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SUMMARY 

^«,1  f °ií<        Ï" 
POr 0ant 0f th° W0rld'8 C°PP^ is produced by pyromctallur- 

gioal nolting of ores, primarily iron and copper sulphides, which iniïiaïïy contlin 
about one to five Por cent of copper Aftar concentration, 'with which this paper TB 

not concerned,  tho extraction procer is essentially one of oxidation of the Son 
Se Enï^ ïaSlC rcaction8 «° *tro^ exothermic and can bo summarised L the following oquations: 

(a)    S + C2    . 

2PoS   •:• 302 + Si02 (b) 

(c) 

102 + 2220 kcal por kg 0 

+ 230. 2PeO SiO, +• 2500 ko al per kg 0, 
Cu2S + 02 2Ca + S02 + I650 kcal per kg 0 

^ ÏT1^ th0a0 roaotions Provides a substantial part of the heat necessary 
for cmelting. The oxygon is supplied by larca volumes of atmospheric air and this 
involves heating 4 kg nitrogen to about 12-1400°G for avr»ry kg of oxygon consumed - 
using up about UGO kcal of heat. In th, traditional procLf tLr^oro, extrT 
fuel must bo burnt at some stages 

In recent practice, two new methods for maintaining the heat balances have been 
developed - (1) using some of the heat of the waste gases to preheat the incoming 
air and (2; adding additional oxygen to the air 

The papor discusses the impact of those developments on the traditional process 
and the now processes which thoy have made possible. 

_   In present practice the rovcrboratory smelting of matte and its subsequent blow- 
ing in a converter have both benefited largely from oxygen enrichment of the air. 
in the roverboratory fuel oon&i'mpüion is reduced and the eulphur dioxide content of 
gases for the sulphuric acid plant is increased, but most important the resulting 
increase ir. rcaction mto innreres th= throughput of the furnace.. This can be of 
major importance and examples are given fron Union of Soviet Socialist Republics, 
Canadian and African practico illustrating the important oconomio benefits that are 
at.einabio, Tfet obvioun ejection as to the of fee- of ?. higher flame temperature on 
tho ruverberatory furnace lining i.-j satisfactorily answered by suitable design of 
burners to confine the high tonperature zone; to the m .tal slag surface area - whore 
it ira wanted. 

The introduction of extra oxygen in converter blowing of course tends to put up 
the temperature to £,:: extent which eould be very severe an the refractory lining 
To prevent thi3 it ir, necessary to add more cold charge than would otherwise bo 
possible, and therein liun again substantial economic advantage provided suitable 
cold charge ia available, The employ given net only illustrato this but ulco show 
how much the blowing timo can be reduced, 

Although tho romclting of aorap is hardly within the compass of the primary 
copper produoor, «périmantal t rials ir. tha United Kingdom of tho applioatiou of the 
«\C-fuol burnor in this field show pronr.-o of halving tho usual 24 hour timo oyclo 
for- molbing - oxidising - poling and casting of 65 ton charges 

In tha fisld o-' now prooesses, the development of flash smelting haa boon 
faoilitated by hoat cons or/at i on  By preheating tho air as in Outokumpu, or using a 
puro oxygon rbaoapharo aa in Coppor Cliff, smelting can be carried out autogonously - 
with the production of licniid aulphur dioxide as a by-product in tho socond case. 

Thu ueo of oxygon.  enrichment in the oonvort-r in Japan and in Canada has lod to 
thj addition of oonooitrato, or even oro, OB the cold oharge needod to keap tho 
t&mperaturo down  Thus a combination of matte smelting and autogenous diroot aaolt- 
Ing of ooncantrate has booomo possiblo. 
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but «SiKîî^ fiVtn ? th° ^P*0**»»*6 008t °f Producing oxygen in tonnage plants, 
LlL? îfïUL   ÎM BU,t VWy 00Mid°rably in different parta of tho world/ Suffi- 
2ÜL LSSÜ* *T!f ' t0 doBlon»t»,ato tho ooonomic bonofita that can roault fro« 
Sî^fS?   ÎÎ   °   thCwair in vari0UB "t1*" of tha Promotion proooaa.    Partiou- 
«¡t   w îï ï*.   î °?SC Wï°r° •" «i8tin* Plant i« required to inoreaao ita through- 
££l îf ÎÏ, °*ìgn 0f now planta th0-° dovolopwanta opon tho door to now and 
ÜT     ?*i   Î P^03***0« whi°ft «»ay wall havo a profound effect on tho future of the copper induatry. 

ÉÈÊÊitWÊJÊËtlr**'*-''**^^ 
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Introdttotj,Qft 

1.      S- 75 per cat of «h. world-, ooppor i. produo.d * pyroaotaUurgW! „olt u. *.»., p^i^ ta. „d oopp„ .^„^ ^ ^    oontalf 2t-
olt- 

Î. 1 »hll Z» of oopp"' In ordor t0 Baka 0l9ar •°,no of th8 ^ ««— .tor »hi. p^or di^,.,. lnt0 a briof Md W0„lmpUfted 

nrM' °it"8un* °°pper Md th°wt —ta -—-*- «- -\7 

z. opamsB 

u• SÄTT- "ith lron •ü*u-su°h - *-"• <-/»* »— 
ta- .uiphid...  a. «.„*, „„„.„, ^^ for th> prodttoUon of 

^ration. « .ad. ,hMughout tM. pip„ ^ ^ ^ ^^ ^^ ^« 

li. i. t,    ! 1?     """' lr0n "* nl*""' althouih •"•«««» ~r «Mr 

***-""» "PP.' f Produ,.d     „,.„ „0 fwr >aln ,top, in tho tra4it 

r:r r.rr jrnsto -"* ~~*to biirt- -— - •—* 

ïï^îï S^í0 MW i§ ttlB0,t *•*•*««/ both ss^rüa 
EÏÎE ÎiÎÏ   *? J0PP:f Mflno,y " ia ^Portant t¿aohl^ a 

SMO?  
,ulphupi0 Mid plQftt  ae oxidRUon ~STi. 

(1) 8 • 02 - 802 4. 2220 keal por kff 0 

(b) ^S^%^oln^^^ *;• ««i-t ° \»««a M ntoMsaryJ te pro«uo« a f<rro-«iltoal« 



(o) Misi*of """ ,ttl*ldo *° »»-»i« «oW„. ^   2 

(3) C2í • o, . 20, • so2 • 1S50 ^ ^ ^ 0j 

of or. to pr««o. j.ooo to», of «ta 25 oT,   !  T  PM0*" 5°'000 *°• 

•»«* lí-1400°C. ft« th0   "  """*" "hioh l" *"«* 1» «I» «poratio». to 

*«• «f »Uro,» would „m,,, to   "  . *° ""* ••""«"' «*• *«t 1«. ,„ 

—e hoa* oo»lOT   w ¿Tl/ZZ CWVaTtm) - * '"— * «moto.* 

-r -»ou« „ «i. 1o..h:rh::;rrtoT.'!rfor ro*wia< -om^^ 

i—«., t. *toh roforon« t. .*, lrtar 
i"* _ '" "-»1» *« **• H-tf* 

*•     BvtokMat of tho inni»* »i, Mtt. . 

— i*~ta.t «« tho ^o«:   of ITT T"" ,l"Í1W *~"" « — 

•lt.», . rwatt,l0BM, .^^^     "* °f «""»*• »*'•    »• —M o« bo 

«MM ta th, traditio«,! ^  ^ """ tho - * «r*« » 

——.. ** tho »o of ^ ^TZ.Z ' m "'"i* "" - 

V Itabor. i. »awrth«« „fo, ,0 „,„„,„,. 



II. 

ID/HO, \l/2 

nooowaxy the oxidation ?rooo.B i. .uffieia„tw       +u      • •»tin* ìB 
onoo •*«*„*   •    v •ufficiente oxothormic to «mablo tho rowtor, 

30 „, oont iron, ft•, i„ lerg0 Mamm ^        „^, ""   ond 

Z^Z      «" * "* the ftm'"C0 OPOrat" -•*—"U '« Ion« poriod. of 

J-W « inervo i» th. «to of oxidation oan incroa« tho th»u*put of tho 

L thiirz r1"*" ** "ind' p•hM,tns th° ^ "" *- — «• » —*• «•«• 
*"""•    *• Uf° "* th* «~~. -*«* -»»I* *. «n, MM. hot«, .a** 

«Pair.. dep„d, to a lar* oxtont „, miiiat „etiimtiati f^iMlKtl9 tt th0 

roof    ffl« ft,« ^u.» of th0 Klp,HmBti -eltar ,UI>erillt(lnd()lit to tho „^^ 

of »in, «,,« i. „turali, tWoforo coo rf far. fo, hi. fu•»..   Thi. d«^ «. 
howv„ bo avoid«! b, oaroful d«!,».   I» nor«a oporatio« tho hott«t ,«o u th. 
f-n». „„„o. .bout 1500«c. and a. it Wll b. „on Ltor, it i. ^ibl. to in.««, 
thi. *--—. 1» tho aroa rtw, to th. .la, li„, «a, ft- th. fum«. «11., 
»Ithout iaomain, tho taaporatu» of th. roof. 
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¡UT" tth0 bGnofUa t0 lu ""^by tno u3i °f °won in-th° *-«*-<* 
of Z     7^°^^ -»** - *«» i» P-Mi-o* infolio,, fron *, „nion 
of Soviet SooKHUt »¿public, Cenad- •d Contrr.1 Africa. 

¡LtTTiT" 0f "'° MM,,*h mnÌnì "* **"»<»<*>* =»M„c i„ the Unto» of Soviet Socialist Hopublics (?) ^nñ (\\ n+ 
toinino. 20 t„ oV " 0Xyg0n Ìn 3mültins conc^atos con- taining 20 to 257o copper,  13 to i*', iron -nd ?9 +1 .,/     , ^ 

^       on -nü 22 to «-3;»- sulphur plus converter ulaa 
aro summarized in tabio 1 ^ 

Tabla 1 

ffftot Of Ofivyon fflrty^nt  in WTC ooppor r.w^.,r^T 

2 .    8 11 Ü 
21 21 25 29 
6.3 6,09 6.3 5-53 
3.28 3-2 3.8 3.9 

182 186 161 153 
15 15 2 2.5 

— 1390 930 910 
— - 56 102 
- 97-9 97 9 97.8 
— 32,7 37.3 42.6 

Por cant oxygon in blast 

Pulverised coal usod, tons/hr 

Specific fusion t/m2 hoarth 

Consumption of ideal fuel 
kg/ton charco ' 

30^ oontont of gas, r/0 

Air m   por ton charco 

Oxygon m    por ton charge 

Cu rocovory 

Thormal efficiency 

Using pulverised coal firin- in two tv•„„i    *    j    * """ 
ohowod    with nor. i ^ ^ °f 3 t0 9 dayß to^i°n 

IddÜ'J "r' " ld°a ^ 0On8WaPtiOn °f 134 ^ P- ** of charge, 
Adding 4* of oxygon to the air over 17 days,  reduced this to 161 k. ^ "^ 

oxygon over 13 days to 153 leg.    The thomal efficiency „,u fror, Z 7    ^ f 
42 ^ by tho addition of % oxy^n     ;  ^aanä       „  T '° ^ *° 
*blo noint h„ 4 * ^ Ìn 80mu cir^stancoB *oro valu- 
able point however,  is an increase of 20 por cunt in the throughput of th    fs 

- those results, coupled with a higher SO, content in th     ^     , 1    1      T' 
substantial benefits, ¿ 8 8°8» M up to 

12.       In tho experiment using 25<¿ total oxygon tho furnace roof rose to th. 
aW° tûraP~ " *50°C    This was avoided in later expo II^ th   ITT 
of a screen of cold secondary air. xporim.nts by the admission 

The International Niokol Company plant at CoPp,r Cliff .0M-,to. • 13. 

«r,tu.. 0IM J1Mntlslli 00PPOT rich ^ tho oocon;; —« 
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nickel concentrato.    Tho trottinant nf tv, , „, ^  "o.-wnonx oi tho coppor none >ntr^+ -. >,„ -ri     i 
referred to later.    The nickel concentro i    3,clt Î"     ! , "J WÌU *" 
50 ^e    -r ^ 1. •—    * " iickol-coppor matto (l/^CuNi, 
50/- -•, 7* -) in mverber*tory AMM «d r.cent experiment, have b.«» Mn(i M 

on aw» onric^nt of tho air ia this ,p.^ti on (l)      Th ^ 
through int^ Mni  ,, , P {1)      Thc ox^on w• introduced 
through water coolod lances installs below tho coal hm¡n rJld dlrootod 

tho furnace walla.    This ensured that th, hottest P,rt of th. «.», V   I 

n: z r^did not wisu thj <~ - - -»- on:.: ; I:;L 2 show, th. in.provoa.ont in fuel offici^ ,níl in f^, throat. 

TabiJ  2 

*M 9fflci>inoY in Canadian rdvcrb.ipt^ n^*1r with md Jith0ut ;^r:; ^^s n |T^^a^ 
(in tons por day) 

Coal reto 

Ojqrgon rito 

Matto nnd sia,* 

St andard 

A 3 

214 206 

tVith Jxv^n 

A B 

174 213 

91 30 
1400         1400         1540 1900 

At    normal operation 
B:    higher throughput usins extra rosters 

.too^Tcn^rT" "^ * °"° third 1*d t0 dim°"lti- in -*—• *•""•« 
In        t d0aUnÄ KÌth ** ^ "* ^ — »* -^* f- -oh n 
it : u r. ^ "°r° OM

°°• '"*- *-«-i^ «- ^-«- -,, largor matto ladlos had to bo introduced. 

14.      The Rhokana Cort>orati-in  (A\    ,,-ir.v.i      ± 
^ n U;»  wlahl^T to incrt..".3o tho output of thjir smelter 

indifforont fuol« to bo usod more officiontly 

Converting 

15.      I« tho noxt rt,*, tn ,h0 trnditionr.1 .»citing opor.vtion, air blowing of »„., 

»It« »atto in n oonvortor exploto, tho oxidation o»d .In«^ of tho iron (option 

1 nnT;^ " 00ntlnUOU" OParttUOn rOmW0' thj bUlk °f th° r0main^ '"l>"»- <•*«««- 
»a 3) to produco orudo coppor, at »hich .logo tho operation i. «toppod. 
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L. nTf:;;ir
on;~rln th:r ll°m •r rci- - •h ^ ** » 

»u p!«, .^r P:i"0-:i: 
jnou" in suiphur dioxido to *- • *° ••• ~° 

J ~. I «P»»»'. * 3•«(3)   in 1905,   TwW6).   ,^n tn 3mnll. 
-U opcr-,tl,M,  ehwd th,t bl0l,n. tlQ!a oould  bo rcd,j=ud 

intact h„ ooon t-Jcn „'/ " "^ "' '^ '°• ^ «*~> 
„, ,..   .      '  .   T »Patina,     Hlainrfi»  Jf .,„..., ,f thj 000lin, jff„„t 
of mt.ojun   in the  blaet  n-tup-ll- r-,»  r. u     * T 

e-n, to  ^n '  toapor.-ituroB to rise,   nnd it  is nocos- 
e-jy to r.cld nor, cold chr^c to avoid cha-a t- th * r fr^+ !     • 
tho rosults  of ÜXpori. intc. _  ,      +  ,     °    *" th° r^ct^ 1«^.     T.,blo 3 «ivo. 

th. WMt ti,. * 201. o nt r; ; ;rn    ut 2*sulphur Thia roduc°d 

of blow,. °d thj r:t- °f "PpC'r auction p.r ninuto 

Ogy.^a onrinhmont  in r;?r.n con^„ ^.„„.^_ 

Npjnacl ISnriohod 

33 

259 

3 7 - 6.3 

100 

-245 

70 

12 

+31 

-21 

34? 

+12 

+670 

+100 

-20 

Orty^un in bl^st,  ;.' 

Blnst  timo,  ninutoc 

Sulphur dioxide  in >?r.s, "J. 

Sl.-v; por ton copper,   kr- 

Rofrr-.ctory los 3,  k- 

Copper produced por lainuto of blow,  k;- 

Wholo ch.irgc tino,  minutos 

In the abaenco of .tops to absorb the oxtr, hoit ovolvod    th   1 -        • 

hie*» th. »o«* Wlth 3ov.ro .tt.ck * tho rof.ct        I    ^ T ^ ^ 

thio i. to .dd moro cold ch,r,o, .^, , virtu. Jf        ^'  •/ " ^ *° "0id 

of tho edition of oxygon in th a o,r V , '  ^ ^ ***** ^ 
the .pouat  of th       7      , n      °P'rly d0PJndS lw^ - th^ -turo ^d Wlv- •••m°u.it  01   tho motorini  so p.ddod 

18.      In thoir nickol  oxtrr.ction lino  tho Intom-.tionrl   lio'c 1 ^n 

-«. «-u« fc ^.. „^ 3UlphidO0 in tho 17, ;i;;:
li:~c— 

nirkol ,^ copper „ulphidos. ^.t.-MiiJl, puro 
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15-      torzón onrictaont   of tho ,-ir In thor -  "Mick 1-  - 

* ""«-Tfetng intj tho  converter ;\ vrric tv   ,f i^   u 
*« tho nio*ol refinería     8ono 4oo torl„ por of ^ * °f hlfih ^ 
to bo chared into , bl,.t  furrmcü ^ „u  ? * ^ ^ ^ -ose ser.p h,d previou8ly 

enriched converter, peritine th • Bh tt Ï ^ * ^^ in ^ »*• ,  P rnutting th. slutting down of th. blr,st  fumico.. 

»•      Tho bc33omcr rar.tt,  So produce is trv.-t -i f,r th. 

Puro nicol ,nd copper sulphides by ,,l0 ^lled ^ ^T " * "^"^ 
co«« sulphide (73, ^ ïlf 20, B) _ f _ n -; -- -. ro^tin. 

Mown to blister copper in Bpaoill onnV|.rt ^ s ' f ^ " * ^• f— •d 
-tto fro. th, n,8h 3moltor„     Ln th.      t

rt;^ °^« *• «-- -od to tro,t  th. 

those priory copper convert  ,    • ^^»t-,1 Pr,ctice(l)   the Ll,st in 
ry copper convert ors 13 enriched to 30Í?; oyy >n -nd th        +      . 

tod absorbed by the edition of thi "^ h°"t -onor"^ jf      - ,edition of this copper eulphido from th    «ir-ir I 
13 suwaarizüd in Tr-.blj 4,, mok,;l procose,    This 

ftpltjnff of conppr n,llDhid,   m  ^yr,   .1TiQh>||| _____ 

Cumr.tto- Sffil i^u 

73$ Cu sulphide 
iddod during sli.? blows 
nddod during white mot.-U blows 

Oxygon used for enrichnont   Lo 2# 0, 

422 
157 

132 

73 

The successful option of this procedure render* tho uso of th    „    t  . 

furnace «d special converter unnecessary. ^ "° ^^ 

Refining 

21-      Thi« i. prodoain^tly cloctroljrttc and irrelevant to tl.i. M 

appropriato ,t thU point to „nti• th, vaXu •   ot   „ " dlS0US810n•  ** " U 

cumplo, m firo rifinii     •.    . • '*^     l° r°-°ülti"« "PP" « for 

e« h- pro. 1: h :"f     
iron -•"*stiui R

—
h i-»^« w -* r^o :z:viz:iz rr: onriohr ^^ ** •»"'- — * -» 

tho top of tho on       '   ,.  "        "        * "* •" ^ - "" bm- b-^' *« to 

-«. -,l3h SZJ: : ::rj;:r8:;
buris lo^d Md—— 

clootric fta,v, , ., ö 8Crip"    Clrttn« wo ««lo rolîitivo to tho 

in hond in t„„       ^ •ï"ll"bl- frM r' tmn'^ P^-»»-    foM3i„ff o^rimont. ,« 

r f Z :zzi:iun r thi° rrpi°tn th- °-,mni °f -«»»—- *^ 
vorblrl     r ^ n°fi"0r"(1°)-    felt",- B°„p  >r o^tta*. in a 65 ton ro- voroorato,, f^^ tn tho roof Qf whloh ^ eupploBont 

5 
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introduced has given encouraging resulta      licioo the burners during; the molting dovm 

and subsequent  oxidation stages (by careful oxy-;:n adjustment)  in -bout  50 runs 

B.C.Í?,  hrvo shortened th- total time for th.: molting - oxidiain- - poling - casting 

cycle  from the  usual  24 hours to about  IP  to lC inurs,   <L oeiidin • on the nature of 

the charge and  th- product cast,     ?,oonomie3  in 1-bour and in overall  fu^l  consumption 

appear to balance th ; extra coate  and  it   e o ems possible  t!i-t  th:. cycle tino o-ya be 

halved - i,u.   the output doubled - without   imr/t^ in cict-     This requires confirma- 

tion when more  experience is  avail-ble  or. which for ex-nplo th :   life   of refractarios 

can be firmly oataelish-tl. 

22,       Similar advant:\gos are  sug>ot< d  by  ^LTin.-ton Copper .lefinor?  Ltd (ll)  to 

result  fron top  jetting -black copper" with oxy ve as on alternativo t.i bossomcrising. 

In the,  experimental work described on; ton ch-rgoc   if black n^^r,,v (70-7pY, Ou 5-10$ Sn, 

i-5% Zn,    '-4^ Fe,    2-4¿ Tîi)  war.- blown with -. ton jet  introducing 50-100 cu. ft.  of 

oxygen por minute      Th,.  advantages claimed  compared with the  conventional  converter 

include lowor capital cost,   shorter blowing times (40 minutes compared with  120 

minutes)  and smaller fi It ors for fun.- collection, 

III.     IW. PRQCSSS1^ 

23*       The usen   of oxygon enrichment  one  pro-boat;d air have not   only  Toatly benefited 

traditional procoeoos but have facilitated rtriking >i-w developments in copper smelt- 

ing in recent years 

Flash capitine 

24 The possibility of smelting copper  conoentr-t^s by men«   ef the heat   concreted 

by their own combustion was first  suggested by 3ridgman(l2)  in  1 »97 who proposed 

spraying the finely powdered ore into the  oxidising atmosphere  of ;. furnace chamber, 

but  his plans reached ne camnerci.il success.     In I915 L'leoingor et  al. (13)  recommended 

the use of preheated air in the process,   but  again no production use w.as m.ada of this 

until the davelopmont  of the Outokumpu process in 1949(14). 

25.       In the earlier work the direct smelt in..; of concentrate into a pool of matte <md 

slag which collected at the bot toy.   of th,.   fura-co one mntored difficulties due to tho 

attempt to uovo the particles  and  furnace gases in opposite directions,,    Thi3 resulted 

in a largo amount  of dust being carried out   in the   »as stream.     Thin difficulty was 

overcome -t the Harjav-lta smelter in Finland, by feeding ful  air and dry concentrato 

in the  top of a vertical shaft  and directing the resulting suspension vertically 

downwards in such a manner that  it spreads  over th; v/hol ; shaft  area;  ignition tokos 
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place- instantancoasly,   xhc tonper-turo  of the particle  is raised to th.  8n.lti.vr 

temperature  and separation of the  particles  .from the   -;• taken plo-oc when   the ¿asen 
ore turned through an an~1J   of 90' in horizontal settlor .-t  th. bott v.i of tho 

ruction shaft       Tho  pitici., collet  in   th. cettler in - molten bath and   th, ,~u3ec 

are talcon  out   through  a« -ptake  ] „ydin,; t >  uaste  h,.-.t  boilers   •-.id  a boat   oxeh-uveer. 

Under tho ritfit   conditions th ; s.cltia, co.,  bo carried out  autooyenonaiy (   but  only a 

very hi¿h sulphur -tt, en K. relief.,o toril;/ handled tliiR way without  ^a:  ^upolo- 

montary heat.      Tho ;.,.- tarici  normally ¡ranal,d by Cutohyuvm (conontr.t,  .1." du,  32* Fe 

•¿ 33# S)   rehuiros only a noder-te  ornent   of extra hoyy.  and this   •o.r. K; nrovidod by 

pro-ha.itinff tho  air tD about   r,00°C ,     Tí* in  other c ases tho concentre h.^   -  oonipo-i- 

tion which requires  a higher r.ir pre-heat   temo.r-turo th,. i:;  -et tainaMo,   tho r:^m- 

iny; hont can be  provided by burning r   litt],,  oxtranems  fa./!   toother with   tho en- 

céntrate.     Ono  disadvantage  of tho   flash abitine- proofs is th-t  tho slays  GO pro- 

duced aro high  in copper and nood ol eaninj- by vhioh ; ,,ans however,   i;ho c^r content 

can bo reduced to 0.2 por cent,     Sulphur recovery  in fl.-.sh siting is hi Th and. tho 

furnace gases,   after pruning tho wa-t: heat  boil.r ".id b. of  exchanjer,  provide an 

ideal feed for the sulphuric acid plant, 

25.      This  cxtromcly convonicnt  and economical  smoltiny woe..3s which combines ror^t- 

inp,  revcrberatory smelting and -. part  of tho converting process has boon adopted in 

a number of othor smelters throughout tho world on' of th.' i'irßt cf which was tho 
Aühio Smelter of tho Purukawa Miniru; 0 ^ip-ny in J-.pan 

2n.      Oxygen enrichment  of tho -.ir  offers  author :;y;thod for eliminating th. he-t 

deficiency  in flash smelting .and this has  boon carried  to   th :  limit  by tho  Interu-ti mal 

'•íiokcl Company  in their procede for  troa i; inj tho copper rich concentrate referred  to 

above (15)       Tho  dry concentrato  is   injected   through burners : t  each ,:ici  of th; 

horizontal   furnaco and c jmbustion  effected by inj entina :j%: puro oxy-ei, through  lh; 

burner.    Tho burner tip ir, of mild a'l^l tufcinj with a w-.ter j .oket to avoid i.jnition 

ir- tho oxygen stream.     The oxygon-concentrate ratio is controlled sufficiently closely 

for tho product  ¿as leaving tho furnac;  to, b0   ;G>'. sulph-ir dioxide which is taken off 

for liquifaction.   .Temperature control  io   jf vital  import.-»JICO  and temperatures arc 

constantly measured.     The heat  is yjonerated by reaction of oxygen with the   iron sul- 

phide component   in tho copper concontrato and with pyrrhotite which is fed in as 

recfuirod to maintain the thermal balance  of the reaction and the desired matto content 

which iB in the neighbourhood of 45'/¿ coppor„    Higher copper content  in the matte 

results in higher copper in the slag,   and the pyrrhotite addition both cleans the slay; 

and controls thu mn.tte grado o 
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28,      An injoniouB now proposal for ensuring rapid and conpioto reaction between air 

and concentrato is tho cyclone smelting proposod by Tonkono¿i(ló)  in tho Union of 

Soviet Socialist  Republics-     T:. increase  tl^ volocity of tho -asce relative to tho 

solid particles  smelting is carried out  Li  a cyclone chamber similar to tho cyclone 

combustion ohwabora  in coal fired furnaces      Air is blown in tanjontially with a 

volocity of over 100 m/aoc and tho concentrato,  with some powdered fuel,  fod in 

through tho roof BO th,.t  it  is thrtr.m ruinât tho wells in tho hi.* temperature re- 

action sono;   siar.il  particles burn   ,r nuit  and tho amolt.d product  is collected on tha 

hoarth as n?tto and slag     This process of foro a Lar¿e aurfaco  ".rea of charge to 

ctraosph.ro,  and tho hi,* ¿as velocity accelerates h.at exchange by convcctJn, 

29.      To onsuro  rapid reaction  and tho volatilisation of appropriato constituants, 

the air is pra-hoatod to about  500°C,  with or without tho addition of oxygen.    Tabic 

5 ffivoo sono typical results quoted by 0najow(l7)  but  it  is not  clear how serious tho 

wear of the cyclono walls or th« heat  1 ,Bs through those walls prov.  to be in prac- 
tic j. 

ïabl^ 

Oycloao smeltjqg in the US3R 

Concentrate Cu 

Percent Zn 

3 

Air temperature,  degrees C 

Oxygon added,  r¿ 

Cu content  of matte, ',:. 

Yield of copper in mat tv,, % 

Yield of zinc  in sublimate, 

Puoi consumption, f.< 

S02 in gas os,  f, 

21-22 

0 6 

14 

20-2 

50 

96 

27 

2.5-3 

17-19 

5-10 

26-27 

33-36 

500 

Nil 

33 

0-5 

93 

65 

500 

8 

0.3 

On 
Ut 

36 

2-5 

16 

500 

75 

1 

76 

92 

Convertor smelting 

30.      Tho possibility of smcltinj in the converter has been of interest  for many years, 

but tho practicability of such a proc.es depends on ., supply of heat  over and ,bovo 

that available  in tho traditional process.     It  is n>t a big step to realize,  from 

what has bo.n said earlier,  that  the overheating of a normal converter when oxygon is 

added to tho air,   could be prevented by using tho converter for sneltin¿- as well as 
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for Win* revert.     Tao Japaneso stated,   in «perente i, l95l at  the S^oshi 
smelter, with an Jaygpn ûnrichod blMt which lod to thQ prnooße ugûd ^ ^ ^^_ 

Suoltor of tho Kippon Mxnin* Co    described by T3uru^to(l3),    The convortor-snoltor 

cyclo i. started with about ton ton3 of nolton aatto containing 40 to 50;5 of coppar- 

this ia obtainod fro,. a blast  fume, rateinoci ae  a convenient source of matte 

rather than » a atiin «wltins unit  since it  p.mits tho handling of revert*      Tho 

convert blast air i3 enriched to about y;  to 3&.S 0^30-1,     Concentrates arc chorad 

into tho converter in snail  counts through , retractable eh**,  with such eili^  ^ 

in aoocssary to  flux tho iron,     Tho i:rado of matte at  first  falls S,nco tho moltin - 

rate exceeds tho  mention rato of iron sulphide-  thereafter  tho .atto grado improve* 

until  tho copper content  is  about 70 por cent  at which sta,o further char-;in¿ i8 

stoppée and tho whit, notai blown to blister copper,     Tho  final stages  of tho blow 

can easily bo overdone with  oxyjon onriohmont  and it  io recommended that air alono b, 

uPed in tho lattor pa^c   of tho fir.ishinj blow, 

3a,      Gyyjon enrichment  is stated to raise the copper content of tho bliator from 

93,4 to 99„8 per cont compared with air blowing  tho improvement boia? duo to creator 
elimination of iond rind nickcl  (thu Lrfctcr h(maV0T 03nßtitutin£; p loge to thj elcctro.. 

lytic rofinory).     Table 6 ,;;ivos  i:w h„^t balance  in -Lhia procese from which it  ia 

soor  that this do-roe  of o:;yCen cnr;.chmo.ii   rot   -ily auf fices f> convert  a heat 

dofioicnoy into a hoat surplus,  but decrease*, tho smelting time for one ton of con- 

centrato fron 7.5 to 4-5 rùiurtoa.    Thin in  itadf inprove, tho hoat basico by 
reducing the radiation loss, 
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Hont  »oncrr.ted by oxothormic 
routions cl. 

Ho.-rt consumad by ondothormtc 
ror.ctions 

Sonciblc he.it in 
products 
r it rotori 

Tindiation  Iocs 

Huit deficiency 

Hont  ni'rplu3 

Time for smelting 
J  m ton cone,   (min^ 

Tr.blc 6 

Ho.it bianco in üonv^rter Mfd^j^ 

21?; 0, 
.2 35* 0 I 

262H94 

1387 i)0 

167030 

7. «?s 

315937 

177564 

433309 
129697 

113250 

41667 

4 53 
Y¿.    The  copper content of the al-"» i <- hi-*-.•*  ; .    , 
nnl  „„        4 

ö    * hl-hor in convert or salting thrn in conventio- 

^;'„ \  y th0 iDprovjd sEemn* acono" - ^^ •• —"-»* «*«ti« in tanJU«., lo»» - -Jld  , hl(iup ^ 8ulphur d.MW_ for tho ^ piaBti 

33     Tho Intention,, .1i0!cjl Conp.AY t0 „;hos3 pr,Mioo in 

.-I, Tth"=0DP,:r =ulDhlä-fron thj "botton"" >«— »»*• 
»«..!   carter   TO,  ,,U,:,-        iv   ,,Mlil„  OQ.T.;n   b0  t|K   ,;lrat   _   of th) 

.".WP 
i,.r   ,.. /  , - .            ..a.,.ou  a^„w ui  in.) na.it cirriac .   ,u,.,n6,r. (,„0„, ;0 ,.,,.   „mt ia O0.ivjntion..i ^ ^ 

,    rooncjnt"^ ,?,Ky foucd ti"t to •» =°*^ — -i«, 

.h s„1P111,. C11,,,, to ,0 ^ ^ to ^ bnsis it ^ bcon 

. y-     ' d"'1',^t-^ '• *"-•* «I» «I.-* Produce in the converter con«,i„. 
•u,n ,,t,,  „ontunt but  tUB =,n b. .„e-n.d i„ t„, rov.rt,r,tory fum,c„ 

:;, ."'"vrr*10"ie "v"i"ij "out th^ uf° °r itatai" *» «»«»« * «- 
,'/;      ' ,-';'•0M ÍXPlrÍ— °^'3t=  th"' »-Ü.Í erosion only boooBoe intm>c 
MK.!" oxy-on enrichment oxoc.dc 40 par con; •"°n«c 
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35-    An obviou3 question in -ao^oinj the potonti.l v-iu.  if tv M    ,<• 

on ^ ,•14w:rtlm. Kljrjrt ,mly to. p:rtioui^    -t     :    -    « ^w 
DOWOr     "tifi     ~Vni1*,V,l T      r -i   •>>-'.-I<X Jii,      00.. X     01 

U3_      -.     .   .+ '     *  ?-^)d     ìr VaiCa 3U^ " ^^ir^A .id continuity of 
««*..     .hxB  l,ttcr poxnt h„  -  ooneid^lo  .ffoct  o, the est of ti. plrnt *i .-> 
ahut d3ra period«  for nrint «^  „in u.^it.t, „tor-,:  froiliti  s    ,        .^ 
supply iB ao,d,,l  for 5, , ,;jKß  in ^ y ^ f-iliti.s  1¿  .. continuous 

36.    As .n bro.-.d fr-nur-.lis^tij.-i how.-v.r    it  .-1  b    ,-u ^ + 

vuin,, J*. ,i:r ,1? ;;..,,,";   P
T  

Jnj p-,riy pcr u,iit- th°ooct of p•- ' •    A U1 '       °-sy.T^ would Lo  roulily r;:   i" >i lou-       '^-,-,0-,  r; , .   , „„.+ „* " -lJ-i-Ji..,      xiioso fi^ir^s which ero for 
cost of ff.^,8  as nrodiicxl    i •>, f iUI 

.t-t A • P'oduc^.   * -    ocfor, conprowion,   r.f„r to tho production of tho 
•tetud tonn,^. 0f puro 0^,a d,.,       th; 

roBulting 90;' nixtur. ÍB   4 * priCC of the 

200 

600 

Cost  por TOCO c. ft.   of m< ^ 
^0 w,iok Dr?auctirn 52 ^ 

(1 ton of puro oxy^n oqu-.ls 26,500 c.ft   ) 

2B,   >d 

2r¡    Od. 

37      »»«*« ,« a-turo I, V .* ,, ü.ut,d  ¡:1^„ .,pi;rioao^      ?h.  ^ „thjr 

n-nt".! work .it JorddoutBoh.   "? - m ,  „< ' 
raa.utsch, 2 ,.fU Hj .. ,P .,n   ^porivu.ntU produit ion of .bout 5T t ^ 

por dr\y., ^ ' 

'oat of oxygon in El p.r norr.-l m3 

Depreciation 
Sorvico ruid î'nintonrjio-?. 
"energy 

>1. t« aW«,lantoly ,T1,1 ,0 ^  6d, por 1000 ouMc r-Ui which ta ïiow of th 

""" tWm'^ ie «'--«'^ in Une »Uh tho Unlt.d i^ngd» rteuroo. 

3.    *»—W T.lI-•ao u.^0,  auch    s th,t of Sri««, Oppor Refiner. r.f„rr„d 

o oarl .r U »ere co.tly.    Th.y drew their o:W;j» f• t.^ (ropljttl-lj4 from Unj 

o ttao) ,t the »t. ef „,„.* ioo.000  „vi, fMt p#r 55 ton o!wr;o_    ^ oo8tg 

". por 1000 oubio ftet. 

/ Tho purity roquirod depond. on other poniblo UGOB for 0Wm ia tho plnnt, 
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I 
39-     If wo accept tho Union of Soviet  Socialist Republics1 estimate of 100 OÙbiO Ntrss    í 

of oxygon por ton of charge to raise tho oxygon content  of the air by 8 pur cont in 1 
\ 

tho roverberatory nmolting of a 20 per cont coppor concentrato, thj cost of the oxygon } 
í 

from a tonnage plant would, in United Kingdom figures, bo of the order of fc3 sterling 

por ton of coppor smelt id  This must be sot against a 12 per cent saving in fuel and  ¡ 

a 10 per oont increase in thermal efficiency  More important benefit still derives    j 

from the incroato in throughput in a given plant, tho value of which can only be 

assessed on the individual unit. 

v.     MM gyrcWH»g 
40*    The fact that  so ¡nany of the oporations in pyromet.allurgical smelting of coppor 

oros arc highly exothermic, clearly points to the .advantage if possible,   of oonducting 

tho* autogenously as far as nay be.    The heat balance in the rcvorboratory smelting 

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

tho heat loss due to the introduction of cold nitrogen is reduced by oxygen enrich- 

ment,  réverbérâtory smelting can be made autogenous,  while the extra heat  from oxygon 

enrichment  in the converter can be used to molt additional cold charge, 

41'     With an oxisting reverb <ratory furnace operating below capacity the great advant- 

age of oxygen enrichment  in increasing the throughput may well not be of benefit. 

For example,  if labour ha3 to be employed in keeping plant  running idly on insuffi- 

oiont raw material much of the economy of a quicker throughput is lost.    On tho other 

hand,  if oxygon usage enables higher production to be achieved on or-  existing plant 

the benefits can be great - and can be achieved at comparatively low cost.     Now plant 

can bo designed for a given output  on  a smaller scale than would be necessary by 

traditional methods and roach its target by oxygen addition.    This is beneficiai ruso 

in  the economies such as reduction of fuel consumption,   improvement in tho sulphur 

dioxide content of tho exhaust gases which result. 

42.     In the converter operations .again tho benefit of oxygen enrichment can only bo 

of advantage if,  as is almost invariably tho case,  additional cold   charge material 

is available.    Cold charge must be added in increasing amounts to prevont tho increase 

in temperature which results from increasing oxygen content of the air..    The use of j 
i 

the converter ta handle increasing tonnages of revert materials or, alternatively to       Ì 

smelt directly additional quantities  of concentrate can be a highly profitable f 
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operation, but its value can only bo judged in relation to tho materials and tho 

facilities in individual plant«, While theroforo, the uso of oxygon can in ¿onorai 

tonus be enthusiastically recomondod, it doos not follow that any, ^d every plant 

already operating would necessarily benofit, and each case must be considered on its 

merit, 

43. The modifications in practico and tho potontial now prooossos whioh the uso of 

oxygon makes possible, offor a roal challenge to tho industry in laying down now 

production fabilities. Tho imaginative and enthusiastic acceptaneo of this ohallengo 

could have a profound effect on the future of ooppor. 

¿I 'lUÌiAniìflÉlÉÌMl 
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