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BINEY

The author deseribes the basic criteria he bolicves should be
obnerved by those vhe miy be called wpon to cvaluate direct
reduction for the developing: matfore, and sose of the “pray
arees” he feels need to ke hetier wnderstood amd Judiciously

appraised.

Sone of the fumlaweutals applicable to a1l procesces are covered,
such as spompe fron reextdation and the Quality, sclection, awd
teatimg of ore, und the differing parameters which nply to
oponge irom prodhiction for the local mirket and for cxport.

Under the heading "Procces Sclection” he debates the relstive
merits of the "“moving bed” and "static bed” concepts, amd
vhether or wot gas commwmption is the esvential comparative
etiterion rather than total emergy cost and process el iefemey.




INTRODUCTION

There £ o burpeontn; derard tor tnduste.a! buieperdenoe n the doevelopt,
natfon. ot the werld and stoctmakdng factlitive ar. lochod EDOn s oan
essentfal first step. Gircet reduction will play a principal role in this
internal develoupoent and yrowth, o+ role (o which tt §« antguely applicahte,
It 1s hoped that Lhe proseutatfon nere of come of the cond huy o it awn
from the avtior's 1 years of closc acsocialion viih the subfect will help
toward a better indcrstanding of the preseat day aroblems of Lpplying direct
reduction to the wocd. of the developing countrics,

Prior to 1938 the sublect of Jdirect roductfon Leld Lite Le more than academic
interest lor the wujor steclmikers, There was abaovs  motion.d opposilion

by the established steel fraternily to the term ™ oy, Lron.”  Much of this
resistance was pen rated by the prmoters of dirce v luet{on making extra-
vagant clafms for the mapic qualitirs of wpowe dfrea v predict 4o that
divect reduction would put the blast furrace “out of sosfnens ' Sophiaticated
steeclmakers argued validly that the eronomfcs of dftec: rotdiiciion could not bhe
properly cvialuated without reliable comrercial-seale cost dnta [or the entire
steelmaking scquence from ore to lugot. Tiey also critictied pabiished plan
investment coat catimates limited to the boundatics of the redverion unlt unly
without including all the neecssary anclilary provesaing anl of fstve taciliting.,

An ensential ingredient also Yacking at that time war relia'le information
and operating expericnee on the cost and techulgue ot convertim  sponpe fron
to steel. This, of conrse, has underpone sipniticant chanpe iu the past 15
yeary and rellable clectric furnace operatin. dula ate now aveilable bised
on the conversion of millions of ton of sponpe lroa to steel,  In fact,
reduced iron, as sponpe lton, wetaliized pellees or briquettes, ts now widely
accepted by the metallurpfor and atcelmaker althe as a desitble source of
high-prade metallics. Almout without exception the majer ste! producern
around the world hive tested sponge fron fn most of the conver. fonal :teel-
making processces with pood resulty and have algo foorad {t stipe lor to scrap
as the coolant in uxvgen converters, However, ther is defini o need tor
the development of wew efficient nethods for meltfog ponpe {ren to produce
large quantitics of hot metal other thaw the ciecty iy frurnace.

Unfortunately, it is not a aimple matter to evaluate ) e appl icar ten of

direct reduction to (he developIng nations, There ate dintinet Jiflerences
between steclmaking with piy tron, scrap, and spomye iron, a:l generalizations
about operating cost, plant investment cost, op!imwm plant s;ze, profitahility,
etc., should not be mode without full knowledpge of t'. precent state of teche
nical development and the app! leability of cach of the iirect riduction pro-
cesges to the Individual cese,




In some localttic the ccommatr fa ines are mot ncarly sn restrictive as

one might assum od oo s o tame o tomrd te be acecptable at enre
pristaply Mph Yovele, partientaric uhoge prlitical, monctary and indu-irial
indrpendence arc a vital part ol 'he evaivation. This would not be tive in
highly industrialszed envivomme s « svch an Lo U.S.A., the Luropean Contlocut,
end Japan, o whero the prodhe bt 0 1o he sols in the world marhet, bat {1t =
wndeniably trie tn mamy covniri s wicre diroet roction is betmg “tudicd as
& means “or producin: strel [y loral comvmption to replace imported semie
fintnhcd or finishd atecl pyodicts, or raw miterials to produce steel.

There 18 11ttt dombe that the aduent of dircct go-hetfon has arrivod, but
it mist be tatellipently spolicd 1w the proper caviromment,

BAST YURMCY V5, PIRKCT TrimncTion

Attempts to compere the retattve viability for the devcloping netion of a
miti-millfon tom blaat turrace-coke oven complen and a 200,000 to 500,000
tom dircet-reduction jant are clearly freftiess and tesponnible for wmich
of the confusion swr vunding a propet eviluation of direct reduction in its
cam 1ight. BRefore the advent of dlicet reduction there was mo altermative
procedure readily svatlablc. Now that there 15, tt ia ntil] net sfwply o
matier of choesing owe or the other,

There oarc many devilopir, ronnttten whete smsll- ot intermedintc.scale stecl-
wvorks of 150,000 to 370,000 tuns por yerr $eo the aoplimm sfre, The runvems
tional melet-miilion tom biasl - Iarpace steelwork; ' ot the optimm x|

for most of there Jovethvna . .. 'mpractieable for othe § vquily conent
reasons.  In mort dovclopimg o antries there ts treci ftclent porulation

local demand, and puichasing |, ac1 te pstify tmttially such large-cale
tnntallet lone, The per prtaation nf fo-ing cochnpe eypensditures for the
importation of coking coul and the serlous Questicon of tte future avallsabilfity
Wit alse be considered. Pred -t o0 thuttop porblom: wre alue tvo arute fn
some dowalitaic to permit vl il L 2ed tarpe -~ -1, vindustien, wmd docoatratl ised
aren deve lopmeat wonld proc 'y e desicable,

The steelweiks for dovelop iy, cowmtrien chomld olge be maderste in size
becowne of the Fimame tmpe pocliom the tatoprated bt t furnace-coke oven
steel wil) compion preaont H s soecailed minimm cconomdc size has wadere
gone aowm: radical wpward rovistons over the pust 15 years., In 1958 a Teading
avthority comsidered the (1 imen ccommie nfzc intr:rated stecivorks was

ome alllion sanual roms. .o yeor tater he wis covwinerd that the fdeal
capacity was twe militon tcus, It is ww contemled Lhat the minimme « conomdc
size 15 not less than ther te fomr million tons,

1n comverting this (o mon-/, the problem of financin, s immediately apparent,
The investment cost per 1:m of crude {npot steel for o prasseroots i{stegrated
blast furmece-cohe: ovin cmplex in the ome to two million ton range is piven
in a United Mation. Enrepcan steel industry publication as rangieg from




$297 LS. uar anvual toe {0 the Uar At te S o Nevth At a with
SWIY hibme coa ideret the W itern Puro can ave oo, i o weans that one
is tared with S0 FTave aonn o W [ b iR brom oy cetrrl o to
Ewe ity biane Peae, vk v o peg R e bavel v o Jon he
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Yower ap 't et tho s e rowb s N N TR e N S RT2 iy
entatped In reacnn Do b Lament oo o oo oWt et

One all too atten heare the wtatcnont, "it the joral demand 05 fonealficlent
to Jusiffy tuc udutren coomembc oy 0 Blast furnace tompion, wo o will ol 1hye
surpluc tounape In the eoport ke b, It e 1 author's Tina opinion that
with rare cxaeption this vhilesophy 1u dowmed to lailere. The prejoect fn
the developing countiy should firt be feadble on the boots of local demandl,

Japan 15 hicapnntly cfted as an camphe which eoutd be cmalited by others

As a country able to sell steel compatitively in the world mokel oven thoingh
they nmst Import all the necessaly raw wdalertale.  Japan {s not am exeeption
to the rule; the Japanese nteol Induetry 4o f1rmly based on the local demand
of 75 wmiblion people in a hirhly {ndustriali.ed country with a highly ski!ted
and provduct ive work force with rolat v by high per capita sucour and pur-
chasing power, The 147 of thelr ateel production which is evported only
surven to duprove the level of productivity ol the home Indusiry, The first
concern of the Japanene <teel fndi e ry and govermment s anv slackening of
local dewmand; it could not survive on sted! exports alene,  Japaa §s alle to
sell competitively In the export moket becanse of the assure:d and higher
priced huac matket, a wuificd steerd policy, and the fimm support of the
govermment ,

SOME_FUNDAN NTALS

Perhops 1t would be helpful to e <emphasize at this point certain fundamental
and alwost axiomatic factors Foverning the cconondes of direct reduaction and
its application to steclmaking,

The nature and extent of cxtrancous elemente, compounds, and Impuritics
associated with iron ore and e manaet in *hich they are combined, Loth
chemically and physically, are wome of the eritfonl procvessing aand cconomie
variables with which ditcect veduetfon has to contend, Frem the steclmaker's
standpoinmt, it Is the {ron contont in which he 1+ primuily lutercsted; this,
and the degree to which the reduced ore or metatlized peliet iy free of con-
taminants, dircetly affect the ceonanles o hils operation and th quallty of
his product, ‘The problem o producing hichepradi metallie trom unite from
ores concalning jimpurities of wide varicty and state vaa vange from the
relatively simple to the extromely complea.

With the cxception of certain nomal absorption and chcmfcal side reactions
wvhich occur when passing a reducing gas at elevated tewperature through an




jron ore, such as partial sulphur removal or igultion loss, direct roduction
performs no Important function other than the remeval ol oxypen. It may
acem redundant to mentlon this cbvious tact, but It fs surprizing that direct
reduction 1is still reparced by some as o wagieal means teo hencflciats Yow-
grade iron ore. In other words, <illcr, alunina, shogphiorae., ropper, nickel,
etc,, will remain in the sponpe {ron f they ace present dn the ore. and
vhether or not the resulting spenge fron trom o piven taw m.terial can be
profitably processed te steel 4s the crux of tihe entire watter, Alter all,
it v possible to produce steel from almost am ore by iy process {: one
chooses to igrore the technical complicatfons and evpense, hitt no process
can utilize low-grade raw matcrials without exporlon tiy corvespondingly
poor economics. At sowc point in the transformation i is nocersary to
remove the ganguc coustituents, The croromic advantapes of using hipgheprade
ores or pclletized concentrates in the biast furnive aloe hold true tor direct
reduction.

&

When one considers that the * -1 capacity of a direct reductlion plant 19
measured in terms of Fe theou put, it follows that, it possible, extrameous
gangue in a low-grade ore should be removed as the first step in the procese
sequence where the iron losses associated with the upgrading of the raw
material have the lowest urit cost value. Such procedure also reducen the
proccesing cost and installed cost of the reduction plant per ton of iremn,
or, conversely, permits the processing of the maximum weight of iron units
for a given plant size.

There is an ecconomic 1imit end in some {nstances an absolute limit beyond
which an iron ore or sponge iron cannot he bencFiciated and, therefore, 100,
reduced sponge iron free of resjiduals cannot be mamifactured at a price low
enough for use im normal carbon-steel production. The basic problem, therce
fore, is the sconomic cvaluation of the debit which one must apply orainst
sponge iron for these factors and the establishment of debits and credits
for variations in residual oxysen, carbon contemt, and insalubles. Where
the economic balance lies betwern melting cost and beneficfation cost is a
factor which must bo determined {or cach eore, location, and steelmaking pro-
cces.

TWO_BASTC PROJECT IYVES

There are two broad arcas of application for direct reduction: (1) the conversion
of iron ure or fron oxide pellets to semi-finished or finished products in a
fully integrated steelworks and (2) the mamufacture of a highly metallized pro-
duct in pellet or briquetted Enmm for export sale. This material is referred

to by many names among which are sponpe iron, metallized pellets, pre-reduced
iron, melting stock, and a number of Lrade names for the reduced product in
briquetted form.

The first category is on firm ground; for example, the Grupo Acero HILSA in
Mexico has, to date, manufacturcd over {ive million tons of finished steel




products utitizirg three and one-higlt mitihon toa. of gomee {oon dn
130,000 electric formace hete . They cowdmoe 5ot ird old 1o 1ed ~beot

srd ctodp, tinplate, wite 00, cebar s Voohe stew o tary o weltddies v,
This coamme o Jal cxperfe s o v made $0 3 Ve b, bt fe Lt Py o e
ating data nece <ary to Cotermine the Snoectaert oot omertt me eoct factor:
rpplicable to other Tovalities  The Hy', Jir,o ot rediet on PHOLES . 00 o
nfzed todiv o as o coter A o tarety it cetenr o optioanle to it
variely o, o oo, localibios, v comigtime,

The majority of presre~tfve usces {n the dovilooing countries hove bren
smaller producers, and thely regtirements uve tatlen vithin the rempe of
200 to 600 Lens per day, A wmint-teslwork i most orlen Jdecired by pro.-
pective userr In these avens etther as 4 new irtuegrited d° rroredict lou
Instaliantic: or Ly the "Yel ware” Iutepration of an exlsting re-relline or
scrap-melting upeoration,

The second voterory ant, ultimarely, porbeps the most ttractive te the
production of hih-prade meiting stock ur senl-fimiched or finished product s
for export, which will involve much larrer plant sizen, 2000-4000 tons per
day. There {8 a taree potential narket for pre-reducced {ron in many Vooatlons,
For profitable production of such matrrfal, the relection of plant «ite, the
availabliiry of fucl, and the arade of ore or pellets, are of the utwmost fapor-
tance. Production cost uust be at an absoiute mlndrum, necossd tating larve-
scale production, chicap fuel, and an ore which, e {ts native state, ts elther
extremcly low fn ganeue, silfca, and other unlestrable restdual elewmenmts, or
vhich {s menatle to beneticl itlen and pelletizing,

If the sponge tron is to be trancported or shipped as a non-briquettcd end
product, oxide pellers shioald be verd as the basir vaw matorial rather than
lump ore, Sponpce tron produrcd from Ve cre js usnally toe IriaSlis for
transpoit and the peaalty Tor excescivo f{nes emld he probhibitive,

Minimum quality regudrement- have been paver ar B5-970 metaltjration, 1-9%7
irsolubles, ard 1-J. carbon, Stnce the Jeltvered cost of soh metattics
generally Includer a sizable tnerement for traneportat fon aod mist be sold
competitively with scrap in tin open marhet, the logistics of such programs
must be carcfully cvalvated,

Of almost cqual {mportance v *the developmert of sponae-fron melting stock
for global distribution 1 the ved of 4 comwun, ty marhet price for the
material. The cotablirbed steeimaker capmot € dnote spom.c fron withewt
reliable conversfon cost data derived free adeqiate scrle teats, MHe
frequent]y wiel s Lo perform these toste in hiv own plant un substantial
tonnages of representative matertul belore detiting 4m scceptable speciti-
cation and price.

In several gecgraphical areas direct-reduction plants to produce Miheprade
metallicrs for export vsing mitural gss and ox'de pellets appear econnuically




attractive Tran, Vercsooeta, aml Anetr Tla o poyy jrutariy fo-tunate in
this repar!, The furthor inteprated vonverston of spome lren to billet.
or tinfched products in sach Jocatioas, not onlv for toral (ovsnwption but
atse for expert, 's rocciving carctul serntiny and appgars Lo be on Hm
etonunic provud,

ORK,_ LRLUCTION

The texthook dofinltion nf or: as beiny "eme that ¢in be mineed apd processcd
at & profit” applier with equal validity to direct reduction, and the meaning
of the word "profit™ iv subject to all the ropollary cousiderations that might
apply to widely diverpenat local circwistances, and not pecesaarily confined Lo
money. Some importast factor:s relative te ore gquality should be emphasized at
this poini:

a. The fact that au fron orc le low in reifduals and has a high
Fe content does net assure that {t is cither reducible or
scceptable. Swolling amd decrcpitation tendencter 2t Wiph
tewperature in a reducing atmosphere may neccusitate pellete

f2img.

®. 1t should be predominantly hematite 4 it is to be used in
lump form, If it is magnetite, it con be peltctized to
fully cridize the magnetite to hematite during induration,
This alse eliminetes sulphur.

€. The porosily or permcability of the ore or pellet {9 very
significant,

d. The reducibility and qoantily of reductant requircd to reduce
lump ove is fur more unpredictable than whoen petlets are waed
and subjoct te mich wider vartation; in spocific inatances as
mach an YL o wmote,

Many ores, cven vhen pround to absolute wininum finencss, cannot be uppraded
or bemfiviated by cven the most sephisticated modern procedures bocause of
their interctitial bonded structure or cowposition, aund can only be utilized
by melting ani slayging-off the impurictices, The melting of large percoentagen
of gampue odvimmrnly requiren im reased conoumnt ion of fuel or clectrical
encrpy, but im certaln clreumstanc: s this may prove to be the mont tenable
altermative,

For exnsmple, for many vears steelmakors In Greut Britain provessed jron ores
which produced two tons of slay ner ton of metal, Oripimally, Hojalata y
Laming, 5. A., In Mexico profitably produced ateel in clectvde furnaces from
lump sponsc frem containtng 8-124 silica. One would, however, not proposc
to tramelate these exacl practices blindly to other locationa.




If avoidable, low-grade, high-pangue aponge tron should not be charpedd
directly into an ¢+ levt v - furnace or othe steelnaing proce:ss nialess th
ore cannot be upgralod Ly mechanical, {lota*ien,or wacnetic means. Tl
operating Jdifticultics using low-prade matevtals can be as lTorhtdding ax
the cost. [n the developiment ol iho Myl proces. g hipb=prade hoematLiv ore
with an drua content avpivg fro S0.087 4 vhiteood by ocooneni profore
ence, not technicel noces iy,

It ts aiso truc that pellets hove pooved peneraily superior to lump ore
due to thetr wntiorn size, which §s comdacive to bertor ras distribution
in the reloction ves el and yle'ds a more stable and physicallvy stronpes

product,

THE SCRAP AND FUEL QUESTION

Scrap and fuel availability and cost are having and will continue to have
& decided influence on the future growth of direct reduction. One will
effect 1t adversely in some lucations, the other, favorably. In nost of
the tndustrialized centers of the vorld, such as central Europe and the
North American Contivent, natural gpas and the lighter hydrocarbens are he-
coming difficult to obtain on a long-term contract basis. This will un-
questionably shift the center of gravity Jor the development of direct
reduction to those areas in which natural gas and the Hghter hydrocarvbons
are in plentiful supply.

For example, it appears likely that the fature aprlication of direct reduction
in the United States of America using pas or Hquid fuc! processes is extremely
doubtful. Soiid tuels are fn wuch more plentifal supply than either natural
ges or the lighter hydrocarbons, particulaily in the U,5.A,

To date the success of the ddrect-reduction processes using solid fuelg la:,
unfortunately, becn limited and it appears Itkely that the futurc use of

coal or other solid fucls will bLe through the medinm of total pasiticatlion,
Thus far, thc pasifics .jon processes have not been technically developed to

a high degree and the resuiting reduclng pas or elfluent par s prohibitively
expenslve. Many outstanding research and technticeal organizations in the
world arc working strenmousiy to find o solution to this problem, particularly
one which will produce n gas almilar to natural gag, 6r o pas which can be
used directly as a reductant without reforming,

The occurrence which has recently revitalized intervest in dircet reduction

s, of corsc, the escalating price of scrap in the world market. As a

rough approximation of the ceonomic paraueters fovolved, {f natural pas or
lighter hydrocarbons are available at » price of 35-4u¢ U.S, per million
Btu's, sponge irem can be produced from high-grade oxlde pellets competitively
with scrap at $40-45 per ton. Gan or naphitha available at 50-55% per million
Btu's cen produce sponge iron competitively with scrap at $50-5% per ton, If
the cost of scrap 1s $65 or higher, gascous fuel at 75-85¢ per million Btu’s
is distinctly vinble, and as of this writing scrap prices higher than $65
prevail in many places.




KENXIDATION

Me tendeney ol reducod Trow oside Lo Yose mctat 1ot by olow reoxidation
when copored to the «Niment , o with SUG Tapiddily thet thee waberiat ;-
pyrophioite, .o, burne WoNLotennte, b Beren oA wot o (of v jnr sipnl-
fleance fto the ententdal o0 (3 of (N preduct aed the S hiver, The it ot
Pirsl experience with thiv spbiecl wae in 1o, Al pvcav Taelng Stee?
Corporution in Mittshboroh, Penunylvang LS A LD wdviad that they were
exprrtercing o losn of U=U070 e Lot atton o Lie aer.idut fon in oo ocreuad
plle of N brigucettes which thev were testine as o worap sobstitnte 3o allo
steebimaking.  Atthoush the bifquettes were producod in poves fat ram preases
and were presumably boos porons than non=comee Led cvenee fren, they vere
not sufilcientiy wmpervioss to inhibit avsorprion of deafffcant amoant s of
excessive moisture when exposed to the eiement s,

A Joint research progras vae femediagely nedertalon by INYSA de Mexico and
The M, W, Yellogp Comprnv, o Divigiop of Fulime in arporgted, to sindy the
problem, using hriquetted and non-hriquetted cponse dron, A varicly oi anty-
oxidat fon txcatments, additives, tnhibivtors, sprays, and coatings were tested
under o wide range of conditfons, Tt was conedoded that, atthough seme wetir
effective, the cost assoctated with thedy application or their undesirabiltty
in stectmaking war prohibitive.

However, the most sipgnificant finding wvas Chat llyl. spenpc iron did not
reoxidize to any deletirious extent over ect el perinds of time {f protected
from wetting, f.c., ratn o surtace witer drafaape, and that compacting or
briquetting was not necescary.  Covered seciage was foumd Lo be the least
costly and effective wethod of preventing reoxidation,

The fact that Byl spenpe iron can he transported in pellier form withont
further compacting i« shipgndfie nt, strnee 1t has been found that briquctting
van entajl operativg and maintcenance problems s well ae high cast, Compact-
Ing retards the rate of reoxidation but doee not prevent it under all condi-
tlons; it only appears justitiol for the prrpuse of arplomerating the product
of the flujd-bed direct-reduct jon processes,

A "passivating' procedure has been developed by Midvex Lo partially reoxidlze
their reduced product and form a “pating’ of rust to inhiblt reoxidation ot
their pullets, which otherwise are pytophoric and must be stored in silos
under an inert-pas blanket. ‘thia treatment, of coucrse, entasls additional
cost and a loss of 27 metalliation.

The desinn of systems amd the handling techniques regired to prevent wetting
of the witerial from the time of s munuf acture through the varfous steps of
loading, transportation, unloading,and use [s not difiienlt., A specification
tor such an operstion was deve loped juintiy by Corporacion Vinczolana de Caayana
and Hojalata y Lamina, S. A,, and was successinlly cuployed in Lhand!ing a 1000 ;
ton shipment of lump sponge fron mumfactured in Mouterrey, Mexico, and rcturncd ;
by ship to Venezuela for open-hearth steclmaking tests. f

:
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86,000 metric tons o! reducced pelletz heve been shippe! tron fvaebla to
Monterrey, Mexico. {a open yondoly vailroad care - dodizrance of OO mila,
with regligibie Yeos of nwetallization.

The matter of orean FrANSpor !t has been dlgcinsed with aine o the major org
carrters who forcsee no g9et fenw problime tn walnlafvin: the reduced miteril
1o dry condtiion dur; o Plamanortaiten, patlaadar! o ju carse e Berle,

in which the katibes can ve s enjed. Panifleant progiese bas been marde §a
recolving the prebles of transportin,: spoenge froa,

PROCESS SF1DCT10N

In evalusting dlrect rednctien for domestic consvnption fa the developing
country, maxdmia ae of Jadigonous cav material, Lhould be carefully con-
sidered ever 1f ot lover prades One <howsd ae’ Le overly concerned

ehout adopting enly the wout nagern techntanes or (xternal competicive
pricing. 1t {s the inteinnd welfare of ethe nation that counte mot the
academics of the selution, For example, techinical purtst: have criticired
projects such as the Altos Hornng Zapla works In Argentina whMeh uscs Jow-
prade iron oce and a reductant made [rom cucalyptus tree rharecoal, specifi.
cally cultivated for the purpose, in low-shaft furmaces. Nevertheless,

ateel from thin plant ceuld hnve proved vitally important to the welfare of
the nation 1f imports were cut off fv times of emcrpency. Today, with direct
reduction available, Argeutina can be completely !ndependent of foreigr aupply.
It has botk natural gas and fron ore with which to fortify its steel capa-
bility, and ‘4 actively noving in thia direct fon,

Selecting the process which is beat suited to satisfy the local criteria and
conditions 18 a complex and sometimer frustrating problem becaunc some of the
loglcal process alternatives have yet to be comerclally dewmstrated to the
point where annual production cun be predicted with complete reliabtifty,
The success or faflure of the venture and the valldity of the conelusions
reached with respect to economic viablifty and profitabiiity re:.t solcly on
the contidence with which anpual productien can be predicted. Cash flow,
profitability, and labor, utility,and malntenance coats  are all contingent
oi achieving and sustainfng ronsistently the antlcipated tonnage .

No one direci reductien process wiil find univeraal application; the type of
ure, end use of the reduced 'roduct, availability and type ot fucl or eneryy,
and the problems of raw material and vroduct logisticn will dictatse one pto-
cess over another, at lcast in theory,

There ate four “asic types ol direct reduction processes currently in vopue
under eight names:

1. Static-bd
2. Moving-hed
3. Fluid-bed
4. Rotary kiln

iy,
M!dvex, Purofer, Armco
Esyc-Fior, U, 5, Stecl's Nu~Iron
SL/KN, Krupp




oo this 11et could be adde! a mew t aveling - v to proce s by Al
Chalwers. Of ther: elpht only founr, namelv, Wi, Midrey, SUL7RA and

Krapp 'iove been tested 1o commopcial areration. o, gl s Muoiv o

botr mol ve! st et Aty 10Ty crew: a4 perocrtae e L Vesoudta

el fe pavipg ~ortemre by pocttime ciffi o cltre . Anwo to el st artine
wp fre firet tr v Jlarion in Tewas, ", A, tear THor, Purcfer, and Allin-
thalmers have no commor bal tmsradlati o o ope st oo oy twaher comsts -
tiom Midrex bae fonr plauta in emerargon, one {n crthand, Oiepnnn, U 5 AL,
ome In Leorypot e, omith Corelian, U5, A, one (= Himbursy, (@ermany, s}
the moat tecent vae, wlisch atarted-ap tn mla-April o) tnls year, tor sidbec
in Copada. A caaber o ESPY amd rrupr colidt tucd Lope el ints hoye e
buflt and "perated.

The four iYL cormercial fnstailations are overating at 1195 of thelr  om-
bined rated copactty, Fhe SL/RN nlanta have bhad ccrious probhicem; reaching
and nustainim producticn at presevibed loevels and two plants have been
abamdoned, one for Incnon lrom & Steel in South Lorca and the other for
Falconbridye Nickel in Canada. Overall performunce couid be rated at less
than 50L of rated capwfty. The first three Midrex plants have Wt achleved
thelr rated production of 400,000 wettic toms of peliets per anmwm for a
mustained period of one calendar year. The combipncd overall outpnt te
date has been less than 607 of rited capacity. The latest Nideen tnatatl
Tation has not been im operntion long envugh to permit an evaluation of the
long-terw prospects.

As one would expect, there fs a vide differcnie of opinton as to the retativ
merits of the so-called moving-bed, fluid-hed, and static-bed processes., It
is [vequently asserted that » movinp-bed or [luld-bed concept s continsows

wherean a stitic-bed s a batch operation and, erpo, contimious mint be better.

Those who have the unenvishble responsibility of mibing a selection and accepl-
ing or rejecting the vnlidity of this comtent fon should examine this state-
ment with a goodly measure of skepticism,

One can evaluate direct reduction either from the standpoint of the theare-
ticlan or from the atandpoint of the responsible (xecvtive whoge primary
cuncern {s capltal cost, preductivn cost, assured tommape, and consintent
and urinterrupied plant performance,

The policy of UNIDC to recomend unly those processes with at least twe vears
nf austiincd commrrcial vpecstion ftoem which ta evaluat: perforasnne Is abro-
lutely scund. This perind of tine is requited to develop rearlistic eftfclemy
Factors, anmial consumpiion data and maintenance amd vperating costs, HMamy of

the faternitional banking fustitutions 3170 reouite veritied proofl ef suceess-

ful performance. The Export-import kank uf the Tinited tates is very fivm on
thin point.

1t is the author's comtention that the theoret!~lan's concept and the vespow.
sible exccutive's concept are compatible 1f Loth understand the basic assets

*




and liabtlilice o, the sevo: ! $TOE 7 5 oane trure toBiorply Inef st [ (P
firatihand confirmition ol *he resvlis 18 4 "ut' pertormire

These 17¢ the fonderert vo ¢ fneert. re pr ele il bove been fne
"()'ﬂ(?‘ i the demipn o the oadorm s Creet e by Lo plams

A, Nomviag cards b e reae o ayrtem and b e gy,
part: wk stovor suhledc tod to biph o oo terge

b, Lrmg refractory 1fe. o fult reoto Linin, replacement
In 12 venrs,?

r, Wo physical deyradaticon of redvied matert l,

4. Wo catalyst suiphwur potsonin,. (Five-year 1ile.)
e. Plant rhutdown rt roquired for repales,

f. A conl and non-pyropheric product,

K. Pliect wpetator contsol ol wetallization, corbon content,
retention tinc, and teagerature,

h. Lowest maintemance coot.

§. Nigheat on-stream eitteioncy (9.9%7),

. Lewest operatiag rose,

8. Lowrst capiial <ot pet amsual ton,

1. Can barndlc lumn ove, 1! degieed.

% Bo bridging, secretfonn ug cluster forsation i the rescter,
B Mo chamneling 01 "rat-hol ‘ng” ol gas throwph the reactor bed.

1t 10 these ttributes whi-h acrcount for the demonstrated reliabil ity of
the Wyl pioness.

The Wyl process employs a fixed st itic-hed reactor fn vhich ihe lump from
ore of pellel te be reduced rewal s at res* throurhout the entire sequetce
of chemicl ~hanres vat?l it ta 1. harsed, This otiurs tn exh resctor
every tuelwe hours in the stamdard cvele., 1n th: fout-reactor plant spomge
irom fs dlacharyed wvery tintee hours.

The Nyl proceas eperstes 2t the highest temperature the ore or pelliet con
tolevate without fusing. The Mexicin pellets are reduced ot a temperature
of appronimitely 950VC. When diecharged, the product 1s cold and mou-

pyvephoric.
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Reducing gas tewperature is under the operator’'s control and can be
altered at will. The reducing gas s produced from natural gas in

M. ¥. Kellogg steam methane catalytic relormers for which Pullman Incor-
poratrd owns the patents.

Process cycle time and, therefore, the degree of reduction ls under the
operator's direct control and can be adjusted to manufacture a partially
reducec or a higiily rcduced product.

The Hyl. reactor system can be shut down and started up in a matter of
hours without removing the material in the reactor vesseln Tach reactor
cin be inspected and maintenance performed without plant shutdown.

The Wyl process is not discontinuous tc any greater extent than a blast
furnace operation could be terwed discontimious., One reactor io being
unlesded and recharged while the other three are in primary, secondary,

or cooling position. There is no interruption to the process, the reduction
operation Ls continuous; the flow of reducing gas is continuous,

The fluid-bed processes were originally developed by oil companies with
years of experience in fluid-bed catalytic cracking. It was poatulated

that, ueing this technique, powdered iron ore could be reduced at very high
mtes, under absolutcly uniform process conditions, thereby achieving the
lovest powsible capital and operating cost per ton., As it developed, the
fluid-bed proved an erratic performer with ironm ore and frequently lost

ite fluidity and "siumped” without warning. It is also necessery to per-
form the reduction in a multiple-bed reactor in which the fluidized material
{s trannferred at regular intervals of time from one level to the next. The
teduced fines product has then to be briquetted for use and to prevent
reoxidation. )
The slumping tendencies have Leen cured, but the low capital-cost objective
apparently has not materialized and briquetting still remains a major probe
len. This system would appear to have good potential if preceded by a
beneficiation plant which could provide a high-grade concentrate or where
high-grade ore fincs are available, as in Venezuela,

Let us examine objectively the qucstion mest often raised in comparing

the relative merits of the several processcs; namcly, gas consumption,

The proponents of the continuous processes do not present their

cata on an actual annual basis, but report fuel consumption on the basis of
their best sustained rur, whether it be a matter of hours or days, and do
not take imto account delays in down time for repairs, msintenance, or other
interruptions during which therc is a non-productive use of gas. There 18 a
significant difference when reporting gas consumption on an annual basis
versus consumption for a period of maximum production in which no interrup-
tions ot delays occur,
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For example, at the Myl plants in Mexivo the gas o relomers operate ot .-
ously and the agprepate of the reter readings for the entire vear const tules
the Lrue total gas consumption for the ploni . Tie qverane consumption per
ton 48 derived by dividing this total by the acioal rouniy; - prodaced, which
takes into account ail! variations in prodivction 'cved due to delnvs fnom

any and all causes. The publiched fignes Yor 1l yas consumpt fon go pot
1epresent the porformance ot #)e el procesn wien operating at mas inam
cffictency,

At the Puebla works the actual average annoal pay conmsumption a8 Lpproxf-
mately 17,05 x 100 Bta's per metric Lon of - edneed pellets,  Comparing the
anmual average Puebla redivoed pellet productinn rate of B¥ ametric tons per
day versus the maximum or best dav of 920 wetric tons results lu the ollow-
ing:

g%—g- x 17,05 x 10°% w1y .4 A 100 fan per wetric ton of redeecd

- pelleto. (The pubtished theoreiivayl con-
sumption 1w Midiex in i%.0 » 19" per wetrlc
ton of pellete.

Therefore, 15.4 x 100 ney vepreseats what mipht be cailed the optivum gas
consumption for the thyl. process and corresponda to the tvpe of theorcttcal
value published by others.

Swindell-Dressler and IN1.SA have never used this nusber or this method of
annlysis becavsc 11 L& thetlr {frm conviction that the economics and profit-
ability of a project must he based on anmual consumption values, wvhich iy
the only true basis lor apprateing process poeriovrmince.

the electric power requircaent lor the vl procesy ds 7.5 kilewatt- hours
petr metric Lon of sponye {ron; fur Midrex at Hamburg, 1t 15 18% kilowatt
hwrs,

With pax at $.70 U.S. per MM ity and electr - power at $.01 .S, per kilo-
uatt hour, a dircet cnerpy cost comparison of Hyl "actudl" versus Midrex
"theorerical" would be:

Hyl Midrex

17.05 MM Rtu @ $,30 5.12
7.5 MR @ §,01 .07
15.0 MM Bty @ $.30 < &,50
185 Wi ¢ $.01 1.85
Total $(U.S.)/Mctric Ton 5.19 .35

On an equal theoretical consumption basis, f.e., Myl at 15.4 x 100 Btu,
Midrex at 15.0 x 106, the cost differential favoring Hyl. would be $1.606
per ton.




Of muh greace: shyrobaconee than pao conrumption s the cbfeet L proceas
efibchency factor has e mimfarturfeg cost,

Let u: assn . that L oredaction ot ort e for procc.: U¥Y and procoss " are
tated A1 the wowe arual production conacity and plant VX" actually pro-
duces IOV of 1ts rated aumual termape (eoiclency facvter 1.0), vheteas
plant ¥ prosdon e oniy 6 Sobl vy fackor G,

It onc furtlier e macs tha the capital charpes tor depreciation, insurance,
tanes, intcrest, oty ., wofal, sav, 150 of the plant cust por anmual tou,
which, fer arcuwwmt’' L ve, we ext Bligh o0 545 U.S, for both procesnes, the
capltl charpe cogone b ot mfastaring cosl for process X" ir 56,75 per
towm and $14.7% Tor procern: W)Y

This Adfferemt ;al of $:.%0 por ton, due solely to & diiference in process
reliability, 1~ the cquivalont of a 15,0 Mt Bty encryy debit apainst process
Y owith pas at .0 per 0w,

In the ptocess ~omparirons piven in the literature on the subject of direct
reduction, nu attempt (2 mide to incorpoerate this all-rusent fal variant,

The converae Lo exprossing the impact of the efficiency factor tn terms of
an ewmnyy debi’ would be clther ko evaluate the plant cost per amual ton
for proccas “X™ at 4% and sssipgn te process 'Y an "effective" capital

eont of 7% per anmial ton or, more precisely, earabliish a realistic and
{actual Lower production ratine for aroccss "Y,” After all, adjusting the
produc tion coct or plant ort discrepancy aiter the fact docs not compensate
for the sl .ing tounape thh purchaser cxpected,

AFTER 3r1CTTON

Experien-¢ has =shown that cortun basic roquirements of the financiag
foastitution: miit be met ali:r the process select {fon has heen made before
taplementation of the projoct can materfalizo, Among thoese are:

8. A comprebenalve fvaslbitity study by an Undependent
ronsultant .

b, A thortour) marl.t survey,
€e A complete finirclil onalysis,
4., Previston for vprrator tralning,

e, Avatlability of operating peraonnel for a 1imited
period.

f. Initial smagement of the facdlity.

g. Techmical or advizory participation of a recognized
eperat ing roapany,

b, Deftmitive projuct ratimate,




TYEL SOURCES

The nreferred nource of reductant e retiormed nitural san tolloved {n

order of increasing plunt »nd operating cost by Tigquetjod petroicum e
(propine, butane), virgin raphitha (35001, endpointy) and {uel oi), In

crder to utilize Tuel of!, the reducing c s amst be pemogted by pavti.?
oxidatfon ot the oil requiring the addliing of o o¥yxew plant,  The pro-
cess for the production of this gas, as well ru the manulactuee of the
reducing gas trom the lighter fuele glven above | 14 fdeptical (o that
employed for the ranufacture of rvinthesds a8 for the production of wmond o,
However, the compeatition ol the vis produced by the partial oxidation ot
fuel oil 15 diffcrent from the others and has nat been tried o a coumercial
scale in the Wyl process. The use of fuel oll cuan be designated, therelore,
as technically feasiblie but unsupported by adequate test data,

Broadly spcaking, almost iy mixture of carbon monox{de and hydrogen can
be used, but it should be noted that refinery off-pas, coke-oven sas, etc.,
are usually subject to wide varfations in compositiom, may have to he
compressed, and generally are not available in sufficient quantity for
meaningful exploitation.

The solid fuel procesacs are extremely sensitive to variations in fuel com-
position and chnmctcristira, and no conclusrions should be drawn on their
applicability without tests on o substantial scale by competent authorities
with adequate facilities.

TESTING TACILITIES AND PROCEMIRES

Befere any assumptions can be mrde or conclusions drawn as to the accept -
ability of an lron ore for direct reductlon, it must be tested on an
adcquate scale. There 18 no vdy Lo avoid this, nor the expenve, and it

is absolutely casential to the preparation of a defintitive preject feact-
bility and profitability study without which firancing will be difficult,
1f not imposgible to arrange. 1t Is {mpossible for the prospective client
or the engineer to correlate technical and econemic feasibility withont
taking the necessary steps to develop essential data, The proper develop-
ment of these datu requires the perfommince of appropriate testg against
which lacal cost factors can be anplied.

Complete facilities for ore testing are available both at the works of
Hojalata y Lamina 1n Mexico and At the rescarch facilitices of Swindell-
Uressler Company in the United States.  Thesc ranpe from bench-scale
facilities For the testing of cubed ore samples and individual pellets to
full-scale production runs in the Mexican plants, and can include, i(
desircd, the conversion in the electric furnaces to sauple inpots or billets
and further processing to finished pruoducts.

A pilot plant is available at Monterrey, Mexico, and calibrated aguinst the
commerciul units so that it s pessible te oblain process data necessary to




design and guarantec Il plants to accommodate the variety ol iron ores
or pellets the prospective (lient submite for evajuation.

The pilot plant has all the basic process vycle featore . of the commereial
vults ond fe desfpred with o depth of bed idemtfoal to the larve yeartors,
The pliot reactor holds a charve of «ix tens for cacly test vun,  The piloc
plant Is fully Jastiomented and can establish any doslred process stone
lation. Teuat results are cosputericed tor officicuy and accurate compu-
tation,

The following are crcevpls from the of ficial sales poliecy manual on "Testing
Irocedure” issued by Swindell=Dreusler Company, the world-wide sales and
licensing ageucy for the Byl process and applics to cither lump ore or
pcellets,

"The test program procedures deslgnated Phase 1 and Phane 11
are outlinred below:

"Phasc 1

a. The clienf mist furnish, for preliminary testing, 50 kilos
of a representative sample of the ore he proposcs to use.
The orc should be shipped in secaled druma,

After recclpt of the ore, appropriate teats will be made to
develop preliminary data in three important areas:

(1) The reducibility of the ore relative to the
Mexican ore standard,

(2) The probable processing steps required to cone
vert the ore to the dJdesired end product,

(3) The schicdule of tests required for Phase JI,

c. A repurt will be prepared for the client setting forth the
results of the tests and further recommendations,

"PBE!(’_LI,

Predicated on the findings jn Phasc 1, any or all of the {ollow-
ing tests wmight be indicatcd for Phase Ll:

a. Crushing and prinding
b. Beneficiation
¢, Pelletizing

d. Reduction

e. Melting and finishing in the clcetric furnace.”
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The Phase T reduclbllfty teat 1 nertormed at Mouterre: ind 1 te rwed .
"bag test.”! 1ve or more taall repreront i arptea o 0ty eVion Ta
are placed in metalltic wive baga and avserted of difoorear levels op
locations ln ihie comaeae] sl re ciorg L O O S B O O S T AU N
samples of Lhc watn conrpe of Jleddoai ore. Afte DT iy, Lok AP
to the full norwa! op rtoving oyvele, tae st are e el i !
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reaelors are unboaded, pleced (0 veaded ontataer W cptaatery e iticd,
snd removed to-the lrboratory.  The cltent's saayie and (he Mexioon cuntrel
aauple are then analysed [ov couparative enults,

If the Phare I vesulis shou that tiv devree of reduction aped phyeical
tharacter ol the spence iron arc quilitatively cqual to or better thin the
Mexican control sampie, the conditionn of time, temperature. gas constmption,
etc., established for the commerciol mnit appear applicable to the ¢ liemt '«
ore and prelduinuy projected plant cconomics can be plven,

1{ the Phave I results are net comparable, pllot-plant testing may have te
be undertaken to astablish a preliminary evaluation of the orv-processing
characteristics to establishi quantitative iifferences.

A favorable prognueis in Ph.se ! doer not necensard ly assure the techmicst
succers of the laryer wcale Phage 1L program and no (irw pasition can be
established until the work in Phase 1 hns been completed and evaluated.

On the basis of succensful Phase [1 tests, processing 'nformitfon and
data will be eatablished, 4 definitive catimate of plant and operatine
costs prepared, and 4 perfommance guarintee piven. The quant ity of ore
needed fnr Phase 11 dependa upon the number umd cowplextty of the tests;
the normal requirement ia 50 tons of a truly represratative sample for
test d. "reduction' only. 1If teats a., b., ¢,, and @. are neccssary or
desired, correspondingly larger tonnapes of ore will be necespary, Unly
test d. is required if oxide pellets are jurnished.

YL PLANIS

The first 75,000 mctric ton per year commercial lyl, plant was fastalled .
in the stcelworks ol Hojalata y Lamina, S. A. §n Monterrey, Mexicu, and
began operatfon in 1957 and has been in operation ever since. It is curs
rently producing 92,500 metric tons per vear. The wecom! plant for Mojalata
y Lamina, S, A., inftially cated at 187,500 metric tons por year, commenced
operation in 1960 and has also been un stream slrce that time, It fs qur-
rently producing 238,000 metric tons of reduced pellets ;o= year.

The third plant, identical to the second plant built for HYLSA, war in-
stalled for Tubos de Accro de Mexico S. A. (TAMSA), the largest seomless
pipe and tubing manufacturer in Mexico, locnted in Veracruz, Moxico. This
plant started up im 1967 and is currcently operating at 177,000 metric tons
per year,




The fonrth Bub plame was buatt for INLSAKEX at Puebia, Merice, amd startod
wp In 1809 Oricinod ' dosfemd to nroduce 775,006 tons of redueed product
apraatly, 8t ta currsat i proddeejpe JRG 000 Letrlo tons poe vear,

ACCEEIN WL §laut er ot Fa Pty bryit, fee Sadee Sldosar, Do o Badita,
%, A, (PTEA ddent i b to th place ot Puebly deeg Thed ahove, and cua-
»’t(‘"'!E'd [+ XY rat o, thyr ve e

The sivth (yl otamt for LA ta under conntimetfon fn Montoerroy, Mesira,
and wil) cowmonie one matd sne ir Decenher of FhE: vear. It 2411 have n

ceparity of $15 000 aetrde tors of roduced o flets,

A centeact for o seventh plant was alpoed In June of this year with
Sider Pellac . A, of Ath ms, treeee, with o design capacity of 280,000
wotrie tons per year,

Vith the edditlon of thome three new instaliation:, the toiul production
of all Wyl plants will reuch 1,695,000 metric tons per year.

In recemt wonths artizles have appearcd in the tochntcal media exprocalng
serims dowbts os Lo whetmer the advent of ditect veduction has traly
arrived. They wonder about the protracted start-up periods some of the
newer proceases are experiencing aftec carlier videly=public ! prognosts
o' imminent wucie.s, And ploat gt downs after scrious fFinunclai Llesses
cavsed by fallure to reach predicted production,

This 18 creating a distinct dircct-reduction “creditability gap.” This
“ereditubility pap” 1s not without {mundation In fact, With the sinple
exteption of the Wyl process, there 4s still o plarine tack of substantive
plamt uperating data which can be used by the analyst as representing truly
comparsble statistics.

Miaring fron the Hterature and moctings such as this one {4 intormation ou
vy plants failcd, and actual operating date and productior cests,

™he limbted sucecs: achleved to date by some of the teading contenders and
the underntandable reluctance of their sponsors Lo disclese ciarifying
tnformit hon mabes It impocnible tor the analyst to evaluate with confldenec
the ful) gamut o process altermatives theoretically applicable to the
tudividea! noed of the developing mafion,

It 4s wp te the davestipator and the prospective client te rectify thie
sitnation by demanding firsthand veriflcation and detailed information and
data vm the remits and cperating oxperbence for all processes, including

a complete record of down-!ime and operating upsets and their causes, and

the rost of maintemance ond repairs, for 4 period of not less than 18 conacc-
utive wonths.
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With this information an efffciency factor can be established for each
process and applicd {apartially in the comparative cviluation,

1f a full and romprebensive response 13 not forthcoming, the process
should be remaved from contention In the comparison, regpavdless of the
stature and antoecedents of the gpoasor-~CAVFAT LMPTOR!







