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Abstract. At present, relevant enterprises usually use a one-step method to prepare molybdenum-vanadium-aluminum-iron
quaternary intermediate alloys, which have a low production cost and simple operation. After secondary vacuum refining,
the gas, impurities and inclusions in the alloy can be further removed, the element distribution can be improved, the
number of crystallization defects and segregation can be reduced, and the alloy quality can be improved. However, since
aluminium and iron do not easily undergo direct thermal reactions via thermodynamics, the primary molybdenum-
vanadium-aluminium alloy was first prepared via the thermite method. An appropriate amount of Fe was subsequently
added during the second vacuum induction refining process to obtain the molybdenum-vanadium-aluminum-iron quaternary
intermediate alloy. By testing the elemental composition and analysing the phase composition, microstructural morphology,
and properties, new preparation processes for high-quality molybdenum-vanadium-aluminum-iron quaternary intermediate
alloy were explored. The results show that the content of O and N in the alloy decreases significantly and that the surface
quality of the alloy is good after vacuum induction refinement. The Mo30V30Fe5AlI35 alloy is mainly composed of
VosMoys, AlsMo, AlgFe,, and Fe,Mo; phases, and the structure is relatively uniform. The average density and hardness of
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the obtained alloys are 6.2 g/cm® and 68.86 HRC, respectively.
Key words: molybdenum-vanadium-aluminium-iron quaternary intermediate alloy; vacuum induction refining; phase

composition; macroscopic morphology; microstructure; performance
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Tab.1 Coilponents of different alloys
(mass fraction/%)
Alloy chemical composition
Mo A% Fe Si C O N Al
Primary molybdenum-vanadium-aluminium alloy 40.52 40.34 0.19 0.12 0.02 0.06 0.05 Bal.
Molybdenum-vanadium-aluminium-iron alloy 33.26 30.94 4.34 0.17 1.47 0.03 0.03 Bal.
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Fig.1 Macroscopic morphologies of different alloys: (a) primary Mo-V-Al alloy; (b) Mo-V-Al-Fe alloy
v ;
Mo , Al Fe ,
VMo
Mo Al . Fe ,V )
Al .Fe Mo ,
v °
EDS
0 1 ,
V. Mo ,Al Fe
2 XRD , , VosMoys
Fig.2 XRD patterns of different alloys i ) ,
, 3b s A\ ,Mo Al .Fe
. 4 2000 , XRD ,
, AlMo 3
o , Al , 3
5 . , , Sc \Y ,

HFIEZIR https://www. cnki. net



Vol.46 No.11
<1134 FOUNDRY TECHNOLOGY Nov. 2025

3 :(a) ;(b)
Fig.3 Microstructures of different alloys: (a) primary Mo-V-Al alloy; (b) Mo-V-Al-Fe alloy
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Fig.4 Microstructure of the Mo-V-Al-Fe alloy: (a) 500x%; (b) 2 000x
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Fig.5 Elemental distribution of the Mo-V-Al-Fe refined alloy: (a) microstructure; (b) EDS stratification map; (c~f) EDS maps of V,
Mo, Al, and Fe
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Fig.6 EDS spectra of structures with different morphologies in Mo-V-Al-Fe alloys: (a) microstructure; (b) black rod-like structure;
(c) white particles and rod-like structure; (d) light gray structure
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Tab.2 Density of different alloys

Density/(g-cm™)

Allo Average density/(g-cm?
y | 5 B p e g y/(g+cm?)
Primary Mo-V-Al alloy 5.864 5.860 5.837 5.852 5.850 5.853
Mo-V-Al-Fe alloy 6.220 6.200 6.190 6.210 6.200 6.200
7 8
Fig.7 Density curves of the alloys Fig.8 Hardness curves of the alloys
3
Tab.3 Hardness of different alloys
Hardness(HRC)
Alloy Average hardness(HRC)
1 2 3 4 5
Primary Mo-V-Al alloy 71.2 71.5 71.1 71.0 71.4 71.24
Mo-V-Al-Fe alloy 68.9 69.4 68.4 68.9 68.7 68.86
Mo30V30FeSAI35 68.86 HRC, VsMogs ,
VsMogs ,
o ’ AISMO )
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