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Abstract

Fe-25Cr-5Mo0-0.82C alloy was synthesized in an arc furnace in high purity argon atmosphere and crystallized
on water-cooled copper mould. The cross section of the ingot was examined by light microscopy, scanning
electron microscopy (SEM), X-ray diffraction (XRD) and its Vickers hardness determined. The microstructure
is composed of primary and secondary dendrites Fe-Cr-Mo solid solution with equiaxed and elongated
morphology, depending on the nature of the crystallization. In the interdendritic regions complex M23Cs
carbides are present. The average hardness of the alloy is 2645 HV10.
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1. INTRODUCTION

In Fe-Cr-C alloys, produced with conventional techniques, it is possible to obtain microstructures composed
of a-ferrite and complex carbides such as M3C, M7C3s and M23Cs [1+3]. The formation of the various types of
carbides depends on the chemical composition of the alloy [4,5]. Alloys from Fe-Cr-C system are used as
tool steels and hardfacing materials [6-10]. It should be mentioned that complex chromium carbides are also
commonly used as a strengthening phase in nickel based superalloys and cobalt based alloys (Stellites), in
many cases being present in association with the MC carbides (M = Nb, Zr, Ta, Hf) [11-20].

Molybdenum in Fe-Mo-C alloys can form MoC, MC and complex-type carbides such as M23Cs or MeC
[3,21+23]. According to Palcut et al. [24] in low alloyed steels molybdenum stabilizes the MC carbide,
reduces the molar fraction of M7Cs carbide and decreases the values of Fe/Cr ratio in M7Cs at lower
temperatures. Inoue and Masumoto [3] described, inter alia, the tempering process and in-situ
transformation of cementite to M7Cs, M7C3 to M23Cs, and M23Cs to MeC, which occur in Fe-3.6C-17.8Cr-xMo
alloys (x = 3.6 or 8, wt.%). Transformation of cementite to MzCs starts approx. 600°C and it is completed at
approx. 700°C. Further transformations occur at 700°C, requiring longer times of tempering.

It is known, that the wear resistance of tool and hardfacing alloys depends on the volume fraction, type and
morphology of carbides, and properties of the matrix as well [25+29].

In this study the analysis of the microstructure of the Fe-Cr-Mo-C ingot, produced in an arc furnace, is
presented. Particular emphasis is placed on the determination of the morphology of eutectic, complex
carbides.
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2, EXPERIMENTAL

The Fe-Cr-Mo-C alloy was synthesized in an arc furnace Arc Melter AM (Edmund Bihler GmbH) in a Ti-
gettered argon atmosphere. Melting of the charge was performed on a water-cooled copper mould. For
further investigation the ingot, with a mass of approx. 35 g, was cut in half along the line A-A', as shown in
Fig. 1.

The chemical composition was determined in the cross-section with optical emission spectrometer Foundry-
Master (WAS). In order to estimate the segregation in the ingot a series of measurements on the bottom and
on the cross section of the ingot were performed. Results are summarized in Table 1.

The X-Ray diffraction (XRD) analysis was performed by using a Panalytical Empyrean diffractometer using
CoKa radiation (A=1.7890 A).

The microstructure of the alloy was examined by Nikon LV150N light microscope and FEI VERSA 3D
scanning electron microscope, equipped with the energy dispersive spectroscopy (EDS) detector.
Microstructure investigations were carried out on the cross-section of the ingot, after polishing and etching.
The microstructure of the samples was revealed by a solution of 30 g NH4F, 50mI HNOz and 20ml H20.

Vickers hardness measurements were performed on a TUKON 2500 hardness tester.

3. RESULTS AND DISCUSION

Table 1 shows chemical composition of the ingot, which was measured on the bottom and on the cross
section of the ingot. As can be seen, the average carbon content varies significantly from 0.61 at the bottom
to 0.82 (wt.%) for the cross section. It is also clear, that a segregation of molybdenum took place, as wt. % of
Mo varies from 4.66 at the bottom to 5.33 for the cross section.

Table 1. Chemical composition of the ingot (wt.%).

Place of c si Mn Cr Mo P S Fe
measurements
Cross-section 0.815 0.159 0.094 24.900 5.330 0.015 0.026 Bal.
Bottom 0.613 0.206 0.100 24.600 4.660 0.100 0.014 Bal.

Figure 1 shows a photograph of the ingot and Fig. 2 the microstructure of the cross section along line A-A'
(Fig. 1). During solidification on a water-cooled copper mould, three distinctive zones A, B and C were
formed, indicated in Fig. 2. Dendrites in zone A, nucleated and grew in a very short time. First dendrites has
an equiaxed shape (Fig. 3c). Figure 3b shows microstructure of zone B (Fig. 2), dendrites which grew
parallel and opposite to the heat exchange direction, have a columnar shape. Figure 3a shows dendrites,
typical for zone C (Fig. 2), formed at the end of solidification. These dendrites have similar, equiaxed shape,
such as in zone A, because their latent heat is extracted radially through the undercooled melt.

XRD patterns presented in Fig. 4 show that the alloy consists of ferrite (Fe-Cr-Mo solid solution) and complex
M23Cs carbides.

I A 1 mm

Fig. 1. A Fe-Cr-Mo-C ingot with the cross section line A-A’



'EY, . .
ME AL

2015 Jun 3™ - 5% 2015, Brno, Czech Republic, EU

Fig. 2. The reconstructed along A-A’ cross-sectional microstructure of the ingot based on images from light
microscope. A — refers to inner equiaxed zone, B — refers to columnar zone, and C — refers to outer
equaiaxed zone.

Fig. 3. Microstructure of different zones along the transverse cross-section in Fe-Cr-Mo-C ingot: a — refers to
outer equaiaxed zone, b — refers to columnar zone, c — refers to inner equiaxed zone, light microscope.
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Fig. 4. XRD patterns of the investigated alloy.

Figure 5 shows the microstructure of eutectic M23Ce carbides observed in the aforementioned three
distinctive zones. It was observed that M23Cs carbides formed in the interdendritic zones exhibit continuous,
complex shapes. Carbides in outer and inner equiaxed zones have similar shapes. The boundary between
eutectic carbides and matrix forms a continuous, longitudinal precipitation. Between the longitudinal
boundaries, the carbides exhibit lamellar or polygonal character. In the columnar zone the eutectic has a
longitudinal shape. Simultaneously lamellar precipitations within the eutectic boundaries make the whole a
“ladder” shape.

Figure 6 shows the distribution of the major elements in dendrites and eutectic carbides. As seen, the
eutectic zone is enriched in chromium and molybdenum, while the iron content is lowered.
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The average hardness of the alloy is 26415 HV10.
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Fig. 5. Microstructure of eutectic carbides in different zones along the transverse cross-section in Fe-Cr-Mo-
C ingot: a,d — refers to outer equaiaxed zone, b,e — refers to columnar zone, c,f — refers to inner equiaxed
zone, SEM-SE.
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Fig. 6. X-ray mapping of element distribution in dendrite and eutectic carbides.



'EY, . .
ME AL

2015 Jun 3- 5% 2015, Brno, Czech Republic, EU

CONCLUSION

Fe-Cr-Mo-C alloy was synthesized and characterized in the as cast state. It consists of ferrite (Fe-Cr-Mo
solid solution) and complex M23Cs carbides. The microstructure is composed of primary and secondary
dendrites Fe-Cr-Mo solid solution with equiaxed and elongated morphology. M23Cs carbides formed in the
interdendritic zones exhibit continuous, complex shapes. The average hardness of the alloy is 264+5 HV10.
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