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In the presented paper the structure and properties of a new class of consrtuctional materials 
deformable high strength cast iron was investigated. The austenization parameters effect on the 
phase composition of ingot and hot plastic deformed ductile iron were studied. It was determined, 
that the combination of hot plastic deformation and heat treatment processes provide better 
multifactorial influence on the structures and exploitation properties of ductile iron. High strength 
cast iron with the following chemical composition 3.45% C, 2.30% Si, 0.25% Mn, 0.003% S, 0.05% 
P and 0.045% Mg was chosen as a research object. The experimental specimens were subjected to 
step by step 20% degree of primary hot plastic deformations. The deformed specimens were received 
without defect after rolling with total (60%) deformation. As a result of investigations it was 
determined, that hot plastic deformation of high strength cast irons increases the dispersity of 
metallic structure, contributes to the decomposition of primary austenite at intermediate 
temperature interval, increases carbon diffusion activity, speeds up homogenization of austenite and 
reduces austenization duration period. © 2020 Bull. Georg. Natl. Acad. Sci. 

Austenization, plastic deformation, isothermal quenching, retained austenite, phase composition, structure 
formation 

More and more attention is paid to the 
development of new class of structural materials, 
deformable high-strength cast irons. It is 
explained by the fact that the use of hot plastic 
deformation methods to manufacture cast-iron 
products make it possible to intensify 
technological processes, reduce metal losses and 
increase the level of its mechanical and 
exploitation characteristics. Besides, the 
combination of hot plastic deformation with 
austempering and isothermal quenching processes 

have multifactorial effect on the structure and 
properties of high strength cast iron. At the same 
time, the influence of the degree of preliminary 
hot plastic deformation on the homogenization 
and grain size of austenite, which significantly 
determines phase composition and morphology of 
isothermal quenching products in the intermediate 
temperature area, remain poorly studied for high 
strength cast iron [1, 2]. In the present paper the 
cast and deformed silicon cast irons were studied. 
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Experimental Procedures 

The experimental melting of cast iron was carried 
out in a 50-kg-capacity crucible using an electric 
induction furnace of intermediate frequency. The 
furnace charge consisted of high-purity pig iron: 
3.62% C, 2.00% Si, 0.35% Mn, 0.003% S, 0.06% P 
and up to 10% steel scrap. After melting at 1350°C 
the liquid metal was held for 5 min followed by 
spheroidization operation of graphite inclusions by 
treatment with metallic Mg. The cast iron was 
poured at 1430°C into Y block ingots (30mm). 

Table. Chemical composition of melted cast iron  

Elements C Si Mn S P Mg 
Weight 

% 3.45 2.30 0.25 0.003 0.05 0.045 

 
The part of cast ingots were rolled in a 

laboratory mill at a speed of 0.8 m/sec, with various 
degrees of deformation (total Ɛ≈65%) at 950°С 
heating. Ingot and deformed specimens were 
isothermal by quenched at temperatures: 280°С and 
400°С for 30 minutes in the melt Pb-Sb metallic 
alloy bath, after austenization at 900°С for 20, 40, 
60 and 90 minutes. To study the relation of 
characteristics of structure components of high 
strength cast iron the metallographic and X-ray 
structural analyses were used. 

According to the data obtained, the studied cast 
irons, depending on the degree of plastic 
deformation, differ in the form of graphite 
inclusions, in the amount of retained austenite and 
in the dispersity of metal matrix. In cast irons, 
whose degree of hot plastic deformation does not 
exceed 30%, graphite inclusions retain in their 
spherical shape and at higher degrees of 
deformations they are elongated to the direction of 
deformation. A metallographic analysis of the 
studied samples shows that with the increasing 
plastic deformation degree of ductile iron, the 
metallic matrix grain size decreases and the volume 
fraction of bainite increases. An irregular 
distribution of carbon is determined in the primary 

austenite at the beginning of austenitization. The 
isothermal decomposition of the primary austenite, 
inhomogeneous in composition in the intermediate 
temperature area is followed by the formation of 
bainitic metal matrix with an irregular distribution 
of the structural components. This is explained by 
higher stability of the areas of high-carbon 
austenite and requires optimization of continuing 
austenitization, ensuring the homogenization of the 
metal matrix without intensive growth of austenitic 
grain. The increase of the degree of deformation 
causes dimensional inhomogeneity of bainitic 
crystals, the finest of which are located near 
graphite inclusions. In the course of research it was 
determined that changing of the deformed state 
influences multivalued on the processes of 
formation of the final structure of the cast irons 
during their subsequent thermal treatment. 
According to the data of X-ray diffraction analysis, 
the increasing plastic deformation up to 30% causes 
increasing of the proportion of bainitic constituent 
in the structure of the metal matrix of studied 
specimens. Typical X-ray diffractogram of the 
studied austempered ductile irons is presented in 
Fig. 1. This dependency is evidently due to the 
grain size refinement of the primary austenite and 
the increase of nucleation centers number of 
bainitic crystals. More significant plastic 
deformation causes the decrease of the 
completeness of the γ—α transformation regardless 
of the temperature of isothermal quenching, which 
is the result of intensification of the carburization 
processes of the austenite due to the shape changing 
of graphite inclusions. As it seems from the data in 
Fig. 1, with an increase of austenitization time, the 
amount of the retained austenite continuously 
increases and stabilizes at final homogenization of 
primary austenite in all isothermally quenched cast 
irons (Fig. 2). 

Typical microstructures of the investigated 
ductile irons are presented in Fig. 3, 4. 
 

 



82 Giorgi Tavadze, Nugzar Khidasheli, Revaz Tabidze, Giorgi Gordeziani, Salome Gvazava 

Bull. Georg. Natl. Acad. Sci., vol. 14, no. 3, 2020 

 

 
Fig. 1. XRD diffractogram of bainitic ductile iron. 
 

   
                                        a                                                                                             b 
Fig. 2. Influence of austenization time on the amount of retained austenite after isothermal treatment during  
30 minutes at the temperatures: a) 280°С and b) 400°С. 
 

   
                                a                                                              b                                                            c 
Fig. 3. Microstructures (X400) of isothermal quenched (at the 280°C) ductile iron, depending on the degree of plastic 
deformation: a) Ɛ≈30%, b) Ingot, c) Ɛ≈65%. 
 

   
                                a                                                              b                                                            c 
Fig. 4. Microstructures (X400) of isothermaly quenched (at the 400°C) ductile iron, depending on the austenitization 
time:  a) 30 min,  b) 45 min,  c) 60 min. 
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Conclusions 

Based on the data obtained, it can be concluded 
that combination of hot plastic deformation and 
isothermal quenching processes allows to have 
wider influence range on the process of structure 
formation of high-strength cast irons. During the 
experiments it was determined that hot plastic 
deformation: 

1. Increases the dispersion of grains of the metal 
matrix and microhardness by 4-6 units of HRC 
accordingly. 

2. Increases the degree of decomposition of the 
primary austenite during isothermal quenching, if 
the degree of plastic deformation does not exceed 
30%. 

3. Causes elongation of graphite inclusions and 
stabilizes primary austenite with increasing degree 
of deformation over 30%. 

4. Increases the diffusion activity of carbon, 
accelerates the process of homogenization of the 
primary austenite and reduces duration of 
austenitization at compression degree over 30%. 

 
 

 

მეტალურგია 

ცხლად პლასტიკური დეფორმაციის გავლენა 
აუსტენიზაციის პროცესზე მაღალმტკიცე თუჯის 
იზოთერმული წრთობისას 
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წარმოდგენილ ნაშრომში გამოკვლეულია საკონსტრუქციო მასალების ახალი კლასის –  
დეფორმირებადი მაღალმტკიცე თუჯების სტრუქტურა და თვისებები. შესწავლილია სხმული  
და დეფორმირებული მაღალმტკიცე თუჯების აუსტენიზაციის პარამეტრების გავლენა  
შენადნობების ფაზურ შედგენილობებზე. ნაჩვენებია, რომ პლასტიკური დეფორმაციის და  
თერმული დამუშავების პროცესების თანმიმდევრული შეთავსება უზრუნველყოფს გაცილე- 
ბით მრავალფაქტორიან გავლენას მაღალმტკიცე თუჯის სტრუქტურასა და სამომხმარებლო  
თვისებებზე. კვლევის ობიექტად შერჩეულ იქნა მაღალი სიმტკიცის თუჯები 3,45% C, 2,30% Si,  
0,25% Mn, 0,003% S, 0,05% P და 0,045% Mg-ით. საცდელი ნიმუშების გლინვა ხორციელდებოდა  
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საფეხურებად 20%-იანი პირველადი მოჭიმვებით. ჯამში, 60% მოჭიმვით მიღებულ იქნა  
უდეფექტო ფურცლოვანი ნამზადი. ჩატარებული ცდების შედეგად დადგენილია, რომ  
მაღალმტკიცე თუჯის ცხლად პლასტიკური დეფორმაცია აწვრილმარცლოვანებს ლითონური 
ფუძის სტრუქტურას, ხელს უწყობს პირველადი აუსტენიტის დაშლას ტემპერატურების 
შუალედურ ინტერვალში, ზრდის ნახშირბადის დიფუზურ აქტივობას, აჩქარებს აუსტენიტის 
ჰომოგენიზაციას და ამცირებს აუსტენიტიზაციის ხანგრძლივობას. 

REFERENCES 

1. Soliman M., Nofal A., Palkowski H. (2018) Effect of hot working parameters on microstructure evolution and 
mechanical properties of ausformed austempered ductile iron. Materials Science Forum, 925: 218-223. 

2. Soliman M., Ibrahim H., Nofal A., Palkowski H. (2014) Effect of intercritical annealing on phase transformation 
and mechanical properties of thermo-mechanically processed dual  matrix ductile iron. TMS: 143rd Annual 
Meeting & Exhibition pp. 959-965. 

Received  June, 2020 
 

https://www.researchgate.net/profile/M_Soliman?_sg%5B0%5D=FSFtXsaRWTqOHiTqcXBULN1lG1KWSxdK34v32vRFrvF66BqlAsRXAg2rPIHA83UDTu-WcK8.SmFzHQaR2X3t9-NxW8Wx8TWl-Ste6iDZNSm-WikitLlrKdIewcCcOSoG_8Gq3KUkKZNKh156RpyDAoH7LXKq4A&_sg%5B1%5D=hGi4dVMn-bI-H8sRizDnEOnIOAHWGJa-DDxbylhASRtCiiZmzD-5sqzyW2Nz7_MVmGg8ocQ.hlxJtwHyWOX9ip18OeJWtfWsZUrdJ2sgSWkY4P4EmfKfTjkLuwesQA8DJvMzjRR82xl0qz5GnJJgO3R7WiIOPg
https://www.researchgate.net/scientific-contributions/2144249888_Adel_Nofal?_sg%5B0%5D=FSFtXsaRWTqOHiTqcXBULN1lG1KWSxdK34v32vRFrvF66BqlAsRXAg2rPIHA83UDTu-WcK8.SmFzHQaR2X3t9-NxW8Wx8TWl-Ste6iDZNSm-WikitLlrKdIewcCcOSoG_8Gq3KUkKZNKh156RpyDAoH7LXKq4A&_sg%5B1%5D=hGi4dVMn-bI-H8sRizDnEOnIOAHWGJa-DDxbylhASRtCiiZmzD-5sqzyW2Nz7_MVmGg8ocQ.hlxJtwHyWOX9ip18OeJWtfWsZUrdJ2sgSWkY4P4EmfKfTjkLuwesQA8DJvMzjRR82xl0qz5GnJJgO3R7WiIOPg
https://www.researchgate.net/profile/Heinz_Palkowski?_sg%5B0%5D=FSFtXsaRWTqOHiTqcXBULN1lG1KWSxdK34v32vRFrvF66BqlAsRXAg2rPIHA83UDTu-WcK8.SmFzHQaR2X3t9-NxW8Wx8TWl-Ste6iDZNSm-WikitLlrKdIewcCcOSoG_8Gq3KUkKZNKh156RpyDAoH7LXKq4A&_sg%5B1%5D=hGi4dVMn-bI-H8sRizDnEOnIOAHWGJa-DDxbylhASRtCiiZmzD-5sqzyW2Nz7_MVmGg8ocQ.hlxJtwHyWOX9ip18OeJWtfWsZUrdJ2sgSWkY4P4EmfKfTjkLuwesQA8DJvMzjRR82xl0qz5GnJJgO3R7WiIOPg
https://link.springer.com/book/10.1007/978-3-319-48237-8
https://link.springer.com/book/10.1007/978-3-319-48237-8


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /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 /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /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 true

  /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



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



