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Effect of Si on microstructures and oxidation resistance of
FeMoCrNi high temperature wear-resistance alloys
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Abstract: The effects of Si on the microstructures of FeM025Cr14Nil0 high temperature wear-resistance alloys and its
oxidation behaviors at 800 ‘C were investigated by scanning electron microscopy (SEM) and X ray diffractometry. The
results show that the microstructures of as-cast alloys and annealed alloys are a-Fe (Mo,Cr,Ni) + Laves phase (Fe,Mo
type). With the increase of Si content, the as-cast microstructure of alloy changes from Widmanstatten into dendrite. The
addition of Si obviously improves the oxidation resistance of the alloys. The action mechanism of Si is that Si can
increase the content of Cr in the matrix and promote the formation of dense Cr,O; film, while the accumulation of Mo
and Si in Laves phase increases the stability of the intermediate phase and inhibit oxidation and volatilization of Mo
oxides. While when Si content is lower, the volatilization of Mo oxide with low melting point can not be inhibited
completely, the outer film is loose, resulting in the spalling of the oxidation film. FeM025Cr14Nil0 with 3%—4% Si
(mass fraction) have excellent oxidation resistance.
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Table 1 Nominal chemical compositions of Fe-Mo-Cr-Ni
alloys
Mass fraction/%
Alloy No.
Mo Cr Ni Si Fe
1 25 14 10 0.00 Bal.
2 25 14 10 0.50 Bal.
3 25 14 10 1.00 Bal.
4 25 14 10 1.25 Bal.
5 25 14 10 1.50 Bal.
6 25 14 10 2.00 Bal.
7 25 14 10 3.00 Bal.
8 25 14 10 4.00 Bal.
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Fig. 1 As-cast and annealed microstructures of FeMo25Cr14Ni10 with different Si contents: (a) As-cast, alloy 1; (b) As-cast, alloy
3; (c) As-cast, alloy 8; (d) Annealed, alloy 1; (e) Annealed, alloy 3; (f) Annealed, alloy 8

F2 RKEGCARAHRT B )

Table 2 Average composition of phases in annealed alloy

Mole fraction/% Mole fraction/%
Phase  Alloy No. Phase  Alloy No.
Fe Mo Cr Ni Si Fe Mo Cr Ni Si
1 63.1 8.2 14.1 14.6 0.0 1 533 205 17.7 8.5 0.0
2 62.2 8.7 14.8 13.6 0.7 2 523 205 17.2 8.4 1.6
3 63.1 6.6 15.0 14.0 1.3 3 513 213 17.7 7.2 2.5
4 62.5 6.7 15.1 14.0 1.7 4 499 225 16.4 7.5 3.7
a-Fe Laves
5 62.5 6.3 15.5 13.7 2.0 5 48.1 23.8 16.3 7.5 4.3
6 62.3 6.3 15.6 13.2 2.6 6 46.7 245 16.7 6.9 52
7 61.4 5.9 16.1 12.6 4.0 7 435 263 15.0 6.8 8.4
8 61.0 5.0 16.4 12.7 4.9 8 41.0 284 12.6 7.0 11.0
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Fig.2 XRD patterns of alloys after annealing: (a) Alloy 1; (b)

Alloy 8
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Fig. 3 Oxidation kinetic curves of alloys with different Si
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Fig. 4 Changing curves of mass increments with Si content

during oxidation of alloys for different time
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Fig. 5 Oxidation surface morphologies of alloys after static oxidation at 800 C for 184 h: (a) Surface oxide film of Alloy 1; (b)

Underlying oxide film of Alloy 1; (c) Surface oxide film of Alloy 3; (d) Underlying oxide film of Alloy 3; (e) Surface oxide film of

Alloy 7; (f) Surface oxide film of Alloy 8
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Fig. 6 Microstructures and element map distribution on cross section of annealed alloys after static oxidation at 800 ‘C for 184 h: (a)

Alloy 1; (b) Alloy 3; (c) Alloy 8

F3 800 CH&%AM 184 h &4 rsE ) E2E 4

Table 3 Main oxides determined by XRD in alloys after static oxidation at 800 ‘C for 184 h

Alloy 1 and 2 Alloy 3 and 4 Alloy 5 and 6 Alloy 7 Alloy 8
FeMoO,/NiMoO, Fe;04/NiFe, 0y Fe;04/NiFe,04 Fe304/NiCr,0y4 Fe304/NiCr,0y4
Fe,05/CrO, Fe,04 Fe,0; Fe,03/CrO; Fe,0;3/CrO;
(Feo 6Cro.4)205 (Feo 6Cro.4)203 (Feo6Cro4)205 (Feo 6Cro4)205 Cr13Feq 705
Cry 5Feq 705 Fe1 333032 NiMoO, Fey(SiOy) Fe; 305197004
Fe, 565106504 Matrix: o-Fe, Laves phase Matrix: a-Fe, Laves phase
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Fig. 7 Morphologies of cavernous oxide of annealed alloy 1

after static oxidation at 800 ‘C for 184 h
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