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I.      Daring th. l„t fw eoe.*., coppr pyromtallurry h„ ^ 

«".lopod wtthi, th. bound, of th. old, proymn .m#mnf mHhod-i    Larftr 

rov.rb.r.tory furnace, and converter, h.v. b..n built than before and 

tH.ir .pacific capacity incr.a.cd.   In th« routing of the concentrate. 

fluo.olid roa.ting i. becoming- more general in uue.    In «ome converter. 

o«yf.n ha. already been u..d for a long time.    Recently, now^ver. th. 

••• of oxyg.n ha. .1.0 been tested in the rav.rbor.tory furnace. 

».       Among the few rew proce..«., only th. fla.h .melting method 

*~.lop.d by the Outokumpu Company i. now, after 20 year, from it. 

••option at Harj.valU. btcomir^ t.tabli^^, for th. .m.lting of copper 
concentrât... 

».      Th. fouowin, fl..h .».M.r. of Ortok»«,» tyv, ,r. in „p.,.Mo. 
•t pr.a.nti 

-   fiala*.! Otrtokumpu Co. - the H.rJ.v.lta copp.i .m.lt.r, 

capacity 500 t. p. d. 

Outokumpu Co. - the Har>av»lta nick.l .m.lt.r, 

capacity 250 t. p. d. 

Outokumpu Co. . th. Kokkoi. pyrit. cmatt.r. 

capacity 1700 t. p. d. 

Frnwkaw. Mining Co. ,Ut  - th. Aaaio copper 

capacity 500 t. p. d. 

TW Dow. mnimg Co., Uà. - th. Ko«*, .molt«-, 

capacity I40t.p,d. 

Nippon Mining Co., Ltd.  - th. Sagaaoaofci .m.lt.r, 

capacity 1500 t. p. a. 

Co«*bia*tul Chimico M ataUarfic "Gfeoorg». Coorgli. 

Dof, U» Bala Maro 
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• Tarfceyi 

4.      VmêT construction or «••If« are the following smettersi 

Sumitomo Mining Co., Niihama, copper smaltar 

Mitsui Mining and Smelting Co., Hibi, copper a m attar 

Karadeniz Hakir Ialetmeleri A. §., Samsun, 

copp«r amelter 

Indian Copper Corporation Ltd., Ghat a il a, 

copper amelter 

Hindustan Copper Ltd. , Khetri, copper smelter 

• Weet Germany:     Norddeutsch« A ff inerì e, Hamburg, copper amelter 

• Botswana: Bamangwato Conceeeions Limited. Johannesburg, 

nickel smelter 

• Australia! Peko-Wall send Metala Limited, Mount Morgan. 

copper amelter 

Pako-Wallsend Metala Limited, Tennant Creek, 

copper amelter. 

t.      In addition to these Outckumpu type flaah smelters, there la a flash 

••»•Iter operated by the International Nickel Company at Copper Cliff 

which uaes a proceaa developed by the same company.   Thia amelter 

uses oxygen enriched air to compenaate for the heat deficit in the ayatem. 

The oxidation of the concentrate takea place in the settler in a horizontal 

gaa flow.   So far, this smelting method has not been adopted elsewhere. 

I.      At present, two continuous smelting méthode for copper concentrata« 

are being developed:   the Worcra and the Noranda proceaaes.   In both of 

theae methods, metallic copper ia produced from tv î concentrates in a 

single furnace unit.    Neither of the processes has yet bean real i ted on 

a full commercial acale. 
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t.   ru-. M,... .^ th# „.^ „ muv uiMM # ä ( 

ru* .m.i,i„f,.. taMmm, proc.„ C-BWB1IW th# ^ Mai#i rf 

*. «-¡-««1 eopp« .ra.ltlBf :  ro..tlnf, ÄMtaf ^ ^.^ 
-1- -MC .,. erri«, „« in th. ..m. ,„„.„ ^ ^ ^ ^ 
*~...   Th. h.., tMl.r.twl by ,h. „oth.pBilc oïidation _ Mti M ta 

«M«- hr .*,.!«„, ... „a, . .„.,, „^ of âddittonil fuei u 

«.«-. «..m», ^„e. (rig.  ..eo«,.,.»,^....^,  .„.^ 
**. - ..ttl.r .* .„ upUk..    T,,. OI1(ta,ioB rtâiUoni >nd m 

-T.CU- in ,h. v.rtic r..ctlon .„.„.   ror ,hi. pmt th€ ^ 

frali»* concentrât«, flux and flu« du at *•»• I«H <.* .«,,!«• ou.t «r« l«d into on« or ..v«ral conc.n- 
trat« b«rn.r. on th« top of th. «action «haft     Th« nr.h..f^   * 
«•»4~k~i.4    t      , J»»«pr«h««t«dair or oxy|«n 
•»ich«.! «ir i. .1.0 l«d into th« conc.ntrat« b«rn«r   th« «ir .nH 
f**4 —4       ., , ««rrwr, tn« «ir and concentrât« 
t~é «i, and form a .u.p.n.io« which i. blown into th. r.action .haft 

TW h«.t d«v.lop«d by th« oxidation r.action. and additional fu.l r.i.,' 

0» f«»T.tur. «o high that th. ruction product, ar. .m.lt«d.   Th. fol- 
Umi»§ reaction, tak. piar. iB th. furnac«. 

I CuF.3, 

r«§s 

»/* •, • o3 

1 r«ê • j o. 
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I F«0 • Sto. 

c*as • 1/2 s2 • 2 r«a 
F*8 • 1/2 S 

*>, 

1 F«0 • 1 iO 

»rtO-iiOj  (nur la Uw MHItr) 
r,»°4 

» r«o • i/» o.  

••     Tk. .b«. •.*,.„,„, r#.rtioB. „,„,„ „mrUMr m ^^ ^ ^ 

pro«... .trncph.,..   Th. n»«. ,. con»««, «^ „, c   , — ^^ 
««- r.s. «h. .M. .lr.COOIMltr„. r.llo ^^^ to ^ trttm m 

F.S 1. oridl,^ .M conMqu.nlly. th« nut«. fr«l.. 

»•      A. ,h. „,.„„„„ tiœ. of th. „„„„.„„.^ guïp#njjor in th# ^rt|oB 

.h.« ». „a, ,., ,.cood. „ „ v#ry imporUn( t)Mt wn ta ^ up^ ^ 
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of Ifc« ehafl th« ewspeneiofi it as hcmoftwowi as pos «IM«.   In the eia« of 

th« roncentrate-air eu s pens ion being inhomogeneous, the oxidation reae- 

tiofM in that part of th« shaft having an exceaa of air may proceed ao far 

th»t a larga part of iron is oxidized into magnetite, generating excess haat. 

Th« over-oxidation of iron also result» in a high copper content of the slag. 

Correapondingly,  in th&t part of the shaft having an air deficiency, the 

oxidation reactions do not generate heat sufficiently,  which may result in 

aolid concentrate formation in the settler.    For these reasons,  special 

attention has been paid to obtain a constant feed rate and an even distribution 

of concentrate. 

10. Molten particles are separated from the gas stream in the settler 

p«rt of the furnace.    Matte drops pass through the slag layer to the bottom 

erf the settler.   Iron oxide and other slag-forming compounds collect in th« 

alag layer, where the main part of the slag reactions occur. 

11. According to the present practice, the grade of the matte produced 

in th« furnace varie* between 45 - 65 %, the matte being then treated further 

in conventional converters.    The slag contains too much copper, 0,S - 1,5 % 

to be rejected, and therefore it is proceaaed further in an electric furnace, 

separate oil-fired settler, or by flotation. 

12. The furnace exhaust gases have an SO -content of 10 -  14 %. 

A part of the moat fine-grained reaction producta, in the form of molten 

or e«mi-molten particlea, is carried out of the furnace in the gas stream, 

th« amount totalling 6 - 7 % of the concentrate feed.   If the concentrata 

containa volatile componenta, such as Pb, Zn, As, Bi. etc., the duet 

content in the outgoing gases increases correspondingly. 

13. After the flash amelting furnace, the gaaea are firat cooled to a 

temp«rature suitable for feeding to the electrostatic precipitator, wh«re 

the duat is recovered.    The clean gasea are generally used for the produc- 

tion of sulphuric acid.    Since the gases have such a high sulphur dioxide 
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«4.      Norm.lly, ,„. r.cov,r#)J „„. lirCTll.ted „..,,. 
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«. *.  u.lng . hjrdr0m««Uurfic„ ,„„„.,„ 

B»y'r.n,tnt. for »«J^Maguujsngfcjgg^ 

•- MM, dry .„Iphid. conctntrat. or "»'— 

»« f»*r... ^,.ined vl. flotatlon "• ,h« -«„,rat„ .„ 

«**»».„,..    in ,„. c... „, 2 n0rmaUy me"" '*" 

•» -.«in« can b. co. .7 11" "' "",     "' ^n' """ "«— 

»... ^ .„. u z ;  conc'",r""•a ,ü,fici*n, d,ir" °' «- 
.«-l.inf. "0"1"" COBUM' «^ — * -ri" b.f„r. 

«•       With r.f.rd to th. compc.1,1», of th. conc.*r.t.   th. n    h 

«•ntr.t..   it i.. »K)w#v.p   „-#BtuI ,    èW *at d*flcit in th9 co"- 
th. ••••nttal for th« proc«.. th.t « f««d i. obt.in^l 
th« composition of which i« not .uhi.,* • o««inwl. 

not .ubj«ct to mom.nt.ry fluctuation.. 
Tjf_H.ri.v.lt. ropp^ «—|ttt 

r ..^2:.cT,T;;;;r tt"a' -•uc,"i *~—~—- 
•nwlt.r u.in( thi. proc... ... M ,„ 
•m«lt.r. .k. °P«r.tior,   i„ .ddmo„ to ,h... 
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!n thè nickel ffìmry th« matt« sroéwcwd at ta« nicfc«l iMtHtr la fñmmé 

to nickel using th« «l«ctrowinning proc««« developed by th« CXitokump* 

Company (3).   Th« «team generated by th« process la utiliza«! at th« 

powar plant for th« generation of alactric power.    Anode copper ia trans)« 

ported to th« Pori Works, where th« electric refinery i« located. 

II.      The capacity of the Harjavalta copp*r amelter ia 500 tona of con- 

centrate per day.    By meana of oxygen enriched air, the preaent capacity 

will be increased to 700 - 750 tona per day.    An agreement has recently 

boon made for the supply of an oxygen plant, and thia ia scheduled to «tart 

operation at the end of 1971.    In thia connection, a part of the auxiliary 

equipment of the furnace, e. g. the wast* heat boiler, will be moderni««* 

or r«piac«d by new one«. 

It.      As the equipment at the Harjavalta amelter ia not quite up to eat«, 

th« description on the operation« at Harjavalta given below alao inclue** 

information on modern flaah ameltera.   The flowsheet of th« Harjavalta 

copp«r amelter is shown in Fig.  2. 

Raw Material Handling 

20.      Th« concentratea are transportad to th« Harjavalta Work« by rail 

from different minea.    At the min«« th« concent rat «a are dried to a 

aaoiatur« content of 5 - 6 % to avoid troubles caua«d by freezing in winter, 

and alao to aave in freight coats.    In addition, concentrates having th« afeov« 

mentioned molature content can easily be proportioned by the b«lt-f««d«rs 

located beneath the atorage bin.   Th« concentratea are transported in 

SO ton ore waggona to Harjavalta, where they are tipped into the unloading 

pit.    From there, the concentratea are further conveyed by belt convwyor« 

to a concentrate storage which containa five 700 ton bins.    Different con- 

centrates are stored separately, since large analyses variations occur, 

e. g. the copper content from 20 to 25 %.    The concentrate storage also 

has a bin for the flux.    A homogeneous feed foi the furnace is obtaii 
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temperature the gasee comi talo contad with the 

flrwt eection of the drier is provided with lifter blades and ft»« end sedie* 

with honey comb -lift ers.    From the lower end of th« kiln th« bon«-dry con- 

centrate falla through th« »creen into th« pneumatic conveyor.   About 10 % 

of th« concentrate ia removed in the exhaust fas (100 - 120 C).    The duet 

is recovered by the electrostatic precipitator and returned to the concen- 

trate flow. 

26. The drier ia controlled automatically.   Th* amount of fuel is controlled 

according to the temperature of the exhaust gasea, and th« amount of secon- 

dary sir according to th« temperature at the outlet of the combustion chamber. 

Draft control keeps the pressure in the kiln constant. 

27. The Japanese smelters have adopted a two-stage drying system, 

which deviates from the practice at Harjavalta.   In th» first stage the con- 

centrate is dried in a rotary drier from 10 - 15 % to 5 - i % moisture, the 

final drying being performed in a flash drier where the concentrate is fed 

through a cage mill into a hot gas flow.   The cage mill breaks up the con- 

centrate and throws it into the hot gas flow.   The flash drier also acts as 

a pneumatic conveyor which conveys the concentrate to the cyclones and 

the electrostatic precipitator located above the flash smelting furnace feed 

bin where it is separated from the gas stream.   The separated concentrate 

then falls directly into the furnace feed bin. 

It.      One alternative to be considered is spray drying,   la this type of 

wrier the concentrate is fed as a slurry into an atomiier wneel   which 

then throws the concentrate slurry into the hot gas flow, «nere it is dried. 

The majority of the dried concentrate ia obtained from the drying 

proper.   Tne concentrate carried orar with the gae is recovered ia the 

conventional way. 
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la fed into th« furnace with a RedUr conveyor elmilar to that mentioned 

•bov«.   Aa atated previously, an even feed rat« ia essential for the satia- 

factory opération of th« furnace.    Accordingly, th« diacharf« «nd of th« 

conveyor haa b««n redesigned to «li mi nata th« feed fluctuation« charac- 

teristic of th« chain conv«yor. 

Flaah Smelting Furnace 

33. Th« reaction shaft of th« flaah «malting furnace (Fig.  1) haa an 

inaid« diameter of 3, «5 m and a h«ight of I m.   It is entirely lined with 

chrome-magnesite bricks.    In the lower part of the shaft there are two 

cooling ringa made of copper platea, whfch support the brick lining. 

In addition, the shaft is provided with an outside spray cooling system. 

Th« arch of the reaction shaft is a sprung arch. 

34. The settler has the following dimensiona:  length 11,4 m, width 

S, 1 m, and height 1,7 m.   The walla and sprung arch ar« chrome-magne- 

sita lined.   The furnac« baa« has an «fficient heat inaulation conaiating of 

lavera of chrome-magneeite and inaulation bricks.    Water-cooled copper 

elementa surround the furnace at the slag line.    In addition, in the reaction 

«haft end of the settler, where the temperature is higher, there are cooling 

elements above the alag lin«.    The cooling elementa are located be hing th« 

chrome-magma it« lining.    Th« connection between th« shaft and the arch 

ia provided with cooling-element ringa separated by bricks.   The furnac« 

uptake, the diameter of which ia 2.71 m. ia lined with chrome-magne«*« 

and ln«uUtion brick«. 

11.      Th« concentrai« 

to th« arch a*ing b««t r«* 
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fwTMce gat«i is 100 - 2*0°C.   TW boiler nrficti are cleaned by DM«. 

•»•ticaUy operated soot blowers.   The temperature of the gasea at the 

•»iler outlet is 650 - 700°(      Part of the dust carried out in the gas stream 

Is separated in the boiler, and this is returned to the furnace feed.    The 

•team generated in the boiler is superheated in a separate superheater 

at the power station and utilized for producing electric power. 

41. The heat exchanger consists of a vertical shaft in which cast heat 

exchanger elements are placed.    Both the inside ami the outside of these 

elements are composed of fins.    The air flows inside, and the gas outside 

of the elements, these being arranged in groups.    The air flows through 

the upmost group at first, and then in a countercurrent direction to the 

gas (Fig  1)     The surfaces of the heat exchanger are subjected to continuous 

•hot cleaning.    The gases leave the heat exchanger at about 350°C,  whilst 

the air is heated to about 400     450°(\ 

42. In the modern flash smelters the heat exchanger has been replaced 

by the convection part of the waste heat boiler.    The present, combined 

boiler-heat exchanger at Harjavalta will also be replaced by a new boiler 

in which the gases will be cooled to 350°C.    The walls and the roof of this 

boiler wiH alno be lined with boiler tubes which, in this case, will be welded 

together to form a so-called membran wall, this being gas-tight and easy 

to keep clean.   The boiler will be provided with automatically operated soot 

blowers. 

41.      Compared with the combined boiler-heat exchanger unit, the new 

wast« heat boiler is flexible when receiving different raw material«, the 

heat exchanger having a tendency to become clogged if the concentrates 

to be smelted have a high lead or zinc content or if they contain 

low melting components.    Furthermore, the boiler-heat exchanger 

bination has the disadvantage of high maintenance coeta 

concentrâtes 

»ita in other j 

•changer coa»- J 

.•LaHaJ 
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**•      WW« th. f.... ar* cooltd to 3J0°C in th. . „•• 

- -«-, ... .„ .uiuble for th, „^    The -      - 
or in . .up.rhMter ^ irt(, the wMtt hMt boUer ...r 

"P-. .-P.H«U, i. „eo^.^ whtn the ., c ' ' 
» ,»-«, o, voL.ii. cotant, *. to it. ttndtncy to cic J"-'- 

Öu«t Recovery 

l,.t
Fr0m 'h """'" - ' « «o ,,.c«r„.,.,ic pr#. -NU or, wh.r. ,h. flu. „„„ u Mparaud from Pr. 

: rrric p"cipl,"or•in—«-• -«* -——zr two hi,h volUg« ,y.,«m. c 
f *°' 

Sl«| Cleaning 

rj:r:::r:r:rr r- -—— •o »par.t« th. copptr from th« .1., by notation   .h. 
•l«f mu.t b* cooled down .lowi»    TI...        , n<*««on, th« 

'ron^h. '^1,,dln, PPi0r ,0 nOU,i°" " *" »<"'»«    TH.7.« J  h. c„„w,.r „ n..h .„,.„,„, furMc> u cast • -M 
l«a. into pit. .bout 0.5 m d..p    Th..!.,,..,     , *      * 

o'. « l...t. • hour.    Aft., Z ' COOl,d °V" ' P*riod 

•P«d up th. eoo,,«,,   r,« .,., c.k. u ioottMd 

p.«.:,.::r:.:. c:;:,or,"cwKtary—-•-«— 
««ir-l.«, B#,or» ,W» «»«•«». 1-mp. .„d p.bbl.. 
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47. The slag is ground to a finene«« of 90 % -270 meih for flotation. 

Tht grinding is autogenous and performed in two stages.   Both mills 

are in closed circuits with cyclones     The overflow of the cyclones is 

fed to the first stage of flotation, the unit cell, the concentrate obtained 

being mixed with the cleaned concentrate from the main flotation. 

The si/e of the lumps used for grinding is 80 - 150 mm, and that of the 

pebbles 40 - 80 mm. 

48. Flotation takes place in mechanical cells using conventional flotation 

chemicals.    The concentrate slurry, with a copper content of 18 - 23 %, is 

pumped to the smelter where it is filtered and mixed with the feed before 

drying.   The copper content of the waste slag is about 0,3 %. 

49. Various methods are used for slag cleaning, the choice of the method 

depending on the local circumstances, i. e. the price of electric energy, 

the composition of concentrate and the prices of metals.    Besides flotation, 

electric furnace and oil-fired reverberatory furnaces are used for slag 

cleaning.    The electric furnace can be used as a settler, as was done at 

Harjavalta in the 1950'a.    In this caso the furnace is operated as a resistane) 

furnace and a small amount of concentrate or components improving the 

fluidity of the slag are fed into the furnace.   The power consumption of the 

electric settler ranges from 50 to 100 kWh per ton of slag, the copper conter 

of the slag being 0, 5 - 0, 7 %. 

50. If the copper content of the slag is to be decreased further, the 

electric furnace can be used for reducing the slag.    This method has been 

tested at Harjavalta.   When using this method, the furnace is operated as 

an arc furnace.    Coke, which acts as a reducing agent, is fed into the furnac 

This kind of slag reducing treatment is generally a batch process.   The 

cleaning effect can be improved by feeding a small amount of sulphide into 

the furnace.    The consumption of electric energy varies from 100 to 200 kWi 
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P«r ton and the coppar content of the waste .h. t 

The reducing treatment of the ala* la artvn„f W1C •*** la advantageous wh»n *K« „I — or Ca,, the recovery of which in J       2Zr
g COMaim 

by notation. i8 low     Where ,h» n    u °r e,Pec",11y low.    Where the flash »melting „f „icke, concentrat 

concerned, the reduction of the 8,ag l8 unavoidable 

».      The Japanese flash smelters treat ,h. „a8h smemng furnace 

in the décrie settler and the converter slag by flotatio. 

Converters andl_Anode Furnaces 

«.one converter a, a „me i( used t„ convcr(ing ^ 

o   HU converter is ...     6.6 m and ,„, effec4ive - 

The blow rate is 270 m'Vmin     Ail *KO        , 
•    ,    , m /min.    All the anode scrap returned from elee 

If « and therelter "~" ~ —" * - ~rs.   I ^ 
Mowing ,ime. ,h, converter must he Heated with coke between the batches 

to,    Jh\COnVttter ga8eS '" ^- - .he waste tat boiler.   TMs ^ 
i« equipped with oil burners   s„th„t,k„   . mis Doner 
during .top. ,„ .„. ""^ Pr0dUC,ÌOn can °« maintained '"< «op. in the converter onerati•    TI.»   . 
i. utilized f„ , operation.   The steam generated in the boiler 

lize   for producing electric power.   The gases are led from the boiler 
«o the cyclone. Tor dus, ..„.ration. and tnen to tne 8ulphu„ic acid ^ 

Ich h"6 WTr COPPer " 'Urther trM,ed in ,W° "*«»« •- '-nac. •hich h.ve . length of 6_ 2 m and a diameter of 3 

Provided with oil burners.   Birch trun*. „. u..d for poUng. 

•..utoma,ionl.bailedonthewelghliiioft|ie adie 

continuous poured from ,h. htme. ,,,„ ,„. ^^ PP 

inac   th   th. carting ladle u ^ the int<rmediite ia<Be 

TH. c.„ing „«, ta welghwl wtmy and tta rM(Ut rf J^£ 
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into an electric memory circuit.   The casting ladle ia tilted to pour the 

copper into the mould.    A program controller controls the pouring speed. 

When the weight of the casting ladle has decreased by a predetermined anode 

weight, the casting is interrupted rapidly and. the casting ladle returned to 

the rest position.    The filling of the casting ladle is repeated, and the casting 

wheel rotates to the next position. 

Steam Utilization 

56.      At the Harjavalta Work, the steam from the different process boilers 

is led to a power station (Fig. 4).    The average steam production figures 

are as follows: 

- copper flash furnace boiler 20 t/h 

- nickel flash furnace boiler ) 11" 

- Ni-slag furnace boiler J 

- converter boiler 6    " 

Total 37 t/h 

57.      In addition to these boilers the power station has an oil-fired super- 

heater boiler and an oil-fired stand-by boiler where additional saturated 

steam can be generated.   The capacity of the turbine is 28 tons of steam 

per hour, and normal power generation is 5500 - 6300 kW.   The rest of 

the steam is used for heating purposes. 

Operating Statistics (January 1970) 

58. Copper Flash Smelting 

Concentrate metric tone HMO 
Flux M i» 1 555 
Slag concentrate ti M 1154 
Oil in smelting kg/             - H cone. 21,5 
Oil in drying »i           n M M 

•.1 
Air preheating temperature °c 410 
Blister copper metric torn 4 474 
Anode copper tf II 4M? 
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Typjcal AnalyU 

21.4 Concentrates 

Flux 

Matte 59#0 

Furnace slag i o 

32,0 33,9 

1,0 . 

14.« 22,5 

45,0 1,4 

SUg Flotation 

«•g treated metric tona 15 160 

Slag concentrate        "        •• j JM 

Slag tailing                  »        .. „ 2M 

6'1      0,19   2,48   0,32   0,32 

85'° - - -      1.0 

°»49   1.6     0,73       . 

25.0     0,09   3,6     0.23   0,9 

Smelter .lag           2 6     43 2     i  ,     »M!" '"      "" "* r"°- 
„.„                              *        43'2     l'S     25'7     °.2l   4.1 0,39 0.9 
S   g concentrate   18,0     34.0    8.5      1M     0.46   4,8 0,96 1,5 

Sl-ftaihng               0,32   44.5     0.45    27.0     0.13   4.0 0,3 0.8 

Outlook, for Development In FL.K g^1nf 

¡L zry*of the re8earch and deve,opm-rt Wk - *• «- or Hash amelting ha« recently been on 

- producing a higher-grade matte 

- Pro^n, e,,•., Mlphur ^ ,„. „    ^ ^^ ^ ^ 

Increase»in Matte Grade 

J:::Z:      
r- • M,h-r M*tt- ~*——- «— 

; «LüT"" ^of the ,u,phur " °buiMd - °" n"h—«^ A•« « a continuous SO -gas flow. 

-   "-e convert work „ r^,^. ^ „,„. .... ^^ ^^ ^ ^ 
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li.      The Harjavalta copper smelter haa produced 73 - 10 % matt« In 

the flaah «melting furnace when operating for longer period«.   Using a 

feed rate of 1 ton of concentrate per hour in a pilot plant, flash «melting 

ha« al«o been tested using various matte gratis;   in some of these teat« 

metallic copper has been produced.   When developing the smelting with 

higher matte grades, the greatest problem has been to achieve a sufficiently 

even feed rate and a sufficiently constant concentrate-air ratio.    The con- 

centrate burner operating «atiafactorily with a 60 % matte grade, does not 

necessarily meet the requirement« set for the smelting of matte with a 

higher copper content.   When operating with the higher-grade matte 

the local oxidation liability increase«.   Consequently, the operation and 

design of the concentrate burner have been studied and developed to comply 

with their respective demands. 

62.      As to the present situation, it might be mentioned that the flash 

•melting method producing matte with a copper content of 75 - 10 % is 

ready for commercial operation.   The rather low copper content of matte, 

55 - 60 %, used at Harjavalta at present, is due to an insufficient smelter 

capacity.    When operating with a lower matte grade, the furnace is capable 

of smelting a larger amount of concentrate «ince the gas volume is then at 

Ha smallest.   The tests made with the pilot furnace show that it ia possible 

to produce metallic copper directly in the flash smelting furnace. 

RMluclion of Sulphur Dioxide 

•3.      A great deal of research and test work ha« been carried out by 

the Outokumpu Company on producing elemental sulphur from the fla«h 

•melting furnace exhaust gasea.   A« a basis for thia work was the experience 

gained at the Kokkola sulphur plant, which became operational in 1162(5). 

Thia plant uses iron pyrites aa a raw material.   The proceas used ia Used 

on the thermal decomposition of the pyrites.   On heating to 1200 - 1M0°C 
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r,êj —»   '»S • 1/J • 

*>-. - ^.tton .,.rtwl,h. pyri JZZZZ "" 
«» «H. r..c„o„ .„.„   wh#r. ,„, J*"" *"' hi«h-<«-».-r. ... flow 

"— 1M7 . Lr,. proportloB of tlw „ulphur * 
b.« «idi*«, to a. r..Itlo„ P rt of th. , .s „„. 
•h.« ...   , »»«r.by Ih, circum.t.nc, i„ th. 
••«i« âr. .imo« «ouiy.l.nt to the.   in th, ._.,„„ „, 

j «•• lormad ha. t»«n rMlvccd to «l.m.M.i ...i^_    .. 
»IM «pMh. ,„ th. upUk,   ,„ tM. ,',,n"U1 ""*"' * — of 

«.««.... «,.«,,.ton.„SS   n   "fedin,°,h- 
,h. 2 * " mm<»"*«> «o 12 - 14 ton. p., ho»r- 
th. r..p.ctw. „pMh, eowumption h.. b«, , .    4 , 
-ru-     i .. ^^   3» 5 - 4 ton« p«r hour 

.l~.ro.UUc pr.clplt.to,. ,M,W-^ .I T. "       md " '" 
-.»..io».,.,... "-"-",-i'-0»««'r....»d.„lphuPCÜ11. 

M.      On . „,., „,.„ „,,, ^ #> ^^ fom 

o* »h. copp.r .0««.^.^ ta„ ^ ""M 
cotí .t . ,.,. * , , . """« b"'"* »B,, P«l«rl.«i 

- "*««.« .i.-«., „lpiMir< ^ ... îOIII 

P7'',m"11 ,mo— <" ~i>-" c-P««,.. wc... „ s cos „ 

By .pproprut. coolto, of ». „M. ^ i^T «*«»*-. 
Po..<hl. .« >*•*«»« MlteM. ctUy»,.. tt 1. 
PoMfbl. to conr.rrt th. aula M ri of th. -^       __. 
into «lnatMUl »ul^ànr. •«^•r c< 



•I.      Baaed o« the esperia»«« gaine* at the Koàhnt. ewjphwr pia* and 

th« reealta <rf the pilot piai« teeta. a fidl-acale plant i. at preeent being 

«•eigned     In thi. plant th« ga.e. from th* nicktl fla.h .melting furnace 

are razeed to elemental .ulphur (Fig  5) u.ing coal a. a reducing agen* 

Th» reduction i. carried oui in th« epecially designed uptak« «f th« flaeh 

auditing furnace, and th« eulphur-containing exhau.t fa»«* led into a 

waat« h«.t boiler.    In comparitoli to th« modem fla.h .malting bollar 

a éiff«rance i. that a .uperheater cannot be built into the boiler and th« 

air cannot b« u.«d for soot blowing     In addition, th« pr«..ure of the 

hoiler ahould b« at laa.t 70 kg/cm2.    After the boiler, th« ga.a. <m°C> 

•re directed to th« «l«ctro«tatic precipitator, and the recovered dual 

returned to the furnac«. 

M.       Cl«an ga.«. «re than lad into th« firet cat. Wet alaga, operating 

at a tampar.tur« of 400 - 4S0°C.    For thi. purpo... th# f.M. mm w 

»•.tad by diract oil firing to 400°c.    A ap.ci.1. por«,. Al^-ba.a calai*« 

la ueed.    The following reaction, take place in th« catalyzer: 

lOj • 2 CO   —*     2 C02 • l/i S 

•Oa • J H2    -*>     2 HjO • 1/, Sa 

1 COi • SO    a>    %f% s    +2 co 

* * 2 

• - Ï. 4. I or • 

Tfc» reactlone are eaothermic and th« temperature of the ga.«« ria«. 

r«# the ewteeouent catalyiing .tage, th« gaee. .re cooled to ehewt Wi#C 

I» th« low preeeure boiler    Tha catalyat ia the «am« a. ia the fir»! 

Tfc» »Mi» reaction ia thia catalyzer ia tha foUowing: 

2 HjS • 902 —*>    2 HjO • J/« S 

Alta» laaring th« catalyzer, tha gaeae are cooled by 

I» cooling tower a. wharahy the ewlpimr ia mndi.nj 

ia coolad ia th« lev preeevr* toiler.   The 
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M.5l-»n..r.P?clty for f:i,.h Sm#1|ínf Fürnace 

—H. 1700 tnnm „, p^,.. d *       The K0*knl» «H*»r p,.* 

—, ~*.. ..„:::;:; :n::,nffurna- - * 
t«- PT day     Th«r« i. *   ,« ,< * "P-«""* <>' 2400 

—. -....: •;,: ':::z:;:rr •*- *- -•* i». »«.»,. ^ nt. lor. crr t ; -iB ,h' ""
MC

- 
~ -, for hlfh.r cap.cl ^#rai ~- >«- •. *>o - «00 _ 

•P"«»f .rtk 1. »„4, ^"-" ,rch or ' -»»-.wp.«M 

,f        Tfct «*â>ority of tW ---        Ä ^ ^      *^ «°*P«r ••»•tun feilt u r~«^  

•"^ •i#w o* » low ao -c 



a* fcto.1 fM fer tta ..ip|*rtc .^ ^     M^r|y aU |h# ^^ ^ ^ 

fco r^ov.red.    Th. mihod d*v.lop«d for r#<lllclfli ilUp||||p „^ ^ 

•Um.ntal sulphur offer. po..lbilitie. for aulprn,r r.cov«ry i» .«<* ir#M 

wh«r. sulphuric acid hag no demand. 

TO.       The fla.h smeltm* furnarfl mainJv u.„ ^ ppodwc#4| .B ^ ^ ^ 

of the c on, entrate itself for sm.lüng, and th# ron.u|npü(>fl of ^^ ^ 

i. only a part of that rehired in the conventional ameltmg meth<KÍ,     FU-| 

«•Mi« offer. good p„..ibiliti.. for the recovery of the heat generated In 

th. proc... and, if the converter is e<juipp«d with wa.t. heat boiler., th. 

plant i. more than «elf-supporting in term, of power. 

71 -      Compra with the normal hot reverb.ratory furnac€ ,meltinf# ^ 

•mtlting r.quir«. one additional .teP.    Thi. doe. not. however.  make fiai» 

-Mitin« technically complicated, and a. a continuo«, proc«.. it can b. 

•«ily controlled.   The amount of converter operation is con.id.mbly 

M»ll.r compared with conventional Deiters.    (>ne 4.2 « 10 m convert., 

i. capable of producing 100 000 tons of copper per year.    Effective cl... 

of th« .lag re.ult« in a high copper recovery. 

T2.      Flash .melting i. fle»ible with regard to capacity a. w.U .. cm 

•Uta. of th. f««d.   Under normal conditio«, th* turndown ratio i. |,| 

tí i. «..«„tial for the proc... that th. furnae. f«.d ha. . .ufficia* dagr- 

of finan«., and a mod«rat.ly homog«n«ou. compoaition. 

Tl.      A fl..h am«lt.r compri.*«« of on« furnae« can hav. . *m*HUm 

capacity of up to 2400 tona p«r day. 

WtoanmtKiat ion 

T4.      Wh.n atudying th« vari«,. poa.iMim#. of proc«„illf m«*«»« 

concntr.f. in th. d.v.lopinf countri... th«r. i. r.a.o« to conaid«r t» 

ft.* .».Iting proc... .. on.   alt.rn.ti...     Thi. proc... h.a. during 20 

7~r.  opar.ti«,. prw«d to b. r«ii*>,. ta UM.    Th# .dvMlUf„ ^  ^ 
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àimmory 

Introduction 

1   1
D"1"« *' '"' '" *«*•• «W Pr~m.«.lh,r,v „.. prlm„Uy **M wltMn ». „o^. of *. oM   proven »   J"» «* 

»»"•"•l"« al,„ i„ copper metallurgy. «    «""* 

».      Amo„g ». f.w new proc„.„   only U)e flath 

*v.l.p.d by ^tolcum|w ,. now •    •«"* 
ua-la„,u      . J*«re irom iti adoption at 

A« pre.en, „ven „a.n .melt,r. of ^ «-• 

.Tr/rT'thw in ^,nd - * *—• -- ~- or under de.ign are nine more fiatò .molto«. 

Pro ce n De«rHpt<»» 

'       FU.h .„,.„!„, ,. . contlnuou, procto ^^ ^ 

.«.f.. o, «h. conven«.,,., copp#r _ ^ 

i. needed. "nOUnt °f ***«<** fcrt 

4.     Accordüif to the prooont practico, the erad, Oí *K 
i« *k- #, **"• ** *"• »otto produced 
In the furn.ee varie, between 45-65%   which 1. th.   • ««# /•, wnicn io then treated furtk** 
*• -—— •„. ». .,„, conuln. „. much co^;<"^' 
-. 5 %   „ b. «Jeceo. Md „,.„,„„ „ „ ^^ ~ ^       - 

«"«. fun»«. „p.,.,. oU.flr.d ,.m.p   or ^ n<rtatjoo 

«xhau.t (..«. h.v. « SOj-cootwt oí 10 - M % 
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"« *«« .«11 Wta, m.1„Ui».<,
, ^ " *• ""•*•'«« 

"—»*" * ••' m L 

"•*• •»->»% nwtamr« content   >~i »K. 

"""»"• r-rr- • HIM m,. » 
T-     Tk» M»»>r flaafc «Mlwr ~-  

t. 

M átfftrwit aito««. 
•*• tT0«piJU4 it «M Ifcfj^^ito «r»rtoi 
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20.      On* converter at i time it used for converting the matte. 

The size of this converter is 3. « » 6. g m.    AU the anode »crap 

returned from electrolysis and the smelter revert are smelted in 

the converters.    The converter gases are cooled in the waste heat 

boiler.    This boiler is equipped with oil burners, so that the steam 

production can be maintained during stops in the converter operation. 

II. The blister copper is further treated in two rotating anode 

furnaces which have a length of 6. 2 m and diameter of 3 m. The 

anodes are cast on a rotating anode wheel operating automatically. 

Caitlooks for Development in Flash Smelting 

S3. The emphasis of the reaearch and development work in tilt 

field of flash smelting has recently been on 

- producing a higher-grade matte 

- producing elemental sulphur from the SO . 

flaah «melting. 

Increase in Matte Grane 

li.      The conventional matt« gre* In ti» flam «Mitin« fumeee 

ana varied between 45 - »S V   However. a feigner metta gram 

•ffer the following advantage«: 

.   a Urger part of the sulphur is obtained in the flaah emettine, furnace 

aa a continuous SO -gas flow. 

the converting work ia ramini, ani tima lana cenverter capacity ia 
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Conclusion 

If       Th« majority of th« copper smelters built In rtctnt rears, ma 

those now under construction or design, are flash smelters     O» rea 

for thi« is undoubtedly the fact that of all the smelting processes being 

used at present,   flash smelting offers the best possibilities for the 

recovery of sulphur.    Nearly all of the sulphur can be recovered.    The 

method developed for reducing sulphur dioxide into elemental sulphur 

offers possibilities for sulphur recovery in such areas where sulphuric 

acid has no demand 

MV      The flash smelting furnace mainly uses heat produced in the 

oxidation of the concentrate itself for smelting,  and the consumption of 

additional fuel is only a part of that required in the conventional smelt- 

ing methods     Flash smelting offers good possibilities for the recovery 

of the heat generated in the process and, if the converter is equipped 

with waste heat boilers,  the plant is mors than se If -supporting in terms 

of power 

II.      As a continuous process, the flash smelting can be easily 

controlled     The amount of converter operation is considerably smallsr 

©senpsred with conventional smelters.    Effective cleaning of th« slag 

rooults in a high copper recovery. 

II.      Flash smelting is flexible with regard to capacity as well as 

•nrnpositlor. of the feed    It is essential for the process that th« furaaco 

food has a sufficient de groe of fineness and a moderately homogenous 

»position    A flash smelter comprising of on« furnace can have a 

»Itlng capacity of up to 2400 tons por say 

on 

II Whon studying th« varions »oosibillties of processing snlshles« 

r concontrates in the developúig countries, there is reason to 

r the flash smelting process as one alternative    This process 

has during 20 years' operation proved to be reliable in use.   Th« 

advantages of Hash smelting are emphasised In ouch areas where fool 

and electrical power aro expensive, this often swing the caso In •» 

developing countries. 
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