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Abstract

M2 tool steel was used as a feedstock materiatdsting from the the semisolid range between
1310-1356C corresponding to 25 - 50 % of the liquid phadee Themical composition of the
investigated steel is following: 0.85%C, 3.9 %Ci7 &W, 4.7 %Mo and 1.7 % V. A specially
constructed machine allowed thixoforming in a pctte argon atmosphere and semisolid
forming at a high piston velocity powered by a haghpressure. After heating of the feedstock
using induction heating by the stamping of semiitigsample to a graphite mould pre-heated by
resistance heating. The material after thixoformifigpm 1318C shows a globular
microstructure with a relatively small globule’gsibetween 30-5m. The crystal structure of
globules contained, austenite and martensite, whde of the eutectic, ferrite and @, FeC,
Mo,C, M,sCs and VC carbides as determined by X-ray studies amdirmed using electron
diffraction studies. The alloying elements like M&, and V are concentrated in the eutectic,
while Cr only in thixoformed samples segregatestiie carbides and indeed ,}s was
identified. The hardness significantly increases tap780 HV after thixo-forming due to
formation of martensite. The other part was casinfthe liquid phase at 145C using melt
spinning method allowing high cooling rate. The mogtructure of melt spun ribbon shows a
cellular microstructure of austenitic and martéostructure without the eutectic. The WC and
M,sCs carbides were located at the cell’s boundarieh& microhardness near 1300 HV of the
ribbon was much higher than that of semisolid fareamples
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1 Introduction

The application of Semi Solid Metal (SSM) procegdior steels is still at the development stage
due to a high melting temperatures and the nariguidus-solidus range for a low carbon steels,
which are of interest for a common use. SSM prangdsas been investigated for several steels
compositions, starting with experimentally easigghhcarbon, mostly X210Crw12 tool steels
with a broad semisolid range [1-3], through intediate like M2 steels [3,4,5], up to a low
carbon containing steels [6,7]. In order to obtaim easy flow of the semi-solid slurry, a
microstructure of the alloy prior to forming shoutdnsist preferably of solid solution metal
spheroids in a liquid matrix [2-7]. Such a microsture can be obtained when the steel is
initially cold or hot deformed prior to heating tosemisolid range [1-7]. Another important
technological factor is fast die filling to prevesulidification in the die gate area. A reported
piston rate of 0.5-1 m/s [4-7] was therefore ampli®#here are limited data concerning the
microstructure ofhixoformed steels [2-7]. In the X210CrW12 steelds reported [2] that after
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thixoforming the structure of such steel mostly siets of austenite. Microstructure studies of
the M2 steel [3,4] were concentrated on the charfigeshape of grains and carbides after thixo-
processing and phase analysis suggests the preskacstenite in the investigated semisolid
range. In the present study, fine grain M2 steed used as a starting material for thixoforming.
Detailed structure and microstructure studies werdormed to characterize phase shape and
structure changes after the SSM processing. Thed stas also subjected to melt spinning
process. Earlier studies of rapid solidificationings laser melting [8,9] have shown
cellular/dendritic microstructure [9] the microstture was identified as bcc iron. This statement
is rather not likely in view of works from semiswblicasting [3,4] of M2 steel where
austenitic/martensitic structure was identifiedefiéhare similar cell size reported in laser melted
2-5um. In other rapidly solidified steels containinghgar carbon content [10,11] similar size
of cells was observed in case of melt spinning oattpplied to FeCrMn steel with 0.3% C [10]
or rapid cooling in copper mould [11] of FeCrMo\ést with higher carbon content. In the latter
case the size of cells was much higher pproachihgrb, however the austenitic/martensitic
microstructue within cells was also observed alf@nio obtain a high mechanical properties. In
the present paper a comparison of microstructudehandness of thixoformed and melt spun M2
steel was performed in view of microstructure aaddhess in relation to process temperaturea
and the cooling rate.

2 Experimental procedure

The chemical composition of the M2 steel was: @@&5, 3.9 %Cr, 6.7 %W, 4.7 %Mo and 1.7 %
V. The spray formed steel samples in of diametetQofinm were placed in the graphite cylinder
covered with BN layer to avoid carbon transferighbr temperatures. A scheme of the chamber
using a piston rate of 1200 mm/s is given in [4jeTfeedstock was heated to temperature of
1310°C what corresponds to 30-35 % of the liquid phabe. die temperature was 5&0and its
dimensions were 20x50x15 mm. Melt spinning was grenéd in helium atmosphere using
Artvac melt spinner. The linear copper wheel rats 5 m/s and the pressure of melt ejection
at 1456C was 2.5 bars. The BN crucible contained a holbdtiom of size 0.7 mm and the
sample was heated using high frequency generator.

The structure of the melt spun and SSM processeblea was studied using a Technai G2
transmission electron microscope (TEM) equipped EB®ctor, scanning electron microscope
FEI, Leica optical microscope equipped with QUINaqgtitative image analysis and X-ray
diffractometer Philips PW1840 using mono-chrom&ticKa radiation.

3 Resultsand discussion

Fig.1a shows optical micrographs taken from the sampésl s an feedstock of the M2 tool
steel prepared using powder metallurgy method, aioimg mainly ferrite and WC or MC
carbides surrounding elongated grains, however @lamones can also be seen within grains.
Figlb shows an optical micrograph from the thixoformedmple. It shows globular
microstructure consisting of austenitic and maiitenstructure similarly as reported in [4,5] for
thixocast M2 steel. It shows a typical globular mogtructure surrounded by the eutectic
observed also in thixocast steels [1-5]. As resfitien the X-ray diffraction taken from the
thixocast steel presented hig.2 the globules consists of austenite and ferritenfartensite).
The carbides surrounding globules were identifiedgC, M,C and MC. Transmission electron
micrograph shown ifrig.3 shows the area near the eutectic. One can se&legrarticles of
size of a few micrometres being components of theatic. The electron diffraction pattern
allows to identify the carbides assEeof zone axis [1-11]. It was not identified usiKgrays

DOI 10.12776/ams.v20i3.305 p-ISSN 138532
e-ISSN 1338-1156



Acta Metallurgica Slovaca, Vol. 20, 2014, No. 3265-270 267

since its reflections coincide with other refleasoand also electron diffraction is taken only of a
small area which may not be representative for alevsample. Next micrograph shows SEM
micrograph from the melt spun ribbon from M2 stémken using back scattered electron
detector with contrast depending on the atomic rerm®ne can see cells which are of columnar
shape at the bottom of the ribbon and length oéisdum and thickness of a feam and in the
upper part become of regular shape due to chamgiolgation and growth conditions. The size
of cells is of a few micrometres is similar like leiser melted M2 steel [8,9] or in melt spun
ribbon of CrMn steel [10], in spite of columnarlsewhich length is od several micrometres.

Fig. 1 Optical microstructue (a) of the M2 steel in tledelivered state and (b) after thixo-
forming process
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Fig. 3 TEM micrograph and the electron diffraction pattéam the visible area shown as an
insert
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The central part of cell form iron solid solutioritivcarbides surrounding them. The average
microhardness of the ribbon measured on the trass\&@de, based on 10 measurements was
1270 HV, which is much higher than that of the ¢fiotmed samples which was at the level of
760 HV. The carbides are visible in a bright costtrghen using back scattered electrondetector
due to a high tungsten and molybdenum content. yXeiffraction data from the melt spun
ribbon M2 steel are shown Fig.5. One can see a significant difference when conaptreéhe
X-ray diffraction from thixocast sample. There isich higher content of austenite due to a
higher cooling rate from the melt. It is also lessbides and only a low intensity peak from MC
carbide was identified. This is due to the higtaulsility of carbon in austenite.

det

Fig. 4 SEM micrograph of the melt spun rlbbn frm the #tel
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Fig. 5 X-ray diffraction taken from the ribbons after mgftinning

The cellular microctructure is better visible aglér magnification in the next micrograph taken
using scanning transmission electron microscopeEMT presented inFig.6. The carbides
surrounding cells are much better seen due to ghtodontrast of carbides containing heavy
elements as results from Energy Dispersive X-Ragctsp (EDS) from the area marked 1
representing carbides. The X-ray spectra presdanté&dg.7 show much higher content of W,
Mo, Cr and V in carbides, however a small amounallzfying elements is present also in the
iron solid solution. The transmission electron m&tructure from the central part of the cell is
presented irFig.8. One can see there a high density of dislocatimusseveral narrow needles
within the microstructure indicating presence ofrtmasite what was confirmed by X-ray
diffraction and is in accord with earlier works mapidly solidified M2 steel using laser melting
[8,9] where presence of a large amount of marter{§i} or ferrite [9] was reported. Other
micrographs allowed also to identify residual aniéewithin globular grains. The diffraction
pattern from the area visible in Fig.8a presenteHig.8b allows to identify martensite of zone
axis [113] and MC carbide of zone axis [113]. A high density ofldésitions observed also in
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CrMn steel melt spun ribbon [10] confirms preserafemartensite. The high fraction of
martensite accompanied by alloyed carbides are@ns#igle for a high hardness of the sample.

| STEM-HAADF

Fig.6 STEM micrograph of the melt spun ribbon with markpdints 1 and 2 where
microanalysis was performed
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Fig. 7 EDS spectra taken in STEM mode from places markaadl2 in Fig.6
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Fig. 8 a) TEM micrograph from the cell showing martemsjilate structure, b) Selected area
diffraction pattern from the area visible in Fig.8howing zone axis of martensite [113]

and of M;C carbide [113]
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4 Conclusions

1. Thixoforming process was applied to M2 tool stegthg fine grain powder metallurgy
prepared feedstock. After heating to a temperatareesponding to 30% of the melt a
globular structure in thixoformed materials wasaitéd. The structure of thixoformed
sample consists of martensite and residual austenitrounded by the eutectic where
carbides were identified as & The hardness of thixocast sample is comparabée t
conventionally prepared steel.

2. Melt spun ribbon from M2 steel shows a typical wlelt microstructure of the cell size
of a few micrometres. Majority of cells contain nesisite accompanied by a residual
austenite. The cells are surrounded by carbidds iricFe, Cr, W and Mo. Their
structure was identified as &, MC and FgC. The microhardness of the melt spun
ribbon was near 1270 HV far exceeding that of tbasi sample.
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