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Tablel Chemical composition of the prepared Ti-6Al-4M o-
xMn (x=0, 1, 2, 3, 4) alloys(w/%)

Material Al Mo Mn Ti
Ti-6Al-4Mo 6.18 4.03 0 Bal.
Ti-6Al-4Mo-1Mn 6.17 4.08 1.00 Bal.
Ti-6Al-4Mo-2Mn 6.06 4.02 1.96 Bal.
Ti-6Al-4Mo-3Mn 6.13 4.06 2.93 Bal.
Ti-6Al-4Mo-4Mn 6.16 4.08 3.92 Bal.

#2 Al. Mo#0 Mn &Y fi(X)RizR
Table2 fi(X;) expression of Al, Mo, and Mn

Element fiX)/'C
Al 27.48609% A1%-0.79419x Al1%>+0.01277 % Al%3
Mo -12.2307xM0%+0.29652xM0%2-0.00633xMo %>

Mn -21.97489xMn%+0.1711xMn%?
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Fig.1 XRD patterns of Ti-6Al-4Mo-xMn(x=0, 1, 2, 3, 4) alloys
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Fig.2 DSC curves of Ti-6Al-4Mo-xMn(x=0, 1, 2, 3, 4) alloys
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Table 3 Transition temperature estimated by calculation and

DSC measurement

Transition temperature/C

Alloy

Calculation DSC measurement
Ti-6Al-4Mo 977 973
Ti-6Al-4Mo-1Mn 955 951
Ti-6Al-4Mo-2Mn 934 935
Ti-6Al-4Mo-3Mn 913 919
Ti-6Al-4Mo-4Mn 892 905
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Bl 3 Ti-6Al-4Mo-xMn & 41 SEM & 4H 41
Fig.3 SEM images of Ti-6Al-4Mo-xMn alloys: (a) x=0, (b) x=1, (c) x=2, (d) x=3, and (e) x=4

Bl 4 Ti-6Al-4Mo-xMn & 4: 1) TEM 4320 21
Fig.4 TEM microstructures of Ti-6Al-4Mo-xMn alloys: (a) x=0, (b) x=1, (c) x=2, (d) x=3, and (e) x=4

F 4 [E5aPRiciLER EDSH A S
Table 4 EDS analysis results of marked positions in Fig.5a
(w/%)

Position Phase Al Mo Mn Ti

1 2.49 17.81 3.57 76.13
2.51 17.15 3.45 76.89
6.39 1.29 0.27 92.04
6.21 1.35 0.29 92.15

RN T

2
3
4

KR W o-Ti MB-Ti Z [AAFAE— M IR R, I
A% F T AR T 8 AR, TR R A LR

Bl 5 Ti-6Al-4Mo-1Mn & 4 ) TEM J& 513 X #8717 5 76 B a—a
Fig.5 TEM morphology of Ti-6Al-4Mo-1Mn alloy (a) and SAED o= 4 - 3)

pattern of marked spot in Fig.5a (b)
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Bl 6 Ti-6Al-4Mo-xMn % 4 1) EBSD #43 ii
Fig.6 EBSD phase distributions of Ti-6Al-4Mo-xMn alloys: (a) x=0, (b) x=1, (c) x=2, (d) x=3, and (e) x=4
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Fig.7 Mechanical properties of Ti-6Al-4Mo-xMn (x=0, 1, 2, 3, 4) alloys at room temperature: (a) engineering stress-strain curves and

(b) tensile strength and elongation



REZ: Mn & 8% Ti-6Al-4Mo & 4 AW ZUFN 72 BE 1 5 «723 .

=

B8  Ti-6Al-4Mo-xMn £ & )i A T 117 55
Fig.8 Tensile fracture morphologies of Ti-6Al-4Mo-xMn alloys: (a) x=0, (b) x=1, (c) x=2, (d) x=3, and (e) x=4
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Fig.9 Variations of elastic modulus and hardness of Ti-6Al-4 Mo-xMn
(x=0, 1, 2, 3, 4) alloys with different Mn contents
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Table 5 Comparisons of elastic modulus and mechanical

properties between the present Ti-6Al-4Mo-1Mn

alloy and some reported titanium alloys at room

temperature

Alloy E/GPa  0/%  oJ/MPa Ref.

Pure Ti 105 24 240 [25]

Ti-8Al-1Mo-1V 125 10 1000 [26]

Ti-6Al-2Nb-1Ta-1Mo 120 8 830 [27]

Ti-6Al-4V 110 10-15 943 [28]

Ti-6A1-4V-0.5B 145 7 1020 [12]

Ti-6Al-2Nb-2Zr-0.4B 130 5 698 [6]
Ti-6Al-4Mo-1Mn 136 6 916 This work
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Effect of Mn on the Microstructure and Mechanical Properties of Ti-6Al-4M o Alloy

Huang Qingguo, Ying Zixiang, Wang Zhilei, Zhang Zhihao, Liu Xinhua
(Beijing Laboratory of Metallic Materials and Processing for Modern Transportation, Key Laboratory for Advanced Materials Processing

(MOE), Institute for Advanced Materials and Technology, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: In order to develop titanium alloy with high elastic modulus and good comprehensive mechanical properties, Ti-6Al-4Mo-xMn
(x=0, 1, 2, 3, 4, wt%) alloys were prepared by a cold crucible suspension melting method. The effect of Mn content on the microstructure
and mechanical properties of the alloy was systematically investigated. The results demonstrate that the prepared Ti-6Al-4Mo-xMn alloys
are composed of a and S phases without Ti-Mn phase. With the increase of Mn content, the a—f phase transition temperature decreases,
resulting in an increase in volume fraction of f phase. Moreover, the microstructure of the alloys gradually becomes finer and evolves
toward Widmannstatten microstructure. The hardness of the alloy increases from 30 HRC to 46 HRC, and the tensile strength increases
from 838 MPa to 1266 MPa, which is attributed to the solution strengthening and microstructure refinement caused by Mn atoms. With the
increase of Mn content, the elastic modulus of the alloy increases first and then decreases. When the Mn content is 1wt%, the elastic
modulus of the alloy is the highest, which is 136 GPa, and the tensile strength is 916 MPa, which are 24.0% and 3% higher than those of
Ti-6Al-4V alloy, respectively.

Key words: Mn content; Ti-6Al-4Mo-xMn alloys; microstructure; mechanical properties; elastic modulus
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