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Effect of the Cooling Rate on the Microstructure Evolution and Properties of
Ti-43A1-4Nb-1Mo-0.2B Alloy After Multiple Pass Hot Rolling
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Abstract: Cooling rate significantly influences the microstructural evolution and mechanical properties of TiAl sheets
following multipass hot-pack rolling In this study, Ti-43A1-4Nb-1Mo-0.2 B (at% , TNM) sheets were prepared through
furnace-cooling and air-cooling methods after rolling. The microstructural morphology, phase transformation, and
recrystallization behavior of TNM sheets were systematically investigated at different cooling rates. Furthermore, the
mechanical properties of the alloy at room temperature were evaluated, and the underlying deformation mechanisms were
clarified. The results indicate that slow cooling facilitates the a,—3, phase transition both within and at the boundaries of
ay/y lamellar colonies while also promoting the nucleation and growth of equiaxed v recrystallized grains surrounding these
colonies. However, compared with slow cooling, rapid cooling promotes the a,—y phase transition, resulting in a decrease
in the a,/y interlamellar spacing from 140 nm to 60 nm. In addition, the strength and plasticity of the TNM sheets are
simultaneously enhanced because the <y laths have heterogeneous thicknesses and few v recrystallized grains surround the
oy lamellar colonies under rapid cooling conditions, achieving a tensile strength of 1 140 MPa and an engineering strain
exceeding 1%.
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%, T [A; i FR TNM) & 4, 0 Hiffr Z H Rk E
U, B 3853 4 (furnace cooling, FC) & %5 ¥ (air
cooling, AC) Y J5 sUHRFE 2 H B X TNM 45 4 b4
0 AEH S AR 5 AL X PR AR AR AT = IR
S T 48 78 B AR AL, A TiAL & G AR A4
il f PR HE R 4R
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Fig.1 Microstructure of the as-forged TNM alloy
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Fig.2 Microstructure of the TNM sheets with different cooling methods: (a, b) FC; (¢, d) AC
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MESES
Fig.3 EBSD analysis of the TNM sheets with different cooling methods: (a, b) phase maps of the FC and AC sheets, respectively;
(c, d) band contrast (BC) maps overlapped with the orientation relation (OR) maps of the FC and AC sheets, respectively

Ao Bo AH— U cu/y Fr 2SI BR G AL TE 4, O 2 L
T ] o AR, 8 o RSB IE AT Y
RP X —d FER T ooy HZH S o, X
Fhor i 7 O EAEIR T R 242000 S8 s MO B
A W EERE . T R )2 B S Ab 20/
B, AL IIE B, S B T R )2 T3 A AR B R ) W
L MRS R SRR e, MR R ALK S T
&l 3¢ 1 d R v s ¥ 2 T IR A X L B &
o, #15 B, FHECR 3¢ R K, £F A Burgers HUn] 5
FHHaLFRR, JUEN, PREHT, WHE
Burgers U 2 R W o, H15 B, A HE ] 5 35 33.5%,
M2 ¥ 2 NANA 7.92%, BRUERAH & 45 Bh T4 ik
o— B, FHAE

BEAN, A3 AT TV AR AT PR A S AT O RS
T8 2 Rz P B B ] 75 (grain orientation spread, GOS)
Gt AR GOS kil gt 1 44
L PR B A SR AR U R ) 58 28 R R ) 1 25 R
S X F- 4 i db R S AR AR GOS A T
JE T I R OR X3 45 i d b 5 AR T AR AR S0
GOS {EAR T 20089 H45 A AlkL, T GOS i T 2°
RARTE bR ] da F b 4300 R A T AS ¥ S R
FERY GOS 43 AR B, Jor P45 5 ok R B AR TR
0 2 00 DX, 32 DX I8 0 A1 Y L B R IR, X
A T 76 AT o B v = A 0 A B Bk o S A T R

https://www. cnk1. net

FITTHFE T A (O RN LT (6 XSO AR B X 88k, 77 78
A EAE . U REN SR AN LT
AN X, AR S H1 77 R 9 GOS (A &l 4e
A B RIS Ve SRR B A R R i) R
64.7% .40.6% ., & 4c F1 d Geit T AR HE R T v
AR A o0 b R 6 /N B2 & A (low-angle
grain boundaries, LAGB, 1°~10°); ¥ {2 & 1P £f) & i A
(medium-angle grain boundaries, MAGB, 10°~15°);
8 R KA B A (high-angle grain boundaries, HAGB,
15°~180°); £I. {4}y 25 i %t (twin boundaries, TBs, 65°+
5°), HARM AT Eoan 1 4 s, i AT, 25 98 2%
F N AR B LY LAGB, HARF A0 80 49.5%, H.
FTET a/y FEBAE, —M 1°~2°89 LAGB A )y
SN, RIAEZS ¥ 55, 1 2 AT N B A7 7 1y 25 B
B 3 B T AL A R e Soh i P v 1) B
B R 2 s i R 2 BE ZEARAE i B T AL
[F] i, b 08 A Ao R OO K 28 AR B A%, TR it
KA R R B e 2 W AL S e Ak 7E e 2 T R
FFAE R4 TBs, Zhang P55 K2 BTy y 284
RO 2 5L WE SO By B A S8 N o
Br it BEJS KR yoy ZREE apoy ZEARIAIAE . &
&5 SR R 2R S A O 22.6% Al
29.1%, 1 LRI i1 T 2808 25 1R T ¥ 20 R A bR
v 2R AT 52 B T A



o 5 1ol

(HBERARN04/2025 DRI, % Ti-43A1-4Nb-1Mo-0.2B &€ ZEX A GR A FR M HALF L R IEREN TN

*311-

4 Jr e Fas e b 9 GOS I LA Kk HE 53 4 18]+ (a, b) 0¥ R 23 Y ARB 1 GOS 18] 5 (¢, d) 4 ¥ 123 Vo MROBE 1 7l XoF L 141 286 it b
Bt 5(e) GOS 1H 5 (f) il F+ 735
Fig.4 GOS maps and grain boundary distributions resulting from the FC and AC sheets: (a, b) GOS maps of the FC and AC sheets,
respectively; (c, d) BC maps showing the overlapping grain boundaries of the FC and AC sheets, respectively; (e) GOS values;
(f) volume fractions of the grain boundaries

2.3 HLE4AERY TNM R4 H e s sm
B 5 AR M ZS % 5T TNM & Wb =
T2 rERe . BN R AT G S IR
58 FE 248 930 MPa, Wi 240 A8 4 0.94% 1M1 7F 25 %
U B e bihinm B B K LS 1140 MPa
i Tl Wi A A — 2 T, 1.07%.
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Wi, X dp v RS v B R AE 2E 4T T TEM SRAIE, &
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5 WPV IS Ve MO ¥ A R AP R  (a) FLAR L 5 (b) P AR PEREXS L
Fig.5 Room-temperature tensile properties of the FC and AC samples: (a) tensile engineering stress-strain curves; (b) comparison of
the mechanical properties of the FC and AC samples
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Fig.6 TEM images of lamellar structure in TNM sheets: (a) FC; (b) AC

7 8 b SR HE A S 19 TEM 13 2 (a, ) BLBRZE & 5 (b, d) MUBKZE i 5 00 85 5 .
Fig.7 TEM images of the FC sheet after being stretched at room temperature: (a, ¢) mechanical twins; (b, d) interactions between
mechanical twins and dislocations
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Fig.8 TEM images of the AC sheet after being stretched at room temperature: (a) dislocations in the vy lath; (b) mechanical twins in the
v lath; (c) mechanical twins, stacking faults (SFs), and dislocations in the vy lath; (d) mechanical twins intersecting within the blocky
v phase
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