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The paper describes the uOM oxysen bottem=blowing process.‘ The
essential advantages of the process ase that the oxypen reacts with the
metal in an ideal manncr ard lime can be blown simultancously.  The
opecial tuyeren yre proteciod from attark Ly similtarcous injection of
gaseous or liguid hydrocarbeng.  The prucess 16 aliso being applied to
other typas of steclmaking furnace, such as the clectric arc and open-
heartih,

The paper begins with . deseription of the process.  The number of
tuyeres varies from Y to 15, althougl it is lelieved that 10 is the maximum
number that may be noededy, =ven on the largest vessels.  Bottom lives at
Maxhtitte have been as long as 300 heats, and 1t ic believed that this fig-
ure could reach 400.

The section on the metallurgy of the procecy emphasizes the bagic
difference between botiom and top blowing. The iron oxide content of
the slag iv low, and urly reaches 1% ai the end of the refining period,
Efficient dephosphorization jg ensured b/ the intenwy: bdath agitation.
Desulphurization is natiefactory, and the carbon content at the end of
blowing is lower than that in the LD procesa. Nitrogen is brought down
to as low as 10 ppm, Hydrogen contente are high, especially with highe=
phosphorus iron, but can be brought down by short inert-gas flushing
treatnents,

By comparison with the top-blown processy the iron oxide loss ig
only one-quarter, which meqn; that there is less evolution 01 red fume.
The iron oxide content of the slag is lower, givirg 24 greater yields.
Scrap dissolution iy more rapids  The simaltanecus Injection of oxygen
and lime means that there ip very littlc alopping. Some 204 more scrap
oan be processed. The height of plant needed is only two-thirds that of
the LD process, which meang that the ODM process can be inserted into
existing melting shops baged o o1 2vehearth furnacen, Finally, there is
a markoed increcace in productivity,

The process can produces steela witl caiiap contenis ranging from
0.01% to 1% and abovej calon contents lower than 0.15% aro achioved by
blowing down to 0.054 ang recarburizing.  Low-alloy and medium-alloy steels
can be produced by comverter or ladle addidione.  mpe baper reports on
trials with a wide range of carbon steels; the results showed thal iloge
produced using thc OBM procegs correspond in properiies to the equivalent
LD or open-hearth gradgs,
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The OBM Process ((Jxlvzz'.:n-l%n’lvnn-Ma\'h(it'c)'-wnch Tisenwerk-Geseall-
schatt Mosiimilisoishittte mhyi (.\'!1\.\’!lf..""l"!'!-)),iv; thie Moderal 1 piblie of
Germany, has developed for e productior of steel up Lo ity applieability

on industrial-seule basiz, is an oxyvgen hbotioin-blowing process,

While in top-blowing processcs the apgents reauired for refining

orerations are blown by means of lances on top of the melt, in the OBM
process the oxypen is biown through tuyeres arrunged in the converter
bottom tnto the melt. Owing to the fact that the o'xygen is blown through
the metal bath to be refined, it can reget with the melt in an ideal manner.
In addition to this, it is feasihle to inject the lime required for the
rﬁeta]lurgical reactions as fine powder in conjunction with the oxygen, by
which subsfantial phenomena in steel production are effected decisively

and,in particular, an nbsolutely auict course of hlow ing ‘s obtained.

For the applicability of the process on large-scale basis, it has been

of decisive imnportance that,by surrounding the oxyger jet with a small
quantity of gascous or llqﬁid hydrocarbons, protection of the tuyeres
against rapid wear was obtained, Through this, an old wish, existing

in steel production ever gince the invention of the Bessemer procers,
became reality.

In the meantime, the principles of the process have been transferred also
to other steel-refining vessels, for instance, open-hearth or electric
furnaces, whereby similrr positive results were obtained as at the
application to converters.

The designation Q-BOP introduced in the United States of America
makes it evident thut in thig process, like in the industrially widely

adopted I.D process, known in Ameri e as BOP process (Basic Oxygen




Process), purc oxygen is ured an vefming oncdian ., The loter 7'Q
stands tor "quiet, quick, quality' ard emphasizes the advintages of
the new oxygen botton <blowing process o compuirison withi the exygen
top-blowing process, consisting in o mire quiet blowing behaviour,

a quickerr refining,and a better quality,

Description of the Process

The OBM process involves arr.mying of appr. 5 - 15 tuyeres in the
remcvable bottomn, such number being dependent on the converter

size, through which the oxygen and generally also the lime

powder, as well as the hydrocarbon containing protective fluid surroundlng

the oxygen jet (fig. 1, schematic sketch),ace introduced.

In large converters, a further decrease in number of tuyeres will
probubly be feasible. Iven for converters of 200 tons capacity, 10
tuyeres should be sufficicent,

Arrangement of tuyeree to which particular importance has to be
attributed is chosen in such way that a most favourable blowing behaviour
is achievea.

Sufficient protection of the tuyeres against burning.back is obtained
already by a small amount of hydrocarbons corresponding to about 3 %
of the amount of oxygen. Several hydrocarbou.containing media,such as

Ppropane, natural gas,or light fuel oil, may be used as protective fluid.

The life of the converter bottoms through which the oxygen is injected
has increased considerably at MAXHU'I'TE since the adoption of the OBM
process and is on the average 300 heats at present. Considering a
refractory lining life of the converter of about 500 heats, the bottom has
still to be replaced only one time during one converter campaign. The

time needed for replacing the bhottom is approximately one shift,
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OBM converter
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achieving Jues of evon ano o s 100 heats il e cron tuyer . betteras,
Ierease of hottom Life ta ihe duration nf the veiraetors Tinine hie of

the cotvertor jacket is expected hefore fone o so thed t ¢ one roplacement
of hottom still required at present durm; a convester compaign will

cqually become unneces:ay,

Metallurgy of the OBM PProcess

Due to the way of feeding !he oxygen, the inetnllurgy of the OBM Process

is much different from -hat ol the oxygen top-blowing procesges,

During about 90 % of the total refining period, the iron-oxide content
of the slag only runs up to abont 5 % (fig, 2) and is also at the end of

the refining with 17 % still relatively low,

In spite of such low content of iron oxide, a good dephosphorization is
obtained as a result of the intense agitaiion ol the bath leading to the
cquilibrium between bath ana slag. 'The initial phosphorus content of the
pig iron being 0.2 %, the average phosphorus content of the melt amounts
150,006 % (fip. 3).

Special measures have to he taken for obtaining an advanced dephosphori«
zation as required for catch-carben heats, A certain way of injeeting th;
lime powder in conjunction with the oxygen permits to arrive at an
efficient dephosphorization also in the case of catch-carbon heats, With
an initial phosphorus content in the pig iron ol 0, 200 %, u phosphorus
content of 0,020 % is obtained by this means in the finished steel, the
carbon content being simultancously about 0,7 %, These results depend
on the temperature. The indicated valurs apply to a temperature of
1620°C.

Desulphurization at the OBM Process is represented in fig, 4. The

initial sulphur content in the pig iron being 0,040 %, a sulphur content
of 0.020 % i« obtained in the stect.
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P content [%)]

pig iron: average P content 0,203 %

22 heats: average contents before tapping C < 0,06 %
P 00066 %

temperature: 1585 - 1620 °C
FeO (slag) 17%

jLFrequcsmcy distribution of P contents
Fig.3 |before tappirg in OBM heats with low '
carbon content ( LJSSC)
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Eia. 4 S content in steel as function of
j|"'e S content in pig ‘ron (USSC)
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moregard vodn e s conte s i ot carbon inoanon e devitaog ing
retinine fhe hvdrocen is ftos the st vart asar removed feom the melt,
Censequently . the @ verace hedrnaer opionte hoth at en checarhon heats

and at heats Bhowe dawn o taw coaear corents are aboat 3 pprc (fig, ),

It requirad, even tnis Dydeoagen cortent ean sl be reduced

considerably, bv s treatmoent with purging cas,

The carbon contents at the ond of the hlow are lower than i the LD

process, With a slag contaming 17 %, iron oxide, the final carbon content

iy RIS, - i gt b e

is about 0.03 10 0.04 %. Bv purging the heat with an inert gas for about

Iminatarateof 1.0 mg,’mn of steel, the carbon content is reduced to
about 0,01 %. This is of epecific iniportance for the production of electrie
sheet grades. lowever, also in view of the low-pearlitic or pearlite-free
structural-steel grades, whichk coustanilv arce gaining grounu, the producti
of heats with 0.01 % carbon in the converter is of interuvet, becﬁuso it
permits larpely the addition of cheap carbon-containing ferro-manganese
for adjusting the icquired contents of manganese without carbon contents

exceeding 0,04 to 0,05 5,

The following might cqualiy be of int 1rest:

Unlike the oxygen top-blowinpg process,where the refining of high-
phosphorus : pig iron required special developments, unexpected problems
were encountered when tefining lovv-phosphorue  pig iron by the nxygen

bottom -hlowing process,

Without simultaneous injection of lune powder, the blowing behaviour
is 80 bad that it is hardly possible to tinish refining of such heats. On the
other hand, the simultaneous injection of lime powder in conjunction with

oxygen results in a fullyc:ntrolled ‘and quict blowing course.




By nee of the OB oroces ) 4 e feo e te abegens ooaer £y able

conditions (e, e bon acih o naropen s oite ! i e apie cooling

'b:,' ore adition) niteasen contentsoot abeat T s T el ffee
of surh low mtirocen conterta an s necdectan o an e bde e teaveingg
gteel and otter coldeworhing slees prades weit oot Save vo e explored

in future,

Now, some remarks as to the hydropen contents in sieel,

The use of the hyvdrocarbon-containing protective medium reguired in
regard to tuyere life canses the delivery of certain mamounts of hydrogen

to the steel bath,

During refining of high-phosphorus pig iron, where subsequent to
carbon oxidation the oxidation of phosphorus occurs, in which latter phase
only a few gaseous reaction products develop, a considerable increase in

hydrogen content appears,

At the end of refining phosphourous pig iron, an average hydrogen content
of 8 ppm is found in the steel, Should this hvdrogen content appear too
high for certain sleel grades, it can be reduced by a short purging with’
an incrt gag, e, g. nitrogen. By injecting nitrogen in an amount of about
1 m:’/ton of nteel, the hydrogen content can be decreascd from 8 to
about 3.5 ppm. This ¢ntails an increase of the nitrogen content by about

10 ppm,

In general, a reduction of the hydrogen content is not required for
aluminium-killed steels. In case of unkilled stecl grades, the elevated
hydrogen content even exerts a favourable influence on the boiling

behaviour,

In this connection, it might also be of interest that a hydrogen content

of about 8 ppm permits to make Mu-8Si-killed steels, with a silicon content
of about 0. 30 %, as hydrogen semi-killed steels, Thus, the structure of a
semi-killed steel is obtained by the hydrogen, in which the subcutaneous
blow-holes, probably duc to the high diffusion velocity of the hydrogen, only
commence at a larger distance {from the surface than in the usual semi-
killed steels,
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and o ari ive ai exireinely snovt veoanng tiaes,

Comparison with the Oxygen Top Blowine Trocesses

— e — e e e o

The advantages of the OHBM process in comrarison with the oxygen

tap-blowing processes are mainly as follows:

t. Unlike the oxygen top-hlowing process, only about a quarter of

the iron amount is cvaporited; consequently, less red fume is developed

2. The iron oxide content of the slag,which in contrast with other stedl=
making methods approaches the equilibrivim with the metal bath, is

substantially lower.

Due to the effects under 1, and 2,,the vield is increased by about
2 1/2 % compared with the oxyger top-blowing processes, which meal s a

decisive economic advaniage of the OBM process,

1 The intense agitation oi the bath caused by the introduction of
the refining gas through the botlom  lcads to a more rapid dissolution
of the scrap, whereby the total refining time in the converter is reduced

to 10 mnin,

4. The simultaneous introduction of lime powder and uxygen permits
to obtain a completely slopping-free refining which is Jar-reaching and
independent of the pig<dron composition. Besides advantages relating to
process control, also the design of the pas—~cleaning equipment is

affected theceby in a favourable way.

5. The amount of scrap to be processed at the OIM process is increase

by about 20 %, compared with the oxygen top-blowing processes.
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moelr,e rating

Utilization ot o speclal device permitting o pactiai veburning of the
carbon monoxide direetly above the bath inay < ontribute to an increase of

scrap rate,

6. New converter steel plants to be built according to the OBM process
require only 2/3 of the construction height of oxvgen top-blown steelworks,

and can be crected rmore cheaply lor this reason (fig. 6).

Due to the low construction heipght, OBM converters are particularly
suitable to be instalied in existing open-hearth steel plarts, Compared
to a conversion of open~keth plints to the 1L.D process, cost savings

up 1o 50 % con be attaiacd here,

7. Due to the short Elowiny periods and the completely slopping-free
blowing behaviour, o considerable inevease in production can also be
achieved in cise ot larpe~space converters in comparison with LD steel

plants,

Apart from the benetit of the hipher vield, this fact might be a strong

incitement to convert olready cxisting 1.D steelworks 1o the OBM process.

Decarburization and Tenmperature CControl

Owing to the fact that refining times al the OBM process are very short,
the possibililies of that process can fully be exhausted only in case that
decisions and charge caleuintions are made rapidly. This control should
therefore he accomphished by use of un appropriate process model and a

process computer,
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to predict the charges of hot metal, sciap, lime, and oxyven required to
achiove the o valuce for the Siea! carton content and the tewpecature

at the turndown of the conver ter,

This madel incorporates the thermocheraical dala cvailable for the knows,
metallurpical charges, (On account of the inputs in respect of heat size,
carbon content,and temperaturc aimed at,including hot-metal composition
and temperature,the process computer determines the required charging
quantities of hot metal, scrap, lime and oxygen, In the same way the
quantities of mold iron, pig-iron, calcium carbide, silicon carbide, ferro-
silicon, aluminium, gravel, lunestone,and other variables can be

computed,

By use of such control system, the reblowing required for adjusting the
final carbon content and temperature can extensively be restricted and

! the tap-to-tap time be reduced in general,

Steel Grades and Product Quality

The OBRM Process permits the praiuction of quality sicels over a wide
range of composition,extending in the case of curbon contents from
0.01 % to more than 1 % C,

Steels with less than 0. 15 % carbon are made by blowing down to
about 0,05 % carbon or lower, and then recarburizing as needed to
obtain the desired carbon content, Stecls with higher carbon contents
are made as catch-carbon heats, that is, stopping the oxygen blow
when the carbon content is slightly below the desired value,
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Final contents of manganese are stichtly hiehor than orn the LI process,
Hoevee, the mmesdbarso o Conae cone, ot e crd of e refnnug period

are ideal for the prodiction of unaltoved and alloved quality stecl grades,
Low-and medium-alloy slcel are made by converter o1 ladle additions,

Due to the feasibility of injecting simullzneonsly finely divided solid
materials, e.g. burnt lime, in conjunction with oxygen of high purity

degree, an excellent conirol of the metallurgical reactions is possible,

Although the quality and properties of the products independent of
steelmaking processes should be identical, this is frequently not the
case in practice, Therefore it is interesting to comparc steels of simi'ar
compositions and similar teeining technijues produced according to

different processcs,

To demonstrate the wide range of applicability of the OBM Process,
heats produced in a 30-tons converter were teemed into ingot molds

and conveniionally processed al various works,

Included in this comparison investigations were:

rimmed and mechanicaliy capped low -c..rbon steels processed to
hot-rolled and cold-rolled flat producte;

mechanically capped low-carbon steels cold-rolled into double-reduced
body stock for the manufacturce of cans as well as processed to tinplate
of moderate drawability, stock for deep drawing tinplate, and other tin.
mill products.

Some of the tin-mill producte were also subjected to ''Type K"
processing, which ie designed to enhance the corrosion resistance of
the tinplate.

To determine the quality of OBM steels for plate application, structural-
grade steels (carbon-manganesc ztecls and low-alloy higher-strength

steels) were produced,



Furthermore, ral stoecls itk high coarbon Contents were rolled mte
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The products from these esperirental ticats were tested to determine
their conformance to customer speciiications; furtherinore, they were

also subjected to special evaluations and studics,

A1l test results showed that the properties of the products made from
ODM steels at least covrresponded 1o the characteristics of products

made from steels produced in open-hearth furnaces or LD converters.

mnmg Applications

After the conversion of MAXHUTTI s Thomas sieel plant to the OonM
Process, eight steclworks in thc Western Furopean territory were
granted use licenses to convert their ‘Thomas converters to the OBM
Process. The actual production of such works according to the OBM
Process together with the production of MAXHUTTT runs up to

7 million tons of stecl per annum (fig, 7).

Figs. 8 and 9 represent a blowing OBM converter at MAXHUTTE as

well as a part ot the control room of the steel-works,

Subsequently to preliminary experiments regarding the refining of

low-phosphorus pig iron executed at MAXHOTTE in a 5-ton experimental

converter, the results of which were verified at several 30-tons heats,

US Steel Corporation has investigated,in a 40-ton LD converter which

was converted to the OBM Process, the applicability of the OBM Process

to many different products. In this commection, new kinowledge on the
refining of low-phosphorus pig iron - for nstance, the making of catch-

cnrbon heats - was obtained in addition,
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ONM convert rs in aperation and srojeetod
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Compony

F.oratinn

Coromissioning Size of

[ 4
Germany

“Fermany

France

¥rance

Luxembourg
Belgium
U.8.A,
Belgium
France

u.s.A.

Sweden

Inigenwoerk-CGesellschalt
Maximslionshiitte mbit

R3chling’ sche Kisen-
und Stahtwerke Gmbll

Société des Aciérieos ot
‘Tréfileries de Neuves-
Maisons

Union Sidérurgique du
Nard et de 1. est de 1a
France (UISINOR)

Minitro & Métallurgique
de Raodange

Cockerill -(')ugréc__- -
’rovidence

US Steel Corporation
Forgoes de Thy-Marcinclle
ot Moncean

Cockerill

U8 8teel Corporation

Surahammar Bruks

s

Sulzhiicire
Rosenborg

Vilklingen

Chatilinn

Valencionnes

Longwy
Rodinpe
Morchicnnes
South Chicago
Monceau
Rehon

Gary
Fairficld

Surahammar

VYesscel
Apr-il 1968 30
June 1969 30
Au; ust 1969 30

November 1969 30
December 1969 30

Januar 1970 a0
Mauy 19G9 40
August 1969 30
Aupust 1976 30

October 1970 30
Fehruary 1871 30
October 1973 1

June 1970 70

Aupust 1970 70
October 1970 70

September 1970 40
Octoher 1970

June 1970
October 1870

September 1971
March 1972

September 1971

Muarch 1973
April 1972
May 1972 2x

March 1973
June 1973

Ne 888 5 48 238 2

*

Fobruary 18973 300
August 1973 200
June 1974 k) 3
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Bascd on the resu'ts achieved at such experiments, US Steel
Corporation decuded 1o replice ten 350-100  open-hearth turnaces
by two 22G-ton OBM converters at I"airfield, and to
convert to the OBM Process an LD stee) plant (three 200-ton
converters with an arnual  capacity of 5.5 million tons of steel)
under construction at {iary, evaibeiore inat plant was put into

operation,

Alone at Fairfield and Gary, US Steel Corporation will produce within

about one year already 25 % of 1ts total steel production according
to the OBM Process.

In Furope, the first new OBM steel works is under construction at

Surahammar in Sweden. Commissioning is expected to take place
in 1974,







