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Abstract. Recycling of metal-containing wastes with an iron content of more than 15%, such as slag and sludge from
the gas cleaning of converter production, can be used to recover the metal. In order to study the reducing properties
of coal sludge, coke breeze (coke), Shubarkol coal, a series of experimental melting of coal sludge briquettes with
different contents of the listed carbon-containing materials was carried out. Sludge-coal briquettes were made from
converter slag and sludge using hydrated lime as a binder. To determine the necessary parameters for the reduction
of the iron-containing element, chemical and technical analyzes were carried out for ash content, moisture content
and volatile matter. The choice of the optimal component composition of briquetted mixtures has established that the
proportion of the reducing agent in the briquette should not exceed 20...25%, in order to avoid excess carbon, which
binds into solid carbide compounds. The share of the reducing agent in the briquette was 15...18%. Chemical analysis
of the resulting alloy and slag component pointed out the expediency of using Shubarkol coal as a carbonaceous

reducing agent with high reactivity and electrical resistivity.
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Introduction

Solid-phase carbon metallization technology
makes it possible to process finely dispersed materials
without subjecting them to additional processing —
pelletizing. The solution to this problem is based on
the use of solid carbon as the main reducing agent.
Solid carbon or carbon-containing solid reducing
agent occupies a volume 935 times smaller than an
equal amount of carbon in the gas reducing agent.
The solid carbon takes 2.5 times as much oxygen
from the iron oxides as the carbon in the gaseous
reducing agent (CO,). There is a difference in tem-
perature control between gaseous and solid (carbon)
reduction which has to be compensated by external
sources [1].

There are many substances known to perform
reductive functions, the main ones being coal, coke,
fuel oil and charcoal. Secondary resources include
coal dust — waste from various industries such as
thermal power plants, coking plants, coal flotation
waste, i.e, in general, materials that need to be
recycled in terms of ecology and the possibility of
getting economic benefits from their recycling.

During metal converting, depending on metal

charge composition, unit design and melting
technology, fine dust of up to 12+25 kg/t of steel is
generated, the degree of exhaust gas cleaning from
dust is more than 80%, the degree of recycling is 72%
[2, 3].

Recycling of sludge into the production cycle
simultaneously solves a number of important tasks:
provides enterprises with iron-containing raw
materials, solves environmental problems of fine
waste recycling, contributes to saving of natural raw
materials and reducing the cost of produced steel.
In this regard, the application of efficient recycling
technologies is one of the urgent tasks of modern
metallurgy.

Main part

For the recycling of iron-containing dispersed
waste, alternative processes to agglomeration could
be pelletizing or briquetting.

Briquetting provides wide opportunities for
utilization of fine wastes, it is also promising in
terms of metallized product, as reductants can be
introduced into the composition of the briquetted

charge. The advantage of briquettes as compared to
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reduced pellets is the lower value of open porosity, as
a result of which briquettes are not subject to active
secondary oxidation in the atmospheric air [4].

Briquetting is a less costly method of waste
disposal compared to sintering or the production of
fired pellets. Processes of briquetting of fine waste are
more technologically advanced than other methods
of pelletizing, because the quality of briquettes is
least dependent on the granulometric composition
and humidity of the initial material, and their size,
shape and chemical composition can be adjusted in
a wide range by selecting the size and shape of the
matrix cells, the choice of binders and introduction of
various additives [4].

The advantages of briquetting are that this
method makes it possible to obtain conditioned
products with adjustable dimensions and techno-
logical properties from waste of different chemical
composition and properties, to increase the density
of bulk materials, to prevent the freezing and caking
of fine waste in hoppers and dosing equipment.

Analysis of research findings

The aim of the study is to determine the optimum
component composition providing iron-carbon
briquettes with favorable chemical and technologi-
cal properties, minimum cost and compliance with
mechanical strength requirements. In particular,
the briquettes must withstand thermal shock when
piling them into the furnace, have high soften ability
and shrinkage, minimizing secondary oxidation of
iron by the furnace atmosphere.

The composition of the starting iron-containing
materials is shown in Table 1.

A very valuable iron-containing technogenic raw
material is converter sludge, in particular converter
sludge of JSC «ArcelorMittal Temirtau», which
contains up to 48% of iron [6, 7]. The main part of
sludge is represented by Fe,O;.

From the converter slag (Fe content up to 25%)
and slime were made slime-coal briquettes using

Table 1 — Composition of initial iron-bearing materials

hydrated lime as a binder. Slag briquettes of size
55x100 mm were made at different ratios of slag
and slag from the total iron content in the briquette
mixture. The ratios of converter slag to converter
slag were 80:5; 75:5; 70:5; 67:5; 62:5, the amount of
injected binder lime varied from 5 to 15%, using three
different reductants from 10 to 18% (Table 1).

In selecting a reductant for recycling metal-
containing industrial waste, experimental studies
have been carried out using different reductants such
as Shubarkol coal, coal sludge and coke.

The reducing power of carbon materials is
determined by the volatile matter and ash content,
the porous structure, and the specific surface area
[8,9].

Chemical and technical analyses for ash content,
moisture content and volatile matter yield were car-
ried out to determine the necessary parameters for
iron recovery (Tables 2 and 3).

The analysis has shown that any of the above types
is suitable for use as a carbon-containing component
of the briquette mixture. It is more appropriate to use
coal dusts from different metallurgical process stages,
in terms of saving energy and material resources.

A series of experimental melts were carried out
to investigate the reducing properties of slime-coal
briquettes pelletised with different carbon-containing
materials. In the process of electric melting of slime-
coal briquettes based on a mixture of converter
slime and converter slag, sulphur combustion was
observed. Sulphur in coal is a harmful impurity.
When using coal in metallurgy, sulphur is transferred
to metal, deteriorating its quality [9, 10].

After smelting, the metal part and the slag part
were weighed and the results were summarised. The
results for recoverability are presented in Table 4.

Samples of metallized materials weighing 350,
450, 500 g of the three items presented in Table 4 were
melted in a Tamman furnace. The melting resulted in
alloy ingots whose yields and chemical composition
are presented in Tables 5 and 6.

Materials, in %
Ne
Ks Kg Lime Ui Uiam Coke

1 62 5 15 18 - -
2 70 5 10 15 - -
3 64 5 5 16 - -
4 62 5 15 - 18 -
5 70 5 10 - 15 -
6 64 5 5 - 16 -
7 62 5 15 - - 18
8 70 5 10 - - 15
9 64 5 5 - - 16
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Table 2 — Chemical composition of feedstock and materials for the production of iron-carbon briquettes

Material from

Chemical composition, %

Sio, CaO MgOo FeO Fe,0;

Converter sludge 3,33 12,92 0,34 88,15 1,87

Converter slag 7,48 44,68 4,55 23,36 11,82

Shubarkol coal 64,79 9,25 - - 5,24

Coke 39,73 1,97 0,29 - 3,87

Coal sludge 9,03 0,92 0,23 0,15 1,06

Hydrated lime 1,26 65,69 1,14 - 0,98
Liquid glass (dry) 51,71 0,41 - - -

Table 3 — Technical analysis of carbon materials

Material name Zola, A Volatile, V¢ Moisture, W? Carbon content, Cf Sulphur content
Shubarkol coal 2,8 - - 82 0,4
Coke 13,6 7,8 4,8 85 0,6
Coal sludge 15,8 22,9 1,4 80 0,4

Table 4 — Smelting briquettes based on a mixture of BOF slag and slag

No. of experiences Weight briquette, g Metal, % Slag, % Gas, %
1 350 33,03 60,95 6,02
2 450 25,03 67,5 7,47
3 500 26,23 65,28 8,49
4 350 19,95 75,02 5,03
5 450 17,7 73,04 9,26
6 500 18,74 75,31 5,95
7 350 28,01 63,94 8,05
8 450 22,85 68,07 9,08
9 500 24,29 70,47 5,24

Table 5 — Chemical analysis of metal

Sample number C Si Mn P S
1 0,15 0,8 0,2 0,05 0,065
2 2,73 2,45 0,78 0,38 0,0018
3 3,71 3,29 1,08 0,5 0,002
4 0,022 0,009 0,02 0,05 0,035
5 0,53 0,85 0,23 0,06 0,052
6 0,46 0,15 0,62 0,028 0,03
7 2,55 2,39 1,03 0,3 0,002
8 2,94 3,64 0,98 0,48 0,0025
9 5,45 3,00 1,16 0,54 0,003

Conclusions 1. The high Fe.w content in the slag phase

The following conclusions can be drawn from the
chemical analysis of the slag phase:

indicates incomplete reduction of iron oxides, when

coal dust is used.
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Table 6 — Chemical analysis of the slag component

Ne Feiotal Ca0 MgO Sio, AlLO; P,0; SO, MnO Zn0O
1 24,9 18,0 22,9 5,71 3,03 1,22 1,25 0,69 0,16
2 27,7 14,4 14,3 5,61 2,48 1,56 1,12 0,88 0,16
3 30,6 44,7 12,5 91 3,26 0,27 0,61 1,38 0,15
4 57,7 14,4 14,3 5,61 2,48 1,56 1,12 0,88 0,16
5 44,9 18,0 22,9 5,71 3,03 1,22 1,25 0,69 0,16
6 36,3 40,8 6,81 6,77 4,43 0,92 2,92 0,49 0,008
7 26,0 55,0 3,16 5,82 4,15 0,70 3,88 0,57 0,04
8 34,7 20,87 2,19 5,33 1,87 0,25 0,61 1,38 0,15
9 41,5 58,1 8,58 8,57 4,42 0,51 1,05 1,09 0,06

2. When coke and Shubarkol coal are used as
reducing agents, a more complete reduction of iron
oxides is observed.

3. It is more appropriate to use Shubarkol coal.
The advantage of Shubarkol coal as a carbon reducing
agent is its high CO reactivity, at 1000°C — 5,1 cm?/
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Kemipmexkmi momubiKcbi30aHObIpFoiumapobiH, ap mypai mypsepiH ¥aHe KOHeepmepblK eHOipic waakmapol MeH
wnamoapsiH Kecekmey adicmepiH manday
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AHOamna. KypamsiHda 15%-0aH acmam memip 6ap memasn KandbiKkmapslH Kalima eHOey, Mbicasbl, KOHeepmep-
NiK WAaKmap meH KoHeepmepik 2a30bl mazapmy waamoapsl Memanodsl any ywiH nalioanaHelaysl MyMKiH. Kemip
WaMbIHbIH, KOKCMIH YcaKmapbiHbiH (KOKcwa), LUybapken KemipiHiH momebiKcbi30aHObIpy KacuemmepiH zepmmey
MOKCamelHOA KYpambIHOG Kemipmek 607amelH Mamepuandapobiy, Meawepi apmypai waam Kemipai bpukemmepOiH,
3KcrnepumeHmMmik 6aaKbIMy cepuscsl xypeisindi. KoHeepmepnik waakmap meH waamoapdaH eudpammansaH aKmi
b6alinaHbicmbipywel pemiHoe Kos0aHa ombipbin, WaAAMKeMipai bpukemmep xacandel. KypameiHOa memip 6ap sne-
MeHmMmMmi MomolKCbI30aHObIPYObIH Kaxcemmi napamempepiH aHelKkmay ywiH Kyseze, blAafanfa HaHe ywna 3ammaposiH
WbIFYbIHA XUMUASBIK YIHE MEXHUKAAbIK Manday xypeizindi. Bpukemmenemin KocnanapdelH oHmalisel KOMAIOHeHm-
miK KypamelH maHOay 6pukemmeai momsiKcbi30aHObIPFolWMbIH yaeci Kammebl Kapbudmi KOCblnbICMapFa KOCblAamelH
KemipmeKkmiH apmeolk 60aybiH 60a0bipmay ywiH 20...25%-0aH acnayel Kepek 0en manmel. bpukemmeai mombiKCbi3-
OaHObIpFelUMBIH yraeci 15...18% Kypaodbl. AbIHFOH KOPbIMMNA MeH WK KOMIOHeHmMiHe XumMusnsiK manday LLy6ap-
Kes KeMipiH #oFapbl peakmusminiei MeH HaKmMobl 31ekmp Kedepeaici 6ap KemipmeKkmi momelKCbi30aHObIPFbIW pemiHoe
nalioasnaHydbiH OPbIHObIAbIFLIH KEpcemmi.

Kinm ce3dep: KoHsepmepsik KOX, KOH8epmep Wsambl, KOMIp Waamsl, wybapKen Kemipi, KOKC WaHbl, bpukem, momeiK-
cbI30aHy, 6anKbimy.
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AHHOMaAYusA. PeyuknuHe Memasnnocooepraujux omxo0os ¢ codepuaHuem xcenesa 6onee 15%, mMaKux KaK Wsaaku
U WAamel 2a3004UCMKU KOHBEPMEPHO20 NMpou3sodcmea mMmoxem Obimb UCMOoNb308aH 077 u3sneyeHUs memasnnd. C
uesnblo UCCe008aHUSA 80CCMAHOBUMEbHbIX C8OUCME y20/1bHO20 WAAMA, KOKCo8oU menoyu (Kokcuka), LLlybapkonoe-
CKO20 Y2715 nposedeHa cepus 3KCepuMeHmMasbHbIX MAA80K WAMOY20sbHbIX BPUKemo8 ¢ Pasau4yHbIM COOepHaHUem
repeyucneHHbIX y2neco0epraujux Mamepuanos. M3 KoHeepmMepHsIX WAAKA U WAAMA U320masausanu Wsaamoy2ose-
Hble bpukemel C MpUMeHeHUeM 8 Kayecmee C8A3youw,e20 386eHa 2udpamuposaHHol uszsecmu. [aa onpedeneHus He-
06X00UMbIX NTAPAMeMPO8 80CCMAHOB/EHUS He1e30C00epPHau,e20 31eMeHma nposedeH XUumudeckuli u mexHu4yeckul
aHAU3bI HA 30/1bHOCMb, 8/10XHOCMb U 8bIX00 EMYYUX 8euw,ecms. Bbibop ommumasnbHo20 KOMIOHEHMHO20 cocmasa
bpukemupyemobix cmeceli ycmaHo8uUs, Ymo 00714 8occmaHosumerss 8 bpukeme He 0onxHa npessiwuams 20...25%, 8o
usbexcaHue u3beimka yanepoda, Komopbili cea3bisaemcs 8 meepoblie KapbuoHble coeduHeHuUs. [lona soccmaHosumerns
8 bpukeme cocmasnsana 15...18%. Xumu4yeckuli aHanaU3 noay4YeHHsbIX Craaea u waaxkosol cocmasnsowell ykazan Ha
yesnecoobpasHOCMeb UCMNob308aHUA WYBAPKOALCKO20 ya/s KAK yaanepooucmozo 80CCMAHOBUMESsA € 8bICOKUMU PeaK-
UUOHHOU crnocobHOCMbIO U yOesibHbIM 3/1eKmpPoCconpomusneHuUem.

Kntouesbie cnoea: KoHsepmepHoblli WsaK, KoHeepmepHobil Waam, y20sbHeIl WAam, wybapKonscKuli y2ob, KOKCO8as
nbiab, bpukem, rnaasKa.
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