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Sestezn ‘ustrsiian Covernment, undertakings have boes givem that in
sddition to the installations required te sxport izom ove the
sospantes will 47 ;zactissble, cstablish sseondary processing plamts
within appreximately tem years. Ir the cuse of ome company,
sdditions] upgrading of bemeficlated ove is %o teke ;lace by the
nineteentk ysar, anl in the ease of the tes ==jor companics ilategrated
steel works ave to be sstsblished within «p remimstely twenmty five
YeuTSe

Seeondary vrocessimg to the sxtent of jelistising is te
be undertaken se the initisl dewelopment by the remeiring twe eompanies.

- Proceesimg beyond pelletising cam take place through s
 variety of procsoses. In the first plece, shere an integrated steel-
vorks with a espacity of 1 million toms per year er nere o being
considered, the blsst furpace hes smed to recosmend it, The high
capital cost of the blast fummece inmstallation con be bulamced against
the very low operating cest. The saln disadvemtase =8 far =8 Teetern
iustralia i3 converned is thet suitable coke or coking cosl would hewe

to be inported, presumsbly from meensland or New [outh Vales. This
 moed not be unduly expensive if the sesle of epemstisns is large emough.
dines sud ports developed for the exyort of coking ceal to Jepam sould
serve slsv for ide shipment of the requirements of = second Festewn

The question of when and how mueh capscity com be imstalled

far the furiber provessing of ivom ore depenis wery mmeh on the
possibliity of selling the ssterisl sroducel, oither on the home mrket
or cverssas, or both. i3 pointed oul above, shere a mebetantial cro-
duetion (either in pis izom or steel) is undiovbaken, the blast furmsee
in ita scderm highly developed form would ;7obsbly be the logisal
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Howsver, where estimstes of potential m-rkets are not
sufficlent to su;port an imitial wndertaking of blast lurmeee
asgnitade, there are & lorge mmber of ;rosesses, developed to o
grester or lesser degree, for tresting ives ove %o pyeoduse a wide
mcmmw/ize;:d—ummmw
sartially seduced to setallie iren. These meterials will wually
be sudtable either for sule us s substitute for stesl serap, or
for further proceesing on the site to mormal stesl products. Some
may be saleable as s "supsr” blast fummece feed, =nd small cuantities
may finé s market for ether minor moetsllursiscal surpoves.

There ste two nain polate of differenee betueen blast
furmsces and the varfous izeet roduction processss that are parbio-
ulerly relevant in the Westems iustrslimn comext. Yirstly, the
size of the individual profuction unite is smuch smaller in the cese
of the direct reduction jrosusses. feoresie  roduotion is jossible
at a msch smaller rate thon s eingle blast furnece and fluetustioss
in dessnd cem be move ssomomicslly met by adjusting She mumber of
parallel wiite in produstion. Capitel costs aze alse less then the
blast furmase with its complex suxilisries. Sesendly, coking seal
is pot mececesuny, and ir sany proeesses there is =0 regq Lremsmt for
50134 vedueing agent ot all.

in many ways ~ by reductant, by type of predust, by type of equipment
used, by degres of development ste. The shasscteristios of some of
the better known ;roecsses srve set cut in the stSashed table.

| In the sester: iustralian cemtext it is worth cxamining
fusl. In the ovent of the guantily of g availsble being lisited
the precesses using seme slectricity or earbonacesus meterial (not
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nocesearily coke) with metural gss will be of intereet and are also
disouseed in soss detall belows

The processes using natural gas sleme fall dnto two matn
grouss - those procsssing fine ore (either consentrates or fines
screensd from high ;rade lump ore, sad those proeeesing goarse meterial
- either lumps or pelletized fine ore or concentrates.

mmmﬁmmm
temperatures must be kept low to svoid simtering of perticlss im the
bads mwummum(mmm.n
exposure to the atmosphere) even at normal Semperstures. Special
mmmummuaﬁanhuw
forn of processing in an imert stmosphore mast be adopted where the
ssterial is to be stored spd tramsported, The H-Iven and Zsso-littls
ave typical rrecesses im this group. Because mone of the gsngme
for these precesses.

“here coarse materisl is handled, 1t is vemsl to pass the
roducing gases through fized beds of irem ove in shaft furnaces or
reastors. The Hejulsta y Lanmine precess huz beem cosrercial im Hexico
under conditions semewhat similar to these shich would prevail im
Vesters iustralias given s good supply of matural gas. The Cerman
Purei'er process, which has opernted at 25 Gep.d. pilet sesle, uses a
shaflt furnage for reduction vather than the bateh resctors of the Iyl
process. The Finsider (1) process uses natursl ges and a rotary kils
to effeet reduction of pellete. The Yadares process is snother which
can be included in this group. Becsuse of the higher temperstures snd
coarser particle sizes used, trowble with ;yrovhorieity of ;roducts is
much less common with this group of processes then those using [imes.
Mum.dhhw"hfmd“ﬁh“fu
osteel making in an adjecent plant additions]l expense will be incurved
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in melting the material before o product compezable %o blast furmace
hot metal is obtained. The Jet smelting proccss, at present
doveloped at bench scols enly, burme msgmetite, oxygen snd methane to
produse selten iren and slag, snd would be theoretiselly prefersble
the lurgl shere vioh ore i redused by ss in u contaimer heated
elestrically. The R-F process uses coke bresse or chax for purtial
roluotion in & mobezy kiln heated by gus. Lover cnde ores can be
soed with magnetie comcemtrstion of the kilm product to remove the
gengoe. There sxe cther kiln processos ueing a colid reluctant in
vhieh mstuzal gas oould be the prinsipal fuel. Some of thess produce
solten metal in the kiln which could be used direet for stesl making.

roducts of divest redustion proccsses, if selid, are
suitable fer use s & substitube for part o 31l of the stesl serap
in an sleetric or epem hearth steelacking furmoe or a8 = coolamt in
converter type steelmsking yrocosses lor which sere: is rorsally used.
The material hes two advanteges over serap im that 1t would be free
of the substantial variations in price which ocour from time to time
in the sexap tyads, and also of the 2lememts such =8 srsenic, nickel,
ehzoutun, copper and tim which tend to sccumuilate as scrap is recyeled,
eventually reachins such proportions as $¢ limid the prepostion of
certain types of sexap (partisularly of motor wehiele origin) used in
namﬁmmmmmm
uwmm“am(sﬁém)mm »
blost fwrnece as o substitute for part of the drem ove im the bumden.
This has nivanbages where the partially reduced feed is produced without
the consusption of coking vosl, snd the sutyut of hot metal frem the
fuxnece is imcreased with respeet to the oversll suantity of
setalluxgicsl coke wsed. Products of direet reductien processes im
Festern justzalis might find s vea’ier mavket in this form tham -s more
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bighly reduced msterial suitsble for use =8 & eubstitute for steel
screr.

ie pointed cus sbove, in some of the dfzwet reduetion
srocesses molten meta) is produced #irect from o retary kilm.
However, in moat gsses where the end produet of o iirect reduction
sroccss is molten metal, the process used 15 hesically eme of
sTe-redustion in & rotazy kilm, weuwally with solid reductant,
followsd by smelting «nd slag sepsrstion i an slectele furnsee.

In the sheence of discoveries of suitably leeated
suppiles of reductants and souress of eleciwric enewyy, conditiocns
in oetern susiraiia seem unliikely to faveur this type of process.
stage 1o offer some prospoet of belng adewuste %o suprort an frem
ore processing induotzy. (see seotion "loeal Supplies of Hatural
Gas” below). Howevew, it is yossidle thet rescuzces may mot live
up %o present expectations snd unforeseen #iffioulties arice im
the transsission of gss ‘vou Berwow Izland to suitable plsnt sites
on the mainlsnde
to be brought in if en industxy is %o be ectablished. This will
aireot redustion procesces «né favour s later larcer development
mq;sw'mm»éﬁm“mwmd

mammwdﬂhummdw
dwm.mmammmmrwmj.

. Wdﬁnmﬂﬂmd“ﬁww

cﬁmnnmmmwm“maym
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day, plue 0.5 million eubic feet {or electricity gemerution to carzy
the precoss threuzh to steel production.

tatimates of cost prersred st this time suggested that
Barsow Tsland mstural gne would =t least be Scmpetittve with fusl
il lapded at a suitable plant site.

It is mow obvicus that reserves of notural gas required
for such = plant would have to come fyom the Jurassie sandstons
reserveirs pemetrsted by Darrow Island fes. 1 to 3 wells. Fe
relisble estimste of gas reserves hes been made to date but it is
mwumwuacwtmm)e
the exder of 100 billien cuble feet - seovemsble. At the envisaged
rate of comsum:tion of 10.5 million cubie fest per day, these reserves
would last over 25 years.

Howaver, it should be moted that in some of the .greements,
an integrated steelworks with capeeity of 1 milliom toms per year is
montioned, and this represemts am operation seme [ive or six times
SOECLUZIOR

There are formidable teclmo-cconoaic problems te be
reselved when consideration is being given t0 ths type of slant that
might be imstalled in Yestemn Austealia in sstisfaction of the under-
takings given in the vuricus Irem Ore Amyeesents. 7The size of market
sveilable to varicus types of produet will hove %o be comsidered in
the context of the processes available to Sreat the available raw
asterials sith svalleble sources of emergy and reductant. Some or all
of thease latter muterials may have to be imported, 1hds will introduee
further variables of lecal freight rates from vericus possidble scuress
of materizls of verying value to the poseidble processes. The yelative
efficiencies of the various technically prastieal processes will alse
have to be comsidered.

It nay be that thexe is scope for a variety of proccsses
producing different products for varicus mwrkets. For exasple,
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mnhmbuWﬂmmhmm
‘mmmmm

mmunmummsmau
subject of o musber of narket imvestismtiens, beehuscal ani ecenmcmic
feasibility studies, ete., as the years go by. Ume fsctor which hus
mummwmmmwuwﬁma
mmwdwuwma-mm
considerition of these furthor proceseing ;mjecte.

 The assistancs of the Potzolenm Techmolezy Section in
the provision of imformstion on Sarpow Ialand Batural Gas resourses
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’% pure hJﬂ'r*

200 & 500 tpd.

Second 500 tpd plant t:.s.xir:u:z of 20%

projected, also in
laxico.

& invh.

noncxide mixture

med by catalytic steam

ing of natural gas.
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Furnace - Sub
for part of a.n:gw
scrap charge

Operating temperzture

H-Iron Large Scale rys finoly w d¥en Powdor. High grade ens Generated Tempe 1000 F Precsurs 500 pes.i. No improvement
Pilet Plants high grads izem - YMay conta:m betwoen  substitube ""by Periial o::z.‘.:.tl on of in grade by eliminagtion of gangue minsrals.
(50 and 110 tons ore (usually N6H & 9C% Fe. Dogree  scrap in 3. k8 cven or natural gas and A batch-processe. -3 Stage fluidized bed.
) per day) concontrates ), w8 Nog Reduction is Steelnalking Turlpass wWater pas shifi reaction.
Free of S. andiBe [ @emtrollable Also as iron paM
1il11 Sczle alse | Ea¥bon Free for powder K‘Gt&k
ugad. b i 11‘:":-*{. -
-Yadaras Pilot Plant Small lurps oBEE T Seliniziure of hydrogen and Baich Progess in Vertical reiorb. .Le"n.lcOOO'“
pellets of im j mm monoxids. Pressure 30 p.s.is pulsating 21 times per minute
_— ‘ " o eliminstion of gangue 'ﬂ’ﬂ*v'als.
Wiberg-Sodsrfors Commercial in 80% total i nixture of carbon A continuous process in g verdical shaft furnace
i Swaden Ofmetallic memexide and hydrogen. Units have 27 Z;cn/é.;,y capacity. Spent gas
(150,000 tons/yae.r) ced from cclte in recirculated through water gas produser.
gleéstric arc heated Max. tomperaturo 1006C. Pressure slighily sbove
producer. aumosn.‘aric.

Strategic-Udy Pilot Plant. Fines, low ons ract 4o Second furnace Cambonaceous reducing agents  Ore plus reductent end flux may be passod through
Commercial plants  ore, titanirercus | "ﬁco-i.ric furnace required for s “Colee breezs, awuthracite a direct fired rotas ary kiln wheze thore iz no
being considered. ore eic. D eherc piz iron production. £imee, churs, eice attempt at complste s-wcuion - cmphasis on fres

% s produced 1_21703 - | i .flc-.v@of matexrial through kiln. Exit temperature
~ Mzc of "Open 170077,
| ame type'.
W A kT

Kzrupp-Eenn Commercial in Low grade, hj_“ , qmov onodules If ore low in aceous reducing agent, = High Tinal temporature of 2280°F resulis in pasty
Cermany (2 plants) silica ores.” "' . " oL g7 roduced Fo. and P luppen m in excesse. Gas, cil, slt,,g in which "luppen"” form. Luppen pick up
Spain and Japan kol s, m from quonched be used steelm ﬁlvenzed coal heating S and P from reductant and ore, S0 these must

D ;1 ﬁq by crushing end High S end P 1S ¥iln at discharge end. be low, :
i tlc seperatlon, used for blasg
SZ ing recircula~ furnace feed
Stelling Pilot Plant in Hematite conca yballic iron high n monoxids. roduetion $o
Swedsn. trates. : idized bed a.";
'L:I;'.J is rémoved o2
heated o 11 4
watallic iron,
-

R-F (Ropublic Pilot Plant in Claimed s"""“.h!; fatcd by crushing High Gra Sﬂid Carbonaceous Material Several times the roquirscd quantity of Carbon used,

Steel-Hational U.S.A. for g wide "ﬂ;@ g oo omotic bearth or ele {'(€eke breezec, anthracite fines) and recireulated. Terperature in Eiln 1800°F to

Lead) of iron contuat, iipdr xtion Two furaace. | miEed with limestone. Kiln 2000°F. 'Precess continucus in a rotary kiln,

P end S conten® 1 pwo@uctiss Tolal Fo ﬂ*ﬁas or 0il fired. counter current fired, and f tted with air jets
can be eon prolls‘p “‘T‘f” 5% Low gra [ along length of kiln for contrel of temperature.
Size = 1 inch ¢ ¥ | |Meksllic Fo 90% furnzca. ,z'j,z
20 mesh, ‘: M i
| Silfc. &%
g “'f‘k&@eﬁ’:ed. v
B ‘ o

Xalling Pilot Plant in Finely crushed Gmtam 14 C bo.q Xenya plax Mdo%ble excess of Continuous process in rotary furnace sir
Swaden, sinter dw(rng‘t** ;- 35_95, Reducti used fo m breeze introduced via a co Ta::ﬂ 'o“oe. Temperaturs at
10,000 t p year or hematite. B . obtaincd. precipi reduction zone 1920-2010°F., P and 8 are pilcked
Plant in Kenya now Cangue to have ;j‘ L i Scrap iron ¢ up by the producte Operales at atmospheric
idle. high melting s (e ve imported c prossure.

point. £ _’_;_ i

Hy. Commercial in High grads lump Spenge iron 85% Charged hot iv ;Wir’\ ing by hot oxidise Batch process in fired bed reactors through which

lexico ore, pellets, reduccd. Electric Stee g s —eduction by hydrogen~ +the gases are blo'.‘.. 5 roactors, each 15 tons
-3

(%3
CO0 P pressure au..o.,yl.e;:».c.




Nams of Process Status Fead Uge Redus_-.f’ Lgent Doscription of Procoss & Remarke
Horrg_né o Tunnel - Commercial in Hig us spenge iron Swoden - used £d charcoel mived with Ore, flux, roductant nixtuee plaoed in "Seggera¥
il 4 Sweden and U.S. sinter steel moking in d oxe. Xiln heated and heated in o tumel kilm - Process simplo and
clestric furnacal B by eombustion of €O religble, but ineificient and low ca'oaf’iuy.
Bed, Low capltal cost for unmaohanizOd plant.
] Tempsraturs about 2100 |
Freeman Cne Pilct Plany -~ Pellotized® iron pellets carbon reductant added Concurrent fircd kiin. Execess gcke, sponge 24
' in Canades < =~  preferablys reducad. ) and lime residuc coparated at discharge end. |
33" x 4* kiln. grade. p Claimad that sticking and ring formation in
kiln avoided by fi r% method used, |
& |
e ‘
Dwight-Lloyd Pilot plant fiten pig iron. ade coke used in sinter 50-70% pre-: tm%ﬁ )Ollots obtained on ‘
lloWane : : Product charged to sintering machine. fFimal r&&uction, melting, ‘
rged are eleciric and slag separationlg |
conventional e;.&ctri.ﬁ‘ ‘
|
Ox-Cazx, Pilotplent U.S. ten pig iron- duction of hot pellets 75§ pre-rcductiocn oF D i
Sarbone rotary kiln hoated by kiln, Final reducti@ ;
1Ce ZaB8e8.e processe 170C-1500°E i
coal fines reduction kiln. ' j
pelletizing |
bglling dug 7 : ‘
Fu~Iron Pilot Plant Fine oxe _ $¥cn powdsT b“‘iqus'b- ydrogen reducing gas. Ore prcheaiod to 16C000F, zeduced in two ciege
{2 tons/day) (=10 mesh) B whon hot gas for heating. fluidized bed roactobyfirst to Fe0 then to Fo.
200 tpd plant - 3 - 95;’%; ::ec‘mcec},. 90% raduction obta , Cperating conditions
has been designed. 1300°F 15-25 pes.i. pressuze. |
Gost of Hydrogen e
rincipal difficulty. i sy o
P P ¥ - 5 JI
Beso Besearch-Little  Pilot Plant. Oro refing ing gas is a mirture of  Throe stag fluld_zaﬁ’ﬁd reduction — first to

Dgen, carbon nconoxlde
itrogen. Yabural gas
i1 for besting, en
ping ges mmu&.ﬂf"uuze.

ds to Fee i‘empara.tm
atmospheres. ©5%
ucing gsa not recycled,

Fe0, secmd and *thiﬂﬁ.
1490-1650 P wo-'furq
roduction obtaincd,
but applied {o othez

Read .i’cr z:ﬂla
comm “zamially.

£ ‘il H‘ l

Direct preducticn Oﬁ %1 from suita.ble feed.
Pinichod steol would e@and about twice ths
price of reducsd lrgiEes

{
St salmsk,.ng _hn
Elect#ig & O n;.
hearth’ Fu;r‘nb.ce
as Coplﬂntm..n I

il

Reformed natural «'ati ed threough shaff
furnace, sponge irorkﬁ%gchargpd at bottonm,
cooled in reducing Where before discharze.

o1l S

ion by hydrogen
iced from natural gas.

ﬁ

) E
Rotary kiln procces = gh degres of reduciion
cbtaineds Davslmmsjrxb;,khl ted because of shortaze

LS

of natural gas in I‘&alyi.

e and oxygen.

Masmatite, meothana eﬁﬂ'éky"@n burned tozethsy -
difficulties with oye?*atinb temperatures
and slag attack on ﬂei’ tories.

ic heating with

toelmaking,
ion by methane.

I
Extornally t*"‘:noé reactor with recyecling goces
cooling sponge iron discharged from botiom of
shafi,

Commereial Plant 674 Fo has Can
Dagigned. usede ¥
paration
Ireaucedes
Direot Steol Laboratory Super hizh B pl cheet or rode
consentrateds
Purofor 25 %.p.d. Pilot Ore, Pellotde Iren
Scale in Germany. Preferably W
Brade ;
Pingider {I) Pilot Scale in High Crads Ixcn.
Italy
Jet Smelting. Laborstory Scale High Grad: . Steel.
only. I.;.gzemrco.
Lurgi—Gallwer Eossibly Piloet Lump ore or Irche
gcalo,. Pellets.
Bcheverria Ivop or aggld Iron

20,000 tepoeye
plant in Spain.

ted hematite.

enthracite Tor roe
1, producsr gas for

oy o T o i o e e J o el B S e e o ode 0y A
Bmall diameter shafis e._..::_._.:..l.-u kogted
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