Broken
800 ‘C/250 MPa 0.694 3.10 100.00 Unbroken
800 C/300 MPa 1.500 5.20 100.00 Unbroken
45A1-Y,05
850 ‘C/250 MPa 4.472 4.10 61.50 Broken
900 °‘C/250 MPa - - 12.53 Broken

N TR N AR B TR 7, B BT EE),
M ARVFR VU EIE 6% AN, rTLUAZ P& 7 I
VIS R L B oA o = K E2R N [ MR I B et 1
BN 3 Fizn, 24 800 C/250 MPa I, 45A1.45A1-Y,0;
(1) B 25 0 A8 3 R 20 i R 1.056x107 . 0.694x107 s,
Ja # LR BR T 34.2%; 24 800 ‘C/300 MPa i, 45A1.
45A1-Y,0; RS ARG AR R 43 51 4 2.389x107.1.500% 107
s, EHRTH LT 37.2%, £ 0.15% Y,0s KIS
AJ DL 2 FAI%  Nb-TIAL A AR SIR AR HR, deEs
SPUGATERE. IR, BEN I, S8t
e AP AR 22
232 RRURET664E s R

2 Pty 4:1E 250 MPa 433l 7L 22 800,850,900 C
HHATIRAR, IGAR ML E 5 iR, %1 45A1 H4:1F 850
CINPUGEAPERR A, X HIEAT 900 ClfE AR S0 & A
K WAE 900 CH, Xt 45A1-Y,0; A & HEA T AR R 5
T 800 CI, A 4dAAE 100 h PR ERIR .
4 w40, 850 C FHI 45A1 45 900 C R

45A1-Y,0; f5 4 “OF 67 Freit s Hg AR s R 5ok,
I HALEERARIE AR B . R 3 vl A, il T
I, & & RPuG VR EETEAL . 2N 0 250 MPa,

WJE H 800 CHA 850 ‘CHY, 45A1-Y,0; & 4 HIAa i

18

16 145 Al-Y ,05/900 C wJ =250 MPa
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Fig.5 Creep curves of two alloys at 250 MPa and different

temperatures
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B BdE NI As o By, I HIR AR 77 A B A 12.53 h,
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Kl 6a iR Z N R AE T 2 S G, oW EERI
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250 MPa I RIE N AR AR Y o [R5 1] 62 TAFEIR 2
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BEE R T L, FEARAL LR I A K B Sk ) F LI %
240, U Y,05 RIS S i 2 LI 1
i), PRUESARA ) e e, AL A DR AR 1Y)
FaBIREA A, K 6cy 6d 730l 45A1. 45A1-Y,0; &
7t 300 MPa R AT X Il Z1 . 18] 6¢c 4 ST I 1]
XK LUES, E I B TR B ed i

Voids I
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50 pm

Cracks

WA R X 3, VBRI A, (HHT 45A1-Y,0,
GEAILAM AN, WE 6d hAAAE TR
Bl 6c HobRVEH TN AR T R, 0 U Sk s, H
UG DT I S N TR L, E T e
kTR, X2 T 5 N R L aofy FHIRAEN. )
SETIVE R SRS AR aL, TERFEE R N I ERR,
RGCRWr I AN R, 9 ZRG0 I b a8 1) FCARIC ) 1) Fr
JEAY, e BRI BEASHE oy ey ml, R R A A2
MRS . B 6d hah S IFas LI A e
8, R Y,0; HEEE N EZ IR L2, N 71
KIF, FLRSEIF IR LE & S g9 A A%, Wil 6d
FHERRL TR, JUIHAE 2 A SR AT AR TE S = A FLIR,
KT =X A LA, W™ E,  [H]
A T R 5 R (4 AR T AN B I T LI R A

Kl 7 & 45A1-Y,05 B AE 250 MPa AN [l 45
T EAS E AR X k414, Hor, B 7ay 7b RS
7t 850 ‘C/250 MPa FHIFAA L, K 7c. 7d 7l &G
At 900 “C/250 MPa N IJUREAZAI 2N . 4 1 &1 35 0 SE LT K
XS A2 K 7a Hha] DU 282 1R SORTFLI
YA RS INE, X2 iR, AT SRR
Woshe, e LU Y,0; maksmarissh, WMo
AR ZERE BN 146 . T 7b 2 B Ta T HE () R i
KE, M= UCERGUE R JE 388 A B 8 2SR

Colony boundary -

/
/
A 5 A
\
i \
7N, ~,
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Fig.6 Microstructures of two alloys after creep tests at 800 ‘C with different stresses: (a) 45A1/250 MPa; (b) 45A1-Y,03/250 MPa;

(c) 45A1/300 MPa; (d) 45A1-Y,05/300 MPa
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Fig.7 Microstructure of 45A1-Y,0; alloys after creep tests at 250 MPa with different temperatures: (a, b) 850 ‘C and (c, d) 900 C
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TR S A F LI AL
2.5 BETTRZHLE

Kl 8 oy 45A1 - 4:1E 800 C/300 MPa 45/ Tk A8 J5
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F e S, b, BRI )Z B oo M BB R
M2 R Ay Aoy J2 i WAEE R BT, IFAEA TR IER,
N IIKT 0 5y A SIS G R EE RS, 200 F 2RI
)z AR = AR LI S ] 8b oK AR R 45K,
i LR AR S R AR, AR AR R A AL
SR E), JERRTEZR i AR AL, S5 S
S IR IR o

9l 45A1-Y,0; &4 7E 800 “C/300 MPa {1 i
BIGHIHL TS . B 9a 2y 45A1-Y,05 412 Fr 45 H,
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BIUIENZ 2. B 9b haK Y,0; 58, i T ILAE
JFRF L, AR AELL DI Y,05 BRI M ATE ), W
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3 T AL A2 BN RIS, A9 T dh Ak B 107 4
FERUIE R N rpy e A LI, AHIX S80S E Y,0;,
ERARFHIAL P RS, i 9b T AT S TR .
[, Y205 FIURE AT B T SR8 i, DU L v
REEEME A4, i) Y,05 B AR 2R i i) 8,
MIfTdE— A £ 5l , BRI . eah, Kl 9b
T B LR ROR Y,05 HIARIAERA, T Y05
BE A by ik o A S5 T EAZAZ O, BT L 45 e
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Fig.8 TEM images of 45Al alloy after creep tests at 800 ‘C/300 MPa: (a) lamellar phase and (b) nanometer twins

Bl 9 45A1-Y,0; & 4:7E 800 'C/300 MPa 41 F Ui 28 Ja B 41 4L T 31
Fig.9 TEM images of 45A1-Y,0; alloy after creep tests at 800 ‘C/300 MPa: (a) lamellar phase and

(b) dislocations and twins around nano Y,O3

Pk /D> T A ST Ak A F LI K

H 2 BT BT S PR 41, 45A1 5542 5 45A1-Y,05 &
SN IR A 4.03 K1 3.09, AR g Fi8 £HE W
7 45 B S A I AR AR T R ) B HIRLE, R g
IR TR AR 0 SO o A A3 0 2 BG4 e 800 'C/300
MPa 4 AF R IR AR AR TE AL R A7 2 28 dh o A7 4
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PERE, W51 Y,05 5 R4 (1) At i i 5 B ey, A2 LA SZ AT
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2 f A 2Tk B R A A

3 & it
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Effect of Nano Y,0; on High Temperature Creep Properties of High Nb
Containing TiAl Alloy

Xiao Shulong'?, Liang Zhenquan'?, Wang Xin'?, Guo Yingfei'>, Xu Lijuan"?, Chen Yuyong'?
(1. National Key Laboratory for Precision Hot Processing of Metals, Harbin Institute of Technology, Harbin 150001, China)
(2. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Creep tests of high Nb containing TiAl alloy were carried out at different temperatures with various stresses by SEM, TEM and
other analytical methods. The effect of nano Y,O3; on high temperature creep performance of Ti-45A1-6Nb-2.5V alloy was explored. The
microstructure of the as-cast high Nb containing TiAl alloy consists of a,/y lamellar structure. In addition, the microstructure was refined
significantly and the high temperature tensile properties were improved with the addition of Y,0s3;. The results show that the creep
resistance of Ti-45A1-6Nb-2.5V alloy is considerably improved after adding 0.15at% nano Y,Os, the steady-state creep rate at 800 ‘C/300
MPa decreases from 2.389x107 to 1.500x107 5!, and the creep life of Ti-45A1-6Nb-2.5V alloy at 850 “C/250 MPa increases from 14.10 to
61.50 h. The mechanism of adding nano Y,Os to improve creep resistance is that Y,O3 has high bonding strength with the matrix, which
can effectively hinder the movement of dislocations and weaken the tendency of cavities to initiate. After analysis, the creep behaviors of
the two alloys at 800 ‘C/300 MPa are mainly controlled by dislocation climbing and twinning, and the creep damage and fracture
mechanisms are initiation of voids and propagation of cracks.

Key words: high Nb containing TiAl alloy; nano Y,0s; creep performance; damage and fracture mechanisms
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