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Su—ary 

A wary large m»bsr of electrolyte» have been studied and suggested t>r lead 

electrolytic refining,   but  it *aa Anson G.   Betta who  caae up with a really 

practical   solution of  ta«  problem by developing industrial application of the 

electrolyte based on lead fluosilicate.     The first electrolytic refining plant 

built according  to Betts'   proceas,   that of the  Consolidated  3neltmg and  Refin- 

ing Co.,  of Trail,  in  Canada,  has  been  in continuous operation  since  1903. 

At  present  there are about   ten plante for eletrolytic  lead refining scattered 

throughout the world.     Here   in particular,  we are  illustrating the oharacteri- 

etics and technological  and «conoaic results of  the  San Gavino plant  in  Sardi- 

nia, operated  by Monteponi  A Montevecchio.    This  plant  started production   in 

1957,   initially using an  electrolyte  based on  lead  sulphaaate.     Subsequently, 

the sulphaaate electrolyte   wae gradually and progressively changed  into   fiuoei- 

iicate electrolyte.     A  peouliar character!«tic  of  this plant   is ththigh  degree 

of autoaation which hau  permitted  to  restrict operating cost» to  eitreaely con- 

venient   liait*.     Its productive capacity  is Wy aetric  tons of refined  lead 

daily,  and  it  nae resecad  a  theraic plant which  had operated for  25 years 

according  to  the claaaic   Parket'   process.     Vha   lead  to   be  treated,  which     con- 

tains large percentiles of   Ag,   Bi,   Cu,   3b and As,   is  »kieaed and oast   into  ano- 

tea,  by aearte of * aoapletely automatic plant  which   eupplie» racks of anodee 

ready for  introduction   into   the eelle.  The «tarting  cathodes consist of  tuia 

•tteete of  lead  which  ere  alao  produced  by eeena  of  •  special  automatic eaobine. 

fa« tatiwdee are ei trac ted   in «oaplete  rae*«  froa   t»e ceil«,   re-eel ted,   '*nd au- 

t«M«ieally oaet   mt.«   injote.     Power deneitj   for   %<%•  operation  variée  fro«   1*0 

to   1*0  â/ag.   according   V    %*«  iap*..fitjr  content  of   ta«  »•nodes,   sita * ptiwer   ef- 

fieieney ef about  •*"%-      <efií*e«  l«ad containing!   1*  • u.uuüt • u.uuu%     \ 

àe  • 0,000*1  i   :«  •   - ,-*W i • O.uuuT-»  i   il  - J,0O0< eÖ,c*A>4jl  í   Ag • O.oOOl « O.OOOJ^. 

le a stata«*  fr*s» «**4ae  «o-ntaismg  S» •  ',W«1#  I   a«  • O.l-ö,^ \  Cu  • OfÛf - 

,'X<  i   tl  • «,• - C, gl  i   a« • 0,1 - *#. 
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With progressive dissolving of the »nodes, the impurities associated with the 

leed for« a compact spongy layer of sludge which,  when subsequently treated   , 

yields all  the constituent metals.    Treatment of the  sludge  is based on progrès 

sive oxidation of  the more  easily oxidized element»  according to  a  sequence of 

reducing and oxidizing melting operation* which  permits  final   separation  of  the 

noble metals  in  the foro,  of o*ideo.     Theae operations are performed  in  a   rota- 

ry furnace,  a converter  and  a  Cupel   furnace.     The  copper dross obtained  fron> 

skimming of bullion are  irooessed  in  rotary furnaces   to  recover   the  lead which 

ie returned  to  the refining cycle,  while  the copper   is recovered   in the  form 

Of matte and   speise.     The  electrolytic   rvocess  pern-its  refining of impure  lead 

in a  single  stage,  with marked  leseer  production of   interiniate  recycling by- 

products typical  of heat  processes.     Large amounts of  impurities are tolerated 

in  the  lead  to  be refined,   while  the purity of the  refined metal   retrain«  consi- 

stently above 99.99<#.     When  refining of   bismuth  and   subsequent  recovery  of 

this metal   is  to  be performed,   the electrolytic method  especially  reveals     its 

•fficiency,  elasticity  and  convenience.     Another  characteristic of  the 

•leotrolytic  process  i e  the hygienic  nature of  the  work premises. 

OB July  1,   196Í»,  a plant   for electrolytic  lead  refining started operating    at 

Copse Mica,   in Rojaaniaj    it  was planned and  built   by Monteponi $ »onteveccbio 

on  behalf of  the Houamnian  Government.     THIS plant   nas an annual  capacity of 

40.000 metric  ton« of refined  lead and  proc«s»ee  the  impure  lead  produced     by 

the locally  installed   I3P.       Ir. planning and  building  this plant,   which  has 

lMSdiately reached *oet  outstanding running performance«, all  the eiperienn«s 

and results of refining  at   3an Gavino  have  been  condensed,   thue obtaining a 

further great out in consumption and operating costs. 

Other plants,  of up  to  60.000 aetric tons capacity yearly,  are now in  the 

planning stag«, and the application of increasingly eophisticated techniques 

»•«•its to envisage econome and teeanolegieal  results of sztreaely «at i efacto- 

ry «Attire,  euperier ta  testi of any otà»r alternative process. 

He-, tit« Fre«i 

•¿-' •«.-: "¿ííÍSA: "• '•ié^s'^icS-^M^mysw^£^JX'^'-if^ir^Êk,-; ^A¿í 
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jUttTBOLITIC LIAD RBFUIMQ 

by Dr. Blio H.  Frani 

of 

lOITOPOII à HOVTKVGCCHIO S. P.A. 

TU Vittor Pisani n.   19 

Milano  (Itali») 

Introduction 

1. A large numbar of •laotrolyta« bas baan atudiad and proposed for aleotro- 

dsposition of Uad.     First trial« ware oarriad out by Hampe with an aoatata 

electrolyte.    Hi« sperimentai works were continued and developped by Kelt who 

tried to  set up the refining of lead on  industrial  scale,  using as electrolyte 

a solution of lead sulphate in lead acetate.     The process was employed by an 

aaerioan plant and a refined lead with 99-99 % Pb was obtained from anodes with 

• lead content of 96-97 1>.    This process was then discontinued due to  the high 

operational costs as well as to low convenience,  as the cathodio deposit    was 

•ade of  thin and dispersed metallic  sponge. 

2. Anson 0. Betts gave a practical solution to the problem of elactrolytio 

refining of lead. The researches of Betts covered the field of a large number 

of compiei acids; fiuosilicic, fluoboric, ditionic,meti1 and etil solphoric 

and many sulphonic acids, giving high solubility lead salts and high conducti- 

vity solutions. He fourd that adding an organical colloid, as glue or gelati- 

ne, to one of these electrolytes, leads to the forming of a solid, compact and 

adherent oathodic deposit,   showing the  same density of the metal  in  ingots. 

Due to operating costs,   the flusilicic electrolyte has been preferred for lead 
refining,   besides fluoboratea ani sulphonates have pat  few applications    in 

plating. 

3.      The fist electrolytic refining plant,  using the Betts process,  owned by 

the Consolidated belting Refining Co.   in Trail - Canada is running continuos- 

ly since  1903,  after  several enlargements  and renewals until  the  present max. 

capacity of 600 tons per lay.    The plant of U.S.   aaelting Lead Refinery  Inc. 

at East Chicago  started the production  in  1906 and it  has been largely renewed 

during the last years to the preser. capacity of 40.000  tons per year.      The 

plant of Cerro de Pasco Copper Corp.   at Oroya,  Peru,  built  in 1934 and enlarged 

in 1937 »a« designed aiming to refina a typical low grada bullion and for the 
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aax oapaoitj of 80.000 toas pap yaax of rafinad lMd. Otliar olootrolytlo laad 

plants are in Padepno Dugnano - Italy, ualng aulphaaic «l«otPOlyt«$ in San Ga- 

vino Monraale - Italy, in Freibarg - DDR, in Bafu - Japan. The plant of Coppa 

Mioa - Rmenia has been the last on« to etart production in July 1968. 

The plant in question with a capacity of 40,000 tons per year war designed and 

built by Monteponi A Monteveoohio on behalf of the Ruaenian Government. 

4.       Several inventors suggested,after Betts,   various different eleotrolyteai 

oxalates,  lactates,   cyanites, nitrates,   perohlorates,  plumbates,   formamid««, 

aaaonia,  etc.     In practice, only five electrolytes gave good results«   fluobo- 

ric,  fluosilioic,  phenol  sulphonic,  perohloric,  sulphaaic.     Snail  quantities 

of organic "agents" are added to have good deposits which are not different 
•aoh other when tne thickness is less than 0,2 - 0,3 ma.,  whilst appreciable 

differences arise with thicker deposits.     In case of refining,  the eoonoaioal 

convenience to get cathodic deposits as thiokar as possible, liaits the ohoice 

to fluosilicates and fluoborates.    The latter, as «ontioned above,  are avoid«« 

because of their high cost. 

5. It must be so  stated that every new al«ctrolyt« to be used fop laad pa- 

fining aust be evaluated and coapared along with the fluoailioio alaotrolyta. 

Laad Electrolyaie in San Gavino 

6. The San Gavino  Saelter of Monteponi à *ont«v«oohio Co., aituatad 50 km. 

lopth of Cagliari in Sardinia, was built  in  1932 for the treataant of the laad 

ore. produced 20 km.   distant  in the Monteveoohio Mine.    The original capacity 

of the plant was 12,000 tons per year of  lead theraically refined by Parkes 

ppooess.    The bullion was produced by a circular blast furnace of  1.20 >. dia- 

aeter.     In 1938 the potentiality of the  blast was brought up to  36,000 tons 

per year aita the Installation of a reotangular blast furn»4ce having e  120 

tons/day output of  lead bullion,  w»d the anlargeaent of the thermal  refining 

plant.     For the entire war period and up  to   1946-47  the  plant  treated alaoat 

axoluaively the oree  of Monteveoohio,   fro«  which was obtained a  bullion of 

oonatant composition   siaiLap to  the following«  Sb 0,3* -  Cu 0,2* - as 0,1* - 

ig 0,075* -  Bi  0,0020*. 

7.    Later, as stoping d.oreaaed in the Monteveoohio Mine there waa a progra.ai 

va riae in the bismuth peroentage in ta« galena,    it the same time,  the    par- 

ata.« of ouatom oono.ntr.ta. and taa tpaatmant of taa toll or.« (on bahalf of 
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third parti««) d«t«r«in«d euch an inor«a«« of the n«w impurity that it wae 

n«o«««ary to Institut« a n«w process capaple of eliminating the bismuth fro» 

ta« l«ad. 

8. In those years a new electrolyt« using sulpha»ic acid «as developped. Th« 

use of electrolytes «ita sulphamic acid salts was introduced into hidro&etal- 

lurgy and electroplating by L. Cambi and R. Piontslli who used them in 1937 

and who in 1938 patented the use of sulphamic acid as an electrolyte for metal- 

lurgical applications.  In 1948 a plant with a capacity of 10 ton. per day, and 

using sulphamic acid was started in Paderno Dugnano (Milano) from the Tonolli 

Co. 

9. Sulphamic acid  is a strong acid (sometimes called solid sulphoric acid) 

«iti the  formula HNH2S03,  non hygroscopic,  non poisonous.     Its salts have ele- 

vat«d solubility, a fundamental  prerequisite for us«,  and almost all of them 
offer high chemical  stability.     In the case of electrolytic lead refining , 

fro« an examination of the polarization curves for the various metals in 0,5« 
solution,   it  results that: 

1)  tae most  important and insidious impurities as Bi,  As,   Sb and Ag are prac- 

tioally insoluble;     2) The tin forms an unstable salt;     3) While the copper 

polarization  is very high,  the polarization of both cathodic and anodic lead 

is very low.     All these properties put  sulphamic electrolyte on tao  same lev«l 

a« fluosilicic electrolyte as far as selective capacity is concerned.     But the 

facility in preparing sulphamic acid,   its physical characteristics of ease    in 

handling and in transport,   and its availability on the  Italia!, market while 

the probability of obtaining hydrofluosilicio acid was nil  in Sardinia called 

th« attention of the Montevecchio firm to  it« po««ibiliti«s in production. 

Research and Pilot Testing 

10.    First research on the us« of «ulphaaio acid a« «l.otrolyt« for l«ad refin- 

ing wa« begun in 1948 by th« r«««aroh d«parts«nt of th« factorp.    Th« purpo«« 

of th« r«s«aroh was to determini th« composition of the «l«ctrolyte and th« 

type and quantity oi   "addition ag«nt«"  to  ««nd in «olutlon periodically to 

obtain thick and compact  cathode deposits.     The problem of obtaining good    ca- 

thode deposits  in  th« «iectrolyeis of  lead  salts lies,   as   is well  known,     in 

finding suca "addition ag«nts"  that,   absorbing themselves on tb» estai during 

electrolysis,  diminish the grain and  inhibit  it« growth  in c«rtain direction«, 

principally along tb« lin«« of foro« of th« «lectric fi«ld.    Th» resesreb 
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program then considered studying the possibilité» of min« the new electrolyte 

in confronting the maximum content of tolereble impurities in the anodes and 

the definition of the technical particulars and details for the realization of 

an eoonomical  industrial cycle. 

11.     In the tests at  San Gavino the entire range of concentrations of sulphaaic 

acid and lead sulphamate was examined fron. 5 to  100 gr/liter of free acid    and 

from  100 to 300 gr/liter of lead sulphamate corresponding to  50 - 150 gr/liter 

of Pb with a current deneity of 100 A/sq.m. under a voltage varying from 0,5 to 

0,7 wits per cell.     A total  concentration of free acid plus combined acid plus 

lead of 250-300 gr/l.   corresponded to the lower voltage.     Inside this field 

the concentrations vary amply without  bringing appreciable  variations in conduc- 

tivity. 

12.    To determine the organic additives,  numerous substances were examined and 

the choice went to two of them - glue and bindarene  (  a sulphitic extract    of 

wood resulting from the bisulphitic treatment  for cellulose) which,  added to 

the electrolyte at 2 -  3 gr/liter,  allowed the formation of compact c.athodic 

deposits.     Later,  a third additive was introduced - phenol,  which gave brilli- 

ant results     The tests described,  conducted  in a small,   3 cell  pilot plant led, 

in 1952,   to  the starting of a first pilot plant with a 3,5 ton/day capacity. 

Pilot Plant and Semi-industrial Plant 

13. This plant,  composed of 36 cells,  had the immediate purpose of eleotroly- 

tically refining about  1000 tons per year of lead especially impure for a high 

content of Sb,  As,  and Bi.    However,  the most  important object was the obser- 

vation of the various consumptions and the checking of the electrolyte over a 

period of time. 

14. The electrolyte  (prepared by dissolving litharge in a solution of «ulpte- 

.le acid by mechanical agitation) was composed of,    free EMH2903 - 80 gr/lit.r» 

Pb (MH2S03)2 - 160 gr/1  j  Pb . 80 gr/l. »   Bindarene - 2*4 gr/l.   i  glue - 2 gr/l. 

Phenol - 4 gr/l. 

15. In every cell,   built in reinforced concrete lined with P.V.C, and with the 

dimensions of 75 * 225 x 110 o».,   there were 20 cathodes of stainless steel 

18 - 8 and 21  anodes weighing 100 Kgs.   eaoh with the following average co-po- 

sition.   5b .  1,5-4  I  A»  -0,2-0,351  i   Cu  .0,05*-  Bi  - 0,01-0,3*  I 

á< - 0,1  - 0,3* i  Pb - 95*97 *• 
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16.    With a ourrant danaity of 100 á/tq.m.,  in two y.ar« electrolytic lead of 

the following purities wa. produced!    Sb - 0,0005 - 0,0010* }  A« - absent  | 

Cu - 0,005 - 0,0010* ;   Bi - 0,0003*  5  Ag - 0,0001* }  Pb - 99,995 - 99,998 * , 

The ourrent efficiency was about 95* and the cathode deposits on stainless 

steel  reached    compact thicknesses of 7 * 8 mm.   on each   face of the cathode in 

a six-day immersion period. 

1?.    In two full years of operation there was the following consumption    per 

ton of refined lead:  Sulphamic acid  - 2,8 Kgs.   ;  Litharge - 2 kgs.   ;   Bindare- 

ne - 0,8 legs.   ;  Phenol  - 0,7 kgs.   }   Glue - 0,4 kgs.   ;     Power  (DC)  -  190 kwh. 

18.     After theBe results and a fine tuning of the process for recovering    the 

metale in  the anode slime  (Ag,   Bi,   Sb, Pb,   Cu),   it -as decided to enlarge the 

pilot plant to a semi-industrial plant with a 15  ton/day production.  This plant, 

installed in the  same room that had held the first pilot plant,  went  into ope- 

ration early in  1955-     In two years'   activity the results obtained previously 

were confirmed and improved upon. 

19*    The action of the surface-active substances in the chrystalization    pro- 

cess of the metal that deposits on the cathodes is explained  in different 

ways but the solution of the  problem was ^ound only after successive practical 

tests which required prolonged periods of  teets and statistical  surveys to de- 

termine  the accumulating action which hardly ever takes place  in the  small - 

scale tests because the volumes in play are exceptionally influenced by    the 

renewal of the electrolytic  solutions added to compensate for loss,   even mecha- 

nical. 

20. The addition of phenol, glue and bindarene together permetted the conti- 

nuation for long perioda of time of resulta of great practical importance: 1) 

The avoidance of the formation of spungy or incoherent deposits. 2) Qf having 

decisively plastic deposits, suseptible of being bent and stretched with the 

same ease as a rolled section, a very important characteristic for cathode 

starting sheet production from steel cathode deposits. 3) Of increasing ca- 

thode deposit  thickness with  a consequent   increase  in  the cathode   immersion time. 

21. The difficulties  in analytically controlling the maintenance of addition 

agent  concentration  in the electrclythe  caused practical  inconveniences at one 

time that manifested themselves above all   by an excessive formation of foam  , 

incrustations of solid, mucilaginous, and gummy substances in the pipes,   canal«, 

and circulation pumps of the electrolyte. 
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22. Of the thro addi tires, only phenol waa analytioally determinable.    For 

tat flu« and bindarene the only reference was the aspect of the deposit and the 

data consequently inferred from practice,  which established the consumption per 

ton of refined lead:    Phenol  - 0,7 kgs.   }  Glue - 0,4 kgs-   i   Bindarene  . C,8 kgs. 

23. Furthermore,   it was not  improbable  to  suppose that tLe oxidation products 

of the glue and bindarene that accumulated in the electrolyte had a harmful 

•ffeot   since in fact  it was sometimes seen that ta« cathode deposits suddenly 

worsened, whether the daily addition was continued  (in which case spungy rather 

than compact  deposita were obtained) or not   (in which case needlelike and fra- 

gile deposits were obtained).    These inconveniences assumed relevant  importan- 

ce only in the semi-industrial  plant and caused a re-eiamination of the addition 

agent  problem,  extending the tests to a series of products even vaster than 

that at the beginning. 

24. The first thing to come to light was the possibility of substituting 

saccharose for glue,   eliminating the formation of the gummy substances and in- 

troducing a second  easily analytically assayable product  into  the electrolyte. 

25. Later on the point was reached where excellent results were obtained 

using just one addition agent of easy and rapid analytical determination - 

tannin   (tannic ecid)  at a rate of  1  -  2 gr/liter,  with a consumption of only 

200 grams per ton of refined lead. 

26. On  the  basis of these results,  the optimum conditions for the sulphamio 

electrolyte resulted as a  solution containing: 80 - 85 gr/lt.  of Pb »   45 - 50 

gr/lt.   of free NH2HS0J ;   and 1  - 2 gr/lt.  of tannin.     In  five years of operation 

it was never necessary to  renew the electrolyte because of an accumulation of 

impurities,     Their   percentages never exceeded the  following s Cu  - 0,001  gr/lt.» 

As - 0,005 gr/lt.   ;   Pe - 0,28 gr/lt.   ;   Ni  - 0,008 gr/lt.   j   3b - 0,1   gr/lt.   t 

Zn - 0,22 gr/lt.   ;   Ca -  2,1   gr/lt.   ;   CI   - 0,4  gr/lt. 

In practice,  only periodic additions of sulphamic acid  (to maintain at a constant 

level   both the    free acidity  and the  total   volume of  the  electrolyte)  and    of 

lead aulphamate  (to  compensate  for mechanical  losses) were necessary. 

27. During the entire filot production period about  14-000 tons of bullion 

were  refined    and the extremely high  selective power of the sulphamio electro- 

lyte,   especially as regards Ag,  3b and Bi, was noted. 
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28. ftor »bout two y «ara,  in sooe cella of ta« plant, ev«n anode« of "rich l«ad" 

having 8-9* of Ag ;  0,3-0,951 of Cu were refined with continuity,   thue obtain- 

ing electrolytic lead having 0,0003 - 0,0004* Ag and 0,0010 - 0,0015* Cu. 

29. A» for  bismuth,   with  a percentage  of  Bi   in  the anodes of about  0,00*,   the 

p«ro«ntag«  in  the  refi.ied  lead was never above 0,0001*.     In  several   periods of 

«oae Bonthe each,  only anodes with a pei jentage of Bi between C,2 and 0,4 were 

subjected to  refining.     In these cases the percentage of 3i  in the refined lead 

«me alwa/s about U,u003 - 0,0004*. 

30. Ta« resulte obtained in the two plants perœetted a direct coaparison    of 

cost« between the new electrolytic process and the classic thermal  refining 

•etaod,  both uaed  in the  San Gavino Plant.     Hhere the ores contained no  bismuth, 

Hi eoetê wer* equal.     But when tne orea contained a high percentage  of  bismuth, 

tbere was a saving of about 20* with  the electrolytic process.     This refers to 

the intrinsic cost of refining alone. 

SÈ&1ÈS. 

il.     Keeping in «ind that a «etallurgic establishment can only very  rarely be 

designed for handling only one constant type of ore,  the possibility of receiv- 

ing and treating ores fro« many different  sources means higher productivity and 

lower production coat.     But the receptivity of a plant is bound to  its elasti- 

city ana uaivereality of  treatment. 

12.     In 3«n Gavino   the average percentage of Bi  ia the concentrâtes rose gra- 

dually and continuously,   in t:v.  ten yeare froa  194» to 1956,  fro» 0,0020-0,0030 

to û,0é - 0,09.    The processing of lead to the impurity percentage  fixed by the 

Italia« «ark«t would require either cutting the   uinual production   in  half    by 

rejecting th« biamuthiferoua oree, or a complicated and arduous job of 3ubdivid 

ing and reserving for  apecial  thermal   treatment  tie  bisoutaiferoua  and non-bi- 

•Buttiferoas ore«?   or  tae adoption of  the Kroll-Betterton process for  refining 

tue ai «But ". iferoua  lead produced;  or the adoption of electrolytic refining. 

Ut'i exaaine  trie   four caeest 

ìì,     1) Ta« rejection of the bie»utif«rous ores would mean cutting production 

íR «alf.     The disadvantage« of such a solution are quite obvious. 

M.     2) fa« ««parate treatment  («welting and refining) of tne  bismuthifeou» and 

non  »i«»«taif«rou« ore« would mean subdividing the working cycle of   the plant 

»»li  t«o p«rall«l working oyóles, each one reduced,  bringing an increase in 
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the production cost» of not less than 50%-    ani the marketable natal would m—\ 

only * part of th« market requirements. 

35. 3) The adoption of the Kroll-Betterton process would cause an  increase of 

not less than 20f> on the coat price without bringing corresponding advantages. 

36. 4)  The adoption of  the  electrolytic  ^roc-isa would give aaple elasticity; 

th« possibility of accepting any type of ore with any percentage of any typ« 

of impurity;   a  very high refined metal  strengtn   in every case;   a ooet  price 

equal or   inferior to  that obtained  by   thermal  refining of lead nut  containing 

bismuth.     Trieae  results led Montevecchio  to  the conversion of   its refining fro« 

thermal   to electrolytic refining. 

Sulphaaic electroljite plant. 

37. The new electrolytic refining plant   (fig.   1)» designed for sulpha«io elec- 

trolyte use with a current density of 100 A/sq.m.,  has a aaxiaun productive ca- 

pacity of  100  tone/day with a current density of  MO à/sq.«.     Its productive 

activity started at  tae beginning of 1957.     The experiences and observations 

made on the pilot plants were used  in tie design.    À very high  le"el  of mecha- 

nisation and automation perù ita such a small  labor force that  cost of produc- 

tion is much lower than witn thermal  lead,   independently fro«  bismuth purifi- 

cation. 

Bullion Proasing 

38. Equipment for bullion drossing, anod« oasting, and oathode ««lting and Ue 

electrolytic tanks are all under on« roof (th« «au« one« us«d for t bernai r«fij| 

ing).   In adjacent rooms te« oonv»r«ion cabin and the eectione for electrolyte 

preparation,   recovery and washing of anode sitae are located,   while  the metal- 

lurgical  treatment of this slime is done  in another section. 

The «l«ctrolyte 

39. Por more than four years the electrolyte maintained th« oharaot«ri«tic« 

p«rf«cted in the pilot plants and tnat  it»    Pb - 8O-85 gr/lt.   j   fr«« 8182303 • 

45-50 gr/lt.   ;   total HHH23Q3 - 130- HO gr/lt.   ;  tannic acid - 1 - 2 gr/lt. 

In thi« period no sensible ohanges fro« the pilot plant were noted.   The electro 

lyte did not ohange  because of the accumulation of impurities and,   without 

being heatad or cooled, maintained a temperature varying froia  30 to   35 degrees 

C.  aooording to the season.     However,   it  was noted, that with a currante densi- 

ty above 90-95 A/B9.-B« * continuous, even if aodest,  decomposition of    lead 
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Bullion droning »ni »nod« Canting 

59•     Bullion from the bleat  furnac« having the average »n»lyaia of 1,7% Cu - 

1,2)1 Sb - 0,2% As - 0,07% ag - and U,07% Bi is gathered in a three-ton ladle 

and transferred to a  120-ton kettle where it  in drossed for copper by cooling 

in  two  stages.     In the first   stage  the  temperature  is  lowered to  400 degrees C. 

Froa  10  to   15 kilos of  bitumen are added to  the kettle  with mechanical  stirring 

that lasts about  30 minutée,   until   the dross  becomes  complately powdery,   allow- 

ing remo ral.     Then the temperature   is lowered again as close as possible  to  the 

•siting point.  Then 8  or  10 more kilos of  bituaen are  added,   the  bato  is  stirred 

for another 20-30 minutes,   and  the  dross  formed  in  this second stage  is reaoved. 

The dross is easily handled with a compressed air bucket.     The dross has    the 

following average composition!     Pb  - 60%  ;   Cu  - 23%  ;   As  - 5%  j   Si  - 0,04%  f 

S  - 5%  5   •     In the drossed lead,   copper goes down  to  0,03%. 

60. The dross is treated by soda process in a sr.ort rotary furnace 4 1 3,5 

asters to recover copper as a matte-speiss mixture having »bout 60% coppar and 

15% lead. 

61. The anode oasting plant  (fig.2) is nada up schematically of two kettles 

(A - A) with a capacity of 90 tons of molten lead, eaoh of whioh,  by asana of 

a  aorew tap at the bottom,   can feed a snail  3 ton kettle  (B).    On the botto» 

of the small kettle there  Ì3 a conical drain,  where a pipe reaching above  the 

oasting wheel  (C)  is attached.     On the oasting wheel   there are  IB »node molds 

arranged  in a circle.    The conical  drain  is usually closed by a vertical   shaft 

that can be raised or lowered by asans of an electroaagnet  thus opening    and 

olosing the flow of lead which,  guided by the pipe and a short horisonal  oaaal, 

reaches the molds. 

62. With the wheel  stopped,  one «old is found under the end of the oasting 

oanal of the kettle.    The lead flows fro« this to the moll,  filling it to the 

desired anode size.     At this point   the flow is arrested autoiaaticslly and    the 

wheel,   after several   second'   hesitation,   revolves and  stop«; automatically when 

the next  empty mold  is under  the  end of  the canal,   provoking anotaer  flow    of 

lead.     After successive movements  the anodes,   cooled  bj  jeta of nebulised 

water,   are pushed out of the molds  in  such a way triat  as  trie  rotation proceeds 

in correspondence with a  special  conveyor  (D)   taey  jan   be   taken one at a 

tiae,   raised,  and put onto  a collecting conveyor  (E)  on which  the¿  are   tpaoed 

at a distance of 10 CM.   frou each other.  The conveying and ordering of the 
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J«» I«   to 

6).     41  San   i*vit*»t   for  •   i« ti/  ¿ro4o.ii mm *f   »05  *•*• «f MM*«4itl«  l«a*i( 790 

laa4 »noi«» of AK.   hil#a  »»en «r« fut   u|i   ti« a«ll«.     I«  mvmtf 4a/  *«*J   to«« 

of anoiai ara  <saa»   , f  «tusa afe»<*t  4-.,   i«»«*  *<$,** t   %•   )úi ral«/*  i*»   tu« ••til« 

aftar •  t*«lv«-«*/   j^rMiin  «/«la,  «htl*  le«  rai*   ta  au wt v *  1*4   *• *••**» >»IH 

»roáuctiJfi   .,?§#)»   a,«o la  »ila«  í*#ít  a*4  «a*«*««  r«.-»««tti«  ••té*«     '4 

fto  «M«4«a  ara  ^A.    •    ?4 •'  «M,   «Me«?  li«   Ì*««  M4  ara    '•*  «a     tfeta« 

¿4«     fto «**ii   i  k»«i a««tl«,   ait* a  t *•*••*•«  ***•  «*!»•  «té  r*ati*«   i« an 

«il-ftr*4 fir»*:«.   «*a  |%*  f**: iti«« a»  r*f,iiiti«( «cui   iwai«« i««   laaé  ***» ««•»• 

*la*i*ll/ «xwaaa   »i»   fr-*»  «ava «f  »a*  *U  toa« «alMaa«   «fula  tM ft*«   fra«   toa 

•Mil   kattla   ta  i*»«r«itltal,     la  »a  I »a   iiMiéa  UM   l«*al   «f  I** «#toi   »iaa,f • 

•MitiiMMllf a#4 ^r«4i«»*»t/     fto miMi  «r*i«  .«i  i» «i»**« »#  MM» »i«* li) 

•Ita**«« to  ta«  aa*f*   i« j   a»*tp»iia4  if   !«•>  «•!!•#•  «»4 »at«*»«i   «9  *«   »l*«* 

•f  Ira«    4,       f%«  aJa«f«   ta a«t««%«4    »     !%•   n**»    a   »   M*ug f«i«mai   .f}( 

a* la* ««a i« m*9ê  *•#•.   a* 4 fatto  ì# •«•*• «f   *** «%a«l    §        %•  a¡< 

(i)  la all««* «4 !•  **« <*%•** •** *f to«  ¡«w      fto> y«.«» •#  MM mimi 

«•*.«•« Ui  rataia« »f  I*« «•*#* «•*•#*«,   »'«i*m «%*••  »•  •»•» %«* **.!••«•>  »f  »%• 

lavar  ta %*»  4tr««tM*«,   mmm. *«»a  Ha •»-«#•• «MMng*«»  «••»ten*« MM  ?. •*  •• ««4t 

Ml to* »MMt   F«0»la>tt.*« *t  to«  ìM4  fi««,     ffc* #**«*.««- *•*<*   »rami*« »f   **# #.•*- 

la to*«* la  ft*     >       T%m  még*  *f   IM •».*   ia  »r'»«a»    » •   -   •'   fW   •  <»•*•*«• 

•f 1V¿ w».  »Mi Uw  • l*««4  */ a  w»«**    »    -*f   1*« «a»«  .•»«•• a-t.é#»< »» 

flM *••!*,   •%•.»••  gNPwftta   ia »awxw   <<••*!/   M   s*a  '»a>s*<    *• *! *^i   **•   a*»»»-«a 

•f tft« «ali.   *^ia t#»¿a-:*» k*g »•**   ia waawaa   *#  »•# *•*«.   awl,   **«*#   i%#   mmmét 

•»ItAtfta«,   |f i**«*i«^  •»••  i*-.**a »-•  *««>»*«* «x«w»''.'•»:<  ••* a Maya    **IM«  *• 

a^li«  (a)  aawam»«tt»é   *•-   !•*   *«.***   ;   **«*••*'•   mm-*   #*•***,   -»'.a  ^  »**  *<M 

il, 

#5-.     ^a aa^tiaal  ••*•;    it  a  *•#»,*••«#   ^t.a%r*«a>  »i «a  a  i<«a»*M  **   •••*.* 1 

»fat<»a><  */   « »  p*iia#*       »^   **-*   * » »  «%«a r   **•* « *•*»    * a* * » »    saw»  * > 
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»la« ta fi«. J, «è» Mié fill IM «**•• »IM« ia »«Ut«« f. 

•f UM MU la ÌMtMi Mi It* Mt»««««rlfti Ml« i« Meek** hy IM 

•ff ta\g •« I** piati»»»,     ^wo **•#•* aiaatf\Mla>a attaettaá tu  « roo* 1 »41 4a*ie« (F) 

kf«*4*4  ft«   »"»• «eil.      IM  t%«  ti*«».A#   yftaaa,   •teil*  tila »attia'a  ai*«tr#- 

MMM« **a r* tanta] »t  t%# sUai** »*»»rt,   *  asan  ala<itfwa*#»at   .1; 

•»itWMtt*   »«*   Mhi    •     af   %%•  lane«   Im,   **.•*   *   »»/   tuat   taa  /-nl   «f   t%«  ala#t#«-- 

*a i« •! I«M»  «w«  lavai »a m« M*'4* tk!••»*•• taairai 

§Mt taya.   t*a>i   1*  »*« a#i*   r«*«k*«  ta«   fiiM   tarai,   it «!«••• a  airattt   wat»*«« 

*»».** 4 • ?  *•# ai«*tr«*a>a,   a*««!«*  %**  *|Mi*i«| »f  ta« airaxtt  af  IM 

»ta M4  **• <.<it*4 »f tu«   !.p»4it »f ta* •»*«!'• a«t«r.     f**« t*« 

i«  l«*a»»«4.   trMiti«!  tu*     •**   f ta«  aj*4  IM  alaatpa«**  ria«  fra«  UM» ««li 

iti   ita f*a*ft#a.     afta*  t*#«# «•«•santa  i*   *    a«****««,   ta«  *»«*•,   a* ili 

»Mlilf  #**«#     *•»*«**«  p»«tiMM%   ti   •%•##   tt   i«   U#*à;  a««   *ift»ai|   a*r«¿*4. 

pai<•*#'!a«4 ••%•#  fr«aj  ta¡#«*.  »«ì a*M»iai«g  •*»••»    A f*mi**mk   «friii 1*4    af 

•Ita««  «tfin   «a* 4 ta« «f   **•  «at tra  •*»«•),   ••»»*!•#   a»»«É   »*%•#•* t 

•»•li  irvaMMitailf  Mf*#»  ti       *IM •**««  »witi ,».• » i, »-   ft!  at •  t« 

•»**   aiiüHti i*****   »**<*   s «    **«•••«• »   ta»*   •***• ••••  MM   *•**< 

iti   •»*,   m*  »a«** «ff   *»# a* i A« *•«•   ta—   ataaM a>a4  t%* %•*« M»«a  1 

«M» m   **#    i       •»* a ^M«*>   *#K»   »#*•*«   t»¿«*   •%• «M*«   «««M« ***aM* 

• •xa»fi*an   aw*  #*ét-a>   #*#•*%) 

• f 
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gpHW  a]MMt   M* ptl   1 •   M   y» a. «. **   tf 1T   «M   ***   am»«i   «a  #• * MM«   «a 

9%4    *     ***•  «ta   .="***  «•»•»#•*»   ta» <*«   «.%#»# «M «**-*•« %#  **# 

«m—* t»%» «•••*••       •*<*•  »•# »a «#* •#  •*# «•»»«•  ta M 

*«•»   »4Pà«,   Itial   *#   *•*  a«-%4pi*   • f   *>*«  •*   •  «Mal   **a 

M • #»•   *-   -»       "%#  •«»•   » a *«»«*IHM   »^   **•   a#«i>m     *     m«é   «a»   »*«t»»     t« 

la»   •** ajw»'*a   ••  a., tmméé   '•« — •*-*   a>»«      »«   ^ *#>•   *«•.•*««   a*w-i   ***   aama. 

«ktia   i»« a»<a      »•«*». a   <a   <--•  *a*  ••>#« ».«^  #**#*       '<%*»   «•*   '<f**mm  ***** 

fMMa   *•**    a»»«»»«     •»*•   •»**•>-•!>*     •   *<***   v0   >•   «•»*   »  »*«  ***-..*«j  a  «*«#>'•    •« 

«aaa  mê   a»»-»»   a*>   •»-»••#  *••  a  tt«****«   *« -^ß*-' #   #•#•*»*•#   **    ••*  •  #aa   *-    *mm 

•JiwMM»   «* »ai»    ##-<•     >#*   ^a  »4 ».o» * *   »**   #•*."#*.**   ^#,*     „     •#,«   an«*«   *:   a   t*-*   ** 
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•ort» ax.d • pair of hooka ooaa dono on M »nod» to bo lift od, lifta it, 

aad puto it on tao eoi looting oonrayor. 

67.     Tba oollaeting conrayor i« aad« up of two chain« 

baring linkt adaptad for rtceinng tba ano da luga brought by tba lifting oonro- 

yor.     Ta«  chaina bava a guaga °t 10 °"-   äqual to tba diatanca  bataaan tha cantar 

lin«a of  tao anodaa asacad for antaring tha calla.      Tba collactmg convayor ia 

aaually not in notion.     4a aoon aa an anoda raata ita luga on  tba corraaponding 

liana *f  taa ehain,  tba ottaina advanc« ont  atap,  advancing tba anoda 10 ca. , 

laaai&g rooa for tba nati anola oorraaponumii to tba point  wbar« tha hooka    of 

tba  lifting conra/or ©ona dornt.     Tbara  ia  rooa  for  30 anodaa on thia convayor 

it   intarlala of 62^ aaoonda,   25 anodaa at a  tina  ara pickad up 

vtMboat   intnrrwpt i«g  tha »anting aya la by a rae« attaobad to a 5  tea 

irtM ««4 *r« put onto  a apa©ial uonw/ur   for attribution  to  taa alactrolyaia 

••11a.     fHiw ia tba oaly  Una  tbat  tba diraet  intarmatila of tba only «orbar 

la  taa aavttaa ia rastrad,     fron anal baa baao daaeribnd,   it   ia a vidant« tbat 

taa #arfant a/anftrantaatiaa af all navanawta ali©»a tba autoawtia production of 

an/ mm-m» »t anaéna ai taa it   »arn»anai  tn#raaaaa.     taaidaa  »aia adaantaga of 

ranjniriag iittla aaagawar,   tbara ia ala»   taa grant adanntaga,   a>bie&  ia iarivad 

fraat ail  antan*« i a pianta, af rafaatiag anab »aattag ayela andar idanticaI aaa- 

êittana far n*l«n»  at««« awbjaativa jw^gaaanta aa to  taa filling af tba aeláa, 

«NMI  MM aarianlia* »f  «ata* ara alia taa tad,  ail   tba am» da a ara *f tba aaaa 

it «mi mm parfonti# aarttaal. 

m aaaaa  la a»*#jp*»#*ad   la tba «aii   by  ita  laga,  aa* «f  «at«» rm%f aa taa 

natia taa »«aa»   ta  i**»la%*4 fra«   taa lata»aar an   ta* a»»aaita aléa  af 

taaaiatata       "%«   »»ara**  ara»  af  a*** aaoaa  fn«a   ta *2  •   ÎQ aa.     Taa 

•ai i   la*«  »f  i*   •*»*•-•  »atg»* an**«   *, •«%#»«  tana.     9all»at*g  alnatral/al«,   tèa 

a»#*# a****»   »a na»**   *JÉ *t   *••« a#»gt*a;       *bt« aara*   ta aanaaa fraa »f  ait** 

**4 a*4*a*   ta  **a *€   «a«   »a*   "    !•* »atta* a#*  »rant aal y   «a   taa ana* tattla 

«***  anta«  *••   *#->•#•«   a»*ttaa   ta **»»*<  a* t  r**a aataa   «aa aaaaaa ara «aat. 

«%« awaaaa m** «a* ^¡.»afragi a****** •aaptttkMi  i,a$  ta  -  -«,«$ aa - 0,ö^ Ca 

• f 

»vag «aa 

»•a fi 

ta *$ §  n  aa       ê-t firnt, taa 

»a if aiaa*f**#*ta aaa»«!«»»* aa 
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•i a thiokneae of «bout 2 aa.  war ueed.    Pot that purpose 50 of the 356 calls 

war« equipped with  stainless steal cathodes and 600 cathodes par day ware    ex- 

tractad in rotation which gave  tue 1200 cathode starting sheets necessary. 

The stripping was very laborious and required much wan-power. 

70. Thie  system WSBchanged to   that of  the preparation of  the cathode  etarting 

•beata by continuous casting of a thin strip of lead 0,8- 1,0 mm.   thick by v 

of a water-cooled drum revolving in a bath of molten lead. 

71. Thie system,   used for the  first  time at Trail   by the Coninoo, haa been 

perfected and greatly simplified at  San Gavino.    The drun has a length of 65 oa. 

and revolves around a horizontal axis at r.p.m.   10.     On the drum liner,  half- 

way down the   length,  there are  two    notches with  the diaensions of 2^0 x 300 t 

20 as.   deep.     The drum,   cooled   by internal  water circulation,   rwvolvej above a 

baa in   in which a constant  level   of molten lead is maintained with  the  dru»  faoe 

laaerced to  a shallow depth.     A thin  layer of metal  adheres to   the cold  liner 

and oa being pulled,  beooees a continuous sheet whose width is determined by 

the  length  of the  dru«  and whoae  thickness  is controlled   by regulating the depth 

©f  lMereioti and  the temperature of  the  bath.     Given  the  presence of  the not- 

âtes oa the dru»,   the lead sheet coaes out as a sheet witn openings of 250 i >00 

Hi.   that repeat every  110 oa.   in the  center.     On  the  ideal  prolongation 't only 

ose  aide of  each  notch,   along  the generatrix of  the dru«   tu one  side and    the 

ether of the notch   iteelf,  there  is a esali   light   incision  that determines a 

*»ty  alight  gap  in   the forsing  sheet   because of which,   infcteed of a  truly    eoa- 

tiBuoue sheet,   individual   sheets of   lead cut   to  the  deeired  sue and  having • 

VMtemfular   for»  with  two  prolongations for  hanging on  a  copper   bar are direc- 

tly obtained  fro«   the Jru».     The cathode starting  sheet  aaehme   is operated  ay 

t«e sen and   produces 2u   individual  sheets per ainute  i.e.,   120*"   sheete per hour, 

ta araotioe  et 3an  Gavino,   this aacbine  »orfcs an «ight-hour  shift  every  6 day a. 

72.      lefore §©u.g   into   tee cella,   the cathode  startint  sheete auet  be  hung 

i Italy «n  the  --¡upper  bars and must   be  as fiat and as  vertical  as  possi ole    to 

aee-li  aaert   circuits.     Hota  goals are  reacoed  b     .sing * aaoB ine  coapoaed of 

fee   etreag,   vertical   ircn  plates hinged at   tue  bo ».toe.     une of   thea   ia    fixed 

la peeiti««  ea4 one   is eovaoie.     The   lead  eaeet   i*  bun¿ on   lie copper   bar with 

ite  lags «rasped  arelad   it  and   inserted  betweer  tèe  iron   platee,   one of which, 

ere failed  by  * eesjpreeeed air  piatun,   sia»« and perfectly  straightens  the li 

eaeet,     k%  tea eau« tiae tie leed eaeet ie atapled te the ceppar bar. 
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Tv» Me are »uffleitet for readying «11  the cathodes needed for one day in 8 
tour«. 

71.     à« the cathode starting sheets are preparad,  they are arranged,  spaced at 
10 eat.   and readied for the cella on ohain conveyors  installed under the work- 

Is* tloor  in the corridor between two rows of cella. 

la eaoft of the three  sections there is a sheet  straightening »achine and a 40 

aeter conveyor eapaale of receiving 400 cathodes.    The cathodes are taken fron 

the chain conveyor»  m packages of 24,   the nuasber used in  each cell,   by a cran« 

through a hole in the working floor. 

74.     Every oell contains 24 cathodes and 25 anodes.    The cathodes have a life 

svela of 6 days and ths anodes of twelve.    Every day the cathodes are changad 

la 5é sells and the anodes in 28.     Thus,   the  section has a dayly nesd of 1J40 

cataodes and 700 anodes.    To  substitute then  the cell  is shunted so that all 

tèa cathodes and anodes can be changed at the saue time.     The individual  catho- 

de e aava an initial  weight of 6 kilos and an average weight of 80 kilos after 

a  six-day  iaaereion.     The cathodes cooing froa  the cells are put,  with     tneir 

copper bars attached,  on a special chain conveyor that runs at the head of tha 

row of osila crossing and connecting the  three  sections of the  building. 

Tais oonveyor, on wbict the cathodes are washed with jets of water,  takes thea 

to a fixed point where a band-saw cuts them away from the copper bars.     Tha oa- 

taods* then fall onto  a steel  plate conveyor  that takes theo to one of two 120 

ton kettles, where they are aelted.    The copper bars are collected in a diffé- 

rant place,  pickled  in a diluted nitric acid solution and then rinsed with 

«•tar and »achine oil   before  being used again. 

75*     *he ancdas are arranged,   in packages of 25,  jus; as they come from    the 

eaatlng plant,  on another apecial  conveyor located at the head of^he row    of 

cells and linking the three sections of the  building.     This oonveyor  is fsd  , 

at  the head situated  in the section where the cast anodss are found,  with pack-i 

age e of  ¿^ »uiodee.     As  they are produced,   the conveyor aoves ahead until  there 

are 28 packages of anodes distributed at  the  head of the three sections within 

raaob of ease  section's erase.     The packages of new anodes go to  the cells whi- 

le the corroded anodes return to the oonveyor to be taken  back to the re-aelt- 

in« kettle. 

51 l»e Sa^dlijm 

7a.     »»fore the oorroded anodee go to the re-oasting,  tha alia« asá th« 
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eleotroljte it soaks up aust be reco«red.    To liait fluosilicic acid oonstsap- 

tion, all  the causes of systematic  loss Bust b« avoided and the anode si la« 

•ust be carefully washed.    In  lead  to  be refined  there  is  such a percentage 

of  impurities  that aa tae  anode dissolves they form  a spungy,  compact  layer 

weighing 2.5* 3?t of the metal  it  was originally incorporated in,   having however, 

the soae volume.     If the  sum total of  impurities is inferior  to   1#,   the anode 

•line is  incoherent and easily detaches  itself from   the metal   support,  causing 

electrolyte contamination and cathode  deposit  contamination.     If the  sua total 

of the  impurites is about   2$,  tne  layer of slime preserves  the  same  ahape as 

the new anode.     It  is a true metallic   spunge  through  the  pores of which  th« 

lead ions must pass  in tueir migration  from anode  to  electrolyte  to  cathode. 

The  solution  held by the  slime has much  lower percentage of free acid  than  the 

circulating electrolyte and a much higher percentage of  lead fluoeilicate. 

There are  two  clear reasons why the voltage rises in the cells as the anodes 

oorrodet   the gradual rise  in tae ohmic  resistance of the  growing slime layer 

and the counter-electroiaotiv« force caused by different concentration of the 

circulating electrolyte and  tne  electrolyte  in the  slime.     Thus  there  is a gra- 

dual rise  in  the cell  voltage from 0,3   initial  volts with a new anode  to 0,45* 

0,50 final   volts when the  slime  layer  has reacoed a certain  thiclcnass. 

77.    To  avoid an exceaaive  increase  in  the  slime  layer thicKness and  the    con- 

sequent   increase of voltage  in  the  cells and an abnormal   enrichment  of PbSF6 

in the captive  electrolyte,   the  al ime  is removed after a 6-day  corrosion period. 

This ie done using three  slime  removal  cells which allow  the  removal  and reco- 

very of  the  slime of a complete package of corroded anodes  in a  very short   time. 

It is a type of cell on which there are,  horizontally arranged,   in the same po- 

sition and at   the  same distance,   as many rubber tubes aa  there  are cathodes  in 

the ooaaon cells.     Tne  tubes have a  flattened cross-section,   are activated  by 

snail,   flat  iron  bars,  and are attached to  fued anchors on the  two  long sides 

of the cell.     Each  tube  is closed at  one end and has the  ether  end connected 

to an air compressor.  The  corroded anode packages are lowered   by crane  into 

these cells  so  that  each anode  falls  between  two  tubes.     When  the anode packaft 

is lowered and its lugs are resting on the edges of the cells,   compressed air 

is sent  into  the tubes which swell until each anode  ie tightly  imprisoned    bet- 

ween two  tubes.     Raising the package  with  tubes «wollen,   the  slime layer     is 

scraped off the anodes and stays in the cells. 
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li.    The MM4M ere MMftaMjp Hlaaa" eft«r i*4« ««*•#!•«, *»l*» 

ji,t 97 ««a* «f ih« »li«* !•#•»•    TU« reeewery «f ih* reaeiaia« I* 4 «•*    •em- 

piate cleaning are aeeoapl ieh«d  «y  i»aer§i#tf »è« aa>®4* pa*«**« *• • ««l1   f»11 

of «atar, acii because úf ta«  è-r#»«ne« of fidali iete ea id,  »«i-t  fc*»aliAC    e# 

a ooapreeeed air   jet.     A  certain aaoant of  alta« aeetaeulat«« a«  tie  «et tee)    af 

tai« call  in  tía« wtiii«  the  aatar  ia progree«! »al* »nfie»«i »iti e«lt aad  leaê 

imiti   it  reaenea a content  very eiailar   to  tiat of  ta«  circuláis»»* e 1 ee t r« Ijrt« 

te whicn  it  it periodically added,   âftar aliaa rawoval,   taa è-day aaadea are 

returned to  toa call« and  tn«   12-day anode« ara  returned  to   be re-aelted. 

79. The »li*« removal  and »aahing oalla have a drain   in tua »otto«,  elaead if 

an anti-aoid val»«,  and ara att»ch«d to puap« and  to  a tub« a/ «eant of «hi«* 

th« alia« water  i containing about  1# aolid«)   ia pulpad to a «at of  1} «uhi« 

•atar  tank« in which    decanting and waehing taxa« placa  before paeeing ©a    t« 

• «trine discharge rotar/ filter,   the fiitar active  eurfaoe of whlob  ia 10 «2. 

Pros the fvltar, a «lowly diminishing liquid ooooentration of fluo«ilteic MÚ 

and laad fluoailicate which returna to  tua depositing basin« to join tía oiret*- 

lating electrolyte and a aolid cake of alia« with  jS • 40JÍ aoìatur« ara obtained. 

80. Por tha first collection,  decanting,  waehing and filtering of ta« ali««  , 

tear« ar«  six 15 cubic aetar  tanks of which one  in turn  i« designated to reeei- 

a« one day*« production of »li*e.    Th« other 5 alteriate every da/ in one pha«« 

of % 6-day washing cycle,   the aaae a« the cathode auoatitution cycle. 

Por pueping the alia« water and electrolyte counter current froa the r«aov*l 

and washing cell« to the decanting and waahing tanke and fro« th««« to  th« fil- 

iar,  ebanite puape ar« u««d.     Th« «1U« that acouaulatea at the botto« of th« 

«•11«  i« also  punped  to  the  decanting tanks*     Thia  ia done  by connecting    th« 

di echar«?« vniv«« at tha  bottoa« of the call« to  th«  «lia« puap.     In til« •»/ 
° sails 

ih« «lia« i« reaoved every  three «onths at the rate of threefi day. 

61.     The filtered «lia«  ia aocuaulated under the atull of the tank« and filter 

for  th« «ucc««»iv« ««tallurgioal  treatment.     3e«ides  tha 6  alia« washing  tanke, 

th«r« are  three otner  tank«  in the  «ase  sector for  the   initial  electrolyte pré- 

paration,   for containing the   fluoailicic  acid to   b«  add«d periodically to  th« 

svela,  and for  dissolving  the addition agents  (glue  and goulac)  to  i>e added 

daily to  th« electrolyte at  40 kg.   per day each. 

•2.     Por all the activltiea of the cell   ««ctor,  6 a«n ar« needed i 4 for el 

tag the anode« and catoodea,   1  for filtering tha «lia« and 1  for general 

euoh aa cleaning copper bara, preparing "additien agenta", «te. 



• ».     fto«*»« •#• %**  *#§ %••.   •#•**• tmrnk •*••!• «H :-%h*9%tmA 

##  Mi« •••*•*  to**«,   f*é¿  +m%»  •  «^««*  #*•*• •*••••»>•   • «•• «• «••) ••*• to* «•» •# 

I«   •   Mill»   «f *f ••*#• »? 

»    #i. •   Ita   •.<*» 

84.    te •*!•••« i««J •••«Mit mmmtam 

••hi»«   t*«   i«#»t«.      îto*  *••«**« MMMtlM   I« 

tMt   to« 14« #***•• ••)   Mi«   «#««i«i 

ft*   • 

4V 4»>#r*«*  '•,  • •#«*•*»***   rti»»t# iftMiM **•  *•««   *•* • 

«a«U   •   Hftot   !*#•#  *f •«•#4«i«i#  i#f  •**-<•   !••*• *•»••   *• 

L«*4  «««t»«   fyoa   tto* ««iti«   i«   tot*«  tof •***• *f ft  • *#•  «nto» •  •«#•#» 

t»iit  •» 

*# *f • 

*«r#f *»«  »*•*  t««*> «*l«*> 

#•§•*•*  i«#»t« «f MiMt*  •*•#•  ••t««i*m   w toil«« r**       ?to* »--üMM «MI MIM 

|T4 «f  tto**.}   f»P« *  tmmtïmtmêm  *—wj*t M««*  to#  •  f*ir  «f  f««W«  «WMMWAMI % 

to  J SP ««tor.     Tto«  l«*ftto  «f  Ito« •••Mt««   i»  ? •«««*•-      it   •"*•  ••*>« •#  tto*    ••» 

•tois«,   MM»«ái«t«l| • ••«• *%• a* 14«,  ttoor«  i« •*  ir*»   Mam  t«  IIM  nil« •# 

«Éii«h ttoor« i« • 10 «a,  4#«i».     ?*i» irti*  t« «l««*l  to# M.  imm  «to*#i »#»*•* »«4 

toy •  «/*t«« of  l«v«r« I«  •  pMHtu e/lu»4«r «to»««   r*»»»«,   nil»* tmé fallu**, 

MUM  tto« raiainf «né  levarla« öf  it« «*«rt,   ta*t« «#«itia« *•* «i«toi«* IM  *#•** 

fr«« «toi«« ta* a* tal   fi«*«   *«t#  ta« ««lé«,     Tto» »ir   i«#   «ft« ^«ä»*.*  ijii*ê*w 

Is lat«re«?t«4 •/ M «Usine «ai*«,    fa« filila« «f  ta* a»J4« IM«« „la«« »*•« 

«to« aaaûin« »mppma,  wmn  tto« «««t«f «f I** a*U  i« 4ira«tljr »**.«• it»« i««i« 

«••tin« «rain.  T»«r« i« • pair of .i«»«r»4   »f»*t «l«««r«é«« 1*  i aiti  I»« t«**4 

• f  flUlR« «ikfill/.     ffto«n   tto« *«n«n ••«•!   r«*eft««   t»«   i«»»l   »f   I»«  • I••%#•••« 

ti  cloni  tb« circwit.     Tk«n  tto« «l««tri«   ml** ««•>«•   mi« ««it*«,  ««ti»«    «• 

it» ^n«u««tic o/U»4«r o«a«i«c Ito« ls««ri»f «f Ifc«  «wft«   i«t«#r«ftiii« t%«  'k««l 

ef ••imi.     At  ta« MI ti««,   O'irrcnt  r««c««« t*« ««tor,   fuit*«*«*  t«« ««>•«•/•# 

In »olion until   tft« »*it «oU  r««««««  I*« «••!**«  <4r«i*  «t  «toi*«  ¡¡mimt  »to« ••- 

tor   «top« »nJ  • n«w  fio«  of  «oit«« ««t«i   ft§|iRt «ut«««t ie»i lj.      "*•  »*•!.»»•] 

tia«  for on«   ingot   i« t> • 7   «««and».     4ft«r  fi»«  fer««r€  «o»«»«*t» »f  «»*  •••- 

T«/or  th«   lago!«,   »ir««4#  «olt4xfi«4,   «r«  í*¡»4  ftjr   •   j«t   %»f  ««l«r   ««f*r« «*r%«*» 

lag uMUl«r » «obli« MMMi«r  »aict  ••*tu*«ti«»;i/ ,rint« »i,   t%# »*«4«4 i*#ti»^i«#» 

Of   tto«   1««4  «bvi*«f»t  oi.   ta*   ingot,     ât   tn«  mnê «f   tto« «»^v«f»f •  r*mt   %%• ««14«« 

folio«iiif tto« ctoain,  «r«  %urm«4 af•it«-é#«n,  9«M«i*g  ito«  i•#»>%• I«  f«ll «*t 

• «p«oi*U/ «to«p«<l «114« «leu ovvrtur«* tn«« «JNI awi« itooa m IM ri««« 
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lag «ai «alatala lag ee»pi.t«lj .*p«r«t. th« two layara. 

ft.    f*. retati«« ITO furnao. aa. «11  th. prw.qui.it«. for th. «o.t .ffioi.nt, 

r.tioa.1.  a«4 «*e«o.»««l ..Itili« of «od.  .1»..    Th. contiiiuou. rotation of 

*»• NrtM. prozie«, for,   fro« th. fir.t  loading,  to. oontinuou. r.-airing    of 

U. «a..,   i*r*Alnë forati.« of eru.t and   isolatine acor.tion..  KTO  •   • poa.i- 

iiitty .f tapping  ta. «oit« oftarf. at  **nou. I.T.1. alio« tb. accur.t. r«o- 

ml  *f taa .i««l« toll« product.,  aeeo.pl lahing ooapl.t. ..paration and awid- 

im •*• *•**'• wiit«« onto a fraction of  tn« oth.r..     Th. .bort rotary furna- 

*• 1« .il-ftr.4 a*4 aa. a lining of   12 inch «agn..it.  briok«.     It ha. a «.Itinf 

MfMtt; ef  15« 20 ton. ef .li«, in  24 hour.. 

•).    ?yfi««l  .1«« •»* ••*•*  ••••/• *** •ho*n iB ubl* n b,1°*' 

T41LB II 

á««ay> of Short Botar/ Furoao. Produot. 

H$        3*      ai*       CU* Bi* Ag* lu* 

Sb -  » «la«        30-«    4YT      a-ì    0,1 0,030-0,004        0,01 
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•t  tit alfaeet level.    Ili« ea»« arrtv«e for all*»» Mi «tear t»p«rttt««. 

ffca  incr«aeir« of the content of all   tee taetirittee «e«« «at aeaai aj 

«•ount  of   ey-proáost  *•   in  tRerael   refining, 

t£4.   W.ftfl*11* repair—ewt a  -   «.leotroljftie  refining previémi f*# 

•A4  a»tiit«rj    req>atrea«nte.   """lie contant af  le«4  la the ajaaiaat« •# fJMI Mil 

roo«   la correnti/  Usa  than  j.y!^ «f/ae. 

**^*     lifiSHJJÜ^á;  %hm •<*•*•« tage« of eteetrelytia reflate* •*•• 

• )  figfee? recover/ sf  l»me,   itlwr «né fiiaeutu 

»)   Lottar  eonaua^tt i  af  reagente,   fiat  mné otter ••tarlai« 

e)   Hai 1 f   «ka        earpoaar  uae4   m   tsana«i   refining 

i)   lattar quellt/ of refina*   la*<l 

• }   PoHikitlt/  to  traat   aw11 la*  oont«t«tng »hiafcaew «MMnt te* •VfMfHIaMa 
without  an/  incraeae   in   tae  o^arat » ¿nai   «e«t«* 

f) Pattar  fc/gleni«  »«4   Mutter/ e©f»411tan« 

g) Iftaar aariet astiata  for   th«  laai  ,ro*an«>l. 

14*.   Mea*»*nt«gee,  OP   tM*  otnar   aile,   arai   I«*»««*«*«   Met« ftH It*»« tigM» 

t*MHi for  tfearaai i>r©eeee,   «#»<* fctglier   ¡«aá 

t47.   ?»e alactroljrtic   ìaaé  raftnertee,   largai/ eeeMfltee4 e*e e*it«e>ete4 t« 

••««ral   eeetora,  eke« grnmé eieret mg ee-MMtee,     tJiee« mm  »5 »«•#• 

al«3tr«l/tie refining i« not ©«1/ ®Mfletel/ MtiefMtarjr,   iat   t« «la» 

t# »my alternata preeeeWre. 

fa* e*»t«er »e»e«leegee Utk  tMitae í«r«te«i#«  la ja» »l i a*  teta 

%9 Qmm.   ••alta« Caatara,  »«Mgiitg  »treeter af 0a«t«fe*t è M* •••«•«• 1«. 

TtoMWte ara alas awe to   t*a INMtt«j*Hii é ta«t«v«eei*ie ata ff at tan 3« «i M far 

tua  amltMtla Melata*«« g\«M. 

Ir.   Bi»  Fraai 
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