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; DEVELOPMENTS IN TROWMAKING PRACTICES’
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The paper is a repoert c¢f a conference organized in london in November 1972 by The
Ircn and Steel Institute under the title "Developments in ironmaking practise".

The topins dealt with in the conference were steelmaking requirements, burden prep-
aration, high top pressure rperaticn, and furnace control.

The requirements of the steel melting shop, especially those oparating LD converters,
are increasingly stringent, particularly in regard to tk> sulphur content of the hot
metal. A high degrez of consistency in hot metal analysis is essential.

Burden preparation <uvcred beth pellete and sinter as burden componenta. The use of
a mixture of pellets and super—fluxed sinter is especially commended. Recent developments
in the mineralcgicai study of sinter are reported. Consideraticn is also given to coal
preparation and ccking. Various methods of coal preheating are discussed, together with
methods of coke-oven charging.

High tep pressure is discussed in terms of engineering and operational requirements.
The use of the bell-less top, using an internal chute for burden charging, favours high
top presaure operation and results in lower capital and maintenance costs.

Computer systems for blast furnace control, in use in Italy and the United Kingdom,

are discussed, based on different parameters. Again the importance of sulphur control is
emphasized.

_l/ The views and opinions expressed in this paper are those of the author ari do

net necessarilv reflect tha views of the secretariat of UNIDO, This document has deen
reproduced without formal editing.
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UEd Db S0 B Gl NRAKING PRACTTOL

Sonme Notes on The ircr and stecl Tnstitute Necting heid in fondon, in
Novomber 1972

The bamic theme of thie meelin, w s improved product cortrol. It
ig recognived that steclmak ne aperntsans jn the uture, whether large-
scale batch operations or cortinucus technigquer wilh rapid throughputs,
will presert more siringent Aemands tor coneisioncy in irommgling. ‘Miis
will apply 1o toth guality and quantivy of product, wo that 1Y 18 evident
that related faciory cover a wide anc interesting field,

In all, fifteen pajers ware preseried by guthors from six countries and
arranged under the headings of :

= Steelmaliny requirenents

- Purdern preparation

= Aspects cf high top pressure operation
- PFurnace conirol.

e

A list of the titles ard authors is given at the ernd of this report.

The firet acasion commenced with an attempt to characterive quality
tavgets for hot metal.  Detu.led plart stud.es of LD ateelmking for flat
products emphasized the gprciol part played bty sulphur in determinire the
grade and valua of the product. Other faciors under tne contrul of the
ironmaker, suck as silicon and rangunese contents and product variability,
are important not only in themselves but aleo in thesr influence on gul-
phur control, The parer constituted a reasonable assecement of the imp-
portance of cq&s;aienc;vin ironmakirg onerationg,

[ 4 . —— o

The next broad section of the progranme dealt with burden preparation
pelletizing and sinte; o The pollevizinge pajers - ane Keneral ard one
BpeCific ~ were Of interest in thet the emprasis was on handling a varied
burden at the point of conpunption rather than in the conversion of a
single ore into pellets for longedistarce thipment. The variocus alter-
native prucuucoer were eritically ccmpared, strong and weak points teing
analysed. A survey of pelletiging i gtallations throughout the world
was included, Thiv paper digcussed rrnduet propertier ard commented on
a tentative quality specification. '

The more specific paper in tiir field was of particular intarest to
European uperaturs, since it gave an account of experience in pelletizing
imported ore mixcs at JJmuiden. ‘Mhip war buted on & ) million t/yonr
straight grate plant which wus congidored tc have greater flexibility in
dealing with a variable feed. Deta:lg were given of the gredual inoreass
in productivity since commisaicuing and the range of ore supplies suc~
cescfully treated.  Operating results on the blast furnace emphasised
the advantages of using pelleis i combination with super-fluxed sinter. i
Thie, coupled witin the abrlity 16 allocate available ures most advantage~
cusly between the twe brocernes, led to mpgnificant economic advarn iages .

gintering wac dealt with in a mout comprehengive survey of the relation=
ahips Between oin vl propertieg, iporalogiesl compogition, and chemical
compogition, an examination 0 tne ~haces brought about by variations

in gargue consiitutents demonstrated the dire-tions in whicli to meek opti-

. Mum physical and chenjonl properties and provided a bagis for qua'ity
control, It wao noteworthy i favoursble combirations of qualily para-
meters were much «ucicr Lo obta.n at “igh varacity ratios.  Thie fact
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tova up well arsh the Tdmurndon e tionoe or UL T =trutael Ly nonter
ard acrg poeliely. Iy prene i, the work brogght cut oametul rejalionghips
velWeon des ored properiies, romdlay mens iral e parameter: puech ar Tagmetic

sesceptibrlaty, and plint quartotaen J1ke ue! add. b one.

Thia linved up with a4 o er paper or a.oiber piant sortunation, which
wag 1n the nature of o finod report oo Lo Cabrol of tuol addit.on 1n
rejlation Lo manel o messwrementy on s oiucy flacs acd the controel of
moisture by measuring mix pavoeeobioiy. iy system, the deveiopment
ef which Pad bren roportod at coriicr niorstional co.ferences, han now
beur uaed Lor gome yoarg, wncluding long rane 1o Jeld clesea=loop mode.

There was « lively discussion on the appropriate vaiance belwaen
ainter, pelleun, and rubliec ures. in a0 aalysis 00 coke rales at
Idmurden, it appeared that economier woere to be aseribed to the consequent
increane in sinter buuic.ty rather an :trooght replacement of sinter ly
pelieta, The diversion of exceosmive 'ine moieridd Crom the sinter mix to
ithe peilet plant had aisc Yean advanta cous, Gpinlons o flurad pellets
varied. it war clear that 1t s cagier L “Jux pelietn al the user nite
than at the mine, but cven then the sinter plant wac more amenable to
flux control, ard acid pelleis jlus supere<fluxer sinter was probably the
best combinatior, Rubble oreg werc becoming relatively ncarce and sisge
characteristiics, togeiner wiih low-temperatiure broakdown characteristios
in some cases, mighi be unfavourable,  The halance between ore and
peliets musl be largely an economic guestion,

Operators reported advantagceous results from application of the results
of the work on ginter mineralogy, cluiming significant improvements in
both quality parameters and yiclds.

In the Unilted Kingdom, thc quality of blast-furnace coke ig of para-
mount importance, and any means ¢! improving it arc most relevant to the
Conference theme., Two papers on the preheat:ing of coal before carbonis-
ation were consequentily important, The first paper deall with alterna=
tive techmiques tor preheating coal ané for charging it into the oven.
Alternative metheds of preheating involved entrainm...t ! ~ating and treatment
an & fluidized bed, both having proved successtul on a reasonably large
stalc, The chargiug operation wae aralysed :n detail -nd the relative
merite of alterrnative syctems were discussed. in tue one, the hot coal
was charped by a car mwified {rom the conventionai iyre; high oven throughe
pul and improvnd coke quality were clasmed, In anotnar gystem, the cogl
batch wag introduced into the uvern by & chain conveyor, while in ¢l e third
the entire charge wae bluwn into ihe chamber from a pipeline; thia tech-
hique was most cffertive in aveiding almespheric pollution.

A large~ecale experimental application of coal rreheating with gravity
charging has beon in progress it tne UK during the last year, and thie was
the subjiect of ih¢ gecond paper. Thin work has chown givnificant improvee
ment in coke quaiity, uotatly the micum 10 index. The ircrease in bulk
density, coupled with reductron in carbonizing time, indicated a potential
increase in producliviiy of A7Y,

There was o lively diccussion cemtring on tne relative merits of the
different metncds of charping. 14 appearad thiat pipeline charging was the
more efiTeclive in reducing imospreric pollut:cr, Lut wae cubject 1o
greater lose of {ine coal from tnc oven irto the main, 1t was gererally
considered tnat preh .ting led to .n improvement in quality or an abtility
L0 use a wider rauge of coals.  Much remained 1o Le learnt, but substant-
ial beneflits were Lo he cxpucted.




One cernaon wae tev ted Lo v our avects ol Lot 1op rresaure
perativin, Loere baoros hpers cobuennoes Wil broad briodiples, ehfgi -
AT ing e prell, coClud e m aocait of o rew charerirys devies, ard piant

vXpericnce ! the rishoeut sebkpuatse

General orinciplor wer dincuages ard the cugracterietios of cluvated
pressure operalio atasysed i1 relat.on o the offects ot burden prepal=
ation. inrhiue,.coey onoverden prod ctav oty were exasired and illustrated
py publichea slutietics. e dircusuiorn wap orterndec to inciude second=
ary el'fecte on Jurl cuonocmplion Tatal, roen Gua.ity, ard retractory life.

A paper on el ginceriby fur Logh Lop presgure laia siress ou the twin
roles of the fwnure top in secur 'y cor irelied digtritution and in pro-
viding a gas=-t.sbl couls icpenced presiules 1n recent years have made
11 neceswary u ceparate these funciiuns Gy providing separate hells or
geating valves. Lu additior, move alteution has had to be paid to
ancillary details = pressurizilg ecui;ment, =tc. = while gus-cleaning
syntems have bad tu be extensively redenigred.

An interesting developrer b, the wjeet of u veparate paper, was the
belleless top, employinyg an internal chate aduststle for throw and rotate
ional argle. s opened vp pocsibilitier of much more elaborate control
over the placing of thoe charge mate. 1cln thao hitherto, while top gas
se1ling systems were relegated io relatively small protected valve
gystems. & feature of the paper wae an account of a year's operation on
a furnace of 9.9 m hearih dianater, Llthough experience .in making use
of the wide range of charging patterns wac incomplete, the resulte had
been moet encowraging and the claing of lower capital and maintenance cosis
had been Largely cubstal tiated.

The paper o prectical opcration with high top pressure al high outputs
reluted to Fukiyama Ko. 4 furnace, which had uchieved average productions
of over 10,000 twaes per day. U wan currently tha culminaticn of
continued development at the plaat and incorporated lozocons gained in eng-
ineering and Cpelating cariicr unita. Increase of top prengure 10 2.9
kg/cmf necessltatod cmuortant desipn amprovements out contributed largely
to gmeoth operalion and hagh ocuiput. ne paper guve a valuable acoount
of the phtysicul relationships which determane the appropriate presesures to
be aupplied 10 Dunnces of the preatest cise and productiviity.

In discussion, strecs waas laid oo the importance of adequate knowledge
of gag wistrilut.on in the furnace. ‘'he extensive range of control of
the bei) <lesu p made 1L necesoury for the operator e have a full appre=
aiation of 1ty etfecin. Hurizonial probes and glockline monitore ware
an increaping necessity. Admiration was expressed fur the achievements
of the NKK team in attaining an ocutput of 1G,u00 tonnes per day.

A group of papere was preseated relating to blastefurnace control teche
nigues and the mathemalical models upon which such systews must be based.
Two of these related e exist.ng cemputer systems, one in South Wales and
the other in italy. Both were designed to deul with transient states in
the Llast fwrnace, The {ormer was based on a computor model representing
the furnace as a series o4 horizontal slices. lu mimmlation, the slices
were sequentially processed 1o represent the pussage of the ascending gases
o thatl the deveiopmert of ‘he [urnave pavameters, including metal and gas
analyses, could Lo forecast under vartous conditions.,  In particular, the
eliecty of Lrarsseny dishabanesg and various corrective actione could be
apsesvoed and opiimun contrul ¢holees nade. Feedvunk irom tne furrace to
ithe coutlrol syotem was used Lo moaily and update the parameters of the
process sinulalor,
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The ltiiien 10odal embodied transer functions ropreseniliy the
response of the turnace 'o varictivar 10 ¢ aumber of controllabie para-
meters., The correrpoaaing contrcel aynten wilized blast Lenperatire,
blast humdity, and ﬂrr:/c;w«, catio to it conrtant aalicon i the
produ:t, T threo puraraters Loeplaged do0ferert roaponpe vimes ond
could ve urew ove wrtierert vioon L Correntive ot ohe. Consmiaeralle
experience hat beor suned 0 brce Yurnaces doal, anl operiteor suiuee
uystem, and gipgriiycantl raprovements v owotorrivy sod heon achieved,

A rather different aodes was descr bed whieh related to the phyries
of the blast t'urr:ce process which assentinily atinence production
rather than fuei el'ficiency. BSoudico ot Plow and precsure drop had
been made in o model bBlast farcace stack and reliied Lo material 8lwe ald
cthor charscteriotica.s Atlention wuw w.eo airecioc 1o ihe phonomeng of
bangi i and tfiooding and the ‘cilerminative cvriteria, Comparisgon with
plunt datu had ghown the utiloty ot the model wnd in vacticular the value
of burden characieriatice such as e "buls fuinen 1ngex",

The Yinal paper in ihe neriep was concerted wieth sulphur eonirol and
removal, and thig rciated to the fieatl paper, whish hod lead such cmphu-
gia on the importama-e ol suiphur wn the slechmking operation, The:
anthor examined the various posnib.lities of producing lowesulphur iron
from the blaet furnace, with particular reference to nructices involving
highegulphur fuels. He concluded that for the more stringont gteel
specifications some furm of exiernal desulphwization war almort inevitable.
Varioug alternative desulphurizing agents were descr:bed and an account was
given ot a wide range of xperimenia! ard pruductiion techniques of applice
ation, It wae pointed cut that effective intermediate treatment would
lead 10 a'relarzation oi w.chniesl conptraints in puth irop- and stee.making
from which ecuncmic advantupe could be rained,

In discusmsiorn, reference wae mode to the 1mhortance of gceparating iron
from plap, whether nornal furnave slag or one formed in a special derulphur-
iving operation. Carry-cver ol clag to the gicel , 'ant introduced dis-
proportionate amcwite of puiphur; 1t increated slag buik, and also iron
logees} the Lalance of the procecy chemieiry was upset; and operational
dolays were increased. Grache were preegeniad which gquantified many of
thuse effects and showed the serious financial penaliies that could be
ineurrad,

1
Refe¢rence wap mude to the offecta or tlani-furnace operatior of using
highesulphur 01, and som¢ operators considered that eulphur from i) wan
leas deletericnus thar whal from coke,

Sume disouseion took pl:oe on the appropriate overall policy for
sulphur control, ard the opinion was expresncd that a relatively simple
technigue should bs employsd at the blant {urrace to maintain sulphur |
at 0,03, 4 morc rophisticated system being . heequently used for special
heats,

1, "Iron quality four L] sieel making with special referenco io flat
rolled producta® by J.B., Thiokirs (Britisn Stee] Corporation, Htrip
Mille fivieion, lLlanwern Group)

2. "o yeers pellatizing at ilvogovens-limurden™ by i, Koen (Koninklijke
Nederlandise Hougovens en Slauifaibricken, Netlorlands)

3. "A survey of modern palictizing technigues™ by F.B, Traice (BSC,
General Steela Jivision, Research Centire) and Il.0L. Lappin (msc,
General 8ter-ls Division, Carpgo Fleet Works)




4. "The relationship betweer tinter chemistry, mineralogy, and quality
and 1ir importance in burden optimization” by D. Wasse (BSC, Corpor-
ate Laboratories) and . Price (BSC, Oirip Mills Division, Research
Department )

2. "Congiderations on meihods of char,ing preheated coal” by V.J. Pater
(British Coke Research Asuociation) and J. Webster (BSC, Strip Mills
Divigion, Ravenscraig Works)

6. "Jome aspects of experience on the Brookhcuse project” by J. McN.
Bruce (BSC, Chemicals Division) and W. Staniforth (BSC, Chemicals
Divisicn, Brookhousnc Horks)

Te  "The benefits of high top prersvre” by R, Flue (BSC, Head Office) and
R. Thomas (BSC, Strip Millec Division, Pye Corner Research Lsboratories)

8., "MHigh top pressure equipment® by G.C. Carter and M. Adamson (Ashmore,
Benson, Fease and Co. Iid)

9. "High top pressure operation of blast furnace in Nippom Kokan K.K."
by M. Higuchi, M.Jizuka, and T. Shibuya (Nippon Kokan K.K., Japan)

10, "fop without bells tor high top pressure operated blast furnaces" by
G. Heynert (August Thymsen-Htitte AG, FRC) and E. Legille (Paul Wurth,
Luxembourg, GD)

11, "Automalior of sinter plants” by G. Mcunier, J. lMckers, and A. Poos
(Cenire de Recherches Métallurgiques, Belgium)

12, "Control of blast furnace hot metal quality using a computer-based
systen” by B.I. Wood (BSC, Strip Mills Division, Port Talbot)

13, "Application of a dynamic model for hot metal silicon prediction in
blast furnace control” by M. Castore, G. Gandolfi, S. Palella
(Centro Sperimentale Metallurgico, Rome, Italy) ard G. Traspedini
(Acciaierie di Piombino, Italy)

14. "An nerodynamic modei of the blast furnace" by M. Bates (BSC, Strip
Nills Mvigion, Pye Corner Rescarch Laboratories)

15. "3Julphur contirol by fwnnce nrd external mezns® by R. Brunger (B8C,
Corporate Laboratoriec)

All the above papers, together with a full report of the discussions at

the Conference, will be published under thc title "Developments in

ironmaking practice" in the summer of 1973. Copies may be obtained .
from the Publications Departmeni, The Ircn and Steel Inatitute, 1

Carlton House Terrace, London SW1Y 5DB. :






