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JUMNARY

At t. : present time, iron is produced oy the clusvical method
(blast~furnace ironmaking) and by cirect reduction (mini-planis). The
blast furnice will undoubtedly remain the samic processing unit for
the primary production ¢f iron for a long time, especially in those
countries which have availavle large supplies of coal, particularly the
coking varieties.

Success in the use of formed metallurgical ccke has also contribe
uted to the paramovnt role of biast-furrnace producticn.

The Soviet Union siands Cirsi amony the advanced iron and steel
producing nations in terwe of the level of blact-furnare production.
The excellent operating characteristics of Joviet blact furnaces are
the result of the use of aggiomerated raw materials (1L0% sinter and
pellets ir the ore portion of the burderj, the lowered fines content
in the burden, the increased concentration of iron in the agglomerated
raw material, and the improved stability of its composition.

Substantially more efticient blasi-furnice operations have been
made possible as a result of the radical restructuring of the reduction
gases in the furnace broughti about by the injection of mixtures con-
taining carbon und hydrogen (in the gaseous, liquid, and colid states)
together with the oxygen enrichment of the tlast, increases in olast
temperature, and the use of higher top~gas pressures.

Combined blowing (the joint use of natural gas and oxyge:n-
enriched blast) has become standard practice in 3oviet blagt-furnace
production. A smeiling technelogy involving an increase in the oxygen
concentration in the tlast tuv 35 per cent and above has been perfected
and successfuly tested. Fuel 0il and coal dust are bteing employed as
injectants at a number of plants.

Iron quality is beins upgraded through improvements in the
uniformity and stability of coke und other nurden materials, the use
of bettor elagging conditions, the iniroduction of automatic tempera-
ture control in the “urnaze and of automatic ~onirol af the smelting
operation, and the application of ayrthetic slage and desulphurizers
for procepsing outside the turnace.

The advances recorded in rece:ul years in burden preparation and
in continuously improving smelting techniques have provided the impetus
for the construction o1 larger and better designed blgst furnaces.
Maximum blgst-furrace capacity in the USSR is 3,200 md3
of 5,000 m” capacity are being built,

The Sovaet Union has achieved a very high level of progress in
blast-furnace production und is ready and abie tc co-operate ir this
area with interestecd countries,

however, furnaces



Despite the growing use of plastics and other synthetics, steel
continues t¢ be one of thos: materials whose rate of consumption is
rising rapidly. Assuning the same growth rate (5.7 per cent) as over the
last twenty years, by 1990 the world output of steel wiil have reached
somo 1,700 million tonnes, um opposed to 570 million tonnes in 1969,

The basic method for the initial stage in the production of iron
and steel at the present time is the blast-furnace process, In addition,
techniques for obtaining iron directly have besn developed for more
than a hundred years., Secausn of its high productivity and low fuel
consumption, the blast furnacs has been able, over the last twenty years
or 80, to withstand compatition from other metal-making methods, despite
reports that it was virtually being overtaken by the new direct~reduction
proceuses. Neverthelescs, the dominance of the blast furnace is now in
Jeopardy because of a shortage of coking coal, If one considers the plans
sade for the expansion of iron @ 1 steel productior throughout the world,
the coking.coal situation must be regarded ws oritical, Even if coke
consumption is reduced to 270 kg per tonne of pig iron, by 1990 about
440 million tommes of coking coal a year will be required if 90 per cent
of the total output of steel is to be produced from liquid iron - and
this is on ths aszumpiion that 35 per cent of the total coke rejuirement
will be replaced by tuyere injection of a liquid, gaseous,or solid fuel
utilized at 100 per ceut of its theoretical efficiency, Given this
rate of consumption, the known coking-coal reserves will iast for not
much more than twenty-five years, PFor this reason, direct-reduction
processec are the suhbjact of far wider attention now than formerly, and,
although on a number of points there is no congensus among experts regarding
the prospects for tne deveiopment of ferrous mctallurgy over the
next decade, most of them nevertheless concur that in the necar future directe—

reducticn cquipment will be in a more favourable position than has hitherto
baen the case,
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A method Va8 Leen devalopeo v, e USsk for the profuction of formed
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Onc of the woy trenie mep in Sirtter ancroaeing the iren eontaent
in tae reorear portior LF thg barden 'hrowrh tne beneficiation of mined
and oxidiget srog, Avordinr fo dosa cappaiod Ly bre Inctitute of Perrous
Metallurgy (USSK), ircreacing (he 1oy ceromt 1o the aggioserate by 1 per cent
regults ina ., por cern sotrcane 1 hiset-turnace producti ly and a 1.6

par cenl diop in the COKLNE 1a%e,

Ciwen the axirtence o a thooretically poraible limit *o ore and
concamtrate envichment, 5 furthc- ~purp wplurn in the iron content im bl aate
furnace raw material cap be asklevead trrowsh motadization of the material,

This technique ie alio bad figapplicd in lhe Soviet Unien,
1 5 app

An impertant trend i n raw-muoceial preparation 13 4tabilization of
the chemica. and granulumet.ic owmpusition o1 the agglomerate and pellets,
By stamdamuzing the iror oreg wd ecacomtrotes, it wiil be poncible to
keep the fluctuat: .1 v iyep funcent atior within 1be range of 2 0.2 per cent,
Within the same time Teriowy atiraces will have been taken at ali the
country's agzlomorata m'ia ¢~ producs coolnd higteeat rencth agglomerate wit)
Plece sines of nct more tnan 75 me mard 4 fines contewt (05 mm) of not
more than 5<% por cent,

Yarying t1- Sompos tacn of tuo reduztion a2gge in the {yrpace
and the Lhope 9 %) Hr coeiting prosysz
One of the mein wy/- or reduciryr 00ks  rates and improving smelting
efficiency s thowmh thy arnclusion of vz tonr adiitiwer in the btlast,

which eithsr 214 .r (p- ORpOGNLiv of e Peamction £as+: 1n the furnace
and thws cul tcwa tne gegres o dir et requctior (oxyewrn with natural

ooke and bt redyst,on )y o Lre tly roplase fn. narbon of the oOke
by the carton of *he Wil e Cooa wurt)e ©rtain Lt thue additives
Amprove sHoltirs rrformgice by alteri o the comporition of the a8 an

the furnace sni by direstiy replaiine the . oko sarven {rotor focle, mamut

(Mlﬂll), t ﬂ-'"' 'mi.@'ﬂz‘”}«r\x 5&:‘;“’ {Jf‘ B tf%‘,:?‘?}‘




Combinad blantin: — th 4 Ley M e antural par topebher with an

oxygen—ew.ariched vlast - haz beco w an catrblicted matuce of 3ovict blaste
furnace ocperation,

When naturai gas was used wlune, L r, (the degre¢ of direct
reduction of irou from forroue oxida) droopea from 50-50 par cent %o
30=35 per ent; ti.g wae wrcompanied Ly a roduction in the cope rate
by 15«20 per son' and arn LRC~¢are in productivity by s« per ceft o
Oxyger~cnricrment ol tre blast, with the naturii-gas rate appropriatoly
inoreased, ieads to aven higner parformance figures, Increasing th
cxygen content in the blast by 1 per cent increases furnace produetivity
ky 2,0~2,5 per cent, while the addition cof ; m3 of natural gas will saww
0e3=140 ks of ocoke, A tachno.ogical pinonss developed by Soviet netailurgistn
for ranning 2 blast furnace with a 30=per~cent oxygen biast and the appropriate
rate of natural gar has made 1t poezitlc $0 achieve productivity rates of
2,0 tms/r}/dqy ad  coke rates of 413G kg/torme of ircm with an iren
content in the ore portion of the turden of about 53 per cent,

The USBR has uevigec a smelting Prucess with the oxygen contemt
An the dlast increased to 15 per cent ami Bore which has besn sxteneiwvely
ard succersfully testod widar Piwt corditions, The use of this

technologioal advance resulte in & rigniticant reduction in the cost ef the
iron,

The large naturai-gas reserves in the USLR have led to the extensive
wse of this resource a3 a partial edetitute for blast-furnace Joke o
™heory and practice show that Coke pas can be an even more afficiemt
substitute for coke, A Fpecial feature of the ure of coke £as remultic from
its componiticn = 6061 par cent Réroger ani 25-28 per cont methane -
which justifies itz being regarded as pPartialiy converted natural gas,
B virtue of the prosence of 25=28 per cent rethanc, cuke gas can be nued
&8 an ordinary blast additive; howsver, becanse of ity high hydrogen
content it can be injected into the furriace .n the same way as converted
gas (ooke xas plus technical oxygen)e Heats conducted in the Soviet Uniom




with half the natural gas injectunt replaced by the couivalent aquant ity

21 coke ga:: have demonst:ated wnat this resulte in a 344 per ceni increase i
productivity coupled with o 1o per cent dacrease in the cowing rate, An
everomre strikins effect woll be achioved if woke gan ami Lyyeen are

usad together, and alse if hoated noke ful 1o injeclods  Coke gait can be
heated to 700~300°C without tne vepuration of carbon hlack, Lharks to the
presence sn the gzas of relatively small amounts of methare and tne high
content of nydrogen, the prosence 51 which wrdlivite oo ()H4 thersaal
disesociation reaction, Tne Sovie!t Union is at presen: building an apparatus
for the injection into a Righ=capacity blast furnacze of heated coke gas
with the blant simultaneounly oqon-enriched to 3¢ per cent, Calculations
indicate that this will result in 1 produstivily of cvor 2,0 l;onnen/ms/da:f
and a reduction in the Ciking rate by 100 kg prr tonne of iren,

Thecretical rtudies ang individual teatsmeits have aleo demonstrated
the high degree of afficiency to be giined through the uce ofs  converted
gas obtained by oxidising natvral 280 to CO and H2 in 3pecial equipment
(cmwrtera) ard heated to a high temperature high~temperatnre top gas
previously purged of 002 Aad !!?'J; anl heated reduction g3a3es obtained in
other wayc., By way of cxample, 2 coke-rate reduction of 95 kg per tonae
of iron and reduction :n the vaw naturalegaz rate of 100 m3 per tonne of iror
have been uchieved in the Soviet Uiion by injection of converted gas

obtmuned from a mixturc of top gas, ratural a8, and water vapour heated
to 1,200%,

Because of u rnumber of technical difficulties, the injection of heated
reducing gaves has nct Yet pasuod beyond the stage of experimental testing,
Bevertheless, the use of these £a8ce in biast=furnace production is ao
offective that there 1g every reagson to look forward to the introduction
of thiy technology 1n the very near futwre,

Togethor with the urs of fageous additives for the partial replacement
of coke, liquid=fue] injection has also become quite common, The theoretical
principles behind tne uge o liquid hydrocarbons are somewhat different
from thrse relating to natural gas, This ie explained by the different
carbon~to-hydrogen weight ratios iu natural gas it is 3, and in mazut, 7,

Concequentiy, when mazit ig used, the amount of hydrogen in {he £as will be




in

lower and the coke saving will depoand Loth on the Giree sabstitution of
mazut carbon for cnk. anrbom { ") el 2o on the aenraann in direct
reductiorn (rd). idgquid fuel san .l be aged (o #¢ 4 errect nith oxygen
blast enrichment since heab .- lost as the lyidrocarbong decompese and,

consequently, tic tuyere Lesrth temperature wiii be iowered.

Mazut injeciion intu blast furnace.; in tie "SSR began as early as
1960, and hy 1964 ihie ddstive wWar an uste at 20 furnaces in tae Urals,
However, aftor natural gas was brought to this region, mazut censumption
in blast furnuces dropred o#f and at tnc prevert time ihis product is

being used at fewer furna:es,

Srviet biast-furnace experience shows that mazut it an extremely
efficient sub-titute for coke, particularly when guccous additives are
not available, Reoliable deaigns have been develcped for mazut injection
equipmeit, and a blasi-furnace operating procedure hae been worked out
for the addition of mazut both to an atmogpheric blast to a blast
enriched by oxygen,

The difference in furnace performance achieved through mazut injection
depends on the spacific conditiony - the magut consumption rate, changes
in blagt temperature and humidity, and so on, At one blast furnace in the
Urale the injection of 95 kg of mazut per tcnne of iron resulted in a
drop in ‘he coke rate of 15.7 ar cent (152 kg/tc me of ircn) and an
increase in productiviiy of 3.8 pus ceniy  the replacement ratio was 1.6 kg
of coke to 1 kg of umazut,

The delivery of pulverized coal to the furnace bearth i another
effective means of economizing on coke, primarily through the d4irect sub=-
stitution of the carbon of the 1dd:tive for the carbon of the coke, With
this methed, the degree of direct reduction romains at virtually the same
level, Theoretical research has shown tha. coal-dust injection can be a

means of saving ooke throughout the entire r q variation range, even when
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tne lLimited Spaect GF the uinct fu nece ', oxihy zangr saen,  Coal-dunt fual
can bhuwe be suceesstal Vooused hoth uater Presont vparating sonditiong
oo the Cuiure waen ook Ghnitaption will b oconsiderably curtailed.
Expsrien:s in ni ' =turnae cperation shows that various coal grades can
be uced for injection (low=ach, hijl-agn, tigh=-wolatile), wh 1oy other
conditions Lising equal, higher replacement retise ape acliicved by injecting
low~ash, hirh~carton coal e Simultoncously with the injeotion of the coal,
natuaral pas may alee he el Ny rerditiag in additionel roke aChIOMIRE,

To compangate fur the lows el tuaysre hearts 'empurature, when coal ip
injested the biagt 1ay be enrished with SXygen, thereby -on‘ribating to
improved furnace produstivi LY e

Coal-dust faci ir periodical 1y uged at a aunder of the vlast furnaces
in the Soviet Union at tre present Lime,

The Joviet Uninn hae now desi/med and nerfeeted an induatrial proumati
syetom for the .njeciion LF coaledust facl intyo btlast furnaces wnich offers
& high degroc of redaabiiity and i formity, buth with respect to time and
to distrivutiorn arcund the sireumteren o of the fumace, ver a wide range
of flow ratec, It (. our opinion that developmen® of 4nic dnaimm openr up

very favouranie prospecic for repls-ing rearce -oke by irexponaive noal,.

The successsr of the Soviet thion in perfectingmelting procesces
involving the injesticn of a variely ot additives uwngusitiorably put it
in a good position 4o lenl .4 -iztance (on the bas.s: of rociprocal advant age)
to developing wid other countriey in the acguisition of aqaiprent and the
applicat.on of blazt-furmacae technolomy nvolvine the injection of natural
gag, 1i mid and 90lid fwl with an atmospheris ulse- and with a blast

exygen—cnriched tu 35 pur cent and norey fur the purpons of EN3UrLAg 3

substant al reductisn in coke rave: and ah increase in fumace productivit
courled with low:r production coste for 1ron,
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a high=tcmperature voast, At ot iPO0=-1407C acnlaved At the
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volume of blasi per ton of pi e For tuis reapon, heating the »aseoun

g 1 L &4
blast additives 15 today of orowing importance,

The blast-furnnce process can be intensified by 1creasiy the
pressurc ¢f the gages in the w.irking arca of the furnace, which resulte 1in
a confraction of th: volume and a Lowersin@ of tne speel A' which these
gaseg travel and creates the necucgary comlitions for increaging the
Undar
;1augce stmosphere yiclds
a 1l per cent increase in productivaty, In the UJSK wvivtual 1y #11 blast

blowing r.i. and the quaniity of carvor. burm:d a4t tre lance,

plant conditiong, increcsing the pressurc by 0,)

furnaces operate witn stepg ed=up preeeure in the working chamber, the
maximum top=gu: Jauta o biing 2,0 pawre atmosphercs, Plans for a nusber
of furnacesa call for a top=cag preraure o 2,5 Kauge atmospheres,

I'C ron ALl

Unde, 20lermn conditionz, the Juality nf the ire.: st satiefy the
following major requirementss

(a) It sust contain o mirimr quanitity (gowerned by Lhe subseuont
rtage of processing) of harmful crmp onontg (mPhur, phosphores, amnic)
and undesirable substances {Fb, In, Oy, et _ale);

(®) It must contain axtremely 1ow quantiticu ef #ilinn an) sangenese;

(c) It must be stable with raspsct to composition and soutent of
chemical clemente (root-—mesn-equire deviation of not mors than 0,2);

(4) It must contain the sablicust poosible quantity of mormnetallic
inclusions, gases, and graphite flakca,
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temperatuce and inclmding Sirpmdliuset and £ ulphur-abeorbing agents);

- Contmliing the Lhores, oM tions ud progress of the neat
sutomat . aily throagh the use of computer aystanm,

Iron quality can aiso b Sreutly cmproved by treating it cutside theo
furnecs with yrtactic slage wm 1oy warigang agenta,

The Sovict Institete of Merpoue Ratzliurgy Las developed wd introducal

M inluetr o wathxd for the demiphurizsation of 1ron in ‘the pis=transport
iatlen, Thiz meathod offere hign rate of productivity (¢ to 8 ladles of
irm are processed gimul tareously,, low consumgtion of tho desulphurizing
og:nt, aY ‘he pescibility of comtrelling the wate of the desulphurisation
procese wi .t ottainirp 3 peta’ Witk o Jdesired content of sulphur (down
to the trace lewl). Cast 1ron processed by this wethod is distinguished
& uxcallent ranting ad strentin propertiec,

Befective castine 3.8 to rop~ectallic irciusions i sompletely sliminat d,
™ tuche g8 of lesulpiuricing ‘e 1ron outside the furnace can be
Frecommended for gene=ai introdustiior 2t iron and atee) wirks in the
dewloping countrien,

&}ﬁ: treqcs I\l ducre 3TADI the 3&&’%!‘&
LM oving the seoign of Wlaat furngees
Woraat pmer - i the Propasalion of Lurdan raw materials end
farther techmnlogical advunse: tavs stisalated eftorts to incrsasa bie
capacity of blawt firnaces and it rove their desum, Toe coastrantion of
high- capacity furnaces moans significantly iower Capital investment,
sharply increased lalcur produclavity, and lower cobe rates through a




redaction :n the heat expended per urit
of exte: .al furnace surface are
Therefore, a large

af iren, Heat louEes per uni+
-ractically indepe dent of capacity,

furnuce with & high output of metaj ¢

is advan.agcous,
it haz been calculated *hat licreasing furnace volume by 1,000 m3 resuits

in a reduction ol heat consumption by 43,60C kcal ner itomne of iron,
Translated into terna of coke

(assuming a sombusiion heat in the tuyeres
of 2,340 k

2al per kg), this means a caving of 1§ kg per tonne of iron,

it is extrencly important tc bea

r 'n mind tha*,as the crosg-sections
of blast furnaces arc inereased,

difficulties are encountered in the
Proper distribution of the gas flow over the

cross-section, which may
lead to poorer utiliz

ation of the chemical and thermal energy
and, oonsequently, to an increase in the
reason, if large blast furnaces are to be built, in order to take fuller
adventage of their propertics, improvements must aluo be made in the quality
of the raw matorials in size (stability, optimality of dimenrions and form)
and in physical characteristicsg (1nitial and furnace strength).

Ths stundy and analyzis of large~furnace vperaticn indicateas that
incressing the hearth diameter ig not as

wlme. The optimal v ume

of the gases
coke conrumption rate. For this

¥2t an obstacle to increasing the
of the furnaces to be built will be determined
hy the capacity of the iron end stesl plant,

The largest blast fwnace in the oo
of 3,200 »>, although a 5,000 &’ plant 1
furace has beon made
12,500 - 15,

viet Union at present hag a volunme
¢ now being built, Once thig unique
fully kerviceable, it will haw a daily output of

000 tonnes of iron with a minimal coke rate.

The great Sxperierce which oup metallurgical industry has amassed in

the planning and building of large blast furnacis of varying sizes and
Righ performance enables us tc assist developing coun

itries with technical
documentation, equipment, and apecialists in the plaming and building of
blast furnaces,
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In concluzion it may be said that in the area of blast-furnace
production the USSR hae achiewsl a very high level of progress., This
progrese provides a bas:s for co-operation i the area of improwved
production teclnology with interested countries at whatever lewel and to
whatever extenl is felt to be decirebie,







