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En el ﬂundo ei Cu, como !Ecbfsdlsé'biié'flba mineralégtcamente en o ;A{f':f
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i rf.i:er sulfato de Cu.
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El mlnerai ”T” contaene, or:socola (cantadad relativamente aiﬁjﬁ**r”’

ta), Ia Iey de oro y plata €b baJa en comparacnon con el dcl MIne“f“

r&l ”K” Seg!egaCIGn, flotacuén con pre tostacnén ¥y Irx:viacién.'ﬂﬂﬁftf**
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'hie y evapo:a a! rioruro dc Cobre (Ve: cc. 3 y 4), con e! carhén se redu-fffaif

o e a cohre metallco y se deposnta sohle Eﬂ superftcae de! coke.: Luego e{“ S

:cobse metafico se sepa:a de ta ganga por flotacnﬁn, dando un

- de. alta ley. }f o

FI honno estatlco ut:llzado es un ho:no eléctrlno de 55 nm‘ de H Iﬂ‘;iE:_ZE
'terno con un tubo de- cuarzo de 900 mm de Iargo, se cerlo eI extremo delé,:;j‘ 

 tubo o un. tapén de goma, al produellse el calentamlento e ahre !a tapa{f;l;fj



Fiis luego ia caI01na s evalﬂa por flotacnén j}f-‘«;f'?‘h' g
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La muestra utllizada es 7

existe !a pos:hi!ldad de pérdlda de cohre por evapora0|6n.

e 4 2.

Plueba de Segregaclﬁn dei Mlnerai "T” ‘“ffli“”f o

ada es Ia misma que Ia utxilzada en ia pruebas de‘]]

La muestra uttl'

hie en Ia cantldad de Coke y Sal dehlﬁo a Ia dlferencna en iey de _1:

coble y ganga de mrne:ai

"34a muestra ut;iizada es mullda a -mdS, se tamo 50 gr.. .os cuaiee se oo

-*ff_f‘mezclaron con ClNa y Coke en polvo, Iuego enfrlﬁilo 1isiﬂndolo del aire .*‘[iﬁ'

lﬂ Hlna Katanga. Durante el proceso  _i“' '

:_:fiotactén del Mineiai ”T” EI método para reallzal la prueba de‘ '_£ E

segregac:én es la m;sma que4|1 del Hlneral ”K”, pero con Ea varla-3'7' .
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'7de| mlnerai pre-tostiﬂo a temperqtura menor que 11 de segregacnén ;z'f:'g“ :

;5m|colniferen0|al,;por eJemnIo @ pudo determinar que e :?’*f‘°:55*:

brans orma en éx‘ﬁo de;cobre'i

':"vnota a ﬁlta temperatura. ;;;; f;g

'Ld‘CFiééCoi_:,

g _;como siilcato de cohre hasta 695%3 y al aumentai Ia temperatura s¢- trans-'ﬁfi SR

'-ff  fo|ma parc:qlmente en CuD y Cuaiaool Sila temperatura de 960?3 . se t[an§:'1'ff7

*.'{;5:formara totalmente en Ios productos menC|onados

- B.is Prugba de.flotacion con Pre-Tostacion del Mingral "K®

o .' §é‘?eaiizaron Eon bke4{0§taCiohéS é'barfir dé'350ﬁ3"ha5£1l950 %:l ‘
- _’f(de 100 ¢n iUO %: ), Hiemo de nie tcstﬂC‘éﬂ 212 win:, con f'°ta" .

57¢:3'J:fC|én a 133 mismas condaciones.

' "{ fSe obsenvé que el aumento de temperatura baJa el poncentaJe de rccu_5;
s perac:én, pero Ia Iey del concentrado tiende a elevafse (s S

e f_funa tendenc&a ) ver gréfluo

Para reduC|r eI costo de combustthle se |nvest|gé Im transformacién-;lg,jh-'*
 Fstos estudiosvse hicue:cn por an&lis;s de Rayos X ¥ Anatlzadon 1&: - ,:1 i
_ﬁLa ma}aqultala,Slﬁ ?3 e1|m|na:agua de cristwllgacsén, a 340(3 s :f{;”;[g?’1 

150'13 el]m!na agua de crlstaiiyaC|6n, y se mantieneii“ ;r’T
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L ;:_Partrendo de este 1esu!tado de ‘pre- tostaclﬁn de- 45013 V. el.tlempo e

en 4 mrnutos, se investlgé ta flota0|6n 1 pH de 8 a 9, pero 3 pre-ff‘ff*

e tostaclén de: 150 %3 y 6 mlnutos, poz Iw descomposzcién de la cai] ;iff

el pH se eleva

. Para ﬁahtéﬁer;ei:ﬁﬂ,VSé_aéfégdqské;?ﬁéuﬂéﬁﬁaijﬁ:ff; ””'}ﬁT"2'
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"7’ LfLas condicnoncs fueron ;gua!es que Iﬂs 1nturlor *(Hlneral K) pre”

.-yi}ff?tosta0|6n 450%7 0 C

750 'Este mlnera tien poca‘cal, por esto o
'?“ff?ina se. nec03|t6 contuol de o pefo'el granate por efecto de”!a:tos-:'E;ff

":rit«cuén tiende a flotar con mayor facliida(

PR D LixIvIACION

_;Géﬁéﬁﬁlmehté?ih'Iixivi' én con HzSOq de mlnasales de GXJdo de cohre",;ﬁff

"*ifse hace cuando tnenc poca pfesenc;a de caIC|ta y poco ccntenido de Au y Ag;f{fff

‘° 1=jP1ra |eeuperar e! cobre a part:l de $OIUCr6n de coble IixIVIados con QC|do} fﬂi 

; "5ﬂ'sulfﬁrlco se. hace p01 métodos de cimen_ac:én, lerVIaciOn C|pitﬂc16n y:ffigf

4"fu3|6n, ext:accaén pOl solventes

hbtq piueba fué 9010 eaplo:mtor:a L¢s7fe§q3iéﬁoslSéﬁéva]ﬁ#réné¢bﬁig“}Jiﬂf'
if;de ewtraeclén de Hg 504 .;1?ffn.“_-‘5" 51 RN B

oy :6.1);?fPrueﬁa de 1ixivié&i5nquh;ﬂihéra1-?K?JIf'"” B

Para Ia paueh1 dc !iXIV|a¢|6n dc H:nerai ”K” se utllizé 100 gr'defjgffﬁf

mineial m48 A este se Ee asregé H2804 y su agita016f fué hecha}}f{;;f

'por;z horas. FI CaO en m1nerai ”K” es wproxlmadamente 27%



U 6.2)0% Prueha de LixXiviacion. con Hineral YR e

S empleﬁ el mismo SIStema que el mtneral ”K” La ganga en este ml

sfcavl totalmcnte sallcato, de esta manera el cansuma de

o -_g; acido suifﬂrlco es poco,: el cohre d:suelto es mayor.f"

ta manera el minerai ”T” es dc mas fﬁcll Iixlviacién.'

:fcola v con mrneraf ”T”, con alto porcentaje de estm. ,fffi  ?7:?3

Las pruebas se.efectuan con: Msneral ”K” con baJo porcentaJe de c:teg ig-lfr-"

o ;;En la prueha de flotacaén, tanto en cl mineral ”K” Gowo e el ”1”‘;'." '

"'i‘ fcon adnctén por partes de sulfuro de sodro ¥ Ap #04 se pudo obtener e} %3"‘:'

JT'Tiffde lecuperacién de cobre s:mllwr al porcentﬂje ﬂe maquu1ta. 25'7”:

Sln emhargo en lo que respecta a} % de r‘ecuperamén de oro - y plat'x,
'”'}ern el caso del mlneral ”K”; se pudo ohtener resultado s:mllar la de se--'“

-"”, glega0|6n pero el resuitado del mlnera! ”T”, es mas baJo que la de segre-. :

e jlgq016n. Tanto en mineial ”K”' ”T”,:ei oro es natnvo, exlste electium y S

"a;_:plata natlva, Ia recuperacién es [elatrvamente faCIl s pero las recupera* .

’--;Jﬁjfc:ones del ”fneral ”T” es haJo, dado que Ia iey de ore y platﬂ del mi -

'7:71;‘neral de caheaa o8 baJo.~u_.§f"' o



n'fﬁtﬁIICD se recupeia po; flotacuén.

:7;.:'.‘ . .~:'_:'.~.‘--- 3 R

Fn el caso de flotﬂclén con pre tbstaC|én'de Ios : R A :
: f’Vﬁ eh euanto al cohre se ohserva mejor 1ecuperac16n y e401:|ey:de.con-i':”“ :

: - centrad0 cuando Ia tcmperatu:a de nre tostacién es 'asta[




Pcro en Au y Ag el resu!tado tlendp & baJar CUQHUO 11 temperatura de ﬁx

“”fgmﬂ M$hownesnm$ehwumt;lurlﬁ

1anto el oro natlvo, electrum y platiinqtlva no debezan presentar “

“:ii-qfcamhios en. superficre_.unque se caiiente hﬁstﬁ ?50 13 : Y actuwlmente[f

' nk;so=|nvestiga pozque baJa el porcentajeide recuperacnén de oro y nlata de__'

m » x

"y

2 ”

R [ minerales

La prueha de Iax1vuacuén se,hizo como reconoc1m|ento prellmenar' pg.:

_ :pudo ohse ar e el mune:ql ”K” cono en el ”T” l_ cobre

'”‘se d|suelve con faC|I|d1d en a01do suifﬂrlco.

_. [a ileVtaC|6n del ﬂlneral ”T” es reiqtnvamente fdc&l, en cambio en';
;Vtiel m:neral ”K” el consumo de a0|do sulfﬂrico es: aito e :gual a 300 Kg/Ton- .
3i?;n0| 11 pfesencaa de C%li!ﬁ- Por el lwdo de ia recupera0|6n dei oro’ ¥ !1}'“

"*4_ pIata, no es convensente adontqa Iq Iixlv:qc10n, tmmhzun et mlneral i
‘:7fcon sulicato contrene ono plata a peqar de- su haJ1 ley y alrededor del

"y}Vﬂcimtentc ew|ste 011128.7 : :cgf_;l:-ff;.



| leﬁf;fdec:r que el método de segregaCiﬁn_es un método favo 1h e para'mlneralesff:}

it-'-f-._‘-‘con alto pocent1Je de cnisocola, v que ademﬁs contcn31 oro R Dlata”w o

izﬁn el método de flotaCién con pre tﬂﬁtaciﬁn ﬁu estin presentes{pun}i}jﬁf*3

,ftoq por «esoiver, pero se puede eSﬁerar o mejoramjento delﬁr_fuitado pggf”’;_5 -

e jf3r1 el cobrp
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O after the oil erisis in 1973 .

_ Future trends of nonferrous smelting and refiming . -

. samichilGoto 1 .
Uprof, (Emeritus. ool

.The University of Tokyou. .

“Loprofi ChibanInst.o
o T of eehn®logy ot e vl
CTigeneral i et S

- hﬁopnfé;d£”pfbduCtibnféﬁ;éépﬁé;fﬁlééﬁ'aﬁdféiﬁd mé£é1éFfﬁ6mﬂ  Ci
domestic mines in Japan.are on the decrease year by year . = .
;especially after liberalization of exchange im:1971 - . Many. =

“small scale mines were shut down after 1971 -as:shown.in

 Table. 1. i However, the smelters -and refineries ithépan3ha@-}fTi

been modified toiwell-equipped fa¢11it1esqgnfac¢oraancq;Wi;h;y;_'

hot onky. by

‘the strong demands of metals from othex.

Ihdustries; but also by the social’power of anti-pollution’ ' -

- _after’the first oil Crisi$ iﬁ’1973ﬁij;c“

' THeféﬁérgy”ma6é“stéepfrisefiﬁjpri&é.ghd £5€7&vera§é?growthg:fa 

of "demands of the bdse metals péf_anqumfhgs;beén_degfeaéeﬁ_fﬁ,f

'fThe.keen-appreciationﬁoffpower3pricéf~is;gﬁcﬁﬁ;iﬁﬁpigyd;,;.;

“several smal) smelters

an@'rEfineriesﬂwefefﬁloséd:aﬁd-also;hjj

'fthé;new_flash”smeltiﬂgffurhace;atzﬁiﬁaqﬁiﬁstoppediphei-?“f
operation. The second ol crisis in, 1979 raised again'the .
price of energy,especially the price of ‘electric powexr and .. .

'"_thker oil, -

Operating incomes-at some smelters and refineries turned = -
to minus and almost all smelters of alumipum which vere [ =

..Constrnctéd‘hew1y_in Japan postponed their productions, - °

~In suéh circumstan¢esp'notronly:enerquconserV?tioﬁ}f

“technigues but also more economical method for recovering .

the valuable elements were developed at almostﬂall-SWe¥teI5”f'a

-and refineries. . -~

.. After the 031 brisiQQ”smelting'cohpaniés érigﬁtédfffthéif;_.
R&D effort to-Other-targgtsfSQ-called.advanéed-technélogies:"

forireCoveringhthe:inéomes-instead;offsméltiné]aderefinihgv]iﬂf

business -«

| ih_1986;thejprice;of cd§pé£,iéédfaﬁagziﬁéfafapﬁgaagqﬁhffjf'
“with the high exchangé rate of-yen, "and economy: of smelting’ :

‘and refining industries were turned worse. Fortunately, the

" price of base metals increased from"1988}'Sojsméltiﬁg;épd,ﬁf¥ 
~refining business in Japan torred to better etonomical-’ - .-

conditions. However,-anotherfimprdvements'fdr'mihimiiingvtheff:

' operating cost will be necessary for smelters and refineries - g

to survive in the future because of higher energy cost, high

wagés and low metal prices which should be cosidered to be. -

.inevitably.repeated_as'shown;in"tbe_past_stétﬁStics:~ﬁ: ﬁ:__igf':




~f Supply oi mlneral xeeources o
fﬁ*Domestlc mines
71 of copper mlnes :m Japan were. operated in 1971 and only' o
;ffaz'mlnes ‘are under. operation. in 1988, The main reasons are

© . so=called: ‘Nixon. shock that: ie,.the high erchange rate of yen
tegoller. An1er2 and alvo the oil crisis in 1979. Many
v lead. ‘andlzing ‘mines were: also closed; The mine dlvisions in
“.“the large. companies, were! separated from the main body of the
"{companles ‘t6- small companies:as the eub31dmar1es . Only one .
Cgeld . mine . ,H:shlkari ,Sumitomo Metal Mln, Co Ltdf'was
”';oeveloped reeently.,::gtf AT _ : _ RIS

S The numbers of workers at copper mines decreased fromj-
316 125 to 656 w1th shutdown of mines.: T
R The mine - productlon “of” copper metale aleo deoreaeed from
-fﬁg116 ‘thousands tons coppeér. in 1971 to 8.7 thousands tons in.
71987  apd. self suffzclencies of copper.: “metal in- Japan-
_{decreased “only to only ‘0.6% for total demands . . ,
Tl Mane productlon of zinc métal is 257.6 thousands tons in - .
. f1970 but it*is. 159.7. - ‘thousands tons in 1987 and the self
'”.euffic1enc1es of z1nc beeame to about ?0 %. - _ ’

'TﬂDevelopments of mines in abroad

P Three copper ‘mines and one zinc. mines have developed by
;T;Japanese ‘investment: (but: only two: copper mines , -
SoMamwty Malay31a and Qaleh ~Zali,Iran: ,and one - zinge mine,
,,Huanzala ,Peru are ‘operating’ gveh now., The production of
coppex: and: zinc metals fxom these mines in 1984 were 37

“thousands’ tons and. 28 thOUSands tons. respectavely. In- 1987, .
- “Sumitomo ‘Metal -Min. Co.lnvested to Morenci, - arizona and.
_plmported 32 000 Lona of copper as. copper concentrates .

- Finano;ng by Japanese companles to. the mlnes in abroad are
e still active and total. imports. from these mines after
fﬂjflnan01ng is 2900 thousands tons-of copper. metal in 19844(
o .35.4% 0of .the total 1mports of copper. metal}. The intimate
,pﬁqand frendly cooperatlon between the mine-sites - and Japanese
= }jcompanles are more necessary for good economlcal relatlon.

Outllne of Smelters and Refineries in Japan

G Untll the first oil crisis in’ 1974 Lhe produetlon capaCLty..
‘3gof copper and. zlnc metal reached to 1. 2 million and 1.0
S million: tons per annum with. the rapid increase of domestic
‘demands, especially from the: electrlcal and iron ang steel
findustries. The ‘best. equipments were installed to cope with

' est of anti- pollutlon programs at that time.,
new. investmente for: the capacity increase ‘were

nkage - of: ‘total-demands of metals and .
‘of thie. SUpply of raw materlals fromf

'a
'heioil crisis.:”'




.';ncreased with. ihigh inves tment= Sfor antis poJluUfOﬁi

_ Koeaka smletexr and refnnery, Dowa Ming CO.,Onahama smeltey
and reflnery,Onahama Smelt. :Co, {sub51d1ary -0f - hltsublshl
“Metal Corp),:thtachl refanery, Nippon- Mlnqﬂamano ‘smelter
~and refinery,Hibi: Kyodo' €O, (subsidiary of ‘Mitsui ‘Metal’
Min.},Naoshima smelter and refinery. ,Mltsublghl ‘Metdal Corp.,
~ foyo-smelter.and vefinery,sumitomo:Metal Min,Co.,hamhama
irefinery, Sumitcomo Metal Min. Co”TeLehara refinery, M iitsul
o Me tal Mln.(km,and Qaganoeehi ameltel and refinery ,Nlppon
o Min. .Co. " - B

3. H;Lachl reflnery, Nlppon han Co Lté.._at'k |

_ epprox;mately 10 000 . t/M..

The cos t for 3melt1ng dnd refin:ng~;n‘Japan hasf

equapments and hmgh ene:oy-plaeee. ‘Many téehniguées v _
developed for saving encrgy’ and vtilization of wasteiheat

- ,but the more efforts must Dbe JGQUJIed Lofminmm_,{
: bmeltxng cosL Lo survive Jn the iuture : - g

7_ Character;et;cs and lecent xmprOVement of ""“-'”
‘ copper emelters and reflneraes o

There are 6 emelterv and 8 reflnexles in Japan, that{is,'""

Ashis smeiter which was the flrst fla h smelter”;n Japan fi”

‘closed in 1987 becavse the smelter is located 1n1and ,oeﬁfv"
-cost of the’ transportataon was e>pens;ve._jqﬁ_;¢;i,. L

" The . characteristlcs and .recent 1nprovement¢:-§fufmaih\3f3i3*
: smelters and reflnerles are’ explalned brlefly. RIS

'e1 hosaka Smelter and 1e£1nery, Dowa Mln.Co Ltd.‘-

‘Copper concentrates with high lead and: zine ‘a¥e. pfeeeesed
Average composations of. concentrates are;Cu 21,1, “8-28.0,
Pb 3.2, 2n 3.5, Fe 23.3, s 0. 25, 8b 0.%3: Maite grade s o

- about 55 %, Dust-with high lead and zing ‘are’ leached_e'f”
”_wlth sulfuric ac;d and returned: to- lead sméltex. vhich is. alf$;ﬁ

new injectlon process.” - In and Ga in leaching residue at
Kkita zinc plant are. recovered K Proonctaon of reflned anode;aﬁ R

-is 5000 t/M.

2. Onahama smelter and reflnery, Onahama Smelt Co Ltd.-

: Two. reverberatory  furnaces with total capacity. of SRR
53,000t/M. are operatlng”_Low 802 of about 3% - contalned inoo

'exhaust gas is recovered by lime-oypsum process.. Axrsénic. -

is recovered from washing tower,3000 ton/M of- automobileﬁ{_fi;
scrap tyre and pulverlzed coal are used 1nstead ‘of heavy .

. 0il, The new type of copper yefining: cell 15 fawoustyf
-Production of refined anode ae 19000 th'ﬂﬁ” e Tl

‘Main smelting process with' flash furnace.was shut GOWn inje;.fe
1976 and.a small recycling furhace so called” reverberatoryg;f'*

~ type furnace is operating. Production capacmtyTOf matte .

becomes 570 t/M(matte grade 36.9%% Cu),” Copper sheet. and i
powder also . are producee._Ref;nery capacit SRR 2 LR,

Cu in anode ellme is leeched by Fe3+_i:

TR iy AT R TR T e TR R SRR SR IRy e




| gffrom electrclysie;_pnfftff}fﬁrf

4;*Tamano smelter and refincry, H1b1 hyodo Co,Ltd. B
‘Flash furnaeé with' furnace ‘electrode "is operating. Matte.

‘vfégrade is approximately 590%, Coal and coke are used: ‘instead

o rofoddy U Production -of ‘refined anode. is_ 13000, £/M. Perxiodic:
ggreverse current was applled for copper electrolytlc plant.:-
‘ﬂPlanL capacnty of refinery is 11 400 ton/M._g;‘ B

‘Vat5 haoeh;ma smclter and 1efinexy Mltsublshl Metdl Ccrp.
~"One" reverberatory furnace with the capacity of 14000 t/M

:fifand one. continiouns smeltlng process so- called MI process:
=.awith capacity of 7800 t/M of refined anode - are operating.'

LU Emit gascfronm reverberatory firnace is treated by the
rvprocess of basic.aluminum sulfate, Main fvel is converted .=

‘”fffrom oxl to coal The capc;ty of reflnery is, 13 600 tons/b._tj

e Toyo smelter and Leflnery, eumltomo Metal Mln CO Lta.

'-1The newest flash furnacde in Japan is ‘well controlled by on—"'

,pgline computer system. Main fuel was changeo from oil to-
- Lcoaliand ‘enriched air with 35% oxygen is used. Arsenig is.
o 5recovered from exit gas by wet process’ ‘and high purity. As50
cand metalllc As are’ also: produced Production. capacity ol
.-refined anode is. approx;mately 32,000 :t/M and 18,300 t/M

o of refined copper, 1nc1uding the capa01ty of Nllhama

'-{Treflnery of the ‘same company.

“17. Takehara refinery, MltSUl Metal Min. Co.,. ' o
The production capacity of refined copper is 7 000 t/M.~

zlchpper dross.’ from - lead smelter is leachegd’ by ammonia.
;,jsolution and . copper is separated wlth solvent extraction
o and’ recovered by electrowlnning. ‘This -eélectrowinned
cleopper _sheet 38 . used: as startlng ‘sheet :0f copper
?;]}cathode in electro ref;nlng._ SR S

8.; Saganoseki 5melter and. ref;nery,Nlppon VJD.‘CO. L
o TPwo. £lash: ‘furpiaces with’ preheated air of a high
“temperature of 1,000 °C’ and enriched #ir with 26 % | oxygen'.
oo ds used._Product;on capacity of refined anode:is 32,000 t/M
-~ and a’capacity of refinery is 16, 500 t/M and remalned anode

”'*;15 sent Lo Hltachi reflnerY-'_f .

irf?The important developments and modafication at . smelters and -
jﬁreflneries 1n recent years are summarized as follows.]"' Lo

"{510 smelters,

IR NS Improvement of flash smelting process
e Adr withe enrichment of. oxygen of the Mmax. 35 g is used.
B ?, Lo 'shaft ‘siich as about 5 m height instead of 8 m is used,
: Co; ox ¢oke or waste tyre of autcmobile 4s used as a
pplying a8 deficient heat in a furnace ins tead of
nich.{s more expensive,
,Smeltlng is précisely controlled by computer._f
0% of matte grade is produced.. Thls is hlgher




s tyeated,

~~developed by Onahama refinery with Hazelet type o

' »2.‘int gas w&th 1ou 802 content from ievexberator fufnacef

SR PR L p procces fox continuouv-smeltlng 15 eucceosfully
. operated at: Naoshimai =~ S
4, Dust with high! lead and z;ne from emel ere are treated&]*@*
for recovering zine and lead.-;- ' B
B Valuable minox: elements such as So, Te,_hs, Sb, Bi and~ o
precxous motale are. xecovered effectlvely..¢ : RIEREEO

ClIn reflnerle Sl D S FEE R
1, . The. swlmmlng pool type “of copper elnctrorefinlng lsg T
f'anodeljemg

. casting machlne.~;

- ‘2¢ Righ cuxrent dens;ty more than 300 Amp/m2 is achleved by{'“ L
;'perlodlc ‘reverse current - R e

3y “the. removal of antlmony from copper electrolyte iS'_QfH
_“achieved by ion- ~exchange. columni© R

-4, Impurity in electrolyte is separated from acid by 1on;*’

exchange: diaphragm, o g

5. Introduction :of solvent eytlactlon 15 applled to make the]-%i
startlng shéet of copper cathode. gl
6y Many 1mprovements are applied to electrorefinlng toﬁﬁ'

' achleve good quality. of: cathode and- energy Savxng.~pr L
' Flow pattern of electrolyte in¢cells is: COnLrolled by;@ftY
spec1al design of inlet and outlet of electrolyte. LepEm S
- 2. Short circuit hetween anode and’ ‘cathode is detectedfng}

‘avtomatically by flux meter or a temperature of " electrodes.;ﬁ{?*p

73, Contact resistance of anode to- electric bars are -

minimized by wet .contact developed by Mitsu Metal Min. CO.ijﬂT £
4, Heat loss from surfaces of the-cell is. decreased by
coverlng the 3urface with a special plastlc sheet,.fkfo.? o

AiX pOllULlOOD control

L Japan is a country Wlth one of the h%ghest populatlon SRR
“densities in the world, 315 persons/km¢, hlgher than i0 -
times of USA', .and industrial actlvities 4in ‘these narrow = . ..
area are strong.;These have made: eontrol of - the effluents Of T
“all ‘processing plants: absolutely necéssary Lo ‘wminimize -

_environmental problems. Much. of “heavy industries- locate dn
¢lusters outside of the-major ‘metropolitan areas: cand”
generally along the seacoast,where deep-waler. ports plovideg»:Q

lowecost transportatlon both from abroad angd’ ‘domestics,. - .

Japanese smelters are located at deep-water ports where - ..
. atmosphexic: pollution are hlgh by oLheL-lndustrlalﬁ_ut
' acthltes.- : , L - -

The central government of Japan has placed two types of;fi'
strictions on sulfur dioxide’ emissions; 1) an average. -
-amblent air quality standaxd .whlch 1eoulates the amount of & -
in the ambient environment, and 2) an: emlssion stangaxd, -
_ wh%ch regulates the maximum amount of” 8022 IR additio’ﬁ‘
:each prefectual government and 1ocal cities and towns have.




:ﬁ“”establlshed thelr-emission llmatations. }te

e he natlonal Ambient Alr Quality Standards for. Japanc'
 reqn1re that the @aily avérage of hourly values dn:ithe-
Cviednity of ‘the smeltex site: shall not ékceed 0.04 ppm, nor
;}ﬂshall any. hourly value in-a 24-hr period exceed 0.1 ppr.. The - .
o jNatlonal S0, Emission Standard is based on'a formula refered- =
‘{Gto as: the so»called "K".value llmltatlon._ L -

f*<qt; K ne2.30“3

L{j_Where gl is SO emi531on llmit in Nm3/hr, K is a constant

.. particular to’ each district as determined by the centxal
;fg;government ox: by local or. prefectual ‘government; le is the
woeffective: height of ‘the stack in méters as calculated. by the

St fermulat whach in¢gludes parameters such as- an actual height
"}jof a. staek , gas volume, gae ve1001ty and gas temperature.

N Table 4 shows the 90 emlSSJOnS requiremente and an actual'
o perating ‘practice. for each copper. smelters,

. .The rate of taxation for the emissions of the smelters -
.3epends on-.the. locatlon dnd is- based on the total ‘emissions
o ExXom; the smelter and is 1ndependent ‘of the.emission:
_tijlimitation,{The recovery: of ‘sulfur from smelter gas is one. -
.. .0f the most. 1mportant problems in Japan._More than 98% ofj]:
'wf,sulfur is recovered b o o

§ In Table 4, Saganosekl, Toyo and Tamano are flash smeltlng-__‘
'ﬁf,and Naoshima and Onazhama are: reverberatory process.In flash .

_;g;smeltlno ‘processy: exit gas from smelter and converter and -

‘. other process gas from various processes in  smelters are -
. treated by conventicnal sulfuric-acid plant. Onahama’ uses a -
2 Yime-gypsum procéss for fixation of $0., and Nacshima'process.

U foxt reverberatory furnace is basic alumanlum gypsum process .

”ﬂﬁoxmglnated by Dowa Hlning Co._

CharacteIJStles: Of -utlllzatzon of oxygeh L
T ' ;n ia smelter ' ' f

=<” Many smelters 1n Japan equipped the oxygen plant already
';;fand enriched air with oxygen up to about 40% is used for -
'Tgwflash ‘and continuous smelting. furnaces. More’ enrlched alr,"'
-~ with oxygen. will be used in future smelters, _
o iThe advantages for ue;ng oxygen are thought to be as. .
S ifollowsy
ftji1,fF1ame temperature in flash smelting furnae becomes
- _high+:Fuel with worse ‘gquality  such as low calori coal and .
~. coke’ breegefw_ll be burnt.easily and also a temperature’
_?reise of concen rate in the-shaft is quick., =
: CAY evof smelting spéed in the furnace becomes hlgh and
of concentrate will be be able to treated in a -

R S R R e S
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NGO type flash smelting furnace vies pure’oxygen.and
 operates very effectivelyy .. a0 L L L e
. The effects of enziched air for heat balance in the .
: Smeltihg;fprnacejjcgﬁ,bé;éasilyﬂcalculatedfbyfcombining'the
" equilibrium and heat balance calewlation. ... ©

- Flash and bath smelting® .

© Now smelting processes were proposed in these 20 years and
. sone Qf[ﬁh?m'Wére,HPP1iéd?domWGTQiallyégTthQ@WfprGQSSQSf
. areliclassified to bath ana'flaSBﬁsmeltihgAaS shownvihTTap1¢”

"-BathﬂandjflaShysmeltingLaféicqmﬁéfédﬁhiﬁwbathﬁsmelﬁingf_

main reaction occurs in a melt, The heat is supplied to the
t_partiCles,by'cOnductiQn{andgradiaticn=frqm‘thé;meltfisdghéat'
transfer coefficient is larger ‘than: that of flash smelting. :
The reaction rate.in bath’smelting is thought to be highex . =
‘than that.of f£lash smelting,. . - .. - i ool it
. The gas injected in a melt reacts with bothiconcentrates. i .
and“melt;:The'materialéﬂinjectéd in‘é;meit;aré caught.ina. 7

. melt, so duStfgeneratiohﬁisftfovght{tbgbe_1£$sjthan*§5éﬁﬂcfg3?i 
flash smelting. A bath: is agitated by injection ,so-a.
~composition and a temperature in a melt ds almost same, .o

_ akes. place at'
a way of falling in.a shaft. The necessary heat to heat up.: " .
the particle to the reaction temperature are given by the .-
radiation heat from. the shaft wall.and from a preheated air, = .~
A bath 'is not“égitated'byﬂthé,actionﬁbf?ﬁlaSh;“SﬁjﬁhéfﬁjT
“particle on a surface of a melt is more difficult to.be . .
“ dissolved into a melt. When oxidic particles which are.
obtained in a shaft reach on'a surface of ‘a'melt, these - =
particles-,are;thOugbt;to_be_difficiﬂltftOxdi$s§1yéfinfax?i}T
melt..A.pile'of-nonrdissolved;parti¢1es”on_a-sﬁrface,ﬂofféﬁ,;;*
melt is often observed in a. flash smelting furhace. - .. LT

-Iﬁ‘éaséﬂofffiaﬁhjshéitinél}5a.$aiﬁfréa¢fidﬁ¢

The produétivity ,ton concentrate pér day per m? ;. are '
COmpared_between_commércial3smelting-pro¢QSSes“asjshpwnminf;f;ﬁ

Table 6. Generally,-prodﬁctivityjdﬁ;b@thTsmeitjpg;furﬁapqgigﬁ,,,;
larger than that of flash type smelting, .3 oo e

A new smelting process éf-bathjSmelﬁiﬁ§5£§§é §ﬁ¢h'déTMIﬁff”ﬁ
process - will be developed in a futuxe. @0 LA

Low grade oxidic copper ores. are’ tr
hydrometallurgically or segregationtp




ydromefallurgical process ‘copper in ores-is 1eached out’
o+ I'by dilute sulfuric ‘acidy followed by-precipitation with iron -
-QSCrap or - folYowed by solvent extraction- and electrowlnnlng..'*

In cas ¢ of iron. prccipltatlon T ‘éeémented coppeér is used

:ﬂiﬁonly as a raw materials of copper smelter, In case of .
-,yioolvent eytraction, ‘cost of. an. investment and operation
. hecoies: high; but:a product is a- ref;ncd coppor. “the proguct

must be. severely cotlolled for oottang more Lhan 99, 90%

"f:copper. R

If. an" orc 1ncludes acid consumable components such as 11me'*'

ﬂflor uagnes lﬂ;'ﬁCld leachlng prOCeSS can: ot be. applled.
o Segregation’ process “will be’ only an appllcable process for_
*,recoverlng copper from these low-grade ores, 5 - '

L Generally, ore must be ground to -100 or. —150 mesh bcforo-"
cisegregation process. .‘Thls is a pouer consuming step. So,

”frecently,segregatlon ‘process: by ".mechanical kiln" was .

47ﬂcaevelopcd in. 8weden and Japan. Phis - Process’ was applled . _
‘successfully to recover: nickel from low grade garnierite ore.

‘of “about . 2:3% nickel., After ‘segregation reaction:

”7?,concentrate‘of nickel” of 59% is- obtained by’ magnetlcp;fo

"’:separatlon.‘Electrlc energy - for rotating a grindlng mill is

_accumulated and comverted to heat to heat:up the materials .

v~fﬁ1n a mill and segregation’ reactions occuréd ‘simultaneocusly.
.guring grinding, -This process. 45’ now. undexr development for-
_3p5commerc1allzation by Pac1flc Metals Co.tln Japan. . -

New smelt;ng process of lead and zmnc'

Several lead omeltnng processes lnstead of a blast furnace-

ifprocess were proposed up to now ,but only KIVCPT ‘and QSL':*

. process. were applied commorc1ally. KIVCET consumes a lot of
felectrlcity and QSL has ‘a large kiln with a vast surface of

. a‘furnace, The ox;datlon and reaction reactlon o¢cure in a -
@ifferent point in-a same’ furnace just like a WORKRA - process’

~_which was proposed. in pustralia before and was not. used -yets

' .‘More. economical process will ‘be developed in the field of
v lead. and zine’ 3ust like the 1njectlon process which has been
ﬂ1‘developed as. a._new. smeltlng of zinc 1n Jdpan. L

--rgconclagibn,”~<

;:,V_In these 25 years, many improvements were adopted on’ copper
smelters and refineries ., Some of the most attractive.
o - features are the techniques of air pollutioén. cont¥ol which
W re. mainly developed in Japan by the strong anti- pollution
L 1 power  in. ‘seventies, Durty. circumstances 1n smelters-'
hanoed to just llke a modern factory..;_- s :

ccondﬂone is the energy ‘saving techniques whlch_j;
- ] ;processes dn, 5melt1ng and refinlng such_
: from gas, or an electrolyte,..




: - 0£ hlgh quallty product at constant characterlstlcs'-

The thlrd one asi hew processes wlth high productlvxtysgiﬂlf
;_such ‘a8 1n1ectlon smelting of M1 ,and A periodic reverse?c[1fg
3_Cu1rent in copper’ electrolyqlspﬂ‘w“- ; ‘ Pl
“fhe féurth one is the. saving of’ wage by 1ntroducihg o
fact avtomation and computer, ‘controlling systemsi’ oo P
“mhe fifth. one is recovery of 1mpur1teg from smelters and}?

-reflneries,,n_ﬂ~~ ERSTIED
The' sixth-one is a- quallty controlllng system for proauctlon _f

e have another lmportant items 1n base metals:smeltingﬂ;;i;)

.n,and vefining which must be - solved in-a future,. that ig, -0

U aeiden Almost all. sulfur e sulflde concentrate ig- fixed as’
sulfuric.acigior. gypsum, But other type of f;xation mustfi

-'ﬁdecreased for production of high. purlty copper.. i

1, -Sulfur fixation '~ as solid forms. instead of sulfurlcwj:ﬁ”

bel developed under an. condmtion of eycess suppy of ac;d or\g-:'*
‘5rgypsum in a‘futures S ' : e
SERNEEE End point of copper converter, ,nd p01nt of a}
fconverter reactlon A8 judged mainly’ by a skillnesvuofﬁ,
“ 3?workers, but a - scientific: method for: detectlon of ‘the ‘end -
opodnt is expected toibe devaloped. Recently Boilden*
'gannounced the: spectroscoplc method Vol o
3. Utilization of waste slag SRS ' R
4..New additives ‘in. electrolyte in copper reflnnng 1nsteadf
" of -thio-urea..,Sulfur contamination. from. ‘thio- urearmust ‘bel

5./ Limitation of impurites such as arsenlc antlmcny andﬂf‘ﬁ;f
*blsmuth in smelting and reflnlng._ﬁ. SR
6. Continuous electrorefining ' of copper wath high currentjw_j;;
~gdensity... New concept .for continuous refining of copperf;;;r
instead of: batch cathode. aré desired in a. future.,;_” DT
. 7. Recovery process of precious metals from anode’ sllmeu.jfg
- More economlcal process thh hlgh produtivlty Js desired. G
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e A Ll\El DE LABGR\TORIO

Ing Lih?d'Agtr"

Ing.-jOIge On:spp

El Pela eq un paie euannnienonlo minero “por. sue grdnde resérvas dé

‘fmlnelﬂlﬁs de"ffu. Pb, 7n, Ag, Fe, Sn y oi:ab espec1os, hahlendoae desallo_?

"fliqdo mf{ndoq couwoncnona!cs Dald eu i;atamuonic como flotwcaén D1I3 los_

fifA;?u]fUIOS v bUlfOleCS v ¢|anu|aC|6n para Io3 mlnelqleq ox1d1dos. sln emhdr’l-'

'fffden a nlnguno de esios mﬁtodos, IHC}ubO a Iq umnlgam10|6n. Uno de Ios plo

""ﬁr:cesos Fs{udnwdos pala ésie t:pn de mlhcial que adcmqs contlnne cohle cs Iu.

thg. Merccdes: H;sari[ S

'o hqv muneiwfes te pia!a asoc:ados con bxadas de mﬂnganeso que o, IGSDUH""i:

-segregaC|6n, aitein11|\ﬂ de pos:hlc soiuctén ai ltwiam;enio de mtneialps_ 3.~

"-'lpfrqctallos a:gentlfeloe., Unw de las m1n1s con “ldn lcse|v1 ﬂo m|ne|a| Vo

S con LSiuS CﬁP&(iEITSf!LﬂS m1nelaléglca5 es Belenfucln, que esid fOIMAdo_" '

o pn:nc:palmente pol 6\|dos de manganeso 1moifos (Hﬂd), contlcnen cn forma

"f‘fdasemlnxda la plata v el cobne._r_ L

Fsio m;no:al \a ha sido PSlHdbddO por dtveiqas IHVP%tIgaﬂOIPS, en haf

."?qc a estoa estud:os ¥ a Iq e\pelleHCIq lug:qdﬁ por Ios P\DCIle Jdponcseb
::ilrﬂ en el ma;co del COHVPHIO de Foopprwt:on Tern;ca st han 1edlaaado _.
.t}[”lpluebds de segrcgacuén a nive! fundqmentﬂl, stendo ei OhJell\ﬂ de es te |n-'~

.E.f;”ifOINC d1| 2 CODOCLI los |93uli1d03 legiﬂdos, af;ﬁnzando ﬁe esle modo fa

"sgtnaanelenCIA de !1 1ccno ogta de 9egiegac16n a Iq Coni:dpqrtc Peuuana. '
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