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Thin-slab casting — New possibilities
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Abstract.  Changes in the IT industry are known to proceed al a scorching
pace. In sharp contrast, the nite of development in the steel indusiry is generally
slinw, Nonetheless. the impact of recent technical developments on the sieel
industry his been quite significant. The. production ¢hain from irom ore to finad
rolled steel 15 a long one and the shorening of this length has long been the
endeavour of scientists and engineers, The minal development came in the for
of speeding up the process of steelmaking by reducing the slow upen-hiearth
process (8 h tap-to-tap time) with the 45 min tap-to-tap time of the Basic
Uxygen Fumace (BOF) process. Significant developments thereafier hiave been
i the process of continuous production of billets and bloams from Tiguid steel
therehy doing sway with the large blooming mills needed for rolling ingots,

For a falrly long time after the stabilisation of continuous casting, hot rolling
involved reheating thick (200-250 mm) shabs and reducing them in @ hol-strip
mill. The wdvent of thin-slab casters has made even these lurse hot-strip mills
redundant, The new instullations produce thin slabs (50-70 mm} that are
directly rolled into sinps without the need of an intermediate furpuce for rusing
the stock temperature; the so-called wnnel fumace prer o the wolling sands
serving only 1o equabise stock temperatures. Additionally, what started as o step
for reducing mvestment in hot rolling has. in fact, given new apportunity for
direer hot rolling of thicknesses that were, tar long, considered o be feasible
only through the cold-rolling riue.

This article discusses the slow bul steady encroachment of hotrolled sheets
into the domain of soip thicknesses hitherio produced by cold rolling and trics
tor show how the development of thin-slab casters has allowed this process u be
secelerated. A techno-economic analysis of thin-slab casting has been presented
along with the benelits thilt arse when o thin-slab caster i mked o the blast
furnawce anid basic nxygen route of steelmaking.

Keywords,  Thin-slab casting: hot rolling; compuct sinp procassing.

1. Introduction

Steel, dpart from being fully recyclable, is an attractive material for construction of
buildings, bridges, auo-hodies and a plethora of other things needed for daily use. This is
in large measure troe because the atloy, amongst all others, 15 the most cost-competitive,
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Figure 1. Typical distribution of strip thickness From a bot-strip il wotil 1995

though the metallurgists would rather believe that it is on account of its vast range of
properties that can he obtained by hewt treatment! The sheets of steel that are used for
comstruction purposes are lypically obtaimed by rolling slabs produced through continuous
custing, For u very lomg time it was 2 strongly held belief thiot the lowest thickness that
could be produced economucally through the hot-rolled moute was around 2.0 mm. For
reasons of the dimensional tolerances required, it was Telt that for lower stap thicknesses
only cold molling was viable. As can be seen from figure 1, hot-rolled sinps with thickness
lower than 2 mm, TGHR (thin-gauge hot-rolled} strips, constituted as little as 10.6% of the
total production of hot-rotled strips tll 1995 the thickness lower than 1.2 mm being only
DA% CAnan 1991,

The Irequency distribution for a representative product mix ol a typical cold-rolling mill
isshown in Agure 2 (Bald er af 19995 1 is clear from the fgure that almest 60% of cold-
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Figure X Typical product mix of a cold strip mill showing encroachment from uliri-thin hot strip,
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rolled strips lie within the thickness range of 0.6 10 1.2 mm. This market segment is, as of
now, covered by cold-rolled steel but 18 increasingly under pressure from hot-rolled strips.
While five years ago, the mimimum strip thickness for TGHR was 1.5 mm and 2.0 mm for
low carbon and high carbon strips respectively, significamt progress in compact strip
processing (CSP mills) s continuously pushing these lmits funther down the thickness
ladder. At present, the minimum attamable thickness for profitnbly produced hor strips s
081 mm (CSP plant ot Hylsa, Mexico), and Thyssen Krupp Stahl, Germany intend
producing 0.75-0.9 mm hot-rolled strips in their recently commissioned CSP.

It 15 worthwhile compuring the operating cost of producing | mim strips by direct hot
rolling and by the canventional cold-rolling route, Starting with a 2-mm hot rolled strip, the
breakup of the operating cost in the two cases is shown in table 1 (Bald ez af 1999) 1t is
evident that the cost is in favour of the direct hot-rolled process by nearly § 20/0nne in
spite of the extra cost of $ 15honne incurred in the hot-ralling option an aceount of work
roll weur and yield losses. A factor whose economic impagt is significant, but which is not
congidered in these caleulations, is the extra inventory cost of holding 2-mm hot-rolled
tHR) strips for subsequent cold molling—a cost not mcurred 0 the case of wltra-thin hot-
rolling of strips.

The process of hot rolling of slabs has undergone several drumutic changes. The
conventional process mvolved casting of 200- 250 mm slabs and subsequent reheating and
relling in @ horstrip mill, Almostall new installations now link castimg and rolling, Slabs
of 30-75 mm are now inmediately hot-charged and rolled in one continuous process of
compact sirp processing. The advantages from this mute are not merely in the process of
producing thin strips but also in direct hot rolling of sizes less than 2 mm that reud into the
regime of cold rolling, Several such configurutions for the production of thin slabs are now
commercially successful, but the CSP system of Schlvemann—Demag is the most popular,
Rudically new opportunitics have atisen from this development.

2. The hot-volled strip seenario at Tata Steel

The proportion of steel continuously cast at Tata Steel has increased from the initial figure
of 20-30:% in the early Eighties to over 95% in the late Nincties. As part of the fourth
phase of modemisation. Tate Steel installed a one-million tonne hot-strip mill capable of
rolhing slabs of widths 860 mm to 1550 mm and thicknesses 12,6 o 160 mm: The capaeity
of the mill was rapidly doubled by the year 1998 and a sixth strand was installed to increase
the mill’s capubility 1o roll down o u thickness of 1.2 mum, The thickness range of hot-
rolled coils is shown in figure 3. At the time when investments on the caster and the
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associated rolling facilities were considered. thin stab custing was in o very nascenl stage
and Tita Steel chose the conventional casting and rolling route. This route now certamly
has a disadvantage with respect to thin-stab casting in the area of commercial grades; the
bulance changing only for grades used Tor viery high-eond applications,

In the middle of 2000, Taa Steel commissioned o 1.2 million tpa (fpa-tonnes per
annur) starg-of-the-an cold-rolling ull. A Jarge parf of the feed (o this cold-rolling mill is
hot-rolled coils from the hot-strip mill. The disuibution of the thicknesses of the cold-rolled
colls i as shown in fgure 4. A comparison of the thicknesses from the two mills shows that
an averlap exits for the thickness range 1.2 to 2.0 mm. Ay has been mentioned earlier,
processing of hot-ralled coils through the eold-rolling mill adds at least $20/onne to its
eost. Plnder the circumstances. it would be ssorthwhile o produce the same thicknesses
through the cold-rolled route only if the aesthetics of the sinp surface or other atnbutes
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justify the extrs expenditure. Fortunately, such a niche market exists in the white goods and
atmohbile external parts sector,

It 18 interesting to note that capital intensive mvestments in conventional hot-rotling mitls
can be economically viable by producing grudes that cannot, as vel, be obtamed from the
thin-slab caster route, on the one hand. and by encroaching on strip thicknesses that have
been so far the exclusive purview of cold rolling. While the latter strategy, viz. lower
thickness through hot rolling. is likely to challenge the cold rollers, it is extremely doubtful
if the hot-rolled thin product would be from the conventional hot-rolled rowe! Thus
conventonal hot-strip mills are in the unenvighle position of being hemmed in from both
sides! A fresh young challenger on the hot-rolled side and a well-established old
the cold-rolling mill—on the vther. Thus, it is perhaps not premature 16 "erystal gaze" that
the Last conventional hot-strip mill may already have been built!

3. Entor thin-siab ecasters

Certain developments in the aren of steelmaking and casting appear o be o direct result of
stealmakers” efforts to reduce complexity. Thus, the normal process of teeming ligquid steel
inta cust ron moulds, waiting {or the steel 1o solidify, strpping the ingot moulds at the
siripper yard, placing the ingots in the reheating furnace and subsequent tolling through a
Bloaming and billet mill was shortened considerably by the evolution of the process of
continuous cesting. Liquid steel, from about the Fifties. can be poured into oseillatng
wiler-cooled copper moulds in the desired shape needed for final rolling. The long route
from ingotmuking 1 hillet ralling stood truneated in complexity though not in end-guality.
The turn of the last but one decade (1st July 1989) has seen the commissioning of u new
technology—an Nucor Steel, Crawfordsville, USA—which by directly linking the castng
process to rolling has brovght ahour further impmvements in yield, saving of energy and
reduction in product cost, This epoch-making technology is called thin-slah casting (T5C).
The main manutacturers of thin-slab casting machiney are the following.

e SMS (Schloemann Demagy with the Compact Stop Process (CSP),

o MDH (Mannesmann Demag Huetlentechnik) with the In-fine Strip Process (1SP).

o DANIEL] with the Flexible Thin Siab Caswer (ITSC).

o VAL (Voest-Alpine Industricanlugencinban) with Continuoos Thin Slab Cagting snd
Rolling Technotogy (CONROLL).

e SMI(Sumitomo Metals Industries) with High-Speed Medinm Thick Slab Caster,

By far the most numerous installitions are from SMS and the main features of this
miching are discussed.

AL Thee viskpadt stvips priscesy fiom SMS

In this process of thin-slab casting. the easting machine is of the verical tvpe with a
straightening withdrwal unit. followed by a pendulum shear and a roller hearth furnace.
This, in durn, is followed by 4 fimishing mill (4 -5 stands), laminar cooling hed and a goller
as shown in fgure S

A la The casting monld: The chromiwm - zirconum—copper mould 14 the hearl of @ CSP
casting muchine and is 0 mm long. Developed and patented by SMS. the design secks
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Figure 5. Lovout of o CST unit

o avercome 4 umversal problem of thin-slab casting — feeding Hguid steel through a
SEN {submerged entry nozzle) into the confines of 4 narrow mould cavity — by flaring the
infet of the mould in the form of 4 funnel. This funne! terminates approximately in the
muelidle of the mould length beyond which, the broad side walls of the moold are paraliel
and are separated by o distunce of 50-70 mm, whieh is the exit thickness of the slabs.
The sides of the mould wall are tapered W compensate for the shrinkage of the solidifying
steel (a8 in o conventionyl slab-caster mould), A schematic view of the CSP mould by
shown in figure 6. The mould is oscillated ut 1 Hz per mfmin of casting speed with a
stroke length of 6 mm which translates into 3 negative strip time of 0,031 5 ot a casting
speed of 3 mimin.

3ilb The sub-menuld region: On account of the rapd solidificanon of the thin slab, it is
necessary o provide striand guidance over a length of around 4.5-5.0 m only, even al a
tugh casting speed of 6 mfinin. This compares very favourably with the 25 to 35 m of
guidunce needed in conventional stab casters. The reduced fength of the guide i the case of

Figure 6. The Tummel shuaped-CSE moulid
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Figure 7. Dummy bar jand bending arrangement Tor the CSP mackine,

these thin-slab casters translates mio just iwo segments which cun be charigid
mdividually. or as one omt along with the mould. A set of bending rollers below the
strand guide separstes the dummy bar from the hot strand and then bends it in a radius of
3 m. so that it enters the strmghtening/withdrawal unit in a horizontal direction as shown
m figure 7. A pendulum shear subsequently divides the strand into rollable lenpths of
around 44 .

A e The moller hearth furnace: The caster and the rolling mill are conneeted together by a
roller hearh furnace. Upon separation at the caster shear, the individua slihs are
seeelerated nto the tunnel furmace 1o create o gup between them

The roller hearth furnace 1y in excess of 1600 m 0 leneth and 15 divided into heating,
souking amd buffer zanes, The capacity of the buffer zone is so designed that u complete
roll change (time taken 8 min) or un inspection of the rolling mill can be carmed ow
without interrupting the casting. The thin slab remans i the furnace for only around 22
nnn with heating time accounting for 10 min. The normal entry temperature of the slabs is
between 950 and [050°C — the emperature difference between the centee and the surface
of the as-cast slab aceounting for some of the self heating,

The furnace very effectively de-couples the casting process (Ve = 5.5 m/min} from the
rolling process (V, = IR m/min), At an appropriate location in the tnnel furnace, the slab
15 accelerated to the speed needed for entry to the bot mill. Cobbles, if any, at the mill entry
are taken care of by an emergency shear. The balunce of the slab in such a situation can
theen be transferred back into the tunnel fumace, if so degired.

3.0d The CSP rolfing mill: The CSP rolling mill consists of 4 1o 7 four-high stands with un
upstream emergency shear and a high pressure descaling facility and b downstream ranout
roller table with a laminar Mow strip-cooling system and a coiler unit. The mill his o
bydraubic roll gap adjustment system with continuously variahle crown, on-line grinding,
and work roll shifting and bending.

T wbtain a finished gauge of 2.5 mm, a 50-mm 4lub undergoes an average reduction of
5% per stand, 1t is important o note that this is about twice the level of reduction given in
most cenventional hot-strip mills.
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4.  Advantages of CSP

The capital required for o new steel plant is 3 deterrent to investment. Matters are nol
helped by the fact thit the minimum capacity required for an integrated steel plant
producing Aat products o fully uilise the equipment installed 15 in excess of 3 Mty
(Kolakowski 1992} Against this background, the lower capital requirement for the
mstallation and operation of a thin-slab caster arranpement mukes the echnology
imminently attractve

L1 dnsralfation cose

In erder 1o compare the investment required for the two process routes, it is necessary 1o
establish the mmimom production level necessary for economical operation of both
individually. As already mentioned. this minimum level is at least 3.0 Mitpa (million tomnes
per unnum) for the convestional caster as even il the production were tw be brought down
to 2.8 or 2.5 Mipa, it would not permit & reduction in the number of roughing or Anishing
trains or i lowering in the investment i the reheating furnace (Kolakowski 1992), Ar 2.5
A0 Mipa the facilities ore otilized to the maximum

It is interesting to compare these fgures with that needad for the optimum utilization of &
thin-slab caster installation. Figure 8 |s strietly applicable to the SMS thin-slab cagter
technology but can be taken 1o be broadly representative of the investment cost for all thin-
slab casters, It shows thit the cupital cost per fonne of steel for a single strand thin-stab
caster with o capacity of (L8 Mipa iv only wround 808 of that of a conventional caster of 3.6
Mipa capacity. The reduction in cost arses ay a result of the elimination of the slib-
condibioning shop and from the savings in the casting machine iself. Marginal savings also
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secrue from the rolling mill area (inclusive of the reheat furmace) as the rolling facilities
required are less infensive. With a two-strund plant for producing 1.5 Mipa, the extn
investment is only in the casting machine and the reheating fumace (both sets of slabs can
be rolled through one mill by having an enclosed shuttle car that can altemately feed the
mill from strand one or strand two). At this copacity, the rolling mill s Tully unlized and the
capitil cost per totne for the thin-slab caster 15 only around 65% of that for a conventional
plant,

The investmenl cost advantage, therefore, clearly puts the thin=slah caster ohead of its
comventional connterparn.

42 The cost of production

A companson of operating costs for (he twa Opuons presents an extremely interesing
picture — the cost of producing strip bemng significantly lower for thie thin-slab caster route.

For the first tme, thin-slab casting technology permits the direct combination of casting
and rolling for 100% of the production, nearly 70%; less energy consumption is anticipated
from theoretical caleulations. Figure 9 shows the comparison in the theoretical specific-
energy consumption i a conventional slab-casting plant with cold (at 20°C) and ho
charging (at 600°C) and in i typical thin slab casting plant (ECSC Report 1995, 1t should
be noted that the impact of lawer slab thickness on the energy needed or molling is
margindl, by fiur the biggest saving arises on account of lpwer energy consomption during
the reheating of slabs. Labour und mgimtenance costs are estimated o be lower by 405,
each compared with the costs on these items in a conventional caster. Additionully, apan
frum two or three cropping cuts at the beginning of a sequence, 11 s necessary only w make
dividing cuts on the slabs in accordance with the reguirement of coil weight. In the
conventional rolling process, the so-called “fish-tail” resulting from rolling in the roughing
stunds has to be eliminated before entry into the finishing mill. Furthermore, for o thick
stab, each metre cut leads to & greater loss (up to 5 times more) of material compared with o
cut in o thin slab. Tt has been estimated that the vield from liguid steel to the final strip

2000

1500 +

Y
=]
o
[=]

th

[ =)

[=]
1

Specific Energy Consumption,
MJfitonne
f= ]

Conventional Conventional TSC Plant
Plant (20 oC) Plant (600 0C) (1080 oC)

| Casting Section T Rolling Mill & Reheating Fumace|

Figure 9. Spoeific energy comsumption at o conventional caster (cold. and hot<charge ) anil 3 CSP
sel-up,



172 Anddt Chirterfie and Sunjay Chandra

would be about 25 higher for @ thin-slab custer In the evaluntion of the authors, the
operating cosl advantage is around $20/onne in favour of the thin-slab caster. Bven if
L00% direct or hot chusging were to be practised in a eonventional slab casting plant, this
figure would reduce only by §3/tomne.

In the face of all these advantages there 15 one-area where. as of now. o thin-slah cister s
unahle to compete with the conventional slab caster, via, product quality in certain critichl
applications. The excessive mould wrbulence associated with feeding a thin slab caster
mould with hguid steel ar o reasonable production e leads (0 o slab surface thae
(particularly in the absence of scarfing o slubs) produces a strip unsnitable for use in
exposed autis body parts, Thus, the product mix of & conventional caster can potentially be
richer than that from o thin-slub caster. Addinenally, casting of peritectic and crack
sensitive grades requires reduction of speeds 1o one-thind of normal casting speeds to
prevent breakouts. While this is also true in normal slab casting. the lower speeds needed
tor the peritectics are oo low in a thin-slab caster, leading to premature freesing of the steel
i the restricted mould. Thus, these grades have to be altogether avoided in a thin-stub
caster product mix which is not always the case in conventional casters.

There ure i lew other concerns-abour the thin-slab caseer, in purtculur the capacity per
strand, which are covered 1n & subsequent section.

5. Thin strips Irom thin=slal casters

The issue of thin stiips {< 1.5 mu) from o conventional hot roliing mifl has been brefly
touched up on in n previous section, Some modifications that are needed for rolling of these
thin giuges are deseribed,

IUis well-known that the strip width dimension 15 a function of the accuracy of the
tension control, This implies that, partcularly with small strip cross-section i the inter-
strind srea duning thin strip rolling, the equipment design must be one of low mertia and
low friction. With the mlling of thin strips at high speeds, the threading in and out of the
strips needs 1o be accurately controlled. Thus, the awromatic levelfing of the mill stands
with feed-forward conirols assumes great impomunce. The Matness of the strip in the inter
stand region is crucial for rolling subility. Thus, auromiatic fatness contral needs to be in
place at least for the Tast theee stands, Thin hot-strip rolling pluces veey high demands on
the mechanical equipment of the mill. Apart from the high accurney required on the stri P
guuge. it is also necessury (o have the mill hirdware imsensitive (o ermors in the rlling-force
seup. To implement these features, high-speed awromanic gauge control 1s 3 must
Additionally, mass-flow erpors particularly during the threading-in phase need to he
controlled rapidly 1o enable rolling to continue in a stable fashion. For this, nptimised
hydraulie Joopers anid control cirouits are needed. Finally, mlling of thin eod thickness
leads 1o higher loads in the finishing train. A proper roll-eap Jubricarion system permils
reduction of tolling force and segeptable lovel of roll wear,

Bifficulties in the production of thin hop-stips from a thin-slab caster based CSP plant
are somewhat less as the entey conditions (high uniform thin-slab temperature) for rolling
m the finishing wam are moch more Tavourable. At 1100 to 1150°C, the thin-slah
temperature Hes well above what can be attained ot the transfier bar stage of conventional
hot tolling. This permits lower fimsh rolling Speeds in CSP. Furthermore, untformity of
heating 1n the tunnel furndoe implics that the emperawre gradient from the strip centre (o
the strip edge is small even after the last stand. As i conseyquence. even at an end-rolling
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lemperature of around B50°C the demands of the augienitic rolling process can be
completely met for low-ciicbon steels, This compires poorly with the 900°C temperature
needéd in the cuse of the conventional finishing train. Another major advanlage of the
uniformity of temperature glong the length of the slab is that rolling wnd cooling can
proceed at a constiant speed without resorting o strp edge heating, temperiture speed-up or
vitriable inter-stand conling.

Compared with the conventional hot-rolled route, the yield strength and tensile strength
obtained for low-carbon sheets are higher for thin-slsb rolling: This has heen attribured 1o
the delay in the precipitation of sulphur (a5 MnS) owing to the fast cooling during and after
solidification in the case of thin slabs, The sulphur remuins in solution and precipitates
during mlling. As  result, the precipitates ure very fine (less than 0,05 micron) and ore
homogeneously disteibuted with attendant benefits. The fine particles of MnS have #
pmning effect on the grain, preventing grain geowth with the result that in the cold-rolled
and annealed sheet, the grain size is fner. Additionally, MiS is an effective site for
precipitation of FeyC and influences the final precipitation. Thus the efficiency of the
overaging treatment i expected to be more effective in sheets produced by thee thin-slab
casting process. It has also been seen that femitic tolling for o conventional thick slab
produces u product that has inferor yield strenpth and tensile properties compared 1o
Ferritically rolled thin slabs. It is felt that the fine MnS precipitates formed during rolling
st favourably in the latter case.

On account of these sdvantages, it is now possible to have an “extra-long” slub of around
200 m cast and rolled in the finishing stand and cut o individual coil length. In diing o,
the discontinuous (hatch processing) mode of operation of the CSPcan be extended into o
semi-coninuons one by merely instulling a high-speed shear before the coiler station. In
future it may be possible (figure 10) to design a fully continuous overnll process that links
the process from casting to final rolling.

(i} CSP concep! far bateh rolling
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Figure 10. C5P configuration for hatch. semi-endless und endlesy rolling.
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6. Linking BOF to C5P

Acpre Steel, USA, Algoma Steel, Canidi and Thyssen Krupp Stahl. Germany are the only
three plants as of now that have linked the BOF to a thin-slab caster. The great popularity of
thin-slab casters in electric are furnace-hased plants |s doe o the fact that fat products can,
hy this combination. be made now by mini mills of smaller insalled capacity involving
considerably lower financial nvestment, Blegtric arc furnaces have a tup-to-tap ome of
around G0 min which matches reasonably well with the time for casting a heat in a thin-slab
caster. This makes the armangement purticulurly amenable to sequence custing,

The cost advantages (capital as well as operating cost) of a thin-slab caster (TSC)
prodoct are so overwhelming that, for qualities that can be produced through the thin-slab
vaster roule, a thin-stab caster product would cost moch less than @ conventionally cast
product to the advantage of costongers. It seemis foirly clear that for such gualities,
conventionul slab casters are fighting a lésing battle, Tt is only becalise certain prafitable
erades needed for outer car bodies cimnot, a5 of now, be mude in w thin-slab custer that a
competition of sorts exists between the two routes. Considering the rapid technological
progress being made in the thin-slab caster ares, it may only be a mater of time before the
ohstacle of producing exotic auto geades is also hreached.

[t iz the opimion of the authors that oo oew instafletion for Dar prodects can be
competitive without g thin-slab caster. One can even go so far as to say that even existing
plunts would be under pressure from pew thinsslub gasters i place of their fully
depreciated conventional caster (as with Algoma Steel). However, some special issues need
1o be rackled with n BE-BOF-TSC route and these are discussed in subsequent sections.

6.1 Availability of o TSC darratgetnent

Cral ol the wotsl number of doys 1o0a year, the "steelansmould" tme Tfor o thin-slab caster i
only 290 days (80% availability). The break-up of this availability for a typical thin-slab
custer is given intable 2 (Chandra er el 1997a). With this kind of availability. the maximum
annual production per strand ol o thin-slaby caster would be 105 Mipa (slab width: 1200,
mm: chsting speed: 3.5, my/min; slab thickness: 50 mm). Two mochines at the very best
wiould give 2.1 Mtpa. The production per sttond for different thicknesses and widths has
beeen given as o fupctivm of casting speed in figure 11 and 120 tNove: The slab production
figures have o be adjusted for vield (95%) to compute the production of sreel)
Cimsidering the fixed expenditure an infrastructure that has to be incurred independent
of thee sannual tonmeage, i35 now accepted that ooy mtegrated steel plant bt wday should
have a mimmum capacity of 2.5 Mipa. Under these circumstances, it s immediately

Tuble 2. Availubility of o thin-slab cwster i an integrated steel

plant

Activity Mo of days
Genernl maintenance (7 daydmontha) 14
Seheduled mbimenance |4 hiwesak) IF
Operattonal disturbancefunschecduled ourlays 23
Teanl timie for re-ssanding 19
Total outage T3

Stee| i menld (365371 davs) 92
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Figure 11. Production copacity of S {or different slab thicknesses,

abwious from figure 11 and 12 that two strands of @ thin-slab caster producing 65 mm thick
slabs (at 1200 mm averdge widthy would be needed o meet the demand of mmimum
capicity. Whether the two stritnds should be from one caster or from two separate casters is
discussed in the next section.

When first introduced, thinsslab casters thd not have an edge before the rolling mill.
Thus all slab-width changes ivolved mould-width changes which complicated both the
casting as well as the mill scheduling in addinon to contributing o yield losses. However,
lgers are now supplicd with thin-slab casters and Gallatin Steel (a0 joint venture between
Co-Steel of Toronte and Dolasco of Hamilton) his 8 vertical edger ahead of its S-stund
rolling mill. For the SMS caster, this is the first time an edger has been used.

150 +— Slat: Width=1200 mm -
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Produtction, Mipa
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i

0.50 r T
35 4 a5 b 55 =]
Casting spesd, nvmin
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Figore 12, Production capacity of CSF for different slob widihs.
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stopped altogether n the Lirge BOF, the production in the plant would be most severely
affected

o Proper positioning of the tundish, so that the neezles of the two strands are
simultaneously centred exactly in the moulid, 15 a difficult task. This issue 1s of concern
even s econventional caster with twin swands bat the problem s magnified meny Folds
in ¢ase of a thin-slab caster because of the severely restricted mould opening:

04 Impact on blast furnace

The wvailatality of a blast furmnace 15 3403500 days 1n-a year, On the other hand; the
avaulability of the caster-mill 15 at best only 330 days, allowing for periodic shutdowns of
the plum for equipment muntenance. The size of the blast furnace will bave to be chosen
sy as 1 gen the reguived hot metal i onlv 330 davs of operation. For the halunee number of
days, hot metal production hus 1w be reducied considerably or another outlet identified for
it use, It is to be nppreciated that even if the casier is available for the production of slahs,
this reheat Turnace cinmot take "cakl slabs." The disposal of the extra production at the hot
metal stuge 15 possible if the metal s cast into mgs. To handle 7600 wnnesiday (ihe
teguirenent of hot metal for production of 2.5 Mipa) the pig-casting machine arrangement
would be fairly large,

Another issue wt the hot metal stage, linked toits ussociation with a thin slab caster, is the
transport of hot metal from the BF to the BOF shop, The modern trend 35 to use torpedo
lagdles and dircctly charge the metal 1o the LI vessel at the steel meling shop. This does
awny with the mixer—a standard fearure 1n many steel melting shops today. Since there are
likely to be interruprions in the rolling mills, which would necessitate stoppage in steel
production, it is importunt that an arrangement be made so (hat the blast fumace production
1 largely left unhindered (Chandra eral 1997b). A possible solution lies in creating i largish
buffer vessel between the BE and the steélmelting shop in the form of 2 mizer The downside
af this is that hot poetal would peed w be handled o openop ladles insread of torpedo ladles,

These are issues that need to be debated, since there are no vhvious solutions.

7. Conclasion

Developments in the srea ol continuuous casting hive heen considerable and their impact on
the steel industry. guite sipmificant. The important issues discussed in the paper are the
fallowing,

o Thin-slab casters ure less expensive than their conventional counterparts both on account
of capital and expected operating costs. It has been estimated that the investment cost
per tonne fora 2-strand 1.5 Mipa thin-slab caster is only 65% that of & conventional caster
of 3.6 Mipa capacity. The operating cost advantage 15 around Rs. 500600 tonne o favour
ot @ thin-slab caster,

e The BE-BOF-TSC route offers u few challenges. On account of lower availability of a
thin-slab caster compared with the BF, armmgements have to be made (e.g. pig casting
machines) to dispose of the hot metal produced during the downtime of the ¢aster. From
the expenience ol Thyssen Kropp Stahl and Alpoma Steel it 18 now ¢lesr thal & (win-strand
ciister, fed by a large 200380 (onnes heal, can successtully overcome the previously
perceived problem bf nozzle centreing in a twin-stranil TSC
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e Some of the thin strips produced through cold olling can now be obtained from hol-
rolling stself and the thin-slab caster is uniguely poised to make this transition.
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