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2 X R

G R4 ARy (2910 um ), 41 >99.9%) , Ti-
47.5A1-6.8Nb-0.2W (at%) i 5 &4 K, FAR T2 5 an 1] 1
FioR s S BIRAE R 144.70 pum , 540K K BRI, Ry R R 1
RIS R EDIRTE A -

% Ti-47.5A1-6.8Nb-0.2W-xY (x=0,0.1,0.2,, at%) 11k
it E 5 A 4 AT B REREHLCYXQM-2L) IR A1)
5), R AU BRES , BROBELEE 6:1, BR S I [A] 18 h, B0k
300 r/min. }% 45 K B SPS-20T-10- Ml % 4% , k% 4% iR J&F
1200 °C , ke 4h i 77 30 MPa, R I (8] 10 min, Bl k74 %1,
315 45 mmx15 mm I Be sl etk

THOWE, 285 14 R AE A i 354 FH Kroll 20551 (5% HF+10%
HNO,+85% H,0) J& 1 , 3 it 9 £ HL 1 & 7o % (SEM,
Quanta FEG 450) WL 2 O 45 4] « I ZL 4 E ARy R TE 2SS
HL 71 B A7 5 (EBSD , Hitachi SU 5000) Wi 2 i A% 1 4]
L[] AR A0 R 3 25 3 45 d i 72 , X 2R AT 5 (XRD, D8-
ADVANCE) 7£ 50 kV .40 mA. 26 4 5°~90° ff) 3t [l 14 % &
S AH A RS AT RF 5, J8 3o 3% S 1 % (TEM, Talos
F200 X £ W WP 25 #) F54F . TEM FE 5 AL BT B 2 50~
60 um (1] J5 B , £ 25 V F1-30 C 4145 N 3k AT H AR XU ik
Y, FHL AR OIS K 49 60% CH,OH+35% CH,(CH,),0H+
10% HCIO, . i ] it ¥~ i A2 120 56 Al (RDL-50) % [ # /&
A (@6 mmx9 mm) i3k 47 800~850 °C il [k 4 i A% ik

1 <k AR SEM HE T
Fig.1 SEM images of pre-alloyed powder: (a) low magnification and

(b) high magnification

B, WEAR N 17K 250 MPa, iE A% I 18] 450 h.
3 FERE5SH

3.1 Ti-47.5Al1-6. 8Nb-0.2W-xY & & ¥ 3% § XRD #a
SEM &3 #f

2 N Ti-47.5A1-6.8Nb-0.2W-xY & 4 XRD & it , 44
BRSPS T2 M KL T/ N, AFHY
SR N A S EA N y-TIALH a,-TiAl, HA /D& B2
o MAY G, 2 S8ALY MR R (HER &5,
ALY {75 R g 3.

3 fox 1 Ti-47.5A1-6.8Nb-0.2W-xY & 4= W0 2H
gl ATLUEH, A&t iy R o, BT B2 4 A aly
2R, o, F1 B2 AHAEAE Ty dldi F 4k . MY J&5, 28
k4 B T A& 70 ALY, 41 3b.3b, fT 7w , ALY Uk 32 2
DATE T AR T afly IR B A K, Fr 2 8] PR 2
No BEEY SRR, Wik 3c.3c, , 41N FIBURLIR ALY
AT R DR AT AT 2% A BB T R IR 45 4, A AR AE y
s & 6] S L L o ) A, Rk R ohi g Ak . Y B &0
BRI RSFZ 08 12,1 um, & & Z A SR RO Z 41k
B, FZRER K. 0.1Y B34 &0 FH kR ~F2)
107 um, 0.2Y & & 1P Sk R ~F 28 7.8 um, 2
TEEEIR /N o Y AR HE s RSN B 2 AR AL

RGN B, Y Ea i EMES Ty M,
ALY FHEN B — o A X IR . X E Y M
BEETFLAE S 1 B T a MM AE K, T 4L T 5
$io 2y MM o A R AT H I XSS AN E Y A AT L
RE AL R Ry M a M g 2 . |
F17E 1200 C (Hbe 4R E & &40 F at+y HIX IR, 55
KoY [ AR, e g 45 o) 5, T 20 21 76 AR
12N LoL+f—p—fro—fraty—fitaty, a—aty—
F )2 (o ly) B T 25 AH AR, DA 66 [ 471 30 2] = 0, o 4% B
FR R B2 254
3.2 Ti-47.5A1-6.8Nb-0.2W-xY & & =B EHEETITA

V2K
N TR FE L A A i AR R R, % A A

*-TiAl o-Ti,Al -B2
02Y 3 by i 3%
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2 Ti-47.5Al-6.8Nb-0.2W-xY 44> XRD &3
Fig.2 XRD patterns of Ti-47.5AI-6.8Nb-0.2W-xY alloys
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K3 Ti-47.5A1-6.8Nb-0.2W-xY £ 4> SEM i il itk )] ~) 43 A
Fig.3 SEM images (a-c, a,—C,) and grain size distributions (a,—c,) of Ti-47.5Al-6.8Nb-0.2W-xY alloys: (a-a,) 0Y; (b-b,) 0.1Y; (c-c,) 0.2Y

800 ‘C FiFASHL BN 4 Y A 4347 850 “C [ A5 i
55, RIS R E Y A S AE ot BEAE S A7 0% AR 56
4 5or 7 Ti-47.5A1-6.8Nb-0.2W-xY & 4> 7t 800~850 C . 4h
Bz 779 250 MPa 1A% 50 h J ) 1 4 i A8 1 AR -1 [
2 R AR T R - A ) B 2k . R DLAE A 4 7E 800 I
850 C 21 ™ I 40 I AL AT A AFAE B35 25 v, I AR T
A AR AR I BE A Y TSN & KBS KT R /N . £E 800 C
i, Ti-47.5A1-6.8Nb-0.2W-xY (x=0, 0.1, 0.2) & 4= [ i 25
Hi 28 5 B0 W) 4 0 AR R RS S 0 AR B B, L dadb. 1E
850 C I, Ti-47.5AI1-6.8Nb-0.2W-xY (x=0, 0.2) £ 4= [1] iiF
A it 2 5 30 L 1) 3N B B W AR IR AR B B AR A IR AR Y
BORN g aG A B B WP 4c.4d BT, i A8 o R Rk
T, T H N THE AR 1, 2245 AR S Rk B I, B
TG AR NG, A A AR TR T A DI T A P 05 A
AR L2 PIURA AR T o U AR T R B S B T B 2 A A1
MO CRIFRRE , T B AE UK Y SE PR AS B ) R AT ] R AR
TIRIELAETE o

800 “CH¥,0.1Y F10.2Y & 4 1 5 K s A2 B2 AR 433 9
11.16% 11 8.96% , Fis 45 i A2 15K 28 43 5l by 5.46x 107 1 4.01%
107s™, MR TR Y A 4 BB 13.34% AR 25 UG AL 3 22

6.5x107s™. 0.2Y && 5 Y & &ML, i A5 N AR fiig
AT A PR AR T 32.83% F138.31%. IX KA Y KNI
23 T Ti-47.5A1-6.8Nb-0.2W £ 4 1) 15 6L K 4 i A2 VE R
Ti-47.5A1-6.8Nb-0.2W % 4= 7F 850 ‘C 2k 1F F X IF A1
i 7 7 AR T it 25 U5 A R 6 43 i) O 45.37% F1 6.5x10° s,
33 5 T 800 C AR T (i AR I AR R A A 0 AR T o, X
TR = IR, & SPGB BT T . AR
IR, Ti-47.5A1-6.8Nb-0.2W-0.2Y & 4> 1) 1 4% h 28 78
G AR ) 3 B R ) R A 0 AR o BT o T R AR A B
IR AR T AR IR BB I, [FIRE R T IR AR AT, B S
e AR R R T AR T B, UK R 1 R S I 7R I 26 Dy 5.58%
10° . fERAia AR F2 b A 06k AR I JB] ) 84, 1R
R A 32 A5 HY I v PS5 328 T kI o T A G T R 0 A L
IR K, 05 AR T ARk BB I, 1R b BT AR 2 I S bR
IR )22 B2 R B, B RAR T WA 0% AR R 7 K-

5 7R T 1 800~850 C . #MIH M 124 250 MPa. i
A5 50 h I J5 Ti-47.5A1-6.8Nb-0.2W-xY & 4= 1 1o 20
41, Wik 5a~5¢ fi 7 , 75 800 ‘C ik A8 J5 i & 4 7= AR B
Je P ALAETE I y i, HAR ST AR B A AT S KL, o fy Fr J2 A ER
PP a8, 2 AL B2 A, T o, TR IS
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4 RFJEFE T Ti-47.5A1-6.8Nb-0.2W-XY & 41 2% ffi £k
Fig.4 Creep curves of Ti-47.5A1-6.8Nb-0.2W-xY alloys: (a, c) creep strain-time curves; (b, d) creep rate-time curves
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at%  45.34 42.86 9.57

5 pm
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DRX

Element - Al . .Y

at%  55.73 29.48

BI5 K[EE IR AS ) Ti-47.5A1-6.8Nb-0.2W-xY 441 SEM & F
Fig.5 SEM images of Ti-47.5Al-6.8Nb-0.2W-xY alloys after creep at 800 °C (a—c) and 850 °C (d-e): (a, d) 0Y; (b) 0.1Y; (c, €) 0.2Y

fRTE R . BEE Y BTN, ALY A& B LA, B84 il
AREE R A0 1) T 7 iy S A i 52 - &1 5d~5e i 7 79 850 °C
WA IS IO L2, 454 EDS 143 4347, €1 5d H Nb 25 &
(BARRESE T O i i, UL B2 AH , & Be H e 43 E 2L
NALY TR, IRy ALY . B 5d af LU H
EE A R WY 5, WKl 5e BiR, i E

4 K B R AR R e B, 70 1 2 P HE B T /N (1 S el
mm RL, BB & AR T B3 T 45 d (dynamic recrystallization,
DRX) , 7E DRX [ ALAE FH A B R 2B e % A sl , AT
TR AT AR AR T , 6 AR 5L 1A T 23 e i DRX T A Ut
A1, T DA B U 5% ST e JE a2 5N P9 o AR R ERCR 1Y
B2 . 454 & 3c~3c, JR UG AL LU M Al 4, R s S A v
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J J2 BN A AE 2D 8 R RS S5 ok, FL i OB S 58
BHKREUHBELE . SIEMEIELE, I ZBR NS HE
/NS FRLECE B 2, B, R R EE
A1 DRX B 52, IE B DRX JE BT R 428 B BL o
N5 0 SO AR I FE R DRX AT O, i
EBSD 43 #7 Ti-47.5A1-6.8Nb-0.2W-XY & 4= (1 10 45 #4) 4
1, 6 7 7 800 “C 250 MPa I i A% HRE A7 5 i ot
tt &l (band contrast, BC) . Jz 1 ¥ (inverse pole figure,
IPF) FlIAH 4345 ¥ (phase histogram, PH) . #16a 7] LA H
RENINY BB 4 SR o A A3 57, AT B 2 IX 43 4 & AR
i X3k, P R R S 8 10.7 ume T Y JE,0.1Y &4
H10.2Y & & T35 &k RS 43 73l Dy 8.7 AT 7.8 um, ik 2
R ST REMY MG 4. 05 EENAmE
ALY & LI AL, ALY FERAALHE 5 K DRX, 5 BUH b
3T B /N R, 2 B 6b~6C s o Y T 2 i R AE A
ALY FIURL 2 HEIR 73A1 , #E— 2 AT T TiA Al 59 8L
TEFE, T AT RLPR ] 1 dobi K . Sk 5 ALY B0
AR AT AR UTFE R R , oRLGE AL S Rt 2 . 7
6a,~6¢, 17 IPF [& t, W52 3] p A L2 30 L BE AL IR e 4 %5

110

|6 800 ‘CiFA% J& Ti-47.5Al1-6.8Nb-0.2W-xY &4 EBSD X

A BEALEC G B T3 & S AEAN R 7 W) B ) SR
— B, ek N B IR . G 6a,~6c, s A 4
EH &5l y dioRL aly 1 JE AT BEHOIR o, F1 B2 FHZELAL , 0,
B2 MHAF/E Ty dm i o Y SN 0.1 B, o, AH 1 5 5 1
0.1% H 11 %1 0.4% , B2 AH ¥ % 5 1 0.9% F#{IL 1 0.6%, y A
ERBEAB, AEERET B2—a, M Y AN N
0.2 i, o, AH I 5 5 FH 0.19% 38 T 31 0.2%, B2 A1 & & |
0.9% PEAIE] 0.5% , y AH (¥ 7% L FH 99% 4 hin %) 99.3%, & 4>
KA T B2y ML . Bl A& IR A8 IR B2 T = %2 850 °C,
W7 Fras , RN & 4 P35 80K 8 8.3 um, 0.2Y &
& P35 R 6.8 um, ALY FIURE 78 2 5 5 % AL A, A
if BEL A RL A2 K . B A 0 AR R FE ML 800 °C A F
850 C,Y ¥NINE A 0.2 , o AH F S Ak, B2 M5 i
FH 0.9% [ K 31 0.3%, y AH 7% 2 H 98.8% I i1 31 99.4%, &
SR T B2y MEAR o AR R v B2 AH I 43 i
LR g 5 B2 4544 I BT U AN F E VA 5%, B2 AH Ay AH 22 [H]
A7 AE DL B 9% 29 (110),,// (111),, (111),,// [120],,
(110)g,// (001),. B2 AH A a1, A 2 6] £7 4 LN B[] 55 5%
(110),,//(0001), , [110] o,/ [1120], - EHULTT ST, Y HIHIA

Phases
M Titanium cubic
M TiAl-gamma
=L Ti Al-alpha2

Fig.6 BC (a-c), IPF (a,—c,), PH (a,—,) images of Ti-47.5AI-6.8Nb-0.2W-xY alloys after creep at 800 °C: (a-a,) 0Y; (b-b,) 0.1Y; (c-c,) 0.2Y
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S /D B2 AH I HCR , R BT HE ALY BURL, 4846 7 )2 1]
¥, 1M B2 AHIAE1E 2 BRAR TIAL A 4 i AL B, B2—
Y HIEAA R T =& S huis et qe .

K8 &R 1 Ti-47.5A1-6.8Nb-0.2W-xY & 4 7F 800 C
U AR S AR ORL R ) YA ] (grain orientation spread,
GOS) Al J& #B HL 7] % &l (kernel average misorientation,
KAM) . [ 8a~8c 1, 1 (X3 B AT HL/)N GOS 1A F 45 i
TR TR NS SR R g N R TR Ve S N
GOS B [T d bt KAM EIARER T B 5 (82 AR
B EE) , KAM A8 55 B2 R IE B, KAMAE K, A7 5 2%

P . B 8 AT LA HY L R ORI S5l y i ) LP R AH
TR TR - IDNCTY DR UR LY T R R B VA S
TELG, IF A AL B R XA R AR M T R A
RLI TEAZ LT o 4/ ok OR 45 R X T AR S

Jo VL = 08 2 A i v O i 45 i it L PR T A 4R 1L 1 X3
77 3 BT 5 AN LB AR, KAM B BE 2 FR (K. £ a,
F ARSI/ BB N ARG R ELR , W] REAE BT AH AR y
RLAE AR T 3L B o 52 2 LA 29 TR RN B 2 o W] BAUK
L, AINY Ja 5 f 5 AR 5 2 A T R AR R G AL
B S I A 21 IR SE N TR T A T 3 B A

W TiAl-gamma
W Ti Al-alpha2

7 850 ‘Cifi4sJ& Ti-47.5A1-6.8Nb-0.2W-xY & 4 EBSD [
Fig.7 BC (a-b), IPF (a—b,), PH (a,~b,) images of Ti-47.5Al-6.8Nb-0.2W-xY alloys after creep at 850 °C: (a—a,) 0Y; (b-b,) 0.2Y

8 800 ‘CHf4 & Ti-47.5A1-6.8Nb-0.2W-xY £ 4x GOS I KAM 43 47 /4]
Fig.8 GOS (a—c) and KAM (a,—c,) images of Ti-47.5Al-6.8Nb-0.2W-xY alloys after creep at 800 °C: (a—a,) 0 Y; (b-b,) 0.1Y; (c—,) 0.2Y
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5 55 4%

JEE R S I I . B A 0 AR U v 42 850 °C L, W ] 9 B
71N, KHL 8 DX 303 I HH B v P A7 8 8 5 T 485 o X 3 )
SR BRI S EE . SR XIS T % DRX, i
Y J5 GOS K At KAM [ o i 0 X 38 1) 44 FH 43 £ B i
D X R Y BT IN 2 B v L 23R e 1, H0 ) e iR AR
i 2 i DRX B4, B A & 45 £ 800~850 “C I (1) [ 4
AR AR B A A U AR P R
3.3 Ti-47.5A1-6.8Nb-0.2W-0.2Y & € £ I ] [ TEM
ST

NT D AR AR SRR A S A, 3
AE J AL Ti-47.5A1-6.8Nb-0.2W-0.2Y & 415 28 1if 5 HI 4
M2 Z3E AT TEM RAE 43 #r, B 10 275 1 Ti-47.5Al-
6.8Nb-0.2W-0.2Y & & 7E ¥ 45 IR 45 . 800 A1 850 C T itk 4T
I%F45 50 h 5 I TEM SO AH 2L . 7EWIURIRAS 11 Ti-47.5Al-
6.8Nb-0.2W-0.2Y & 4, 7E y il kL o WL 4% 31| K &L 51 4y
A R A7 i FAR &b, FF HAE 7E A4S 2 45 90 5 LB 10D
M 108, 7T LB i, 353 a, 7 ZFEAE Ny M 5 a, 5 p B
K& N[011],//[100], & B 2877 oy AL AR » y AR B THT
Lo AL T EERE LY o, AR EEHE N T AR S5 K B B8 2 1) 7%
E W NIIE Ry 8

800 °C i 4% 5 1) Ti-47.5A1-6.8Nb-0.2W-0.2Y & 4 1
10b~10b, J17 « 5 ¥ AR ES Y Ti-47.5A1-6.8Nb-0.2W-
0.2Y & AH EL , 7 diy Tt A0 W %2 2135 5] 73 A 1) 48 /N 2% 4R
ALY FITRL, ALY FURLS 7 F A B9 58 (AL 100) , A 30
BHAS T SLESIZ 3N, S B B 3 FEAL R, T B 1
TAEAEE ST 4l ALY JBURL 55 457 45 1 A B4 F &2 2
0T HEAR A AT, TR AR R T AR T R
22 R K2 OO B 20b,) 5 28 58 o kL 23 1 2 AN 3B

g o X MGNKAR 5 HAH RS, , SRS T BT
ME) . PESUIRALEE 2 WAL 5 1 22 R BB T ], 4
ETHLAE S A R fe A0, BELIE T DRX [ 4E K, {675 DRX it
FEARTF RN . AL ESTE (aly) 1 2 S THT N HERR, R BH 1%
SR RS 1 4 i AL 72 v A4 )iz 3l (LI 10b,) o A7
2532 3 ALY BEAFA) 0 FELAS AN 4351, Hmag oy 12
IX e R A 5 300 B BB AN BE A B DRX A% I F e
I, DRX HIFE Bk g 4m Ak > o ALY 0K S AR AE 46
AR T L FE A B, R ALY B B A L 1 i
FasE 1

P 10c~10c, fIT 7 , 75 850 °C 4% 4 T % 4% Ji5 1) Ti-
47.5A1-6.8Nb-0.2W-0.2Y & 4 & 7~ Hi 15 800 °C J& 4 i A%
U T SABIM AL ALY Bk y Sk 2 [\
10 5 18 A B A I 5 B, RIAE IR A AR TR A, ALY
WKLy di K 2 (A DR 7 B3 1 ST 45 & IR 3 (L
10c) . ALY BURLAE NEERGY) , ARG T A8 2 5 , 33
PrAS 5 ALY BURLAH B 845 . B i AR IR T e,y i
KL BT SR LA TE BN, A A BUSLAS IRy deoRL N
R T 2R S B LB 10¢) » B4k, S M5 F] T DRX
TR 4/ p ik OB 10c,) » Ho ok R sF 8 2 /N T IR 46
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Fig.9 GOSs (a—b) and KAMs (a,—b,) images of Ti-47.5Al-6.8Nb-0.2W-xY alloys after creep at 850 °C: (a-a,) 0Y; (b-b,) 0.2Y
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Fig.10 TEM images of creep Ti-47.5Al-6.8Nb-0.2W-0.2Y alloy at different temperatures: (a—a,) primitive; (b-b,) 800 °C; (c—c,) 850 °C
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High-Temperature Compression Creep Behaviour and Mechanism of Ti-47.5A1-6.8Nb-
0.2W-xY Alloy by Spark Plasma Sintering

Yu Hongbao™?, Zhou Yujun', Yu Hongyan*?, Xiao Shulong®, Tang Bin‘, Lu Zhao"?

(1. School of Materials Science and Engineering, Guilin University of Electronic Technology, Guilin 541004, China)
(2. Guangxi Key Laboratory of Information Materials, Guilin University of Electronic Technology, Guilin 541004, China)
(3. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

(4. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Ti-47.5A1-6.8Nb-0.2W-xY (x=0,0.1,0.2, at%) alloys were prepared by high-energy ball milling and spark plasma sintering processes,
and the effects of Y microalloying on the high-temperature compression creep properties of Ti-47.5Al-6.8 Nb-0.2W alloys were investigated by
SEM, EBSD and TEM. Creep experiments were carried out at 800-850 °C, with a stress of 250 MPa and a time of 50 h. The results show that the
Ti-47.5AI1-6.8Nb-0.2W-xY alloys are all composed of equiaxial y grains, the bulk «, and B2 phases at y grain boundaries, and a,/y lamellar
colonies. The added Y mainly exists in the form of Al,Y particles at the grain boundaries to form a chain structure and Y can refine the grains and
increase the a,/y lamellar colonies. When the Y content is increased from 0 to 0.2at%, the grain size is reduced from 12.1 um to 7.8 um, exhibiting
the most significant refining effect. After creep, y grains in the alloy are slightly flattened, accompanied by lamellar bending and degradation
phenomena, and a large number of fine recrystallized grains and spherical B2 phase appear within the lamellar clusters. Creep temperature
increase can promote the formation of dynamic recrystallisation. The addition of Y significantly improves the compressive creep properties of the
alloy. At 800 °C, the maximum creep strain of the 0.2Y alloy is 8.96%, and the steady creep rate is 4.01x10" s, reduced by 32.83% and 38.31%
compared with those of the alloy without Y, respectively. The improvement in the mechanical properties of the alloys is attributed to the
precipitation strengthening of the second phase ALY particles, lamellar refinement, and reduction of the B2 phase.

Key words: TiAl alloys; Y element; microstructure; high temperature creep
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