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Converter steelroaking In the U83R 

The economic and technical advantages of th& oxygen-converter prooese 

for steel production - lower capital costs, high labour productivity, 

possibility of complete automation, wider range of raw materials that oan 

be used - are so great that this process has developed at a rate unprecedented 

in the history of metallurgy« 

The process has also been developed on a considerable scale in the 

Soviet Union»   At present oxygen-converter steel is produced at ten shops 

in units of up to 300 tonnes capacity* 

In I97O converter steel accounted for 17*2 per cent of total stoel 

output, and by I975 production will increase by 100-150 per pent and aooouat 

for about 30 per cent of the country*s total steel output.   It is noteworthy 

that in roceat years technological progress in steel production, and 

particularly in the converter process, has been markod by an increase in 

furnace capaoity. 

The first converters in the Soviet Union had a oharge of 25 tonaea, 

but units are now operating successfully with a charge of I3O-3OO tonnes* 

The nain type of oxygens-converter shop in the USSR until recently had three 

imita with a capacity of IOO-I3O tonnes eaoh. 

The average operating conditions in such shops are as follows* 

Height of oharge - 130-160 tonnes 

Oxygen oonsuaption - 28O-55O m~ per minute 

Blow pressure - 2*2-4*3 •    P6* «inute 

Blow duration - 14-25 minutos 

Proportion of usable output - 88-90.5 per cent 

Sorap consumption - 26-32 per cent (of weight of iron) 

The first experiments with blowing oxygen through iron from above in 

the Soviet Union were carried out in 1936 by N.I* Moagovoy, in a unit with 

a capacity of 1 tonne*   Considerable research wat done to develop this prooess 

from I946 onwards under the direction of academician I.P* Bardin, with the 

participation of N.I. Mozgovoy, the founder of this process ir the USSR, which 
showed that top blowing of pure oxygen was promising and indeed preferable* 
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However, because of the lack of cheap oxygen, and for other reason«, 

the first industrial application of the process did not take plaoe until 

1955, and the first oxygen-converter plant was brought  into operation in 

the USSR in 1936. 

A great deal of research has now been done in the Soviet Union on 

the development and refinement of the oxygen-converter process.    Sinoe the 

raw materials used for steel manufacture in the USSR are very variad, the 

process has been doveloped for different kinds of iron»     open-hearth, 

vanadium, low and high-manganese, chrome and high-phosphorus.    One of the 

100-1JO tonne unit shops uses a duplex prooeBs, processing vanadi« iron 

and extracting the vanadium in the slag. 

The most widely developed process has been converter processing of 

ordinary open-hearth iron.   The efficiency of the oxygen-oonvarter prooess 

at high rates of operation is ensured by careful organisation of production 

and the use of high-speed equipment and high-quality raw materials.    In 

the Soviat Union the iron used is subject to uniform quality standard* - 

regardless of the furnace capacity.    Great  importance is attached to the 

constancy of the iron*G ohemical composition. 

Variations in the iron* s Filica content oause marked changes in the 

basicity of the slag}    in many cases they hinder the extraction of 

phosphorus and sulphur, lead to the production of metal which is too hot 

or too cold and reduce the life of the lining. 

Variations in the iron1 s manganese content also lead to an irregular 

temperature and slag regime*   Excessive variation» in the sulphur content 

of the iron (0.3-0.6 per cent) make  it difficult to get  steel with a low 

sulphur content and are one of the reasons for after-blows, which lower 

the quality of the metal, roduot: the life of the lining and lengthen the 

smelting period. 

By reducing variations in the iron*a Bilica, manganese and sulphur 

content to within acceptable limits it   \a poenible to standardise the 

oni'ilting procecs to a considerable extent, to improve tho quality of 

output and to incruace lining resistance and converter productivity. 
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In order to reduoe the iron's sulphur oontent, it is very important 

to remove the slag fro« the surface of the iron ladles regularly, to 

pour the slag fro» the mixer not lese than onee a shift and to maintain 

the level of iron in the mixer at not lese than 50 per oent of capacity. 

A very important question, whioh is not given enough attention, is 

the temperature of the iron.   Iron is produced from the blast fumaoes 

at a temperature of about 1,480°C and poured into the converters at 

1,300 C, a drop in temperature of 180°C.   Experience has shown that by 

raising the temperature of the iron and taking a number of other steps, 

•crap consumption oan be raised to 350 kg per tonne.   A fundamental 

improvement in this connexion would be a changeover to the use of mixer- 

type ladles.   With fewer pourings and a shorter period during whioh the 

iron remaina in the ladles, 4 per cent more sorap can be used with 
mixer-type ladles than with a mixer. 

A factor which has a great influence on the converter process ana 

lining life is the quality of the lime used, and in evaluating its 

quality a very important element is its reactivity, whioh is determined 

by the time it takes to achieve maximum temperature in hydration of the 
lime. 

Lime produoed in revolving fumaoes has a higher caloium oxide 

content, a higher reactivity, and a more satisfactory fractional composition 

than lime produoed in shaft furnaces.   Lightly calcined lime is obtained 

by calcination of fine limestone for a relatively short period at 900-1,100°b 

and heavily calcined lime by prolonged calcination of limestone at a 

temperature of more than 1,200°C.   Highly oalcined lime is dense and large- 

grained, while lightly oalcined limo is loose and small grained. 

The total surface area of internal porcc in lightly oalcined lime is 

approximately fourteen times greater than in heavily oalcined lime and the 

infiltration of liquid slag through the pores of auoh lime is therefore 

easier and it dissolves quicker.   This is particularly important in order 

to obtain as basic a slag as possible during the initial period of smelting. 

Other factors whioh are oust as important for rapid solution of the lias in 

the slag are its fractional composition and the absence of dust. 
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It is essential that all revolving furnaces should supply all converter 

shops with lightly calcined lime with a fractional distillation of 10-30 mm, 

dust-free and Mghly reactive. 

Good prospects are offered by the use of dolomitized lime.   Dolcmitised 

lime   has a manganebe oxide content of up to 8-10 per cent}    it helps to 

increase converter lining resistance and leads to a considerable saving of 

fluorite spar.   The use of manganese limestones is equally promising. 

These limestones contain up to 9-10 per cent manganese and they can be 

very effective in the treatment of low-manganese iron. 

In all converter shops, in order to avoid destroying the lining, fia« 

slag is loaded first, and then coarser slag.    The hot metal is poured on 

to the slag. 

In converter shops the addition of loose materials is spaced «a* 

during the blow.   The charge usually includes part of the lime and «11 the 

necessary Quantity of fluorite spar.    Some 3hops include in the charge 

from 30-40 to 60 per cent of the required quantity of lime and 200-400 kg 

of fluorite spar.    The degree to whioh the addition of lime is staggered 

is different at different plants. 

Experience han shown that, it io not advisable to add the lime in large 

doses, because if this is done, when blowing begins pieces of lime get 

coasted with slag, making it much moro VìBCOUS, and as a result the lime 

forms separate lumps which remain more or less undissolved until the end 

of the blow. 

Limestone ìJ added in small doses after ten to twelve minutes, but 

not later than three minuten before the end of the blow.    The addition 

of iron ore is also spaced out over the duration of the blow!    60 per oent 

of the required quantity ir. included in the charge and the remainder ie 

mostly fed in after six to oeveri minute».    At  some shops the addition of 

iron ore ìB spread over a longer period. 

During thí? period of intensivo decarboni zal i on, part of the iron io 

regenerated from the slag, which increase its viccoeity.    In order to 

prevent thio, uam¿ shops add a small quantity of fluorite spar after 

•fifteen to twenty minutes, amounting to about  20 por cent of the total« 
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When the oonvortor is operated without combustion of the fuuoo, 

in order to ensure safety of operation   the addition of loose materials 

coincides with the tine when the "ßkirt" is raiser! and the automatic 

control system starts to operate.    The moBt widely used quenching medium 

is steel scrap.    Some shops using unxtn with a capacity of 33-33 tonnes 

use ore and ore nodules for quenching purposes. 

The quantity of scrap used is 32 per cent of the weight of the iron 

or 24 peç cent of the weight of the charge when the iron has a silica 

content of 0.7-0.8 per oent.    Special research is now being carried out 

on ways of increasing the proportion of 3orap in converter ateel production. 

Among the most important factors influencing the process of slag 

formation during the oonvertor blow are the following:    the chemical 

composition of the iron and charge, the quantity and quality of lime 

and fluorite spar, the order in which the charge materiale and particularly 

the loose materials, are charged, the blow pressure, the lance design add 

its position during the blow, etc.   Optimum regulation of theme factors 

should ensure an efficiont slag regime» ensuring a high degree of 

freedom from phosphorus and sulphur impurities, protecting the smelted 

steel from excessive absorption of gas (oxygon, nitrogeni hydrogen) and 

reduoing the damage done by the slag to the converter lining* 

An increase in the basicity and fluidity of the slag at an early 

stage in the blow makes it possible to considerably improvo the desulphurise- 

tion of the metal *£ £his stage.   The sulphur distribution ratio, of oourse. 

declines as the degree of oxidation of the metal inore ases.    Turthemore, 

in iron and metal with a very high oarbon content (>4 per oent), there 

is almost no oxygen.   It is therefore in particular at the beginning of 

the smelt that the introduction of basic and fluid slag makes it possible 

to achieve a high sulphur distribution ratio.     At the same time the lining 

life also inoreaees considerably« 

In order to assist slag formation, when scrap is introduced as the 

quenching medium, during the initial period iron oro nodules with a low 

silica oontent are introduced, in the amount of 2-3 P**1 oent of the weight 

^^atlÊÊÊÊÊÊÈÊÊIÊÊiÊÊiÊÊÊÊÈÊÊÊÊlêÊàÊÊÊÊIÊIIÊÊ^IÊâ 
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of the iron.   The higher iron oxido content of the Blag and a oertaln 

rise in the initial temperature of the smelt, due to the lower proportion 

of Borap, help to speed up the foimation uf slag. 

Research has been done in the USSR on the use of Bpeoially prepared 

limestone-ore briquettes.    Good results have been achieved, with a marked 

inorease in the basicity of the initial and final slag compared with the 

usual kind. 

In all converter shops blowing is now done through three or four-hole 

lañóos, the inclination of the holes to the vertical being from 8 to 15 

degrees and the critical Bection of the holes within the limits 29.7-36.1 a* 

At one converter works, lances with holes at an angle of 20 degrees 

have been tried out in industrio! conditions. 

According to the information provided by the works, the use of these 

lances has reduced dust formation by 20 to 25 per oent, raised the output 

of usable metal by 0.6 par oent and increased lining life to some extent. 

The blowing cycle must ensure not only oxidation of the additions 

to the required composition but also formation of Blag of the right acidity 

and basicity. 

At one works two blowing methods have been tried out:    in the first 

the lanoe was kept at a distance of 1,300 ma from the level of the melt 

bath throughout the smelting process and in the second the lanoe was kept 

at a distance of 2,000 mm for a period of four to six minutes, after whioh 

it was lowered to 1,300 mm and kept there until the end of the blow. 

Research has shown that with the first method a slag basicity 

(Ca0/8i02) of 1.5 is obtained after twelve to fourteen minutes}    with the 

second it is obtained after four minuteP and after twolve to fourteen 

minutes it reached 2.8-3*2.    The dephosphoriaation and deculphuriaation 

procosscs also go considerably better with the second method. 

Thuc, on the basis of research results and practical experience it 

can be said that it is more efficient for the position of the lance 

during the blow to be variable rather than f ixod. 



- 7 - 

Converter productivity ia increased both by raising their oapaoity 
and also by increasing the blow pressure and reducing the tiae lost on 

auxiliary operations. 

In racen* yeara rosearon baa been done with unita of varying oapaoity 

on raising the blow pressure. 

At various works, in shops using convert era with a oapaoity of 
IOO-I3O tonnes, the oxygen supply has been raised fro» 240-260 cubic «airas 
par ainute to 45O-55O cubio aetras per ainute (fro« 2.2 to 4*5 cubia astres 
per tonas par ainute).   As a result the duration of the blow has basa 
reduœd froa twenty-four to between twelve and fifteen ainutes.   At the 
sane tiae work has been done on waye of reduoing the tiaa wasted oa 

auxiliary operations. 

On the basis of the results of this reo«arch, the following preotioel 
conclusions have been drawnt   in the oase of converters with a oapaoity of 
up to 200 tonnes an appreciable increase in output oan be achieved aerely 
by raising the preasure to 5 cubic set ree per tonne par ainute.   Raising 
the pressure further does not have auch effect, if the tiae spent «a 
auxiliary operations renains the asae (twenty-two ainutes or aore).   fais 
also applies to units with a oapaoity of 3OO-4OO tonnes. 

Any increase in the pressure beyond 5 cubio aetras per tosas psr 
ainute aust undoubtedly be aoooapanied by a reduction ia the auxiliary 

tiae. 

An increase in the blow pressure to 10 cubio aetras psr teaas par 
ainute oould be reooaaonded only in the oase of converters with a oaaaeity 
of 300-400 tenaos and provided that auxiliary tiae was kept to a ai aimai. 
All in all, to raise the blow pressure to 10 cubio aetres per tonas per 
ainute would require vxy careful preparation fro« the doeig« sat eosaoaio 
standpointBt because it night entail a coapletoly new type of ooaverter shop. 

On an experimental basis with a trial converter of 10 tonnes oapaoity 

blow preesures of 7. 9t 11 •»* 13 cubic aetree per tonae per ainute «era 
adopted and the blow period waa reduced to 3*7-4*2 ainutes. 
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At these pressures« there arc difficulties with the proceso of slag 

formation.   The slag formers have to be specially prepared, melted and 

fed to the converter in liquid foras.    Among the units that oan be used 

for melting slag are cyclones. 

When the blow period is reduced to four to five minutes, the use of 

large-sised, untreated scrap can tako too long to melt;   hence the need 

for preliminary heating of the scrap. 

Difficulties are already arising at works where experiments with 

raising the blow pressure have been started because none of the oxygen- 

supplying apparatus (valves, etc.) or the control or measuring instruments 

are designed for high oxygen throughput and pressure. 

The specifications of the oxygen equipment will therefore also have 

to be changad.    The production of oxygen hoses for pressures of up to 

20-25 atmospheres and with a corresponding throughput oapacity will have 

to be organised. 

The oonvarter process oan be intensified by standardizing the basio 

mataríais and using high-speed computers.   Roducing the eraelting period 

will raise converter shop productivity and lining life, make it possible 

to increase the amount of scrap used and the output of usable metal and 

improve the basic indicators of the converter process. 

Sine« the oxygen-converter process was introduced, its indicators 

have improved from year to year.   This is particularly noticeable with 

regard to the output of usable metal and lining life.    In recent years the 

output of stool has risen to 88-90.5 P«r cent.    The use of multi-hole 

lances has played a considerable part  in this connexion.   This alone haa 

raised the output of usable steel by 0.8-1.0 per cent. 

Thu lances used at all shops in the Soviet Union are as a rule 

three and four-hole ones with a hole angle of between 8 and 20 degrees. 

Research has ahown that the use of lancee with a hole angle of 

20 degreuo reduces dust formation, and henoe the loss of iron in dust. 
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The ««X« of inclination of the hole» influencée the rate of slag 

formation and the amount of iron carried »fay in the fumes.   The hole 

angle should be related to the diameter of the converter, the position of 

the lance and other parameters and should in every case he related to 

the volume and design of the converter.   Por a given anfle of inclination, 

the indicatore »re the ewe whether three-hole or four-hole lances are 

uaed. 

Raisin« the number of hole» further, especially for higm-oapaoity 

converters, lead» to better slag formation and greater contact between 

the lime and the »lag. Research is being done along these line» with 

converters of varying capacity. Studies are »ade of the effect on the 

prece», of staggered blowing, the use of lances with fro. fiva to thirtasm 

hole» and different angles of inclination, the use of two lances, etc. 

These trials are conducted at various blow pressure». 

Apart fron increasing the number of oonvertere, their capacity and 

the blow pressure, oxygen-converter production i» also being developed by 

improving the quality of the process.   In the early stages of the prece«»«» 

development the range of output was limited to standard types of steel, 

but now it has been considerably expanded. 

The type» of steel that can now be produced include rimmed and killed 

steel, rail steel, armature steel, tube steel, deep-drawing steel, g*a 

main steel and low-alloy steels oovering the whole open-hearth range. 

Large-scale industrial research is being conducted to develop the 

technology for »melting electrical engineering »teel.   Stainless »teel 

has been produced in an experimental 'semi-industrial unit.    It is -1 — 

to improve the quality of steel by improving smelting, casting and 

deoxidisation technology and by processing the metal in a vacuum and with 

synthetic e lags.    There i» one shop processing a certain range of steel 

with synthetic slags of varying composition. 

One of the main probleae in the oxygen-conwrter process in its 

first years was the resistance of the lining.    As late as I966-I968 it« 

life was no moro than 200 orne Its. 
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In recent years, as a result of research to improve the quality of 

tar-dolcmite refractory materials and to improve smelting and converter 

lining technology, lining resistance han greatly increased and its life 

is now 5OO-75O smeltc. 

The question of increasing the specific volume of converters i» cm 

of great interest.    The specific volume influences the evolution of the 

procesa, the indicators, the lining life, etc. 

The first converters were built with a specific volume of 0.8-1.0 

cubic metres per tonne.    In future, with greater converter load«, the 

specific volume of IOO-I3O tonne converters will deoline to 0.8-0.9 

cubic metres per tonne.    Some works, in order to increase productivity, 

have adopted the practice of over-loading converters, which further 

reduoes this parameter. 

The experience of shops using convert ero with varying specific voli 

leads to the conclusion that for high-capacity converters the speoifio 

volume, with a new lining, should be within the limits 0.8-0.85 cubic 

metres per tonne. 

In setting-up a new shop the technological regime and the volume of 

capital expenditure are greatly influenced by the method of removing and 

cooling gaseo. 

In Soviet industry three systems for removing gases are used! 

(a) With complete combustion of GO to COp 

(b) With partial combustion of CO to C02 (CO 9á 42 per oent) 

(c) Without combustion of CO. 

The most economical method is removal of the gases without oombuetion, 

especially for high-capacity converters.    The. number of shop* at which 

this system in used has therefor« recently been increasing.   A mill ham 

been succeosfully established in the Soviet Union which operates with 

300~tonne converters equipped for ga3 extraction without combustion. 

The indicators l'or the oxygen-convert er prooeas and steel smelting 

a3 a whole depend to a considerable extent on the ou3ting Bystem used. 

Pie world* s first  lb.rge-acu.le oxy^ri--converter r.hop complex carrying out 
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continuous-casting has been put into operation in the Soviet Union.   The 

•hop now operates aocording to a constant technological regime, with 

good technical and economic indicators and high productivity. 

The experience of this shop and tho results of research have shown 

that continuouo-casting is advisable in oxygen-converter mills both for 

the sake of economic efficiency and of output quality.    In new converter 

•hops, therefore, continuous-oast in« will be the main process. 

In improving tho quality of output and the productivity of convert tre, 
automation has a substantial role to play. 

In some converter shops in the USSR there is static smelting coatrol 

by means of computers.   With this method it is possible to automat« the 

charge mix, the oxygen supply and the heat balance.    Considerable research 

is at present being done in the USSR to develop a dynamic control system. 

The rapid growth of converter production means that a wide rangt of 

research is necessary into such matters as expanding the range of steel 

produced, the ohoice of lance design, the selection of optimum blowing 

regimes with higher blowing pressures, the development of automation 

methods, methods of reducing dust formation and the loss of iron in fumes. 

The main directions for the further development and improvement of 

tho oxygen-converter process aro:    extending the range of types of steel 

produced, including high-alloy, alloy and electrical engineering steel., 

increasing converter productivity, raising blowing pressure and the 

proportion of scrap in the charge, inoreasing converter lining resistance, 

raising the output of usable steel and developing optimum blowing devioe» 
for high pressure blowing. 

The further development of converter prod\iction in the USSR will be 

in the direction of the construction of large shops using units with a 

capacity of 30C tonnes and more.    In tho initial Btages of the development 

of this process, shops were built with converters of up to 100-130 tonnes 

capacity, but  in the near future it  is planned to build and put into 

operation chops with units of up to 400 tonnes capacity.    It should be 

not od here that the size of the charge i e not only being increased in 

newly construct.od converters but also in existing onos. 
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The capacity of existing converters in the USSR is being increased 

a» follow«» 

Original charge, tonnes 

25.O 

37.0 

100.0 

în°re|<ed charge, tonflft 

35.O 

55.O 

130 - 160 

Practical experience and planning studies have shown the desirability 

of building shops with large units (3OO-4OO tonnes). 

The installation of converters with a lower capacity in individual 

oases is not, however, rules out, particularly when converters replace 

open-hearth furnaces but continue to use the existing crane and other 

equipment.    Prom the technological standpoint,  increasing the capacity 

of converters does not create any additional difficulties in the saelting 

process.    High-tonnage converters can smelt the same range of otéela as 

converters with a capacity of IOO-I30 tonnes. 

As a result cf the experience accumulated in the operation of oxygsn- 

oonverters, there haB been a reduction in the running-in period for new 

shops recently installed. 

In shops using 100-tonne convertere the highest annual average output 

of steel per converter has been 810,000 tonnes.   Obviously, all shops using 

IOO-I3O tonne converters have considérât le leeway for increasing their 

output.    A considerable part of ¿his unused c&paoity could bo brought into 

play by such measuren as increasing the blow pressure, reducing the length 

of the cycle, particularly the charge period,  increasing the  output of 

usable steel and lining lifo,  carrying out  further automation of the 
process, etc. 








