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The dovelepment of dircot roduction prooceosses gainod cffedtive
impetus during the late 1950%s in tho wake of hocvily meunting come
sumption of high grade mectallurgical coking coals amd their in-
oreasing doplotion and consequcnt shorteges in coertain countrios
but primarily with the objoctive of dovoloping iromemoking proccsses
altemmativo to iren smolting in thc blast furnace. Oonsiderable
Painstaking researches, dcvelopmont work and pilot plant trials have
boon undortaken to dovelep dircot reduction processes for the pro=
dwotion of sponge iron frem iron ores based on the usc of gascous,
liquid and solid fossil fucls including non=metallurgical, poerly
ooking or nommoceking coale and anthracitc. Around the 60's, the
interost in dircot rcduction procccses somowhat rcoeded inte the
background owing to romarkable ohanges and im rovemcnts in blast
furnace bechnology for iron production pariempassu with lowored coke
rates attained dwring iren smelting in the blast furnace by the ine
Jection of stoam, liquid and gaseous fuels and in some cases of
pulverised ml/eil slurrics through she blast furmacc tuyoren fole
lowing the attaimment of high air bdlast tcmperatures and in seme
oanes, concurrently with oxygon cnriohment of tho air dlast, Ade
ditionslly, multitude of direct reduction proccesos floodod the
technical literature making otill morc muititudo olaims, In the
mase of all pervading claims mado LY a vast array of direct muucl’
precessos, tho metallurgioal werld nceded a breather to sert out
and scrutinise the rival claims and mere se, the dewveloping cowntries
of the mu. In the later years, howcver, tho intercst in direcs
reduction processes significantly resc following the swcessful ceme
mercial soalo operetions of a few of the dircot roduction precesses
insluding the HYL direct redwotion Procoss based om the use of matwrel
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g8, Novcrtheless, thoe choicc of dircct reduction proccesos bacame rigidly
seleotive in thuir tochnoloyy and industricl scnle -ppliocations; partiocw-
lurly in the brockground of a country's rrw mterials' roazources, 0ege chorp
~nd abundant natural cas ond oil, their ready availability -nd shopte e of
classic tcolmology ~nd industrial practices nnd particularly so aftcr the
myriad of numcrous fastesprung dircct reduction procezses had fallum by the
wayside in tho industrial race and only thosc that had withatcod the cconomic
porameturs and teohnical up=scaling by the motallurgicnl induatry, woro
advooated, One of tlc most successful, if not tho most succossful dircet
reduction process, is what has comc to be known ~s the IYL direct roduction
process bnsed on the use of notur~l gas for offectin:: dircet roduction of
the oxidos of iron and supplying the thermol needs of the proccss. This
then ie the goncral bhackground of the UNIDO mission which recently visitod
Mexioo to study the HYL direct reduction process not only from the point of
viow of its inherent metollurgical -nd industrial scale succese but also
more specifiocally for examining its potential apnlications in various do~
voloping countrics in differont resions of the world such as Iran, Gabon,
Algoria, Taiwan, Iraq, Kuwait, besides othcrs in Latin Amcrica, oto. that

have beon endowed by naturs with ~hvw»aant resources of cheap natural gas and

in some oase:, supplcmentc? Ly oqually rich and hich quality reserves >f iron .

ores., My countrios anl recions are today partly utilising their natural re--
sources and in some onrses none at all. Tho aim of the UNIDO miasion therofore
was $0 oritic~lly study the HYL direct recduotion proocss for the produotion of
spone iron as followed in HMexico, examine {ts mctallurgical and coonomic po-
tentialities on full oommcroinl and industrinl scalc with a view to define arcas

an! soope for its inlustrial scale implementation, should its utilisation over-
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soas in developing countrios be considercd motallurgically foasidlo

and oemmuy acocptadble = suoh an objective indecd requires a

oembined study of many spooific and intorlinked parametors including

intepmelia the following:

1,

&
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T

losallurgical foasibility of the HYL dircct

roduction procoss bascd om high quality iven .

orcs omployins cheap and abundant natural gas
for tho cconomic production of sporige irom amd
convorsien of the latter $o different grades of
stoels.

Aveilability of stoel sorap in genoral and that
of classificd, pedigroc stecl sorap in particular
in various rogions,

The quality and availsbility in rescrves of
iron ercn, Their physioal, chemical and
motallurgical charactoristics inclwding their
reducibility dates

™e prioc struoturc of thc natupal gas, its
availability, distridution ond dolivory systom.
T™he awveilability and priocc structurc of solid,
motallurgical grade fucls in the country,

The regional and interwrcgional trnde and
norhet survey and requiroments of plain carbem,
nild and structural stocls bosides allay, toel,
spocinl and stainloss stecls in tho region vie-
a=vis homo consumption and oxport potential,

T™e status of iron and stoel industry and that

of light, modiwm and hcavy congincoring industrios -
in the pegion covcring home roquirements and
pessible export potontial,

Availability and price structure of clectrioc
powor in shc rogiom, partiocularly for electric
steolemeking rrd stoclepolling purposcs,

™o status of heavy plant oquipment and machinosy
manufacturing industrics in the country; the retie
of indigonous to imported oquipment and machinery
roguired,

The rosourcos of capital finanes imel
roquisite foreign exchange of the region
hoawy plants ostablishment,

e statun of traincd manpower in mochanieal,
mtallupgical, chemical amd electrical indwstries
inolwding suporvision and menagerial porsomnel,
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™o 1YL planto are in full swoccssful production at ti.c Monterray
works of thc Hojalata y Leminn S..l- - the firct known as 1'Bel is a
200 motric tons/day plant of totol iron in tio £ore of sponge iron with
38 *por oont of mctallizatioﬂ. e scoond plant also at ‘onterrcy,
kmown as FB=11 is algo curcently in full production with nominal pro-
duotion cap city of 500 motric tons of total iron por day. The 200
tons por day IYL unit at Montorrcy originally produccd hot sponge iron
in lump form, which wne transported o short distance in metal charging
hopnors to the melt shop and converted to steel in the eleotric furnacos.
Tho carbon contont of the sponge was approximatoly 5 per coent and ro-
quircd the addition of graphitc during the melting and finishing
oporations, The oporation of tho 200 tor plant was revisoed aftcer tho
successful porformance of the 500 ton plant to produoc cold spongo
iron by thc addition of the cooling cycle.

The prodncf from the 200 ton plant mow contains combincd
carbon avoraging 1 per cont to 1 1/2 per cont and ie transported and
oharged to tho olcctric fumnaces as initially designed, The 500 ton
por day plant produces cold sponge iron which aver:gos 1 1/2 - 2 per
eont ocombined carbon and is handlod by conveyors, storod in hoppers,
and charged %0 the electric furnncos in lm form without scrcening
or cempacting,

In tho 200 ton unit, tho reactors arc built in two flanged

sections, Aftor optimum reduction is oompleto, the lowcr scotion is

lowercd and rolled out to a discharge point and the reduced product

dumpod 1'{1% a portable hopper, In tho 500 ton unit, th. reactors

remain fized and the reduced orc ic romovod by means of a boring
dovice through a discharge port in the bettom direotly on to a ocone

m“" systom,
/
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The 200 ton unit utilises fivc renctors, cach capable of
holding 13 tons of oré. Tho 500 ton unit usos four reactors, each
capoblc of holding 125 toms of orce

Work has stortod on o third plant of 500 tons/day for lojalata
7 Lamina near Mexico City (Pucbla) as a spearhcad of a completoly new
intcgretod stool works, Another plant of 500 tons/day cap-oity of Tubos
do Acore de Moxico SA (Tomsn).at Vera Orus in !oxico has successfully
complotod its production trials and is now in commoroinl scale operate
uﬁ. Tho ootablishmont of an HYL plant for a 500 tons/day output
is now in dbluc print stages for Usina Sidorurgica de Bahia SA (Umida).
Table I givos the latost production figurcs of the Montorrey plant
P11, Motnllisation roprescnts the percontage of total irom which
has boen converted to the metallic Fo « the unmotallised iron is assumed
% bo in the form of 76O which reprosonts partial roduction by the
natural gu'. 8% pcr oont motnllisation is a pro=detorminoed objective
and 1% 1s not that higher desree of metallisation camnot bo achioved
in the HYL process., Somc iron oxide is purposcly rctuined in the
sponge iron to provide the oxygon noedod for oxidstion of tho metale
loids during subsequent steelemaking in ordor to mako wp the slag
oliminating thoreby tha nood of adding high grado iron ore to the meolt.
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Plnnt FB=11 lontcrrey, N.l.

August 1966 = January 1967

n S 8

)

Month Monthly Production Puroont m al Gas

in motric tomns of Motallisation Fo .
AC.  jetal Mo
August 14,688 825 121
Sopt, 14,157 84.1 701
Oot, 16,112 8.5 660
Fov, 16,106 82,8 687 .
Deo, 14'819 8201 131 0
461
Janvary 15,250 84.1 706

e A —_— . SR

Averago 15,190 82.9 T00

Average daily production « 510 motric tons

The oporational dote for a typionl HYL plant including the genoral

guarantco figurcs projectod by the suprlior before thc customer's tako-

ovor arc givon bolows

Puel

Wator Makoup

Rootric Power

Labour

Suporvision

Catalyst ond Chomicals

Misccllaneouc Swprlies

Naintonancs, Mrterial
ad Labowr

24,400,000 Btu/Motric Ton Fo

+ 29400 Gallons/Metric Ton Fo
12 Ki/Motric Ton Fo

54,000 Man~hours/Yoar
9,000 Manehours/Ycar
Us$  20,000/Yoer
US$ 30,000 /Yoar

us$ 280,000/Yoar




I ey PR

S

S ke s R

s

IR s ot

o
%
b
2

¥
#

T e

' B A L e

89 We,

Spongo Iron
Scrap 50 15
Total Chargc 100 100
Btool Yicld ¥ e, 88=95 8290 A
Tleotrio Power kiM/fon 660-T10 800840
Carbon Rlcctrodos Kg/Ton 7;6-3.2 ' 5.0-10ol
Lima, Kg/Ton 7290 90=110
Dolomite Kg/Ton 9=11 11=13
Lining Matorial Ke/Ton =7 8=12
Porro=dlloys Kg/Ton 5e7 57
Plowritc Kg/Ton 508 6e5
Refractories Kg/Ton 8=10 911
nocdm”l\ppucl 50,000 ‘
Maintonanco UB$/Yonr 300, 000
Labour snd Supervision MH/Ton 240 2,%

0 RE REDUCTION PLANT

SRGRAL SUAMNTRE

Natural Gas 780 WP /Metric Ton Pe
Hater 2,900 Onllons/Metric Ton Fe
Blectric Powor 15 kin/Ton
Prodwetion 500 Metric Toms/Day/Me Tetal
Protust Quality 89 1%, NomeOxide Po
Garbon Oontent é.s to 1.9 ¥,

T™he above is besod on iren ore oontoining at least a8 e
with rodwoibility and anﬂﬁcr physionl and chomiecal chae
rrotoristions comparable to tho Durango ore usod in Nomtorrey,
as established by suitable pilot plaat Sosts,

R i L P i . e i it e R 8
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IEKRIPRL OF TR: HYL PROGESS

The HYL direct reduction procesz for the production of spongu
iron is one of tho most succeu:ful procosscs of ite kinds PFxtensive
toohnical litoraturc and data :iave boon published t cieon from time
%0 timo in the world'c tecimical prcas; It ie thorefore not coms -
sidored mocessary to reproducc thoe adbove oxocpt t0 summarisc a review
thereof as o general techniorl hackground. In the background of tho
abovc presentation, an attempt will Lo mado to define the copital
ocost structurc :nd operationnl cost analysis basod on the techniocal |
datea ourrently awvailablo., For fullcr dotailo of the HYL process
itnclf, Appondix "A" mey bo studied.

Thoe YL process converts iron orc into spouge iror through
the action of & mixture of carbon momoxide -nd hydrogen gns. The
reaction oocurs in :. fixed=bed chamber where thc gus flows downe
werd throuwsh lumps or sgrlomcratas of oros. The roducing 52s mixe
fure is propared by the ctcamereforming of naturnal gns or other
hydrocarbons. Tho sponco iren 1a formod in the repction chimbers;
is cooled therein by cont.ct with fresh, cold roduoing gns; and ie
rmd’ for suhoeqguont converasion to stcol.

The stoamsroforming prooes: for tle production of hydrogon=
oarbon monoxilc mixturcs is operated in many placcs and has Beon cxe
Sensivoly dosoribod in tho literntures In tho plants at Monterrey,

effeot of iron ore ohar:octeristios on tho operation of the

HYL process" by Joseph Fe3., Xelly, Mamagor of Devolopmcnt, Madoli
Dressler Compeny, a devision of Pullman Ine., Pittsburgh, Pa., UBA.
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therc arc several reforming furnacos whioh sunply raas to sho roactiom
chambors, At thc now rlant in Vera Crus a single, 1orpe gonssroforming
furnoce preparesc the roducing agunt for all of the roastion chambors
in the plant. Thic modification in t.c oguipmont for the nroduction
of roducing zas has made n considorable ocaving in tho ocapital requiree
ment for thc oroocsss The developmont made poisiblc by W ploncaeping
work of tho l'eifeKcllog Division of Pullm~n Incorporated in commection

with the rosulting cconomies in the production of spomgc irem are a

% striking illustration of the bencfits to be derived from the exchange
. of toochmologionl innovrotions betwoen industrics whon there cxiste an
%, organisational notwork suitabl. for the communicrtion of information

cbout oncinecering nrogross in specinlizod arens,

Tho fixed~bod rcactors, which contain the orc agglomerntes or
g lumps, normally pass through a fourwsicp cycle. Thesc stepe Arci
% (1) Remowvnl of finishcd aponsc irom amd load with frosh ore;
§ (2) Sccondary reduction in wvhich tho ore is heated cnd partsally

rodwoe! by hot gases comimg from ~nother penctor;

(3) Primary rcduction in which partially reduced ove (frem the
sccondary stage) iz furthor roduced by stron; redwoing gas;

(4) Coolinm:, in whicl. thc hot sponge iron (from the primasy
stage) io ocolod by contact with frosh rodwoing gnse This
. also rcmoves the fimal portion of the reduciblc omyoom ~ad
causes the deposition of somo onrbon on the finichcd spemges

In the wnunl plant desi/m, four rosotors are cmployed, oseh : omiing
three hours in ocach sztage, for a tot-l cyele time of 12 hourc, At Ay
instont, enc of the fouwr rcactors is in cach of the fowr stages of the
oyclc, produeing the bolonced array shown in Pigwre 1.0hclows
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TIORED,
Cearating Grele J¥L Precoss
Hours
| DU X - . -8 '
Sncondary Prim-py Cooling Cloanout .
Cleamout Secondary Primary Cooling
Geoling Clumout Socondary Prinary
Prinary Oooling Clcomout Secondary
- e - cnat. can-o o
The omeral outlinen of the plant which hac beon conatructed ot ;
Yore Orus for Tubos dc Acoro Momico, 3.A. (PANSA) is shown in Figwro 2. o

A
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Thore it will bc notod that a sin;lc reforming furnace makes
the reducing £as which is thon utiliscd in four idontical reactors,
Tho reducing gas ic prepnred by thc oatalytic convorsion of methanc with
stoom tc produce mixturc of carbon monoxide and hydrogon. Aftcr leaving
the rcforming furnqoc, the gugos are ooolod to romove oxcoss water
vapour and arc then ready for transfor to the iron ore reduction scction
of the plant, At this point, the coolod gas oontains about four volumes
of hydrogen for cach volumc of carbon monoxido.

This gas flows dircctly to a reactor which contains sponge iron
that hao just passcd through the primnry reduction stages In poseing
shrough tho rcactor, the gos is heated to an clovated temperature whilc
the sponge irom, as previously stated, ic coolcd to atmospheric tomporas
turce 'This oonling stage also completes tho rcduction, thereby adding
to the gno a ccrtain content of witer vapour and oarbon dioxidec, To
romove these gascs, which would be harmful in later roduction stagos,
the gas is cooled by dircct contact with water sprays in a quench tower.
‘ator formod ciuring roduction is romoved by condensation and the rosulting
gos is rcady for transportation to another rcactors

Thc gas tcmperature is raized tc a high lovel and the ;as then
cnters o reactor containing hot, partinlly roducod orc whic!i has just
complotcd the sccondary stage, In this primary stagc thc bulk of the
orc reduction t~kes place and a considerablc quantity of water vapour
and oarbon dicxide aprear in the exit gnccse A4s in the case of the
goses loaving the oooling stage, thu gusos from tho primary stage arc
aleo cooled in o quench tower to bring obout the removal of water Wy
condonsation, Thc gas is again hented to a high tcmperaturc and flows
into ~ penstor which has just boen ohar;ed with frosh ccld ores During
tho ensuing socondary stage, the ore is hoated and partially roducod Yy
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“'fi contact with the hot gnss The gises whioh emerge from the socondary stage

[ still contain appreciable quantitios of hydirogen and c~rhon monoxide and are
used ns fuel to supply heat to the various furnaces ~nd hcaters in othor

' parts of the plants The cnlorific power of this final ~ns is not quite sufe
ficient to supply all of tho heat noeded in the process and it is therefore
nocessary to introducc some additional natural gos into the fucl as systom,

f The roactor section of the plant has been designed to possess

a high degree of oporating floxibility, This was donc in order %o make it
possible for the pl-nt pcrsonnel to aljust the prooccss conditions in acoording

. with wvariations in the mineral quality of tho ore which may be supplied to
the plant from timc to time. The reaction temporature mny be varied bctween
about 1600°F gnd 1900°P depending upon ore rcducibility, The partiole sise
of the orv may vory from nbout 1/2" %o about 2", ‘/hile the normal reactor
time oycle prowvidos for threec hours in cach stage, it is possible to chango
this time programme if the mineral m-kes it possible %o do 06. Thoe nominal
production rate of the plant is 500 tons per day of total irom, in the form
of w iron which is 85 per cent metallised, but this production rate
may vary dopending upon the quality of the ores In a vory strict sense,

. therofore, it must be clearly undcrstood that the production cap-city of the

plant is a fumotion of the quality and reduweidility of the ore supply.

Baacter llesSing Rugtar

Heat is introiuced to the reactor through a spooial patented
pros xdure vhich was developed by the engineering staff of Hojalata y Lomine,
Side Aftcr the peducing ons lcmﬁ the quench tower at oach reactor, as
previously decoribed, it is hented in a conventiomal tubular ;o8 heating
furnace to 2 tomperature of 1300°F to 1500°F, At tho same time a stroam
of air is clso heatcd to aporoximatoly the samc tomporature in another
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furnnoe of o dosign similar to th;.t used for proheating gns. A carefully
ocontrolled quantity of this prehcated nir i3 then injected into the ro=
duoing g'as atream, ozusing tho combustion of n~ portion of thc roducing
@8, Thc resulting hoat of combustion raircd the tomporaturc of the gae
mixturc to 1300°F to 2250°F, and it ig this hot gae which thon flows downward
through thc bed of ore in the roactorl. The tompertture of tho gas mixture
aftcr this limitud combustion it eatablishod at n lovel which is sufficiont
for the redueibility roquiromcnts of the ore in the reactor. This control
is achioved by careful rogulation of the ratio of air to reducing gase

A high d:cgreo of tomperature ropulation ond procoss adjustment is made pogse
gible by this patentcd crrangoment, Ronctors im boih prim~ry and secondary
stages ~re heated in thc asame mmnerv. .

In prowiding an outlinc of the IL Dircct Roduction Procoss for the
production of sponge iron, floxibility of thc proocuss novds to bo strossed.
Although an important oriterion for the succomsz of HYL dircet reduction
procose in the nocessity t- stort with high grade iron oros low in gangue,
low grade iron ores could bu employed provided thoir prior benafichntion ia
wndortnkon to upgrade their motrllic values ond lower their gongue contonts -
the latter would inovitcbly find its woy into the reduccd sponge cinco in
tho HYL direct reduction thersc is no slag formation. Prior bencofickhtion
moy also involve agglomoration of tha upgradcd ore including its pelletiaation
dopending upor. the noturc of the benefigjation flow siicot required and the
docrue of fine rrinding needod for libcrntion of the ganguce auch troate
mont would, of ooursc, roisc thc ultimutc cost o the rcduccd spensce As
swoh, thc ohicice of low sradc iron ores and their benoficktion would dopond upom
the ovorall eoonomios of producing the iYL reduced spongej ltormative may
woll b to import high grade iron ore « horc again, the dctermining factor
would rolato to the coct of tho importcd hisli grado oros In somo casea, poste
benofidation of tho reduccd YL spenge moy be umployed depending upon the
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ultimate coonomion of doing so. High sulphur bearing iron orcs are first

roasted to lower thoir sulphur contint befor: dircot reduction. Mollowing
typical data on chomical rnnlyeis of the irom oros nnd tho rcsulting opongo
arc given bolow (Tablc II) al;ang with the consumption of roducing cons on
tho basis of HYL Pilot Plant operations conductcd during 1966 on the fole
lowing iror. orce (aftor S;.Kolu)t

Ineino ore A masoive henmatite-megnetito from |
a deposit ncer Colinme, Moxico

Hodi Patima ore An oolitic himntito from

3nudi Arabin

Itabira oxe 4 speoular homatite from
Brasil

"Polluts A hord fired, high crade pellot

from South Amerioca

Shenignl Analyada of Irge Qros
Psresntae Bpioino Hodi Fatige Jtobire Pyllets
Total Pe 87.42. 48,67 70,09 69,0
Porrous Fo 11,50 0.54 8,01 1.0
o 810 1,98 6.93 0o 94 240
a8, 149 2482 0,77 -
s 0,013 0,040 0,013 0,02
P 00518 0,5€0 0,086 0.0)
a -— 0,25 -— -
. Ignition loss 0,66 11,50 00380 -
Total Po 87.80 6506 92,68 98,0
i NMetcllisation 86420 84.4 35.4 84,0
: ] 0,016 0,027 0,009 0,02
4 0,551 0,900 0. 236 0,04
Ngiai Oarbon controt of tho spomge oon bo controllod
* W adjuetmont of operating conditions, At Monterrey
14 is uswally held botweon 1,9 ~nd 2,08,
1
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Consumption of roducing nos, Pilot plant oporation - 85 mctallisation

Qo Sourog Hatursl OG-8 conswmption
Inioino 100,
Hadi Patima 150,
Itabire 1104
Pollots ;

ONOMICS OF THI PROCE

With rogard to the cconomics of building an integratod ateel~
making focility basod on tho IYL direct roduotion procuss, it ie obvious
that onoh plant ond location will heve a different sct of coat faotors
and breic p-:nrametore‘o

In the lateat brochure of Swindell-Dresslor Company, ontitlcd
"Pho 'YL Direct Reduotion Process = Stuelinking with OGns', dota have
boen publishod comoorning the YL dircct reduction proccss as given
horowitht

t o G ts

265,000 Yetrae Tong TefYonr [0 Plogs

Sapit) Cost 3 § ,%?ck?@

Sos% Ypotor ...!. ot in US$ Year | | Quonilty  1S8/rey
Notural (e 0430/ 330 4,050,000 NCF 1,215,000
Hator Mnko=up 0,02 1/xmﬁ/ . 330 176,000 Mal 4,750
Cat-lyet anZ Chemionls 330 20,000
Operating Lobowr 0,30/MRd 365+10 49.500 MR 39,600
Supcrvision 1.25/mm 'e'0 9,000 MR 11,250
Maintunancc 4% Capital Investmcnt 273,000
Gomoral Ovorhond 1004 Labour and Suncrvision : 50,850
Misccll. oupplios - 30,000
Royalty 1,00/Ton Feo 165,000
—— ——— ———
Ret Opcrating

Post/Ycar 11,00/Ton 165,000 Ton= 1,814,450

)/ Conswiption of metural z-s roquired for plant opuretions with fnieino
is takun as 100%, '

P =« Thousond Oubic Teet
Nials Thousond Ue8, Cnllone
NR = Manhowr
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Sead. Tactar

Notwral Gos
Hator liakowup
Oporating Labewr
Supcrvision
Maintcnanoc

Genoral Overhuad .

Elootrodos
Lime
Bolomi tc
Foreo Alloys
Puorite
Rofractorics

Magnoni te

o R
it Bhop ond Coating Plant
Caphtoh Qoot: § 80000,000
Wnit Coct in USS §§Z§f [anti
0. 30/1cr &/ 330 61,500 KOP
d.oa1/mm v 330 125,000 Mial
0080/1tR & 365410 525,000 MR
1;25/ﬂna 365+10 9,000 MHR
A% Copital Invossmont .
100% Loboup ~nd Suporvicion
600/Ton ; 2,000 Tuns
12/Ton 20,500 Tons
18/fon 2,625 Tons
400/%on 1,450 Tons
13/Ton 1450 Tone
145/Ton 2,500 Tons
46/Ton 14300 Tons

Oxygon and Acctylume
Misccllancous Supplios

Not Operatin;;

Cost/Your

15, 16/Ton

250,000 Tons

BAlaar

18,450
3,375
420,000
11,250

320,000

431,250
1,200,000
246,000
47,250
580, 000
264100
362,500
59,800
88,000
50, 000

IR —

3,863,975

M

= Thousand Cubio Feet

¥ wr
Wal = Mousand U, 8, Gollomn
B « Monhowr

B




Sapital Copsi 31,850,000
§as% Faotop Wit Comt W8 IrynfYoar  Quantity IS [Yeor
Natural Gos o30/mcF ¥/ 365 2,520,000 IF 765,000
Wator 0,027/M021 2/ 365 . 525,000 MGal 14,175
Chomiocals 365 . 47,000
Oporatin,’ Lob w O.N/M y 3&10 75,000 MIR 60,000
Bupervision Lzs/pm 365410 16,000 MR 20,000
Mhintenance 1% Capital Investment 78,500
Genernl Overhood 76.@3 Labor ~nd Supcrvision 564000
;;r:t -(;worating Con;/ : -
Yoar US$ 0,0053/1HH 196,000,000 KWil

1,031,675

-

- AP A e e A A 1% AT

Sgneral Plant Facilitics
Capj Costs 46,71

i legtar it Cost USS Quntity WYyory

Labour 0.80/MH: 125,000 I'ER 100, 000
Supcrvision 1.25/1HR 9,000 IHR 11,250
’ Misoollancous Supplics | 50,000
Haintenance 1,64 Capital Invootucnt 107,375
Gunoral Overiond 100, Lobowr and Supcrvision 111,250
. S S i S St G tiress
Net Oporetinz Cost/Yoar 19,315

W

Y ®F o Mouswnd Cubic Foet
& Mal = Mousand U,5,0a1lens
Y B < Mnhowr
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Swnary of Cogte {of
Total Stgelacking Fooiliyy
Sopitnd Cost s $29,311,000
Goat Paotor Unit Cout UBH Sugntiy Use/Yoap
Natural Gas 6.3o/mx«* y 6,631,500 MCHF 1,989,450
Hater Mikosup 0,027/1Mc1 &/ 826,000 el 22,300
Catalyst und Chemicals 67,000
Operating Labor  0,80/MR &/ 174,500 MR 619,600
Supcrvision 1.25/8%R 43,000 MER 53,750
Maintenanco 783,875
Genoral Overhond 649,350
Boctrodcs 600/Ton 2,000 Tons 1,200,000
Lime 12/Ton | 20,500 Tona 246,000
Dolomi to 18/Ton 2,625 Tona 47,250
Porro Alloys 400/Ton 14450 Tons 580, 000
Fluorito 13/Ton 1,450 Tons 26,100
Refractorios 145/Ton 2,500 Tons 362,500
Mo nositc 46/Ton 1,300 Tons 59,500
Omygon "nd Acotylene | 38,000
Imllmmo;u Supplios « 130,000
LRyt 1,00/t Po - 163,000
Bet Oporating
Cont/Yoar o 79 089,975
Iron Ore = GOAFc  12,00/Ton 275,000 Tons 3,300,000
o . o LB e i
Direot Cost of
Produot/Year 62,26 250,000 Tens 18,564,975

V¥ P o Thousamd Cubic Moot
&/ 'Ol = Thousand Us8. Gcllons

y‘ = Mawhour
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15

83
100

3
320
1

43

9,7
100
13,5
6,6
10,4
5,8

-~
Rheetrie Turmcos Dotp
(Besis: 17 £¢. Purnaco; Low Carbon Stoel Product)
Cane d
Purnace Charge
Sorep = % 40
Sponge Iron = ¢ 60
Totel Chnrge « % 100
Ingot Yicld « % 91,4
Top=tosTap Timc = Minutus o
Lining Lifo « Heats 120
Roof Life « Hoate 43
Consumption pcr Motric Ton
of Ingot Produced
Elootric Power ~ Xwh * 680
Kleotrodos - Kg 8,0
Linc = Xg 82
Dolomito = Kg 16.5
MNagnoaitu = Xg 5.,2
Mfractorion « K 10
Porvo Alloys = Xg 5,8
labour ~nd Supervision « MR 1,9

) Inget yield is in nosordancc with expurience of Hojalats y lamina, Sede
Bottor yiold at lower sorap peroontage ie %0 certain oxtent dwe S0 the
faet that ull sorap charged io olean good quality home SOT0Ps

2,0
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Somc_ tcat results have recontly boen reported concerning tho
production of spon:;o iron by the HYL procoss using ITABIRA (Brosil) ore
and the manufroturo of stcol from such sponne iron.y

Om "pubblc” type iron ore (Itobira hematite) can be roducod
in n conventional HYL plunt with an officicnoy comparable to tho normal
procticc ot I"TSA in Montorrei.

A 500 mctric tons por doy plent (nominnl capacity) specifically
dosignod to oporate with lisbira iron ore would produc: up to 600 motric
tons of Po por daoy with o consunption of natural ras of 710 Nm3 por ton
of Fo. It should nchicwo o 85 to 89 por cent mctallisation with 92'.5 por
ocunt of totnl 1o wund a 6:vrbon contunt of 2,0 to 2,5 por cont in the sponge
iron,

Such a spemge iron (with 09 per cent mutallisation) is an oxoellent
matorial to Wo oharged in high proportion (about 33 per cont) into oloctrio
fumpocs, producing high quality steel with heat times of 118 minutos.
Such times werc only obtained with 97 to 98 per cent motallisntion spomgo
iron made from irom ores othcr than tho Brasilian an referrcd to in
toihntcul papors until nov isn@.

The Itabira ore sponge with hicher metallna.tidul (97 o 93 por
oont) would allow heat timos of 110 minutos ‘(tap to tap) loading %o 55 mutrde
teu/hr top to tap productivities im 100 metrio ﬁm furnaces with
350 Wi/mctric ton power uuppl:losv.

T™ho tochmionl fonsibility of USIBA's project is complotely provod
%y the Montorroy tosts. The conclusions of the Drosent paper would only

improve this feqsibility,

J "Production of Sponge Iron by tho iYL Procoss using the ITABIRA Oro =
lonufaoturrce of Steol from swoh Sponge Iron" Wy Clatdie H,M,Bregn,
ingelo A.T. Porcire wd Molpho R.Dboourt.
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Thy occonomic fecsibility of the projoct is also aasurod-vlinco nonc
of tho tochnolorical improvoments presented werc called upon for the
project, 4a o matter of faot, the profit.bility of thc projuct is based on
production and productivity parcmetors wiich are even lover thun the ones .
attainod witl. lontocrroy tests,

The improvemonts onvimn;ad throuzh tho modern technolocy lead
%0 ocapitnl costs lowor than 360 US dollars for annual metric ton of capaoity
and oporating costs considorably loss thon 58 US dollars por metric ton
(slabs or billcts) for plants within the rango of 140,000 motric tons of
finished roducts n yoars The abovc figures wcro tho ones indicated for ',
UBIBA wd would oortainly bo also met in a projoct with similar favorable
conditions in re:rd to row metcricls (iron ore, n:tural gos)e

Som: valunble sechnioccl cdnta h::ve baon presented rocently on
oclectric ore furnnce stoolmeking with YL sponge iron y and the fellowing ‘
typical dat~ are prusonted thourcfroms

MeAting Dgta
oMy
During tho first quarter of 1967 onc furnace has been continwously
melting spongc iron hoats with an avorage mctallic load of 37 motric tons .
composcd as follovs: '
Spongu ¢ross woizht 53 motrio tons
Scrap grosc weijht 8 " "
Potal , 9% " "
Bpenge, Fo contunt 50 " 0w | ]
Sorup, l'; ocontont N " "
Total B I )
Sponge Frectien 58¢
Moel toomod 7§05 " "
Iron yield to loadlo stesl M

V™ Restrie Mre Pumuse Stovdanking with HYL Spemge Tren® \y N JoOoloda &
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9 Iron yicld in tho carly days of spenio iron use wos rolativoly
‘ low dbui har shown constant improvorint na ouitablu melt alop proctées
hos lovelopud and at premunt is better than 91 por ounte
' Logt. ARl
, The charso meltedown »ate is 27 motric tom- por hour with an [
average tap tc tap huat timo of Y04 ninutec as followst
Yolting ond oharping 193 ménuscs
‘ Refining N "
g . Dolays 25 "
S Tapoing T
- Purncoc Repolr 26 }
Total 30; minutos %23 to P
, Mltedown rade. 21 motwic tons/howr !
| ledlo atoeel production rase 15,7 Senafhour

™o power and maturials conswsed per muteio Sen of ladle
stool in theo same poried ~pet

SRR i e

.. Elootric Maurgy o é® x1a

Mootredos 8  Kge

Lo ® K

Dolond b0 , i‘-’ 'a-

Yogmont % 5.! K

Watag Lifo (13" Macnesite bedek) 100 bonts
: Roof Lifv (9 06 Adwaina briek) 4) ate

i TR B i R T




o ———

e Iren Jdihian
kil

We awreru sponse dren nnalyrsis dwing tho firet quertor of 1967 e
chowm in Toblc IIl, The wrocess comditions at tho spom:v iron plant are .
aesmally set to prefwnc 34 pur eont met.llisation but arc roadily adjustadle
o prodwec ony csivud motallization, Lilowise, noreally c-rbon contunt
8 mnintaincd within - ronge of 1.8 %o 1.0, but can b varicd Betwoen
1¢9 rdl 4 per ocomt by suit~ble process ~djustment in the reduction oycle,
Rl s ad_Sesher Gentendl
Ei hg=fouwr pureont motallisation of tha sponge irem may anpoar low, i.
Wt «xpofienco nt Mhaterryy has shiow: thut S0 nehicvce entimwu overall
voenemdon, hichopr motallisntion nlome is not the sole criturion, lhtallisation
is evnlwat d in polatien %0 the casbem avnilable ia the WYL sponge 1M.0
Darin; mult-dowr. tho oagbon gomtunt, oropondupantly cembined cagdor ns
iren owbido, rudusee tic wustite (Po0), Mmouch wustitc should b proscas
%o swstaia thin pcaotion and %0 lisvo MO loft owir $0 oembine with tho slag ~ad
% pronote the omidation of . phesphorus, Ml in $he aley should e abous
80 por oent in erder %0 haw the Wﬂu«ttw;
3f metallisntion or enrben contout i: inorcased, $he visoosity of the
Slag Wil 1erease fm o tasufTiciont M0, dolaping tio melt eonsidereblye (@)
50y o the othcr hand, mmtallisation or oarben eomtcnd is diminishud, Sho
slag will bC oo rieh in Pl ddminishing yiuld amd dlining life,
1% 18 Witewnd worthy of ye—-ughnstis in disewssing ortisa: metullisation
et the M hor emidiain: olrpast rintios of the m.1t with lower mclallisation
o offcetivuly rumew most of the phespliorvs during the scltedown peried,
OMirwise, Phosphorus (1Amiantiam w ot b necanplished during the refiaing
povded with corrvapandin: {nervasy A ho 't Sdme,
Conditions gy bs 00t t0 abi~ia hghur mutallisation with the cems
Poapenciing redustien in o #hon ountent, This will roduse semewhat eperading
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costs at tho melt shop, Put these savings will be oif~ut by n ocorresponding
deorcase in ‘the output of the sponze iron planﬁ. Exp.rionce hns shown
that YL spomgo irom of the cnalysis givon in Table III reniure a balanced
economic opuration frou opre to atoel with tho typo of orc now buing usod,
Seapwloro sy

During thu past two yuxrs the Las Inmcinas iron orc hns ahown
inorcasing friobility tondencios in erushin, servening and hnandling
with o coprrcoponding offcet »n the granuvlomctry of the sponie iroh-

It beorme ncoessary to appradsc carefully thoe coffoct of an ine
oreasing porcentage »f finos in the elcotric furnacu charge or altcrnatively
face the ponsibility of sorcomin~ tho spon-u iren ani ngglomeratc opr dise
eard the ﬂaes‘. Exvensivo tosts were mnde $o doturmime tho opcrationnl
rksl‘oblun. and effeot om yiclds ~nd opcrating cost the uce of finca would
prosont, It has bucn comelusivoly dumungtratul that sponge iron with tho
sorech analysis showmn im Tablc V can bu sucocssfully convurted im the
cloctric are furnioc without simifieantly alfecting opcrntion, yicld or
sest,

Th, datn prosunted heroin for the first quartcr of 1967 arc bascd
on the umelusive uzu of sponce iron comtaining the high peroentago of
fincs showm in the tabulation without sorcoening or o, lomeration and without
modifyin: carlicp char ing and mclting prectico,

Diums. Trgadal

Ton yoars ago spon;c iron and dircot reduetion wore vicwod bWy many
of tho stccl fraturnity as littlo moru shom fntrisuing motallurieond
owriositics, Today, thoro is growing worldiride: np,wuciation of -yo/ug;a
iron a8 a valuablo sourcu of high radc mctnllicse 'iSh thia  rowing
asooptanoc nev possidilities arv forosoon for apen'v u-ou.

lamp spon;v iron or rodusut pellute nrc considerably casior to
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handlc shen soraps thoy oan bo handlod by convoyors incioad of orancs and
introduoed into omygon conviurturs with ~porociablc savin: in time amd
m‘. T™horo will bo now mclt shop desirn conocpte ond material
handling tcohniques umployod by the stoolnnkor as tlio use of sponco iron
beoomos moro mmlum‘.

Gontrol of carbon content makes it possiblc to improvc oporeti o '
officioney by contimwously charging sponge iron to oloctric furnaces,
n procedwrs whioh is froilitatod by the oase with whiol it ocan bo handlod.
This oomocpt is boing ~otivolr cxplorcud by Hojalata y lémino -nd o numbur
of ustablishod ltoehakarl'g

Thore 1s much yut t0 be learned about the preparation and utilisation '
of sponge iror in stoolmaking, With its growing coocptanco will como now
molting ond pefining wohniques and mcthods othcr than the clectric arc
fummaoo prwticc dosoribed in thic presentatsion.

™o onc fimm oonviotion nainod by Hojalatc y Lémina from dts tun
Foars of emporienco is that sponco iron is horo o stay and shat direct
.wotion will play an inocronsingly important role in supplying metallics
for the WMM of ocarbon and alloy stecl products for the markets of
the werld,
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In wolledovilopod stuel ccntros the IYL procoss oan be usod %o

%
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producc o cheap and dopendable supply of iron frce from coppor and othor
harmful cuntominonto, Its sulphur ~nd phosphorous content can bo kopt '
down by propor choice of orcus -~nd 'yirocarbons. Thoe process dooorvos
surious oonsideration becausc of thu contributions it oon make to the move
toward hichor quality which now charccturiecs the offorts of many establishod
’ etoal produooria
The IIYL procens may bo seriously connidorod in situctions where ! ood
lump or o lomorated orc in available cnd whor n~tural 228 oFf petrolcum .

naphto i an ooonomical gource of enorgy. Its opocial advaninres arot

PO————

(a) Provun commoreinl opuration in tho world's
1appont spongc iron foollityg

(v) Labour rogquiremente suitud to cmeriing
coon-mies}

(¢) Vrriability in oisc sinov plants hove
huon oconatructed for 200 nnd 500 tous por day of sponpu}

(d) nsc of capacity cxpansion bucousc
addisionnl ronotors and gons roforming
furancns can bo ~dded as dusiredy

(o) A wide ran~o of typos of or¢ lumps and
agrlomeraten oan be converted into spomjuy;

(f) am exporicncod en incoring and comsulting .
sorvice in ov-ilable for desigm, construction
and initicl oporntion,
As moro cipitel and exporiomoc bucome available, the othar
stocos dn tho steolmakin: process ocom be instullod watil n substantiol
deoree of iron and stocl selfeguffioicnoy has boon achievods
A rovorse coursc of developmont iz often more guitablc whom leecl
supplics of oru ~re mot adoquates Thon it may bho butter to bogin with
stocleforming: plant and work backward 0 stoul rcfining, weing impertod
soreP, spengu or pig irem. PFinnlly, complite iatcgration is sohiuved W
aMing rudwotion :ad bonclfeltion equipnonts This, indeed was the prosedure
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followed by Hejnlatsa y Laminn l.A; in theip lonlcﬂnt’a It has the
gront morit of quickly redusing foroi:m cxohange domands vwith a minimem
invostmunt,

4 shird nltcrnative oprisos when morc capitnl ean bo invostcd. A
oempleto o4col works oan be built and oporated as o wnifiod davolopment
projoet, basod upon tho suguoneu of nrocuss stagos best nuitod %o the
losal circumstances, ™o IL procoss should peccive oarcful oomsideration
whamover $he ewpplics of ore nad hydrooarbon are a4 weviously dovoribod,

Thus, capital investment for o spom e iron dl-at of the HIL @ypo
will vary asocrding to local conditionss In unoral, howover, swch am
installation will coct about ony linlf of the c pital tnvestment rcquired
for » comventional blast fwmnoe of the same oaproitys This inmoludes

To produsc omo metric ton (1,1 sheet toms) of iron in an 85 por
oont $cduoed sponce iron dn the 200stonampur doy ploat, the fellowing
‘pem matorials are ruguirod: n-tuenl (s 26,000 cwbie focty clootrie
motey 75 kit <howrs; mﬁr 200 owdic footy ore 1;?5 toms, Dirvot labowr
aowts %0 ono mons=howe, omsludin: maintonanec, ose hondling und ovworhecd.
A8 & W=prodwet, 2900 1b, of stunm 8t 190 pei. Deveswre i weduwsody ¢
is boin” weod in the plant's rolling mill.

R mat.riols roquivements por motric tom (1,1 short toms) of
fvon, i@ Sho sponcs tron for an 35 por oemt rodweed oro, will o lowoe
%o for the oxtsiing wnite Tho following valwes nre expectedy Fetwal
cas 18,000 ewhic f:o%) cluotrie ancegy T K'<hoursy v tor 121 oubie foedy
orc 1,75 tone, Labewr will drop to about cnomhalf moshour nimec the
whelo oporation will bo simpler, Macl veomony will b ashioved bestmee
of Botter hont comscrvntion, Lose clectrie omorgy will bo wsud beenuse
stoam is ompleyod 8 prime mevcr in Wrbines. (Ncweo, very 144%1c onoess
stean s 10ft %0 bo wecd oW). Binec cgnh turbemm-ohine will hawo
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its own oloctric motor standin; by thor. is ounsiderable vorsntility in
plant opurntion, Floetric nower oan b wsud whonever oconomic conditioms
molio 4t worthwhilo $n allot wtoam to other mav.

Boonomic mucooess of Fiorro Weponjc's spongc iron plang, couplod
with an inorcase in tho guality of rolled products fabricatod with thie
sponc: iremy hns mode shis deporturo from conventicnal ironsniaking
POC 5808 ~StPactive,

L R
AR ITS ARFLIGATIONG

Shere &8 144610 doubt th ¢ Lo IIYL Oircet Raduction Procoss is

toshnioally somd in many woys and what is Poquircd is o study of its
coemonte ogpr.is:l, both in e-pital ~nd cpurational coste mtructure wd

%he ruling prio. pattcrm of its ondmeproduct, vise, tho spon;c iron os made
ia & particulwyr rocion, The main quoationa arising ous of the production
of m tron would he to det.mwinc its sosnoaic cnd uscful wscs and
potontial appliontions whother for the produstion of oonw\ntiaml ploin
cagbeon mild and stewstural atuule, low clloy oonstructioncl atccls or for
alley, %eol, apoeinl cmd mtainloss stoolss This hes, thorefope, to bo
dotormingd in rolatten to the sveilability of intormal sto-l serep im tho
secion, its quality nad physicnl ntntc ~nd i%s prico structure duliver.d

at ay euntwal o pogtoncl point of oonsumptions Im turm, thio subjoct las to

%o owrluntad fn the eontuxt of tho impors of atcol serap and ite priec
pattorn both NI nad COIPF waluwos, oonsidiring that bunieclly ~ny imporsd

of the steul serap will invelve forolim oRshango mmonh. Of eowrao, tho
emiity ad plystecd state of tho ntcol aorap, vheth.r of homo orisin o®
WPertud, aev of utmet iugortonec in dofinin: Ahetr Fonso of coemomio
ad petential utthv'. Hoavy stewotwral and cloan 2400l sornp prefurebly
slonstificd oy $n oWhor womds, Pedi Tou stucl scrapy womld W nucded for
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stoolmaking bosh for she clectric are stoolmoking, basic open hearsh stoel
fusnaces or for tho b.O.buto oxygson stucl convurtecrs whorvas for cupole
chapging (hot or cold blest) light stool scrap such as turnings -nd borings
and morohant mill steel scrop bosides gencral markct stocl scrap, will
sorve tho purpocc for iron malking and subsoquent rofining of tho irom into
staal,

Spongu iron, on the other hond, is & pure product containing sube
stantially loss impurities or motalloids i reletion to pi; iron and somo=
what highcer carbon in comperison witlh stoel, with varyin: contunts of
motalloids depeudiag'upon the Quality of tho iron oro initinlly reducod %o
spancos Sponge iron may bo regerdud as & pedigroe stocl sorap which, in
ossenco, it sceks to replace for stoclmaking and has to competc widh it in
torms of its price structure, laturally, therefore, spongc iron if uscd
for alloy, tool, special -nd stoinless stocl production oflers a much more
valwablo -nd high pricud endeproduct than if it wure to be used for the !
production of plain cnwrbon, mild and structural stcols whioch roprosont a
much lower pricod preductemix, At the samo time, thc muthods of stocle
making, whcthcr tho ondmproducts are low nriced plain carbon, mild nnd
structural stoels or hizh prieed alloy, tool, spocial and stainloss stcols,
would in practico bo morc or loss idcntical, exoept that tho latter would
owrtail tho use of requisite forroenllays.

Additionally, omo hns to study thy rogional -ad intureregional

. maeket patturn requirements, thc ain being to produco thoss stecla that

ape ourrontly im denmand while not igmoring the basic dfctum vory oftea
cpplicablc that the swupply orvatce the demand and tho price structwre of
the fosmor dioctates tho flow of the lattor, Muture domand patiurm can be
uilt arowd tho high pricod endeprodusts, bLoth for intoraal morkot needs
and aleo for oxport potontial, provided the price structure of tho Wwe
warrents. The situation, of courss, tends %o et hasy in the oosec of

e R k : s e i ——
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dovuloping countriuvs which may have an nbundancc of ehcap ~nd hich
guality natural s as alwo hich quality iron orcs but lack in internal
mnarkos demands for the high priced productemix whioch oann onsurce much bottor
rotumn of the capitnl investmont, vize, tho market domands for nlloy, tool,
spocinl nd atainloss stools, whilat to conpetc in tho intcrnational markets
in respoot shorcof will be o shaky vonture and of dubious valuc for do=
voloping cowmsrics. Suoh 2 gituation preveils in tho latin Amorican
sowntrios, inoluding Mexioco, whore tho HYL process holds an undoubtedly
swpromc position, both tuchmolocically as also commerciclly omd coonomicallye
On the otlier hand, ﬂmemmalaotoonatowtththo
latost technolozical devolopments in iron smelting in an iron blas$ furnase
with v ich it sooks $0 compote vigs., heavy inj.ction of notwral gos with
pomarkablo economic resultss in torme of high iron productivity and lowcrod
ookc 'ad flux ratos, In Hexioo, for instanoce, such n situation does oxist
whero not far from the Nonterray ITL sponce iron plrnt, $li conwuntional
fren blast furnsoc holds its owm growd, Newvurtholess, the oporational
suoocss of tho 1YL oporations in lexico is dnsed on the inhopent tochnolo=
gleal sowndness of thc process ond its economic implcmentation,
Purthermorc, it will bo necussary to point out that whore the
rogional morkot demends tho supdly of foundry ¢rades of iron, the cone
vontienal blast furmaocc imclwding the Low Shaft Blast Pumnce installation
apart from tho clectric smolting roduotion furnace of Mikam or Tyclamd Hele
e with or withou$ proseuduced durdon will rulc out the possidilitics
and valuo of NYL process provided, of course, the region has suitadble
metalluegical rrade of coking conls or somiookins ocoale and shonp clectrie
powers The spom;o iron, in order to yiold foundry crades of big aim, want
be smelted in an cloctric reduction pig iron smelting furencc with the
Yurder so odjustod as to yield different (radon of foundry piz fron = Mah

.“
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silicon (2,7%% Si = 3,29 8i) to modiwm silicon and thon to low silicon
vorging on to tho basio ironas. As suoch, thu ooct of spongc iron which
will woll nich be in tho range of the foundry pig iron smoltul in tho
blast furnuce, oannot permit tho mmulting of the sponso iron in the
clectrio reduction amelting furnncc to nroduco foundry ~radce of iron e
tochnolorionlly, of coursc, it will bo posciblu to do so, but economically
it will not be poscible to ocomputc with the convontional blast furnace or
low shaft small bLlast furnocc for the production of fowndry rrados of pir
iron providéd, of cours., thc recsourocs of mot-llurgic~l coke or low

tomperature carbonizod coku fyom scmiecokin;; conls are cconomioally |

~ awnilablos In other words, im o country such as loxico, where 0od motale

lwrgienl grados of coal are available and oan yield h’igh cradc motale

" lurrionl ooke to justify thuir use in o convention~l smzll low shaf$ or a

bi;; iron blaat furnncc for the smolting of foundry ;rades of pi~ iron and
whore choop matural ;as i also ~bundantly av~ilablc for the HYL dircet
reduction proouss :nd vhere hich -rale iron oree' avnilability is o oommon
fastor for the two, for tho production of basic irone for direct stucle
making the LYL process prescnts o moro nttractive proposition in comparison
with tho blast furnnco in viuw of the former's much lowcr capital and ovise
hond coste, o%c.§ but whuro the ondeproducts are foundry grades of iron,
thy convontional blast fwrnnoe, ineludin: low shaft small bLlast furncoo,
will bo much supcrior to the HYL proouss ontailing, ns the latsor would,
the addition of ecloctric reduction submorped are sicltin; fumace %8 the
oYL sponc iron ocpital plant installasion, In othcr wordas, tho ocpital
and oporation:l costs of convorting she YL spon.;v iron in thc cloctrie
reduction submergod are furnacos to smelt foundry rados of iron would be
an additional cost burden comsiderim;; that the HYL sponge iron and the blast
furanoo smcltcd Bngic iron for stoelwmckin: or she blnst fuemace emolted
foumdsy sradeos of pig iron could represent mors or loss ~n oguivalent

»




priced commedity.

At she some timc, it should be borne in mind that to maks foundry
crados of iron in sho eleetrio submorged zro furnace, o 7ood quality irom
oFc oan todoy Be presruduced nnd thercafter amelted, causing ruportudly
siomificant drop im the olootric power consumption for ironmcking e wwch
progvess in this ficld, althouch still ncw, is contumplcted poarticularly
in Blkw Jleotric furnacos in wedon and clsewhorce

At the und of the stoelmakin: spootrua, HYL procasc oan hold itvs owm
adjwi;od on velated basic prramcters ond notobly usools if tho undeproducts
aPe hirh petecd nlloy, %ool, wpuoicl and stainlees stculs,

Thore are othur rosidunl questions about th: HYL sponce iron cone
sornin; 1ts degPwistion characteristios which do net onsowra(c ite lon:
distomoc land or ccoan transporty, Wnless, of ocowrse, tho sponce ic sube
jected to caponsive prios=pellotising or triquetting operationn, The polles
sised o the briguotted sponsu in faot toda) Poreesunts an unkmown coms
modidy for long distamec, overland or ocean tramsport owin: %o its omonoe-
Blity %o pollot fissurin: oad orocking ~nd dcgeadntion derins handling
and londinz in heavy occam carriors. The mor roeoxgdation of the
apengo ov.r "Ry longtk stapege, hrulafe and ocean transpors hos still not

 beoh ovcreems althowsh seme progress has boon made im inhidbiting thio Poe

ompdation theou . spraying, cte., and fully oovercd storacc faoilitics =
however, somu rowexidation of shc apunc doos pecult enusing o peoonta o
loes of i%s mutrllic valuoce The solutiom of ucing sealed hatches sww
powndod by suitablc ‘nmes $0 storc and twansport spenic appoars to bo somee
what fmprretieal, As such, the HYL spon;o should bc weed not far from the
ocontre of i4e production %o povmit ite specdy oharging im the cluetete

we steslnohing farnaouse
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SOMGARINE &N VCONRMEION

Whilet no univorsal y-rdetick oun be formulatod dm ~pulyin: the

HYL dipect reduction proooss $¢ doveloping pe.ions where the meaowrcoe of
Pow matorials and availebility of natwral o8 no warran$, novortholuss, 14
is steongly rcoommondod that she wprojuet should be fully oxamirad im
dotoil in each potontial onme lundinr to the wopapation of d.tiilad
projuct report for the !YL proccss $o briny out the saliunt furtusos in
ita favouwr or othorisc, both met-llurgionl anc veonomie in the daskorownd
of uspoocifio prodwotenix -nd markct domomd P:tterr of the rocions The IffL
direct roduction iroocss dooe ruprosent a significant nnd notadlc motale
lwrricnl progroese As suwoh, its potuntial appliocations ~ad industrinl
seale imvlemuntation will be bauod soluly om its ov.prull economios = oopital
ooste and oporational oost factors; Shose porem.turs hove S0 be stwidiod
ond eritically malysod for onoh of the doweloping reriome licted copliue
ia rclation 0 altcrmative mocos of irom and stoclmakinge Basud om those
dosddurata, detcilod projuct roperts have to Be propored in foramdating
the oapital cost struotuse nnd Profitability of the projecte Ia tho o' a0
of Brasil, the tmplemuntetion of tho HYL diruct roivotion prooces i wniee
study wd detalled reports Shareon lave boon comiiscionods It will be
aoccasary, theroforo, ¢ resoamend thot aimilar otwiios should b wniortahen
wnder the ~wepiecs of 100 followed Wy the rupnration of cotalilud perojeed
poperts for anch of the potentisl commtey whose the HYL digwot rodwetion
prosess otuld b exnuotod to hold 1¢a o 1. eomparisen With Altuseative
and esnvoatinal reccasvs far iron -wx! stcolmakin . It will alee W
ossential t¢ oundwet pdlet Dlamd wials in the HYL nglet pl nt of IO tome
o day spenco capasidy, inetallod at ibnterray, o Proenuetive APeR ofh:se
A mintatwry redustion Pcwtel 40 100:-ted at o Meindcll-Bresuler Yupeide
mntal NMation ot Pittabwch ou viioh wariows Sron orue ona b Seeted




Hhetr roduodbiliy ohnrastoristios, The 1ost vord, 4t is elndmcl, has
hardly Loen 3n4d cn the suhjuet. The INL Adrcvet roduction proocuns is
n3ee subjcotud to ocontiuuous imrovunints tn tichnolo i0-1 praeoticus
admdng at lower opurational cota and ups padin: of qu-lity a$ tho
undegrodust, That this hos indeod b oomn tlc main Shwem T those who
hott dovolep.l the HYL ‘dircet podwetion rocuss ! arc avekins t0 oome
tinmmally impeuve pon it, 1o shown By the two HYL upon, ¢ dnctallotions
S [mterray follewud by the n4ll nuvsor andl up=towiatc install~tion
at Ver~ Orwse Mad $1ic wili bo followod Wy the projcotod two nmillion
Sea stecl plamt at Pushla, not £ from xico City, brood -n the HYL
procoes = with a deei,m amnu-l oupreity of 250,000 metric tons of fiatshod
steol produots, the now mill will cdd to Hoj l:t:'e stooln kin,; oapocily
W W Wis plant ir Akoly %0 oost .2 million dollars with a dndly
rated direct miwetion caproity of 500 tons of spon.c %0 feed throe
elvotrie nre meltin: oo, The plant will bo fod with irom oo from
e statc of Oslimr. on the coumtey'n Paocific const which eupplice ~lso
e puaat lojnlata ploate ot Matorray, Thoso etape aro in the riche
itPostian and are indieatops of thc worruss that follows in tho wnko
of cdvemsemcnte s mutallurgiocl teohmoloy theou h evnsulost offoris in
which the role of dewloping coumtrius shovld b thas of “partncrs in
Prervese” o An . pupsuit of which "TIIDD will -powtiu maxteamm mtﬂuue‘.
Mo follovin: spooific recommcnations are mow malod
(n) W Riport m MYL Presvsc of LT INO shouldd bo acnt %o

oomtrius wiers rovw maturiale’ cituntion is fawowrablo

for Whe Aircot polwetion gascons proocgs, swh as Gabon,

&l xrta, Iren, lvag, Morosco, Lweit, Pakistom, ™iwan, South

dporiomn cowtrica, ote, = thi: nhould be followo. wp,

whurever osnibl., by WIINC miasion vieite to potuntinl

OMWPios for peviewing Wl stwdying tho apnliention of
W0 proessc to duvclaping Po doma,
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(v) Subsoquently to (a) nbove, full tusts on samples of ro=
prosentative iron orvs should bu arren od from difforont
regions ot the IIYL pilot plant ~t Monturroy nnd tho ox=

porimantnl astation of SwirdclleDressler at Pittsbur and
roporte issued thoroon,

sy JW@WMF’%&?‘M; * &

. (o) Pecsitility ruports should be commizsioned in tho first
Pleco for difforent arcns on technical fousibility tnd overe
all economics of thu dircct reduction process i rclation

to conv.ntional blort furnnce amclting of pig iron lLieopidos
low shaft blast furncou production of faudry pig ircns iu
small plantes in duveloping ocountrios dupending upon thoir
row materinls' reasources,

() Commimsioning of detailod projuct peports on the plants in
shc light of (o) abovo, for cach of tho duvelopiiy: rogions
in various parts of tho worli,

(o) Linlin: the lovelopir;; countrics with potcntial sources of
. financicol inveatmont ind or.pital equity participgtion for
Sho ostablishmont of the industrial pluonts, In doing so,
tho morkot nocds in rolotion to iron nnd atiol product-mix
will bo kopt in mind, inclwiing the roquiromcnts of alloy,
%00l, spcoial and stainluoa stecls on a rozional and intore
recional pottorn, buth for export and homu use,

e
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The 1YL Proggss

The I'YL proccse involves tho batoh roductiom of irom orc by ro-
.fouod natural (as. lintural ;me cntors tho plant ~nd passos throush
proshocating ooils in the sincks of the reformer furnnccs. It thon posscs
throwh dompulplurising (rums filled with activatoed charcoal and again
shrowh pro=hoating coile in tio rcformer stucks to furthur rocuperatc
heate Steam 40 nixed with the proehoatsd naturcl (ne and the mixtwro
passes into hot, octnlyst=fillod tubcs within the roformer furnace, Tha
roforming aotion takus place at 1600°T and the roformcd ;8 averages
(dry basis) 73.1% hydrogn, 16;% carbon monoxid., 6.6k cxrbon dioxidc
and 4.0% weonverted methance The reformed zases arc portially cooloed,
rocaporatin; the huat by puosin: them throwh wator-:ucnch boilur to
conornte steoe Tho ranos thon pasa into 2 urimary quonch tower t0 ro-
movu oxcoss ptoam fud %o the ori-inal ;as mixtwre in order io provent
onrbon Acposition ~nd plugging of tho ontalyst=filled tubuse Tho gosce
nrc thon proshuatod to 16000 « 1300°F in prohoating furnaccse Tho roe
sidul onrbon cdioxide ad water wapour in the 'ms prevunts carbon doe
position in thu g~o pro-hoating furicouse The pre=hoated Dprimeryercs
dwoiny 2eos onter tho orc roluction rotorts, which wro in tho rinmary
oyelc of orv roduction (final reductiomn)e Tho ganos past dowmword throush
the rotort oxidising tho hycdrogon to watur vopour = tho partially spunt
gasus arc oalled the secondary rudveing grscs from which tho wator vepowr
in romovol by direct quonch with celd wator in quench towerse The roe
sulting 2osos aro ognin proehontod in cos pro-huat furnnoes and ncasod
through reduotion rutorts in uscoondary or: roduotion cyclo, vis., initial
orc pruparetion oycle. Thu iusuing msos pass throwh a quonch tower to

romovu water nnd are considored as fucl games only for heasing the roeformer

twbes, firinc tho cos prehoat furnioes and for ~uneration and supcrheating
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of stoam, Iron ores suitable for HYL process can be lump ore or agglomerated
ore fincs = tho optimwm ran:s is + 1/4" and ~ 1 1/2" with 20 = 25 pcr cent
of = 1/4" ore fincz. The orc oycle commonces with onc rotort emptied of

th¢ weduccd spone nnd filled with fresh ore = this tokes onc hours The
londed retort thon umters the secondary rcduction oycle (initial orc pre=
reluction) for two hoves (no ore pre=honting is donc), following which it
entere the primary roduction, vis,, iinnl reduction for anothcr two hours.
mm::.uy; the fimnl degroo of roduction varies from 96 por cent at the top
t0 72 nor oent ot the hottom of tho ore hed in the retort and the ~vorage
deproe of reduction varioes betweon 35 and 90 per conte 4 final opcration

iz done Wefore the retort ie umptied of the reduoccd spoinge, i.e’. the
carburising; of tho sponse iron for its usc in stcelmnkin;;s The hot mponse
is carburisod by pasoing matural gos through $he retort for scveral minutcs.
T™e mcthane oracks and oarbon is depositod on the iron to the roquired
oxtont. The cxit pipc for rsos leoaviug thce lower section uses specially
designod coupling for rcady diloonnocttoui. The entire sequence of
operations is automntically controlled from 1 contral estation, The rceactors
nre uncouplod and teken away from the fixed head into dumping pocition and
then hydraulicnlly tipped to dischorie thc sponse into suitable hpojer onrs
for yemoval to thc steslmakin~ plant, Tho orc reduction oan by controlled
ot will by adjustin. the roduction=oycle timo and the flow of roducing

noes throuzh tho orec bed.
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Sponge iron is the product obtained fyrom the oxides of iron

by reduction

at elevated temperature, generally with hydrogen or carbon

monoxide, and without attaining the fusiom point,

Metallic Iron ¢ None~oxide irou, i.e.

Pe liet =« Mo 4+ e inlh3c
Total Iron t For owr purpopes it is

Fe Tot = Fe + Mo inho'%o-r!’osc
Metallisation t Is the ratio of metallic iron to

total iron as defined above
expressed in per occns)

Net = et
Hot x 100

% Reduction t Per cent oxygen removed from the
ore, ie00
gp o duitisd omeen - Pual SSES ; 100
Initial Oxygen
Total Carbon 3 The sun of combined oarbon in the

form of Fo3c and the deposited carbon

Oangue t All the compounds and impurities which

accompany the oxides of iron, principally
the compowids of 3ilica, Alumina, Calciwm,
liagnesivm, Sulphur and Phosphorus

fasie Frocess Fegtures

The HYL direct reduction prooess aims priuarily at the removal of

oxygen from the iron oxides by the action of a reducing ges mixture

(‘z and 00),

a8 indiocated in the following reactionss

h203 +]a2 s 2Fe + 3“20
'5203 + 3@ e 2F¢ « mz

$o obtain sponge iron. The final product is solid and porous. DBesides

the oxygen removal, the HYL direct recuction process also obtains:

(1)
(2)
(3)

Blimination of all water and 00, of the
ocarbonatcs initially prosent in" the orey

Elimination of 85 per oent of the sulphur present in
the oress

Deposition of oarbon on the spenge iren
o8 indicated in tho following reactions:
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We + 200 -h;@-&&a

We 4+ G, - Fo .0 + &,
The cponge iron is uscd as a rav material in steelmakings In Monterrey
and Yers Orus it is charged %o electrio furnaces, but it could de utilised
5? ¢ in furnaces of another type,
(1) Jrem ore e oxides, mainl; hematite (Fe0,)
; and combinations of hemetite and maguetite (Fe,0,);
(2) Patupal 0as or anyome of the following can be used:
Light Hydrocarbons, L.P., Gas, Naphtha;
@ () s
Typioal analysis of iron ores useds:
Total Pe 6,,29
Pe0 (Analised) 11,76
Hematite 53493 "
Magnetite ' i
8 0,047 '
= L 4 olwo
Caloination Losc 0,1
. Gan e 6,76
Iren ores of lower gredes can . lso be processed. The HYL reactors prooess
1 rew or reasted irem ore with sisess ‘
. 210" w1l - )fee
Ml dase
é The rodusing gases arc produced from a preheated mixture of natural
; #8 ad stean, reformed in vertical pipes, containing o mickel catalyst;
? the reforsation Semperature is around 85090 (1562°').

¢ A wpnge iron plant is devided into wo well defined sootions:
(1) BReferming Seotion
(2) Redweing Boction

e reforning scotion is oomposed of:
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One reforer
Two desulphurisers
Auxiliary cquipmeont
(pwmpe, pipiug, cto.)
A roformer has the following parts: .

(1) ghimmey, with: a boilur, u stoam superuc tar,
& natural gae and stean nroheater '

(2) °'%¥K , which comprisc: 210 vertical
. Do % in parallel, located within a combustion
chamber formed by 80 burners and the iurnice wallse

itean Jeperation)
Satur:.ted steam is yenerated in the boilcr located in she upper .

part of the ochimney.

The stcom is superheated in o superheater located im the sene imnediately
below the boilore The feed wator for the sten. generatien is softoned and
preheutod. The steam genorated in the boiler is mized with natural gas in a
molar steam/gus ratio of 2,1/1,0s The mixture pusses through 3 mixturo
prebcater where it attains o tenporature of 430°Ce The mixture then pasees
through the reforming pipes, where tue actusl reforming of tho gas t.kos
plnoe %o give o mixture of reducing goses with the fellowing typiozl oemposid=

ioms
B 144
2 Iy ®
., o
m4 2l

100, (dry busis)
The desulphurisers work with . activated carbon bedss The main sulphwr
contoninent ie the odorant campound added %0 the natwral gas. The refesming
reactions take place at Semporaturcs rowsd 850°C indicated belew:

o e —— o
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The wareacted w‘ presant in the rcdueing gae mizturc is uscd for the
carburisation of the spongc irons The effluent roduction gases gre oooled
in o heat oxohanger which acts as & waste-hcat boilcr with water ceming
down from the boiler dome. The gasce leavc the heat oxchanger at a touperas
ture of around 230°C (47)°P). They are cooled at XPC in fimefan cOcleres

D Plaghest

Ogneralitise

The reduotion of iron ore to spouge iren tekes pluce in & eountere
owsreat systom with the reducm gesus a8 ludicated in the following ohronoe=
legical msequences

Stages in the conversiom of

ore %0 cooled sponge iren: The recucing goses work

in the reduotion stages
in the follewing oxder:

(a) becondary Stage Cooling Stage
(v) Primary Stace Primary 8ta_s
(¢) Osoling Btage Secondary Stage

The reduwoing stugos of ore 40 sponge irom re uamed aftcr the quality of he
mm gosce going through tho rctorts at a given memente
o redwoing gases are uscd in the following sequencet
(s) Por oceoling down the sponge iron that has
just finished its roducing steges (oooling gases);
(v) Per fimishing tho reduction of the ore

(srimarg goses);
(e) Por starting the ore reduotion
(sesemdary gases).




Radmndian.fxals
The oheomologienl] ocequence for the r:lustion of iron oro $0 sponsyv

iren 0 Sho utilisotion of the rodwoing (oscs are o8 iniloctcd in Mgure

Boe 1 attasciod, ]
o rodusin~ (nece nic pasecd in REEigs $hwowh the rvactors.

Lot us comsilor that we havce the reactors at a given momunt in the fole

lowin ' roduotion stacuvet

Na s € Cooling Priney Seconlary donoeuvrcs

Roactor W n m

e completc ayolu of :oh ronotor leete 12 hours with the followin: .
dileteibutions

Seoominsy 3} howss
Princry | } hours
Goolix; Dom 3 Lcurs
Maocuveus ) howrs
L
12 howrs
W day ot cool cne loawin; the quenoh escolcr is pasied Wheourh the «
. vesoter (ia 148 coolin: stacus), vhich Las Just finishal ite rodwedn:
stacus.
e "8 loavin: the N Panotor in passcd 40 the quomsh ocolor $o climimate .
ho woter and %0 the Paemaoc to bo heatcd %0 the roduwetion mam
Mtur loavia: the fumage thy mooe arc onllod perimnsy {MGI'. ™hosc
prieagy ~nacs crc pased theouh the DI poactoms that s on it princey
otas: of ruduotione TG ;nses leaving tho rocaoctes D) nre possod %0 §.c (uoneh
eoolcr ond the furmws Whorc they ofe respootively driel aad iwatods AfSor
loaving We fumasc, Yho8G ¢nact e oallod soe ndesy [mBoss N
e cases loving the poaster IR 4n sooondnay sdac ~Pe pasaed to tho
quonsh 000)ur, whote %ho watcs wodweod dwrin: the sveondary etaco of
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reduntion is climinatcd, Omoc drio&. thoso ¢necs are uscd as fucl ns
in tho roformors,

EAant CapagAl
f Baeh ruactor is loaded with 100 motric tons of iron orc of eround
o 65 por cont Fo ocontens, which moane that the woight of the spongo iron
- ppodused in cach puactor ic 65 mutric tons of spongu as total iroms The
Anily dueim capascity of thu plant is cight reactors of €5 tonas of iron
por rcoctsor which ogunls %20 tons of spon;v 18 totnl 1roﬂ.

Praduct

. 1. Typionl analysic of spon:c ircn from llexican
Leo nednas oro (woi ht por econt); Ce

> Total irom r-.o.uo.o-.oboouooouesgm
‘ Elemcrntal Il‘onn:.....-.....‘..-..-..-47.42

Iron in No‘ 950 oo“ooi-ooo.po-o.-ooool3.88
Iron 1n F‘esao...u.u.u....-.......25l09

8433

' J s00008s000000: 180
W{:&.a in mo’gsu . (1] 4.
MOOOOOOOO000’-0‘0000000000000 1.890
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2'. Physiocnl characteristios:
Specific wei-ht = 5,26 ov/omd
Appar~nd donsity = 2,80 gr/on’
Volwnotric weicht = 1600 Kie/m3

Notes Volumotric woight of No.1 orap = 8715 = 925 kg/md

lo.2 Sorap = 750 = 780 kg/m3 :
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