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SUMLARY

Somc seventy-five por cent of the world's ooppor is produced by pyromctallur-
gical smelting of ores, primarily iron aud copper sulphides, which initially contain
about one to five por cent of copper  Aftar conocentration, with which thig paper is
not concernod, the oxtraction process is essentially onc of oxidation of the iron
and sulphur. The basic rcactions arc stronsly exothermic and can be summarizod in
the following cquations:

(a) 9+ c, = £0, + 2220 kcal por k3 C,

(b) 2Fe8 .- 302 + SiO2 = 2F20 8102 + 2302 + 2500 keal per kg O

(c) Cu§ + 0, = Ao+ 80, + 1650 keal per kg 0,
The heat ovolved by those roactions provides a substantial part of the hoat necessary
for emelting. The oxygan is supplied by larece volumas of atmosphoric air and this
involves heating 4 kg nitrogen to about 12-1400°C for overy kg of oxysen consumed -
using up about 1400 kecal of hezt. In th. traditional process, thorefore, cxtra
fuel must bc burnt at somo stares

2

In recent practice, two new mothods for raintaining the heat balancaes have been
developad -~ (1) using eomc of the hoat of the waste 32808 to prcheat the incoming
air and (2) adding additional oxygen 5 the air

The paper discusses tho irpact of thuse developments on the traditional process
and tho new processes which they have made possiblec.

In presont practice tho reverberatory smelting of matte and its subsequcnt blow-
ing in a converter have both benefited largaly from oxygen enrichment of the air.
In the reverberatory fucl consiapuion is reduced and the eculphur dioxide content of
gases for the sulphuric acid plant is incrcaeed, but most important the rosulting
incrcase ir reaction vate inercsnca ths threughput of the furnace. This can be of
major importance and cxamples ape z-von fron Union of Sovict Socialist Republics,
Canadian and African practico illustrating the important :conomio benefits that arc
atteinabic. The obvious qucetion as to the affes, of 2 higheor flam: toemperaturs on
the rcverberatory furnacs lining i3 satisfactorily aneworod by suitablo dosign of
buracrs to confine the high torporaturc zouc to the matal slag surface arca - where
it is waated.

The iutroductinn of cxtro cxyg:n in converter bloving of cours: tends to put up
tk2 touparature to & oxtunt which could be very scver: on the rofractory lining.
To prevoat this it is nocessars te add more cold chargs than wonld otherwise be
possibla, and theroin lics again cubstantial sconomic advantage providod svitabla
cold charge i3 avallabla, Th: sxomplos given nct ouly illust atc this but ulco show
how muoh the blowing time can be roduced,

although the romeclting of sorau is hardly within thc compass of tho primary
copper produoor, oxperimcntal t:ials ir the mited Kingdom oi' the applioation of the
c&gy~-fuol burnor in this ficld show promi~c of halving the usuel 24 hour time oycle
forr moliing - oxidising - poling and casting of 65 ton churgcs

In the field o new proocssc3d, the devolopment of flash emoliing has boen
faocilitaiod by hoat consorvation. By prohoating tho air as in Outokumpu, or using a
puro oxygon aimoaphare as in Copper Cliff, emclting oan bo oarricd out autogonously -
with th: produotion of liquid sulphur dioxide as a by-product in thc scoond oasc.

Tho uso of oxygon cnriochment in the oonvart-r in Japan and in Canada has lod to
th) addition of oconocoiutrato, or oven ore, as thc oold oharge noedad to kuap the
tomperaturc down. Thus a combination of matto smclting and autogoanous dircct smolt-
ing of oconcentrate has booomo possihlo.
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Mguros arc given of the approximate cost of producing oxygen in tonnage plants,
but naturally thosc must vary considorably in difforont parts of tho world. Suffi-
cient is known, howover, to demonstrato tho cconomic bonofits that can rosult from
oxygen onrichment of the air in various stages of tho production procoss. Partiou
larly is this the casc wherc an existing plant is roquired to incrcasc its through-
put, but in tho dosign of now plants these davelopmenis open tho door to now and

more floxible procedures wrioh may woell have a profound offoct on the future of the
copper industry.
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Introdugtion

1. SBome 75 per oent of the world's copper is produced by Pyromotallurgical smolt-
ing of ores, primarily ircn and copper sulphides, which initially oontain about

1 to 5 per cont of copper. In order to make olear somo of the points disoussed
lator this papor digresses into & briof and oversimplified disoussion of tho clements

of tho procass of oxtracting copper and thc hoat ovolution acoompanying tho bagio
reaotions.

Iﬂ

2. As a bdroad generaligation, the most common oopper sulphide minerals in the cres
smelted pyrometallurgioally are Chelcooite (Cu28), Chaloopyrite (CuFeS,‘,), and
Bornite (C F084), nsscoiated with iron sulphides suoh as Pyrite (Fesz) and Pyrrho-
tits (C.PeS) but many others are of importsnoca. A special case is the niokel copper
ore deposit in 8udbury, Canada in which the basio minerals are copper, niokel and
iron sulphides. The smelting prooesses employed for the production of nickel and
copper from these ores are essentially similar and references to niokel smelting
operations are made throughout this Paper sinoe they so closely parallel oopper
smelting.

3. In the ore these minsrals are associrtod with large proportions of "gangue"
minerals suoh as quarts, which ape generally valuzless and the first stage of the
production cperaticn is beneficiation to 'produoe a "ooncentrate" of the order of 20
to 30 per cent cach of coppsr, iron and sulphur, although compositions vary widely.
This is the starting matorial for pyromatallurgical nmelting, the basis of which is
oxidation of the iron and sulphur, stopping oxidatioa when the stage is reached at
which metallic copper is produced Thers are four main stops in the traditional
operations roasting, smolting to matte, oonverting to blister oopper, and refining.
The besic reactions ares

(a) The oxidation of sulphur to produco sulphur dioxide whioh ie o
valuable rew material for the production of sulphuric acid.
8inoe sulphuric acid is elmost invariably both required and
produced in tho oopper refinory it is important to achieve a
fairly high sulphur dioxide oonoontration in the waste gnses
passed to the sulphurio acid plant. Tho oxidation recotion is
exotherwmios

(1) 8 +0, = 80, + 2220 koal pex-lcgo2

(d) The oxidation of iren sulphides to ferrous oxide and the fluxing .
of this with silios (added as necessary) to produce a farro-silicate
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Blag, Tha rvactions .ru somplox but Py agnin axothurmin
and oan be swmakigad in th, equations

(2) 2re8 + X, + 3102 ) FeO.BiOz + 230, + 2500 koal per kg 0,
(6) e oxidation of oopper sulphide to metnllio o0ppor - again

exothermios

(3) Cu,8 + 0, = 2Cu + 80, + 1650 keal per kg 0,

4. The heat evolvod by thoso oxidation reactiong provides a substantial part of
the heat required for smelting, but in the conventional prooess oxtra fuel has to be
introduced at some stages. The oxygon is suppliod in large volumes of atmosrherio
air - the Internctional Niokel Co. have caloulnted (1M that 4o pProoess 50,000 tong
of ore to produce 1,000 tong of metal, 25,000 tons of air is requirod. This
inoludes nearly 20,000 tons of inort nitrogen which is heatod in the oporations to
about 12-1400°C. Prom the enthalpy of nitrogon at 1300, (354 koel per kg) thie
means that for svory kg of oxygen uged in the hoat producing roactions of the above
oquations, about 1,400 koal of heat i3 used to heat nitrogen. This heat loss per
ton of nitrogen would suffioe to smelt ono ton of solid charge. This heat is not,
of ocourse, entirely lost, up to 35 per oent of the hoat in waste €eses from rovor-
beratory furnaces (but not that from the oonvorters) oan bo recovered by efficient
wastc hoat boilers, but therc is obvious opportunity for reducing fusl oconsumption
by roduotion of thig loss of heat in westo gasos.

5. Ome w2y of helping to this ond is to usc the heat of tho waste 8asos to prohoat
the inooming air. This has been Oommon practioe in the iron blast furnace since
1824, wut hag only rocontly becn used in ooppor smelting -~ for examploe in the Finnish
procoss, to whioh reforenco is made lator.

6. Dariohment of the ingoing air with oOXygon producos similap benofits, but much

volumes of inert &%8, arc tho rosultant inorcases in reaction rate, furnase tompora~
fure, and in the sulphur dioxide content of the waste gogos. The rosult oan bo
aither a rovolutionary improvement in the throughput of tho traditiona] smolter or
tho introduction of ontirely now processcs, suoh ag oxygon flagh smelting anq smclting
in th> oonvertor. The following disoussion doals firstly with the use of oxygen on-
riohmont in tho traditional process, scoondly with tho flash smolting Operations, in

V/ Mabors in parenthosss refar to referonces.
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Rogsting

7. Heating tho oonoontrates in a plontiful supply of a2ir to about 750°C. to oxi-
disoc some sulphur and iron is only Nooossary with low-gradc materiel. It is today
omployed only to a small oxtont and in many Plants roastors aro usod not for roasting,
but for drying tho wot fino conoontrato bofore saelting. Whore roal roasting is
necossary the oxidation procoss is sufficiently oxothormic to enable tho roaster,
once startod, to be oporatod without additional fuel. Since, howover, the tonpera-
ture must be kept bolow 800 to 850°C. to avoid sintering questiong of ox;ﬂon enrioch-
mant or air pro-hoeating do not arigo at this stago.

Melting in roverborstory furnscos
8. Tho objoot of this oparation is to produos a matto, i.q. e relativoly puro
mixture of ooppor and iron sulphidos, oommonly with around 40 per cent of copper and
30 por cent iron, fros in lerge measurc from the impuritios in the gangue in the
oonoontrate. Thy portion of the iron, and tho oxtraneous non-volatils materials
oxidisod in the furnacc pass into the slag and more of the sulphur in the chargo
passos into the furnace gases as sulphur dioxide. In traditional rovaorberatory
smelting the furnace is fired with powderod coal, oil or gas whioh, together with
the necessary combustion eir, are blown in through one ond wall. Slag and matte
are drawn off as requirod and the furnace operates continuously for long pariods of
timo. 8inoe the requiramonts of tho furnace apre both melting and oxidation, it is
olear that (a) the introduction of large volumos of cold nitrogen is a disadvantage
and (b) an inorease in the rato of oxidation oan incroaso the throughput of the
furnace.

9. With these points in minq, prehocating the air has beon used to a moderato extent
and thought has boen given in rocent yoars to the enriohmont of tha oombustion air
with oxygen. The 1ifc of the furnaces, whioh should be many months botween major
repairs, depends to a largo oxtent on avoiding overheating, partioularly of tho

roof. The first reaction of tho experionoed smolter superintendent to the suggestion
of using oxygen is naturally thereforec ong of fears for his furnace. This danger can
however bo avoided by oaroful design. In normal operations tho hotiest somo in the
furnace reschos about 1500°C. and as it will be soan later, it is possible to inorease
this temperaturc in tho ares olose to the slag lino, away from the furnace walls,

without inorcasing the temporature of the roof.
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10.  =Ixamplos of the benofits to be achioved by tias usc of oxygon in. tho traditional
proccas of rovorberatory smelting arc given in published inform~tion from th¢ Union
of Sovict Socialisgt Ropublics, Coanndn ~nd Contrnl Africa

11.  ZIxpericnces of tho Belkhesh llining and Metallurgicnl Combinc in the Union of
Soviat Socinlist Ropublics (2) and (3) of usinz oxygen in smelting concontratos con-
toining 20 to 257 coppar, 13 to 1% iron =~nd 22 to 23% gulphur plue convorter slag
aro summerized in tablo 1.

'I‘qgle 1

Duration of tost ‘;g an)

| 2 8 i 1
Por cont oxygon in blast 21 21 25 29
Pulvoriscd conl usod, tons/hr 63 6.09 6.3 5.5
Specific fusion t/m° hoarth 3.28 3.2 1.8 3.9
Consumption of idoal fucl,
kg/ton charge 182 186 161 153
80, content of gna, % 1.5 15 2 2.5 5
Lir m3 por ton charge - 1390 930 910
Oxygon m3 per ton chergu - - 56 102
Cu rocovery - 27.9 97.9 97.8
Thermal cfficioncy - 32.7 37.8 42.6

Using pulveriegcd coal firing in two typical stand~rd runs of 3 to 9 days duration
showed, with normal air, an ideal fucl conswaption of 134 k2 per ton of charge.
Adding 47 of 9xygen to the ~ir over 17 days, reducod this to 161 k7 and adding 8%
Oxygen over 13 doys to 153 kg. The thermal cfficiuney rosc fron 32.77% with nip to
42.G% by tho addition of 8% oxymen. I sccond, and in some circumstancos more valu-
ablo point howsvor, is on incrensc of 20 per cunt in the throughput of the furnece,
and thogo rosults, couplod with o highor 802 content in tho wogto g2808, add up to
substantinl bonofits.

12, In the oxpurimont using 25¢ total oxygen the furnaco roof rosc to the uwnaccopt-
able tompornturc of 1650°C. This was avoidzd in lator oxporimcnts by tha adninion
of & scrcen of cold secondery cir,

13. The International Hiekol Company plant at Coppor Cliff scparatos two concone

tratus - ong ussontiolly coppor rich and the socond nickel rich, but containing coppoar
in approximately the ratio 3N ¢ 2Cu. Soma 407 of INCO'a copper dorives from this
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nickel concontrateo. The treatmont of thy CIpper concentrate by flaah smelting will bo
raferrod to later. The nickel concentrate is smelted to o nickcl-copper mott. (175 Cung,
50, Pe, 7% 5) in reverberatory furnaces and recent experiments have been conducted
on oxyzen enrichment of the nip in this »poration (1). The IXygen was intraduced
through water cooled lances installed below the ¢221 burncrs ang dircetoed ewny from
the furnecs walls. This onsurod thot th. huttest part of the flome was ot the botton
noxt to the bnrth and dig not raisc tho temperature in the vicinity of the roof. Table
2 shows the improvemont in fuel officicncy and in furnzce throughput.

Toble 2

n_Cnan~dizn reverbo

znd without oxyron cnt
in tons pcr d~y
St-ndord with 2XYZen
4 3 4 B
Coal rato ' 214 206 174 213
Oxygon rate - - 91 30
Matte and sloy 1400 1400 1540 1900

R ——
At nommal opcration
B: highor throughput using oxtr~ rosstors

Tho incroase of throughput rato by onc third lcd to difficultiss in mntorials handling
sinco the facilitive for denling with the mntte and slag were not desizned far such o
high production. Thoy were consequently trxed to the limit and alterntions such ~g
largor matts 1adlos hnd to be introduced.

14.  Thc Rkokona Corporation (4), wishin: to inercasc the output of th:ir sncltor,
congidercd in the first plece smelter oxtonsions, which would have cost €10 million,
Altornatively the addition to the combustion air of oxygen fron 2 plant producing 600
tons of 98.5% oxygen per day, was found to enable the existing smelter to reach its pro-
duction targot nt o capital cost of £1.6 milljou. Apert fro- increasing throughput and
loworing smolting costs this hos also offosted some diroct saving of fuol and onablod
indifforent fucls to bo used morc officicently.

Convc;&ing

15.  In thc noxt st2go in the traditionnl smclting operation, air blowing of th:
molton matto in o oonvertor complotos the oxidation and slagging of the iron (cquation
2) and, in a oontinuous operation romevos the bulk of tho remeining sulphur (oquations

1 and 3) to produce crudc copper, at which stago the oporation is stoppad.
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16,  The rosetions occurring in the nir blown converter relonsc 8o much hoat thet it
needs no firing. any <f tho inpuritics le-~v: the corverter ~g mutal oxide dust in
the blast cxh-ust which is pich cnowzh in sulphur dioxide to be fod to - sulphuric

acid plant ~ftep purific-tion

17. Intirest hos buon showm ia vxy~ca onriehment of the ceonverter ~ir gince some
errly smnll-scalc expiriments by Brondt(5) in 1905, Tnnkenov(€), nzain ia small-
scnle oper-ti s, showad thrt blovin» tins could be reduzed by -bout 70 ner cont if
the oxyren wors increngcd to 38 Der cont but it ig ~uly in racont yeonrs thnt serious
intereat has boon trken in thig eporetion.  Tlimination of adtie a9f the cooliny affact
of nit.ogzen in the blagt n~turnlly couecs the tonporaturcs to risc, ~and it is necog-
gy to odd more eold carrge to nvoid dmrze to tho refroctory lininz.  Tabls 3 gives
the rosults of experinunts srpricd out by th. Norddoutschc Taffineric(7) on the offoct
of incrensing the OXysen to 23 nor sont in o side blowm sylindriz-] Sonverter usiag

& mette of the order 46-42 - ’pper, 23-24" iron and -bout 25 sulphur  This reducad

the blagt time by 20 por cent ~ng doubled the rete of CIpper production per minute

of blow.
T ; i
g2posr convertor 4
Normol Znriched Chonge

Oxygen in blast, | 21 3 +31
Blnst timc, nminutes 325 259 =21
Sulphur dioxid.. in g8, 7 4254 27 - 6.3 -
Slr; per ton copper, kg 39 100 +12
Refrrctory loss, k-~ ~32 ~ 245 +670
Coppar produced per ninute of blow, k- 9 3 +100
Jhole charge tino, minutos 423 342 ~20

In thc abaunce of 8Btops to absorb the oxtrn hoat wvolved, the tompor-tupe roso 100°

higher than normal with sovero ~tack of the rofractorius. The 2bvious way to ~void
thic is to ndd more cold charge, mekingy A virtus of Accessity, nnd the patontial valuc
of the ~ddition of oxygen in this operation clenrly depoends Inrgely on the nature and

the ~mouwat o1 the material 85 ndded

13. In their nickol 2xtroction line the Internrtione] dickol Gompmy concentrote
still further the copper ~nd aickel sulphides in the 179 curi reverberatory matte

reforrad to onrlice by bessonerising to produce ~ riczh n:tte contrining 4575 Ni,}O% Cu,

22,8 ond loss than 1% iron - subscquently trentod to sBeprate substnntially pura

nickel ~nd coppar sulphides.
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19.  Oxymen onrichment of the nir in thoso "Nickcl" convertors hes made sufficicnt
hent availabls to pernmit charging int» the convertor o voricty of high rpade roverts
from the nickol refincrics.  Somo 400 tons por doy of such excoss acr~p had Previously
to be charged into o blast furnace but ~11 this muteri-] SN be hondled in the JXy.*on

enrichod converter, permitting the shutting down »f the blm8t furnaco,

20, The beassomer mott.. 52 produced is trentoq for the deparation of subatmtially
purc nickel end Copper sulphides by 4io so=crllod "bottomg® prycess  The rosulting
copper sulphide (737 Cu, 5% i, 200 8) g forrmerly noltud in ny clectric furniso ang
blown to blistop copper in spoci:]l converters scparnte fron thos. used to tport the
matte from the flagh smeltor.,  In tha Inteat oxporinmentnl prectice(1) the bl~st in

theosc primary copper converters is cnrichad to 304 Nygm ond the .xtrs hoot genarn-

ted absorboed by the ndditinn of this copper gulphid: from th. nick:l procoss, Thig

is swamarizod in Trble 4.

Tons & Cu
Cu mntte. 290 42
73% Cu sulphide
~dded during slaz blows 422 72
ndded during whito netrl Llows 157 -
Oxygen uscd for onrichment Lo 295 0, 132 -

(4
The successful doption of thig brocedur: renders the uge of the elactric nre mclting

furnace ~nd spccinl convertor unnacessnry.,

Rofining

21. This is pradominantly clectrolytic nnd irrclevant to this discussion, but it ig
oppropriate ot thig point to mention the value of oxy cn in re-melting copper ns for
cxemple, in firo refining, The British Iron ~nd Stocl Resenpch Lssocintion (8) and
(9) h~s proposcd the usc of an oxygen enriched fuol mixture for nclting scrap. 4 deep
furncee hoarth i chorged with cold scrap ~nd n oxygon ~ nil burnop brought down to
the top of the oharge. g the contre nolte the burnor is lowered and wasto gasos
Oscape through and prehant tho surrounding scr~p. Clnims arc made relative to tho

cloctric furnace for quicker melting, roducod capitnl cost ~nd 1 ge savings in melting

costs is chonp oxygen is availoble frog r tonnage plont. Pronising oxperiments apo
in hand in tho opplication of thig Principle to tho melting of scrap copper in the
rofinory of British Copper Refinors(10). #olting 8crap Or cnthodes in 2 65 ton po-
verberatory furnace in the roof of which two supplomentory oxy-fucl burners arc
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introduced hns given cacour-~gin,: results veias the burners during the aclting down
and subscquent oxidation strzes (by chroful oxyn ~djustacat) in ~bout 50 runs
B.C.R. heve shortenad the tot-l time for tho melting - oxidigin~ - polinz - crsting
syclc from the usunl 24 hours 19 byt 12 ¢ 16 hours, dooendin s o the noturs of
the charge end the product cnst.  Teonomics in 1-bour ~nd in owvernll fucl consumption

appear to brlance th: wetre custe snd 1t cooms possible th-t the eyele tim: cna bo

hnlved = 1.e. thoe osutput doubled - without incro-ec in ¢dc% . This roquiree confirm~-
tion whon riorce oxparicac. ig aveil-hl: on whish for cxenaple $h 0 1ifo of pofrnctorice

oen be firaly cat-ilish.d.

22. Similar ndventoges -re sugiestod by Slirincston Coppor Dofiners Ltd (11) to

result fron top jotting “bl-ck conper® with 9%y son ns ~a cltera~tive to bessomerising.
In the cxperimental work dzscribed »n: ton eh-r e of Llock coon.r (70=77% Cu 5105 Sn,
354 Zn, -4% Fe, ©2-4)5 ") wer. blown with - top jut iatroducing 50-100 cu.ft. of
oxygen per minut.:  The -dvintoges cl-inod comprrod with the comventionnl coaverter
includ> lower cnpitnl cost, shortor blowia: tines (40 uinutes comnnred with 120

minutes) and smallor filters for fun. colloctin,

IIT. NZW PROCISSTS
23, The uses of oxyzen mrishmont and pre=hoentd ~ir hrve not only vrently benofited
traditional processcs but have facilitnted etriking niw dovolopnents in copper smelt-

ing in rccent yonrs.

Flosh cpclting

24 The pogsibility of smalting copper soncunirotus by =mc ns of the hont wenercted
by their own combustion wns first sugoested by Bridman(l2) ia 1097 who proposed
sproying the fincly nowdered ore into the oxidising ~tmoephor: of o furasce chanbor,
but his plons rcenched no comnercinl success. In 1915 Klaninger zt ;&.(13) rccomnonded
the usc of prehe-~tad ~ir in the process, but ~3nin no produstion usce was made of this

until the development of the Outokumpu proccss in 1949(14) .

25, In the earlier work the dircet smcltiuncs >f concentr~te into o nool of matte and
81,7 which collzcted ~t the vottow »f th. furn~ce unenintored diffisultios duc to the
attempt to nove the particles nnd furnnce ;nsos in opposit. dircctions. This rosultod
in o Iarpe ~mmount of dust being cnpricd out in the »ns stroom. This difficulty wrs
overeon nt the Harjov-oltn smeltor in Finl-nd, by foeding Tl ~ir ~nd dry concentrate
in the top of » verticnl shaft rnd dirceting the resulting suspension vertically

downwards in such ~ manner thot it spreads over th: vhol s shrft nreny ignition tekos
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place instntanceasly, ihe tonpercture of the particl:s is reiscd to the smoltiaz
tomperntur: ~ad soporotion of the perticles from the s trkos ploce when the mses
~re turned through on ~n~l. »f 50" in o horizont-l ssttler 4 the tton of the
rceaction shaft The partizics enllaent in tho cettlor in o nolten bath ~nd th. [RaFc Y]
are tokon out throush an aptake Tonding ) unste hutt hoilors b - hant exehonger.
Under the richt conditinas th sucltiag: oo B 2nreied out utomenously, bui only
very hizh sulphur mott: o 1. goticl ctorily hrndled this vy without oomo supnl a-
mentory heat.  The ortorisd norarlly beaalod by Cuboicwmou (con ontr e 01 cu, 32% Fe
" 330 8) romuires mly »omodercte rmoant of cxtre host nd this oo b rrovided by
pra-henting the air to ~bout 500°C.  If i1 othor o.ess the concontrote e o bomposi-
tion which requires ~ hishor ~ir pre=hect Lomporcture tice, 1o ~tieinnble, the pamsin-
ing hent can be provided by burning o little oxtr-ncous full tasethor withh the on-
contrate. One digadvontaze of the fl-ash sriltiage proccss is thot the slhss an nro-
auced are high in copper ~nd ncod Alemniaz by vhich twrus houever, the o prer sont ot
can be reduced to 0.2 per cont., Sul phur rccovery ia flish smclting is hich cnd the
furnace gasos, after paseing the woct: hort boilor ~ad noot cxchenger, provide on

ideal feed for the sulphuric necid pl-nt,

25, This oxtromcly convenicnt ~nd cconomicnl smalting: nroc:ss whick combines rorst-
ing, reverberatory smelting ond - prrt of th: converting process hns been ndoptad in
= number of other smelters throushout the world, =i of th: iirst ¢f which was the

ishio Smelter of the Purukawn Minin. Somp-ny in Jopon

4

7. Oxygen enrichnent of the ~ir ofiors “nother nothod for climinating th. hent

deficiency in flnsh smcltinz and this h-s been 2arricd to Gh limit by the Intora-tiomel

ickel Compony in their procoss for troting the copper rich ammeentrate roferred to

“hove (15) The dry concentr-tc is ingsetod throuwh burners -t o-ch .nd of the
unrizontel furnace and combustion oFf ctol Ly inj ting 990 pure uxy seh throucn Lhoe
burner. The burner tip is of wild siocl tubing; with o woter j.cket to avoid igmition
1r. the oxygen strema.  The cxygen=concentrote rotio is eontrollad sufficiently closcly
for the product zas lcavingz tie farnce. to T 305 sulphuar dioxide which is tolon off

Jor ligrifaction. «Tomperature control is of vit-l inportonce —ad temperatures arce

conetnntly measurcd. The hent is soncratod by reonction of oxy.on with the iron sul-
phice component in the coppsr concontrate and with pyrrhotito which is fod in 28
required to maintain the thomal brlonce of the ronstion nnd the dusired motte content
which is in the ncighbourhood of 454 copper. Hishcr copper content in the natte
esults in highor coppor in the slag, ~nd the pyrrhotit: ~ddition both cle~ns the slag
~nd controls the matts grerdo.
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28, in ingonious now propos~l for vasuring rapid and complete reaction between zir
and concentrate is ths cyclone smolting proposod by Tonkonogi(16) in the Union of
Sovict Sicinlist Republics. T increcse the valocity of ths zases rolative to the
solid pcrticles smelting is ecorricd out ia » cyclonc chomber similar to the cyclonc
combustion chombers in conl fired furnncces 41r is blown in tangentially with o
valocity of ovor 100 m/scc rad the concentrate, with somc powdered fel, fod in
throush the roof so thot it is throim orningt the wzlls in the hizh tcmperaturce ro-
Action zoncy emell prrticles burn or molt ~nd the smeltud product is coulloctud on tha
hearth as matto and 3lng.  This proacss offors » large surfoce ~ren of charge to

~imosphere, ~nd thoe hish o208 velseity nccclerntos hent exchenge by convection,

29.  To snsurc rapid r.ooction and the volntiligetion of ~ppropri-ta costituoents,
the oir is pre-hentod to about 500°C. with =r without the nddition of oxygen. Table
5 ¢ives sonv typicnl results quot.d by Onnjew(17) but it is not clear how sarious the

wear of the cyclone wrlls or the hont 1s38 throurh thesc walls prove to be in prac-

tic..
Ioble 9

Concuntrate Cu 21=22 17-19 36
Purcent 2n 06 7-10 2.5

P 14 26-27 -

3 20=-23 33=36 16

Lir tompernture, dogrocs C 500 500 500 500

Oxygen rided, ‘o Hil Nil 8 3

Cu content of nntie, W 50 33 - 75

sleys, .5 5 0.3 1

Yicld of copper in mntte, ¢ 96 38 93 76

Yicld of zinc in sublimete, 3 Ne £5 S 92

Fuol eonsumption, 27 - - -

80, in gnsus, [ 2.5-3 - 6 -

Converter snelting

30.  The possibility of smcltinz in the converter hog beon of intorcet for many yoars,
but the practicability of such a procucs depends on ~ supply of hont over and above
thet availsble in the traditionnl Process. It is not a bir step to realize, from

what hrs Locn snid eorlicr, thnt the overhenting of » normal convertor when oxygon is

ndded to the nir, eosuld be preventod by using the converter fop snelting ns well as
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for treating roverta,  Tas Japaoncse started; in sxoerinents ia 1951 ~t the Snzamoshi
smclter, with an sxygen onriched blast which led to the process used -t the Hat-chi
Suelter of the Wippon Mining Co  doseribod by Tawrums>to{12). Tho convorter-smoltep
cycle is started with nbout tun tons of molten natto containing 40 o 50 of coppar;
this is obtained fron ~ blast furnac. retnined ~s ~ conveniont source of mottec

rether than o8 a mein snslting wnit since it pairmits the hendling of roverts. The
convert blnst air is cnriched to about 3560 384 oxygen, Concentrates nrc chargud
into tho convurter in snall anounte throush » retractarle shoo*, with such silicr g
is avcessary to flux the irca. The grode of matte at first f21is sunce the neltin s
1ute cxcoods the sridntion rote of iron gulphidec: thereafter, ths matte grade iaproves
until the copper content is ~hout 70 per cont ~t which str~e further charzing is
stoppec and the white not~l hlown to hlister coopor. The final stoges of the Llow
o enzily be overdon: with Axyion cearichment and it is recommended that naip alome bn

uscd in the lattor peet Of the finishia; blow.

2, Cryzon carichmont is stoatod to raise the copper content of tha bligtor from

93.4 t0 99.8 pcr cont comparcd with air blowing, the improvemant boinz due to srontor
climination of load ond nickel (th: lntter however constituting o lose to the cleciro.--
irtic refincry).  Tahle 6 sives Lae hont balawnee ia this nrceess from which it io

scor tart thic dormoec i orgen tryichment ot omly suffices t5 convert ~ hount
deficicncy into o hont surplus, but dceracscs the smelting time for onc 4on of con-
contrate from 7.5 to 4.5 ninutes.  This in iteclf improves the heat balaace by

roaucing the radliation 1osgs.
)
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Teblce 6

1

gat b-lance in converter 3
2172 0 35

2o 2r %

=N
o

Heat soncrated by oxothormic

rorctions c-]. 395927
Hent consumed by endothormic
roc~ctions 177564
Scenoible hent in

vroducts 4333809

ritropon 262794 129697
Mndintion logsg 132750 113250
Hent deficioncy 167020 -
Hoot avrplus - 41667

Time for smelting
} m ton conc. (mia) 7.55 4.53
32, The coppor content of the slog ig hizhor ia convertor sm:lting thon in conventio-
nal converter slngs ~nd gome ducopperine trentnunt ig accesnary, but this is much
morce th-n offsct by the improv ad smelting economy - including -~ considerable rcduction

in handling losacs - ~nd v higher grede sulphur dioxide for the acid plant.

33. The Iniernntional Jickol Comp~ny to whoso proctice in enriching converter aip
with ovyoon (45 p:rait () the chnrging of eold nickel reverts into the nickel cone-
rerter nd (L) the chorsin« of the copper sulohid. from th. *bottoms'" proccss into
the arimery conper converiors) rofarcnce hes riretdy beon mede, hove nlso usad their
nick. 1l corverter for snioltin e Sy ~dding axyron to the blrst some of th: hant corriod
owny by nitrogen (Rhout S0 i cont in convontionsl proctices) con be used for treat-
ing cold on; op concentrote. They found ih-t to be complately ~utogcnous with ~
chrree eonsictin.s entircly of ¢ald solid salphide ~nd flwz, the blagt must ba onriched
to over A0 por cont. Using ~ bl-st onriched to 20 to 35, OXy£en required ~ portion
o1 th: sulphide chinige to Lo molten mitte, to which basis it heg been found possible
to ~ud ove ng ceoncentirat: in ~ gingl OXy&n cvnriched converter nt tho rote of over

t

400 {ong per dry. 4 diswdventnre is that

-

< slove produced in theo converter contains

T onich mote] contunt but this con be elenned in to. reverberttory furnncoe.

34, Littlo inform~tion is "v~ilable about tho 1ife of lininge whon smclting in the

corr vrter, but Jovancse Gxperionece suggosts th-t linin~ c¢rosion only bocomes intonsc

vhan ovyzen enrichment cxcecds 40 por cony

Cc

Le

3m

33
to

v
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35. An obvioua question in - sassing the potoatinl v lue 2 the us. of oXyaen i the
copper smeltor is the pric. thet hes to Lo p-id for 1 o3 This el rly will acpend
on mhoy congiderations relovent only to - prrticul p plont such ~3 Iocation, cost or
powcr ~nd ~wvrilsbhl .. lebhour, porind oop viich supply ig roquirsd mnd continuity of
usage.  This l-ttor poiat heg - coneid.r-llc Gffoet o4 the cust of th: pleat siuco
shut d>wn periods For meint mone. will ascoasitote stor~;: facilitios in ~ ocontinuous

supply is nccodod fop De wiuks in thao yorr.

36. s ~ hro~d ginernlizatiog howsver, it ora bo s-i4d th t, -“seuning ~ miaimag of
fiftuen yorrg? supply, with - costi 57 pAICr 08 one punay per uait, the cost of pro-
viding o 904 puruz oxygea would Lo ronrhly oo Sollous These ficurcs which epo Tor
cost of g ng produced; i ¢ befors eonprassion, rof.> to tho production 51 the
stnted tonnngc of pure oxy~a d~ily; th: prieo por 1000 subic foet ig *I'e price of the

resulting 904 mixtur.
tonvage of oxyean
200

HO0 s Od. 28 84,
(1 ton of Pur: oxyson oqutls 26,500 c.ft )

37  Thosc figurce ~pe turndly Brsid on Uaited Slasdom sxporionce The oaly othor
costs avhilable to tho author ~po thnge quoted by -micko(7) ia deseribines cxpori-
"nt~l work nt Jorddcutsche 0fLa eis Top o ~xperincatel produstion of wboat §C tona

per dryr.

ost of oxygon in D Dor norm:l m3

Depracintion 0 0415
Scrviee nad Maintonano- 0.0140

Incrgy 0.029°

~is in cpproximately omunl to 4s. od, per 1000 cubie f.ct, which in vicw of the
m2ller tonnngo is racson~bly in linc with the Uaitod Kingdom fipureg,

3. Ixperimontn) snrll-senlo usge, such -8 thnt of Lritisn Copper Refiners pofurred
0 cerlicr is morc comtly. Thiy drew theip oxysen from tonks (roplenishyd from tim.
0 time) ot the reto of about 100,000 cutie feet per 55 ton char:e. This costs ahomt
~~. per 1000 oubic feet,

The purity roquircd dcponds on othor possiblc usos for oxygon ia the plant.
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39. If we nccept thoe Union of Sovict Socialist Republicst cstimnte of 100 oubic metres
of oxygon por ton of charge to raisc tho oxygon contcnt of the ~ir by 8 per cont in

the roverberatory smclting of ~ 20 per cent copper concentrote, th: cost of the oxygoen |
from ¢ tonnnge plant would, in Unitod Xingdom figurss, be of the order of &3 sterling
per ton of copper smelt:d.  This must bhe sct ~grinst a 12 per cent saving in fuol and i
a 10 per ocent increasc in thormnl efficicncy. Morc important benofit still derives ;
from the incrensc in throughput in ¢ given pl-ant, the voluc of which con only be

assesged on the individunl unit.

V.  SQIERLL CONCLUSIONS

40. The fact that so many of the operctions in pyromct~llurgical smelting of copper
ores nrc highly cxothurmic, clenrly pointa to the ndvant-ge if possible, of conducting
thom nutogenouély ag far 8 may be. The heat balance in the reverberatory smelting

is negntive in the traditional -process, while in the converter it is positive. If

tho hent loms duc to the introduction of cold nitrogen is roduced by oxygen onrich-
ment, reverberetory smelting con be made ~utogenous, while the oxtrn hoat from oxygoen

onrichment in ths converter can be used to melt additionnl cold chrrge.

41. With -n oxisting roverteratory furnnce operating below capacity the great advant-
rge of oxygon cnrichmant in incrensing the throughput m~y well not bc of beonafit.

Por oxrmplc, if labour hns to be cmployed in kocping plant running idly on insuffi-
cient row matericl much of the oconomy of a quicker throughput is lost. On the other
hand, if oxygen usage cnnbles highoer production to be ~chiaved on ~r cxisting plant
the benefits cnn be grent - and con be nchievid nt compoaratively low cost. Now plant
can be designed for » given output on ~ smnller scnle than would be necossary by
traditioncl methods ~nd roach its target by oxygen addition. This is boneficial also

in the economics such as rcduction of fuel consumption, improvement in the sulphur ;

S

dioxido content of the oxh~ust gnszs which result.

42. In the convertoer operations agnin tho honefit of oxygen onrichment can only be
of advantage if, ns is nlmogt invnrinbly the cnsc, ndditionnl cold charge material
is avoilable. Cold charge must be ~dded in incrcasing amounts to prevent the incroase :
in tomporaturc which results from incrensing oxygen contont of the air. The usc of ;
the converter to handle incrensing tonnnges of revert mntorials or, alternatively to E

emclt diroctly ndditionnl quantitics of concentrntc can be a highly profitable ‘
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oparation, but its valuc can only bo judged in relation to the mntorials and tho
facilities in individual plants. While therofore, thc use of oxygon con in gonoral
torms be enthusiastionlly recommonded, it doos not follow that any, ond every plant

clroady operating would nocesserily benofit, and each creo must be considered on its
marit,

43. Tho modificntions in practicc cnd tho potontinl now procosscs which the uso of
oxygen makos possiblo, offor a rozl chnllenge to the industry in laying down new

production feoilitios. The impginative and onthusinstic roceptance of this challenge '
could have 2 profound offast on the futurc of coppor.
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