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Introduction

1. The Seminar on Dirvecct Reduction of Izon Ore - Technical and Beonomic Aspects was
held in Buchareat (Komaniaz) and Galatm from 18 to 03 September 1972. MNore than 300
experts from 37 conniries participated in the Seminar; there were 147 speakers in the
discussions. A list of participants was circulated at the meeting (STEEL/Sem.Dir.Red./
Ten./Conf. Room Doc. Uo.2).

The programme of the Seminar vas the one established by the Steel Committee's
Preparatory Greup for this Seminar (STEEL/248), and a list of the papers presented
is reproduced in Annex I of the present report.
3.  Fr. D. Nita (Romania) and Mr. A.T. Barnaba (Italy) were Chairman and Vice-Chairman,
respectively.

Ope ing session

A.  The participants were addressed uy Mr. N. Agachi, Minister of the lietallurgical
Industry of the Socialist Republic of Romania, vho stressed the importance of an
exrhange of technical and cconomic experience within the framework ol international
seainave,  He also provided a survey of the dovelopment of the Romanian iron and cleedt
lutustry, watlining e future changes and planned improvements of tie host country's
ir o and steel industry and expressing the great interest displayed by Romanian
uetallurgists for the future developuent of direc: reduction. Participants were also
greeted by Mr. D. Jeila, Deputy General Mayor of the City of Bucharest, and by

Mr. 2. Conrot (Luxembourg), Chairman of the Steel Committee of the Economic Commission
for #urope. The Secretariat conveyed the greetings of the Executive Secretary of the
sconomic Commission for Lurope, Mr. J. Stanovnik.

GE.72-23135
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Surnery of the Working Sessions

The ¢ifferent {ochnical and eccnomic aspectis ot wirec. roducvion vere discusged 1n

three separate cusions.

Soesnion T - Soientific and economic ispects of direct reduction processes

— —

e wdscussinn 1ovders for this cacrion were lr. . fuiier (France),

Mr. X. Mayer (Federal Republic of Germany) nd Mr. B. Trentini (France). A
discussion paper summarizing the vacious contributione for this session was
Lrecented (S’l‘EEL/Sem.I)ir.Rez-d./D'.sc.I).

G To facilitate discussions the eightcen papvers of this session were presented
in threc groups:

(a) gaseous redu-tion in shuft furnaces and in fluidized beds;
(b) reduction in rotary kilns and in the Lubatti furnace;

(c) other processes and general aspect:.

(a) Gaseous reduction in shaft furnaces and in fluidized beds

7. 0f the eight pavers in this group, four deall with the shalt furnace, three with
fluidized beds, and ore had a rore general character. The first paper described the
MIDDLAND-ROSS process (raper I - =) and provided inforuation on the experience gained

in the most recent installation of this type, i.c. at the Hamburger Stahlwerke G.M.V.H,
Hamburg, Federal Republic of Germany. The second paper dealt with the ARMCO metallizing
rrocess (I - 7) and presented the installation under construction in Houston, Texas.
This peper was followved by » description of the PURCFER process and the results obtained
in 'ne pilot plant of 500 tons per day at Obirhausen, Federal Republic of Germany. A
par2r on the ICEM p rocess (TII - 2) provide « the results obts ned in a Remanian

t %, 'rimental installation; this poOCeSE Lol Looa .odoned T, . Agachi, Minisier of
"he Metallurgical [ndustry of Romania as being of particular interest for the furthe:
cevillopment of the country's iron and steel industry. The last paper (I - 11) in this
crovp gave thr results of industrial operation of uhe Byl process and described the
firther devel suments which are under way.

8. among he napers dealing with gaseous reduction in fluidized beds, there was one
describing he NOVALFER process (I - 5), providing a detailed economic outlook for this
vype of pretase. Paper ITT - 16 Jealt with the FIOR process, and paper I - 15 gives
censideration to a nuaber of basic aspects of blended ores in fluidized beds.

9 This first group of papers was received with great interest by the participants,

a3 a3 also brough'! out by the number of questicns asked in the course of the
diacuscion. The questions concerned mainly the different technical, technological and
eronvric aapects of the individual processes described, but in particular the aciual
producticn volume reached, difficulties or overation encountered and the correeponding
econeaic data.,
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(b) Reductior in yotary ns _and an the Lubatti furna e
10, Paper 1 - 14, on the IL-RN process, fives g aurvey of tre installations which have
teen bullt in the Adifferent regions -t the vorld, siving expiznartions for difficultiesn
encountered and taking atock of *he prosress whieved, The ¥rupp Sponge Iron Proceas

ic the subject of paper I - 165 1t provides a description of resulta achieved at the
pilot plant scale ard giveg information on the plant under construction in South Africa.

11. The ensuing discussion dealt in particular with the characteristics of each process
with the possibilities of c¢xiension from pilot plant stage to industrial scale, with the
characteristics of raw raterials, energy and fuels, with refractories, and with Llhe
scale and maximum possible production per unit. Referring ‘o the difficulties
encountered in several instellations which had been constructed in developing countries,
the representative of the United Naticns Industrial Development Organization (UNIDO)
streased the importance .f obtaining sufficiently reliable data or individual processes,
in order to diminich the risk of failure: mention was made in thie context of the
censtruction in India, under the auspices of UNIDC, of a rotary kiln for testing
different rav materials. The discussion of the paper on the Lubatti process (II - 7),
which had been uscd in Italy during the 1950e, centred mainly on the principles of heat
transfer.

(c) Other processes and general aspects

12. In this group there were three papers describing research work undertaken in the
USSR: Paper I - 3, making an evaluation of direct reduction for the blast-furnace
charge, for steel making and for ihe prcduction of iron powder; paper [ - 10, comparing
the different airect reduction processes, pointing to the possible economies for
production of high qualitv steels, and predicting that in the USSR the further
development of direct reduction would be for high-quality steels rather than for current
steels; pape- I -1, describing a pilot installation with a rotary grate kiln, using
methane injection through tuyeres into the cre bed, and providing information on an
industrial scale plant under construction in Krivcirog. The discusesion on thesc papers
was mainly on future production of pre-reduced material in the USSR as weil as on a
number of technical subjects, concerning particularly the method of reduction on a grate.

13. Paper I - 9 presents results of laboratory work and small pilot installations for
reduction of a blend of ore and coal, using outeide heating. The discussion of thia
paper was mainly devoted to the problem of difficulties of heat~exchange. Paper I - 4
raised a number of problems from the viewpoint of physical metallurgy and suggested
various orientations for research work, particularly for use of pre-reduced material

for alloy steels; the ensuing discussion turned around the physio-chemical aspects

of controlled reduction of the different oxides. Finally, a paper was presented (I - 13)
giving a survey of the increasing production and use of pre-reduced material, and an
outlook until 1985,

14. Session I ended with a general discussion on all papers presented, thus permitting -
a comparison of the principal characteristics of the different direct reduction processes
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Scasion Il - Haw material and cneray siluation for direct reduction

15. The Jiscuscion leaders for this o-ssion were Nr. J.W. Shea (United States) and
fr. H.ALC Janse {United Sta tes). A discussion paner summarizing the various
sontributions for *hus gescion wais presented (ST;JL)L/‘Sem.D;‘Lr.Red./Disc.II).

166, To facilitale discussiors the eleven papcrs vere presented in four groups:

Group (a), dealing vith cnerey requiroments, takin: into account the world energy
situation and expected trend.;  Groun (v), dealing with the principles of gaseous
reduction and the various mctheds of manlacturing reducing gases; Group (c), dealing
with the relationshipe be'veon availuble irsn oros and suitable direct reduction
processes for theiruse, and Greup (d), dealing ith the solubion of the possible
problems aricing from reoxidation of metailized oo materials. This system proved
effective, since somc questions raised Ly »ne japer were answered by another in the
Same group and the very active discussions contriputed substantially to the subjects
covered in this sescion.

17. In the first group i papers Lhe n2tellurgical roule of direct reduction and
steelmaking in elactric ure furna-es was compared with the conventional method of blast-
furnaces and oxygern converiers, 2gainct *the background of the world energy supply
situation and the shortage and 1n:-reasing prices of coking coals. While energy
consumption for th: conventionz:l process is approaching the theoretical minimum, energy
requirements for the direct }-wduction/electric arc furnace systems are nov only very
slightly high>r and zre expscted *¢ W reduced through further developments (papern-l)
Recent reports already indicate that. when actual prices are applied to the types of
energy used, present energy costs for the latter system are lower than for the
conventional plant.

18. Beczuse of the increasing demands for all kinds of energy, the application of
nuclear heat for industrial precesses is being actively explored, including its use
in the ateel industry. Suvch a asystem vould use the process heat of a nuclear reactor
to produre a reducing gar for the diroct reduction process, and, at the same time,
fenerats the clectric powver ic makc cteel Trom the reduced iron rroducts,

19. Two concepts were desurided, on-site employment of a nuclear reactor in an
integrated steel plant, wi‘h .17 of the energy produced consumed within the plant
(paper 11-3), and a centralized energy staiion, supplying both reducing gas and
electric power to sateliite stenl niants, wilh the second concapt apparently offering
more flexibility (paper IT-2). Fresent technology dictates that a steel plant with

an on-gi‘te nuclear reactor would have Lo be of 3 to 4 million tons annual capacity,
producing steel in 6 UHF elcctric arc Mirnaces at 75 tons per hour each. While the
necesary cize of such a plant could impose certain limitations such as size of rarkets,
return on investment, ctc., these would be the Same as for a conventional plant, but
casts should be lower. Also, while these nuclear corcepts envisage about the same
energy consumptior as the conventional processes, energy cost would be cheaper, and the
apinion was expressed that suitable high temperature nuclear reactors may be available
by 1980, and a small-scale steel nlant based on the nuclear concept could be installed
by 1985.
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cC. The second group of papers dewlt with reducing fas goneration and ONOTLY
requirements. Whil: the tachnology of dirzed reductior pr. .esses is still 1eveloping,
technically end economically feagible processes are aviilable, with ihe netallized ore
preduced being used for steel producticn .n el=ciric arc furnaces. Various fescil fuelis
serve as reducing agents for iron ores - rotating ldlns using various yypes of solid
certon materials;  shafi-fiunaces, rotert processes end fiuidized bed reactore employing
corverted natural gac. Fnorgy roguirement: vary betweer. .9 aud 4.5 Gcal/t;on of uponge
iron for a highly metillized product vhich cin Lo directly uvscel! for etesl production
(paper 1I1-11).

2l. Reliable technolegics are aveilable for the econemical productiom, from various
source waterials, of reducing gesss which wluvays contain meinly hyd:ugen and carbo
monoxide (paper I-1Z). Gas recycling and the re-use of top gac for reduction gas
production improves the eccnomics of all gas-based direct reduction processes, especiall
in the shaft fumace concept. 3ocause of the presence of high~quality natural ges in
Romania, a considerable amount of worlk has resulted in the development of industrial
scale direct reducticn pro.esses, the products of which also inclade iron pouvder for
applicatlion in sinter metalliwrey (papers II-3, 11-9).

?2. The third group of papers focused on the ruitable types of iron cres, by process
and in relation %o local conditions. The physical shape o the ore tc be chogen is
procesis-dependent. The rotary Xiln seems to be flexible in this regard, the shaft
furnace and the retort can reduce lumr ore and pellets, while the fluidized bed reactor
needs fine ores of exactly defined [rain size. "he use of fine ores nay have economical
adventages over lump orea; however, pelletization often hasc then %o be considered as
another cost factor (paper II-5).

?3. The iron content of the ores is very important, with low grade orecs being only
economicazl in certain geographic areas, although the reduction of iron-contuining waste
prodiacts may be justified in certain cases. Generally, high-grade ores arc the most
desirable, because of their reductibility as well ag reduction behaviour, and it may be
more economical to import thee: insload of using low-grade local ores.

24. Since the removai of gangue is notl possible in direct reduciion, and since tris
must be done through the slag phase of the arce furnace steelmaking process, the gangue
content of the ore normally should not exceed 5.5 per cent. A high gangue ccntent will
increase power consumpiion, although this may be partly compensatoed by continuous hot-
charging of the sponge iron tc the melting furnace (paper II-)).

25. The introduction of direct reduction is of special interest for the Arab countries,
vhich are rich in iron ores, but fully dependent on imported coke for the usc of the
blast furnace process. Since these countriec are alsc rich in petroleun and natural gas.
gaseous reductants are available at very low prices. Process development, vhieh has
been under study for a considerable period, is conti nuing with the possibility of
establishing an Inter-irab integrated steclplant, baiced on direct reduction, to produce
one million tons annually. Major p.oblems still exist in the concentration and upgrading
of domestic ores (paper I-17).
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26, The papers and contrivuiicns of Jhe foarth oroup discusced the chemivtry wnd '
reoxidation of metallized cre preducts and »rotective meacures against it. Densitivity
depends mainly on the technelogicea? conlitisng of “he reduction procesc 311‘1_d'the physical
nature of the product, with rome bavin.s almost no tendescy to recexidize, imile others
can be protected hy pessivation o bty briguetting (puners [1-12, T7-0). Various cthey
methodes are suggested [or proteciion, includirg plastic materialn, either as individual
shells around cized ore or aw [oam cover o piles of sponge von. Pretection uith
plasiic materials can be applied witl inexpensive cquipment and at econowical cogts.

ALl direct requcticn companice vere cnnlidont th.t reexidation daes not create nroblems
in the use, shipping and viorong of petailized rve. as long 2o the necessary precautionc,
are taken.,

s ; g gl N . .

session I11 - The place of direct reduction in_iron and stecluaking

P
LR e

N

>7. The discussion leaders ror this essiol vers Mr. A.T. Barnabe (Italy) and
Mr. I. Tripsa (Romanin). . discuscion pniser sumrarizing the various contributions
for this session was presented (STEEL/Sewu.Dir.Red./Dicc.IlI).

28. Althoush this final ucssion was ‘nitended for dealing catively vith the use of
prereduced materizl for pig iron and crude stocl production, there vas also a number

of papers of a more goernerai character: on~ contribution (TII-1%) voiced certain doubts
on the further rapid develcpment of direct veduztion; 1. romained, hovever, the only
one not sharing the generul optvimiom for dircet reduction.. There vas alsc a paper
(II1-10) describing the activities o the Jnited Hations Industrial Development
Organization (UNIDO) in the field of the ircn zid steel industry, with particular
reference to assictance provided to developing countries which install or opervate direct
reduction plants.

29. Among the main papers ypresented the importance of two contributions should be
particularly stressed; one dealing ith the possibility of using the blast-furnace
itself for achieving reactions of direct reduction, with a view to reducing coke
consumption to the minimum (paper ITI-1): the other, describing the present state of
development of the WIKEM process, which utilizes the ges arising from the electric
reduction furnace for achieving a pre-redurtion znl a pre-heating of the ore, imzmediately
before it is chargsd into the electric reduction furnace itself (paper 1II-14).

30. As far as tie treatment of the zession's principal subject is concerned, it can be
said that the expectations c¢f particirants and their specific interests were fully
satisfied. The aim wac to be informed »n the prastice of plants ucing sponge iron

in the charge of blast furnaces and of electric reduction furnaces for the production
of pig iron, and in :lectric arc furnaces for the production of crude sieel.

31. The papers presented and the exchange of views have showmn that the use of sponge
iron in blast furnaces and ir electric reduciion furnaces is economical in particular
cases. There was gencral agreement that, when pre-reduced macerial is used for the
production of pig iron, a sponge iron of high degrees of metallization should be used;
the reason being thal the cost of reduction increa~es noticeably for each percentage
point above 80 to 85 per cent of reduction.
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derived Trerr the use 0 spngss ar ng thore cre ctoo ik ore wh 145 thot vory high
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35, As far cs the conenic copecta oro oo rhcd, iU owee onvo nere orousht out that
production And uee of cpenge iron in dnteercote o plonte orc coonmio ot utput Tovele wp
to tw. million tons jor yoor.

26, During the ceseion on intiresting ctuc, € the Cootors which detormine the chorpne-
teristics of pre-roduncd polleto woo o })I‘\,.l\,ilt&,u. Thore were sles papers illustrotd
the intcrest which cxiste in Spein, Raeris nd in the arcb occuntrice for wcing drect
reduction processesy  porticulsr  ttertisn won giver in theso prpors 0 probluae which
LY commer for ¢countrics which 1o not hove woncstie coking © 01 rescrves,

57. In concluricn, it @3 be o0id thot the *hird rosein woe very wll cocwaentoed, and
thot it hoe thrown light n o pumber f interoatineg questions, porticularly on those whi
nay erisc in the usc of preerciuccs motericl in stocl-nclting shope.

Mein Jindings of the vauineyr

36, Two .f the oot inpertent clement inviolved i 21l irn ~ad stoclmaking procosser or
rew materirde and energy, @ad thoir availebility wnd price rre £ perawount importonce.
These feactors arc, in turn, influences by the Tapid growgh £ oworld stecl onsuaption

and production: while world pepulaticn has wlightly wore then doublea sinece the bug-inni
of the century, w.orle cteel concumption hos nultiplicd sixtoon times, in the ¢ urse
thiz ropid erowth of the industry, ite structure nd eceoorphicel Jigtributicn o well
as the techn:lopy used heve been subjert to iwportint chenges, et one ol the o roeeen
changes involveo thie dircect reduction of iron T,
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W, The acainar b orovodes very aceful frazework for a review of the svate of
development o f yipect roduction proceosses, for arn exchange of _xperiences gained in
ifferent countyice ang 1oestions. wader differing cireunstances of rav materials and
anergy wnput, and? roreguarermnt. on e candsihed product.

4. AmOng the proocnpes axamined at the sutset of the seminar, scveral prcvad to have
bocome operational ;3 they ave m:_.ﬂy those wgdng - o an irndustrial scale -- gaseous
reduction in shaft ®urraees, cith cither discontinuous charging and decharging, or fully
continuour procesies.  The ceminar lac alae shown thait important efforts ar: being made
to achieve industricl, 1 .rge-scale araduction by nsing gaseoue reduction in fluidized
bedoy and by reducuiorn in —otam kilns with conl a.nd/or gas, or vith other hydrocartons.
Ut vas also notea that vogsar h is wiierway teo develor other methods-which could, in the
Ionper run, pain in simificance.

41. The varioua aspecte ~f the svailatility =nd nce of energy were also examined; it
was shovn *hat in mns 10,0 08 the woo of enerpy sources other than coking coal can be
envissged,  In thue conbext it chould b~ noted that it was possible durins the seminar
trocompare with a relatively high degres oi precision, the respective energy balances of

- the vo-called -Tass. al routls, comprising ‘he refining with oxygen of
blast-furmace riy iron, in ooruain casec making uce of o pre-reduced
blast-fumace charge:

-~ the route Laged 1 the diveet ogr of pre-reduced material in electric
are furnacce.

Yhile the total snergy consamption it encn of theae routes ie rather similar, the
proportions hele by 5-31id, iiouid v gaseous fuels are very different from one to another

0. Among the veviomg scurces of cnergy which come into consideration for use in direct
reduction, an incressingly prominent ploce uay be hele in future Ly the process heat of
Pigh-temperature nurleur roactursy  their Topical function could be to generate a
reducing gas as well av clectrienl ennrgy.

43, The grminar has oeratted ‘he reviey of various uses of pre~-reduced materials, and
1t wag shovn that ihe electric are furnace is cheir most important cutlet. The
application of continusur craving is rapidly cipanding, and its advantages appeared to
hasve been proven,

44. The upe of prm reduced materizl in blaat furnaces is iess widespread; this problen
hac, however, been fuuwd in great detail, by making tests in both experimental blast
furnacee < 1n furnaces of *mﬁil capacity. The advantages o!f pre~-reducing the charge of
electric vig=iron furnices vere aleo stressed, a practice which is already used in some
tron and atesl plants,

A5, In their entirety, the papers presented guve rise to animated discussions, not only
on the subjert of direct reduction in general, but also on the production routes which
may be used i future for stocl production.
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46. One of th. important features of the seminar was the provision of information on
direct reduction plants vhich had been operating on an industrial scele, In this way,
the rather more theoretical data available ivom pilot plants or from laboratery

work could be reviewed against the background of actual experience. It was found that -
as is the case for any technological innovation - the transition from pilot installatio
to industrial scale opera*tions still presented certain problems; there is, however, an
increasing number of cxamples of ingtallations working econemically, each being adapted
1o local conditions (¢.g. availability of natural gas, fuel o0il, good cuality iron ore,
as opposed to coking coal, conke and scrap; specific investment cost; quality and type
of steel products iv be produced; relationship betireen scals of production and market
size). For this reason, it vould seem that the efforts of the inaustry to provide more
universally applicable solutions should be continued.

47. The documentation presented and ciscussed at the seminar had been prepared by
eninent experts from many countries; i* was regarded as an important contribution to
the literaturc on the subject of direct ~eduction. In order to mal:e this information
available to a wider circle of interested persons, the Ste2l Committee may wish to
derestrict the papers presented at tlie scuinar.

48. It as also suggested that the Steel Committec should consider the possibility of
including in its programme of future work an item dealing with the further evolution of
direct reduction. Given, furthermore, the close relationship between the products of
direct reduction and the electric arc furnace, the Committee may also wish to undertake
a project devoted to electric sticelmaking.

49. Unanimous appreciation was expressed to the authorities of Romania for the
excellent arrangements madc for holding the seminar in Pucharest and for the visit

to the Galatz iron and sleel plant, for the efficient organization of the meetings and
for the generous hospitality offered.
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Original: FRENCH

FIRST MEETING - SCIENTIFIC AD LCONOMIC ASPLCTS OF
DIRECT REDUCTICH PROCESSES

INTRODUCTION OF PAPERS AND SUMMARY OF TOPICS FOR DISCUSSION

Prepared by Mr. Jacques ietier, Director of IRSID (France)
INTRODUCTION
1. The purpose of this {irsi meeling is to consider the scientific and economic
aspects of direct reduction processes, and it should be borne in mind, from the
outset, that as the various papers will show, prereduction is already effectively
in existence and accounts for a by no means negligible outnut.
2o This paper is in two scctions corresponding to the two following topics:

- developments in each of the various prereduction processes;

- compexrison of ihese processes, especially their economic aspects.

I. Description of and developments in the chief prereduction processes

3. It should be recalled that ithere src many possible methods for prereducing iron
ore. They may be clagsified cccording to 2 number of differing criteria, such as:

- the nature of the ore used in tie plant;

- the proverties of the corresponding prereduced ores (degree of reduction,
particle size);

- the sources of energy used;
- the type of furnace;

- other.

4. The last two criteria mentioned above are thought to be the most important, and
in table 1 a specification is given of the principal methods of prereducing iron ore
according to the form of energy and type of furnace uged.

5. Thig seminar is not primarily concerned vith the nethods that might be used, nor

with scientifiec comperisons, but rather with the processes that are already industrially
practicable. Virtually only "operational' processes Or processes on the verge of
becoming operational will be teken into congideration.
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6. In this connexion, Luble o shows thais

- already more then 600,000 & Fe/y is heing vroduced by the HyL process

and the installoa wmuai cepacily will reach 1,200,000 1 by the end of 197
- MIDREX plont capaci , a. . wo, 0wl 1,000,600 t 7¢/y and should reach
1,400,000 t in 1973;

- a fluidization plant with ¢ capacity ol zbout 1,000,000 Fe/y ig being
developed i¢ the industrial ciage;

- a whole series of plents using rotary kilns is in operation or being
developed.

The papers which have been preparcd fov this meeting ares

Table 1: Principel methods of prereducing iron ores

Reducing agent Reducing furnace Remarks
Reducing gas produced from: discontinuous: HyL process
- natural gas, e Lort continuous: MIDREX, ARMCO,
- possibly from PUROFER, ICEM, etc., processed
naphtha, ctc.
Fluidization OVALFELR, HIB, H-IRON, FIOR, e
Solid and/or liquid | Rotery kiln SLRN, KRUPP, etc.,
or gaseous fuels MEKHANOBRTCHERMET, etc.
Re bt LCHEVELRTA

Crucibles (containers) |HOGANAS
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Table 2: ESTIMATE OF WORLD CAPACITY FOR PRE-REDUCTION OF IRON ORES
(Capacities in millione of metric tons iron/year)
1 !
ocess Country and place Operating Starting up or under test under construction (and Remarks
year of starting)
1 1 x 0,065 1 x 0.360 (in 1973) Increase of
1 x 0.165 0.132 in
lx 8.188 capaci ty
lx 0.2 projected
1 x 0.200 (in 1973)
[DRE 1 x 0.350
1 x 0.350
1 x 0.350
1 x 0.350 (in 1972)
— | | 1 x 0.350 (1a 1972) |
no# l 1 x 0,150 l
1B Yepesueis Puerto Urdas i 1 x 1.000 l l
LRN Glenbrook ‘ 1 x 0,150 i
Inchon 21 x 0.150) 1/
Sudbury 1 x 0.300 atopped at present)
Piratini ‘ 1 x 0,060 (in 1973)
RUPP larymne 200901 | 1 x 0.100 1/
(nickel-bearing (nickel-bearing laterites)
Dunsvart 1&“1‘1“”5 1 x 0,100
N & & SRR DU A YA ¥ Rl ofiod
nid the&l
| Jugoslavia Skopje (5 x 0,100) 1/
Arg South Africs  Witbank 4 x 0.080 1/ - (stopped at present) . 1 x 0.080 1/
T4 (a) partial pre-
uo on for electric
furnaces 2.095 1.150 1.420
Y (v) partiul pre-reduction for
electric furnaces 0.500 (0.650) 0.175
BENERAL TOTAL ] 2.595 ' 1.150 } 1.595

_1/ These plants which are intended to supply electrio reduotion furnaces, are usually designed for a fairly low degree of metallisation.
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(a) Drereduction - gas/retort proegs:

7.  The paper on the Hyl procena (1-11) points out th. substantial quantitics produccd
by this procese - more than A, 000,000 t eince the tirst plant at Monterrey was started
and 747,500 t of pr reduced or. produced ir 1971. The paper jiver a great deal of
information on the srerating ci th proce and the metlhod oi suorking at the Peubla
plant, and concludes with som: cconomic date on the method.

n.  Continuous working retort processcs are now 2xpanding very repidly, and there
nre two papers on this eubject:

- & paper describing the MIDRFX process (I-0)3

- a paper describing the ICHTD process nov being drveloped in Romania (III—Q).
g. Tt would be worthwhile asking ths authore what mntallurgical/oconomic prospects
#i o methods hold out. The discussion might to widened tc seeck information on other
retort processes, such as ARMCO or PUROFER, if rerresentatives of these groups attend

the Seminar.

(b) Reduction by gascs in fluidizcd bedge:

(. The very interecting »aper on il NOVALIER ~rccess (I-95) deseribes the general
rrinciples of these methols and cepclelly the method chosen for both the 60 t/day pilot
plant and the induetrial projects of 780 t/iay and 1,950 t/day capacities. It would
1o interesting if poseible, Lo enlerge the ecope of the discusgion to cover cimilar
processes such as HIB, FLOR, H-IRCL, ete.

1. It should be pointed out thst the sornomic cotimetos submittec in paper I-5 arc
© +h,e highest intercst and very promising. It cecnme that very attractive not costs

might be achieved vith largs-capacity “Imidizaticn unite oneration under pressure.

- . N . / .
(¢) Rotary-kiln prercduction with golid and/or gac ous fuel:

12. Under this heading the tviale wmdortel oty the MEHANCHRTCHEI 3T Institute (I-1)
and the Polish studies (II-4) will be discusscd. Here agein, in the course of
liscussion it may be possible to widen the scope and consider the position in regard

‘o the SIRN, KRUFF, ctc. proccsses. It would be helpful, ne in the case of other
rrocesses, to get scme economic estimates, in order to conpare the value of these
nethode with that of the gas reduction retort or {luidiuntion proeccses.

v solid fuel prereduction processes in varioug tijes o furnac.:

12. These studics, submittcd by the Government of Hurneory {1-8) and@ by the USSR (1-9;,
will be considered togother. Those processor goom tu .l r ol intercating poseibilitier
nd to be relatrd to well-known procosses such as reduction in erucibles (HOGANAS

irocess) and the ECHEVFRRTA yotort process. It would be ore ful, te keop the Seminar

‘5 itg main purpose, to invite the authors to suy what ceonouic vroapects they consider
“Loge methods might offer,
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1T. Technical/: cononic comparicen o1 prereducticon procegeos

TA. It is owps cted Lot 600 10010 swing papers should b discussed togother:
= The stady suemittod by the USSR Gov -rnment (1-3);
= Ancthor study. als mubmitt. d by the USSR Government (1-10).

m

. . a
o which might be addeds

- The study by Ur, len (&-4) mwmlees it ir nreferred to teke this at the
third mecting, since it ~of re rorticularly to the utility of the layouts
baged on prercduction for th- yroduztion of high-resistance welding steel.

9 = The perer by Moo Nighawny o UNTDO (IIl—l“\, which might be placed firest of
these papers, unlese 1 ic prefopred to loave it to the third session, where
it might be of oo ae an introduction te the papers cn the use of prereduction
processes and the mynlications - f prereduction ir eencral.

The diseusrion on theeo apers might follow thege lines:

(a) Metallurgical and t-chnical cspects

15, Under this h eading the £2170wing in verticular shoul< be discuened:

L34

- The comrarative requirem nts of the vapiooe rrocheses, ag rogards the ore,

L\’
perticle size, for instence, snd any acventas s in ueing pellets;
- The rotur 2nd £ of the vrereduce d ores, wrich may of course be in the

form of pewder, 1ellete, lumpe, ¢te., ong which may eometimes neece ssitate
a furth r spereticn in bricuctting, .

(b) Capital inv stment:

160 It would be ugeful 1o tegin the discussions on the eccnomic agpects with a ,,
comparison f nvestment ccste, to see, for instance, how the relation between :
inve etment and annuel tonnacs out mit ig reduced with inercasing plant capacity. On ;

this subject, there src some intere sting data on the fluidirzation procesa in the
paper on the NMVAFER prooers (T 5.

(r) Prcducticn covtlg:
17 It ie difficult to compar all the facters in th: course of o seminar necting.
It is sugeeeted thet tve major rointe uight wnt be discussed in too fuch detail:
= the ore, wine the position vori e freatly betweon one location ond another,
Aand oe hag boen voirt © vt abeve (pore;rar l‘/l.), the reouirements for the :
various procogs ¢ b ey i rent s Z

A
= powery oire thet will Lo G-t with o of the s cond weeting, One of the papers
for thet mocting (Ti=7) ie onidrely dovelod o thie subjeot,

he Inoother wopde, §b wouli b oomel Yot nooat o ap vxchange of views on the

order of mymitud A8 preducti on corte cuch sl vy maintenancy, miseellaneous
supplies, «to,

B T 5
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STUDY OF THE PROCLSE OF MUTALLILATICN OF IKOL-ORE PELLETS WITH COMPLETE
CR PARTIAL USE OF IIATURAL GAS AS THEE REDUCTAIT

Peper submitt=2d by the USSR

authore:  G,Y, Guein, Doctor of Technical Sciences
V., Bernado. Iletallurgical Engineer

Hdol, Berezhnoy, haster of Technicel Sciences

L.a. Drochileov, MNetallureical Ingineer

(Institute [or the Mechenical Conversion

ci Perrous lietals)

CUITIARY
The theoretical giounds for using mctural gee in the wmetallization of ironeore
rcllets ere adduced., Thermodynanic snalysis tectifies unconditionally to the
thermodynamic voscibility o0 reducing _erric oxides with methane. The erfect of
variour factore on this reduction, and it: amechanism, are examined,

The processer occurrin, during the aetellization of vellets by natural gas
vere studied in o pilst installetica end their principal technelogical parameters
vers deterained,

The rerults obtained in » sewi-industrisl 'grid-tubulcyr furnacse” installation
using natural pes and o coubined reductant (naturel cac and anthrecite) 'are given,

The report shows the. ithe process of wetallization of vellete can be intensified
by inireducing, finely-cruehed 201id el into the blend to nelletize the metellized
fires, end by pre-heating the Lotericl before charging it into a tubular furnace.

G, 72-10504
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THE USly OF (hHe HabbalNg = tuwe = DLnaCl heDUCTal PROCESS
IN SMALL Cit MZEDTIUT CC.Lo IRCH 0D STUEL FLald

Submitted by the Governuent of Federal Hepublic ~f Germany

(Prepared by Mr. ¥, MASUHL NK. of X0k S7.dL .C., Baden-Baden
Mr. P. X&HL and lr. P. KHOCH of HBUAGER STAHLJERKE GmbH.)

CoTmeaes iy
oLy
AL St

On 19 October 1971, the direct reduction plant of riessrs. Hamburger stahlwerke
was put into operation after a construction neriod of 14 months within the scope cf
a new integrated iron and steel plant. ‘his installation is part of a newly designed
iron and steel plant wherc the ccking plant, blast furnace, LD steel plant, ing:t
casting and blooming train were replaced by a direct reduction nlant, electric arc
furnace and a continuous casting plant. The report concerns planning and layout of
the ilidland Rnseg direct reduction plant. It includes a descripti~n of the new
installations and first results ~f the operati-na.

-

1CE. 72-6620

ETTUH R R e







Distr,

ECONOMIC COMMISSION FOR EUROPE RSTRICTED
STEEL COMMITTEE STEEL/Sem.Dir.Red./Sum.I-3
SEMINAR ON DIRECT REDUCTION OF IRON OFRE: 2h fpril 1972
TECHNICAL AND ECONOMIC ASPECTS .
ENGLIST
Bucharest (Romania), 18-23 September 1972 Cririnal: RUSSIAN

RESEARCH ON PRC(CLESES CF LIRECT REDUCTION OF IRCN FRCOM ORES
SR
Authora: N,I. Savelov, V.0, Voskovornikov, V.F. Knyvazev

LRI 3
SUITARY

n

Submitted by the U

Processes of direct reduction o, iron from ores (cokeless metallurgy) have
nowadays become fairl; widesoread., They vary considersbly in both nlant and reductants,

3 Yor a technicel and economic evaluation ¢! these nrocesses and to determine their
nlace in the general scheve of metallurgicel production, it is useful to classify them
according to the technological proverties of the product.

: The peper proposcs anc broadly examines a system of classificetion of various

- iron-making nrocessea fron cre to and wroduct (inc)udingvblast-furn?ce and smelting
conversion ag well 28 aivect reduction processes).

The following new direct roduction vrocesses heve been develoned industrially:

- Preliminary reduction o ore or blast furnaces;

- Prelininary preparation of ore fer the electro-furnace process (heating and
vartial reduction);

- Productinon cf sponge-steel for steel smelting;

- Troducticn of irca povier.

§ Direct processes of steel moking {rom ore (in a single stage or with o single
; 4
L}

¢ plant) have not vet emerced iren ithe research whase,

The paper »lge exemines the nresent stote of research in the Soviet Union on the
vroduction of snonge iron in shaft furneccs and the continuous process of making
shonge-iron brimuettes (awrleomerates),

(1. 72-10169
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Bucharest (Romania), 18-23 September 1972 Uriinal  FRENCH

SUME OBSERVATIONS ON THe wofUtdd O DIRECT usDUCTION
FROII THE! SUTANDPOINT OF PHYSICAL ruslalLLURGY

Submitted by the Governnent of Bl dw

(Prepared by lir. F.hi. Giclen,
Yhyrsical Metalluryy Labovatory,
Catholic University of Lowvein, D2l iw)

SULLwAnY

) Meny difficultics have bLeen encountercd in introducing, consolidating and
expandins the use of the go-called "direct reduction' methods in the iron and steel
industry. This is probably due to tiie vast scale and large output of existing
gteelworks, wvhich rcouirc substantial investuents.

It is conceivable that, for scientiflic reasons of fundanental metallurgy, these
direct reduction processes may soven supersede, partly or conpletely, the traditional
Toundry technigques., \Vhen that happens, the iron und steel industiy will come to
loos quite different, stoclworis wvill shrink to a more hwian scale, vinile their
output will retein - it isg to oc hoped - its high competitiveness with cther products.

The trials carried oot wvith direct weduction in various part ot the world seem
to us a sufficient indicaticn that t:chniciuns of real aocility are tackling the
provlem. It will of coursc b2 for the stesluaker to apoly tice results of these
trials on an industrial scale and to decide for aimself which of the processes tested
is the most economic end produces steel of the bLest quelity.

GE.72~6476
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SUmery

The Tovelfer process ic w continucus direct reduction process for iron ores
aud oxides. It uges povdery ores, vhich are ireated in fluidized beds, Fluidization
¢f the ore is cbteined by the circulaticn ol the reducing zar, vhich is pure hydrogen
or a2 mixture conteining » high prerortion of hydrogen.

The reduction of iron cxides t° wetallic iron i a belanced reaction in which
the convention of the hydrogen to cteenm is incomplete wud the non-utilized fraction
is thereflore recycled,apart trom o owall proportion vhich i: removed from the
razduction circuit to keev the concentrotion of inpurities to a reaconable level.

The reduction teaper:sture iz controlled to avoid ignition znd c¢alcination (particle
srploneration).

selection of ore  The tdovalfer procecy is most suitoble for,

- Qres found in the povrdery otote and récdily liuidized, i.e, with a
particle size between 50 crd 00 op 100 aaf G 000 microns,

- Ures with a lov fricbility, > reouienent penerz1ly botter met by metamorphic
than by sediimentery .ros.

- Highly oxidized oroc (0., hemntits:  other ores, such a5 magnetite, must
Tirct be rocsted to complete their oxidetion and improve their reductibility.

The effect of th: 'ovelfer provers differs cccordin. tc vhether the ore is

pure or lupure. dith pure ores, the rate of reduction rhove ¢ worked decrease

] [ O
temperatures betwecn 650 -6 7507, vhen the depree oif roductinn reaches 75 to

per zent, QOres contairing lnrvriities in moleculor conbinction vith the iron

not show thic enomcly.

Gin,72-6528
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Effect ,f the dcgree of reduction Pure grade ores are generally used for the Novalfer

process, 1t is ther=fcre easy to achieve a legree of reduction of 75 per cent, but
difficulties begin beyond that stage. Wwitnout going into a detailed explanation, it

mey be said that, with cooling followed by a second reduction stage, degrees of

reduction in the regior of 90 teo 95 ver cent can be achieved without difficulty.

Because nof the nced to use a tuo-stapge process, the c¢ost of the 92 per cent ;
roduced product is obviously higher, The increose in cost compared with the 75 per cent
reduction vroduct is to be investigated in pgreater detail,

Effect of pressure Reduction under pressure offers several advantages:

- The section of the furnaces, piping and trape can be reduced, for the same
capacity, in provorticn to the increase in preasnure,

~ The comprescion ratic in the gas recyrling can be lowered, thus reducing
energy consumption,

- The psrtial pressure of the vater vapour in the regencrated reducing gas can
be decreased, thus raising reducing capacity.

These three advantages give a Inwer nroducticn rost for the reduced ore,

Effect of plant capacity Increeses ir the ~avocity of tho reduction plant lead to -

a continucus decrease in cnats,
Increares in the capacity of the hydroren-pr-~du ing 'wiits lead to a reduction in

the cost of the reducin 26 vhich takers plnce in ccvers! oispres,
X P j

- At z capmcity of S0C-500 t/ﬁu; ol redured Lron, the refornlr« of natural
gas or petrcleun under vrecsur: rroagcer st irnt ctesn for the requirements

2 adsorption i

of that process, inzluding requiremerts for repencration of the €0
liquors, é
- At a capacity of 1,50C to 2,000 t/day of reduced iron, Feat reccovery, in the

form of high prvgsure/high temperoture stean, vroducer nct only enough energy

to make the process relf supporting but more thsen cor.rg the principal

requirements, ,
Conclusion Direct reducticn, vhich has been recormended for meeting demands substantiall
less than the ~-pazity of modern blast furnacers in the range of 50 to 200 t/day, for
instance, could be ad?ptcd mich more economically to the huge projects likely to be

undertaken during the next ten years, such ~s the construction of reducing plants with

a capacity of 10 million tone a yenr in Canada, Brazil, Africa and Australia,
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Surnary

In the conventional blast furnace the source of process heat and at the same time,
the raw material for the production of reducing gas is metallurgical coke, the price of
vhich is increasing. Even now the cost of natural gag, referred to the thermal unit,
is everyvhere lower that the cost of coke.

In the PUROFER process natural gas is the rawv material fo: the production of
reducing gae and is the source of process heat. In this process the shaft furnace is
~imilar to the upper region of ihe shaft of a conventional blast [urnace - the cyclic
operation requires two regenerators per shaft furnace. The temperature at vhich the
reduction gases enter is determined by the reduction and softening behaviour of the ores
ond/or pcllets cherged and is of the order of 90C-1000°C.

The nrocess is not susceptidle to small ocuantities eof sulphur introducea into the
ayetenm, Cooled PUROMER sponge iron is not pyrowvhoric and can b2 stored under cover
indefinitely.

A report is given of operational experiences in the Oberhauser PURC.ER plant and
2lro a discussion of the comparative economics of the process and the 'heat balance’
involved,

3. 72-19212
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Oxide pellets and sized lump cres cre metallized ot 1600-17C0°, while moving
dovmvard throusi o shoft furnece counter current to l.ot reducing peses.

Waturel sme wns reiormed in pevble sioves vitl recircuicted Lop gas. Tuis
lovered the netural gus requwirement to aboub 11 million FIU per ton of iron in the
meinllized product,

Cver 3000 tons of metrllized pellets vere nroduced in i.e 50 ton per dey pilot
plant, The product conteined nbont 7L per cenl ie. & per cent 0o, 1.5 per cent €
and 2 per cent 10z, Ti wss used io replrce screp in the eleciric steel melting
furnaces, in smounts up to 30 per cend ot tle chirce wvith good resul!s.

A plant Uo produce 00 to 1000 ious per rv is under consiruchtion ot Houston

- p o H)
Pexns., It is expecied Lo resch = prodvetion rrte in this ranse duringe the summer of
1572,

This plent vill obtein ils reducing grsec by cetlelylic reforming of niturel
(5 vilh steam in tubular reformers. The decision to use reformers r. ther thon sloves
uns hoased on the earlier oviilebility of mn erials {or reformcvs, s compered to high
tempers ture refractories for »neblle rinier, Moo cxcers ster  enert ting cepacity,
aveiloble [rom the sensible he-1 in the reformer [lue prees, pro idec pover for pumps
that 1ecirculste ;esec ond coclins i her, of lesc cosv thon purchrsed electric pover.

G7.72-19276
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Jénos 1llyés, BSc. metallurpical engineer, Head of the Scientific
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SUMMARY

Tr. tue Huigarian Fzrrous Research Institure detailed investigation inteo the
offective process nmechanisny and kinetle s 5f reduction hove been carried out to
develep a direct reduction method of higher productivity witn » simple process
] technology and lowrr invostuint cost,

The pains point of tho cerbatiormic process ~1laborated by the Institute
consist i tho conclusion 1hat selid carbon reducer iren ouides more rapidly
than 00 oy H. mas 2and thet the peduction oan be ~arricd oub in an lnert almosphere
as well, Dorfinstoncs iu aitrogon.  The rte of reduction is independent of the
ore typey 1le.c. uoratite oo imEn tito.

In the paper the theorstlenl backeround of the curbothe ruic procens and
wod 1l experiments for the reslizntion in proctice are discusscd.

GF.72-10163%
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THE MAKING OF FERRCCARBON AND ITS USE IN THE REDUCTION OF FERRIC OXIDES
Paper submitted by the USSR

vthore: B.A. Dorok et _al

The ~rinciple properties required in a solid reducing agent are high reactivity
ineral fuels known and produced

~nd low sulphur and ash content. Most of the m

o

‘novadeys fall short of these recuirements.

- anonge iron or ferric orides
accelerate the reduction process and reduce it
in 1965. This methcd is based on the use of ferrocarbon in

A new method of making sponge iron whereby ferrocarbon obtained by treating

with natural gas is used as the reductant so as to

s temperature was proposed in the USSR
atead of the agents commonly

- employed for reducing iron ore.

" decomnosition with natural gas is examined and a compara

The paper examines various processes for making ferroccarbon. Ontimal temperatures
cop thege are established. The properties of ferrocarbons made from different iron-

containing rav matcrials are investigoted. The process of making ferrocarbon by
tive analysis of the productiocn

The grounds for the choice of plent to make

of ferrocarbon on clinker is ¢iven.
of iron powder

cerrocarbon ore stated., Technical and economic data on the production
by reduction with ferrocarbon are quoted.

GE,72-10166
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SUMTARY

Londiticne sor the developuent oi orocescog of direct reduction of iron:

vhanges in the development 5 the Laaic fuel and encpry recources of the

irsn and stcr.fi‘ industry - |
Lindtation of wcoources of eorop of [uarantoed parity steblice covnosition

cud oaste

lmprovenen® dn Uhe quolity of stee’ rmelicd frow rr-ducts -0 direct reduction

of irmn orc

Thi >cs';ibi”;it;/ cforanizing suellescele dron ead steel vrodustion
(vorctruction of minien aats).

Briel descrivtion of the preovmnt otate - rroce
ores,

wwee of divent eeduction of

Tesknical and ecomomiv eveluntion o srncenver of iron-sre reduction.
Lisking spoange lren snd net
eking ligui. netals

Une of producte or direct reauction of iros cres in ni--iron and steel
ciaclting,

"J
L.
.
8]
¢

cree dren;

Trends in the developuent of orccernses of direct reduction of iron ores:
Growth of uroduction ceceoitice sad oropruseive incrence in out ute of
rronge irom (otollized nellets)

xpending use ol =ponpge ivon in otoe? soclting

ff.'tte;,xntf-; to develop net highetonp rature procesooe Sop tyzive iron dircetly
i{rom oran,

0 Bl . L RPN : S )
wvolution of technniosical aystens of lron e pedu - tic, it atoaic e Ty
Frospects of developrent of prososas o

o 3 1 ' . R PR
o) Lonlodirest, pado V3o LD o Gress

In the .f.or’r tern (imtil 1080)
In the lonrer torw (1690 to 2000),
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Frepare¢ by R, Lavwrence, Ju,

LUMTARY

- The full texi of the paper covers the history of the Hyl Process, its

i chronological develcopment to date, and cuirent srospects. 11 also delails the
.operating data for the plant =% Pueble, Mexico, for the 22 monthe of oncration from
Ty 1970 to Merch 1, 1971.

, It emphasizes the necessit;, foi, and gersistent lac!: oty operaling data to assist
those cvaluating the curient process contenders.
4

The following specific informaticn is ieported:

1. HyL plants have wroduced 4,183,100 tons of reduced iron ove
and nellets since 196C from which 9,150,000 tous of sieel
have been jproauced in clectric Murnaces.

2. The Puevla plant, vhich, since liay 1970, has been onerating
on high grade oxide wellets, has produced a +totul of
484,550 wetric tens of reduced pelletsy in a pericd of
22 calendar monihs irouw liey 1G7C to Liarch 1, 1972, The

annual average production was 204,3C0 metric tons,

The annuel rated capacity of the Llant ves 028, CuG uebvic tong.
The average vroduction for 070 culendar doys wes (3 metric
tons per day. The plant Los cperated at 114 er cent o)

rated capacity for 22 consccuiive maniis.

5 . I T
Al W A

i
N
.

The process cau produce metillics relgin: fron [0 oer cenl
metelization to 99 per cent, The product is non-pyuvonhoric,

and 69,870 meiric tons have boou shipped curing bthe 22 won .o
covered by llhe repcrt in open ;onaola rail cars -ilhout
protecltion from the clemenis, with wminimum Jouss of meliclization.

.

G

A, There are 22 geograshicr! lecavions for ~hich 1L 1asialletions
are under censideration; with 2 total mammel rated croduction
ol 10,460,000 ueiric tons of eeduced produci, Le.coen of ihe
proposed locationg vill use niphihc as the scures o) reluc st
end fuel. The smallest installation is roden b 200,000 cunued
tons: the largent, ot 1,650,000 2anual tou.

5¢ L 2l description of the vrosess in iven,

O. Larger incdividual reactor sizes rie v fezsinlo.
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- CIMIRIATO
s Sulbriis
{Trepered by Lx. kereth U, Lemaresl  ster 'recler Corporstic:)
Sy

LGrotiog dnberest i divect peductio of iros sres Pocuscs atiention on peans of
cercreting reducing gas.  Txprosses lote tioc of yrevieving techr Ol"“{’l reflectirg
vez of petrelevw derived hydeocarbore as well oo coal 2.4 coke.

¥ e

FeDUCTG 03 ROQUIRGT Kty

Fresent and discuss the thermedyi.amic criteris of reducing gases and quality
Tevel required.

ROOUCTOG G/ S GENGR 110

Cipst reviews c-0p,1 ad ccke methods presently used. Thew describes devel »pment

and technlogical brsis of perticl oxidetion ¢ d <iezir hydrocarbon refornming, both |
"“”"«Li‘?é'mc for F“UE’I‘" bJ.‘{, reduci g gos from pe tr‘-laum devived hydrocerboun. [oane of
DI end oneratldcg recaireer us i1 gerersting vuiteble curlity gas are

oL 1;: Bblished,
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submitloed ot the inviteiion of e Sovermars ol the uoel country
Prepared by Iir. covk s rt Millep
tren o foes! ipduccries Conculilons
Colwibue, Ohio

This paper cenicirs o revicw of the preceni siate of the dive . 1oduction
develepment in she | ,v_-_e,vl, ioductry, voridvids, ond tarocaews tha' o'obil raw
stecl production and consunprion vili rorod o totel of (0 miulion ions in
1975, 915 miliion (ong in 1960, »nd 1005 willion tenc in 1988,

Tncidented Lo Ehis provih ir worlavide stee! tailpuh N use ore precsures
for rev poteriads - Qron ore, vig irc, sy, ccking coar. fucl, and ONCLEY -
vhiclhy in ‘mzr'l*' AL mnmes cuppore e noed for prerediaco o iren oo, Yhe oarly
acvelopment of a fultly vicble preroduciion touinology iu therciore essrntial
and inevivablce,

Piie pOV'nult,- temande for prereduceo meterials cre wsuimetod o 17 million
tons in 1975, 64 ud J.u*n Lene Ll 1900 a.“u' Ledamrklion tonsz oy 19389,

R R YT
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Sain : r, Ll

.t mees ‘. e T
;.1 /1113 Pl\, (AL».)J - lL s wasiids il :.u._._‘; .\J > _L L‘—Mw lu
[P O o B . PR PRV | e C yac .
suniil bhed T the government or o deacrs! ot o T
T B TN <~ e Fiea Ly BRI
FUlG CERNUS S TR e lie n&.dl..al.u‘x .‘.IL ¢ e st da

LGl Cliee. L G IWTMH I U T etie et

fonge izon with solid rednctanis in ¢
she eecl Compelyy of Canoda Libd.,
0T ., o Lotndustrics Inc., and

5

The LL/LH Frocess is & wetlod of prolucial s
v hiln, Tt s developed by joine odlort od bl

Clieniic und irv'b’rentc chial Gmad., Hepublic L)tecl
in the wecneime, been introauced on on lndustol

! : H H RN T, b
The reaclious touiding plocs in the ore/reductc.at buiaen sessing the ..1iln con de
describel e tis intevacticn of two partisl resctions whdci, vhen combined, result in
cirect reduction oi el:

(¢) TI'eC + CC " fe v OO,

(b) co, =+ C —— ¢ (0

(¢) teU + €  &===2  Fe + o

The reduction casacity is essentially influenced by the recctivity of the solid
reductont applied so that the szlection oi the correct type ol oducf:nnt ig of
neramount imgortance,

T e folion 111 Tocvoes are especially impertant for v opuisum applicailoan of
the nrocesg: uvantitly and (ualil o oconiiol of raw wmobevicds suppiy, coriect
rfilling desree of ilu and mixing

- '

rela uowlup o. heaot supply an [ fond e te,
proveriies of the individuel (TOiil_,)CJ'x'lGl’l'LS.

The S.T,-/RLS Process cieblis o cwownt variely of ¢iffecmt rov nailerials to be
applied. Cpiitmua {ecd wnterials aie lunp ores and indurciea pelles, Concentrate
fines are normelly 1‘:11 elized prios Lo reduction, the pelleis velny hardened by
nging vert of the heal cor lt&lnﬁd. in the cotery ila wesbe fes. L sowe shecl icd
caces, it is olgo possible to direclly decd [ine ores.

GE.72-19016
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Sponge iron reduced according to the SL/RN Process is an excellent feed
material for steel-maiing. Ite composition depends on that of the raw ore. In
spite of its porous structure, it is not pyaophoric and is virtually not subject
to reoxidation whe- stored in dry conditic .

So far five pla. ts have been built for a total ore throughput of 2.2 million tpy. 1
The sixth plant is under construction. In connexion with the start-up of these
plants, the following problems had to be solved:

1. Adaptation of mechinery and equipment as well as operating conditions
to the actual raw materials properties which varied in most cases
from those available for previous tests.

2. (Control and stabilizing of raw waterials conditions.

3, lModification of the rotary kiln Leating system aiming at avoiding
local overheatings and formation of accretions.
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SOIZ:. CONSIDERATIONS. Cii T RELUCT 101, OF BLENDED
TROY ORwS IH FILUIDIZED BEDS T
OF HIGH DENSITY BRIQUITS. OF PRI

Subrdtted by the Governnwent off ITW.LY

Preparcd by lleosys. 4. Di Candis, G. Litigic .- Tialoider S.p.k

SULLARY

Tre Authorg have taken inte considerction Liic nost favourable conditions for
the reduction of blended iron orcs in fluidized beds.

It has been evidenced thet the linesr velocity of the fluidizing ges ie
affected in a rather limited measurc by the difforent densitics of the ores

in the blending. I cppeers cporeprictc to achieve the reduction in tvo
subsecquent stages using hydrogm or o rcducing ;o vwith & high hydregen content
end a reduction temperacure of about 570°C. The groin size should be about
L. The reduction prossurs should bo doternuined
of 2 - 16 ain.

by otricl within the renge

.

By briquctting the prfrf;duwd blinded finvs hoving ¢« vast btotel sprcific
sree, high density briquets wii® Lo oblaincd. 'Mhuss briguevs when used in the
burden of a submerged ~re furnces; vill reduce the volwae of the high electrically
conductive burdion components, wilh 7 conaidereble cdvoninge for the operating
conditions, '

These briguets, when used in the blast furncec, will groetly conlribute
to achieving o very high productivity.

Finally, = hypothocis wes pul concoining the most raiionnl blast furnacce
profile operating with & high percentcge of prorccuccd cornponents in its burden
and il wns expresscd u}*c opiniocn thot such & profil. would not diifer from the
profile of a vraditional blast furnecc.

GE,'1e-19073
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SULARY

Interest in the direct reduction process is constantly increasing as a result of
4 the rising cost of coking coal and the shortage of scrap in many peris of the world.
§ The reduction processes using solid reduvctants liold good promise for the future since
§ vorld reserves of coel mey be regarded as being practically inexhaustible. Moreover,
§ these processes also permit the use of o wide variety of carbonaceous materials.

The authors describve the essential features of the KRUPP SPONGH IROW PROCESS based
f on lump ores, fine ores and concentrates. {rupp's seud-commercial pilot plant,
consisting ol a combination of travelling grate and rotary iln, is described and its
operation explainel with reference to the processing of # hematitic concentrate. The
3¥perience gained in processing a wide variety of rev materials is deolt vith in
detail. An assessment is made of the special requirements that must be net oy the
feed ore and coal.

While the main characteristics of ihe “eed ore are chemicl composition, size and
3 behaviour under reducing conditions, the cc ls are characterized by reactivity,

volatiles, sulphur, ash end ash soitening roint. The limiting values Yor these
¥ cheracteristics are discussed in det~il.

The fact that the use of sponge iron can be of advantage for the various
steelmaking processes, and more particularly che electric steelmeking process, is now
generally recognized. Neveriheless, one should not overestimate the potential for

-ncreased production, especislly vhere steelmaking operaticiis are already largely
optimized.

Criteria to be considered in assessing the comparative merits of sponge iron in
relation to scrap as melting stock are discussed.

_ Information on the economy ol sponge iron production iz given in the form of a
g raterials balance, as well as investnent cost data.

For a plant designed to produce 300,000 tpy of sponge iron {rom high~-Fe lump ore,
the investment cost can be expected to be in the order of Dii 125,~ per ton of installed
snnuel capecity. When processing pelletizalble concentrustes, investment costs are likely
to be higher by 8 per cent or 17 per cent vien includinz the cost of prinding. Mention

3

15 made of the minimum econcmic sizes cf sponse iron plonto.

The first KRUPP SPONGE IRON PLANT, nowv under construction in South Africa, is
described.
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Vesnrs. J.W, Lhea and H.a, Janser, Urisn Carbide Mureme, WA, (United States)

T Trere are ten parers to be pregented iv trnis s~ssi~n. Theee preovide o great
spount. of very useful information on gonersl ond specafic onergy requirements,
neluding evailability and coste, metheds of pre ucing reducing geses, including
wengiderstion ~f the kinetilcs and tirrmodynemics, relstionsiip 'of direct reduction
rrocesses '0 nre properties  no well as the technologieal ceuses and methods of
prevention of oxidetiorn o reduced produc’. Jescriptions »f the various processes
t and factors inflaencing seleotior are glven,
e 1t seemc logi~el ‘o divide tliese paprre into tnree general groups, the first
gqerling with genersl encrgy requivements, lie second vith reducing geses and the
tlird with iron ore, znd reocxidation. u8 Jollows:
GROUT

Paper II--1, by J. ASTIER. D. CASA, JOU AND SCHITIDGR, Frence, “lnergy in Pre-
reduction Processes sand Vorious Dies in Steelmnking'.

Faexer 17-%3, by A. /(NTONTOLI, Italy, "Diversification of Eneugy Sources for the Iron
and Steel Indusiry'.

! Peper 1I-2, by W, WENZELL and F.R. BLOCK, i~dcral Itepublic of Germany, "Long Term
} Trends in the Proeess Technological Applic vion of Nuclear He .t to Tror. Making".
| pp
|
|

GROUT 2

§ Poper 1I1..11, by H.D., PANTKE and G.H., LANGE, Federal Republic of Germany, "Requirements
} Governing the Composition of Reducing Gas for Iron Ore Keduction”.

Paper I-12, by K,D. DEMAREST, Italy ‘“Generotion of Metsllurgicel Reducing Ges'.

Faper JI-8, by 5. SPARCHEZ, L. S.ABC snd A, PALFALVI, iomenie, ‘The Use of Methane
ir. the Reduction of Iron Oxides".

Paper I1-9, by 0. HATARASCU, Womenie, "Giudy of Iron Ore Reduction by Grses Derived
from Conversion of Mecthene with CQ,".
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GROUP 3

Papeir II-5, by U, Kalla, H.J. KGHIG, G.H. LANGE and li.-bD. PANTKE, Federal Republic of
Germany, "Processes for the Direct Reduction of Jron Cies i:. Relation to Ore Supplies'.

Paper IT-1l0U, by H. K0P, H. NAGEL and V. THU.M, Federal Republ.c 'of Ge;_r'lpany,
"Reoxidation in Connexion with the utorage and Trausportation oi iletallized (re".

Paper I1I-6, by H.W. GUDENAU, \l. WEI'ZEL, H. LUsSI, H. BLUKER and G. REUTER, Federal
Republic of Germany, "Plastic as a Protection Against Reoxidation of Sponge Iron".

GROUP 1

3. All processes to make iron and steel require the expenditwre of energy. In
addition to considering which forms of energy are suitable, 2nd the reguirements of the
process, it is necessary to consider availobility ond vrice, as well as the influence of
the sieel industiry iiself, which is not only expending, bui changing its stiructure.

The papers in this group preseni a broad review of ihe various prereduction and
steelmaliing processes and their energy requirements, the world erergy situation and
short and long rarge trends vhich, it is hoped, will help bring this very important
subject into more perspective.

4. Paper II-l. In their paper, ASTIER and his cclleagues reviev the worldwide
evolution of energy consumption and trends by different tyvpes. i/hile the rate of
increase per year in energy consumption has been declining slightly, it is still
expected to be more than 4 per cent in the next decade and between 3 and 4 per cent up
to the year 200C. It is also noted that total energy requirements per ton of steel are
declining and changing in source materials.

5. The authors first evaluate the energy balance of a plant operating with the
classical steelmaking method of blast furnace and basic oxygen converter, and report
exceptionally low energy consumption, blast furnace iron being produced frouw rich ores
using 570 kg of coke and 100 kg of fuel oil per ton. Overall energy consumption per ton
of finished steel, including rehesting, 10lling, etc., is given as 5.2 Geal/ton. It is
nocted that this figure is 22 per cent less tian the national av.rage in France in 1969.

6. In their evaluations of the various direct reduction systems, the authors give
informative and valuable background information and procese descriptions, pointing out
that the comparisons are limited to tiose processes already in production a.nd/or in an
advanced state of development. In establishing the energy balances, difficulties were
encountered because of different energy sources, types of ores, types of prereduced
materials, local conditions, availability of information, etc., The authors therefore
caution that too great importance shculd not be attached to the cuantitative comparisons
of data,

7. After establishing, and in some cases, estimating ille energy balances for the
direct reduction processes, the authors then comparc these, on the basis of liquid steel
production, with the classical system. Data are also given, based on mathematical model
studies, of the anticipated energy requirements if 45 per cent of prereduced materials
are charged in a blast furnace.
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&, Thegse compesisons shiow thal energy reculremenis ool pediedlon/electric
orosurnace systems (ie slightly nigher than for e olisoles: oo oom, but the authorns
cmmen s Lhet further development ot direct reduction |[roccuses 1!l reduce energy
cucumplion to the peint vhere 16 chould be just siaghitly Ldgiwes than the be ! flgures
. the clussical system.

The authors conclude thatl with the rapid development of ihe direct redurtion

pacesses, modern steelmaking 1s oriented fovard Lue pasallol cad cemplementary paths,

the ~lassical system ¢nd direct reduction/ire rwrnaces. all oi these development: will

ihcuef1t the cteel i1ndustry vivh recpect ic the enery s ‘ul ilus,

0. As the authors have stated, the energy consumpiini: Tor the clagsical wethod is

3 opproaching the theoretical minimum. an important consideration Lerse 1u tiet while

plast furnace efficiency has improved substantially in the past 1% years, the process

:itsels has been in large ncale production withouil ncjor basic chenges aside from

§capecity per unit, for vell over luu years., It con be swid, lherefore, that a basic
iorocess has been progressively refined over the course o) many yeors.

“11. In contrast, direct recucticn is still relatively young it teorms of production
junits and since technylogy and improvements based on ouerating experience will continue,
jincluding, very likely, the benefits of scale thiough lorger uniis, more efficient

Joperations will evolve. It must also be “ointed out that, in the comperison of energy

requirements, an exceptionally efficient classi nl exemple is used,

$12. 1t should be ncted that in Foper I-2, by MaSCHILNK. et al, presented in Session I

of this Seminar, energy requiremente of en operaling direc! reduciion/electric are
furnace steel plant are quoted as nearly the same s for o conventional plant.

§:0plying actual prices to the types of energy, hovever, puls total encrgy prices lower
§than the conventional plant.

413. Paver 11-3. In his paper, AITONTICLI revieve the shortege cnd incieasing price of
gcoking coal, which he ascribes mainly to the gresi expansion of the Japanese steel
§industiry, increased demands for all kinds of energy and grester use ol low sulphur

coals oy electric pover stations to reduce air pollutioile 1t is estimated that the

J-0st of vlast furnace coke wmay reach § 5C a ton by 1960,
3 Yy 3

-

4. 1n reviewing the relative cost of alternative fuels, thie cuthor points out that the

Fnotural gos calorie nov costs AC per cent of the col.ing coke calorie, but that world
greserves may only last about 45 years at the preseni ievel of dewand, or possibly less
gthan 20 years with increasing demand. This should vring the steel industry to very
jserious consideration of alternative fuels and, amon; thesec, one vhich shows a great
§dea) of promise is the use of nucleur energy.

§:° In connexion with the availability of uranium, tie authoi believes that sources

Lave been inadequately described and important nev deposits are now in process of

§oiscovery. In addition, if the extiraction costs of wvrenium go up only slightly, it is
§to be expected that the supplies will increaae dramaticclly.

16, In evaluating the various ways of using nuclear energy, the production of hydrogen
from vater electirolysis seems to be the best, although vresent comparctive fuel costs

grut Lhis development many years away. For the next 20-%0 years, «lthough there ure
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stlsl problame to be solved, o necessary option anperr. o be Lo use part of the nuclea
heat Lo produce hydrogen 1rom natura gae 1or use in fluidized beds to reduce iron ores,
elco ric cae Jurnaces.

A
the yrereduces product being converted to steel in
¥ e

S

17. Frew the stardpoint of economice, such . steelmill should e a comnpletely
integiotea plant here 210 of the podms pronaied 1y wtilizea within the mill, It must
therafore be large encugh for the minimum economi.: ¢ize of nuclear reactor. This means
Ahoanilueyr producticn of about 2.5 million tons ¢f o veel, and operation al a very high
icéu iacior. For such « plant, six UHD arc famaces chuiged with hot prereduced materisa
plus 20 per cent return serap are contempletcd, eacn tfurnace producing 75 tons of liquic
Gleel per nour.

18. M suthor gives an economic compariscn of steol costs of the classical method
compared with nucleay reducticn/are furnaces and shovs that, with ccke costing from

v 21 to 4 27 pex ton, nuclear steel would be cheaner then conventional. As coke Prices
increase, the savings vill become greater. If cc'ze costs ¥ 35 per ton, the cost of
steelmaking by this concept would be from i 3 to - 5 less per ton than by the
conventicnal rrocess and these savings could go as high as + 5 to 5 10 per ton if the
price of ccke became 50 per tor.

19. The autho: believes that the cost of nuclear energy will remain much more stable
than that of othexr Priergy sources, particularly coliing coal and that uranium could
therefore be in a position to control the price cf coking coal. 1{ this technology
should proceed, it would be expected that the conventional blast furnace route would
probably be confined to aress nearer to coking cozl deposits and, as pointed out by |
ASTIER et al, in Paper II-1, the net result woul’ be that this proposed system and the
classical system would complement each other.

2U. In hie vaper, the author preeents a very comprehensive and well documented report, !
which should arouse considerable interest and questions. O(ne question concerns the
investment costs ouoted. It seems that $ 47 per ton for the coaventional system is very
lov, even if coiie is to be purchased and that the differential in favour of the nuclear
gteelplent could be greater than shown. In view oi the vorldwide concern with air and |
wvater pollution,; the .uthor's comments on the se points and whet. er the cost of such
cquipment 3s included in the investment figui=o, would be velccued.

i
(

i
4

2l. Peper II-2. In this paper Messrs. WENZEL and BLOCK point out that reduction of iror
ore reouires large amounts of energy and that, while heai from fossil fuels can be ‘
obtained cheaply in some areas of the world, not 2ll of these fuels are suitable for |
iron making. In particular, the blast furnace recuires coie which is not only costly to
produce, but which cannot te obtaineé from every iind of coal. It is to be expected thatg
all types of foesil fuels will increase in Price in the future, in the case of natural
gas and oil due to limited resources and in the case ol coal due to increage in the cost |
of mining,

2. It thereforc becomes Necessary to investigate other sources of energy, an obvious
possibility of which is nuclear energy. Probably the best method of utilization of this
type of energy would be in the electrolysis of waier into hydrogen and oxygen, but this
will become practical only after the development ¢l electrolysis cells of low capital

!
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{ invesiment and « high degree of efficiency. Dven nevy acvever, Lhe coot of nuclear
v 7 energy 1Is ouite low when compared with other fuels, ~hic: i1 sccelriote the

1 evaloiment of reactors vhich can reuch suitable high conotemerr tures.  Yhe succesgful
fpdication of nuclear heat energy for industiial processes 15 considered co important,
that research work is Ueing carried on all over the ar'd.

“7.  In considering this vrocess route for steelma Zu7, the' euthors point out, as doey

§iUONICLI, the possibility of using nuclear rezction heat [or gaslilying oil, methane and
ji.nive, to be used in shalt furnaces or fluidized beds for orc reduction wilh the

§-icctrical energy created used fur melting the sponge iron by cleeiric are [urtuces.

1-4. The possibility of using reduction rages in tne blant funece is considered, one
§oifficulty being good cas penetration into the innes sa0te of the fuwnece.  In contrast,
2the sheft type furnaces for direct reduction, cr jluidized beds, do net have this
problem.,

25+ The nuclear reactor must be a certein minimum size to be economical. USince the
Yreactor heai itself cannct be transported over long divtaices, the gas generator must be
glocited close to the rewctor end the mest ecconomical wointion would be for the reactor
grlant =)so to be close by. The zuthors consider the possibility of transporting the

reduction gases by pipeline to & number of consumers and conclude that this could be
vractical within a range of 10C im. although the gases would have to be reheated, this
could be done by the off gases from the reduction nlant,

26. It is pointed out that high temperature reacicrs are best used in combination with
¢as and electricity generating plants, It thereforc secems logical to consider the
#ccstablisiment of 2 central energy plant supplying both reduction gas and electrical
gorergy to a number of satellite plants using direct reduction end arc iurnaces.

7. It would be very interesting to have the authors' comments on the relative costs of

jsteelmaking by this concept as compared with a large integrated plant, as proposed by
-NTONIOLI in Paper II-3,

GROUFP 2

¥B. The papers of this part of the session deal with ilhe principles of gaseous reducticn
§:nd the production of reducing gases for direct reduction processes. Such gases can be
Potained from fossil fuels, by the conversion of synthetically produced gases, however

he mosi important source is natural gas, the main component of vhich is methane. The
#ays of manufacturing the reducing gas for direct reduction &g proposed by the various

guthors ore different, but any such gas must have carbon monoxide and hydrogen as main
omponen gy,

¥5. Deper II -~ 11, The authors FiNTKE and LANGE give a comprehensive review of the
fundamental principles of gaseous reduction and the compesition :nd production of
Feducing gases. Gas processes can use gasified losgil fuels, natural gas, methane,

esidual ammonia synthesis gas, gasified naphtha. All these gases have to be converted
0 4 mixture of carbon monoxide and hydrogen.




CTEEL/Seme Divs Heds, Dlne T

f

P

7, The economice of o gac Lased Teduotion proccoss ars srverned by e siemiond
utilization of the reducing ogent, The utilization £ ter i controlled by the kinetis
i.e. the roteo f resction with tre re, and the thermodynamice which ars given by the
equilitris in ‘he ircn-oxide - as systems, urthermere by the rotal heat requirements
of the veactions taking placo. M pus utidization of esrbon monoxide in the reductior
~f dror ore depends vt iron-carbor-oxypen coudlibriam diagrem, i.e. o0 the temperatun
and type ~f iror oxide to be reduced. Tn tre pame way the e utidizeation of hydrogen
ig «ortrolled by the iron-oxyren-hydrogen cauilibrium systen. Technics! reduction
iases congial «f carbor monoxide ond nydrogor as well as residual gaser like earbon
dioxide nrd water vepor, ™ last two gases diminish the totar reducing potent.al
cvailabie, the consequence Leing @ need fer o bigher gas throuphput in the direct
reAduct: oy oundt. The reduction rete ig alsge Accereagsed by the difference between the ,
fouilibrium carbor dicxide cortent and the actuel carbon dicxide content in the reducing
gas, which determines the degrec of oxidation ~f this gas. With an increasing degree of
rx1d2tion the rorpumption of reducing gas ond crongeguently of primary fas does increase
a8 well,

21, The reducing pases in redurtion procesges 4 not orlv serve as reduetants, but also
supply -~ the reactor the process heat, whicrh ig uged for heating up the res, to compen
sate heat logses from the gystem #nd to cover the required reecti-r heat. Keacti n
reats £-r reductior with carben mor-xide and bvdrepen £ r the different iron oxides are
fFiven, Fr » ghaft furnace the influence of pas vliligati-r ard the ¢ mposition of the
reducing gas on the volume of geg required for a 95 per cent reduction of hematite of
10n00° ¢ is also discussed. The conversion of fegsil fuels to redveing gases and the
rcquired hezts of reactiors are tabulated. lMost of the processcs need addition of
external heat,

32, The moat important gaseous fucl for the production of rcducing geses is natural gas,
the main componet of which is methanc.,  This cen be converted by partial combustion with
oxygen, recuperative reforming with steam, or with recycled carbon dioxide from the direc
reduction process. In order to obtain ar asutothermic reforming process, a far higher
amount of oxygen must ve made availshle, thar required by stoichiometric conditions.
Gases with a high oxidation factor have a toc low reduction pot ntial, therefore carbon
dioxide and steam corntained thorein '.ove to ' romoved, After removel of these
ndditional heating is neccssary, whicl adversely affects the general economics of the
process.

3%, Reduciny gases with a low oxidatior factor are desirable, because no intermediote
trcatment is recessary. The introduction of additional he:zt from regenerators,
recuperators or partial internal combustion ir combination with regenerators makes this
possible. The authors discuss thrre examples of the production of a reducing gas, gas
manufacture with stcam in 2 recuperator, with air in a regenerator and with ges recyclin
in a regernerator,

24. The HylL process is discussed as an example for recuperative gas manuficture with
steam. Fnergy requirements are now 4.4 Geal per torn of iron. The regenerator princip!
for reducing pas production is reviewed for repenerators using air and, in another conce]
using portions of unused top gas from the process in recyleing.
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1eocompleto iy utilived and v br=rredurt ooy b te b ocern b ' apeunt ~
toatal fucl voauirenert vodoction by pee woesoline v dir o ol tbaen tyoes 0 pende
1 %he depree o1 the oxidation o8 Ahe oro ) bty o2l o ot Uit yon oo b

yreduct, primary ¢as compecition, th poe worlivation, oytent ond froqa o noy of etom
ceparation, wnd the bort Toscos ot the eyctone Th cporoting gt ter 0 oo ot
a1 reducing pagses frey hverecarbor fvem Tivnid fusle with o ovyeen ar ooy

¢, Natural sosee froun diffvront depeeite vary in their cerperition in o {adrly

vide ronge, as alec descritod, 4 cortent of ritreyon ineronseor the ae oonsanption

‘n the direct reduction procesa, the same ic trus for 2orben diexide content, however
to a lesser ¢xtent. Yydropon ulpghide in natural ne Lise 10 Lo rorovel bocavae gulrhur
ig corrosive to the emaapment »nd peieone the cotalyet. T derroe of oxidotion in oa
reducing gas determines the methane vroquiromente of o aly et roduction procese. but to
z lepser degrce when off-yne roeyeling ic applied.

7. Paper 1 - 12. The rroving intercet in direct reduction ef iron cvee and the
resulting importance of process for making reducin. :aeece are deseribed 1y DEMAREET.
Various technologies to make reducing soepes are ~vailable and the author focuscs
attention cspecially on the use of petroloun derived hirdrocarbone ar well as on coal
and coke.

28, As mentioned previcusly by PANTKE and [ANCE, this paper alee giver thoe thermo-
iynamic criteria for the production of reducing ;ascs, nnd in addition deale with the
auality levele and rropertics of such ;rsrs. licthods of preducing reducing gascs from
coal and coke are reviewsd. For the convergion cf petrolcum derived hydrocarbons two
rrocesses are described, nartial oxic-otion and etear. hydrocarbon reforming. The
development and technological basis of these twe concente ie described. Furthermore,
mcans of adaptation and operating requirements for ;enernting n suitable quality ¢as
are established.

9. Paper II - 8. In this waper SPARCHEZ and his co-ruthors describe the usc of
unconvertrd methane for dir~ct rcduction. Evasluations cof specific hydrocarbon
consumption, rcductien, theoreticel heat reuirencnte fer conversion and reduction
rrocesses and the heat recouirements for healing th  reductants are made, Threc
eroupe of direct reduction procesgec on thie basise are classified: (a) processes
using unconverted methanc, or methane converted by recycled carbon dioxide and steanm,
(t+) processce using externa? rarbor dioxidc and strarm for the conversinn of methane,
end (c) proccsses using partly oxidized methane with oxysen trem an external source.
After development of a sjccific methane eonsumrtion coefficient for the proceescr
degcribed before, it is found that theosc of tyre (2) have the lowest methane
consumption, which is aleo dependent on the partialppressure of stcar and carbon
dioxide in the resulting gases.

40, T following conclusione on reducing agent consumption and heat congumption fer
heating and the chemical reactions of conversisn and reduction for the three processes
types can be reached:

Process (a) has the smallest reducing azent and theoretical consumption for
heeting the reacticn corponenta. Dircct use of hydiocarbone ie nngeible and no
scparate gas conversion equipment ie necded.
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- Preecese (b)Y necde to hezt a supplementary amount of methane and vapours required
nr the convareron,

[

- Process (¢) nas th~ highest relucin agent consumptior for heating the reactants}
however the osmallest heat onsumpt.... .o the chemical reaction. Total ‘
theoretical heot consumpticn of thir proceis approaches that of type (a).

41. The use of unconverted methane in direct reduction is discussed by the authors
and operating parameters are given. The reduction vessel operates alsc as a methane
converter, using the steaa and carbon dioxide produced during reduction. The carbon
content of the produced sponge iron is controll.d by the temperature and the carbon
dioxide and steam content of the wases in the sponge porec. If these are high, the |
carbon content is low. ‘ s

42. Technological ronditions for unconverted methans direct reduction processes are
definea: -

(2) 4 stationary system with continuous charging of ores has to be used.

(b) Correlation brtveen methane input and reduction speed of the oxide has to be
made, this can e done by analyzing the decomposition of the resulting gases.

Fdae N
0
S

The partial prescure o methanc nas to ve ltept outside the limits of its
thermal uecompnsiiien in order to avoid soot forming.

43. Methane is introduced in the raduction zone in accordance with the amount of water
and carbon cdioxide formen bv reduction, the resulting gases are evacuated in uniflow or
ramified flow with tre cuarge. diluting the methane by recirculating part of the top
gases and producing o sponge iron with low carbon rcontent. A8 a resull of this work an
industrial scale procesc Lo produce sponge iron powacr by using methane and solid carbon
wa3 developed.

A4. Paper 1i=9. T .s peper by HATANAS(U ¢ verc research work ty the Institute of
Metallurgical fese-r b in Buclares . .o the o 0 womanian metiane deposits for direct
reduction. The kinetics and thermodynamics [cir 2 mixture of hydrogen and carbon-
monoxide have beon investigated for this purpose. In the use of methane converted with
carbon-dioxide the following facts must be considered: (a) the reaction of ore with
undissociated methane is highly endothermic, (b) The reduction rate below 1050°C is
alower with methane than vwith cerbon-monoxide or hydrogen. (c) In order to reduce the
heat consumption in vhe reduction reaction the carbon-monoxide content of a carbon-
monoxide~hydrogen wixtuirc gan should be fairly high.

45. The authorc levelcy the thermodynemice ana xinetics of the reduction of iron ores
with hydrogen and carbonenonoxidc. For the conversion of methane with carbon-dioxide
the maximun and mirdmum oxidation conditions are given, while both are endothermic, the
nigimanm conditions ~1o aevirable because they are lesns energy-consuming.

dhe A laboratory unit witl elecipacal heeting (or tte convercion of methane with
carbon=-dioxide under the presence o o speeis? nickel ratalyst is described.  The
higheat gas volume with the best cremical composition wan achieved at temperatures
betwe - n 900 and 1COG™ . f yvield factor Tor the methenc conversion is developed, and
the process parameters are determined.  The authors also describe a laboratory reduction




ity 2 cylincaricel retort for 1 Kg of lunp or pelletized ore. Tie reducing sus had
i . 1er cent carbon-=dioxide, 43.7 per cunt carbuone-menoxide, 4° per cent hydrogen and
ver cent methance. The lowect methari: consumption wac found n~' zn ore size of 20

-~ 3u mm, a methanc carbon-monoxide ratio of 1, » gas inpu! rate of 100 NL/h and a
wperature of 950°¢. The best productivi v, however, exist. at the same conditions
hat o temperature of 30C°C and the double gas tlow rate. Consequently, temperature
.controls the methane consumption, reduciant flow the productivity.

. The laboratory unit was also modified for recycling of off-gas. No change in

v, reduction operation coald be observed, however the carbon-monoxide and hydrogen
~ontent were lower because of a 7.5 per cent content of nitrogen. The reduction
oneed remains the same with recycled gas, however the econcmics were greatly improved
owceuse the methane consumption was reduced to leuc than half.

i il

215, The authors conclude that the use of recyeled and regenerated reducing gas based
4on methane is feasible for direct reduction, and that recycling improves the general
ccnergy balance to a great extent. An industriasl scale production plant can be based
33 this process developed in the laboratory.

?

GROUP 3

‘a, The papers of the last group of this session contain information on direct
eduction processes with relation to ore eupplies, chcice of process, steelmaking and
i~150 include work on reoxidation. The choice of 2 direct reduction process has to be
ade with relation to the site given, and the available energies and iron ore. Also
teelmaking in electric arc furnaces with direct reduction products is discussed and
cconomical comparisons between the direct reduction/electric furnace route and
conventional steelmaking process:s are made for an avbitrarily selected case. The
chemistry and the process of reoxidation have been investigated and protective measures
caring storage and transportation are suggested.

O. Paper I1-5. In the beginning KALLA and his co-authors state that the gas processes
n shaft furnaces and retorts nwed cized ore, the iluidized bed processes fine ores or
concentrates. Rotating kilns arc {airly i .dependent on ore .lze, depending on the fuel
being used. Fluidized bed processes neea particies ol well deiined size¢, and, in order
2 naintain a stable fluidized bed, the gas flow rate must alsc be kept within narrow
imits. In retort process gas and/or s0lid carbon reduce a pre-determined quantity ot
ore discontinuously. If gas is the reducing agent, its even distribution inside the
retort is very important, the most suiteble ore size being the pellet. Even gas
digtribution is also the main nroductivity control factor in counter flow shaft furnace
TrOCesEes. The particle size of the ore is limited and its external shape must not
change in the passing through the shaflt. The smallest particle size is determined by
reaching the fluidization point of the burden. The tempersturc maximum is controlled
oy the softening or sintering peint of the burden, its minimum by the reducing rate.

‘1. Rotating kiln processes crc flexible as concerning chendeal composition and

v+rticle size of the ore and the solid reductant. They cperate con=currently and counter-
currently, determining factors are behaviour of ore during prehenting, degree of

reduetion in the final product and type and feeding method for the solid reductant upred.
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52. The authors mention a world production capacity of 5 million tonc per yeai of high]
metallized ore by the end of 1972. For the choice of a reduction process at a given
location as main parameters, type and price of available tnergy as well as properties of
available ores are discussed. The influence of fuel price on *the production coste of
sponge iron processes is given, also cost adsantages from the use of ore fines are
congidered. The use of cheap raw materials as beach sands, benefication tailings and
leach residues which cannot be treated in conventional processes ic evaluated, By
combination of direct reduction with another refining process iron and accompanying
other metals can be separated. (For example cobalt and nickel containing ores).

53. The route from ore to sieel always involves the three steps:

(1) Geparation of iron from oxygen, (2) fusion of iron and gangue, (3) separation of
accompanying elements. Contrary to the conventional metallurgy direct reduction assumes
only the first task. The melting of iron and gangue takes place in electric arc

furnaces, the separation of accompanying elements is of no importance. In the direct

reduction/arc furnace metallurgy the oxygen removal takes place from the ore right
through the crude steel directly.

54. The steelmaking with metallized ore is discussed. Separating the nomally acid
gangue by means of slag formation in the arc furnace makes the proportion and
composition of gangue content an important factor.

55+ Results of a 25 ton arc furnace aie evaluated, a basicity of 2.0 seems to be
necessary for metallurgical work. The slag weight increases with increasing gangue
content of the used sponge iron, and these relations are described. This gangue content:
also influences the power consumption of the electric arc furnace operation. The higher
power consumption with a greater rlag vclume can be partly compensated, as postulated by,
the authors, by hot charging of the sponge. Reported savings are 150 kwh per ton of ras
steel with 800°C hot charging. It would be interesting to know whether such results
really have been obtained from practical experience with sponge iron, ov vhether they
are based on conclusions from the preheating of scrap for electric arc furnaces.

56. The gangue contcnt of the ore and the r sulting sponge irca influence electric
steelmaking with this produ:t is a gieat vxiont as mentioned previously, consequently
the pre-remcval of gangue content of the iron ore is desirable. This is compared for
the conventional steelmaking route and the direct reduction/electric furnace route.
The authcrs conelude that an economi.al operation of arc furnaces with sponge iron is
only possible when the gangue content ie less than 9«5 per cent. However, change in
prerequisites and the genera! energy si*uation can alter the picture consideratly.

57+ The distance between direct reduction plant ana steel works operating on sponge
iron baesis is briefly discussed., For transportation, reoxidation of a metallized cre
can have some importance, it is determined by primary porosity, which depends on

. reducing temperature. Hot briquetting of the product reduces the sensibility to
reoxidation.
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M. Paper II - 10. KNOP and his co-authors state that the low heet cunduztivity and

large inner surface of metallized ore products are the main reasons fo. reoridation
which can be described as a two-step rusting process, with the forming of @ iron-

‘{hydroxide and an iron-oxide. Both reactions are =xothermic, the producea heat is

4 Gcal per gr of oxygen, i.e. 1 per cent ox,gen pick-up under adiaba*ic conditions can
result in a temperature rise of 35-C.

59. In order to investigate the corrosicn mechanism of sponge iron piles during storage

fand transportation extended tests have been carried out by two companies in the Federal
ikepublic of Germany. These tests involve wetting oi sponge iron piles in closed and

open bunkers, behaviour of ignited sponge in closed ani open bunkers, as well ac

{reoxidation of a pile of metallized ore under extreme weather conditions. The first

initial part, to increase and reach a stable level later.

group of tests resulted in temperature increases fiom 50 to 80°C, with sea water this
nccured already after 30 hours. The oxygen content in the gas phast de- rcased in the

360. After indirect ignition, within two days e ‘emperature raise was found in a pile

in a bunker. The oxygen content in the bin atmosphere decreased. Aftcr another

A'150 hours temperatures of 600°C could be found only in the bin axis. Measurements of

{the oxygen content of the atmosphere produced more significant results 'ian temperature

§measurements. Up tc 14 days no real risk in transportation coming from the temperature
fraise could be found.

61. When a pile of sponge iron was ignited directly in an open bin, reoxidation was

donly found in the surface of the gile, self-extinguishing took place in deeper layers.
r{After 6 days a temperature of 550

4 the top layers, sand covering of ignited pile stcps the reoxidiation prooess after a
§considerable short time. The last series of tests exposed sponge iron piles to heavy

C was reached, the metallization vas reduced only in

Jweather conditions. After 9 months a reoxidation up to 40 cm depth below the surfacec
4dwas found, total of 16 per cent of the pile suffered from reoxidation in varying degrees.

; 62. The basic result of these tests were that metallized ore materials vhich lave been
4 produced at high reduction temperatures are suitable for transportation. Also a
1§ successful sea transport over a far distanc of 650 tons of sjonge iron is mentioned.

163. The authors draw some general conclusions for the handling, storing and

4 transportation of metallized ore: the best is to melt after production, if this is not
possible the storage should be sheltered. Bulk shipments loading should take place in
4 good weather. Sponge iron piles must be protected against heat, i.e. ignition. During
4 shipment, the atmosphere of bunkere must be controlled, temperature changes of bulk

{ shipments are first indicated by a drop of the oxygen content of the bunkers'

] atmosphere. If these precautions are taken, the tendency of sponge iron to reoxidize

§ dces not create problems.

A4. Paper II - 6. GUDENAU and his co-authors state the fact that metallized ore
4 products may corrods unprotected in direct contact with rain, humidity, sea or river
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water. This reoxidation ic caused by the highey outer and inner surface creaved by hig
porosity and in the recxidation process, costly degrees of metallization are lost.
Besides climatic conditions, other parameters influencing reoxidation ire the shape of
the sponge, the reduction process used tc male it, the separation process at the and
of direct reduction, and the pcrosity. In on~ example, guoted by thce authors, a sponge
iron sample with 95 per cent of reduction decreased in 30 days to 6%.6 per cent of
rewuction under heavy corroding conditions. Also the briquetting of sponge iron does
not produce sufficient results. A classic form of protection would be the application
of plastics, based on hydrophobic polymerc. The selected nlastic protection materials
must be economically applicable in a thin layer, and must :.ot contain undesirable
contaminants.

65. The application of plastic foam was found a technically feasible surface protection
for piles and bunkers of sponge iron. By applying a thin foam layer, reoxidation was
prevented. Another way of protecting the sponge iron is to produce a protecting film
around individual pellets made from polyvinyl acetate lispersicns as well as phenol
combines, which both produce a sufficient temporary protection, phenolic resins giving
protection over a longer period. In the foam layers mentioned before, the used poly-
urethane foam gave a complete protection of large piles of metallized ore.

66. The authors also discuss the cost of protective measuremente with plastic materials
If plastic shells around individual pellets are applied, the costs with phenolic resins
are in the range of 1.50 - 2.00 DM per ton of sponge iron. The equipment required is
nct complicated. Protection of large metallized ore piles can be achieved with poly-
urethane foam covers; the costs depend on the size of the pile. For a 7000 ton pile
the authors quote costs of 1.10 IM per ton of sponge iron, for a pile of 60.000 tons
only 0.50 DM per ton are mentioned.

67. The general conclusicans of the authors' paper is that metallized iron ore can
technically and economically be protected from reoxidation by either protective
individual or by bulk plastic coatings.
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Sunmary

Solid fuels dc not count for much in world crnsumption of energy, and their share
is continuously growing smaller.

On the ~ther hand, despite the large reductirn in the consumption of blast-furnace
coke, coal still fills a large part of the energy requirements of steel-making. There
are nev prospects for it, first in nassive injecti-ns of hydrocarbrns into blast
furnaces, and secondly in advances in the prereduction of iren rre.

The energy balances for the main prereductinn processes have been coupiled from
published figures >r based ~n assumptions aborut the ~peratirn of these processes.

Tiese balances show on examinaticn that these procegsses in which the gaseonus
reductants are n-t recycled have a minimum heat crnsumption of 4.5 Gcal/t Fe, whereas
with reeycling this may be as low as 7 to 3.5 Gcal/t Fe,

Prereduction and the fusion ~f prereduced materisl in clectro-furnaces open the
way to steel-making without sclid fuel.

The energy balances of the various processing schedules for liquid steel
demonstrate the possibilities of sdapting awy form nf energy to steel-making.
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T time iv {oresccoably whero cosl erd muclear orergy wili be the only tuve sources
of primary snergy avedlable in darge cuantiticg o this planet, because o1l and natural
gas will have been loarooly weod wp,

The price ol zonl will ircrcase pors rapidly ther thot of nuclear encrgy. oo tnat
th> use of nucloar cnergy for dren aad ctcelmaking ie bound te becore a practicel
preposition in the et teo dirtant Suture, Vore to roalisc ite potential ore already
ier investigeted vorlduide,

This papor survers the percibilities el ~wirge nueleer heot in iron cre roduction,
It is shew thot tho aedsr Clold of ~pmliccticn iv likedy te be the production of large
yentitice of cheon rohecbny o cither by osuprlyine oot te o roducio gas gunerator

Lry dn the more distort juture, b, dootecl sia ool otos,

sines ocutlet tomperatures Trons Lo poretoy are ot ligely te excced 180C¢ € in
the Torsasceable Tuture, diccet swlbting: 1g et ircluded,

Fracticel porsiwvilitioae oo combinive voaetor. pnn eneraters cnd omelting unite
& ro dismuessed rnd it ic shown thet tno chonic T cifiricncy of the pac utilication is
clnest ddeal.  Expeotid long tors tecoas s wrvered,
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Summagr

The first part contains an analysis of the known deposits and location of the
rincipal raw materials used for energy production and of the factors vhich could
fffect their future cost. The reserves having tiie most even geographical distribution
re those of uranium (and other similar meterials) and of natural gas.

Next, a number of steel-making processes in which both nuclear energy and natural
s can be used simultaneously are reviewed in the light of their feasibility and cost.
of these, the one most [easible on an industrial scale appears Lo be a direct reduction
rocess using nuclear heat, followed by smelting of the sponge iron by electric furnace
p. an integrated works with high-temperature gas nuclear reactor.

Lastly, an account is given of expected trends in the cost of rav materials
mloyed in energy production which meke it possible to use steel-maliing nrocesses
jtilizing nuclear pover side-by-side with conventional steel-making processes.

k.72 - 10069
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TNVIUPLGATION o rACPORS CONDIPICIING THE
QUALIIY O METALLIZED POLLLIG IN PILSY WILNS
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Swnnary

The paper presents che resulte of reseairch into the production of metallized
~ellets in & pilot rotary kilu.

Laboratory measurements vere uade prior to investigations on an industrial scale.
- 7o obtain the necessary specimens, pelletizing of Krivoi llog concentrates vas carried
- out.

y
i

To explain the influence ol the temperature on pellet comnression strength during
| lardening in an oxidizing or neutral atmosphere, tests were carried out in the

= Lemperature range of 200-1300°C during 50 minutes. It is evident that the oxidation
| rocess has » great influence on the increase of pellets strength only to the

L tcuperature of 1100°C: above thir {empeiature sintering of ore grains is more

- important and this process is the most iwportent {ector in improving pellet properties.
e study of pellet reduction was intended to explain the iniluence of the dogree of
~xidation of pellets on tuz Yeduciion degree and the strength of reduced pellets.

Pellets vere reduced by weane of pure €O and oy & mixturce ol COH, at the
- comperature 850 and 110°C, during o0 wminutes. { wae shown that the Eompression
- ctrength of reduced pellets depends on the ..ardening temperestire end the oxidation
Aearee,  Pellets hardeneC at lov temperatures, when reduced by mecans of CO -~ "well
and are veak. The nresence of H. [avours thc increase ~[ the degree of reduction,
lovers the swelling and increases the strength of nellets.

4 The study of the mineralogical structure of fired (oxidized and monoxid.zed )

| vellets confirmed the conclusion that in order to obtain strong and metallized pellets
they ought to be partly oxidized during the Tiring process: to avoid pellets swelling,
i *he temperature of pellet hardening ough®t not tc be lower than 300°C and the

reduction ought to be carried out by nmears of a zas containing H,.
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Investigations in the experimental unit vere carried out on the basis of
laboratory resulis. The experimental unit consisted of a rotary kiln of 1lm diameter
and 10m long and ti:e grate nreheater GCO um wide and 2,5m long. Tiie rotary kiln was
heated by natural gas: wvaste gases heated the green pellets on the grate to about
600°C and partly oxidized then. fluidized ccke was added to the pellets falling
down from the grate to the liiln. The temperature of pellets in the front part of
the kiln was 1100°C, The retention time of the pellets on the grate was 30~40 minutes
and in the kiln 2.5 hours. The reduced pellets fell to the containers where they
were cooled without the access of the air.

The concentrates Krivei Rog (Fe 64.759,58i0, 8.4%) end Fosdalen (Fe 66.7‘7/685.02 3.9%)
vere used during theinvestigations. As reducior, & fluidized coke of 86.0%C and 6%
volatite parts was used. In order to obtain self-fluxing pellets of a basicity of
0.8, lime was added.

The average results shov that the average metallizatior degree during the
investigations was 82-86%. The metallized pellets produced were satisfactory for
direct use in eleciric steel furnaces.
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Messrs. J. [lalla, Verein Deutscher Iisenciittenleute,
H.J. konig, Lurgi Chemie und Hittentechnik GmoH,
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Jiunar

70llowing a brief description of the most important process modes for direct reduction

‘71uid bed, reactor, sharft furnace, rotary kiln), tue decidiny factors for tie selection
o process at a given site: cost o energy, mechanical properties and chemical

nalyais of the proposed iron ore are discussed. In the coaversion of sponge iron

%5 steel in tiie electric arc furnace, the amount and composition of ths zanzue play

o duportant pord. L comparisor of raw sueel costs in the blast {urnace-Z0: and

fuirect reduction-electric furuace routes, siowed iaat, vita cervaln assumpltions

oo arding location, nrocess technology and pouver costs, sponge iron metallurgy becomes

en economic proposition only with gaaguc contents balow adout 5.5 5 (3102 + -‘*-1203)-

10.72-19209
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SUMMATY

Sponge iron will corrode if stored unprotected or transported through virious
climates. The corrosion will be very intensive vhen sponge iron ic in contast with a
correding medium such as rain, high air moisture and vater.

Reagon for the reoxidation is the high vorosity and the large snecific suirface of
saonge iron.

Reoxidation is a dejreciztion of sponge iron, becsuse the decree of reduction, vhich
includes a lot of cost, <ets lower. Therefcre sone measures should be talen to avoid
reoxidation.

Covering with a thin layer of Hlastic is one of the srocticable Hrotecting measures.
The procedure is economic if the cover could he wwoduced very thin.

Qur trials in Aachen shoved that plastic layers ~ive ~o0' nrotection zrainst
reoxidation. Dut the obtrined thickness of cover does not usually malte this process
economically interesting. A ~o0d protection and an econonic nronosition, were covers
sut of polyvinylacetate and -henoclic resin.

In Aachen another process to nrotect sponge iron s develonerd., It iz the rovering
of sponge iron dumps with a thin plestic foam layer. This Joan nrotected the gponge
iron against the direct influence of vater cr air moisture and nrevented reoxidation.

A very good protection was found by the use of nolyurethane foam. A layer that is
sufficiently thin was obtained by using this foam nd 5o another nrocess vas found that
conld be economically interesting.

GE.72-11854
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THE DIRWCT WAY FROM IRON ORE TO CRUDE STEEL USING
THE LUBATTI PROCESS
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mnary

The paper starts with an evaluation of the reasons which have led to abandon
the industrial use of the Lubatti direct reduction process. OSuhsequentily, consideration
-3 being given t. the possibiliiy of re-activating this precess, by improving mainly
the quality of the charge which - contrary to the practice used at tne time - could
tcday consist of ore fines with a high Fe.content, vell mixed with prudered coal
regardless ~f quality

haracteristicc of the Lubatti process its

After the review ot the technical cha
a celeulation of the possible production costs

zeonomic viability is brought outi by
»{ steel made Uy using tiis process,

38.72-19457
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DU I

The paper deals with the main problems of the reduction of iron oxides with
unconverted methane,

The theoretical reducing agent - and heat consumptions for the heating and the
chemical reacticns of conversion and reduction are compared for the following processes:

A.  using unconverted methane or methane converted vith HpO and CO2 formed
by reduction,

B, using methane converted with vapours and
C. using reducing gases obtained by the partial combustion of methane.

The processes from group 4 have the smallest reducing agent consumption and the smallest
theoretical heat consumption for the heating of the reaction compenents. The processes
based on the partial combustion of methane with oxygen (air) have the smallest heat
consumption for the chemical reaction, having at the same tinme the highest reducing
agent consumption and heat consumption for the heating of the reactants,

The composition of gases resulted by the reduction with unconverted methane and

the temperature from which the process mey he erformed are determined in the present
paper,

The methane may be used unconverted for the manufacturing of sponge iron for
metallurgical purposes, toc., In this case, the following conditions must be fulfilled:

1, to perform the reduction in a stationary regime with continuous charging of
iron oxides,

2. to correlate the methane output with the amount of iron oxides reduced in a
time urit, on the basis of gas analysis,

3. to maintain the partial vressure of methane ai values at which its thermal
decomposition does not take place:

GE.72-10352
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- introducing the methane in the reduction zone, in accordance with the amount
of Hp0 and C02 formed by reduction,

- directing the reducing gases in uniflow or ramified flow with the charge,
- ddluting the methane by recirculating a part of the gases resulted by reduction,
On the basis of these principles, an original process for manufacturing iron powder

by the combined reduction of iron oxides with carbon and unconverted methane was
elaborated and developed on industrial scale.
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Summagx

The presence of methane gas in the subsoil of Romania has caused research on the
direct reduction of iron ores to be concentrated on the use of this gas as a reductant.

Tne research carried out at the Metallurgical Research Institute on the use for

iron-ore reduction of the gases derived from the conversion of methane with CO2 was

based on thermodynamics and kinetics. The following facts were therefore borne in mind:
(1) reactions of ferrous oxides with non-dissociated methane are highly endothemmic;
(7} reduction at temperatures below 1050°C is slower with methane than with CO or H2;

(3) %o reduce the heat consumptior required in reduction reactions, the CO content of a
gas made up of CO and 112 should % fairly high.

Two alternative experiments were carried out.

The first studied the reduction process with gases obtained by convarting methane
with carbon dioxide and eliminating them into the atmosphere a.ter reduction. The
second studied the reduction of iron ores with regeneration of these geses, by burning
the methane and then recycling them in the reduction nrocess.

From the start the purpose of the experiments was to establish the main conditions

for obtaining gaseous reductants by converting methane vith COQ by the use of nickel

catalysers. The mein charccteristics of the conversion process were determined, i.e. the
conversion temperature, reductant flow, derree of effective conversion, time of contact,
expansion factor and so on. The chemical composition of the geseous reductant was 1.8
per cent 002, 48.2 ver cent CO, 48 nmer cent H2 and 2 ner cent CH4.

The reduction of the iron ores was studied in a nlant in which the oxy~en elimination
was determined with a balance.

GE.72-10478
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The research carried out by the first method identified the thermodynamic and kineti
features of the reduction process and their effect on the specific consumption of methane
and on plant productivity.

Reduction temperature is the most important factor for the specific consumption of
methane, whereas plant productivity is mainly affected by the gaseous reductant flow.

By making certain modifications it was also possible to adapt the laboratory plant
for reduction tests with regenerated gases after conversion of the methane with 002
and subsequent recycling.

With similar operating conditions (temperature, ore granulation, gaseous reductant
flow and so on) the reduction processes followed the same course.

The ore used in the reduction tests was hematite with 65 per cent Fe content,
imported from India.

These experiments showed that direct reduction of iron ore by an industrial process
could be profitable.

end
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SUMMARY

During the direct reduction of iron ore vith CO and H2 » ratler eoarse iren
structure is cbtained, which offer:s o wide arca of attack to the oxrgen and the
atmospheric humidity. The tundency of the motzllizad ore to rusting and scaling is
gtronger than that of pig iron and stecl. it could lead to the development of heat,
causing substantial rises in temperature, ocriginating from thc exothermic reaction of
rusting, Furthermor¢ some changes in atmosvhere of clesed bins during oxidation can
oceur, in particular drop of oxygon and development of hydrogen, carbon monoxide and
dioxide, In such cascs contrsl of bin atmosph.r should b: proviicd. lpart from
safety requirements the eliminstion or sloving dovn of rcoxidation is reasonablc for
netallurgical aspects since the market valus of the metallized ore dccrenscs at
increasing sxidation,

Expericnce from the first greator bulk shipment of OL/Ri~netzllized ore from
Hemilton (Canada) to Negoya (Jepan) end from a series of industricl sealc tosts at
the Purofer-Plant in Oborhcusen (West Germany ) showed that the oxidation tendoncsy of
netallized iron ore is no hindrance for a vorld-ridc epplication,  Practical proposals

2ra given to prevent the uctallized iron or: fron oxidation during stor.g: and transport.
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Summary

Fundamental principles of gos reduction. The production of reducing gas from
solid, liquid and gaseous fuels. Influence of sulphur-, nitrogen- and carbon dioxide-
contents on the svitability of natural gas as a raw material for the manufacture of

reducing gas. Influence of the degree of oxidation of the reducing ges.
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PHE, SUBJHCTS OF DISCUSSIQN

Prepared by 1r, L. BL3ABL (Ttely), lenecer, ITALSIDER

Lo The reporte assiged to Jessior II1 ran certain's not be seid te form & homogeneous
wiole.  There are papers dealing with the originel rrecessas of direct reduction
cutside - and even in - the blast furnsce, and pepore or the usge of directereduced
nateriel in the electric-ore furncce, There i also » raport specifically concerned
with the economic zspects of the use of direct-reduced materins! in Lomonin.

. The first peper to he concidered in the order of rresentation T thousht it
icsirable to adopt is thet by essrs. Hat- rascu, Tripes nd Dian. Thie paper explains
why the pileot reector rlart was handoned for the rresent 10701 gheft-furnace process.

4 The resctor-typs reduction plant, which wee very mmell, bteing design~d for a

‘adly output of half ¢ ton, eomprised three rerctors v vetorte In the firet the ore
wag heated with weste gre fronm tie direct-reduction reactor, wr.._lr: the third reactor
war used in the fin:? phoge, with fully- reducing fae.s Doverszl zspects of this process
¢ reminincept of the INL process, used in Mexico and clread:- emply described at thig
Leminar.

L
(v

4« In the ICEM reactor procees the rrducing .8 was oltained by veforming methane with
air, Tt wes immedi. teiy reclized thet the high ritrogen content of the reducing gas
wns the primery caucc of the very low rate of reduction. On ihot account, ~nd zlso
Lerzuse they scught to develsop o zontinucus nrocess {or spon, e-iron production, the
~uthors abandrned the reacter system and roreentiated their exveriments on ¢ continucus
| Frceess for the production - gnenge irorn in = shaft furnace, using a reducing srs
sbtained by raforming methane with rerycled €78, lee. oo partinily exhaust 4 through
taving already passedé through the chanpe of ~re for ono phase of veduction.

. By improvements in the veforuing vlant i+ oo found nemaitle ta oLt in veduning gas
~entaining 35-4% per cent (C and 40-50 per cent i, They authore heps Lo find o

setiafactery embodiment of thie rrocese in whicl, nore rerticonlarly, the consumption of
methane is reduced uithout lewering the spenpe—=ivor yequction rratio,

“. It weuld heve Leen prefersbie to dis

Procees in dite fire! voernion wes ¢ ‘
iv. Lewrerce ot pesaion 1, wher-ag in ite prc sert verriorn 1t is qu.i*‘.;; T o the
tner modern crtalt—-fuarroec pruu €0 such e ITHOFFD, ifIIllf.‘:r"IX, ard TG, St oall

;.,nu’ by

eSS ﬂlj:‘: report ot cenrion I, Yeoouae the
i
4

; . - . . T, ¢ IRV
o Y S 1v1. O ‘
o - ron N o

svents, we hope thet the diacussion will 1. vers Jively,

L2206y




STEIT/Sem.Dir, Red./Disc,I1I
pare 2

7o HNext in order will be the peper by Ir. Mazenck, giving particulars of aninteresting
investigntion of foctors effocting: the properties of pellets, particularly their
compression strenglli and reducilility, for it is on their strength and reducibility that
the behaviour of the nclilets during reduction dopends.

8. The results obtained in the many experiwerts are cmbodied in & serics of graphs
showing more particularly thc velationship between boking temperature and on the one
hand the reduvcibility and on the other the strength of pellets,

9. There are algc comperisons botween reduction processes carried out with a gaseous
mixture of CO and H,, demonstrating the advantages of increased percentages of o

10, There is alsc a study °f pcllet swelling and the deposit of graphitic carbon, both
of which phenomena become more marked as the percentage of CO in the reducing gas rises.

11. The author also gives us a series of photomicrographs showing how peliet structure
varies with grade of orc ard with baking treatment. These microphotographs are of
practical as well as of scientific value, because they oxplain the behaviour of the
different pellets.

12. There then follows a scmewhat curious report, thc paper by Messrs. Poos, Vidal and
Michel. I have the impression, if they will forgive me for saying so, that they wrote
it with an ironical smile. They scem to be saying, with regard to the various
systems of direct reduction: "But that can all be done in the blact furnace, and much
more simplyl"  But, seriously, they acknowledge that such a procedure, i.e. the use of
certain direct-reduction techniques in the blast furnace, while feasgible in practice,
would be economic only with blast furnaces having = capecity in excess of 2 million tons
a year,  fnd on that point we can well agree, becausc in the present state of advance-
ment of direct reduction it is common knowledge that direct reduction with z blast
furnace having a capacity of £ million tons a year could be competitive only in very
special conditicns.

13. In their paper the authors discuss the possibility of direct reduction of the ore
in the upper parts of the blast-furnace shaf . by injecting red:cing gases at the bottom
of the shaft, cbove the main tuydres, using tne same method as in the various direct=
reduction processes, The principal advantages that could be derived from this process,
if successful, would be

(a) the reduction of coke consumption tc¢ the minimum required for melting and
carbonizing the metaliized material; and

(b) an increasc in the furnacc's productivity.

14. The paper by lessrs. Poos, Vidal and Michel is truly most interesting, and we
hope that their experiments will be fruitful even though some of the experts with us
here have no great sympathy for that monster the ever-bigger and ever-more~-powerful
blast furnace.

o
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5« The fourth paper is the first in o series of reports drgeribing the possibilities
of using epongc iron in the charges of clectrie reduction furnaces and ‘lcetric steel-
naking furnacec.

e Mr. Kénig is th- cvthor of this fonrth ~zpert, whiczh is entitled "Reoulta of and
ranarks on the use of directly-reduced mzterial in conventional clectric reduction
furnaces", Mr. Konig studice the effect of a charge consisting wholly or in part -f
lirect-reduced material or the operation of tho ¢loctric reduction {urnsce. ™.
charges of direct-rcduced materizl raturally give this furnoce the advantage of savingn
in encrgy and coal while increesing it productivityv. Thie is una™wtedl; foesible,
end the cuthor, fu'l: cvrre of this possibility, mskes it his business to cxamine cvery
factor that can affect the cperation of . reductior. furnace charged with sponge iron,
:nd the consequent advantzges and disadvantages thereof. He deals specifically with.

the composition of the crude ore and the degree of reduction of the sponge
iron; and

the increase in the furnacc's output capacity.

7. In this connexion we shouid ccn-ider figures 2 =nd 3, which show the respective
increases in production capacity of the electric reduction furnace and the blast furnace
28 a function of Fe content. The author then gocs on to consider other aspects of the
operation of the clectric furnsce charged with divestly-reduced material, namely:

influence on the volume and ealorific value of the top gas; and
influence on the composition and temperature of the pig iron.

2. He then moves on to ths conclusion that, cven now, the combination of the direct-
reduction process with rcduction in the olectric furnace may be an economically viable
eolution for countriee which have nc coking coal, particularly if on the other hand they
save cheap electric power.

19. The nextpaper is by Mr. Postwho deals with the theory and practice of melting sponge
iron in electric-arc furnaces, and in particular with furnace-charging techniques.

lore particularly, he regards the batch charsing of sponge iron as absolutely irrational,
and considers continuous charging of the furnace to be the rationsl system.

Ta

2Us In this connexion he congiders two systems, the IRCID and the CONTIMELT. In the
IRSID process, developed in Francc by the Institut d-s Bechorches sidérurgiques, the
sponge iron ie fed through a central hole in the furnace roof. According to the author,
this process has 80 far been tried out only in a small 6-t arc furnace, and he thinks it
rrobable that certain difficulties would be encountered if it were applied in furnaces
of higher capacity.
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°l. The author then disousces tac CONPIMELT process developed by STELCO (Steel Company
of Canada) ~nd Lurgi Chemic und Hitteatechnik (Federal Republic of Germany) with the
co—oncration of Republic Steel Corporstion {United States). The report includes a
Jingram of furnace charging in the IRSID system, but none is ircluded of the CONTIMELT
charring asystem. It is wnowm thant with the Tattor aysten the furnace in likewlee
charmed via the roof threcugh threc holos, each betweenn an ~lectrode and the furnace wall.

22, Mr. Post commnicates. through o series of tables and diagramc, the data obtained
in a large number of oncrations. The data are resdily comparable because they relate to
homogenous sete of cxperimente. The care with vhich thic research programme was carried
out vouches for the validity of the conclusions cmerging from it.

2%, Unfortunately I have not seen the texts of the session-IIT papers III-12 and III-5,
tut only very brief summaries of them. We do not meon thic as a criticisn of the
quthor;, because what they have to say will be quite nev. The papers in question are the
report by Megsro. Noda, Turthashi ano Ughiyama on experience in UHP arc-furnace
operation and that by Messrs. Kehl and Voss on the use of metalliced pellets in
electric-arc furnace stoel-making processes.

' 24. The paper by ifr. Hota and his co-work-rs will describe experience in charging by
the CONTIMELT system, into a j0-t 45-MVA UHP arc furnacc, material directly reduced by
the SL/RN method. The »aper by lr. Kehl and Mr. Voss vill be of interest to us because
it will contain infommation on the operation of the Hamburg steelvorks with directly-
reduced MIDREX, charged, if I am not mistaken, by the cimple IRSID system or o system
very similar to it.

295. The next paper to be considered is the report by Messra. Morelli and Urgnani
catitled "The uae of spongo_iron_in_an el.ctric atecl plant". The two topics dealt with
in this paper ares

(a) the usystem used for charging the directly-reduced material into the electric
steel-making furnace; and

(b) a comparison of thc operating results of two steelworks having gimilar plant but
one using scrap alone and the other using scrap with high proportions of directly-
reduced material.

26, Before describing in detail the specific system adopted for clectric-furnace
charging by TAMEA at Vera Crus (Mexico he euthor: obr.ofly review the other charging
systems and esplain vhy they were prompted to choogs thie precent laterel charging
gystem, in which the direntl;—-reduced matorial irn injected through an opening in the
furnacc weall.

27. I hone a discuscion on thiz subject amons the ciperts prosent will be pogssibla,
because the papers submitted do not point to 2 cole end -xc2luzive conzlusion conceming
tha systems used for charsging direetly-recduced matericl into eloctric stesl-making

b}

furnaces; it may be tiiat th: liscurcion will bring out the reacons why different mothods
have to be chouen.
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Ao 8o far as the cecond pert of the ponar by Mecurs, Doralli oans remani is concoerned.
it must be said that the rosulic vhich hnve been comparcn do not rolate to £l
amparable steel vlanti. However, 1t cocems <loar toad the 50 Ler et gponge=-1ron
charge did not lowar nroductivity, whilo there s o elioht intrease n elactric vower
consumption because I fae larpor quantity o slas cnused by ti - eponge~-iron's not
hnving bean prepared from a very hich-gre .. o

J9. Only very brief wention is mad: in the »aner 51 an improvement in the quality of the
vinished product through the use ¢f ni<h percentaycu of airocily~reduced materiz: in place
~f serap.  We should be pateful to the authors if in introducing their papers they

vould be good enough to iurnisa particuiars onabling us to form a peneral idea of this
gqualitative improvement and of ite eoonomic CONERqUINCaE.

3C. The next puper ix the roport by Meussrs. Kudrysvtsev and Pcholkin entitled
Poortimone smelting o8 et medallive oo TTo e T o 10 sdpie fumasc".  As the title
indicates, the report sonsiders the iatercsking noonles af charging hot lirectly-reduced
materia® into ~lectric steel-making fumacos. O tha bagis of ealoulations and tho
resulte of 4 very large nunber of tosin the authors cive fisures vhich leave no room for
doubt ar to the great cdvantate »f the hot charqe.

51+ 1f before being charged into the eloctric furnase the directly-reduced nellets ave
already at a temperature of 700-800°C, the smeltins time is reduced by 25-30 per cent
wnd the eloctric pover consumition is ~onzeauently lrver.

32, A comparicon of charges of hot sponse iron with charges of cold zeran shows that
the saving in clectric powar elfected by sre-heating tho sponge iron can offset the cxtra

povel consumption cauged by the preator guaniity of olae fram the apongn ivon, ovon at
S50 ke of slag ner bton ol ctecl.

23e Alongside the deta demonstrating the advanteses of hote-charging directly -reduced
material the authors have (evelopel practical formulae inter-relating on the one hand the
cegree of pre-heating of the sworge iron, the Jogree of metallization of tho sponge iron,
the ulagﬂqetul ratio and, tuactly, the componition of the sponge iron ond on the other the
size of furnace, itc productivity, and the s-acific consusptior of electric pover. The
technicians meeting here will certainly pay ¢lnze attention to the report by Mesors.
Kudryavtsev and Pchelkin, because the subject i of interest to 21l eleciric-furnace
sverlmiakers, whether they uce directly-reduced naterial or the conventional scrap process.

34+ The next report, by Messrs. Cosma and Hitirascu, considers o problem common to
countries having no coking coal but having hydrocarbons. In such countries it scems
iogical to employ a direct-reduction procecs to produce sponge iron for use as part of
the blast furnace charss 52 as to save coke, or for electric steel-maling .

5. On the use of sponge iron in the blast furnace the authors carricd out experiments
noa anall blast furnace of 0.7 m diameter, while the tects concerning the use of sponge
tvon in steel-making were carried out in electric fumcces of 0.5 and 5 t. The coke
onsumntion in the experimental blast furnace scemed to us to be very high., Af all
svents, the authors have iven precize infommation en the iotal savinge of coking coal
«hievable by using sponge ivon i the charqe.

76e  In acsessing the adventages and disadvantases of uning spongs iren in the blast
urnace and in the Glectflﬂ steel-making furnace the authors crlculated the maximum cost
ior cpongre iron thet could still be regarded s economic.,  They intend to carry out
Murther experinents in blast furnaces, and also in eleetric furnace: of highexr capacity.
In this connexion 1 very wach hope that vome of thc exnerts herc present will be able to
ive us experimental datr obtained elsovhere in sizilar research.
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Summa;x

This paper congiders the possibility of applyins in the blest furnace gome of

the techniques used in direct reduction, and thus of making blast furnace products
more competitive,

There is a orief description of one of these Sechnigues ~ an operation using
injectiong of hot reducing rases at the bottom of the shaft, with or without injections
of fuel 0il in the main tuyéres. “ith this technique, the blast furmace would offer
the same advantages as dircct reduction processes in the shaft Fumaca or in o
stationary shaft, and at the came time Lecome very flexible ag regards iiie tyve of
power recuired.

The conclusion is reached that tests in the blast furnace uiih combined
injections of hot re-Fformed Zases a2t the nottom of the shafi snd of fuel oil in
tuydres have demonstrated the technique's efficiency at tie »ilot stage, particularly
18 a means of reducing the coke/pig—iron ratio.

From the data for two plants with an ovhnut of 2 and 8 willion tous of gteel
per anhum respectively tne cost of producing pip i1von snd the ost of aroducing pree-
reduced pellete ritn a metallization rate ol 9) per ceat ves culculated. I vas
found that, for a wurice per Geal gas of 2 accounting units, the digcect seduction -
electric fumece method is not competitive vith tue Dlest fuiince-converter method
unless the price of coke exceeds (2.5 and 78 acccunting units ver ton [or the two
plants respectively. This situation only grows worse as tic rrice per Geal gas
increases.
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Shd thed by othe oeernoent of Lolir i

Prepered by« Mi, O, HVy P wigen, O
Blent Topecce md Uiveed, Yo0nohian L oratary,
Treenrast TotstTarcie i wecespeh Tastibute (1¢23)
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A

DU T

£ the letallurgical Ricerrch T <titute reemarch hoa cecn eonducted into oys of

obtaining the direct »eduction of ivn ores bv the use of methare., The research i
continuing. The cisg ig to ~roduce sponse iron for stecl-rsliine in olectyic iurmcces

and to produce pig iron in klcst furreces ity o 1oyer sparific consumption of eoke,

The preliminery reserrch ot the pilol Teve' wvar cestred on the nse of redncine
raser, outained Lv eoncerting rethen: wieh eir in tiliin . tarvs eee. The »lrnt designed
in accordence with thig wiocess 1 s prodiesd spoage iron f n reduction ratio of

coproxinately 95 por cont,  Densuse o he fai rly hi 1o adltroser eontent of reducins
vases, Lhe recerreh v ¢roevied ot

vith redueins sosen eantaioine pore then
3570 CO + 1,
o

C -
IS

L orvrocces Lina been desismed “macd o bae use of bhewse wranes Ln » shzft Purmnece.
The rasew are ohtainer ;v the converaion o wetl e i ti 200, T e arocenns provides for

redustion o.d fov Ihele rereneration by the
addition of wethonn, The methene is coner: .d +ith the 0 de ~ived from the iron ore
reduction procesns,

recycling ol the rrger disehrreed Jurine

Lxveriments to ceelop fne nrocess ere conducted .t TCHE in rilnt plant having
= capreity of too metvic toun of wponge iron per dev. The ~1:nt eonsiste of a verticel
abr £t furnace with o cuhic copacity of 2.2n'y tvo converters for regenersting ~nd
re-~hentine the sreen, ~nd Lvn vet serubbers rlso serviac s dey dust sepcrntorn,

The proceus ara plent hove mode 14 yoegible ©5 ohisin svonce Lroa ot pich reduction
vivios,

The exper2mente vere wide Lhh iran ore “rom [ Fie (fo) Ywine sndzon sontent of
L% wer cont. Gvonie iron rroduced ol ~ reductinn rtio ol 85 nar cent reeired o tolel
consumption nf 75 ‘Wm?/t of methine. Through » series of imnroverents Lt o oeen
nossible to recnce Liils consumpiion =ad lo produce cponze tron vick o ogeeeiflo aethone
consumption of lesn tlun 475 I~"-n',-"* .
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smIuRY

In contrast to the modern blagt furnace, which reduces iron ores mainly with the
carbon monoxide given off by ths fuel coke (exothermic process), reduction in the
electric arc furnace is carried out with solid carbon, in view of the lov shaft height,
or with the carbon monoxide reformed from the sarbon dioxide given off by the solid
carbon (heavily endothermi- process). Heat is nrovided by the electrical resistance
set up when the furnaco electrodes are immersed in the charge.

It will be appreciated that, for thesc reasons, reduction work carried out prioxr
to the electric furnace process will vsield substantially bigger savings in energy as
compared vith gimiloar conditions for the blast furnace nprocess. Again, the capacity
increase for the electric reduction furnace eas charged vith direct-reduced material

is considerably greater as compared with the blast furnace vrocess.

In the paper, the applicable values are discussged, and the effe-ts of charging
direct--reduced material into the electris reduction furnace are considered. Finally,
e report is given on actual resulte as obtained in the operation of an industrial-scale
direct-reduction plant vith linked electric reduction furnace.
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SUMILARY

Since the autwan of 1971, metallized pellets have been usad in the electric
steel pleni of Hemburger Strhlvorke Gmbl, for their stoeln meking nrocess.  Soth
the equinnont used rfoe continuous fencdin: operations nnd the nelting technique
epulied are described. "he renort concerns the metallurgicnl working operations
of melts smelted with metrllized iron ore pellets and sives particulars on the
reduction of feedins times rihieved by this process. lt nlso includes data on
pover consumption es iell o on improvements of the :lectrice] overating behaviour
during the smeltin: vrocess. In oddition gtevs made ftowards the improvement of
vall stability during the smelting of et lized iron ore vellets are discussed,

G 706617







Dictr,
ECONOMIC COMMISSION FOR EUROPE HSTRISTED
STEEL COMMITTEE SP8iL/ S Dir Red/Sum, 111-6
SEMINAR ON DIRECT REDUCTION OF IRON ORE: o I:r.y 187«
TECHNICAL AND ECONOMIC ASPECTS

Bucharest (Romania), 18-23 September 1972

TN et
L b
uA‘JL, [eFe

Criginel: FRECTH

FRESEIT ANy FUTURL AGFSCTS OF THE USE oy SEOLGE
AROU T ROMALILA

subzitted by Rowrnie

fathors: D, Comu, be juty Scientilic vipector

OV, HEt#rosow, Chia?, Bleot Farnsce
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SUFMARY

, The authors deacribe the conditiong under vhich the use nf snonge iron in blast
furnaces or slectro-furnaces sg » nerticd substitute for sared bhecoves

es advantegeous
for the Romenien steel industry. The renegons sre civer for Rouwanic's intercst in

applying direct reduction processes, perticularly those using naturcl ree,  The
results ol texts on the use of

sxence iron in bleost Surnecos and electro~furnaces
are bricfly stated,

inelysis o i ting conditions chove thet the use of gmonss iron is more

eeonomic in the slectro-{urnace than in the blist fumece, The cost o the furnesces
should therefore aot exceed one-quarter of the value o the ore required to make the
sponge iron,
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Because iv can be velled upon wo be fros Lo Latuov. admivtures, sponge iron is
used in a number o: counurice Jor gtoalenaliing i larnaces of up W -JJ vone ca pacluv
Tests and calculeationz haove siown thet tie smcma*ag o: 1ot mewallized nelleus requiros
the expenditure of lLess electoic pouver thon smelting vivh cold sciop cnd thobt this
advantege disapnoars onl;” uhwere uie slag lacLor rizes o » very high level (0,65 unere
the furnace efficiency iz €.0). Ia reccnt rears suuddes w’vc beein car"ioé ocuv in the
USS] on tl.e continuous smeliing g of ot (LLC071) wetcdlized (75=65/) veliews in C.5 and
10-ton furnaces. Tho vechnicel and economic indicea of Lu 8@ uvesLs are glver in tho
report,

Evperiments and calcwlabions have show: uhob asceneatod chargoes, uhsly dzgree of
metallizetion, the slag . octor cid Uhe speciiie comnuloicn of thoe meoval, deterdne the
dimensions of the electric iwnace, ius orodnctivitv, ils efficicne, and the specitic
consumption of clcectric pouer, these relationsuins beliv; epressed by speciiic
formulas; it has Lcen shom quu a cubscansial reduction in uhe consumptiosn of eleciric
pover used in smelulng, Wi oo co**aspoog*hb Taerease ia Uie producuiviil of electilce
furnaces, can ve atiained v, tic use oi 1ot rouwler o cotd meuelllzel pellois.
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Subniitted by the Governrent of Sruir

Prevared by liessrr. ROCULRO, BOYVED, XG:ITILG,
FEITACFQ and LRANGURT

Swmaxy
In the first prrt of the naper, drief cornente ~re given on the de-elopment of
prereduction in Spain. The interest in prereduced nroducts is justified by the
econonic problems erising in scrap supply and fror: the fact that Gprnish serap
prices exceed those prevciling in other furopern countiies. The naper gives
consideration to raw ixcterials and other factors +hich nay deternine the vioduction
of prereduced materia) a5 vell ps the location of pocsible full.--scele nlants.
Finelly, the authors present the current research prograwe oa the subject of
prereduction, which hes recently been ctarted by the i'stional Centre for lMetallurgical
Resesrch (Centro 'acionel de Investignciones Metzlurgicas - CTiTil), erd which will
last for four years,
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Sugmery

Tre paper surveys and Adiscusses dats (precticel experience, productivity,
congunption, otc.) on the uege cf produrts of iirect reduction in ele~tro-furnace
steel -making,

The data relate t- an ~lertrical steel-works which has been operating for five
yoars with a ~harge of 5C per cent gponge iron, and are compared with the data for
another steel-works with the asme layout and the same type ~f production operating
with a ncrmel rharge of 100 per ~ent scrap.

The sponge iren is cbtained in o Airect-reduction plant by the HylL (Mexico)
process.

The survey also exariines the probler. of continuous throushput of sponge iron
in theclectromfurnace by various proceescs,
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THIDO''s Tecanical Asvistance Activities in the
field of the lron end nieel Industry in-luding
Dizect Jedu-tion Procenses

L I N I T T T T e R T L B N et

Submivted vy the secretariat of UINIDU

Prepared by Mr. B.R. i jhavan

This background paper outlines the nature, type and sccpe of technicezl assistance
activities of UNIDO in the field of the iron and steel industry and also refers te the
technical assistence projects coucerning direct reduction piocesses for the production
of gponge iron.

Reference has also been made to supporting activities of UNIDO in the field of the
iron and steel industry including the nroposed “Third Interregionel Iron and Steel
Sympoeium" expected to be hold in Brazil during 197.. The apectrum of activity in
the above fields is as wide as it is interesting anc challenging and UHTDU is striving
to fulfil the demands made. ‘
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SUMMARY

The only feature coumon to all the existing direct redustion processges ic their
preference to melt the high metallized cwonge iron in are furnaces, The three boast
‘mown methods for this are the batch ~hargin. rrocecs, the IRSID orocess, and the
Contimelt process,

Already irou the mere description and discuseicn oy these nroccasee, it becores
obvious that the Contimelt procesus has the ;jresiest potential advantages. This is
mainly due to the capability of this process to increace the furnace productivity
by feeding and nelting the sponge iron continuously and carrying out the metallurgical
measures simultaneou~ly. There”ore the Contimelt process in Investigated in detail
from a theoretical and practical standpoint,

The theorctical part uses for the firet time the results of z mathematical wodel,
The influence of the main factors on the productivity and power consumpbion is
investisated under aefined conditions vhich arc typical for the production of carbon
steels in large arc furnaces., Under these conditions the productivity of the
conventionzl scrap melting arc furnace can be incrcased by up te 30 ner cent, The
value of this maxinum and the corrrsponding sponge iron percentagc in the charge
depends mainly on the duration of the refining period of all-scrap prectice. Under
the same conditions the power connsumption e slizhtly incresscd with rising sponge
iron ratios in the charpge, The slope is mainly influenced by the gangue content of
the sponge,

The theoretical findings are compared with the actual test results from
5 different arc fuirnaces beiny divided into 2 groups:

Group A, characterized by a furnace tap weight of 9C to 135 t confirms the theoretical
results completely, as follows:

(a) The productivity is increased by up to 20 per cent over all-scrap practice,
This maximun correspoynds to 10 - 25 per cent sponge iron in the charge.

(») The power consunption is steadily and slightly increased with increasing
sponge iron percentages,
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The tert recults c. group B do notl quite fit into the scope of the theoretical
preroquisites, beeausce the furnace top weight is only LU te 23 %, The only
productivity figure being available for thic group indicater a productivity increase
an high ac 49 per cent over all-.crap pr. *ice. In contrast to group A, the pover
consumption is 10 to 15 per cent below the alle-scrap level at 20 to 30 per cent of
aponge iron in the charge, Theexplanation for the dif ferent behaviour of large and
small furnacee is piven in the paper.

Further prectical aspects of the application of the Contimelt process are
described briefly. This includes the choice of the mest cuitable continuous charging
ecquipment. In this connexion, reasons are given why the rravity feeding through one
or three holes of the furnace ronf is preferable to slinger techniques through the
furnace cide wall or door,

The theoretical and practical findings alluw the following conclusionss

(a) The Contimelt process is cuperior to all the other sponge iron melting
processes including tho conventional all-scrap melting,

(b) The conversion costs ere uinimized and lower than for ali-scrap heats in the
range 10 to 30 per cent of sponge in the charge. In this range, the sponge
iron has its highest value which is above that of scrap.

(c) High percentagec of sponge in the charge are justified frou a nere coet
standpoint only if the Fe unit from sponge is cheaper than from scrap.
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