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1. Sweery - -
an analyeis is made of the most important selection eriteria to be berne in

wind when contemplating direct reduction as o solution for a specifie problenm
conserning iron ore utilisation.

The influence of these criteris is discussed, and the application of the
proposed sclection method to one specific case is considered.
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II. Introduction

!
|
|

Blast Furnace iron making niay be disadvantageous for our countries, due to
the great investient involved to insure un economical operation und to the need
of having good coking eocls., .lthough the ecoke blust furncce is still the most
econonic way of reducing iron ore in lariv size operations, specially if the
latest improvenents in blast furnacc design are applied, there are wany instances
in Latin .merice where high transport cost and snall sizo of the market make
other reductions methods more advantageous,

The characteristics of our rvaw neterials and fucle are somewhat different

from those in other countrics. Uros with an iron content over 6)% and a very

low impurities content, urc available, but nost of the loeal conls have very poor
coking properties. Nevertholess, there are plenty of nutural gas fields, with
possibilities for iron ore reduction, und wood resourcos that are still being used
in several churcoal blast furnsces. These facts, added to the small sime of the \
local markets, poor transportation facilitics and the great investment needed

for ecoke blast furnace iPlants, force us to search for new processes that could

better fit the aforementioned loeal conditions,

T Direet reduction processes would not involve these disadventoges, as they
con bo adapted for plants of various capecities and investment cogts, These
could be quite small size units, which could be adapted to the loenl demund, ‘
acoording to the costs and availability of enorgy und fuels, we can find processes |
using electric power, non coking coals, coie fines, natural ges, ete. idost direct ﬁ
reduction processes could use iron ore fines, by-product of iron ore mining, very
obundant in our countrics,

A8 & good example of non traditional iron making solutions in our countries,
we could mention tie liojalata y Lamina sponge iron planv in sexico the Strategie
Udy and the Tyslund-liole clectrie reduction furnaces in Venczuela, and Feru and the
Belgo-uineira and neesita charcoul blast rurneces in Brazil, known as the biggest

of this kind in the world,
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III. Direct iteduection rroducts
-m“..—

Lepending upourn its woriing terperature o direet reduetion process would
yields

1. /n unmolten solid nn8s, sponge iron, which reteins the iron ore structure

R

and chenical cnalysis minus the oxygen. Conaidered us o steel-naking material,
this sponge iron covld be clascifiod as steel serap, so its production cost must
be lower than the loenl sevep price in order vo replace it. Novertheless,
there is no sponge iron trade, due to the limited production, so that the small
amount avoilable has only o domestiec use.

Sponge iron must be chorged into eloetric steel-unking furnaces due to
” slag ond impurities drapped in. s it hes no tramp elements, it is good for
quality steel produeing, and it could obtain in certain ecses o higher priece
than that of common sorap, Handling, storage and melting of sponge iron may
lead to troubdble, due to its great specifiec volume and tundency to vxidation,

Another typical use of sponge iron is the precipitation of copper
from leaghing solutiovns, with the advantage over steel ~crap of itn spongy :
ltructuré and great specific surface, which makes it very recctive, Due to ;-
these conditions, it would egoin justify s higher priece over that of steel serap,
2. 4 low carbon nolten iron, siuilar to a blast furnace pig iron, which is lov
in silicon, mangonese anad sulphur, and may have non reduced iron oxide. The
slag produced by impuritics has boen scparated by fusion, so that this product
oan be charged as hot or as blown metal into any steel makins; furnace, Beecouse
of its purity and absence of tramp clements it would be fit for quality steel E
making and castings, thus Justifying o price similar to that of the low phosphorua 1
and sulphur pig iron, Furthermore, the melting of this irom has been achieved
using a cheap and abundant fuel or energy, instead of conswiing blast furnace eoke,

which is not always available at o convenient price, Nevertheless, as the direcot
reduction processvs yielding molten iron are among the youngest, there is no wide
experience about the matter,

3. Semiemolten $2% iron "luppen", produced by Arupp=henn process, that have
their slag trapped in, and are somewhat high in sulphur. Those "luppen" ean

be charged into stecl-ninking furnaces, with the soue disadvantoges already mentioned i

for sponge iron. That is why in Czechoslovakin they charge them into a blast

furnace, os an unconpletely reduced, slag containing solid material, i




SVIEL ST.I, 15A3/
Technieal sopes/B.4
page 4

4. Iron powder, by vory low temperature dircet reduction procosses which is
briquetted for using os serup, If very pure iron ore fines are available, iron
powder for sintering in powder motullurgy can be produced.
IV, Description of the problen |

Iron orc benefieintion by direct reduction, in an under-industriclizod

country, hos as many solutions os dircet rcduction procosses have reached o
reasonable stage of industrial development, Nevertheless, some of those
solutions may have cdventoges, but mony of them will prove to be, in some respeet,
inodequate to local conditions.

Bodies or individuals, in charge of selecting the process, are often
inclined to eonsider one partieular process simply beccuse they have heurd more
about it, but os the technicnl and economie studics pro¢ecd, they find out
thet the proctical applieation of this process to their case may involve serious
difficulties. In other cascs, the disadvantoges may not be so cbvious and the
projcet may vveit be completed buscd on o mistaken solution,

all direet reduction processcs haeving been devised and developed to make
better use of some speeific local conditions, whon considering their adoption
in any partieular case, it is necessery to have o thorough lnowledge of the problem
involved, in order to be able to svluct only such direet reductien piocosses
a8 could be bust adapted to our particular eircumstances. '

V. Selection criteria )

An cnolysis is made of the most important scleetion eriterin to be borne
in nind when contomplating dircet reduction as o solution for ¢ speeifie problem
concerning iron orv utilization,

Such criterin eould be the followin,s
5. Speeifi: loecl or arva demand, its amount and charaetoristics

This would determine rojocts capaeity, and the choicv between irom povder,

sponge iron, luppen or molten ivon yroauetion. In some cuses, os when we need
sponge dron o preeipitate cogper from 1.ouehing solutions, the setive surfaec and
purity requisites of the 8pong: ivon may be so inportont thot thvy could even
deterrine the reduction teperature, thecoby discurding somc of the sponge iron
processes.  ghe required purity would determine 180 the degree of roduetion

needed, ond thus would exelude the use of soue low yracde ores.

i
{
|
i
i

i
i




STEZEL SYsdF, 1963/
Teechnieal icper/B.4
pege 5

Whether the demand exupeeted in the neos future, be over some 150,000 tons
per year, it would alsu be indispenscble to consider the elturnative of the bdlast
furnoce or the cleetric reduction furnace in the eeononie eveluation, os the
projeet is coming into tnc range where the iavestment and operitiva costs of
these furnacus becoimes low cnough to compete with: thet of dircet ruvduction
proeessvs., Furthermorc, there ar. only ¢ fow among direet reduetion protcssvs
which have been doveloped over 50,000 tons per year. To produec JU0,000 1PY

rmultiple units would huve to be used, whiech would incrvese inv.steont and opuration
cousts,

6. enerpy cost, Srice and gusli L.of ava 2 £

The availability and cost of eleetric power and fuels is one of the most
important factors in process selection. The transportation of eleotrie power
and natural gas to a great distanco being very difficult, the adoption of direet
reduction procusses using cither one of then limits the loention. Non coking
souls, charcoal and ecoke fines ean be shipped anywhere, provided that the froight
would not make their use uncconomical. Power and fuel prices are important itema
in the finol cost of reduced products, specially in Latin america, where they are
more expensive than in industrialized countries. The amount and type of energy
and fuels needed by the most important processes is shown on Tuble 12.
7. lron ore and fluxes

Most Latin american countries have plenty of high quality iron ores which
sometimes can be acquired at mining cost, and very often also unexpensive iron ore
fines; if not, they ean be bought from neighbouring countries ut standard prices
plus freight. This is vital, os iron orc is the other jamportant couponent in
reduced products cost, Howevor, some of thu redustion processes have been developed
abroad to use ores unsuitable for the Blast Furnace due, for instonce, to their
low grade or high silicon content. Such special processcs could not be adapted
to reduce the high grade iron ores availeb’e in Latin .merico,

Latin amorica hes plenty of linvstone, spar and other type of fluxes, and
the refractories industiry is just starting.

Generally when e¢veluating: iron ores, the main emphusis is given to its grade
and to low contunt of impurities, but iacreasing attcntion has been given lately

to its goo-morphologic and physico=chenieal charccteristios, which affoet the
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"reducibility" of the ore. It has boen found that in direct reduction procusscs,

in whicl the reducing power is linited, these foctors are of hiplest importanee

ond several well hnown rescareh centres ore devoting considerable efforts to the

study of orcs coming from diffoerent sources.

i
i
I
i
|
{

This new tendeney, born from the linited kincties of dircet reduetion
processcs, is now also being considered oy blast furncee operators and designers
ea thoy have learncd thet more "roeducible" ores would incroecse production and
lower the coke rate of their furncce. ,

Uhce such ore choracteristics woc mown, the performance cad cfficiency of
vurious processecs, whon using different ores, can be predicted without the need

of an expensive pilot plant test y which would involve shipping to an experimental

plant several hundred tons of the ore. For instance, the H & L process was
developed at ionterrey, wherc they have vory "reducible" hematitos., The Chilean
orvs arv o mixturc 1 1 3 hematito-nngnetite and are slower to reduce due to their
sualler "rodueibility", “ere we to !mow the "reducibility index" of both, the |
Chilean and the iiexican oros, iestod necording to the same standerds, it would |
pernit to noake an estimate of the probable production und efficiency of an H& L
plant in Chilc, '

In sppendix s the influcnee of thuse properiies is discussed in deteil, and

uwethods for their laboratory testing wore proposed.
8. Copagit d Jocation of the olent

Considering the aforementioned foets, it is renlized that the sime of the
plant is determined by cren demand of reduced productsg availability of eleetric
powor, fuels and row meterials, considering the limitations nmentioned in 2} and
eapital aveilability,

Location of the plant will be influcneed by location of the market and of
the iron ore, power and fuel supply.,

When considering mininum freight vXpenscs, we must romember that eleetric
power and naturel gas ecnnot be vrsily trensported, while ores and non gaseous

fuels hove very low charge by boat, us eompared with higher ecost by train or truck.

Otiier factors uhat would influcnew the chuiee of location are proximity to a port

or railway svstem, (o ) town or industrial city, or to water resourccs,
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9. QPreesclucted methods

after studying and weighing 1l the obove mentioncd facts, it will probably
be found 'hat only o fow dirvet reduetion methods actuclly fit +he porticular
requircments of the spocific problem, 1t mey happen that oace of thesce methods has
not buen developed yut to a commereinl stage for the projuet's plant capaeity, and
must therefore be disearded, no natter how sound it mey sceas  Thot is why only
the industrially developed and relianble methods are mentioned in Tubles 11 and 12,

If o oritical pre-selection smong tho epproved nethods is made, only threc
or four of them will bu worth subjeeting to »n veonomio evnluation, in order to
get an vatinate of the investment needed and the product cost,

10, Economic oveluations

Having the tentative location and sise of the plant, the comparative
evaluation of the pro-sclected methods ecan be started., .is there are in the
available literaturc sone returence figures about the initial investment, onergy,
fuel, row matericls and lobour nceded for cach process, o rough estimate ceon be
made of the capital nceded and yroduct cost. This information, corresponding tc
the industrially developed end reliable prococssos, is given in Tables 11 and 12.

No matter whether the tentative loeation and capacity stated for the project
looks very sound, it is worth considering othor solutions, for a good evaluation,
such as, two or three smaller plonts better adapted to local conditions, It eould
happen that the most economical solution is g¢iven by a very sophisticated
altornative,

The economie ovaluation will permit to scleet the proccess that is able to
yield, at the lowcst cost, the particular redueed product nceded, Should this
cost scem high, as compared to scrap or pig iron priée-, evon if the foots stated
at 2 arc considored, still direot reduction might be a sound solution for the
problem. Limited capital aveilability, o small narket, ond/or the convenicnee of
giving to on existing integroted plont o small production increase, until the
installotion of o Blast Furnace is Justified, could be mandatory for the final
deoision, Shortage of selcetud sorap for quality steolmoking, light serap for
copper precipitation, or pig iron suitablc for high grode castings may be importent
arguments too,
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VI. The ease of tiue Dominieon Lepublie

! as an npplieation of the proposed scluetion methed, the case of the Lominiean
fepublic will bu considered, in which the solution of dircet roduection is
particulurly interesting, duc to local conditions,
11. The Dominiecn ilepublie by itsclf, or considered as o unit with Haiti is
on insuler country (Isle hispanicla), which is just storting its coonomic and
tuchniccl development., Its chicf souree of cmpioyment ia angedeulturo, but due to
its having the highest rote of population increase in cll Latin america, the
Dominicon depublie must widen its ficld of employment,

4s this nation aceds o cortain number of goods from foreign markets, it would
have to be able to get the corresponding foroign exchange by exportiag its own
agricultural and minercl resourevs, in rothes processed condition, They must
try olso to repluce imported goods by locol manufacture. Thet is why tho Dominican
Ropublic government is deeply iatorcested in promoting any cnterprise for

industrinlizotion, and perticulnrly those projects that could result in employe=

ment and foreign exeliage, E
The prineipal eeonomie nnd Genogrophic characteristios of the Dominiean |
Kepublie and Laiti are shown in Tuble 1,

Table 1

~ leonomie and Demographie Deta
#

- 5 ———.
Netdion Population 1962  aren Squide  rer eapita apparent

ineonc US§ Steel consump-

— tion per cgpite
Douinicon topublie 3,200,000 19,325 203 7.5 kg
Haiti 4,346,000 10,700 98,6u 2.) kg

Steel eonswaption per cajito is uxtre nely low, corresponding to the degroe
of industrinlizetion. But it is nueesscry to renwnber thot when a country like
‘nis one is poing through the first stens of industriclization stcel consumption

inerenscs very reoidly,
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The Dominicon .iopublic has three iron ore niies.  Thede ldgh aron eontent ond
low sulphur anu phosphorous content are quite unusunl,

The information avuiluble about thesc mines is given in Toble 2,
Table 2

Lron ore ilinus ot the Domindean tupublie (o)

iine and loeation Ore analysis Roserves in
- ::,‘7
%ug\ma lagnotito 2
(18752'N; 70 GS'W) 62 -~ 72% Fe
&&lo'te Hatillo Mognotite 67% Fej .1,% &wzg 0.03% Ps Indicated r, 8.5
(28735'N; 70 10'¥) 0.0 S 4l 50, 0. 27-1.03%; 0 0,100,333 ealeulated 41,5
Cud 0.15-0.,30%; 140, 0,03-0.90%) Total res. 50,0
('}r‘,h,t)3 0.01«0,05%
‘abm Granda Mognetite 6
(18 58N 'ro °15') 62 « 72% Fo

acoording to the aforementionod scleetion uethod, the following doto must be
considercd:
12,

I}ue to the limited indaatria.li:ation of these countriel, their steel products
imports, shown in T.ble 3, are rother smell and diversified.

Table 3
Steel prodmets inports. Thousand sotrie tons (b)

Steel product Country Total per produet

both countries
D Ra blic Qﬂ&g

Railway track materianl 3.3 5.4 0.2 0.2 3.5 5.6
Light and hecvy sections 6.9 7.7 5.2 2.4 12.1 10,1
Strip 0.1 0.1 —_— 0.1 0.1 0.2
Platos 0.5 J,.6 0.1 0.1 0.6 0.7
Sheeta 3.9 307 2‘8 207 607 604
Pipe and fittings 1.8 2.9 0.9 0.5 2.7 3.4
Wire 4,1 2.1 U.5 4.1 2.1
Tin plate 1.4 0.9 0.1 0.1 1,5 1.0
Wheels and axles 0.1 0.1 —_— 0.1 0.1
Total 23.5 22.1 6.1 9.8 29.6 31.9
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Nevertheless, considering that the Doninican nepublic is Just starting its
industrializution, we can realime that these figures are much smaller than the
needs in the nver future. Necessary datn for a future demand projection are not !
evailable, but eatimates can be mude, based on what heppened in similar countries
under the sane circuistonces,
according to Table 3, the most importunt items, among those that could be
made loeally, are Light and liecavy Sections cnd fire. according to the United
Nations classification, Sections includes round and square bars and light
structural shapes. .8 theie ure .o big fabricating shops in the crea, it ean be
ussuned that no heavy sections erc imported. i
Based on the corresponding figures, it can be stoted that in 1963 the imported Q’;i
sections and wire amounted to 25,00u tona, It is assumed that 66 of these
produetas, thot is 16,000 tons, could have been rolled locally with u small bar
rolling mill,

A8 the ores ure extreucly pure, it would be of advantage to nake ingot ironm
bars for export. That very pure iron product, siniler to the Swedish iron, would
ket a fairly good price in the ...erican .ariet.

The export market must be considered for the surplus of produetion whieh could
not be absorbed by do.estie consunytion, knowingy that the plant capacity wust be
inereased as soon us possible in ocder to avoid the high ccsis p'e;rtnining toa

very low seale production econouy,

Yhen considering the produetion of ingot iron, the very low sulphur and
phosphorous content is going t¢ be randatory, not only in the direct reduetion
process selection, but also in the reduced product melting and refining furnaee

sclection.

1}, friece and quality of availablc fuels

Due to the proximity to the .iworican induat ty, it is ;[ ussible to assume

that any kind of solid or liquid fucl would be aveilable at international price
for thia projoet. There is nlso pleaty of eleetrie _ower from a new hydro=-
electrie plunt, Yague del Norte. it i assuned thnt this ower eould be delivered
at the project ot @ lower rate than that of the toated States, Lartly bveuuse the
goverent da dnterested in its prowction, g ols. breiuse this would be a

repulatron aetor vor the 2lent lowd curve, . B3 L. TR T TN 2 A%h meeus

Lo be possible, by eonpurison with Chimbote (Feru),

r———
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When caleulating the items "enerpgy and fuel" y for evaluating the different
solutions, it vill be seen that elcetrie power is less expensive for this ease
than other sources of energy’, having the andvantage thut it must not be importoed,
Furthermore, vloctrie power is the only kind of vnergy that would noe carry in
the leust any sulphur ard phosphirous inve the amelling furnuee.

14, Izop ore; fluxes and slloyisg elenouts

According tu Teble 2, thore i plenvy of high grade lov impurities ore.

The three mines are 6 apart from ench other, sinced on o mountainous country,
about 30 miler from Sento Loningo, Tuere i1s now a little mining done in the aren,
&8 proven by some 209,000 tun/yeer eaportea through ihis port, but roads are very
poor, and mining fucilities would have to be improved,

Limestone and other fluxes could be imported from the States, if not availuble
in the country. No alloying elements are needed to make tiis pure iron, but soue
ferro-silicon and ferro-nanganese would have to be impa{tad for the low carbon
steel heats, For special uses some nickel alloying is needed, but the country is

.en important aickel producer.

15, ngggﬁx and locotion of the El&‘t

Conuidering the estimated internal demand of 16,000 tons per Year merchant
bars, the probability of a rapid inerease in steel consumption, and the possibility
of exporting high purity iron bars to the american iiarket, it is advantageous to
plan the projeet capacity in three stages:

(a) The plant nust have an initial capaeity of 25,000 tons per Year stcel

billets (22,000 tpy. finished products) .

(b) When the necessary technical experience 1o produce high quality ingot
iron bars has been achieved, and the Ameriocan Morket roquests this
product, the eupneity can be inereased to 50,000 t'ovn-s per year steel
billeta (44,000 tpy. finished products).

(e¢) When the internal demand will have grown in the same proportion, the
capacity can be inereased to 75,00 tons per year steel billets
(66,000 tpy. finished products),

The melt sho; would have to be able to yToduce 25,000, 56,000 and 75,000 tons

per year stecl billets, in the three stages. But the Direct Reduetion ploant will
have 20,000 tons per yeor capaeity in the first stuge, and 40,000 and 60,000 tons

ver year in the second and third stoges.  20% purchesed serup is considered, oside
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from the circulating serap, to be cherged into the melting furnaces, Furchased

sorap could be charged into heats for internal market merchant bars, saving the

eiroulating serap for the ingot iroa heats,

#8 the produetion nust be brought into sunto Loningo for domestie use or
export, thc plant nust be located near the eity. With that location eleectrie
powver, water supply, roilway siding, housing for the people, and other necessary
facilities will be available.

16,

Looking at Table 12 considering that electrie power is available, and that
eonl, soke or oil can be imported, it is found that Wiberg, RN and SelL precenﬂ
aro the only ones that suit the partieular conditions of this problem, In foet,
all of them are developed up to the industrinl seale needed, und they have been
in operation meoeufully.
17. Compergtive e¢valuati

among the three pre-selected methods, Wiberg's is the one which needs the
lowest initial investront, and S-L tho highest,

If S-L ond i=N riethods arc eompored, it is reaslised that S-L needs more
fuel and labour, therefore it must be morc expensive tu operate than RN,

acecordingly, the operating cost comparative evaluation must be made between
the RN and the fiberg proecsses, Tables 4 ond 5 show the pertinent ealeulotions
(e).

Tuble 4

ieN Process O erating Cost per .etrie Ton of Iron

- " —— _

Cyst _Fagtor Uit Cost US2 Suantity Us3/son

Iron ore 8,00/ton 1.5 ton 12.00

Cuque 2u/tun V.380 ton T.60

il 20ton 0,100 ton 2.00

Limestone 1/ bon 0.080 ton 0.32 ;
Electrie power vwui/ivh 110 Kkih 0.35 '
vperating labour u. ¢ .anhour 1,3 H 1,04 f
Supervision ‘ 1.4/, anhour 0.7 ik 1.00 !
maintenune. .\ |

st et cperating eust pud netrie toa o diron USa 26,81
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Teble 5 .

Wiberg Frocess Oporating Cost yer wmetrie Ton of Iron

Cost Faetor Univ Cost US$ 1tit US§/ton
Iron ore . 8.00/ton 1.5 ton 12.00
Coque 2u/ton 0.111 ton 2.22
0il 20/ton 0.063 ton 1.26
Electric power 0,005/1h 940 iWh 4.70
Electrodes SY%derberg 0.5/g 1.5 kg 0.7%
Raw dolomite 4/ton 0.06 ton 0.24
Operating labour 0.8/ linnhour 1.3 .4 1.04
Supervision 1.4/uanhour 0.7 :H 1.00
. Maintenoneo m
Wibery net operating cost per metrie ton of iron Usg 25.81

From the operating costs figures it ean bo deducted that o Wiberg plant is
the most convenient of the two., Its initial iavestment is also the lowest and
is the only one using domestie cnergy. Furthermore, it has the important

advantage of producing o very pure sponge iron, as it can be provided with o
desulphurising tower,

18. Initial investuent

4eoording to Stalhed (d), s 20,000 tons per year Aiberg unit, similar to the
one at the Sandviken ¥orks, would ecost about US$ 800,000, It is assumed that this
oost would have to be inereased by 2% if the same plant were to be installed in
the Dominicon Republie, that is US§ 1,000,000,

Por the three stoge inercase of copoeity planned for the projeet, three
different Wiberg units must be installed. FPor the second and third units an
edditional cost of US$ 900,000 would have to be considered, Table 6 shows the
necessary investment for the sponge iron plant.

Table 6

Investment per stage for sponge iron plant

Stage of increase 1st 2nd rd
Tons per year capacity 20,000 40,000 60,000
Wibeig units US$ 1,000,000 1,900,000 2,800,000
Buildings and facilities USj 600,000 800,000 1,000,000

Total investment Us$ 1,600,000 2,700,000 3,800,000
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The melt shop would bo integrated by three 2u ton oopacity electriec furnaces,
corresponding to the Wiberg units. The cost of each furnace complete and
installed would be US3 500,000, I |

The costing plant would have o countinuous easting instollation, produeing .
up to 80,000 ton per year of 4" x 4" billets, The cost of this plant, including
building ond necessory facilities, would be wbout US$ 900,000,

Table 7 shows the necessary investment for the melt shop and castiang plaat.

Table 7

Investment per stage for melt shop and casting plant
Stoge of inerease 1st 2nd rd
Tons stool billets per yeor 23,000 200 12800
20 ton electric furnnces 1,000,000 1,900,000
Serap ynrd cnd cranes 3 300,000 340,000
Building ond facilities 3 3% ,000 400 ,000
Contiuuous easting inst, 3 —-—0.000 200,000
Total investment Us¢

2,560,000 3,140,000

The merchant ber rolling mill could be integrated by a 400 mm two high 6
stands mill and o 270 mm two high 6 stands mill., In order to avoid high investmensd
this equipment could be o second hand one, costing some US§ 1,200,000, The
rolling mill would then eost, ineluding installation, buildings and faoeilities,
about US$ 2,000,000,

19, at ost

Caleulations will be mede to work out production costs for eash stago, as
production scale is low, thess costs would be too high and the wholg projeet
would become uneconomical. Fertinent caloulations are shown in Tobles 8, 9 and 10,
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Table 8
wiber;: Piant, Operating costs per metrie ton of spoige iron A
froduction Scales ton per year :
Cost Factor 20,000 40,000 60,000
N Usy’ US$ uss
Iron ore 1.5 ton $¢ 8/ton 12.00 - 12,00 12,00
Coque and oil 0.174 ton § 20/ton 3.48 3.48 3.48
Eleetric power 940 %ih $ 0.005/ikWh 4,70 4.70 4,70
Eleetroder 1.5 kg 3 0.5/:g 0.75 0.75 0.75
Raw dolomite 0.06 ton  § 4/ton 0,24 0.24 0.24
Operating labour 1.10 . 0.95 0.75
S“perVi!iOR 1,00 0.% 0,40
- linintenance end miscellaneous 11.00 7.50 6.00
7" Cupital ohurgeq y 9% investment 2_..12 4,86 .70
Operating costs per ton of sponge iron ¢ 40.02 34,89 33.02
b i - " - - »
Table 9

wmelt Shup ond Cesting rlant, Uperating cost per ton of Steel Billeta

£roduction scalei ton per

Cost Fuctor 25,000 50,000 75,000

Uss Uss Us¢
Sponge iron 0.8 ton - 32,02 27.98 26,41

Ferro &llﬂy! 2025 2.25 . 2.25 g
‘ Refractories 0012 ton 3 140/ton 1.68 1.68 1,68
i | Eleetric power 710 X¥h  $ 0.005/iih 3.55 3.55 3.55
Electrodes 8 kg 6 0.6/xg 4.80 4,80 4.8
Lime 0.05 ton  § 12/ton 0.60 0.60 0.6
Operating labour 6,350 5.00 4.0
Supervision 4,0 3.0 2.40
Moirtenance 5.5 5.0 4.80
idiscellanovus 10,80 10.% 10.00
Cepital charges, 9% investment 1,13 4,61 3.76
Operating cost per ton of stoel billets 85.10 75.22 70.8

— .
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Table 10

Morchant ¥ill, Operating Cost per ton of Finished Froducts

Cost Factor

Steel §£llétn 1.1% ton 97.98 86.% 81.42
Crodit for serap ' : -4.00 -3,60 «3.40
Refroctories and spare ports , 2.40 2.% 3.3
Maintonanec - 4,00 3. 3.0
Eleetrie power 1.9 1.90 1.9
Operating labour 9.00 8.10 7400
Supervision ‘ 2.3 1,80 1.0
Capital sharges, 10% of investment 8.00 4.00 2.66
Uperating eost per ton of finishud produet 121.58 104.40 96,18

0. Copclusicns

(o) Dirvet deduction gives © good solution for small seole steel-making in
this 1ittlv country, where stecl consumption per capito is still low bocause of
the nuwly begun industrialisation, The necessary initial investment and produstion
costs ore fairly reascnable, and the production caopacity can be inereased by
stages, as the markot grows,

¢
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(b) This Llent would give employment to the Dominiecan people, and would
save ond even produece foreign eurrcney from donestie resources, The foreign
currency expended for the initial investnent in the plent eould be recoverced
within 4 to 6 years, through the plent grodauetion, which could be exported or
could roplace imports,

(¢) In orcer to lover mining and ore trans,)ortation costs, bigper lums
of this pure ore could be exported for G-en Henrth an. the range of 25 to 80 mm
eould be uscd in the Viberg units, It is advisable to consiccr the installation
of o pellets ;lont in the futurc, which eoul? usc the range of 25 mm down to
fines. Thesc pellets could be used in the Jiverg units or exported.

(d) The aforementioned ccleulations cnd swetements huve been nede according
to the generel informution avuilable, and for the purposc of this puper, It would
be interesting to mulie o complete study of this case, considering the loeal
conditions with more detail,

In order to study the perforiumnce of g Wiberyg unit when using this ore, g,

proper saumple would have to be sunt to SBdertors, in Swedon, wherc tests eould
be mude us recommended in appencix 4,

Table 11

Datc on commercially developed Dircet woduetion Fiocenses

N
Scale of cormer- lInitig) investe Labour per ton Mointenance
Process eial developiaent nent for s redueed produet cost
— ; ton por doy/univ  scale, USS/ton i 0 Usg
wolten .ivtal _
Strategic Uly (e) 200 0 =-70 3.0 2.3
3 nocc Frogcesses
Wiberg (d 2.0 2.60

Retort Frocusse :

HyL (£, q) 500 45 0.80 1,00
Hotary Xiln Prgcguas

R «nN (h 5075 65

2.0 2.7
S - L (i) 50 70 2.5 2.00
Krupp=itenn ‘ 300 62.5 2.3 2.%
Fluidized Bed Frocessos, Iron Lowder
Nu-Iren (j) 5 100 0.5 4.00

Remarkst . eritical scluction had to be made from the cvaileble information, oas
there were some differcnecs in the duta given for the .same prueess by
the various refuerence papers,
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Table 12

Kilosrans m Kih siillion

- e Cool Colv Of N.Gos Pover Xeal/ton

1,100 4.8

330 4.8

10 3.7
% 8.%

3% or 393 M e
315 or 4%0 3 4

HeIron
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PHYSICOC B w10 aL PROP YN OF W THUN e (il AN B STUDIED
10 Lab0ICT ITS 1 ehFO.GLsCE L CT e PROCESSES

4« diseussion is male of those sropecties, an theiy offeet on reduction
kineties, anl nothe iz for ‘ehoratery testing ore clepuseds Ve ure considering

those eharoeterisiies that nee inportant not only for dircet reduction plucess,

but ror any iron naliaing furnnec,

VII. Discussion of the Jropertics and their oricet

21. Chemical cnalysis

-

:

This annlysis must report the followings

Tutal iron content, which woul twive o first technienl ounlifieation of the
ore,

Separate ferrous and ferrie iron coatent, whieh would be conneeted with the
Henetite/umagnctite ratic in the ore. That rativ hus effeet un the ore behaviour
in reduction phenomenn, ns it is related with the mineralogicni strueture, and
the fast redueing hemutito or slow redueing mognetite eontent,

Impuritivs ang slog forming olcuents conteny, na §, 4, 8102. “12“3' Ca0, ete,
which could affeet the anelysis of redueaod srocuets, or the burden charceteristios
when heated to the high reduetion tomornture, s they esteblisih the slag
compusition, they enn Jdeter vine Lho type of refractory lining to bo used, als
through their influenee on the welting and seftening peint, they can exelude Ao
of the reduetion vroeesses beetuse of their working tumeruture, or tye of
furnace used,

Uneomion elements, like Tu, Ti, V, wiy Cr, ete,, which must be anclyzed, as
they can nffeet the roeduce produet anolysis cad the develognent of o proecss,

22, Softenin, and nelting voints

Inercasing, wiivavion 48 being piven 15 the sofvenin,, on. melting point, of
iron ores, Thes. croperticr loicemine the tenpercture linits botween wvhieh an
ore eoan be redueod b . solid, senie=tiolten or Ltiqui! phase, The inpartanes of
these limits is incic asiiag, beecuse they determine whe they wo are poing, to et
sponge iron, lus.vi, or aulten ircn, Sonctines, if the softening point is too
low, the oru redueing mnss any beeore sticky an! muio the iroeess inoperative, .s
new direel reduetion rethods e inereasing their wort ing tenperctures in order

to dimprove the reduction “Ineties, this frev is becowing mor: inportont,

it o~ ey

iR
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23, Load resistonce ot high tempersture

The bohavicur of on ore sample under o constont load at inereasing temperctures,
could be plottod us "dimensional chunges/temperature eurves" at various loads,
until the iinzl collepse temperuture of the sanple, Those curves show the
dincns.onal stobility and load resistonce of the ore when charged into the furnace,
thus thoy furnish vory asetul information to prediet its behoaviour in a direct
redaecion ur blust turncee,

Those eurves woul! show the ddnensionel variations of the sample caused by
struetureal chonges, and would be conneeted with its dilatometrie test. In reality,
they afe "Jdilatowetric curves under loed" reproducing the actunl working conditions
uf the ope in the furnace., The noelond ecurve would be elose to the standard
dilatouctrie curve, but eould be altercd by erceks, which moy ocour in the sample
by structurul changos, In order tu report cbout those eracks, it is necessary to
be abld tu observe ot the sample under test, and photograph it ot various
nagnifientions,

The seme lond test may be eonducted under ¢ reducing gos atmosphere, but using
o fixed loud nnd maintaining the sape tomperaturc at whieh the ore would be
curmercially reduced, The reducing gas eould be CO, HZ’ a mixture of both, or a
mixture sinilar to the one existing in the redueing furnoce, Thet test would give
vxtremely usctul detn cbout the dimensionol choanges of the ore when submitted to o
partiecular reduetion proeess, These changes eould imercase the reduetion kineties
markedly by coausing erachs and pores whiech would provide e better reaction surface.
This is aetuclly a change in the "redueibility" of the ore,

24, "Reaetivity of the ore yndor voc

This property can be studicd in twu waysi

a. Laborotory testing of thoe physicu-chenieal characteristies of the ore thet
affeet reduction sinctics -

The most important of these churceteristies ares open porosity, dimensional
stubility unler heat and load, ano wineralogie strueturce, It is ncocossary to try
to evalunte the effvet that ench of the vbove feetors has on the reduetion
Lincties,  This ovaluatior could be bascd on theorctieal deductions, or upon
cheebing with the laborat ey "rodueibality test" rogosed loter,

i, torosity -

eretivity of anoore canple depends wpon its speeifie surfaee, which is

the Thatin tecvor o the maas transter betweon the sample and the redueing media,

S
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RETSON
That it is progoscd to tost the OCN porusity, ecrresponding Lo the pures open
to the outes foue of the sumpla,
ols folt wone % wouid oo ulac of sdveatage %o measure the variation of
poresivy i1 o souptie, whieh aus been feated in o noutra” op rcedueing media,
cecordirg bo o yio-csuabi.sihed eycle or whioh uas been 1ord fosbed under tae
A condivaca . PLis sl woutd neasure vhe churpes rovorted din 23.
e e adate b ey .

"hie

i

e R I N vitly ehne swructure Wl by ot the ore, but alao
tells about the eoiurily anl irregniovities of she spocimen,  The application of
this test {o particlly cedacod specinuns is reportol ir divers pupers, Thus

v
tho intermedivse n-tl £ln-1 phrsea throngh the reduction proeoss can be seen,
4 valvable inCerration about reactions and migration of oxyien ia the solid ore
phase during roduclion hac been obtained with this togt,
Lo Hedveibility tesy -

Leboratory Losting for reducibility 48 intonded to neasure the reductiion
rate of recvesestotive sjpceinens, under controlled and reprodueible eondilions,
This tost corsists o Tupredueing the reductior vhenomena to whieh the iron cx.
is acluelly subjec’ed in Dircet geduetion or in the Blast Purnace,

there wre two terdoncies how to wake this bus

.

Jsine emnll oure minerglogic speeimens, in pure gns.s rudueeion atucsphura,
vorking «t constant tomperature. These ideul eonditions, ani the information
ohtained, nust be considered solely under a physico=-ciemiesl poiny of view, 1n
faot, the reit sticn of o e nnd statie picec of ure, uder very reactive
urcontrincted moding, b g [ix.. tempereture, weculd bhe very uscful in studring
vhe redneiisn Niaeud o o Febsuguent phenomena,  Bat hosc testing conditions
ar: aunte diZferaud oo wles S cetuelly hooperi g 1o on heteropencous irvn cro
Temp powesine tavoso o Liceel reduetion Wiln or ploecd an o Blast Furnace,

Nt Gt e o wp e Ly dirael TOauebhen processcs mast be tested undor
coenditions FoSononiiy, G shies eXisting in bhe eonsiderel teduetbion preeessy i,e
if Whe w82 ol ta e iy Lo 4 e L peoeess is bedng ecnsicercd, tho 3,.90imen mist
he o veguiar 800k, aRa THw Lestiag conlditions saould ho sinen os to reproducs

the oporabing cont) . ioa; ol o & L oproeess,  aad bhe anne idea would have 1o be

kept in wone 17 e abenied proecdure were o kiln or ¢ fruidized bed proces:s,
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Blost Furnace ores nust be tested under eonditicns similor to the ones

existing in the turncec, bat as this method, due to its high kincties, hot been

the last in getting "reducibility" eoaseious, the outhor does not know of o \
reducibility toest specially ceveloped for this ense, Taut is why it is sugpested
to choose amung the veriocus tosts, develdoped for dircet roduetion,
The "redueibility andex" is ap,lieable ounly in predicting the bohaviour of
*nn ore when used in o dircet reluction method «perating on prineiples similar to
the tost.
If the wrong test is used, one mey (vt o "redueibility™ figure whieh will

»
"

et s R

elassify this ,re as unsuitible tor lireet reduction, 1t is neceasory to be able
to diseriminatc whieh proecsses e oxeludes by this test. Fur instanee, if this

particular ore is intended tu bu used in n traditionnl Blast Furncee. If the
testing method chosen is ood only for fluidifieation gfoeeaiul, uhe moy obtain e
low redueibility index. Huwever, it has to be remeibered thot, with the proper
testing method, the richt index woull be obtained, whieh may prove that this ore
is good for Bluat Furmeeo. wnl both tests muy have been perfeetly well corried
out, neeording to their peeuliar methods,

So, it is of vitul iwportonce to study all the existing tusts, in order to
have o eomplote knowledie of their busie prinei;les, ant eorresponding fields of
use. Unfortunatcly, most of the peoors about redueibility refer only to the
theorotienl test, and the fow publieations denling with tochnical testing ore
inevmplete, That is why pertinent infornmetion and eritoria should be obtained G’i
from the men ant rescoreh eentres who have developed theso technicnl methods.

weeording tu m. Pierre Coheur, Dircetor of C.N.i.n, ot Liege, his own
rescareh eeutre was inlending to roueh on npreement with the other important
cvntres in the worl. rojerding, stondnrdization of these testing mothods,

RBottedle demorial Institute, in 0 ,5,, anl Lrapp Roscureh Loaborutorics, in Germany,
have nlready cclonte b the s nethods as CN Wi

Pror. cavtin ciber, duviay the sceond IlaFa wcctine ot Buenos aires wos
asiaal ohoat the scleetion of the proper vedueibility test in particuloar cases,

! e snswered thet in Sweden they bave developed differcnt tests for eneh case,
bat the o2 asc! when eonsidoerin, diveet coduetion wes his own, similer to the

e uscd dn Livs o, hoen diseussin, those tests, as o leteils about the propor

e U s cquit cment will be farnishod,
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25, A-roy Jdiffreetion anclysis

8 a complenentery information, it woulid be ndvisable to investigate the
ores Cristolizetion in orler to didentify the various minerclojie structures by
a=ray diffreoction couponents. This test would be very uscful to prediet the
redueibility of en .ro, esteblishing o eorrcletion between mineralogie atrueture
ond "redueibility index", The infornotion thus obtainod would be more complete
than that from the rinernlopie structure obtoined by mieroseupe.

26, Differcnticl cooling curves anolysis

"Dimensionsl chonges/tempoercture curves", according to 23, show atructural
changes ocourin; ot the specimen, jrovided they eon bo detocted by tilotometry,
There may bo some strueturcl chionges that are not cssocioted with volunetrie
changes, so "differentinl eooling curves analysis® are very intoresting, If this
analysis could he made on s, ucinens under vorious reduecing media, it would
permit to measure thy voriotion in enthalpy (L), ct o given temperature,
wvhen subnitting the orc to e certain chemienl reaction. These paramoters would
be extromely usoful when chonging the stondard design of o dirvet reduction
furnace or reaetor, or whun desigming spueinl cquipment for the ore. Differential
cooling eurves would also detvet the time and temporature at whieh the reduction

reactions are toking place,

VII1. Recotmended tusting methods end apporatus
27. Cheniecl analysis
It could be made cecording to a.S.T.ii. Standurds, or ehy other method.

-8, Softening und melting points

Softoning and melting; points ecould be tustel with o standard refroctorics

fusion point furncec, using test cones. But, as we will be shown later, the
fusion mieroscope is the best instrument for that toest. . well known aptieal
instrument monutacturcr has o very pood model, provided with special attachments
to make thesc, and som: of the following tests.

29. Lood resistancc at high tenperature

Aceording to w. Coheur's supy,cstions, Leitz-letzlar hos Jusigned and built

the necessory attechments for its fusion niercscope, specially fitted to make all

the measuremeats described nt 23, exactly as recommended.
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0. 2educibility

Physico-chemienl charocteristies affecting redueibility,
n. forosity,

O en oor extornnl porosity could be testel by introdueing an ore speeimen in
vacuum, and then filliag with (‘02. The f‘ﬂz chsorbed eould be measurod by standard
chomiecl methoda,

« moure seeurate method woull be to £ill with freon gas, and then moasuring
the absorbed jos with ¢ ncss s cetropraph,

b, limeralopie structurc

Could b: observed with o mineralogic microseope, aceordiag to standard
techniques,

e. Hedueibility test

uedueibility test on purc mincralogie sposimens could be made neeording to
Wibery and Edstrda teebniques, or any other variation of the methods recommoended
by them,

vhen eonsidering dircet reduction, Prof, Tibery su . gosts tosting ore samples
by his method similar to that of the U,S8, Buresu of dines and that of C.N.R .k,

This method uses o 2.5 K, specimen olcetrically hented in o smoll versdeal vesaul,

Reducing medium is obtained by pas reforming ot o sunll eloetrie earburator,

The curve reduction/tine is plotted by annlysis of the perecntage of oxide

reduccd nfter 1, 2 and 5 hours of tosting. )
Blast Furnce: orces ore usunlly tosted by Linder's wethod, with o tiny rotary

kiln Pired in stanlard conditions,

31,

The ores crystal atructurc eculd be investigated aeceording to standary
teehniques for Aevey diffruetion,

2. Di fifoventicl co ding ecurve analysis
This anulysis could he made using the staader:d moethods and cquipment, The

thermo—analyser used must have the necossary attachinents to £ill it with a

reduein o aeatrel medium,









