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ABSTRACT

The anelysis of production at the Helwan Iron and S,4eel 1; orks
has shown that the BOF shop operates under objectively severe co-
nditions: because of the increased amount of mangunese and phospho-
rus content in hot metal the use of the double-slag process is re-
quired. In case of the lack of advanced methods for the process
measurement control it leads to recurrent breaks in production ra-
tes and breakdown in the developed and applied technology and to
violation of technological istruction.

According to statistical data the amount of defective slabs and
billets related to the.. injury because of blow holes, slag inc-
lusions, ocracks and so on achieves 20%. Expert assessments carri-
ed out within the framework of the present study ( famous scien =
tists and practical specialists of the USSR and ARE in the field
o? steelmaking were involved as experts ) made it possible to sug-
gest assumptions on the character of these defects. The analysis
of the technology existing at the Lelwan works has showm thut de-
fects are caused by substantial variations in the composition of
initial charge materials, Gisadvantages of the applied technology
for steel melting and continuous steel casting and, in some cages,
by its violation. All this is accompanied by marked overheating of
the meta, at the final stage of oxygen blowing and by ‘ntensifioca-
tion of secondary oxidation processe~. Formulated conclusions have
been proved by means of specially conducted experiments.

A modern concept has been developed at the works for the appli-
cation of procens control somputing of BCP in order to improuve qu-
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ality of manufactured products. However, this concept has not be-
en yet widely introduced into practice.

On the basis of the analysis made with the use of expert asse-
ssments two groups of actions are proposed for a reduction in re-
Jects: the first group which allows to reduce the defects without
any substantial capital investments, and the second one which in-
volves considerable changes in the process technics and requests
essential investment. An improvement in the technology of steel-
melting and work out of organizational arrangements for the cont-
rol of its realiration are related to the first group of measures.
The second group involves minimization of the number of afterbur-
nings and finally - a transition to the single-slag process due
to the introduction of methods for ladle refining of hot metal
and steel.

In conclusion, an analysis of opportunities for the producti-
on of alloyed steels in the BOF shop at the Helwan works has been
made. Thus, it is proposed to produce low-carbon manganese-bea-
ring tube steel, medium-carbon chrome-bearing structural steel
and low-carbon aluminium allcyed cold-rolled steel sheets for de-
ep drawing. Possibilities of technological alternatives for the
production of these steels have been also eonsidered.
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L, TRADUCTION

EISCo is the leading steel company in the country. At present
the Plant is the main steel producer for reinforcement and multi-~
purzose tubes. Fowever, industry development in Egypt constantly
demands Loth steel melting increase and its quality increase. In
this respect the current situation cannot be acknowledged comple-
tely satisfactory. .he produced steel quality does not always cor-
respond to the increasing coasumer requirements and the continuous
casting billets defects are essential.

The problen of the steel quality improvement and derects decre-
ase can dbe solved in the following ways:
= the existing technology improvement. It does not require conside-
rable capital investments and can be realized within a short tinme
period;

- the reconstruction of the existing units and constructiion of new
ones, it being connected with sizable capital investments;

- carbon steels production substitution for low-carbon steels pro-
duction.

This will make possible to decrease production metal capacity at
the expense of operating properties improvement.

According to the stated above there arises the following prodb-
lem: to study the conditions of modern steelmaking technolosy in
BOF; to find out high rejection percertuge reasone; to determine
defects protection measures; to lay down definite measures of ste-
el quality improvement.

This contract was implemented within UiIDO Project Ii SI/E3Y/88/
802,
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MISA tean executing the contract consisted of the following ex-
perts:
G. Surguchey - team leader, computer quality control.
A. Vishkarev = quality expert.
A, Tinofeev - technician expert.
The contract implementation s*irted on December 9, 1988 and
conprised the following stages:
Pield work - 3.5 man/month
Home office work - 2.0 man/month
Briefing and debriefing - 11 man/day
The following operations have been done while implementing the
contract:
- intemationzl literature and publications analysis,
- contruct purposes identification and quality laprovement methods
on the latest publicutions basis,
- existing technology end cuality control methods examination,
Specinlists from several organizations rendered support and
help in the contract process and during debriefing preparation
and discussions:
UNIDO, Viena:
ir. Ju. Grebtsov - SIDN iietallurgical Branch.
tir. S. Liorozov - Chief Contrazt Section (DA/PAC).
UNDP office, Cairo:
lir. Torwat Sabry - prograuming officer.
EISCo, Cairo:
Mr. Dia %1 Tantewi - cChairman.
Mr. Kamal Abdel Latif - General Director of Steel Sector.
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My. Kamal Abdel Gaward - Ilanager of Process Control Centre.

Mr. Yousef Ashour - Quality Ccatrol Director.

My, Mohamed Shakour - !lianager of Steel Quality Control Sector.

Mr. Sabry Abd El-Baky - Director of Steel Production.

Mr. Ahmed Ehson - llanager of BOF.

El Tobin Institute for lietallurgical Study:

Mr. Mahmud Selim - Rector.

¥r. Mohammed Abdalla -~ Doctor of Science, Head of Steel Department.
MISAs

Mr. Ju. Zheleznov - Rector.

Mr. S. Bakuma - HNanager of Research Sector.
We are extremely grateful to all of them and other people we

couldn't have mentioned.
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2. FPINDL.GS AND RECO.LiE: DATIONS

1. It was found by the analysis of steel production that rejects

2.

4.

level, ( amount of defective slabs ) at EISCo's BOF plant is
extrenely high and reaches 20%.
Analysis of the existing techmolo;zy of steel products shows
that technological instadbility generally produced a larze amo-
unt of dsfests ( crecks, bdlow holes, slaz inclusions etc.).
This is a result of consideradble metal overheating in a con-
verter; intensive secondary oxidation processes during metal
tapping ladle steelmaking and continuous steel casting. Tech-
nological atabilization and protection from secondary oxida-
tion enadles to reduce rejects and to enhance steel ingot qu-
ality.

7o determine the nature of any defects that may occur in every

practical situations a detailed research should be carried out.

This research reveals the influence of different technological

factors on defect occurance. As a result it will enable +to

work out more carefully and to introduce methods and techni-
ques for overcoming these losses.

To stabilize the technology of steelmaking and to provide op~

timum t° before tapping it is recommended:

4.1. To eluborate and introduce a system of charge calculati-
on of the melt according to input purumeters ( iron com-
position and t° , 1ime quality etc. ). It enables to use
an optimal scrap/hot metal proportion to provide the ab-
sence of metal overheating and a desired tapping tempe-
rature.

4.2. Prom economic point of view to consider & problem of rea-




‘.3.

4.4.

4.5.

4! 60

songble increase of the socrap charge in a converter mel-
ting. From tecmological point of view the increase of
sorap charge will improve heat balance and will provide
the regulation of tapping temperature.

To provide a modermization of converter with a safe sys-
tem controlling oxygen expenditure per melt. It will en-
able to make a heat according to oxygen expenditure but
not the time of blow. Thus a number of overheated melts
would be reduced.

The analysis has shown that oxygen pressure fluctuations
exceed the admissible limits. It is required to provide
stable oxygen pressure not less than 1.5 UPa ( in front
of the nozzle - not less than 1.0 M¥a ).

To ensure normal furnaces operation fo: lime ecaleing to
provide dcalcium oxide ocontent not less than 85%. It will
enable to mace deeper desulphurization and dephosphori-
zation ia converter, therefore it will reduce the quan-
tity of heat with reblowing.

To introduce iron desulphurization that will generally
enable to eliminate redlowing as a result of high sul -

phur content.

5. To prevent secondary steel oxidation it is recommended to cha-

nge ladle and continuous casting technolcgy & proper wuy.
5.1. To ensure & somplete slag cut-off during metal tapping

from & converter with one of the existing techniques
(e.g. with the application of a stopper as & lined iron
ball ). To facilitate and improve a stopper it is reaso-
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nable to add line stone to slag before metal tapping froa

a oonverter. Besides the protection from secondary oxida-

tion this operation will enable to eliminate further re-
phosphorization reaching at present 0.015%.

5.2.Steel casting in continuous casters should be carried out

5e 3.

Sede

"submerged”’ using refractory tube thiat will enable to avo-

1id atmospheric contact with the metal stream.

To provide protective slag into a mould, the slag will
also create gamisage on the slabs surface. In its tum
it will result in the reduction of a number of such de-
fects as non-metallic inclusions. It is reasonadble to in-
crease tundish capacity.

To set up and introduce technologiocal instructions of me-
tal oxidation control bdefore deoxidation for determining
deoxidation expenditure. To produce final deoxidation on-
ly on argon station with inert gases blowing in a ladle.

6. To fulfill the above formulated recommendations it is required:

6.1,

6.2.

6.3.

To reconsider and specify tecimological instructions of
melting, secondary steelmaking and continuous casting of

different grades of steel.
To ensure complete and absolute implementation of techno-

logical instruetions.,
Quality control of the given technology must be strictly

observed at all stages at the steel shop.

To impose obligations on the quality control services to
check strictly the observance of the approved technology
at all stages of iron and steel production.




7. The review of advanced approaches for improving the quality
shows that the introduction of the somputerised process cont-
rol system into the BOP steelmaking is an important factor co-
atriduting to quality improvement. The optimization of pro =~
cess conditions, in particular metal's temperature during ta-
pping and in osubsequent stages, determination of optimal con-
tinuous casting and secondary cooling rates promote the produ-
ction of hign-quulity bdbillets.

T7.1. It was found out that an advanced concept of cosmputer ap-
plication for solving a wide range of problems has been
devaloped at E15Co.

7.2. Installation of the iOF control system for the realisa-
tion of a statistical model is an important point in re-
alizing this concept. The system is able to predict the
carbon content with an accuracy of 0.3 and the metal te-~
uperature with an accuracy of £ 150 C in 93.4% of total
melts. lioreover, the system culculates parameters of the
melt ouly up to the moment of the first slagging. The to-
day operating system is unable to provide the calculation
of process parameters during second stage at the process
after slugeging; so its influence on quality improvement
of end product is rather restricted.

7.3. 1t should be assumed that a progress in the development
of the process control system in the direction of using
a dynamic model will improve the quality inspection and
control if the accuracy of temperature predictions will

be about ¢ 10° C.
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8. During further development of the computer-aided techmology,
in particular for metal quality improvement, the following
steps are recommended:

8.1. To deasign and install a computerized control system for
continuous casting, especially for calculating a required
motal temperature before steel casting, as well as cas-
ting rates and secondary cooling conditions.

8.2. To design and install a computer-aided system for control
of the ladle steel refining process.

8.3. To design a subsystem for synchrouising operations of co-
nverters and ocontinuous casters to minimize time and heat
losses between the converter and continuous custer.

9. The analysis of ARE demands in alloy steels and the possibili-
ty of their production by the BOP process allows to recommend:
9.1. Manganese and silicon alloyed low-carbon steels ( carbon

content below 0.206 ) - for the production of tube steels;

9.2. Chrome alloyed medium~carbon steels ( ocarbon content 0,20~
0.406 ) - for the production of structural steels;

9.3. Aluminium alloyed low-carbon stesls ( carbon ocontent not
more than 0.10% ) -~ for the production of cold-rolled
steels for deep drawing.

10, To arrenge the production of alloyed steels it is necessary

to realize the following:

10.1. To undertake measures which will ensure the metal pro-
tection from the secondary oxidation ( BOP slag cut-off
and casting under the metal level ), i.0. to strictly
fulfill the recommendations mentioned in clauses 5.1-5.4.




b M OSCowW

t  Institute of

- Steel and

“Alloys 11

10.2.To make provisions for close control of temperature co-
nditions by the comparison with conventional carbon
steel production.

10.3.The process technolozy of tube and structural steel gra-
des production must provide the following:
- preliminary metal desulphurisation,
- converter metal blowing for obtaining low-carbon oon-
tent~ 0.08 - 0.10%.
- subsequent metal zarbonization ( if necessary ) in the
ladle by additions of coke breeze and graphite,
-~ homogenizing treatment of the melt with argon on the
argon station,
- for improving steel quality and increasing their ser-
vice performances it is recommended to develop a tech-
nology of their melting with vanadium, titanium, niodbi~
um miocroalloying as well as modifying treatment with
caloium-containing materials.

10.4.In the production of cold-rolled steels for deep draw-
ing it is recommended:
- to make blowing of ..« metal in the converter for od-

taining low-carbon content,

- to make provisions for reducing nitrogen oontent in
steel, therefore aluminium additions in the process ot
metal tapping must be minimum and defined with the ao-
ocount of preventing the metal from the seoondary oxida-
tion, and additions of limestone should be introduced

onto the ladle bottom before tapping,
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- metal alloying with aluminium should be performed on
cn the stand with the use of argon rete control trying
to follow the teclmology without exposure of the metal
surface.

11. For a further developwment of the technology for melting and
steel casting, its quality improvenment, reduction in the amo-
unt of defects and increase of the production efficiency. The
following actions which would require some additional cepital

investnent are recoomended:

11.1,

11.2.

11.3.

11.4.

To develop and introduce into practice hot metal deman-
ganation befor: metal pouring into the converter. As an
alternative approach for solving this problem it can be
offered the following: demanganation on the bdlast-fur~
nace ochute, demsnganation during dlowing by oxidizing
mixtures at the blowing stand, jet refining. The use of
hot metal with & reduced manganese content will allow
40 elinminate the doudble-slage BOF process.

To chenge-over to combined blowing. This will provide
for increasing stability of the blowing process, thus
to eliminate completely afterblowings oconnected with
metal overheating almost ocompletely.

To change-over to application of slit lances for metal
blowing with argon in the ladle. This will accelerate
the melt homogenezation and will rise degzasing rates.
To substitute water cooling systems of continuous cas-
ters for mist cooling systems and to ap—ly electro-ma~
gnetic stirring. This will allow besides known advan:a~
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ges, to reduce the amount of defected billets associated

with cracks of various types.
11.5.T0 work out and to introduse the control system of continuous

gteel casting of general parameters.
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3 HETAL PRODUCTION QUALITY AND ITS CONTROL TECHNIQUES
3.1. Steel Quality Improvement and Quality Stabilization Prodlems
To Be Solved at the Iron and Steel YWorks.

The nain objective of modermn steelmaking is to require all the

increasing consumer demands towards steel quality. The term steel
quality” may be presented in the following way:
= in intrashop defect is one of the quality procuration estimates
and it ocours as a result of certain violations of production te-
chnology or as a result of faults made during its work out;
« wide fluctuations and a low level of mechanical and other ope-
rating properties are also characterized by quality and are con-
nected with the increased and unstadle detrimental impurities co-
ntent, their presence form in a metal etc.

The transformation from carbon grades of steel to alloying gre-
des are also characterized by steel quality.

Based on the abovementioned facts the problem of steel quality
improvement should be oonsidered only for concrete conditions.
These prodblems should be solved after a wide-scale analysis ta-
king into account the efficiency of the proposals made and their
economic effect to be reached.

A combination of contradictory requirements - metal production
quality improvement, energy and raw materials consumption decre-~
ase, causes the necessity to develop a thorough technology of me~
tal production as a single proocess including a blast furnace pro-
cess, steelmaking and rolling processes. The application of the
advanced technology only at one stege, ladle metallurgy introduc-
tion demands modernisation of the whole tecimological line froa
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charge preparation to billets production, besides it is necessary
to develop and to introcduce a device for a slag cut-off when the
metal is tupped, the main ladle refructories and the departuent
for ladle lining heating up to 1100-1200°C, devices and refracto-
ries for metal protection from secondary oxidation etc. At the
modern level of gualitative metallurgy development it is imposs-
ible to specify e certain stage of production meking i¢ the most
decisive factor in steel quality estimation. iletal quality impro-
vement is conrected with a number of problems to de¢ solved at ev-
ery stage.

3.1.1{.Intvagliop Defects.

As a rule, defects occuring at a modern BOF may he classified

as follows:

- incoincedence of chenical coiaposition and steel properties;

- gurface dcfects of the zoantinuous casting billets ( longitudi-
onal and transversal cracks, alag inclusions );

- internal bdbillets defects ( gas blows, conglomerations of non-me-~
tallic inclusions, central porosity ).

Prom the abovementioned it is clear that intrashop defects
may be caused by two factors: bdecause of the faults made while
developing the technolcgy and because of technological violations
made by the works personnel.

Non-correapondence to the stadard of the chemical composition
is always explained by gross violations of the steelmaking tech-
nology. The personnel operating with steelmaking devices, tech-
nological instructions is at good command of getting the requi-
red steel composition. Qualified personnel cannot admit this kind
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of defects. Another situation may happen when the operating cast
steel properties do not correspond to the standard ( with corres-
pondence to chemical composition standard ).

This may occur in two cases:

- when the worked ocut technology doesn't hprovide steel production
with unvariable properties corresponding to the stundard ( this
problem will he discussed below );

- when the continuous casting billet has got sizable surface and
intermal defects.

The main defects of continuous casting billets include surface
and intermsl cracks, blow holes, coarse conglomerstions of non-me-
tallic inclusions, central porosity, chemical and crystalline he-
terogenity.

Hot surface cracks are the main ingot defects. When slabs are
cast the defects are arrenged mainly in the middle part of the fa-
ce, and in billets they are arranged in the cormers. The depth of
such cracks may reach 50 - 60um. The presence of such defects ca-
uses rejection and metal scarfing and also the breaks of solidi-
fying bdbillet layer in the mould.

Hot oracks occur as a result of two interaction factors: on the
one hand, stress and plastic properties decame possible at ingot
formation t©, and on the other hand, actual stress and deformati-
on in the billet at that period.

The main types of stresses leading to surface transversal
ocracks are:

- thermal stress;

- tensile scress csused by ferrostatic pressurej
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e

- ghrinkage siress;
- streas caused by the shell Yending moment.

The general methods of protection from such types of defects
are:

- steel composition optimization aund decrease of detrirental inm-
purities content ( especially sulphur ) to increase metal plasti-
city at ingot formation t9;

- ontimization of the mould cooling conditions and especially in
a secondsry cooling zone, providing thermal strength decrease;

- mould construction improvement ( mould profile, ribe of waves
oresence ) that provides shrinkage Aiatribution and shrinkage
astress level decreese;

- diministing of the curve readius for decreasing ferrostatic pre-
gsvre value.

while working out certain methods you should keep in mind that
they may ceuse enother type of defects though having a positive
influence or. crack formation decrease.

The trensversal crack formution is mostly connected with the
reciprocated mould motion mode. As & result of mould oscillation
trensversel folds are formed on the hillet su~face ( depth 2.5~
1.5 mn ). There is no billet shell contact with the mould walls
in their hollows and that deteriorates heat removal in these po-
ints end thus the solidified shell thicimess. During deformation
there arises a danger of transversal cracks formation in these
sections.

Optimization of the mould oscillations ( amplitude and frequ-

ency decreaseé ) is & measure undertaken to prevent such a pheno-

menon.




‘M OSCOW

= Institute of

. Steel and

“Alloys 18

Casting speed and dmawing rolicz pressure on the billei renderxr
influence on zhe intermnl cracks formation.

Sweiling and rolling at & complete solidificution sector ure
of utmost luportaice. Blovholes occurence is connected with a
high steel pus saturatlon and, ws a rule, is the result of & co-
nsiderable stcel overoxidution. The following factors influence
the decsrec 0 reoxidation:

- meatal overiieut in the course of its production;

- ingufficient maount of the introduced deoxidizers;

- secondary oxidation during tapping and continuous ateel casting.
It can be conicluided that the main mathods of blowholes protection
should be:

- heat balance csontrol of the converter operation, hot heat even
for a short oericd i3 not admitted and temperature regulation in
proper time ahould taka place;

- metal oxidation control befora deoxidation and its data control
for detemining the quantity of deoxidizers introduced;

- protection from secondary oxidation at all stages 2f production
paying special attention to oxidizing slag cut-off during metal
tapping and oxidation preventi~n of a metal siream during custing
and the ramoval surface ! submerged casting ).

Bon-metallic inclusions conglomerations are the result of folds
formation on the billet surface during mould oacillation with the
further secondary surface oxidation, losing contact with the mo~
uld. Coarse inclusions both on the billet surface and inside the
billet mey be the result of slag drawing from a tundish and co-
ning as 8 netal otroqu. The zenerel protection methods from such
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defects are casiing process donircl wnd submerscd casting.
Chemicnl =nd eryatulline hetercgenity { including contral po-
rosity ) is typicel of continucus casting bdillcis and is the re-
ouit of *he gpocilic fezturoc of steel crystallization processes.
e most cases these defects cennotl incdicate rejeciions but they
render negative Inflience beth on the 4otal proportics level and

on prorerties homogenity tovaris inot secticn.

3.1.2. Methods of Operating Properties Improvement

The level of operating properties ( first of all mechaniosal )
of a grade of steel depends on detrimental impurities content
( sulphur, phosphorus, hydrogen, nitrogen and non-ferrous metals
additions ), forms of their presence at an operating steel tempe-
reture and on a corystallire structure of metal. The crystalline
structure may be changed in those cases when items are sudbjected
to thermal treutment ( such cases within the conducted work were
not examined ). Metallurgical methods of steel quality improve -
ment are not only limited by & primary billet stiucture.

At present the problem of ateel production with low detrimen-
tal impurities content ( tae production of the so-called "pure"
steel ) may be considered to have been solved. Besides in most
cages secondary metallurgy methods are used. To yield steel with
a low sulphur content ( 0.003% and lower ) ladle iron desulphu~
rization ( by means of sodium , lime, magnesium, Ca carbdbide eta)
and ladle steel desulphurization ( by means of Perren's method
or by powder materiuls with Ca content ladle blowing with steel )
For metal degasing ( first of all for hydrogen content decrease)
various methods of steel vacuumation and partial blowing with
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inert geses are wilely used,

Vaiguumetion and hlowing are still more widely used fox deep
refining cf noan-netsllic inclusions. Lately in maay industriali-
zaed couniries ladle irom &l stecl deghosphorization wthods ha-
ve been wurked out and experimentally provel. Thus the results of
extremely low dctriuentul iupurlties sont-nt can be received us-
ing secolary uetall gy asthods. tloresver the nuaber of ladle
iron cid steal refining wethods and fueir uppiieccilon ia consta-
nily incrveaaing.

The only problem atill theoretically wmaolved is th2 removal
of nou-ferrous addisions during steelaaxing ( such as copper, ni-
ckel, tian, aatimony eoic., ). o8t of thes ure in less relation -
ship wita oxygen than leon uud canudt be removad during oxidized
melting. foday soue ways of saiving thia yrohlen are Yeing disco-
vereld ( e.g. removal of suiphur ia 8 gulghide form ), however,
there are 19 gtadle industrial iesmologles so0 fav,

When detrinental additisns sonceatration in stesl dooreases,
their presense form while producing itews beconsw wore signifi-
cant, The development of melhods aimed at decreasing negative in-
fluence oa the remaining content of such giditions is on the age-~
nde now, Practicslly cll sc-crlled detrimental impurities po-
pgoesp & limited ( extremely l<# ) solubility in a metal at room
temperature. They &re ooncentrated at grain boundaries as adsor-
bed layers at film isolution and more rarely as conglomerations
( as non-metallic inclusions ). The first problem arising here
inoludes the necessity of grain boundary refining and transfor-
mation of such isolations from the grain boundaries to the grain
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body. That process decreases metal tendency towards brittle dis-
ruption and thus it increases the mechanical properties level.

The second odjective is to transforu plastic isolations into
globhular, non-deformed inclusions during rolling. Properties ani-
sotropy decreases abruptly in this case ( the difference of pro-
perties in various sections: along or across deformation directi-
on ).

The processes of changing the form of impurities presence are
related to modification processes. Various metal additions in mi-
croquantities are used as modifiers. Thus to neutralirze negative
sulphur influence Ca-bearing alloys ( silicocalcium, calcium car-
bide ) or rare-earth alloys are used. To neutralisze nitrogen first
of all aluminium is used. As & rule, modifiers are introduced in-
to a metal in the last refining stages ( in a ladle before pou-
ring or even in the process of continuous steel casting ). That
enadles to keep modifiers in a metal as much as possible and it
provides their more effective influence.

The reduction of the initial grains size in a solidified ingot
can be achieved in two ways: ohanging the conditions of the bil-
let ocontinuous casting and by steel microalloying. The implemen-~
tation of the first way may be done by different methods, namely:
= by the degree of steel prerefining;

- decreasing casting t° and its strict control;

~ mould construction ochange and its metal cooling intensity a) -
teration;

«~ the change of character of the billet secondary cooling;

- various methods of external effect application: electromagnetic
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nixing, electroimpulsive effect etc.

In steelmaking practice microalloying methods are widely used
to refine the grain and to improve the production quality. Vana-
dium, niobium, titanium are widely used as microalloying additi-
ons ( besides those are used as modifiers ).

Methods of steel quality improvement discussed in this parag-
raph enable to solve the raised problem without using difficult
and expensive alloying additions,

3.1.3. Alloying as a Method of Improving Operating Steel
Properties.

Secondary metallurgy methods application and continuous steel
casting improvement enable to stabilize and to a certain extent
to enhance steel operating properties. However these properties
alteration may be obtained only during alloying steel. Alloying
enables:
~ to lengthen products durability;

- to lower the metal products capacity, i.e. with the lower me-
tal consumption to obdtain the required duravility;

- to undertake the production of a new item providing dbetter ser-
vice properties.

For example, the chromium content increase in structural ste-
els enables practicaily to double the deorease of reinforcement
degree; Mn vontent increase in tube steels coasideradly enhances
their strength and safety in operation; low carbon steels alloy-
ing for deep aluminium drawing ensures ageing absencs.

Alloying steels should be produced instead of carbon steels ,
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and in each case it depends on metal requirements and market si-
tuation.

The main defects formation behaviour and the reasouns of the
decreased steel quality are discussed in the review. The given da-
ta enable to reveal the main reasons of this or that kind of de-
fect occurence in each particular case and to work out the prote~
ction nmethods. Horeover the conducted analysis enables to deve-
lop the real methods of steel quality improvement due to the re-
quirements.

3.2. Stendards and Their Imporiance To Ensure Product Quality.

One of the main odjectives of standardization in ferrous me-
tallurgy is to produce a high quality metal homogeneous in its
properties from heat to heat, from ingot to ingot by applying ef-
ficient steelmaking equipment.

Standards are significant means for determining product quali-
ty and establishing technical requirements for re’ materials, ini-
tial materials, finished products with the cooperation of diffe-
rent branches of industry. Standards determination specify actual
metal production characteristiecs.

Quality, standards and detemmination techniques are closely co-
nnected and the drawbacks of the standardization and computation
systenm are certain to affect the tecimical level of production,
its quality, safely in operation and its durability. Establishing
standardization system in ferrous metallurgy with scientifically
based classification and terminology on & scientific basis is su~
re to promote metal quality improvement.
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The following aspects of the technical metal classification
should be taken into consideration:

1) physical-chemical: chemical composition, structure, proper-
ties of metals;

2) techmological: nature of metal production and process sta-
ge methods, processing methods, technological purpose and metal
sexvice purpose.

Inperfection of steel chemical properties allowsus to charec-
torise a mstal by its nature, assuming that the metal produced
from certain raw materials during definite metallurgical proce-~
soes will contain certain impurities.

Introduction of techmological aspects of metal classification
according to the processing method enadles us to simplify termi-
nology for specifying structural peculiarities of a metal.

Reqiirements for metallic products are extremely different. ile-
tal classification according to their purposes makes it possible
to determine properties, the physical-chemical origin of which
are not quite clear.

Metal application with complete correspondence to its quality
may guarantee the desired economic and technical effects. Thus
quality should be considered as a combination of products proper-
ties, making it suitable to meet the requirements according to
its purpose.

Due to production development there appear both new and
known useful metal production properties and the users find cer-
tain methods for their complete application. Therefore by apply-
ing the idea of metal production properties, ng qualiy beocomes
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broader. The requirements towards metal production quality are
alsec not constant. They change due to science and engineering de-
velopment level. letal production of & considerably high quality
corresponds tc a more developed level of material production.

Metal production quality is an objective concept. This makes
1t possihle to use a soientific approach towards its estimates
gelaction. If the estimates are selected without regard for od-
Jestive criteria the efforts of all the personnel may take the
wrong direction and may not give the desired effect. Quantitative
characteristics of one or several metalproduction properties may
serve the metalproduction quality estimate.

In the course of the analysis the given metalproduction quali-
ty has to be oonstantly compared with other analogous production
types quality, 1i.e. to evaluate the quality level which deter-
mines the relative characteristics of the production quality da-
sed on the comparison of the whole complex of quality estimates
with the corresponding basic estimates complex.

When quality is ocontrolled the estimates of the given product
are compared with the standards adopted by international, state,
brench standards or technical conditions.

Production quality improvement is interpreted by enhancement
and development of the useful metal properties.

Nomenclature of quality estimates must be selected with regard
for its suitability for a definite quality estimate level purpose.
On the one hand, the nomenclature must contain only such estimatss
whioch will find practiocal application. On the other hand they
mst inclule all general estimates determining this level.
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Metal quality is determined by a numdber of factors: by a tech-
nological process, equipment, ckarged materiszls, raw materials,
ferrcalloye, deoxidizers, perscnnel qualifiecation. In modern Iron
and Steel Works conditions technology quality hes asquired great
importance. This accounts for the increased intensity of techno-
logical processes, the compliceted interaction of the former and
the further process stage parameters.

The known types of stesl quality control can be divided into
three groups: steelmaking quality control, slab and ingot quality
control, finished metal production quality ocontrol.

Bvery heat, every product possesses specific properties and to
a certain extent differs from others in chemical elements ocontents,
impurities, inclusions etc. The change in quantitative characte-~
riatice significance is eaused by meny different factors which in
their turn may bde suddivided indo two groups: systematic and occa~-
sional, Systematioc factors in Iron and Steel Works may include: me-
tallurgical furnace durability, oharging, cesting, pouring, tech-
nology violations. Under regular observation of a technological
process these factors may be revealed and their influence may bde
either eliminated or decreased in time. The elimination of the
systenatic factors effect brings the production process to such &
state when quantitative characteristics ohanges are casused execlu-
sively by occasional faotors. Such a state of a production process
is called steady or stable.

Occasional factors usually produce an effect in various direc~
tions and cause inessentiasl, occasionsl deviations of the measu~
red parameters from the standard. These factors mey include occa~
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sional fluctuations of a heat mode, occasisnal errors of person-
nel while following technolozical instructions etc. The physical
origin of occasional factors is not always known exactly but the
general conformity of their actions is studied properly by the
theory of probability.

¥hile evaluating metal quality it is important to have stan-
dard metnods of its ocontrol. When national standards are worked
out the possibility of their further unification with other cou-
ntries' stundards should be taken into account. Uniform metal qu~
ality evaluation, uniform methods and measurements system facili-
tate the problem of creating intermational standardization and
considerably simplify economic relations between countries.

In standards and techmical conditions methods of determining
these estimates should be indicated precisely while defining qu-
antitative production characteristics.

It is typical of Iron and Steel Works to have a great number
of factors influencing the production quality. Variation of each
of these factors, their interdependency and interaction produce
a complicated situation in a steelmaking process. Accurate cont-
rol of those factors determining the results of the production is
impossible and moreover, their variation within a definite range
has to be admitted.

One of the best methods for the current production control for
establishing parumeters correlations and determining the influ-
ence degree of one of the factors or their total influence on the
production result is the statistical method. The primary statis-
tical date of lrom and Steel Vorks are usually available as tech-~
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nology dats. The so~-called heat logs have acjuired wide applica-
tion at the Works. The heat lags coxprise each hext data from ini-
418l rav materials 4o finished products jualiity.

It is necessary o work out a complex systex of quality produe-
tion contrel tc moet constant rejuirenments inprovement for the qu-
2l1its of varicus Sroups end classes of forrous motals. 1t 1s of
uvtmost importance that the syatem be based on teclmceclogicel pare-~
neters of the Iron and Steel Torke aimed &t quelitr improvement
0f the finished metal products with regexd for iis effect on the
COnBUmeYs

The main objectives of the quality control system are :
= to determine produnt quality level during manufacturing;

- to produce & high product quality level during its elatoration;
- tc meintain effective product appliscation and to maintain the
achieved cuality level at handling aand operation stages.

During a precduct quelity control process the following proce-
dures oare worked out and implemeiitad: organization, technical, eco-
nomic and other measures 2imeld at techuical Linrproveuent, techno-
logy ard munufacture improvemeni, dbetter maintensaca, control the
organization of technological processes and output product quali-
ty, raising the skill level of the workers and engineering staff,

The organizational bvasis of the quality control system consists
of the enterprises' standards worked out in accordance with the
new higher level standurds. Por example, USA standurds may be di-
vided into three groups:

1. Company standerds worked out within separate enterprises,
companies or firms and functioning within a given organiszation.
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2. Technical Unions, Trade Association and Company Unions.
American Association of Testing liaterials (ASTM) oriented at stu-
dying technical materials and technical standardization condi
tions and testing methods which should be at the centre of atten-
tion. AST™M carries out the work in two directions: representati-
on of sole..ce and engineering materials in the form of surveys
and transactions pulished in reports; the activities of techni-
cal committees studying various materials properties. These co-
mmittees are responsible for specifications development and test
methods.

3. National standards worked out by the USA. This organization
comprises companies, their associations, technical unions, insti-
tutes and also govermmental bodies.

The American Standard Association makes use of the following
four methods o0f determining and establishing standards.

1. The "Section Committee” method - the authorities commission,
thie branch section committee consgisting of representatives from
mtereéfed organizations and consumers working out the given pro-
Ject.

2. "The existing standards’' method makes use of these standard
projects agreed by competent industrisl organizations with regard
for their national standards suitability.

3. "Rational standards” method - standards worked out by the or-
ganization dominating in a given branch are considered to be na-
tional standsxds, such standards may be adopted by ASA if they
are agreed upon by all the organizations whose interests are not

impingzed by them.
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4. "Common agreement” method is used in simplier cases without
requiring technical project test. The standard is adopted at the
meeting of the interested organizations.

Host of the adopted ASA stauiards represent standards of one
of the technical unions or Associations. The first among them is
the American Association of Testing lMaterials.

In Great Britain the British Institute for Standards is respon-
sible for working out standard sizes and product size, testing me-
thods, saw materials and finished products quality control.

Technical conditions in British standards meke up one of the
four standard categories; three other - definitions and measure-
ment units, testing methods and application instructions.

The metallurgical part of British Standards is based on opti-
cal metallography research, phase diagrams, measurements, X-ray
investigation, electronic metallography and metal physics. The fu-~
ndamentals of technical calculation determine the standards. Cale~
culations values used by the International Standard Organisation
are listed.

In the Soviet Union a standard is the production quality crite-
rion. Standardization work is carried out under the guidance of
the USSR State Committee for Standards and state, dranch, repudlic
and plant standardization taken together. Thus it provides a more
effective activity in this field.

Programne elaboration for steel standardization defines the in-
dispensible complex of correlated activities enhancing metal pro-
duction quality parameters. Standards and technical conditions
for casting and rolling initial materials were established as a
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result. State standards are obligatory for all organizations and
enterprises. Due to wide~spread standardisation technological pro-
cesses have been improved and the conditions for new types of pro-
duction ( steel, alloys, rolling sections and other ) have appea-
red. Standards and departmental technical conditions express more
completely the advanced experience in various branches of ferrous
metallurgy. The.» is interrelation between State Standards and de-
partmental technical conditions, the latter being the initial sta-
ndardiration stage and precede State Standarss elaboration while
applying new materials and new types of metal production. Depart-
mental technical conditions are set up in agreement with the supp-
lier and the consumer.

A number of countries are united in the International Standar-
dization Organization (1S0). National Institutes for Standardiza-
tion are the members of this international organization. The work
of establishing international standards is doxe in ISO technical
committees. Each member interested in the prodblem being discussed
has the right to participate in a committee's work. International
organizations, governmental and non-govermmental organizations nma-~
intaining relations with 150 may participate in the work. The adop-
ted international standards are extended among the organization
menbers by the ISO Council.
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4. TFCHNOLOGY OF STFELMAKING AND ITS QUALITY CONTROI.
AT EISCH

4.1. Shop Composition.

The Egyptian Iron and Steel ‘'orks was buili in 1955-58 in coopera~-
tion with the WVest Germany Company *"Demag"'. Since 1959 under te-~
chnicnl support of the Soviet Union reconstruction and construc-
tion of a number of shops has been carried out. In 1979 BOF was
completely put into operation. In 1988 the steelmaking shop pro-
duced 842.109 tons with project capacity 1200010 tons.

At present BOF comprises a mixer department, a converter depa-
ritment, & oontinuous casting department and & number of supplemen-
tary_deparinents,

Mixer department has acquired one mixer with the capacity of
1300 ¢t .. At present the construction of the second mixer is being

carried out. The availadle equipment in the department enables to
weigh hot metal charged into the converter department accurate wi-
thin 0.1 t. . There is no equipment for slag removal from the mixer
and that results in its oocurence in a charging ladle, then in a
converter and thus when the supplied hot metal is weighed conside-~

Serap preparation department due to the use of the scrap pro-
duced only at the shop enableé to fulfill scrap shortage and sor-
ting according tn the grades of steel. At present such procedures
are not done and that impede the efficiency of BOF. The equipment
avallable in the shgp gnabdbles to weigh scrap accurate within 0.1 ¢,

convertor departmont comprises three converters with a removable
bottom, 80 t each. The converter working capacity is 78 m3 spe~

R
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cific volume - 9,975 m?/t . The working vessel lining layer con-
sists of tar-magnesite-dolomite compound, the total thickness am-
ounts 800 mm.

Blowing is done through a 4-tuyer lance with 30 zm critical di-
ameter.

The available equipment enables to control oxygen congumption,
oxygen pressure before the lance, lance height, slagforming ma-
terisals consumption.

Metsl probes taken frou the converter are delivered to the la-
boratory by means of pneumatic post. Metal analysis is carried
out in the quantometer. Time required for receiving analysis re-
sults is about 3 min.

Deoxidation addition is charged irto a ladle from the bunkers
after the preliminary weighing.

After tapping the metal is transported by the transfer cars
to a secondary processing sector where top argon blowing through
the lance with a 6~-9 mm diam. nozzle and argon consumption of 12"
1/mir. is done. The available equipment enables to make alloying
processes, to make an automatic sampling and temperature measure-

ments.

Continuous casting department consists of vertical casting
plant with s water cooling device. Three two-stand sladb casting
plants with the cross-sections: 150 x 1040, 170 X 1040, 170 x 720
and 170 x 1040 and three six-strand sorted slab casting plants
with cross-sections 150 x 150, 160 x 160, 180 x 180, 200 x 200 mm.

The speed of slab drawing makes up from 0.6 to 1 m/sec. (slabs)
and from 0.7 to 1.5 m/sec. (blooms).




- MOSCOW

* jnstitute of

. §teeland

_Alloys 34

*ﬂl=,;nuu)

The oscillatin, mechanism of the mould provides oscillations
with the frequency of 39-35 oscillatiors per min.

4.2. Grades of the Steel To Be Produced.

At present EISCo's BOF generally performs melting and casting
of & number of struoctural and tube steels. Scheduling and accoun-
ting in the shop's operation is carried out according to the gra-

des of steel. Their composition is given in the Table 4.1.
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Table 4.1.

Chenical composition of certain grades of steel to be cast.

Graedes of Elements content %

steel to

be cagt c S1 Hn P S Al X

slad not more
C.R. than
0.06 0006 0.25 0.040 00040 00005 -

- 0010 - 0010 - 0050

NOP. 0006 0006 0.25 00040 0.040 0-005 -
- 0012 - 0012 - 0050

C.P. 0012 0.06 0-35 00050 0.050 0.005 -
- 0.17 - 0015 - 0060

31/2 0012 0015 0035 00050 00050 00005 -
- 0017 - 0025 - 0060

44 0018 0015 0055 00030 00020 00005 -
- 0.22 - 0.25 = 0,70

RR-14 0.08 0.05 0,20 0.030 0,025 0.045 0.008

0.45 0.085
08 0,09 0.09 0,20 0,030 0.025 0,020 0,097
billets
LS 0010 0015 0. {) 00040 00040 - -
0014 - 0.25 - 0, 0

}uS/44 0.14 0.15 D+ 40 0,040 0,040 - -
- 0020 - 0.25 - 0.

31 0.12 0.15 0020 00040 0.040 - -
- 0017 - 0025 - Oo O

52 0025 0015 0070 00030 0.020 - -
- O 35 - 0.25 - 0090

52/2 0.18 015 0690 0,040 0,040 0,774 =
= 0.25 - 0,25 = 1.15

52/3 0.16 0.20 1.20 0,030 0,030 0,02 =
- 00 20 - 0. 40 - 1 050 0. 09

18 0035 0.15 100 00040 00040 - -
- 0.30 - 0.25 - 1.20

60 0.15 0,60 0.040 0,040 =~ -

«0.35 -0.30 = 0.9
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The main part in the Bstimation of the Vorks capacity ( up to
70 % ) comprises steels for cold rolling (C.R.) and for tube pro-
duction (N.P. and steel 37). Steel making of 44 and 52 grades
constitutesup to 10 4 each from the total Estimation of the Wo-
rks capacity.

Steel casting is produced at Continuous Casters, the major
part of the melted steel being cast into slabs (Table 4.2.).

Stee) production and its casting at EISCo.

Table 402.
Total " Slabs Bil1lets  iould L
steel making ladbs llets c; :21108 Losses
t. 84,2,109 504,625 252,874 67,797 16,813
% 100 59,92 30.03 8.05 2.02

It will be indicated below that the general amounts of dz2fects
(up to 20-25%) occur during slad casting on CCs. Great attention
is given to steelmaking with its further slad casting according
to melting and casting teuhnology analysis.

4.,3. The Existing Technology of Steelmaking and Steel Casting.
Steel to be produced by BOF technology and CCs adopted by
EISCo upholds the use of hot metal, scrap and lime as initial ma-
terials. Hot metal is supplied from a blast furnace shop through
a mixer department into a converter sector. Veighing is done when
hot metal is tapped from a mixer. The amount of hot metal usually

makes up about 75 t.. Weighing is also done when scrap is prepa-
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red for tapping into a converter. Its quantity is usually up ¢o
15 t per heat. After materials charging ( screp, hot metal and
slagforming components ) oxygen dlowing of metal is performed to
get a desired composition and steel t°, After the further metal
yield it¢s deoxidation and alloying is done. Argon bdlowing enables
to make averaging of metal composition and metal t°, Steel cas~
ting is performed at the billet casting plants of the vertical
type. The slabs produced undergo examination and surface derlects
removal may be carried out,

The existing technological instruoction for steel melting and
casting requires the following demands for the initial materials
and certain technological operations.

Hot metal aupplied into the converter department must possess
the following chemical composition: 0.50-0.80% Si; 1+40-1.8% .in,
not more than 0.045% S and not more than 0.55% P. Before pouring
hot metal into a mixer a thorough removal of the dlast furnace
slag from the ladle should be performed.

Serap st not contain either !'i or Cu, fine scrap ( less than
300 x 300 x 690 mm ) must be specially prepared (packed). The
use of wastes of unknown chemical composition is not admitted.
Scrap preparation must provide the total amount of charge in two

scoops maximum.

Lime must be freshly burned, with piece sizes 5-60 mm.Ca0 con~
tent in lime must not de lower than 85% and the quantity of non~
conditioned lime ~ not higher than 155. Deoxidizers must be dry
and their piece sizes should dbe 10=100 mm.
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Converter charae

— —

After the previous heat output, 2-=3 t of lime or 1t of dolomi~
te and 1-2 ¢t of lime is charged into a converter. Then scrap
charge is performed, its amount is up to 15 t and it is deter-
nined by the chemical composition of hot metel, durability and
the converter lining t°. The quantity of the poured hot metal is
determined by the amount of the converter charge which must con-
stitute 90 t. It should be mentioned that the existing technolo-
gical instruction is oriented at the converter operation - ith the
overcharge according to its project capacity (82 t).

— I - a— —— - ——— o~ ——

According to the instructions oxygen metal bdlowing should be
performed in two stages. The first period duration lasts for 14~
15 min. Vithin the first 5 min. the lance level above the metal
level should be kept within 1.6-1.8m and then 1.1-1.3m. During
the first period the lime addition is planned providing slag yi-
eld with the basicity not lower than 2.5. Metal t° at the end of
the first period must not de higher than 1,560°C., When the first
period is aver it is necessary to remove slag as much as possidle

Before the beginning of the second blowing lined slag additi-
ons and other slagforming components are introduced according to
the yield of the final slag which must not be less than 4.9 . The
end of blowing must be determined according to the necessary am-
ount of the consumed oxygzen. it the end of blowing the selection

of metal terts and t° measurements must depend on grades of steel
and a type of continuous casting and must b@ within the data gi-
ven in the table 4.3.
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Table 4,3
The required metal t° before steel tapping.
Grades of steel Casting into
to be cast e -
slabs billets
C.R. $ N.P. $ 37 1 .65""1 .670 1 .660.1 .68"\

443 52/3; Al killed

— —_— - ——— —_— —- -———— -—— ——— o ———

In case of one-strand slab casting machine steel t° increases
by 10 degrees.

In case of getting unsatisfactory danta of temperature, carbon,
sulphur and phosphorus, oxygen metal blowing is carried out; in
the latter case lime is added. Cooling of overheated melts is pe-~
rformed with lime addition.

iletal tapping and deoxidation

Theduration of the heat tapping must be 3-7 min. Steel is de-
oxidized by ferromanganese, ferrosilicon and aluminium, adding
them into a ladle after it has been filled on 1/3.

The quantity of the added materials is determined by the fol-

lowing formulas p 3i-(a=b) - 190
T S

where M - 1liquid steel mass
ay t, ¢ <~ elements content in the steel, in a metal defore tap-
ping, in ferroalloy
Y ~ the extent of ferroalloys adoption (80% - for ferro -~
manganese, T70% - for ferrosilicon.
The quantity of aluminium makes up 400-600 gr/t while casting
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steel into slabs.

Lrgon metal processing is performed by dlowing through the plu-
nged cylindrical lance. Blowing is done with the intensity of 1.0
-1.3 x 107 /4% per min. Blowing duration is corrected according
to the temperature of the yielded metal within 2-7 min.

When the dlowing is finished the temperature of the metal is
measured and it must correspond to the requirements for the oon-
tinuous casting.

.continuoua steel casting is performed producing slabs and bil-
lets. The tememh&e of a metal in a ladle before casting into
slabs must be 1,610-1,630°C, ina tundish 1,540-1,560°C. Casting
is done with an open stream and 24 mm nozzle diameter of a tun-
dish. For lubrication of the mould's walls synthetic oil is used.
As 1t was mentioned above the operating casting speed - about
0.65m/mir.., the frequency of the mould oscillations equals 30-

35 osc/min. The secondary slab cooling zone is performed with wa-
ter, with the total water expenditure 38 x/h, it being divided
into three sections. When continuous steel casting is made by me-
ans of subsequent heat method, first the speed of casting deorea-
ses up to 0.2 m/min. and then after ladle replacement it increa-
ses up to the operating speed.

According to the grade of the melted steel certain changes and
amendments are made in techmological instructions of steel melting
and casting. Particularly, when steel 52/3 is produced slag pum-

ping-out before metal tapping is supposed to be done, ferroalloys
addition is made in the following amounts: ferrosilicon - 100 kg
aluminium - 100-130 kg. per melt. Metal casting should dbe perfor-
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med with the protection from secondary oxidation with slag appli-
cation, casting speed constituting 0.5-0.6 m/sec., metal tempera-
ture in & tundish must be 1,520-1,540°C. "hen 44 steel grade is
to be cast its temperature bdefore tapping must de 1,630-1,550°C
and in & ladle before casting 1,6)0-1,6200C, Casting speed is re-
commended to be 0.6~0.7 m/min., not lower than 0.4 m/min.

4.4. The Existing Control Scheme and Products Quality Indicators
The initial quality control of the melted steel and casting
slabs and billets is carried out on the analysis basis of the pre-
sent tecimological documentation - "subsequent heat" and steel ca-
sting logs.
The steel melting logs should include:
1. Initial materials data:
=hot metal composition and t9;
- the quantity of hot metal and scrap;
- the quantity and time of the addition of definite portions
of slagforming materials ( lime, bauxite and others ).
2. Mode of metal blowing data:
= lance replacement during melting;
- oxyzen consumption and oxygen pressure in a pipe in front
of the lance in the course of melting;
- data of the bdlowing situation and slag pumping-out.
3. Melting t° mode.
4., Deoxidation mode.
5. Chemical analysis data of the metal samples.
6. Deviations from technology and in the operation of mechanical

equipment.
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The steel casting log ahould include:

1. Casting t° mode ( metal t° in a ladle and in a tundish du-

ring casting ).

2. The description of the metal stream behaviour and the chan-

ge of the metal in a mould in the course of casting.

3. Casting speed alterations data.

4, Viater consumption data at a secondary cooling zone.

5. Time, duration and the reasons of casting cessation.

6. ilechanical equipment operation data.

Estimation of the slab quality is made according to:

1. Chemical eaalysis of steel - no deviations from the given

data indicating components in Table 4.1 are admitted.

2. Slabs sizes must correspond to the following requirements:

thickness 120-17) mm

width 500~1,070 mn

length 5,500=67) (reduction of the slab length up to
5,77 mm 1s admitted).

The estimation of sladb quality is made by visual control. The
presence of non-metallic inclusions, porosity, axiasl cracks, lon-
gitudinal and transversal cracks, belts and blowholes on the sladb
surface are registered ( £ig. 4.1, )

Cualitative slabs must not have ( according to visual estima-
tion ) exfloitations and their surface must be free from the abo-
ve-mentioned defects.

In case of defects presence their removal by cleaning is ad-
nitted. ™he depth of the produced cleaning must not exceed 20 mm
and 10 nm on the wide and narrow slad face respectively.




' MMOSCOW
\ . Institute of

|- steel and
- Alloys
— = =
on slabs on billets name of defects

Longitudinal cracks

on the sides (faces)

Longitudinal cracks

on the edges

Transvercal cracks
on the sides and

edges

Transversul and lon-
gitudinal cracks on

the faces

Belts

1+

SEERE
& @\D0E

"i-, 4,1, #w,b,c,d,e

Some defects of continuous cnating metaol.
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Slag inclusions

b
Gas blow-holes
in the cross-sec-
tion and blow-

g holes discovering

' on cleaning
t/

Shrinkage cavita-
tion

h
Axial and cent-
ral cracks

J

Fig.4.1. f,g,h,)

Some defects of continuous casting metal.
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Depending on the results of the slab quality it may be classi-
fied into the following categories: A - qualitative metal without
external defects; B - slabs corresponding to the above-mentioned
conditions after mechanical socarfing, or C -~ defected slabs.

The system of the steel casting shop operation analysis comp-
rising a week report of the shop operation results and the rece-
ived data analysis were worked out at EIS5Co Works.

The following activities are dcve weekly:

- analysis of the initial materials quality: iron, lime, oxygen;

- analysis of the materials consumption per heat;

- bYlowing duration, the amount of dlowing periods, the reasons
vf reblowing, melting t° mode;

- analysis of yielded metal:

a) reasons of overheated metal output;

b) reasons of metal output with the increased P and S content.

The following data are available in the weekly report: lielting
according to the grades of steel, distribution of melted metal
into continuous casters. Steel powring mode and the operation of
the mechanical equipment shop are described in detail.

A monthly enalysis of the shop operation is done according to

the same scheme.
Por example, the results of the shop opuration analysis in De-
cember 1988 has shown:
Total amount of heats - 1,921
including poured: into slabs - T
into billets ~ Do
into moulds -~ 49
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reported into a mixer because of un-
prepared steel pouring department - 6
rejection - 2
Total amount of steelmaking made up 70,400 t ( compared with
the data in November 1988 - 70,782 ).
The distribution of the melted steel acocording to the grades
of steel and metal yield ( category A + B ) when poured into slabs:

— - - e - - s e e e tm——— - me— e e e e e e ———. e ——— e e = ——

steel CeRe NoPe 37 44 Al 52/3 Cold total
killed stamping

——— - — -— . - crmriam s mimn —

Melted, t 15,575 12,230 6,890 6,775 200 53 1,205 42,928

Yield, % 82.5 81.5 83.3 76 =~ 98 74.4 81.19
(A+B)

Due to the above-mentioned data of sladb casting and the analy-
sis of the main reasons of the defects in 1986-88 (Teble 4.4) it
should be stated that the main reasons of unsatisfactory slad pro-
duction quality are connected with the presence of hlowholes and
non-metallic inclusions ( defective schemes, fig. 4.1. g, h ).

A consideradble defected slabs percent was received due to the
belts (4.1. e) and cracks ( defective schemes, fig. 4.1. &, b, ¢ Y

Analysis of the control scheme and the quality production esti-

mation in BOF enables to state a high level of the observation sy-

stem, presentation of technological requirements implementation,
raw materials quality, declines from techmology and deviations in
equipment operation. A large amount of the available statistic da-~
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ta of BOF operation, being thoroughly processed, enables to work
out valid recommendations both for existing technology improve-
ment and for further development of the future new technologi-
cal trends in Works steelmaking.

Table 4.4
Slab quality estimates in 1986-88.
Faotors 1986 1987 1988
1. Production, ¢ 453,330 402,097 483,614
2. Category A slabs,’ 34.6 46.5 41,2
3. Category B slabs,’ 41.5 33.0 36.0
4, Cate C slabs,®
defeg:ge 2305 20.1 2204
Defects reasons,?
blowholes 907 8.2 8.5
non-metallic inclusions 5¢9 4.9 6.7
belts 505 501 407
chOkB 1.2 009 1.8
other 1.2 1.0 007

5. Techmological losses,.’ 0.4 0.4 0.4

— - - - — e e e e o e . - PR —
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5« METHODS OF STEEL QUALITY ILIPROVEE:T IN THZ EXISTING
STEEL PROMICTION

5.1. Tactors Analysis Affecting Steel Quality (due to the
Adopted Technological Scheme of Steel Production).

The general feature of the converter secondary processing at
EISCo Viorks is secondary processing of iron with the increuased P
and in content. Wide literature findings and industrial experie-
nce of secondary processing of hot metal with the high content of
one of the above-mentioned components are available in / 1 - 6 /.

One of the conditions to get positive technological results
when hot metal with the high P and in undergoes secondary proce-~
ssing and in case of conventional secondary hot metal processing
application is charge composition stabilization, hot metal in pa-
rticular. However, the hot metal composition analysis (Table 5.1)
hag shovn that basic components content may vary in a very wide
range., Particularly, in December 1988 (Table 5.1) P content cha~
nged from 0,32% to 0.48%, in content - from 1,06 to 2.337, siliecon
- fron 0,30 to 1.07%, carbon - from 3.60 to 4.72% i.e. components
content variation mekes up 57, 129, 257 and 31 relative percent
from the minimum level respectively. Such composition fluotuati-
ons lead to changes in input data of the heat balance: working
with the minimum impurities content, it is necessary to burn up
to ¥ iron to provide the desired temperature. If the impurities
content in hot metal decreased to the maximum content then metal
overheating at the end of blowing may reach 40-50° above the re-
quired tempsrature. Only in some cases hot metal content corres-
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ponded to the technical instructions predetermined by the shop
construction Project and 13.1-37.7% didn't correspond to the exi-
sting technicel requirements (Table 5.2). A number of research
carried out earlier at the Yorks contains information of iron co-
mposition instability / 7, 8 /.

Negative influence of the mixer slag charged into the coaver-~
ter should be observed. According to the estimation / 8 / the
averuge quantity of the mixer slag charged with hot metal into
the converter makes up about 2.5 t. That decreases final slag ba-
sicity to about 2.5. Taking into account low lime quality, lime
oconsunption increase by 2-3 kg/t of steel may be observed. .ore-
over, mixer slag introduces a certain amount of sulphur equiva-
lent to its content increase in iron by 0.010-0.015%. / 8 /.

The quality of the lime used is unsatisfactory (Table 5.3) 5~
12.5% of its used quantity corresponds to the technical instruc-
tions (Cad content in lime is more than 85%). Analogous data can
be iound in works /7, 8/.

Scrap consumption per heat { and correspondingly hot metal co-
nsunption ) according to December 1988 report was changing within
wide range (Tables 5.4, 5.5). A considerable amount of heats
(16.2-24.,10%) was done without scrap and up to 9.¥% of heats with
the use of so~-called liquid scrap ( yilelded metal which was not
supplied for pouring due to organization difficulties or faults
in continuous casting department ). Mn the whole in 1988 the scrap
portion in metal charge made up only 8.7% which is sure to be a

very low indication as compared with the conventional range 23~
262 / 3 /v
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Table 5.1
Hot metal consumption supplied into the converter department
in December 1988 ( according to weekly reports ).

e ——— e e -—— - - ———— m —— e —— . = e —————

Week Component content
T 6- si Mn P S

average 4.07 0472 2.03 0.29 0.039

I max 4.47 1.04 2.33 0.43 0.065
min 3.64 0.45 1.69 0.36 0.029
average 4.05 0.65 1.97 0.38 0.043

II max 4.44 1.7 2.19 0.43 0,058
min 3.75 .34 1.06 0.35 0,033
average 4.10 N 66 1.97 J.39 0,039

III max 4.72 .99 2.32 .48 0,057
min 3.60 0.27 1.44 0.34 0,027
average 3.97 0.7 1.75 0.39 0,039

IV max 4.25 1.07 2.10 0.42 0.056
min 3.61 0.30 1.43 0,32 0. 025
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Table 5.2
Quality of hot metal supplied into BOP in December 1988.
( according to weekly reports )

-——— - - —— _—— ——- v - ai . e - B

Week Amount of hot metal tests analysis, %
corresponds to corresponds to doesn't correspond
the Project the shop TI1 Tl
proposals
I - 8609 1301
11 3.2 62.3 37.7
III - T4.7 25,3
Iv 5e2 7.4 22.6
[}
Table 503

Lime quality ( according to weekly reports data, December 1988)

Week Lime quality with Ca0 content, %

12-70 71=35 70-80 89-85 8%
I - 602 5000 31.3 1205
II 602 - 4307 4907 6.2
III 563 195 47.4 3.6 5.2

v 18.2 18,2 36.4 27.2 -

————— B - - - - - - - ——e e - — . A o ———— — o —-
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Table 5.4
Scrap expenditure per melt ( according to weekly reports,
December 1983 )

- - an - - - D - Dy S, - > - - -

0 up to 5 5.1-19 10,1=15.3 15,120 more 1liquid

than  scrap
20
I 23.2 3.0 6106 1001 - - 2.1
II 1602 1107 4303 1904 - - 9-3
III 2400 3.60 4305 2204 0-4 - 6.1
IV 1905 17.3 5602 107 - - 5.6
Table 5.5
Hot metal consumption per melt
Veek Hot metal consumptibk.vf |
%88; than B 79-75 76-8) £1-85 86-95 g%re than
I Ded 201 57.8 32.5 7.2 -
II 008 2.4 490 9 4303 405 -
III 1.2 14.1 3509 44.7 8.3 -)07

v 1.6 2.7 535 34 7.6 0.5
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Low and unstable scrap consumption leads to heat balance vio-
lation, ensures metal overheating and, as will be shown below,
leads to a number of negative consequences. The zalculations made
enadble to consider that during a converter process in EI5Co BIF
up to 25.. scrap may dbe used for obtaining yielded metal tempera-
ture up to 1670°C,

Thus, charge materials quality and converter charging analysis
enables to state that the above-mentioned parameters vary in ext-
remely wide ranges and often exceed the ranges established by
existing technological instructions. Certainly, it doesn't enable
to werk out uniform strict technology of the melting process. It
ensures deviations from the adopted bdlowing and further operations
modes and affects the yielded metal quality.

The consequences of deviations from initial materials and mel-
ting charge requirements to a large extent affect the dlowing mo-
de.

The selection of secondary hot metal processing technology 1s
known to be influenced by its sulphur, phosphorus and manganese
content. Simultaneously removal of componeass in a converter cau-
ses a number of difficulties so that it ensures steel production
either by duplexing or by a double-slag process /1-5/ with the ini-
tial slag removal and further semiproduct blowing to yield a de~
sired steel content. According to EISCo's technological instructi-
ons a technological scheme with a single slag removal should be im-~
plemented. However these data in Table 5.6 show that in most ca -
ses a number of bdlowing periods makes up 3-5 and only in 0.4-4.1%
it was possidle to follow technological requirements and to per-
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form melts without redlowings.

Practically 100% of heats with reblowing correction affect the
converter output because of lengthening the heat sycle duration
(Table 5.6) which in 1988 constituted 50 min. in average, a con-
siderable number of heats (896) having the duration more than 69
min, In its turn it decreases oconverter lining durability (a num-
ber of heats during intermaintenance period).

Acoording to the reported 1988 data lining duradility made up
166 heats in average with maximun and minimum durability 221 and
125 heats respectively. Converter steel production with rebdlowing
leads to metal overheating - due to the reported 1988 data metal

temperature in the converter reached 1,710° C, and that also re-
sults in metal overoxidation.

Table 506
Amount of blowing periods ( due to weekly reports for
December 1988 ).

Week Amount of bdblowing periods
; 2 3 4“ 5 more than 5
-:-[-' 0 0.4 21,1 6.3 17.5 0.8
II 0 2.0 27.5 61.5 8.1 0.8
III 0 4.1 29,7 53.3 11.8 1.2
v 0 2.7 33.5 557 8.1 -

- - - - - R — e e e - f—— e —
— P — e - e -
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The main factors influencing metal components oxidation speed
proportion, slag formation and metal temperature variation during
heat are oxyzen bdlowing of the melt mode ( lance height variati-
on above the netal level, oxygen consumption and its pressure ),
slagformning components addition mode.

The reported data analysis towards oxygen dlowing of the melt
mode have indicated the absence of stable oxygen pressure in pi-
ping (Teble 5.7) and also considerable fluctuations in oxygen co-
nsunption per heat (Table 5.8). It should be stated that the total
oxysen consumption considerably fluctuates even during practically
equal melting charge. For example, with equal hot metal compositi-
on and consumption and also with equal scrap consumption during
NN 113,796 and 113,802 heats, the difference of oxygen consumpti-
on has made up nearly 39-.

The increased oxygzen consumption results in the waste of iron
increase, decrease of liquid yield, metal overoxidation and over-
heating. Literature findings of high-phosphorus hot metal seconda
ry processing /1-3/ and FISCo Vorks operation experience have
shown positive influence on the remaining part of the final slag.
In this case 1.5-2 t of 1ime is charged into the converter before
the metallic charge loading. This method in combination with con~
sequent nelt blowing with the higher lance level promotes rapid

formation of highly-basic slag and relatively low temperature co-

nsexrvation and provides a good degree of metal dephosphorization.
High slag basicity conservation during blowing by appropriate lime

additions promotes reaching the aim.It has been established by the
works trials that during the first period of melting the P oxidati-
on speed is maximm and reaches 0,710 - 0,015 % min,
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Table 5.7
Oxygen pressure (atm) December 19688 report.
Week Oxygen pressure, atm
13 14 15

I 0.8 43.5 55.7

II 1.6 66.4 32,0

III 0.8 T1.1 28,0

v 4.8 5843 36.9
Tadble 5.8

Oxygen consumption per heat (m7) December 19688 report.

m——— e - - . e = — R -— - — e - ree——— - —— ————— - . —a—

Veek Ixygen consumption, 33

4000=5000 5071 «=5509 5501-6000 6701=T200 T20)

PR, —— - e v m e v e e . r————re

_— - -

1 5403 4305 101 004 -

II 84.4 1408 - 0.4 004
111 64.9 35.5 1.7 0.8 0.4

Iv 8708 1202 - - -

- .o - - —
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Yhen the first period of blowing is over it is important to get
a maximun removal of the initial slag. That enables to provide
good metal dephosphorization and its chemical composition cor-
relation with the given requirements duriag the second melting
period in case of new hishly-basic slag formatiom.

Noticable deviations in charge materials composition and con-
sumption as well as the absence of a stable mode of the melt blo-
wing in the converter ensure consideradle fluctuations in slag
composition in the course of blowing. Typical fluctuations of me-~
tal composition, slag and melt t° in the course of melting due
to data /8/ are given in fig. 5.1-5.4. Slag phase composition and
certain components content alteration in the final slag of the co-
nverter process are analyzed in detail in the work /7/. As fol-
lows frou the given data both the final slag composition and oth-
er basic techmological parameters are characterized by a high deg-
ree of instabilit;. For example, Ca0 content in slag fluctuates
within 27.4 - 59.745 range, Sid) content - 5.94 - 26,08%, FeO
and Fep 03 content within 5.33 = 31.25 and 2,42 - 14.82/ . respecti-~
vely. A high degree of slag oxidation (an excessive Pe oxides co-
ntent in slag) is known to be accompanied by an excess of oxygen
content in a metal which in its turn eusures as will be shown be-
low a number of defects in ylelded steel after its crystallizati-
on. Metal and slag tapping and metal deoxidation during tapping
are the final stages of steelmaking. To yield purer steel and to
prevent rephosphorization it is necessary to prevent slag occure-
nce in a ladle. lletal tapping must be organized as fast as possi-

ble and with a compact stream, Deoxidizers quantity is determined
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Fig.5.1. Variation of chemical analysis and temperature

of the melted metal bath with blowing time.
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by culculations taking into account a remained elements content
in the melt and the loss of the element depending on the bdath
oxidation, At that period, if necessary, steel carburizing with
coke is performed.

In the course of argon blowing metal composition and tempera-
ture avereging is done on a special equiment with the system of
bunkers and dozimeters. It should be noted that a considerable
amount of the converter slag in a ladle often leads to rephospho-
rization and P content increase in a metal up to 0.015%.

After the metal in a ladle has been transported to the CC (co~
ntinuous caster) the received slabs quality is determined both by
the recelved liquid steel quality and by casting technology and
conditions, The research carried out under the guidance of the
VWorks specialists and El-Tabin Institute for Metallurgical Stu -
dies / 9 / has enabled to establish the influence of the steel
chemical composition ( C, P, S, Ilin content ) on the slab defect
presence such as longitudinal crack,

Based on the research results it was stated that the minimum
defects percentage is observed when C content equals 0,09-0,11%,
defects percentage is reduced with the S and P content decrease
and it increases with the Iin/S relation decrease. The mentioned
relation 1s observed to be the minimum defects pereentage.

The increased defects with C content less than 0.09% in work
/ 9 / are connected with the caused increased oxygen concentrati-

on in liquid steel and with its corresponding increase of non-me~
tallic inclusions contamination during continuocus casting process.
Defects quantity increase with C content higher than 0.11:% (£1g.59),
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In the authors' opinion it may be caused by the 6 -/ phase tren-
sformation with the corresponding volume decrease and metal shrin-
kage. The given data (£fig.5.6) enable to state that with the to-
tal S and P content less than 0.05, C content influence on de -
fects quantity due to longitudional crecking is practically ab-
sent., In this connection the authors / 9 / consider it reasonable
to 1limit the total S and P content with 0.05% level when produ -
cing steel with C content more than 0,15%.

As steel plastic properties deteriorate with the P concentrati-
on increase, defects quantity inorease due to longitudinal cra-
cking takes place (£1g.5.7). Analogous influence on defects quan-
tity is caused by S content in metal (£13.5.7).

A considerable influence of iin/S ratio on slad quality (£1g.5.8)
as the authors / 9 / suggest is the result of the austenite grain
~-boundary miorocracks formation.

The analysis of continuous casting slab quality has enabled to
find the presence of a large amount of slabs with belts which re-~
sult in the interruption of metal feeding in a mould. letal over-
heating particularly together with the insufficient tundish pre-
heating ( the amount of overheated melts makes up 20-25% ) is ac-
companied by the increased wear of the tundish nozzle which results
in dincorrect metal stream formation.

The absence of the metal stream protection during casting re~
sults in intensive oxidation as mentioned in the work / 9 / on 14~
terature data basis / 11, 12 / is followed by a considerable inc-

rease of non-metallic inclusions amount / 13, 15, 16 /, and also
by the dlowholes / 14, 15, 16 /.
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The state of the metal in the mould also affects the sladb sur-
face quality. When casting with throttled stream metal splashes
adhere to the mould walls and cause the formation of the oxi -
dized film on the metal shell. .ioreover, a considerable metal te-
mperature overfall in a ladle and in a mould results in further
oxidation processes in a mould of the previously introduced deo-
xidizers and C.

These factors affect unsatisfactory slab surface quality and
blowholes formation.

The slab surface quality is to a great extent affected by the
processes taking place during melt crystallization: the formation
of a solid metal shell, metal shrinkage, its movement during pul-
ling. At the beginning of metal crystallization the shell is fo-
rmed lower the liquid meniscus as a result of the direct contact
with the water-cooled mould wall. "hen the metal is rapidly coo-
led the process is followed by the o)-a' phase transformation with
the metal shrinkage and gap formation between the mould wall and
the sladb crast /fig. 5.9, 5.17). At lower levels the skin may ad-
here to the mould well due to the ferrostatic pressure increase.
The reheating in its turn leads to lowering of the skin and the
increased ferrostatic pressure can push the skin in the gap regi-
on back toward the mould wall and the skin in the gap region can
be thinner.

The conditions of continuous casting slab secondary cooling gre-
atly affect bdoth the surface formation and the inner cracks. Slab
water cooling in FISCo Works is followed by drastic thermal stres-~
ses and leads to fluctuations of different sladb parts cooling.This
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results in sufficient thermal stresses inside the slab followed
by crack formation.

5.2. Experts _Evaluation of Factors ( Experts: EISCo Experts,
Soviet Experts ).

A questionnaire including the main questions was worked out by
a group of the USSR and Egyp* specialists in steelmaking to find
out the influence of a number of technological factors on oxyzen
converter steel and continuous casting ingot quality:

1. A number of technological factors influencing detrimental
impurities content and their presence form in steel;

2. Technological factors influence on continuous casting ingot
defects.

The whole questionnaire list and also some answers of the ex-
perts are given in Supplement 1. ..15A specialists worked as the
USSR experts. These are the leading professors and scientific re-
searcher in Metallurgy of Steel Department and also Lipetsk Iron
and Steel Plant specialists working in its research centre, qua-
11ty control and technology sectors. Technical engineering staff
from Bgypt Iron and Steel ?lant working in BOF and quality cont-
rol department took part in the research.

Questionnaire results processing makes it possidble to state:

1. Relative influence of several factors on detrimental impuri~
ties content and iAe presence form in steel.

1+.1. According to experts’' opinion final sulphur content in me-
tal melt processing in a ladle is consideradbly influenced by si-
1icocaloium, lime or artificial slag and basic slag before tap-
ping. A number of experts mentioned a considerable influence of
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final slag cut-off, metvl temperature and oxygen content before
tapping.

1.2. Quantity of phosphorus final content in metal the specia-
lists associate first with steel oxidation and final slag basici-
ty degree and the possibility of the latter to be separated from
a metal when tapped.

1.3. The required nitrogen, oxygen and hydrogen content in ste-
el may be achieved both by liquid steel vacuum processing and by
argon melt blowing and metal protection from secondary oxidation,
besides oxygen content is affected by final carbon content and me-
tal temperature.

1.4. Non-metallic inclusions presence foru ( primarilly oxides)
may be influenced by optimum organization of the melt final deo-
xidation method, by ladle metal processing ( artificial slag pro-
cessing, argon bdlowing, lime and silicocalcium injection in a la-
dle ) and by protection wethcds from secondary oxidation.

2. On geveral factors influence on continuous casting defects.

2¢1. Experts consider the following factors to determine conti-
nuous casting ingot quality: metal temperature when cast and cas-
ting speed. It is thesge factors that influence greatly longitidi-
nal, transversal and internal cracks presence as well as pores,
blow holes presence and . ~ {he segregation degree.

2.2. Sulphur content in metal considerably influences crack
presence and segregation degree. Carbon content influences less

its defects presence. But some specialists underlined this factor

influence on blow holes presence.
2.3. Experts consider secondary cooling character to influence
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greatly the possibility to form blow holes. This parsmeter ren-
ders less influence on other defects.

2.4. Secondary cooling character affects considerably such de-
fects presence of CC ingot as longitudinal, transversal and inter-
nal oracks.

2.5. Mould oscillation character ( frequency and amplitude )} af-
fects cracks formation on ingot surface first of all transversal
cracks,

2.6. Experts think metal stirring renders weak influence on in-
got quality.

Thus, results of experts estimation make it possible to reveal
a nunber of factors influencing considerably metal quality smelted
in oxygen converter and cast in CC. In most experts' opinion such
factors are:; ladle steel processing ( its types variations ), steel
oxidation degree and its temperature as well as final slag dasici-
ty, its possibility to be separated froum a metal aduring tapping.
These factors render a decisive influence on detrimental impurities
content in steel and their presence foru.

CC ingot quality ( cracks and pores presence, segregation deg-
ree ) is affected enormously by casting conditions ( metal tempe-
rature and casting speed ) and also secondary cooling character,
Experts stress considerable influence of metal secondary cooling
on a probability to form blow holes.

5.3. The Ways of Steel Cuality Improvement of the Current

Production.
5¢3¢1. The Ways of Defects Decrease.
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As it was stated in item 5.1. the adopted FISCo techmology, the
worked out technology and the applied equipment define & number of
factors influencing the quality of the yield production.

The step-by-step operation analysis of the technological sche-
ne makes it possible to determine a number of certain instruoti-
ons for the produced steel quality improvement without sizable
capital investments. The general instructions are based on the ne-
cessity to observe atrictly the existing technology and its imp-
rovement in a number of cases.

Initial materials preparation

Work on chemical hot metal and lime composition standordization
and on the quality of the charged hot met~)l and scrap stabilizati-
on should be carried out. The implementation of the work will en-
able to work out a more rigid technology with narrow limits with
regard for lime and oxygen expenditure per melt. Initial materi-
als composition standardization and stringent control at charged
materials and oxygen expenditure make it possible to forecast se~
niproduct composition and the produced steel on the basis of the
balance accounts using the available shop equipment.

As stated above the reproduced £ISCo hot metal is characterized

by the increased im and P content. Oxygen converter is not known
to be the optimum unit for sulphur removal from the metal. Be-
sides the elaboration of the techmological variants of steelma -
king from iron being preprocessed - desulphurization, dephosphori-
zation and demanganisation - should be specially examined. At pre-
sent the installation for iron desulphurization is heing at the
final stage of comstruction. This will enabdble to improve the ini-
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tial materials quslity to a certain degree. However for the esse~
ntial hot metal quality improvement and for the consideruble fur-
ther ateel production technology simplification the possibility
of preliminary hot metal demanganization and dephosphorization de-
mands special attention.

The existing trial and industrial trial elaborations / 17, 18,
25 / show the possibility to decrease phosphorus cuantent in hot
metal to using as reagents Ba CO3. It should be stated that in ca-
se of predephosphorized hot metal use at the EISCo BOF the techno-~
logy of converter reproduction receiving naturally lin alloyed ste~
el ( 09r2C, 35/C and others ) may dbe worked out.

The available literature data applied for the Kremikov Iron
and Steel Works (Bulgaria) indicate high efficiency of such a te-
chnological variant / 19 /.

Ore deposits introduction with the content higher than the pre-
sent Mn content will ensure hot metal with 3-57 Mn content produc-
tion. Besides the possibility of hot metal predemanganization with

seniproduct manufacture that more completely corresponds to the
oxygen convert~r reproduction requirements should be underlined.

The above-given technological variants of the preliminary hot
metal processing and the optimum variants selection require a mo-
re profound techno-economic and experimental elaboration.

The charged materials quality improvement wnl.nake it possi -
ble to deorease considerably the quantity o r slagforming materi-
als and slag that will have positive influence on the yield in
the oxygen converter process. Hot metall reprocessing that under-
goes predephosphorization or predemanganization will enadle to de-




'Moscow
' . Institute of
; §teel and 73
"Alloys

cline a two-slag process that will reduce considerably heat dura-
tion and will encrease shop productivity. Lime quality improve-
ment will positively influence the melting heat balance and will
enable to increase scrap portion in the metal charge.

Oxygen converter reprocessing and CC

———

First, the necessity to work with the remaining quantity of the

finished slag and its application as a slagforming material in the
first period of heat should be mentioned. The available data / 7,
3 / and the examination during __e plant period enable tr siate
that a certain portion of heats is performsd without the remain-
ing slag.

Oxygen expenditure heat introduction should be specially empha-~
sized. The existing shop equipment and the static balanced model
of the oxygen converter process enable to calculute the necessa-
ry oxygen expenditure both at the first heat period and while ha-~
ving semifinal metal probe analysis and at the second heat period.
The tact that af present heat process is performed without oxygen
expenditure account results in unsatisfactory metal quality produ-
ction at the end of the second metal blowing period and in the ne-
cesslty to carry out correction rablowing. This leads to & conside~
rable metal quality decrcase resulting in netal overoxidation, in-
creased contamination with non-metallic inclusions.

Heat temperature nmode is extrenely important for the melted me-
tal quality. Metul overheating in & converter results in its ine-
roased non-netallit inclusions and uses contamination. Further,
during pouring and crystallisation 1%t results in a number of .,lad

defects occurrernce. Nue to the ahove-mwntioned data converier re-~
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processing technology should be optimized from the point of heat
balance, thus rigid, limited metal temperature range both during
melt blowing and metal tapping should be determined. This may be
achieved, for example, by scrap portion increase. Precise acrap
quantity calculation per each definite heat with regard for the
yielded iron composition, temperature and quantity is poassible
due to the existing 30F model.

As stated in item 5.1 rephosphorization is often observed in
the process of metal deoxidation and its argon processing. To pre-

vent this phenomena certain measures should be taken to protect
slag getting into the ladle. The existing methods / 20, 21 / ena-
ble to cut off slag sufficiently and to increase essentially me-
tal quality both at the expense of the final P content decrease
and non-metallic inclusions contamination decreese. Slag quanti-
ty decrease in a ladle diminishes considerably deoxidizers waste
and stabilizes deoxidation process.

The existing metal deoxidation technology is based on the deo~
xidizers quantity calculation according to the metal chemicual ana-
lysis without regard for oxidation. Howevzr the present elabora-
tions / 15, 22 / make it possible to control metal oxidation be-
fore tapping and in a ladle before and in the course of argzon
processing. In a number of enterprizes these data are successful~
ly applied for precise calculation and deoxidizers correction /23,
16/. Purther metal oxidation control and its regulation during co-
ntinuous steel casting enable to improve cast slabs and tillets
quality / 26 /, particularly to decrease defec%s percentage beca~-
use of blow holes and the inoreased quantity of non-metallic in-
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clusions presence.
The presence of a great defects percentage received after ste-
el crystallization at continuous casters enables to state the ne-

cessity to improve steel casting technology.

5¢3.2. Hethods of dperating Steel <CQualities Improvement.

As stated in chapter 3 operating steel properties level inpro-
venent may be achieved by secondary metallurgy. In particular, we
think that accoding to the '"iI7Co conditions secondary metallurgy
aimned at steel desulphurization should be emrhasized. At low su-
lphur concentratioa the present sulphide quantity influences gre-
atly the relative decrease of the transversal cross-section during
rolling. Such unwanted phenomena as hydrogen cracking and cracking
caused by stress corrosion that depends sz sulphur presence in ste-
el may usually occur under certain external conditions. Zesides su-
lphur content decrease up to the least possible level for develo-
ping less crack-forming tendency it is necessary to transfer iin
sulphides into Ca sulphides or sulphide oxides. As it is shown in
various researches such a transformation can be effectively done
during Ca processing / 28-30 /.

Oxide inclusions also render negative influence on steel quali-
ty. In particular, these inclusions presanee leads to contaminati-
on of the pouring tube during continuous steel casting deoxidized
with aluminium. That is caused by solid alumina inclusions deposi-
tion being formed at aluminium deoxidation. The problem may be so~
ived by neans of alumina inclusions transformation into liquid Ca
Al vhich doesn't adhere ‘o the internal tube surface.

Such duta as desulpturization degree reaching 70-90%4 when basie
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slag 1s added into the ladle and simul taneously melt blowing with
inert cases being done is given in & number of works / 31-33 /.
The optimum slag composition should include Ca0d, S10, and A1203 ,
having the proportion ( Cad)/Sifp) : Al;053 = 0,35, The best results
were obtained using slag 67> Cad - 15% CaF, = 20% Al,03 and per-
forming simultaneous argonm melt bdlowing.

To implement the above-mentioned method of steecl quality impro-
vement at EiSCo is not a problen. The additions of the appropriate
slag mixture should be worked out before arzon metal blowing. Ad-
ditional research should be carried out to select the optimum slag
nixture ccmposition and the blowing mode,

To produce qualitative steel with low sulphur content and cont-
rolable inclusions quantity the method of powder metal blowing has
got & wide application. Such mixtures as Ca0 - CaFp = Al303 and
also Ca alloys ( CaCl, CaSi, caal, CaSiAl and others ) and their
nixtures are used as powders. Recently Ca-bearing substances intro-
duction niethods have been worked out which used capsule plunging
and Ca-bearing wire application. According to the method of capsu-
le plunzing Al capsule with casl content is plunged into the ladle
under the hich gas pressure stream. Due to the second method steel
wire with Ca content composition is introduced into the ladle by
means of the drawing mechanism,

Although a8 wire drawing method is generally used to rejsulate the
morpholozy (modification) of the oxide and sulphide steel inclusi-
ons it may also improve desulphurization slag activity.

The formation of the detrimental sulphide and lime inclusions
nay be prevented by Mn and sulphur interaction producing more sta-:




M OSCOW

. Institute of

. §teel and

“Alloys 7

ble and non-deforming MnCa sulphides when CaSi is introduced.That
improves mechanical properties and the ability for shearing proce-
ssing of the finished product. The detrimentsl alumina inclusions
traﬁgér into less detrimental Ca aluminates which results in the
decrease or a complete tundish nozzle contamination removal du -
ring continuous casting. Unlike CasSi blowing, Ca-bearing wire in-
troduction does not cause the increase of N and P conient in steel.

When processed with CaSi wire in a tundish the oxides in steel
possess a finer grain structure than during powder blowing into
the ladle.

At EISCo Ca-bearing wire introduction is more applicable during
argon metal blowing. The eppropriate equipment iy available in the
shop for this purpose. Some additional rcsearch makee it possible
to work out the modified steel processing mode.

Continuous casting metal quality improvement.

At present the mein trends in continuoue steel casting are to
ra’se economic level, to decrease energy consumption, to produce
semiproducts with the cross-section close to the finished rolling.
To follow the above-stated instructions a number of astivities ai-
med at the improvement of the produced continvous casting billet
and at the automatization of the casting process are quite nece-
BBAYY.

Modern continuous steel casting technology includes both aoti-
ons of forming continuous casting billet suriace without defects
( high frequency mould oscillation with low amplitude mode, selec-
tion of slagforming mixtures optimum composition, soft cooling in

Qeccndary cooling zone, cone-shaped mould selection to prevent
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longitudinal cracks formation ) and internal structure formation

( electromagnetic mixing, weak squeesing ). The teohnology also
envisages measures to protect a metal from secondary oxidation
that has & positive influence on the continuous casting slabs and
billets quality and its service properties. One of the primary co-
nditions to produce successful casting is the process parametars
stability which is achieved due to a higr level of modern CCs au~
tomatization,.

Tundish is the first structural CC element which must provide
uniform steel supply into the mould possesses a mixing zone using
additions (microalloying) and operates as a unit for the final
steel refining from non-metallic inclusions. For metallurgical
processes optimization in a tundish it is necessary to decrease
air seizure and secondary metal oxidation, to prevent hollows on
a metal surface, to maximize liquid steel presence in a tundish,
to remove stagnation zones and to provide metal homogeneity coming
into a mould.

The indespensable condition for high quality continuous casting
slabs and billets production is metal protection from secondary
oxidation with oxygen-contained air. Protection makes it possible
to extend steel grades which are cast at CCs and to enhance billets
quality.

To prevent metal stream between a steel casting ladle and a tu-
ndish firebrick tubes in combination with inert gas supply &axre
widely appiied and a conc.derable decrease of the cast stesl so-
condary oxidation and nitrogen absorption is achiaoved.

At a tundish-mould section the metal stream during a large sec~
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tion ingot casting is protected by the plunged tubes, mostly co-
rund-graphite tubes, sometimes using neutral gas. Casting through
the plunged tubes prevents a slagforming mixture drawing by a fre-
ely falling stream, the slagforming mixture covering the metal su-
rface in the mould. lleat isolating slagforming mixtures with Ca(Q -
-3102-n203 base and with graphite content materials additions
are used to protect metal surface both in a tundish and in a mould

Mould oscillation with high frequency (abcut 439 mifi!) and low
amplitude (on the level of 4mm) makes it possible tc reduce conai-
derably the oscillation traces depth where transversal cracks may
be developed as a resuli. The oscillation traces reduction decrea-
ses crack formation and increases external billets surface quali-
ty. Metal level stabilizatior in the mould increases effectively
external billet surface quality /16, 24 /.

Application of the slide gate with plates which undergo vibra-
tional reciprocated motion enables to decrease a crust formation
in the channel gate and to increase the accusacy of the casting
procese rezulation.

In the secondary cooling zone of modern CCs two ~-component
mist cooling instead of watzr cooling finds a wide application
/ 25, 26 /. 1t 48 connected with a nunber of advantagzes of mist
cooling: a wide range of cooling intensity regulatiocn, o rather
wmiform continuous casting billet surface cooliig that prevents
surface defects propacation, a lower water expenditure, ingot co~-
oling peremeters stabilization and a more stable operation of wa-
tor aprayezrs. !iist cooling enadies to reccive batter recults du-
ring oradck-pensitive zteel cacting., At modern CCs ocoling along
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the secondary cooling zone changes smoothly, water supply intensi-
ty regulation being implemented by a special computer programae
with recard for the grade of steel, casting speed, metal tempera-
ture.

Application of the continuous casting billet soft squeezing te-
chnology makes it possible to intensify the replenishment of the
billet solid-liquid zone and to compensate shrinkage processes
that promotes density increase of the billet central =zone with the
decrease of the central segregation degree.

Electromagnetic mixing application is a highly eifective means
to improve intermal structure quality of the continuous casting bi-
llets, It is more expedient to use a combined electromagnetic mi-
xing comprising two or three stages: the first promotes wide and
dense equiaxial formation due to mixing in the mould, the second
ir.fluences a two-phaze crystallization in the central part of the
bloom by means of a mixer placed at the end of the liquid zone oJ
the billet. The third mixer may he also used which lis placed bet-
ween the first and the second ones, promoting additional removal
of central segregation.

To reduce intermal cracks formation and to decrease deformation
in a solidified crust it's advisable to undertulre measures for

swelling linitation making use of a more rigid supporting systom.
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6. STEEL QUALITY C®TROL ‘XI COMPUTEK BASIS

It is known that the high quality of the finished product may
be reached only if it is properly and carefully inspected and co-
ntrolled at all techmological stages. Within this work we consider
a continuous casting ingot as a finished product. In this case the
ingot quality is ensured by the charged materials quality, heat
mode, tapping, metal transportation, its ladle processing and ca-
sting conditions. .

At all technological stages computer application may essential-
ly promote quality improvement.

Let us analyze some intermational experience of computer appli-

cation to control BOF processes for quality improvement.

6.1. Computer Application for Process Control.
Some examples of the international experience.

Metallurgy is knmown to be one of the first industria’ sectors
where in the mid 50-s computers for process control started to be
applied. The first enthusiasm of specialists was changed by great
dissapointment. At present a realistic estimation of computer abi-
lities and difficulties of its application has been formulated.To-
day even in Japan metallurgy is still one of the leading branches
applying computer though such dbranches as electronics, chemistry
and others are extremely well-developed there (£ig.6.1).

Moreover, process control remains the main branch for computer
application.

A lot of positive results of computer application for quality
control are quite well lmown. "e shall give only some examples.




= l !'i"OSCOW
“ i - Institute of

: | §teel and 62
Alloys

W gty

A new computer system khas been developed on Bettelchem Steel
(USA) enabling to improve considerably continuous casting ingot
quality and to lowsr its cost by about 20%. The system is equip-
ped by modern instrumentation. For example, for safe ingot surfa-
ce temperature measurement pirometers with 1ight guides are appli-
ed. A perfect seocondary cooling system that enabled to double the
decrease of the number of dbreaks and to conduct processes when
overheat reaches only up to 27°C. Such a low overheat enables to
obtain the same influence on quality which is usually received by
a liquid metal electromagnetic mixing.

A new integrated control system is installed at the steelmaking
shop K 2 at Kawasaky Steel Plant (Japan). The system based on
53500 Fudsi Denki computer includes the processes starting from
iron processing in mixers and finally dealing with steelrefining.

The system comprises the following 6 subsystems: control of
iron transportation in mixers, iron preprocessinz control, charge
calculations, refining control, general control problems. The sy-
stem has been worked out by the company's staff within two years
and five months. This development gives the example of the integ-
rated approach towards BOF production quality control.

A branch programme of quality control was elaborated in CSSR.
The system is computer~based and comprises 12 main subsystems co-
nnected with modern control methods, standardization, the lasvel of
skills improvement and personnel responsibility.

These few examples show the possibilities of computer applica-~
tions for quality inspection and control. "Idealized" computer ap-

plication scheme can be shown as follows:
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steel 0.67%
electric 0.49%
machinery
transporta- 0.36%
tion machi-
nery
financial 0.11%
wholesale 0.09%%
ard retail Source:
Vthite Paper on Computers,
1983.
petrochemi- 0.03%
cal Japan Information Pro-
cessing Development
Center, Dec. 1983.

Fig.6.1. Percentage of computer expenses against

sales by industries in Japan.
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BOF shop receives the order for the finished products -~ a con-
tinuvous casting ingot of a certain grade and size which suggests
the required mechanical, corrosion-resistant and other properties.
BOF order is formed on the basis of rolling or other products fu-
1filled by the plant order. BOF order may be ziven as a shift, da-
{41y or weekly assignment. To fulfill the assignment in BOF {1t
should be delivered as a shift assignment.

1. One of the first computer functions is to formulate the he~
at shift schedule according to the selected criteria and the limi-
tations available. As a rule, the heats schedule is oriented at
quantitative criteria (output, cost etc.) and at the same time it
should take into aceount quality criteria, ingot layers avoidance,
normal netal oxidation etc.

2. The preliminary assignments calculations for casting and me~
1ting technology.

The assignments include:

- casting mode ( temperature and metal composition during casting
etc.),

- casting speed ( secondary cooling mode etc. ),

- ladle metal processing mode ( temperature, processing time, qu-~
ality and composition of alloying additions etc. ),

- heat mode ( charge components, weizht, blowing mode ~ invensity,
time etc.).

The prelininary assignments calculations may not necessarily be
made on computer basis, they may be presented as technological in-
etructions.

3. Assignment recaloulation of technological stages according
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to real technological variables.

The recalculation is made on the available parameters measure-
nents basis. For example, when there are deviations from the pre-
determined iron or scrap weight, when iron and scrap are delayed
to be fed into the converter, the computer must perform blowing
time and blowing intensity recaloulations. Such & control should
be conincted at all technological stages and according to the ob~
tained results the computer makes corrections of the following te-
clmological modes: according to the blending results blowing mode
is corrected; according to the analysis and metal temperature - de-
oxidation, alloying and ladle processing modes are corrected, ac~
cording to metal conditions before casting ~ casting speed and se-~
condary cooling mode are corrected.

Generally the main objective of the computer is to optimize the
shop operation as a whole; and the influence on the continuous ca-
sting ingot is determined by the priority of the optimization erie
teria selected. If the output and cost are considered to be as ori-
teria then quality estimates may represent limitations or restric-
tions, Quality estimates may be taken as criteria, to de more exact,
some indices characterizing them: metal temperature, its compositi-
on, oxyzen content and others.

As a rule, the optimization problem is solved not in a formali~
zed but in a quantitative way.

It should be noted that the prodlem of optimization was set out
as a rule in a qualitative way.
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6.2. Process Control System at FISCo Yorks.

EI5Co is the leading Iron and Steel “orks in Ezypt as far as
computer application is concerned. Computer application elabora-
tions begun in early 77~s and at present there has been developed
a concept of computerization and it is consequently deing carried
out owing to both the “orks' efforts and IL:IDO projects.

Since November 1987 the process control system on computer ba-
se PDP-11/23 and 24 has been operating in BOF and it realizes a
static model of heat control. Each converter is equipped with ter-
ninals inputing and outputing appropriate information for the ope-
rator.

At present the system performs the following functions:

- heat and mass balance calculations and on this basis getting ca-
rbon content and metal temperature data ( static input-output mo-
del ),

- various data collection and processing, heats, heat log printing
shift, daily and other reports, statistic reports preparation and
others.

At present intensive work of the system functions expansion is
carried out at the VYorks - installation of equipment for gas ana-
lysis and noise intensity measurements within UNDP/UNIDO project
DP/EGY/85/705. This information will serve the basis for the dyna-
mic model which is supposed to be used in the near future.

The system introduction is an advanced step towards works com-
puterization. The results of the system operation are given in
Supplenent 2,

At present the essential feature of the system operation is
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that it performs carbon content and metal temperature forecast by
the end of the first blowing period for slagging. For the sudse-
quent redlowing stage the system doesn't make calculations.

The reason lies in the difficulty of express analysis of metal
and slag and in lack of information on the remaining converter
slag quantity. Naturally, it limitates the possibility to apply
the systenm for metal quality inspection and control.

The system shows a rather high acouracy in temperature forecast
which is extremely important from the point of metal quality con-
trol.

The desired temperature forecast is established within ¥ 150C
renge. In this case, having the possibility to predict rather pre-
cicely the temperature on the statical model dbasis, the aim is to
formulate correctly the given optimum temperature curing the first
blowing period. That is the personnel odjective to be engaged in
quality control and technology management.

Obviously, the various results of hitting the target are connec-
ted with a different variable of admissidble temperature and carbon
1imits: in December 1968 88.6% of all failures are correlated with
temperature and 11.4% with chemical composition, i.e. cardon con~-
tent. The tolerance of carbon content in the first period is es -
tablished on £ 0.3°C which 1s more essential in comparison with in-
ternational standards.

IZf doth permissidle limits are kept at the adopted intermnatio-
nal standard level, i.e. ¥ 159C and I 0,05°C the deviation dist-
ribution between them will bde more wniform and effeotiveness of
the whole system will de decreased.
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On the whole & sufficiently high degree of the system applica-
tion in heats should be stated. The calculation is made for all
heats, the model is effectively used for 65.75 of prccess imple-
mentation. Non-application of the model is connected with the es~
sential technology violations ~ consideradle violations of the
charge or bdlowing mode.

It should be also astated that at the existing level of the sy~
stem and static model application it is difficult yet to speak
about its essential influence on metal quality. But neverthe-
less it is necessity and usefulness for process control .1is obvi-
ous.

Getting additional information about the exhausted gases com-
position und noise level enables to enhance forecast accuracy on
the dynamic model basis. Besides there are still express metal
and slag analysis problems and problems of their quality evalua-
tion. In this connection it is quite necessary to find an express
analyzer on C, Mn, P which would enable to perform & static model
forecast correction and to make further rebdlowing calculation.

Moreover, it is reasonable to evaluate the remained slag quan-
tity influence on C and temperature forecast accuracy, €.g8. us~
ing the method mentioned in the survey / 7 /.
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T. SUBSTANTIATIONS FIR ALLOYING STEEL GRADBS SELECTION
AT THE BISCO BOF AND THE POSSIBLE MELTING TECHNOLOGIES.

Not only carbon but low carbon steel can be produced in oxygen
converters. There are no principle obstacles for their production.
Modern secondary metallurgy methods emable to transfer all deoxi-
dation and alloying operations from the converter into a ladle.
The converter remains only as a unit for semiproduct melting.,

Bgyptian steel industry is in great demand for reinforcement
steel for construction purposes and for multipurposes tube steel.
There exists a deficit in deep drawing steel.

Strength is the main requirement put for structural steel inc-
luding structural and reinforsement steel. Strength improvement
enables to decrease the production metal capacity. When only ste-~-
el 37 is substituted for 52 it is possible to reduce reinforce-
ment steel diameter, e.g. from 2%m to 18smp without influencing
operating characteristics. Alloying enables to decrease metal ex~
penditure to a larger extent,

Chromium is found to be the dbest suited alloying component
used for these purposes. 1% of its addition noticeadly increases
steel strength. And even in case of the increased carbon content
the desiredble weldability is observed. International experience
has shown that medium carbon chromium steel grades ( 0,20-0.40 C
and 1% Cr)have acquired wide application. As structural alloying
steels: 20 - 40X due to the U;5R standards and also 18 - 30XrT,
20 = 35XI"CA tube steel should possess strength, plasticity ané
good weldability. High plesticity is achisved at the expense of
low carbon content and %o Mn high strength with low carbon con-
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tent is achieved. Steel grades with carbon not higher than 92.2%
and 1-2% Mn content has got wide application for these purposes.
Such steel grades comprise 09 2 or 17 2C due to the USSR stan-
daxds.

Provided high plasticity is needed ( absence of brittle dist-
ruction ), mioroalleoying of these steels ( e.g. 09 2 PF due to
the USSR standards ) is additionall; used.

Steel grades for deep drawing should possess extremely high
plasticity at room temperature. That is achieved at low carbon co-
ntent. Besides these steels should not be ageing and it may be ca-
rried out in two ways: by producing steel with extremely low nit-
rogen content (not more than 10 ppm) or by comdbining nitrogen in-
to nitrides. In the latter case the inoreased aluminium quantity
(up to 0.08%) is recommonded to be introduced into steel. Thus,
steel grades like 0810 due to the USSR stendards are required to
be used for deep drewing.

From the techmologiocal point of view the simplest and the most
universal alloying steel production technology is the one which
produces low phosphorus and sulphur content steel with the carbon
content lower than the graded steel during the converter reproces-
sing. Purther metal processing receiving the required composition
is carried out during ladle processing. According to the mentioned
teohnology the production of the atove-mentioned steel grades is
possidle, Taking into acoount the specific ocharacteristics of the
chemical composition of iron melted in the EISCo bdlast furnace
shop it is reasonadle to include stages of iron processing techno-
logy necessary for its dephosphorization and demanganization. The-
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refore, the following technology may be recommended for alloying
steel grades produced at the FiSCo: hot metal preprocessing for .
its desulphurization, dephosphorization and demanganization. lot
metal dephosphorization may be done at the installation being un-
der the construction now. Hot metal dephosphorization and deman-
ganization may be performed during hot metal tapping in the blast
fumace chute either by means of the approyriate slag mixtures
processing or during special iron processing. lndustrial trials
have shown that special attention should be paid to the stream hot
melal refining process in the course of which both hot metal de-
phosphorization and deman--mization producing semiproduct may bde
performed. And during converter reprocessing the desired composi-
tion of steel may be manufactured from the given semiproduct,The
subsequent converter reprocessing is performed according to the
adopted technology. lietal alloying with chromium, i¥n, Al and other
elements should be done both during tapping and during argon metal
blowing. The available equipment ( the system of dunkers, dozeme-
ters, the ability to introducc wire alloying ) enables to carry
out the operation with high accuracy and to get the required oom-
poesition of the metal.

According to the specific characteristics of the I'ISCo iron co-
mposition (the increased Mn content) the elaboration of the In al-
loyed steel meiting techmology ( 097 2¢, 15/ = 65" , 11"C ,38IC
and others ) has got special interest.

Among the available technnlogies the following types should be
considered the basic ones:

1. Duplex process producing semiproduct with high Mn content and
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its further procaessing into steel with 1: ln content. The given
technology also enadles to process iron with a high Hn content
(up to 5-T7%).

In this case naturally alloyed in steel may be produced and
slag with high Mn content {o produce ferromanganese is 31so possi-
ble. Oxygen converter reprocessing restoring in from slag during
intensive decarburizing. To increase the degree of Mn restoration
solid reductants with carbon content may be introduced into the
converter,

The most difficult probdlen for the discussed technological me-
thods is metal dephosphorization preserving high Mn concentration.
However the available literature dat. indicate the possibility to
optinize slag and temperature mode of the converter heat and ¢o
process successfully ln hot metal with phosphorus content up ¢to
0.11%. However, a considerably high phosphorus content in hot me-
tal requires preliminary dephosphorization. Therefore, there are
no difficulties in implementing the above-stated technologies for
producing naturally alloyed kn steels.

The optimum technology selection for the alloying steels pro -
duction with regard for teclmological specifications of the proce-
ssed hot metal, the dcmands for the steel grades of certain com-
position and due to the economic factors, it is sure to require
detailed annlytical elaboration and experimental research work.
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