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Tha purnose of this pa.ar i~ to ‘mw » comprehensive view
of the retractsr.e. industry, rotably in {to relation to its
main contume.~, the fepmouas wtaltiurgy and steel werks, The
develcpment o stec: production is deait with at isngth to
elucidate tre eineluvicns concerning the quantitative output
of the individua: tyoes of 1 *iracicry materials, in dependence

on the kinds of fanring vrocecacs.

A greater qncunt of tecnniral data ie presented to illustrate
tre infitencr o economic fructort. Economics always reflect
technolcginal processes at a certain lavel of the applied
technologies and the organization of product.on factors.

This paper attempis to elaborate this ices. Cnly a detailed
knowledge of *ho technologieal processes can serve as an

sdequate basis for a prognosis in economics.

The quections of prices and investment COBte ars
elaboratead to such an axtent aa to provide impulses for a
Reneral economic evaluation of the necessary invesiment costs
and at the same tine 10 also give an idea of the profitability
of the rerroduction of manufactnre,

WHe have attempted to summarize the experiences from the
manufacture of reiractori»s in C.echoslovakia and orevide a
contributicn Lo their further development or application in

economic end technical conaiderations and solutions.
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RESUMEN

El objetivo ds la memoria que aquf se resume es dar una visién panorfmica general
de la industria de los produotos refractarios, y especialmente de su relacién con las
principales industrias usuarias de sus productos, es decir, la metaldrgia férrea y la
siderurgia. Se estudia extensamente el desarrollo de la produccién siderdrgica oon el
fin de explioar las conclusiones relativas a) volumen de produccién de cada uno de los

distintos tipos de materiales refractarios, en relacién con los distintos tipos do
procesos de forja.

% presentan much{simos datos técnicos para dar idea de la influencia de los
factores eoconfmicos. La economfa es siempre un reflejo de los procesos tecnolégicos,
ouando las tecnologfas aplicadas y la organizacién de los factores de produccién aloanzan
cierto nivel. La memoria trata de desarrollar esa idea. En eoonomfa, s6lo se pueden
haoer prondstioos si se conocen detalludamente los procesos tecnoldgicos.

# Interprojekt, Kosice (Cheooslovaquiz).

_1_/ Las opiniones qus el autor expresa en este documento no reflejan necesariamente

lag de la Secretarfa de la ONUDI. La presente versién espafola es traduccién de un
texto no revisado.
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Las cuestiones de precios y de costos de inversién se tratan con el grado de
detalls necesirio para iacitar o llevar a cabo uns evaluacién scondmica general de las
inversiones nccesarias y, al mismo tiempo, dar idea de la rentabilidad del prooceso

de manufactura.

Hemos intentado resumir las experisncias adquiridas en Checoslovaquia en la
fabricacién de materiales refractarios Y contribuir a gu mayor desarrollo o aplicacién

aportando consideraciones y soluciones sobre sus aspectoe econémicos y técnicos
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The refractories industry represents in the nationsl economy
of a enuntry s branch which from the voint of view of industri-
al reproduction is linked with the raw msterial resources,
an? from the point of vicw of consumption with the other in-
dustrial branches. Viewed from these as .ects,tlic relractories
induatry has the character of indusirial consumption. Direct
consumption does not occur at all or only to a slight legree.
Teking this situstion into consideration,the manufacturer
must investigate the needs of his owun couutry,and t-ose of the
neighbouring states,should he decide to export his products.
This investigation muast be focused on sll brauche. of the na-
tionol economy,primerily to the metallurgical industry and its
perapectives.Ferious metallurgy is the ler.est consumer of
refractories.
A thorough familiarity with the rew materisl Lasis is essen~-
tiel for a decision as to the quality-types of refractories
to be menufectured.It is true that in the production of fireclay
refraciories no factory can do without corrective rew materials,
when higher-quality refractories are to Le manufsctured.There-
fore it is neces.ary to investigate olso the possibilities of
co-operation OT tiie resources and costs of obtaining these
corrective rsw materials.In taking s decisiomone has to weigh
what is primary in trie given branch, whether the rew materisl
base upon which the manufacture could be built,or the con-
aumption which necesaitates the menufacture of refructories.
In rstionsl,economic thinking we cennot ascribe prio-
rity to sny of these elements,as findustrisl production cen
arise only there srnd then when both /raw materisl deposits

end an outlet for refrsctoriea/ ere in harmorny.Consejuently,




thare must exist a situation iu which there is a growing demend
for refractories on tha markst.T.ia is the case .hen the in-
dustrial potential is developing or ths industrial consumption
in existing plants becomas intsnsified.A situstion may srise
whan thsre appear on the market .roducts w ich heve a higher
utility value and parmit the incresse of productivity of labou
in the fisld of industrisl consumption.In such a cese,products
of an inferior utility value are being eliminated.Thess condi-
tions apply alsc te ths rsfractorias irdustry.

Rev saterial depoaita are a prarequisits for ti¢ sstebliah-
ment of refractories factoriss. Their occurrence,quality and
other natural conditioms are dccisiva for the answsr whether
tha given rew material ra.ources can be trought intc harmony
with the development of industrial consumption,

The harmony between resources and consumption develops in
the field of men.facture. The lattar i: characterised by ths
propertional ruprouontutionjgaturnl rasources,labour and cepi-
tal in all ita forms, in ths production of refactoriss.The
profitableneas of tha manufacturing procsas is no mere aecondary
msttar.Cne has to taks into consideration tha socinl conditions
of production in the rasjcctive country and on tha requiramenta
that should be balancsd from tha point of view of cocial or
individual notions.

Theae ere tha main ideas we wish to alaborata upon in

this lecture 80 as to maka poasible their practical appli-

estion.




I. BASIC TECHNICAL AND ECONOMIC CRITERIA FOR THE ESTAB-

We shall divide refractories into three basic types :

= fireelay

-~ eilice

~ magnesite
Bech of these haa ita charscteriatic properties.From the
poeint of view of technical spplicability, fireclay can be
used up toc temperaturee of 1)9003, its refined types to
1650°C . Siliea can be used for tempersturee up to 170033,
while megnesite up to 1800 - 2¢X0°z.
Theae thermsl charecteristica point aleo to the diffsrense
in trhe beaic rew materisle for the manufecture of the indi-
vidusl typee of refractoriee.
For firecley,use is made Of refrsetory claye and raw materisls
with a higher alumin: content. lare,the wearer of refractori-
nesa is slumina /Alzoj/.
In the menufacture of silica,quartzit. with a high silica
soantent ia weed.It should be above 95%.In t ese refractories
the carrier is ailica /310,/ .
For magnesite refrectories use ie sede of row sagnesite.Its
moat commen form is megreeium cerdvonate /WJI In heet it
decomposes intc MgC » coz.unu. the letter eacspea as gas
into the eotmoayhere end ite portion in rew magiesite ia
about 49 - 50.5%. Sinee MO /ite aelting point is 2800°C /
is the carrier of refractorineas, the mein intcrest is con~

e¢entreted on its mexisum content in the fingl product,




A. The raw agterial bege for the firvelay ind.gtry

“eractor; elags are fairly sbundant,they form the upper
PErt Of the curth crust.Of interest are those xinds of refrac-
tory clays which occur in lar.e quantities,have an AL_,U3
content asbove 4 a.d a low stripoing retio. For optimum
ecomomic mining co.ditions tr.is rstio should be up to
2 cu.n./ton of substance,Purity is a furtner i1zportant
factor.This means that refractory clays in s natural state
should not contain admixtures of stoae and orgunic matter.
Their removal neeessitstes further techrological treatment,

which makes its further epplicedility disedvantsgeous from

the econemic point of view.This leads to increasec costs,
which in turn reduce its competitiveness.
From tre point of view of the natural conditions, trenspert
distanee from

8/ the prosessing plant

b/ tre perspectivs customer
has become sn iamportant eco.iomic factor,
Hare we have in mind those costs which come Between the si-
ning coats and the price of tihe rew saterial.The longer the
transportation distsnee,ths l~wer the profitadleness of
mining, and should ths optimel transpertstion distanee
be exceeded,the 4 posit becomes wmsttsestive f;p sxploite~
tion.
B: Bev material for silica refrsgtoriss
Its eccurwense in dispersed fors is feirly stundant.Con~
ceitrated Aeposits sre rarer. For industrisl use a siliee
concentration of not lese then 95968 is desiredle. The ether

conlitiens ere the same ss ia refreetory slays.It sheuld be
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noted that the mining of these refractory clays is rather
difficult bdeecamse of thair hardneas and toughness.Commer-
cial considarstions,focused on export,sre of no intereat
since these rew mstaerisla fetch very low prices on the
wo™1ld market.Consequently,theg sre suitable only for the
sanufacture of final products at the place of their ocecur-
rence,and only in the fors of ailieca bricks scan they be
congiderad for export to foreign merxets.

S/ Rew nateriels for mgnesjite refrectories

While the preceding twe kinds of rew meterisla oceur feirly
abunderitly,megnesite rew msterisla sre rerer.Thia appliea
perticuleriy to those deposita in which the MgO content in
rew state ie c¢lose to 50%. Rew magnesite in its natural foras
eannet de imdustrially processed. For technologicsl spplice-
tion it muet be rid of ita earbon dioxide content.By heat
trestment it is trensforsed into e sintered fora. Only thia
fora of magnesite hes an interesting utility velue,on whieh
esonomic consideretions ean be besed.Por firing magnesite,
Uee oan b made of rotary or shaft kilne.

The magnesite rew meterial should not have s high portion
of 0-0,3102 and l.‘,OJ. The lewer the portion of theee admix=-
tures,the higher the utility veluc of the rew saterisl.Rew
ssteriale with a lower than 40% contant of MgO heve littla
technolegical value. They cen be utilised enly feor inferior
qQuality refreetories,vhich ,however,csnnet bear the trensport
costs or fose the eompetition.

The methed of aining megnesite rew materials depende on

the goolegical conditions. Open-caet mining ie recommended
in ,ls0ee with a locee everburdea and @ retio ef up to




J cu.m, of stripping to 1 cu.a, of magnesite.Where thie

rotio is surpassed,underground mining becomes preferable.
In magnesite raw materials the form of'degredetion

during mining is of & grest importance.l. most ceece,

et lesst washing is neceesery. Before weshing,raw magnesite

must be dressed granulometrically. A more expensive method

is dre.sing in heavy suepensiona or floeting.

In recent years,many industrially edvanced countriee
have engaged in obteining megnesite from essawater,by a
eynthetic method.In this way they wieh to replece natw-el
maguesite.The adventage of thie method consiets in tre
fect that the magnesite sinter thus obteined cen ettain
@ purity of up to 99.5% of MgO.The disadventege liss in
the high production coste end heavy cepital inveetments.
Therefore notursl megnesites, insofar es they ere sufficient-
ly pure, prove to be more advantsgecua even if the part
Of humsn labour in the manufacture of refrestoriee ie
considersbly higher.

Owimg to the fact thet during the processing of rew
magneaite into sinter 50% of ite weight portioen escapes
into the etmoephere,it ie prefersble to treat the rew
materiel on the spot or in the close vicinit; er the
mine. This plece ehould have good communication with

the proceesing plant or the coneumer,or favourebly situsted

for export shipmente.




11  RETRACTORIFG AND_THEIR ARPLICATION

One cen etate e¢ ¢ principle that wherever the opercting
temperetura of en op'n fleme continually exceede 800°C,
us?) sust be mada of onev of the beeic types of refracto-
ries.Obviously,for lower operating temperetures,inferior-
=quality refractories will suffice.One type is used for
tiled stovea, and a totally different for arc furnaces.
Apart from this basic consideration one must slso besr in
mind othar criteris,such ee the technological process,
ineulating properties,dielectricel constants,etc. In
the acid open~hearth process for specisl silicon steel
use should be mede of e gilige lining with an 5i0, content
ebove 95%, whereae for etandard and elloy steel,in which
the ppesense of Si0, is undesirable,the furnace lining should
be baaie,thet ie from pagnepite ehapee.Firecley refrectories
are used for glass furnaces,but the roofe are from silice
the chemical properties of which are ekin to those of the
glsse batch.
Ia priaciple,one cen determine the application of refracto-
ries from the point of view of the temperature ranges etated
in Chapter I. and of the industrial equipment rsquiring
refresetory linings as fellowa :
i/ Steasm and gas preduser: - fireclay
2/ Induetrial furmeces e.g. boilers,combustion chember:,
locomotives, tunnel end chesuer furnecea in tha cersaic
industry, heating fluee of smoxe gasee,chimneys,etc.,
where temperstures do not exceed 1400°C - fireclay

refreetories are applicable.

¥ 1n metellurgy
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a/ Blast furnacss - fireelay
b/ Cowper stovss - fireclay, silice

¢/ Open~hearth furnacss: sll zones sxpossd to hest streas
or corrosion by acids are linad with megnasite /90%/,
parte sxposa: to lower strass w.der hest and ths
contact lininge ars made from firsclay refractorias.

4/ Oxygen coanvartars sre lined with megnesits,dolomite,
ter-dolomite,or their modifications; the contsct
lining is from fireelasy.

¢/ Electriec furnscea - amagnesite , the roufs ,prsdo-
mainantly from ailice or firaclay with & aigh coatant
of slumina

f/ Pig iron mixers - sagnasite,fireclay

g/ Toundry ladlss - firaclsy .

4/ Toundrigs gnd enginicering

In adcition to linings listed under 3,the following
types of refractories ara used :

s/ Cupols furnaces - fireclsy

b/ Raverberstory furnacse- msgnesits and firaclay

¢/ Electric induction furnscas - magi.esits snd fireclay

5/ Cement works
Magnesits is ussd in the sintéring zone of rotary snd

shaft furnsces,in which temperstures exceed 1400°C ’

firsclay refractories ars applied in the other zones.
6/ dlame worka

In regenerstive pot and tank furnscee the roofs and

the Jurn:rs are froa sil.ca /also magrneeite and fire-

clay with high aiumina content/, the rest froam fireelsy.
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9/

10/

The linings of producers and recuperstors -from fireclay;
in coce uvens the linings sre pre.ominantly from silics,
the contact walls ‘rom fireclay.

he Zhemj in

Where the lining is exposed to aggressive influences,

magnesite or fireclsy refractories are spplied,

ou tallug
- in the coppu industry
- in tce lead and entimony #ndustry
- in the sluminium industry
- in the nickel and tin industry
use is made of linings from megnesite combined with
fireclay, in shaft and rotary furnaces,converters,rever-

berstory and drua furnaces,mixers and refining furnaces.

1o the coneumer industiry

in the production of electric heat-storage stoves,

megnesite or fireclsy refrsctories sre used.

In the foregoing survey of the aspplicability of refrac-
tories we have in mind shaped pioducts,i.e. dricks.
Teble 1 gives o survey of the consumption of refrac-
tories by the individuel Wranches of industry in Cse-

cheslovakia during 1972.

Refrastoriee are availadble also in the ferm of loose
resaing materisls,coetings,sorter ,snd refractory
consrete.

Nortars represent about 2% of the produstion of moulded
refrectories. Remming meteriels,which include wlso
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refractory concrete in dry or plastic form, represent in
fireclay refractories about 20-30% of the output of bricks,
and in magnesite tog:ther with gunning materials as much as

120 % of moulded bricka.

In the following chepters we shall discuse mainly the econo=-
mic aspects of the manufacture of moulded bricks, and only
in cases requiring specisl attention shall we deal with the
production of refractory materials,notably with regard to
megnesite refractokies in which the ratio betwecn moulded

and unmoulde?d products is of a decisive importance.

TABLE 1 - Domestic consumption by individual branches of
industry in Czechoslovakia /in 1972 /

Industrial branch Fireclay Silica Magnesite
Bricks Grain
% % % %
1/Metsllurgy 63462 T2.33 90.01 99.80
<¢/Engineering 2.19 3622 1.06 -
)/ lon~ferrous metasls 0.75 - 0.10 -
4/Fuel and Power 0.56 - - -
5/Chemical industry 1.17 5¢20 0.54 -
€/Cement and Lime 5.81 - 6.04 0.06
7/Investment plants 6.29 - - -
g/ Glass works T.19 10.23 0.08 -
9/ Ceramica industry 3.40 6.20 1.97 -
10/ Small consumers 9.02 2.82 0.20 O.l4

Total 100.00 100.00 © 100.000 100,00
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The enalysis of the structure of consuuption given in Table 1,
illustrates also the hasic outlets for the individual types
of refractories in various industrial branches.This struc-
ture may be different in individual countries,depending

on the proportional representation of the respective
branches.One can however definitely state that the pre-
dominant use of refractories concentrates on metallurgy.
Uther branches play no negligible role, as can be seen in
the case of' fireclay,and to a lesser degree of silica re-
fractories. One should note the building materials and
ceramics industries / items 6-9 in Table I /,in which the
congumption of fireclay amounts to 22.7 %,and together with
metallurgy to 86.3 %,which represents the decisive part

of the outpnt of this kind of refractories.

In siliea refractories t..e predominant part of consumption
is concentrated in metallurgy and the glass ' worss /32.5%/,
if we add to this the ceramics industry,then the consumption
of this group attains 85.8 % ,which is again the decisive
pert of industrial consumption.

Mention should be made also of the production and consumption
of dolomite or desd-burnt lime as refractory materials,uscd
for lining acid converters /LD/.Their applicetion is modi-
fied by the admixture of tar to prevent their high hygro-
scopicity.Their share of the consumption in oxygen conw
verters is not negligible,since in some countries which

d> nut viepuee oI rore suitable raw meterials they are

used up to 70-90 % for the remming or lining of oxygen
converters.Extremely pure magnesite bricks are applied

to the most exposed zones.-
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In the preceding chapter we have shown that ferrous metallurgy
is the main consumer of refractoriss in all industrially ad-
vanced sountrias.Ite development influences the growth of

the other branches of the national economy,beginning with
engineering and chemistry and ending with the development

of the services and the consumer industry,If the individual
branches of the national economy ara to develop with the

aid of the construction of industrisl plenta,priority should
be given to the developaent of the power,engineering and
building industries. Power and construction materials are

the prerequisites for the development of the remaining
branches of industrye.

A/ The development of ferrous metsllurgy

Our century is characterised by the atriking growth »f ferrous
setallurgy. A comparison of data on the world’s steel output

from 1870 to 1970 will give us the following picture/+/:

..... Yoor __________mil.tons ______Yesr ____________mil,tops_
1870 11
1880 U 1930 99
1890 25 1940 126
1900 37 1950 190
1910 58 1960 ' Ul
1920 65 1970 592

/+/ Cordes W,., Memburg - Stahl und Bisen , No.l4/1971
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In 1960 the per capita steel production in the world was
136 kg, in 1970 it was already 151 kg,but in some countries
it rose more steeply, e.g. in Sweden to 673 kg., in Czecho=-
slovakia 662 kg,end i:.. Japan 620 kg.

Teking into considerstion t..e trend in steel consumption

we may assume -according to certain author and sources
/Prof. Manuelli, Italy,in the US Steel Bulletin ,1970,

in the Czech megeziae Hutnické listy No.10/70/and notably
according to the works of Prof.A.S. Burasov * /,the

following per capits,specific steel consumption in the

world :

Y e a r 1970 1980 1990 2000
Per capita,specific steel

consumption in kg. 151 196 25C 321

On the basis of the n_mber of inhsbitants we calculate
the probable steel production in the world till 1990,

as shown in Graph I.

As the trend of the specific consumption of refrsctories
for the individual metallurgical processes is varied,we
examine the devele,ment of these processes from the point
of view of their shsre in world steel production,The data
thus gained sre important,as converter /1D/ show
a considerably lower consumption of refractories when
compared with open~-hearth processes. For comparison,

we quote examples from two large steelworks in Czecho-

slovakia,in 1970:

Biulleten inostrannoj xomerfeskoj informecii,No.2/71
Moskva
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Open-~hearth * LD *+
Type furnaces converters
Magnesite bricks kg/t. u.28 1.96
Magnesite loose materials " 1.29 6.3
Fireclay bricks and materials " 12.26 11.6
Silica bricks and mortar " 0.1 0.0

- - — D - - - - — - A . U - - - U - S T S D WD WD W s . W  w— - A D .

++ These data do not include the consumption in blast fur
naces,coking plants,rolliing mills and related branches.

These practical experiences show that the consumption of re-
fractories in LD oxygen converters is rapidly decreasing. |
This is due to the fact that the stsel melting proceea in
oxygen converters lasts 29~53 minutes,while in open-hearth
furnaces it takes 4 - 6 hours,depending on the capecity of
the furnace unit.

Considering the trend of steel production in oxygen conver-
ters one would assume that the existing production capacities
of refractories could suffice for a long period aheed.But
this is not s0.0n the one hand,there is a steady growth in
absolute steel production / see Grsph I /. snd on the other,
one must consider the role of metal screp in the technology
of stecl production.Scrap is more sbundent in industrially
advanced countries. Its ahare in the production of new steel
smounts in certsin countriee up to 30 - 40 %. *his is due

to the rapid innovation of the existing industriel potentisl
end to the introduction of new products or the liquidation
of technically and economically outdated fsctories.

As oxygen convertere permit to process only about 22% of

the cold metal cherge /scrap and alloye/,it is deeirable to
develop such procesaes that meke possible a higher utili-

sation of the cold metal charge and at the seme enaure elso
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the production of higher-quality stevl.Thess demands sre

met by the steel ,roduction proces. in glectric furuaces

which can work with 95% of the ¢old ametsl cliar,efscrap/.

Coensidering these conditions we confront our essua,tions
with the deta published by leading experts aund institutes
and plot grsph II which show.. that in oxygen eemverters
the point of inflection 8ppears around 1950,end the tren-
sition point between 1985~1990. This doe: not me .n t:at

steel production in Oxygeh converters will decresse,

but only its share in the total production will diminieh,
which reflecte s structursl change in steel production in
different vessels /furnaces /+ This information is very
important from ti.e point of view of the developaent of

the conoumption of refractories ,since their specific con-
sumption in electric furnaces is substantially higher thean
in LD couverters.

Let us quote s exsaple fiom an electric steelworks in

Czechoslovakia in 19703

T vy p e Electric furisces
1/ Magnesite bricks Te%
2/ Magnesite loose materials 24.0
3/ Tireclay brickse snd seterials 16.2
4/ Silica refractories 1.4

Bven in the cese of Oxygen coaverturs,construstionsl ehen~-
g¢s point to blowing oxygzen froa below, thereby exposing
to corrosion ,to o lsrger extent,contect refrectories,

which re.ults in their incresged conusumpiio.,

Furthermcre, the present disconti..ucus ,racess will gredu~
8lly give way to continuous one.,shich will result in energy
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cost- savings so trat thie share of tre consumption of
refraatories will not play such a decis.ve role in the
production costs of steelwor«s.

For ovetter ori.ntstion we list velow the s,ecific consunp-
tion c¢f refractories in Netallursicel-eryinesring steel

oroduction i.. Czechoslovakia in 1371

O O 2K Kg(t: 2f steel
Fireclay and morter 3.5
Silica 1.64
Magnesite /obricks / 12.40
Mag:.esite loose materials 14.60

B/ The development of cement prodyction §:.d of other cyra-
mic brenches

Cement is becoming more and more important sll over tre

world,both for road coustruction ard the Cuilding of houses
8L- industrial pl.nts., 3By t.e end of tris centur,,tie pre-
scnt world population will have doubled.This etermines

the manufacture of sll types of goods,whetier cesital or
for consumptio..,

The present developmint of production follows,with sl gnt
“eviations, 85 closely the curve of steel sroduction that

we can state that Grupn I. is valid also for c.ment produc-

tior. with th.e Aif erence trst aroucd 190 it will exceed
it and show an iacrevsed pace oy 2=3 %.

The present specific co..sum).iou of refrectorie: i.. rela=

tion to cement output in Czechoslovexia i: 1977 is @s follows:




Refractrry material Ceoment «g/t.

wag. esit2 Leid

Pireclsy /incl.i..sulstiig naterials
ar.d mortsre/ cel]

As the determination of the consumption,notabi, of fire-
clay in the other ore.che: of t e rativ.al €COLOL,, 1u
very difficult,end woull ve veyord t'.e¢ 'raue of this lec-

ture,let us assume that tnese uranches of imdwetry utilise

sbout Z,-31 % of t.e domestic co.sumptio..

IV - CUARACTERISTIZ 0 2 UDUITIL. cvo T3 AL TWlHLICal-

A/ i oL, gt

¥aen exzainirg the production JToCese in the brosder
sociel-productiorn reilstio .& we must neceesarily srcrive &t

the conclusion that for suciety only such & production is

desirable which tu.file two pasic criteria,namel;, it is
1/ of ggtive - in tie serse trat wy iteatilit, values
the production sstisfies soci l,indiv.dual or indus-
trisl requirements,
2/ sconemical-.n the sense thst the production fuw.de
spent on reproduction prove .rofitable.
In this: considerstion we leave out those requireaents of
the stste which are messured by other criteriu.
Production costs are ¢losely linked with ysTices uvoth for
the purchesed rew meterisle and services end the serket
prices f finished produsts.The dif erense between mariket
srices and production costs represents profit/grose profit/,
and its retie to the reduction funds indicates the profi-
tedility of the letter,i.e. the ssmount of interest they rield.




in the productio:n process.This rate must be higher than
the average rete of capitsl interest in the given country.
The development of production costs in every industri-
al couitry reflecte :
1/ the level /size end edequacy / of production funde
2/ the degree end level of the organisation of the
pro-luction procees.
Thie apolies in generel aleo to the refractoriee industry.
Under the term "level of production funde” we undecetand
production meens and working capital,eapecially their in-
fluence on the etructure of menufecturing coate,the demends
for their procuring and seintenance,yield of interest and
profitability. A high orgenic structure,i.e. the retie of
t chnologicel meeana of production to constructional, reeults
in increesed efficiemey of productien,

The production means reyresent the sume epent on cepital

investments in mining or proceasiug plente.Working capita:
is spent on all kinde of eupplies required for ensuring

the proceae of production /reproduction/.Only ¢ mutual
interrelation - symbiosis - of theee two make poeeidle the
fociel production procese. We epesk of the level of inveet-
scnt funda Leesuse inveetment media themeelvee have their
technological and constructional charecter. Their sutual
relation indicetes th. share of inveatuente i.. production
coste.They re .ceeut depreciation.The smount of deprecie=

tion depends on the physicel duradility of the technolegi-

cal equipmenrit and the life of thLe buildings and plents.




The ratio between investment costs and average annual d.-
precistion indicates thie econoamic life of inve_tments.They
show in what time the investments return irrespective of
the profit.

The size of the second part of production fw.ds i.e.the
working furds 1is determined by the desrce and the level
of organisation.If the production is orgenise: so t.at it
is not necessary to create large reserves of raw materials
or to keep lsrge supplies of spere parts or supplie: of
finished prolucts,then lesa working capital is needed,
which means lower financial costs /interests/.

The level of organisstion points,among others,slso to

what extent there exist in the productiorn control points
which prevent the entry of inferior-quality rav mater als
into the production process,thus e¢limiiat waste at

the earliest stuy.. The ouservstio. of t ese LIinciples
resul®in t'e attainment of a good reputation which is

8 prerequisite of success in menufacture.The level of
organisetion reflects,how instructions reach down to the
working placc,how the control of the i.structions is
organise {,hiow the recorda ars kept,etc. Trese seemingl,
uwiisportant uatters become reflect:d in t « Jroduction
coste,

The structure f production co-ts depends on the tecluio-
logical legre. of t ¢ producticn.Miring costs have a struc-
ture thet Jdiffers from those of the productinn of finisre?d
g00ds /bricka/.

n mjnj ywiiic'. muat be orgeuised in accor !snce with t-.e

n tursl conditions, the rew meterial doe. not enter in thne

coats, 0i.ly such matérials as explo ives, timvering, tc.
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An important item is represented Dy geologi.al sreperatory
work and overburden removal which are bracketed under "other
coats ". A comparison of the tiend of production costa

of mining refractory Clays, quartsite and megne_ite is given
in Table - whic' characterizes the structure of miniig
e¢oets in selected plants in Czechoslovakia.

Table 3 ehowe the structure of the coate of dressing aes-
oeaite in heevy auspensions, and the proiuction costa of
Begnesite ainter in rotary end shaft furuace:.In thie cese
of heavy suspensio.is,only t .e structure of proceesing coete
is given,and the expenses for meterial repreeent redomi-
nently the costs of ferrosilicium /FeSi/.In the production
of magrnesite sinter o.ae ahould note the large difference

of raw materisl costs. This is due to the fact trat rotary
furnscee ere charxed with raw materiels processed in heavy
suspensions,thut is thut the raw material costa include
alao the costs of mining and processing, whioh is not the

¢ase of ehaft furnaces whers they reflect only the mining

costs.
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Tavle 4 s ows the structure of the manufacturc of silica
and fireclay bricks in two guality .roups, s.d of nagnesite:
burnt,chemically-bonded , and the production of tar-magne-
site blocks. The highest raw materisl cosgsts are in che-—
mically bonded,metal-clad maguesite bricks. The metal
cosing is specia'ly prepared aad the:n simultaneously
pressed with the magnesite mass.

Noteworthy sre the transportstion costs of silica bricks.
The factory to which the data refer exgorted j5% of its
output,consequently it had increased expenses for packing
and trans.ortation.

The data on fireclay bricks refer to two different facto-
ries.The factory producing high-alumi:..e bricks /with an
AI:O3 content of up to 65% / is one of the modern works
with @ high structure of productidn funds and modern
organisation,while the other factory producing standard
fireclay refractories dates from the first half of this
century; consequently the percentage of depreciation is
low,

All the data refer to the level of structure in 1972

3/ Technical-economicel indexes

The structurel potiern of production costs indicates the
proportional representetion of the individual types of

costs in the totsl costs. It does not give,however,a

sufficient idea about the size expressed in currency value.

Therefore we supplement the anslysis with technical-eco-

nomic indexes which reflect consumption per unit
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of output or time. These values supplement and extend the

iles about ti:e organic structure of the basic funds,tte

-onsumption of energ, of sl' kind. as well ss trat of

humeri labour per output u.it.They indicate how much

live human lubour is require for ~roducing & unit in

& certzin technological dec:ee.

Tuble 5 shows synthetic indexes for 2ining scc.rding to

the kind of re¢fractory raw material.

Teble &€ gives indexes for magnesite sinter.Taree tyoes

of furnaces heve been selected.

ghaft fturiaces sare nost advantageous from .he poirt of

view of overfiring,but least favoursble as regerds capa-

city, as the basic investment costs per 1 cu.m. are the

highest. From the point of view of time efliciency they

show the fewest breakdowns a.d yield therefore the greatest

advsntages .rom the point of view of repair costs.

cement rotary furnaces

They make for mass production,but their coefficient of

overfiring /raw material consumption/ is unfavourable;

they produce a vast amount of dust and from the point of

are
view of energy /less advantageous than shaft furnaces,on

the other hand the basic investment cosils /i.e. the costs

per 1 ton output or 1 cu.m. capacity/ are lower than

in shaft furnaces.




Rotary furnaces wjth lepol greta

Their advantage consiste in their large capacity and only
from the point of view of eunergy are they more favourable
than the standard cement or shaft furnacea. The mainte-
nance costs are higher. They are technically more com~
plex and have a lowcr time efficiency then shaft furnaces.
Owing to their large output and low conaumption of energy

they are used with advantage.

Table 7 shows the mosgt complex process in the refractories
industry from the points of view of organisation and tech-
nology, applied in the manufacture of fireclay,ailica and

magnesite bricks.

The set of technical-ecohomic indexes and the structure
of production costs provide a complete picture about the

technical and organisational level of aanufacture in

the respect ive type of refractories.
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Yo PRCES AND MARKETING
A/Rrices

The ,rices depend on the so~isl form of the state and
on whether they develup within tha state fronti.rs by a
frae formation besed on production costs,or sre ragulated
by tha prise- fizing orgsna of the stste. The second form
ia more widely spread .Therefore,we cannot speak with suf-
ficient suthority of prices within nationsl froutiers.
Of grester importsice sre the p.ices that sre formed on
the deeisive /world/merxets.The prices of refrasteries
are mt quotsd et stock exehenges.They dewelop iun their
own way. We incline to the opinion that there is no uni-
fied world yrice / there exist two world economic eyatenms,
the socialist and the capitaliet /. Wa think that ene
should take for werld priges those st which decisive me~
nufacturere sell their producte to decisive mer<ete.The
latter oere these with an edvansed sconumy ,but withoug
the rew meteriala needed for the roduction of the
sommedity in question.A decisive menufacturer is one
diepeesing of large rew mesterial rescurees and obliged
te reelise the greatsr pert of hia output on the foreign
sarkete of these countriee which lack i.. rew materials.
In Darepeen conditiens,this applies to Sweden and the
Poederel Republic of Germeny ,s8 far as refresetroies ore
conserned. This etatement i velid primerily as regards
Sagnesite preducts,but to seme extent alse fer fireelay
ond eiliece refrectories.




lireslax

tl.ie exporter ‘s

One should beer in mind aleo the buying conditious and

slways profitable one:.

charges /custoa duties,trensportation
coste,commigsions,rebstes,etc./,es individual count. ies

buy om dif“ereat conditions.Adventageous pricee are not

The difference betwecm production costs and eelling price
indicatee the profit ,and the latter’'s relation to the
coets reflecte the profitebility of the production,how

zeonomieally an? effciently it is run.

Por eemperisen we give here the prices of refreetoriee
on the decisive Buropes: marketa.

a/The Feieral Republie of Germany buye

on the condition” Free te the eusteamer®

WSweden buye

Kaye

"Pree foctory *

uzo} Price
----gentent RN N

up to 429 428.40

48 471.60

42 482.40

48 525 .60

uzo] Sar /4

Standard bricks

Keye

/1 8 =2,8 D,

wp to 428 400
¢ -0 694-1200
42 563

65 -80 925-1625

18 %4.275 skr /.




~35-

2/ AlLICA 7/t export gues Jredominantly t. 5 ei:i which woe.
ot maiufacture silice au  has to re', ou imports/
Shapec .ricks: [RGermeny /"free to cust."/ I 40,
Sveden /"TFree Trelleborg"/ «r =434
3/ VAGNESITE
Here +e indicute the prices for FR Gernearny ounly, which
with its production of about J% mi..ion tons of steel
is an important consumer that l'cks its own resources
of raw materia.s.The largest exporter ia Austria whose
prices ca be considered as decisive for this couano-
dity.They may Jif“er i incividusl countries,but es-
sentiall, they follow the rices of msgiecite products

on the West Germa: market.

T v p e Averag: pric.:
DM /t.
a/Magneaite bricke /shaped/ 794 .00

b/Magneaite/granulated/-drickmakers grade  350.70

l/!agncaito/grunuL.tod/-stoolmaxarl'tradu 265,00

Germen customers buy on the condition "Frees to t e customer”,
Grenulated materials are not subject to owstems duties which
for shaped bricke smount to en sverage of DM 44 per ton.
Freight chergee in the Pedersl Repuolic of Germany are

on the aversge DM 15 per ton. In eddition,one has to cal-
culate with & 64 commission for the agent.

Froa the point of view of production coste and prices on
foreign mercets 814 of the develo ment of production costs

in Csechoslovakia we cen obeerve a varying trend in ,ro-

fitability i.e.in the retic betwecn profit and total costa.




O/ Merketing

Tha quality of the refractories prodused is decieive for
their sale., Common types of firaclay refrectories are
not in great damand,ss evary country has cartain raw
matarial dapo'its o.. the basie of which it cau develop
their manufacture.The same applies also to eilica.dagne-
sita ocecupies a position of its own,sinee the natural
sources of purs magnesite are comparstively rare.
Consumers ars intarestei in high-_ uality refractoriea.

In t-e cese of fireclay ra“ractories the demend ias for

products with an Alzu3 contant above 49%, eiliea producte

should have a low ape.ific density ,within the range of
2.3% - 2.37 g/¢c.ca.,while magneeite should hava a high
MgO content /abova 96%/,low porosity snd high softening
point / 1750°C /.

Teking into considerstion tne above demsnde one cen deter-
mina the renge of the dietanse of export merkete,sseuming
comperatively good trensport routes, as follows :

Quelity _Market distance
Standard 30 - 800 =

High 1000 -2200 Im
Soacial 4000 =500 km

Yo cen consider ae apecial quality the following types:
melte’ magnesite,siliconcarbide,synthetic mullite,
corrosion-reeistant refwactoriea,snd meterisla with

s high content of the besaic mineral.

In some casas,trsnejortation costs or tne protective duties

of the iaporting country mey become decisive fecturs.




Bearing the above considerstions in sind,any potentisl
sanu’acturer must cerefully weigh in the firat instanes
the needs of his wn country .n relation to the aituation
of the raw materisl bsee and the conditione in tie neigh-
bouring countries which may aserve as an outlet .Inter-
continental trade is fessible only if the relatiors between
production coate and pricee are such ss to ensure the yleld
of sn sdequste menufecturer s profit. Barter deale form
e different cetegory of businees relations.
Yo UBEEDMIRNT CQURITIGNS
Before deciding on investmente one should investigate
the following basic issues:
a/rew materiel resources, their quality and the miniag
conditione
b/the market demands ee re_ards quantity and quality
c/epproximete needs of capital investments and the
profitability of the enterpriee
To prevent an economic failure one has to etudy these
questions with regsrd to the objective conditions of the
country in which the manufseture ie to be eetablished.
In the chepter we ehould lixe te touch upen two queetiems:
a/Prospective neede of refreetoriee
b/Inveetaent soete
A Presps.tive oeeds of refrestories
If eny inveetor in the refrestoriee industry ie ts have
e besic security oee regerds consumption and the eitustien
on t e merket,he sust de femilisr with sost fundasental

prerequieite,nemely ihe prospective nvede fur hie refreeto-
ries,viewed froa the bdrosdest sspecte.
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1i. Gra,hi 1 we have shown the trend in steel _.roduction

in the world, 'he growth in output per decade is as follows:
1660 - 197C 2>1 millivu tone
19/C - 19 L wn3o" "

19 ¢ - 1920 $20 " "

In tle preceding chapters we have indicate? ‘hat the
refractory . _
conganption of / -materlals veries acoording to the
techiological processes and shows sometimes » rapidly,
sometines a gradually decreasing tendency. Tuis is due
to the continuous impruvement of their quality.Thus, for
instaice,in Czechoslovaxis t e specific consumption o
magi esite bricks inopen-he rth furnacee fell from 4,2
kg/t. of steel in 194, to 1.3 kg/t.in 1970, and that
of magnesite meterisls dropped in the eame period from
20." kg/t. to l4.5 xg/t. of steel. The reduced consump-
tioo of fireclay uricks is compersated by an iucrease in
the consumption of meteriele and refrectory concrete.
Silics shows a g¢eadily decreseing trend and ite

or epective uee will oe in coking plsente, electric

furnace lids,and in glase furuecese.

Grsph I1. shows the trend of eteel productien ececording

to the individual forging ,roceeses.

Tsking into consideration the decreesing trend in the
epacific consumption of refractories in different f,rging
proceses. * in reletion to the ebsolute outyut at the
nd of the reapective decadees,we can estimate the approxi-

mete needs of t ¢ individusl typee of refractories,se followse"

Inged M k31 - 3tudy of tlie long-term development of the
sagnesite industry up to the yeer 2000.

Interpro ekt Ko:ice - 23S/ 1971.
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1970 193¢ 197
1/Fireclay oricks % 63 5o 9
¢/Fireclay muterials % a3l &3 5
3/8ilice bricks % 4 52 o
4/Magne,1te bricks » 75 9 o
5/Wuagiies . te materials
/iacl.burnt dolomite/ % 9¢ 29 el

The results of the calculations are given 1. Tuble 3
which indicats. alwo the prebable  yeurly increase of
proiduction in the world. For orientation we ,ive also
dats on the anticipated trend of th: s ecific consuup-
tior. per 1 ton of steel.As far as the latter is coucerned
we ahould like to poiut out that the cousumption refers
to the complete technological cycle ol cteel ,.roductior,
{.e.from blaat furnaces,coking pla ts up to rolling and
the reapective soaking pits and annealing ‘urtaces.
“evertheless,these data may differ from reslity, urtly
owing to the trend in steel output / a slighter growtn
in the firat years of the decade/ snd the inte sity in
the growth of technical progresa.This 4iff rance can be
eatimated to amount to I 12%.
/Tor illustratior. we quote the following example :
Nigeria,if it increasea her steel output by 1990
te 4 miiliou tona a year, will require 1.1,000 t.
ef refractories yearly,according to ouwr estimates.
Her populstion should by then incres.e to 12% million.
ond the anticipeted production of steel would be .2 kg
por heed. That is very little ! /.




B/ Investment copte

The question of investment costs ie ae important as

the familiarity with the markets.Investments that can-
not be obtained from the resources of the aetiousl in-
come or the national budget must yield capital. Such
reséurces burden the production coets not only with
depreciation,but also with the interest rete.There-
fore,the mein efforts should be focused on places in
which the profitability of the production funds would
be the higheet. These question hav: been deelt with in

the chepter on production coets.

Here we wieh to touch upon the gpecific isvestpent

costs, i.e., thoee that must be invested in one ton of

output.
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Table 8 ~ Anticipeted sbsolute growth of refractories
output in the world till 1980 and 1990 ,and

annuel {ncresse
Total Increase Annual Specific

r decade increase consumption

1,000t. kg/t.of steel

output
1 t. »000t.
) 2. 3. 4. 5

A/Bricks
/Rireclay
19,730 - - 21.00
26,250 6520 632 16.50
73% 13.20

1970
1980
1990 33,600 73%0
2/8ilica
1970 1,430 -- - 1.30
1980 1,900 470 47 1.10
JMasnasite
1 70 00 - - Y
1330 4:320 220 22 3%
1990 7”50 930 9-‘ °
g 4ty !‘:Vi.“ .l"
[ ] - Vele 4
* - - . O
- :023 670 67 -3
1990 13,360 3600 360 8.00
ot~y
6 ”O - - 1006
1970 ’ >
1960 7,800 35X 53 8.67
11,200 3320 332 7.80
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As this lecture cannot deal with all the chsracteristics
of investing and investment policy, reference will be
made to the size of the specific investment costs ac-
cording to individual comprehensive technological phases,
according to the conditions as they developed in invest-
ment activities in Czechoslovakia.

The specific investment costs depend on the size of the

erected capacities,on the technical equipment of the
plants,on the proportional representation of constructi=-
onal and technological investmants,on the price of sup-
plies ,and on the location of the works/ terrsin/.

The specific investment cos® for mines /SIC/ refer

to an output of 60,000 t. per year,with full mechanisstion
of the wining,loading and removal.

Percehtage of
SIC constructional
1_[ t. V!
l/linin#
-refractory clays 760 50.4
-querizites 9.50 59.0
-magnesites
a/open-cast/cap.500,000T/year 14.50 7%-5
b/deep / " 1250,000 ' ® 9.35 43.5
2 .
ﬂ9n031te raw materisls
cepacity: 1250,000 t/yr.
charge/ 3.80 49.6
J/Ihirml rocessing of rew mater
irecTay /7 56,%0 {7yr 7 32.20 33e2
Magnesite
a/Rotary furnaces/240,000 t/yr/40.00 48.;
b/Shaft fur.aces / 15,000 "/ 47.60 32.
4/Brfckworks g
Fireclay /60,000 t/yr/ 144.20 37.2
Silica /35,000 * / 123.00 57.8

Magi.esite /50,000 * / 136.20 3.1
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The percentage of constructional investments are given because
their smount depends on the geographical looation of the planned
investaent and on the altitude, The most advantageous conditions
for investment are between 30° = 45° of latitude. In regions
nsarer to the equstor one must reckon with incressed ocosta of
sir-conditioning. High~lying regions have the dieadvantage of
higher consumption of energy and require insulated buildings

for the winter period.

Ons can therefore atats the principle that the percentage of
technological investments may be considered as censtant, while
constructional requirementa change with the latitude, Sonsequente
1y, the data sbout apecific investaent costs regarding the lati-~
tudes 49 « 51° are valid only insofar the technological inveet-
amte reasin constant, whils the level of technical squipaet
®d the teslmologioal demands may te a eertain extent influence
their amount.

The percentage of constructional eoste in open=cast aines
includes also the investaent cests of stripping, during the
opening of the mine,

The data givem in this chapter can help to deteruine the sppre~
xizsate iavestaents needed for the eemstruetiom of the planned
sipasities. Tecimologioal proeesees and pesuliarties should,

of course, be respested.

A Bors precise determination of the nesessery investasnts md
werking espital, that ie the produstien fumd eem be specified
only in an investaent study, whieh oan bo alabersted enly Uy

s @alificd and experimecd prejosting ofgenisation,




SUNC LUSIONS

The purpoee of the lecture wae to give a comprehensive
view of the reefrectories industry,notebly in its re-
lestion to its mein oemswmers, the ferrous metallurgy and
steel worke. The devel pment of stsel production is deelt
with at length to elucidate the conclusions concerning
ths quantitative output of the individusl typea of re-
frsctory sateriele,in dependence on the xinds of forging
procasees.

A greater smount of tschnical deate is presented to illee-
traste the influence of sconomic fectore. Bconomics always
rsflect technologicel proceases et s certain level of
the applisd technice snd the organisation of produstien
factora . The lecture has attempted to slaborata this
idea.0nly s deteiled kmowledgs of the tschnologicel pro-
Ceseod Gah serve 85 en adaquate besis for a prognosis in
economics.

The questions of pricss and investsent coats are slabore-
tsd to auch an sxtent as to provide impulses for ¢ gems-
rel esoncaic eweluation of the necessary investment cests
and at the same time aleo an idea of the prefitediliy

of the reproduction of menufacture.

Ve have attempted to susmarise the experiemses frea the
menufeacturs of refrsstories in Csecheslovekia and previde
8 sontributioa to their further devslapment or appli-
cation in esonsaie and teshmies) censideretions esnd

solutions.









