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Cisarcosl was the earliest fuel used in the blast furnace. It has largely beem
superseded by coke for various reasons thus leading to the general belief that there
is mome inherent weakness in charcoal-iron propositions.

It cannot be denied that one of the factors responsible for the decline vas the
depletion of tie forests but it musi be remembered that charcoal burning and blast

; furnace operations vere very inefficient compared with today's methods.

014 charcoal burning methods required 5 to 6 tons of wood to produce s ton of
charcoal while & modern retort needs only 3§ tons. In the days hefore hot blast
and other refinements, 8 tons of charcoal per ton of iron was necessary. Today we
can talk of U.7 and less. an old time charcosl furnace probably required 10 to 20
times as much wood to produce a ton of iron as would be the case today. No vonder
the forestis could not stand it!

Under modern conditions, charcoal can be as economic and efficient as coke for
smeliing iron ore in a standard blast furnace subject only to the provisions of
F adeguate supplies of raw materials. ,

Charcoal iren is still in vogue in various countries of the world. In Russis
an unknown mmber of charcoal blast furnaces are still in operation. Japan produces
some 30,000 tonr of charcoal iron annuslly while Brasil has an integrated iren and
steel industry based on charcoal believed to be in excess of 30C,000 tons annually.
In Sweden, vhich was the main stronghold of charcoal-iron, the method has declined
heeause of comyetition for wood supylies by paper pulp industries. Wundowie, in
Yestern australia, has two furnaces produciny in excess of 30,00C tons anmually.

The feasibility of charcoal~iron propositions cannot be discussed in gemersl
terms but each has to be decided on its merits, having regard to all the local
factors.

It is essentiolly an industry for relatively new and pioneer countries, where
extensive forests, full of waste wood are available either naturally or by cultiva-
tion. In amorice and Brazil, forests are developed to provide wood in perpetuity
for charcoal rroduction while "estern Australia relies on natural resources.
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The Western Australian project vas initiated during the wvar years to supply local
foundries with a vital raw material and to prove the economics of charcoal-iren proe
duction thus paving the way towards a fullescale integrated iron and steel industry.
Its progress can be measured by its successful ard profitable expansion 3 years ago
from a pilot plant to a reasomable commercisl sized operation,

DEVELOPMENT OF THE PROJX

7ostern australia with an ares of 973,920 square miles comprises alaust 3% of
the total Australian continent but has only abous 8% of the total australias pepulatin
of some 11,000,000 concentrated in the temperate lover South-Test,

Up till recently the ecoromy of the State was entirely rural; ite industrial
development having been retarded by its isolation from other centres and ite Beagre
population. The capital city, Perth, is some 1 »300 niles frem ite nearest neighbour
of any magnitude,

Its isolation was brought into prominency during ihe war years vhea dopondense
on long ses hauls for vital rav materials made supplies highly vulnersble.

Panels of business leaders and technical oexperts were set wp during the war to
determine ways and means of producing the more important raw materials locally. Pig
iron and steel supplies were naturally a prime considerstion.

The panel investigating iron and steel was comprised of the Director of Indwstrial
Development, the State uining Engineer, the Government idineralogist, the Professor of
Chemistry of the 7.a. University, the Govermment Geologist, a steel fabricating company
director, the Chief iiechanical Engincer of the Reilvays, and the Utilisasion Officer of
the Forests Department,

One of the major difficulties facing the panel was the question of & suitadle

fuel. Altlough Testern Australis is endowed with vast deposite of high grade irea ore,
it hes no known deposits of sokking coal.

Attention was first directed to other relatively new processes which were dosigned
to circumvent the need for coke in comventional furnaces, but it wvas soen found that
either the new processes were not developed to & commercial scale or that insufficient

information was procurable at that time because of the war to permit the processes to
be e'““t.do




GETEL SYis L1981/
Technical ieper/H.2
page 4

As Toatern austrlic is beavily torested in the Southe7est cormer, the
investigation turned io the possibl> use of charcoal ina conventional blast fummmsec.
The forest is comnrited of 4,.uL,Llu acras of oucalypt herdwood of virtually a single
species in o solid continuour belt on - celr.tively undulating plotean preseniing no
roal spgincering Aifficultics for extraction of timber. The soil is mainly laterite
riakify excellent rcede quite ~heasly. The simber is zll rolatively near to the
coast and populatiuvn centroa. , ,

all natura) eucalvot fcremats contain many troes which are not geod fer sove
niliing and allied industri>s duv to ngo, demage by fire., fallon timber, suppression
or melfornntiz.. ihese hove tondad Yo remain standing in the forest because thoir
removal is costly rnd unceonomic. But they ¢lutter up the forest, impeding regrowih
and evem preventing it; they prcsent scrious fire hasards, and are o source of
infection by providing . haven for insect posts, rot, fungzi, ~tc.

Uver tha pnst 100 years, the sewmilling and allicd industries have heen steadily
cutting these foresis, remuving the best logs, poles and piles nnd leaving the worst.
“"ae liwbrood Irorm these onerations aggroveto the hazards and together with unmillable
‘rees, represent o big economie woaste

The form of the euealypt tree, with its soreading crown necessarily produces
Yorge volumen of branch woud even in good type foreste., This moy amnunt to 30K of
tae standing trons, even in good millable iroes, add to this the poor type trees,
the desd, and ihe 1soless specics and it will Ye evident that up to /0% and may be
more of the wood protuced Ly a natural eucalynt forest is only waste wood.

as the spucies nreosent are particularly resistant to rot, fungi and borers,
vaste wood will lnst {or many vears whel lyine cn the ground, There wes a desperate
need for an industry using veat amocunts of wasie wood to remove the forest debris,
which is otherwiso only doestroyed by periodic hut very damoging bushefires.

Such an industry sovld nccessarily oper up the forest by providing roeds to
exvract the wood leaving it to re-prow unhampered. The roads create natural fire
berriers and would naterially help forest fire control - now an exceedingly difftoult

tas',
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It is estimeted that the forest comtains a conservative 40 toms of waste wood
per acre. In an arec of 1 million acres of forest or a circle of 25 miles radius,
the waste wood amounts to 40,00C,00C tons which in turn would produce 12,000,000
tons of charcoal. Yith a regenmeration cycle of 100 years, an industry producing
120,000 tons of charcoal amnually could be sustained in perpetuity. Vith more
modern methods of transport, a radius of 40 miles is not uneconomic today so that
the soope of the industiry could novr reach s production of 300,00C tons of charcoal
in perpetuity. Vith modern blast furnaces, this amount of charcoal can produce
over 400,000 tons of pig-iron anmmally.

With the fuel problem apparently solved, the panel directed its attemtion teo
the other raw materials required. Soveral large deposits of high grede hematite
were known to exist.

Foremost among these were Xoolyanobbing and Yampi Sound (sec map) each of
wiich was known te contain over 100,00C,000 tons of high grade hematite ore of over
608 motallic content. Koolyanobbing is 300 miles East of Ferth but close to the
East-Vest main roailway line wvhile the deposits at Yampi are islands jusi off the
North-West coast.

Following the usual pettern in the stecl industry, the Fanel decided that the
oro mist be transported to the fuel and to satisfy the haulage prodblems of both
deposits it selected the sea=board site of Bunbury, 100 miles South of Ferth and
connected to the Dast-Vest railway line, as the eventusl location for the integrated
industry. This site had the further advantage of suitable limestone deposits in
close proximity,

It was reslised, however, that to embark on 2 large scale venture during the
war years with all the problems of shortages of materisls and plant and most vital,
sanpover, would be most unwise.

As an interim measure, the panel therefore recommended that a pilot plant be
constructed of sufficient sise to supply the then known requirements of pig iron
(6,000 tons annually) and to provide for some future expansioa. At the same time
it would test out the feasibility and economics of the project,

i i e e i
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accordingly, a decision was taken by the State Governmont tovards the end of
1943 to ercct a blast furnace and ancilliary equipment with an output of 10,000 tons
snpually. For ressons not defined, the site sclected was "undowie 40 miles zast of
Perth, in contrast to the recommended sca=board site of Bunbury.

Probably tks factor influencing the decision was the presemce around ‘fundowie
of easily recoverable limonite deposits in the form of hill top caps, averaging 40
to S0% Pe and amounting to over 1,00C,00C tons. In addition, "undowie is onm the
fringe of the hardwool forest, in an area cut over by sawmillers many times, yet
containing vast quuntities of waste wood estimated io be at least 5C years supply
on the scale proposed. It is adjocent to the main East-Yest railway line and & main
water supply serving tae dry inland sreas. all the requisites of the pilot plant
vere therofore close at hand.

It was decided that the pilot plant should comprise o wood carboniszing plant
capable of producing 10,000 tons of chareoal per annum; o by-product recovery plant,
and a blast-furnace of 10,000 tons annual cepscity.

For the purposes of comparison all cost figures appearing in this paper have
boen converted to present day value in Jdisect proportion to the official basic wage
(lowest wage payable to an adult worker) vhich was £a4.18.1. in 1943 and has increased
in tue intervening period to @al4.17.3. per weck of 4C hcurs. The costs are also
converted to US dollars for ease of evaluation vsing o factor of 2.23 US dollars to
€1 Australian.

The capital cost of the pilot plant was estimated at close to 81,000,000 with
an inocome of $680,00C made up by:

Pig Iron 14,000 tons at $46,3 8465,000
Acotic Acid 480 tons at 3380.0 $183,000
'lood Naphtho 112,000 gals at 39 cents 40,000

$680,000

The annual experditure was estimated at $510,000 leaving an anticipated gross
profit of $170,000 or 25% on sales.

L

e
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The pig iroa cost vas estimated as followss g
labour and supervision 9.8 s;%
Iron Ore 1.88 tons at 3.0 3.6 :
Charcoal C.90 tons at 15.3C 12.2
Limestone 0.23 tons at 3.10 1.2
Pover, services, maintenanse 1.3
Overhead charges 3.0
Relining fund 1.3

TOTAL « ¢ ¢ ¢ ¢ ¢ 6 6 0 s 0000600000 $33.3 ox werhs
compared with the anticipated sales price of §46.3.

Besause of the shortage of materials and labour, the pilet plant vas met
completed until early 1948 when the furnace ves finally blowmeia, By this time o
sawmill o recover all the building timber possible and therebdy provide waste weed
more cheaply, bod been added to the plant. The capital cost of the plant ea com-
pletion had risen steeply to £1,300,000.

In the early years of operations many difficulties were encountered ssialy
resulting fros lack of experience in management and cperationsl staff, aggravated
by inadequate plant in certain vital directions such as bloving eagines and alr
beaters.

These difficulties were summounted by 1933 vhen the plant and labour foree hed
settled down and the pilot plant begas to pay its way withous further fimameial
assistance from the Goverrment.

Its progress was so merked that an expansion programme was imitisted early ia
1957 and completed in late 1938 to bring the plant wp to & commereial seals wnit,
 This was accomplished by the addition of further carboaising plant and & second
blast furnace and ancilliary equipment, bringing the rataicupasity wp to 30,000 tens
of pig iron anmually.

This second stage has proved so successful that investigation is procecding
on the possibility of sdvancing o step further either by the sddition of a thind
tumg'o of 30,000 tons capacity or by the constructicn of & mew integrated plant
at the site originally suggested at Bunbdury.
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DSCRLLTION OF, BlwNT

The plont today consists of - savmill, two entirely different systems of wood
corbonizicn nicnl, o by-product reecvery plant and two blast furnaces with encilliary
equipment., ‘

(n; lood Sogrntions

It ean be 2afely stoted that the ultimate séceeu n? a charecoal~iron ocperation
depercs zliiost entirely nn the availability and thereforc the cost of wood production.

woch investigotion, rescareh and developaent hos gone into this phase of the
operation et fundowic. It will be selfeevident that in o high cost labour ecountry
like suztrrlia wbere n lcbourer earms $35 and the australian average overall workers
is {30 per week of 40 working hours, that cutting wood by hand would be prohibitive,
Th> emphesie has thercfore always buen on mechanization to the fillest extent.

The suealypt foract yiclds irecs with boles up to 30 fect girth and 80 feet
louge limbwood avorages 30% of the totnl weight of the trec, The two main speeies
svailabic in the proximity of “undowio are jarrsh (sucalyptus margincta) and wandeo
(cucalyptus redunea vars elata) both of which are extromely dense, hard and durable.
The evea dry weight of jarrah is 44 lbs per cubic foot while that of wandoo s 63
103 per ebic foot, i.e. denser than water oven in a completely dry stote,

The forest ic worked in threo strges, FPirstly, nll trecs with millable logs
are felled for feed fcr the scwmill where building snd joinery timbors are recovered.
Tho output of ihe swwmill hes not varied from inception at 1,000 cubic feet of sawn
timber per day. Tho woste wood is cuv up by slnasher saws imto foct loengths prior
to uryiny and carbonizing,

Ir the second stoge, dry limbwood from the first stage and dead wood from falles
trees te. ere reecversble after n minimum period of twe years to allow the liub-wood .
te -ir dry,

in the third stage, the remzining siending tirees ar: bulldoszed or felled and
2 ¥evad te dry fur two veors or more beforc Tevoverly as waste wood,

Juth srceeies used rogrow - 2dily frow corpice shoots and if tho irees ere cut
off clor: to tiie grovnd those shoots will develon into good trees, growing more
quickly thon soodlinge s becnuse of the ostablished root systens. Therefora, there is

foeentangeus nalurnt rogonerction of forests in arcas such as the State Torests which

cre net T odne e Yol elecared for farmiug .urpos:s,

@
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In the initicl stages of the plant, the wood required for carbonizing wes in
the form of billets up to 4 feet long and up to 7 inches maximum cross-sectionnl
dimonsions. Trec felling for the sawuill and the preparation of the waste wood
was carried out by mobile circular puwer suws. The logs wore loaded by crane and
the billet wood by hand, on to suitable motor vehicles for transport to the works.

“hen the additionsl corbonizing plont wos installed, the oxtra wood was
reguired to be in 12" lengths ond 7" moximwa cross-sectional dimonsions beccuse
of the feeding orrangement for the new plant, again mobile circular power saws
wera used for cutting, the wood being then hande-split sid loaded into portable
bins of 1.1/4 tons capacity. The latter wore picked up by a rubber-tyred tractor
and tipped intc tip-type motor trucks for conveying to the works,

kventually, this system also became unwiuvldly due to the numbor of cutters
required. as o natter of interest, the output of billet wood per cutter per day
vas 10 tons whilc that of foot wood wos 7 tons.

After further cxperimontation, it was decided that the forest cperations could
only be stabilisod if the wood wos transferred to a cutting uection in the plant
in the largest forn possiblo.

AV an installed cost of 120,000 n waste wood mill wos designed and constructed
to reduce wood from up to 20 foet longths and up to 4 foet diamotcr to small wood
of wp to 12 lengths and a maximum depth of I,

The arrangement of the mill is unique. Logs of varying crossesection and
lengths ore loaded into & U-shaped trough by a tractor logger. The U-shaped trough
is wounted or whocls and is oscillaticd paat circular saws of large diameter. The
logs are pushed forward o predotermined distance by a pusher plate and are cat into
"echooses” no more than 12" thick, The "checses" fall onto a cleatloss raised chain
sonveyor, wvhich carries them on their flats undor o reciprocating vertical splitter.
The forword movement of the "chouso® through tho splittcr is regulated by the specd
of the conveyor in rulation to the speod of the splittor, rosulting in widths of
slicos boing no more than 3", The output of tais mill is greater than 130 tons of
eut wood per 8 hour day. The labour force is only 4 men,

The all-in cost of such wood ready to go intc the corbonizing plant inclusive
of the cost of the standing troe, preliminary cutting, loading on to motor vehiclos,
transport to the ;lant, nilling and copital charges in less than $4 per ton. This
revolutionery method of preparing dry hordwoods to e suitable form for carbonizing
at such a low cost per ton is probebly the biggest single foctor in the succeas of

the venture,
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(b) Charcosl Production
The vlementary composition of dry wood varies 1ittle with tho species. There

is on tho average 48.5% to 50.5% carbon, 6% to 7% hydrogen, 43% to 45% oxygem, the
prineipel constituents being celluloso, lignin and scmi-cellulosc.

The cellulosc content vories between 30% and 63% with an avorago of 45%. On
carbonizetion it gives 1% to 4% scotic acid and tnrs containing only tracas of
phenols oni, of coursc, carbon,

Lignin ropresents the "skin" of the weed which centeins botween 20% and 30% of
it with an overcge of 25%. Its couposition is not well kncwvn but on carbonisation
it yiolds besides corbon, o little ccid, mothanol and ter,

The scrd-cclluloses, 20% to 30% in thoe wood, serve to sgzlemernte the vegetable
fibres. They yicld un carbonization products high in carbon, tar, and traccs of
acid, '

nsh content of wood varies with thoe specics and with tho nature of the soil,
There is more ash in “he bark and in small branchwood than in the trunk. Ash content
will voary up to (.25%.

The mcisture content of burk is usually much higher then wood and barked wood
will dyy foster than unborked weod. Drying rotes are clso proportionate to the sise
of wood which is & very pcor cenductor cf heat., The molsturc in wnod is usually in
oquilibriua with the ntucsphere ot about 157 bosed on the cvondry veight of wood.

If wood is hoated in a closed vesscl and the vopours core condons:d, several
distinet phases oro observed, Bolow 17C°C ~ractically pure hygroscopic water is

released. From 200°C o zartial (ocompesition tclkes ploce yielding o »yrolignoous

product contsining acid but not aleohol, Tovards 250°C « 27¢°C on oxothoraic rosetion

begins and continues withcut incroment of heat from axtornsl sources to 328° - 350°%¢C.
deating must then be resumed to drive off due remaining volatile matter,

Yiclds of products v~ry considerably vith vaeh specics, Lardwoods generally
yield 6 to 8.67% .f acids end softwoods yicld loss than 4%, ..cthonol and ter yields
vary in n similnar nonner.

The pliveicnl quelity of charcosl varies with the density of the wood, the sizo
£ the wood, nad the nctliod of carbonization mpleyed.

Gen.rn1ly soocking, lonse woods will yvield herd densc chercocl while light woods
viold ehore. w1 o licht weight and Lich porcsity.  The yicld of charconl from all

(Vs ol ot s shoub 40 of the ovendry weight,
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Almost without e¢xcoption, suanll wood will yield harder and demser charcoal
than large wood. 7ith sanll wood there is loss tendoncy to burst during carbonie
sation so that shrinkngc cracks are kapt to c minjwuwn, The dimension along the
grain is particularly iuportant os wocd dries and carbonizes quicker nlong the
grain. In foct, somo of the best chercoal mads ot Jundowic has becn from discs
of tree boles no more then 3" thick.

The retorting nrocoss has o large influence on the sizo of the charcoel
produced. With slow carbonizaticn large nicees of wood tend to fracture less than
in fostor wmethods, i.odorn retorts courbonize in under 24 hours so thnt it is
important for the raw material to be cs swall as is cconomically possible. In
sone types of wmodern retorts, thure is also nechanical damnge 40 contond with when
tho charecoal is discharged through grates ond doors.

The chouical quality of chareocl can be closoly contrelled in modern day
retorts. Volatile comtent ruuaining in the churcoal ean be hold at 6% maximun while
absorption by water can be kept tc o oinimum. The fixed carbon is usually betwoen
90 and 95%. |

The distillation of thoe cucslypts used yiclds the following principal
products:

Por cont of ary wood

substance
Chareoal (avorage 10% volatilo matter) 37.10
Non condensible but combustibl: gos 20.45
Fyrolignoous liquor ., d2.4

100.0C

The phyrolignoous liquor which is diluted by the 2%% of free moisutre contained
in ¥w wood has tho following prineipal comstituents expressed ns percentages of
dry wocd substoncc carbonized,

acctic acid 2.80
Tar (soluble & insoluble) 9.70
ilethyl alcoliol 1.65
Other products 4.26
Water from decomposition 24.00

To‘te.l..................o. 420‘5
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(c) Carbopigsticn = Betch Frocoss

In all methods of carbonizstion some external heat must be provided. Wood is
self-carbonizing at 8.5% moisture content if the heat of the charcosl is recovered
and 2.9% if the heat of the charcoal is not recovered. apart from losses from
furnace valls, heat must be provided to reduce the moisture to the self-carbonising
level.

There is o number of different processes in use today for the production of
charcoasl., ‘Tundowie uses two of these processes for an output of 120 tons datily.

Horizontal batch-type tunnel retorts were installed to supply the needs of the
original pilot plant. Under this system, the wood in billet form is hand-stacked
into lattico-type steel conteiners mounted on railway lines. Four containers esch
holding 4} tons of wood st 2%% moisture content based on dry wood substance (d.v.s.)
are connected together and charged to each retort.

The retort is s closed vess:l with two off-takes leading to condensers. It
bangs in a firebrick setting and is heated externally by blast furnace gas or nod~
condensable wood gas. The number of retorts is seven producing 40 tons of charcoal
per day.

The combustible gas yielded by the distillation and having o calorific value of
up to 40C B,I,U. per cubic foot, is burned under the retorts thus supplementing and
thereby reducing the quantity of blast furnoce gos used for carbomisation.

The rakes of buggies are withdrawn hot from the rotorts snd transferred to
coolers where the hecat is dissipated by radiation in the absence of oxygen. After
48 hours ccoling the charcoasl is rcady for feeding to the blast furnaces.

(d) - t8

Pyroligneous acid amounting to about 18,000 gallons per day is piped to a by~
product recovery plant to extract the wood ter, acetic acid, methano]l and ketones
it contains.

Fart of the ter is insoluble in the pyroligneous acid and is separsted out in
conical bottom settling tanks. The soluble tars are recovered at o later stage by

treatment with a solvent. The tar is used as & fucl for steam raising.

Crude methanol and other low boiling products such as acetone, aldehydes and
mothyl occtate are scparated from the settled liquors by distillation in bubble cap
columns. The crude methanol is further refined to pure methanol, methyl ethyl ketome

and acetone.
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hcetic acid and other homologes are separsted from the domethanclised liquor
by an extraction rocess using ctiyl acetate os & solveni in a counter currenmt
extraction towar. The crud. acid is recovercd from the solvent by distillation
and the solvent is returned to the circuit. The aeid is then re=distilled to
yield glacial acetic acid.

In viev of the small population in 7ea. and tae lack of industries, mest of
the products recovired are markeicd in the Essterm portion of wustralia. wethans}
is highly inflasmeble while acetic acid is highly eorrosive and must be stored and

- earried in stainless stoul conteincrs. Distribution of the products is therefore

vory expensive and has militatod agoinst tho profitability of the c-cratica.

The mcthanol producod is used os an aircraft fucl for boosting jets on tekeweff
and for plant hommcne manufacture. Its biggest outlet is in the mamufeeture of
formaldehyde which could go hand in hend with vood-distillation if eirewnstances
varrant.

Metic acid is used mainly in the food amd textile iadusiries, but agaim 4t
could vell prcvide the row materisl for colluloss scetate and rayon samufssture.

It can be readily shovn that thuse two byeproducts can sompete with syathetics
vhore outlots exist closo to tha distillation plants,

Becausc of the distribution preblem, this section of the ?1aa8 vas mot expanded
vith the remsinder, loading to the seclection of additioncl carboaising plant whieh
could be operated without byeproduct recovery in the form of chemicals.

(¢) Carboniasticn - Comtimweus Prsscss

The plant selected was the continucus rinsing gas type ia vhich the wveed is
sarbonised by direot contact with hot oxygem free gases.

Two retorts each of 33 toms per day nominmel capacity wers imstalled saking the
total charcoal producticn capacity for the plast o numimal 11C tems per day vhieh
it was them beliov.d would allcw 5ig iror eapreiiy of 120 tons por day.

hctually, with vood of low moistury contest and small discnsicns, it is found
in practice that thesc rctorts will average 4C toms ner day cach giving & daily
output of 12C tons from old and n.w plant.

This quantity of cheorcoal will, in tiiu, be sufficient for a daily productien
¢X 130 tons of pig iron of about 1% silicon im properly designed furmcces having
up=to=datc features.
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uoch retort consisis cssentially of a vertical stecl unlined cylinder
cpproximately 11C foet high and 11 feet in diaemotor with a flap type valve at
the top to odmit the wood and specially designed valves at the bottom to permit
the neriodic withdrawal of charcc:l, The steel used for tho retorts is specially
solected to withstand the conditions under operation,

The wood is skiy fud into tho retorts, the charge being kept at o reasonably
constant lovel. s it doscends, the rising gosos gredually dry and heat it to
carbonizing levels., Just bclow the centre, the retort atmosphere is recycled,
its tempornture buing kept constcnt by the burning of part of the re-cycled gas.

The eharcoal from this soction is cooled cs it doscunds by the admission of
cold oxygen-free gas ot the botiom. Un withdrowal it is conveyed on rubber beolt .J"
conveyors to stcrage.

The caoling gns joins with tho products of carbonizetion ot the carbonising
level and forms nert of the rinsing ges. The excess risns through the wood and
hel>s % heat it., It is withdrawn from the top, scrubbed with tar, and piped to
the st.am raising plant for power generation.

Normally, the products of ccrbonization are not combustible when wood at s
moisture content calculated ¢n ,v,s, is cerbonized in this continuous fashion.

In this instence, blest furnace gos, which is oxygon frec, is used as the cooling s
modium, Its ndmission ensures tho combustibility of the top gas which, whon burnt, 3
actually produccs in powoer, a by-arocduct fer more valuable to the plant as o whole
than chemical products, Indusirisl power is cxpensive in V.a. at around 2.2 cents “
per unit. ' ' B ' |
To make the to) ;o8 combustiblc witiout this device, it would be necessary |
to artificially dry the wood well bolow its atmosphoric cquilibrium which would
be extremoly costly both in eccoiinl and coeration.
The eharcoal produccd in buoth scctions econ be eontrolled to o given anslysis.
It usually hos 85-95% fixed carbeu and dewn to 6% volaiile natter. Proe moisture
is under 5%, ash doponds on the specios carbonized but is genorally under 1%. It
is hard an! lumpy wit! les- than 5% under 5 mm. It is thercefere an excellent fuel
fer o blusti furnce.,
it as of intorost tu note that the batch system of operation requires 3 men per

shift 1 pr an ooutpuc of ¢ tons per 24 hours, while the continuous system, being highly

st reqeae s oonly 2 onen por shift for an output of 80 tons per 24 hours,
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There are several methods of producing charcoal in modern type plant, bdut it
is believed in the light of experience goined with the continuous type, that it is
to be preforred when used in conjunction with blaost furmacos = an operation so far
unigue to Aundowio,

(f)  PBlast Purpaces

The first blast furnace to be installed for the original 2lent was of the
simplest construction, its purpose buing purely for piliteplant operation. It had
o 3 feet hearth and o rcted canacity of 235 tons daily, using the limomitic ores
located in she vicinity.

It was fully lined with coramic refractorics, with four tuy.res and the
simplest of top charging gear. apart from o primary dustecateher, mo further one
cleaning was indulged. The blowers wore of positive displocement with & ecopasity
of 1300 c.f, por minuto of air up tc o pressurc of % p.s.i. They became very
inefficiont ot ur over that preossure! .

The stoves ware the recuporative typs, designed for blast furmase gas and duilt
ontirely of mild stecl, They failed rapidly scon after cumissioning. Bventnslly
the mild steel elemunts were replaced by hent resisting stevl eluments whieh had o
1ife of about 6 months.

Vith gradual iuwprovewents in wind capacity (by the installatiom of a steem
driven turbo blover), stoves and other ancilliary plant, the produetion was inercased
trom 3,700 tons in 1949 to the ratud capacity of 10,000 tome in 1932 « o difficult
tnitial period of 4 yaars.

Prom 1952, the output imereased year by yeer o 14,00C tons in 1937 vwith
remarkable improvement in the ocomomics tc the sclf supporiing level., It is of
interost to note that in the first ten years of opesntion, this furmase prodwced
close to 100,000 tons on the one lining or an rverage of 1C,00C tons anmmally - the
output planned for th: plant in 1943,

Building of the second furnace wos commenced early in 1937. It was designed
by Industry personnel especially to produce 1% silicon iron whereas the first
furnace was planned for foundry irem, and provisicn was wade for ns mamy modern
fectures ns possible, '
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A8 o result, n revclving top, double bell distributor, two gas up tokes,
pressure type di; stick, carbon bcsh and hearth walls, automatic skip and 6
tuyeres were ineluded in the design of this 8~foot henrth dinmeter fummace intendod
to ;rcduc: 70 tons por doy.

The furncce vas blownein in January 1938 and at the scme time, Nool was blown
out for rebuild and reline, It wos increased to o 6'=6" dianeter hearth by using
earbon in the henrth walls and bosh and had 2] the featurcs installed in No.2.

It was blowne=in in January 1939,

No.1l furnace will now rogularly producc 3% tons and No.2 furnace 93 tons of
basic iron per doy with lessor outputs on higher silicon foundry irons. Both
furnaeos have nuw upereated over 5 years om the carbon linings.

During the rebuild, two cdditional turbceblowers were installed which with the
une inmtalled in 1934, provide for one in operation cn each furnace and one standby.
The blowers havy a capacity of 6,00C c.fons and a maximum pressure of 13 p.s.i.
Jving stean driven, eomirol of vulume at o constant level irrespective of the furnace
backepressure was readily arrangcd,

The airehentors for both furnaces = 2 off por furnaco =« are of the recuperative
counter flow type with sufficicnl surfecee to raise the blest temperature to 1200°P
when burning blost furnace gas, The clements in the high temperature secticn are
made of 23/2C chrome nickel hich temperature stccl tubes., They are designed for
easy maintenance portiecularly in tube roplaceomonts,

The ges from buth furnaces, cfier leaving the primary dustcatchers, is joined
in o common dirty g~s miin, It is then scrubbed in venturi type gos clecners and
disiributed thrcughcut the .lont,

geeh furnceo is topped nlternately cvery 4 hours into c common 20-ton ladle,
the hot metal being pigped on a twoestrond pig machine with 120 moulds per strand
yrodueing potched pigs of sbout 50 lbs caeh,

Zaeh cnst is dropped off the end of the machine on tc & specially designed motor
vehicly for transfer to the stuckpile, where it is otored separately until roquired

fur an orler,
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The plant hos stoan raising capacity of 45,000 1bs -ur hour, o turbo-gonerator
of 25C &7, which is sufficient for all ih¢ continuous power ruquirements of the
plont, three steow turbo-blowers, o stendeby dicsel generator set of 250 X.V.a, and
all $he necossary instrument air ond comresscd nir scrviecs.

(g) Specinl featur.

3 of swall »lant cucretinn

The personncl umyliyed in the variosus svetions ore os followss

!gi .Ein O“E;gil‘“i

Sawnill Log “useuvery
(controet > suzcrvision) 10
Sawmilling > Distribution
of sawmill nroducts 64
aste wood recovery
(contraet & supervision) 66
Taste wood log recovery
(contract & supervisicn) 10
Jeste weod log nill =
one shift ot prasunt 4

* liaterials handling | 19
leboratory 6
Technical steff 11
Officc staff : rL]
Trepsport meintenance 19

Genoral meintenancs, c¢cleearing
ste, stand«bys for shift.voritors

b, piY) 9

Satch detorts 3 per shift 12

Continuous Rotures 2 " 8

By=Froduct recovory 1 * " 4

Blast Purnaccs g " " 32

Stoam-raising plent 1 " " 4

Power Jlent D T " 4

Shift Bossos | O 3 . ]
407

It may be of interost to record thet tho number of workers por shift on the cone
tinuous section of the plent including chercoal, acetic acid end methanol recovery,
and blest furnaces is only 17 men including & shift surcrvisor.
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It will also be noted thot only 32 men are cmployed in the blest furnaces. as
four shifts arc werked, 8 per shift are sufficient to cover the operntions of both
furnaccs ond show tiwe cconomy pussible with smell furnaccs. doch furnace hos a
keeper ond a seale car cperctor.  The helpers and clent hands ossist with costs
from both furnaces ond uperstiocn of the pig machine, Tho furnaces are left
unattended during pigging operations but cs the mochines are close by, there is
littlo danger.

Ladle tempercture f the metnl is betweon 1300 and 140C°C, Tuyerocs and
ecoler failurcs are rore vhen linings are good out frequent failures will occur
when the linings become worn,

Forhaps the most imgortont noed for cny furncees ond tirese ot Tundowie are no
excedtion, is the maintenanec of a gocd cooling water supply. &t Yundowic woator is
recirculated through a cocling tower. Special precautions arc necessary to emsure
that flows aremt interrupted tirough dupositions in pipes eote,

Both furncces wore installed with bosh and stock sproy cuoling but have stove
covled hearths, In the light of exporicnce, it would bo preferred to splash cool
hoarths of tho existing and futurc furnoccs,

Cecnsionally, when wet clhiarcual is fud o the furnaces, cleon and sticky hang-
ing can and does cecur but otherwis.e cperntion is relotively smooth and regular.
Buth mixed and layer charging have becn tried without nuoticcable difforence in
operation., iixed cherging is profevred for simplicity in oporation,

as thy lincs of cach furnace are substentinlly differunt, it is natural that
there are some differcnces in opercticn, It is found that Ne.l furnacc can more
rovadily produce high silicon greod.s cnd No.2 is better burdened for under 1.5% sili-
con. The charcoal=iron rotic on Nu.l furnace is around 0.85, while that of No.2 is
around C,7C, the avercge overell being C,.78. !

The disadvantage vith singll furncces is the irregularity in grade from cost
to cast, but these irrcgularitics become loss pronounced ns furnacoe sizos are
incrcased, For instanc., No.l furncce with a §'«0" nearth diwneter hes varied by
F C.5% in siliccn content from cast to cost wheroos No.2 with an 8'-0" hearth con
be held fairly steady witsn o varintion -f § C,25% frou cost to cast.

~8 care hos boon taken to ensurce that wind volum: is koot constant, and the iron

orey chanrecnl and limestone arce ot very uniform grode, it will boe obvious that the

Aifficulty 1ios in weighing cuv the small quantitics {or cach skip load.,
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As “undowic is cnly a pig iron rroducer, regulsrity cf grade from cast to
cast is not as fmpcrtant as it would Le to an intograted stecl industry. Casts
at Tundowis are kept separste and nnelyzed separatcly and aro cnly combimed to
mcke up crdvrs, Customurs cen by this woons bo cesured of uniformity throwghout
o eonsignment ond can be supplied with iren to very closo tolerences in n}}
olemonts,

ne feature of charcoal cperations is the very luw sulhur of the iroa
produced. Tundowie spucifius and sells iron ot C.C19% sulphur as o ncrmal
production. At the samo timu, phosphorus is low at about C.03% while other
traap c¢loments are virtually nom-cxistunt,

Becouse of the low ash contunt of charecnl and the high gradc of oro wsed,
the difficulty in operation is to kecp slag volumos up to & workable level.
Both furnaces operate with o volume of 400 1bs per ton of irom produced, This
is dome by adding slog formors in the fomm of low grado limestony whieh is
available chenply. If only high grode stone was available, quarts would hawo
t. be added to onmsure workability of the furmace. .

agoin becouse of the lov slag vclume, the cinder noteh, built inte cach
furnace as on elevated tap hols, is uscd in omorgoncies only, the slag being
tapped through the tep hole with tho iron. The slag is run into pite adjacont
to the cest house and Qug out once wookly. "

& typical burden for No.2 furnsce is as followss
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REFINING OF 2IG IKON
The piy iron ns produced ot “undowie is rlrendy & higzh jrede produet being

comperatively free of detrimentol trace eleuents. It is used exclusively for

speciel purpose costings such as ductile irons and roll-mnking.

The iron ore used is of sueh hijh standard that, when smelted with charecal

which is comporatively free from nsh, & very pure pig iron is produced. The
following are typionl specificationss
- O A U s
——C 00 L _LRYON R.SIC HEATITE
General - 8.6, °* IRON IRON
Speoifie [hite Bese
cation Iron
002’ to 0.257"9 0025 ‘0 10256 0.25 t0
3.7% in wax 2.75%% in nax 3.79% in
025 0.2%e 0.2%
divisions divisions divisions
L
" Carbon 3.5/4.5 4,0/4.5 3.75/4.5 3.75/4.2%5  3.6/4.%
depending depending depending
| on on on
8ilicon Silicon 8ilicon
riﬁunga.nne Ued 40 1% 0.6% 0.4% 0.8 to 0.6 to
nax max 1.0% 1,06 T
- : — e —
Sulphur 0.015%% V.05% 0.02% 0.04% .0%%
ebout nex nax nex max
. - m
Pholphonu 00035‘ 0.03% 0.037; 001% Oilﬁ
about about nbout
Titenium 0.02% .02 0.02% - -
nex nex mnox
Other nil to
elements troge =do- ~do~ =do- -do-

dith advancing technoloyy, there is ¢ srowing dennnd for irons of even higher

purity thoen those shown. The specifiention is ns follows:
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8ilicon 0.2 mexinum or lower
dangonese 0.2 " " "
Carbon 3.5 minioum
Phosghorus 0115 maxinun
Sulphur 0+01 maximum
Titoaniur &

Other elements = troco only

This iron ean rendily be produced with & new netelluryicel tool e8lléd &
"Sheking Ledle" which was develuped in Sweden for the refining of pig irom and
provided that the iron is reamsonably pure to begin with, it ean bt further refined
quite cheaply. S

After being ohorged to t.he lodley the ,)1;, iron is ginn 1) nvirlina notion by
the movement of the ladle and nll elements ocon be reduced by the eddition of varieus
slog formers in combinction with top blowin, with oxXyiKen. ,

This method of refining con locd to the production of steel in o sinilar_Axpe
of vessel., In somc respects, the vorious operations are sonevhat like the first
stage of a combinrtion L.D. cnd Keldo process before the earbon blow.

4 shaking ladle is bein; instclled et Wundowie but results vpn not a.nthuc
at the time of vriting.

It is- prapoud thot tho next stege in the devolopment of this type of mm
in Testern Austrelie, should be besed on the construetion of such larger furncesa
nllied possibly with alloy steel produetion, net necessarily at Tundowie, but nore
probebly nt the site origiinlly chosen nt Bunbury.,

«lthough it is pot kno'n what unxioun sizo furnoce-oen be opereted on the hard
lumpy charcoals that nre producible from ... hardbocrds, it is known that furnnces
up to 65 feet from tuyeres to stockline heve been cperatel sucoessfully on hardweeds
in other jarts of the world.

For inatance, o furnace et Nrdishirusk in dussic wes orected in 1942 vith e _
working heisht of 57'=5" aad o henrth ¢ ‘iameter of 11'=6", It had o working volume
of 7,000 cubic fect cnd it hnd r roted en secity of 18C tons deily,

Conpere this with the Nu.2 furnce: ot Vundowie with n working height of 46'=9%,
& hearta dicketer o & fect anl o vorkin; vclume of 25« cubic feet producing 95 toms
ver dey.  (Seo furnnee liues No,l, No.2, 20C tons yer dny rnd 40C tons per day).
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Usinyg the eonstonts found with the furntee ~t Jundowic, the Jdusairn furnnee
could easily producc 3C tons per doy, This rercrkeble difforcnece is due wnialy
to the fact that Europecn Lierdwood ehereocls r.ro sueh 1 hter,(12.% 1ba per eubie
foot) compared with Juniowie nt 19 1lbs per eubie foct bulk density of lumpy charecel,
and to the quality of the irun ore used,

The furnnee .royo0se! with o 65 foot workin height nn! n 1% {oct herrth diameter,
will produce at lenst 4CC toms inily. 1. is not known whether this is the lnr est
furnsce thet ean be Luilt on this ty,e of ehrrecal but it would lend the way to
Iarger furntees once the results have been nssessed, Two sush furmaees womld
produce suffieient for 280,000 tons annuclly whieh with oxy.en steel end continuous
ecasting could rendily be worked up to on eeonomie inte;rated steel industry,

Loetuslly, it is debntable whether there is ny limit to the sise of ehareocsnl
furnnces. Some cuthorities have now proved beyon! doubt, that the softenin; of irom
ore under the netion of enrbon monuside and hent is v far more serious eomsideration
than the softness of the fuel., Irom ore beyins to soften soon after enterin; the
furncee anc this probrbly inposes  recter limitations than the quality of the fwel,

It has been further shown thet sianter does not soften oo mweh cs {ron ore, and
pellets reaet nbout the sruc as from ore. It is therefore highly probable thed
with o soubination of sinter and yellet burien, ebarcurl furnnecs eoculd approash eoke
furnaces in sise and better thes in perfomucnece besnusc of the low sley volumes
genernted,

Ls mentioned ecrxlier, the ewbiantion of blnst furnnces with wooledistilintion
in eontinuous retorts ern yield an veluecble by, roluet in the form of & eombustible
ges. The projeeted plant would hirve sufficient surylus . ne over rad above nommel
plant requiretcnts tc eontinuously ,roduee 3,000 £,.. It will be obvious thet this
would be more thon sufficicnt for the oay,.en requiresent for steel monufacture and
most of the power requirecuents of tuc wills, This fenture clone nnkes the
possibilities of n~n idnte,rated imdustry nttrnetive but it eculd nmot have been
pusaible without the development of eontinuous returts in conjunction with hizh top
pressure blest furncees.

The proposed plant woulld be eouprised of the following mein items:

Copaeity
dood eusting and handlin, yleat 1800 toms per day
Continucus earbonising retorts 600 " LA
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Capnoity

fower plent ineluding stoen
redsin; plent, turbo=blowers
and turbo~gencrators

Blust furnrees 2 @@ 400 onnt . 800 tons per dey
dorkshops, offices cte,
The capitel cost of this plent including all sneillicries to produce 800 tons
per day of molten pi; iron is estimated ot about 310,000,000,
I% might be of interest to compare the basic eusts of the present enmd pest
operations vath the ostiucted cost cf the higher cutput,

. ' Wi A w
' Pilot Commerei~ Larger A
—Float ___ siplapt Pent |
, Estimnate Loturl Lotunl Estimate
f : 1943 everayo mer;ge 2 x 400 ton
1948/87 1558/63 furnaces
, butput of Iron 10,000 10,000 50,000 250,000
— — .
' o e e wm U.s. Dollﬁ,rz par tﬁn W ek em R e W s W W
Operatin; ¢osts } -
matorinle ) 9.8
i intencnoe ; 2,43 1.21 1,00
Orea 506 16013 13¢7@ 11-?0
YIWG. 1.2 2056 1017 1.00
! #uwer and Services 1.2 5.3} 1.68 1.00
{ idministroation
g end Ovarheadn 2o0 6053 3.64 1054
, otindng fund 1.3 0.58 .58 0.58
L PP 33.3 5387 40.38 32.42

This eumperison is besed on practiecl cxnerienco in » piont produeing 50,000

tuns ronuelly, It will be noted 4+hat oo mileilol L (M crnitnl charges are

afttel rs o tacy e subject Lo donesiic congiderntions,
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In estimetin, the unit evsts for the larjer plent the following assunptions
heve been modet

(=)

(b)

{e)
(a)
(o)
()

(2)

The labour for eneh furnrec will inerease by twc nen per shift
but other services rnd! scrvice meterinls unkin, up the ~pernting
cost arc nssunel nt the same rote ns for the resent output.
Iron ore is unde oveilrnble nt furnnce hoppers rt 37.3 per ton
compare] with 98,2 in the present opernticn, It is nssume’
that 1.6 tcas of ore por ton of pi: iron will be required.
dood is raswiol .t 34 s existing but charconl cost will reduse
to $18 beonuse of volume yroduetiocn,

Flux cost is relucod beeruse of volume produetion.

Power nnd services rre redueed beeruse of volume prodwetiesm,
Ldninistrotion and overbeads in totel velue is doubled for the
hiiher output,

The relining cost remains the sene,

These costs clerrly “emonstrote the effeet of volume on cvsts, They also
illustrote the possibilitics of charecel iron cs e basis for steel prodwetion in
countries where coking ty,e encl is not rendily availcble, but shere extensive
forests still remain unexploite’ or con be developed for the purpose.

This is porticularly applienble to wsderedevelopye! sountries whetw sazhets uay
linit out,uts tc relotively sunll seale opercticms, but whieh otherwise HYnve the
resources to embark on intesrate? steel industries without baving to faee wy to
importation of ecke or ocking eocl,
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Continuous Rinsing Gas Retorta (2)
Capacity 40 tons of charcoal each per 24 hours

#ood charging is by skip and charcoal exiraction by
rubber belt conveyor,
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No, 2 Pumnace being tapped into 30 ton Ladle,
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