KommiekcHoe Hcniosib3oBaHre MunepanbHoro Coipbs. Ne2 (313), 2020 ISSN-L 2616-6445, ISSN 2224-5243

% Crossref @Creative
DOI: 10.31643/2020/6445.19 commons
UDC 669.168

IRSTI 53.31.21 https://creativecommons.org/licenses/by-nc-nd/3.0/

Promising ways to increase raw material base
of the chrome industry of the metallurgical industry
of the Kazakhstan

Kuldeyev E.I., Bondarenko I.V., *Temirova S.S.

Satbayev University, “Institute of Metallurgy and Ore Beneficiation”, Almaty, Kazakhstan
*Corresponding author e-mail: s.temirova@satbayev.university

Received: 26 May 2020 / Peer reviewed: 01 June 2020 / Accepted: 09 June 2020

Abstract. Various lumping technologies of finely dispersed chromite concentrates using charge roasting
processes have been considered. In this respect, it was noted that the charge formulation used in the production
does not provide the required strength of the produced pellets. The authors of the article propose the use of the
well-known method for the ferrosilicon calcium fluxes (FSCF) synthesis with the replacement of Callovian clays
with a composition based on diatomites and industrial and waste products of the Eurasian group (ERG)
enterprises in order to increase the strength of pellets and agglomerate. This method enabled us to produce
roasted pellets with high strength, to ensure the optimal ratio of components, to decrease the pellet roasting
temperature by 150-200°C and to increase water resistance and congelation resistance. Technological
parameters can be also improved by beneficiation of the source chromite raw material, effectively used by Turkish
manufacturers of chrome products. One way to increase the chrome industry raw material base of the Republic of
Kazakhstan is the involvement of the “12 Geophysical Deposit” into the processing of the industrial ore. However,
the produced finely dispersed chromium concentrates require lumping followed by smelting in furnaces for
ferrochrome. The high silica and iron content in the host rock of chromium concentrate enables to obtain strong
pellets without additional additives.

Keywords: chromium-containing raw materials, material agglomeration, chromium pellets, refined ferrochrome slag,
diatomite, ferrosilicon calcite fluxing.
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Introduction reduced, the dispersion of the material is increased,
the content of harmful to ferroalloys impurities is
The chrome sector enterprises of the increased. The increasing of chromium concentrates

Kazakhstan metallurgical industry affiliated with
TNK Kazchrome JSC are one of the largest
manufacturers of ferrochrome products in the world.
However, at present, production is negatively
affected by the deterioration of the quality of the
source raw material: the total Cr,Os; content is

dispersion during electric-arc melting of raw
materials in AC furnaces leads to the decrease in the
technical-economic indicators of the processes.

In this regard, TNC Kazchrome JSC
enterprises improve processes to solve current
production problems. The technologies of finely
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dispersed chrome raw materials lumping have been
introduced: at first, the simplest briquetting
technology was used, but the briquettes strength was
low and did not allow its transportation for long
distances. Then the technologies of roasting “green”
pellets on a flexible ribbon of roasting machines and
producing sinter on a sinter machine were
implemented. However, technological solutions for
the Ilumping of finely dispersed chromium
concentrates were not effective enough due to the
improper choice of the charge material composition
and frequent process equipment failures due to the
high roasting temperature of 1,350°C, resulting in
low crushing strength of the produced roasted pellets
and agglomerate with a high yield of defective pellets
of the agglomerated product. For example, due to
breach of roasting technical regime on roast
machines with a flexible ribbon, refused material was
more than 10% with the planned output of defective
pellets up to 3% of the total number.

Effective processing of small and substandard
pellets began with the launch of the 4th workshop at
Aktobe Ferroalloy Plant JSC. The shives and
defective pellets problem was solved due to its
remelting in direct-current furnaces. But since the
total capacity of direct-current arc furnaces at TNK
Kazchrome JSC enterprises is less than 50%, the
problem of using small pellets, low strength of the
agglomerates and the possibility of its intact
transporting them for long distances remains relevant
and requires a technologically and economically
feasible solution.

The agglomerated material strength problem
can be solved by using the advanced pellets and sinter
roasting technology, during which the complex
compounds — ferro silicon calcium fluxes, so-called
FSCF, synthesis is performed.

The theoretical justification for the synthesis
of FSCF compounds was proposed in papers [1-3,]
for iron-ore pellets producing technologies using
Callovian clays as binding components. Important
characteristics of natural Callovian clays for the
selection of formulation for incoming components
included:

- quartz amorphization and sufficiently high
content of intracrystalline water;

- increased content and mobility of cations Ca,
+, Mgz +, Na +, K +;

- the presence of iron oxides contributing to the
formation of ferro silicon calcium compounds.

Due to the lack of raw materials with similar
characteristics in Kazakhstan, it was proposed to
synthesize Callovian clays analogue on the basis of
diatomites as available domestic natural raw
materials, industrial products and ERG enterprise
waste. The use of the produced FSCF will
significantly improve the strength of the roasted

pellets, technological, economic and environmental
indicators of the processes [4, 5]

Methods of conducting technological
experiments

The physicochemical characteristics of the
types of raw materials and materials used have been
studied, and the mass ratios of the components in
each type of raw material were calculated to ensure
the most optimal values of the components in the
producing of chemical compounds that make up the
FSCF formulation.

The proposed charge materials composition
for “green” pellets producing includes:

- finely dispersed chrome concentrate (50%
Cr,03) produced by Donskoy GOK (Donskoy
Mining and Processing Plant) JSC (DGOK JSC) —
88%);

- the mineral part of the refined ferrochrome
slag (RFC slags) as a source of calcium and silicon
oxides (1-2%) and of chromium oxide in a small
amount of 2.5 - 3.0%;

- ferriferrous varieties of diatomite from the
Zhalpak deposit (Aktobe region) as a source of
hydrated amorphous silicon oxide — 4.5-5.0%;

- dusty screening of special coke of Sary-Arka
JSC for uniform temperature heating in the body
volume of pellets — 2.0-2.5% in the charge materials;

- liquid glass as a reagent that promotes the
pelletizing and formation of “green” granules — up to
1.5%.

The ratio of rich chromium-containing
components in the charge materials may vary
insignificantly depending on the current stocks of
rich chromite raw materials in warehouses, but on
average, the components ratio in the “green” pellets
charge will be preserved. A positive quality of the
FSCF producing technology is a small dependence of
the produced pellets strength on the qualitative
composition of the chrome raw materials. The
chemical composition of the mineral part of the RFC
slag, which serves as a source of silicon and calcium
oxides, is shown in table 1.

Table 1 — the chemical composition of the mineral part of
the RFC slags

Components Content, weight
%
Cr,03 2.00
SiO; 18.40
Fe203 0.26
MgO 7.70
AlLO3 6.20
Ca0O 38.76
Other 26.68
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The use of natural diatomites as components in
the preparation of glandular pigments and porous
foam glass is described in [6, 7].

The average chemical composition of the
ferriferrous diatomite of the Zhalpak deposit is
shown in Table 2.

Table 2 — Average chemical composition of ferriferrous diatomite from Zhalpak deposit

Components MgO | AlOs | SiO;

503'2

K>,0 Cao Cr,0; | Fe,0s | CIF Oth.

Content, weight % 0.96 | 8.04 67.0 0.58

0.80 | 0.36 | 0.02 10.4 0.40 | 11.44

The technological characteristics of the special
coke of Sary-Arka JSC are presented in table 3.

Table 3 — Technological characteristics of the special coke
of Sary-Arka JSC

Characteristics Value
Size, % 5.0-40.0
Sulphur content, % <1.0
Ash content, % 6.0-10.0
Volatile content, % 4.0-7.0
Specific surface area, m?/g 3.0
Porosity, % 22.0...25.0

Results and discussion

The components composition was selected
taking into account the current storage of rich
chromium raw materials stocks in the TNK
Kazchrome JSC warehouses. The components
composition of the charge materials for the pellets
producing was compiled taking into account the
minimum dilution by Cr.0z and the ferro silicon
calcium synthesis and conforming by the chemical
composition to charge materials for melting on high-
carbon ferrochrome in variable furnaces current at
JSC TNK Kazchrome. The feed of special coke,
additional iron scrap and/or iron ore and cobbed
quartz ore into industrial furnaces was taken into
account when forming the charge materials
composition to optimize the smelting process.

The solid components of the charge were
ground in a laboratory grinder and sieved on a
laboratory sieve with -0.25 mm size mesh. Finely
dispersed chrome concentrate and the mineral part of
RFC slags were not grinded, since its fineness is less
than -0.25 mm and its additional grinding is not
required. Pellets were produced on a laboratory
granulator.

The size of the green pellets is 6-10 mm and
corresponds to the size of the granules produced on
the drum granulators of the factory for the production
of chromium pellets at the Donskoy GOK. The green
pellets were kept at room temperature for 24 hours.
The strength of the aged green pellets was 125.0
N/pellet. The batches of produced pellets were
roasted in a laboratory muffle furnace at temperatures
of 1,050; 1,100; 1,150 and 1,200°C for 1 h at a
heating rate of 15 deg./min.

The produced roasted pellets (7 pieces in each
batch) were tested for breaking using the MIP-25R
laboratory press and the strength arithmetic mean
values were determined. The average strength at the
roasting temperature was, N/pellet: 2,862 at 1,050°C;
3,994.6 at 1,100°C; 4,570.1 at 1,150°C; 5,440 at
1,200°C. The chemical composition of the produced
pellets was, weight %: 44.0 Cr,0s; 6.00 Al,O3; 18.80;
SiOy; 12.50 FeO; 1.62 CaO; 10.02 MgO; 7.28 the
rest.

X-ray phase analysis data showed the presence
of complex ferro silicon calcium compounds
(magnesian hedenbergite (Ca (Fe, Mg) Si20s) and
chloritoid-A (FeAl;SiOs(OH),) (Table 4).

Table 4 - The results of x-ray phase analysis of roasted pellets produced at 1,200°C and a coke content in the charge

materials of 2.5 wt.%

. Content,
Mineral Formula weight %
Chrome Mg(Cr204) 35.5

magnesite
Chromite (FeOo.632M00.358Mno.01) (Alo.4sFe0.2863M0o.022Cr1.201Ni0.004 T 0.03) 28.5
Magnesian Ca(Fe,Mg)Si»0s 7.8
hedenbergite
Paragonite - NaAlz(AlSiz)O10(0OH); 8
2M1
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Norstrandit Al(OH)3
Periclase MgO
Chloritoid-A FeAl,SiOs(OH); 4

In terms of composition, the roasted pellets are
close to the average composition of the charge
materials of workshop No. 3 of Aktobe Ferroalloy
Plant JSC. Previously, the possibility of pre-
reduction of chromium oxide with producing of
metallic beads was revealed at the processing of
finely dispersed chromium concentrates with the
production of roasted pellets using the FSCF
producing technology. Partial pre-recovery with
metallic chromium producing was noted. Using point
electron microscopy method (Jeol microscope),
metallic beads were detected in roasted pellet in the
amount up to 10 wt.% [4-5]. The studies showed that
the amount of reduced metal remained virtually
unchanged and amounted to 9.5 wt.% at 1,200°C,
which is, apparently, associated with the
thermodynamic and kinetic features of the pre-
reduction of chromium oxide compounds in the
producing reducing medium in the pellet body.

Therefore, pre-reduction is possible within
these limits, and increasing of the pellet roasting
temperature above the specified temperature leads to
its partial melting due to the melting of the binding
base of FSCF (minerals: magnesian hedenbergite
(Ca(Fe,MQ)Si20¢) and chloroid-A
(FeAl;SiOs(OH)2). Therefore, the increase of the
amount of special coke in pellets (up to 20-25 wt.%)
does not lead to the significant increase in the amount
of pre-reduced metal and is declared inefficient in
producing of open type roasted pellets (open belt
roasting machines, sinter machines of Aktobe
Ferroalloy Plant JSC) [3].

The completed studies showed that, FSCF
technology enables to produce durable roasted
chrome pellets from a mixture consisting of the initial
finely dispersed concentrates and recycled materials
(pellet shives and agglomeration dust). Moreover, the
achievable crushing strength is higher than 5,440
N/pellet at 1,200°C in roasting machines with a
flexible moving metal tape (Donskoy GOK), the
optimal coke content in the charge materials is 3%.
The charge materials composition with 2.5 wt.%
coke allows to reduce the pellet roasting temperature
from 1,350°C to 1,200°C. Now, the pellet shives are
partially processed in the furnaces of the new
workshop No. 4 of Aktobe Ferroalloy Plant JSC [8].

The process of shives recycling can be
performed using FSCF technology. The roasting
temperature conditions can be achieved by using
cheap apparatuses of a simple design — tunnel or
muffle furnaces with a floating floor (for example,
used to produce granulated foam glass) instead of

expensive pelletizers with a movable flexible metal
tape [6]. Other technological equipment (mills,
screens, dish granulators) used in the technology is
standard and has numerous industrial analogues [9-
13].

The technology for producing complex
durable chromium pellets with FSCF synthesis can
be widely used in industry in the pelletizing of finely
dispersed chromium raw materials. But its
manufacturing process management requires
production of the finely dispersed pellets in
significant quantities first. Outdated chromite sludge
beneficiation technologies at Donskoy GOK do not
enable Cr,0; extracting higher than 10 wt.%, while
this indicator amounts to 27-30 wt.% in Turkish
chrome plants and this for less enriched raw materials
than Kazakhstan raw materials. When implementing
such effective technologies technical and economic
indicators of the enrichment process will increase.

The developed industrial reserves of
Kazakhstan raw materials of large deposits (the “Ten
Years of Kazakhstan Independence”,
“Molodezhnaya”, “Voskhod-Chrom” mines) require
the lean approach to their extraction and processing.
The medium-sized “12 Geophysical” deposit (65
million tons reserves of chromite ore) which was
explored in the second half of the last century is
situated at the Donskoy GOK industrial site. The
VNIItsvetmet Institute (Ust-Kamenogorsk)
performed studies which showed that the host rocks
of the chromite metallization of this deposit are
altered serpentinites developed according to

magmatic rocks of ultrabasic composition.

Figure 1 - Rare chromite impregnation of not more than
10% of the area,
the light bar to the right is quartz vein
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Thus, the “12 Geophysical” deposit is
characterized by the fact that the host rock consists
mainly of silica and iron-containing minerals. The
Cr;03: FeO ratio in the collected samples does not
exceed 2.5, which indicates that chromite is
represented by ferruginous forms. The presence of
cleavage in chromite crystals, commonly found in
only in glandular variations, also constitutes
confirmation. The presence of a sufficient amount of
Al;O3 in the samples allows to assign these chromites
(chromespinelides) to alumochromites (Fe, Mg) (Cr,
Al)204 with a rather low Cr.O3 content. The chemical
composition of the ore from “12 Geophysical”
deposit indicates a low content of chromium oxide
and a high content of silicon oxide (table 5).

Studies on gravity methods of ore
beneficiation showed that the best performance can
be achieved using the methods of depositing and
centrifugal separation, while the yield of total
concentrate was 35.1%, the total content of Cr,Os
was 44.6%, the extraction of Cr.Os was 87.6%, the
residual Cr,Os content in the tails was 12.5%.

Table 5 - The chemical composition of the ore from
“12 Geophysical” deposit

Components name Content, wt. %
Cr203 17.87
Fe 6.48
CaO 0.5
MgO 8.81
Al,O; 3.72
K20 0.12
SiO; 57.1
Stotal 0.18
Cu 0.01
Zn 0.02
Ni 0.1

The difficulty in unique ores beneficiation of
this deposit is associated with the silicate
composition of the host rocks and the finely dispersed
structure of chromite mineral crystals. The produced
concentrates cannot be remelted in electric arc
furnaces without preliminary pelletizing. At the same
time, silicate minerals contained in concentrates are a
valuable component for the production of FSCF. This
enables significant increasing of the chromium oxide
content without main component diluting, producing
hard roasted pellets and increasing the technical-
economic indicators of the smelting process in
ferrochrome electric-arc furnaces.

Conclusions

The use of FSCF synthesis technology in the
rich chrome raw materials pelletizing process allows
to get roasted pellets with high strength (3-4 times
higher than production indicators); to ensure the
optimal ratio of components, eliminating the need of
the additional fluxing reagents during the melting of
scrap iron waste and lumpy quartzite ore, to reduce
the pellet roasting temperature by 150-200°C to
increase the water resistance and resistance to
materials congelation in the winter during
transportation due to the formation of a glass-like
structure. The technology can be used to pelletize
prospective types of chromite-containing raw
materials, for example, concentrates from ores of the
“12 Geophysical” deposit.
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Ka3akcTaHHbIH MeTannyprusa eHepKacibi XpoMm canacbiHbIH WUXKi3aT 6a3acbIH
YJIFanTyAblH NepcneKkTuBanbIK XXonaapbl

KenpeeB E.U., BoHpapeHko U.B., TemupoBa C.C.

Tyiinaeme. Illnxtansl Kyiaipy HpoueciH KOJIAaHYMEH YCAaK AWUCHEPCTI XPOMHTTI KOHIIEHTPATTapAbl KECEKTEYyIiH
OPTYpJl TEXHOJOTHsUIAphl KapacThIpbUIFaH. Byn perTe eHmipicTe KOJNJAHBUIATHIH MIMXTa PELENTypachl ajbIHATHIH
LIEKEMTacTap/bIH Tajan eTieTiH OepiKTIriH KamTamachl3 eTnelTiHi aiiteiirad. lllekemractap MeH arioMepaTThIH
OEpiKTIriH apTTHIPy YLIIH Makaja aBTOpJIApbl KEJUIOBEH OaIIIBIKTAPBIH JHUAaTOMHUTTEpP, OHEPKICINTIK OHIMIEp MeH
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Eypasusuieik  Ton  kacinopeinpapeinelH,  (ERG)  Kanaplkrapel  Heri3iHIEri KOMIIO3WLMSIFA aybICTBIPa  OTBIPBIIL,
(eppocrinKoKanbIUT KoxkaamanapbiH (iiocrepin) (PDC) cuntesneyain Oenriii ToCUIiH KoIgaHyabl YCbIHAABL by
KOFaphl OEpiKTiri Oap KYHIipiIreH MEKeMTAacTapAbl adyFa, KOMIIOHEHTTEP/IH OHTAMIbI apaKaThIHACHIH KaMTaMachI3
eTyre, IIeKeMTacTapIpl KyWmipy temmeparypacsiH 150-200°C TemeHmeTyre, cyFa TO3IMAUIIKTI apTTBHIpyFa >KOHE
KATKBIIITHIKKA TOIIMALIITIH apTTEIpyFa MYMKIHIIK Oep/i. TeXHOIOTHIIBIK KOPCETKIMTEep COHal-aK 0acTamKsl XPOMHUT
IIMKI3aThIH OalBbITY Ke3iHIe jKaKcapThUTybl MYMKIH, OJ TYPiK KOCIOPHIHIAPBIHAA XPOM OHIMAEPiH eHIipy OOHBIHINIA
HOTIKeN Konganpuiaasl. KP XpoM camacklHBIH mHKi3aT 0a3acklH YIFaUTY XKoamapbeiHEH O0ipi «12 ['eodu3ukambsiky keH
OPHBIHBIH, KEHAEPIH OHEPKOCINTIK OHJeyre TapTy OOJibIn TaObutafpl. Anaiga ajdblHFaH YCaK IHCIEPCTI XpOM
KOHIIGHTPATTapsl KeHiHHEH (eppoXpoMIarsl MemTepAe OaiKplTa OTBIPBIN, KECeKTeyAi Tamam eTedi. Xpom
KOHLICHTPATHIHBIH CBIHBIM/IBI KBIHBICBIHAAFbI KPEMHE3eM MEH TEeMIpAiH J>KOFapbl MeJIepl KOChIMIIA KOCIanapibl
eHriz0ecTeH Oepik HIeKeMTacTap bl ajly MyMKIHITIH KaMTaMachl3 eTe/i.

Tyiiinai ce3nep: Xpombl Oap IMKi3aT, MaTepualibl KECEKTEY, XPOM IIEKeMTAcTap, Ta3apThUIFaH (epPOXPOM KOXKBI,
JIMaTOMUT, (heppOCHIMKAIBIUTTI KOKAaManaysl ((iarocreyi).

MepcnekTUBHbIE NYTU YBENU4YEHUS CbipbeBON 6a3bl
XPOMOBOM OTpacnu MeTannypruyeckon npombiwneHHocTn KasaxcraHa

KynbpeeB E.WN., BoHpapeHko U.B., Temuposa C.C.

AHHOTanus. PaccMOTpeHB! pa3ianyHbIe TEXHOJIOTHH OKYCKOBaHMS MEIKOAUCIEPCHBIX XPOMHTOBBIX KOHIICHTPAaTOB C
MIPUMEHEHNEM TPOLIECCOB 00kHra MuXThl. [Ipr 3TOM OTMEYEHO, YTO MCHOIb3yeMas B IPOM3BOICTBE PELENTYpPa MINXTHI
He ofecreunBaeT TpeOyeMOH IPOYHOCTH IOJIy4aeMbIX OKarhlmieidl. J[ns IOBBILIEHNS MPOYHOCTH OKAThILIeH H
arjomepara aBTOPaMH CTaTbU IIpelularaeTcsi IpMMEHEHHE HM3BECTHOrOo criocoba cuHTe3a (eppOCHIINKOKAIBIUTOBBIX
¢utocoB (PDPC) ¢ 3ameHON KeIUTOBEHCKHX TJIMH Ha KOMITO3UIMIO Ha OCHOBE JHATOMHTOB, IIPOMIIPOIYKTOB U OTXO/IOB
npennpustuii  EBpasmiickoit rpymmer (ERG). OTo mo3BONMMIO MOMYyYUTh OOOMOKEHHBIE OKATHIIA C BBICOKOH
MIPOYHOCTHIO, 0OECTIEUNTh ONTHMAILHOE COOTHOLIEHHE KOMIIOHEHTOB, CHH3HTH TEMIIEpATypy OOXWIa OKaThIed Ha
150-200°C, yBenH4YNTH BOJOCTOMKOCTh M YCTOMYMBOCTH K CMEP3aeMOCTH. TEXHOJIIOTHIECKHE TTOKA3aTeNI! MOTYT OBITh
TaKKe yITy4IIEHb! IPH 000TalEHUH HCXOJHOTO XPOMHUTOBOT'O CHIPhsI, KOTOpOoe 3(p(HeKTUBHO MPUMEHSETCS Ha TYPELKUX
MPEONPUATHAX TI0 IPOU3BOICTBY XPOMOBOH mponykunu. OTHHM M3 IMyTeH yBEIHMUYEHHs ChIPhEBON 0a3bl XPOMOBOM
orpaciu PK siBisieTcss BOBJCYEeHHE B NPOMBIIUICHHYIO NepepaboTKy pyn MecropoxaeHus «12 T'eoduznueckoey.
OpHaKo MOJTyuYeHHbIE MEJIKOANCIEPCHBIE XPOMOBBIE KOHIICHTPAThl TPEOYIOT OKYCKOBAHHs C MOCIEAYIOIIeH MIaBKoi B
neyax Ha (eppoxpoM. Breicokoe cozpepxkanne KpeMHE3eMa M jKelle3a BO BMEIIAIOIIEH MOpojie XpOMOBOTO KOHIIEHTpaTa
obecrieunBaeT BO3MOXKHOCTh IOJYYCHHS IPOYHBIX OKaThIIel Oe3 BBEICHUS JIONOJHHUTEIBHBIX JJ100aBOK.
KaioueBble ciioBa: xpoMcoepikaliee ChIpbe, OKyCKOBaHHE MaTepuala, XpOMOBBIE OKATHIIIH, IIJTaK papuHUPOBAaHHOTO
(beppoxpoma, AUATOMHUT, (HPepPOCHIINKAIIBIINTOBOE (DITIOCYIOIIEE.
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