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Tao áevolspaont of diroot reduction processes gained cffestivo 

iapstus durine the lai« 1950* o in the wako of horvily mounting coa* 

sunptioa of high grade metallurgical coking OO&IB and their in- 

orsasing depletion tad oenseejticnt ßhertsges in oortain oountrios 

bat primarily with the objective of dovoloping iron-Making proco«««« 

alternative to iron «Kilting in the bloat furnace.    Conaidcrablo 

painstakinc; roseáronos, development work and pilot plant trial« hare 

•osa undertaken to develop direct reduction processes for the pro» 

duetioo of «ponge iron fro« iron ore« based on the use of gaseous, 

liquid and «olid fossil fuels inoluding non-motallurgioal, poorly 

ookiaf or non»oeking coals and anthracite.   Around the 60*st the 

interest in direct reduction prooossos somewhat rooeded into the 

background owing to renarkable changes and im.^oveswnts in Mast 

furnace technology for iron production pari-passu with lowered echo 

ratos attained durine **•>> seselting is the bloat furnace by the in- 

jection of stean, liquid and gaseous fuels and in some oases of 

pulverised ooal/oil slurries through the blast furoaco tuyeres fol- 

lowing the attainment of high air blast teaperatures and in some 

ease«, concurrontly with oxygon onriohaont of tho air blast« Aft» 

ditioaelly, «altitude of direct reduotion prooeosos flooded tas 

toohnlsal literature making still nere multitude olaias*   In tho 

•aas of all pervadine claime made by * vast array of direct roductlea 

procéseos, the astallurgieal world needed a broather te sort oat 

and soratlnlse the rival olaisio ant nere so» tho developing oountrios 

of tao world*   & the later years, however, tho interest in diroot 

reduction prooossos sigaifioaatly rose following the euocossful .earn» 

«orciai aoale operations of a few of the diroot rotation prooessso 

iaelttdiag the HTL diroot rédaction prooess baaed on the use of natural 
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gas.    Nevertheless.,  the choice of direct reduction processes bocane rigidly 

selective in their teohnolo.y and industrial scnle   pplioations, particu- 

larly in the background of a oountry'e rnw materials' resources, o.g# oho-p 

-nd abundant natural   gas nnd oil,  their ready availability .-¡nd ahorta,;e of 

o lassie technology .-und industrial practices and particularly so after the 

myriad of numerous fast-sprung direct roduction prooes3os had fallón by the 

wayside in the industrial race and only those that had withstood the economic 

parameters and technical up-öcalinc by the metallurgical industry, wero 

advocated*   Ohe of the most suocoBsful,  if not the most successful direct 

roduction process, is what ha?, come to be known ns tho IIYL direct reduction 

process based on the use of nettavi gas for effectin;; direct reduction of 

tho oídos of iron and supplying tho thermal needs of tho process.    This 

then is the general background of the UWIDO mission which recently visi tod 

Hexioo to study the HÏL direot reduction process not only from the point of 

view of its inherent metallurgical rnd industrial acalo suooees but also 

mor« specifically for examining its potential applicati one in various do- 

f voloming oountrios in ilif feront rorions of the world such as Iran, Gabon, 
I 
t 

Algeria, Taiwan, Iraq, Kuwait, besides others in Latin America, etc. that 

have been endowed by naturo wl*h ^fcviant resources of cheap natural gas and 

in some oases, supplemented by equally rioh md hi¿h quality reserves of iron 

orea.    Many oountrios and regions are today pnrtly utilising their natural re- 

sources and in some cnaeo none at all.    Tho aim of the UNIX mission therefore 

was to oritic-lly study tho HYL direct reduction proooms for tho production of 

spans» iron as followed in Moxioo,  esamino its metallurgical and eoonomic po- 

tentialities on full oommtrolal and industrial soale with a view to define oread 

«Ad seope for its industrial soale implementation, should it« utilisation over» 
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aoas im developing eountriee be considered inotallurgically feasible 

«ai oconemioally acooptablo • ««eh an objective indeed requires a 

eeasinsd study of many spooifio and interlinked pararaetore including 

later-alia the following! 

I«   Metallurgical feasibility of the RTL dircot 
reduction process baaed on high quality iron • 
orca employ Inf ohoap and abundant natural gas 
for the economic production of sponge iron and 
conversion of the latter to different gradee of 
B toela. 

ft   Availability of atoel sorap in general and tita« 
of olaeeifiod, pedigree eteel »crap in particular 
in various rogiona« 

I*   the quality and availability in réservée of 
iron ©rim.    Their physical, ohenioal and 
metallurgical oharactorieticB including their 
roducibility data* 

4«   Ine prioo struoturo of the natural gas, ita 
availability, distribution and dolivory ayate*. 
Ine availability and prior e truc turc of solid, 
notallurgical grade fuola in the country» 

5«   tte regional and interregional trade and 
iBorbxit survey and requirements of plain carbon, 
raild and structurel atoóla bosidee alloy, tool, 
•scoiai and stainloeo oteóla in tho region via- 
a»via homo consumption and oxpert potential* 

a*   the status of iron and steel induetry and that 
of light, medium and huavy engineering industrien ' 
in the ra»ion covering hone requirements and 
passible export potontiol, 

ft   availability and price s true turo of o lee trie 
powor in the region, particularly for eleo trie 
steel awring &Â stocl-rolling purposes, 

6»   Ine «tatua of heavy plant oquipnent and machinery 
manufacturing industries in the oountryi the ratio 
ef indiflonous te imported equipment and machinery 
required. 

9*   Tho rosourcos of capital fínense inoluding 
requiait« foreign exchange of the region for 
hsnvy plants establishment. 

tie   The statua of trained manpower in mochanloal, 
natallujfieal, ohemioal and aléetelo*! industrias 
laoltatlng supervision and managerial personnel. 
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Tuo Iffl planto art in full ••DooBaful production at tho Ftonterrey 

works of the Hojalata y Lr/ninn S.A. - the first known as W-l is a 

200 metric ton»/day plant of total iron in tho for« of opongo iron with 

35*por cent of metallisation.   The aeoond plant also at îtontorrey, 

known M MUÍ is alao currently in full produotion with nominal pro- 

duetion cap city of 500 metric tona of total iron per day.   Tho 200 

tona por day IÎÏL imit at Monterrey originally produocd hot sponge iron 

in lump fona, which was transported a ahort distanoc in metal charging 

honpor» to tho melt shop and converted to steel in tho electric furnaoos. 

Tho carton content of the sponge was approximately .5 par cent and re- 

quired the addition of graphite during the melting and finishing 

operations.   The operation of tho 200 ton plant wan revised after tho 

successful porforaonee of the 500 ton plant to produoe oold apongo 

iron by the addition of the cooling oyolo. 

Tho product from the 200 ton plant now contains oorabinod 

oarbon averaging 1 per cent to 1 l/2 per cont and is transported and 

charged to tho oleotric furnaces as initially designed. The 500 ton 

por day plant produces cold sponge iron which aver;vgoa 11/2-2 per 

cont combined oarbon and is handlod by conveyors, stored in hoppers, 

and ohargod to the electric furnacos in lump form without screening 

or oompaoting* 

In the 200 ton unit, tho reactor» are built in two flanged 

sections,    Aftor optimum reduetion is compiete, the lower acetion ia 

lowered and rollort out to a discharge point and the roduoed produot 

áunpod into a portable hopper.    In tho 500 ton unit, thu reactor» 

romain fixod and tne reduced ore ie romovod by moans of a boring 

dovico through a discharge port in the bottom directly on to a oon- 

I 
i 
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The 200 ton «ait utilises five reactors, eaoh oapable of 

holding 13 tons of ero.   Tho 500 ton unit usos four reo«tors, sach 

oopcvblü of holding 125 tons of oro» 

Work has started on a third plant of 500 tons/day for Hojalata 

y Lamina near Mexico City (Puobla) as a spearhead of a completely new 

integrated stool works,   toother plant of 500 tons/day eop-*ity of tube« 

de Acoro de Mexico Si (Tama) at Vera Crus in Jtexieo has suoeossfully 

oomplotod its production trials and is now in commercial scale operat- 

ions,   fho establishment of f* HTL plant for a 500 tons/day output 

is now in slue print staços for Usina Sidorurgioa de Bahia SA (üsiba). 

fable I fives the latest production figure» <* *»« Montorrey plant 

FmVil.   Htitallisation ropresonts the percentage of total iron which 

has boon oonverted to the metallio Po - ths unmetallisod iron is assumed 

to bo in the for« of fleO which represents partial reduction by the 

natural gas.   85 per eont metallisation is a pro-determined objective 

and it is not that higher degree of metallisation cannot be achieve* 

in the IÍTL proceso.    Some iron oxide is purposely retained in the 

apongo iron to provide the oxygon noedod for oxidation of tho metal- 

loids during subcoquewt steel-setting in ordor to make up the slag 

eliminating thoreby tho need of adding high grade iron ere to UM melt. 
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TA3LE I 

Plant Fl-11 Monterrey, W,L, 

August 1966 - January 1967 

Producen Bto^lt^  

1 

Month 

12ÊL 

Soft« 

Oot. 

Oto* 

Í2É1 

January 

Monthly Production 
in metric tons of 

14,157 

16,112 

16,106 

14,^79 

15|250 

Puroont 
Metallisation 

8?. 5 

34.1 

81.5 

82.8 

32.1 

84*1 

Natural 
WP/Ton 

al Gas 
Po 

721 

701 

660 

687 

731 

7O6 

701 Avorofo 15,190 82«9 

average daily production • 510 mùtrie tona 

Ato operational <L ta for a typical HTL plant including the fonerai 

guarantee figures projected by the suP'lior before tho cm temor1 • take- 

over arc given bolowt 

Pael 

Hater Makeup 

Mootric Power 

Buforrieion 

Oatalyat and Chonioale 

RiacollaneouB Sappile« 

Maintonaaco, Material 

24,400,000 Btu/Motrlo Ton Fe 

2,400 Onllono/Metrio fea Fe 

12 kWh/Motric fon Po 

54»000 Man-houra/ïoar 

9,000 *inn-hr>ure/Toar 

USI     20,000/Wr 

m$    30,00C/Toar 

IBt   28G»000/rear 
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Spengo Iron 

Sorap 

total Ohorgc 

•tool Tiold f -H. 

Eiactrio Poner ktfk/fon 

Carbon SLootrodos Kg/Toe 

LiMt   Kf/To« 

Dolomite Kg/ton 

Lining Material Kg/Ton 

Porro-Uloys Kg/Ton 

Pleurite Kg/Ton 

•ofrnetorioa Kg/Ton 

Kaoellaaeoua Supplica 
DSt/Tcar 

50J5M*. 

50 

100 

80-95 

660*710 

7.6-8.2 

72-90 

9-11 

5-T 

5.7 

5.8 

a-io 

50«000 

300,000 

85% Ht« 

15 

100 

82-90 

300-Ô40 

9.0-10.1 

90-110 

11-13 

3-12 

5.T 

6#5 

9-11 

•aiatoaanee OM/foar 

labour Red Supervision H^Ton 2*0 2,5 

afL OffS MSDOf KM PLAMT 
^^B^^^^Ba^wajBaajBaBaBiBB^BBBwe^^^—^^^^^^^•*^^^^^^w 

780 Ml^/Jletrio fen ft 

2,900 Orilors/Motrio TOR P» 

15 kWh/To« 

500 Metric fena/Sajr/fe Total 

89j( ft. Moe-Okide Po 

2.5 •«> l*59í Wt. 

Tho ajbeve 1« b^od en Iren or« containing at lenat 60$ Pa 

with r^dueibility Md anotfeer phyaicol and ohenieal oha» 

metcrlatieo o«ap«r«blo to tho Duranfo ora nao« in Monterrey, 

M Mtafellahe* br mutable pilot plnnt toate. 

•Aturai tea 

Hntar 

Rectric Power 

Produetion 

Prodnot %aalitar 

a^nlMaabfnam    <b"*A^-A 
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The HÏL direct reduction process for the production of sponge 

iron it one of tho roost sucoecjful processes of its kind. Estensive 

toohnioal literature and data iiavo boon published t ei-eon from tine 

to tine in the world'L teohnioal press; It is thorefore not coo- •'' 

aidered nocosoary to reproduce the above except to Buamariso a review 

thereof as a general technical background. In the background of tho 

above presentation, an attempt will bo nado to define the capital 

oo»t structure jjd operational oost analysis basad on the technical 

data ourrently available. For fuller dettilo of the HYL process 

itoolf, Appendix "A" may be studied. 

Tho RTL procos? oonvcrV; iron ore into spouge ir or. through 

the action of a Mixture of carbon monoxide md liydrogen gas« The 

reaction oocurn in r, fixed-bed chaaber whore the gao flows down* 

ward through lumps or acelomtratos of ores. The reducing ga3 mix- 

ture is prepared by the ctcam-rbforming of natural gr.s or other 

hydrocarbons. The sponde iron is formoci in the reaction oh. «borof 

is cooled therein by contact with fresh* cold rodueing gasf and is 

removed for subocquent conversion to s tool. 

The stoam*>roforming prooeea for t^e production of hydrogon- 

oarbon monoxide mixturos is operated in many placeo and has been ex- 

tensively described in the literature. In the plants at Monterrey, 

effect of iron ore char¡ctoristies on tho operation of the 
ETI proosss" by Joseph ?.3. Kelly, Manager of Development. 3windoll 
Hresaler Company, a dtvision of Pullman Inc., Pittsburgh, Fa., UBA« 
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thero are several reforming furnaces which ounply fao to tho reaction 

ohambors.   At the new plant in Vera Crus a single, large éT***• forming 

furnace proparoD the reducing agent for all of the réaction chambers 

in the plant.    Thiu modification in t\a uquipmont for the production 

of reducing gas has made i considerable oaving in tho capital require- 

ment for the ^rocosa.    The development mad« poiaibio by ttft> pioneering 

work of the r.«tt#Kcllog   Division of Pullman Incorporated in connection 

with the rosulting économie« in the production of »ponce iron or« a 

striking illustration of the benefits to be derived from the exchange 

of teehmologioal innovations betwoen induatriea »Aon there exists an 

organisational network suitable for the communicntion of information 

about oniîineeri»i; progress in specialised areas» 

Tho fixed-bod reactors, which contain the ore agglomerates or 

lump«, normally pose through a four-otwp cycle.    These step« arei 

(1) Itasovnl of finished spon^ iron and load with free« orej 

(2) Secondary reduction in whioh tho ore is heated   M partially 
reduce! by hot gases comiuf. from .mother reactor; 

(3) Primary reduction in whic   partially reduced ore (from the 
socondary stafe) ie further roduced by strong reduela« gaa; 

(4)   Cooling, in whicl   the hot spengo iron (from the . 
e tage) ie oooled bar oontaot with fresh reducing fas, this 
also removes the final portion of the reducible oftfgen -Ad 
causes the deposition of some curboa on the finished «punjo. 

IB the umn.1 plant desirn, four reactors are cmmloyuta o&oh 

three hours in oach stage, for a tot 1 eytle time of 12 hour©. At amy 

iuatmt, one of tho four reactors is in each of tho four stase* of the 

oycle, produolnc the balojMeé array ehown im ligire l.btlewi 
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Hours 

o J i 
Ooolinc 

JL 
Cloanout 

JÏ 

lTim-ry 

GtMBOttt teeenAory Frtwcwy Cooling 

^W^W*ÄW||J Clw'UIOttt Secondary Primary 

MW Ooclinf/ Clcnnout Secondary 

Uto sonora! outliwra of tho plant which hoc boon oonstruotod at 

Www 0RM for Tubo« de Aooro Nacido, 3.A.  (tAKSâ) i» ahotra in Figuro 2, 

1 
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Thoro It will bo notod that a sin(;lc roforming furnaco makos 

the reducing gas which ia thon utilised in four identical reactors. 

Tho reducing gas ia prepared by the catalytic conversion of methano with 

•toon tc produce mixturo of oarbon monoxide and hydrogen. After leaving 

the reforming furnace, thu gaooc ore coolod to remove oxcoes water 

vapour and aro then ready for transfor to the iron ore reduction suction 

of the plant. At this point, tho cooled gao contains about four volumoo 

of hydrogen for each volume of enrbon monoxide 

This gas flows directly to a reactor which containo apongc iron 

that hao just passed through the primary reduction stage» In passing 

through tho reactor, tho gao is heated to an olovatcd temperature while 

tho spengo iron, as previously stated, ic cooled to atmospheric tempera» 

turc. This cooling stag© also complotes tho reduction, thereby adding 

to the gas a certain content of weiter vapour and oarbon dioxide To 

removo those gases, which would be harmful in later roduotion stages, 

the gas is eooiod by direct contact with wr.ter sprays in a quench tower. 

'fator formed during roduotion is romovod by condensation aad tho resulting 

gas is ready for transportation to another roactor. 

The gas temperature is raised to a high level and the sas then 

enters a reactor containing hot, sertiilly roduood ore which has just 

completed the secondary stage. In this primary atr^c the bulk of tho 

ore roduotion takes plaoe and a considerable quantity of water vapour 

and oarbon dióxido appear in the exit gaaes. As in the once of tho 

gases leaving the oooliag stage, the gases from the primary stage aro 

also cooled in a quench tower to bring about the removal of water by 

condensation. The gas is again hor.ted to a high temperature and flows 

into a reactor whioh has Just been oharced with fresh oold ort. Airing 

tho ensuing Booondary stage, tho ore is hotted and partially redwood by 
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eontact with the hot £na,    The gases waioh emerge fro« the socondory stage 

•till contain appreciable quantities of hydrogen and carbon monoxide and are 

UMd n« fuel to supply heat to tho various furnaces nnd hoaters in other 

part» of the plant»    The onlorific power of this final 71s is not quite suf- 

ficient to supply all of the heat needed in the process and it is therefore 

nooessary to introduoc some additional natural gas into the fuel gas system. 

The reactor section of the plant has been designed to possess 

« high degree of operating flexibility.    This was done in order to moke it 

possible for the pl.-nt personnel to adjust the process conditions in accordine 

with   variations in the mineral quality of the ore which may be supplied to 

the plant fro» tino to time.   Tho reaction temperature may be varied between 

about 1600°F and 1900°P depending upon ore roducibility»    Tho partióle sise 

of the oro may vary from nbout l/2" to about 2".    while the normal reactor 

time eyvle próvidos for three hours in oaoh stage, it is possible to change 

this tine prosammo if the Mineral m.kes it possible to do so«   The nominal 

production rat« of the plant is 300 tons per day of total iron, in the fors» 

•f sponge iron whioh is 85 per oent Metallised, but this production rate 

»ay vary depending upon the quality of the ore»    In a very striot sense, 

therefore, it must be clearly understood that the production oap. city of the 

plant is a function of the quality and roducibility of the ore supply« 

Heat is introduced to the reactor through a special patented 

prosidure whioh was developed by the engineering staff of Hojalata y Lamina, 

S»A«   After the reducing gas leaves the quench tower at oaoh reactor, aa 

previously described» it is heated in a conventional tubular t7» heating 

furaaoe to a temperature of 1}00°F to 1500°F,   At the sane time a stress 

of air is aloe heated to approximately the sane temperature in another 
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furnace of a dosign similar to thr.t used for preheating gais.    A carefully 

controlled quantity of this preheated air Ì3 thon injected into the re- 

ducing g^s stream, causing tho combustion of a portion of the reducing 

goe.    The resultine hoat of combustion raised the tomporaturo of tho gae . 

mixture to 1300°F to 2250UF, and it is this hot gas which thon flowc downward 
• 

through the bed of ore in the reactor«   Tho temperature of tho gas mixture 

after this liroitud combustion it! establiohod at a level which is sufficient 

for the rcduoibility roquiromentri of the ore in the reactor.    This control 

is achieved by careful regulation of the ratio of air to reducing gas, 

A high dogroo of temperature regulation and procesa adjustment io made poo» ^m 

Bible by this patented arrangement.    Reactors in both primary and secondary 

stages are heated in the same manner* 

In providing an outline of the ÍIYL Direot loduotion Procesa for the 

production of sponge iron, flexibility of the process needs to be stressed. 

Although an important criterion for tho auoooms of HÏL direot reduction 

procoae is the necessity to start with hirfi ¿Tadc iron orea low in gangue, 

low grade iron ores could bu employed providod their prior benoficiation is 

undertaken to upgrade their motallic values and lower their gangue contants - 

the latter would inovitobly find ito w.iy into tho reduced sponge oinco in 

tho HYL direct reduction thera is no slag formation.    Prior benefiottion fp 

may also involve agglomor&tion of the upgraded ore including its pellctieation 

depending upon the nature of the bencfioiation flow shcot required and the 

degree of fine grinding needed for liberation of the gangue,    such treat- 

ment would, of ooursc, raise the ultimate cost oi' tho reduced opcn;;o»   As 

ouch| the choice of low .'»rade iron ores and their benefiofetion rould depend upon 

the overall economi OB of producine tho IITL reduced sponge | alternative may 

well be to import high grado iron oro - here again, the determining factor 

would roíate to the ooot of the imported high grado oro»    In some oaoea, post» 

benoficJmtion of tho reduced 1IYL sponge may be employed depending upon tho 
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ultimate economics of doing so.   High sulphur boaria« iron ore» are first 

roasted to lower thoir sulphur content be fort direct reduction.   Following 

typical data on chomioal   Jinlyeie of th« iron oros and tho resulting opongo 

are given below (Tabic II) along with tho ooMumption of reducing cas on 

tho basis of HTL Pilot riant operations conducted during I966 on the fol- 

lowing iror. ores (oftor S.Kelly)1 

lancino ore 

tfadi Fatima oro 

Xtabira ore 

Pollute 

A maeoivo homfctite-megnetito from 
a deposit near Colin«,, Moxioo 

An oolitic hcrantito fro» 
3nudi Arabia 

A specular hematite from 
Brasil 

A hard fired, hitfi (Trade pellet 
from South America 

WuJük 

mslm   m±.J&m   lía&ise  £s«Mi 
Total fle S'M2 48,6? 70,09 69,0 
ForrouK Fo 11.50 0.54 0,01 1,0 
•iO. 1.93 6,93 0,94 2,0 

S     J 
1.9 2,82 0.TT ** 

0,013 0,040 0,013 0,02 
» 0.518 O,5€0 0,086 0,03 
CI M- 0.25 _ mm 

l0*itloa loss 0,66 11,50 O.38O — 

£<^ES8&$â& *Vwy^MjPr Mkmm ftojpira £stU&l 
Total 9o 87.80 65.6 92,68 91.0 
Metallisation 86*20 84.4 35.4 85.0 
• 0*016 0,027 0,009 o.oc 
• 0,5^1 0,900 0,236 0,04 
flanftio 6,49 29.0 1,61 3.5 

•atei   Oarbon eont-\ct of the spenge oaa bo controllod 
~^  IT adjustment of operatine conditions.   At Monterroy 

it is usually held between U% -nd 2.0#. 

l_L 
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Consumption of roduoine flao.    Pilot plant operation - 0$ metalUmtion 
y 

fro Sgurofr Raturai Qa* .«ffllHP^ffi 
Qiioino 10GÇ. 
Wadi Patina 1W 
Itabira llCF/c 
Poll©*» 9$ 

flCoyoMics OP yiff ffl, qflffin 

With regard to the oconomiee of building m intograted ateei- 

niaking facility basod on tho IIYL direct roduction process,  it ie obvious 

that oftoh plant and location will hpve a differtnt set of coat factorc 

and bacie parimetare. 

, in the latest brochure of 9windoll-j>ro8Bler Companyt untitled 

\ "the VTL Direct Reduction Prooess - Stoelnakinft with Orve",  data hovo 

been published concerning the IIYL direct reduction procose as given 

horowitht 

I Ikiya/ 
j                   (^a^ Factor              Unit Qftot in Ut        Yu/y SfelA      M¿1SM 
{                    »atural /?ae             0,30/lCP2/   ,                  330 4,050,000 WP 1,215.000 
I                   Water IWeo-up         O.OPl/moìàf                  330 176,000 MBal      4,750 
J                    Catlypt and Cheraicalo          .                     330 20,000 
f                    Caratine Labour   0.30/WHW                   365+10 49.500 KHR       39,600 
Î                    Supervision             1.25/MHR                      36',#'0 9,000 MHR       11,250 
i                    íteinttnruicc             t& Capital Investment 273,000 

Oonoral Ovorhoad   100$ Labour and Supervision 50,850 
Misceli, ouppiios 30,000 
Tlogmlty                    UOO/Ton Fe 165,000 

• ii • «i i i ••••• in ••ni—i mimi ii    »     'ifiniii"      -       •••  - - "i»r~- — T—ii ran ~~-  

Hot Operating 
JoBt/Yoar U.OO/fon 165,000 *ona 1,814,450 

\Jj Consumption of m.turai gr» required for plant operation« wit» Jnieino 
is taken a« 100#, 

2/ HJP m thousand Cubic Feet 
y Mal* Thoußond U»S, Oollons 
y A* - Monhour 

* 
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Hilt BhOD Qftd fe^tim* Plant 

Caiitfil Ooott t 6*ooqftooo 

COMí Facfrf 
Doyo/ 

ÍBá¿att£ 
Natural Que 0,10/MBF ¿/               330        61,500 KJF 13,450 

Water fivko-up 0,027/îCal tf             3M>       125,000 MOal 3.3Î5 
Operating Labour 0.80/mm y            365+10     525*000 M* 420,080 

Supervision 1.25/««                   365*10         9|000 MHR 11,250 

Hai»tenonew ¿(fe Capital Investment 320,000 

Oeooral Overhead 100^ Labour pud Supervision 431,250 
Eloctrodoi &Xft<m                                      2,090 ïuns 1,200,000 

Urn 12/*»                                        20,500 Tonn 246,000 

loi omite Ifytoa                                        2,625 Tonu 47,250 

Furro Alloyo 4§^to»                                        it45o Tone 530,000 

fluorite iV^o»                                          1,410 fonu 26,100 

•efrac torlos *45/To»                                       ft500 fous 362,500 
Ifegneaito 4$/**»                                            1,300 Tono 59,300 

®*pfen and acetyl«** 88,000 

NLaoGllaacous Supplica 50,000 

Mot Opwatiag 
Oos^Toor 15.46/Ton                              250,000 fon« 3,863«9T5 

y HBF   m Thou3.-\nd Oubio fret 
V MflBl » »loußwi* U«S» Gallon« 
y m   - îfenhour 

r 
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foot Ifo-toy 

Saturai Otis 

Water 

Choral oal s 

Osoratin,   Lab' «j» 

Supervision 

Jhintcnanco 

General Overhead 

- SO- 

O,30/MCFi/ 365 2,520,000 MCP 

0.02T/M0al 2/     365 

365 

O.K/MHR i/        3Í5+10 

1,29/MK 365+10 

V¿> Capital Investment 

70« 0$ Labor and Supcrvioion 

525,000 MOal 

75,000 Mm 

16,000 ¡m 

Net Onoratine Coat/ 
Yoar 

l?8.;/Y&ar 

?65,000 

14,175 

47,000 

60,000 

20,000 

78,500 

56,000 

m 0,0053/KWH 196,000,000 KHH 1,031,675 

CaRitftl Costi ¡»6,71^000 

Labour O.80/Wff: 

§«pcrviBioa 1.25/ïîHR 

T&sooilaaootts Supplies 

Jfeintenanoe 1.6$ Cnpitnl InvoBte.cnt 

Conerai Orerhocs*    100/. Labour nnd Supervision 

125,000 KHR 

9,000 I IHR 

1 » 111 

Hst Operette^ Cost/Year 

100,000 

11,250 

50,000 

107,375 

111,250 
MMM 

379.3T5 

¡J WF   m thousand Cusió F©*t 

y Wal . Thousand U.S.Onllons 

J/ Ml   • Manhour 
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SuFmsLsLSsaiaML 

gjojt, jfao^cf    Ufr It Cgef OSf V^tím 
Natural Oas Of 30/MCF 1/ 6,631,500 MCP It989t450 

Water Mako»up 0,027/TWbl %l 826,000 NGd 22,300 

Catalyst and Chomicalo 67,000 

Opratine Labor 0.30/HHRÌ/ 774,500 fi» 619,600 

Supervision 1.25/lCR 43t000 MER 53,T50 

Maintennnoo 733,875 

Ctenomi Overhead 649|350 

Bloctrodo« 600/Ton 2,000 fon« 1,200,000 

Li«« 12/Ton 20,500 Tone 246,000 

Dolomite 18/Ton 2,625 Tono 4Î.250 

furto Alloys 400/tott 1,450 Teno 580,000 

73.uori.to 13/Ton 1,450 Toas 26,100 

Rafractorioo 145/*011 2,500 Ton* 362,500 

Mollasi tc 46/*°* 1,300 Tono 59,300 

Oaygen and Aootylano 38,000 

MLaeollanooiw Svpplioo 130,000 

RTL loyal tar l«0O/Fon Fe 165,000 
Bot Operating 

Cont/Yoor 

Iron Oro - oOjtFo       12,00/Ton 

Borap 45,00/Tcn 

275,000 Ton« 

115,000 Tona 

Direct Coet of 

Tt089,975 

3,300,000 

5,i75fO00 

J2¿5* B 000 ¿2i22i222 
j/ NGF   • fhouoajtd Cuoio Poet 
4/ HJol - Thouaond U,S. Gallono 
¿/ Mi   • Ifonhour 

U-. H .    rilllillil I IHMtMMMti. 
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1 
Ifrftctrio Fiamaoa n&li 

(Basiti 17 ft. Turnoco; Low Carbon Stool Product) 

Cyoj Caao 2 

Purnaou Charco 

Sorap - Jt                                               40 15 

Sponge Iron • £                                       60 8$ 

total Canrgo - $                                     100 100 

Iago« Yield - %                                           91f4 93 hi 

Tap-to-Tap fimo • Minuto«                         ¿04 320 

Uning Lifo - Heat«                                   120 li; 

•oof Ufe - Heat«                                        43 43 

Consumption per Metric Ton 
i of Ingot Produced 
I 
I                           Elootrio Power - Kwh                       * 680 79© 

Blootrodo« - Kg                                   8,0 9,7 

Urn «Kg                                             82 100 

Dolomite. - Kg                                      10,5 11,5 

lfa&ioaito -Kg                                     5,2 6,6 

Hcfraotorioo • KG                             10 10,4 

tome Alloys - Kg                                5,8 5,8 

labour and SuporvielOB • mi             1,9 2,0 

t 
I 
I «/   **••* *uld iB iû roaordanoc with exporienoe of Hojalata y Lm«lna, S»A* 
i Bettor yiold at lower «crap peroontago le «o osrtai» estant du« to the 
f fie* that all sorap ofeorgeá io olean #ood quality &«M «orap» 

I                          '                 • •         • 
Í 
t,                                                                       '.-...                  • .                                            •...                             . r 

il 

t 

• 
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Some teat results have reoontly boon reported concerning tho 

production of apon, o iron by the HTL proeoos using ITABIRA (Brasil) ore 
1/ 

and the manufacturo of steol from such sponge iron« 

CVRD "rubblo" type iron oro (ïtabirn. hematite) oan be roduood 

in i\ conventional HYL plant with on offioienoy oomp&rablb to tho normal 

prootioo at P?SA in Montorroy« 

A $00 rao trie tons por doy plant (nominal oapnoity) specifically 

doiignod to operate with Itabira iron ore would prod wot up to 600 motrio 

tons of Po per doy with a consumption of natural cw of 710 Hnr por ton 

of Po.    Xt should nohicvo a 83 to 89 por cent metallisation with 92»5 por 

cont of total Fa und a c.xbon oontun t of 2,0 to 2,5 por oont in thü sponge 

iron» 

Suoh a «pongo iron (with 09 por oent metallisation) io an excellent 

maturisi to ¥0 charged in high proportion (about 03 per oont) into oloctrio 

fura&oos, producing hit,* quality stool with heat tiraos of 118 minutos. 

Inch timo« were only obtained with 97 to 96 per oont motallisation sponge 

iron made from iron ores other than tho Brasili?» os referrod to in 

technical paper« until not; issued» 

Tho Itabira ore sponee with higher metallisations (97 to 93 por 

oont) would allow heat tinos of 110 minutos (tap to tap) loading to 55 mutrie 

tens/hr tap to tap productivities in 100 metric -ton furmsjooe with 

350 »V/mùtrio ton power Bupplios. 

Tho toohnicrú feasibility of US IBA» s projoot io completely proved 

by the Wwitorroy toots. The conclusion» of the present paper would only 

improve this feasibility, 

y "Production of Sponge Iron by tho Iff!* Proooss uoiiv; tho ITABIRA Ore » 
Manufacture of Stool from suoh apongo Iron" by Claudio H(M*sr«#a, 
àngolo A.T.  Pereira nnd Molpho R.Dfteourt. 
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ft» eoonoaio feasibility of tho project is also assured sinoo nono 

of tas toehnolor;ioal improvements presented vero callad upon for tho 

projeot.    AB a matter of foot, tho profitability of the project 1« baood on 

production and productivity parr-metcrs which aro «von lover than the ones 

attained with Monterrey testa* 

The improvements onvißotrod throu,^ tho modern tochnoloey lead 

to capital oosts lower thon 360 U3 dollaro for annual netrio ton of capacity 

and operating costa considerably less than 58 US dollars per no trie ton 

(slabs or billets) for plants within the range of 140,000 motric tons of 

finished producta a year*   The above figuro a MUTO tho ones indicated for 

UtHfc md would cortainly bo also met in a project with simili favorable 

eoaditione in re•?*& to raw materials (iron ore, m turai gus). 

Sonn valuable technioal data h ¡vo boon presented recently on 
1/ 

oloctric aro furnace etoelmakinß with ïîïL sponge iron m and the following 

tgrpioal dati arc presented therefromt 

jran Tioldj, 

During the first quarter of 1967 ono furnace has «eon continuously 

«•sitine sponge iron heats with an avorafle metallic load of 37 notric tons 

oouposed as fellows 1 

Sponge cross weight 58 netrio tons 

3crop gross weicht 3S M           n 

total 96 M               M 

Sponge, Be content 5© fi              N 

Beret», Pe content 3t H                 ti 

fetal 3f n           n 

Sponge Fraction 

3tooi toónos T9»? ; «           n 

Iron yield to ladle steel 

9¥ 

y^fAootrio aro Wmmm tt<wls»*iitg with m Sponge Iron" ujr 1*.J,Osiate t» 



Ivon yiold in tho early doye of npon^ iron wie trat rolaUvuiy 

low but hoe shown oonetont iroprovon ^nt as nuitabiu molt ni ^p pr-i«%à*(i 

hoe luvelopud and at pranunt IB tetter thon 91 Ptr eunt» 

Hoot flflnej 

Tho ohorrp melt-dot« vate il 2| metrio tour por heir with m 

avertie top te tap boat timo of 304 uinutar. ao follow«! 

• 

l. 

Multine and oharci«G 

llefining 

Delay« 

Tappine 

furnace levai* 

total 

Ntltodown rate 

Ladlo oteei production rat« 

if Mutrie tette/he«* 

13ef tofie/hov« 

Tho power and material« eonevnea per nwtrio ten of lau« 

etool in tit« sane porlo* <#et 

Kiootrie fttufgr é»   r« 

ÄootrodoB «   «e. 
tiiimj Ifi    Mm 

BoloaAte 1*9 1* 

?SagK»it» Selli 

•veewPWpw^tj    •pnjí"* ^*     m •P'eP       ^BPJçpPne^ajPnï ^^ej    ^PwiK^evs>£F 

flHPVp    ••»»»    *«r           ^^"   JMraeieÄ^HBj   TJ^rWBjp « 
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9m cmmr,u •pons« lit* ajicilyaU dnrinc tlio first ciuerter of IJÍ« i« 

in Mkic III«   the  va«Mi «onditiJim at the efim^ iron plan« oro 

•tutti!? «*t lo protooe 14 par oonv mit .llin&tion but or«, r.adiiy ndjtMtnbie 

%o nroènoo any 4««ir«4 Mcfiliiamtion.    Ulowtm, nomali/ crbon content 

It .viintainod within -. magt of 1.3 to 1.9, but «on b   varied tatuo«* 

US *»d 4 *or oo*t by auii-lle rrooooo  djuotworit im the reduction óyelo. 

tt¿*t9*"fot«r puroont mo tallisntion of the *po*&. iron ranjr appear low, 

•«t fajqporlonoc a* INitorr«* han frliomi that to aojiiovc of*tim«a overall 

UMMIM, Mgho» mutuili «Attor alone io not the noi« oriti ri on.    MutniUtation 

&• oVnl»fttuè in relation to th« oírte* ajmllable U tho m «non^ iron« 

tarin; nelt tun. thu oojton oontunt, rirep<m<t<«rantly o««biivid oarbor a« 

In« «aftAeo, ro«h*o«o the «««tit*. (IM)«   3h«v¿h «untite eh.mid feu prêtent 

to WMtni« tàâo reaction Md to l -m PBO loft ovr to oomhinc with tàc «lag ?*d 

t» pre «to the onidûtior. of tU ptoepherus«    Ite in «io «le¿; «houle »e About 

!• por oont in nrénff to nao* the proper fluidity. 

t¥ Mtfaii«ntion ¿ir «orbe»» «outest is Inero&Mè, tho visco«iV of the 

nlv mill inoro*«* <tt» te laoofTtoiont r*Q, dolajrinc the noli «¿naiéfctoMr* 

If • en the «tn&r hend, ««tAUtft&tiefc or oirW oontcnt à« dimini i hud, the 

•ta* will be too rieh in Pot, diwtniehtnc yioia «M lining lifo. 

It la tulle«»* «ortly of ro-e'#haai« in dioenealuc o?UM«n intuii Unti on 

tftftt «he hi, h r etrtdiiin   oi roe* rtntiet of tho »It ut ta lww mctatUtatiea 

•OB wffootivul? re«*** aoot of the jtanphnrtt dtrift# *** welt è«m period« 

Otturwiee, Hwftiwrwi eltaAnotie» rot be tronfi ithod dwHnf the rofinlnc 

wtt» «orrvnpinèi^; i nor e. ni In ho t tarn« 

«ftf bo we to «»VIn ht<tW «*t*lliention «tth tho MO* 

in e «ton «itttont»   thin «III 
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oosts at the melt shop, but these saving will be oif?ut by n corresponding 

doorcase in the output of the spon/?o iron plant*    fcperionoe han shown 

that HVL sponge iron of the cnalysin ¿;ivon in l'obi© III rendre a balonoed 

economic operation froi.i oru to steel with tho typo of ore now boing uood. 

Burine tí»« P^t two yuars thu las ¡tecinas i?v>n oro \u\a nhown 

increasing friability tondonoios ir» eruchin*;, scroeninc "tnd handling 

with a oorrcaponiin¿' offoot on th© granulane try uf tho aponte iron» 

It boorin© ntoeosory to appraise carefully tho offoot of sat in- 

creasing poroentage of finos in tho eleo trie furnace charge or alternatively 

fnso tho possibility of screening tho spon.;•;« iron and nglomerate or dis» 

oard the finen«   fòt tonsivo tosto wcco med«' to dottrinino tho operational 

probluas« and tffoot an yields raid operating oost tho uto of finca would 

present«    It has been oonoluoivuly demonstrated that sponge iron with tho 

sorecn analysis shown in Tabic V oan be suoooasfully converted in the 

ulootrio are fumioo without significantly affecting oporntlon, yiold or 

äJ data presented heroin for the first quarter of 196*7 a« based 

M th« yjeolusivc use of sponge iron containing tho high poroonta^u of 

fines shown in the tabulation without screening or a*\ lomcration and without 

modifying: earlier oliar, ine ami multine practice« 

Futura Trends i 

Ten years ago spon: m iron and dlraot induction were vicwod by 

of tho steel Aratomi ty as litt lo moro thest intriguing motallur^cal 

curiosities«   Today, thero is ßrowinc world-.ri.de- ap,*oeiation of sponge 

iron as a valuable source- of high  rode motnllioo«   Mth thia ¿previne 

asooptanoc now possibilities art« foreseen for sponge iron« 

lamp spemtfu iron or reduced pallets aro considerably oasior to 



handle then «ora»t th«y onn bo hnndlod toy oonvcyore inetoad of orane« 

Utrodueod Into ojo/con converter« with oajyoeiafele eavin ; in timo ¿ad 

UplMi   Tfcoro will bo new melt «hop design concept« rjrvi material 

headline ttohniquoB oaployoct by the stcolinrxkor as the use of «ponco iron 

beccaci «oro prevalent. 

Control of carbon contmt makoo it possible to improve operati' g 

effioioftey bgr oontlmioueXy oharcinn «ponce iron to oloctric furnace«, 

a procedute wfaioh is fnellit&tod by the ease with whiol it onn bo handled. 

Ibi« oonoept is belaß notivolr explored by Hojalata y L&rainn pad a nurabtr 

of u«taili«ho4 «teolnaker«« 

Thoro in nmoh yut to be learned about the preparation and utilisation 

of «tone« Iron la «toolmakin'j«    Kith its srowinc noooptaaoe Mill cono now 

nelttag end refining technique« and method« other than tho oleetrie «ro 

furnace pr*stiec described in thic présentation« 

Ike one firm oonviotion foninoti by Ho jálate, y Lamina from it« ten 

year« of enperienee I« tint «ponce iron is hero to «toy and that direct 

-ciwotioo will piny an inoroacinrly important rolo in «upplying ¡aetclllcs 

fer UM noiwtfroturo of carbon and alloy eteri produot« for the market« of 

the werli. 
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•fteet. «Quarts i£6| 

(Ptr oont by woißh*, Jay bâtie) 

lapon in Fe, 0,950 

Ir*» in ?u.c 

taffete in fo.C 

340 
f 

AI e 
2 I 

eoe 

in P&. <W 

4T.42 

U«38 

«til 

0»09 

lt«0 

MI 
0,411 

0,013 

M 
0,2 

aa 

fti 

100,00 

P*o*en* NMMUwtior (J3*l gjfll Tttl) 
total iron 

«MI* 

V. 

.-MMMUHiMtal 
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Miti 

I 
I 

iW • with ]»fac|n9 (fr* 

NMh Huwbor retained iecumüated 

1/2 2*39 23,39 

1/4 24,5? 4?,*Q 

6 14,95 62,?1 

If 9,59 Tt,5t 

to 1,14 78,66 

40 4,69 •1,35 

n 5,41 3Jf76 

140 5,36 94,12 

•MO • 5,18 100,90 

'•£ 

l 
3v 
3f, 

á 
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In woll-dovclopQd stool centros the IIÏL procoes can be uaod to 

produco a oheop and dopondablo supply of iron freo from eoppur naá other 

harmful euntnainonto.    Ita srlphur nnd phosphorous content can fee kept 

down by propor ohoico of oreB -nd 'sydrocrvrbona.   The proceati dooorvoa 

aurioua consideration because of the contributions it on» make to the move 

toward nicher quality whioh now eharacteriEon the offorte of many eetabliohod 

stool producer»» 

The IITL prooenn may ba aerioualy conniderod in BituatiatiB where   ood 

lump or ac,;lo»orated oro is available c\nd whor   natural sas or petroleum 

aaphto io an economical source of energy.    Its special artvantarea orai 

(a) Proven eoramorcial operation in tho world* a 
lavceet Bponc.o iron foollityt 

(b) Labour requirements suited to «ner^ins 
coommioBj 

(o)   Variability in siso sinoe planta hrvo 
bu©» constructed for 200 nnd 500 tone por day of apone«! 

{è)   Staat of eapacity expone ion because 
additional reaotors and gaa reforming' 
furnacea can bo rdded aa dußiredf 

(e) â wide ran,<re of typos of ore lumps «-Mid 
agftloracraton oan bu oorvertoû into sponje; 

(f) An oxporiefiood «n ¿incorine and c on nul tine 
sorvieo it? cvr.ilabU for design» construction 
and initial operation« 

aa moro opital and experience boeome avai labio t the other 

atocoa to too ateolnalein,-? procoas eon be installed until a substantial 

dogra« of iron and atool aelf*Buffieienoy has boon aohiowU 

A rover«« oourac of developmont is often moro oui table whu« local 

supplies of ore nfe not adequate.    Then it may bo bettor to bocin with 

•tüol-forminr plant and work bacta.'jrd to otoul refining» «Bins imported 

son», aftnso or pig irán*    Ptarlly. eompicte intesati** la oohiuwd if 

natine redaction sui beatfüirtion equipment,   mie, indeod «ne Ite» procedure 

d 



follewtid by Hojalata y Laatiaa I.A* in their development.   It ìmm the 

groat merit of fuickiy roducinc forul ti exehajtee «loraaade with a »iniisw* 

investment. 

A third alternativo arito« when »ore capital oar bo invested.    A 

empiete etcel work« aa» be built antí operated M a uni fi od devo 1 optant 

projoet, oasod apon the Beejaenoe of prooo«« staro8 b««t nui toe! to the 

lee&l oirevjeatanee«.   the fflfi proooes ehoulé reotive earoful consideration 

whonovr tho «upplio« of or« r*& hydrooarfcon *re aa previouely doueriecd« 

Witt«, capital inreetwont for a aponte- l'on ?* »t ef thc OTl •**> 

«ill very aoocrdini? to loool conditiono.    In ¿unoral, however, «neh m 

installation will ootit ah#ut on« talf of the c petal Investnsat r <\ii*«á 

fer a oonventional hlaat famwe of the «am« eapnoitr«   •**• i»ei«àe« 

fe produec ene notrio ten (1,1 short te««) of iron in o« »«i por 

©ont redwood apence iron In the 20Q»tona-pvr day pint, the felloni«« 

te* Material« ore refaire**   natami c;rm aô,«0 cahie feet| electric 

T9 Wv -hoaref water M eubic fectf ere 1.75 to«««   Blroet lata» 

to one »on-hot*, oaaluáin^ »niat..na*oc, ore haaálin« orné everaoré. 

As a sp*«rods»t, 2980 la. of stun» at 190 i^i. prvasare ia ;reduet*t It 

I« hela? e»ed in the slant«« rollini- «All. 

few mat, rials requirement« per «»trie torn (1.1 short tons) ef 

irem, it\tho spottge iron for on 85 per oent rotwod ote, «ill he low«» 

taw fop the atâaline «nit«   Ute following mlwee ore e«ptote4| Nt tarai 

gm 14,00© ewhio f*et| .lootrie anorgy T k -heurs| w .ter If I «ahi« foot* 

ope 1«T9 tone.   Laheer wall drop to shout ono-haf aoapheur nine« the 

whole operation will he «iaftler.   Faci leoaoMjr will he *ehloved becejee» 

ef hatter heat ooneorvatto*.   Un deetrie wietfjr will he v*xl hwewete 

•too* is oapleveA .<* prime «ever in t«%inoe.    (Ikapo, very little a «a m 

steoji I« loft to he »red eleowhere).   Urne op/* turhe* ehine will harre 

WiË*mÊ*mmmiBmm in mini n «inwftimi -»•.. <*-.>-.-- -^—,—^,»Ié>. .mil i 'ninrnawultimi. \ 
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it« own eleetrle motor «tändln« by thor   la oonsidorablo versatility in 

plant opuration,   Eloctrie power orui b<- u&od whonuvur oconomic conditio«» 

nano It worthwhile ir allot steam to other uses« 

BeonoBiic sueooe« of Piorro ^taponar1« spongo iron pianti oouplud 

with m Inoroaae In tho «nality of rolled product« fabrioatod with thie 

iron* ha» ade thio departure from conventional iron-ciakltn; 

KSNi vt troc ti VI, 

is littlu doubt th t tho IIÏL Oiruet Bcduetlen Prooo«« le 

WêêA In many way« and whnt is required is r. study of it« 

r.du.Tl» both in o^pitftl ma cparntional costs Rtrueture md 

the inline priCù patter» of its oné^produet, vie», tho apot\,^ iron cm made 

I» a narticul*» roción»   9m main fuöstioncj nrisinc out of the production 

•f «pentfe iron would be to det mine its oeonoale rad uso fui uso« and 

potential eneUentlen« whether for the production of conventional plain 

«sffjsu «Aid and «tnsstMral stuul«, low alloy obstruction? 1 stools or for 

rule?, tool, «pooi-a end etainloM stools«   nils has, thorefore, to bo 

•^ rnincd la r lvtien to tht availability of internal -t,  1 aera») in the 

rtei«** IH çu&lity T»d nhyalonl ntntc -nd its prtoo a true turo d<*livorúd 

«I any ««nini or rvtfioi rl point   f consumption*    In tum, thin oubjoct i as to 

te ooyluflt*l In tho eentuxt of the Import of ntcul seras and it« priée 

•nttoru both Pel wA f If vnluo«, oonsidcrint; that banie&lly  nf laper* 

«t Um «tool semp «ill Inveivo fore!,* enehango ix-ymont«.   Of oourao, tho 

«aaftity •»• phf tlnai ¡atnte of tho  '.tool aeres« whether of homo ori ;in or 

»npe*tvd, »i« ** »*»•»* l«9oHafin« m d. finin- their man» of ooononie 

sai pi testini utility«   Bc#»? structural end olean stool serai prosVrasly 

llwlflod or« In othjr wo*da« psdl/row «tool «crnp, would be needed for 
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atoelmakinc both for the eleetric are atooimnfc|agi bornie opus hearth itovi 

fumaoee or for tho UO.baelo oxygen etuel oonverteca whoreae for cupole 

charging (hot or cold bloat) light steel scrap such aa turnings rnd boring 

and merchant mill »tool eerap botile« general market stocl scrap, will 

torvo tho purpooc for iron Mking and oubsoquent refining of tho iron into 

•tcûl. 

•pongo iron, on the other hr-nd, is a pure product containing nub» 

atantiolly IOM impuritiea or metalloide to relation to pic iron and aono- 

what higher carbon in ooupariaoa with «tool, with varying contente of 

motalloida dopoading upon tho quality of tho iron oro ini tiri ly reduced to 

>•    Spoace iron may bo reenrded aa a pedigree ntoel aorap whioh, in 

i, it soeka to replace for otoolaakine and haa to compete with it in 

ton» of ita prie« structure.   Naturally, therefore, sponge iron if ueod 

for alley, tool, special -jrtd atainleae «tool production offert a auch »ore 

valuable Tad high prieotl end-product than if it wore to be usod for tho 

production of plain enrbon, mild and atructural atcela whioh roproeont a 

auch lower prioed produot-mix.   At the sane timo, tho methods of stecL» 

Making, whether tho onoVwrodueta aro low priced plain carbon, nild nnd 

atrue turai atóala or hi$i priced alloy, tool, special and atainloaa atoóla, 

wauld in practico bo moro or loca idontioal, except that the latter would 

•Wtail tho uae of requiaite furro-nlloya« 

Additionally, one has to atudy the regional -ad intcr-regional 

assJtet pattern requirements, the aim beine *° produco those steels that 

ave ourrontly in demand while not ignoring the baaio dictum very often 

applicable that tho supply oreates the demand and the price structure of 

the former diotatea the flow of tho latter«   Puturo demand pattum can be 

built around the high priood end-products, both fer internal Market Bead« 

and ala* for export potential, provided the price a true ture of tho two 

lue altuatlou, of courue, tenda to ,iet busy in tho eace af 
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devulopinc oountrios whioh may have an abundanee of ehoap and hi^t 

funlity natural -jas a« alto hitfi quality Iron oros but laek in internal 

market demands for the high priced product-mix whioh eon onsuro muoh bottor 

roturo of tho onpital investment, via., the markot domanda for alloy, tool, 

•peelal .-Jmd atninloss atoólo, whilot to eoirjpete in tho international nnrkets    ^    < 

in rospeot thereof will bo a shaky venturo and of dubious voli* for *©- 

voleping oountrioa. 8uoh a eituation prevails in tho Latin ámoriean 

•omntrlo», including Noxieo, where tho HYL proooM holde an undoubtedly 

•«promt position, both toobjiolocieally as aleo eonmereially and oeononieally. 

On the other hand, tho BTL proooee has aleo to ompcto with the 

lateet teetaiolo^ical developments in iron smelting in an iron blunt furnaee 

with w i oh it Book» to compete vie., heavy injection of natural sas with 

resaleable eeomomio reeulte in terms of bií¿b iron productivity and lowered 

eokc and flux ratee, In Meati««, for instance, such a eituation doee exist 

«fette not far from the Monterrey BTL »ponce iron plrjat, th«, conventional 

ires blast furnaee holes it» own ground, »evorthole»», the operational 

•tteocee of tho HfL oporatioms in Ifcxieo is based on the inherent tedinole» 

gieol somndness of tho prese— and its économie inplcmontation. 

Fnrthermoro, it will bo neoeesary to point out that whore the 

regional surfart demands tho supply of foundry trade» ef iron, the eon» 

vcfittonal bl.^st furnaoo inoludine the Low Shaft »ast Puraaee installation 

apart from the electric «molting reduction furnaeo ef »kam er Tjrcland Hele 

typée with er without pro-r«due««i burden will rulo out the possibilities 

and value ef Wt% procos» provided, of oourse, tho region hoe roi table 

nw,tallt»vjieal c*ade of ooking coals or semiookinij ooals and »heap aleetri» 

power, the epen£co iron, in order to yiuld foundry erode» of bifr &i»t ••** 

be smelted in an eiootrie reduotie» pic iron smelting furnaeo with the 

so adjusted as to yield different gradeo of f'nsidry pij iron - hi{£ 
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silioon {2,1% Si - 3.29* 81) to modiwn ellioon and thou to low silicon 

vorging on to the basic irono«   Ac sueh, the ooct of spon^ iron which 

will wall nich be in tho rango of the foundry pi¿ iron smelted in tho 

blast furnace, oonnot permit tho smelting of the sponge iron in tho 

electric reduction smelting furnace to produco foundry ¿rodee of iron - 

toohnoloeioally, of course, it will be posciblo to do oot but eeonomioally 

it will not be possible to competo with the conventional blast furoaoc or 

low shaft small blast furnace for the production of foundry erados of pic 

Iron provided, of OOUTBL, the resources of roetallurGicol coke or low 

temperature carboniro.i ooke from semi-coking coals oro oeonomioally 

available»    In other words,  la a oountry such as Mexico, where u*ood metal» 

lurgieal fjrodoB of coal aro   available and oan yield hich erado mctal- 

lurcioal ooko to justify th^ir use in a conventional small low phnft or a 

bli; iron bloat furnace for the smaltine of foundry rjrados of pic iron and 

whore cheap natural cas iu also abundantly available for the RTL direct 

reduction prooess   jad vhoro hifii ^rad© iron oree» availability is a oommon 

factor for the two, for tho production of basic irons for direct steel» 

makinc the EÏL process presents n moro attractive proposition in comparison 

with tho blast furnaco in view of the former»s much lower oapital and over- 

head oosts, otc»f but whore tho ond-products ore foundry grades of iron, 

the conventional blast furnace, includine low shaft small blast funtoeo, 

will bo much superior to the HTL prooues ontaUing, as the latter would, 

tho addition of elootrio reduction submerged are »Mltin^ fumaoe te Hie 

HTL spendi Iron capital plant installation*    In other words, the eapltal 

and operational coats of convertine the IÍTL spon* iron in the elootrle 

réduction submei^od ore furtiacoa to smolt foundry erodes of iron would be 

an additional cost burden consider!*; that the HTL sponge iron and the blast 

furnace smelted »oslo iron for stoel^nrJcin ; or tho blast furnace sjselted 

foundry erados of pig iron could represent mare or lona on ofuivalant 

'' ^4sä^UHi**Kä=i + •»*•     J      , ^^^ic>i^^4^^^^^<k^^.^^^J^i^."f 



r 
-38. 

prieed oofnraodity. 

At th.  sane time, it should to torn« in mind that to raako foundry 

erados of iron ia tho eleotrio submerged ere furonoo, a sood quality iron 

of« erat today to pro**oduood nnd thereafter aaelted, causing reportedly 

si^aifleant drop ia the olootrio power consumption for ironmckinc • "uoh 

progress III tat« field, al thou, ;h still now, !• cont .mplrtgd particularly 

in ttlk* olootrio furnaces in Sweden and claewhorc. 

At tho und of the staelnakln;; spcotrui, HflL proeoac con hold its otm 

adjadrjed on related baaie prroiaoters cad notably encolo if tho end-produete 

ape hifih priced alloy, tool, special and atainleea stenla. 

There are other roeidual questiona about tho Art. •penco iron eon» 

eevniac ite lagaña» ti on character! st ior, which do net eneonmfo ite lon ,• 

Matoneo land or oeoaa transport,   tileas, of oourae, tho eponcc is aum» 

Joetod to eaponslve prior-pelletisinff or eriiuettinff operationa.   the polle» 

tlsed or tao brituotted spoeto in faet toda; ropreeunta an unknot« oen» 

aodity for lens distance, overland or ocean traneport owintrto its nnoaa- 

»llity lo pellet fiaeuria¿ end oraekinc »ad degradation durine handling 

and loodinc i* hoavy oooan earriers,   Tho ejnajor^of ro-ojojdatioo of the 

afjsngo o*.r nnjr lenite storage, trainee and ocean traneport hoe etili not 

tonn ove roane although tane progreso haa toon nade in Inhibit In; tho re» 

•nfaation teroujh spraying, eto., and fully oovorod storace facilities - 

howevor, sono ro-exinetion of the npoivro dooa reonit causing a pateentoc» 

lana of ita netrllie valuó,   Th« solution of uolnß scaled hatches at»» 

filmili ti %y suitable   naos to stero and transport apea^ appears «e to sane» 

«bau iaprrutteal.   Ae Buon, the aTL speme» should to «ned »ot far ffon th« 

cantre ef ite productio* te pornAt ite epeody ohMvjine in thv ciootrte 



Whilst no urivorsal yardstick OVA be fowwlatod In wAyimc the 

HFL diroet roduotion proooss to developing ro.;iJiwi vrherc the reaourcoo of 

raw materials and availability of natural aaa no warrant, Rvvwrtheloas, it 

la strongly n.oomow\o'l that the projet should Vo fully ütaatrad in 

detail in taon potential OAM leading to the  jroparatio» of a vi -.lied 

project report for the ïITL process to brine out tin salient fvritvrua la 

its favour or othcrvrioc, both awtrllurcieal .T*¿ econoaie in tK ^>ao*cro*»d 

•f upeoifi« prodvot-nlx   nd market demand p^tterr of thy rve'ia**    %e Iff!» 

diroet roduotion ¿ITOOOM do©» repros*nt a «igaif ioant mad notable aet&l* 

IWftioal procréa»«   Aa such,  ita potential appUoatlnna   äI induMrirvl 

••alo iraalamentatioti will bo fca&od solc&y on Its ov r 11 «conowio« - capital 

ooote and operational eest faeton; those i>.xcm Urn h.vc to bo studied 

mid orltioally   — Ijranil for one* of th« dovolopin£ region* listed enrliùp 

in r<latios to alternative wx'.ee of iron and ntoci iakln¿',    B&sud oa theoo 

doaééorata, de t.Hod projest reporto have to be prporod to formtlatUtr 

the oapitol ooe« «trustor« and profitability of tao project«    li the o oc 

of Brasili tao iaplameatatlon «f the litt dits et reluetic» proses« la tsUer 

stady rwá éetoilod roforto titeroo» have boon eem>U?ioitod«    Zt will be 

necessary, therefore, te i unwind that eianlar studios should te »SA ioMonou 

under the -utslee« of tT  » follano* 1er thr *up-*ction of detailed proje«* 

reports for each of the potenti-J. oountty tetero the Hfl direct reduotl * 

presses could bo expeetod to bold It« em in eonyirisoe wit» nlteiuntêve 

ma so» vesti sa/il wo*-*** for Iron nnd etcclrsakiu,.    It «til alee be 

ceeentinl te «endust pilot plant trial'  in the 8TL ;41et ?1 nt of |C too« 

par day s|»*£© eap»l**t lastoilled at ientuerref, m prosportiu» iroa or s« 

â Sftalatej* rcducti* m -\otor it lee, ted at the tot^diU-areafiler vnsjori» 

Station ¿it Pittesw-h on Meieh ont iJUS item «reo mm bo »sated fbj» 



tfcvlr rwlneâjbilite «linfajtortrtiM«   Uto It word« it le oir.itK. I, hx 

fettPÜy b.*n «r^d m tec reboot.    The ILL direct roluetion proo«no is 

r4oe fttifejoetod lo continuo« i« »roYwra; rtn in t^ohno|ol io 1 prootioùa 

at l<y.-Hit o^rntigneA oo.it« and w^» .»üdinc of surlily at tho 

U    ffcat teii htm indeed boti t!¿¿ «bin tiwe*, <tf tlwoo who 

là«! 4cval«p<. \ the STL direet roduoti-*! ^roo^a« r.n ! nxt; makinz to eon- 

tifMMlly  iaptH>V«    'JOA  it,   1.   »liíiWT by   the.   two  fflfL   jpOTitV  inctt.llctlOIMI 

t W»mtemijr folloiKid Vy th* ntill nwnor ruin njp-te-Cato ine tal let ion 

at tap?. Oree,    atti Vin util be follona b^ th« projected two ni Ili an 

ten «tool ptant *t PMMA, not far from iSuxieo City, Imol   n the ìffi 

proooM • idV1 » ieattjn oliti« 1 oa».iOity of 250,000 Rxitrie tatui of finiahod 

»tool proteo* H, IM sow nàti tfill céi to Iioj litn.*« otooiti Jcin, oopacitr 

If MU   *&• plant I* likuljr te eeet  ;? mi Ili« dollaro with a dnlljr 

fatai 4ire«it Petettton oaarelte" of 900 tona of •pon,*  te food throe 

•lveteie «M m*lti*r fortviooi.    Th«. plant «ill txi fad with iron opo fro« 

ti« «tete of Oelinr o» th» oe^ter*« Pao i fio ooMt ufaieh OMBRìO* .ileo 

Hojéate pi «to at liMterrujr«   Th.oo otes« aro la tao rich* 

li Iff* ladteatopa of the <Wf*rrun9 that follow« in the* wnko 

of cw3»r—ornte in a*teU«P£i«al teeì»e]o~y thron h ee*fc>ieo® uff arto in 

Aioli tec. rei« of tevtlopinr; oountriuo ohould bo that of "partear« in 

I- • U the portait of wHiah   ÎIIBO /ill nrovtdu maxi*» ctMittoat«« 

follo'fi«,; specific ro^ooBcwlatioM are now »«loi 

(&)   ffcu Report on Iffl Ptwine of It II» thfwii Vo sent to 
eooutriu« w!«r* raw n&teriala' uitwvtio» io fejro*rnblo 
fat th*. diroet r l«Btlon fatane proooo», tueh aa Oatem, 
âi>ri&, lrt«t, lwoj, ft>reseo, iaamit, Pokitta», Tniwr*, louth 
aperiteji cour trica, ote« • thirj rihnuld oc fellowoU «Pf 
»Ituwwwof  Ktnlbl., by W tt* «action viol te to potentini 
—otrioo far tvvi««4*£ mi eternine te«) %p lio ti« of 

te ivvt-lopiiv; rv l>*i, 
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(b)    Subsequently to (a) above, full twsts on sanólos of ro- 
pre»«n*fttlvc iron orus should bo arren,;od from difforont 
regions at tho I1YL pilot plant r>.\ Hontorroy and tho o*- 
porimontal station of 8wi; dcll»DrosBlor at Pittsburg and 
report« issued thoruon, 

(t)    Forjoihility roTwrto ahoulrt be comniasioned in, tho first 
plooo for difforunt arcryj on technical foaeibility ^nd over» 
all econoraion of thu direct reduction proooss ii  relation 
to oonv .ntional bl.-vt furnace smelting of pip iron Laoidos 
low shaft blast furare u production of fouudry pig irono in 
small plants in dovolopin^ oountrio« dupending upon thoir 
raw materials' reaourocn. 

(,'.) CopmiBflionint of detailed project reports on thu plants in 
the liftht of (o) above, for oaoh of tho dovolopii^; rodions 
in various parts of tho world. 

(o)    Lin:.in¿ the lovulopitv; countries with potential BOUTCOB of 
financial invoatmont  ind ospitai equity participation for 
tie© ostobliahnont of the industrial plcnt«.    In doinfi so, 
tho markot noeds in roL.tion to iron and at«.ol produot-nix 
will bo kept in mind, including the roquiromonts of alloy, 
tool, special and »tainli.ua steels on a rct?ional and intor» 
regional pattern, buth for export und homj uout 
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APPEKPIX A 

Tho ITTL procoes involves tho batoli roduction of iron ore by ro- 

foraod naturai yos»   Naturai fns ontoro the plant and pateos tluroucb 

pro-boat ine «oil» in tb* a tack» of tho reformer furnaces*    It thon passe» 

throunh do-eulphttrlsinc; ¿arma fillod with activa te i ohareoal and again 

throu¿fe nro-heati&g ooile in tlio reformor nt^eks to furthur recuperato 

heat*    Stoom io mixed with the pro-hoatöd natural ¿ao and the mixturo 

pasee« into hot, oatalyet-fillorl tubes within tho reformer furnace   Tao 

roforrain/T action takes placo at 1600°F and the rofonsod CPM averages 

(dry basis) 73*1$ hydrogen, 16.$ carbon monoxide, 6*6V carbon dioxide 

and 4»Oje unconverted methane*   The reformed gases are irrtiolly ooolod, 

reooporatin- the heat by p%sBÍn: them thrown v?.-.to3>- :uench boiler to 

Cenerai« etcara.   Tho nonos thon pass into a primary quench tower to re- 

move excoss stean foi to the ori Inai {.nt mixture in order to provont 

oorbon deposition ,^nrt pluecinc of tho catalyst-filled tabeo«   Tho gasas 

are thon pro-heated to 1600° • 1300°P in 1 »reheating furaaoos*   Tho ro» 

sidunl oarbon dioxide and vaiar vapour in the .raa prevents oorbon do» 

position in the gru» pro-heatinn furies*   Tho prc-hoatod pritt&r¿*»rc- 

dueln/? cosos enter the or* ruluction retorts, whioh aro in tho   <rimary 

oyolo of ore reduction (final reduction)*   Tho canos past downward throu:jb 

the retort oxidising tho hydro(;on to water vapour - tho portially spent 

gases oro oallod tho secondary rudvoinß ßr.eos from whieh tho watop vapour 

in remove 1 b/ direct quonch with cold   wator in que noli towers*   The re- 

sultine sosos aro again pr<>>hoatod in cos pro-hect furnaoos and passed 

throu^t roduotion retorts in ucoondary oru roduotion cycle, vis», initial 

ero preparation oye**)*   The i^nuint* OèBQB pose tlirourji a quonoh tower to 

remow water and ore oonoidorod as fuel gases only for heating the reformer 

i9 firing the gas prehoat furnaoos and for .xmoration and superbitine 
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of 6 toan»    Iron oro« suitable for HÏL process can be lump oro or agglomera tod 

or« fines - tho optimun ron¿;<s in • l/4M mid - 1 l/2" wittl 20 " 25 Ptr cent 

of - l/4" ore finos«    The oro oyclo eosmeneeB with ono retort emptied of 

the reduced apongo and filled with fresh ore - this trJcoa ono hour.    The 

loaded retort then unters the secondary rcduotion oyole (initial ore pre- 

réduction) for two hovro (no mr« pro-hcatint: is dono),  following vrhioh it 

entere tho prinary nduotion, vii«, linai reduction for another two hours* 

Typically, the final decree of roduotion varies fro» °/6 por cent at tho top 

to 73 por oent at the bottom of tho ore bed in tho retort and thu average 

decree of reduction vnriec between 05 »and 90 por oont«.    A final operation 

is done before the retort is untied of the reduced sponge, i.e. the 

« oarburisinß of tho epon^e iron for its use in ottclmnkin;.   The hot apon^-e 

x is carburi sod by passing natural gas through   tho retort for several minutes. 

| The ncthaao oraeks and oorbon is deposited on the iron to the required 
i 
... extent.   The exit pipe for jnsos leaving the lower section uses specially 

5 designed ooupling for ready disconnection*.   Thu entire sequonoc of 

I operations is automatically controlled from a central station.   The reactors 
t a n** unooupltìd and taken away fron the fixed head into duwpinc pocition and 

then hydrnuiionlly tipped to dischnr. o tho sponge into suitable hp;;-or cars 

for removal to tho steelmakinT plant«   Tho ore reduction oon bo controlled 

at will by adjusting: the roduotion-eyolo tino one1, the flow of rodueinc 

•noes through 'the ore bed« 
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Sponge iron is the product obtained from the oxides of iron 

by reductio«, at elevated temperature, generally with hydrogen or carbon 

monoxide, «ad without attaining the fusion point« 

Metallic Iron 

Total Iron 

Metallisation 

5» Reduction 

t   Non-oxide iron,  i.e. 
Fe Met • ft + ft in ft3C 

i   For our purpose« it is 
ft) Tot • ft • ft in ft- „o + ft.C 

©•95 J 
:    Is the ratio of metal lio iron to 

total iron as defined above 
(expressed in per oent) 
i Net . ft^et   x 100 

i   Per oent oxygen removed fron the 
ore, i.e. 

*R Initial Oxygen 
s 100 

fötal Carbon i   The sura of combined carbon in the 
form of Fe.C and the deposited carbon 

t    All the compounds and impurities whioh 
accompany the oxides of iron, principally 
the oompounds of Silioa, Alumina, Caloiua, 
Hagnesius, Sulphur and Phosphorus 

smsw&JyCsiBSBufaxmSìSsI 

Tha RTL direot reduction process aims primarily at the renoval of 

oxygen from the iron oxidea by the action of a reducing gas misters 

(Eg and 00), as indios ted in the following react ions i 

P»20j   • 3Hg 

ftgOj   • 300 

- 2ft   + 

- 2ft   •»-   3002 

to obtain éponge iron.   The final product is solid and porous«   Beside* 

the oxygen removal, the HYL direot reduction process aleo obtains! 

(1) Elimination of all water and 00« of the 
oarbonatts initially prosent in the ere$ 

(2) Ilimination of 85 per oent of the sulphjr present in 
the eresf 

(1)   Depoeition of oarbon on the spenge iron 
as indioated in the following reaot löset 
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3P»  • too      •     *3c    •    oo2 

3Pe   •   OH.        •       Pe.C     •     ¿Hg 

11» sponge iron is used M a ran material in «teelmaking*   In Monterrey 

an4 fere Omit it is charged to electric furnace«, out it could te utilised 

la furnaoaa of another type« 

lay iMlitTlélllt 

(1)   |rsji ore ae oside«. sainl.» tematite (^O^) 
and ooscinationa of tesati ta and sajaetlte (*»%0«)| 

(*)   Is^RsJLâii or aW«*e °f *he following can te ueedt 

Light Hydrocarbon«, L.P., Gas, Naphtha| 

(*)   äÜeft* 

fffioal analyals of iron orea uaedi 

total Is 6;, ,29 
ISO (Analiied) 11,76 
Fe20. (Calculated) 10,38 

Hematite 53,93 
Magnatit« 87,38 
8 0,047 
F 0,31« 
Caloinatlon Lose 0,77 
Oanoue 6,76 

Iros oras of lower gradea e&n   leo te prooosaed.   The HTL isaoter« preses« 

ran or reaatod iron oro «itti eisest 

1 

I _e¿v • i/e* to 1   •   i/r» 
i      W 

fte rodeáis*; gases arc produced fres a pressât«* mixture of natural 

gas «as a team, reformed in vertical pipes, eentaisisg a niokol oatalyet| 

tte roforeation temperature la arenas 850°C (1562°F). 

A aseage iron plant la devidei into two «ell defined eootionat 

(*)   tcf easing Ssotion 

(t)   lesssiag leetiea 

fist referst«! eootion is oompoaed of i 

•-•^*»»»>i»«MW«*<<m»^<^^^ j,.,^ ^j.^.. 
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One reformer 
Tifo deeulphurisere 
Auxiliary equipment 
(pumpe, piping, üto.) 

A ruf ormar has the following portât 

(1) Chilly, with:   a boiler, a steam auoerh© ter, 
& natural ¿as and atoara prebeatcff 

(2) loforwina TuLcg, whieh comprise:    210 vertical 
flsF O.P. tabea in parallel, located within a oombuetio* 
ohtuabcr formed by GO burnera and the i urnaoe walla• 

ffotwi Qentirationi 

Saturated atoan la generated in the boiler located in the tapper 

part of the chimney. 

The atoa« la superheated in a superheater looated la the tene immediately 

bale« tht boilor.    The feed water for Mie ateouu generation la softened and 

preheutod.   The atea» generated in the boiler la mixed with naturili gas in a 

«olor ateo*/*» ratio of 2tiAt<>*   The «ixtare puseeo through a mistare 

preacater «aere it attain« a temperature of 430°C.   Tao miature tao» 

throufh the reforming pipes, «more tue actual reformine °f tho f°* takea 

pince to five a mixture of reducing gooes with the following tjrpioal 

loat 

oo 
00 2 

4 % 

100/,   (dry buoie) 

with   . activated oarbon bada«   fa* mai« aal amar 

oontaoiaent ia the adorant oaapomad added to the noterai goo*   f* 

reactions take plmo« at temperatures 850°C iadioated be lew t 
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tao uareactod OH. preeent in ta& reducing gae Mixturo i« uaod for the 

eax%»flaatUa of «fee èpongu iron*    Tht effluent roanetien gaw« »re 000led 

in a heat oaofemger whioh acta as * woate-aeÄt boiler with water earning 

down fro» the bollar done*   Ute gase« leave the heat exchanger at a tempera- 

tur« of around 2JÖ°C (47l*V).   *hey are oeoled at *P C in fia-fan oe©eor«# 

fÉ&iSaa&ant 

the reduction of iron oro to éponge iron tekee placo in * eounter- 

»funi eyatom vita the reduela« gaaoo »• ludioeted in tao following 

lofioel eoquenoei 

Stages in the oonvereion of 
ore to ooeled aponge iront The redwing goaee work 

in the redaction etaget 
in the following order 1 

(a)   Booondory Stage Cooling 3tage 

(»)   Frtoary Stase Primary Sta, 0 
(e)   Oooling Stage Secondary Stage 

Hie reeaolnq etagee of ore to énonce iroa njre naaed after tao quality of 

rednoiag gaacc going through tao retorta at a given aoaant« 

fee reducing gao«« »re used in tao following eetueacet 

(a)   for oocita* down tac eseage Iron that han 

Jeet fiaiehed ita reducing atagea (ooollag fa«ee)t 

(h)   Por fteiehiag the reduction of tao ero 

(prUmrf fo.see)t 

(a)   Par starting the ore reduction 

1). 

-•/V'^-V^v. 
f «&£• *4 -  -AVf,' i 
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the ohrcmologieal O<^UMK>C for tbo r<i lutti«» of iron ato to •pon^o 

ir«* c«d the utilisation of thu roduoin^ caaoa al* m itiliocted in Figuro 

lo»  I attaeì>edt 

Bic ru<iu6ia;-; co«©« are poaacd in ajyg|g| tîuroatfh the rvactor«. 

Lot ua eoaaidor that we hr.vu the rtaotore f\t a el*un tw«*i»t in the fol- 

lowing roduetiaa staaMt 

ttfic-w« G Coclinr PrimJTr Seeattdaiy ;fcaoe*»oe 

•uactor ivr 61 M m 

fhi   eewpitttc cyolv, of • -joh fonate* loats if hours Kith the following 

di«t»ibut!un i 

Sete» ¿arr 3 botare 

PrimrjTjr } hour« 

Cooiirr Dow     3 hci 

INMK^VMVM        3 hc«r» 
•MMNMI 

12 hcnara 

Ute dir «A «Ml £*• lea»*n¿; th« quenoh «oolsr i« pa*.«* tlfev^h the 

ä; Miaiitoa (la it« ooolin - »Vv^n), which haa ¿«at fini«*.' it« roteai«:,' 

UM cm ltmviR  ta» H| r*..not« ia paaacd te tao «jWMah ooolor te eüneaata 

tho watar e*d to the fwnaoc to be hwated to the rodttetiaa taaper&tu*«* 

kttur |o«vte^ th« twmm** thy G&SQB -gh. cUod prion»? cetani»   l»oe* 

arlanrjr {ras«! ore paa *d throu h thu BS poaotor« that i« OB ita priiaatr 

•%*3r« of ruattatiaa«   The ¿-atea loftvinc tho restar IlJ ort aoasod te t.\c qiioaeh 

«oolor aiwl Hie farti,-»« a»wt^ Hitar «* MMsaetively dried and i oaturt.    After 

UtíHmc the ftBUaao, tho««. &ma (#e tailod ooaonaarr £*-*<*. 

«K c«ao« ie.iflnc the rotator af Xn seeottdf-«? atfvje ;#e ¿Mtaood to tao 

•aolw», where ttw «atof ^radaaed lurin   th*. eoeondory «taco «f 

L_ 
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reductio* io eliminated.    Oaôe driod, thoso e&sos or« used as fuol ,Tva 

in the «»formers* 

Plant CatAg^Jf 

f iSaeh reaotor is loaded with 100 mo trio tons of iron ore of around 

a 65 por cent Fo content, which mean® that the weight of the opongo irai? 

PMintté   in each r^aotor io 65 metric tont of apongo as total iron*    The 

'Iniljr ieoi("n capacity of thu plnnt is oißht rene tors of 65 tono of iron 

por reactor whioh equals 520 tons of opon;;e ns total iron* 

fxsàneï 
1*    Typio&l aaalyoic of opon;o iron from ifexioan 

ìAD Hhcinaa ore (vioi;ht por oent); 

I Total iron* ...........85,390 
1 
; Bltmer.tal Iron». ..............47,42 
f, 

Ì Iron in Ft»      „ ..•••.•13.88 

Iron in Pe !*.•• ......25,09 

8**3? 

Osjr^n in *o0     © t *....•... 4,130 

Onrbon..... 1,890 

1res Gnrtoon*.« • *.*•••••*• 0,09 

Carbon in Fo.C**..•*.••«.......••..« 1,30 

lt«9 

Phosphorus*•«....•••• •••..0,417 * 

Sulphur««*»««».*..«••••••*•••**•• 0,023 

CkurvTVK*» ••••••••*••••••••••••••••• 7,100 

100,000 

4T,4« • 25|09 
•  iiNiiiipii     ni    . •*•    s 100 •   iyf } 

86,39 

. ,»*ëi»W>«»*«4a*«j-*-  ,   «•,. -   ,    .íiV.B-»«»,««*s.«.«*i#ÍM^ÍÉi^»l.*Míía**«W«t"*».»í 



lotet 

2*   Physloal charaoteri»tloet 

Specifio weicht     • 5,26 er/ 

Apparent donaity   » 2,80 cr/onr 

VoXumotric violât • 1Ô00 Kçe/ir* 

folimetrio weight of Ho.l Uernp « 37$ • 925 kg/rn* 
Uo.2 Sorap . 7<tt> - 780 kc/m* 

C #l M 

~»~-«> 
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34 
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AMI ili •MM* 

7   0     f   19  U   12 

c*. M . COOLIî.'O un) mmmmm 

>       « 

Grateful ttamke «ff due te the fl&naGtatBt of the HTL Olreot it» 

duttloa fierté at Monterrey a** »«-G ON« fer their fell oe-oeeration ¡wâ 

for nm»iJlnc the plant viel te /«à «wp. lyine teebnieol tete and lnfermUen, 

Mtth of which tae vew finely reproduoed in «tit report» 






