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Research of brown iron lisakovsky raw materials
solid phase metallization process

The research results of the process of lisakovsky gravitational magnetic concentrate (LGMC) solid-phase
metallization using the highly reactive solid carbon reducing agent «direksil» are given in the article. There
were set rational parameters of solid-phase reduction process of LGMC in the mine furnace providing the ex-
tent of its metallization of 20.4-88.6 %. It was determined. the temperature range of solid-phase direct reduc-
tion of iron of 1150-1200 °C providing the maximum rate and extent of iron oxides metallization, at the same
time passing over emergence of the liquid phase — fusion. Use of «direksil» as a reducing agent allows rais-
ing metallization extent of LGMC in more than 3.times in comparison with furnace coke. In the article there
are given diffraction patterns (X-ray patterns) of the metallized samples of LGMC characterizing phase struc-
ture and crystal structure of the obtained restoration products depending on the type of reducing agent. The
physical condition of the metallization products obtained in the mode of solid-phase restoration allows using
all known methods of separation of the metallized concentrate from the dead rock. The most preferable option
of such separation includes methods of magnetic separation in view of contrast formed after the system met-
allization. Separation of magnetic. and non-magnetic products after metallization is an obligatory element of
the technological scheme of LGMC metallization since the total content of iron in initial concentrate does not
exceed 49 %. At that depending on metallization extent the magnetic fraction can be used as a furnace charge
component when smelting .the conversion iron in the blast furnace (metallization extent is less than 40 %) or
steelmaking in the electric furnace (metallization extent is more than 80 %).

Keywords: brown iron, LGMC, solid-phase metallization, metallization extent, carbon reducing agent,
direksil, phase structure, metallized concentrate.

Many research works and publications are devoted to studies of the iron restoration process from the
lisakovsky gravitational and magnetic concentrate (LGMC) during a number of decades [1-6]. In particular
the scientists of Zh. Abishev Chemical and Metallurgical Institute are engaged in solution of the problem of
benefication and refinement (dephosphorization) of LGMC [3-6] for many years. In the works [2—6] there
are concerned the results of reducing roasting of LGMC with use of gaseous, solid and liquid reducers. Au-
thors [2] established that restoration rate of concentrate’s layer was limited by external diffusion at designed
temperature and gas composition. And, as the studies have shown, the external diffusive resistance for a con-
centrate is much less than internal diffusive resistance, for example, for the iron nugget concentrate, and is
regulated by change of gas consumption, due to which the metallization rate increases significantly. This ad-
vantage of the concentrate over the layer of lumpy materials can be used for solution of problems of direct
metallization of iron ore concentrates, in particular, in vertical porous tanks. But the main obstacle in the way
for realization of such process is susceptibility of usual iron ore concentrates to adhesion and swelling during
restoration. However, according to authors [2], as for metallization of LGMC, the process proceeds without
adhesion of particles even at 1000 °C. Lisakovsky concentrates in the whole interval of reduction degree
from 0 to 1 do not conglutinate both at low and high (1000 °C) temperatures, they do not inflate and, on the
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contrary, considerably shrink. These features of them are favorable to solution of tasks on solid-phase metal-
lization, with expansion of temperature limits of reduction in order to achieve the high rate of interaction. To
overcome the difficulties connected with low burdening materials’ bed porosity it is necessary to create such
conditions for metallization of ore raw materials at which the rate of the process would not be limited by dif-
fusive resistance. It is possible to solve this important problem when using reducer with the high reactive
capacity and applying the special technology on preparation of burden constituents.

The problem of the real researches consisted in determination of temperature limits of solid-phase direct
reduction of iron with a view to provide the maximum rate and extent of metallization of iron oxides, at the
same time passing over emergence of the liquid phase — fusion. For solution of that we have conducted a
series of experiments on studying the influence of temperature condition on metallization of the lisakovsky
gravitational and magnetic concentrate in the heat-treatment furnace (mine furnace). Test activity on.direct
restoration was carried out at 1000—1250 °C temperatures. The furnace coke (Arselor Mittal Temirtau) and
new highly reactive reducer «direksil» were used as reducing agents. Carbonaceous reducing agent
«direksil» was obtained from the enriched nonlinkering coal by the method of high-speed thermal-oxidative
carbonization. Development and exploitation of the production technology of direksil were carried out under
the direction of professor, laureate of state prize of RK V.A. Kim (Zh. Abishev Chemical and Metallurgical
Institute) [7].

Ash technical specifications and chemical composition of the carbonaceous reducers used in the exper-
iments carried out by us are given in the Tables 1 and 2. Weight ratios of LGMC to the reducing agent were
1:0.25. Preparation of furnace charge for metallization was carried out by two-ways, namely,

— LGMC and reducing agent (furnace coke or direksil) were placed in the melting pot by layers;

— LGMC and reducing agent (furnace coke or direksil) were carefully mixed and placed in the melting

pot.
Table 1
Technical specifications of carbonaceous reducing agents
Reducing agent Technical structure, %
educing age WP A Ve S P
Direksil 1.0-2.0 1.0-5.0 3.6-15.0 0.20-0.40 0.01-0.04
Furnace coke of ArselorMittal Temirtau 2.0-15.0 13.8 1.5 0.50 0.045
Table 2
Chemical composition of reducing agents’ ash
Reducing agent Content, %
£ag SiO, AlLO, MgO+CaO Fe,0;
Direksil 48.06 18.62 4.78 7.32
Furnace coke of ArselorMittal Temirtau 48.50 20.0 8.7 16.6

The analysis of experiment results on metallization of LGMC with the use of furnace coke shows that at
long isothermal holding the set temperature of emergence of the liquid phase is 1150 °C. In such a way it was
observed emergence of the liquid phase — fusion (fayalite) in restoration products in the experiments carried
out at the temperature of 1150 °C. Pictures of the metallized samples obtained as a result of reducing roasting
of LGMC with the use of the furnace coke as a reducing agent at long isothermal holding of 60 and 90
minutes at 1150 °C are given in the Figure 1. As you can see on the fracture of the samples the fusion zone
with increase in hold time up to 90 minutes covers almost total volume of the metallized product (sample b).

With reduction of isothermal time of LGMC mixture and solid reducing agent the temperature range of
solid-phase restoration extends towards the greater temperature considerably. So at the time of isothermal
holding of pilot samples within 5—-15 minutes the noticeable emergence of the liquid phase was not observed
at 1150 °C and even at 1200 °C. Noted feature of mixture behavior of LGMC and solid reducing agent is in-
dicative of the basic possibility of realization of solid-phase restoration of LGMC at short-term holding of
furnace charge within 10—15 minutes with achievement of the set extent of metallization of <40 % as well as
>80 %. At the same time the subsequent separation of a ferriferous part from dead rock can be carried out by
methods of magnetic separation of products of solid-phase metallization.
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a — sample obtained at isothermal b — 90 min
holding of 60 min

Figure 1. Metallized samples obtained at reducing roasting of LGMC using furnace coke

The concentrate which is formed at metallization extent of <40 % containing up to.72:% of iron can be
used at domain melting of conversion iron. It opens a prospect of the wider involvement of brown iron ores
into traditional two-stage steel production the balance reserves of which in Kazakhstan are estimated in bil-
lions of tons.

According to requirements to a metallized concentrate the criteria of'its suitability as a furnace charge
component for steel smelting in electric furnaces is metallization extent of more than 80 % at the minimum
content of dead rock [8]. Results of the experiments carried out in the range of temperatures of 1150—
1250 °C showed that it was necessary to apply the highly reactive reducing agent in the form of direksil for
achievement of metallization extent of LGMC of >80 %. At that in the temperature range of 1200-1250 °C
the set metallization extent of LGMC (80 % and more) is provided at mixture holding within 8-10 minutes.

In compliance with a research problem at traditional ways of metallization of LGMC connected with
long isothermal holding, as a rule, exceeding 60—90 minutes there were set the technological parameters of
solid-phase restoration in which metallization temperature should not exceed 1100 °C. For obvious demon-
stration of influence of reducing agent type on metallization process of LGMC the results of the experiments
carried out at 1100 °C and hold time of 90 minutes are given below. The furnace coke and direksil are con-
sidered as the solid reducing agents (see Table 1). Conditions of furnace charge preparation are described
below:

— Experiment No. 1 — LGMC and furnace coke were divided into 5 parts and placed in the melting pot

by layers.

— Experiment No. 2 — LGMC and direksil were divided into 5 parts and placed in the melting pot by

layers.

— Experiment No. 3 — LLGMC and direksil were mixed and placed in the melting pot.

— Experiment No. 4 — LGMC and furnace coke were mixed and placed in the melting pot.

The pictures of the metallized product samples of LGMC obtainedas a result of solid-phase reduction
with different reducing agents are given in the Figure 2.

a, b — furnace-charge by layers; ¢, d — mixed furnace-charge

Figure 2. Pictures of metallized product samples of LGMC

Products of reducing roasting are represented by weakly caked-on particles, which crumble by easy
pressing. Thus, the physical condition of the metallization products obtained in the mode of solid-phase res-
toration allows using all known methods of separation of the metallized concentrate from the dead rock. And
the most preferable option of such separation includes methods of magnetic separation in view of contrast
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formed after the system metallization. Separation of magnetic and non-magnetic products after metallization
is an obligatory element of the technological scheme of LGMC metallization since the total content of iron in
initial concentrate does not exceed 49 %. At that depending on metallization extent the magnetic fraction can
be used as a furnace charge component when smelting the conversion iron in the blast furnace (metallization
extent is less than 40 %) or steelmaking in the electric furnace (metallization extent is more than 80 %).

Samples a and b were obtained when loading furnace charge by layers, and samples ¢ and d — as a re-
sult of carrying out metallization by furnace charge mixing. Direksil was used as a reducing agent in samples
b, d; a and ¢ were obtained with the use of furnace coke. For assessment of reduction degree of iron oxides
on height of the metallized sample the test for the chemical analysis was selected by layers. Non-magnetic
component of the metallized samples was separated by means of magnetic separation without crushing of the
products obtained. The chemical composition of the magnetic part of the metallization products of LGMC is
given in the Table 3. According to the results of analysis of the chemical composition of the magnetic com-
ponent of metallized LGMC content of the total iron in the metallized products with application of direksil is
higher than in samples with use of furnace coke for 5-7 abs. %.

Table 3
Chemical composition of metallized products
Exp. Content, %
Name -
No. Ferotal SiO, ALO3 | CaO | MgO P S
LGMC with furnace coke by layers
1 (upper) 67.01 10.74 6.22 n/o 0.72 0.92 | 0.137
1 2 67.40 10.81 6.18 0.87 n/o 098 | 0.134
3 67.66 10.18 6.18 0.35 n/o 0.96 | 0.077
4 67.66 8.99 6.37 0.52 n/o 0.99 | 0.077
LGMC with direksil by layers
1 (upper) 68.59 14.41 6.06 n/o 0.65 0.99 | 0.067
2 2 77.22 10.50 7.04 0.52 | nfo/o 1.1 0.057
3 76.43 11.50 6.72 0.52 2.90 1.1 0.057
4 76.69 11.22 7.19 n/o 2.90 1.1 0.057
LGMC with furnace coke by mixing
1 (upper) 71.26 7.84 6.40 n/o 0.99 097 | 0.173
3 2 71.52 7.78 6.33 n/o 0.82 1.0 0.105
3 70.32 8.04 6.29 n/o 0.82 1.0 0.115
4 68.86 8.51 6.16 n/o 0.82 094 | 0.192
LGMC with direksil'by mixing
1 (upper) 80.31 7.44 6.85 n/o 0.82 1.12 | 0.077
4 |2 77.91 8.31 6.68 n/o 0.98 1.08 | 0.096
3 72.59 8.70 6.61 n/o 0.65 1.02 | 0.077
4 70.72 8.31 6.29 n/o 0.82 0.99 | 0.096

In Figures3 and 4 there are given diffraction patterns (X-ray patterns) of the metallized samples of
LGMC characterizing phase structure and crystal structure of the obtained restoration products depending on
the type of reducing agent. It should be noted that the content of silicon dioxide in the samples obtained by
mixing the furnace charge before metallization process conduction is less for 3—5 % than in the samples ob-
tained when loading furnace charge by layers that is coordinated with data of X-ray phase analysis
(Fig. 3, 4).

As a result of solid-phase restoration in all experiments we have obtained a metallized concentrate in
the form of weakly caked-on particles, which crumble by easy pressing. Extent of metallization is calculated
according to the chemical analysis taking into account results of X-ray phase analysis. Exponents of metalli-
zation of the obtained products depending on conditions of furnace charge preparation for recovery roasting
and the applied reducer are given in the Table 4.
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a — with furnace coke (x — metallic iron; V — wustite; © — hercynite; ® — fayalite)
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b — with direksil (x — metallic iron; A — quartz; 6— hereynite; O— magnetic iron)

Figure 3. Diffraction pattern of the metallized product samples obtained when loading the furnace charge
by layers with application of furnace coke (a) and direksil (b) as a reducing agent
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b — with direksil (x — metallic iron; A — quartz; © — hercynite; ® — fayalite)

Figure 4. Diffraction pattern of the metallized product samples obtained when mixing the furnace charge
with application of furnace coke (a) and direksil (b) as a reducing agent
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Table 4
Metallization degree of roasted product of LGMC
Exp. N T,°C in | Fewas% | Fepe % %
No. ame P T, min Cotal, /0 Cmet> /0 Omet, /0
LGMC with furnace coke by layers
1 (upper) 67.01 17.13 25.26
1 2 1100 90 67.40 47.74 29.19
3 67.66 16.60 24:53
4 67.66 13.77 20.35
LGMC with direksil by layers
1 (upper) 68.59 36.03 52.53
2 2 —"— - 77.22 67.55 87.47
3 76.43 67.75 88.64
4 76.69 67.78 88.40
LGMC with furnace coke by mixing
1 (upper) 71.76 27.98 39.26
3 12 —"— - 71.52 27.95 39.07
3 70.32 23.31 33.15
4 68.86 18.05 26.21
LGMC with direksil by mixing
1 (upper) 80.31 68.41 85.18
4 2 —"— —'B 77.91 66.68 85.50
3 72.59 36.39 50.13
4 70.72 34.32 48.52

According to the chemical analysis (Table 4) the greatest extent of metallization of 85-88 % at the total
iron content of 72—77 % was reached in the experiments No. 2 and No. 4, when using direksil as a reducing
agent, activity of which is much higher than those of traditionally applied reducers, in particular, of furnace
coke. At that the metallization extent in the experiment No. 2 (with direksil) is 3 times higher than in the ex-
periment No. 1 (with furnace coke). Diffraction patterns of the metallized productsamples given in Figures 3
and 4 also confirm advantage of using direksil as a reducing agent. Characteristic peaks of metal iron are
much more intensive, and presence of fayalite and-hercynite, which are formed in the course of the iron ox-
ides recovery, is insignificant (Fig. 3, b and 4, b) in comparison with phase structure of the metallized prod-
uct obtained with the use of furnace coke (Fig. 3, a and 4, a). The average chemical composition of the met-
allized samples is as follows Feup— 77.91; Si0, — 8.31; A1,0; — 6.68; MgO — 0.98; P — 1.08. Basicity
(A1,0;+MgO0)/Si0, is equal.t0 0.9.

Thus, as a result of conducting studies of the metallization modes of brown iron lisakovsky concentrate
there are set the rational parameters of direct solid-phase restoration of LGMC in the laboratory mine furnace
providing extent of its metallization of 20.38-88.64 %. It is more preferable to usedireksilas a reducing
agent, highly active solid reducer from Shubarkol coal allowing raising extent of metallization of LGMC in
more than 3 times in comparison with furnace coke. Optimum temperature of solid-phase metallization pro-
cess of LGMC at long holding should not exceed 1100 °C. With reduction of time of isothermal holding of
LGMC mixture with solid reducer the solid-phase metallization is provided at more high temperatures of
roasting reaching up to 1150-1200 °C. The specified feature allows using the new technical solutions for
achievement of the set metallization extents of LGMC obtaining the final products for multiple purposes.

Work was performed upon the program of grant financing within the project No. 0026/PTF «Develop-
ment of autothermal technology of metallized concentrate production from brown iron ores». Report about
SRW/ Zh. Abishev ChMIn. Karaganda, 2016.
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KoHnpbipTeMipJii incakoB MUKI3aTbIHBIH KATTHI (a3aiibIK
MeTaJJIaHy YPAICiH 3epTTey

«JIMpEeKCHIT» JKOFapbl PEAKIIMOH/BI KaTThl KOMIPTEKTI TOTBHIKCHI3AAHIBIPFBILITH KONIAHY- apKbLIbI JIMCAKOB
TpaBUTALMSIIBIK MarHUTTI KoHeHTpateH (JITMK) Meranmangsipy ypaicine 3eprrey sxyprisimmi. 20,4-88,6
MeTaliaHy aopeskeciH KamraMachl3 ererin JI'MK-HbIH KaTThl (a3anblk TOTHIKCHI3JAHY YPAICIHIH YTHIMIBI
KepCeTKimTepi OpHATHULIBL. JKOFaphl KUITaM/IBIK IIEH TeMip TOTBIFBIHBIH, METAIIAaHy AeHTeHiH KaMTaMachl3
eTin, CyHbIK (a3a — OanKbIMaHBIH KaJbINTACYbIHAH alHAJbIN @TEeTIH KarThl (a3ajgbl TeMIpAiH Tikemei
KansinTacyblHblH ~ 1150-1200 °C-garel  TemmepaTypa — JUAmas’oHbl  aHBIKTAIABL  «Jlupexcuinab»
TOTBIKCBI3NAHABIPFBIT  peTiHae mnaiimamany JITMK-HpIH | MeTangaHy JAeHreiliH JOMHa KOKCBIMEH
caJIbICTBIpFaH/a 3 eceleH KOIl apTThIpyFa MyMKiHAik Oepexi. Kambimka kenripyuriHiy TypiHe GailllaHbICTHI
QJIBIHFAH KaJbllIKa KENTIpyII eHIMAEpAIH KPUCTANIBIK. KYPBUIBIMBI MeH (a3aiblK KypaMblH CHIATTAHTBIH
vetanpanrad JITMK  typnepiniH audpaxrorpamMManapsl. (peHTreHorpaMManapsl) KenrtipiareH. Karrtsl
(ha3aipIK KalblKa KeNTipy TOpTiOiHIe alblHFaH MeTalJlaHFaH eHIMAepAiH (Gu3HKabIK KyHi 60c TyprepaeH
MeTaJlIaHFaH KOHIIEHTPATTHI Oeitye OapiibIK Oemrini ogictep i maiinananyra MyMKinaik 6epeni. XKyienepain
MeTaJIaHybIHaH KeHiH KaJbINTacaThlH KapaMa-KaHIIGUTBIFBIHAM MarHWTTI cerapanysi amajgapbl MyHIai
Oenynepae eH KoJaiibl HycKa Ooibln’TaObLiaxbl. MeTannaHAblpynaH KeWiH eHIMAepli MarHHUTTI XKoHe
marautciz Gemy JIT'MK MerangaHAbIpy/IbIH TEXHOIOTHSIBIK ChI30ACBIHBIH MIHASTTI JJIEMEHTI OOJBIN
TabblIaabl, ce0edi WIBIFBIC KOHLUCHTPAThIHIA JKaumbl TeMip Kypambl 49 % acnaiinsl. COHBIMEH KaTap
MeTaNAaHIbIPY JeHrediHe OailflaHbICTBl MArHUTTI (pakius NOOMEHAI IemTe KojgaHOaiabl IIONHBIHABI
KOPBITYars! (MeTanganaslpy. AeHreri 40 %-maH keM emMec) HeMece 3JIEKTp IemTe OOJIaTTh OaNKbITydarbl
(metanmanaspy neHreii 80 Y%-aaif) IIXTa KOMIIOHEHTI CHSIKTHI TTaiilallaHbLTy bl MYMKIH.

Kinm ce30ep: xonplp Temip kenmepi, JI'MK, xarTel ¢asanblk MeTanmaHIbIpy, METaIJaHABIPY JeHTeHi,
KOMIiPTEKTi TOTBIKCBI3aHABIPEBI, «/{npekcriny, Ga3anblK KypaMbl, MeTaJIaHIbIPbUTFaH KOHIICHTPAT.

O.A. borosiBiieHcKas, , C.B. Kum, C.X. Kynapuhos,
M. K. Ixyunubaes, B.B. Cuyxuna, JI.B. I'eitaig

HUccaenoBanue npouecca teepaopasHOd MeTAIIA3ALMHA
Oypo:KesIe3HSIKOBOTI'0 JINCAKOBCKOI0 ChIPbS

B cTarbse npuBeneHs! pe3yNnbTaThl HCCIEI0BAHMU Mpoliecca TBepA0(a3HON MeTaIIM3aLUH JTUCAKOBCKOTO Ipa-
BUTALIMOHHOTO MarHuTHOro koHneHtpara (JI'MK) ¢ mpuMeHeHHeM BBICOKOPEAKLIMOHHOTO TBEPIOIO yriie-
POAHOTO BOCCTAHOBHUTEINS «J{MpeKCHiI». YCTaHOBICHBI PAl[MOHANIBHBIC TAPaMETpPhI Mpoliecca TBepao(ha3HOro
Boccranosienus JII'MK B maxTHo# mmeun, o0ecrieunBaroiie crenens ero Mmeramumsanuu 20,4—88,6 %. Or-
perereH TeMIepaTypHbIH Hana3oH TBepAO(a3HOTro MPSIMOTo BoccTaHOBIeHHS skene3a 1150-1200 °C, obec-
MEeYUBAIOIINN MaKCUMAaJIbHYIO CKOPOCTh U CTEIeHb METAJUIM3allui OKCHJOB JKeJle3a, MUHYS IIPU 3TOM IOSIB-
neHue Kugakon (asel — pacruiaBa. Vcnonp3oBanue «Jlupekcuiiay B Ka4eCTBE BOCCTAHOBHTEIS MO3BOJISICT
MOBBICHTH cTerieHp Metantnsanuu JITMK B Gonee uem 3 pa3a o cpaBHEHHIO C JIOMEHHBIM KOKcoM. [IpuBe-
JeHbl qudpakTorpaMmbl (PEHTTEHOrpaMMbI) MeTaIn30BaHHbIX o0pasioB JIT'MK, xapakrepusytomrue ¢azo-
BBIA COCTaB M KPUCTAIMYECKYIO CTPYKTYPY HOIYyYEHHBIX MPOAYKTOB BOCCTAHOBJIEHHS B 3aBHCUMOCTH OT
BU/Ia BOCCTaHOBUTEN. PHU3NUYECKOe COCTOSHUE MPOAYKTOB METAJUIM3ALNH, OJIYYEHHBIX B PEXUME TBEpPAO-
(ha3HOTO BOCCTAHOBJICHUSI, IO3BOJISICT UCIIOJIH30BATH BCE M3BECTHBIC METOBI Pa3/IeICHHsI METAUIN30BAHHOTO
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KOHIIGHTpaTa OT IycToit moposl. [IpiyeM Hanboee IpeIoYTHTEIbHBIM BApHAHTOM I10{00HOTO pa3Ie/ieHusI
SIBJISIIOTCSL TIPUEMbI MATHUTHOM Cenapanuy B BULY KOHTPACTHOCTH 00pa3yIONIelCst OC/Ie METaIM3alMi CUC-
TeMbl. Pa3zeneHne MarHUTHOTO M HEMarHUTHOTO MPOAYKTOB IIOCIEe METAUIH3ALMHU SBISIETCS 0053aTeIbHBIM
2JIEMEHTOM TEXHOJIOTHYEeCKO# cxembl Metanmmanun JITMK, Tak kak cymMMapHOe coJiepKaHUe jKeie3a B HC-
XOJJHOM KOHIIeHTpare He mpeBbimaeT 49 %. [Ipu 3ToM, B 3aBUCHMOCTH OT CTEIICHU METaJUTU3AIHU, MarHuT-
Has (pakmus MoxeT OBITh HCIIONB30BaHA KaK KOMIIOHCHT HIMXTHI MPH BHITUIABKE MEPEICITBHOTO YyryHa B
JIOMEHHOM evn (cTerneHh Metautu3aiun MeHee 40 %) WITH jke BBITUIABKE CTAIH B DIICKTPUIECKON TeUuH (CTe-
neHp Metamzanuu 6omee 80 %).

Knioueswie cnosa: 6ypoxenesnsxosbie pyasl, JII'MK, TBeprodasHas merammusaiys, CTeneHb MeTaUIN3aluy
e 2 e
YIIIEPOJIHBIN BOCCTaHOBUTENb, «JupeKcuny», (pa3oBblii COCTaB, METAIIM30BAHHbINH KOHIICHTPAT.
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