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rodling covtn dacres . Lo Whe are o0 s in b ome g0 boe ot bn g by
mlﬁl—fﬁ;llé' Boordu shg mes Yrewe . C 4 W s oeiectrie fL o #m, s
tinuous custine, ani Lot-polig WO T Al 1Pe v man b fages o
BOLGOU 40 400, YK/ 0Ly Y e o Wy fatHy 6w LIenR LeT sear.
rot only auec eed oot e L Oy bier ot grgeeiatle BWulk
producers, vut alro evon cona Waituy rroM o timbers <rere el pertsoularly

favourable condy tinng ¢ et e cerfalrn e Alinl e o C BT LAC.LIEE aPe

obaerved.,

in the author's ov:ijon the turito: grow'h of -iniesnlie - partie
oularly 1 developrng countt, ol = d . ¢ bde mainly on raw seted.:l: and
Power. Anticipating a tightering 1 =t rar supplies 'n the v iare ond
taking 1nto aceoun  the Ligh voovomae it nium le/el 1 the 4.rectereductior
processge.; alrealy operct.ing, Vi CORDANY, COADY P W R & LOUGorLiwe of
miniemill operatirs, Lir peifec‘es a0l iw flarting up o« dir ctepeduciion
praceur of L modular type auitable outpute »io low as 00N gpgmifm,

Ariothe: aeve)opmert Jopesived in a acve ) Pimne Al ctior agstes with
an efficien.y of more thy. Nt

RBased or. experience gaird by per tigi;atior a Ve v lding or
reconstruction of more than a hur dred Firiemliie, ‘re author cxpregsoy
his confidence in the future of thip foremla oo long wa it e ~ealised
that a mini=aill is not il 4 pealeded am sarge tenjeorks tut e
govorned Ly rpecvific ecunorie, tochiicin,  reanizational, ard cparational
characterigtiocs.
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torgerp
md larser sper-ntatin o fader. b opoen: i W L sanaf ctyrer s
repdared by inhistrinl ccwbin omp i e hanicul mass . production
cquItment and meth ouay ot b the world of cres, 41 arnual productron
o 250,000 twia, cansidrrad ite subitantiag 50 yeary aro, ts dwarfed

by teday s concept of the 15 million tey umit,

The bigoser dbmeisions oy the loss can their deveiopment be
left to chance, the more lecenrary it hecumes to plan, campute,
desimn, ond project the world to come ,

Newwver, history and osvonwerc develormert docs not alenys iollow
& sePipt like & movie, but guite often Just hoppeos,  In the world of
steel ore such Pwnacripted happenine® (s (e rasrgence of amil]l  steel-
vork units @ net at all conforming te the 'revailing concept of 3
Sintanme 3480 of nilitons of tons o which not ondvy  semm to fulfill a
very mpertaat fumction under Pecafic Circumstances, but also
(requently ppear to de far nore G onamt ally successful than their
Be %planned® brocher,

These smovhat “out of nerw’ stee) onterprises arc aostly called
WINISTERL WONS or MEINIMIULS, *xpres:cions  which have beon in use for

s fow years, like “mini buigets?, "ain) war % o Fmini skirty®,




e beove il ke it o tnad o aseme thas EXp 550N
bad oo oty 10 o oot s wnd. ilowever, the
exXpression o~ voed i agacy varled ways ihat in order w0 avoid
AV confuniog wa Lhonk o ¢loarsr uetinition is nece:saly and there-

fore propose the faldowiny foecr ption:

A MINIMILL 1S A PLANT PRUDUCING TEEL FROM SCRAP, P1C IRON, AND/OR
PREREDUCED PELLETS Ok SPUNCY IRON BY THE HiuH-POWFRED EIECTRIC ARC
FURNACE AND CONTINHOUS-CASTING PROCESs AND SUBSFQUENT ROLLING  INTO
RODS, SMALL A:D MEDIUM HAR:. AND SECTIONS, AND NARROW STRIP AT AVNUAL
OUTPUT RATES BETWERN S0,000 TC 400,000,500,000 TONS,

Although the size still reaains a mojor criterion, we believe
that there exists a second c:sential element which gives minimills a
specific identity and Uistinguishes them fram the »mall first phase

of a works cventually to hecome largce,

In owr experience and opinion, miuimills have a definite
function - and are usuaiiv successiul - vnder conditions which are

temporarily or permanentiy unsuitable for a large steel combinc,

One example of such conditions has beer Italy after the second
world war, Owing to a2 aumbor of particular circumstances, the country

had tremendous possibilities of development ond has, in fact, one of o

the most impressive Furopean pregress recerds of the last decade,




However, one of the moxt e- sentiay materials for eh, s development  was

steel and the Itulia., STeed wtdustyy existann ge ter wne wer Aid wet
have by far the necessirv CSApACILY to provide the quantities of s!eel
needed. Certainly, plans werc made f or the development of large-
scale Ttalian steel industry, and works like those at Taranto arc among
the most spectaclar .chieverents of large-scale steel nnits of the

last decade,

The financial organization of the considerable capital needed for
the creation of large steelworks, their design, planning, building, and
putting into operation takes many years «nd the progress of Ttaly would
have been much slower if the industry had been made to wait for the
steel of Taranto or the other long-term development projects of the big

companies,

The consequently cxiscing nced for the quick availability of steel
Products motivated small- and medium-size enterprises al) over the country
to establish small steelwerks > built at comparatively low cost in an un-
usually short time, to £ill the existing demand for steel products - in
brief, to sst up ministeel vorks, ot which about 50 exist in Italy today.

Ve are an Ttalian company and our ow: development over the last 20
years has been very much associated with the growth of the ministeel
industry, The experience gained by the participation in the building
and dwdm of more than 100 minimills, by building or rebuilding
about 150 relling mills, more than 200 continuous-casting strands,and
4 wide range of ancillary machinery ani equipment is the basis of the
observations which we are oftaring as our contributicn to the discussions
of this meeting,




The situation undeviving t! o rooewth o the Ttalaaw mitsteel in-
dustry :s only oae ¢rample of pariicu.ac condibaoas justityinr  the
economic feasibility of the mint dnstedlation, fasufficient or very
expensive mea 5 of transportallon «  espocd aliy in large developing
countries - i& another examplu,ano asad for  vertical development as

well as a variety of other ciriumstonies can be other motives,

One aspect is common *o mos: ninimild onerations: the particular
conditions leading teo their creation may be tewporary only; therefore
the more ilexibility is provided in the concept of the o1 iginal prow
ject, the better the possibilities to keep the initial investment use-
fully employed, if and when the conditions motivating the original

scheme should change.

The main feature of a minimiil iz, of course, the product, the
need for which is the motive for tie :reutrom oif the works, In most
cases minimills are producing smiilcand mediwm-size bars and sections
= in some particular cases alsc flats and strip « but hardly ever other
flat-rolled products Jike plate:s and sheets,as the equipment for their
production is too expensive for a smail cutput. The already mentioned
flexibilicy as an essential critcrion of the successful minimill  ape
plies particularly to the aspect of product, In many instances mini-
mills operate very profitably next door to largc-scale works, making
the same products possibly at a lower cost, but the more flexible mini-
mill can give better service and 30 compate successfully for a slice of
the market,

during the last decade it was tried frequently to provide for maxie
mum flexibility by universal-type roiling mills,which could be used for

the production of the greatest possible variety of shapes and sises,
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Thie resulted in a comparativaely low rato b paant  utvhizations 1,v¢,
capital iavestment, ans, muaz the 13sT fow vedr oo ther gos ceer
growing tendency to build ninimili. rov hichesy possivie piant utiliza-
tion, i.e, a snall range of product . but to provide in *he layeut for
subsequent modification or erlarrement of the plant in case chenwes in
the market should make corresponding changes in the production  program-

me and plant desirable or even nucessary,

For inatance, it is 1lmost geuerai practice today i the i ldiaw
of mini~bar mitls to provide for a suosequent addiiion of a rod mili,
It ought to be stressed,however, that these provisions for flexibila®y
should neither entail any init.ially unutilized capital cost for future
use nor compromise the compact layout essential for the econemic mini-~

mill operation,

Anothe~ vital aspect of the planning and success of 4 minimill is
the dimension. As mentioned in the toregoiig, we maintain that parti-
cular conditions motivate the establishment and choice of product, and
this applies also to the initial size of the works, However, the need
for flexibility should also be taken into consideration in deciding the
size of the establishment,and we believe that a voluatary limitation
in this respect is a better safcguard for the continued economic Suce

cess of a ministeel operation than the trend to aim at perpetual growth,




In many nstances 1 h B el S Opere ooy dey e 21 the lowerp
transpoitats o n e st L S LI ST s g bosiay e troe
the near 0 Ly e, TCale e ey it A A ST SIVE I & I wvantape

Wil exaot onudy to the oxtent of 1o quanteoes which "hi o jocal marhet
Cate absorb, and anv exiesy tomie e produoad by the minimit! will have
to carry heavier Eranspor tarion ©osts usd . compaote theretore with pre:

ducts of Jarpe works which 1, nor altwavs easy,
» p

It tollows that the right dimension of a minwll depends primarily
on the existing local conditions and mizht vary therefore reatly, A
Very recent variant of the specles "ministee! works® reaching inte the out-
put level of 500,000 Ltpy and more seems to us rather a fipst stage of an

eventual large-scale steelworks than a Targe forw of a minimill,

In our opinion, the furtlier erowth of ministeel work: o particularly
in the so-called developine countries - dopends on two factops: material

ad power,

In the definition of the miniwill proposed by us at the oitgat, e
@oted the electric are furnace as the essential steelmaking unit, There
are a number of other steclmaking methods that theoretically could be used
for minimills: small blawt fumaces with oxycen converters or cupolas
melting domn pigeiron or scrap for subsequent oxveen Llowing and a variet,

of other processes, However, all these methods need additional materials
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native,

As steelworns 4+ o Ml iy jart ot larper iefaatrial complene:, 1
BOEmT |, 1@l 0 ansune *hat elactroy power ix avaid bic, Vitea Hish
Power arc furnaces in potscular TRQUITE L overs targy ameint of electric
power, the tarufticienc. of which creates peobient for projects in vari
Ous parts of th{ém‘}d, sspecaal s an Comatries with aiudant reSOurs ex
of matv at il and wa.,

A great deal of r ocvaieh by Beea Carried out over ohe last dedade
to find steed-makiig joovolier Wb oqutd ®ehe 1t posritle Po  bwepass
the transformation of n v el tugd amte alacicroity fop “ubse quent elec-
tric steel making,:.c, 4 sethod boowioh, for nusiance, irem ore could
b transforued iuto stec) directly, by using a ratupral fuel -uch &5 wil
or gar, To the best o our boonladge ve pra ticable process of this
King has rmerce 0 yet,amd it poems to e that th.s svstem does not imve
the possitility to becac of pract ical industri il use at Jeast for the
neat decade,

The only process wh ¢! might lead to & Cumparative independenc: fram
large electricity requiraments, even to- small vperations, is the American

developel S.N,N, pro-ess .| WAL setaration of the 4ron porticles  gn
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SO ey shter g3t o,

Neverthe ) g e teehin o e sttt p P imatio towangs SCience
flet on bilieve this 1o Ye 1, tecink cve - roemsy of the future, and
1omay well be 1)y AL en e ot ey Works wicht he  the tirst
Prectivald produceive anpliCat v of Firocess which, in fact, would
be a fundanert a] revoln. yon stecimakicy “ince man started to make

Actal objecty tiom metal - boasjin, minerdl s,

To some extont @ first staee or rasiunless metg) SeEresation exists
already with retand to the second centeal nronlem for (e development

i minitmili., wwmely, the ques  ior o Pow naterigls,

For all practica) PUFPQies most mingng ], exittine at present are
based on the use of 9ton) SrAp, Hither they are placad 1n ap indust-
rial country with Foead SPap uprising o b import scrap from count-
ries with an CXCONE, Bt minimiiss ape nor the oniy ugeps of Scrap, and
there are alread. Verv strong indication, that within the next fjye to

ten years there . ould b 4 severe shortage of stee] SCrap in relatior to

the the eXisting possible demand
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dustrial areas, Lig quantities APV S gy CHIPOratively  wial batches

spread ovey Farpe arany, ovien of th Sontant 1y Lrereasivg tpan. -
Portation costs, the wobinction o1 these d1sperced Aprisines becomes ,

thereforc, exiiemely erCHS?vC,)¢;t;CU}JT‘Y with repard (o SCrap cars,

As 4 mean: of wmproving the efficiency of electric furnaces, the
shredding of 3CaAp « especialiy oq. bodie< o precgded by thein compres -
sion has been teveloped over the last decade, but the machines available
S0 fur for this purnose are profitable only ¢or compressing large quane
tities, i,e, they are designey to Operate in g fixed position, to which

the scrap is brought for shredding or tragmentation,

In an attempt to facilitat. collection and preparation of scrap,
particularly for smadl operations,i.e, miniworks, we are working on
the development of a mobile wuii whicn can be woved from one to another
small scrap-car depot to campresy and shred small quantities at a cost

which minimills can atford,

The sccond and, in war opin.on, more important development with
regard to the provisjon of inexpensive raw material for the ministeel

works is sponge iron or bre=reduced pellots,

After being used on an industrial scale for more than 15 years in
Mexico, it can be asserted today that direct reduction - electric
furnace route is an established method of steelmaking, although there

are other processes in use whose recorded performance cover too short




vpertod of tipe toobe uosed o v ctioal, Bl o orrert auamber  of
Glber pattshed ustenns o et e e n bt e crastical ase,

There wio two sooe s s g a0 e ar saeation of  direct-
peduced aron o manastees v oche ot b, Oue of thenm is that the data
published bv werks with more than coperineatad working results  seem  to
indicate that tor ccononie as wet! au technical reasous i furnace burden
corsistiop entirely of sposee iron i: pot teasile but there must be a

mitture of spengsc and Sc-ap,

The second noint is that all direct-raduction processes which are
operative ot present have a comparatively hizh output level of economic

feasibility of -t least 150/200,000 tpy of sponve iron,

Taking these two poiats 1nto acconnt, it 1s evident that a ministeel
works with, say, 150,000 tpy total steel productic. bewng  able to use
pellets only for part of the buras. roadd not have the possibility of
utilizing on indepenaent direct-petecrion plant and contd therefore not
afford to build one. Suh .orks with wmali requirements  have the  pos-
sibility of purchasins (cduced peilets trom a ycljet;nlkiug merchant plant,
but their p; esent prizes are compir tively higher than sceap  and, frow
the announced projects of planced merchant pellet plants, it does not seem
Jikely that a considerable docrewse or pellet prices can be anticipated in
the near future, Conseguentty, it daoc, not appear as if  the use of

purchased reduced pellers wiil be caomivally feasible ‘for minimills for

some time to come,

In some places, several ministeel works are nvestigating the pou-

sibility of joint ventures, but thi-. of turse, is really  feasible only




tf the muimills concerncd are located Fearly ¢isse to cach other and

are 1nterested in doffecent porket s for “hegr oottt Jompancies whoe

A

might have to Comperte with eah cther tor the s.le of  tho,; tinished

s g

products are not the idey! partners tor vemiaes of this kind,

vur clese association with the ninistee] fndusv over  the Jast
two decades and the resul ting policy te respond - as far as 1t is feam
sible =« to its particular needs bas i to our Co~operation with a
ronsortium of Swiss and Italian ministeel companres in the develoginent
of & Jirect-reduction provess puiticwlaily svitabie for the small Jro-

Juces,

The plant tor this contineeus fFrocess compriscs a uumber of shafts
in which the iron ore is requcey ANnLo 3ponge 110n by coal as the reducing
agent under the effect of the heat Zenerated in the heating chamber into

which the shafts are set,

The system has enormous 1iexibilit s the output capacity of one
shaft is approxima tely 5,000 tpy und it is possible therefore not only to
dimension th: plant in wccordance with uctnal requirements but also to

drovide for a subsequent gradual en? "rgement,  The cest of the ancillary

plant and tte economics of the operation will probably impose an economie
cally feasible minimum level -« wh. ch we anticipate with approximately
30,000 tpy - i,e. six 5,00 ton modules - which can be built wp at an
almost standard pro rata cost once the minimill can absorb more sponge

iron,

Like all direct-reduction processes, iron ore with a high Fe con-
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tent 18 requized, bur cont rar i L R 1o v the e
ore withon a cort, Jor o oe ) v vt e ot o o Bngey
cat be uscd aadyher o premam cpotes o agary o peowr Ueatment  has

Golower eos fhangfor anstancoprrecr tellobs, altheas bothe darter o are

also usable,

Contrary Lo expensive cokin coal -« s aevded for blast furnace:
-~ the procesy requires My a loy, sind thererore jnexpencive, grade
of coal aad it is planced *» investicere gn the tuture the possibilaty

of substituting coal with other reducing asents,

Versatility exists also with rerard to the el used in the heating
chamber for the gencration of the hoat vewded fou the reducing  process,
Fuel 0il for natural gas can be used ar well as coal or coke, although
in the latter cass tne instailation might aeed to become larger and also

more cumbersome in oparation,

The advantages of the system are o viouws: its  injtial dimeasion
can be adjusted to small woroks, the rrov'l of which can % follcwed by
easy enlargements; f suitable wmeof-*he-min. ore is ava:lable ne ore
preparation - pelietizing .. is nerrerpv, reaucin: arent iy a cheap
material, and che tuel can be cdiugted to local comditions and aevaila

bility,

An important aspect which is still in guestion, however, is the

economics,

The process is not a now inventicn; it was Iready in industrial
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In order Yo extabu,sh cealistic ot for plant oy well! a4 for
yeration andev the vse o various materiats and at the same  time to
‘ent the aurtabalaty of 1ifarent bypde y rducticn and tuel materials,
we have Suilt at cur work. st Rutte; . 4 Pl olant comp:ising cwo
thafts for a protuction of ca. 10,000 ey of spwge iron ana  hope to
have svailable tv the end of this year a 1 casonable amourt  of  operate
ing and test data Lo be able te proseat proven informciion on  feasible

plamt sigzes, suftable materinl s,30d caritai .« well as production cost,

The question of pellers brings us bak to an aspect of the alectric
Parnace viich = wlthourh at presen . in its irfancy - seems likely to be-
come of extreme importan.e: the contimidus feeding of the furnace burden,

One of the disaivantages of the m.nimi)) definition proposed at
the outset As the cycle difference between the electric furnace and
centinuous casting and the resulting imbalance of plant and labour
utilisation, Whereas it tekes about one hour to cast a ladle of
liquid steel iuto @ : or several strands of billets or slabs, the most
efficient furnece stil) take: about two hours to produce the liquid




steel, and the woerkhine of rwe VedNaTos In ceajunction wiih one castingy
machine requices o very porte. i1l o s oveca, Jactors wiach 1w pot

eatily possitle asd aveideld by st operarors,

With regerd vo pey Tets, it nis be rubon date aceount y moreover,
that they contain at fcast 757 nopemetallic material and  their use

in the furnace tuiden norally causes a longer turtiace cycle than for

a 1008 scrap burden,

Various ways have been found and 1re used to sume extent t0 ree
duce the furnace uyole by preparation of the burden, such as campact=
ing or shreddirg of scrap, preheating €tc,; one of the most promising
possibilities in this respect seems to be the continuous feeding of
the burden,which elininates nec only the tiac lost by basket charging -
which can be 152 of the t.tal tycele time und possibly even more « but

accelerates also the welting~dows: time in the furnace,

On account of the present hiek cost  and limited availability of

shredded scrap or reduced pelleis, the  contiuuous feeding practice is

still in il infancy ond very 114" exparience data is available as

yet, 1In addition, the presently predaminant fume-cleaning systems using
& fourth hole in the furnace roof cause a major difficulty, as it is
ueither practical to introduce the furnace [eedstock against the streanm
of furnace fumes at high tawperature and pressure nor is it considered
feasible to put a fifth nule into the turnace roof,

B

This problom is not limited to ministeel works but is of particular

importance to them,as optimum piant utilization and productivity are




..... Gur company  ha therelore devoted much

attention to this gueotica and ve have doe cloped a4 fume collection

system which does not use il fourth hole of the furnace roof at all,

Through a manifold surroundine the furnace as well ay the adjacent

suoke- generating areas, a cmipressed -air curtaipn is projected towards

the roof of the huilding which torces the fumes to a8 collecting hood
from which they are evacuated through a suction head into a cleaning

piant which can be of wet scrubber, dry tag,or any other type.

The principle of tume collection in a canopy in the roof of the
building is not,of course new, but most methods propesing this system
provide either collection of the fumes of the entire shop « which make
them extremely expensive = or create very difficult working conditions,

As our system does not need expensive heat exchangers ( «mm
for fourth.hole extraction hereat artention has bemn given to the

econamy of its desipnj its cost compare; favauuhly with that of other
reputable fume-collection plant available at present,

The first catcimwent unit of this type patented in the USA, UK, and
other countries has beon workin: under conditions of industrial proe
duction since the beginning of 1973 around a 20 ton electric arc fursace
and the results obtained over thc first few months justify the mtigja-
pation that the system will be able to collect more than 90X of all
fumes arising in a melting shop,




In almost all of our toragoing cbservaticas the question of economiis
has played some part, buf we 1ccl that, before concluding, something should

be said about minimill economics in seperal,

We trust that quite a few authors will explain in ereat zletail the
rather absurd fact that the pro-rata capital cost and time of building of
ministeel works can be half of that of a big conventional plant and that
the sconomic welfare and prosperity of most minimil1s - even at times of
depressed markects,when their greater brethren do not even manage to break
even = seems to demonstrate their capability to produce and sell  come
petitively.

A fundamental reason for the success of this type of steel enterprise
is the realization that a minimill is not a scaled~down large steelworks
but a2 type of its omm, gavemed by its own specific technical, organises
tional,and operational characteristics,

An optirmum plant utilisation, a raticnal layout providing for optimm
handling conditions,and a c;anpact -management and Iabour force are some of
them,







