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S UMMARY

Aftor reviowing briefly other processcs used for copper cxtraction, the paper
outlincs a new approach to the continuous direct production of metal from sulphide
concontrates in which the opuorations of smelting, mette conversion and slag clean-up
are combined in one furnace but in scparate, communicoting zones or branches. The
closely integrated unit operations includc ccncentrate drying, bath smelting, dis-
porsod phase rofining, = typc of hot solvent oxtraction and slag conditioning r~nd
sottling.

The WORCRA process diffors trom cstablished "jet™ or “suspension® smolting pro-
cossos (which in thomselves arc centinuous) in that, (2) it producos metal, not
matte; (b) most of the cxothermic roactions arc genorated and continued within the
liquid bath (hence the description "bath smelting"); (c) the btath in the smelting
and converting zonos is turbulont and continously flowing, ~nd (d) the slog is caused
1o move generally countorcurrent to matt. in the converting branch, thon to pass
through the smelting zone wnd to emerge finally intc @ separ~te rolutively quiescont
slag conditioning and scttling branch from which it is tipped continucusly.

Ag the slag moves countercurrent to matte, inte and throurh the slag condition-
ing and scttling branch, its oxygen netivity ~nd its copper content are prosressively
lowered and on tapping it kus o compositicn not basically different fron conventionnl
revorberatory slags. Evoen in sunll pilcet furnze: trinls, copper—in-slag valucs ns
low as 0.3 por cont have been achieved nver extended periods of contimious operation,
Dust losses arc also lew. In full senl. WORCRL plants cverall recowveries of copper at
least as high as the best modorn reverberatory practice are oxpected. The motal pro—
duced may contain between 98.58 nnd 99.7 per cent cepper depanding on the amount of
air (oxygen) lanced into the metal "roservoir' ~t the ond of the coaverting branch.

Apart from slag ond metal. the {urnace produces centinuously a high 30p tenor
gas well suited for acid production. Sulphur dioxide lovels may be within the rnge
9 tc 12 per cont whon straight nir is used for lancing. When oxygen—cnrichod air
is used in the converting branch the 805 tenor is proportionntcely higher. Over the
past four yoars the method has boen tusted in varicus shaped pilet furnaces ot the
works of C.R.A.‘s subsidiary, Sulphide Corporaticn Pty.Limitcd, 1t Cockle Creok,
Now South Walus, Australi~. Tho nethod has been proved with four differcent concon-
trates fed at rates up to sevon tons por duy. Preparaticns arc in hand to senle up
oporations to the scmi-commereicl phos: with foed rates between 70 and 80 tons
per daye This devclopmont is tnking place at the works of The Electrolytic Refining
and Smolting Company of Australia Ltd., Dort Kembla, Now South Wales.
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Introduction

1. The principal mothods of extracting copper from its ores and concontrates have
undergrone 1ittla basic change, except in scole and degroe of mochanization, during the
whole of this progent century. By far the groatost tonnage of (sulphide) concentrates
(raw or pre=roasted) is smolted to matte in roverberatory furnacos (pioncered by
Welsh netellurgists ovor o hundred and fifty yoars ago (1)l ) and the mutte is sepa
ratelr  air blown te blistor conper in barr:l type (Pcirou—Smith) convertors.  Both
operations nre carried out betchwise with ladle transfor of mytte from thoe reverbor-

atory furnacc to the converter and ~oroverse transfer of "rovort® copper-bearing slag,

2 A smaller Boush significant tonnyre of motte hag beon produced in blast
furnnces nngd cleetric furnaces and the natto converted to bligter copper in cither
barrel type or upri, (Grcut Ialls) convertoers,  nothor approach which had itg
origins in an carlior century (At Rio Tinto, &pin, for exanple) is neid lonching:
of heaps of ore followed by pracipitation (Ccmsntution) of the copper from the loach
liquors on scrap iron and stocl. Tt is not intondond tc attompt n complete review of
21l the methods wiich have boen tricd for Corper prodaction but in the next scction
briof nontion will be mrde of some of the sigmificant innovations in COPPCr CX—

traction metallurgy over the p2st twenty yvonrg or S0,

Sona innovations of the last quarter century,
M

e 411 three of the classical branches of 2xtractive netellurgy - pyrometallurgy,
hydrometallurgy and clcctromutallurgy = arc well represented in the ficlds of copper
rroduction and thupe have bheen innovaticng in 2nch branch during tho nast twenty-five

‘Cirs.e L conprehongive biblio:sraphy of the cxtonsive liternture on copper production
J p ; i I

i

up to 1960 ia included in the beck, Axtractive Metallurgy of Copper, Hickel and
Cobalt, odited by Paul Quoneay (2). Moro recontly other volovant ~nd conplumentary
roviews have beon mad. by Tegvrd, Themelie and Jenninge (3), Bailey (4) and
Kuwxmann (5), all of whort, inciduntally, refor $¢ the possiblo 2dvantages of cop-—

tinuoug prcozning,

4. In the folluwing listin_ of somo cf the mero s8irmificont procescs innovations
thore is no inplication of relative inrortance in tho order of presontation; the
dovelopments have boen arranged moro °cr lcgs in the ordor in which papors of
substance describinb them appearsd in the technioal press.  As tho writer has more
rendy accoss to PAPers appearine in Westorn Journals it ig likely that some important
nnovations whici have oceurrcd in the Union of Sovict Sccialigt Bepublics ang

fastorn cowntrics have baen overlooked,

;/ Numbers in paronthoses rofor to reforencos,

i
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(a) The development of largo clectric furncccs for matte sroduction,
stomming largely from Norway and Swodon (6, 7, 3);

(b) The introduction of nechanical tuyere punchers on barrcl type con-
vertors by large Americon companios (9 10, 11);

(c) The first successful (vertical) jot® flash smelting to matte, at
Outokunpu, Finland raosulting from the plonecring work of RBryk and
his colleagucs (125;

(4) ™o developuent of tochniques of prossure leaching by Ferward and
his colleagucs (13) in Conada and by others (14, 15, 16) and the
succoseful commcrcinl application of thesc processes along: with
gasocue reduction of nmetals from solution (17, 18, 19) at Shorritt
Gordon, Conndag

(o) The succussful comacrcial application of oxypen flash (suspension)
smolting by INCO stafi at its Copper Cliff plant in Cansds (20);

(£) The dovolopment of "cyclone" suspension smelting to produce natte
and volatile fumos, stumming from the pioncering work of £, Lange (21)
in Bast Germany and of Dr. A.V. Tonkonogii and his collengucs (22)
and others (23, 24) in the Union of Sovict Sociolist Ropublies;

() Improvements in the officicncy of blagt furnace stnelting to matte
accompanied by the possibility of S0o racovery by applications of
the now fueding concopts of Dr. R. MHomoda and his collensuos (25)
i of Sumitomo Motal Mining Ce. Ltd, in Japan;

¢ T i b S e |y

(h) The speeding up of converter operation by the usc of oxygen onrich—
nent of the air blast, o concent advancod by the Russiwn Tonckanov (26)
back in the carly ninctecn thirtios but not ceconomically viable until

? cheap tomnage oxygon becwie available in tho nineteon fiftics ond thon

tricd on 2 commorcial scale first in Russin (27) lator in tho

United Stntos (28) and clsewheres

(i) The dovelopmont by Nippon Mining Cos Ltde -t their Hitachi snoltor
in Japan of diract siclting in o convertor using oxy¢xen enriched
air (29). This, of course, is a logicnl uxtension of (h) and is
also a derivative of concepts which were explored betfere the advont
of cheap tonnnge oxygen. (S:e for oxample Nowton & Wilson (30)).
The high copner-content slags nre treatod in o slag drossing (arind-
ing-flotation) plant for cupper recovery;

|
!
|
!
:

(3) Taprovements in the tuchniquos of ronsting: (particularly by the
application of fluidization nothods), loaching and electrowinning
and thoir application in combination as the "R.L.E." procoss (31,32);

(k) Tho recognition in tho late ninetoen fortios and early nincteon
fiftios by metallurgiste ond biclogists in many countrivs of the
rolo of baotoria in the leaching of sulphidos and the considerablo
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increasc in the 8calo and efficicinc: of hecap leaching particular]
a8 applicd to ores too low in prade to be treoated b conventional
milling and flotation (33, 3, 35, 35)-

(1) "ho development of Freatly improved methods “f recover of copper
from leach Licquors by, nrecipitation on particulate ir:a or gteel
(37, 3%, 39)-

(m) The application of golvent cxtraction te the recovery of copper
@s well ag many other metals) from leach liquoers (49, 11);

(n) The successful application tn refractory widised copper ores of
the principle of “seprogtion” (a2), orf particular intercst in
this ronneccion jg the ™00 process developed hy metallurgists of
Anglo~American Corvoration (43);

(o) The development at Hobolron in Belgium of the "siphon” convorter
Uy avoid the dilution of Zasog from the couverting operation and

alizo 11 minimize atmospheric prllutiong (44).

¢« There arc many in the industry wh> feel that despite the scvoral new process
lnnovations of +he last two decades, the combination of reverberatom smelting and
Scparate mattc conversion in barrel t:nc converters remains the most aofficiont
large temnage method °f cxtraction of ¢3nper, that is, at annual productions aver
30,000 tons, "here arc others who have felt far gsome vears that because of the
relatively high fuel remuirements of reverberator: furnaces (4.5 to 5¢5 million
BT per ton for wet charging or 2,3 ta 3¢5 million My per ton with chargos made
up mostly of hot roasted concentrates) and alsn thie nigh capital cogt °f the big
Turnacos and the naterials handling g:gtoms inherent in the batch-wise convering
°f matte, copper and slags (including “povept® slas), the time ig ripe for some
proccsging o1 concentratos richt throush to bi.stor copper, (Continuous operations

arc, of eourse, the rule rather tharn the oxeorntion ip hmdromotallurgical Jperations),

Tncentives to develop continuong smclting processes
e A PTOCCSECS

6. The author hng for scveral rears beon advicatinge the advantageg of cloacly
integrated 8cquences 9f continu g aperatiosng in prometallurgy (45, 46). The basic
principlocs mverning the several W0R0RA processes (for ¢continuous smoltingfpcfining
of meoiale such ag €oppery nickel, lead, tin, irin) wore "utlined in a paper (47)
presented to the 1967 Srmposium “Advarnces in Fxtractive ‘otallurg-o organized by
The Institution »f Mining and Motallurxv, London, Tt will be appropriate to ropeat
here some of the arsuments and ¢ ncepts presonted in that carlier communication and
grateful acknowledgement is made to the Tnstitution fop permisgion to do that and

also t5 roproduce some of the 11lastrations, Tneentives for the evolution of highlv
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intcgrated continuous copper snelting~converting oparations in which naxinum use
is made of gravity flow of liquil nattes, netal and slog includo:
(a) Reduction in capital costs for any mivon productive cipacity
arising from the smaller furnacos necded to handle tho centin-
uously flowing roactants and products, simplificd noterials
handling (with virtusl oliminntion -f big crance and ladles),
the smaller foundations, buildings ~nd site requirenonts genorallys

(b) Lowor operating costs resulting from reduced fucl consunptiocn,
less rocirculating load (in such forms as "ravert! slog, fluo

AR B

dust and internal metal scrap), lower maintcnance costs, loss
skilled labour and the opportunity for straishtforward notal-
lurgical controls;

(c) Ability te sccure high credit for recovery of sulphur (or other volu-
abl> volatilc components) olininoted continuously during the sncltings

(4} Reduction in size ~f cconomiecally viable production nlants.

It is folt that all of these conditions arc met in the WOKCR.A process to be desceribud.
Before dealing spocifically with this now developnent it is proper that montion bo

mado of other weork troending in the same dirsction,

Some cxcursions into continucus copper snelting or converting

Te In the last fuow yoars scveral groups around the world have repertod plans or
proliminary pileot furnace trials aimed at the dovelopront of centinuous smelting or
convorting operations. The various "jot® or "sugponsion" smelting oporations (12,
20, 21) liko thoe blast furmace and oloctric furnace ~re continuous matte producers,
but inscfar as the matte is tapped intermittently intc ladles thoy ar: all treatod

ag if they wore batch procossos,

8. In their werk on "cyclono" smclting, however, the Rusesian metallurgists such

a8 Tonkonogii (22), Penzimonzh (23) and Oncjew (24) have mads clear thoir aim to
develop truly continuous opcrations presunably with the intontion ultimately of
linking the matte producing stage with 2 continucus converting processe This latter
concept has been undor investigation by their fellow countrymen, Diomidovski and
Shalygin (48) and others. 1In this ficld of continuous convorting, nctable contri-
butions to both thoory and cxperiment have beon made by Holeczy, Schnalek and Schmiedl
(49) in Czachoslovakia. Both the Russian and Czoeh workers have chosen top joetting
nethods for the converting operation. EBrittingham (50) has prop- 3d o mothcd whoreby
the principles inheront in the Outokumpu and Coppur CLiff “flash" smelters might bo

adapted and extended for the continuous production of whito metal (Cuzs) and copper.
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e In & senso the Japanese Hitachi preeass (29) is noving in the direetion of

4 seni-continuous cporaticn but, without considerable alterations in both furnace
design and operation it would 2eonl dilficult to achicve truly centinuous tappin, of
copper ond zlay fron the converter, It is o propricte to nenticon hore that a cole
Laborative agracment nxigts botwoaon Tanzine Ritinte Af Masiralin imitcd and Neradda
Hines Linited (of Canada) which cimpany is alse developins o truly continucus nethod
for dircct sinsltini—converting ~f C.pp2r cencuntratos. The Norande process invelves
the usc of o tilting furnace soncwhat like an 2longated Poirce=Snith converter,

The converting ond slny elean—up snsos are blewn in vin tuyeros;  coppor is to be

tapped fron n contr-l rigion and sla: 2t the wnd romete £+ cherping (51),

Princinlcs of VORCR.A bath suelting=convertin-

10« The cbjoctive of the scevaral VORCRA snelting-cenverting (porations is to saock
to maxinize onersy consorvation by + high deers: of intorntion of individunlly
c¢fficiont continuocus wnit operaticns nnd at the swne time to turn to adavantage tho
finely particulate naturce of concentrates, orosonting s they 4o o high surfaco area
"er roactions with Crsesy liquids and othoer sclidse In their tully devoeleped forn
the WORCRA concoepts scek to combine in one furnace with soparate but communicating
zones or branches () a continuous neltinr-snelting stuge;  (b) 2 continuous con—

vurting stape, :nd (c) continuous sl crnditinning and sottling-.

11, Figuro 1 dopicts dingrammaticelly the difforencus Lo twoen thie WORCRA approach

to copper oxtraction and tho conventicnal buteh smelting vrocosses using c¢ithor
reverberatory furnnce and convertor(s) or Llast furnace wnd converter(s s) with ladle
tronsfors of liquid nott. and slarse Figurce < and 3 show dingramatically the
spacial relationship of the different zonos in tho WORCRA furnncos. "Zonalisation” in

a horizontal plone is o fenture of ~11 ~f the furnce: sh.opos,

12, Thc WORCIL. oporations are to bo dietin uisiiel from astablishod "jet', Yeyclone"
or "suspension" smelting vrcecesses in that
(a) Thoey produce netal rather thin nette, direetly from concentratos;

(b) Most of the axcthormic runcticns 2re funcratoed and ccontinued within
the liquid bath, hence the deseripiion "hrth S”ultlnt"'

(¢) ™c bath in the smelting rnd converting zenes is turbulont and
continually flowing;

(4) Slag is caused to nove generally comtercurront te natte or metna 1,
through the converting zone and t).on nixed with thoe matte in the
smalting zone to onorpe finally into o separate rolativelv quivscont
slaz conditioning and settlin. zene. (Tig ig anclogous to the
mixer-scttlor systoms of the chemical engineer),
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2. Unlike ccnventional reverberatery smolting, where rozetione between slay and
matte or slag ond metal have to take ploce predeminently ot a singcle (horizontal)
interface, the WORCRL processes scok by the method of injecting particulate selids
and gases intce the bath to maintain within the smelting and ecenvorting zonos the
nuximul arca of surfacos for reacticns in bho liquid phascs., The converting zonc
peoticularly is meintained in o state of vigorcus ‘turbulence with the air Jets
tasrcnghly stirring ond dispersin« o of and mattes It is anpreopriate thorofore o
dogeribe the converting reoactions as disporsed phase refining. Furthernore, the
foot that the slag is caused to nove gencrally countercurrent to matte cnubles o
Lype of continuous hot solvent oxtraction te be achicveds Unwanted nen-volnatilo
components in the matte, vmarticularly iron, arc continuously beings transicrrod (after
oxiciticn) te the slag and under econditions whors nuss action ard temperature offocts
ary nost favourable for the transfors, Cenversely, valuable cepner in the slar can
be causcd to revert to the matta phase by intoeraction with ferrous sulphide in

tiie natta.

14. In the separcte but comncoted slag conditicning and settling zone or branch,
apprepriate conditions may bo maintained or ~dditions made to achieve bnth optimal
separation and scttling of sntrained matto and its continuous rcturn tc the smelting
zone vin a backiard sloping hearth. It is alse possible 0 alter the composition

of the slag, fres of any risk f upsetting the metallurgic~l balance in the snelting
and comverting: zone, te fit it botter for casier dispesal or for some profitable ond
wsey that is, for iron rocovery, ¢ilass production, tihe uakine of 2brasion rosistant
siles or bricks ctec. The progressive cnangus whichh ~ceur in the slowly flowing matto
stream as it is scquentially lanced to white notal (0128) ~nd finally to netallice

copper are indicated in o goneral way in the tornary Adagran of fiurs 4.

15. A€y aro reproscated in ancther wiy in the idealisod long. tudinal suetion of
10 converter branch shown in figurce 5, Significant diffurcnces in specific gravity
ostueen slagr, natto, white metal and copper aid in the suparaticns. The inercasod

depth at the copper tapping ond alsc facilitatos separation in that region.

1. Contrary tc classical theory and batchwise converting practicy, the preduction
of cipper takes place (continuously) under a floviwg elag, which itsclf becomes
charged with 2 nixture of prills of matte, white amctal and copper. Near tho coppar
tophols end the slag is naturally highly oxidized but ~s it moves back countercurront
%0 the matte stroan its agnetite and copper contonts are progressively lowored,

faz-ther chemical reduction and "stripping" of copper occurs as the hot slag onters
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the circulatery srelting zone and comos into contact with (as well as transforring
sono of its hoat to) froshly noelting matte with much lower cepper content and a

hich sulphur activity,

17. The denudation with regrect to copper entinuce g tho slag flews slowly
throush the slog=natte soparation (slag settling) branch.  iore raducing ndditives,
such as pyrite, coal cr cthor carbonaceous antorials, can be pontly stirred into

the siar te oifact o Llowering of copper valuos o Tigures conparable to or better
than ars obtainable in roverberatory practice,  The heat in cutgoing furnace gasos
continucusly omitted can Lo usod for o varicty of burposcs, for sxample, drying and
prcheating ingeing fluxes and ecneenvrates, prohocting: convoerte a1r, stean raising
and for power penoration, The degrec to which: ingeing o-1lids or zir are prchaeatoed
by hoeot 2xchane fron furnaeo gees will need teo bo detormined in rclation to the
capital wnd cperating rostc of the nent cxehang: cquipnent wnd the cost of coal, oil

or ¢as fucl which would be required to do the some work in the sneltor in question,

15, lHaony sulphide concontrates can be giclted in YORCR. furnices in 4 near auto-
fienous manner and this is certainly sc if o doyree of oxygen-cnrichnont is used in
the converter air, Indeed, if censiderable unrichrnent tokes pblace the oxcuss heat
generated in the converter bromch ney permit, even neeessitata, the addition of

"coclants" in such forms s canent coppor, "done", oxidiscd ore and nnssibly serap,

13, Sncoth =nd uniforn slting conditions and 1ow dust cl.rryv-over are achieved by

introducing the dry concoentratos witl appropriate moncntwn inte the turbulont and
flowin:; batin of slig and mrttes The mointonnee of ciraulatory {low cnsures that
thoro is ne cold or "slugeish™ rosion wnd it alse contributes te the desirable
thorcugh nixing »f het slog flewing back from the converter branch and freshly
nelted (highly reducing) mitte.  As poeinted ont bofere, thoss conditions facilitate

reduction of both the negnetite and copper contents in the slag,

20s A& secrct of success is te meintain steady state conditions in the smelting and
convarting: zones with appropriate tenperature ond conpesition radionts, The
furnaces are sc desigmed as to freilitato the maintonance of thesa fradients, not
only in the horizontal plane but in o vortical plance s vell, and particularly at
the docper coppor topping onde. Thore the vertical tenperature differential nay bo
of the ordor of 15()00. The noarer the bottom tonpernture anpronchos the froezing
peint of copper the lower will be the sulphur content in tho noetal flowing out into

the motal rosorvoir viz the channcl 2t thoe docp ond ot tho converting branch, (See

loft hand und of furnaco in figure 6),




.
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2le  Metnrzlly, boworor, the tommarotuns of conrer ntinas iy aclloetins in tho

ducpd end cof this zonc nust Lo maintoined hich onowoh to oneur. toot oo o Lowill

flew continuously. This newns thot tho metol flowing int 1ue roserecir entoing boe

tween 0.3 anl 1.0 por cont sul huwrs The sulphur lovel can be reduced to oy lesired

wlue by jJetting an oxidising ¢as or flame into the motel in tho reserve ir (shown a4

the oxtrome loft side of figure &),

Some furnace shapes

cZe 4 wide variation in furnace shapes nd sizes in possible to suit the smolter
Lyouty type of concontrates boinz snelted wnd the required throughput «f the plont.
The simploest shapo is the straisht line form shown in fijure 3 whors the eonvorting
branch and slag settling branch conn.ect n opnosite sides with the snelting zone,
The Iatter iy be o clrecular "howl" as shown but cther wroltor zonu gn'neg with non-

circular flew patterns for sl wnd nutte may be caplosad,

e This stroight line type con be :imde cither st ticn~ry, lik: » reverbernt ry fur-
nwoe, or tiltable like o Poirce-Suwith converter. 1o the: 1atd . coee tho convarting
nir o cnn be injeectod through.n sevquence of tuyoeres, mich like @ conventionil converter,
but in the fixed type the oxysen-ceontainin,: giscs »ro prefoernbly intreoduced Liirougsh
lances which mny cntor the furnace throuch citner the roof ~r thy willse The nanner
and direection of lancing should be such as (o) to wgsist the dosired flow of wlags,
and (b) to ninimize roefractury crosion.

2de In stuticnnry furnnces thoe Lvttor onn be virtu 11 clininetod (hs in senventionnl
reverberatery practice) by one or nere of (1) banking: the walls with concentrates,

(b) bonking the w.lls with silicuous flux, ~nd (e} e of fluid—coclin - in the brick-

work ~t thoe slny: lino.

25« Furnaces with an L-shope, v U-shape and cven witi o compl. e mnnulus for the
smelting region have been tested with sntisfretory rosults.  The limglinped form dee-
picted diagrammntically in figure 7 hns somo dvrntaces, prrticuloarly in rospest of
site utilization and wre sclectel for the oxtonsive pilot plant tiricls 2t the works
cf CeRehe subsidiary, Sulphide Corporation Pty.lLinitcd, Cockle Crock, Now South Wnles.
This shape (with some nedificntions) is ~lsc being uswl for the seni-commercinl
WORCR.L plant now beins built »t the works of Tho dleectrolytic Refining nnd Smelting

Cre Ltd., Port Kembla, Now South ¥olus, for furthor svaluation.

26, Figurc 8 shows onc of the possible ways in which n reverberntory furnace could
be converted into 2 straight line WORCR.LA suclting—-converting furnace to pruduce
copper motal continuously, The projectivns delineting the central snelting zonce can
be mnde of rofractory brickwork banked with cencentrates, flux or cther ndditive as
may be appropriato.

Somc pilot plant results

27« Small pilot plant oppraisals of the WORCRL continucus smclting-converting con-—
cepts commoncod eearly in 1963 at thc works of Sulphice Corporatiom Pty. Linited,




ID/WG.12/1
Papro 14

Cockle Crovke Ovor the post feur and ono W2lf years tush netallur-ical data have
boan colloctod relating to thy continuous sticltine of ~res of iron, tin, coppor,
load nnd nickol. Insofar as copper is coneornaod, thi procoss has boun extonaivuly
tosted in o U=shaped ilct furnace (shevn in figures 7, 9 and 10) in _luven
campaigns f 10 to saven wouks of oontinacue eporation il with food rotes up to
saven tone por doy. The process hns beon lor.onetrat »l to werk satiafactorily with
“range of Lustralinn concoeniraton fron flount Loreean (Queonelend), Mt, Lyell
(Tagmanio ), Run Jungla (Northern Territeory) cnd Cobur (How South Value), Typieal

wnalyses of those concentrutis are ligtol in tnble 1,

Componopt Mty Meryon ity Lyoll Ru Jyny- Cobar
Coppoer e} e Ciel 154%
Iron 30,2 b 19,5 2846
Sulphur 34.4 3344 2446 32,2
8102 045 4.0 14,0 47
Al 203 0.4 Qe Y 34 0.7
Cal 0.7 Ce3 0." N1
Zinc 043 0ol S 545
Load 0,02 J.l De03 el
Graphito - - Jeid -

28. With cach .f thosc Australicn concontratom it hog boun russible to nroduce
copper within the range 98.: tu 99,7 per cont netal, dopending on the durao of
oxtra oxidation of rosidual sulphnr whici is offuctel in tlic netnl rocoervoir at the
ond of the converting: branch, Rocovery of eld nnd gilvor is iighs  Convorsely, the
2lininaticn of :lenents like leid, bisnuti, antinony and arsonic scome to by battor
than in conventional botch procoesese This is probabhly bocause thg airelancing
storts whilo the sulphur activity in the tath is still quite high and clanonts with
volatila lowor valonoy sulphides hagin comins o ff in the salter zone and continue

to be slimincted in the cenvertor zono,

29« In the casc of the Cobar conoentratos with relotively hich valuce of zinc and
load, quitc high oliminations of both of theao vlenonts into the furmaeo 2808 has
beon achievoed in the Cockle Crook pilet furnoco,  Tho YORCRA .rocose oould woll joinm

tho "susponsion" smelting proocesas in showing advintagus for the troatmont of conm
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ountratos containing valuable volatilisable componentas.  In the sumi-commercial
piant now boing built at Port Komblu to truat (mainly) Cobar cencontrates, provision

will be mado to roecover zine (and lo-d) fune from the furnnce TUBCH

30, Whilo tho olinmination of cluomonta such A zinc, Load and bismuti. is high,
dust ocarry-over has boen found to bo low, Dotween ¢ and 5 poer cont of the total
conoontratoe foud, the higher fijfure being for oxtremcly fino concontirntos, A8
moro oxporionce has beon gaincd with thu procoss, copper losso. in sl have Yoen
progrossivoly rcducod until in tho loat campiign (Nooll) valuos beluw 0.4 por cont
wore achieved ovor uxtonded puriods of continucus cperation,  Indeod, over sovoral
shifts valuos botwoon 0.25 and V.30 mor cont wery attaincd., With production furnaous,
having longer convorting and slas sottling branches, there seoms to bLu {ood
prospaots that coppor-in-sla; valuoe ns low 18 0,20 per cuont may be achiavod. Tho
U=-shapod palot furnacoe has oporatod sctisfactorily with a wide range of slas come
positions. Tablo 2 surwarigos the rangus which have been found to pive pood por-
formance and low ooppur lossus.

ORCH M CORDO

L pilot plont trial
8‘02 32 - 40 38
| 5%0] 3 - 54 50
Cal l - 4 6
A1203 nil- % 1
Othor up te 10 5

31 Thero is uvory indication that tho procuss can bo appliod to the full ranmo

of ooncontratos which ocan bo smeltod in rovorboratory furmacas. There is no
fundanontal roason why this should nct be so for tho WORCRA chomistry is basically
the same as that in oonvuntioncl batch procussos., The smaltor bowl sorves functions
similar to thy roverboratory furnace whilo the converting branch sorvos functions
similar to tho batch convortor. Tho great advantage thormally of tho WORCRA procoss
is that the oxcamss hoat liborated in thy bath by the oxidation of iron and sulphur
(in tho matta) is immodiatoly availablc t» holp mult incoming concontratos and flux.

32« Tho highor the sulphur and iron oontonts of the concontrate food the moro
nearly autogenous tho WORCRL procuss bocomos, ovon with ordinary air injooted in
tho oconvorter bramch, As poimtad out oarlior, thu oporations oan bo made complutely
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wtogunous by enriching the convorter air with - little oxygens It hae been found
that the air pressurcs for lancing need be little if any highor than for conventional
converting.  Furthernors, “oxyoen officicncy™ in the »pilut plant lanoing cperations
his practicaily alwnys been well over 100 per cont, probally dus to sons supplomental

air inspiratod through inspoction Prrts in the walls of the 21l furnaces,

33 4s point.d cut corlior, SO? levels are likely to be in the range 9 te 12 per
cent with normcl conecontrates nd reletively smell in=lcokages of nir,  With
appropriate droaft centrel, conditions around the furnace wre quite pleasant for
sperators and tihc fact thut tho s orfteke 1s intesral with the furnaco neans that
thore is little or no dilution of the furnace mmscs geing off to the acid plant via
boilers, or cthor heet 2xcaan urs, clectrostotic precipitaters or bag fiousa, as the
casw ury be. Thore is potontial fop 21gh recevery Of the sulphur values in the
concentratos,

Likc&y conparative ucononics

34 It is too vrly in the developmont of the YCRCR4. processes to give firmm
etinates of capital and cpernting cogts, ilowever, roasonably reliable predictions
of the ceononics of tho now centinudus copper snelting coperaticn can now bo made

on the basis of () four yoors oxporience with the pilot plants 2t Crckle Craeck;

(L) tho known cost (f the senl=commercial plant (with v .otential capacity of about
4,000 tons ~f ccpnor por yerr) now being: built 1t Pors Kemble; (c) kmowledie availe
able within $h: Rio Tinto=Zine Corporation .roup of companies, which includes close
agsoclation witi the Ric Tinte C ey Sprin (with its recoently nodernized blas+
furnace), Palabor: Minin: Co. Lidey Senth ifrica, (with its hirhly mechanised rover-

beratory~convortor complex) and othor cupper produein;; conpanies,

35 It scems that when copared with reververatory and blast furnnee practice,
the WORCRA process holds the potential for simifieant savings in both capital and
operating costs over o wide tonnase ranpe, G o onc-furnac:, ‘ne~gas, one-slag,
cuntinuous operation, there is potentinl for censiderable savings in anclter site
roquirsiaents, foundetions and buildings. Lobour and maintenance cests should algo

be Bignificantly lower than for cenventional batch snelters,

36, The indicationg are that with nermal air used fer laneing the fuel roquiromonts
of WORCRA furnaces will be betwoon 20 Der cent and 40 per cent that of tho equivalent
revorberatory furnace practico. This considerable saving in fuel is possible

because (a) most f the hoot of oxidation of sulphur and iron is achioved where it

is most nooded, in the bath; and (b) the hont goneratod in the converting stage

supplenents the heat available in the smalting stage,
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37 Bach smolter will ncod to dotermine the dogree to vhich it will iyt proheat
air and ingoirg solid feed materinls by heat oxchange fron cutyoing furnace gsee,
In many casoes it may pay to ienerate steam with the continuously omittod hot (808
snd o use some supplemental oil op gos for pro=dryinc~ of concuntrates,

3% Although, as already nontioned, "oxy-on Aficionc™ in lancing is sxpected

to be high, the power requirements for o WORCRL snalter may be o little greatar
than for an cquivalont capacity bateh snelter, bocause the laneing of the natte
begins at somewhat highor sulphur luovels, (The likcly bonus from this is bottor

eliminmation of impuritios such as As, Bi, Pb, Sb and Zn,.

39. Porhaps onc of the nost significant cttractions in WORCRZ smelting today,

when greater attention nust be given £ sulphur utilization wnd roduction of atriog-
phoric pollution, ig the Hoiuntial which tho process nas for aigh overall sulphur
dicxide racovery; well over 90 per cont of the sulphur in the coneentrotes is
oxpected to be rocoverable s ncid, Table 3 swmmariges some comparative cstimates
which have been node of likely capital costs (modern reverberatory-convarter

conplex takon ag 100) at two lovels of production, namely, 30,000 tons per yoar (tpa)
and 80,000 tpa,

Table 3

Possible comparative capital costg
of copper smalters
(oxcluding off-situ and acid plant capital)

Coppor production tpa 30,000 80.000

Raverberatory 100 100
Modern blast furnace 90 110
Flash smeltine 92 93
WORCRA process 85 85

40, A4 fecaturc which the above table docs not make apparcnt is that the Momoda
blast furnace, modern flash smelting and the WORCRA processcs should all bo vconomi~
oally viablc at tonnages much balow 30,000 tpa, which is often rogarded asg the

lowest lovel at which it would be economic to install a rovoerboratory-convorter

complax. Troatment costs soom likely to be even more favourable to tho WORCR.L
proceas. Tho anticipated comparative treatmont chargos calculatod for Australian

conditions with no sulphur rocovered are listod in table 4.
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Table 4
Poggible comparativo trsatmont cosis
Coppor production tpa 30,000 80,000
Raverboratory 100 100
Blast furnace 130 150 g
Flash smclting 110 105 '
WORCR/. procoss 72 75

4l. The potontial for high rocovery of sulphur dicxide from thas "ono gas", continuous !
WORCRA furnaces should put this process svon furthor ahead of convontional reverbor-
atory and blast furnacc operations. Inde:d, within Australia, 2t the 80,000 tpa
cepper production lovel, and with sulphur creditod at $(Aust. )35 per motric ton, but
with costs (including capital charges) of the nocessary gas cleaning doducted,
snelting could result in an overall credit of betwoun $(Auste )13 and $(Aust.)15

por ton of copper producsd (= approximatoly $US15 to $US18). Thesc ovaluations,

incidontally, arc basced on new smelting plants. Tho cconomics of converting oxisting

sneltors to the WORCRA process have not yet been fully oxamincd. 4s implied in tho

briof comment related to figure 8, those could be quite a2ttractive.

Patonts

T

42. The WORCRA procussus for continuocus snclting and converting arc protocted by

patonts and patont applicztions in forty countrios of thc world.
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