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THE £yl PROC
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J. Celada, Kojalate y Lamine 8.4., Lexieo
eand
J. 8kelly, 1L 7. ellogg Co. and Swindell-Dressler Corp., US4

Sumery

The Liyl, process produses sponge iron from lump ores or rgglomerates, Neturel
gas or naphthe mey be used ns the source of the reducing egent, Operating and
{nvestment costs nre given, together with o discussion of the role of the process
in steelmaking and the situstions for which the process is nywiully suited, Such
situations often exist in both emerging and developed sconomies.
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1. DNescription of the Process

la, Lunmps or agglomerctes of iron ore aroc reducnd to sponge iron by conteet with

o reducing goa contcining earbon monoxide and hydrogen. ikny kinds of ores
(hemotite, nagnetite, etc,) con be trected, and the pieces of ore may be formed

by simple crushing, or by peiletizing, sintering, extruding, ete,

1b. In present cormeroi:l operctions, the reducing gas is made in the plant by
subjecting naturcl gos to the steam reforming process, liowever, if loczl conditions
werrant, it con be mode by steam reforming of nophtha, the gesification of coel, or
any other means ccpable of yielding a CO—E{2 nmixture. This ges is heated before
going into the recction chember contoining the ore lumps where iron oxide is reduced
ot 1600-190C°F, Since this torpercturc is below the melting point of iron, the
moterinl does not melt, but is reduced to sponge iron by diffusion of geos into the )
solid,

le, The process uses o numbver of botel reectors, onch of which requires 12 hours to
carry out the co.plete trectment of cn ore cherge. To provide for steady operation,
the ploat uses four identiczl renctors, so that o fresh beteh of sponge iron is
produced every 3 hours, Tie entire plent operctes continuously, 24 hours & dz;.y,

7 doys ¢ woek. 7ho process and plant Lieve been extunsively deseribed in the

(1)

2. liistory of the Frocess -nd Its Industrial Applications

liternture, to which reference is made for further deteils.

2n, About 2C yeurs rpo, whui the industrializotion of licxico begen to sccelerate, o
need for flat steel products becarme rcute in lionterrey. 7ith imports restricted by
the Second Jorld inr, the men of 31 iiorte turned to their own resources and in 1942 9:,,
organized r. nuw steel commeny, Hojelata y Lamine S.iA. The first installation
produced sheet by rerolling imported semi-rolled products, Integrating buckwards,
thy comprny instnlled its first eleetric furncce in 1945, so thet it might produce
its own ingots by melting irmorted serc), Additional furnoce cepacity was set up

in 1948, ct whieh time the difficultics of obtuining foreign serap became
inerecsingly troublesome tnd cxpensive,

2b. i iz charnctoristie of ropidly developing economics, domestic serap wos scarce
aad the problen of iren supply becime ceute, hojoletr y Lomine responded to this
situntion by instolling its own ironemckin; focilities, thereby oontinuing its

pelicy of verticel process integration fror finished produet townrd rcw materiels.

——
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However, since the production rate of tho steel works waos ot thot time too amall to
justify n blost furncce, thev decided to produce the desired amount of sponge iron
in o process of their own invention,

2¢. The pilot plont for the new proeess began operntion lote in 1955, drawing
rodueing gns fronm c stoamemethone reformer designed by the 1i, 7, Zellogg Compony.
By the end of the year, the pilot operntion wans so sctisfaetory thot Hojalote y
Laomina S.A, decided to build » large plant roted to preduce 200 tons per day by the ,
new Hyl process, "ith assistance from Xellogg, this plunt was dosigned, built pnd ’

placed in operntion in November, 1937, on unusunlly short period of time for bringing
obout the first industriol reclization of o new proocoss, Lellogg wes then meds
world-wide licensing agent, cnd began work on o second largas plont of improved design
(2) This plent begon to produce in 1960, giving
Hojalata y Lamina S.A, the world's lorgest integreted steelworks based on sponge iren
os the primary rietal source, 1In 1963, Kellogy wos joined by its cssacisted compony,
Swindell-Droasler Cornoration, in the further development and appliocation of the

liyl. process,

3., Roaw Materials

3a. It is generclly true of chemicnl and metnllurgicnl processes that the better
the row matericls, the better will be the performence of the plont. The reduction
of iron ore is no exception to this rule, in both the blast furnace and in the

direct reduction processes., Iron ores ure complex mixtures of iron compounds and

rated ot 500 tons of sponge per day,

many other chemical substances, Those latter, which moy inelude silics, alumine,
sul fur, phosphorous, end titenium cre not wanted in the finished produet, ond must
be régnrded os impurities to be removed during the process saquence in which the
iron compounds are converted to steel, The HyL process removes most of the oxygen
present in the ore as iron oxide, and o large part of the sulfur, The procoss does
not remove silica, nluminn, ond similor anon-ferrous substonces. These impurities
‘must be taken out in the oro treatments which precedo the process, or in the steel
making which follows it, ’

3b, A detailed cost calculntion must be mede for ench specifio cose, to determine
whether to beneficiante the ore before or after reduction. It is unavoidable,
however, that impurities in the ore increcse the cost of steel making regardless
of the processos used, Ience the importance of using good ore, obtcined either by

beneficiction, or by the selection of high grade noturcl deposits,
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3c. Another chirccturistie of ore which hos important oconomic congequonces is
"reducibility", TlLis encompnssos cll those astributes of the ore which determine
the time end tempercture needed for reduction, togetiier with the physical properties
of the resulting sponge, Thile nll ores con be reduced in the nrocess, some are
converted to iron metul muech more rendily thon others, with o consequent effeet on
production and ecpital costs. The reducibility of nn ore ccnnot be determined by n
simple chemicel nnnlysis (os eon be done for impurities), but must he established
by reducing o portion of the ore in ¢ production unit or o pilnt plant where it is
subjected to nll of the conditions prevciling in the industrial process.

3d. A fincl ore property which should be mentioncd here is thot of lump size,

For the HyL process, the ore must be in the form of lumps or pieces, whose sizes
covor o modernto range in the span from 1/8" to 2", Such lunps may result from the 3
crushing of nctural oro, or they nay bo formed by pelletizing, sintering, or other
standerd cgglomeration tochniques, Pulverized or naturnlly powlered ore cannot be
used directly, but excellent results moy be obtoined with apglomerated, high purity
concentrates,

Je. It should he noted thot the gencral effects uttributed above to impurities,
reducibilitv and size are not restricted to the Hyl. process, Similar consequencos
erise in all ore reduction processes, including the blast furnnce.

4, Equipment and Materisnls in the Plant

4n. Most of the equipment and machinery used in the plent is generally similar to
thet found in petroleum refineries. There are high tempernture catalyst szones, *
piping, control valves, hest oxchangers, and control instruments - all in the oil
refinery fashion, Associcted with these ore the familiar conveyors and other solids
handling equipment of the metallurgienl world, This apparctus is readily available
in the developed cconomies, When instrlling such n plant in an emerging nation, it
will be necessnry to obtnin o substantinl part of the equipment from metallurgicclly
ndvanced arens. In addition, the construction labovr force must contain workere
expericnced in welding, eleetrical instcllation, pipe fitting, rigging, etc., In
this respeet, of course, Hyl is no nore demanding than the steel plant as o whole,
or t'.ha.‘n mny of the other plants needed in o development programme,

4b. The inportence of good meintensnco in o sponge iron unit is great, just as in

most of the other riinifestations of modern technology. This topic has been treated

extensively in other publications of the United Nations ond need not be discussed
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at length here, Tt suffices to say thot adequate preparation must be made, both
finaneinltly and technicnlly, for thoe vssentinl activity of plant maintennnce.(3)
5. Labour Requironents

Sa. Elsewhere in this prper are prescnted detn on typiecal rates of lnbour required
in the process., Since skilled cnd professionclly troined people nre precious cssets,
it is importent to consider the degree of industrirl sophistication required for the
nperi\tion of any mcnufacturing establishment,

Sb, The HylL process wus brought into being and is now opernted at lionterrey, Mexico.
This city, in the stato of Nuevo Leon, hes traonsformed itself into n prosperous,
expanding, industriclized aconomy thnt night well serve ns o model for many new
notions, Stnffed by its own people, nnd financed largely with its own earnings,
this community hes moade an inspieing 1ecord of accomplishment and self-improvement.
The history of its ateel industry sheds light on the cnlibre of employecs hevded to
operate an HylL sponge iron plant. Steel production begnn in Monterrey in 1903 at
the C{n Fundidora de Fierro y Acero. lioxienn steel ceprcity increased grently on
the outbreak of the Second Jorld 'ar, is hos been noted above, the firm of

Hojalatn y Laminc wos started in 1942, with initinl sttempts at sponge iron pro-
duction being deleyed until 1983, Commereinl operction wes nchieved in 1957, only
six years ago. Tlie industrinl lecders of the ecity of course recognized the vilue

of skilled people, but thoy were foreced to corry on their pioneering ventures with
small technicel staffs, cugmented by a fow foreign consultants ond associctes.

Bvon todey, the number of mature, university trained engineers in the lionterrey steel
industry is smell compored to that found in the eide—urgical districts of Europe

and the USi. This situation will eventunlly change os the young greductes of the
Monterrey Technicci Ins‘itute and the University of Nuevo Leon acquire experience,
end it i» to be expected t!mt(t))wy will then greantly accelerate the industrial

“

S¢, However, it is clear from the record, that the HyL process can be successfully

“development of their country.

end profitably operated by n society which hes only in recent yeers unde.token to
build o steel industry, The personnel requirements of the process have beon
demonstroted to lie within the grasp of an emerging economy, In developed regions,
there will be no dirficulty in obtaining quelified people, and the process offers

many interesting possihilities for automation.
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6, The Reduetion of Ore and the Production of Stecl

60, Selcetion of the ore reduetion process best suitced to o given loeation hes
sometines been handicupped by noneuniform boses for comparison, To aveid this
difficulty, it is helpful to view the ore reduction ns merely n component in a
system made up of ~ numbor of relnted, individual processcs, The choice of
reduction process is then determined by the effect it hes on the grand process which
the whole systen carries out, ,

6b, Trom this viewpoint, ore reduction is ¢ component in the conve;lion of iron

ore ond scenp iron into finished steel., A somewhat simplified version of this is
shown in figure 1. The iron ore passes through five steges, cs listed belows

Process Stoge Function
1, Beneficintion Composition chonges by physical means
2, Reduction )
3. Refining ) Composition changes by chemical means

4, Costing )

5, Forming ) Producing desired shrpes, sizes and

surfrces

6c. Tho totnl cost of making steel in nny given locction is the sum of the costs

of the above stages, ~nd this cost will vary according to the characteristios of

the locotion, For exomple, the extent nnd kind of impurities in the ore have an
important bearing on the cost ot steel production, In genernl, therefore, it is
best to use high purity orcs if they nre availrble, even though 1ow-grode ores might
be slightly cheaper, The seeond primary raw material shown in figure 1 is serap
steel and iron. A4n important source of scrnp is the steel works itself, whera it

is unovoidebly formed nt meny places in the operction, This is reused within the
works, and henee is known as “"circulnting serap” or "home sercp". It amounts to
cbout 30 per cent of the weight of the Pinished products.(s)

6d, If this wore the only serap returned to the steel refining furnaces, and the
remnining chnrge were composed of iron from newly reduced ore, then the furnace
would be supplied with o mixture containing nbout 2C per cent scrap (allowing for
process losses which ire not recovered), !owever, the vorious steel refining furnaces
hive been so designed that they con nsunlly hendle o conaiderably larger percentage
ot sernp then this, The heme screp nny therefore be nugrmented by scrap purchased
fror sources ovtside the steel works if ti- price is attractive, For o specified
profuction rote, serap purchoses dicinish the canitrl investment needed for ore

reduction, but incrense foreign exehonge requirements if gernp must be imported.
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6c. The energy supply mey be treated cs o third ingredient in the grand process,
This is usually a corbonnccous fuel (conl, oil, natural gos, lignite, etc.), a
portion of whioh is chemically tronsformed into o reducing agent for the removal ;
of oxygen from the ore in the reducing stngo. Lnother portion of the fuel must

be converted to steam or electricity for various power services, at o cost which
must be included in the total cost of produstion, Finelly, some fuel is burnt
direetly to supply hent to various furnnces in the ﬁlant. Electricity, generated
from wanter power, moy be employed if ehenp enough, but must be supplemented by
some carbonaceous mnterial for moking the redueing agent,

6f. The cost of the totel enorgy demend is substentinl, and it is important to
select equipmont and processes which ean use the cheapest avnilable source of
enorgy. Reduection processes have been developed for ench mojor kind of fuel,

ond there will often be ~n strong economic reason to choose the process on the
bosis of fuel ooat.(6) The same eonsideration will rlso oorry weight in seleooting
the optimum refining process. Other factors must be considered in moking o finnl
design for a steel installation, but the foregoing illustrates the fact that ore
reduction is only one component in o complex systen of enorgy and material
processing units, The choice o¢f a reduction process should therefore be besed on
o system point of view in which the total cost, reliability and flexibility of
steel production are puramount.(7)

T. Uses for Spgggo Iron

Ta. Sponge iron is most commonly used ns one of the ingredients charged to the
furnaoe in the refining :taga,(s) being employed in certoin loealities os pert of
the normnl feed to open hecrth end eleetric are furnaces. There appears to be no
serious metoellurgicel reason why it ennnot be used in any kind of refining furnace,
for all grndes of steel, The principel considerations are economic, and they

apply with equal force to the HyL process and to ell other sources of iron., Other
comperable materials in tho steel furnace cherge are: 1liquid pig iron ("hot metal®),

cold pig iron, lump ore, scrap iron and scrap steel, Most furnaces possess & high

degree of flexibility in the rclative amounts of these materinls which they can
accept, The optimum feed (usually & mixture) will be determined by the product to
be made end by meterial costs ond processing times,
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Tdb. At present, producers of sponge by the Hyl. and other processes use most of it
in their own nearby stecl furnaces, Some sponge is sold for use in other locations,
ond it is probable that a substantinl trad> of this sort enn be developed,  Hyl
sponge iron enn be transported by ship or rail as a bulk ecommodity, without specinl
packaging, and can be converted into steel upon reaching its destination,

8, Typical Operating and Investment Costs for Hyl,
Sponge Iron nits

8e. Published data relate to an Hyl sponge iron plant rated ot 500 tons per day,

- or 165,000 tons per year.* The basis for caloulat.ion is drawn from actual
experience at the lionterrsy plant of Hojclata y anina.(g) Bpecificetions aret

Ores 60 per cent Pej generally like tho ores used
at Monterrey; 6 - 9 per cent silice

Gaes Heating value 935 BIU/f£t pinimm; sultur,
less then 5 grains/1000 f£1°; 150 1bs/sq
in pressure

Ore Reduestions 85 per cent metallization

Plant Productions 330 duys per year |

8b., Assuming the production of 165,000 tons per yeer of total iron in the sponge,
the cost data are given in Tables 1 and 2 in US and in Swiss franes (at $0.23 US),
the latter being shown to conform with cost tobulations in prior UN docmnts:(w)

TiBLE 2
Investment Cost 165,000 tons Fe per year

Swiss Francs US Dollars
Total 26,590,000 56,100,000
Total per iton of nnnuel production 161 $37.00

8c. It is particularly to be noted thot these cost values do not contain a number
of items whose magni:bude may very greatly from one loeation to another. Among
these aret spnre parts, warehouse suppiies, land, site clearing nnd preperation,
special foundation requirements, utility supply lines outside the site, import
duties, inlaund freight chearges, liousing for personnel, ete, The costs do include
gas reforming furnaces; ore reduction reactors; heat exchnngers; piring; conveyors
control instruments; wtilities cnd powsr distribution equipment in the sponge iron

unit; suitable building and office space,

% 411l "tons" are metric tons {1000 kg}
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8d, DMost of the pumps and other machines in the plent are driven by steam
generated within the sponge iron unit itself, Indeed, the plant generatos somewhat
more than it requires, so that o quantity of steem (about 140 1bs per ton of iron)
is evailable for use ulsewhere in the steel works, Correspondingly, a small
quentity of eloctricity is required for lights, control instruments, and o few
motors (about 10,5 XVH per ton of iron), In Table 1, no credit is tcken for

steam produetion, and no chorge is made for electricity. Both of these factors

are included in the discussion of steel production cos%s given below, (11)

‘9« Cost of Steel Production U:i.qg iﬂ' Szogge lron

92, Bearing in mind the offeot of loecl fnetors on the cost of steel production,

it will be helpful to consider a design for n completely new integrated stoel works,
This design is basod on the hyL ore reduction process, followed by steel refining
in ecleotrie are furnc.ces, with natural gos as the primery source of emrgy.(u)

It will use the operating cnd investment cost date given above for an hylL sponge
iron unit, The following additionai specifications apply:s

Produetion rotes 250,000 tons por yeoar of produsct

Productt 6" x 6" low carbon steel billets

Lend arect 1C0+3 ncres (40.6 hectares)

Furnace chorge: 60 per cent sponge iron, 40 per eent sorap

Plant froilities in the anolysis include the following:
Rnilroad tracks and sidings
Ore storopge yard
HyL, reduction plant
lielt shop - 3 17' clectric are furncees
Continuous casting machine
Cranes, lcdles, slag pots, etc,
Electric power plant - 56,000 kw
Control laboratory and office building
Meintenance shop
Tater and waste trentment
Jarehouse for parts and supplies

8lag and tailings dump

aren for future expansion

’
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9. The figures do not include the cost of land, rolling mills, site clearing

and prepération, and the other itoms excluded from the sponge iron plant cost
anclysia pPreviously given, The design is completely integrated and the power
station supplies o]} necessary electricity, Ixecoss steam goenerated at the spongoa
iron unit, as mentioneq ebove, is used in the power house to supploment the

natural gns energy supply. Toble 3 Presonts the ocomplete operating coat analysia
for this hypotheticel faoility, in both 315 and in Swiss froncs, It is importent
to notice that this desiyn covers only the production of o semi-~finished product,
This s e 6" x 6" dillet, which must pass through rolling mills and processing

lines before finished products emerge, These latter stages have boen omitted here
but it is possible to make o realistic somparison of the cost of different ore
reduction processes by anolyzing their effeot on the cost of meking 6" x ¢ billets,
The table does teke cecount of ore beneficintion through the factor of ore price,
9¢. The relative importence of the stcges shown in detoil in Toble 3, is summerized
in Teble 4. PFrom this it will be apperent that o change of 10 per cent in the
investment required for ore reduction produces & chango of only abouf 2.5 per cent
in the total investment for the steel works, 4 10 per cent change in reduction
operating cost will similarly change the total operating cost by about 1 per cent,
Although not directly apparent from the tables, production cost is markedly affected
by the reliability of sponge iron output, If this should drop by 10 per cent
(because of difficulties with untried processes, for example), the ndditional sorap
purchesing needed to keep up steal production would inecrecse the totanl operating
cost by about 4.5 por cent. The importance of pProcess reliebility is therefore
very great,

10. gggipnq and Situntions Suited to the Process

102, In well-developed stenl eentros the Hyl process can be used to produce s cheap
snd dependable supply of iron free from oopper and other harmful contaminants, Its
sulfur and phosphorous content can he kept down by proper choice of ores and hydroe
carbons. The process deserves sorious consideration because of the contributions

1t oan make to the nove toward higher quality which now choreoterizes the offorts
of many estoblished steel producers.

10b, Then & new nation begins o programme of indultrialization, it must build upon

the speoific assets and liabilities which it hes nvaileble. The infinite voriety

of our Zarth presents each group with o problem ond o situation more or less
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different fron that of its neighbours. The development of o steel industry is one
of mony progeommes folling into this general domain, The industrial plenner,
confronted with the muliitude of processes offered to him by siderurgical speciclists,
ccn find his wey toward o good solution by using the time-tested principle of
simpliecity, Do first that which is ensicst,
JGe. If n new netion is endoved with high grede iron ore, the grend steel making
process con mouy ewslly be enlered by developing ore deposits and selling ore,
This ot once makes foreign exchange nveilsble for importation of other goods and
services, “hen ecopital sceumula’ion permits, facilities for moking iron cenu be
installed and the product exported to established steel making centres. it that
peint, of course, it becomes necesscry to chooso nmong the several iron making
processes. Il the jlamier will sternly exelude nll processes still in an uporunntu’)
svege ond restriot hirself in those nlrendy opersting on cn industrisl scale, he
will soon dotermine which one is most suited to his requirements,
10d, The HyL process mcy be seriously econsidercd in situstions where good lump
or naglorerated ore is avcilcble, and where nnturcl gas or petroleus naphthe is
on economieal souree of energy. Its =pecicl advantages crey
1. Proven commercial operation, in the world's largest tponge
iron faeility.
2, Lobour requirements suited to emerging cconomies.
3. Variabilily in size, since plants have been construsted for 200 and
500 tons per dey of sponge, .
4, Base of capreity expensicn, because ndditional resctors and gos gﬁt
reforming furncces enn be added os desired,
5. & wide ranze of types of cre lumps and cgglomerntes can be converted
to sponge.

6. .in experienced engineering cnd consulting service is avcilable for
dosign, construction and initinl operction,
10e, As more enpital nnd experience become aveilnable, the other steges in the steel
moking process con be instclled, until o substantinl degree of iron ond steel self-

sufficiency has been achieved,
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0.0 topssl yesr & x 6 pillets

M———» N —— — d
i ting Cost a’
Capital Investment Opera
Stage per ton steel
e SWePre | US§ . % lser vss ' g
We I'Ps 5§ ' Vet |
r—-— . +~ + ’ _#-‘ ' ' —————
Reduction (HyL process) ! 26,500,000 6,100,000 | 24,7| 28,42% 6,84 | 9.8 ;
. i | !
! Refining (Eles. are furnsce) , 34,800,000 I 8,000,000 | 32,4, 83,48 zo,}sg 30,6 |
 Casting (Continuous) ' ‘ : 3 i
! | -
| Power plant 28,300,000 | 6,500,000 ' 26.3) 19,43 4,48 | 6.7
;‘ General Plant facilities 17,800,000 , 4,100,00C :’ 16,6} 5,85 ,' L34 2,0
_#_ ! ! ! |
| :
Subtotal 107,400,000{24,700,@0;’100% 142.23;" 2.1 w,1
[ 2 :
1ron ore at $12 per ton , i 57.39 | 13,20 19,8
! !
Serap at $45 per on f 9,08 | 20,72, 31,
.} Total ! 107,400,000 24,700,000 . 100% | 289,70 : 66,63 | 1004
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10f, L reverse course of development is often more suitable when local supplies of
ore are not ndequnte. Then it may be better to begin with steol forming plant, and
vork backward to steel refining, using imported sercp, sponge or pig iron. Pinolly,
complete integration is achieved by adding reduction and beneficistion equipment,
This, indeed, wns the procedure followed by Hojelato y Lamina 8.4, in their
development, It has the great merit of quickly reducing foreign exchange decands -
vith c ninimum investment,

10g. 4 third alternative arises when mere copital can be invested, A complete steel
vorks cen be built and operated as o unified devolopment project, based upon the ‘
sequence of process stages best suited to the local circumstances, The Hyl process
should receive careful conlidorat;lcn vhenever the supplies of ore and hydrocarben
sre as previously described. Its proven performence is n guarantec that it is a
relinble component in the grand process of steel moking,

¢
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