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Abstract. To evaluate the phase and structural components of grinding media made of cast iron with a high content of copper and silicon obtained
by extracting iron from copper-smelting slags, phase equilibria in the iron—carbon system were calculated with the addition of copper and silicon in
various concentrations. The calculation was carried out using the ThermoCalc software package with construction of phase diagrams by the Calphad
method. At the same time, temperatures of the beginning of phase transformations were estimated taking into account the presence of all thermody-
namically possible phases in the system at various combinations of copper and silicon concentrations.
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AnHomayus. I1pu n3BiedeHUH HKelne3a U3 MeeTUIaBUIIbHbIX IIAKOB 00pa3yeTcst 4yTr'yH ¢ IMOBBIILIEHHBIM COAEPKAaHUEM MU U KpeMHus. JlJist OleHKH
($a30BOro U CTPYKTYpPHOTO COCTaBa MENIONIMX TEJ, HPOM3BEICHHBIX U3 TAKOrO UyryHa, OBUIM paccYUTaHbl ()a30BbIC PAaBHOBECHS B CHCTEME
JKEJe30—yIIeposl ¢ 100ABICHUEM PA3HOT0 KOJIMYECTBA MEIU ¥ KpeMHHMS. PacyeTsl ObUIN IPOBEAEHBI ¢ UCIIONB30BAHUEM IIPOrPAMMHOTO KOMILIEKCa
ThermoCalc, koTOpBIi O3BOIAECT CTPOUTH (ha3oBble AuarpaMMel o Meromy Calphad. B xome pacueToB OBbUIH OIGHEHBI TeMIEPaTyphl Hadaia
(ha30BbIX MPEBPAIICHUH C YYETOM BCEX BO3MOXKHBIX TEPMOAMHAMUYECKHMX (pa3 B CHCTEME IPH PA3JIMYHBIX COYETAHHUAX KOHLEHTPALMH Meau

" KpEMHUS.
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- INTRODUCTION

Large quantities of copper-smelting slag, primarily
composed of iron, silicon, calcium, and aluminum oxides,
have accumulated in waste dumps in areas where the non-
ferrous metallurgy industry is well-developed. The slag
also contains small amounts of compounds of copper, zinc,
selenium, arsenic, and other elements. Among the ele-
ments present, iron has the highest value in the slag. When
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iron is reduced by carbon under certain process condi-
tions, alloys of iron-carbon or iron-carbon-silicon with
high copper and sulfur content are produced. The high
copper content, which traditional methods cannot remove,
prevents the use of such metal in iron and steelmaking.
Therefore, a process for the deep processing of copper-
smelting slags is proposed to produce metal grinding media
based on copper-containing iron-carbon-silicon alloys and
ceramic proppants for the exploration and production sec-
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Vertical section of the iron—carbon—copper system (1 %) with addition of silicon (3.5 %)

BeprukanbHblil pazpes cuctemsl xkene3o—yriepoa—mens (1 %) npu nobasiaenun kpemuus (3,5 %)

tor [1]. Currently, white wear-resistant eutectic cast irons
are employed in the manufacture of grinding media from
copper-containing material [2; 3]. Additional knowledge
about phase transformations in the iron-carbon system,
in the presence of copper and silicon, is necessary to esti-
mate the phase and structural composition of the alloys
obtained from the processed slag material.

[ RESEARCH METHOD

To construct the iron-carbon phase diagram with
the presence of copper and silicon impurities, the Calphad
method was employed using the ThermoCalc software
package and the TCBIN database: TC Binary Solu-
tions v1.1!. The Calphad method within ThermoCalc leve-
rages all available experimental data to derive the system’s
thermodynamic functions, which are represented as poly-
nomials of chemical composition and temperature. Conse-
quently, the values of the polynomial coefficients are deter-
mined using numerical optimization methods?. To ascertain
the phase transformations in the iron-carbon phase dia-
gram, copper in quantities ranging from 0 to 1.5 wt. % and
silicon in the range of 0 to 3.5 wt. % were introduced into
the system during the calculations. The pressure was set
to 10° Pa, and the temperature was defined automatically.

[ SIMULATION RESULT

The iron-carbon system, known for its five phases —
ferrite (F), austenite (A), cementite (Ce), graphite, and
one liquid phase—exhibits changes in carbon solubility
when copper and silicon admixtures are present within
specified limits. Copper, at quantities ranging from 0

! The CALPHAD methodology, Introduction to Thermo-Calc. URL:
http://www.thermocalc.com (Accessed 03.04.2023).

2 Computational Thermodynamics. Calculation of Phase Diagrams
using the CALPHAD Method. URL: http://www.calphad.com/calphad
method.html (Accessed 03.04.2023).
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to 1.5 %, marginally decreases carbon solubility in aus-
tenite, reducing it from 2.14 to 2.0 %.

Additionally, adding silicon from 0 to 3.5 % along
a vertical section of the iron—carbon—copper system
(at 1 % copper) lowers the carbon solubility in austenite’s
FCC lattice from 2.14 to 1.5 %. This addition also causes
the ferrite phase region to expand and the eutectic point
to shift towards a higher carbon concentration of 3.2 %,
as illustrated in the accompanying figure.

- CONCLUSIONS

The calculations indicate that to produce white wear-
resistant cast iron with a eutectic composition suitable for
manufacturing high-performance grinding balls, the slag
processing material must contain approximately 1 % cop-
per, 3.5 % silicon, and 3.5 % carbon.
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