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ABSTRACT

The work is devoted to the problem of an increase in the proportion of scrap metal in castings
smelted and produced from wear-resistant chromium cast irons. Castings obtained with more
than 60% of armor scrap and cracked during solidification and subsequent heat treatment were
selected as research objects. Castings of similar mill armor after operation characterized with
different wear resistance were selected to compare the characteristics of the structure and
properties. The composition, structure, amount of non-metallic inclusion and porosity of samples
cut from identical places of castings were studied with the help of the methods of optical and
scanning microscopy, metallographic analysis, X-ray fluorescence analysis, and measurement of
Vickers hardness. The characteristic localization of non-metallic inclusions of various types in the
structure of cast iron samples was considered. An increase in the proportion of non-metallic
inclusions in cast irons obtained using a high proportion of scrap was found, and it was shown
that non-metallic oxide inclusions with a loose structure had the most negative effect. Along with
porosity and primary crystals of carbide (CrFe)3Ctheydo not prevent the propagation of cracks
caused by internal stresses arising during crystallization and subsequent polymorphic
transformations in castings.

Keywords: wear-resistant chromium cast iron, casting, non-metallic inclusions, cracking,
structure.
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Introduction

Currently, there is an increase in the proportion
of scrap metal used in the iron foundry [[1], [2], [3],
[4], [5]]. It is primarily due to economic and
environmental considerations and is especially
important in the case of products obtained from
expensive wear-resistant high-alloy cast irons. Such
products include parts of mills and crushers that
can be remelted after their operational life to
obtain similar products. It should be noted that the
metal loss because of wear of such parts does not
exceed 10%in some cases, especially if the
destruction of the grinding body or armor occurs
due to the formation of a crack. The amount of

such scrap generated is large and its processing
with the purpose to obtain similar products is
relevant to the enormous amounts of such
equipment annually used in the world.

It is known that it is recommended to use not
more than 30% of scrap by the charge weight when
cast iron is smelted [[6], [7]]. It is due to the need to
reduce the contamination of the resulting castings
with various impurities, including non-metallic
inclusions and dissolved gases. An increase in
porosity and the proportion of non-metallic
inclusions results in a decrease in the resistance of
castings to crack propagation caused by both shock
loads and stresses that occur in the casting during
the cooling stage and often lead to the formation of
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hot cracks. Hot cracks result in the rejection of a
large number of castings. So, it is relevant to study
the problem of the porosity formation and the
accumulation of non-metallic inclusions and to
evaluate their role in the cracking of castings
obtained using a high proportion of scrap. For this
purpose, it is required to estimate the quantity,
composition, the sizes of pores and non-metallic
inclusions and the place of their localization in the
structure of such cast irons, and to compare them
with the results of the study of cast iron obtained
without the use of scrap metal.

Experimental part

A series of crusher armor samples made with a
scrap proportion of more than 60% at a domestic
enterprise and samples taken from similar parts
obtained by various enterprises without the use of
scrap were studied in this regard. All castings were
made with sand casting molds. Samples of castings

the manufacture of products. The characteristics of
the samples studied are shown in Table 1. They
were taken from identical places of castings.

The composition of the castings was
determined with an Axios X-ray fluorescence wave-
dispersive combined spectrometer; the content of
sulfur and carbon was determined with a Bruker G4
ICARUS TF analyzer. Metallographic analysis was
performed using an inverted Leica DM IRM
microscope and the VideoTest-Metal software
package. Non-metallic inclusions were studied
before etching; the structure of the phases forming
cast irons was studied after etching. The number
and proportion of non-metallic inclusions were
determined under Interstate standard 1778-80 by
method P1. The composition was studied with a
JEOL JXA-8230 microprobe analyzer. The structure
was found with a reagent having the following
composition: 3% FeCl3 + 3% HCl in ethanol.
Hardness was determined under the Vickers scale

obtained with a high proportion of scrap were Wwith an HBV-30A multifunctional stationary
deliberately taken from castings damaged during  hardness tester.
Table 1 - Characteristics of armor casting samples
Sample Characteristics of cast iron products Characterization of alloy Share of Hardness,

No. structure and matrix carbides, vol.% HV30

1 48.6 746

5  |Crusher armor casting burst after heat 39.2 671
treatment (HT). The share of scrap is over 60%

3 314 752
Crusher armor casting burst after installation

4 26.7 698

Hypereutectic P+A

High wear-resistance. Armor completed a full

5 cyc|e 22.5 641
Low wear-resistance. Armor wears out quickly

6 34.3 436
Armor with high wear resistance. Worked full

7 vl Hypereutectic P+A+M 22.4 665
ycle

3 Armor is characterized by the greatest wear Hypereutectic P+A 270 676
resistance. Worked full cycle

9 Armor with increased impact strength. Worked Hypoeutectic 222 710
full cycle P+A+M

10 Armor ofthe European manufacturer. Average Eutectic P+A 9.1 631
wear resistance
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Table 2 - Composition of castings samples from wear-resistant chromium iron

Sample No. Chemical composition, wt.%

Fe Cr Mo C Ni Mn Si Vv Co Cu Ti
1 ~70 21.8 0.74 4.05 0.62 1.14 0.7 0.15 | 0.12 0.16 0.23
2 70.2 19.63 0.56 3.26 0.38 2.2 0.85 0.09 | 0.13 0.26 0.32
3 70.3 21.7 0.65 3.81 0.33 1.39 0.56 0.1 0.09 0.18 0.04
4 69.5 23.04 0.29 3.35 0.38 0.67 0.66 0.13 | 0.15 0.07 0.26
5 69.1 22.79 0.33 2.96 0.37 0.86 1.48 0.1 0.14 - 0.27
6 69.1 22.97 0.31 3.23 0.46 0.82 1.18 0.12 | 0.14 | 0.07 0.19
7 67.3 24.89 0.59 3.20 0.69 0.61 0.24 0.12 | 0.10 | 0.16 0.05
8 65.5 27.08 0.41 3.34 0.74 0.87 0.4 0.07 | 0.11 0.1 0.08
9 75.5 16.5 1.27 2.83 0.28 1.02 0.43 0.07 0.2 0.12 0.04
10 67.9 25.7 0.23 3.0 0.54 1.14 | 0.58 0.04 | 0.14 | 0.16 -

P Pb S Al Mg Zr Ge Nb w Zn As
1 - 0.012 0.04 0.08 - - - - - - -
2 0.032 - 0.042 0.6 0.31 0.01 0.01 0.007 0.05 - -
3 0.034 - 0.049 0.19 0.15 - - 0.005 - 0.01 -
4 0.030 - 0.054 0.2 0.28 - - - - - 0.027
5 0.026 - 0.031 0.14 0.09 - - - - 0.08 -
6 0.026 - 0.044 0.08 0.09 - - - - 0.16 -
7 0.017 - 0.027 0.43 0.19 - - 0.048 0.27 - -
8 0.025 - 0.058 0.24 0.09 - - - - - -
9 0.03 - 0.05 0.17 0.2 - - 0.005 - - -
10 0.035 - 0.036 0.055 0.08 - - 0.06 - - -

The composition of Samples 2 and 4-7 is close

(19.6-24.9 wt.% Cr and 2.96-3.35 wt.% C) according
to the content of the main alloying elements (Table
2). Samples 7 and 9 contain more and less
chromium, respectively (Table 2). Samples 1-7 can
be attributed to ChKh22 cast iron, Sample 8 to
ChKh28P cast iron, and Sample 9 to ChKh16M2 cast
iron according to the chromium content under
Interstate standards 7769-82. However, Samples 1-
7 deviate from ChKh22cast iron according to the
content of carbon (2.4-3.6 wt.%), manganese (1.5-
2.2 wt.%), silicon (0.2-1.0), vanadium (0.15-0. 35
wt.%) and titanium (0.15-0.35 wt.%). Similarly,
Samples 8 and 9 do not correspond to the specified
the content of other

grades under alloying

elements. Besides, all samples contain micro
additives of alloying elements - Al, Mo, Mg, Ni, Co,
Ti, Zr, Nb, W. It enables us to conclude that the

studied cast iron samples are made under the

internal standards of enterprises and, probably, are
foreign brands. The content of impurity elements,
such as sulfur and phosphorus, in the studied
samples, does not exceed the permissible level
under Interstate standards 7769-82 (5<0.08%,
P<0.1%).

The cast iron microstructure study shows that
non-metallic inclusions are represented by
manganese and iron sulfides, titanium nitrides, and
oxides of the complex composition and confirmed
by the microprobe analysis results. In some cases,
nitrides and sulfides are found in intergrowths
(Figure 1). The shape is predominantly polyhedral
equiaxed. Samples 1-7 are characterized by
inclusions shown in Figures 1 b and c. The sizes of
non-metallic inclusions, both nitride and sulfide
ones, are close and vary from 1 to 25 pum in the
studied cast iron samples. The shape of sulfide

inclusions differs in Samples 8-10 where they have
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a rounded surface (Figure 1d) not characteristic of
the emerging crystal. It allows us to conclude that
after the
solidification. Oxide inclusions, predominantly with

such inclusions crystallized alloy
a loose structure, are found in the form of large
inclusions associated with primary chromium
carbide crystals (Figure 1 a).

The distribution of non-metallic inclusions of
various types is not uniform (Figure 2). So,
manganese sulfide inclusions are mainly localized in
the places of eutectic crystallization (Figure 2 b) and
are found intergrown with the surface of primary
carbide crystals (CrFe);Cs in some cases. Often,
(CrFe)sC crystals are formed on the surface of this
compound that precipitates during the eutectic
crystallization. MnS inclusions are also found in
conjunction with ligature fragments showing that

the melt was contaminated with them during
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alloying. TiN inclusions are formed both in the
structure of primary carbides (CrFe)3C and in the
eutectic as independent phases (Figure 2c). The
formation of such inclusions is caused by alloying
cast iron with titanium that binds nitrogen diffusing
into the melt from the atmosphere during the
melting process.

Inclusions of undissolved ferromolybdenum
were found in the studied cast iron samples besides
non-metallic inclusions (Figure 3). It proves the
fact that the melt exposure duration after the
ligature inclusion is insufficient for its complete

dissolution. The mapping made to find the
composition for the localization areas of
ferromolybdenum inclusions shows that

molybdenum alloys (CrFe)7C3 crystals when it is
dissolved. At the same time, molybdenum dissolves
in the cast iron matrix very little.
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a - Sample No. 1 oxide inclusions (dark areas); b - Sample No. 2; c - Sample No. 6; d - Sample No. 8

Figure 1 - Typical shape and dimensions of non-metallic inclusions in samples of wear-resistant chromium cast irons
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Figure 3 - Inhomogeneous distribution of molybdenum (light areas) in the cast ironstructure caused by
incomplete dissolution of ferromolybdenum

Table 3 - Porosity and volume proportion of non-metallic inclusions and a group of inclusions in samples

Sample| Porosity, |Distribution|Non-metallic Inclusion group
No. vol.% density of | inclusions,
non-metallic vol.%
inclusions
(NMY), 1 | 2 | 3| &4 | 5 | 6 |7 8/9
pcs/mm?2
1 6.5 165 6.13 46.7 25.5 134 7.5 3.9 - 0.7 -
2 1.4 259 0.534 59.9 27.4 9.6 4.2 0.4 0.39 - -
3 0.59 180 0.342 53.3 33.3 8.3 2.8 1.1 1.11 - -
4 0.45 138 0.516 36.2 23.9 18.8 15.2 5.8 - -
5 0.38 155 0.493 45.2 25.8 16.1 8.4 3.2 1.3 - -
6 0.56 119 0.715 32.8 17.6 21.8 17.6 8.4 1.6 - -
7 0.63 192 0.359 58.3 27.6 8.9 5.2 - - - -
8 0.73 170 0.525 54.1 20 14.7 6.5 4.7 - - -
9 0.44 79 0.54 24.1 10.1 8.9 11.4 17.7 12.6 11 3.8/1.2
10 0.09 32 0.65 21.9 28.1 21.9 219 6.25 - - -
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Figure 4 - Formation of cracks in Casting No. 1

The discussion of the results

The analysis of the metallographic study results
of samples suggests that an increase in the
proportion of scrap in the production of castings
results in an increase in the amount and dispersion
of non-metallic inclusions in their structure. Only
inclusions traditional for this type of cast iron are
predominantly formed in this case. The formation
of cracks in the volume of castings is not directly
related to the presence and amount of non-metallic
inclusions. A net of cracks was found near the
surface (in 10-13 mm) in Castings 1, 2, and 3
obtained using a large proportion of scrap and
destroyed at the cooling stage after crystallization
and during subsequent heat treatment (Figure 4 a).
The study of crack propagation suggests that they
mainly pass through oxide inclusions, pores, and
primary crystals of chromium carbide (CrFe);Cs,
propagating between them along with the matrix
alloy (Figure 4 b). Sulfide and nitride non-metallic
inclusions rarely get into a crack, and in some cases,
cracks stop on titanium nitride inclusions changing
direction. It is due to the high hardness of the TiN
compound. Besides, cracks in a smaller number and
of a shorter extent were also found inside other
studied castings. It suggests that their formation is
primarily associated with the properties of such
cast irons and, in particular, with the cooling modes
for castings and the amount of carbon in their
composition. Itis known that an increase in the
cooling rate and the availability of primary
chromium carbides in the structure of alloys

contribute to the occurrence of stresses exceeding
the ultimate strength of the metal causing hot or
cold cracking of the casting [[8], [9], [10], [11], [12],
[13], [14]].

Thus, the study of samples of wear-resistant
chromium cast irons cut from large-sized castings
obtained in the factory by casting into a sand mold
showed that the use of a high proportion (260%) of
scrap metal in their production can increase the
amount, dispersion and volume proportion of non-
metallic inclusions in their structure, as well as
porosity. The main non-metallic inclusions for such
cast irons are crystals of manganese sulfide MnS (2-
10 um), and titanium nitride TiN (4-7 um) typical for
chromium cast irons, and oxide inclusions are
introduced along with scrap metal. Meanwhile,
internal stresses arising from violations of cooling
regimes and a higher proportion of primary
chromium carbide crystals are the main reasons for
the increase in porosity, the formation of cracks,
and accelerated wear of such castings [[15], [16],
[17], [18], [19]].
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CbIHbIKTApPAbIH, }KOFfapbl Y/1eCiH NaiiganaHy apKbiaibl aNbIHFAH WOMbIHAAPAAFbI
KeyeKTiNliK }XaHe meTann emec KOCblHAbINap

NaHunukuH A.B., KopoTteHko P.10O., KeHxkerynos A.K., Kunbekosa b.5., Aanbekos ..

«MeTannyprus xaHe KeH 6aibITy MHCTUTYTbI» AK, Satbayev University, AaimaTtol, KasakctaH

TYRIHAEME

Kymblic To3yFa Te3iMAj Xpomab! WOWNbIHAAPAbI BaNKbITY KaHE Kyt Ke3iHAe MeTanN CbIHbIKTapbIH
naiganaHy yneciH apTTblpy MaceneciHe apHanfaH. 3epTrey ob6beKTinepi peTiHAe Kypbiw
CbIHbIKTapbIHbIH, 60% - AaH acTaMblH NaiganaHa OTbipbIN asblHFaH, COHbIMEH KaTap KaTato KaHe
KeliHHeH TepMUANbIK ©HAey KesiHAe KapblafaH Kylimanap TaHganabl. KypbuibiMbl MeH
KacMeTTepiHiH, cMnaTTamanapbiH CanbICTbIpy YWiH KOMAAHbICTAH KeWiHri guipmeHaepain, ykcac
KYPbILWTaPbIHbIH, KyMManapbl TaHAaNAbl KOHEe onap dpTypAi TOo3y TesimainirimeH cunatranagbl.
OnTUKanbIK KaHe pacTpAbiK, MWKpOCKonus, meTannorpaduanblk Tanaay,

Makana kenai: 21 kasaH 2021 peHTreHodpNyopecUeHTTIK Tanaay, BUKKepCTiK KaTTbIbIKTbl ©/1Ley 94icTepiH KongaHa oTbipbin,
CapantamagaH eTTi: 15 aknaH 2022

Kb 18 2022 KyimanapablH, YKCac OpblHAApblHaH KecinreH yAarinepaeri MeTann emec KOCbIHAbINApAbIH,
abbingaHapl: 18 mamsip

KYPambl, KypblIbIMbl, CaHbl KaHe KeyekTiniri 3eptrengi. LolblH yArinepiHiH, KypblibIMbIHAAFbI
9PTYPAi TUNTEri MeTanN eMec KOCbIHAbIIAPAbIH, CMNATTamasbl IOKANN3aLMACHI KAapacTblipbingpl.
CbIHbIKTapAblH, *KOFapbl YyNeCiH naiganaHy apKplibl ajsblHFaH LWOWbIHAAPAAFbI METann emec
KOCbIHABINAP YNECIHIH apTybl aHbIKTaNAbl KOHE TbIfbl3 eMeC KypblibiMbl 6ap meTann emec
OKCUATI KOCbINbICTapAblH, eTe Tepic acep 6epeTiHairi KepceTingi. Onap KeyekTinik neH (CrFe)sC
KapbuaTii, 6actankpl KpucTangapbimeH bipre Kylmanapaa KpuUcCTangaHy »KaHe KeMuiHri
nonvmopdTbl e3repicTepAeH TyblHAaFaH ilWKi KepHeynepaiH acepiHeH naiga 6onatbiH
JKapbIKTapAblH, TapanybliHa Kegepri Kentipmenai.

TyiiiH ce3pep: Xpomabl TO3yFa TE3IMA[ LWOMbIH, KyiiMa, MeTann eMec KOCbIHAbINAP, Cbi3aTTaHy,
KYPbINbIM.
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nOpMCTOCTb n HemeTa/lJZiIn4yeCKkme BK/NIoYeHUA B YyryHax, NoJ1ly4eHHbIX C
MCNO/b30BaHUEM BbICOKOM AO0NN No0Ma

MaHuuKuH A.B., KopoteHko P.10., KeHxkerynos A.K., Kwunbekosa b.b., Annbekos XK. K.

AO «UHCTUTYT meTannyprum u oboraiieHus», Satbayev University, Anmatbl, KasaxcraH

AHHOTAUMA
PaboTa nocealeHa npobneme yBeNMYEHUA A0AM UCMONb30OBAHWUA MeTa/IMYECKOro JIoma npwu

BbINAABKE U MONYYEHUU OT/IMBOK M3 XPOMMUCTbIX M3HOCOCTOMKUX YyryHOB. B KayecTBe 06beKTOB
Moctynuna: 21 okmaAbpa 2021

PeueHsuposaHue: 15 pespansa 2022
MpuHATa B nevyatb: 18 mas 2022

nccnenoBaHuii BbibpaHbl OT/IMBKM, NOAYYEHHbIE C UCMOb30BaHMEM Bonee 60% sioma 6poHeit un
pacTpecKasluMeca npu 3aTBepAEBaHUM UM nocjepylolen Tepmuyeckon obpaboTtke. [Ona
CPaBHEHWA XapPaKTePUCTMK CTPYKTYPbl U CBOWCTB 6biav BbiGpaHbl OT/IMBKM aHANOrMUYHON BPOHM
MeNbHUL, MOC/Ae SKCMyaTauuM M XapaKTepusylowmecs pas/MYHOM M3HOCOCTOMKOCTbio. C
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NPUMEHEHMEM METOLO0B OMTUYECKOM W PacTPOBOW MMUKPOCKOMWUM, MeTannorpapuyeckoro
aHanu3a, peHTreHohIlyopecLLeHTHOTO aHaAW3a, U3MepPEeHWs TBEPAOCTH No BuKKepcy bbli UsyyeH
COCTaB, CTPYKTYpa, KO/MMYECTBO HEMETa//IMYeCKUX BK/KOYEHUA U MOPUCTOCTb 06pasLoB,
BbIPE3aHHbIX W3 WMAEHTUYHbIX MECT OTAMBOK. PaccMOTpeHO XxapaKTepHas JioKanusaums
HEeMEeTaIMYECKUX BK/IOYEHWUN Pas/IMUYHBIX TUMOB B CTPYKType 06pasuoB YyryHa. BbifBneHo
yBe/IMYeHUE [ONN HEeMETa/IMYECKUX BK/IOUYEHWUM B YyryHaX, MOAYYEHHbIX C UCMOb30BAHWEM
BbICOKOW [OAM NOMA, M MOKas3aHo, YTO Hambosee OTPUUATENbHOE BAUAHME OKa3blBalOT
HEMETaNNIMYECKME OKCUAHbBIE BKAOUEHWUS C HEMIOTHOM CTPYKTYpOit. OHU HapsAAY C NOPUCTOCTbIO
M NepBUYHbIMK KpucTannamu kapbuaa (CrFe)3C He NpenATCTBYIOT PAcnpOCTPAHEHUIO TPELLMH,
BbI3bIBAEMbIX BHYTPEHHWMM HANPANKEHWUAMM, BO3HUKAOWMMU MPU  KPUCTANIM3ALUM U
nocnegytoLwux NoNMMopdHbIX NPeBpaLLEeHUAX B OTIMBKAX.

KnioueBble C€noBa: W3HOCOCTOMKWI  UyryH, OTAMBKA, HEMETa//IMYeckue BKAOYEHWS,
pacTpeckuBaHue, CTPYKTypa.

UHdopmayus o6 asmopax:

KaHdudam mexHu4eckux Hayk, 3asedytowuli HayuoHanvHol HayyHol nabopamopuel, AO
MaHuyKkuH AneKkcaHop Baadumuposuy .

«MHcmumym  memannypeuu  u  obozawjeHus»,  Aamamel,  KazaxcmaH. Email:

a.panichkin@satbayev.university; ORCIDID: 0000-0002-2403-8949

UHnceHep, AO «UHcmumym memannypeuu u obozaweHusa», Aamamel, KazaxcmaH. Email:

KopomeHko PomaH IOpbesuy
P P r.y.korotenko@yandex.ru

PhD, HayuHbil compydHuk, AO «UMHCcmumym memannypauu u oboz2aweHusa», Aamamel,

Ketsucezynos Atioap Kapaynoeu4 Kasaxcma. Email: a.kenzhegulov@satbayev.university; ORCID ID: 0000-0001-7001-2654

Hay4Helli compydHuk, AO «MHcmumym memanaypeuu u obo2aweHusa», Aamamel, KazaxcmaH.

Kwubexosa banxan Bynamosta Email: b.kshibekova@satbayev.university; ORCID ID: 0000-0002-5944-7865

Anubekos MacynaH XaHy3akoeu4 UnnceHep, AO «MHcmumym memannypeuu u obozaweHusa», Aamamel, KazaxcmaH. Email:
zh.alibekov@satbayev.university; ORCID ID: 0000-0003-3213-5420

References

[1] Budanov IA. Rol' rynka metalloloma v reshenii resursnykhproblem metallurgii [The role of the scrap
metal market in solving the resource problems of metallurgy]. Problemy prognozirovaniya = Forecasting
problems. 2002;2:43-57. (in Russ).

[2] Shmele P, Bado Kh. Proizvodstvennye moshhnosti po vyplavke chuguna v mire [Production facilities
for the smelting of pig iron in the world]. Metallurgicheskoe proizvodstvo i tekhnologiya metallurgicheskikh
proczessov = Metallurgical production and technology of metallurgical processes. 2008;2:22-28. (in Russ).

[3] Safonov MS. Rol' rynka metalloloma v reshenii resursnykh problem metallurgii [The role of the
scrap metal market in solving the resource problems of metallurgy]. Aktual'nye problemy aviaczii i
kosmonavtiki = Actual problems of aviation and astronautics. 2017;2:406-408. (in Russ).

[4] Soderholm P, Ekvall T. Metal markets and recycling policies: impacts and challenges. Mineral
Economics. 2019;33:257-272. http://dx.doi.org/10.1007/s13563-019-00184-5

[5] Markus AR, llkka VK. Challenges of Metal Recycling. Materia. 2012;2:50-57.

[6] Czypin Il. Belye iznosostojkie chuguny [Wear-resistant white cast irons]. Moscow: Metallurgy.
1983;176. (in Russ).

[7] Garber M.E. Otlivki iz iznosostojkikh belykh chugunov [Wear-resistant white iron Castings].
Moscow: Mechanical engineering. 1972;112. (in Russ)

[8] Czypin I.I. Belye iznosostojkie chuguny [Wear-resistant white cast irons]. Moscow: Metallurgy.
1983;256. (in Russ)

[9] Sadovskij VM, Komarov OS, Gerczik SN. and etc all. Vliyanie soderzhaniya ugleroda i khroma na
svojstva vy'sokokhromistogo chuguna [Influence of carbon and chromium content on the properties of
high-chromium cast iron]. Litejnoe proizvodstvo. Foundry. 1998;5:12-13. (in Russ).

[10] Komarov OS, Gerczik SN, Karedin SL. Vliyanie soderzhaniya C i Cr na svojstva vy 'sokokhromistogo
chuguna [Influence of the C and Cr content on the properties of high- chromium cast iron]. Litejnoe
proizvodstvo. Foundry. 1998;5:12-13. (in Russ).

— 75 ——


mailto:a.panichkin@satbayev.university
mailto:b.kshibekova@satbayev.university
mailto:zh.alibekov@satbayev.university
http://dx.doi.org/10.1007/s13563-019-
http://dx.doi.org/10.1007/s13563-019-

Complex Use of Mineral Resources2022; 4(323):68-76 ISSN-L 2616-6445, ISSN 2224-5243

[11] Ri Kh, Ri EKh, Tejkh VA. and etc all. Vliyanie legiruyushhikh elementov na kristallizacziyu,
strukturoobrazovanie i fiziko-mekhanicheskie svojstva belogo chuguna [Influence of alloying elements on
crystallization, structure formation and physical and mechanical properties of white cast iron]. Litejnoe
proizvodstvo. Foundry. 2000;10:1517. (in Russ).

[12] Yoganandh J, Natarjan S, Kumaresh Babu SP. Erosive Wear Behavior of Nickel-Based High Alloy
White Cast Iron Under Mining Conditions Using Orthogonal Array. Journal of Materials Engineering and
Performance. 2013;22(9):2534-2540 https://doi.org/10.1007/s11665-013-0539-6

[13] Marukovich E, Ilyushenko V, Korotkin G, Duvalov P, Andrienko V, Baranouski K. The performance
properties of chromium cast irons with different degree of eutectic. Litiyo i Metallurgiya [Foundry
production and metallurgy]. 2019;4:50-54. https://doi.org/10.21122/1683-6065-2018-4-50-54 (in Russ).

[14] Marukovich E, lljushenko V, Pumpur V, Andrienko V. Investigation of carbon influence in
cromiumium cast irons for forming castings in sand and combined molds. Litiyo i Metallurgiya [Foundry
production and metallurgy]. 2018;1:41-46. https://doi.org/10.21122/1683-6065-2018-1-41-46 (in Russ).

[15] Kolokol'czev VM, Petrochenko EV. Metallurgicheskie i metallovedcheskie aspekty povysheniya
funkczional'nykh svojstv litykh izdelij iz belykh chugunov [Metallurgical and metallurgical aspects of
improving the functional properties of cast products from white cast iron]. Vestnik Magnitogorskogo
gosudarstvennogo tekhnicheskogo universiteta im. Gl Nosova=Bulletin of the Magnitogorsk State Technical
University after named Gl Nosova. 2014;4:87-98. (in Russ).

[16] Jain A-S, Chang H, Tang X, Hinckley B, Zhang M-X. Refinement of primary carbides in hypereutectic
high-chromium cast irons: a review. Journal of Materials Science. 2021; 56:999-1038.
https://doi.org/10.1007/s10853-020-05260-8

[17] Siekaniec D, Kopycinski D, Guzik E, Tyrata E, Nowak A. Effect of Different Inoculants on Impact
Toughness in High Chromium Cast Iron. Archives of Foundry Engineering. 2017; 17(1):85-88.
https://doi.org/10.1515/afe-2017-0056.

[18] Kopycinski D, Siekaniec D, Szczesny A, Guzik E, Nowak A. The Effect of Fe-Ti Inoculation on
Solidification, Structure and Mechanical Properties of High Chromium Cast Iron. Archives of Metallurgy and
Materials. 2017; 62(4):2183-2187. https://doi.org/10.1515/amm-2017-0321.

[19] Guo Q, Fu H, Guo X, Xing Z, Lin J. Microstructure and properties of modified as-cast hypereutectic
high chromium cast iron. Meterial Science and Engineering Technology. 2022; 53(2):208-219.
https://doi.org/10.1002/mawe.202100183.

—— 76 ——


https://doi.org/10.1007/s11665-013-0539-6
https://doi.org/10.21122/1683-6065-2018-4-50-54
https://doi.org/10.21122/1683-6065-2018-1-41-46
https://www.semanticscholar.org/author/D.-Siekaniec/115206979
https://www.semanticscholar.org/author/D.-Kopyci%C5%84ski/70663421
https://www.semanticscholar.org/author/E.-Guzik/51360855
https://www.semanticscholar.org/author/E.-Tyra%C5%82a/1412977914
https://www.semanticscholar.org/author/A.-Nowak/46662299
https://doi.org/10.21122/1683-6065-2018-1-41-46

