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THE APPLICATION OF MODERN TECHNICAL

WBUSTRY TO DEVELOPING COUNTRIES STLEL 61,1963/
Technical Paper/B.8

1130 NOVEMBER 9083 26 Septesber 1963
Original: ENGLISH

" The Corporueion Venusolana de Guayana (CVG) has converted its number nime
electric smelting furnace to a new iron-making process = Strategic~ldy, Koppers
Company, Inc, hus made the conversion which is expected to double the rated
capacity of the furnace by the asddition of o rotary kilm and by modifications to
the furnace roof and feeding mechanism,

The rotary kiln, 107 meters long, supplies hot, partially reduced
material to am electric furnace where smelting {s completed in an open bath
heated by slag resistance between self=baking electrodes, ’

The Strategic-Udy smelter, which was started up in iarch, 1963, uses E1 Imo
and Cerro Bolivar ore fines, These fines are screenmed out during sizing of these
ores for the eight comventional eleetriec furnuce smelters at the plant, The
Strategiec~Udy operation employs, as a reductant, non-coking Naricual coal
from Northern Venesuela, Fluxes are of domestic origin. |

Froblems associated with the matericl hondling systems have prevented the
operation of <he unit at its rated capceity (40C tons per day). iodifications
are being made to the materinl handling system, ond, when these changes
are satisfactorily completed, there is every expectation that the plant will
operate et its designed capaecity,
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ANEEQRUCTION

The world's first commercial application of a unique iron-meking process ==
Strategic~Udy «~ became o reality in mid=aarch, 1963, at .atanzas in Venesuela,

The Orinoco Steel Plant of Corporscion Venesclopn de Guayane (CVG) was
designed to smelt iron ores in nine 33,000 KVi uubmergod-o{c eleotrio furnaces,
Early in 1960, Strategic .atericls Corporation proposed the conversion of one
of the nine electric furnaees to n new process for making iron = The Strategie-
Udy Process,

sodification of the furnace and installotion of the kiln started in June of
1962, and first power was applied to the electric furnace in mareh, 1963,

While normal electricel and mechanical start-up difficulties were encountered
during initiad operation, these problems were aggravated by difficulties in getting
the raw material to the kiln; and heated, reduced sinter from the kiln to the
furnace using the existing telpher system,

Ir the normel course of events, operations would have been suspended in May

or June and necessary plant modificntions made, However, the Latin imericen Irom
apd Steel Institute was having its fourth meeting in Vencvszuela in early July,

and arrongements hed been made for o visit to the Orimoco Steel Piant., It vas,
therefore, decided to continue operation of the Strategic-Udy smelter, and
because of this, only temporery repairs were made,

Operations were suspended in mid=July and the nccessary modifications are
being made to the plont and equipment to insure optimum operating conditions,

All of the repuirs und changes to existing faeilities should L. completed
early in the nev year, and full information on the technical and sconomic
operation of the Strategic-ldy Process will be then available, '

The Strategie~Udy Process does not involve new chemistry, (1 & 2), On the
contrary, it gives better control over the nld chemistry aund increases efficiency
by combining standard equipment with improved operating techniques, This new
combination hus the cdvantoge of much wider lntitudes in the size and quality

of row muterials than is posgible with conventional proceases,

n speeially adepted rotary kiln is combined with a specially designed
eleetric furnace,  Jith this combination of equipment, the functions ordinarily
pertformed in the steek of the convention:l blust furnace are now done in the

rotery kiln,
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These functions includé drying and heating of the ore, reduction of the
irom ore to s n‘aixtun cf metallie iron and lower oxides of irom, and the calcining
of limestone, By the substitution of coal for coke the use of a icss expensive
form of carbon in possible, Furthermore, the volatile matter of the coal supplies
a substantial portion of the heat requirements of the kiln, The kiln also
provides a mixing action which is not obtained in the conventional processes,
thereby creating sn opportunity for intimate contact ~f the raw materials, “hen
ecoals of high volatile comtent are used, it is neccssavy to denign the kiln to
effect and control the gradual relesse of the heat of the volatile matter along
the length of the kiln, (3) '

In the Strategic~Udy Process, the eleetrodes of the sselting furnace are
slightly immersed in the slag, thereby generating r major part of the heat by
slag resistance, The functions which Vele.plage_in the hearth of the blast
furnsce in conventional operation; namely, the final reduction of iron oxides %o
iron, the melting and separntion of metal and slag, and the removal of impurities
from the metal, are all done in the electric furnace,

It will bc recalled that submerged=arc electric furnace operation requires
the electrodes to be deeply submerged in carcfully-sized charge matesriely -
Strategic-Udy, by contragt, operates vith an "cpen bath", wvhich permits the free
escape of gasca formed during the finel reduction to iron. As o result, the
Strategie-Udy Process possesses two major advantages: first, it permits the
use of fine-sized raw materials; second, it permits the continusl charging into
the furnace of materinl with a relatively high percentage of metallization,

The latter advepgtage results in greater production of iron with much lower
expenditure of power and corresponding cost reductions, Further, electriec power
consumption foliows 2 smooth, efficient pattern,

The open bath teehnique used in the Stravegie-lidy irocess aiso permits
opert.xtion with closely conirolled amounts of carbon reductant, tius increasing
the precision with which the carbon and silicon content of the pig iron is
maintained. This will insure quality control of the iron produced by this method
and is another advantage of Strategic-Udy over conventional processes,

The separation of iron-making into two steps — kiln and furnace -- provides
on additional opportunity to reduce the amount of phosphorous or sulfur in the
metal, The sulfur is naertially oxidized and removed from the kiln as a yges and &

portion of the phosphorous is also removed,
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From 1955 to date, more than 5C different types of iron ore have been
smelted in the Strategic-Udy pilot plant at Niagara Falls, Canada., “hile many
of these have been low= or of"=grade ores, far inferior to the Venezuelan ores,
the versatility of the proces: makes possible the econemic recovery of their
metal values, This feature is vital to those countries which are not as fortunate
as Venezuela i{n having an abundance of high=grade irom ores,

In 1961, a major step forward was made when the semi~commercinl smelting
plant wos brought into operation at Ni agara Fills, Ontario, During a preliminery
iron smelting campaign & 1 to 2% silicon foundry iron was produced for 1227 X'H
per ton, (4), This plant later sawitehed to the production of charge grade ferro
chromium from chemical grade chrome ore, (5),

The operation in Vemezueln is the final step in the translation of Dr, sarvin
Udy's original idens to full scale commereisnl prietice,

The Strategic«ldy Instellation nt the (rinoeo Steel .lant consiats of &
rotary kiln ond a modified eleetric furnace, The number nime furnace was selected

as the unit to be eonvertod beenuse of its location at the end of tho smelter
building,

The rotary kiln has = length of 107 metors and en inside diometer of 3,33
meters, reduced to a working diamcter of 3,05 meters by the thickness of the brieck

lining, This kiln is eapable of processing sufficient raw moterials to produce
400 tons per day of hot metal from the furnace,

Cre, coal, and fluxes are transported by conveyor belts to five feed bine in
four head houses loented aiong and above the kiln, ‘recisely controlled quantities
of muterinl nre metered by weigh belts into troughs and introduced into the kiln

by means of scoops, The mixture of ore and flux is ted inte the upper section

of the kiln., Conl is introduced at four iocations downstream of the ore feed,

Eleven foreed-nir fens, spaced »long the kiln, govern the quantity of nir

introduced and thus control the raote and loeation of combuation, Filn temperature

is critienl to successfui operetion,

The major portion of the heot requirement for the kiln eomes from two sourees:

the combustion of voiotite matter from the conl, and ecarbon momoxide from the

coduction of the jron oxide, supplementary heat at the present time comes from
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combustion ol #b fucl o0il at the discherge ond of the kiln., Vhen furnace gas,
now being flered, is recovered, it will bec used instead of oil,

At Phe upper end of the kiln, directly after the dust chamber, is a fan
eapable of exhausting 125,00C cubic feet of guses per minute ot 260 degreos
Contigrade, This fan provides draft control for the kiln amd removes the products
of combustion,

Rew material flow, nir oressures, temperatures, fuel feed, and speed
of rotation of the wlln are autometicnlily controlled from s centrully located
poanel at the discharge ond of the kiln,

The hot, particliy metallized, material from the kiln s tronsferred
to the smelting furnacc by o high specd telpher system using brick—~insulated
buckets with n eapacity of threc tons per trip, The weight and chemical analysis
of materinl chorged to the furnace jis vitel tc qunlity control, Therefore, a
acole ear weighes the materinl ot the discharge end oy the kiln and samples are
%uoken before tronsfer to the telpher system, The telpher car delivers the hot
sinter to surge hoppers shove the smelting furnace, The pneumatienlly operated
outlet gates of these hoppera spen automativally ~— delivering the charge material
into the furnace in ¢ uniform pattern, Throughout this operation, thermal losses
are kept to a minimum,

Jhysical changes to the originel furnace are few but of mejor signifieance,
The most nnticeable modification hins becn in the roof structure, It is nov s
f1-t, suspended roof made of basic brick rather than archced nlumina brick, This
permits operation at higher roof temperaturrs,

The insid~ di.meter of the furnaee is 11,38 meters, and the inside height

from hwcarth to the underside of the roof is 4,93 meters, The standard furnace
vas modified by the instoallation of a cinder noteh which is essential to the
operntion, The iron noteh and the cinder notch nre ©,61 and 1,22 metors
respectively nbove the hearth bottom., Llectredes are the self-boking type,
1.5 meters in diameter, and spaced two meters spart, fnce-to=fuece. They are
identical in sizc and comoosition with those uscd 'n the other eight furnaces,
Tt is anticipated thet the mavximum ¢leetricri lond for this furnace witl be
22,000 57,

1he charge meterinl fulls orto the bonk of fused are nnd siag which has

bpuilt up into o protcetive crueible around the furnace walls, It slides down
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into the high tenperature smelting zone surrounding the eloctrodes where very
rapid —eduction to molten iron and alag ensues,

The absence of side~thrust on the self-baking elnctrodes, o foature of the
Strotegic=Udy tochnique, ir . major edvantage, It mininizes electrode breskage
wvhich would interrupt operation and inecur additional expense,

The turnace operates normally on a six hour tap~to=tap eyclc providing
100 tons of hot metal for the ovem hcarth or pig costing machinc, Fecd i#
continuous during tapping, Slag is tapped os necessary to maintain the optimum
resistanec loyer above the metal, Furnaee offe-gos is presently flared through
an auxiliary stoek, It will eventuclly be eooled and clcaned for use as
supplementary fuel in the gemeral plant systom,

BAEY Overations

All of the orc used to date hos been fine meterinl, screened out during
the sizing of th. feed for the other eight furnaces, These fines were used
withous agglomecration or other preparation,

In this initinl phese of oneration, both U1 Pao and Cerro Boliver fines
have been used, (See Table 1),

There is iittle difference in chemiccl composition of the éerro Boliver
fines and lump ore, The Ll oo fines, however, contain subatantially more
gengue matorial (and hence less irom) then lump ore, In addition, the El rao
fines have been more “arisble $n analysis,

Imported conl was used for initial starteup operations, pending the
availability of Venesuelan enn) from the Nericusl mine, Nariecual coal, when
received, was introduced into the opcration, A major objoctive of the viatanzes
installetion im the use of 10C/ domestic eonl,
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TABLE ]
Ei, £A0 CER30 BOLIVAR
ANBD Eigea* AURD Einsa*
Fe 61,95=65,00 46,74~52,42 88 ,00=61,5C 59,08
Sie i X I;OC" 1.43 4.19‘- 8.06 0.‘5‘ 1.43 1§3§
ALLD #1140 | , ,

277 2,00= 4,68 3,32= 5,94 0,74= 1,92 2.54
moisture 1.30" 5.9‘8 362{)' 6,00 56®- 9&33 ’ Btig
*  Usped by Strategie-Udy
+3/4 0,0 ¢,00
«3/4 + 3/8 0,0 0,00
"3;‘{8 + 4 9,0 €400
-4 4 8 16,0 0,"
oi & 16 17,0 C.40
«16 + 30 18,0 3,40
-30 4+ 50 17,0 2,64
=100 ¢ 200 7.3 o 100 66,34
«200 5.5

* Used by Strategie~Udy

Table I1 shows typical enalyses of the imported and the Neriousl eoal,
end clso shows the difference betwoen the selected seom cval from the Narfeusl
mine, and the run=ofetho-mine == conl actually being employed in the process,

The flux matericls used in the process== }imcstone, dolomite, and

silica pebbles == are cll aveilable in enstern Vemezuela,

e
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. Py h ]

NMericual Conl Imported Coal

Selected Seam Run of idne
Fixed Carbon . 49,87 - 42,50-38,99 62,6464 ,07
Volatile iintter 46,05 43,32-44,40 26,61-27,82
Ash 4,08 ‘ 14,18«16,61 8.11«10,75
Sulfur 2,00 2,00= 3,00 0,70
wolsture 10m12 9
: % = A %W%Qﬁ (. ajor Constituents Only)

Fo 0, R L ¢ 21,60 15.64
810, 18.3 42,11 48,19
Ca0 8,22 3,76 1,24
A1203 22,47 22,32 32,67
g0 3,66 4,66 0,00
Fusion soint °C 1120 1100 . 1450
Seexratdons to Dotc

any discuszion of the operations to datc must of necessity coneccrn itself
with the problems which have prevented the unit from operating st its rated
copneity and the monner in which these problems will be overeome,

The problems encountered in thc operntion of the “trategie=Udy plant at
wmotanzas have had mothing to do with the metallurgy of the process itself w=
only with the functioning of the mcchanical nnd electrieal cquipment, Some were
cxpericnecd in the existing smelter plant, ond others in the raw moterial handling
system,

Toble IT winieh iltustretes the tyvical unulysis of the Nearicual coanls
shows that there is o marked differenc.: between the run=of=theemine and the
scleeted seam eoc i, The major piobiem encountered in handling this coal resulted
from the moisture contint ecombincd with the cl-y contunt of the nsh which caused
it to compeet vendiiy,  [he scelected scan eond or the other hend, has o much
Tover ash ecenteni cad is fows suscentible to comvacting when wet., Then the
cont roeehed the storoo nins it compactcd and bridged neross, conscquently,

Poodineg boemne difieul ond ot tines iomessibic,
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There are verious possible soiutions to the problem: Wnshing ot the minc,
heating and drying at the smelter, or rodesigning the hins and caterinl hondling
systom so ns to moke the materiel low, TLis is o highly velatile conl, which
tends to spontancously ignite if huoted ond dried == thercfore the nceessery
mcehanical changes arc being made to permit the meterial to flow cuasily from
the bins, This c¢ntcils relining the bins to give o stceper slope ond providiang
o new type of feeder et the outlet which will handle this vet and sticky material,

Similar problems werc encountered with the iron ore fines, During the
ruiny scoson, the stockpile becomes very wet nnd becousc the ore is not trented
in either the sinter plont or the drier it is hard to feod from the bins,

The iron ore bina are being modified in o manncr similar to the coel bins
clthough at present it is felt thet no ehanges will be required in the focders,

The intermittent operation of the kiln and furnnec due to feeding
problems hos resulted in cxceasive wear on the refractery, The furncec roofl is
constructed from suspended vesic refractorices and the resistanee of these ree
fractories to veriations in temperature is »light, Normnlly, onee the furnaec
is operating ot its dcsigned power locding, there is very 1ittle change in the
temperature within the furncec and o reasonable roofl life onn be cxpoeetud, ot
Niagere Folls in smel.ing chrome orcs to produce cherge grade forroenrome, the
roof wns found to be¢ in excellent condition when the {urnoce wis shut down
after almost one year of continuous oserction, This condition provai’s dempite
the faet that tihe furnaoce eperctes nt o temperaturce nbout 200%n higher vhen
smelting chrome ores then it does when smclting iron orep, liowever, ut .intensns
wide vorictions in temperature within the furnarc were experienecd for the
reasons outlined ocbove and as a result scvere spulling occurred in the delta
zone of the roof, ond this seetion had to be replased,

The design of the kiln nose brick wos hascd upon that used in other
comriercicl kiln operations and nroved unsctisfoctory in practice, resulting in
n loss of brick, The nose ring brick design hos been altered to obviote thia
problem and o new nosc ring installed,

The seale car and teljher gystem usced to supply the furnnce is the sae in
design and construction ns thet used on the other furnnces and while it appoars
ndequate b this time, it is being modiricd to nssurce continuity of operstion

ot the inercascd tennages to be handled when tuce olnnt i8 operating ot its

& T ey e e
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design capacity., This is importent sincce the balancing of power input against
naterial fced is one of the key controls in the process,

Ir conclusion the initial operations of {he Stretegic~Udy plant at
iatanzas showed that bhecuuse of the moisture content of both the coal and the
ore and nlso tic high clay content of the ccal difficulties arose in the materisls
handling system, and as a result insuificient materiel was charged to the system
to permit operation at the rated cepacity,

wodifications to plant and equipment are novw being made to permit these
materials to be handled recdily irresneetive of the vhyeical condition, and
within u few months the plant should hc operating at or above its designed

capacity,
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