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SUMNKARY

The paper begive by wraning the basic elages in the development of
an iron and steel industry. TIY describes the structure of the fundamen~
tal conpumptions, together with sicel consumption data, and gives some
details relating specifically to wes.tern Burcpe.

The stages in the organizational development of research in the
iron and ateel ficld ure conmidercd, and there ir an evaluation of the
present size of research activity in the indusiry as compared with its
size and struciure. ,

The Ttalian example in then discussed in detail, in relation to
the development of the world iron and steel indueiry.

8ince the recruitment and training of engineers suitakble for
research organizations is a crucial problem, easpecially for developing
or recently developed countries, congideration is next givem to the past
end present strtus of university tuaching of metallurgical subjects,
and an outline is given of the general problems in teaching metallurgy.

The origin, manring, and buildingo of the Ceniro Sperimentale
Metallurgico in RHome arc next described. Thir leads on to a section om
the organigation of rescarch in CSM, with investment and operational
costs.

Special attenticn is paid to Lhe participation ot CSM in joint
research programmes sponsored by the Eucopean Community, «nd to the
meaning and importance of co-voperation at regional level.

Therc are threc apnendices, deiaisling plant and equipment installed
and in operation at CSM.
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The background, :he objectives, the st ucture, and the wotivation of the
Centro Sperimer.tale Metallurgico in iome may be of some geucral interest
to this Symposium, largely by reason of the fact that 1taly, having
recently joined the ranks of those countriec for whom the iron and 5 teel
induiry is an important factor in their economic and induiirial struc-
ture, can be taken a3 an immediate reference point by those countries
"that are in the process of passing through the initial stage of develop-
ment.

A centre for applied research and its protlema may be described and
assessed in various ways.  Straightforward technical data can only be of
interest, if at all, to a limited number of specialists. However, taken
in the broad context of their industrial scctor it is possible to congider
their importance in relstion to the development of their induciry, and this
is of wmioh greater interest for this Symposium, 2nd especially for this
Mighth Session.

In this section an attempt has been made to bring together certain
relationships, of greater or lesser importance, which can be established
between data relaiing to recearch and to the development of the iron and
B8tecel industry on the one hand and ocertain purameters of a more general
nature relating to thie induuiry at di ferent atages of 1is developmert.
It is by no meane the intention to congtruct from thesc relationships any
reference models againgt which every country can set up it own iron and
steel resenrch policy; it is intended, on 'a more modest scale, to offer to
colleagues some themes worthy of consideration and to draw out their
considered reactioné, whether favouratle or otherwi:zs.

As a firsi obscrvation, let us repeat something that has been ex-
pressed many times before, namely that apparent per capita steel consumpt-
ion (defined in the uccepted way) in a Bignificant index of the degree of
economic development of different countrius. '

Figure 1 shows graphically the rigures achieved in the years indicated
over the per:™d 1913~1970 by regions and [or typical countries which in
1970 were at the stage of major world consumers (Sweden), average-major
consumers (ECSC countries, Japan), cousumers With over 200 kg per capita
(Ttaly, Spain) or at present nearing this level (Argentina. Brazil, Mexico,

Venesuela). The importance of a conzumption of about 200 kg per capita
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15 shown in the three diapgiams on wipg, O *o1 Lthrec countrics that ure

geographically neigshbonrs and which have a o nerally cimilar socioe-

economic structure (and alvo with suuply practicey that are sufficiently

comparable ), such ag Frarice, llaly, and Spain, whe situation that formerly

obtained (high concumption of v .:inueccons materials, low apparent consumption

of steel) is conpared with the preecent situation : a per capita consump-

tion of 200 kg comre at the interrection of the two curves for all three

countries. The threc ecoromien tave obviously been trarsformed, at various

dates (1952 = 1958 ~ 1967), rrom predonminanily agriculiural lo predominantly

industrial. This geueral criticul level correcponds, in western Burope,

to the entry into operation of national co-operative iron and steel

research organizations - IRSID in Prance (192 kg in 1949), CNRM in Belgium

(201 kgin 1949), BISRA in the UK {287 kg in 1949), CSM in Italy (267 kg |

in 1963), ®o far as thuse countries, the ntructure ard history of whose 1
]

iron and steel industries it roughly comparable, are concerned.

The origins of theee coincidences becomes clear if one analyees the:
distridbution of consumption in the va—ious user cectors in relation to the
,«;’ increasing totals.

Figure 3 shows a disgram taken from a UN putlication which illustirates
graphically the dynamice ¢f development Ly type of consumption.,  This
figure will be interprcted with the same reservations expressed in the
putlication from which it derives, namely that the compucition of con-
sumption ig, to variable extents, influcnced by the industrial specialige
atior of the country concerned, and thereiore al an early stage of devel-
opment the discrepancies in relation to avciage operations are larger and
more frequenc. However, even wiih theae reservations, at a
per capila rate of congumption of 200 kg there is a change in the rate of
investment consumption and obviously an increase in more diversified
consumption, in which it is not only the basic physico-mechanical properties
that determine the choice of steel but also a more 'ucientific! COrrespon=

dence of the material with the specific service requirements.

The relationahips between uppareni steei consumption and grosn
national product have been aual,sed broadly and now constitute the besis
of forecasts of total consumptiun, Lecs astention hac been paid to the
relationshipe which derive for the mogt part frem thege basic correlations;
in the same way that the wajor 1rov and wicel consumptions san be defined

and characterized, so it i necesuvary to identify the priority objsctives

for research, which means that the erzcntial problem for those responsible




for research is to concernirate the forces and rkills that are necesuarily

limited at the outset, and cau giod o Wooloaly, cou few importany,

problems.

It would appear logical to assume that thuse countries that wish to
tackle the development of theive iron and steel industries with an
adequate level of research activiiy should solve probloms rc¢lating to

the following :

1. the preparation of an initial nucleusg of qualified personnels

2 study of ithe mout suitable raw materials and energy sources;

3. the production of csmential finished producis which meet the
typical requirements of the country's stecl market:

4. wmelection and optimization of processes and equipment in

' the light of the local labour situation and local raw-materials
and energy possibilities)

5+  the introducticn of uaser industries which favour the most rapid
achievement of economic utability ard which are characterised
h& low specific anvestment costs, simple transformation
cycles, and the pomsibility of gradual repincement of exasting i
ocraft activities,

After having collaborated in ‘he choice of process and location of
the production complex and a.ffer having contributed to the resolntion of
probless relating to the start-up and idjustment of the production cycles
vhich are succeasively installed, it is up to the research organisation
1o define the bent characterirtics of materials that have to be supplied
to meet the current market applications that are gradually set up.
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Fro the same way that 1) 1s today possible, based on pag” cxperience, o
furecart tor Uie Loow o ang ot sl taductry tre anotial moeal Dor oo onora
specitic autivity, 1% 1o equally jposs.ble v the ricla of applied recearch
10 predict ithe dovelopnentic in researc: antivi vy as productive capacity
graduwal ly increacce:. n cther wordd, e decio 26 %o estaoi.sgh ar
applied research organization should not only lay down the extent and the
initial methode of the ianovalive Toree bat ghould - luo be orientated on
the basis of the rationul development of the wnduniry in the immediate

f'uire,

1% 1 appropriate to dwell & little on this concept, because the
real difficulty in taking the decision to cet up a research organisation
ig not merely that of realising the first phase hul, murc importani, that
of visualizing the size and the capabilities in a proper parspective, in
relatior t¢ the slabilizing size nf the meeicr. The steel industry is
accustomed to this type of oi lonc-term planning in ito production departe
ments; however, forecastiing for . reaear:h orgzr.zation is linked with
@ still groater degree of unceriainty. Tt is conmidered that s research
organization needs a period ot between five and ten years to begin to
become productive in terms of knowlecdge and innovation after ite estabe
lishment; tho structure plaured 2t the ou'net will thus begin to reveal
ite ufficiency in the areas oririnally laad down beiween itz fifth and
tenth years. It will thercfore ve nocessary to carry out certain logical
changes, by reducins or increasing, in the atructure of the organisation,
betwoen the third and tie fifth yeurs, thercuy anticipatinge probable
changes i'. the tield of oporation thut may come about between thne eighth
and thirteenth years, and a0 0. The perjods indicated should not be rogurded
as excessively long; however, thiy cover the training of personnel,
identification of probleme of a1 specific niture, acquieition and/or
construction of wuitahle equipment, all of which invelves decisions that
are fraught with risk, anticipation, und guod sense, imt above all in
close contact with the organisativna und individuals recpongitle for the
overall development of the sector,

In countries with a long-ertablished tradition, iron and mtcel research
developed first at the works themselves, in laboratories orientated towards
immediate problems, whil:it at the mare tins, ir. some universiiics, in a
sporadic way and for reusors that wers sLove 41l due to ©1tustions or

indaviduals, probleme of & rore generai nature begai. to be Lackled,




The works luboratorice then cecarie 1ientifi-.d Witn revearch workers
better suited o deal with mediumerarre probieas, and go thig wats tullowed
by the establichment of latorataries rrmoved “rorm the production unitz,
witl, Laskc ot a wider nature, and with certai~ links with the universities,

which had mearwhile set up specialized laboratories.

A later stuge is represented by the ecimolishment of cu=uperative
rescarch centres, some of theme ae a result of state initiative, especially

when the companies concerned are numercus an' of low or medium capacity.

The ultimate stage of this evolutionary procece in the establizshment
of continuous and effective links between the various similar centres in
a single economic region and of the different countries themealves,
resulling in the development of common research programmea and eventually
in the exchange of researcn workers.

Nurerical data on irun ard cteel research which are valid when come
paring different countries at varying siagee of development are not eany
to come by; as a first cystematic attempt at comparative study one may
quote the one whose resulin were brought together in an OECD publication
of 1969 (2,)s On the basic of thin and other published reports (11, 17,
3), 41, 45), on the cignificance of which one rmust express conusiderable
reservations, it is joosible to construct diagrams which give an idea of
the costs and the number of research personnel in certain of the more
sdvanced irom and steel induntries, col ccted at various : tagen of their
developmant,*

Pigure 4 ohows research costr related %o progressive national steel
production figures, tetwoer  ard 120 million tons pur year, over the
period 1955-1972. The single points appear to describe a rate of pro-
gression characterised by - up to a production of 30-4C million tons a yoar -
an initial stage, ir which the unit cost per 1000 { increases almust
linearly and a succeeding phasc in which the cost rate decrenses until it
reaches a saximum level. From thic attempts are mede tn cstatlish cimilar
correlations between the number of yracuate rereurtl woricrs (per millios
tors of stecl) and the total proc:ctiorn (sae Pig, 5) : there is growtk
during the first stage (mimilar to that chown in Pig. 4), while for higher
productions therc seers *u Be a reduction in thir paramecter. Comparing

' The uuthor would be grutaeful to those who could gurply data that are more
complete and more up~to-date than those shown in the diagrams.
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Figse 4 and 5 leads to the conclusion tnat :bove o certalr total pro-
duction the mujor costs are absorbed ty aneitlarvy perveinel and by

ecripment,

Wher regearch expeases are caiculated in terrmo of salew, it is
noteworthy that - in the USA, for example - Lo dron and siecl andu trg

ranks Jow amon, thc marmfacturing industrics.

Ir. 1970, in fact, by compuriron with e general average of 2.2%
(between maxima of b.l% tor the optical instruments, surzical, and photo-
graphic industries ani minima of 0.4% for the tood and kindred industries
and that of wood and its derivatives), the iron and steel industry

ncbdeved only 0.7% (0.75% in the same year for Japan).

It is evident, however, that these inaices represent average values
in the countries concerned and in general in 1ihe more developcd countries
there existe an industrial structure that has achieved a balarae between
its various components. In developing countries it can be seen that,
whare there is eatisfactory local availability of raw materials (iron ore

; and coal) and of energy sources (vil, natural gas, hydroelectric power ),
é iron and steel indusiry development becomes, at Least lor a certain time,

an essential, if not the sole, component of cconomic development.

The data helow (from Table 1) show that the proportional total contribu~
tion to indusirial production of coal, iron ore, pig iron, and steel have =
for the countries selected rrom wmong the sore developed « been of roughly
the same value during the three-year period 1936-1938, and that whilst
pig iron and uteel have maintained their very high valuss, those of coal

and iron ore have significantly decreased. It can be peen tnat if a

minimum production of 1% of the world production of the four materiala

Average
J=year period Coal Iron ore |Pig iron| Steesl
% *
1936-1938 82.9 81.5 £9.6 89.5
197 2.1954 79.2 80.4 82.0 82.2
1/62-1964 59.3 €2.8 82.0 B2.2
1970-1972 5546 5246 80.7 80,3
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referrved 10 in ansumed Lo be e index of o ouftciently nigh mndasirial

activity, the number of countries that atiain this leveli present certaiu
aspects that ar. andoubtedly i1ntercating and ciee freast. The following
tabulation shows tie numocr of connirien -batl lave excecded 1 of the
averagse production c¢f coal, .von orvre, p:or sron, asd gteel in the two
end per.ods concidered in Tavle L and aler the mmber ot countries which

in the period 1970-1972 cxceeded 1% oi preewar produclion

Feriod Cual Irou ore l'agr 1ron Steel
193¢-1938

No. of countiries

with production .

»% of world 13 12 1 12
production (= 12.5 Mt) (w 1.8y Mt) (= 0,97 Mt) (= 1.24 nt)
1970-1972 '

No. of countries

with production

1% of world 13 17 18 16
production (= 21.2 ML) (= 7.63 Mt) (= 4.13 Mt) (= 5.82 Mt)

No. of couwitries
with production
1% of world 14 32 30 30
production

1036-1938 (= 12.5 Mt) (

[
n

1.89 xt) (= 792 Mt) (v 1.24 M8)

To the largely unchanging structure of the coal industry there has
been added, over the period of time covered < a little more than 30 years -
a considerable degree of proliferation in the other sectors connected with
this entity; thie diversification can lead either to the uge of a eubotitute
gsource of energy inetead of coal, using appropriate production cycles, or
to the breakdown of the link between the location of raw materials and
the inetallation of iron and steel plants, which has been in evidenve since
World War Il. It ir to this basic fact, us is well known, that one may
attridbute the enormous increase in sea transportation of iron ores, which
is shown diagrammatically in Fig. 6 and in quantitative terms in Fig. 7.

To put iron and steel research into a proper perspective, and one
which corresponds to one of it3 cssential roles, that of sconomically
optimiging availahle raw materials supriies to the limit that is techno-
logioilly poseible (the other ecsential role being the economic optimisa-
tion of the contribution of compositional elements up to the limit of their
physico-mechanical properties), it is worih briefly considering the mnnt
and future availability of energy sources which can in one way or another

be utiliged in the iron and steel indusiry.
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cerned, the si1tuation can be roprescried ag whowa 1n iMible 2. Table
3 showe the position rerardin: proved 1 :servee 0 various primary eneryy
sources. Table 4 gives a vomparison vetween the present ~rune :teel
production rates and the predictabie avaiiable reserves ot energy. The
imprecision ot such data is8 reecornized and >t 10 moreover obwvious,
in view of their inadequacy in torme of analyiical basie, that they muet
be based upon a detailed and up-to-date xrowledee oI the local situation.
However, taking into account the great maes of pamrt reesarch and, moat
likely, of future research, they will find their inspiration in the data
collected in this table.

Section 3

It is appropriate ut this point to deal, for the particular cace of the
Italian iron and steel inauntry, with the oasic directions that iron and
cteel research must follow, and tnc {rame of refererce within which the
development of the I[talian iron and steel indwatry has taken place - and
will precumably continue in the future,

Table 5 gives the ensntial data rel ting to the development of 1talian
production ovar the past forty years, "roge wiich may he deduced the
following figures relating to the perceniapge of world production @

Year Coal Iovs ooc Dog iron Steel
1929=1931 »0.i 0.3 04 1.8
1936-1938 " 0.5 0e9 1.8
1952-1954 hd 0.% 0.8 1.7
19621964 " 0.3 1.3 246
1970=1972 had 0.1 2.1 3.1

On the basis of inveatserin declared by companies to the KEC, as
laid down by Articles 46 and 47 of the FUSC Treaty, it is possible %o
construct the predictable developme:s over the 196=1975 dcoade of pig ires
and steel production, their location, and the btreakdown into different fab-
rication processos (Table t.). The Iollowsng resulin smerge :

a. the LD procesg has beccms the predominant one, passing the
electric rurnace in the threc-year period 1971973

b. the LD conuverters wiil be locatea ulmont excluszively at coastal
sites, supplied with imported coal and :r ore used for
plg iron production;




Table 2, World iron ore
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PESErves,

fTituation, Junary 1900

2ographical areas

Measured, indicated, or inferred j

Ceographical areas reaerves 1

Million tons P (%) 1

|

Nestern Burope 20034 2.07 1

Bastern Burope 104331 42.03 |

i

Total Burope 124355 50.10 i

Borth Awerica 5289% 21.32 |

South Amorica 41161 16,82
i

Total Amsrica 94662 ¥B.14
Africs 12606 50&
Par Bast and Niddle Bact £400 339
Oceania 65152 .29
Tctal World 248191 100.00
L] SN

Issorves measured, irdicated ard inferrcd arc defined as mineral mess
considered exploitable for usable material under sxisting economic and
local conditions. The term "Rescrws® is used only to refer to mpecifie
areas on which enocugh geological work has been dome to enmure with some
degree of accurecy the nhyrical existence of ore,

"Fhe Norld Rarkst for Irom Ore”
Sources United Batioms publicalion Sales No. P.69.11.E.10 (§7/E0n/sTest/24)
Definition of Geographical Arcas

Sources United Bations Standard Country Code, Statiatical Office of the
United Mations, Statistical Papors, Series N, ¥o. 49 - Bew York 1970



Table 3. a..urca tocer.

- 13 -
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U ortorent Proomory WL

™

W ARGLTS S

Consumpt inn tor 1907

Tutal Brergy Conampti a 14673

Wae'ox 10

[ 8
LS

(Werla Total, Sxcluding Socinlist Boonomy Countriesn)

Uraaium for reactors
Solid Thernmal Past
fuels
(coal c:ﬁe Baturall  peat Heat
and gas equiva- Developed equiva- Develuped
lignite) lent he at lent heat
of kh enery of kh energy
produced produced
e -]
) Unit Messurement (M) ¢ t kg
) Assured geserves a; 420 c
valent d
2 ""'X“m osquivalent, .; AT 8,21 9 N6 8% 9500
) Bnergy contept of a; 2600
reserves, 13'1&0&1 %) 4900 650 262 61 204 1840 6150
) 19?; consumption 8,2 17,4 6,2 - - - -
10°7 koal
) Ratic 4/e = no, of
{ years consumption :; t%zu? 3 42 - - - -
for each source
) Ratio d/world ensrgy
consumption = no, of
years reserves 3 ‘;’g 20 8 1,9 6,2 55 190
(considerad as sole
emergy source)
jte: & » Neasurd reserves

b = Neasured ressrves ¢+ estimated reserves

© = Ores with extraction cost lower than § 10 per 1b. U3 O
4 = Coal

¢ = Lignite

Aroe § m' Wey Wletsallurgical Coal in the Scventies” (onOSQIo Conferente,
Paris, 1970} -~ B.N.1.y "Brergia idrocarburi nel ’%9’
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Tal.le 4. Crudc Steel Produciion and Iron Ore Recerves and
Powcr Reucrves Fxp:iessed 18 Percentagen
(World Totals, Exduding Socia.ist Economy Countries)

. Remainder
L 52 T
$ of world steel production 3.6 20,2 26.% 11.2
¢ of world iron ore recervea# 32.85 0.3 6.07 12.04
¢ of solid fuel resources 65 0.4 1.5 8.0
¢ of crude oil resources .0 - 0.30 0.25
4 of natural gas resources 28.4 - 10.5 4.8
3 € of uranium revources 572 0.1 5.7 2,7

¢ Situation 1 Jure 1966

Sourcet BELLANO, W., "Metallurgical Coal in the BSeventies" (1.1.8.1.
cg;enme. Paris, 1970) - E.N.1., "Bnergia e idrocarburi nel
1969,

The world market of iron ore - ONU, Marché mondiale du minéral
de fer - New York 1968,
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Tuble 4, Developmert 1 fron ard Steci Droductaor
Py ity ar jhons (400615 B
o ol P - o

Regior. 106 1967 [ 1 L0 R HAES 1o iAe gy
‘ J 4 A 5 t i ' ) 10
Comtal §  93.6 983 D3 Sei 905 A Ml LT ShS 9.0
Other % 6.8 5T 4.2 Ted 65 b hes Ay Add 440
T e T i s e e e

P1G TRON/STEBEL RATI1O0

Coastal % 19.4 78.6 77.4 83,1 90,9 92.0  A9.6 84,1 7.4 B8A.)
Other % 0.6 058 0.6 077 0.8 0.5 0.5 0.55 0.63 0.60

LT RATHET I ERE IR RETRATIRAET L T ILT I LIV IIT O, I I LTI DR E T T

Total % A4.6 45.7 44.4 412 50.5 52,9 5047 5262 55T 5543

W AT GREE R Z LRI PLEATUBE IR PENES T2

STEEL

Coastal % 52.6 54,8 52,0 52,7  91.9  54.2 565  59.5 61,2 02.2
Other % A1.4 452 43,0 437 48,1 4%.8 435 40,7 3.7 RS

RIS ERE R AE TSBE R S TRAT IS LA D LR M R FEIE I T ] T ANALEERE %R il BT AESEIL ARISEFETRFAST ZETE N

Total Wt 17,5 10,8 19.6 20,3 21,2 22,5 24,6 26,8 78,6 0.4

OPEN HEARTH

Coas‘:tal ‘ 2‘.2 20.7 190? 1“.7 1‘:.5 12.0 10.9 10.0 9.1 606
Othor % 13.7  12.8  12.3 12.3 1.8 %7 8.9 To1 52 249

}:nnzuaamsszrasazsnr.:ss.nrr;;:.:.'_ L

Total Bt 6.1 (to3 603 ('03 f}.,‘) 409 4.9 ‘06 4.‘ 305

LE . TBTRIRT .. O NEBLTETES. WL UL RN .05 SR SR,

ELECTRIC STEEL

Coastal $ 4 3.7 3.0 3.9 oY 2.6 2.8 1,0 2.8 2.6
Other ’ 33.7 3246 7 15,0 159 35.2 33.4 32.5 2.9 M.

Es:uaaaclatnsmalxz AT RTINS ISR EINBEATMB IR IIFIBDRLCHATISAI LB IMEIN. ARBUARBU DL I TSI SR BWRPLE T F W

Total Mt 6.5 f.8 T.6 T+9 Ge1 2.5 3.9 9.5 10,2 11.2

LD STEBRL .

Coagtal % 28,0 30,0 2%.1  30.1 321 39.6 42.8 46,3 47,3 51.0
Other % - - - - 0.4 0.7 1.2 1.1 0.7 0.6

PS:‘S&&S:—;as:ﬂcsﬂz“sﬁ't‘:a#azl::.z.;:szu.x LN&BN R IEIAL IR IBE I TR LR EREBRNEEABLSEAT AT LI TREARD

Total Mt 409 507 507 61 7.7 9.1 108 12.7 "03 1507

# PForecasts

Sources ERC-BCIC -~ Invesiments in the coal and steel industry of the Cosmounity -
July 1972 - Doc. 839}




Ce electr ¢ Tuwinacco, wieae Je ol 0 oo cwtion keeps Ttaly an
avgolut. terms oo oo lh o plac o B w07 oy a1t bove
terms (together w.oth Jwedin), 1n Soit place, 1 e, by cone
trast, located uilwii cXeiUb.vely abeabd (and @oa, piled wilh
either intercal ariuwng sorap v awpar o4 Loralb g

d. the prodaction of special vieels nan varied 1o pareontage lu
relation to overall [talian production aveard fairly corstant
levele over ihe beot twerty years (dav, Srom beiore 195) are
not stricily comparatle with those from the later period) and
peeme to have mettlad at the averapge percentages that also
apply in F.R, Uermany und France. However, w.like these two
countries, carbon ateels (in the special steel graden ) predomi-

nate over alloy eteels.

It would thue appear lagrecal to lay down that, once the condatione
that enable a research cuntre Lo be ret ap have been achieved, the latter
should, in the case of Ituly, orientzte ite activities 20 as to give

preference 10 tre foilowing essential objectives

a. study of the behaviour of ores available on the world market
and recommend the uelection of materials must suitable, in
terms of cusic, mothod of transportution, preparation, BIOrage,
and stocking, for the operalions nd the production further
saleng the production cyecleg

Be reduce to0 the iowest possibie ilimut the ceke cunsumption in the
blast furnaces and the reduction load, rroplacing high=cost
coal by lower-cost tut suitable in terms of coking. An
alternative and complemeniary methy is to raduce coke cons-
umption t0 the quantity rieeded merely to maintain permeab lity
in the reduction column ard tor thc final carbonisation required
totally o in part hy reducing gas mixtures, guitably prepared
and injected, in the task of reducing iron oxides;

¢. bearing in mind that the maximum energzy yield possible in
typical conditions are of the order of 89% for the LD con-
verter, 73-7% for the eleciric furnace, and 32374 for the
open<hearth furnsce, it is obvious that for the converter there
will be above all poasibilities for automatic conirol and
regulation, for the electric furnace there are 3111l possibili-
ties of improvement :n the suprly of power and meterials, whilst
the open-hearth furnace will disappexr gridually es in the older
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plants tie advantares of the low dogree of amortization are
natlifiros

d. 80 fir au earron el are cocorned, ot evadent Shat
contro!l of ihe metal lographic giruciure «ad of Lapurit es -
now more possible “han 1n the past through either technological
processes der ol bo oblaar tabecral o with conctunt properties
or improved methods of rescarch and control - has vpened the
way to the manutctvre of steels with betler nnd move uniform

properties of recistance to various typer of altack and atress.

For alloy steeli, the lasic research problem, under [taliun condie
tions, is still that of replacing expencive alloying elementu and those
that are in scarce supply with other more convonient demenis and, as
much as possible, with micro-alloyed stecis and/or thuse which have boen
suitably heat and mechanically trcated.

There is particular interest in Italy in the problem of corrosion,
either purely chemical or more complex; in asadition to betier knowledge
of the specific role of additions and of alloy elemenis and of the results
that can bo derived from these in tarms of new or improved materials, the
trend is spreading of completing more traditicnal production lines with
coating lines, using non-ferrous and, at timen, non=-netallic miteriale,

To summarize, it can be stated that in the modern iron and steel
industry production cycles arc operated y means of whick naterials
aoquire the moct suitable properties for specific predetermined cecondary "
working and end-uses, whilst iron and steel rosearch doet not itself '
make prototypes of typical manufactured proaucts in those sectors that are

most vulnerable to the competition of other materials.
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section z‘t

Althouprh 1t dees not come oxpdiciloiy 130 the nubiect matter of the
seusions of Lhiv Symposium, it s felt thal 1o this poapnr ot leas some
allusion ghoula be made 5o the trea s o v dui o pagenr | warkers,
This will by no means exhaast the rubjert of the traarirg of research
personnel, but will be Dimited 'o vome indicalions of e rrons of cetting

up the founding nucleus referrcd to iu Section 1.

It is evident that when il 1s a questicn ol propooing - ac we are
duing oo the basis of our experience - the esiablichment of a research
centre, which is rational and comrensurate with the local conditions and
possibilities, from the outset it iy neceusary to concern ore's self

with ctarting the bacie traiining of those who, put into suitable technical

and general surroundings, must gradually insert the reasearch organigation

into a process of g=rneral modernization and innovation,

Thus if the industrial research worker requires a mentality different
from that of the university investigator, the basic cultural training sust
of necessity be similar, and botl must have a sirong innovatory imogina-
tion : the former should be direrted towarde precise and concrete objecte
ives whilst the latter should be freer and subject only to nelf-discipline.

At the precent time, the university traiming of future metallurgists
is undergoing, even in the buropean courtries with the oldest tradition, a
a stage of profound reorganizatioun. The author ol the preuent paper
has been able to learn [rom experts in many countries the difficulties
that univeraity education are undergcing in this field.

The precent system that applies in Italy and other countries about
which detailed information is available may be summarised as follows.
In the Italian universities, metallurgy has been treated primarily as
cvming in the field of "materials” in genoral education, such as sngineering,
industrisl chemistry, or mining; only in the firut decade of this century
was there any separate first¢ course.

Nowadays, following an unsuccessful attempt to cet up a poste
university metallurgical school, metallurgy and the science of metals are
very diffused educationally.

The university student in Italy nowadaye has a wide variety of choioce
of materials for vtudy; in the case of engincering it iu possible to
graduate in chemical or mechanical engineering with a mstallurgy bias, but
there is no degree in the metallurgical branch proper.
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In trhe USA and the UK tnere uoo wneercs by cowrses which caver solid=-
slate phys:ics and the phyocas chomioliy OU phoges from he outuet and
introduce the student to metallorzy, alle 1as them to proceed al'ter three
to four years to a higher diploma i Ui discipline, with cpportunities
to proceed Lo highoer levels with at leact one ycar ot wtudy (musier) or

iwo years idoctor).

In tie Mederal Republic o Germany therc are two levels of duegree -
Diplom~ingenieur after five years at univernity and Doktor-icgenieur after
a longer period of study, with posnibilities for specializing in metal -

lurgy (43).

Mhe eystem in France je& mimilai to that in Jtaly, except that there
are the QOrande: Bcoles, with old trad tions and considerable renown

which ensure a certain degree of specialization.

The problem that has to be reso'ved rer metallurgiocal degrees has
two ampects, concerned with the employmc:t of the young gradvate and ihe.
state of metallurgical development ol the country.

1f one considers the branches of metallurgy, it is poscible to

distinguish the following :

a. extractive metallurgy {(based on phycical chemiotry)

b. process metallurgy (linked with engineering, heat technology,
electro~technology, etc.)

6. science of metals (linked with physical chemictry and solid-
state physios).

It would appear nomewhat doubtful whethor it would be poseible to
have greduates equally versed in the three trunches; it would seem more
reasonable to envisage graduates srecializing in a. 4 b. or b. + G
that is to say, graduates in metallurgical processes and metallic materials.

The wiiverrity will be able to supply experimental means for the
study of equilibria, structures, plasticily, ete., but not for the study
of processes; there is thus an opportunity for collaboraticn with induptrial
oentres equipped with pilot plants.

Por developed countriee which annually aboorhk some hundred graduates
into the metallurgical industry, there in a jurtification for graduate
courves of thio type, whereas in a less developed country a specialised

degreec of this kind does nol ~eem to o appropriate. There is no need
to disregard the axiom that ujecialized education requires teachers and




latoratories that have teen specially prepared and, morsover, this must

be justified with an adequate numier of utudentu,

For countries of this kind 1t wotld be more apprepriate to have
a general degree course (mechoniand che nue g, cuenlatey, etc. ) followed,
however, by a cycle of specialization in metallurgy which can be obtained
abroad in centres already in operacion, or by sending young men for
training in foreign universities in order to take a degree in a sector of
specific interest for the country, which wishes (0 proceed with all speed
with a special type of operation. These are the moet immediate solutions
and easy to put into operation, in that they do not require the establish-
ment of a course for the selection of teachers or the setting up of

elaborately.equipped laboratories.

On the other hand, the more developed countries are already of fering
collaboration by means of natioral or para-national organizations in terms
of finishing courses for technical cadres [rom dcveloping countries.

In this connexion, so far as Italy is concerned, one nusi recall the work
of the Istituto per la Ricostruzione I[ndustriale (TRI), which announces

finishing courses annually, including the iron and steel sector.{18)

It should be pointed out that in the industrially advanced countries
an international finishing course or an iron and steel technological
school, to which the best teachers of the region would gravitate, with
adequate equipment, could be useful ir producing young tochnologiste who
could be introduced into the industry with a profound and up-to-date
training (an example of this typc is the Centre d'Etudes Svpérieures de la
Sidérurgie - CESSID, established in France at Metz ).
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The Centro Sperimentale [etallurgivo ie a limited company set up on 18
March 1G53, Its capitzl at 21 December 1972 was distributed as follows :
Soc. Finanziaria Sideruzgica Finsider {(IKI Group) 749%, Fiat 10%, Acciai-
erie e Ferriere Yalck 5%, Suam trogetii (ENI Group) %%, Soc. Finanziaria
Meccanica Finmeccanica (LRI Group) 2.9%, Nazionaie Uogne (LGAM Group)

2.5%.

Building of the administrative and researcih complex at Castel Romano
began on 15 June 1966, an. research work tegan in the new ladboratories in
the first half of 1963.

The writing of this paper thus coincides with our first five-year
period of operation, and we are at the end of the period that has been
taken as the running-irv period for an organization of this type.

that have been the events in the chort history of CSM that can be of
interest to those outside and can be considered to be of value to those.

about to carry out a similar organizational cxercise 7

3o far as financing is concerned, atiention should be drawn to the
linking of steel-producing and steel-consuming companies.* In the case
of CSM this has resulted in a beneficial coincidence of interest which
has been of advantage in the establichment and in the work of the Centre.
Specialista, poseibilities, and inncvaiions in produciion processes have
been brought into close contact thoce belonging tc the largest and most
advanced stecl-user sectors (heavy engineering, automcbile industry, petro=
chemicals).

The choice of the headquarters - one of the first problems posed by
the multiplicity of associated companies - was made largely in the light
of two criteria : the location of the Centre in the most central position
in relation to the areus wher: 1t was likely ito be operating, and a site for
it close 40 the decision-making cenire:z of the industries concerned and

of the organizations responsible for research pclicy.

It was considered thal the centre of gravity of the italian iron
and steel industry (:n terms of Plg iron ang qteel} wan locaved in 1966
in central Italy, wi‘h a tendency to move ever furiher southwards (Fig. 8),
and 8o there was no nrastical alterrnative to Rome.  Upecifically, CSK wase
lecated 22 km south—cact of the city, in a zone designated by the General

Control Plan {Piano Regolatore fcnerale) for iight irdustries and industrial

* The steel producers acsociated wiih C5¥ produced in 1972 99.9% of Italy’n

pig iron and ferroalioy sutpii, 67.7% of the ivtal strel output, and 63.6%
of the specia: steola,



recearch lavoratorius ‘rigo. 9). Anutber iattial provlem war the rrofesge
ional training of ‘he youis regearch wuriere at COM, in the first place
the associated companies made avaiiable 3 cerlair number f rescarch
workere already working in their laboratories, ard from Wineider in parti~
cular a nucleus from the pre-ex.s'ivug Fingicer [ron and ‘teel Inatitute

in Genoa moved tou Rome.

To make up ihe complement of graduate research workers, come 15
well qualified young men heve been recraited, uv means of a scholarship
competition, usually biennial; they are sent for training to Italian and
foreign laboratories (in Helgium, Prance, F.f. Germany, UK, Switserland,
and the USA).  Siuce 1963 15 further graduates have beer tiken on at the
Castel Romano laboratories, roilowing an internal cours», lasting on
average 18 months, cunsistirg of lectures, training, and gradual integra=
tion into the research activitiy.

As far as possible for those on foreign scrolarshipe and in all
cages for thone on internal courses, the training ir orientated towards
specific subjects, which conatitute current or likely resecarch projects.

For qualified techniciane a ccheme for pre-celection and final selec-
tion has been zet up and operated in arsociation with IFAP (Istituto
Formazione Addectramento Frofessionale del Cruppo [RI), which has led to
the nomination of 40 technicians (16 clemists, 10 electr cal and electrunics
technicians, 9 mechanical enginecrs, and & metaliurgical wid minaralogical
technicians), whu have attended a twelvs-months course, divided into three
stages - general metallurgy, specializetion, works or laboratory practice).

Ar inter-works metallurgical experimental cospiax, large in sise
and therofcre suitably structured, nust meet certain requirements in terms
of function and tlexibility, imposed by the dynamic which distinguishes,
on a time scale, the work of applied research, The various groups of
buildings, in which the groups are distributed, must be connected, but
there imust be wide open spaces to provide for subssquent expansion.

To realice a centre taned or these prerices, it is necessary to
tackle not insubstantial planning and constructioral probleme, wiichk in
our case were more critical becauge of the need to recorcile the gercral
character of the arca chosen for CSK, located as it i€ in an imprescive
corner of the Pontinc countryside, witih that ol a necercarily functional

style of architecture.

From the assessment of thie factor ard that ol necegsity there arose
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the Leed to have rectures t5 a piae that .rvilvac the wre « © a rumber of

groups, wach dedicaled to o paelicolar s, ooiallty.

To & gtudy carried out L, a "irn ¢ aoniterds from | ew fork (Haires,

Lundterg and .aehler ), weli «nowr for a rumber of important regearch centres

of a similar s1ze) wuz added .n tototer 4 %1 Yhe duly of general and
func.iona! pla nir,. T tranglate the {ooticral cnemep so oOhtained

into arcraitecionic mcluiione trat were va.id in the Bpe.cial iccal conditioms,
the assistance was sougl! of 4 cual.fisd . roup oF [talian engireers and
architects {lonato, Matieoii, viroddi, Jrertini, Valers ). Finally, the
sxecutior. of the prozect, ihe tudgoting, the Progranting, and the managee
mert of the cunsiruction wer: entrusted to Cocietd Italiana [mpianti (IT),

& member of the Finaiaer Croup.

Co-crdinat.oqn of the differert activitier, checking of the confore
mity of the project to th- real rejuirements, ard firally the equi pping of
the Ceantre were carried cut by an iuterral working grcup (the Teckniocal -
Bervices and the heads >f the various researcn groups .,

This collaboration led to the choice of buildines, layouta, and
taterials.

The irungemt of the various ruildinga on the ground ard in
relaticn to the ww, the planc of the laboratories and oftices and the
layout of the servicer were worked out rationally (Fipgs. 10 - 12).

The latoratoriec are certred i. two buwildings, each with four workiang
floors, the last deing uued for services, with horizontal ducting for the
main networks ard vertical for the secondary ones, Heavy aquiprent and
apparatus that is sensitive t0 vibration could thus be installed on the
ground floors or btacementc (Figs. 12 and 14).

Por tho consiructicn & stecl newwork atructure was adopted, with, for
safotly reasons, rcinforced corcrete blocke at intervale for staiicaescs
and to support slevators and hoigte.

Por the facing, %t1e followirg materials were aiopted : patinating
steel (Cu~PLr) for the columns and stainlere steel (Cr<dii=Mo) in the parels
and fasteners.

The plan of the l.loratorier conm.ote (Pig. 14) of a corridor that
is asymieirical witl recpect to the axis =f the tuilding; the laboratories
are arrarged on ore uide of the currider, eguipped with all services, whilat
oL the other side are disposed offices or latoratories for which norsal
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air circulation is adejiate, withoul the need for extract.or hoods (igs.
13 - 15).

To decide upon the areas required, a maximurm depth of alout 7 =
vae decided upon for the labcratories and 4.50 m tor the offices, for
wrich a normal occupatior. by twe people was ascumed. The longitudinal
axis wa: worked ont to be atout 1,50 m (the ~um of dimenzions of benches,

the cpace occupied ty one perzcn per bench, and the walkwayc).

On the basirs of these criteria, a conctart wnit module of of 1.20 m
was estahlinled.

The repetition of this acdule delermined the location of the
external and internal colusme of the tuildin: end of ite various services.
This modular arrangerert made poseible the standardisatior. of the con-
structional elements and also the posuibility of their teirg prefabricated,
with the intrinsic adva-itagee of this f"ﬁ of construction ; reduction in
costs, high and constant quality, speedy dalivery, and casy adaptability
of the lalorstories to otiwr wunes,

The last-nared factor is ver; importart in the case of partitions,
since it is posgible by adding or removing these to achieve ¢ dynamic
plan,

A more detailed description of the technical equipment ig given in
three appendices (i: Cereral equipment; II: Centralized control equipment}
113s Pilot plants).
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AU 2L Decerbor 1970 Lnere woeze worilie ei the Casiel Kemaro eomplex 530

poople, of whom ©07 we e erpaored directly woicdliroctiy in regearch and

develdpment nctivities and 1o, in marnagerialy aduivastrative, and ancillary

factions. ST the reseurch parscaaici, 5.5, reprosarteld those in

charge of virious levelr of ressarch roups, 5.2 were gracuaic rccearch
ey

. . N rpet? .
wiorkers, 22.2% were vecrnologints, and 47% were techmical and operating

assistants.

To illustyaie the irternal »rganization of CSM it wiil be sufficient
to explair that the rescarch groups - which zre charcceterized either by
common bacic or instrumental disciplines or by common interests in certain
parts of the iron and steel muking cycle or by certain typical products
(e.g. the chemical metallirgy eroup and the steel-making group, raspect-
ively) = are co-ordinaled by aseic tant direcicrs who are respomsible for
8 given ara of regcarch - priwery metazllorpy, steel-making - refraciories -
plastic woiking, materiale, gercral techaologies) or for an ancillary )

activity (indu;;".rialization, technological [orncasting).

Attertior ghould be drawr to th: Tact thut the Centire carriez out
for its company members rcscarch projects thal can covels cae or mora comp--
anics and that, Jor mulbiecompary projecis, an advisory technical commi ttee,
consisting ot qgralified repras-utativer ot the companies, works with the
€3 maragemerni 1o idenlity the noat premisiyg and uceful lines of research.
ior every project mived {contany + COM) working groups periodically follow
the development of lhe project, recommending where necessary changee,

additione, modifications, standztilic, and firal clogure.

At 31 December 1972 CSM had in prorrens 118 research pro jests,
divided as fo!lows (accrrding to the oreratine assietant director's

office) s

N

Pramary metaliursy (coals, ores, tisst furnace and reduction,

foundry, and rhysical chesintry) 28

Secondary wmetallurgy (steel-making, re'ractories, hoat

technotogy, plastic worying) 22

Materinle (heat-teoitmeni steels, weldable steelm, cold-

working «teeln, corrcoion-ragsstons cteels, phyzical
A
metallurgy ) 61

Technology (plant acd equipmor 4, loheirumectatios, analytical

chemiutrv
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Of these, 45 were go' crul~inierest projects ard 7¢ were company—

sponsored (single or rultiple companies ).

Among the so-—called arnc.ilury wcotivitics, pariicular wttention has
been paid to the subject of documentatior.. It ie well know. that every
day the numbers of papers thal appear in the tecknical journale throughout
the woxld is large and growing (for metallurgy =lone in 1970 some 50, 000
are estimated to have been published) so that it is becoming increacingly
difficult to index these in such a way that they can be easily and quickly
referred to, The existerce of indexes or of abstracts and the clasgifica=
tion of putlications according to the more traditional systems doec not
completely solve the problem. For this reasor, in au attempt to ertade
lish a coherea:! international method of metallurgical documentation and
effectivo methods cf reirieval, C3M has published a metallwgical thesaurus
containing some 160C key-words, and has worked out using s computer a
memory system for the charucteristic terms contained in the different :
articles and their morc complex combinations. (4)

Using the abstractc of The Iron ard Stecl Inptitute (Lonmdon) sirnce
1965 some 60,000 bibliographical refcrsnces have tesn collected. ‘The CSN
system enailea the reasearch worker to obtain titles and sunmariec of those
articles relating to his gpecific subject; the answer can Le obtiined in

less than an hour and usually achieves a high level of relevance.

Tv summarize wnd corolete this infcrmation, the $ollowing techrical
survey of CSM cortaining essential duta as at 31 leoember 1972 has teen
prepared

land area 527,000 m?
Covered aroca 18,000 m?
Ploor areas
laboratories 12,700 of
Pilot plants 59500 n?
Services 6,100 m?

Maragement, administration,
documentsation, computer

centre, etlc. 8,150 m
Water supply, with well up to

100 m deep 200 m3/day
Water cleaning plant capa 1ty 1,000 n°/day
Electricity supply

Input voltage 156,000 ¥

Working voltage 180/220 v

Capacity 1,500 ki
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Avera;o anrual corstimplLioar
Drinking water
Industrial wates
Elecivicul powes for liplt oo

Blectrical pewer ta, wrives
and heating

Library
Ho. of Voars
Colleciion of Juuarmalo

Ro. uf jourrals receawved

CSM Technicalencientific publica'iona

CSM receanrch reports etc.

CSM patestc in Ttaly

At this poiat 1t may be of irterest %o give nome Getail: of the operating and

600, 000 knb

4y 003,000 Awh

70,000 m

.
5,000 m-

26,00
1,£00
(50
20
1,600
vy

investment costs in one year (1972) which may be conridered to be adeguately

representative of tre current situation.

The situatior reparding invietsents, oxorecsed i UAC {1 UdC = 629
i

Ttaliar lire), ic as follows

Inveaiment cowts at 31 Dec.rher 1972

a. Land

* %, Buildings {includin, civil
enrincering)

G Fguipment and sngtruamentation

Por leboratories

Far piiot plants

d. puriliary technical equipmant
(offioe machinary, furniture,
veliclap)

Totals

Uic x 1000 £

1,600 6.2
16,000 6146
L]

(5,000) (19.2)
(2,530) (9.7)
11330 26.9

870 3.3
Z'ugm 100

The operating coets, divided into a sm:il numler of essential growps,

ara as follows :

Sumeary opersting balance 1972
&. labour conta
(5,000 2 reararc! and
development )

b. sterialn and energy
Ceo Nepracialion and taxes
Potnla
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In order .. permit some comparizon with similar ntruciures in other
countries, the [igures ;-iver utove can he sonverted to urit values The

follow.ng relatiorcstipe car be derived {or pergornel :

Graduate research Tcliliwiogist Technical Othere
worker w3sistant
1 0.%7 1.85 0.64

The invectment and operatirg cose related to the whole ¢SX personnel,
only to those concurned w.ih researcl., and only 10 gruduate research
workers, zive the following values (in 1000 UAC)

Unit coots
Investment Operating
Entire C8M personnel (530) 49.0 18,1
Research woirers alone 57.0 21,0
Graduate research workers alone 224.1 81.7

Section ]

In & congress sucl: as thir o ¢, whicl. is interregional in naiure, it my
be of especial intereat to give some information about CSK'a participatiom
in the research projects carried out with the financial support of the
Commission of the Furopean Comwunities, Brucsels.

As is well xnrown, Article 55 o the ECSC Treaty, which has since
come within the compeience of the furvpean Community, lays dows that the
Comsunity encourases the carrying ov.: of technological research of interest
10 the iron and steel 1ndwstry by seans of a special fund. Prom the
ccaing into force of the Trraty wntil the present day the Commmity has
sade available (after muitable investigation ‘or every single pro ect)
funds that amounted on 31 December 1972 to wore iban 61 million UdC.

The lesser part (24%) was to support research activities or aneillary
aspects of permanent or long-ters researches of genera) interest (AIRBO,
ASELT, International Plame Rosearch, blast-furnace gas injection, etc.).
™e major part (76%) was to support ressarc!. programses besed on specifiec
agreements between the Community and the company or companies,

It ic inter-sting ‘hat, in tae nearly twenty year: of this activity,
thece research contracts have increasingly tecome coliective ones; it has
Passed from an initial period, when it wae difficult tc identify projects
objectively and co-operatively, to the presert stauce, when most projects
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are large ores, reqairi e Goatributior of dutico and speciailzations.
Fromw a statislical point oy wivw the agreimr b regched in the oeriod

in question cur be divided aceordinge to g ree of coliavsratoon

PADh=LHY 1w =1989 19 70=1572
Agreement with L firm ATLO¥ AL Jia (%
) "oe tiTes “h IR 19, O,
" " 3 firms 1i.3% Tt R4
» " 4 {irms HRE) 2757 40,05
Number of azrcerentis 19 "9 41

From a prowing relief i tie value of triv type of =oliaboration there
arose in 1968 the Associatior Turonderne pour la Promctiorn de la Hecherche
Tecknique en Siddrurgir (ABRES), whict ir startirg a syctematic atidy of
all the objcctive puesibilitries for Commr:ity recearch and on their
feasibility,

™ig Commu ity activity have gained new impetnus frca the entry cf
the new members. CUM has supportzd it whotaohearte@ly and has thereby
been erialled to enter rapidly into a vircle with epecialized capabilities
ard to compare i1tg ju0pomals and cxpericnce, at a high irternational level,
with those of the other countries,

It would be presumptucust to close thia report with indications to which
a general validity needs to be viver. The exprurierce of CEM is too shors,
and the conditions wnder which it war cet up ard 15 operating are shose
peculiar 10 a certisin type of irom and sieel industry and to a certain
type of growth} moreover, in generai terms, the indui'riai and economie
development of ltaly has ahowr in recen years evoliutionary and involuiionary
tendencies that are not to be encountered elscwhere.

In epite of thesc reszervationa, however, it is possivtle to emphasise
certain aspects which are closer o thoce of a developing country

a. The initiation in Italy of coeoparst.ve industrial research.
Wnilst tuere weve already in [tuly laboratory and research centres
st company level, 1%t was with CSM that i1nter-company (and, in
our cuee, inter=gector) discussion ou research began.  Thie
has preceder.te erousn oul, ‘n surope at least, it has represented
the concluding rnac: or a corsictent policy of public inters
vert.un ir reuearch, of active participation by university
regearch in inau-trias proolere, of » gencrsl terndocy = through-

out professional, .c.entific, and technical associations, their




doe

meciinen and Ciol cat o ons e b L Taarly e s narge of
anferr Loion snd el vt e nce e R Lentiel were net o up
Lrocounuriey wWwivh an oldor toadition of iIndugtrialization ip

¢ olune nelwork tha . toemen orodusliy wiaon ords viduals anud
recenrch cnvities had clrandy glives numcocus convineing proofs
>¥othelr indisrensalality ffor the developiernt of the uector.
In Ituly Jhe rapid psowth bas rol allowes the developrent of

the lrov ang steal 2naastry to be the result, 21beit clow, of

nn.

e achievenen b 0 romearct ; D05 was vumedis el confronted
140 technolugical pas sramas  Lna osare eranidly charging and by

fareigm carvres of Capability thal were well cuaiified and

agsine* which they had to meacure themoelves,

The 'acr 0" a trad “21on ot urivergity edusation of established
worth in the scetor ohligad 00N to au,ire trowm abroad lLaris
indicpersalle knowled,ze ir both phys.cal chemigtry of the proe
cevces and research cn w.terials. racking a presise frame of
reference for the directions to be utudied, we goorn found th
need Lo lonk ahead and tad guickly 1o acquire advanced rerraroh
teckniquer at the name liwe a3 we lesrned absuil thelr appli=

cationgs 10 npecific problems,

The irtruduvciion of a rescarch organization, which had no

oupany responsibility, into the industrisal patchwork, in always
a delarote operation. I't becuiced especilly delicate when

1t ie a patier of an drdustry, ruch e iron and steel, whick is,
in the westerr Duropearn counirier at any rate, adding a ‘soien~
tifie' dimenrion to the cxinling bauc, which wag larzely founded

or empiricizr and respect Pur techrolupical tradition.

However, e combination of at.litiez snd sgt:ipment, already stroong
1n atecluts terme but the more 5o when related to the local
tituation, was a ratural gource of attriction to the msmber
comparies ond alco fur the solution of specitic and contingent
preblen,

It 18 necessary that the _oeoperative researtl cenire ahoald
worx ir 2lese cootact wiﬁ.n-r tie conorete provlens of production
and 80 ,* ‘s an irdispensanle condi‘ion fur 1ts development ihat
Lt zhoult outaan the complete trast of 4he better puslilied
operatore, but it i At the sane line ohvious that the centre

ghould operate L. the courve of il actavities a Judicious
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choice between shori-, mecium-, and long-term couuniiments,
Also, if contingent circumsis.ces lead 11 té aesume a rcle
which, within lim:te, replaces .iat ol company laworatories
or vasic rr..icarch laocratories, it may rced to pursue with
tenacity and realism *he tundamental aim of ensuring for the
indvstry a mechanicio that is capacle of producing innovations
that are usetul to it, continually imprcving the competitive

position of the sector ir which it operates.

It is clear that for both developing countries and those, like
Italy, which have already pasced through the first stage of
industrializvation, resources and technologists are not aveilable
in sufficient quantity to cover, even in relatively narrow
uectors, the whole field of posesible innovaiory contributions.
This means that it is nececeary to select priorities and it is
of value to establish international and interregional collabor-
ation to whick the contributions of individual merbere can be .
mitually integrated or exchanged, carcelling out or reducing

in thies way the debit sid. of the technological balance of

- paymentis,
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Tne definition of the funectionyg of a Teroroh ool Sre -~ thia 18 the esg-
ence of the five-year exparicnce of CGM that the author of this paper is
bringing 1o the Sympueium - 1o bhe bawsic acpect 2f tle placning of such

a centre., It ig said - and 1itly s - 4Y.il 1ndustrial research is
itsel! an indusiry with a high ucgree of risk {and often highly capitale
intensivej. 1% should, lowever; be aaded tial the rizk is rot only

thal which dis inherent in  the production procesg that is optimized with
timely ard valuable irnovaiions but also that which cap result from

missing ttc opportunity to crealte a cunsumer market for the innovations.

Letween the moment of creativily ard inaovation, which is the task
and respongibility of the production organization, there is a broad zone
of tiwme, or wori, and of costs; which corresnond 0 the creation of the
prolotype in Jhich the meeting-clach 0. the iwe organizations and the two

mentalities can come about.

1. highly indisirialized countriee this intermediate area, this
"no man't land” is rradually fiiled with systems tnat are different but,
in general, eiticient. lun the develcping couniries ard ‘hose with a
centralized cconomy it i3 usually the political authority which - having
la1d down the developmenti ol jectives in advarce =« ;enerally erds up as

arbitrator in the case of disasreementi.

Those couniric: wiich have alrzady sone through the {1rst stage of
industrial acvrlopment or those with a mixed cconomy muct, hcwever, on each
occasion work out iheir wodal of ecuduct and optimize it in terms of the
local situution, seen with courageous realism in a wide perspective which,
without digregarding the data reluting to tiw prwsent, proicet it into
the future that it is desired to attair.

The author wishes to thank Prcfessore k. Hugony, Ing. M. Gervasoni, and
Ing. C. Mellere for their valuable collaboration in the collection of

data and basic informaticn.
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riralized inatallation; pricary salerials, gererated in two
ceintral equipments 1n the gerrice fuiln np are
- wnter cooled to 5.59C (from a cooling centre with a capacity of
3 million refrigeration units per hour )
- raturated steam at 10,5 atm (from thermal centre with a capacity

of £,20C xg of wuicam per hour).

These liguids are distributed to the different buildings, where ithey
ur . uned elither direct frem the central conditioners or, if required for
procecs une, througt maing ihat are steam delivery/cordensate re‘urn or
suoled waler/water at 12,4°C respectively., The flows to eack building
»re wasicall) cornirolled ty the buildinge themselves.

o Electricity Flantg
Power comer Trom 1Lz notional grid by means of a 7.5 km 150 kV line.
iv is tranafo-med at tho OSK sub-ctation by two trarsformers of 150/6 kv,

©oud) RVA each, whicl can work in parallel.

from a wetal--clad panel located in the sub-station iiself, whicl: can
e eqapred with 14 ou'lets, the medium-voltage (6 kV) power is distributed

Jis dirferent buildings of the Centre.

Prere are GOU0/38C V transformer roome in the tuildings for electric
<7 wis and illuaination i

Ruildine Number Individual capacity Total capecity
. kVA kVA
Lakoratory 4 2 500 1,000
Laborztory B 2 500 1,000
Mauacement 2 500 1,000
Taeckrics
el 150 1,500
P}igilo‘t plant 5 500 1,000
M 250 250

Pilotl pland ? 500 1,000 °

5 1 250 250
oraL T4 000

+ For piivt plant / there is additionally availatle a direct supply at
5 kV (for about 5,000 kVA), uses for rurring large motors (e.g. for the

eotoing 2ill) and for ibhe eloctric furnaces




The services nuilding 1o ales cupplied Ly a ¢ kV iine for running

the synechronous motor: of the co,Ying oo p (co 1,000 xVA),

1, water FPlant
The water suprly Lo the Crntre g2 fror 1t e wells, from shich car be

cortinuously drawn 10 me/%, 4re Taximum yie'c ol ihe water iable telow.

Since this yreld 12 inadegra‘e %9 vects the derands of the Cerntre,
a recovery piart hag tean (r~?talled Lo recover all tlie dircharsed water
(black, acid, indwstr.al) : 2 1 the treited water im used for industrial

purposeu. The recovary plant cas treat in tota!l 1250 mc/day.

Trere are three 41 tribut.on retworks :

~ drinking water with 400 nc reservoir arnd clectric autoclave delivery
punpe totalling 3 we/h, plus ai emerpency motor pumpy

- indusirial water with 1,3 me reservoir ard auitoclagve delivery
pumpe ior a ‘totsl of K me/h, with ar crergeacy motor pump;

- water for fipreefightins purpoers Witk 200 me regervoir and toth

electric and motor pumps for 150 me/h,

4. Gas Fisrt (LF.]
The gau reeded for uge in the 7SK pilet plartis is drstiributed
from a ceniral riorape plart, The etorage capacity 18 950 mo, w.th & maXie

mum delivery rate <f 300 N i’/’ih*

5 Compregeed Air

The compressed necessary for tae laloratories and pilot plants is
supplied ty twc ~onpresrsoys, oach witk a capacity of 350 ﬂmf‘/h at a
presgure of & atm,

’

G Qther Ger.e:g,‘f i"suz peent
C3¥ is equipped with the foliowing general services
- g sterndard telephone pyastem

- an emsryency tvlephone gystem

- u radio syster for ctaft loucatior

- a central elecirical timekecping : yatem,
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APPERDIX [T : CENTRAL COMHCL PUANT

The central cortrol plant (2 loca*s<a in the CTK services building,

It car be corsideren i a co-cridirated complex of several supervisory
and alam cortrol equipmenti:, .y nears ¢f whic 1V it poscitle to control
and oversee all the zeneral equipment iv the Tenire, cperating from a
single synoptic hoard, curmourted by a general alarm board on a supervisory
system,

The genergl sy-optic board compriees 14 panels, ac follows ;

« § punels for the 150/6 «V cubstation aw 6 kV distribution system

= 3 panels for the cooling plant (one for cach cocling group)

« ) panels for the the thermal station

= 2 parels for the water plant and water treatment and circulation
system

« ] parel for *he cembusiible gas plant

= ] panel for the corpresced-arr plant.

At the centre cf the gereral eynoptic board there is a Telectogrephic
equipment, which enables all ‘ne condilioning plant in the Centre to be
controlled and superviced st a diztance, by vipualization, ar required, of
photograms of the technolorical layout of theee fplants,.

For the superviscry alarm toard, any urususl functioning of every

plant or equipment in the Ceatre iz rerorted optico-acoustically, which
causes the operator to intervene, eiriner Ly means of the ;eneral synoptie
board or at the equipmént 1tgelf. The equipment can snpervi;o 216
units.

Pive years® operation of the Centre hag shown that the centralised
equipment described alove is a complex which enables all the gerersl
plant at CSK to e controlled and opevated by a single person.




APFINOIX (I ¢ PTLOT PLANG .

The pilot plarts are locaicd 1ntu two ndeeitini buildings, constructed
in metal and loeated g converjent oo, oo foon 4he labo:utoriaa, to whick
they are linked by a preumatic  lise tor (he »o1id trar L er of BpCCIMCLE

Yor aralysis.

These Luildings ire cqual iu leight vut vary in uize and interral

arransements.

The Lirst is 21.60 m broad, w.*) 4 covered arce of abtout 2,000 m2,
It is divided inte twelve longsitud. el bayr, each “.0u m, and is gerved
by an overhead traveliing crare ¢! | t, [t ear be cursidered %o be
divided, thruuvghout itc whole lengtl, .uito ‘wu parts, ore 14.60 m wide
for the installatior of high equ.pment d “he .ther 7T m wide for

intermeciate ctructurec of heaphtr varying betweer 4 ard & m.
- L3 4

Tre second is 4 m wide, with a covered area oi 2,200 u*?. it a1
served by a 5 t overhead crane. Ihroughcaut its length this building ean
be divided iito uw, perimcter zores, each [ m wide, by means of moveable
partitions, Th:£ enablec *he maximum flexibilily %o be cbtained for

setting up very diverse typec o plant.

Each building 19 provided with main gervices (drinking and industrial
water, gar, compressed air, electricitly;, running hLorizontslly along the
two sides, wiinh modular offtakes every 7.0 m. Figure 16 showe a

diagrammatic section thowh onc of there tuildings.

Between the two tuildings there is an oper space of gome 5C00 we
wrich ia used for stocking 0f raw malerisl: and vor e 1diary plant (stores,
ore-preparation plant, gas producer:, otc).

This open space 12 clused at its southern ena by a tridge joining the
tope of the two buildinge, and in whic! are located the offices and cervices
for those operatins the pilot planic ard the eletrical control cabins for
these plants.,

At the rreser: time thece bui’dings are 907 occupied. The different
equipment instailed includes :
=~ egaipment [or crushing, hardlins :md c-reering ot iror ore and coal.
- two closed-cycle equipmenty for cre grindine
~ equipment for forming and rouctiing of nellets
-~ two ratary «ilns for dryvirs aru roasting of ures or paliets
~ experitental uvlant for trealme.' of 1ror ores in aspecial reducing

atmospheres
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- equipment for classification of coal and coal

- plant for experimental fluidised-bed production of semi-coke

- rotary furnac- for hot testing of coke

= two plar's for ugllomeration ter s of ores -

- yertical kilns for roasting and reduction tests on agglomeretes

« s small experinental foundry with sand preparation plant

e & 3.5 t electric arc furnace

« two induction furnaces of 500 and 1500 kg

- 8§ vacuur degassing apparatus

- a group of vacvum induction furraces for casts of 50-100 kg

« varicus heat-ireatment furnaces with quenching tanks

« & 290 mm doudle duo rolling mill

= 8 450 ma three-high rolling mill

«~ welding equipment of various types for studying the weldability
of stesls

« a machine for compression tests (500 1) on metal structures
) « & press for tests on drawing, exirueiom, ets. (250 ¢)
';? « & 4000 ¢ machine for tensile tesiing of large welded strwotures
| (under construction)
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Pig. 4 -~ Unit: costs of research and development in the iron and
steel industry per 1000 t of steel and total production

in severs] industirialised cowntries [11, 17, 25, 13, 41, 45]
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Pig. 5 - Busber of graduate research workers in the iron and steel
industiry per 1004 of steel and total production in several
industrialised countries [11, 17, 29, 33, 41, 45]
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Pig. 6 - Inorease in iron-ore trade from exporting countries to
iron and steel user countries [26]
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Pig. 7 - Quantitative diagram of iron-ore movemenis between producing
countries or regions and iron and steel industry countries

or regions [24]
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Pig. 8 - location in Italy of iron and stesl works belonging to CSN
msenber companies and relative baricentres for the production
of iron and steel, 1966-1971 (5]

A: Motorway

Pig. 9 = location of CSM in the Rome region 0 4 8 km




| Fig. 10 = The Centro Sperimentale Netallurgioo : mein nuoleus
| (lavoratories, managements and administration offices,
documentation and computer centres) and pilot plants
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Corrigendum 1

Page 8, table at foot of page Line 2 should read :
1952-1954  79.2 80.4 £6.4 87.7

Page 11, table line 1 should read :
1929-1931 0.1 0.3 0.8 1.8

Page 25, line 3 Should read : ".,, a maximum depth of about

120 m',
line 4 Should read : "... and 4.80 m for the offices ..."
line 6 Should read : “,.. to be about 3.60 m .,."
Page 27 In table at foot of page, the total floor areas

should be shown as totalling 32,450 m? (omitted
in original). The water clogning plant capacity
should be corrected to 1250 m3/day, the working
voltage to 220 V, and the electricity supply
capacity to 3420 ki.

Page 29 The items in the table at the end of Section 6
should be as follows :
For each employee (530)
For each research worker (456)
For each graduate research worker (116)

14.73-6759




In the table, the following correction should
be made to the fourth item :

Technical 1 2 750 1500
services 2 100 200

The figure for total capacity ghould therefore
be amended to 7200 KVA.







