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EFFECT OF THE COOLING RATE ON THE MOTTLED CAST
IRON MICROSTRUCTURE DESIGNED FOR THE MILL ROLLS

1. INTRODUCTION

High requirements set for mill rolls applied for hot a plastic working of steel incline for
searching for new materials or modifications of the already used ones. One of such mate-
rials is alloy mottled cast iron, spheroidal, chromium-nickel GJS-HV300(SiCrNi2-3) [1-6].
This material of a pearlite-bainitic matrix found an application, among others, for mill rolls
in hot mills in the finishing stands group [1, 2]. It meets the expectations of users of mill
rolls in hot mills in the scope of its hardness and abrasion resistance. However, the basic
shortcoming of this cast iron is its relatively high price (on account of 3.5% of nickel) as
well as a very small crack resistance, especially important in the case of rolls used in shape
mills. Due to this, there are problems in applying this cast steel e.g. for rolls applied for
rolling technologically difficult profiles, such as railway rails and channel bars. An im-
provement of a crack resistance of this material can be achieved by the adequate heat treat-
ment [7-9].

Apart from the determination of the transformation kinetics of overcooled austenite
[10], an estimation of the effect of the cooling rate — in the austenitic range — on the volume
fraction of carbide phases and graphite is necessary for designing the optimal heat treatment.

The determination of the influence of the heat treatment on the microstructure of cast
iron GJS-HV300(SiCrNi2-3) was the aim of the present paper (according to the rules: PN-EN).

2. TEST MATERIAL

Test material constituted a chromium-nickel mottled nodular cast iron GJS-HV300
(SiNiCr2-3). Chemical composition of the investigated cast iron is presented in Table 1. The
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microstructure in as-delivered condition is shown in Figure 1. Test material was sampled
from the cast roll delivered by the manufacturer.

One may see that, this is mottled cast iron with the pearlite-bainitic matrix (with upper
bainite). It is characterized by a high content of ledeburitic cementite (with adjoined hyper-
eutectoid cementite), which creates a continuous network.

Table 1. Chemical composition (weight %) of the investigated GJS-HV300(SiNiCr2-3) cast iron

C Mn Si P S Cr Ni Mo
32 0.52 2.24 0.07 0.012 0.53 3.49 0.56
Mg Cu Al Ti % As Nb Fe

0.047 0.20 0.008 0.014 0.020 0.002 0.024 bal.

Fig. 1. Microstructure of the investigated cast iron (in as-delivered condition): a) ledeburite mor-
phology; b) ledeburitic cementite morphology, c) graphite morphology; d) matrix microstructure.
Etched with 2% nital

3. HEAT TREATMENT

Modification of the investigated cast iron microstructure was carried out by the heat
treatment. Five variants of the heat treatment were performed diversified by the cooling
rate. Austenitizing temperature was 950°C. The temperature was selected on the basis of the
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research presented in studies [9, 10], as well as so as to comply with the technological po-
tential of the mill rolls manufacturers and to ensure the highest possible solubility of lede-
buritic cementite (with adjoined hypereutectoid cementite) in an austenitic matrix.

Variant I of the heat treatment was characterised by slow cooling (12°C/h) within the
range of austenite occurrence (down to a temperature of 700°C). Further cooling was per-
formed in such a way as to ensure the pearlitic matrix formation (18°C/h).

Variant II of the heat treatment was characterised by slow cooling (12°C/h) to a tem-
perature of 780°C followed by a fast cooling (45°C/h) to a temperature of 700°C. Further
cooling was performed in such a way as to ensure the pearlitic matrix formation (18°C/h).

Variant 11 of the heat treatment was characterised by fast cooling (45°C/h) within the
range of austenite occurrence (to a temperature of 700°C). Further cooling was performed
in such a way as to ensure the pearlitic matrix formation (18°C/h).

Variant IV of the heat treatment was characterised by slow cooling (12°C/h) within the
range of austenite occurrence (to a temperature of 700°C). Further cooling was performed
in such a way as to ensure the bainitic matrix formation (216°C/h).

Variant V of the heat treatment was characterised by fast cooling (45°C/h) within the
range of austenite occurrence (to a temperature of 700°C). Further cooling was performed
in such a way as to ensure the bainitic matrix formation (216°C/h).

4. THE RESULTS OF THE MICROSTRUCTURE INVESTIGATIONS
AFTER THE HEAT TREATMENT AND THEIR DISCUSSION

The applied heat treatments caused significant changes in the microstructure of the
investigated cast iron. The microstructures obtained after the individual variants of the heat
treatment are presented in Figures 2-6.

The heat treatment, regardless of the applied variant, caused a clearly visible fragmen-
tation of lederburitic cementite precipitates as well as a significant decrease of its participa-
tion in a cast iron volume. An increase of graphite precipitates as well as an increase of its
participation in a cast iron volume can be also seen after the heat treatment.

a)

Fig. 2. Microstructure of the investigated cast iron afier variant I of the heat treatment: a) ledeburitic
cementite and graphite morphology; b) matrix microstructure. Etched with 2% nital
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Fig. 3. Microstructure of the investigated cast iron after variant II of the heat treatment: a) ledeburitic
cementite and graphite morphology; b) matrix microstructure. Etched with 2% nital
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Fig. 4. Microstructure of the investigated cast iron after variant IlI of the heat treatment: a) lede-
buritic cementite and graphite morphology; b) matrix microstructure. Etched with 2% nital

Fig. 5. Microstructure of the investigated cast iron after variant IV of the heat treatment: a) lede-
buritic cementite and graphite morphology; b) matrix microstructure. Etched with 2% nital
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Fig. 6. Microstructure of the investigated cast iron after variant V of the heat treatment: a) ledeburitic
cementite and graphite morphology; b) matrix microstructure. Etched with 2% nital

The cooling rate selection during the heat treatment based on the CCT diagrams within
the eutectoidal transformation allowed to obtain the desired (expected) structure of the ma-
trix. As can be seen in microphotographs presented in Figures 2a, 3a, 4a, 5a and 6a the
pearlitic matrix was obtained in the case of variants I-III, while the bainitic matrix in the
case of variants IV-V.

The bainitic microstructure pattern in the matrix of the investigated cast iron after the
heat treatment, obtained by means of the confocal microscope, is presented in Figure 7.

Fig. 7. Microstructure of the bainitic matrix. Confocal microscope

A stereological analysis of volume fractions of structural components (Vy,) was per-
formed by means of the point method, with the application of a network deposited on the
microstructure photographs. For each variant of the heat treatment 30 depositions of the
network were performed. Measurements were done on microphotographs obtained by using
an objective of 50 times magnification. The network with 200 measurement points was
applied.
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The graphical presentations of the volume fraction of individual elements of the micro-
structure for the initial state and for the respective variants of the heat treatment are shown
in Figures 8-13. Standard deviations are also marked in these diagrams.
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Fig. 8. Presentation of the volume fraction of individual microstructure elements of the investigated
cast iron for as-delivered condition
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Fig. 9. Presentation of the volume fraction of individual microstructure elements of the investigated
cast iron for variant I of the heat treatment
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Fig. 10. Presentation of the volume fraction of individual microstructure elements of the investigated
cast iron for variant Il of the heat treatment
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Fig. 11. Presentation of the volume fraction of individual microstructure elements of the investigated
cast iron for variant Il of the heat treatment

70

60 I

50

40

Vy, %

30

20

10

\ -

upper bainite lower bainite cementite graphite

Fig. 12. Presentation of the volume fraction of individual microstructure elements of the investigated
cast iron for variant IV of the heat treatment
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Fig. 13. Presentation of the volume fraction of individual microstructure elements of the investigated
cast iron for variant V of the heat treatment
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Analysing the cast iron microstructure, after the heat treatment performed in such
a way as to obtain the pearlitic matrix (variants I, II and III), one can observe that apart from
pearlite also ferrite and small amounts of spheroidite are present in the matrix. Spheroidite
was absent in the microstructure in as-delivered condition. This occurs due to the fact, that
areas in the vicinity of graphite precipitates undergo decarburisation as the result of the
carbon diffusion towards graphite. It can be seen that this effect intensifies with the cooling
rate increase in the austenitic range. The most probably this is the result of shortening the
possible carbon diffusion path in the matrix of the investigated cast iron. The carbon con-
centration is not equalized in the whole matrix.

In the case of samples heat treated in such a way as to obtain the bainitic structure
(variants IV and V) apart from upper bainite also lower bainite was found in the matrix.
It can be seen that the volume fraction of lower bainite increases and upper bainite de-
creases when the cooling rate in the austenitic range increases.

Differences in the cooling rates in the austenitic range influence essentially an amount
of lederburitic cementite (with adjoined hypereutectoid cementite).

An increased cooling rate after the heat treatments performed in such a way as to
obtain the pearlitic matrix (variants I, II and III) causes the occurrence of larger amounts
of lederburitic cementite (with adjoined hypereutectoid cementite) in the microstructure.
Similar situation is seen in the case of samples after the heat treatment leading to the bainitic
matrix formation (variant IV and V).

It can be also noticed that the amount of lederburitic cementite after each heat treat-
ment is smaller than in as-delivered condition.

An explanation of the above differences requires analysis of changes in a graphite con-
tent. After each variant of the heat treatment a graphite content is larger than in as-delivered
condition. This indicates that during the heat treatment of cast irons containing graphite
a certain part of carbon diffuses to those precipitates causing the matrix to be depleted of
carbon and to diminish the amount of ledeburitic cementite. This process intensifies when
the cooling rate decreases in the austenitic range. A very large amount of graphite, when the
heat treatment of various cooling rates in the austenitic range was applied (variant II), can
be caused by the place of sampling as well as by changes in the carbon diffusion path which
lead to a small increase of areas of a spheroidal structure.

In a similar fashion, in the case of the heat treatment performed to obtain the bainitic
matrix (variant IV and V), it was found that decreasing of the cooling rate in the aus-
tenitic range leads to an increase of the graphite amount in the matrix of the investigated
cast iron.

5. CONCLUSIONS

Investigations performed during this study allow to formulate several conclusions.

— The heat treatment allows changing — in a wide range — the microstructure of the inves-
tigated cast iron.
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Increasing of the graphite amount in the mottled cast iron matrix during the heat treat-
ment (requiring austenitizing) is accompanied by decreasing participation of leder-
buritic cementite (and adjoined hypereutectoid cementite). The carbon content in the
matrix is also diminishing.

The cooling rate in the austenite range influences volume fractions of cementite and
graphite. When the cooling rate is increased more cementite remains in the microstruc-
ture while the graphite volume fraction decreases.

The application of the heat treatment leading to the pearlitic transformation favours an
increase of the volume fraction and size of lederburitic cementite as compared with the
heat treatment leading to the bainitic matrix formation.

The application of the heat treatment leading to the pearlitic transformation causes an
increase of the graphite volume fraction as compared with the heat treatment leading to
the bainitic matrix formation.

Acknowledgements

The authors would like to thank Mr Dariusz Tyrka and Mr Artur Szopinski for their

help in this research.

Project financed by the Ministry of Science and Higher Education, completed under

AGH-UST’s own research activities no. 10.10.110.855.

(2]

(3]

(4]

(3]

(6]

(7]

REFERENCES

Pacyna J., Kokosza A., Krawczyk J.: The profiled cast iron rolls wear mechanism, Proc. of the Conf. (Kon-
ferencja Naukowo-Techniczna ,,Kierunki rozwoju produkcji walcow”), Wista-Malinka, Poland, February,
21-23, 2001, 157-168 (in Polish)

Pacyna J., Krawczyk J.: Conditions of formation and properties of the white layer, Metallurgy — Metallurgi-
cal Engineering News, Vol. 72, No. 11 (2005) 545-553 (in Polish)

Krawczyk J., Pacyna J.: Effect of tool microstructure on the white layer formation, Journal of Achievements
and Manufacturing Engineering, Vol. 17, spec. Iss. 1 (2006) 93-96

Krawcezyk J., Pacyna J., Kokosza A.: Fracture toughness of cast materials for mill rolls, Proc. of the 6" Int.
Conf. for Mesomechanics (Multiscaling in Applied Science and Emerging Technology — Fundamentals and
Applications in Mesomechanics), Patras, Greece, May 31-June 4, 2004, 203-207

Krawcezyk J., Pacyna J., Szczygiel A., Latata D.: The role of transformed ledeburite and hypereutectoid
cementite morphology on mill roll tribology, Proc. of the Conf. (XI Konferencja Naukowo-Techniczna
»Tendencje i kierunki rozwoju produkcji walcow”, Huta Buczek Sp. z 0.0.), Ustron — Jaszowiec, Poland,
March, 2006, 53—66 (in Polish)

Pacyna J., Krawczyk J.: The influence of heat treatment on transformed ledeburite morphology in hypo-
eutectic alloys, Proc. of the 10th Jubilee Int. Sc. Conf. (Achievements in Mechanical & Materials Engi-
neering), Gliwice-Krakow-Zakopane, Poland, December, 9-13, 2001, 429-434 (in Polish)

Pacyna J., Krawczyk J., Zajgc G.: The new heat treatment technology of spheroidal chromium-nickel cast
iron, Metalurgia, No. 23 (2002) 9-17 (in Polish)

109



[8]1 Wasylewicz O.: The fracture toughness of alloy-nodular cast iron, M.Sc. Thesis, Supervisor: J. Krawczyk,
AGH-UST, Krakoéw, Poland, 2002 (in Polish)
[9] Zajgc G.: The influence of heat treatment on mechanical properties of alloy-nodular cast iron, M.Sc. Thesis,
Supervisor: J. Krawczyk, AGH-UST, Krakow, Poland, 2001 (in Polish)
[10] Wazny G.: The kinetics of phase transformation of under-cooled austenite of alloy-nodular cast iron, M.Sc.
Thesis, Supervisor: J. Pacyna, AGH-UST, Krakéw, Poland, 2005 (in Polish)

Received
December 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


