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I DAMSEYER & MILLER, INC. X
CONSULTANTS TQ THE .

a IRON AND STEEL INDUSTRY CABLE ADDSL 5

Wa 1T WEST 4240 ST..NEW YORK 36, N.Y. TRAMILEND

June 1, 1962
432..33A

CAMADIAN JAVELIN, LTD.
630 Fifth Avenue
dew Tork 9, H.Y.

Attention: Mr. W. H. ROxburgh,
Vice President - Engineering

Dear Sirs:

The first phase of our work in zonnection with the pre-
paration of a presentation for the Julian Iron and Steell Plant is
preseated nerein. The Report which follows discusses the possibili-
ties of nanufacturing iron and steel from Julian concentrates by

various processes.

e have reviewed the Stratezic~Udy and EleXxtrokemisk
nrovosals and have evaluated the data obteined from pilot plant tests,
Tha conclusions reached may be summarized as follows:

1. The nanufacture of pig iron from Julian conceatrates
will increase the returned vzalue of the Julian ore
deposit; will boost the ecoromy of lewfoundland by
providing the means of livelinood for hurdreds of
families; and will nucleate the further industrializa-
tion of this area.

o, The Blast Furnace - sirce it requires iarge guantities
of high zrade metallurzical coking coal which 1s not
available in Labrador and which would have to be im-
ported at high prices - cannot be considered an economic .
smeltinz urit in this area. Additionally, a blast furnace
instellation, ccaplete with coke plant, requires a huge
capital investment.

3, The so-called "direct reduction processes” operating with
gas or oil as fuel are uneconcmic in Labrador btecause these
fuzls are not locally available at adventageous prices.
Moreover, these processes are low productiion units end
rostly in the pilot plant stage of develorment.
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4L, The 2lectiric smelting process with preheating and/or
nrersduction is recommended for the manufacture of
pig iron frem Juilan concentrates because electyic
rover 13 the only source of locally avallable energy.
Coal, coxe, zZas and fuzl oll must be brought in to
Labrador ard thus are relatively expensive.

. Pilot pilent tests of the two avalilable proceszes for
electric smelting with prereduction were studied - the
Strategic Udy crcocess and the Elektrokemisk. The tests
indicate that Julian concentrates are smenable to com-
mercial sn2iting oy both orocesses.

6. The Elk=m process is preferable Lecause of better thermal
efTficlency, nore econcmical control of sulphur, better
expected aveilabiiity and most important - a lower cost
piz iron. Elektrokemisk should have few problems in scaling
pilot plant tests up to commercizl operation because of their
exparience in the operation and maintenauce of about 50 in-
stallations, io the past 30 years, in all parts c? ’g’he world.

7. The sulophur content of the Hova Scobta. coals @ is too
high for an =2conomical operation., inless lower—Sulphur coal
is available fram [iova Scotia it appears To te advisable to
use other sources of low sulphur coal.

8. The capital investment required for a plant to produce
600,000 N.T. of vig iron axznually by the Elkem process is
esL.mated to be 329,378,000; by Strategic~Udy 327, 480,C00.

‘O

The Production Cost of plg iron, excludinz royaliies, if any,
ic estinated et 32,33 ver gross toa by the Elkenm Process;
334.50 per zross tom by Stratezic~Udy. These figures are
based on % mill power walch is somewhat high for the load and
pover factors expacted for this operation. A reduction in the
cost of povwer by 1 mill would result in lowering the cost of
pig iron oy $1.62 rper gross ton.

10, A very efficient and iow cost preductior of stesl biliets is
foreseen as a further step in the lndustrializetion of the
region, by th: installation of Basic Uxygen Steelmaking equip-
ment folluwed by continuous casting. A plant to produce

250,000 N¥.T. of billets wi!Z require ap edditviopal investment
of :;: 35 371,000 making che total capitel funds ne\.essary for
iron and steelmaxing $i2, 743,000, _ SRR
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11. The cost of producing continuous cast steel blllets
is estimated at $58..% ver net ton. At this atage
of tone operation, the plant's annual saladle yPro-
ducts would consist of 3C0,000 zross tomns of ply
iron and 250,000 net tons of blllets.

Ver, truly your:,

RAMSEYER & MILLER, INCe
7, s
— ‘_/‘r-Z S (L{,tﬂﬂ .
H' Shapiro":/
WS ::MT Vice President
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oJLIAN TRON & STZEL COMPANY

IRON ORE REDUCTION »-0CES3ES

Basically, converting iron ore to m2tallic iron cons.sts
of removing tﬁe oxygen from the ore. There are two general types
of procssses Tor reducing iron ore and obtaining metallic iroa as
an end p.oduct. The one in nost eneral use is based on semelting

and zgives a molten product; the otuer reduces but does not melt.

In the first category, the conventionzl Blast Furnece
is the common smelting uait that is used to yroduce metallic iron.
In this process the iron is obilained from the ore; the heat for
recuction and smelting is ohtained frcm the burning of coxe, whils
linzestone is used 0 flux the gengue of the ore and the asn of

the coke,

The Blast rurnace requires susstentially large quantiias
of coke. If coxe alone is used as a fuel, its weighi may be fronm
70 to 90% of the w2ight of the reduced iron. The zmount require?
is largaly determined by the purify and chem:a.cal characteristics
of tre ore, limestone and coke as well as operating practices ani
prodact reguirenents. The coke regulred for a blast furnace

operation mustT mesat ovnysical and chemical creperties within

retgtively clesely defined ilimits if the blast furnace operation
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is to be successful. It is therefore necessary to have metallurgical
ccke, or metallurgical coliing coal, availeble at a reasonable price

to insure the success of a blast fwsnace operacion.

The lack of good coking coals in many parcs of the worl
encouragzed the developzent of another type of irun Ore smelting
furnace using olectrical energy as a substitute i“or sone of the
coke. This tvpe of furnace also uses carponaceous material as a
reductant and limestone a2s a flux but the heat required for the
andothermic reduction of iron oxide to iron and the heat required

for melting both iron and slagz is supplied by eleciric power. The

e & -

o Baclns

physical charecteristics ¢f the caf"oonacgous meterial are no lonzer
of pilme importance. In contrast witk the blast furnsce where ccke
s o be strong enough to support the burden, usually sbout 100 ft.
bizh, the electrically heated furnaze cerrices a buxden of approxi-
mately 15 f£t., in the case of tae Elekxtrokenisxk furnace, 0

oractically zero in toe Ludatil or S5

'3
ct
(D
()

iz Udy tyce of furnace.
Taus, the elecirically heated smelting furnace allows the use of
caraonaceaous material far inferior in strengeh to that required
for the blast furnaze and in elfect substitutes electrical energy

for a pcrticn of the vlast furnace's coke requirements.

Blast furnaces have grown Tc be huge expensive units.
Production rates of 2000 tons per day are 10 ionzer considered

axcertional; rates as nign as 3000 tons ver day are fully

e o

prediceanle,

I'J
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The second type of ore reduction process is the non-
suelting variety. Whereas the blast furnace as well as the
electrically heated smelting furnace reduces and nelts the metal
and produces a molten slag to remove the majority of the non-
metallic constituents of the raw materials, the non-smelting
procasses, which generally have been given the name of "Direct
Reduction"”, reduce the metal from the ore without meliing and
without formation of a slag. Some of these processes use coal,
coke or other carbonaceous material as reductant, while others
operate on gas - either reformed natural gas or hydrogen. Some
of these uprocesses, as exemplified bty Hoganaes and Wiberg, have
been in operation for scme time, Tut Ttheir production i1s in limited
guantities and for special purpcses. Recenlt developmentis have
brought forih a host of others, mostiy in the pilot plaat stage -

R-N, H-iron, Zsso-Little, HyL, etc.

Although limited quantities of metal prouwuced by direct
reduction nethods have been used Jor sieelnaking, ncne of the
processes, except that practiced at Hojalata y Lamina in Mexico,

has been used as a source of metal, on 2 camercial secale, Tor

the nmanufacture of the common grades of steel.

In general the fuel requirements of the direct reduction
processes are high, the size of the oxeraticn sm2ll, and the cost

of finisped prcduct pronibits its use as a2 vasic steelmaking source
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of metallic iron. The one exception, Hojaiata y lamina, does use
their direct reduced material as a scurce of metallic iron for

the panufacture of flat rolled products. The consumption of
natural gas is approximately 25,000 cu. it. per metric toa of
reduced metal but the gas is supplied to tnem at less then current
wvellhead costs. The thermal requirements of the other vrocesses
are of the same order and with the exception of the Hoganaes
process, which is a very low production, high cost process, all

require fuel in the form of either gas or fuel oil.

A disadvantage of all these processes is that because
of the lack of g8 melting or smeliting cveratior, the end prcduct -
netallic iron - contains practically all of the gangue found in
the raw ore. It is thus necessary to start with very pure iron
ore and/or concentrate; or to add a post-reduction separation
process to remove the undesirable gengue fram the reduced metal.
In the R-N process this is done by crushing and separation; in
the case of Hojalata y Lzmina it is accoapliskhed during the
steelmaking process with a considerab.iy increased cecst of

operation at this point.

In reviewing the situation in Leorador. the available
processes eliminate themselves guite rapidly. The Blast Furnace
requires metallurgical coke in large guantities at reascnable
prices. Tae coals that are easily available t¢ labrador first

are not of prime metallurgical gquality and secondly are far
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repoved from the ore cdeposit. lloreover metallurgicel coke canns:
be obtained at what 1s considered to be a reasonable price for -

blast furnace coperation. Additionally if high priced coke were

ﬁ#*\-

purchased it wowld suffer considerable loss and size decrenitation

—-— ey ke gl

H‘*-‘P

wnile bein- shipped to the vicinity of the iron ore deposit. Th=
lack of good quality, reasohahly priced metallurgical coke in
Iabrador, therefore, removes a blast furnace operation from

consideration.

The so-called "Direct Reductioa" processes reguivre iar-

#Hl{:.u-. » L
g

quantities of cheap fuel, and for most of the processes the fua2l
must be gas or oil. WNeitner of these two fuels can be consicoerai

cheap in the Laorader area. The only relatively cheep fuel in th

-
anl

Labrador area is eiectrical energy.

Thus the electrical smelting processes which offer tne

a
means of using the cheapest local sma2iting fuel, electrical enerr,
and toe cheapest reductants, non-metellurgical coke and/or coais
are mosi suited ror labrador with its nuge potential of hydro-

2lectric energy and limited supply sours2s of carbonaceocus naterials

= I

The electrical smelting orocess has underzone refinsment
and technical azdvences in the last few years. The orisinzl concanbio:-

of eleciric smelting was ©o supply the thermal reguirements of the

WO v

process rroz electrical energy and the chaaziczzl requirementis from

PV R Ty WP S NS e

carbonacecus material, The present trend is 1o subpstitute car

{3

ceous maierial or cther fuels for a nortion of the thermal reqgus me~s-=

ol W ety e



SCANNED IMAGE

o
.
E l

RAMSEYER & MILLER,INC,

previousty supplied entirely by electricity. This procedure has
been a natural development. As the demand for lerger and larger
electric reduction units developed, the size of the furnaces grew
almost in direct proportion. As the electrical load per furnace

iznereased, ilie complexity, cost and power demand of the electrical

systems continued to increase.

To reduce the electrical thermal load and lessen power
consumption, operating procedures were modified to vretreat the
raw materials, by preheating and/cr partially nrereducing, ovefore

ciarzing them into the smelting furnace.

Preheating and partially vrereducing the raw materials nos
cnly provides a greater annual production per dollar of investment
zut also a lower cost product when compared with conventional
electric furnace smelting. Quite a few orgzanizations have done
experinentel work on preheating and prereduction. Only two grouss,
28 I&r as we kKhow, have done sufficient work in this area to evaluats
their process - Strategic Materials (the S-U Process) on this
Continent and Elektrokemisk (the Elkem Process) in Norway. A
detailed comparative study of these two processes has heen made -
in fact an evaluatvion of the two processes is one of the purposes
of this report. The succeeding pages discuss the cperstion, pro-
cuction costs, cavital iavestment costs and other metters pertiment
to the E'kem Process, vwhich as will later be demonstrated is the most
advenrcageous proce23s for a [ebrador plant. An equivalent discussion,

rlowsheet, produciion and capital cost data for the 5-U vrocsss is

apTended tO thls report for reference.
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BRIEF DISUCSSTON OF THE mLA(TROXEMISK PRCCESS

A schematic flow sheet of the Elkem process is presented

on the next nage.

Finely zround iron ore and coal are intimetely mixed
with 3 to 5% cement. Water is addad.and.the'mixéure is agglonerated
(balled) into pellets. A more detailed description of che mechanics
of pellet menuifecture is given in a later section of this report
vhich discusses the plant eguipment and its coperation. The pelizts
are stored for 2 few days to allow the cemzrt to herden giving
them sufricienn stirength for fu cher nandling and to supvore tne
furmace charge in the prereducticn sharts mounted directly above
tne furnace. Tae aardened pellets together with other burden
naterials (limestone, coke and miscellaneous additives) are heated
to temperatures apprcaching 1300°F. ia vertical shaft furnaces.
The appliceation of neat causes a series of chsmical resctions ico
take place. The more importent reactions are; drying the naterials,
release of ihe water of crystallization within the cement and
other materials in “he charge, carconization (coking) of the cozl
convained in tﬁe pellets, some celeinztion of thz carbonates in
the charge (the degree depending upon temperature and dwell time )s
and some prereduction of the iron ore, »rincivally the reduection

o1 FEEC3 to Fel.
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Because of the finely ground 3late of ooth ore and ~o.;
the partial reduction reaction proce eds at = high rate cf speza.
Since the rescting materials, iron ore and coal, have iarge surrale
areas per unit of weight and have been intinately mixed, tners Is
a tremendous reaction interface ares vetween thean. In additica oo
the creat amount of area for chemical reacticn, volatilization of
the coel produces reducing gases SO that there is gacs=ous to sclic
reaction ir addition to solid ©o solid reaction. As the pellets
are heatved the cement dehyirates and loses most of its screnzin.
Conaurrently the coal in the pellet is coxlng. Tne net resu.t 13

» transition from a cement-bonded to a ccke-bonded pellet.

The pellets, preheated to th2 shalt operating temperaTiire
and containing partially reduced ore, are red into the top oi ie
Flkem smelting furnace together with ccoke and fluxing materials.
mhe smelter is knows as a submerged arc Jurnace since tpe fuimace
hurden covers tne ends of the elecircies where ize principal =mcunt
of electrical enerzy is converted into heat. The Iurnace is
charged full so that the burden is practically level with toe WOD

of Tone furnace.

Tae electrical energy releazsed is uses to:

(1) supoly the heat of rezction rzquired for the
rednetion of th2 oxides ¢f iron, manganese,
silicon and phosphorous;

(2) furnish the heats of forzation of the chemical
cormoounds conTained in Tn2 iIQn OYe a&nd
-3 q;_g anfl

ri

4
Betc.
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(3) melt the reduced metal and that vart of the

furnace ourden vhicn forms the slag.

The initial step in the reduction of iron oxides in
the smelting furnece is accomplished by carbon with the resultont
formation of carbon nmoncoxide. As Thils gas moves upward throush
the furnmace ovurden, & portion reacts with oxides in the upper
section of the burden and carbon alioxide is formed. 7This
secondary reaction reduces the overall amount of carbon that s

required for reducing the iron oxides.

in the burden, it is necessary to reduce the iron oxide content of
the slag to as low 2 figure as possible. This is accomplished oy
me’l .taining an excess of carbon in the vicinity of the subnerged
arc. A portion of this <xcess carbon is dissolved in the liguid
pig iron. The emount dissolved tends to apprcach the saturation
-o0int of carbon in liquid iron, as regulated by thermo-chemical

conditions existing in the furnace.

The amount of silicon in pig iron is predominztely
controlled by the basicity of the slag and the tamperatures that
are maintained during reduction, assuming ;’that the required caruod
for the reduction bf‘ silicon is witnin the overall system.
Practically all of the vhosphorcus that is in the furnace burden

will be found in tne pig irdn.

l )
l In order to obtain the khighest yield from the iron units
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The sulphur in the burden is digtributed ia four ways.
some of the sulphur is lost in the exhaust gas from the preheatin:
shafts. An azdditional sulphur fraction 1g lost by volatilizatica
during the smelting operation and is carried away by tae furnace
gases. Sulphur thet remeains after these two losses is distributoed

L N H""-'n.-i.

between and contained in the slag 214 metal. The final sulpaur
analysis of the pig iron is regulated primarily - assuming a pig
iron of uniform enalysis in respect to other elements -~ by the
basicity, volums and temperavure of th2 slag in contact with tae
pig iron in the furnace. When smelting pig iron of the analys:is
normally used for steelmaking purzesas - about 1% silicoa - tas
percentage sulvhur in the slag is normally about 20 times the
percentage sulphur in the metal. Althouzgh this distribution
ratio is half, or =even less, than that expected in blast furnace
practice, it is sufficient for normsl sulphur contents in the
finel pig iron. The poorer sulptur elimination in eleecitric furnzc2
smelting is partly offset by the fact that less sulpkur needs to
be elinminated since electiric smelting uses less carbon pa3r ton

of production and vractically all carocunaceous materials emgloyed

in smelting contain some sulphur.

The principal reason that trhe slkem furpace is not as
efficient a desulphurizer as the blast furnace is that the forzmer
does not maintain as hizh =2 reduction potential as tThat normzsllyv

existing in 2 blest furrnecs, as indicatad by (l) the spaller a-ocuns
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of excess carbon in contact with slag and metal and (2) by the
iron oxide content of the slag which will run on the oxder of
1/2% in the Flkem and only 1/5th of 1% in the blast furnace.
Actually the approximate 1/2% of FeO in the slag indicates a
slight removal from equilibrium conditions as there is about 1%
silicon in the metal, as well as scme excess carvon in contact
with slag and metal. Both of these factors are expe‘cted to lower

the Fe( content of the slag by reducing it to metalliec iron.

By limiting the amount of excess carbon in thk2 furnace
(beyond that required for ore reduction) it is possible to make
pig iron with carbon content far below the carbon solubility
saturation point. This can only be dons, nowever, by limiting
the degree of completion of reduction of the iron ore. Thus the
nanufacture of low carovon metal will resullt in higher iron oxide
contents in the slag with an attendant increased loss of iron units.
As these iron units, in the form of oxides, increase ip the slay,
che reductiorn poteniial of the whole system is decreased. There
is a radical change in the sulphur distribution bheitween slag and
metal. It thus hecomes almost impossible for the Turnace to

maintain control of sulvhur when attaapting To manuracture low

carbon plg iron.

The Elkem furnace should he considered as a pig iron

producing furnace and not as a low carbon or cemi-steel production

unit.

)
).
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The Elkenm system of smelting with nreheating and
partial prereduction is a relatively efficient thermal system.
The vertical shaft preheaters with the countercurrent flow of
gases to materials, operates similar to a cupola or a blast
furnace which have long been recognized as thermally efficieat

units.

The carbon monoxide that is formed et very high
temperatures in the vicinity of the submerged arc is relieved
of a great part of its sensibie heat as it filters upward throuzh
the furnace burden.  This escaping gas also reacts to a fair
degree with the iron ore in the burden in a gaseous to solid
reacticn (in direct reduction) similar to that obtained in the
stack of a blast furnace., With furnace conditions approeching
thermal equilibrium, which should be realized in a large scale
continuous commercizl operation, the escaping furnace gases will
aporoxinate the temperature of the preheated bhurden. These
gases therefore will contain the sensible neat rel-ted to 2 ten-
perature somewhat less then 1800°F. The latent heat <f this ges
is used in the preheating and prereduction operation accomplished

in the wvertical shafts above the smelting furnace.

The amount of heat used or required in the vertical

shaft Turnace is dependent upon tne degree of preheat and pre-
reduction desired. The preferred c¢r most economical degree of

vreheat end prereduction for any individual grouz of raw materials

- 13 -
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can onhly be established by operating experience in the commercial
plant. Fectors that will determine the: optinun extent of pre-
reduction in the shafts will be the smoothness of furnace operation
and the relative costs of differexnt fuels. It is cbvious that

the greater the amount of ore prereduction, the greater wili bde
the productive capacity of the smeliing furnace. Practically all
heat consuned in the smelting furnace proper is ‘secured Troom
electrical energy. Tae maximum rate of production is therefore
a function of the unit electrical consuuption and the capacit:
of the furnace's electrical instailation. GSince the unit
electrical consumiption is controlled by the degree of preheatin

>y
-

and prereduction, the degree of pretreatzent controls the maimuw:

)
- i by e A

rate of procuction.

Higher degrees of prereduction can be cbtained if tha
vertical shafts are fired with an & <Wdliary fuel, such as fuel
cil, in additicn to the carbon monoxide gas that is recovered

Trom the smelting furnace.

The Zlxem Process is fairly immune froxm serious breax-
downs and is quite flexible even in the event of certain eguipment
failures. A few hours a2 year Or rouvine preventative maintenance
is sufficient for the electrical sxd‘t;chgear Taat 13 assoclated

with the smelting furnace. The biggesv prcesvility of failure

is in the mechanical egquirment that Teeds raw materials to the
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furnace. However the furnaces have surge bin capacity above the
preheating shafts so that it is possible to have delays in
charging of up to 6 hours without affecting the furnsce operation.
The next most protable mechanical failure is in the pellet
preparation equipment. Three days of pelilet storage provide
good insurance against breakdown of ithe pellet meking equipument.
Anothar itcm which, because of its nature, requires maintenance
is the gas cleaning and handling equirazent, The gas scrubbers
must be periodically cleaned but this evenituality is foreseen by
raving an extra scruboer and tre proper valving in the furnace
gas system. If the gas circulation system does break down the
operator will have two options, either to run the sheft furnzce
as a non-pretreating unit {cold with a totally unreduced charge)
or to reintain the preheating cperation by firing the vertical

shafts totally with oil.

Pig iron production cosis nave been predicated on a
Tive year life for the furnace lining. This is considered the
ninipun Ior 2 correctly designec Turnace; under rezasonable
cperating conditions one should experience a lining life abous

10 years.

Tne first iron smelting Zlxean Turnace with a capacity

was gained and installations became larger, Turnace sizes were

increased. In Aprii 1955, thre2 20,030 W furnace

of 5000 KW was put into operation in 1923, As operating experisnce
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at Mo-1-Rana, Norway and subsequently enlarged; they are now
operating with a power input of 25,000 KW. A battery of 9 similarly
sized furnaces has besn installed in Venezuela; two of which are

operating at present.

In search of ways and means of increasing production,
lowering costs and improving the efficiency of 'th;a smelting units,
Elkem began work in 1955 on methods of prehee.tiné and achieving
nartial reduction of the burden before charging it into the smelter.
A rotary kiln - the first attempt - produced some improvement but
the benefits gained were not as pood as Elkem desired to achievs.
[ater attempts to improve the cperﬁtion resulied in modifying a
portion of the vertical charging chute into a combustion chamber
wherein the recycled gas is burned to preheat and partially pre-
reduce the furnace burden irmediately before it is charged intc

the smelting furnace.

Power consumption on the Mo-i-Faca furnaces, operating
on a 100% sinter burden, is presently averaging about 2050 KWH per
M.T. of pig iron. It is estimated that with preheat and pre-
reduction, power consumption will drop to around 1380 KWH ver ton and
result in an spproximate 50% increase in production with the same
equipment and labor force. However since tke new process utilizes
a pelliet burden, the ratrer extensive sinter installation at

Mo-i-Rana wouid -~ if the new Drocess were sdopted -- be idle., Even

G G G D 0 AN BE TS T O AR T2 S B R BBE M
- ]

50, vae evicent advanteges of prereduction cver the usual electric
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smelting has prompted the conversion ot one of the nominal 200 M.T.

per day furnaces at Mo-i-Rena to a prereduction unit.

At the nresent time, there are about 50 Elkem iron

smelting units installed and operating in various parts of tke

world. The problem of scaling up the results from tests in small
pilot plant units is less serious in tne Elkem then in other
processes. rFurnace design paraneters, problems in charging,
refractory life, etc. have been esteblished in long commercial

operation of these furnaces. The Mo-i-Ranz furnaces are now

33,000 W installation plenned for Julian.

It can also be expected that by the time Julian is ready
to go ahead with this project, actual nroduction data and experisnc:
will be available from Mo-i-Rana and & new installation in Portuzal
wnich will be using the Eikem shalt preneating prereduction process

Tor preivreatment of electric furnace feed.

Based on tests performed on Julian ccncentrates and on
the thirty or more yedrs experience in electric smelting, we
believe the Elken uiits with prelieat shafts to be well suited for

the production of ».zZ iron at Julian.

l operating at a power input of 25,080 KW -« not too far below the
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ELEKTROKEMISK TESTING PROGRAM

Elken divided their testing orogram into two separate
sections. The first tests were made to evaluate the suitability
of Julian ore concentrates for fna.king pellets and to determine
whether the pellets so made were susceptible to prereduction upon
preheating. The work that was done is covered in Elkem's prelimi-

nary report No. 2734, which showed:

1. There is po difference in bhehavior between the
Wabush and Julian concentrates which were ex-
amined, althouzn both ores reguired additional
ginding to develop a grain size distribution
suitable for pelietizinu.

2, Both 3% and 5% Portland cement, as a bioder,
produced sufficieat mechaniczl sirength in
tae pellets. Pellets made with sulphite lye
vere not as scrong as those mede with Portland
cement - further testing would be regquired
beiore planning ©o use sulphite lye as a binder
in a commercial installetion.

3. The rate of reduction of iron in the pellets,
upon preheating, was fcund to be higher than
tne reduction rate of sinler dellets and found
t0 be normal for unsintered pellets made fram
otner hematitvic ores.

4. The Nova Scotia coal had favorable coking
properties and thus produced good strength
in the fired pellets. The sulphur content
of vhe coal sample processeqa by Zikem was
2.28%. Coke made from this ccal still con-
tained the seme vercentage of sulphur.
B2cause of this hign sulpnur both the coal

and. the coke are considered metallurgically
undesirable.
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The second section of the Flkem tests covered Pilot
Plant smelting of Julian concentraies at their Fiskaa YWorks
Research 3tation. ihis work was carried out in February of ihi=x

year. The procedure and a‘portion of the smelting tests were

obsexved by the folliowing:-

Mr. W. H. Roxburgh, Vice President Engineering,
Canadian Javelin, Ltd.

. Mr. Fred Gover, Deputy Minister of lines, Province
of Hewfoundland

. Willianm Dailey, Picxanés-iiathexr & Company

Or. R. R. Rozgers, Department of Mines & Technical
Suarveys, goiawa

tir. Gregg M. Moga, Consulting Engirveer, New York
Mr. D. A. Suteh, President, Ramseyer & Miller, Inc.,
new York

clkem®s formal report covering this test was completed
shortly berore the date of this writing, and is appended to ihis
report. The smelting tests vroved that the Julian concentrates
will smelt without any difficultiss {other than ithose associated
with normal operations) whenr using the Elkem scheme of pelletizing,

preheating and/or prereduction and smelting.

Tne dava {rom these teshts is the basis for the develon-
ment of production and capital costs thet are includad in this

r8port. The writers have had considerable experiance in correlaztina

3
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Zlxen pilot plant data with actuzl production detz. This experien:
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was used in developing the costs of plg iron end the plant to

produce iwv.

The Nova Scotie coal that was used in the Elkem pilct

plant test contained 2.3% sulphur. If the sulphur cannot be

reduced to the order of 1% it will orobably prove advisable to

nurcaase other coal with sulphur content more suitable for

metallurgical smelting.

Sumaing up the Conclusions reacned thus far we find.:

The renufacture of »nig iron frca Julien concentretes
will increase the retu:;'neti value of the Julian ore
devosit; will boost the economy of Hewfoundland by
providing the means o livelihood for hinireds of
Tamilies; and will nucleate in= f&ther industriali-

zation of this area.

The blast Iurnace - since 1t reguires large guantitiss

of high grade metallursiczi coxing coal which is oot

| é.vailable in Iabradcr znd which would have to he

imported atv hign prices - cannct be considered an
econamic smelting unit in this area. Additionally,
2 blast furnzce installation, complete with coke plant,

requires a huge capital investnens.
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3. The so-called "direct reduction processes’ operuiing
with gas or oll as fuel are uneconcaic in Labhrador
because these fuels are not locally available at
advantageous prices. Moreover, these processes are
low production uwnits and mostly in the pilot plant

stage »f develomuent.

4. The electric smelting process with preheating and/or
prereduction is recommended for the manufecture of
pig iron from Julian concentrates hecause eleciric
vower is the only source of locally availsovle enpergy.
Coal', coke, gas and fuel oil must ve brougat in to

Izorador and thus are relatively expencsive.

5. Pilot plant tests of the two available processes for
electric smeliing with prereduction were studied - the
Strategic-Udy process and the Elektrokemisk. The tests
indicate that Juilan concentrates are amenable to

commercial smelting by votn nrocesses.

5. Tre Elkem process is preferable because of better
thermal efficiency, more eccuomical control of sulphur,
better expected availsbility and most importent - a

lower cost pig ircn. ESlzktrokemisk shouid have fewer

o

rovlems in scaling pilot plant tests up to commercial

c32raticon pecause of thneir experience in the operation

.
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and maintenance of over 50 eleciric furnace installztion:.

in the »ast 30 years, in all parte of the world.

7. The sulphur content of the Nova 3cotia coals (2.85%)
is too hign for an economical operation. Unless lower
sulphur cosl is available from Nova sf:otia. it appears
t0 be economically advizable to look for other sources

for at least part of the carvonaceocus requirements.
In acecordance with Javelin's request, Elektrokemisk

(550,000 N.T.) of pig :ron. The three furnaces, in normsl
overaition, will, in our opinion, be capable ol producing at a
rate of 1600 N.T. a day - equivalent to 600,000 N.T. a year bas=d
on a 330 day year. The next section of tnis report discusses the
layout, equipment, capital and preduction cosits for 2 plant wiih
an annual producticn of 600,000 net tons of pig iron by the

Elken procéss.

I proposes 3 - 40,000 KVA smelters to produce 5C0,000 £ross tons
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PLANT SITE

The Julien iron ore deposit is located in Isbrador about
220 miles north of Seven Islands neer the Quevec-Laorador border.
Tt is situated on an irregularly shaped peninsula at the north
end of Wabush Iase near its juction with Julicnne lLske. The
Wabush and Carol concentrating plants at the othex end of Wabush
Lake, and their respective townsites, are sbout 20 miles south
of the ore deposit. The Quebec, North Shore and labrador Railrozd
spur to Wabush Lake serving the Wabush and Carol desvelopments

s within 10 miles of the Julian-property.

a working force of several hundred, anc their families, will
require the development of =2 Town wich the neceésary utility
services and municipal functions. I may be preferable to expand
one of the presently established towis at the lower end of Wabtusa
Take that is within easy cammuting distance of the Julian properties
1o provide the housing facilities and services regquired to attract

and keep a satisfied work force.

Tne estimates presented in this report cover only
electric smelting facilities. The necessary commmunication, railrcad,
road and townsite Tfacilities for the develorment would be estabhlishad

vttt e -:}q--- Ly W

in ccanection with mining and conceantrate preoduction facilities

I The area is practically undeveloped. The addition of
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which must precede building of the electric smelting plant. An
ollowance has been included for extension of these facilities

within the immediate area of the plant to serve the smelter.

The coacentrating pl ant will be located in the vicinity

of the deposit. The smelter location used in this report is also

at the Julian deposit. Otaer locations have been discussed but
no evaluation of the various locations has been undertaken in

connection with this report.

Placing the plant adjacent to tne mine and concentrator
has certain advantages. Concentrates can be transported by
conveyor directly to the smelter, thus eliminating the need for
storing large quantities of ore at the smeliing plant. The
concentrating and smelting plants can share the cost and make
conmon use of the raiirocad spur, rozds, water supvly, repair and
maintenance facilities, etc. The transmission line from the
Hamilton Falls Hydroelectric Power Development - about 90 miles
away - would serve the Two plants, in addition to others along
the line, with the possibility of obiaining more favorable rates

for the larger block of power required (about 150,0C0 XVA).

The 1ron smelving plant will provide employment for
about 250 workers with a yearly peyroll of around 32,000,0C0.
The eddition of steelmaking facilities could double .aese figures.

In planning the long tem economic development of the Province
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it would apuear desirable for the Govermment of the Province of
Newfoundland to lend encourageanent and aid ¢o the project and

encourage location of th2 plant at the mine gite in lLabredor.

A perusal of the topographical meps available to us
indicates that there is a r=asonably level arca of adequate s.ze
to build both the concentrating end iron smeliing pJ:a.n‘I:s neay the
Julian Deposit. A preliminary layout indicates that space is
also available for the addition ¢f steelmaking facilities should

they be desired.

The develomment of the plant’s laycut and capital cost
is based on constructing both the ore.concentrator and the iron
smelting plant at Julienne Take. The two plants could be placed
adjaceat to each cther wnica would advantagecusly permnit the
conveying of concentrates from the concenirater loadout station

directly to the iron plant.

reept for possibly a surge capacity of several nundred
tons, v storage of concentrates need ve provided at the iron
smeltinz plant. Water supply for both plancs willi come from Webush
Lake through o common inteake and ovumpiag nlant. Water will te
puped to a high level tank situated near both plants and flow by

gravity to the various departments.
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PLANT LAYQUT

The plant lsyout provides for a capacity to produce
600,000 net tons (550,000 gross tons) of pig iron a year with
provisions to add steelmaking facllities later at minimum cepitzl
expense and without interruntion to pig iron production. Plant
facilities will be generously sized so that they can be easily

and econcmically expanded to take care of larger requirements

in the Ffuture.

Toe tbrée main departments of the pig iron plant are:
Raw Material Handling, Smelting and Pig Casting. The Raw Materizl
Handling Department receives and étores rav materials end is
responsiole for the movement of materials to the Elecitric Purnace
Scelting Plent. At the Smelter, the raw nmaterizls, in coatrolled
guantities, are preneated aznd partially reduced (some of the
oxygen in the ore is removed) before entering the szeltinz furnace
wnich uses electriczlly generated heat 1o enable the carbonzcesus
meterial in the coal and/or coke to ccmplete the removal of oxyse:n
frcm the iron ore and to mell the resultant product - nmolten pi-
iron. rFluring materials, waich have vesn introdvced to remove

inpurivies in the ore, form a slag which is sutsequently wasted.

Tne Pig Casting Department convercs the molien pig iron into piss.
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Besides the main production departments, the plant will
have auxiliary sections for maintenance and vepair facilities,
boiler house, garage and firehouse, electric vower and . ater
distribution systems, general office, etc. These facilities are
groupe? around the plant site to serve the initial 1romazking
installation efficiently and yet are easily expandaovle in the

ovent additional facilities are added at some later date.

It is expected thatl all raw materials, except iron ore
concentrates, will be delivered by railroad. Bulk material, s.
as coal, coke, limestone, etc. will arrive in bottom dump hopper
cars and be unloaded into a track hopper. The unloeding plant
will be arranged to receive and handle bulk material delivered
by truck with egual facility. The track hoppers - more than one
mey ve required - ere covered bty a shed large encugn to conteain
at least four railroad cars for the thawing of frozen materials
during th2 winter. Th2 cars - both enmpty end Tull ~ are shifted
by & trackmovile, a2 cevice with twe ssts of svheels adapted to
travel on the ground as well as on tracks. A car shake-out,

installed at the track hopper, assists in unloading bulk materials.

Storage at the plant site, for a least one moath's
supply of all materials of consumptiozn, except ccncentrates,
nust be provided to assure uninterrupted operation during such
periods as the normz2l flow of shirmments is curtailed due to

severity of the weather, breakdowns, sturikes, etc. Sach materizl
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must be stored independently with stacking and reclaiming

fneilities, under roof, with provisions for thawing, if necessar.

Bulk materials - except cement - are transported throu-n-
out the operation by cvelt conveyors which are totally enclosed
in galleries. Vibrating feeders attached to the underside of the
track hoppers withdrasw the dumped materials from the hopper,
depositing them onto a belt conveylt™ walch carries the materials
to their respentive ~torage buildings where they are piled by

traveling trippers or stacking conveyors.

As naterials are consumed and the surge cavacity at
each operation is depleted, the supply must be periodically
replenished from tae storage szreas. A bulldozer operating along
the edges of the storage pile will push material into an urder-
ground noprer; or witadrawal can be accomplished through gates
in a vtunnel veneath the storage pile. In either case, a helt

conveyor Ls used to carry tae materizl to the next operation.

Since it is proposed to establish the smelting plant
ad jeceat toc the concentrator, no large aacunt of ore storage is
contemplated. An overhead conveyor from the concentrate loadout
station will carry ore concentrates to tne limitea Sopacity ore

storage bpins at the sueliing plant.
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The 2llem iron smelter proposed for this installation
incorporates a series of vertical shafis cbove the furnsce,
through which the charge materials pass countercurrent to the
upward flow of combusticn gases. In ihe process, the charge is
neated and partially reduced before entering the eleniric smelter.
The charge is prepared in the form of pellets which gives & nmore
efficient distribution of the burden in the furmace as well as
providing the voids necessary for intimate contact of gases and

materials.

The pellets are a nmixture of ore and coal with cenent
as & binder. The formation of pellets - smail balls from 1/2"
to 1" in size - requires the use of finely gmund material. The
coal and ore coaceatrate nust be ground to such a fineness that
about 800% vasses through a 200 zesh sieve and sbout 20% is minus
300 mesh. Thne major pvortion of Julian-Wabush concentrates is
somewhere vetween 29 and 50 mesh, consequently the ore and coal

will have to te ground fine velore use.

Concentrates will first be brought Tty conveyor to the
regrind plant and placed into bins that provide 2bout one day's
storage. Concenirates are fed to a series of ball mills in

circult with classiiiers. The ball mills wet grind aad the

0

clzassiriers separate the ccarse from the firne. Coarse rpeterial

is recycled vack to tue ball milis, while The fine material is

-~ 29 -
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dewatered and conveved to the smelter oullding wher: it is depocit:

into bins.

Raw coal is delivered by railroad car; dumped into a
track hovper; removed by a mechanical feeder and ccnveyed to

storage. It is recleimed from storage - by bulldozer -~ and con-

ui-

veyed on belting to & coel preparacion area in the smelter buildins.

Ozxe coal preparation area sarves the three smelters. The coal
handling equipment ccnsists principally of bins for one or more
kinds of coal; a coal crushing end screening facility with pro-
visions for closed-circuit operation; a8 set¢ of bins tor storing

crusted coal, and conveyors to carry the crushed product to ine

nixer-pelletizing installations at each fiuTnace.

Cenent will be delivered in bulk; alrlifted to storage

silos and thence to bins in the smelfer building.

Althouzh one coal preparatlon area and one ore regrind
plant serve the entire smelting planw, eacn Zlkem smelting furnacs
will have its own set of feed bins, niixers, velletizing /drmms znd
charging equipment. Crushad coal, ground ore and cewent are witn-
drawn from their bins, weighed to ootalin the desired proportions
and conveyed to a rotary mixer where they are thorouznly and
intirmately dispersed. The nixture is thea conveyed to revolving

drums, ¥Which by their rofaetion and inmclination, cause the moist

Ml e g I W

material to agglomerzte into small nelilet talls. The weil (greaa)

H-—J
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balls have insufficient strength at this time to be used ag Mirnace
charge, so they are conveyed to a storage area and allowed to
harden in air for about three or four days. Any undersized or

.roken pellets are recycled to the charging end of the pelletizin:

drun.

Each Elkem furnace has its own set of charging bins
containing the various materials required €0 make up the furnace
burden. Pellets are reclaimed from taeir hardening and storags

area by a nechanical payloasdsr. Each scoonful is dropped throuz:

L Ny
Tt

& hopper onto a belt -~onveyor which carries the pellets to the
furnace charging bins. En route, they are screened to remove
fines which may have been produced during handling. The fines
aye returned to the pelletizing drum and serve as “seed" material

in the formation of new pellets.

Ccke, limestone, manganese ore and o..er additives are
reclaimed from storzge as required and conveyed to the furnace

cnerzing bins adjacent to and abova each swmelter.

The three 40,000 KVA elertric smeliers proposed in this
report are rated oy mlektrokemisk to produce in excess of 500,000
gross tens (550,000 N.T.) pig iron per yeer. It is cur opinion
that each furnace, in normal operation, can produce about 600 ne:
tons a day {25 N.T/hour) and during an. operating yeaxr of 330 dayxs

the thres smelters will turn out about 600,000 net tons of pig iren.

e
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n order to keep the size of ladles, cranes and handling
facilities to reasonable sizes each tap would be limited to 50/60
tons. Tais would result in about 10 tappings o day, naking it
maendatory for the furnace to be designed with two tap holes. The
Tlkem furnace taps voth slay and metal Ircu the same tap hole.

The slag and metal are then separated outside the furnace.

The BElkem furnace is essentially a cylimh;ical vessel
with & heavy steel plate snell, rerractory lined inside and
externally cooled by water sprays. The refractory brick rcof
1s supported bty water-cooled girders. Water-cooled glands in
4ke top of the roof permit the entry of the electrodes; other
water-cooled openings in the rocf are provided for the furnace

charging chutes and gas oif-takes.

The charge material fills the inside of the furnace so

thet the electrndes are in contact with the charge materizl for
almest the eatire heignt of the furnace. Heat is generaied by
suomerzaed arcs and the resistacce of the clarze. A nuncer of
charzing chutes enter the rccf of the furnzce so that the material
is distributed unifornly axrcund the electrodes. The Turnace is

kept relatively full - almost to roold level.

AR BN SR AE R e e
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Tha furnace electrcdes are of the Scderberg self-

--L'

haking type, three for each furnace. They are suspended fron
above and slipped downward as the electrode is consumed. The
electrode is made by filling 'steel sheet cylinders with specially
processed carbon paste and as the electrode is consumed, new
cylinders are welded to the tops of the ola oneé forming a
continuous electrode. The heat from the furnace bakes and

hawiens the carbon paste as it descents into the furnace.

Three phase eleciric power for sm2liing is deirived

transformers, rated at 40,000 XvA step down the primary high
voltage current received fraom the power ccmpany's system to tce
low-voltage righ~amperage current used. in the furnace. This
power is distrivuted to each electrode by heavy copper bus bars
that comnect the secondary taps of the transformer to a clamp

in contast with the electrode.

In the EBlkem charging method the pellets, coke, lime-
stone and manganese ore are withirawn Irom bins, weighed to
insure the proper propcriions and coaveyed to the top of tThe
furnace. The material is then directzd into a number of vertical
shafts which lead into the furnace. As the material moves down-
ward through the shafts it is in contact with a stream of burnt

l froz special furnace transformers - one for each Turrnsce. These

and burning zas so that all ine materials are heated and the ore
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partially reduced. The hot material continucs its dowmward

movement into the top of the furnace.

The gas for this operation is obtained by recirculating
the gas evolved during the reducvicon process in the electric
saelter. After cleaning, it is burnt in a chember attached to
the base of the shalts; the products of carubustio;l enter the
‘'shaft. The exnaust gas, as it leaves the top of the shaft,
ccntains some CQO and the distillate gases from the coal. A
portion of the shaft exhaust gas is recirculoted end mixed with
+he new fuel gas coming from  ae elecoric furnace. Provisioa is

made for burning additionel fuel - fuel cil - in the combusiian

T™e heat generated by the submerged arcs arnd the
resistance of the charge to the vassage of electric current
supplies the thermal energy necessary to conmplete the reduction
of the ircn ore 1o mewallic ivon znd for melting “he metal and
slzag. Tne oxygen in the ore combines with the cerbon in the coal
and coke and passes cut of the furmace, principally as CO ges.
Scme carcon dissolves in the iron. Most otaer impurities in the
ore, coal and coke are fluxed by limestone and are passed into

che slag.

l chzmbar.
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Onca every two and one-half to three hours, the molten
metal and sleg are removed from the furmace., Two tap holss will
ve necessary to permit the cleaning, relining, resurfiacing and
drying of one set of tapping spouts {(runners) while the other
set is being used. The tap hole is opened by elither an electric
ar¢c or an oxygen lance. The molten iron flows down a refractor:y
lined treough into a ladle, which after Tilling ist taken by an
overnead electric traveling c¢rane to the pouring station of the
pig castingz machine. The molten slag is granulated by playing
a stream of water on the slag in the rmner after it comes out
of Tthe Iurnace. Thé water carries the granulated slaé through 2
trough tc a deep pit outside the smelter building. Tue slag-water

slurry is pumped to low-lying areas outside the piznt and wastea.

Gas is evacuated from the fummace through exhaust ports
in the roof. The gas is cooled by water sprays, cleaned of its
dust by passing through a wet scrubtar, subjected to prescure

resulation and then used as fuel in the prereductioa shaits.

The three Elkem furnacss are boused in a building of
about 140,000 sq.ft. composed of four bays. The central portion,
abocut 130 ft. high, contains the smelters, charging chutes and
electrode control mecpanisms. The raw material bins and pellet
sterage are located on one side of the central portion; the

other side is tne taoping bay served oy two 125 ton uranes.
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The nig casting machines are located with their filli:z,
end in the tapping hall so that hot metal can be tramsported to
them by the overhead cranes. The pig casting machines, probably
two in number, will extend out from the tapping bays witk the

discharge end aoove a railroad track so that solldified pigs can

te discharged into gondola cars.

The tapping tay will be so arranged that it can be
extended for steelmaking operations in the future. The cranes
which trar--Cot the hot meval to the pig casting machine will,
with the introcduction of steelmaking, also carwy hot metal to -

stationary hot metal nixer where 1T can be stored for subsequent

It is contemplated at tnis time tkat the molien metal
will be refined tc stzel in basic oXygan furnaces situeted irc 2
bay adjacent to the tapping zisle. The moli2n steel will be cast
into billets by & continuous casting process. Tne combination
of basic oxygen steelzmaking arnd coniinuous casting is a rather
new concept but each process has been proven in many installations
throughout the world. A pilant, utilizing this cambination of
precesses, is now under coastruction in Chimbote, Peru. Continucus

"'I";-—

casting offers lower capital and operating costs tn2n is generall

i

nossible wiith conventional ingoe mold, soaking pit and primary

nill practice.

I use in steelnaking.
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Under continuous casting practice the molten steel from
the convertors is poured into a reflractory lined vessel, called
g tundish, which is over the top of tne casting machine. As the
liguid steel is released from the tunuish it flows through water
cooled molds; the steel solidifies and is drzawn downward coa-
tinuously in billet form. As the metal progresses downward, and
while still hot, it is cut into desired lengths which are then
placed horizontally on cooling beds. After cooling and inspection

the cast material is ready for shipment as billets.




SCANNED IMAGE

“~
r
U
~3

AMSEYER & MILLER,VINC,

CAPITAL COST

An esvimate of the capital cost of installing a plant
to produce 600,000 net tons (550,000 gross tons) of vig iroa from
Julian-Wabush concentrates by the EZlektroxemisk method is given
on the next page. A detailed breakdown of the estimate is given

in a separate Apperdix.

The cost Tigures were developed on the assiumption that
the smelting plant is lozated adjacent to the concentrator and
will share in common same of the plant's general facilities such
as water supply, railroad and rcad acless, ete. Various equipment
costs as well as installation and constiruction costs were obvtained
frem equipment manufacturers. Valuable cost data was obtained
from the reporus made to Canadian Javelin Ltd. by Kilborm
Engineering Ltd. of Toronto who made preliminary estimmates For
the nining and concentrating plent as well as for the smelting
overation. Preliminary estimates of the cost of the Elektrokemisxk
equimment were obtained by Mr. D. A. Sutch durirng his visit to
Ncrway to observe the Elkem smelting tests in February and from

subsequent figures Turnished by Elextroxemisk's MNew Yort: Office.

The cost of customs duty for macninery, equipment and
supplies entering Canada from either the U. S. or European sources

has not bheen incluled.
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JULIAN IRON & STLEEL

ESTOIATE OF CAPITAL COST

600,000 NT Pig Iron Capacity
by ELKIM Process

Raw Material Handling

Frereduction & Smelting

Pig Casting

Electric Power bistribution

Boiliexr Zous2
dMachine Shop

Brick Storage

i

o2
=

Contingeuncies

rngineering & Supervision

Total. Cost

U.S. $

760,000
3,492,000
15,930,000
250,000
2,368,000
249,000
760,000
200,000
296,000
4,000
200,000
329,000
1,000,000
1,200,000

2,000,000

29,378,000
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In general tue estimates have bheen developed on the

basis of our knowledge of other metallurgical installations.
However, much judgement had to be exercised since the plant site
has not yet been selected nor have any detailed laycubt plans

been prepvared. A much more detailed and accurate estimete will
have to wait until layout plans have been developed, sizes of
buildings established and specifications writien for the equiovmen®.
However, the figures presented herein are considered to be a

reliable estimate on which to judge and evaluate the project.

A brier descripticn of the factors taken into account

for each item in the estimate is presented below.

I Site Vorks

The estimate for the cost of site preparation including
the installation of the necessary utilities is based entirely on
information and m=2ps from Canadian JjJavelin. Ve have not visited

the site nor made an insvection of the area.

Grading About 100 acres of fairly level lznd should bte allotted

for the installation of the smeliing plant. This should suffice
Tor the enlargement of the plant Tc Twice its initiel capacity

and for the addition of steelmaiting facilitises.

Tae sum of 350,000 has teen allotted for rough grading
and leveling the site To plant grade. UNo calgoulaticas of the cub

-y

and £ill reguired have been made sut i the ground is fairly levsl

- Lo -
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350,000 should be adequate for grading approximately 100 acres.

Water Suppnly The iwo plants . concentrating and smelting -~ will
share the cost of & water inteke and pump nouse on Jabush Lake,
Water will be vumped from the leke to a high ievel tank or
reservoir; from here it will 7low by gravity to the points of
usage. 1N some cases, where higher pressure is desired for

par “icular functions, small pumping stations will be installed.

The cost of the water supp.y system includes the plant water

Sewaze Disposal This item includas not only tae disposal of

sanitery wastes but also the removal of process and cooling water.

it is not intended tc recycle any of this water since wabush Lake

presents an unlinmited supply of gocd gquality water., Waste water

rmn-off generally will Le directad into one of the izkes, possibly

Julienna Ioke,

sencing A Tence, for trhe completve encirclement ¢f the plant are:

emounting tc about 8,000 linear feet, is included in the capital

cosc estimate.

l distribution piping for process, cooling and potabie water.

. Roads This item is for approximately 5,000 feet of roads within
the plant area itself, I!o nart of the 2L mile long road to the

Wabush Iake townsite is inciuded.
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Railrocad Trackagze An allowance for about 12,000 feet of railroad

trackage within the plant site, to adequately serve each departrmern-
and to bring in raw materials and ship {inished products from the
plant to the rallroad spur, has been made. No part of the con-

nection to the YWabush Izke Railroad is included herein.

Raw Material Handling

Since all material except ore concentrates will arrive
by rail from Seven Islands, sufficient storage at the vlant for

at least 4 week's supply of materials has veen provided.

Because of the possible severe weather duiing the winter
montns a2ll material will be stored under cover. Adequate heating
and thawing facilities must he proviced. All conveyors and their

naintenance walkways will be enclosed in galleries and heated.

Iron Cre The cost of facilities for handling iron ore includes
the installzation of an overhead conveyor from the concentrator o
the smelting plant. The Elkem prccess requires grinding and
screening installstions to reduce the "as received" coarse con-
centrates and coal to the fineness required for pelletizing. The
cost cf tThis item including the ball milis, classifiers, filters,
conveyors, o-uilding and malerial bandling eguitment is included.
in this item. Also included is the cost of the conveyor from the

crusaing building to the bins at the spelier.

SN SN 0NN BN B OON A OAN DU NG MG GNG BB ANy ST N e
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Coal and Coke All bulk materials arriving by rail will be unloaded

through an under-track hopper. The track hopper will be located

in an enclosure with the necessary equipment for thawicg frozen
shipwents. Material from the track hoppér 1s deposited through
feeders ~nto belt conveyors vhich carry it to their respective
storage areas. Each storage area will be enclosed. These materizls
will be reclaimed through a hopper, probaoly by bulldozer, and

brought by sonveyor to the smelting plant.

However, coal for the Flkem process nmust be ground,
consequently it is seant bty conveycr to a separate crusaipg instzl-
tion included in the smeltiag building wnen it is reclaimed frex
storaze. ‘The estimate for coal storage includes a2 175' x 275

building, the track hopper and stacking and reclaiming eguipment.

Miscellaneous Materials Limestone is received, stored and reclzimed

in a maaner similer to coal. The building enclosing the limestone

storege will be about 150' x 160°.

The Elkem vprocess requires cement for peiletizing. Tzis
material is received in bulk and airiifted to silos placed adjacent
to the smelter building. Cement is withdrawn 23 needed and air-

lifted to the cement bins in the storege plant.
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The cost of enquipment for handliinrg miscellaneous raw
naterials such as manganese ore, {luxes, etc, is lumped into one
tom called a2dditives for smelting ard includes the costs of all
equipment from the track hoprer through the enclosed storage

facilities and reclaiming to the smelier operation.

Prereduction and Smelt.ing_

The =Zlkem installation is designed to operate with
three 40,000 KVA electric furnaces. Each furnace has its owa
complement of bins, mixing and pelletizing equipment, furnace
charging equipment, conveyors and elecirical substation. One
cocal crushing installation will serve all taree furneces. It
is intended to ==2ke zll operations as autcmatic as possivle to
reduce labor costs ~ an item for instrumeatation is therefore

included.

The capital cost estinmate includes a complement of hot
metal ladles and overhead electric <Traveling cranes to carry hot
metzl either to pig cesting machines or to the steel plant. Slaz
will be granulated with water aad flumed to outside pits frem
where it will te pumped To low lying areas adjacent to the plant

site.

Plg Casting

] -

The pig casting insteliation will include two 50 ton/rour

machines housed in a bullding 200 Tt. lerz., Its neesd =2nd will
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nroject into the smelter tapping bay. The tail end will discharge
pigs info railroad cars. The instellation will be complete with

liming and ladle Tilting facilities.

BElectrical

It is assumed that electric power will be received at
230 XV. The plant will have to build a 150,000 KVA substation
10 reduce tne incoming veltage to that regquired for utilization.
The cost of elextric vower distribution inciludes the substation
equipment plas the various departmental suostations as well as
Peeders to the electric furnaces and to plant substations. A

single line diagram of the electrical system for both Elken and

Strategic Plants is included in the Aprsndicas.

Cener2) Plant Facilitie 'S

To take case of the plant's lLeating requirements s
toiler house with three 150 HP boiiers nas been ioresesn. A
machine shop for maintenance and repeir facilities is also
orovided. There is 2 possibility tThat the cost of some of these

- iy e

facilitvies may be shared with the concentirating plaat.

A storage building for refractoriss 1s required. An
office building approximately 15C' x 50!, necessary to take care
of the plant's supervisory versonnel and records, is provided.

A garaze 80! x 180' with equirment necessary to serve autemotive

equizment with fuel, grease and lubricatlon and minor repairs 1is

. )
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provided. A small firehouse 40' x 4O' with possibly one pumperw

may be required to take care of tThe fire fighting needs of the

plant.

Jnder niscellaneous we have provided trucks and other
mobile equipment normally required in a plant of this tywme and

size. It is foreseen that the railroad compary will supply

switching service within the plant. However, for general movemsnt
of meterials within tThe »lant one traclmobile and two railros=s

cars are provided. It is not knowa atv tkis time whether %the

oll as en awxiliary fuel for the Elkem preheating shafis; con-

sequently a fuesl oil storage instellation is included.

Freigat has been estimated roughly on the bhasis of 109

of the costv of the shivved equirment.

Approxirately 4-1/2% of the ccst of the plant has been
added for contingencies. This may be somewhat cn the low side
because 0i' the preliminary nature of the studies and estimates.
The szme might be true for engineering and supervision for which

an allowance of zbout 7% has veen innluded.

I boilers will ve oil or coal-fired, however, we shall need fuel
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PRODUCTICH COSTS

4 40,000 XVA Elker smelter with preheat and prereduction
of the charge can be expected to produce abouf 600 net tons of
pig iron a day. Three such smelters cperating 330 days a year -
which should be easily realized ~ will produce about 600,000 net
tons of pig iron a yeax». The estimated cost per ton of pig iron

will be as follows:

Raw Materials 31lh.61
Operating Costs (14 .26
Cost per Net Ton $28.87
Cost ﬁer Gross ron 332.33

A detailed breakdown of the costs is given on the next

Soma cost data for the Zikem process was furnished by
Flektroxemisk; the remainder was develoned by us on the basis of
our knowledge and experience of Elizem Iurnace operations in feru,
Norway and Venezuela. The cost estliates cre vpelieved to be
accurate within plus or minus 5%. Since itn2 raw material balnace
as well as other operating characteristics are vased cn tests
verformed on a pilot plant scale, slignt variations from these
indicated costs are to he expacted in a 30,000 ton a year

operation.
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JULIAN IRON AND STEAL

PROQDUCTICN COSTS

600,000 N.”?. Pig Iron Annually

by EIXEM Method

ouantity
Lbs
RAW MATERTA1LS
Julian Coancentrates - 65% Fe 2900
Pocahontas Coal L8O
Coke 275
Limestone 155
Ma Ore - 20% Mn 1°
Cement 110
Dolamite 255
Bauxite 55

20ST OF RAW MATERIAIS

OPERATING COSTS
Operating Labor

daintenance Labor
Jupervision
Slectric Power - Smelting 1250 KWH @ .0Ch
- Awxiliary 200 KWH @ .00k
Klectrodes - 11 1bs. @ .10
Misc. Fuel - Prereduction 10 grls @ .09
- Iadles, Coal Drying, efc.
Materials for Maintenance & Repair
Ore Grinding Supplier
Tcols, Supplies & Lubricants
water
Stean
OCs ard Coln
Reserve 1or Relining
Refracteory Exvense - Ladles, Runners, Etc.
Laboratory
General Plant Expense
Cost of Pigging

COST ABOVE RAW MATERTIALS
TOTAL CCST PiG IRON PzR =T TON

TOTAL COST PiG IRON PER GROSS TON

Unit Price

N.T.

G

4.20

12.00.

15.00

)
I\ -\

C

S8883
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Raw Materials

The input of raw materials is based on prcducing a

basic pig iron from Julizn concentrates with the following

aralysis:

Julian Concencvrates Pasic Pig
Fe c e e e e 65.0% O%.5%
Si0p « ¢ 4 . . 6.0 ~ -
Si C e e e e e - ' 1.0/1.25
AMO3 - - - - - . 0.6 -
2 0.3 .
MEO - .« b e e e 0.2 i,
S C e e e e e - .0) 045
P v v e e .01 o2
Mn e e e e o 11 | 62
C e e e e e - 3.8/4.2

Generally sbout 2% bas been edded to the celculated

guantities to take care of unaccountable losses in material

hzndling, gas washer dust, etc.

Julien concentrates are charzged to the overation at

35 per long ton {$4.50 per net ton) at the concentrator losdout

station.
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‘ The burden calculntions were developed using imported

Docahontas coal with a fixed carbon content of T8% and Dosco coke

assuned at 919 fixed carbon. The coal is taken at $12.00 per ton

delivered at Julian - including freight from Seven Islands; coke

at $15.00 per ton. Variations in tae proportions of coal, fluxes

and coke which may develop under actual operating practices, nmay

I

alter the cost figures to some extent. Moreover, it may be possidle
to obtain coal from the Maritime Provinces at less cost - provided

the sulphur content is not excessive.

At the tiuie of this writing, & source of supply for
limestone, dolomite, bauxite and manganese core had not been inves-
tigated, but it was indicated that these materials cea be produced
in the area at prices close to those used in the cost calculations.
e cost of cement - $31.00 per net Tton bulk includes delivery and
reloading on cars at Seven Islands, as well as railrcad freignt

to Julienne ILeke.

1abor Costs

The average wage rate for operating labor, $2.75 per

hour, .- based on current union wage contracts in the area and

to which about 3C% is added to include fringe benefits.
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A summary of the projected labor force for the Elkem

plant is as follows:

Cost/Ton
Weekly with added
Number Payroll Cost/Toa Fringe Benefits
Operating Labor 187 $20,570 3l.72 52,28
Maintenance Labor 20 2,200 .18 2k
Supervision T 1,630 1% .13
General Plant 30 3,690 .31 Ryl
24 328,050

A more detailed breakdown of the laboxr force for
overating an Elkem smelting plant of 600,000 net ton ~apacity

is given on the following page.

Electric power for smelting is taken at what we consider
to be a reasonable fizure of 1250 KWH per ton. Power consumption
for smelting, as well as electrode cousmption , depends on many
factors - the composition of the burden and the amount of pre-
reducticn achieved prior to the srelter are amoungz the most

' important. We have not taxken the worst nor the vest of the figures
obtained in the short pilot plant test runs. On the contrary, we
have tried to establish a Tigure which we feel is practical and
achievable in a nomal operaticn. In addition 4o power for the
electric furnaces, operation of conveyors, crines, moters, lighting,
etc. in the smelting piant will consume an additional 200 KWH per
ton.

3
’
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JULIAIl TRON & STEEL

ELKIM SMELTING

LABOR FORCE

OPERATING LABOR

Raw Material Eandliﬂg

1 Foreman

4 Ore CGrinding
2 Track Hopper
2 Reclaimer

2 Clean-up Labor

1T
Pelletizing

4 Foremen
4 Coal Crusher
12 Material Feed
12 Pellatizer Control
bk Storage
12 Reclaim from Storage
J2 Top of Bins
60

Smelting

L Foremen

12 Furrace Charging
8 Preheat Burner

12 Electrode Make-up
12 Furnace Control
20 Furnace Helpers
12 Tapping
12 Sleg Handling

92

Cesting

8 Crane (perators _
16 Pig Casting Machines
2L

WEEKLY PAYROLL

187 employees x 40 hrs. each x $2.75 per hour = $20,570
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WEEKLY PAYROLL
I 2. MAINTENANCE LABOR SEEE—
L Tlectricians
1 Master Mechanic
I 1l Pipe Fitter
i welders
L Machinists
l 2 Brick layers
L General labor
I 20 employees x 40 hrs. each x $2.75 per hour = $2,200
3. SUPERVISION
I 1 General Superintendent 500
L General Foremen 250 1,C00
1 Clexrk 50 %
' 1 Timekeeper 80 80
7 1,630
I 4. GENERAL PLANT
3 Secretaries i . T0 210
3 Clerks ' 80 240
l 1 Thone Operator 650 60
3 Watcomen 50 150
3 Janitors 650 240
l 3 Engineers 250 750
4+ Metallurgists-Chemists 250 1,000
1 T=abor Relations 150 150
3 Storerovom Clexrks 30 240
1 Instrument Man 1.00 100
2 wmobile Equipment 110 220
I _3 Boiller House 110 33C
3G 3,690
I SUMMARY
anployees Weekly rPayroll
I QOperating 187 $20,570
Maintenance 20 2,200
Supervision 7 1,630
"" General Plant 30 3,690
2Lk 328,090 x 52 = $1,40,680
I ¥ringe Benefits {approx.) = 539,320
Arnual Payroll $2,000,0C0

- 53 -
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The cost of electric power used in the estimate is kL
mills per kwh. We exvect that the actuval price may bte sauewhat
less since Lh-mill power is relatively expensive for electro-
metallurgical industries. The 4 mills used might be compared
with 1.4 mills, the cost of electrical energy at Mo-i-Rana; 2.25
mills which is the approximate cost of electricrd energy if this
losd were coanected to the Bonneville Power Syste;u, or 3.065 mills
-f this load were connected to Pecrtland General Electric Campany -
a private utilitiy operating in the lforthwest area of the U. S.

In general, the electro-alloy industry ian the U. S., which uses
from 2 to 3 times as much electrical current per ton of finished
rroduct as that foreseen herein, a.nﬁ. on the other bhand whish sells
their production at 2 to 4 times the cost of pig iron - considers

power rates over 3 mills per kwh es being unsatisfactory for their

induscry.

Electrode consumption is taken at 11 1lbs. on the basis
of Elkem test data. The cost of eleciZode: at 10 cesats per 1b.
includes the steel casing as well as carbon pastve. Auxiliary
fuel for the Elkem preheating shafts is estimates at 10 gallons
per ton of metal based on preliminary n2at calcalations. The

cost of a U. S. gallon of fuel oil delivered at Julienne Ia¥e is

assuned to be 8 cents.
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Materials and supplies for ore grinding and pelletizing
are estimated at 40 cents per ton of pig iron, which includes
grinaing balls, liners, retainers, etc. Besides the consumption
of refractory materials in the day-to-day oreration in relining
ladles, runners, etc. a reserve of 30 cents per ton of pig iron

is established to accrue for the cost oI relining the smelting

furnaces - once each five years.

It is to be noted %hat no provigion is made in these

estimates for rcyalty payments, if any.
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STEELMAK TG

It 1s quite logical at this time to erxplore the possi-
pilities of making steel, as well as iron, either in conjunction
with the initisl operation or at some later date. This thougkt
merits serious consideration not onl:y vecause of its impact on
the economy of the Province but also because the added value of
manufactured steel will sur:ly enhance the prolit potential of
the entire project. Accordingly, a brief study was mzde of the
processes and economics of cerrying the project one step further -

to steelnmaking.

Althc_h no market survey for steel products hes teen
made - it is sunewhat premature 2t this time - the basis for our
study and the discussion which follows is limited to an installaticn
to produce 250,000 net tons of billets a year. It is notl con-
tompiated in this study to carry the operaticn further to finished
stael products sucn as bar ard rod, plate and sheetd, pipe or
structurals. This will be left for 2 further expaasion of
op2rations in the future. Thus the plznt would have saleable

products of 300,000 gross tons of pig iron and 250,000 net tons

of billets.

Cf the various steelmaking rrocesses in normal use -
the oven hearth, electric furnace, and basic cxygzn furnace, we

would select the oxygen sfteelmaking process as xosc suitavle Tor

tae following reasons:
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1. The open hearth furnace, for most efficient operation,
requires the use of sbout %0 to 50% scrap; it can
however operats with as little as 3C% and as high as
100% scrap. Such quantities of scrap are not easily
procurable or econcmically available in Eastern Canada.
Besides the open hearth is fired with fuel oil - an
expensive camodity in Labrador. Moreover, the
aporeciably higher investment required for a small
open hearth plant in comparison with an oxygen steel-
making installation of the same capacity precludes

further consideration of the open beartn.

2. Waile the electric furnace uses electrical epergy
waich is available locally ' -d relatively cheap, a
good operation recuires &t 1east 50% of its charge ia
the form of scrap. A successful operation of this
type is establisnad in Peru, wanere charges coataining
as high as 60% hot metal azd oaly 40% scrap are being
converted to steel in electric furnaces. However, this
1s not pracvical for Julian because of the scarcity of
scrap. Practically th2 only scrap available to a plant
at Julienne iake is that generated at its own works and
at ad jacent mining operations - which are negliéible.
Aay otker scrap wouwld have o be shipred to Seven Islerds

and transstinped by r2il {0 Julic e I=2ke.

-y
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The basic oxygen furnace can operate at full erficiency
on 100% molten iron. When the stream of high purity
oxXygen impinges on the bath of moitea metal in the
vessel, high temperatures are g2neracted because o7 the
exothermic reactions invoived. Control of temperature
is obtained by the addition of coolants, ususlly in
toe fom of scrap or iron ore. Scrap gernerated in the
nlant or procursd locally will be augmented by ore
concentrates up to about 25% cf the charege for use as
coolanis. For the plant under consideration, an

additional 19,000 tons of concentrates a year will be

consiumed as ccolants.

Additionally the basic oxyzen furnace is flexible in
adzpting to most any operating schedule - it can work
24 hours a day, 7 days a week, or be shut down over
weekends, if required. It is designed in a wide range
of sizes from as low as 20 tca capacity to huge vessals
of 300 tons, sucn as recently proposed for one of thae
larger steel companies. Besides, the basic oxygen
plant requires the lea.st capital iuveswment per ton

of annual capacity and gives the lowest Gperating

costs.
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Once tne steelmeking proress is completed and molten

steel tapped frca the furnace, nomezal practize is to cast it iz

L]

‘ngot molds. The molds are stripred; the ingots are reheated

and then rolled con 2 hlouming mill to tillet size.

Conti—~upus casting, iong used in non-~ferrous industiries
and reczntly successfull;, applied to steel, substitutes a machine
wnich acearplishes the same result ia one operation. Molten metal,
poured into a receptacle on top of the machice, flows into a copper
mold where it solidifies and frem wnich it is continuously ex-
tracted in solid form as & consinuous villet and cubh to lenzi
at the exit end. The product cen be a slab cr billet depending

on the size and shape of the mdld that is used.

The process byuassas ti2 expenses involved in ingot
mold preparation, stripping, transporzation of ingocs and molds,
reheating ana primarv roiling; it consequently produces a lower
cost biliet. In addition, the yleld Trom molten metal to ces:
billet j5s more i'avorzble sinze there are nn scale losses due ic
reheating, and cropping losses resuliing from cutiing the Top
and bottom ends of eech ingot, do not occur. The investment for
countinugous casving is mucn less than that for the usual ingot
practice since the nolds, stripper cranes, reheat furnace and

primuxy rolling mill are eliminated.

- 5G -
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Consequently, for tue reasons stated above, the basic
oxygen steelmaking process followed by continuous casting is
selected as the most efflcient and economical installation for

Julian.

The steelmaking units foreseen are two 30 net ton
vessels - only one of which is in operation at any one time,
while the other is being relined. While it is expected tkat a
heat can be tapped in less than sn hour, we have conservatively
estizated production at the rate of 30 net zTons per hour - scmewin
over 250,000 net tons a2 year. Production can be doubled at slizat
Iadditional capitel expense by installing e third wnit - two units

would be operating at the same tiane; the third idle for relining.

e addition of steelmaking facilities increases the
flexibility of the plant. Molien iron fraom the eleciric smelters
can be taken either to plg éasting or to the oxygen vessels
depending uwpon whether pig iron or steel is required. 1In the
evernt of a breakdown of either one of the Tacilities, tha other

is availzshle for immediate service.

Tre steelmaking process begins when the ladle carrying
molten iron is exsptied into the mout: of the oxyzea vessel. “ The
vessel is turned upright c©o receive the recguired amount of orz
and fluxes and then a jet of oxygen is direcced onto the surface

of the metal through a water-cooled lance suspended from above.
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Oxygen is hlowa for about 15 to 20 minutes; the entire steelmaking
cycle, tap to tap, runs about 45 minutes. The vessel is then
turned down, its contents of steel poured into a ladle and the

ladle taken away to the casting machine.

The casting machine is supported on an independent
structure free of the building steel. It rises to.a height of
sbout five stories which allows the required time for Cooling as
the steel slowly descends. On top of the machine is a holdir:
vessel -~ called a tundish - which receives the mclten metal and

allows it to flow down through a water-cooled copper mold where

piuch rolls and is cut to length by oxyacetylene torch waich
+ravels with the bar. The cut btars pass to a cooling bed aund

woen sufficiently cooled are stacked and ready for shipmenat.

x
I solidification starts. 1he solidified bar is pulled down througn
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CAPITAL COST - STEELMAKING

The capital cost for the additional equipment and
structure required to produce 250,000 net tons of continuous
cast billets by the Basic COxygen Process is estimated at
$13,371,000. A detailed breakdown of the costs is given in

the Appendix and sumarized bvelovw.

Site Works 3 200,000
Raw Material Hdandling 635,000
Basic Oxywen Steel Plant 3,605,000
Continuous Casting 4,260,000
Oxvgzen Plant L 1,450,000
Electrical ' 425,000
Miscellaneous 495,000
Freignht 500,000
Contingencies 600, 0C0
Engineerirs & Suvervision 1,000,000

Total $13,37L,000

The cost of site works includes additions to roads
and railroads, sewer and water piving. Raw material handling
involves the receipt, conveying and storage of fluxes and

tives required for steelmaking as well a2s a lime burning

kiln and related egquimment.
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The Basic Oxygen Plant provides for two 30 net ton
vessels complete with water-cooled hocds, fans, gas cleaniag
systems, oxygen lances and supports, instruments and refractories.
It also includes auxiliary equipment such as an 800 toz hot metal
mixer, ladles, slag pots and cars, overhead cranes, meltexs office
and laboratory, ladle relining, drying and stopper rod makeup as

well as the building.

T™vo continuous casting machines are required for the
operation to permit relining, repalr and preparation work to

proceed on one while the othzr is 1n operation.

The process requires high purity cxXygen - approximately
1800 to 206. cubic feet of 99.5% pure 0o per ton of metal at =
pressure of about 150 psi. We have included the cost of a 70-ton
a day oxygen plant although many steel plants buy Their oxygen

on a long time basis from producers who set up heir plant on the

steel campany's property.

The costs involved in the electricali dapartment include
edditional substations, feeders, etc. Miscellaneous equirment
includes additions of trucks, paylcader, fork lifts, trackmobile,
meterial handling equirment, etc. to that alresdy zcquired for
the smelting plent. Freight, Contingencies aad Engineering ere
estimated on the same basis as wa2s used for tae pig iroa plant

capital cost estimates.




SCANNED IMAGE

! RAMSEYER & MIT LER, INC.

PRODUCTION COST -~ STEEIMAKING

The cost of producing continwvous cast billets 1is

estimated at $58.66 per net tun sucmarized as follows:

Cost of metallics $34.84
Cost above 16.%0
Cost of molten steel $51.24
Yield loss less scrap credit 1.42
Cost of casting 6.00

Cost of billet - per net ton $58.66

-

A detalled breskdown of the costs is given on the next

page.

The metallic charge is based on a yield from charge to
mnlten steel of 87%, and asugmenting the scrap return from laile
skuils, pit scrap, etc. with ore as ccolanvt. Eot metal is charged
at the cost of pig iron less the cost of pigging ~ $28.37 per
net ton. Scrap is credited to the casting operation and charged
to steelmaking at the hot metal price - 328.37. The additions

of various rerro-alloys will vary scmewaat with bot metal analysis

and steel speciiicatioas.
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JULTAN IRON & STEEL

PRODUCTION COSTS

250,000 M.T. Continuous Cast Billets Anmually

Steelmaking
Metallic Charge
T Hot Metal 2126 1lbs. @ $ 28.37/ton = 330.16
SCrap 80 1bs. @ 28.37/ton = 1.14
Fe Mn 16 lbs. @ 250.00/ton = 2.00
Fe Si 13 1bs. @ 150.00/ton = .98
Al 1.5 lbs. @ 440.00/ton = .33
Iron Ore 100 lbs. @ L.50/ton = .23
Cost of Metallics
Cost Above
Overating Labor 5.60
Maintenance Lsabor « 50
Office & General Plant 25
Supervision 25
Eleetric Power - 100 kwvh @ .004 R Ty
Miscellaneous Fusl .30
Fluxes 1.5)
Materials for Maintenance & Repair 80
Tools, Supplies & Lubricaats .35
Refractories 2.50
Water & Steam .10
Oxygen 1.65
Laboratory .20
General Plant ExXpense 2.00
Cost Above 316.
Cost of Molten Steel 351.2%
Casting
~Holten Steel SL.24
54 yield Ioss - 2.56
Less 4% Scrap Credit @ $23.37 per ton - 1.1k
Cost of Metal $52.56
Casting Cost 6.CO
Cost per Netl Ton of Billets $53.66
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A yield of 95% from molten steel to finished billet

is accounted for by scale losses, cutiings, etc. Approximately

44 of this cen be recovered as scrap and is returned to steel-

maxing.

- 66 -
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DISCUSSION OF STRATEGIC UDY

The Elkem system for smelting .Julian concentrates was
discussed in the main body of the report. The general conceptis
of the S-U and Elkem Processes follow the same general line of

processing, i.2. prebeating and/or partial prereduction of the

burden followed by electric smelting.

Until 1961 Strategic-Udy hed performed 8ll of their work
on a relatively small pilot plant scale. In 1561, Strategic-Udy
installed a 10,000 KVA furnace and 2an @' x 150' prereduction kiln.
Althougn this eguipment was planned for the production of ferro-
chrome, 4,000 tons of Hunner ore concenirates were processed ot

a rate of approximately 100 tons orf metal per day.

Additionally a conventional (non-preheating) 200 gruss
ton per day Elkem rurnace in Venezuela is being modified to adapt

the furnzce o the Strategic-Udy process.

The questiion of Strategic-Udy being &ble to apply the
experience gained from the operaticn of this Venezuelan furnace
to the larger furnace foreseen herein (approximately L80 gross
tons per day) is a question of timing. If Julien were to go ahead
in the immediate future, Strategic-Udy would be required to base
its design (as in tenezuela) on the preseat 100-ion ver day plan:

at Niagara Falls. One can only speculate as to when -
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1. ‘The Venezuelan it will be put into production.
2. VWhen enough production experisnce wiil be galned

to evaluate the improvements which should be de-
signed in any later plant.

In all probability two to three years will be required

before the Venezuelan installztion supplies the experience that
must be available for the design of a successful Strmtegic-Udy

process plant, in the magnitude of C70,000 tons per year, that

is to be built from the ground up.

The details of the process, mechsnics of preheating,
ard/or prereduction and smelting are quite different when conm-
paring the two prucesses. 7The Elkem Process reguires finely

around ore, coal with coking qualities and cement to make the

ore pellets that are used in the system.

The S-U Process (sze flow sheet on next page) tekes tt:
ore or concentrate, as received, and comercial slack coal =and
pretreats these materials as received, together with the other
burden items, in a2 fired rotary kiln. The kiln can be operated
at almost any temperature up to the coalescent point of the
material. As the materials are heated in contact with each otker
a series of reactions texes piace. The more important reactions,
2ll). of which regquire neat, are reroval of moisture or aay water

of crystallization, gasification of the volatile fraction iz the

- 63 -



SCANNED IMAGE

.- — T [ i m‘m
T N s Pk R ¢ RS A e e Y & O o e A S T

FADM CONCENTRATE PLANT “I“" ENlNNinG

MANGANESE{ORE

“
. ORE
CONCEMTRATE COAL

KX e BN "

EXTERNAL FUEL

SLAG ADDITIVES
S

SCALE CAR

RECYCLED GaS

—e

SUCKET
ELECTRIC O O
FUANACE O
' SLAG TO .UHp
I
r——ﬂ“---_—-q--—-——--—-——-_-‘—-— \ y e -
!
! Eons':.n.u_izs ' r
f..-__-l : \Yf \Y# \Y-r
L—-——-—-J \ i'dl“h -~
~. N~
\-“‘\--v)f BASIC OXYGEM PIG CASTING
VoL y

VESSEL ' | ﬂ

. )
4
ames o iy g dimk Y- o S deay s ——\

{._.L_-1 ELECTRODE
\ ! CONTIRUOUS CASTING
] : MACHINE .
i ,
]
|
i
I
\
|
!
SILLETS : SLAG
METAL

REFRACTORY
BOTTOM |

' FLOW SHEET FOR PIG IRON
- USING !RON ORE-CONCENTRATES
PREREDUCTION IN ROTARY KILN -
SMELTING IN ELECTRIC FURNACE

SECTION THROUGH Fuaxact




SCANNED IMAGE

QRAMSEYER &« MILLER TNC.

coal, the calcinatioun of carbonates and {inally pertial reduction

of the iron ore, principaily by converting Feeo3 to Fel.

The burden that has been pretreated in th2 kiln is
collected as it is d.i:scharged.‘and then charged kot into an electric
smelting furnace. The pretreated materials are charged into the
furnace so that an annular cone is formed, Tollowing the natural
angle of repose, around the sidewall of the furnace. A molten
bath of slag is mzintained vetween and around the electrodes -
vhich are located in the central zone of the furnace - so that
no substantial part of the raw charge comes in contact with the
electrodes. As the pottom section of the charge mixes in with

the slag layer and melts, it is replaced by additional material

that is charged througnh pvorts in the roof.

The tips of the furmace electrodes are kept within the
slag tlanket so that there is a minimm of arcing from the
electrodes to the metal bath beneath the slag and =2 :saximtﬁ ol
resistance heating using the slag as the electrical resistance
mediun in the cirxrcuits between the electrodes. The 10,000 KVA

trategic-Udy furnace has bezn able to hoid surprisingly high
power factors under such an electrical system. The energy
released by the electirical current between the elecirodes melts
the charged mater:al, supplies the energy required for iron cre
reduccion, and sup.raneats both the: slag and metal so that they

can be tapred and nandled in ligquid fomn.
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Javelin concentrates for these concentrates are already very lovw

in sulpanur. Some of the sulphur contained in the coal is lost

as the coal's volatile matter is gasified in the kiln. This
removal is very similar to that performed in the Elkem preheating
shafts. If the kiln and shaft are operated at the same temperature,
the S-U can be expected to charge a greater amount of sulphur, per

ton of product, into the smeliing furnace because of higher unit

coal and/or coke reguirements.

Scme of the sulphur charged into the furnace is lost

as volatile material in the furnace gases, the remaining sulphur

]
i
i
B
8
2
§
;
l that bas not been lost in either the Kila or the furmace gases
resides in the slag and in the m=2tal. In the discussion of the
I Elkenm furnace it was pointed out +hat the desulphurizing power
I of the Eikem furnace was only abcut 50% of that expected of a
blast furnace. The S~U Process maintains a still lower reduction
I pctential than the Elxem so thatl the sulphur absorbing vower of
the S-U slag, when measured as the ratio of the sulphur content
. of the slag to sulphur content of the metal, approximates halr
' that of the Elkem Preccess. In order to make up for this lower
sulvhur remcving power it is necessary to rur a higher slag
I volume in the open arc furnace. O0One can evaluate the differences
| in slag volume (approximately 500 lbs. end 925 lbs. per N.T. of
iron) by ccmparing the amountis of fiuxing material that have bhean

used In developing the production cosis of pig iroa for the iwo

raspective processes.

-T2 -
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The gas that 1s produced by the reaction between ca:eon
and iror ore is principally carbon monoxide and escapes at a
relatively bigh temperature - approximately 2500°F. This gas
is flrst cooled, then cleaned and used as part of the fuel
requirements of the rotary pretreating kiln, 'th_g balance of the
fuel being supplied from burning a portion of the coal charged

in the kiln and from fuel oll which is used as an auxiliary kiln
fuel.

The meckanics of open bata smelting, as compared witih
submerged arc smeliing, do rnot allow as high a reduction potentizd

.L-l-'l-l-

in the smelting zone. There are two reasons for this:

1. The process does not maintain a substantial amount
of excess carbon above that required for the re-
duction of the iron and other elements - after
rniaking allowance for the carbon that is ebsorted
by the liquid metal.

2. Unreduced oxides are constantly entering and

being dissolved in the siaz tlanket.

The net result of this low reduction potential cen be
noticed in the higher FeQ content of the slag. These iron units
are not recovered but are throwa away with the slag as waste.
The S-U sgystem is sble to rexove suostantial amounts of sulpaur
from ©the iron ore reing nrocessed by virtue of an oxidizing zorme
in toe front or charging epd of the _otary kiln. This advantage,

however, is of only miror imoortance in +..e case of smelting
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Practically all of the phosvhurous that is ia the

burden will eater into the finished pig iron. The silicon in

the pig iron is controlled by the basiclty of the slag snd Tu:
operating temperature of the furnace. The carbon in the pig ircn
tends tc apprcach the solubility limit, as related to the thermal
chemical conditions that are established in the sweliting zone,
when excess carbon is available to the metal bath. By limiting
the amount of carbon, C-U is able to make low carbon material
with ease, but with an alzost total loss of sulphur control and,

as pointed out above, with additional iron loss because of higher

iron contents in the slzg.

As with the Elkem, we consider the S-U a plg iron maXking

vrocess - and not one for manufacturing so-called semi-steel.

The furnace gas that is produced by the action between
oxides ard carbon in the charge is essentially carbon monoxide.
gince there are no oxides above the smelting zone, the gas escares
through vorts in the furnace rcof witiooult further chemical reacticn

and at a relatively high temperatuxre.

The thermal efficiency of the overall S-U process will
be lower than theat oif the Elkem smelting system. The production
cost develovments indicate that Elkem requires a2 gross heat invut
of approximately 15,000,000 Btu; S-U . soroximates 18,500,000 Biu -

iy

both per nat ton of iron after making allowance for 4% carbon in

-~ 73 -
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the metal. If allcwances are made for using the furmsce gases to
heat the vertical shafis or the kilns respectively, the comparative
gross energy requirements are approximately 13,700,000 and
15,800,000 Btu. One cannot expect the rotary kiln to bave the

same themal efficiency as the Elkem verticel shaft furnace,.
Similarly prefreated kiln material must ve harndled hot from the
kiln to the insulated charging chutes over the S-U furnace. Icxe

heat losses here, however small, cannot be avoided.

Another point of greater heat loss for the S-U process
is in the smelting furnace proper since it is Impossible, under
the S-U system, to use the sensible neat of the furnace gases to

any apprecizble degree.

Cne can expect the S-U furnace to have a relatively high
availability although somewnat less than the Elkem furmace. The
1i®e of the furnace lining in the S-U smelting furvace, asswming
the furnace parameters are of the proper design, will be highly '

dependent uponr the skill and care tbal the operators use in

charging raw materials. The raw materials are charged in such
a manner that they provide a protection cover for the circumrerenssa
of the furnace wall. Thus any carelessaess in charging techniasuss
~zn result in damage to the furvace wall refractories. Even with
the best charging technigues orve could only exvect the 3-U furnacs

lining t© approach the same life as thal expected in the Elken

system. The lower furnace roof temperature and tioe less d2oxidiz]

-
e T
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atmosphere of tue Elkem furnace should give this furnace superior

rooi life.

A continuous operation of the smelting furmace requires

the continuocus operation of the kiln. Any breakdown in the pre-
treating Xiln, the material handling equimment between kiln ard
furnace o:c; the charging equirment at the furnace proper 1is
reflected very qulickly in *he furmace operat.on since it is
impractical to heve much surge capacity in the hot materials
handling system and the S-U concept of smelting does not allow
the continuation of furnace smelting operatiosn orce the rew
material supply to the furnace is-interrupted. Conversely it is
impossible O contlioue operation of the kiln for any apprecieble
period of time once th2 preneated materials bandling syst=m or

the furnace itself suffers a2 breakdown.
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STRATEGIC UDY TESTS

Strategic Materials us2d Julian concentrates, a typical
Pocahontas cosl as their recuctant, and commercial grades of lime,

silica and spaxr as fluxes for their reduction testis.

The Julian specular hematite concentraies were smelted

in January 1961 and all or parts cof the demonstraticn were
observed by:

Mr. W. H Raxburgh, Vice President, Canadian Javelirn [,:z.d.

Mr. K. M. Dewar, P..'eaident, Kilborn Engineering

Mr. B. S. Crocker, Vice President, Kilborn Engineering

The detailed analysis of these materials, together with

certain other details related to the tests, are covered by

trategic-Udy Report - Project 1240-2.

The prime purpose cf this work was to prove the feasi-
bility and practicsoility of szelting Julian céncentrates oy the
Strategic-Udy process. Inciuded in a previous section of this
report is a discussion of both the Strategic-~Udy and Elkem
processes &s applicable to Julian ore. The Strategic-Udy flow
sneet shows that the Strategic-ldy process utilizes a rotery kiln
for preaneating and prersducing the furnace burden material befo—e

it i3 charged into the electric sxeiting furnace. For thn=

l Mr. F. Schora, Arthur D. Little Company
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Strategic-Udy tests on Julian concentrates, nowever, the raw
materials - ore, fluxes and reductant -- were caarged celd,
then smelted, in a 100 XVA furnace. By varylng their operating
procedure Strategic-Udy was able to produce low carboa (.64 to
2.5%) iron; a typical basic open hearth pig iron, and a typical
foundry pig iron. A review of the various types of iron pro-
duced infdicates that Strategic-Udy was able to keep the analysis
of the reduced metal, with the exception of sulphur, within
limitations generally expected of iron smelting operations.
Thus one car conclude that under an established operation, all
of the five elements normaliy considered in pig iron analysis --
carbon, manganese, silicon, sulphur eand phosphorous, can be
keot under control, although an estizate o the econcmics of
sulphur control cannot be developed from the data giver in

Report 12L0-2.

Another portion of the iroa concentrates was treated
in a small gas-fired batch rotary kiln. This test proved trat
Julian concenirates can be prereduced by coal in a kiln type

furnace.

The Strategic-Udy laboratory work is considered to be
sufficient to prove that Juliesx concentrat2: are amenable o

reduction by the Stratagic-Udy crocess.
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The economlc parameters in regard t0 smelting Julian
ore indicated in Project Report 1240-2 are in ocur opinion not
representative of what mighat be expected in a large scale
camercial operation. They are scaled up or extrapolated from
snall laboratory sized tests which can differ a great desl from
actual operating conditions in a commercial plant. The econonic
data in this report was developed primarily from a later Strategic
Udy report prepared after melting 4000 tons of a generally
similar Hunaer iron ore concentrate in a 10,000 KV4 furnace. The
Bunner concentrate, whica differs from Julisn principelly in
regard to silice content, was preneated arnd prere uced in an
8 f't. diameter x 150 rt. long rotary kiln and then charged hot
into the 10,000 KVA electric smelting furmnace. This test is

considered a better basis for devaloping the over-all econamics

of smelting Julian concentrates by the S-U process.
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STRATEGIC UDY PROCESS

The Strateglc-Udy process, like Elken, utilizes an

electric smelting furnace to coaplete the reduction of a pre-
heated and partially reduced 'charge and produce a molten pig
ron. In the Elkem, preheat and pavtial reduction are accom-
plished in vertical shafts above the snelier by the circulation

of gas coun'ercurrent to the flow of materisls, In Strategic-idy,

a rotating kiln accomplishes a similar result.

The kiln mskes use of materials as received: iron ore
concentrates are fed into the kiln together with coal and lize-
stona. The carbon in the cosl, under the action of heat, combines
with some of the oxygen in the ore, resulting in & heatedl, partiall:

reduced mixture which is chai'ged, hot, into the smelting turnace.

As far as plant layout is concerned, the two processes

differ principally in material pandling, pretreatxent of the ore
and design of the electric furnace. In the description of o
projected Strategic-Udy plant which follows, these differences
vill be pointed out; otherwise the facilities are relatively

similar for bocoh processes.

The Strategic-Udy process mzkes use of a horizontal
kiin to pretreat the raw materials before smelting. The xiln,

a long crlindrical steel shell lined with refractory brick
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rotates at less than one half revolution per minute and is
slightly inclined so that the charge materials move forward as
the kiln revoi.es. JIrcn ore copernirate, limestone and manganese
ore are fed in at the higher kilm end in controlled quantities.
Coal is fed through specially designed feaders in two positions
located near the center of the kiln. The lower, or discharge
end of the kiln is fitted with a firing hood and fuel burners.
Carbon monoxide ges, generated in the smelting operation, is
cleaned and used as fuel; any deficiency in fuel requirements

is made up by fuel oil.

It is our present estimate - arrived at im coasultaetica
with Strategic-Udy - thet two kilms 1% ft. in diemeter and 350 ft.
iong will be required for the plant's initial production require-
ments. Since no such lerge installation is operating anywhere,
the Puture develomment of detail design and engineering may
indicate that a larger number of smaller kiins are more desirable

and efficieat fram an operating standpoint.

In a nmultiple kiln layout each material, coming frem
its main storage pile {iron ore comes directly from the adjecent
concenirating plant) is deposited near the head end of the kilns
in bins with sufficient capacity to provide from & to 8 bburs
continuous operation. The discharge from the pirs is controlled
by mechanical feeders which deposit the desired gquantity of each

material cn cenveyors leading to the kila feeding chutes.



SCANNED IMAGE

RAMSEYER & MILLER, INC,.

e

The upper end of the kiln is relatively cool. OQre
and limestone are dried and heated in this section by the gases
of compustion which are discharged to the atmosphere through a
stack. It is not contemplated to provide dust and fume control
equipment since its expense would not be warranted at Julienne
Lake. Coal which enters at the center of the kilv heconmes
intinately mixed with the ore arnd limestone during the kiln's
rotation. As the coal is heated by the burning fuel, most of
the coal's volatile matter is driven off arnd burned. A portion
of the coal cuabines with the oxygen in the ore end thus pro-

duces partially reduced material.

The hot meial discharges from the lower end of tha
kiln into a surge bin, theace to a scale car where its weight
is recorded. The scale car dumps the material intoc a popper
wvhich is lifted to the top of the smelter buiining, then carried
by monorail to the furpace charging chutes. One monorail can
be used to ckharge two furnaces while the entire sequence of
charsing operatioas is interlocked electrically. The material
caﬁnot be discharged from the kiln until the scale car is there
to recelve it, the scale car cannot dump into the lifting hopper

until 4t is in position to receive it, ete.

[ ]

»
.
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Jtrategic-Udy has indicated that four 30,000 KVA
Electric Smelting Furnaces are reguired for a production of

600,000 net tons of pig iron a year. Each furnace would pro-

duce about 20 tons of meial per hour or L8O tons per dsy.
Tapping a furnace once every 2-1/2 to 3 hours would glive 2
tapped weight of 50 to 60 toms. Although such a furnace ha:
not yet been built, its general characteristics, except for

size details, are fairly well estadlished.

The furnece is cylindircally shaped with a heavy

steel plate shell - extermally water cooled and lined internally

with refractory brick. The mof is flat, of brick construction,
sugpeaded from a superior supporting structure. It is piexced

by openings for the eatry of charge materials, for the elactrodes

and for the escape of gas.

In the Strategic-Udy method the furmece buxden does

not come in contsct with the el=2ctrodes. The elecirvdes are
sutmerged in a siag layer - lhe resistance of the slag to the
passaze of electric current generates the heal necessary for
the process. The charze material, which assures its natural
angle of repose once 1t has fallern free below the roof of the
furnace, forms into a trisagular raiiern with its base clear

c? the electrode. This requires a systiem of seleciive cherging

with sufficient openings in the Turrace rcof ©o pemit a unifom
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distribution cf material around the furnace side wall. Ocecasional
prooe holes in the top of the furnace aid in determining the
uniformity of the charge distribution ard help in guiding the
order of charging the furnace. The larger the circular furnace
vecomes, the more difficult it is to procure uniform and proper
distribution. This is one phase of the oPeratiop which requires
further development. Perhaps a rectangular shaped furnace with
six electrodes in line might offer means for better material
distribution. Such a design might even be beneficial to
refractory life, power and electrode consumption and possibly

to simplification of tapping procedures.

The furnace electirodes are of the Soderberg self-baking
type, three for each furnace. They are suspended from a8 hoisting
structure at the top of the building, held by water cooled clamps
and pass into the furnace through water cooled glards in the roof.
In the furnace, they hang completely free except that the lower
end is ixmersed in the slag which Tloats on top of the molten
iron. The electrcde is manufactured at the plant from carbon

paste in a manner similar to that described for the Elkem pmcess.

Transformers rated at 30,000 XVA supply the low voltage
hign amperage rower for smelting, through a series of secondary
ous bars. The heat generated by tae resistance of the slag to
th2 passage oi electric éurrent supplies The Tzermal energy

necessary ior the reduction o iron ore o metallic iron 2nd

- 3 -
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for melting the slag and metal. The oxXygrea in the ore comusines
with the carbon in the coel and passes out of the furnace,
principally as CO gas. Same carhna remalns dissolved in the

iron. Most other impurities in the ore and coal are fluxed by

the limeston?2 and pass intoc the slag.

Molten lron and slag are tapped every-two apd a half

to three hours in a manner similar 1o that cdesgeribed for the

Elkem installation. Similarly, slag is granulated and molten

iron transvorted to the pig casting machines.

The gas evolved during the snelting operstion -

principally €O - is evacuated thféugh vorts in the roof, cleared
and recycled to thea kiln.

The building for a Strategic-Udy smelter consists of
four parallel bays. The kiln discharge occupies one bay approxi-
mately 30' wide by 40O' long, the upver part of whica contains
bins for the edditive materizls. Adjacent to this is a bay 40°
wide by L00' long in which the charge materials are hoisted to
the top of the furmace building. An intermediate floor in tais
area contains the electrical equirment Tor the smelting furnaces.
The electric furnaces are situated in a 70' wide by 400! long
ad jacent bay wihich has three operating leveis sbove the gzround

floor. The Pirst level is the fuwrrace tapping floor, the second
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or oxerauving flcor is level with tae rootf of the furnace. The
electrical control room and all instrmments are stationed on

the operating floor. The furnace operation is observed and

controlled and adjusted at this level.

The tnird level is the charging flc or where the
materials are deposited into the open ends of the charging
chutes. Electrodes are made up on the top level. Molten iron
13 tapped from the furnace into an adjacent bay T0' wide by 600"
long which contains two 125 T overhead electric traveling cranes
for transoorting the hot metal. The entire structure is 220°

wide and occupies about 93,000 sg.ft. of floor space.
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CAPITAL COST

An estimate for installing s plent for an anmual produc-
tion of 600,000 net tons of pig irou by the Strategic~Udy methoc
is surmarized below. A detsiled breakdown of the estimate is

given on the following pages.

Site Works . o $ 760,000
| Raw Materisl Handling - D 1,925,C00
Prereduction o 2,537,000
Smelting 12,834,000
Pig Cesting T ' . 550,000
Electrical ' _ 2,546,000
Boiler Bouse | _ 249, CCC
Machine Shop . - 760,000
“Brick Storage ' 200, 003
Office . 200,000
Carage 296,GC
Fire House by ,OC7
Miscellaneous 35,0
Freigat 1,000,009
Cohtingenciés S 1,203,000

Engineering & Supervision 2,000,020

Total $27,%80,073

L
resm—————
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As noted in the Capltal Cost section for the Rlkem

installation, the plant is assured to be located adjacent to the
concentrator and shares in common such general plant facilities as

wvater supply, raill ari road sccess, etcs The lagyout and the cost
of major items of equipment were reviewed with representatives of
Strateglic and Koppers during discussions in our office. Costs of
installation of general utilities 'were developed on the basis of

data given ia the Kilborm reports. Customs duty has not been

included.,

The items in tha Caprital Cost estimate generally follow

the descrivntions given previousliy for simllar items in the Elkam

material handling, prereduction and smelting. Concentrates are
conveyad directly from the concentrator o surge storage at the

kiln feed blins and are used as received. Coel does not have to
be crushed - it is reclaimed Irom storage and conveyed to the

¥iln feed bins, Limestone and additives are handled similaxriy

in both iastallastionse

The prereduction unit, as explained previously, consists
of two kilns, complete with feeders, rerfractories, instrumentis
and 2 building. The smelting ingtellation is based arcund four
30,000 KVA electric smelters complﬂ'te with electrical eqaipméﬁt;
instruments, refractories, charging and gas cleaning equipment,

complements 0.7 ladles and cranes and building,

I installation except where they differ specifically for raw

- 37 -
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JULIAN IRON & STEEL

CAPITAL COSTS

600,000 NT Pig Iron Annually
by Strategic=Udy Method

cosT
UesSa f"g
l. SITE WORKS
Grading ‘ . 50,000
Water Supply incle Distribution - 300,0¢0
Sewage Disposal o 70,000
Fencing L9, C00
Roads _ 50, 000
RR Trackaze | 250,000
760,C00
2. RAW MATERTAL HANDLING
Iron Ore o 330,000
Ccal 1,000
Limestone 533,CC0
Additives Tor Smelting 195,000
1,925,C00
3« PREREDUCTION
2 - Prereduction Kilns 25,0G0,C00
Kiln Building 300,C00
Refractories 287,000

ll'n SEELTHQ '
~ 4 - 30,000 KVA Elec, Furn. with Transformers 6,000,000

Furnace Charging System - 300,000
Gas Handling System 400,000
Rerractories | 334,000
Slag Handling 330,000
8 - 50 T Hot Metal Ledles with Stends 80,C00
2 - 100/25 T Cranes 4GQ, 000
Traansformer Transfer Car & [{0ist 20,000
Tlectrode Casing Shop k0,000
Building i, 900, 000

12,834,000
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JULIAN IRON & STEEL

CAPTTAL COSTS

600,000 NT Pig Iron Annually
by Strategic-Udy Method

COST
UsSe
5 PIG CASTIIG
2 - 50 T/dr. Pig Casting Machines 400,000
Ladle Tilter, etc, | ‘ 60,000
Building 90,000
550,000
6. ELECTRICAL
~ 230 XV Outdoor Substation 1,403,000
Fuirnace Feeders 238,000
13.8 KV Feeders to Dept. Substations 125,000
Dept. Substations 310,C00
Miscellaneous - 470,000
2,546,000
7. BOILER HOUSE
puilding - | - 64,000
Boiler 125,000
iping 60,000
2149,0C0
8. T!IACHIE SHOP
Building 360,000
Equipzent 400,000
760,000
9. BRICK STORAGE _
T huilding | _ 157,000
' 200, 000
10. CFFIC3
Building 180,000
Dquircent 20,000
260,000
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JULITAN JTRON & STREL,

CAPTITAL COSTS

£00,000 NT Pig Iron Annually
by Strategic-Udy Method

COST
UsSe 3
1l. GARAGE
~ Building e 216,002
Equipment - ' S 80,000
296,000
12, FIRE HOUSE D
Building ' - 2k ,000
Equipmeat ' 20,000
Ll ,000
13, (MISCELLANKCUS
1l - Trackmobile 1C¢,0C0
1 - Bullidozer 30,020
2 - RR Cars @ 20,000 40,000
1 - 100 T Track Scale 2C,000
1 - Fork Lift Truck 20,000
2 - Dump Trucks @ 15,000 30,060
1 - Station Wagon 4,000
Misce Materisl Hendling & Storage Equipment 25,000
Muiel Oil Tanks & Piping 150,000
329,C0C
Totel 23,280,000
ik, FREIGHT - 1,000,000
15. CONTINGEHCIES 1,230,000
16. ENGINEERING & SUPERVISION - 2,000,092

T 07T AL 27,480,000
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2

PRODUCTION COSTS

The estirmsted cost of producing pig iron from Julian
iren ore copcentrates by the Strateglc-Udy process is su 7,2a

belowe A detailed breakdown is givea on the next page.

Cost of Raw Materials $l‘;:'.55
Operating Costs 15.25
Cost per et Ton $30.80
Cost ver Gross Ton $34.50

The gquentities of rew materials required to produce 2
ton of pig iron were developed by drawing up & material balance
using known and estimated analyses of the materials and from data
given in the Strategic-Udy pilot plaut tests. The calculated
figures were increased approximetely 2% to teke into account
unavoidable losses in material handling and Jdust. Although
scalinzg up some of the operatiag costs from pilot piant test to
operation at & 600,000 ton & year level may stov some varisticas
from those given in the estimate, it is believed to be acmte
wvithin plus or minus 5%. No provision for royalty pa.ymants has,

however, been ineluded.

w 91
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TULIAN IRON & STEEL

PRODUCTION COSTS

500,000 WP Pig Iron Anuually

by Stratey ~~-Udy Mathod

oy,

Guantity
1bs.
RAW MATZRIAXS

Julian Concentrates - 65% Fe 2915
Pocahontas Coal | 925
Dosco Coke 15
Limestone 860
Mn Ore - 209 Mn 75
Rauxite 55
aartz 130

COST OF RAW MATERIALS

OPZRATING COSTS -~

Operating Labor

Maintenance Iabor

Suparvision

Electric Power - Sxsliing 1250 ¥WH @ 004
Awdliary 200 47T @ 004

Electrades - 15 ibse @ 410

Misc. Fuel -~ Prereduction 15 gals. @ .09

ladles 9 ate,

Materials for Meintenance & Repailr

Teols, Supplies & Lubricants

Water

Steanm

O2 and Cplp

Reserve for Reiining

Refractory Exvpense - Ladles, Runners, etg.

Laboratory

General Plant Expense

Cost of Pigging

. COST ABOVE RAW MATERIALS

TCTAL COST PIG IRGM PTR WET TON

Unit Price
Holo

—teT—

4,50
12,00
15,00

500
T.00
5,00
5«00

TOTAL COST PIG TRON P=ZR GROSS TON

2el5

31555

2,87

1.50




SCANNED IMAGE

.

SO MVYA

TRANSFORMIA

=

zsoxg/sasxv

CIRCUIT DREAKEH

23 MYA
2301‘(‘1%3.5 RV
REACTOR

IF

L- -4 REQUINED

3,

DISCOMNNELCTING 3« TCH

230 xv

60 MVA
zaanysuxv

| r*9 b o '
1 B ™ L] I'ﬁ
P

IOMYA I0OMVA | 30 MYA 30MvA ]
\_/I \_/I | \I_./ \_/I

ELECTRIC : i ELECTRIC

SMELTING i SMELTING

| FURNACES

I
! ‘ FURNACES
l

. ) - . 13.8 XY
13.8 XV . I -
r 4 ' 4
1 {
rY Fa
FUSE | CF ed
ISQOXVA [SQOKVA 1500%YA {15O0XVA i
“.L.A; VoA A Y
1481 v/480V 13.8KV/480V 13.8Xv/480V 13.8 KV/480V ~pv13000XVA ,yypy 1500KVA
13.8 / 416 XY N 1L8KV/480V
| é é T
H 1 :5{"\ rly
I 5 9500
* 1 * “, J/ ’\.,J' ' ' ' '

RAW KIL N KILN GEMERAL OXYGEN OXYGEN
MATERIAL PLANT PLANT PLANT
HANDLING FACILITIES

1.8 KV
_--*
F< ¥ 4
S EIE
\...h.L.-\) L.n.l..h.r
1300 XKVA S Q0 KVA 1300 XKVA »vwyvs 1500KVA
13.8Kv/480V 1ABKV/480V 1 138Kv/480V L 13.8Kv/a80Y
L .
et al FE-rJ-r-l
oy o Ay oy
bt b W b b N gl
S N SN DR B S B
FURNACE PG SONT, OXYGEN )
- . AUXILIARIES CASTING CA3TING CONVERTER

PROPOSED SINGLE LINE DIAGRAM
CTRATEGIC-UOY METHOD




SCANNED IMAGE

o

L._l |1+ LIGNTHING AARESTER

OIJCONMECTING SWITCH

o CIRCUIT BREAKER
l 230 KY
| /
I 23 MV ‘
11O MVA 230xkv/13.8KY
TAANSEO AME A > 30 “/“_5“
| T 37 Reacron .
. i & L E
Ll mgouinegd
14,98 KV 13.8 KV
I agas Jaar Sl e ﬂ
‘ -
nk . u = r
|
]
l 4OMVA T~ 40MVA T~ 40MVA P
\ I , : I , . l ,
I FUTURE
I ELECTRIC
* SMELTING .
FURNACES ~
I 13.8 KV 13,8 KV
B -
10C O KVA 3O000KVA 000X VA - A0 OXAVA 1500 XVA ISQ00XKVA
. ‘ llaxy/qaoy I}_BKV/‘!&W 13. QK%BWE‘ . o _’_lwﬁ‘(ﬂw 53-3KV/43G? llam 3P0V
! % W
6 o AW PIG CONT. OXYGEN
ASTIN
mTEauL MATERIAL CASTING CASTING CONVERTER
I - HANOLING BALL MILLS HANDLING
I r
13.8 KV 13.8KY
1 OO KVA 100 0XVA 1000 KVA 1000XVA 1000 XYA 3000KVA 15 OO KVA
l 3.8xyy/48Qv I3BKYAS0V ‘*‘L‘"lwx%m 1180480V 13BKV/480V 15 [uexv 138kv/480v
] é :
v ¢ ) 6 6 !
GENEARAL FURNACE Nal  FURNACE MNo.2  FURNACE No3  SMELTER DAYGEN OXTGEN
) PLANT FACILITIES PLANT PLANT
. FACILITIES
PELLETIZING AND FURNMACE AUXILIARIES
' PROPOSED SINGLE LINE DIAGRAM
' ELXEM METNOD

gy g s S




SCANNED IMAGE

RAMSEYER & MILLER, INC.
ll

JULIAN IRON & STEEL

I‘ CAPITAL COSTS

600,000 NT Pig Iron Annually
by Elkem Method

1. SITE WORKS
Grading
Water Supply incl. Distribution
Sewage Dispoosal
Fencing
Roads
RR Trackage

2. RAW MATERTIAIL HEANDLING
Iron Dre
Coal o
Coke
Limestone
Cament
1ron JUre Grinding _
Additives for Smelting

3. FILLETIZING & SMELTING
Palletizing & Smelting Equipment incl.
3 - 40,000 XVA =lectric Furnaces

Pellet Hardening Storage
Iastrumentation

Eie2trode Making

Slag Granulation _
100 T Transformer Hoist & Transfer Car
2 - Payloaders @ 15,000

2 - 125/25 T OET Cranes

Building | N

- 95 -

COST
U.s. 3

5Q,000
300,000
70,000
40,000
50, 000
250,

760,000

411,000
700,000
408,000
289,000
24l 000
1,400,000
b0, 000

3,492,000

10,950, 000
100,000
500 200

40,000
190,000
50,000
30,000
500,000

3,560,000

15,930,0G0
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JULIAN IRON & STEEL

CAPITAL COSTS

600,000 NT Pig Iron Annually
by Elkem Method

PIG CASTING
2 - 50 T/Hr. Pig Casting Machines
Ladle Tilter, etc. ,
Building

ELECTRICAL |
230 KV Outdoor Substation
Furnace Feeders
13.8 X7 Feeders to Dept. Substations
Dept. Substations
Miscellaneous

BOILER HCUS=H
Buildipe
Boiler
Piping

MACHINE SBOY
Building
Iquipment

BRICK STORAGE
Building

: | T LTS A
nquipnent e Ry T e

O ICE
Auitds
Lquipment

COST
U.S. $

400,000
60,000
90,000

220,000

1,242,000
204, 000
125,000
327 ,0C0

470,000

2,388,000

64,000
125,000
60,000
249,000
360, 000
400, 0C0
760,000
157,G00
43,000
200,009
180,000
20,000

200,030
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10.

1l.

lEl

-~/
Lo

14,

15.

GARAGE

Buiiling

Equipment

FIRE HOUSE

Eauipment

RAMSeYZR & MILLER,INC.

JULIAN IRON & STEEL

CAPITAL COSTS

600,000 NT Pig Iron Apoually

by Elkem Method

MISCELLANEQUS

— 1 - Bulldozer
2 - RR Cars @ 20,000
1 - Fork Lift Truck @ 20,000
2 - Dump Trucks @ 15,000

Misc. Material Handling & Storage Equipment

Fuel Qil Tanks & Piping
1l - Station Wagon

1 - 100 T Track Scale
1L - Prackmobile

FRELGHT

CONTINGENCIES

ENGINEERING

_SUFERVISION

Total

TOTAL

COST
Uu.s. $

216,000
80,000

296, 000

24, 000
20, GO0

4k, 000

30,000
10, 000
20,000
30,005
25, GO0

15C, C00

k000
20, 000
10,000

322,000
25,178,030
1,000,000

1,200,000
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l JULIAN IRON & STEEL
' ADDITIONAL CAPITAL INVESTMENT
FOR STEEIMAXING
l 250,000 NT Continuous Cast Billets
COST
U.Ss. $
1. SITE WORKS
Water Supply Distribution 10C, 000
Sewage Disposal 30,000
' Roads , ‘ 20,000
RR Trackage 1* | 50,000
I 200, 000
. RAW MATERIAL HAMDLING | . .
Bins & Couveyors for Additives 230, 000
l Lime Xiln 1430, 000
Lime Kiln Drive. House 30,000
Lime ¥Kiln Refractories 56,000
l Lime Kiln Building 120,000
830,000
l BASTIC OXYCEN STemIMAKTING
2 - 30 T Basic Oxygen Vessels 800,000
Hoods & ¥ans 200,000
I Oxygen lances, Holsts & Monoraiis 110,000
Meters % Controls G, 000
Refractories 60,030
I Gas Cleaning System 200,000
1 - 800 T Hot Metal Mixer 55o,om
5 - Steesl ladles 50,000
I 2 - Ladle Cars 50,00
10 - Siag Pots and Cars 150,C00
2 - 50/10 T Cranes 250,000
Melter's Office & Laboratory 50,000
' Ladle Relining & Drying 10,000
Stopper Rod Makeup 5,000
. Building Addition 1,950,000
3,605,000
l CONTINUOUS CASTING
2 - Continuous Casting Machines 2,000 000
4 - 10 T Cranes 160,300
I Builiding 2,100_1 9_0(_)_
4,260,000
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l JULIAN TIRON & STaulL
I ADDITIONAL CAPITAL INVESTMENT
FOR STEELMAKING
l 250,000 NT Continucus Cast Zilletis
COST
U.S. P
D+ OXYGEN PLANT
Building 150,000
I 70 T/Day Oxygen Plant 1,300,000
1,450,000
I 6. ELECTRICAL
230 KV Substetion Addition - _ 10,000
13.8 KV Feeders to Dept. Substations 59,000
l Dept. Substations | 155,000
Miscellaneous | 205,000
- 7. MISCSLLANZEOUS
1 - Trackmobile 10,000
! 2 - RR Cars @ 20,000 | 40,000
1l - Ferk Lift Truck 2g, 000
1l - Payloader 20, 000
I 2 - Dump Rrucks @ 15,000 32,000
Material Haadling & Storage Equipment 25,000
Pirs for Air, Op, steam, etc. 200, C00
Additioral Machine Shop & Repair Equipment 100,000
l Laboratory Equipment 50,000
I 495,000
Total 11,271,000
l 8. FREIGHT - R 500,000
0. CONTINGENCIES 600,000
' 10. ENGINEERING % SUPERVISION . =~ 1,000,000
I TOT AL 13,371,000

(|
0
\O
J
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