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Fig.1 DSC curve of TMMW alloy (a); EPMA images of TMMW alloy after treatments of 1250 °C/1 h, WC (b) and 1260 °C/1 h, WC (c)
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Fig.2 Equilibrium phase diagram of TMMW alloy
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Table 1 Heat-treatment processes of TMMW alloy

Heat-treatment 2nd heat treatment

Ist heat treatment step

process step
HT1 1270 °C/30 min, AC 850 °C/3 h, FC
HT2 1220 °C/30 min, AC 850 °C/3 h, FC
HT3 1170 °C/30 min, AC 850 °C/3 h, FC

Note: AC-air cooling; FC-furnace cooling
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Fig. 3 [Initial microstructures of TMMW alloy after HIP (a);
magnified image of Fig.3a (b)

5 oa,/y 2RI ST AL A FN A 501K o A FTHOR B AH
AR R4, WP 4a 4b Fis . 4 HT2 FITHT3 #4
MRS , A4 CEAS NS, R B AR oy HER
Sy FORL(p) AR LS HIAL B AR . 5 HT1 A
s, HT2 MTHT3 AL 215 , POtk g ARttt — L8R 11 o A
(7). E5HTMMW & 4 [f) TEM 4347, 3t — 25 3 0 ot
Ak HH B R AN y AR A L LR R, 3 AT R ) S5y R

(C) ()

4 TMMW & <[f] EPMA i 7
Fig.4 EPMA images of TMMW alloy after different heat-treatment processes: (a—b) HT1, (c—d) HT2, and (e-f) HT3
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Fig.5 TEM analysis of TMMW alloy: (a) TEM image of f and y, phase; (a,—a,) SAED patterns corresponding to regions marked in Fig.5a;
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Fig.6 EBSD analysis of TMMW alloys after different heat treatments: (a, c, €) phase maps; (b, d, f) band contrast maps
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Table 3 Phase fraction of different phases of TMMW alloys after different heat treatments (vol%)

Heat treatment o, phase /5 phase y phase in a,/y lamellar phase y phase in f_ phase 7, phase Total content of y phase
HT1 2.07 12.66 58.26 27.01 85.27
HT2 32 9.51 26.17 12.22 48.90 87.29
HT3 451 15.61 5.69 7.72 66.47 79.88
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Fig.7 Tensile properties of TMMW alloys after different heat treatments: (a) HT1, (b) HT2, and (c) HT3
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Fig.9 Macroscopic and microscopic tensile fracture morphologies at room temperature of TMMW alloys after different heat treatments
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Fig.10 Macroscopic and microscopic tensile fracture morphologies at 800 °C of TMMW alloys after different heat treatments
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Fig.11 Longitudinal microstructures of room-temperature tensile fractured TMMW alloys after different heat treatments: (a—b) HT1, (c—d) HT2,

and (e—f) HT3
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Fig.12 Longitudinal microstructures of 800 °C —tensile fractured TMMW alloys after different heat treatments: (a—b) HT1, (c—d) HT2,

and (e—f) HT3
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Fig.13 TEM bright field images of dislocations in the deformation microstructure of HT1 sample after tensile test at room temperature

and 800 °C
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Fig.14 TEM bright field images of dislocations in the deformation microstructure of HT3 sample after tensile test at room temperature (a—c) and

800 °C (d-f)
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Effect of Heat Treatment on the Microstructure and Mechanical Properties of
Mn-Containing f-Type y-TiAl Alloy

Chen Chuanyi'?, Hao Junjie’, Shu Lei’, Chen Bo’, Niu Hongzhi', Li Xiaobing’, Liu Kui’
(1. School of Materials Science and Engineering, Northeastern University, Shenyang 110819, China)
(2. Ji Hua Laboratory, Foshan 528200, China)

Abstract: Manganese, serving as a cost-effective and potent stabilizer of the f-phase, plays a pivotal role in the development of economically
viable and easily deformable f-type y-TiAl alloys. In this investigation, we focused on a low-cost and easily deformable Ti-44Al-3Mn-0.4Mo-
0.4W-0.1B-0.1C alloy (at%), which was rolled into 12 mm-diameter bars by vacuum induction melting and conventional hot rolling techniques.
The effects of high-temperature treatments at 1270, 1220, and 1170 °C on the microstructure and mechanical properties of the alloy bars were
studied by EPMA, TEM, and EBSD. The results show that the microstructure of the alloy contains y, a,, and 5 phases after heat treatment.
Decreasing the temperature of high-temperature treatment under identical aging conditions significantly reduces the a,/y lamellar content within
the alloy. Moreover, both the size of the lamellar colonies and the spacing between lamellae exhibit pronounced reductions as the treatment
temperature decreases. The tensile performance tests demonstrate that as the temperature of high-temperature treatment decreases, the tensile
strength at room temperature and 800 °C of the alloys with different microstructures declines. At room temperature, the elongation of the heat-
treated alloys shows a trend of first increasing and then decreasing, and the values are all within the range of 0.5%—1.0%. However, at 800 °C,
significant variations in elongation are observed in the alloys. Specifically, an increase in equiaxed y phase content correlates with enhanced alloy
elongation. Compared to samples treated at 1270 °C, those treated at 1220 °C exhibit a 280% increase in elongation, while those treated at 1170 °C
show a 480% increase. This enhancement is attributed to the improved deformability of the equiaxed y phase at elevated temperatures.
Additionally, greater activation of dislocations within the £ phase occurs, while the y/y and a,/y interfaces impede the movement of twins and
dislocations. This study provides a comprehensive discussion on the evolution behavior and patterns of different heat-treated alloys, emphasizing
their correlation with mechanical properties.

Key words: S-type y-TiAl alloy; low-cost; heat treatment; microstructure; tensile property
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