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«Qarmet» JSC is one of the largest metallurgical enterprises in Kazakhstan, producing steel and other metals.
Study of chemical and mineralogical composition of metallurgical slags from this enterprise can be crucial for its
process optimization, environmental compliance improvement and efficient waste management.

Study of chemical and mineralogical composition of metallurgical slags from «Qarmet» JSC emphasizes
importance of researching metal production waste for its efficient recycling. Further research in this area may
facilitate development of new waste recycling technologies and improvement of metallurgical production sustainability.

During the study of the chemical composition of metallurgical slags of Qarmet JSC, it was found that they
contain a significant amount of metal oxides such as iron, manganese, silicon and others. These elements can be
potentially useful for reuse in other manufacturing processes or for the production of building materials.

In addition, mineralogical analysis has shown that metallurgical slags contain various mineral phases such as
silicates, oxides and other compounds. This indicates the complex structure of the slags and the possibility of
using them as additives to cement or other building materials.

Keywords: metallurgical blast furnace slag, properties, chemical composition, mineralogical composition, slag
activity, building materials, wastes, oxides.

TEMIPTAY KAJIACBIHBIH «QARMET» AK METAJIUIYPI'UAJIBIK
KOKJAPBIHBIH XUMHUAJIBIK KOHE MUHEPAJIOI'NAJIBIK K¥PAMbIH
3EPTTEY

B.B. Pomanos, B.B. Mepkyaos, C.K. Kaouesa™, E.C. Becrembek, P.K. #Kacaan, I.M. Kymanazaposa
«Kaparanas! uaayctpusisik yaHuBepcrueTi» KeAK, Temipray, Kazakcras,
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Kazakcranparbl eH ipi MeTaJuUTyprusuiblK, KOcIiopbiHAApIbeH Oipi bonar skoHe Gacka MeTangap eHAipyMeH aii-
HasbicathiH «Qarmet» AK 6obin Tabbutagsl. Ochl KOCITOPBIHHBIH METAJUTY PrEsUIbIK, IIUIAKTAPIHBIH XUMUSUIBIK,
KOHE MUHEPATIOTHSUIBIK, KYpPaMbIH 3epTTey OHIIPICTIK MpOIeCcTepai OHTANIAHABIPY, SKOJIOTHSUIIBIK, KAyilCi3MiKTi
KAKCAPTY JKoHE KaIABIKTApbl TUIMJII MalianaHy YIIiH MaHbI3Ibl O0Tybl MYMKiH.

«Qarmet» AK MeTauTyprusuIblK, KOXIApIbIH XUMISUIBIK, JKOHE MUHEPAJIOTHSUIBIK, KYPAMBIH 3epTTey MeTaiaap
OH/IIPICiHIH KAJIIBIKTAPBIH ONIAp/bl TUIMII OacKapy koHe KaiTa eHJiey MaKcaTbiHIa 3epiaesieyIiH MaHbI3bLIbIFbIH
atan kepcerteni. Ochl caylazarsl KOCHIMIIA 3epTTeyIep KAABKTAPIb! KaiiTa OHAey/IiH jKaHa TeXHOJIOTUsIIApbIH J1a-
MBITyFa koHE METaJUTyprusl OHAipiCiHIH TYPAKTHUIBIFBIH aPTThIPYFa bIKMAT €Tyl MYMKiH.

”Qarmet” AK MeTauTyprusuiblk, KOXKIApAblH XUMUSUIBIK KYPaMbIH 3epTTey OapbiChIHIA OJNIApAblH KYpaMblH/Ia
TEeMip, MapraHeil, KpeMHUI JKoHe OaCKalaphl CUAKTHI METAJUT OKCUIATEPIHIH e10yip MeJIiepi 0ap eKeHIiri aHbIKTal-
Ipl. Byt snemenTTep 6acka eHipiCTiK MpoliecTeplie HeMece Ky pPhUIbIC MaTepraslJapbiH OHAIpy/le KalTa NaiijaiaHy
YIIiH Hafigasl 00Iysl MYMKIH.

CoHbIMEH Karap, MMUHEPaJIOTMsUIBIK Talay MEeTaJUlyprusulblK IIIaKTapa CUIIMKATTap, OKCUATED KoHe OacKka
KOCBUTBICTAP CHUSKTHI 9pTYPJi MUHEpasmsl (pa3amap Oap eKeHiH KepceTTi. ByJ TOKCHHIepIiH Kypaesi Ky pbUTh-
MBbIH JK9HE OJIap/ibl IEMEHT HeMece OacKa Ky pbUIBIC MaTepuajiapblHa KOoCrajiap peTinjie naianany MyMKiHIIriH
KepceTei.

Tyiiin ce3ep: MeTauTyprisuIbK, IOMHA TIEIIiHIH KOXKBI, KACHeTTepi, XUMUSUIBIK KYPaMbl, MUHEPAJIOTHSUIBIK,
KYPaMBl, KO O€JICEH/UTIr, KYPhIITBIC MaTepHAIAapsl, KATIBIKTap, OKCUATED.
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NCCIEJOBAHUE XUMNYECKOT'O 1 MUHEPAJIOTUYECKOT'O COCTABA
METAJIJTYPITHYECKHUX HIJTAKOB AO «QARMET» I'TEMUPTAY

B.B. Pomanos, B.B. Mepkyaos, C.K. Kaouesa™, E.C. Becremoek, P.K. #Kacaan, .M. ’Kymanazaposa

HAO «KaparanauHckuil ”HIyCTpUASIbHBIA YHUBEpCUTET», Temupray, Kazaxcran,

e-mail: kabieva.s@mail.ru

OpHUM U3 KPYMHENIINX MeTaTypruyeckux npeanpuaruid B Kazaxcrane spisercsas AO «Qarmet», KOTopoe 3a-
HUMaeTCsl IPOU3BOACTBOM CTAJIU U IPyrUX MeTaioB. MccnenoBaHye XUMUYECKOTro 1 MUHEPAJIOTMYECKOTo COCTaBa
METaJUTYyPrUuecKUX IIUIAKOB 3TOTO MPEANPHUATHS MOKET ObITh KJIOUEBBIM IS ONITHMH3AIMH TPOU3BOICTBEHHBIX
TMIPOLIECCOB, YIyUIIEHHsI SKOJOTHYECKOH 6€30MacHOCTH 1 3(D(PEeKTHBHOTO MCTIONB30BAHMS OTXOJOB.

HccneoBaHie XUMHYECKOTO ¥ MHHEPAJIOTMYECKOTO COCTaBa METAJLTYpriyeckux uakoB AO «Qarmet» mop-
YepKHMBAET BaXHOCTh U3YUYEHHUS OTXOIOB POU3BOACTBA METAIUIOB C LEJbI0 uX 3((EKTUBHOTO yIIPABJICHHS U Iie-
pepaborku. JlanbHerie UCCIeIOBaHUS B 9TOM 0OIACTH MOTYT CIIOCOOCTBOBATh pa3pabOTKe HOBBIX TEXHOJIOTHUI
rlepepa60TKH OTXOJOB U IIOBBIILIICHUIO yCTOfI‘{PIBOCTH METAJUTY pPrudeCKoro rnmpou3BoacTBa.

B xozie uccrienoBaHKst XUMHYECKOrO COCTaBa METaJUTy prudeckux HutakoB AO «Qarmet» ObLI0 OOHAPYKEHO, UTO
OHH COIEpKaT 3HAYUTEIBHOE KOJIMYECTBO OKCHIIOB METAJIIOB, TAKHMX KaK JKeJe30, MapraHell, KpeMHHUI U IpyTHe.
TH 3JIEMEHTHI MOT'YT OBITh MIOTEHITUAILHO TIOJIE3HBIMH J1IsI IOBTOPHOI'O MCIIOJIb30BAHUS B PYTUX IPOU3BOJCTBEH-
HBIX ITpolleccax WM Jisl POU3BOJCTBA CTPOUTENIBHBIX MaTepHAJIOB.

KpOMC TOro, MI/IHCpaJIOFI/I‘{eCKI/Iﬁ aHaJIM3 IMOoKa3aJl, YTO METAJUTyPrudeCKUE MIJIaKU COACpKaT pa3IMYHbIC MUHE-
PaJIbHBIC q)a3bl, TAKHUE KaK CUJIMKATbl, OKCHUbI U IPYTUe€ COCIUHECHU . 310 CBUICTEJILCTBYET O CJIO’KHOU CTPYKTYpE
1IJIAKOB 1 BOBMOKHOCTH UCITIOJIb30BAHUA UX B KAUYECTBC )106211301( K OEMEHTY W JPYIUM CTPOUTEJIbHBIM MaTepu-

aJlaM.

KuroueBble cioBa: MeTaJLTy pruueckuil JOMEHHBDIH 111K, CBOMCTBA, XUMUUYECKUI COCTaB, MUHEPAJIOT MYECKUI
COCTaB, aKTHBHOCTb IIUIaKa, CTPOUTEIIbHBIC MaTePUaIbl, OTXOIBI, OKCHITED.

Introduction. Metallurgical slag is one of the main
wastes of iron and steel production. They are formed
as a result of the melting of agglomerates, fluxes
and other additives during the processing process to
obtain the main product - cast iron [1-2]. Chemical
and mineralogical composition of metallurgical slags
may vary significantly depending on initial materials'
composition, production technology and other factors
study [3-4].

It is widely known that one of specific features
of metallurgical slags is their activity - ability to
display hydraulic properties when interacting with
water, similarly to cement. This study shows results of
researching the process of obtaining non-clinker binder

based on granulated blast furnace slag from Qarmet
JSC.

Global concrete producers widely use metallurgical
slag as cement replacement. The substitution of cement
by slag provides two clear advantages; the first one
is use of a waste that otherwise must be managed in
a landfill, and the second one, even more relevant, is
reduction in cement consumption, so the reduction of
CO, emissions during its production. The authors of
study [5] used metallurgical slags from a plant in Spain.

Besides, multiple studies have analyzed general
tendencies of slag chemical composition which show
that composition of different slags may vary depending
on either place of production or year of steel production
[6].

Considering the abovementioned, there is high
importance of finding mineralogical and chemical
composition of metallurgical slag produced by
Karaganda metallurgical plant Qarmet JSC. Temirtau,
Kazakhstan. This issue is addressed in this study.

Materials and methods. To conduct the study,
granulated blast furnace slag of JSC Qarmet was used.
Slag samples were taken from various points in the
storage area, and the samples were averaged.

Slag activity is determined by its chemical
composition including up to 30 elements, primarily
CaO, MgO, SiO,, Al,0;, FeO, MnO, and their
mineralogical composition [7-10]. The most used
in binder materials production are the slags with
sufficient hydraulic activity characterized by basicity
module My and activity module M,, containing large
amount of glass of helenite-melelite, wollastonite and
aluminosilicate composition [11-14].

To determine the chemical composition of the slag,
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the content of oxides CaO, MgO, MnO, Al,O; was
analyzed according to SS 5382-2019. [15]

The most acceptable chemical composition for this
article is the slag presented in table 1.

Table 1 - Chemical composition of active slags

CaO S MnO

A203 MgO

More than 40% | No more than 4-5%

Less than 2%

No less than 9 % | No less than 4-10%

Table 2 - Chemical and mineralogical composition of metallurgical slags

Year of slag production Content, % by mass Basicity Activity Mineralogical
’ SiO2 [ AL203 [ CaO [ MgO [MnO [FeO S module, Mb module, Ma composition

Converter slag

2020 9,103 | 1,612 42,542 | 8,173 | 3,424 | 19,103 | 0,122 | 4,733 0,177

2021 9,61 1,6 4294 | 7,71 | 2,96 19,36 | 0,13 | 4,518 0,166

2022 9,65 1,34 41,34 | 7,18 | 2,54 | 2638 | 0,12 | 4415 0,139

Average value 10,52 | 1,39 42,56 | 7,32 | 3,98 19,33 | 0,12 | 4,21 0,13

Root mean square deviation | 1,05 0,15 1,04 0,98 1,32 3,24 0,02 0,35 0,03

Variation coefficient, % 10 10,55 2,45 13,32 | 33,27 | 16,79 19,14 | 8,21 19.4

Blast furnace slag

2020 36,99 | 13,05 39,52 | 946 | 0,56 | 044 1 0,979 0,353

2021 36,63 | 13,81 39,72 | 9,42 | 0,39 | 042 0,98 | 0,974 0,377 Helenite-

2022 35,31 | 14,86 38,67 10 0,5 0,51 0,99 | 097 0,421 melilite glass,

Average value 36,31 | 13,91 39,3 9,63 | 048 | 046 0,99 | 097 0,38 helenite,

Root mean square deviation | 0,72 | 0,74 0,46 0,26 | 0,07 | 0,04 0,01 0,004 0,03 wollastonite

Variation coefficient, % 1,99 5,34 1,16 2,75 14,56 | 8,45 0,82 0,37 7,34

Basic slags (basicity module more than 1) display
hydraulic activity at high alumina content and
manganese oxide no more than 5%, when there is a
shortage of raw materials. Acidic slags (basicity module
less than 1) show sufficient activity at basicity module
no less than 0,65 and activity module no less than 0,33
at manganese oxide no more than 4%.

In order to reveal and facilitate slags' hydraulic
properties, they should be mixed with alkaline-
containing solidification catalysts which saturate water
solution during slag hydration with Ca?*, OH~, and
SO42‘ ions, thus creating conditions for alkaline and
sulfate activation of slag glass. This process also yields
low-basicity calcium hydrosilicates calcium which are
the main product of granulated slag hydration and
hydrolysis in presence of alkaline catalyst. Low-basicity
calcium hydrosilicates after complete consolidation
have hardness close to crystalhydrate newgrowths
obtained through cement hydration and hydrolysis, and
are better than the latter in deformation properties
as hardness of bonds formed through consolidation is
lower than hardness of chrystallization contacts through
coalescence. The activity of the slag was determined
according to the SS 25094-2015 [16] method.

Ore from the Lisakovsky deposit was used as raw
material. The methods for testing the stability of blast

furnace slag are based on standard methods according
to SS for lime, silicate, sulfide decomposition (SS
3476-2019, SS 5382-2019) [15, 17]

Another important parameter of slags influencing
their use for making construction materials is their
disintegration property. There is limestone, silicate and
sulphidic disintegration. Slag structure is considered
to be resistant to limestone disintegration if its
calcium oxide content equals or less than critical value
calculated using the formula:

CaO < 0,92Si0, + ALO; + 0,2 MgO, (1)

Silicate disintegration appears due to the fact
that during crystallization slag oxides form dicalcium
silicate 2Ca0SiO,. This depends, firstly, on amount
of lime, and secondly, on initial slag temperature
when it is cooled down quickly. In case of absence
of obvious connection between these two factors and
disintegration, for practical purposes it is considered
that slags with lime content over 45% are prone to
disintegration. Slags are resistant at lime content under
45%. However, positive impact of alumina presence
on resistance should be considered. At alumina content
of approximately 18% slag is resistant to disintegration
even if CaO content is over 50%. Magnesia presence
also increases resistance. At MgO content increase
from 5 to 15% resistance rises. Increase of structure
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resistance in presence of alumina and magnesia is
explained by chemical reactions causing formation
of helenite — 2CaOAl,0;Si0, and okermanite —
2CaOMg0,Si0,, which contain large amounts of
calcium oxide. This, in its turn, creates conditions for
decreasing amount of dicalcium silicate. It should be
noted that these reactions facilitate slags resistance
increase against limestone disintegration as well.

Results and discussion. Sulphidic disintegration
can be seen in slags containing significant amount of
iron or manganese sulphides. At sulphides' interaction
with water the substance volume increase by up to 38%
occurs, which causes slag cracking and destruction. At
iron or manganese content over 2% (expressed as FeO
or MnO) slag is considered unstable.

In order to estimate the opportunity of using
metallurgical slags from Qarmet JSC for non-clinker
binders’ production, their chemical and mineralogical
composition have been studied. Table 2 shows results of
analyzing slags produced in different years. The goal of
the research was to determine chemical-mineralogical
stability of these materials' properties and estimate
their hydraulic activity and structure's resistance against
disintegration through computational methods.

Provided results of converter slag chemical-
mineralogical definition characterize it as basic
ferriferrous slag with Mb=4,21; FeO>5% with minor
activity module Ma=0,13, high content of manganese

oxide 3,98%, unstable from year to year — variation
coefficient 33,27 %, and low content of Al,O5; 1,39%,
which classifies it as a slag without prominent hydraulic
activity, which is also proven by mineralogical
composition lacking active minerals. In terms of
mineralogical composition, converter slag mostly
consists of periclase and menganosite. It was researched
that slags containing significant amount of helenite-
melilite, wollastonite and aluminosilicate glass are the
most suitable for binders’ production.

Chemical composition of converter slag shows its
tendency to various types of disintegration. Estimative
ability of converter slag to lime disintegration is
expressed in following:

CaO = 42,56
0,92Si0, + Al,O; + 0,2 MgO, = 12,53 )

This way, content of calcium oxide significantly
surpasses amount of other main components combined.

Contents of iron oxide (19,33%) and manganese
(3,98%) in converter slag significantly surpass 2%
limit providing slag resistance against sulphidic
disintegration, and low content of alumina (1,39%) at
relatively high share of CaO (42%) shows its tendency
to silicate disintegration as well.

Table 3 shows chemical elements contained in blast
furnace slag providing its resistance against various
disintegrations.

Table 3 - Chemical elements in blast furnace slag providing its resistance against disintegrations for SS

3476-2019
Type of | Main conditions of disintegration Chemical elements in
disintegration providing its resistance
against disintegrations
Lime CaO < 0,925i0, + AL,O; + 0,2 MgO, | 39,3 % <49,24 %
Silicate Ca0>45 %:; resistance rises at i?%z 391’; Zo %
—5_ 23 = 19,7 70
AlL,O; upto 18 % and MgO =5-15 % MgO = 9,63 %
Sulphid FeO>2 % FeO =0,46 %
P MnO>2 % MnO = 0,48 %
Considering the possibility of involving the Blast furnace slag in terms of its chemical

composition of the charge in order to increase the
volume of production of a commercial product, blast
furnace production slag having a similar chemical
composition, with the exception of the increased
content of ferrous oxide, a study was carried out on the
chemical and mineralogical components of steelmaking
blast furnace slag, which is reflected in table 3.

composition can be classified as acidic magnesial slags
with Mb=0,97%; with Mg0=9,63%, activity module
Ma=0,38 and Al,0; and MgO within limits suitable
for slags with latent potential hydraulic activity, which
is proven by its mineralogical composition including
minerals prone to hydrolysis and hydration forming
hydraulically active compounds: helenite-melilite glass,
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helenite, wollastonite.

Chemical composition of blast furnace slag
characterizes it as a material which is not prone to
various disintegration.

Conclusion. During the study of the chemical
composition of blast furnace and steelmaking, in
particular converter slag of Qarmet JSC, it was
discovered that they contain a significant amount of
metal oxides, such as iron, manganese, silicon and
others. These elements could be potentially useful for
reuse in other industrial processes or for the production
of building materials for fertilizer, neutralization of
acidic soils and iron extraction.

In addition, mineralogical analysis has shown that

metallurgical slags contain various phase structures,
such as silicates, oxides and other compounds. This
indicates the complex structure of slag with different
proportions of chemical compounds and the possibility
of using them as additives to cement or other building
materials.

Financing. The article was prepared based on the
results of scientific research within the framework
of the state order of the Ministry of Science and
Higher Education for the implementation of the grant
fundamental scientific and technical project IRN:
AP19678263 on the topic «Rational use of man-made
waste from metallurgical industries».
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