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Abstract: 
A new technology has been developed for remelting iron-containing waste, and for liquid phase reduction of iron. The technology is 
implemented in electric furnace with modernized carbon lining and its difference lies in the method of portioned charging and fusion the 
mixture. The technology involves combining of the processes of carbothermic and aluminothermyc liquid phase reduction of iron. The 
through iron extraction is increased, while specific electric consumption is decreased. Necessity of using deoxidizing and desulfurizing ferro-
alloys is excluded, which leads to increased technical-economic properties of the fusion of general production process. The technology 
provides for obtaining of high quality grey cast iron. Promise of the developed technology is experimentally substantiated in laboratory envi-
ronment. 
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1. Introduction 

Metallurgical and machine-building production is practically 
always accompanied by formation of such metal containing waste 
and secondary technogenic raw materials as dispersity dust, scale, 
slime, shaving, the crushed breakage, etc. A significant amount of 
waste is stored at special ranges, worsening ecological situation, 
and is utilized insufficiently effectively. For example, rolling scale 
gland containing oxides is a prepared metallurgical raw material 
and needs restoration in a separate cycle, but is used partially, 
generally - as an additive for production of iron ore agglomerate. 
Insignificant part of oxide dust is applied in iron ore pellet obtaining 
technology, or utilized in production of cement klinker [1-4]. 

Ways of recycling ferriferous waste, and of restoration of iron 
from oxides can be divided into solid phased ones and liquid phased 
ones. Liquid phased processes are more productive, less demanding 
to raw material parameters (in particular they allow application of 
materials with lower content of iron oxides) and in most cases don't 
demand special preliminary preparation of a charge [5,6]. Metal 
similar by content to domain melting cast iron is the product of 
liquid phased reduction process. Liquid phase restoration of iron 
from its oxides occurs during contact of liquid ferruterous slag with 
solid carbon on the following reactions [7]: 

 

(FeO) + [C] = [Fe] +CO↑ + Q1    (1) 
(Fe2O3) + 3[C] = 2[Fe ] + 3CO↑ + Q2   (2) 
 

where, Q1=266700 kJ/kmole  FeO  or   4762,5 kJ/kg  Fe; 
Q2 =822745,5 kJ/kmole  Fe2O3  or 7346 kJ/kg  Fe. 

 

Share of liquid phase reduction of iron by gases (CO and Н2) is 
usually insignificant. As is seen with figures of thermal effects of 
reactions (1,2), liquid phase restoration demands a supply of a large 
amount of warmth. Usually, liquid phase restoration of iron is 
carried out at temperatures from 1350°C to 1650°C. Out of the 
existing developments in this field, liquid phase "OxyCup" process 
of Kutt-ner GmbH (Germany) could be noted [8]. However it 
demands rather expensive preparation of initial materials: hashing, 
briquetting, drying of briquettes, and assumes use of scarce coke in 
number of 200-300 kg/t of a product, which significantly increases 
investment expenses. As a result, process of "OxyCup" is applied 
only when allocation of a ferriferous waste is very high, e.g. 
factories of a full cycle where production cycle begins with 
metallurgical processing of iron ore and finishes with release of 
rolling production (various metalwork, pipes etc.). If a factory is of 
an incomplete cycle, isn't equipped with sintering machines, 
briquette press, blast furnaces etc., recycling of ferriferous 
powdered production waste using the OxyCup technology becomes 
inaccessible. In such conditions, need of warehousing, packing for 
big-races and transportation of secondary technogenic raw materials 
to factories having the ability of its processing is tied to additional 
expenses. This problem becomes especially aggravated if factories 
are located in different countries. We notice similar problem in 
Georgia where several steel and rolling productions of low power 

(100-200 thousand tons per year) function. These factories are of an 
incomplete production cycle and as initial raw materials they use 
scrap metal which they melt in electric arc or induction furnaces, 
while they spill liquid steel on 6-meter units of a 100х100mm  
square profile by installation of the continuous molding. They send 
the cooled units in secondary heating furnaces and only after that 
submit them on rolling camp for formation of construction fittings. 
Formation of ferriferous gas cleaning dust (Fe of 45-50 %) while 
melting steel or steel scale from secondary heating (Fe of 70-73 %) 
of units, slag from settler of the rolling mill (Fe of 60-62 %), in the 
sum on the average makes 3-4 % from weight of a liquid let-out 
alloy. The impossibility of a recycling of this waste and their write-
off as irrevocable loss essentially reduces profitability of production 
and raises problem of development of new technological 
approaches for liquid phase reduction of iron. 

 
2. Preconditions and means for solution of the 
problems. 

There is an alternative resource-saving production technology 
of receiving cast iron and so-called harmless slag with application 
of a waste of own production [9] where converter is used as melting 
unit, and nitrogen, oxygen or hot air is used as carrier gas. The 
volume relation of the melted slag to melt gland is chosen from 
0,8:1 to 1,5:1. A basic of CaO/SiO2 slag equal to 1,2-1,8. 

On a figure 1 position 1 designates overturning converter. 
Lance 2 for hot air passes through an adjustable ring 4 moving in 
vertical direction on a double arrow 3 in a way that it is possible to 
reach suitable location of the lance. Using the lance for supplying 
hot air, it is possible to load rather cheap thermal coal through latch 
5, while hot air is attached to a conclusion 6 lance. 

Profitability of a way can be raised at the expense of use of 
suitable ways of heat exchange and heat regeneration. So, for 
example, it is possible to take away on the pipeline 7 flue gases, and 
by means of the hot air submitted on the pipeline 8 together with 
flue gases to the chamber 9 of combustion to subject flue gases of 
additional burning. The energy received thus can be involved for 
additional heating of hot air. The position 10 designated the 
traditional, alternately used heat exchanger. The burned-down flue 
gases of the chamber 9 the combustion taken away from the heat 
exchanger 11 and cooled with cold air for receiving hot air, can 
move at temperatures below 200oC on the pipeline 12 to the 
traditional device of the gas purification which has been 
schematically designated by a position 13. 
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Figure 1. The technological scheme of converter  production of steel 
with application of production wastes 

 

In the converter 1 prepare suspension 14 of slag and melt gland, 
and through the bottom nozzles 15 submit metallurgical coal and 
nitrogen, and through the bottom oxygen nozzles surrounded, if 
necessary, with protective gas 16 - additives. Additives develop of 
SiO2 carriers 17, Al2O3 carriers 18 and a ferriferous trifle 19 which 
can move respectively through latch 20 and the conveyor 21, and 
also an additional latch 22 in a stream of the compressed oxygen, 
and the corresponding feeding pipeline is designated by a position 
23. 

Over suspension 14 from slag and melt gland at the expense of 
a purge from above hot air in a stream of hot air create a return 
flame, and in addition, through a latch lock the 5th Al2О3 or FeO 
carriers can be loaded when they can't be transported pneumatic 
without problems through the bottom nozzles by a stream of the 
compressed oxygen. 

At the expense of a purge of hot air from above, the heat 
transfer in addition raises, and a purge from above hot air together 
with coal and N2 inflation and separately oxygen, in melt provide 
intensive hashing of slag and iron, than heat transfer increase in 
suspension of slag is reached and melt gland, respectively raises 
productivity of process of melting. 

Preferably melting carry out so that for protection snuffled, 
through a bath pass coal in quantity from 60 to 350 kg/t of slag 
together with nitrogen as gas carrier in number of 6-9 Nm3/t of slag, 
and also oxygen in number of 25-100 Nm3/t of slag, if necessary – 
in a place with hydrocarbons at the expense of what especially high 
profitability is reached. Melting conduct in such a manner that 
temperature of flue gases of the converter to keep in limits 1600-
1800oC, mainly - from 1650 to 1750oC productivity of process of 
melting. 

Iron extraction from smaller dispersion abilities production 
wastes in dependences from factiousness and the content of iron in 
initial technogenic raw materials, on the average makes 80-85 % 
that a good indicator. However, complexity of a production cycle, 
need of use of the converters melting unit with special technical 
constructions, nevertheless complicates a wide extending of this 
technology. For the productions of small capital investment 
generally focused on electroarc or induction smelting of steel, 
acquisition and building of furnaces of converters type is a serious 
technical and organizational obstacle. 

The way of metalthermal reduction of iron from a pulverous 
ferriferous waste with receiving low-carbon steel [10] is known. 
The technology provides a preparing of a thermite mix in the form 
of the pressed briquettes of the set length consisting of scale, an 
aluminum crumb and modifiers, its loading in fire-resistant capacity 
in a continuous mode and activation by firing. Begins of the 
aluminothermies self-extending high-temperature (exothermic) 
regenerative reaction: 

3Fe3O4+8Al=4Al2О3+9Fe    (3) 
Regenerative reaction (3) proceeds with formation of liquid metal 
and slag (Figure 2). 

 
 

Figure 2.  The apparatus of the scheme for aluminothermal  

reduction of oxides of iron. 
 

The briquette 7 via the batcher 6 arrives in the reactionary zone 
of the case 1 located in space under the batcher 6. A briquette 7 in a 
reactionary zone of the case 1 ignite the activator it (is not shown). 
As the reaction activator, the electric arch or a special fuse can be 
used. Process of reduction of iron and receiving low-carbon steel 
proceeds in a reactionary zone of the case 1 quickly, consistently 
extending on all volume of the briquette 7 located in a reactionary 
zone of the case 1. 

Slag which is formed in the course of passing of thermite  
reaction, emerges in full to a surface of being formed metal. Slag is 
continuously downloaded from a reactionary zone of the case 1 
through a notch 4, and metal through a notch 5. At a stop of giving 
of a briquette 7 in a reaction zone process of reduction of steel 
stops. 

This way is effective when using scale of fraction of 0-0.5 mm 
which contains not less than 25 % of oxygen, 70 % of iron and 
modifiers. It is need essentially complicates a condition of 
development of the developed technology in production scales 
where the actual factiousness of scale (e.g. at a stage of secondary 
heating of preparation of device of  continuous casting) reaches 5 
mm and more. Besides, need of briquetting, the same represents 
additional work and expenses. The task can become more 
problematic for such stored and polluted waste, as ferriferous 
slurries from purification of stressing gases of electroarc and blast 
furnaces (Feblanket 30-50; CaO 5.0-8.5; SiO2 6.0-12; Al2O3 1.2-3.0; 
MgO 1.5-2.0; P 0.015-0.05; S blanket 0.2-0.9; C blanket 2.5-30.0; Zn 
0.05-5.3), which specific emission for example, when smelting 
reefficient domain cast iron on the average makes 100 kg on cast 
iron ton. 

The analysis of the above-stated problems shows that for small 
and the average electrosteel foundries the recirculation of a 
ferriferous production waste and a liquid state reduction of iron is 
expedient for carrying out technology of carbothermies melting on 
electroarc furnaces. For noted productions, a rational approach 
reconstruction of one of the standard steel-smelting furnace of 
particleboard type on the ore smelting furnace of the closed or open 
type is represented that at existence of free oven capacity isn't a 
difficult technical task. In that case the factor of a secondary 
volatilizings Fine-dispersive fractions of a melted ferriferous 
withdrawal can become the unique technological obstacle. At 
electroarc melting of a waste, a superficial part small fractions of 
scale and a dust are repeatedly lost with shaft tops gases that 
reduces efficiency of this process. And the ball millings of a waste 
besides will result in additional difficulties and expenses. 

One of the perspective solution of this task is replacement of 
electroarc furnaces on plasma. In this case, excepting electrode 
landing in шихте and respectively – a deep-seated vibrating 
electroarc affecting on small fractions of a ferriferous material, 
losses in the form of waste and улета decrease, extraction of iron 
and an exit of good metal raises. The process offered by Tetronics 
firm (Great Britain) - one of few plasma processes realized in 
industrial conditions. Mix material represents a mix of disperse dry 
materials (e.g. a dust and gumboils) with a coke powder for 
restoration and the ball milling before loading in the unit doesn't 
demand. The main source of heat – the electric power. Products - 
cast iron, slag and crude oxide of zinc [11]. However, because of 
high-adaptability to manufacture and need of operation of in a 
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complex automating control systems, implementation of this 
process for many small and sredny productions remains 
inaccessible. 

One of an innovative solution of the problem of decrease in 
secondary formation of a production waste when melting and iron 
reduction a liquid phases, includes modernization of the ordinary 
electroarc furnace of figs. 3 [12]. 

 

 
 

Figure 3.  The scheme of electrothermal installation for reduction 
of oxides of iron (Designation it is given in the text) 

 

Modernizyrovanny the furnace represents futerovanny melting 
capacity 1 with the podovy electrodes 2 connected to a source of an 
alternating current through lowering transformer. The sizes of 
laboratory model (external) 1990х580х600 mm, thickness of a 
futerovka of walls of 65 mm, under - 130 mm. For a futerovka it is 
used lame магнезитовый PHS brick. The furnace is supplied Shatoi 
3, forming in working space of the unit a cone 4 of a mix of a 
restored material and a carbonaceous reducer. For a process 
intensification in the arch 5 two gazokislorodny torches 6 are 
established. Removal of the pylegazovy environment which 
nevertheless is forming at melting, is made through a branch pipe 7. 
The furnace has two letka for production of metal and one slag 
letka. According to authors, in experiments as initial шихты used a 
ferriferous waste of structure,%: Fe2O3-86; FeO-6; SiO2-6; 
CаO+MgO+Al2O3-2; as a reducer - brand anthracite. Technological 
parameters of skilled melting were the following: tension 60-70B; 
current 500-700A; expense of the electric power of 1.5 kWh/kg; 
consumption of oxygen and natural gas respectively 0,052 and 
0,023 m3/kg of a product. Composition of the received metal, %: 
Fe-87.7; Sr-6.7; C-2.6; S-0.03; P-0.02. Approbation showed basic 
operability of installation. The exit of the suitable made 54% on 
metal. From the point of view of technical and economic efficiency, 
result satisfactory, but it is still far from the optimum. It is possible 
explain constructive and technological shortcomings of oven 
installation. In particular the subbottom arrangement of electrodes 
and established in the arch of gazo-oxygen torches in a place of 
reduction of repeated allocation of the dust emission, provided 

economy of an expense of electric energy also excludes need of 
application for sweat of the furnace of expensive  graphite-
carbonaceous blocks, but complicate management of melting. As, 
electrodes are stationary and have no traficability after a melting 
course, it raises requirements to a construction of a short network 
and demands functional complication of a control system of the 
lowering power transformer. Regulation in electric parameters of 
melting can be carried out only from the transformer whereas, in 
ordinary furnaces regulation of an electric current and respectively - 
capacities of the furnace is carried out by regulation of a shrinkage 
of electrodes in mix materials or in slag. In the offered case, 
reduction of allocation of a dust was carried out into the account of 
that the electric arch passes through the melted metal and can't 
concern a slag layer, and the more so - a Fine-dispersive ferriferous 
material not moving with top. Gaining this essential effect, the 
furnace loses mobility and adaptability to manufacture and it 
becomes unsuitable for melting of usual rather lumpiness materials 
(e.g. metal shaving, fraction scrap metal etc.) . Besides, need of 
functional modernization of electric power knot, because of 
complexity and a capital intensity as doesn't give technology will 
take root in big metallurgy. 

 

3. The solution of a considered problem 
Proceeding from the carried-out analysis, we developed new 

technology of a recycling of a ferriferous waste and liquid phase 
reduction of iron which is based on use of ordinary electroarc 
furnaces with non-stationary electrodes and with modernized on the 
basis of ore smelting  furnaces a lining which on essence differs 
sbosoby loadings mix material. In particular, giving mix material is 
carried out at two stages. At the first stage the carbonaceous reducer 
is loaded into the furnace with gumboil in a the mixed look, in 
number of 30-35 % on the weight, calculated from the general 
volume a ferriferous material melted on one melting. After giving 
of this part of a reducer and fluxing stone the furnace turns on on 
low capacity (35 V And 1000-1200 A) and melting is conducted 
before the full fusion. After that, in the furnace the part of a reducer 
and fluxing stone in the mixed view with the main ferriferous finely 
divided material moves remained. At this stage melting is conducted 
with electric parameters of 45 V of 1400-1500 A. So as at such 
giving and melting mix material, physical impact and the 
spontaneous hydrogravitational hashing of a firm loose material 
with liquid weight, it is provided a softening, agglomeration and 
sticking of finely divided ferriferous granules with pieces of a 
reducer and a flux additive is made. It essentially improves contact 
to reagents, reduces losses in waste and in loss (evaporation), 
averages electroresistance mix materials than as stabilizes 
electrodynamic parameters in the course of melting. Except noted, 
the offered technology provides a combination of process of carbo-
thermies a liquid phase reduction of iron with aluminothermies a 
liquid phase reduction. For this purpose, at a finishing stage of 
melting, at release melts from a notches, giving of pieces or pellets 
of an aluminum containing material in a liquid stream of slag is 
carried out. Joint giving of pieces and aluminum pellets with a 
manganese containing oxide dust shows the best result. At hit in a 
slag layer, influence high (1300-13500C) temperatures free 
aluminum starts to react with ostatochny oxids gland, and aluminum 
in pellets, starts to react with oxids manganese and silicon, 
reducting them to a metal phase. In both cases of reaction of 
exothermal character also doesn't lead to cooling of a slag layer. In 
turn, the reducted manganese and silicium because of high density, 
influence by force of an attraction plunge and join to iron melt 

where make its additional deoxidizing and a sulfur removal. Such 
application of aluminum, increases through extraction of iron, 
diminished a specific expense of the electric power, excludes need 
of application of manganese and silicon ferroalloys, than increases 
profitability of process of melting and plant as a whole. Noted 
factors raise an effectiveness of the developed technology and prove 
its prospects.  

 

4. Results and discussion 
Represented technology of melting of a finely divided 

ferriferous waste as it is realized electroarc furnaces with a the 
modernized lining, using the main reducer of firm carbon (in the 
form of coke or anthracite), provides receiving high-quality gray 
cast iron (C-3.4; Mn 2.6; Si 2.2; S 0.02; P 0.2). The technology can't 
provide steel smelting. 

Variation quantities and a chemical composition of gumboil and 
aluminothermy pellets, it is possible to melt gray cast iron with the 
raised content of manganese, silicon, chrome, vanadium and other 
metals. 

 

   
 

 

Figure 4. The laboratory single-phase electric arc furnace in the 
course of melting and preparation for release melt 

 

SCIENTIFIC PROCEEDINGS IX INTERNATIONAL CONGRESS "MACHINES, TECHNOLОGIES, MATERIALS" 2012 PRINT ISSN 1310-3946

YEAR XX, VOLUME 1, P.P. 5-8 (2012)7



1   2 
 

Figure 5. Fine-dispersive ferriferous waste (x40) and break of a 
ingot of gray cast iron (x0,25) 

 

On Figure 4 photos of the laboratory single-phase electroarc 
furnace in the course of melting and preparation for release melt are 
presented. In turn, on Figure 5 illustrated an initial finely divided 
ferriferous material and a break in an overclamping of a two-
segment ingot of the gray cast iron received by a moulding in a two-
sector mold. On Figure 6 distribution and forms graphite inclusion 
in microslices  ingot cast iron of primary structure are given. 

At a series of swimming trunks the average expense of the 
electric power on kg of cast iron made 2,5 kWh. Extraction of iron 
of 85-90 %. The expense of an carbonaceous reducer on metal kg 
when using coke was made by 0.3-0.350 kg, and when using 
anthracite – 0.4-0.450 kg. Consumption of aluminum of 0.005-
0.010 kg. 

 

1  2  3 

Figure 6. Microstructure of the melted cast iron, x400. 
1. Ingots surface; 2. Zone of transcrystallization; 3. Heart 

 
Thus, technology of processing of the oxide iron containing in 

a technogenic waste, it is possible to carry to innovative resource-
saving technologies of electrothermal melting of cast iron that 
certainly is an important economic and ecological problem of global 
character. The ton of the iron received from production wastes in 5-
6 times is cheaper than ton of the iron received from first-born raw 
materials (iron ore). Considering that for today's, in the world tens 
of millions tons of a iron-containing waste are saved up, it is 
expedient to carry these valuable dumps to technogenic fields of 
iron. 

 
5. Inference 
 

The developed new technology of electrothermal melting of 
cast iron from a ferriferous waste, it is possible to carry to hybrid 
technologies of processing of finely divided (Fine-dispersive) 
technogenic raw materials and a recycled valuable to ferrous 
metallurgy and mechanical engineering as a whole, metals and 
alloys, by the subsequent карбо and aluminothermyc liquid-phase 
reduction of iron and accompanying metals.  

High-efficiency of offered technology that first of all comes to 
light in an abatement of the repeated rubbed and is reflected in 
improvement of an indicator of reduction (extraction) of iron (85-90 

%), stipulated by new way of batchwised giving fusion mixture and 
advancing melting of a mix by mixes of fluxing stone and reducer .  

The exception of need of application of ferroalloy deoxidants 
and ligatures at a finishing stage of melting, in addition increases 
economic and ecological efficiency of the developed technology. 
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