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RECYCLING OF METALLURGICAL WASTES

This article presents the results of a research on the recycling of wastes from
metallurgical plants in the city of Pavlodar at a steel smelting plant KSP Steel. The
pellets were produced with aspiration dust and mixed with steelmaking (white) slag,
ferrous sand, scale. The produced pellets were fired at a temperature of 600 °C. The
experience with the use of 20 % white slag, 20 % ferrous sand mixed with aspiration
dust and 10 % mill scale shows, after burning in a furnace, quite satisfactory strength,
which is 80 kg / pellet. The principal possibility of steelmaking using pellets is shown.
A positive effect on the recovery process of steelmaking has a carbonaceous reducing
agent, which is in the composition of the charge. The pellets are fully capable of
partially replacing iron and steel scrap, reducing the cost of metal.

Keywords: aspiration dust, pellets, ferrous sand, slag, steel smelting, induction
furnace.

Introduction

At this time, metallurgical plants accumulate a large number of substandard raw
materials. Such non-conforming raw materials include dust from aspiration plants, blast
dust, screenings of ore materials, i.e. small fraction less than 5 mm.

The use of small fraction in the technological process of production of metals is
complicated because of their size, since a significant part of the used fines is carried out
by the power-supplying mode of the aggregates and is deposited in dust collectors. Full
assimilation of silt charge by furnaces is possible only on condition of its preliminary
agglomeration. In a number of metallurgical enterprises such waste is used in the
production of sinter, pellets, briquettes [1-2].

At the ferroalloy plants in Kazakhstan there is no such problem, since there are
shops for recycling. And almost all the educated fines are used in the production of
ferroalloys [3—6].

At the steel mill LLP KSP «Steel» (Pavlodar) the problem of disposal of its own
waste has not been solved and is relevant [7]. The plant accumulates a large amount of
aspiration dust, metallurgical slags, mill scale and refractory waste.

Materials and research methods

The above wastes are of scientific interest due to the large amount of iron oxide in
them, taking into account foreign experience in recycling and reuse [8, 9]. In connection
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with these scientific issues in the early stages of the research, we took samples of all
the available waste at LLP KSP Steel for conducting experiments on making pellets.

Based on this, the technological chain of production and use of pellets as part of
the charge for electric smelting is the only acceptable for enterprises of the Pavlodar
region, while achieving a high economic result. Given that the average iron content in
the above waste is not less than 50 %, and in mill scale more than 70 %.

The chemical composition of all materials used in the research process is shown
in Table 1.

Table 1 — The chemical composition of metallurgical wastes, %

Material Fe | SiO, | ALO, | MgO | CaO S P C
Aspiration dust 48,6 6,9 3,1 2,1 11,0 0,16 0,11 8,2
Slag from LF 2,20 21,3 2,4 4.6 55,8 0,96 - -
Ferrous 58,7 16,2-8,2| 17-20 0,2 4,557 0,01 0,01 -
sand

Rolled scale 73,4 3.3 - - - 0,01 0,01 0,12

After sampling for the research, all the tested materials were ground to a fraction
of 0.1 mm. After grinding, the fractional composition was represented by a fraction of
less than —0.1 mm. An adverse effect on pelletizing has a fraction of 0.1-1.6 mm [1].
The test material does not fall within this range.

The process of obtaining pellets consisted of two main sequential operations — the
production of raw pellets and the subsequent strengthening by high-temperature roasting.
Raw pellets were produced from moistened aspiration dust in a rotating disc pelletizer
with a plate diameter of 1000 mm. Researches were carried out in the laboratory of the
department "Metallurgy" at the S. Toraighyrov Pavlodar State University. The axis of
rotation of the disc pelletizer is inclined to the top by 30-55°. The speed of the disc
pelletizer is 16 rpm.

A solution of water with liquid glass in the ratio of 2:1 was used as a binder material.

The results of the experiments are shown in table 2.

Table 2 — The results of pellet production experiments

Charge composition, % (mass.) The strength | Hardness | Temperature
g to drop raw after of burning,
o e .
g ‘5 = g (green) | burning, kg/ °C
g | &3 % - = 2 |pellets, pellet pellet
< =2 = =) o o
8 o = S %) O / number
ol < 20 5 d )
Z 7 o ropping
1 90 - - - 10 3 50 600
2 70 20 - - 10 5 56 600
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3 50 20 10 10 10 7 61 600

4 40 20 20 10 10 10 80 600

From the data of table 2 it can be seen that in the first experiment, aspiration dust
with the addition of 10 % solid carbon (coke screenings of 5 mm class) was used as a
raw material, the rolling mode was carried out in the normal technological mode. The
strength of raw pellets when dropping from a height of 300 mm pellets were not strong
enough and crumbled at the 3rd dropping. Raw pellets were burned in a furnace at a
temperature of 600 °C. Pellets were strengthened only after firing. It should also be
noted that the number of balls formed by 54 % consisted of a fraction of + 5 mm, the
rest of the fraction — 5 mm.

In the second experiment, 20 % of the slag of the ladle-furnace furnace (ACP)
mixed with aspiration dust was used as raw material. These are slags formed at the end
of smelting (final slags) containing a small amount of iron. In electric arc furnaces,
during the reduction period under the «final» slag, the content of iron oxides decreases
to <1 %, the content of CaO increases to 55-60 %. These slags due to the high content
of CaO have a disintegration structure. These slags also do not find application at the
plant. Although the chemical composition of these slags are suitable for use in the
production of cement. The chemical composition of the ACP slags is given in Table
1. The pellets produced were subjected to natural drying and roasting in a furnace at
600°C. The strength of the pellets after firing reached 56 kg / pellet.

In the third experiment, 20 % ACP slag, 20 % ferrous sand mixed with aspiration
dust were used. Ferrous sands - waste alumina production (Pavlodar aluminum plant),
formed in the leaching process of bauxite. The granular composition of the ferrous
sands does not correspond to the pelletizing regime, therefore we use them in a mixture.
The chemical composition of ferrous sands is given in Table 1, from this table a high
amount of Fe,O, can be seen.

In the fourth experiment, 20 % slag AKP, 20 % iron sand mixed with aspiration dust,
and 10 % mill scale were used as the charge. After firing at a temperature of 600 °C,
the strength of the burned pellets was 80 kg / pellet, which fully meets the requirements
of electric smelting in accordance with the specifications.

Results and discussion

Resualts of research work have shown the feasibility of working out the technology
for the production of pellets from steel-making production waste of KSP Steel. The
resulting fine materials at this plant should be used in a mixture with various wastes of
metallurgical production in the city of Pavlodar. For example, experience with the use
of 20 % slag AKP, 20 % ferrous sand mixed with aspiration dust and 10 % mill scale
shows, after burning in a furnace, quite satisfactory strength for use in electric furnaces.
The produced pellets can be used both in steel-smelting and in ferroalloy production,
as additives or partial replacement of metal shavings or ore material.

Further experiments were devoted to the production of steel in an induction furnace
with a partial replacement of scrap metal for the pellets made. When analyzing the
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results of the chemical composition shown in Table 3, an increase in the percentage of
carbon is observed in the experimental swimming trunks with pellets and comparative
ones. In 10 experimental meltings of St 3 sp steel, the average carbon content in the
use of pellets was 0.19 %, at the same time in 10 comparative melts of these same steel
grades, the carbon content in the first sample was 0.12 %. Similarly, there is an increase
in carbon content in steel grade St 1 sp.

Table 3 — Characteristics of smelts

Using pellets Without pellets
Steel’s | Smelts | Approximately | Approximately | Steel’s | Smelts Approximately
mark | quantity | quantity of composition acc. | mark |quantity| composition acc. To
pellets on To mass, % mass, %
smelts, kg. C P S C P S
St 3 sp 10 1,5 0,20 {0,006 | 0,042 | St 3 sp 10 0,13 | 0,002 | 0,040
St 1sp 10 1,0 0,19 {0,007 | 0,044 | St 1 sp 10 0,11 | 0,003 | 0,037
Total |20 Total |20

In the smelting process, pellets were loaded into pre-melted metal. Melting of the
metal produced by the base technology.

The average specific energy consumption for swimming trunks using pellets is
higher by 0.52 kW / t than in comparative ones, which is 0.2 %, i.e. The average specific
energy consumption is almost at the same level. A slight excess of energy consumption
can be attributed to the unstable operation of the GW-MF-25 furnace during the testing
period, although according to calculations the power consumption should be less.

Conclusions

In the smelting process, early formation of frothy slags was observed. Foamy slags,
as is known [8-20], affect the process of oxidation of solid carbon particles in the pellets
with the formation of carbon dioxide, which later, when used in the mixture of pellets,
will allow to obtain a significant reduction in specific energy consumption and coke,
which was noted on individual heats, where the specific consumption was 480—510
kW in terms of tonne of suitable products.

Thus, the principal possibility of steelmaking using pellets is shown. A positive effect
on the recovery process of steelmaking has a carbonaceous reducing agent, which is in
the composition of the charge. It should also be noted that the pellets are fully capable
of partially replacing iron and steel scrap, significantly reducing the cost of the metal.
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123TopaiireipoB yHuBepcuteti, Kazakcran Pecriyomukace, [TaBnogap K.
Marepuan 6acnara 17.12.21 tycri.

METAJLTYPTHUSIBIK KAJJABIKTAPIBI KATITA OHJIEY

byn maxanaoa Ilaernooap x. memannypeusnvlx 3ayvimol «KSP Steely JKIIC
bonam 6anKbImy 3ayblmulHblY KAIOLIKMAPLIH Katima oyoeyoi sepmmey Homuicenepi
xeamipinedi. [llexemmacmap acnupayusanvl Waymer dicoHe Ooaam OANKbImamvlH
(ax) KooichOeH, memipai KymmeH, om Kabwblpuakmvl KOCnamer oHOipindi. Anvinean
wexemmacmap 600 °C. memnepamypada kyudipy camvicvinan ommi. AK Ko#cOblH
20 %, acnupayusnvlk WayMeH apaiackan memip Kymoapowiy 20 % oicone unem
omxabwvipwwievinbly 10 % Kondany mooicipubeci newmezi Kyuodipyoen xeiiin 80 ke/
uekemmacka mex 6oAAmvlH KAHA2AMMAHAPALIK Oepikmixmi Kopcemeol.

Llexemmacmapovl Kondama omuipvin, OoIammul  OAIKLIMYOblY — Hezizel
MyMKiHOIel KepcemineeH. borammul 6anKbimyObly KAINblHA Kelmipy npoyeciHe
WUXMA  KYPamblHOazbl  KOMIpmMeKmi momvlKCbI30aH0bipeblul 0y ocep emeol.
Ulexemmacmap wotivin MeH 001am CHIHLIKMAPLIH TWIHAPA ATMACBIPA anaovl,
Memanovly 63iHOIK KYHbIH MOMEHOemeOi.

Kinmmi co30ep: acnupayusnvik wiay, wekemmacmap, memipiai Kym, Kooic, 601am
OanKvimy, UHOYKYUSLILIK Neud.

*A. JKynycoé', A. Kenaceoexosa’, A. Kynycosa’
123TopaiireipoB YHuBepcuret, Pecriyonuka Kaszaxcraw, r. [TaBnogap.
Marepuan noctynuin B pegakuuio 17.12.21.

HEPEPABOTKA METAJIVIYPTHYECKHUX OTXO10B

B oanmnoti cmamve npueoOdsimcs pezyibmamvl UCCIe008aHUS NepepadboOmKu
0mx0008 Memaiiypeuieckux 3a60008 2. llasrodapa cmaneniaguivbHoco 3a600a
TOO KSP «Steely. Oxamviuiu npouzso0uiucy ¢ acRUpPAyYUOHHOU NbLIbIO U 6
cMecu o CManeniasuibHbiM (0eblM) WAAKOM, JHCENe3UCMbIM NeCKOM, OKATUHOI.
Honyuennvie oxamviuu npoxoounu cmaouro obocuea npu memnepamype 600 °C.
Onwvim ¢ ucnoavzoganuem 20 % benozo winaxa, 20 % xcenezucmovix neckoe 6 cmecu
¢ achupayuonHotl nolavio U 10 % npokamuoti oxanuHvl noKazvlieaem nocie ooxcuea
6 neuu 6noaHe Y008IemMBEOPUMENbHYI0 NPOUHOCMb, Komopast pasia 80 ke/oxambiui.
Tokazana npuHYUNUAILHASL 803MONCHOCTNL BBINJIABKU CMAIU C UCNOIb308AHUECM
oxamuiell. Tlonoosicumenvroe erusiHue Ha 60CCMAHOBUMENbHBLIL NPOYECC BbINIABKU
cmanu  oKasvigaem yenepooOucmbvlil 80CCMAHOBUMENb, HAXOOSWULCS 8 COCmase
wiuxmol. Oxamviuiy 6NOJHE CROCOOHBL YACMUYHO 3AMEHUMb YY2YH U CIMATbHOU JIOM,
CHU3UE cebecmOoUMoCmb Memalla.

Kouegule cnosa: acnupayuonHas nolitb, OKAMbIULU, HCETE3UCTbIL NeCOK, ULLAK,
BbINIABKA CINANU, UHOYKYUOHHAS Netb.
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