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5UMMAHÏ 

Pggparing the charge for ra^w^^ ameltinr 

^^^^¿Ä-STÄSTÄ SAM AAA 

c{„tirófr ää s0 ^iT^-cLroant *- and Mdu°°° th* -^ 
Roasting pf concentratas 

+h« TIÎ-  
pr9;°^'.c^PQr concentrates aro roasted in a fluidized bod at two niant« in 

fëLÏÎÏYÎ   + ?0Ci;li8t SapuUio. (yrala, Cauca«.), at ono plant Z BuSîia 
KÀlìill Tn VV^VÎV*"*? State3 <c<*P«*m Tennessee Ccp^«^?^ 
one 'f tho S v   ï Îî^+     ?'  iast°f °f «ulti-tas» mechanical furnaooa, pr*ct ¡ed at 
"o     lì ¿^L/J \ in0rrE0d th0 specific capacity of the furnace fr.» 

ö to 9 to 6£ ton/ra¿ por day and raised S0„ content in the gases from 7.0 to 12 S 

îvTÎî   !       ? ^ enriohod »ith °Wn for roasting.    When the oxygon content in 
rW S^VrTrT* f/°? 21" t0 35 PQr CCÏlt' thQ sP°°ifin ~tpat o?t£ fSSS 
per cení? '       ^ ** ^ S°2 ** th° *a80E «"" ** 12'5 tctóT 

ReyerLeratory smelting 

TW.4 In/foont ircar9 tha output and thermal power of reverberatory furnaces in tha 
Union of Soviet Socialist Republics hav been considerably^^ (uTío %f. to 
rlllZ -C?y^'.  ^?*>*1 "»»*»« »to of furnaooa which process rtw ohar*o ha. 
Wm2 V-ín    4'?r "y".^ ^ ^ Cf thoB0 which *•^° wasted charge 7 t^8 -en, m   oaily.    ru3 hoa,ing of the aOO0nûa      tu t 8   teduo • fu.l e«B 

«-Ptxnn by 7 to 10 per cent and incroaaes the smelting rato ty I5 to 20 pei Lì?" 

fuoua*^ïiîtJÎ°Ht8 hav" boon oonduetod with ,xygon in a reverberatory furnace 
«£«iî   lV   î Ï ?" **:    Thl1 UX3,ë°n in th0 Uaf,t ^ raiGQd tp 35 per cent/As a recuit   tao total nircutsng rato han increased from 4-?5 to 6.0 ton/V ^u*   ¡J a

ln 

SÄL^s ïîIA'L^ "6 •7 por c*nt whil°tha 4-* ^ V 
Saalt.ng in_shjaf^fuj_jn.£¡Qf. 

Since I960 oxygon ezr.Aohod Want has boor euccosefully used for smelting sin- 
în?o°MP0Î COncontra+JB at OM »f thQ Soviet planto.      With 27.3 per cent oxygen 
in tho blast, ooKo oonß^r.p-.ion or-oppod from 7.39 to 5.93 por cent, total «noltiL 
rata increased from 101 to 115 ton/fe daily, u«* intensity rat.'docreaaeTfrof | 
Ö50 te 61.V. nmV»¿ ain and torpo.-aturo of tho exhaust gacos dropped from 590 to 320%.] 

m•«8"*! graí0S^!f eulphid0 ^ro° rioh « coWovt  sulphur and noblo metals oan bo 
dSoTfiS:\off?°îiv?^ ** th5 O*" ~thod.    A low degree of reduction and a low 
direet (without catalysic extraction of sulphur in tho elementary form) are the 
principle shortconungD of this method which can bo eliminated by a blast onriohed 
with oxygon.    In the Soviot Union, thin method will bo introduced in tho indmtry in 
xno nearest future. 
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Flash smaltliuy 

Flash smolting on hot air blast 1B osjployod industrially at Har java Ita (Finland) 
Asió (Japan) and Baja-Mara (Romania).   Tha air if hoatod to 500°C.    If thora is not 
onough haat to »alt tho chargo, I to 2 por cont liquid fuol of tho chargo wo i «ht 1« 
burnt to molt down tho charpa.    Soolting on tachnioal oxygon is practised at tha 
Coppor-Cliff plant (Canada) and will bo introducod in tho Union of Scviot Socialist 
Kopublics in tho noaroflt futuro.    Flaah smelting of far» tho following advantages 
(a)    fuol consumption for tho smolting process it conaidorably raduoad and is 00»- 
plotoly disponaad with in ths oass of oxygsn sasltingî    0>)    "ifh ¿HTH of dssulpbur- 
ationi    (c)    high specific capacity (up to 12 ton/ra? por day)|    and (d)    full utilis- 
ation of sulphur.    At tho cama timo, flash molting is moro coaplioatod technically 
than emolting in a rovorbaratory furnaea bocause tho ohargo hai to bo dried thoroughly 
and the slags doplotod additionally. 

Convorting tho oonoar matto 

At sono plants, Coppor-Cliff (Canada), Hitaty (Japan) and in tho Soviot Union 
tho blast is anriched with 25 to 32.5 per cant oxygon in natte convarsion.   Tho rato 
of tho procoss has boon found nearly proportional to tho concentration of oxygon In 
tha blast.   Tho maximum tomporaturo of tho molt is maintainod in tho oonvortor with 
tho aid of oold additiono in tho form of cold matto and granulated ooppor oonosntrate. 

Boonotalo aspaots of using oxvgan and hot blast in tho coppor industry 

Tho oconomic aypedionoy of using oxygon dopands on a nunbor of conditions, 
primarily on tho ralationship botwoon tho costs of olaotrio onorgy and fuol.   Bosidos 
tha p-aroly toohnologioal adx-ontagoa, tha uro of oxygon will facilitato tha solution 
of tha problom of raduoing tho dischargo of sulphur dióxido into tho atnosphsro. 
Still moro offoctivo io tha uso of hot blaet to reduca fuol consumption in smelting, 
ospooially whan hoatiiuj io dono by tho haat of oxhaust gasos and slags« 
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Intreáuotiwti 

U     H*» „to. of copper output at tho pro.ont-day iovol of dovolopoont roouiro 

" Jt   L       "atallUrei0al P"•° •«- * «~ *-—. in the .Lo and n„ber 
toot  \ÎTT lnC•,inely *»«*«».    »i- «. oo attribute to tho fact that 
th. ta»««. obtained hardly pay for tho orditure, invdvod ln th0 matlm „ 

2alT ,'   r°h laW CaD '° "•4 Cnd Ìtr >"*»«'«/ promoted V intensifying « a lur^cax PTO„„.    ln ,ng „^ y_ ^ ^ ^ ^ ^ «- 

into„.ivo proco.,0, and improve tho old «,. by „.in* 0JÇW,n and ho, air. 

2.      Today, about 90 por cent of ,n copper in the »rid i. obtained by oaoltin« lt. 

Z TG tr*"*0" fUrna"° "* °0nVOrtl- — »** fl~JV 
Zl (1Tr ÎT" ""'î1"" "ie ^ praotio°to °ubjoot °°n°~° 1» * 
».lyin «I«-.**, „ochanica! furnace,.    At tho •o tiM, copper „neltin* in 

2     Wcoa did not looo all it. inportanco.   Cn0 of tho no* trend, u fla.h 

I £   ? ^ °On0l,ntrat- » *«»- i" -** tho hoot noocary to „» do» 
the char«* i„ crated by cation of .ulphldoc contained in tho concentrate,. 

ItL      t ^ "a3 SiVi" t0 Pr0POrinS *" 0ta^ **« rovorboratory 

oTJ^       "* mOth0d ef 0har£° P*•" * »>1^* " ««» copper-Juin* 

J:«U irZo^::r°mtorins proc°°° *— * "-— - 
di.int^atod tocher **  rJra°V°d *» *"" "* »-*«» — 

4.      Tte »othod of wot charco preparation:    (a)   proved tho quality of char« and 
on»«* a variation of SiO,, centoni in tho char• up to * 2 JT   •   I 

ir^L-»-;, <•: r;r: £•««=-- 
Paoity of m,.„ ,y jo t0 v Mr »JIT'    ()    »"««*«-- 
of the char^ preparation preco^. ' '   ^^ '" M"^h~'v. m».mUMUm 

I. 

3. 



M/W.X2/3 
Fajo 7 

list« 

5.     Coppor oonoontrato, wra r^^ M 

~M1 iWc„ *« tad a ^ low ^ro "ti ^ 
tonai*,,, V conduct!^ th. pro«., to . nJT' JT "* ^^^ "" *"- 

ocp^r „o^t.to. fOT cna of tlu plMto w llluot:;:;- ^;f »-«* 

Daily total output, ton/n2 

Contont of 02 in gaeoe, por coni 

Fluidity Km 

0-9 

7.0 

65.0 

12.5 

6.     At tho proaont tino, coppor ooncontratoa aro roaatod in a flBl«    „ w 
Pianta in tho tfcion of Soviot Scoiai RopuUioa ^ •       ! ?* ^ 

*»io acid Wuao tho ffli*turo of thÍ     * ' ^ Pr0dUCU°n °' "*" uixxuro or thoBo gacoc containc 7 - 7 tá <sn     +u 
ouitablo un«,.«* #v« x. ^  '      '•5/£) SO,,  tho raoat 

•«a oonxont oi 302 ir gacos oan bo oxpoctod (tablo 2). 

.Tablo 2 
Capaoity inoroaoo of fi^n*,, 

Daily total nn* 
or ntmaooì tön" 

mum 
21 

25 
30 

35 

65 

77 
92 

108 

12.5 
13.6 

16.2 

18.7 

oli roa.on.bl,. li.it..   ^ M to pnmaUi ^ ^ ^^ rf ^^ ^ ^ 
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tho aid of hoat exchangers installed in tho furnace or by adding some more water 

with tho concontrato. Hhon roasting is conducted in a fluidizod bod, a considerable 

amount of concentrato io carriod away fron tho furnaco and precipitates in cyclonoo 

and oloctric filters. Roasted concentrate has a finer structure than that obtained 

in multistat furnacoo. For this reason, much of tho concentrate ivas carriod away 

by tho gases whan it was loaded into the rovorboratory furnace by tho usual method, 

through tho opening in tho roof. Today the charge is loadod through tho walle of 

tho rovorboratory furnaco directly onto tho bath, which has reduced the loss of tho 

charge twofold. 

Rovorboratory omeltinfi 

8. Tho smelting of copper concentrates (raw and roasted) in rovorboratory furnaces 

is tho most widespread mothod for producing copper matte. Modern rovorboratory 

furnaces with a hearth area of 200 to 250 n2  are heated by coal dust, liquid and 

gaseous fuels. The specific consumption of fuel runs usually into 18 to 22 por oont 

of the charge weight. Most of tho furnaces can handle 50O to 6OO tons of charge 

daily, the specific smelting rate varying within 2.5 to 3 ton/m2 por day for raw 

charge and 4 to 5 ton/m2 for hot roasted charge. 

9. The output and thermal power of rovorboratory furnaces have boon considerably 

improved in the Union of Soviet Socialist Republics (up to 5O-6O million kcalAr) 

by increasing the amount of fuel burnt in unit time. The specific smelting rate of 

furnaces which process raw cnarge has reached 4 to 4.5 ton/m2 per day and of thee 

which handle roasted charge 7 to ft ton/m2 daily. Only 20 to 25 per cent of heat 

generated by burnt fuel is used in revorboratory furnaces to smelt the charge. About 

50 per cent of heat is carried away by exhaust gases having a temperature of 

I200-I250 . As a rule, waste heat boilers which transform the heat of the exhaust 

gases into high-pressure steam suitable for the generation of electric energy aro 

installod behind the revorboratory fumacos. 

10. Some heat produced by the gases can also b. employed to heat up tho blast with 

the aid of recuperators mounted behind the waste heat boilers. The experience of 

heating up the blast to 200 to 350° gained in a number of countries show, that when 

the secondary air of the rovorboratory furnaces is heated up, tho specific consmption 

of fuel drops by 7 to 10 per cent and the specific smelting rato increases by 

15 to 20 per cent. The heat of the exhaust gases can bo thus utilized most economi- 

cally and the thermal efficiency of the furnaces considerably improved. 
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11     ^richaont of tho blaat with ^ i8 yot another «othod for inoratine tho 

otpacity of reverboratory furnace.      In this field only experiment, on an indue- 

trial .calo are being carried out B0 far     Tho induetrial experiments oonductod at 

one of tho Soviet plant,,  whioh utilizo, coal du.t a. fuol,  havo shown that when 

tho concentration of oxygon in tho blast is incroasod by 1 paP cent (within the 

rango from 21 to 29 por cant) the furnace has a 2,74 p-r cant great.,r capacity and 

•omo 2.2 par cont lo., fuol ifl U8od.     With 29 par cent  oxygen in tho blast, tho 

exhau.t ga.e. contained about 2.5 par cont  of 30o.    It ha. boon calculate that 

the .aving in fuol effected at this plant pays for nearly all  the expenditures in- 

volved in producing oxygon,    At nnothor plant,   oxperimont. aro underway on «.ing 

tho oxygen fro« a furnace fusilad by natural gas.    The content of oxygon in tho 

blaat wa. rnisod to 35 por cont      Tho comparativo indico, of «nolting on air and 

oxygon onrichad bla«t (35 p^r cont) are ahown in tabla 3 

COBPartttiVo indico,  of  acting on .|r .^d oxvavn enriad hj„.» 

¿ÍLfÍQWiftQ'    03ffffün flQW      -,      Mk 30o con-    Poppar 
WW-1 ?Vhr       rata, normal mi/br gpooifjo   tôntîn" 

•malting   exhau.t 
£S&>9       gaaoa.fr 
ton/m* 

Air blaat 
Oxygon cm- 
riohod blaat 

30,000 

3ß,000 

content 
in 
.lag, i 

0 46 

0 39 

1.5-2 

3,900 6.0 6-7 

12..    Tho fimo temperature wa. found to increase notioonbly (from 1450-1430° to 

1580-1600°) whilo tho temperature of tho gasea in tho uptake underwent praotioally 

no change«,    Tho uao of oxy-on made it possible to decrease the fuol consumption 

by 30 per cont,  reduce tho .amount  of oxhau.t gases by 40 por oont and inorenoo tho 

•pocific «.citing rato by 30 per o.nt      Similar results were provided by the teats 

on using oxygon in roverborut ory «nolting of nickel concentrates conducted at tho 

Copptr-Cliff Work« (Canada).    With a blast of 72 to 80 tons of oxygon p,r day, 

tho output increased by 36 por cont and fuol consumption dropped by 31 por cont, 

13.    A highor oonoontration of S02 in oxhauat gaso, gives us grounds to consider 

tho problem of their utilisation for tho production of sulphuric acid, which is 

eapooially important far preventing contamination of the air.    Creator capacity of 

rovorberatory furnaces and therefore highor output of matto roquirod a now mothod 

of tapping,    Instaad of opening tho shot holo by burning it through with oxygon 

•anually, «atto ia now lot out by aoans of a bottom b.ito eyatom. 

•^^^^ 
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14.    Be« plants in tho tfcion of Soviet Socialist Replico onploy both the «u 

Tir T M? °f °OPFOr °• and 3int^d C°^T -»»*»*" «d tho shaft «H- 

rj?; :rd coppor °ono•ß in -***** f~ - *~*^ adióos of tho procotn aro ro?rononto1 ix tabla 4. 

goQhnolojftoal 

Coaeunption of coko in % of 
chargo woight 

Blast intannity rato, 
normal nJ/m2/ain 
Blaat prossuTü, m % 

Daily epooific Btialting 
rato, ton/ra^ 

SWporaturg of exhaust 
ganos, 

Jtgoi_at BOJlting in shaft f>Tf „„„ 

Content of oiy^ in tho b^t, f 

¿2í¿ 2¿J„ 

C 

Ano^nJ of oxhauct saaes, 

7.89 

35.5 

I53 

101 

'590 

6.9/1 

77 
126 

107 

460 

6.13 

75.2 

124 

115 

375 

5.93 

61.8 

113 

"5 

320 
normal otyhrtv: 

3Ot700   30,400       29,300      29,300 

15. Bosidos better technical indicoa, c^on onrlchod blaut provilo for a .oro 
atablo .ana unifora .ortcin, of fur*^, roducos thü focati on 7"/^ 
sono and tho fumaco top.    ^ out,£0 of tho ^^ ' "°^ * »• **«* 

-do nuch easier and tho sanitary oonditionB of laW ^ ^ ^' T^ 

ooono^l effect f«. the ,,, of cwa lo ^.^ ^  ^ ^T^ , 

increasing «onaodity output   60 por oonf    fM     ^     T ^      **** * 

* - ~t, - w o,: .j;:^•"** f• w ** 

£. ritT1 " °C n0RiC Wl0Ul"l0nC I!hOW *"* "" «"*• * -ppor .«IpM* oros rich in copper,  sulphur, noble metal«, and raro oWnt,, ^ 
offoctivdy * 8haft e^tin, with ^ U0O o/j^^""1 £ "~— « 

a higher degree of faction of noble notais J Z ZZl "^ ~ 
onrieh^t-ooncontrnto «^ proco„ in r_^   ^ ^     " °• «* «* 

-iphur is extracted in tho ole^nta^ f0TO.    HJ^J^I"        'V^ ^ " 
ie inpairod b. a low degree of reduction, a lw J     £Ct£ °   ^ "^ 

procoduro for granulatine oro finoo. «mciaitand ohoap 
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17.   l«Wial«ll.Uta.ta,lvâ>dilrtfltol^ 

pro«.. fOT tho production of bri^uotto, „ith a hi„h „   H Í 

*-. «— ta ^^ «JL Jir: ;i\c:\t thore,~ 
«Itl^r 1. tho rom« of own defied     •, h£" * ^ roducti°» *« 

-*«, copper oro, „ .^X 1   ¡ ^     ^T" T ""* ** 
«WW. m* ^orotic,! „^ ¡^¿T^r?"*1' *»««•*. 

a21. » „or co. Md of M1P¿., :trr;:; ::r   
ncn of coppor ** 

n*. JU3K pJEpTffQ 

in tho flow of cold ^ir tu, *     i P       concontra^ arc burnt 

th^rml balaneo of th, • '    hj struoturu of tho 

Iïï: irruir rr\ ^ *• - - - - 
»« tho Ma.t i. Wo" oTt \      ; ^ "d fc*>*~ ^"^ ""*. 

«*u«d V „„„ VMt      It 
MOUn   " hOCt *" -"» -W « »• 

*. -C; Lt t::
m: :: ho:i;r4 ar•°in —•— 

proooo, i, fullv . *       """    ^ '° "Jlt down tha chaio*. Tho smaltii 

it^rr:::: :;;: r,tr *uains ,h°hot Md—-— 
«. siting proco., i .V "* *ám***°°>    W ««I =«n.»ptio» for 

"f uatto rl«hT       ""1,ln*-    ^) t>" iosroo of dosulphuratlon for tlu production 

(1th ,Vt ^r f*" in th° "«"»»««t« «a bo u.od to obtain .ulphuric acid 
(«ith . hot bl-t) or art,« Lulphur dUli4a (wlth a tjolmiMi ^«" 
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21.    At tho sano time, flash smelting is «oro oomplicatod technically than «olting 

in a rovorboratory furnace for tho following reasons:    flash «setting requires a 

thorough preliminary drying of tho charge since wot charge cannot bo blown in 

through the burners;    slags from flash molting furnaces aro more rich than slags 

obtained from rovorboratory furnaces and contain 1 to 1.5 por cant copper without 

any additional treatment.   Various method, aro in oonwon use for reducing copper 

content in slag.    FOT oxamplo, at tho Har.javalta plant, cooled slog is subjected 

to floatation ooncontration, producine a concentrato with 16 to 18 per cent of 

ooppor and tailings with 0.3 por cont of ooppor.   Tho Copper-Cliff decreases the 
copper content i„ „lag inBidû tho furnaco by blo|rt||ff ^^ 0<m<Kmtpato ^ ihQ 

rear end of tho furnaco.    Tho Asio plant doo. tho same in an electric furnace and 
tho Baja-Maro plant in a rovorboratory furnaco. 

22.    However, despite all its ahortcomings, tho advantages offered by flash smelting 

(primarily full utilization of sulphur) mako it a most promising method for 

«netting copper sulphide concontratos.    A serios of experimenta have been under- 

taken in ^Soviet Union for flash smelting on oxygon blast in a semi-industrial 

furnace, 8 m   in area, which served as the basis for designing and building an 

industrial furnace at one of tho copper-smelting plants.    The maoary data on tha 
oporating flash smelting furnaces aro illustrated in table 5. 
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IV.     CONVERTING Tffl r.OPvm) frypmg 

23.    The uso of oxygon enriched blast in copper matto conversion has boon the objoot 

of research in oho Union of Soviet Socialist Republics since 1949, at first In an 

experimental three-ton converter and thon in a forty-ton industrial converter.    Oxygen 

in tho blast has boon found to vary from 21 por corxt to 45 por cont.    Tha object of 

tha research was to determine whether tho operation of tha convertis can bo inten- 

sifia and tho concentration of S0¿ i.„ grwo. increased to facilitate their use in tho 

production of sulphuric acid.     It has boon found that tho conversion rate is almost 

proportional to tho concentration of oxycon in the blast.    Ttoozing of the converter 

tuyeres has been observed to diminish.    Concentration of S02 in converter gase, also 

increases in proportion to the content of oWn in tho blaßt.    At the sane tiae, 

the rising temperature intensified the wear of the  refractories. 

24.    Tha use of a blast enriched with oxycon up to  24 to 25 por cent has provai quit« 

feasible in practice.    Tho temperature of the mass  in the converter could be main- 

tained at a constant level en condition that more odd additions were processed. 

Similar results wore obtained at  tho Coppor-Cliff (Canada)  in converting oopper-nickel 

»atte.    Fomorly,   tho converters could not cope with all the rich returned materials 

in ino foundry and cone of them (up to 36O tons Per day) had to be processed in a 

shaft furnaco.    An addition of oxygen to the blast enabled this surplus to be pro- 

cessed in converters.    It han been shewn that  2.6 tons of cold returned materials can 

be smelted m a converter por ten of blown-in oxygon. 

25.     It has also boen found Poasible to sn.lt ,. concentrate (noisture content 7 per 

cont)  and rich oro  (.cinture content 5.5 por cent)  by blowing the, into a converter 

when tho blast contain, 2, ,nd 32.5 per cont oxygen.    The converter output in tenns 

of concentrate and ore exceeded 360 tons per da,.     The .otallur^ists at  tho Hitaty 
Plant  (Japan) have be ,n snelti,, B1]Jpkido co^r ccnooatrata f;? a ^^ rf 

in converters usin, an oxygen enr.ched blast,   the converter ^ ^ing utilieod for 

the production of sulphuric acid. 

». At o„u of tha s„n,t pl;i„tB, oopp.r „Mo t. oomoTUi ^ a WMt with 

t-nxn, 34 por coat TOp¡Mr,  12.5 ^ ûont Rulphu. ^ ^ ^ ^ 

contât, t. „,tod in ,draoo ^ tho gmaat aro ^    ^ ^^ 

^ m0lUA Ín -1 °0nVurt* • *» »» «* "t tho ho, „tto woight.      Tha oo„- 

:;
M

 
of TT nax droppod by w Pür ojnt at tho ~ °f th* •*«- «*^- » tho co„oo„tr,to.    Th, tation of tho op,ration romino4 procUoa 
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but tho weight of ocppor malt inoroa.^ by 2? to 29 par cnt     Thu.    . 

r^irof °~ioh « ~<— ~ - 
V. 

3T M m« çTFrB mrufyny 

Pro.«.«, iBcroa.o. officii «  tho ocutp^nt •d B,va„ fuol.    Tho o J„ 

-Up W« tho oo.t. of Metric o„orc, Jd L,     « * " th° "lati0n- 
-bout o.« m t. „*». ! .3 „ "^ !* ""*•  *odüm "w- "lMt- «—• 

~"• * "   " 01Wn.    Aooeunttn« for th» oth« opwatioMl .*. 
pondlturo. It « bo ^..uBod tmt tho coot of i -,3 „, P«««u «- 
1  M*. -#   ,    * , °f 0,ÏE:on lB "«"»I to »ho oost of 

STL  r *• °° "^for addttwi —*• *> «**—», t„o 

Z!. ;      ,'Mnomtel, invoiv° »^ "*** •ti^ »* - u.od 

•••••••i 
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