H55% 12 wEERMHSIRE Vol.55, No.12
20264 12 A RARE METAL MATERIALS AND ENGINEERING Dec. 2026

https://doi.org/10.12442/j.issn.1002-185X.20260009

B.C 310 Ti-43A1-6Nb-1Mo-1Cr &8 & =B E 45
HE M BE S IR R

TREY, KEE, HEA, EML, T, Mt F

BE 1.2
R4S

(1. FEEARH TR R MORRIE S TR0, T FEAR 541004)
(2. FEMEFRECRE: | TEHEFE S B BOCRE AR E, )78 Mk 541004)
(3. MRJRIE TR MRIRL S TR AR, BRI TR/RIE 150001
(4. FEMARIE A AR AR, 17 FEAR 541199)

W E: BERT B,CEIE—Fh BB p-TiAl FE & 4:7E 250 MPa/800~850 “C T #1850 C/200~250 MPa T i F 45 i A8 17 M 1
SEMANLE] . A5 5REH, B,C M (8 Ti-43A1-6Nb-1Mo-1Cr A 43 11 i il He 408 46t 40 P e B2 35 3, AR ZS I A8 2 P 34 P (K
38.42%, 50 hJG IR AR N AR(E P35 T B 46.32% . & 4 B i 70 1 28 5 1 ) FNRLRE 2 1R] 1) 9% R £+ & Norton-Bailey B 8Y ,
HR e Hd 1.96 N2 4.16, U305 B8 A 335.02 kI/mol $2 7+ % 368.52 kl/mol, X% W14 4 3 TR FEHL I A &t FL I8 B 4%
NSRS . & S HURAIGAR PERE M W23 THA R T 2 AR L] b7t psR TiB AV BE B EE A, @ id AR A4S IS Al
EVHL A FERAL B, I 5 BN TR P C U R R T A EHT. 0.2at% B,C BRI Z 40 7 & & mahA M A @Ar oy,
SR R AANIRAL, T 80 9 2 25 P45 i 5 R OB RN o bk, 7E e I 45 0 A0 5 2 v 3 A5 T HE 1 T, ALC A1
TLAUBRL S AT 4L T o, AT 5 B2AHPY, SRAGARRSEH, 1998 T &4 BN E .

EEER: TIAIE G S MIEE4RIEA; SN SR
XEHS: 1002-185X(2026)12-3155-13

FEFEDHES: TG146.23 XHEAFRIAES: A

1 51§

y-TiAl &4 DLH LU E Lo EE R BT B3 1 iR e
EAE DL AR S5 B (L9 4.2 glem®) 2545 G VERE , B0 bl
BRI s A e, %A & 2N
F TR R BALS T2 i R A, 5 F Tl i R < im ie
RBIHL A AR R HE - 18 R ML A 5 S B
HRAEE . SR, p-TiAl & S A7 AN T AR ZE 1 1]
RNEEIX — AL, BN SE N I RS E BT & (M,
Mo-Nb.Cr%5), Al & & A T 42at%~45at%, T R i — &R
G g p-TiIAl & 4, ZR e TaEpHAEE 2
WRARR, RIS 1 m R AR TERE ), 5 A E
£ i [ B ] ¥ TiAL & S A B, A 55 R AE B SR AT, A%
ISR TIAL A &R R s 2 —5%, (HiE, g
FE TR AAESRTH y-TIAL A & H0n TR R, S8 T
A SRR poa HEE AL, G 7 pAHTRE T4
2, AT A & 4 1) e il UGG A2 1t e 5 iR L, (S AR 1y
6L v e A A T R I S B B P 2 381 B I 29140
B, 7 TR R R RN T R v T B A R

ks B ER: 2026-01-07

(5 3K, A 0 B — D B 5 B[ p-TiAL & 46 1) i R 05
PSSR, LA H R S R R R . K
WRERY, &SR RRT TIALA &4 6 I XL
BASN, @I nE SR TR (W BL.C ) AT L
SR B AR ZR S5 R, F B AR TG R A SR AR
SEMA S O T A | [ SR A 5 BT H R A SR AL A
F T DL 25 32 5 TIAL A & R iG55 9% .

B 5l AN TiAl & & Ja , AT DL b B 10 47 5 B0 i bz 4 4L
AT , T35 O & S i e RE . Li%E RN,
TEFEZS Ti-45A1-8Nb &R IRINA [ &2 B o HR )G, H
e R 47 AR 3 W 3 TR, A & R I AL P A 1
RE I, e He 46 B AR A Y RN B & 41 30%. C 5l A
TiAl 545, T C J5 7 1A /N T Ti ALY 512
12, PR C 5778 TIAL A 4 ol 4 y AH (L 10 544D A
o, A (DO, £5 ) 1) sl A RIBR A B« C ¥ i i ] v 54k,
YERT, 7T 2 25 4% 5 TiAL & & 4 58 5 . Denquin 551 1)
WF LKA, Y8 0 0.16at% C Al A 242 7+ TNM-0.7Mo & 4=
EHR YGRS T RE , 7E 750 "C/195 MPa 2614 F , & & fa ik

HEWR ) VIR R (2G2503980029 ) ;)7 74 H e L3581 (JF2503980015)
fEBEN: TEFE, B, 197744 WA, TR, FEARH PR KF AR RL 5 TRBE, 778 Bk 541004, L7 £ 0773-2291434, E-mail :

yuhongbao@guet.edu.cn



* 3156 «

W] B RS TR

555 %

AR 8x107 s FREZE 3x107 57, i 48 # i M 1569 h
JEK #3150 ho B4, Shu 55l i U8 i B«C IR 51 A B
FICICE 8 Ti-Al &8 )46 A 0 = 08T 450 e R 5 P35
W PRT T 5 P 40 A = 1 259 A 174 MPa.

FE PR AR AL FE R, TIAL A S A0 T 2 24 1 iR
JIRAE RS, IXAMUIRE) T iR 5 B fE AL,
B DR R e BRI S K SR A LR AR AR
Pk AR A% 75 iy S J) R B0, 1 b, AN 9T DL Ti-43 Al
6Nb-1Mo-1Cr & 4 A4, I8 i1 0.2at% B,C, RS
5T H XF TiAl & 42 800~850 “C/200~250 MPa 44 1 T i il
455 75 PR BB TR 52 I, 5 E A 0 AT T e 48 0 AR e e e
HIBNAS P45 AT R R HAR QR 2R R

2 £ W

AHE TR FH 2 BN B IR AR FER SRR
K il % Ti-43Al-6Nb-1Mo-1Cr 1 Ti-43A1-6Nb-1Mo-
1Cr-0.2B,C CLL R IX Py A & <5 73 73 R 9 T43 F T43+5&
&) JRMR A - 44K (99.9%) 445 (99.9%) | 4l #%
(99.9%) 54 & 45 (52.4wt% Nb) L 55 4H & 4 (50.5wt%
Mo) FRALTH R A (99.9%) « J&85 45 5E R~ @50 mmx
100 mm, Xf £ £¢ £ 950 “C '~ #4736 h (135 21 L 1B K
AbEE,

KA H KL TR B AR, W R & 485 EUEUR
<} @6 mmx9 mm [B F: R B . 4 38 A AL F S AE
RDL-50 4 B8 45 A5 3056 WLk AT 4 05 A Ao 3 2
P : —J21E 250 MPa | 43 il il 800+ 825 F1850 C ;
TREAE 850 °C R 43 BN, 200,225 A1 250 MPa.  &F4L
RFFEE 50 h, JefRiE | hEINE. R FE A+, SR PyPt-

«TiAl = Ti;Al a
+B2  +TiB

T43+ . -
. " . - =
o = jme n - * a @ o

T43 R - 3
L o ufyr o 13 e 5

Intensity/a.u.

d~40.94 pm

13%Rh (R ) #4 F A8 W 03 52, DAPRAIE B 2 3 Bl P9 R b
LB S R+l CLAN . SR G 5l R R 5
TE HR AR I AR S A0 K4

K X S RATHH (X Pert) %58 & M4 K. FIH
B #% e 1 (EDS) & 4t (1 45 4 B3 7 2 755 (SEM, Quanta
200 FEG) M 8255 745 Ko A% J5 421, I Br oo R 43 4>
Hio L HL T BUR AT S (EBSD, Hitachi SU 5000) 734t
U5 AR I RF (R R 23 AT R R) A B A5 45 i (DRXO .
454035 51 H 85 (TEM, Talos F200X) A1 43 335 54 B 1 56
T3 B5 (HRTEMD M 8% (5 il 4 2R W0 45 4 Je bt Al . 0 A A
i B AR A A S A R R ) %

3 ZHREDMH

3.1 VIRERMAALR

Bl 1a Jy T43 Il T43+4 4: 111 XRD Kl . 45 L%,
P& & I AEAE p-TiAl o,-Ti, AR B2 AH AT SIS . 1k
A, 15 T43+6 4 v ml VLS 21 TiB AH I AT 55 0% , (H R B0
SR M RHIAT IS . G b e Fin, T43 G4 £ %
o /y 1 J2 Ay AHFI B2 AHZE A, 52 B0 280 ()30 1 JE AR A
glgERy . BRI B,C, &4 WAL B B E L, 7
¥R Z BURSE () M T43 54211 400 pm 440 % T43+5 4
[140.94 pm, WIE 1d IR . X 2% T ER SR
N BEITE pAE R R AR U R T a TR S5 AR,
T3 KT Ut [ ST RO A B, AT R E S TR 2
HMEAZZERY, RN, CouRmM g NS — D4 T &
& EEERY . BLCon gt RIE I SEL T AR 4
BN, W el USR], £ TA3+E & T
RERIAAD , FRSF A BT, JUHOKR B L5

.........

1 T43 1 T43+4 4 XRD EIWE KA 46 A% ah 1)
Fig.1 XRD patterns (a) and initial microstructures (b—f) of T43 and T43+ alloys: (b) SEM image of T43 alloy; (c) magnified view of the area marked

in Fig.1b; (d) SEM image of T43+ alloy; (e) magnified view of the area marked in Fig.1d; (f) magnified view of the area marked in Fig.le
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Fig.2 TEM analyses of T43+ alloy: (a—b) TEM images of lamellar structure and diffraction spots of y phase; (c) TEM image at the interface of y

phase and B2 phase; (d) HAADF image of y phase and B2 phase; (e—k) EDS element mappings corresponding to Fig.2d
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Fig.3 Microstructures of rod-shaped TiB with different sizes: (a) TEM image of TiB distributed within a,/y lamellar clusters; (b) TEM image and
EDS result of rod-shaped TiB; (c) HAADF image of TiB; (d—j) EDS element mappings corresponding to Fig.3¢c
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Fig.4 Compressive creep curves of T43 (a—b) and T43+ (c—d) alloys at 850 °C under the applied stresses of 200, 225, and 250 MPa: (a, c) creep
strain-time curves; (b, d) creep rate-time curves
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Fig.5 Compressive creep curves of T43 (a—b) and T43+ (c—d) alloys under constant load of 250 MPa at temperatures of 800, 825 and 850 °C:

(a, ¢) creep strain-time curves; (b, d) creep rate-time curves
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Fig.7 Deformed microstructures of T43 alloy (a, ¢, e) and T43+ alloy (b, d, f) after compressive creep under the applied stress of 250 MPa at

different temperatures: (a—b) 800 °C; (c—d) 825 °C; (e—f) 850 °C
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Fig.13 TEM analyses of T43+ alloy after compressive creep at 850 °C/250 MPa: (a) TEM image of rod-like TiB; (b) precipitates in B2 phase;
(c) HAADF image of lamellar structure; (d) TEM image of lamellar structure; (e) IFFT image of the interface region; (f-i) SAED patterns of
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High-Temperature Compressive Creep Properties and Mechanisms
of Ti-43A1-6Nb-1Mo-1Cr Alloy Reinforced with B,C

Yu Hongbao'?, Geng Xueying', Yang Shengcan', Xiao Shulong’, Yu Hongyan'?, Lin Shengyao®, 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. Guilin Fuda Co., Ltd, Guilin 541199, China)

Abstract: The effect of B,C addition on the high-temperature compressive creep behavior of a f-solidified y-TiAl-based alloy under the conditions
of 250 MPa/800—850 °C and 850 °C/200—250 MPa was investigated. The results show that the reinforcement of the Ti-43Al-6Nb-1Mo-1Cr alloy
with B,C significantly enhances its high-temperature compressive creep property. This improvement is reflected by a reduction in steady-state
creep rate of 38.42% and a decrease in creep strain after 50 h of 46.32%. The steady-state creep rate of alloys as a function of stress and
temperature follows the Norton-Bailey power-law model. With the addition of B,C, the stress exponent increases from 1.96 to 4.16, and the creep
activation energy rises from 335.02 kJ/mol to 368.52 kJ/mol. This change indicates a transition in dominant deformation mechanism from
grain-boundary sliding to dislocation climb. The remarkable enhancement in compressive creep resistance is attributed to multiple strengthening
effects. The precipitated rod-like TiB acts as a hard second phase that strengthens the matrix by hindering dislocation motion and pinning grain
boundaries. In synergy with C dissolved in the matrix, it also refines the lamellar clusters. The addition of 0.2at% B,C notably suppresses dynamic
recrystallization, thereby delaying degradation of the lamellar structure and mitigating the softening effect induced by recrystallization.
Furthermore, Ti,AlC and Ti,Al particles precipitate dynamically during high-temperature compressive creep, pinning at the a, phase interfaces and
within the B2 phase, respectively. These precipitates strengthen the crystal structure and improve the microstructural stability of the alloy.

Key words: TiAl-based alloy; high-temperature compressive creep; dynamic recrystallization; microstructure

Corresponding author: Lin Shengyao, Senior Engineer, Guilin Fuda Co., Ltd, Guilin 541199, P. R. China, Tel: 0086-773-3681198, E-mail:
linshengyao@glfoto.cn



