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Second Interregional Symposium
on the lron and Steel Industry

@ncow, USSR, 19 September ~ 9 October W88

In 1967, the Polish iron and steel industry's output of steel exoeeded
10 million tonnes per year for the first time.

Development plans call for an anmual output of 23 million tonnes of steel to
be reached in 1985.

In 1968 there were 19 steelworks in operation in Poland, with 88 open hearth
furnaces of an average capacity of 96 tonnes, 15 electric arc furnaces with an

average capacity of 20 tonnes, and 2 oxygen converters with a capacity of
100 tonnes.

Three continuous steel casting installations are in operation in steelworks
in the Polish People's Republic. These installations are particulary advantageous
for steelworks of small production capacity.

* This is a summary of a paper issued under the same title as m/l!. 14/64.

y The views and opinions expressed in this paper are those of the author and do
not necessarily reflect the views of the secretariat of UNIDO. The document
is presented as submitted by the author, without re-editing.
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The continuous steel casting installation at the "Beldon® works, whioch
was installed in 1962, is of an experimental/industrial charecter. It is
used for the continuous casting into billets 100 mm square of high-alloy
steel, high speed tool steel, and acid- and heat-resisting steels melted in
an induction furnace of 1.5 tonne capacity.

This installation, whioh is of the single-strand vertioal type, is
parily housed in a well 5.0 metres in diameter and 7.0 metres deep.

The oontinuous steel oasting installation at the "Ednost” works came
into industrial operation in Jamuary 1963.

It is a vertical 4-strand installation equipped for the casting of melts
of a rated weight of 50 tonnes into billets 140,150 and 160 mm square.

This installation is housed in a well 18.0 netres in diameter and 23.0
metres deep.

A feature of this installation is the use of twin moulds.

The steel cast in this installation is killed carbon steel intended
mainly for the produotion of tubes. There are about 6 melts a day, and the
annual produotion capacity of the installation is 110,000 tonnes.

In practice, an increase in yield of about 11 per cent over conventional
methods has been achieved for the oomplete process from liquid steel to fin-
ished tubes. The maximum monthly output which oan be achieved is about
8,500 tonnes.

The oontinuous steel casting installation at the "Zaverise" works came
into operation in December 1966, It is an 8-strand installation equipped
for the casting of melts of a rated weight of 120 tonnes into continuous bil-

lets 160 mm square.

1

This installation, which is of the vertical type and has an annual pro-

duction capacity of 280,000 tonnes, is partially hduaed in a weil 24.0 metres
in diameter and 20.0 metres deep.

From the point of view of technological layout, this installation con—

sists basically of two 4-strand installations of the "Ednost" works type. It

is used for caatikng killed carbon steel intended for the production of billets
for jobbing mills.
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‘ The favouradle technical and economic results obtained in the operation

of these continuous steel casting installations have given grounds for plan-
ning the wider uss of this method in the Polish steel industry, which is
being extended and modernised.

The main reasons for envisaging the introduction of this process are
that it makes possible:

- improvement of the yield of useful products by about 10~15 per oent;

-~ the establishment of direct technologioal and transport connexions
between the steel production plant and the rolling shops, without the
use of blooaing millse;

- considerable improvement of the working conditions of casting floor

operatives.
AN

Poland is one of the small group of countries in whose steel industries
researoh work is being carried out along these lines and continuous stesl
casting installations are being planned and installed.
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naipptsy of the PoTlsh PeopTely INDubIIc

Antroduotion

This report sets out the present state and development prospects of the steel
industry of the Polish People's Republic and desoribes the contimous steel casting
in_qt;llqtiom, operating at three plants in the Republic and the effects these have
had on p:ohotipn and economic considerations,

On the basis of the experience gained, proposals are made for projects for
small- and mediun-oapacity steelworks with installations for the contimious casting
of square—-section billets,

The concludirg part of the report sets forth the possibilities for oo=Operation
in the field of steel production between the Polish iron and steel industry and the
iron and steel industries of other countries.




At the present time (1968) there are nineteen steelworks in operation in the
Polish iron and steel indusiry, fourteen of them open-hearth plants, four eleciriec
opsn-hearth plants, and one an oxygen converter plant.

In 1967, the Polish iron and steel industry's output of steel emoeeded
10 million tonnes per year for the first time; development plans call for am
annual output of about 23 million tonnes of steel to be reached in 1985.

In the open-hearth steelworks, 88 furnaces with an average capacity of 96 tommes
are in operation. Eleven of these furnaces have a capacity of over 150 tonnes, T3
a capacity of between 50 and 150 tonnes, and four of them less than 50 tonnes.
About two-thirds of the open—hearth steel produced in Poland is produced in furnaces
with an average capacity of 65 tonnes,

All fho;basic open-hearth furnaces — that is to say, about 85 per cemt of the
total number - are heated with high-calorie fuels such as natural gas, producer ges
or fuel oil,

In the majority of oases, the sieel is cast in moulds into ingots weighing frxom
280 kilogrammes to 18 tonnes or forging blanks up tc 54 tonnes. At present, the
oontinuous casting of steel is carried on on an industrial rcale at only two steel-
works,

In seven steelworks ir';gots are cast on trollies, while in the remaining steel-
works ingots are cast by the traditional method on a casting floor where the moulds
are prepared, casting is carried out and the ingots are stripped.

The eleoctric steel melting plants have a total of 15 electrio arc furnaces
with an average capacity of about 20 tonnes, ‘

Of these "5 furnaces, three have a capacity of S0 tonnes, eight a capacity of
between 10 and 30 tonnes, and four a capacity of less than 10 tonnes.

All furnaces over 10 tonnes in capacity are of the basic type.

Oxygen is used for‘ refining in all the electiric arc furnaces,
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In five steelworks, vacuun doga.uing is ourriod out in order to improve the
quality of the steel produced.

Development plans for the near future provide for measures aimed not only at
the improvement of productivity, but elso at improving economic considerations.

These measures include the installation of contimuous casting of steel.

2, QContinuous steel custing installations in the Polisch People's Republic

Three oontinuous stecel casting inctallations are in operation in the Polish
iron and stesl industry,

The installation at the '"Beldon" works, 'whioh was installod in 1962, is of an

experimental/industrial cheracter.s In it, high alloy stecl melted in a 1.5 tonne
capacity induetion furnace is cast into\I‘S{) x 100 mm square-section billets. This
installation is of the singlo-strand vertical type and is partly housed in a well

5.0 metres in diamctor and 7.0 motres deep. o

A diagram of the installation is given in Figure 1,

The liquid steel is deliverod to the inotallation in a tap ladle. Tho tundish
has & metering orifico 7-10 mm in diamotor,

The lnould, which is 825 mm long, is made of copper tubing with walls 12 mp
thicks, Colza 0il is used for lubricating its inmner walls,

- The mould is rooiprocated over a travel of 15 mm by an eloctric moter through
8 system of occentrice.

The socondary cooling systom consists of rollers guiding tho contimous billot
and a sot of nozzlce by moans of which the continuous billet is cooled cithor with

waiver, & mixturc of water and compressed air, or comprcsscd air alonc.

The withdrawal stand is providcd with two pairs of drawing rolvlors proessed on
the continuous billet by mcans of springs. The billet is cut into the roquircd
lengths by an oxygcn/iron powder cutter. The picces cut off the contimous billot,
vhich are cach about 1.2 metres long, arc brought up to the level of the casting
floor from the wecll by mouns of & hoist in a gpecial containcr. The stocls cast in
this installation arc mostly tool stcels (1.7 per cont C, 0.4 per cent My,

0.4 per cent Si, 12 por cent Cr), high speed stecls (0.8 per cent C, 18,0 por cont W,

l.3 per cant V, 5.0 per cent Cr) and also stainless and hcat-resieting stecls

(0.14 per cent C, 2.0 per cont Mn, 1.2 por cent Si, 13.0 por cont Cr, 8,0 per cont Ni).




ID/WG.14/64
Pago 6

The installation at tho "Ednost" worke came into operation in 1963, It is &
vortical 4-strand installation cquipped for the casting of melts of a rated weight
of 50 tonnes into billets 140, 150 and 160 mm squarc.

Tho carbon steol used is molted in an opon-hcarth furnaco. Thoe casting
installation is located in 2n cxtonsion of the casting floor in a woll 18,0 metres

in diametor and 23.0 metrces decp.

A vertical scction of the installation is shown in Figure 2. Bocause of the
relatively low casting floor, the casting dock of the installation is looated at

the same levcl as the main casting floor.

The liquid stecl is delivered to the installation in tap tadles. The tundish,
which has & capacity of 7 tonnes, is mounted on a rotating table and is heatoed
before casting to a temperaturc of about 1000°C.

The four sockets of the tundish are provided with taps to regulate the amount
of liquid stcel admitted to the moulds. A foature of this type of installation is
tho use of twin moulds. Two copper tubes cach 1,200 mm long and with walls 15 mm
thick arc housed in a single stecl body to which thoy are fastened in such a way
that they are free to expand longditudinally whilc at the same time thoir axes are

kept constantly in correspondoncc with thc technological axis of the installation.

Softened water is used to cool the moulds, which arc reciprocatecd over a travel
of 15 mm by a systom of occentrics driven by a direct current clectric motor whose
speod is synchronizod with the driving motor of the withdrawal rollers. The inner
walls of the moulds are lubricated with Colza oil. The secondary cooling unit,
which is of the rollor type, is 7.6 metres high and is provided with four sots of

nozzles which spray water directly onto the continuous billets.

The withdrawal stand is provided with a pair of.rollers for ecach billet., A
view of the withdrawal stand is given in one of the accompanying slides (Figure 3).

The withdrawal rollers are presscd on the billet by means of springs. There
is a single drive for the two continuous billets cast in the same pair of moulds.
The speed of delivery of the continuous billets can be infinitely varied within the

limits 0-2 metre/minute by adjusting the speed of the direct current electric moters

driving the withdrawal rollcrs.
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%0 oontinuous billets are sut into seotions 3.0 - 4.0 metres long by oxygen
outters with a cutting speed of about 250 mm/minute, The two sections cut off

simultaneously pgse onto an inclined conveyor which delivers them to the lower roller
conveyor,

From the lower roller conveyor the cut sections are transported by a hoist from
the well 1o the level of tihe casting floor, after which they are iransported by
another:oonveyor to the billet store,

The cutting and transpo~t of ihe billets are completely automated, the function-
.ing of the main units of the installation being kept under observation from the cen—
tral control cabin through television cameras,.

The steel cast in this installation is killed carbon steel intended mainly for
the production of seamless tubess There are about six melts of this steel per day
and the monthly output of the installation is about 8,500 tonnes,

The increase in yield, taken over the whole process from liquid steel to finished
tubes, amounts on average to about 11 per cent compared with the conventional system
of casting ingots in separate moulds,

The installation at the "Zavertso" works came into operation at the end of 1966,

It is a vertical 8-strand installation equipped for the coniinuous casting of meltis
of a maximum weight of 140 tonnes into billets 160 mm square, The installation has

an annual production capacity of 280,000 tonnes.

The installation is located in a separate bay next to the casting floor of the
steedworks, and it is partly above the level of the casting floor and partly in a
well, Its casting deck is at a height of + 7.75 metres, while the well is 24,0

metres in diamcter und 20,8 metres decep, A vertical section of the installation

is shown in Figurc 4.

From the point of view of technological layout, this installation consists
basically of twc installations of the "Ednost" works type'locatcd in a mirror-image
relationship to each other,

The dcuble moulds are a feature of this type ot installation., This layout has
proved to be very advantageous in practice, as it considerably simplifies servicing

of .the installation and alsc reduces the number of driving mechanisms required.

Fears that difficulties might be encountered in maintaining identical metal levels
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in the two moulds fed with molten steel through two tundish orifices for a given
spced of delivery of the cast billct proved groundless in practice, and in fact the
levels can readily be regulated by meoans of the taps in the tundish, The filling

of the twin moulds with moltcn steel is shown in slide 5,

Modifications were madc in thc design of the installation as a result of differ-
ing tochnological conditions or of cxperience sained at the "Ednost" works,. These

modifications concern in particular the following parts of the installationss

- The 140-tonne~-capacity casting ladle is provided with two sockets with
tap mechanisms through which the two tundishes are supplied simultaneously,

- The tundishes are mounted on trolleys which can be moved out of the
ladle heating arca to the casting moulds and to the emergency mould for
the pouring-off of steel residues and slag,

=  As a result of extensive research work on different types of moulds,

a tubular mould 90C millimetres long is used,

- Because of the relatively small section of the billet, observation with
the naked eye of thc level of metal in the mould was difficult and it
appeared necessary to install an isotope apparatug to measure the metal
level, This apparatus, which gives a continuous réé.ding, conei“stl of
a metal level fluctuation scnsor, an apparatus displaying the readings
on the control panel, and signal lamps for the personnel operating the
taps,

=  The whole installation, which consists of four 2-gtrand units, is com=
trolled from twc cabins located on the casting floor, A view of the
control panels and the control and measuring ap;;aratus is given in
slide 6,

Killed carbon stcel intended for the production of billete for jobbing mills is
cast in this installation, The average weight of the continuous billets cast from
a single melt is of the order of about 120 tonnes,

The favourable tcchnical and economic results obtained in the operation of con-

tinuous steel casting installations give grounds for foreseeing the wider use of
this method in the Polish steel industry, which is being extended and moderniged,




ID/WG.14/64
Page 9

T™he introduction of such instsllations 1is envisaged both in stoelworks which
- ‘are ‘to be modérnized and in newly-built plants.

The main reagons for envisaging the introduction of this procoss aresg

- to increase the yicld of useful producte with regpeet to the output
of moulten stcel;

= %o link the stecl melting sections directly with the rolling mills,
without the need for blooming mills;

- to increase the throughput capacity of the casting floors of steele
works;

- to improve the working conditions of casting floor workers,

As far as the choice betwcen vertical and curved-mould installations is oon=
cerned, the main factors to be taken intc account arc the scction of the continuous
billet, the geological conditions, and the space available, particularly in the sasc
of already existing steelworks.

Where the continuous billet to be cast is of large section (over 220 mm), hydro-
geological conditions are favourable, and the ground is solid and dry, a vertical
system is indicated,

Where the continuous billet is of relatively small scction, the geologiocal
oonditions are unfavourablc, and there is sufficicnt space available on the oasting
floor of the steelworks, = layout with a curved mould can be selected,

3. Utilization of thc continuous steccl cagting process in
small- and medium—capacit]: stceclworks

The output capacity of a steclworks influcnecs, basically, the selection of the

technological process used for stecl making and thce type of Turncce unite used,

In considering whut system to adept for the strelworks, plonts with an output
of 100,000 tonnes per ycar were taken as being small-scale plants and plants with
an output of up to 500,000 tonnes per yeur were tukeon s being redium—cized plants,
In both types of plants, sclid raw material is usecd in the majority of cases,

usually in the form of scrap, This circumstance makcs it necessary to usc clectric
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arc or open-hearth furnaces, In view of the magnitudc of the capital costs involved
and the output achieved, the moest advantageous alternative is that using eloctric arc

furnaces,-

There may be grounds for not adopting this alternative, however, where clectric

power is not availablc but cheap fucl oil ic,

The technical characteristics of the electric arc furnaces and open-hearth fur-
naces produced in Poland arc given in Tables 1 and %,

PR TR A Y " . - N
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m mt! o{ slectric are furnacos
Table 1
M—- e
Output capacity,
Rated Transfomcr tonnce
capacity, size, Remarkes
tonncs MVA per hour per year
M m
3 2.0 1,0 7'800 1, Solid Irow
material
6 3.0 1.8 15,000
30 9¢0 ‘ 3.0 25,000 2, Carbon
stoel
20 9.0 5e¢5 45,000
¥ 15,0 Te9 65,000
5% 22,0 10,% 85,000 )
M—m_ T

In order to be able to compare. both typce of furnaces, identical conditions
have been applied rogerding both the pay material (1) and the quality of the stoel
(2) produced,

Output capacity,

Rated Hecat tonnes
oapecity, loading, Remarks
tonnes grammo-oalcrios/hour per hour per year
—— W
12 5.0 2.1 17,000 1. Fuel oil
heating
13 5.6 2.5 20,000 2. Solid raw
material

6.8 3,8 30,000
10,9 6.0 48,000
12,0 7.0 56,000
16,0 9,8 78,000
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Lloctric furnaces ensble a given output to be achieved with the use of consider-
ably smellor production units, and this makes it pessible to usc crancs of smaller

lifting capacity and hence te epect buildings cf lighter construction,

The cheice of continuous stocl-casting machines is dictated basically by the

gize of the melt and the section of the continucus billet to be cast,

The section of the billet determinos the casting speed and thus likewise dictates
the output  of the machinery,.
On the. other hard, the time token to cust a melt cannot be very long because of

the temperature drop which takes place in the steel,

As far as the checice of the equipment to be used for continuous steel-casting
is concerncd, it may bc said that therc nre threc basic types used on a large indus=-
trial scale, namely, thc vertical system, the vertical system with bending of the
billet, and the horizontal system with a curved mould, Diegranms of these systoms
are given in slide 7. According to data of the Buropcan Stecl Commission of the
United Nations, out of a total of 230 installations which are cither in operation or
in construction, 8% are of the vertical type, 50 of the verticzl type with bending

of the billet, and 75 of the horizcntal type with 2 curved mould,
Trom the metallurgical point of view it can be assumed that all *hree of these
types of installotions are equally gocd.

From the point of vicw cf capital costs, installations with a curved mould cost
much the same as vertical installations,

An undoubted advantagc of installations with a curved mculd, however, is their
modost height which makes it possible to avoid the oconstruction of a well or of high
baye,

On the other hand, an installetion with a ourved mould takes up about twice as

much épace on the caéting floor as a vertical installations, In viow of thil, it is
difficult to construct curved-mould installatione in cramped, existing steclworks.

A vortical inetallation with bending of the billet is a ccmpromisc between the

vertical and curved-mould systceme,

A disadvantage of installations with a curved mould is that thoy require operat-
in persenncl of o ver high order and alsc nced oxtremely careful maintenanoce,
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A very important factor whioch has a decisive influence on the actunl output of
contimuous lteol-outing installations is the need to syncronize the steel-melting
qclu in the furmoces with the rate of operation of the casting installation,

'ﬂn oporation of the casting machine can be divided inte the following nhasess
- po,ration of the continuous steel -casting installation;

- costings

- clearing-up after casting;

- waiting for the next scheduled cast,

ﬁe installation must be so designed as to reducc tc the minimum the time needed
to pmpar. it for ca.sting and the time necded tc clear it up after casting, This
can be .ohleVed by equipping it with appropriate mechanical devicos for changing the
tundishes, the mculds and the secondary coolers, romoving the ond of the continuous
billet, and so forth,

The waiting time depends mainly on the regularity of the cyclo of delivery of
metal to the ocontinuous steel casting installation from the furnaces where the steel
is nlted.

The most inconvenient types of fumaces from this point of view are open=hearth
furnacee, where the curation of the melting aycle varies over the furnace's 1life
between overhauls,

Nore advantogeous conditions are achievod with electric arc furnaces, where the
length of the cycle is practically invariable,

If only the time when casting is actually taking place is considered as produce
tive time for the installation and all the other phascs arc considered as unproduc-
tive (includmg the time spent on overhaul and servicing), it is possible tc achieve
in practice about 50 per cent utilization of an installetion supplied from open-
hearth furnaces and about 60 per cent utilization of one supplicd from clectric fur-

naceos,

The characteristics of the three types of continuous mteel casting installations
profuced by the Polish stecl and engineering industries are given in Table 3.
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Tadble 3

—mmm R RSN
Type of imstallatioms

Unit of
Characteristic neasurement I A § I11
MR
Output capacity 1,000 tounes/ycar 40 100 280
Ra.ed weight of melt Tonnce 20 S0 120
serction of continuocus billet ™1 X mm 140 x 140 140 x 140
160 x 160 160 x 160
Lengtth of cut sections T BAX, maxXe MmaXe
6,000 6,000 6,000
thu.ber ~f gtrands - 2 4 8
Speed of casting mm’.tmlto 1,0 = 1,5 1.0 = 1.5 1.0 = 1,5
Type of steel cast - Killed carbon, low-alloy,
, ‘ structural steels,
Ceoling water requiremonts 13/110\\:' 300 600 1,000
Installed power Kt 550 1,000 2,100
Yeight of casting instellation Tonnes 200 390 630
"eight of motors and elcctrieal
equipnent Tonnos 18 30 55

e

These continuous stecl casting installations arc’ particularly suitable fop
opcration in conjunction with jebbing mills with an ocutput of the order of
5C4000 - 300,000 tomnes per ycar, Tais type o1 mill ocalls for billets with a
squarc section of about 150/150 rmy and suck bille*s can be produce! by threc meanst
by thc casting of ordinary small-scction billects, by the installation of blooming

mills, or by tho usc of thc continuous stecl casting mcthoc,

The casting of ordinary small-scction billets is uneconomic and extromoly labour-
c.nsuming.  On the other hand, the construction of a blooning mill for an cutput of
the order of 300,000 tonnes pe> yoar ie uncconomic also, as oven the smallcst mill

of this type has an output capacity of thc order of 1,000,000 tonnes per ycar,

The method o continucus stcel casting completely overcomes these difficulties,
¢ives the optimum billet of the required scction, increases the yicld of the finished
product bty about 10 por cent, and enables the large capital costs inseparable from
the construction of a blooming mill to be avoided.
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On the basis of the cxperioncc which it has gained in the expansion and ro-
ometruction of the Polish stcel incustry, the Polish stecl and clectrical engineer-

iag industrics can provide co-npcration in the construction of fully-equipped opene
hearth and clcctric stcelworks,

The stoel industry's dosign offices can proparc tho complete technological and
professional documentcotion for the basic iron and stcel plants,

The scientific research institutes of thc iron and stocl industry and of the

refastorics industry can work out the problems connccted with the introduction of
modern tcchnology into industry,

Finally, the Polish iron and steclworks, which arc oquipped with up~to=datec

production facilities, can provido training for workere and enginoering and techni-
ocal staff,









