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S UMMARY

The best blast furnaces in the world are at present working with

abtout 36O kg of coke per torne of hot metal and 100 kg of fuel ail per

ton of hot metal. . Since there appor. o L0 Le a limit te the amount of

ryel oil that can he injerted, other meanc have to be investigated to

decrease thie very expenaiv: coke rate in the blast furnace.

The double injection process, which congizte of simultaneously
injecting fuel oil at the level of the main tuyere and reformed gas into
the boeh, makes it pogsible to reduce thie coke rate, ao long as the effects

of the injeclions are additive.

After successtv)l experiments on the AIRNO furnace {hearth diameter
1.4 m), where 285 ke ot coke per tonne of hot metal were replaced by the l
cic:u’ale zu;;avtim procsas, seme trials were carried out on the No. 3 :
fura;.-f of Bgra.’mg E Hm&s of Gevkerill 84 (4/0 % hot metal per day,

Wi 15 kg/t"hof me*i;al wi theu‘t. lﬂ,}e( stiony the coke ra‘ke drapgad 'tn
436 kg/t with the iajeciion of 428 Nm- reduein;; gas per tonne of hot
metul in the bosh (mainly Ho + CO) and 78 kg fuel oil.per tonne of hot
metale The replacement rr.ic of the reducing gas 1s mituated at about
0.25 kg coke per lﬂ!m} of reiormed gas.  The reformed gus was obiained by

"catal:{tia ateam reforming.

At this ’cma, the ?ﬂasﬁ f‘ﬁmace mn have graa‘t flmbﬂity, mﬂtﬁ -
ceka (m due course formed ccke), reduning gau fram digfnent govpees




Introduction

. fxmwal €88 but not of coking coal find it better o make steel 1y the
. r&ﬁtﬁ wing direct reduction based on xmmrﬂ gan wlimet.i by electric
‘ amlmking. In this rempent, the c( se of xazmv ie typical.

The rapid inereqps on the arice of corirg coaig daring the lart few

years forms the bamig ot two queciions that confront the ironmaker :

1, Mo wha! lLirat can coke consumplion in ihe blast furnace le
reduced by the gubeiitateor € o4 by other farts guch as
rnatural gae, liguid nydrocarbons, or foried coke 7

2, ls it coesable ecunomically to replace ihe conventional blast

furnace =~ LD steelaaking route by the direct reduction -~ electric

arc furnace route ?

Many studies have been made tc try to answer these two qu'etions, and
the gubject is far from being exhausted. There im, moreover, nov answer
that is wivereal in application 15 the second question, bhecause local
economic conditions play a major role.

1% is for fhie reagon that countries pﬁamaﬁng large deposatc of

Outm&e guch mpecisl pituations, the problem is more complex to
resclve. It nevertheless would appear that when the various sources of
energy available to a country are not abundant and have to be imported, or
whan an integrated iron and stecl industry of ibe conventional type is

Imada in.existence, the traditional route, with certain improvements,

;1. eftsa more viah‘,{e for aut;m{a of onur 0.5 mllmn tones of crude ntaal ,

in m uﬁrld do net use mm ’than ahant 3?0 kg of mhllumiml ceka fm'

tonne of pig iron, with an aaéitiaml 100 kg of fuel oil (er tha -quivalmt o

in natural gas), employing, amdmittedly, cortain techniques which have now
- become uanvmxnmi.

, Among the latier one may, iu order to crisntate aaeaglf. include.
careful burden prepuration, low slag volumes, high blast temperatures

(1‘)” mcmmem« of i‘te‘i directly from acrap has been exoluded from
this paper, whioh in conoarned solely with manufucture from ores.
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the amount of auxiliary tfuel iniroduced tnrongh fne main tuyercg, etc.

Faced with reptrictiions of various kinde, the tlasi furrace operator
has conBicered the posss biliiy of using new methods, among which may be
yuoted ihe introducticn above the ro 0 luyeve oot s 1 the bosh of a
het reducing gue.

Using this new techidgie it should be possible to reduce the coke
rate to about 250 kg per tomne of pig iron ard perhaps even lower, at the

same iime increaesing the productivity of the furnace.

Thig means that there 1s a diversification ¢f energy wourcems, which will
make the blagt furnace more independent of its sources of supply than the
direct réducmion processes., Thie ie a very imporiant alement of secwrity
which will have to be taken ints censideration in the fubure.

: The object of this communication 18 principally tzz prove the uhd;ty
g af thia stitement by presenting the resultis of recent trials of the m;autiun
"oi‘ refarmué gas into the boshen of a blast fumaem. at the same time ot
’eantimag to mject  fuel oil or other fuels at ths main tuyere lmlf
This new taczhnique hag been called the "doubls ir;;ectmn process.”

Somo Thevretical Considorations
At the cuiset, it must be emphasized that in prmem-—day blant-

furnace operation on modern Jurnaces, which are characterised, as ment.oned

above, by coke rates of legs than 4.0 i 3 per tunne of pig iron, ithe amounte
E af raﬁuaing gasg pass:mg through ihe tuyerep and through the mineral burfian
_are imdaquate to hrmg anout ccmp;e‘te reduchon of the iron oxiﬂeg. .

uhioh producu together the urﬁngiy entitlen "mmt r&ﬁmtzaﬁ' eqtﬁtiun* 3
FeO +C = Fe + CC (3) [AH = +666.750 kml/t o]

* In the "direect reduction” processes, resctions of the type ghown in
equations (2) or (4) preponderate.  Blast furnacemen call thede
roactions "indirect redustion. Care must therefore be taken to
avoid confusion and ambiguity,




RN, AR b B

R

,rmtiua kinetics of mﬁte reduction besnmeﬁ lower,

‘r)-

1 we succeed 1 reduginge the witntito comnletely accormiing *o
reaction (2) ai a low cnuwsh terperature laves ier €6, not to be produced
in the hottesy zones (e.i. above 1JO0C,, we srall have avolded the

solution loss equativsn (2) and thereby taken o oten forward,

Thie first reaction will aiso b oavoided if reduc 'on takes place
according to the formula

FeO + Hy = Fe + 1,0 () AR = +102.614 kcal/t Fe)

Theoretically, injection into the bosh of a blast furnace of hot
(900-1000°C) reducing gasen, cenoioting essentially of Hy and CO, should
make it pomsible to reduce irun oxides completely according to equations (¢)
and (4) and to avoid the solution loss of equation (1), that is tn eay,
to "lower the coke rate", by definitior. ‘

The yield of the operation is, however, limited by chemical
equilibria, at 1000°C for ezample. Below ihia temperature, in fact, the

mg ywi& »s at a mm of 1

el a.za 5 ,(,5) for GO

- Oedl (6) for hydrogen.

In practice, the wistite reduotion yleld does not attain this ideal
lml, but gevevnlly reaches & value 7ing between 80% :1d 95% of the

b M - The maxitnm ratios given gbm ghould thgrefora take account of
this wiaﬁtm from f;hs idesl,

3i§igt m m iww : Acmmw 10 m ﬁ;eereﬁau mmahs thﬂ we bw }

m. thit m laaﬁ t0 the pmihznu of an increuse in pza&m‘;iwity of

‘mare than 25# whun abbuti 600 n’ of reducing gases are injecied per tonne

of pig 1rom, Induetrn}, confirpation of this pczmibihty is *thun
mhl.

maﬂ furrgca. trialg, both experimental and industrial scale, ming
 materiale that had already been prereduced, have ghowr. that this technique
ukaa it possible to aﬁhieva very low ceke rates and ms;dw@su increance
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Decrease of coke rate and
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in weeduetivity (Fuge L) wmr Ueore Toal oreer b iong are bhus cone

firmed indivectly.

Untortunately, the very hoagon cost 2f jorrednced matevials rukes

ihis teckrique inapplicable in mect caeen,

If the doutle injectior procese praves U bo gucceritul on an
industrial scale ~ and we have no reason to doubt that it will - the
prereduction or "direct roduction” will be varried ent in the Llaet
furnace itself, which will reprepent a sube'antial savang in heat and thercby
of coke,

In other worde, we shall conmbine the advantages of the vo-called -
"direct Treduction" processes with those of the blast furnace, which is,
it should not be furgotter, the iron and steel making apparatus with the
best thormal yield. - '

Du!*ing 19’!0, AIRBO:7 &ssnciation nterna »ianalzs pm.tr les Recherches
de Base gu Haut Fourneau d4'Ougrée), in cnllabereticm with CRM and with
the fimncial aspist’ ree of BLSC (Em'opvaan Conl and Steel Sommity),
IRSIA (Institut pour l'&tcaaragement de ls Recherche ..;cientifiqu& dan#
1'Industrie et 1'Agriculture), and of iron snd stecl meking compenies
of the Community, and Sweden, with one Canadian company, carried out
preliminary trials to check Lhe validity of the theoretical coneiderations
described briefly above and to quantify the coke replacanzerit rate that
had been evaluated with the atd of einmlation models.

To Mnfaetxa'e tke mdming gas ﬂﬁided, we choge for raaaem of
cmmiml ‘kh: pa?tisl exiéatim 9!‘ Duteh m;wrai '?gua, with pure nsygan.

kc;m af amral reﬂricﬁons, notably the supply of pure os;ygen,
it was pmiblo neither to reach the optimum operating rate of the
“reactors” nor to run the fmme at & normal operating op production
rate. This resulted in a al:.ghtly over-oxidized refmad gas and
excessive ‘heat losses on the blast furraves This, however, did not
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in any way hincer the jorivorrancc o the triakr; the only etrfret wag

that the replacoment raten were lower and the resiaual coke conrumptiuns

wore higher than one might iave cxpected to achisve working with a

bettier pan and a. a4 more rapid rotno,

The rTesvlde of theoo "iscie o hiewi o lalio¢ i, “hey oshow

! that double injection led o un overall replacement of 284 ¥, of coke per tonne
of pig iron. ‘These repulits copletely conthimed the theoretical pre=-
dictions, both in the ~juivalence ratios between coke and reducing gas

and the additive nature of the cffectn of coubtle injection, which is

very importani froa the cperating aad economical peints of view.

injection of lot Reformed Vam and “Double Injection’ on Blast Vurnace Ko,
3. at Cockeril '

Statement of the problen |
At the end of the trials described very briefly above, several questione
remainod unanswerad; ihey could only Le resolved by trials on an indugtrial-

scale blas* furrace. Thean wero as follows ‘\ K
~ the depth of penciration of reducing gases in the blast-furnace
3 | ‘ﬁaek and their effect on the metallurpical resulta; |
' = determination uf the optimum injection temperature and the effeat
of the reducing gas temperature on ihe VLlasi furnacs operationg
= ths effect of a maesive injection of reducing giges on burden

doscenty

~ techiological problems that  ight ariee in app. sing this process
on an industrial-scale tlant furnace;

= the influence of the pracwa on blast furnace prﬁduﬁtivity.

gﬁ:@p& !52 daegigtmn g:t tge bﬁt fgmwa

8 diaprapﬁrtimuta iaﬁmtriax amsin.

'!'M lta. 3 ’ba.at fmam of ceakarzll fitted these wnditxm pcrfectly.
Noreover, it had the additionul advantage of being situated near a gas-

reform‘ng plant belongiog to B.i. Disirigas which could bo adapted to suit
the Wt; of tne trials fairly quickly and morg cheaply than would have
been the case had it been necessary to bmin a new installation.
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Phanke v o ool b poetgtar ce of TOIC, JROLA, Cockerilld,
Metrigaz, and CHM, it wae theretcce decided to carry out the new series of
triale on thig Cocicwrisl farnace.  Phe i1oale were performed with great

enthusizum on the part of everyonc directly concerned.

The No. § furnace has a healih aiamsber oo 4.0 m and, with a well

propared burden congisting of roughly “0f agglomersied materials, 27

graded lump ¢re, and 3 of various additions, it ir capable of producing about
450 of pig iron per day (..c. ten times the output of the experimental

Y

furnace ), with a coke yate nf the order .of 600-620 ng/t with a blaat
temperature of Hru°c,

The reforsed Jag, manurér*ured in two unite with a total capacity
of 80CO ng/h. was obtained by catalytic reforming with steam of Dutch
natural gas, followed oy dwarbanimtwn. The . coid reformed pas cuntained
1.5=38(C0p + H0) and was piped somne 6 km to the Cackerill No, 3 blast
fwpace, In the im&ata viginity of the i‘nrnaee H was hea*ed to a tom=
pavature of ém-xn 1u a metallic tube hwtex*, and thw hot rei‘armd gas ; \
wag injected through 8 ‘%t\?efeﬁ }mteé about 4 m ahm the main tmrsre level, |
The compogition of ﬁw het redummg gas was a,a}wonmte:v 7(’3—73% ﬁg, 16-185

Regultg of the trinls

Coke rate - Hy injecting 409 m3 of reformed gac per tonne of pig iron
alone, it was ;waeible 40 roduc~ the coke rate to 519 kg/t. which represents
a reduction ol 99 kg/t over the corre ponding refersrce periods (I11 and IV
in Pables 1 and 11 )Y+ Por all the tests, the rﬁplacmt rate ma te ;
6.2}-6.% kg of enka yer Hm'* of‘ resiormsd ;,as. ‘ Haviﬁg rag;ard to tha

cl«sieal inJectwn of’ fuel 011 thraugh the blaat uycres and of hot roformd *
gas into the bosh could also be proved. The qavings in coke are identical
with thou obtained by addmg tne savmgs achieved by each of theme injections
performed eeparateiy. n fact, with 78 kg of fuel oil and 428 Rm3 of
reformed gas per tonue of pig iron, the cgke rate fell to 436 kg/t, as Ccom-
pared with 543 kg/t with the injection of 76 kg of fuel oil, which leade
$c an additional waving of 105 kg of coke per tonne and to a coke/reformed gas
subatitution ratio of 0.24. By comparing this period with that with gas
injection alone, & rate for fusl oil of 1.01 iz arrived at. |
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Results of tesls
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penetration of gases into the staok -~ Although the interpretation

the probe curves was not always easy, 1t reverthelese vould appear %o be
ectablighed that the pewtration cf the gasce is carried out in a satisfactory

wey end thas this penetration increases as the amount of gas injected rises
(?1{"4 3).

Burden desount ~ The injection of relormed gas does not appear to nave
affocted the burden descant whioh remsined very regular throughcut the trials.

g;; iron quality = = The quality of the pig iron produced proved to be
excellent throughout the whole experimentsl period. With 20.4-0.5% 51,
£1,70-1.9% P, 20.50-0.90% W, it vas alvays very well carturized f[or a
phosphorous pig iren (C w 3.8-4,0%), and ite sulphur content was very low,
which is a not inccnsiderable sdvaniage.

titien thet oan be inject:
- szfartmtely, our trisls were nmm by two factcrs. Pirst, the amount
- *rk'of radﬁning gas coming from the reforming wnit was reetricted to a maximm
'" XK az'/h. amﬁly, the ﬁo. 3 plast furnace way ratrictad in terms uf |
o mn mmihbll i‘or rmoviag pig iron from th& hue of the furnace. - '
™ s ciroumstances prevented us from studying the problema of nmumn
quantities of reforned gas thut could be injected and of the incresse in
production. ’

To appraczat: the t&chna—emomio interest of double injection,
7 mc st take acoount af the rouﬁvo pﬂnes of fmls- |

as aueh in mtﬂﬂ anﬁ 80 it ey

: , : 1o ; : ble, since %hs r:duotim ef mtm ;

:w the mdinet mm dacrmn wr: upidh when there is an {ncrease m

the dagrn of oxidation of the Muciug ges, defined by the formle ¢ AR
4] '70 + GO + 602

‘this results mm&iﬁdy in the thuorﬂiml ewi&cutiom set out

beginning of this papers

&t‘ th‘ e .
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Naturally, the reducing gas that is injected can also be cbtained
from henvy f{uel oile or soiid mels, bul o Jouet urder ruch more
difficult ard arduous conditions that those which we used. Thie i a

matter of chemical engincering.

The price of reducing gas can thus bhe evaluated for each of the
chemical ‘echnologies concerned and compared with the price of metallur-
gical coke. We have found that in the conditiune prevailing at the pregeni
time in most of the countries of ihe Furopcan Community the double injeotion
process ie already a competitive one. It is oortain that in the future
the price of natural gas will rise more slowly than that of metallurgical
ooke. Without wishing to set ocurselves up a® vracleo, we feel that
prives, while thay will increase in parallel for all energy sources, will
rise more steeply for metallurgical coke because labour is a major cost
item and because the deposits of coking coal are becoming exhausted wb an
_;iaming rate.

In our opinion, if the ironmaker makes use of rafaming mits far

o thc &uwtioa of about €00 n3 of reducing gaa per tonne of pig iron md

' “alﬂa uses fusl mm&*im through the main tuyeres (up to 150 kg/‘k),

" coke rate will be of the order of 250 ka/t. The ironmaker will then hnvei '

i grut 1lexibility in ike choice of energy sources that he requires, and
~ 4n thim respect he will bte conaiderably bettor off than those ironmakers
who are swploying Mdirest reduction" procemses based on a eingle fuel and

on electric power for arc furnaces,

As we have aaid, the coke rate is not the nole ehmt that mt be
~_taken into memt. The prodnctw:.ty or the blan fumu:s ie of oqml
,&mﬂm&, but ufnrtmtal: the oonditions of. m trigla &id nﬂ‘t :l,lon

]gﬁn to chocx the mmm of our hypotn.m. i

f*‘ttm;;ne mam pem out *’“ Neagrs 4. P

:\:mr m{%‘k hﬁo bhn mﬂmaﬁ of 6.3 n‘ hur‘-'h dumtgr.

‘kf'i;tii the most ﬂMMl’tt isprovements and with double mjcc'tion. 'm"d

ho c.mua of pradnwxg, 2 million tonnes of p&g iron per year. u'hma
f ures are worthy of serious comsideration.

Let un md b;y saying that in evalusting the process desoribed in tho‘
‘ pnpu' the importance of a reduction in the sulphur content of the pig iron
' should not be overlooked. This is of the order of 25%, which wili make
it‘j:cnibh in most cases to evoid a desulphurisation ireatment, ox at
any rate to improve its effiociency.
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