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MONTZPONI & MONTEVECCHIO S.P.A.
Via Vittor Pisani n. 19
Milano (Imlia)

Summacy

A very large nusber of electrolytes have been studied and suggestad pr lead
electrolytic refining, but it was Anscn G. Betts who came up with a really
practical solution of tne problem by developing incustrial application of the
electrolyte based on lead fluosilicate. The first electrolytic refining plant
built according to Betts' process, that of the Consolidated Jmelting and Refin-
ing Co., of Trail, in Canada, has been in continuous operation since 1903.

At present thare are about ten plantes for eletrolytic lead refining scattered
throughout the world. idere in particular, we are illustrating the characteri-
stice and technological and economic results of the San Gavino plant in Sardi-
nia, cperated by Monteponi & Montevecchio. This plant started production in
1957, initially using an electrolyte based on lead sulphamate. 3ubsequently,
the sulphamate electrolyte was gradually and progressively changed into fluosi-
licate electrolyts. A peculiar characteriatic of this ylant ia tnehigh degree
of sutosation which has permitted to restrict operating costs to extrezely con-
venient limits. I[te productive capacity 1s 105 metric tons of refined lead
daily, and i1t nae rejlaced a thermic plant which had operated for 25 years
agccording to the classic Parkes' procees. “he lead to be treated, which ocon-
tains large percentzges Of Ag, B, Cu, 3b and As, is akismed and cast into ano-
des, by means of s coapletely automatio plant which supplies racks of anodes
ready for intrcduction into the cells. The starting cathodes consist of tainm
sheeots of lead which are aleo produced by means of a special automatic asohine.
*ne cathodes are eitracted in complets racis froe tne cells, re-salted, und su-
tomatioally cast int: ingote. Power density for tae opereiion varies from 140
to 2'0 A/eg. sccording V7 ths iApurity ooatead of the snodes, vith s peer ef-
ficiemay of avout ™% lefined iead containings 38 e U, 0001 su, M

s o 0,000 | Cu e o, R0 e LT | AL e U R0 e 0,088 | Ag = 1,000 & 0,00008.

1o obtained from snsdee conteisirg 38 o 1,5% 4,9 ) A8 0 0,2-C,%8 i Cu e 0,02 -
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With progressive dissolving of the anodes, the impurities associated with the
lead form a compact spongy layer of sludge which, when subsequently treated ,
yields all the constituent metals. Treatment of the sludge is based on progres
sive oxidation of the more easily oxidized elements accordirg tc a sequence of
reducing and oxidizing melting operaticns which permits final separatior of the
noble metals in the form of oxides. These operatione are performed in a rota-
ry furnace, a converter and a Cupel furnace. The copper dross obtained from
skimnirg of bullion are yrocessed in rotary furnaces to recover the lead which
is returned to the refining cycle, while the copper 1is recovered in the form
of matte and epeiss. The electrolytic rcocess permits refining of impure lead
in a single stage, with marked leseer production of intermediate recycling by~
producte typical of heat procesees. Largs amounts of impurities are tolerated
in the lead to be refined, while the purity of tne refined metal remains consai-
stently above 99.995%. When refining of bismuth and subsequent recovery of
this metal is to be performed, the electrolytic method especially reveala ite
efficiency, elasticity and convenience. Another characteristic of the
eleotrolytic process is the hygienic nature of the work premises.

On July 1, 1968, a plant for elsctrolytic lead refining started operating at
Coppa MNica, in Romania; it was plenned and built by Monteponi 8 Montevecchio
on behalf of the Houmanian Governsent. Tnis plant nas an annual capacity of
40.000 metric tons of ref ned lead and jrocesses the 1mpure lead produced by
the locally installed IGP. Ir jlanring and building thie plant, which nas
immediately reached most outstanding running performances, all the axperiences
and resulte of re’ining at San Gavino have veen condennsed, thuse obtaining A
further great cut in consumption and operating costs.

Other plants, of uj to $0.000 metric tons capacity yearly, are nov in the
plamning stage, and the application of increasingly sophisticated techniques
porsits to envisage sconomic and tecanclcgical results of extremeiy satisfaoto-

ry mature, superior to thowse of sny other slternative process.

Pr. Rlio Premi
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BLECTROLYTIC LEAD REPINING

by Dr. Elio R. Freni
of
MONTEPONI & NONTEVECCHIO S.P.A.
Via Vittor Pieani n. 19
Milano (Italia)

Introduotion

1. A large number of eleotrolytes has been etudied and proposed for electro-
deposition of lead. First trials were carried out by Hampe with an aoetate
electrolyte. His sperimental works were continued and developped by Keit 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
amerioan plant and a refined lead with 99.99 % Pb was obtained from anodes with
a lead content of 96-97 %. This prooess was then discontinued due to tae high
operational coets as well as to low convenienoe, as the cathodic deposit was

made of thin and dispersed metallic sponge.

2. Anson 0. Detts gave a practical solution to the problea of electrolytio
refining of lead. The researches of Betts covered the field of a large number
of complex acide: fluosilicic, fluoboric, ditionic,metil and etil solphoric
and many sulphonic acids, giving high solubility lead salts and high conducti-
vity solutions. He fourd taat adding an organical colloid, as glue or golati-
ne, to one of these electrolytes, leads to the forming of a solid, compact and
adherent osthodic deposit, showing the same density of the metal in ingots.

Due to operating coste, the flusilicic electrolyte has been preferred for lead
refining, besides fluoborates an' sulphonates have put few applioations in

plating.

3. The fist electrclytic refining plant, using toe Betts process, owned by
the Consolidated Smelting Refining Co. in Trail - Canada is running continuoa-
ly since 190}, after several enlargements and renewals until tne presant max.
cupaoity of 600 tons per 3ay. The plant of U.S. Smelting Lead Refinery Inc.

at East Chicago started the production 1in 1906 and it has been largely renewed
during the last ysars to the preaser. capacity of 40.00C tone per year. The
plant of Cerro de Pasco Copper Corp. at Oroya, Peru, bailt in 1934 and enlarged

in 19)7 wae designed aiming to refine a typical low grade bullion and for the
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max oapacity of 80,000 tons per year of refined lead. Other slectrolytic lead
plants are in Paderno Dugnano - Italy, using sulphamic eleotrolyte; in San Ga-
vino Monreale - Italy, in Freiberg - DDR, in Befu - Japan. The plant of Coppa
Mioa - Rumenia has been the last one toc start production in July 1968.

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

built by Monteponi & Montevecchio on behalf of the Rumenian Government.

4. Several inventors suggested,after Betts, various different eleotrolytes:
oxalates, lactates, cyanites, nitrates, perchlorates, plumbates, formamides,
smmonia, etc. In praotice, only five electrolytes gave good results: fluobo-
ric, fluosilicic, phenol sulphonic, perchloric, sulphamic. Snall gquantitiee

of organic "agents" are added to have good Jeposits which are not different
eaoh other when tne thickness is less than 0,2 - 0,3 mm., whilset appreciable

differences arise with thicker deposits. In case of refining, the eoonomioal
oonvenience to get cathodic deposits ae thioker as possible, limits the oholoe
to fluosilicates and fluoborates. The latter, as sontioned above, are avoided

because of their high cost.

5 It must be so stated that every new electrolyte to be used for lead re-

fining must be evaluated and oompared along with tae fluosilioio eleotrolyte.

Lead Electrolysis in San Gavino

6. The San Gavino Smelter of Monteponi & Monteveoohio Co., situated 50 im.
Forth of Cagliari in Sardinia, was built in 1932 for the treatment of the lead
ores produced 20 km. dietant in the Montevecohio Mine. The original oapacity
of the plant was 12,000 tons per year of lead thermically refined by Parkes
prooess. The bullion was produoed by a circular blast furnace of 1.20 m. dia-
meter. In 1938 the potentiality of the blast was brought up to 36,000 tons
per year witn the installation of a rectangular blast furnuce having & 120
tons/day output of lead tullion, and the enlargemsent of the thersal refining
plant. For the entire war period and up to 1546-47 the plani treated almost
exolueively the ores of Montevecchio, from which wvas obtained a bullion of
oonetant composition eimilar to the following: Sb 0,¥ - Cu 0,26 - Ae 0,1% -
Ag 0,075% - Ba 0,0020%.

7. Later, ae stoping deoreased in the Montevooohio Mine there ¥as a progreesi
ve rise in the bismuth percentage in the galena. At the same time, the pur-

ohase of oustom conoentrates and the treataent of the toll ores (on behalf of
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third parties) determined suoh an inorease of the new impurity that it was
necessary to inetitute a new process capaple of eliminating the bisauth from

the lead.

8. In those years a nsw electrolyte using sulphamic acid was developped. The
use of electrolytes witn sulphamic acid salts was introduced into bhidrometal-
lurgy and electroplating by L. Cambi and R. Piontelli who used them in 1937

and who in 1938 patented the use of sulphamic acid as an electrolyte for metal~-
lurgioal applications. In 1948 a plant with a capacity of 10 tona per day, and
using sulphamio acid was started in Paderno Dugnano (#ilano) from the Tonolli
Co.

9., Sulphamic acid 1s a strong acid (sometimes called solid sulphoric acid)
wita the formula HNH2SO3, non hygroscopic, non poisonous. Its salts have ele-

vated solubility, a fundamental prerequisite for usas, and almost all of thea
offer high chemical stability. In the case of electrolytic lead refining ,

from an eramination 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-
tically insoluble; 2) The tin forms an unstable salt; J3) While the copper
polarization is very high, the polarization of both cathodic and anodic leed
is very low. All these properties put sulphamic electrolyte on the same levsl
as fluosilicic electrolyte as far as selective capacity is conoerned. But the
facility in preparing sulphamic acid, its physical characteristics of ease 1in
handling and in tramsport, and its availability on the Italiai market while
the probability of obtaining hydrofluosilicio acid was nil in Sardinia called

the attention of the Montevecchio firm to its possibilities in production.

Research and Pilot Testing

10. FPirst research on the use of sulphamic acid ae eleotrolyte for lead refin-
ing wvas begun in 1948 by the researoh departaent of the factorg. The purpose
of the researoh was to determine the composition of the electrolyte and the
type and gquantity ot "addition agente™ to send in solution periodically to
obtain thick and compact cathode deposits. The probles of obtaining good ca-
thode depositas in the eleotrolysis of lead salts liess, as is well known, 1in
finding suca "addition agents" that, absorbing themselves on the metal during
electrolysis, diminien the grain and inhibit i1ts growth in certain dirsctions,

prinoipally along the lines of foroe of the electiric field. The research
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progran then oconsidered studying the possibilities of using the new electrolyte
in confronting the maximum content of tolerable impurities in the anodes and
the definition of the technical particulars and details for the realizaticn of

an eoonomical industrial cycle.

11. 1In the tests at San Gavino the entire range of concentrations of sulphamic

s0id and lead sulphamate was examined from 5 to 100 gr/liter of free acid and

frow 100 to 300 gr/liter of lead sulphamate corresponding to 50 - 150 gr/liter
of Pb with a current density of 100 A/sq.m. under a voltage varying from 0,5 to
0,7 wlts per cell. A total concentration of free acid plus combired acid plus
lead of 250 - 300 gr/l. corresponded to the lower voltage. Inside this field
the concentrations vary amply witbout bringing appreciable variations in conduo-

tivity.

12. To determine the organic additives, numerous gubstances were examined and
the ochoice went to two of them - glue and bindarene ( a sulphitic extract of
wood resulting from the bisulphitic treatment for cellulose) which, added to
the eleotrolyte at 2 - 3 gr/liter, allowed the formation of compact cathodic
deposits. Later, a third additive was introduced - phenol, which gave birilli-
ant results. The tests described, conducted in a small, } cell pilot plant led,

in 1952, tc the starting of a first pilot plant with a 3,5 ton/d&y capacity.

Pilot Plant and Semi-industrial Plant

® 13. This plant, composed of 16 cells, had the immediate purpose of electroly-

tically refining about 1000 tons per year of lead especially impure for a high
content of Sb, As, and Bi. However, the wost important object was the obser-
vatior of the various consumptions and tbe checking of the eleotrolyte over a

period of time.

14, The alectrolyte (prepared by dissolving litharge in a solution of sulpha-
mio acid by wmechanical agitation) was ocuposed of. free HNH230) « 80 gr/liter;
Pb (NH2303)2 = 160 gr/1 j Pb 80 gr/l.; Bindarene = 244 /1. ; glue = 2 grfl.
Phencl = 4 gr/l.

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

dimensions of 75 x 225 x 110 om., there were 20 cathodes of stainless steel

18 - 8 and 21 ancdes weighing 100 Kgs. each with the following average compo-

eition: Sb e 1,5-26 ; As = 0,2-0,¥% § Cu = 0,096 - Bl = 0,01-0,% 4 |
Ag = 0,1 - 0,3 ; Pb = 95497 %. ‘
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16. With a ocurrent density of 100 A/lq.m., in two years electrolytic lead of

the following purities was produced: Sb = 0,0005 - 0,0010% ; As = absent }
Cu = 0,005 - 0,0010% ; Bi = 0,0003% ; Ag = 0,0001% ; Pb = 99,995 - 99,998 % j
The ocurrant efficiency was about 95% and the oathode deposits on stainless
steel reacked compact thicknesses of 7+8 am. on each face of the cathode in

a six-day ismersion period.

17. Ip two full years of operation there was the following consumption per
ton of refined lead: Sulphamic acid = 2,8 Kgs. ; Litharge = 2 kgs. j Bindare-
ne = 0,8 kgs. ; Phenol = 0,7 kgs. ; Glue = 0,4 kge. ; Power (DC) = 190 kwh.

18. After these results and a fine tuning of the process for recovering the
metals in the anode slime (Ag, Bi, Sb, Pb, Cu), it was decided to enlarge the
pilot plant to a semi-industrial plant with a 15 ton/day production. This plant,
inetalled 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 oathodes is explained in different
waye but the solution of the problez was found only after successive practical
tests which required prolonged periods of tests and statistical surveys to de-
termine the accumulating action which hardly ever takes place in the small -
soale tests because the volumes in play are exceptionally influenced by the
renewal of the electrolytic solutions added to compensate for loss, even uwecha-
nical.

20. The addition of phenocl, glue and bindarene together permetted the conti-
nuation for long periods of time of results of great practioal importance: 1)
The avoidance of the formation of spungy or inccherent deposits. 2) Of having
decisively plastic deposits, suseptible of being bent and stretched with the
same ease as & rolled section, a very impcrtant characteristic for cathode
starting sheet production frow steel cathode deposits. 3) Of increasing ca-

thode deposit thickness with a consequent increase 1in 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 manifestad themselves above all by an excessive formation of foam ,
incrustations of solid, mucilaginous, and gummy substances in the pipes, canals,

and circulation pumps of the electrolyte.
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22. Of the three additives, only phenol was analytically detersinsble. For
the glue anc bindarene the only reference was the aspect of the deposit and the

data consequently inferred from practice, whioh astablished the consumption per

"ton of refined lead: Phenol = 0,7 kgs. ; Glue = 0,4 kgs. ; Bindarene = C,8 kgs.

23. PFurthermore, it was not improbable to suppose that tue oxidation producte
of the glue and bindarene that accumulated in the electrolyte had a harmful
effect since in fact it was sometimes seen that tae cathode deposits suddenly
worsened, whether the daily addition was continued (in which case spungy rather
than compact deposits were obtained) or not (in which case needlelike and fra-
gile deposits were obtained). These inconveniences assumed relevant importan-
ce only in the sewi-industrial plant and caused a re-examination of the addition
agent problem, extending the tests to a series of products even vaster than

that at the beginaing.

24. The first thing to come to light was the prssibility 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 oconsumption of onmly

200 grams per ton of refined lead.

26. On the basis of these results, the optimum conditions for the sulphamic
electrolyte resulted as a solution containing: 80 - 85 gr/1t. of Pb 3 45 - %0
gr/1t. of free NH2HYSO} ; and ! - 2 gr/lt. of tamnin. In five years of operation
it #as never necessary to renew the electrolyte because of an sccumilation of
impurities. Their percecntages never exceeded the following: Cu = 0,001 gr/lt.;
As = 0,005 gr/lt. ; Fe = 0,28 gr/lt. ; Ni = 0,008 gr/lt. ; Sb = 0,1 gr/lt. 3

Zn = 0,22 gr/lt. ; Ca = 2,1 gr/it. ; C1l = 0,4 gr/lt.

In practice, only periodic additions of sulphamic acid (to maintain at a ocnstant
level both the free acidity and the total wolume of the slectrolyte) and of

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

27. During the entire pilot production period about 14.000 tons of bullion
were refincd and the extremely high selective power of the sulphamic electro-

iyte, especially as regards Ag, Sb and Bi, was noted.
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28. Por about two years, in some cells of the plant, even anodes of "rich lead"
baving 8- 9% of Ag ; 0,3-0,9% of Cu were refined with continuity, thus obtain-
ing electrolytic leac having 0,000 - 0,0004% Ag and 0,0010 - 0,001%% Cu.

29. As for bisauth, witk a percentage of Bi in the ancdes of about C,08%, the
peroentage in the refi.ed lead was never above 0,0001%. In several periods of
sose months each, only anodes with a per.entage of Bi between Cy2 and 0,4 were
subjected to refining. In these cases tke percentage of Bi in the refined lead

wae alwass about U,0003 - 0,0004%.

30. The results obtained in the two plants permetted a direct comparison of
costs between the new eiectrolytic process and the classic thermal refining
sethod, both used 1n the San Gavino Plant. Where the ores contained no biamuth,
the coats were equal. But when tne ores contained a high percentage of bismuth,
there was & saving of about 20% with the electrolytic process. This referas to

tae intrinsic cost of refining alone.

i¢

€

}1. Keeping in mind that a metallurgic establishaent can only very rarely be

designed for handling only one constant type of ore, the possibility of receiv-
ing and treating ores fros mary different sources weans higher productivity and
lower production cost. But the receptivity of a plant is bound to its elasti-

gity and universality of treatient.

32. 1n Sen Cavino the avecage percentage of Bi ian the concentrates rose gra-
dually and continuously, in ta- ten years from 1946 to 1956, frou 09,0020 - 0,0030
o 0,06 - 0,09. The processing of lead to the impurity percentage fixed by the
Italisn market would require either cutting the annual production ir half by
rejecting the bimmutniferous ores, or a couplicated ani arduous job of subdivid
ing and reserving for special thermnal treatwent ine bismutaiferous and non-bi-
ssuti1iferous ores; or tae adoytion of the Kroll-Betterton process for refining
tne dDimmut iferous lead produced; or the adoption of electrolytic refining.

Let'e ezasine tne four cases:

53. 1) The rejection of the biemutiferous ores would mean cutting production

in nalf, Tne disadvantages of such a solution are quite obvious.

M. 2) ™e separate treatuent (suelting and refining) of tne bismuthifeous and

non-bismuthiferous ores would mean sibdividing the working cycle of the plant

into two parallel working cycles, each one reduced, bringing an increase in
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the production costs of not less than 506. And the marketadle metal would meet
only a part of the market requirements.

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

not less than 20% on the cost price without bringing corresponding advantages.

36. 4) Tae adoption of the electrolytic prociss would give ample elasticity;
the possibility of accepting any type of ore witn any percentage of any type
of impurity; a very high refined metal strengtin in every case; a cost price
qqual or inferior to that obtained by thermal refining of lead not containing
bismuth. Tnese results led Montevecchio to the conversion ol its refining fros

thermal to electrolytic refining.

Sulphamic electrolyts plant.

37. The new electrolytic refining plant (fig. 1), designed for sulphamic elec-
trolyte use with a current density of 100 A/eq.s., has & saximum productive ca-
paocity of 100 tons/day witn a current density of 140 A/sq.s. Its productive
activity started at the beginning of 1957. The sxperiences and obasrvations
made on the pilot plants were used in tane design. A very high level of mecha-
nization and automation peruits such a swall labor force that cost of produc-
tion is much lower than witn thermal lesad, independently from bimsuth purifi-

cation.

Bullion Drossing

38. Equipment for bullion drossing, anode casting, and cathode melting and the
slectrolytic tanks are all under one roof (ths saus once used for therwal refin
ing). In adjacent rooms tue conversion cabin and the sections for electrolyte
preparation, recovery and washing of anode aslime are located, while the aetal-

lurgical treatiment of this slime is done in another section.

The electrolyte

39. Por more than four yeara the elsctrolyts maintained the characteristics
perfected in the pilot plants and taat it: Pb = 80-85 gr/lt. ; free HNH230) e
45-50 gr/lt. ; total HNA2303 = 130 - 140 gr/lt. ; tannic acid = 1-2 gr/lt.

In this period no sensible changes froa the pilot plant were noted. The slectro
lyte did not ohange because of the accumulation of impurities and, without
being heated or cooled, maintained a temperature varying fros 30 to 35 degrees

C. according to the ssason. However, it was noted that with a currente densi-

ty above 90- 95 A/eq.m. & continuous, sven if modest, decomposition of lead
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Bullion drossing ani ancde Casting

59. Bullion from the blast furnace having the average analysis of 1,7 Cu -
1,26 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 is drossed for oopper by cooling
in two stages. In the first stage the temperature is lowered to 400 degrees C.
Prom 10 to 15 kiloe of bitumen are added to the kettle with mechanical stirring
that lasts about 30 minutes, until the dross becomes complstely powdery, allow-
ing removal. Then the temperature is lowered again as close as possible to the
melting point. Then € or 10 more kilos of bitumen are added, the batn 1s stirred
for another 20 - 30 winutes, and the dross formed in this second stage is removed.
The dross is easily handled with a coupressed air bucket. The dross has the
following average composition: Pb = 606 ; Cu = 23 ; As = 5% ; 31 « 0,048 ;
S =5 ; . In the drossed lead, copper goes down to 0,03%.

60. The dross is treated by soda process in a stort rotary furnace 4 x 3,5
meters to recover copper as a matte-speiss mixture having about 60% copper and

158 lead.

61. The anode casting plant (fig.2) is made up schematically of two kettles
(A - A) with a capacity of 90 tons of molten lead, each of which, by means of
a screw tap at the bottom, can feed a small 3} ton kettle (B). On the bottom
of the small kettle there i3 a conical drain, where a pipe reaching above tae
casting wheel (C) is attached. On the casting wheel tnere are 18 anode molds
arvanged in a circle. The conical drain ies usually closed by a vertical shafs
that can be rgised or lowered by means of an electromagnet thus opening and
closing the flow of lead which, guided by the pips and a short horizonal canal,

reaches the molds.

62. With the wheel stopped, one mold is found under the end of the casting
canal of the kettle. The lead flows from this to the mold, filling it to the
desired anode size. At this point the flow i1s arreated automatically and the
wheel, after several second' hesitation, revolves and stops automatically when
the nexti{ empty mold is under the end of the canal, provoking anctoer flow of
lead. After successive movements the anodes, cooled by jets of nebulized
water, are pusned out of the wolds in d1uch a way tnat as tne rotation proceeds
in oorrespondence with a special conveyor (D) tnes .an be taken one at a
time, raised, and put onto a collecting conveyor (E) on which they are paced

at a distance of 10 cu. from each other. The conwying and ordering of the
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conveyor aoves and & pair of hooks come down on an anode to de lifted, lifts it,
and puts it on the collecting conveyor.

67. The colleocting conveyor is made up of two chains
baving links adapted for receiving the anode lugs brought by the lifting conve-
yor. The chains bave a guage of 10 om. equal to the distancs bstween the center
lines of two ancdes spaced for entering the cslls. The collecting conveyor is
usually mot in motion. Ae soon ae an anode rests its lugs on the corresponding
links of tas chain, the chains advance one step, advancing the anode 10 cam.,
leaving room for the next anoie corresponuing to ths point where the hooks of
the 1ifting conveyor come down. There is room for )0 anodee ou thie conveyor

At intervale of 625 seconds, 25 anodes at a time are picked up
without iaterrupting the casting cyole by a rach attached to s % ton
erane and are put onto & special conveyor for dietribution %o tae electrolysis
soile. Thi. ie ihe only tiae that thse direct interveation of ths only vorker
in Ve esetion 18 reguired. From what has deen describded, it is evidents that
the perfeet symenreaisatios of all sovesents allovs the sutomatic production of
any suwabder of ancdes witho.it pereommel incresses. Besidees tnis advantage of
roquiring litiie senpewer, there 18 aie: tae great advantage, which is dorived
frem 8li ssteaatis pisnts, of repsating eaca sastiag eyeie under 1dentical e~
ditions For shioh, einee Subjective judgemenis as to tae filling of the soids,
ond a6 sprimtiing »f water are siisinsted, sil the ancdes are of the same

seight and are perfosiiy sertisai.
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at & thickness of about 2 mm. wae ueed. Fot that purpose 50 of the 336 cells
were equipped with stainless steel cathodes and 600 cathodes per day were ery-
tracted in rotation which gave tie 1200 cathode starting sheets necessary.

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

70. This eystem waschanged to that of the preparation of tae cathode starting
sheets by continuous casting of a thin strip of lead 0,8-1,0 mm. thiok by v eans

of a water-cooled drum revolving in a bath o wolten lead.

71. This aystem, used for the firet time at Trail by the Cominco, has been
perfected and greatly simplified at 3an Gavino. The drum has a length of 65 om.
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 dimensions of 250 x 300 x
20 wm. deep. The drum, cooled by internal water circulation, revulves above a
besin in which a constant level of molten lead is maintained with tue drum face
ismerced toc a shallow deptu. A thin layer of metal adheres to ithe cold liner
and on being pulled, becomes a continuous sheet whose width is determined by
the length of the drum and whowe thickness is controlled by regulating the depth
of immersion and tbe temperature of tbe bath. Given the presence of the not-
ohes on the drum, the lead sheet comes out as a sheet witu openings of 250 x 300
8. that repeat every 110 om. in the center. On the ideal prolongation f only
one eide of each notcu, along the generatrix of the drus to one side and tho
other of the notch 1teelf, there 1o a mall light incision that deterwmines a
very slight gap in the forwing sbedt because of which, instead of a truly oom-
tinuoue sheet, individual sheets Of lead cut t¢ the desired size and having &
prectangular form with two prolongations for hanglng on & copper bar are direo-
tly obtained frow the drus. The cathode starting sheet machine is operated by
two men and produces 2u individual sheets per sinute i.e., 1207 shests per hour,

in prectice et 3an Gavino, thls machine works an eight-hour shift every 6 days.

12. Bafore going into the cells, the catrode etarting sheets must be nhung
firmly on the —upper bars and sust be as flat and as vertical as possivie to
aveid short circuits. Botn gomie are reacned b .3irg a4 ®acglne compowsed of
two etreng, vertical ircr plates ninged at tne bu.tom. une of thes is [lized
in poeition and one is sovet.s. . Ine lead sneel 1s huny On Lie cOpper bar with
1%e luge wrapyed arcuad 1% and irnserted betwee: the iron plates, one of wnich,
prepeiled by s compressed sir [istun, sisks and perfectly siraightens the lead

shhet. At the same tise (e lead sheat is stapled tc the copjper tar.
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Twe sen are sufficient for readying all the oathodes needed for one day in 8
Mours.

73. As the cathode starting sheets are prepared, they are arranged, spaced at
10 em. and readied for the cells on ohain conveyors installed under the work-

isg floor in the corridor between two rowa of cells.

In eaoh of the three sections there is a sheet straightening machine and a 40
seter conveyor capable of receiving 400 cathodes. The cathodes are taken from
the chain conveyors 1in packages of 24, the number used in each cell, by a crane

through a hole in the working floor.

Cell Opepstion

74. Bvery cell ocontains 24 cathodes and 25 anodes. The cathodes have a life
eyole of 6 days and the ancdes of twelve. Every day the cathodes are changed
in 56 celle and the anodes in 28. Tuus, the section has a dayly need of 1340
cathodes and 700 anodes. To substitute them the cell is shunted so that all
the catbodes and anodes can be changed at the sawe time., The individual catho-
dee bave an initial weight of 6 kilos and an average weight of 80 kilos after
a siz-day immersion. The cathodes cozming frow the cells are put, with tneir
copper bars attached, on a epecial chain conveyor that runs at the head of the
row of oells crossing and connecting the three sections of the building.

T™iis conveyor, on whict the cathodes are washed with jets of water, takes them
%o & fized point where a band-saw cuts them away from the copper bars. Tha ca-
thodes then fall onto a steel plate conveyor that takes them to one of two 120
tor. kettles, whero they are melted. The copper bars are collected in a diffe-
rent place, pickled in a diluted nitric acid solution and then rinsed with

water and sacnine oil before being used again.

15. The ancdes are arranged, in packages of 25, jus. as they come from the
easting plant, on another epecial conveyor located at the head oglho row of
celle and linking the three sections of the building. This conveyor is fed ,
at the head situated in the aection vwhere tne cast anodes are found, with pack-
agee of (5 rnodes. As they are produced, the conveyor moves ahead until there
are 28 packages of ancdes distributed at the nead of the three sections within
reach of each section's crane. The packages of new anodes go to the cells whi-
ls the corroded ancdee return tc the oonveyor to be %taken back to the re-sslt-

ing kettle.

Sline Handling

T76. Before the oocrroded ancdes go to the re-casting, the slise and the :
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electrolyte it soaks up must be recovered. To limit fluosilicic acid consump-
tion, all the causes of systematic loss must be avoided and the ancde slime
aust be carefully washed. In lead to be refined there 1s such a percentage
of impurities that as tne anode dissolves they form a spungy, compact layer
weighing 2.5+ ¥ of the metal it wae originally incorporated in, having however,
the same volume. If the sum total of impurities is inferior to 1%, the anode
slime is incoherert and easily detaches itself from the metal support, causing
electrolyte contamination and cathode deposit contamination. If the eum total
of the impurites is about 2%, the layer of slime preserves the same shaje as
the new anode. It is a true metallic spunge through the pores of which the
lead ions must pass in tneir migration frow anode to electrolyte to cathode.
The solution held by the slime has much lower percentage of free acid than the
circulating electrolyte and a muck higher percentage of lead fluosilicate.
There are two clear reasons why the voltage rises in the cells as the anodes
corrode: the gradual rise in tne ohmic resistance of the growing slime layer
and the counter-elactromotive force caused by different concentration of the
oirculating electrolyte and tie 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 0,454

0,50 final volts when the slime layer has reacned a cactain thickness.

71. To avoid an excessive increase in tue slime layer thickness and the con-
sequent increase of voltage in the cells and an abnormal enrichment of PbSP6

in the captive electrolyte, the slime is remuved alter a 6-day corrosion period.
This is 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 ie a type of cell on whioh there are, horizontally arranged, in the same po-
sition and at the same distance, as many rubber tubes as there are cathodes in
the common cells. Tne tubes have a flattened cross-section, are activated by
small, flat iron bars, and are attached to fixed anchors on the two long sides
of the oell. Each tube is closed at one end and has the cther 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 package
is lowered and its lugs are resting on the ediges of the cells, compressod’air
is sent into the tubeas which swell until each anode ie tightly iaprisoned bet-

ween two tubes. Raising the package with tubes ewollen, the slime layer ise

scraped off the anodes and stays in the cells.
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78. The ancdes are seceptadly "clean” after hie ssreping, wWieh ressvere »
good 974908 of the sline layer. The recovery of the resalaing 24 % sad oon-
plete clesning are acoomplished by immerging lhe ancde pachage in s 2ell full
of water, acii because Gf tae ,resence of fluosilicic acid, xept dubbiing W
s compressed air jet. A certain ascunt of slime sccusulates on the dottos eof
this cell in time while the water is progressively anricaed with acii and lead
until it reacnes a cortent very sisilar to tiat of the circuiating sleciroligte
to which it 1e periocdicsally added. After slime rewoval, the H-day ancdes are

returned to tne cells and tne 12-day snodes are returned to bde re-melted.

79. Ths sline removal and waehing cells have a drain in the bottom, closed By
am anti-acid valve, and are attached to pumps and to & tube by seans of waleh
the elime water [containing about 158 solids) is pumped to a set of 15 cuble
metar tanks in which deocanting and vashing takes place before passing on %o
& string discbarge rotary filter, the filter active surface of waich is 10 »d.
Proa the filter, a elowly diminisnhing liquid concentration of fluceilicic seid
and lead fluosilicate which returns to tne depositing basins to join tae cirowu-

lating electrolyte and a solid cake of slime with 35 ¢ 40% moisture are obtained.

80. Por the firat collection, decanting, washing and f.ltering of tne slime ,
there are six 15 cubic meter tanks of which one in turn is designated to recei-
ve one day's production of slime. The other 5 alteriate every day in one phase
of n 6-day washing cycle, the sane as the cathode suostitution cycle.

Por pumping the slime water and electrolyte counter -currunt fros the removal
and vasaing cslls to the decanting and washing tanks and froa these to the fil-
ter, ebanite pumys are used. The sliae that accusulates at the bottom of the
celle ie also pumped to the decanting tanks:¢ This ie done by connecting the
discharge valves at tha bottoms of the cells to the slime puap. In tais way

cells
the elise is removed every three months at the rate of threeVa day.

81. The filtered slime is accumulated under the stull of the tanks and filter
for the successive metallurgical trsatment. 3esides the ¢ alize washing tanks,
there are three otner tanks in the same sector for the initial electrolyte pre-
paration, for containing the fluosilicic acid to be added periodically to the
oeycle, and for dissolving the addition agents {(glue and goulac) to e added

datly to the electrulyte at 40 kg. per day each.

82. Por all the activities of tne cell sector, 6 men are needed: 4 for chang-

ing the anodes and cathodes, 1 for filtering the slime and 1 for genersl servie

ees such ae cleaning copper bars, preparing "additicn agents", etc.
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ing ond saintalning completely separate the two layere.
92. T retatiag KTU furnace nas all ths prerequisites for the most efficient,
retional, and econmomiocal melting of ancde elime. The continuous rotation of
the furnaes provides for, froe the first loading, tae aontinuous re-aixing of
the mass, impeding forsation of oruet and isolating acoretions. KTO ' » possi-
Bilisy of tapying the molten charge at various levels allows the accurate remo-
val of tae single molten products, accomplishing complete separation and awid-
ing one part’'s nolding onto a fraotion of tne othere. The sbort rotary furna-
ee i oil-fired and has & lining of 12 inch magnesite bricks. It has s melting

sapaeity of 195 20 tons of slime in 24 hours.

9). Typiesl slag and metal assaye are shown in tsble II below:
TABLE II

Aesaye of Short Rotary Purnace Products

rd 3 i CuS Bif A A
S - Py alag  20-2% 4%5° 23 0,1 0,03-0,004 0,01 -
ghouse duot }-4 70-75 18-20 - 0,08 -G,  0,05-0,06 -
Betal -40 1520 2-) 2-) 10-15 12-16  0,004-0,03

94. 1) Twe cveond phase of tne slime cycle ie the oxidation of all the antimo-
ay snd arsemic still together vith the noble setale in the silver alloy. This
seidation takes place st the expense of & good part of the lead and a percenta-
ge of tae dimmuth and copper sontained. The operetion can be accomplished in
she same XTU used for slise selting by introducing a series of pipes attached

te 8 networs of comyressed ai-. Bt usually one of the )} copper converters is
esed. The Fisrce-Mith type of converter has 10 tuyeres and & lining of magne-
eite brion. It 18 initially oharged with 10 12 tons of setal st 80C - 90C de-
greses (. aand iamediately given alr. *ne czidation 1e accomplished in } -5 sta-

gos foilowed By sisg tajpping sad the adding cf nevw, solid metal.

9%. In the firet stages, carried out st a tempereture of 90C ¢ 1000 degreee C.,
all tae arsesic and about one-Balf of tne antimony are volatilized. The dust
sslloeted in tnis pasee together with that of elime seiting are to be treated
fer the resovery f tne antisony. Air dlowing, slsg tapping, and addition of
frooh seta. fullow each other  stagen 3,4,5) until the oonverter iz full of me-
%el fres whaiech ail the sntimony nss been removed. At this point, toe following

sempesition can be confidently assigned to the setal still in the converter
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is antained. ™ia lend ie seed e he saking sT sere than YUK tons per Jeas
af ghat. The spsvatiom e S in & Blaed Tersase duriag spevinily eshelaled
pregrane.

b7 W

04,  91. 9 of he Higmedh initially precent ia Whe annde ol 100 o found a
tae Siemathiforous ssavertier sisng and ia e Cugel furmaes 1ithargee.

ty mdergoing reduding Beiting, wity an addition of 9 esel and -3 euipher ,
sares 4ifferent praduais are shtained:

) A wetsiinra Po- B oslley 1a vhioh all the Diemuta, silver, snd gold are eolleg

tod.
S A matis tnat separsies &l tae sepper
el A D - 5 eing, prectionily sterile ia Ag, te W re-used Sogether with ihe

MWMAVimeny sing rotased 1a 2ther pheses.
™e alla; nae e *sileaving sverage composition: ‘-2 Ag i -2 30 | treces of
S g 0,58 Cu g -4 M 08 P, The series of operaticas that takes place
frem 334 P5 - % alley & refined BLemuth aonsliels of eudatantislly 7 phases:

fressiag, de-slivering, 1e-sineing, 4o - leading, ant cast ng.

1os. Droseing 1e sarried it By sceliag the molten alloy almost to the melting
point and siding " sulphar ant 'S soal dust inder atirring. ™has sulphuri-
satics and lLigsating I the eajer ~sntainel 18 chueed, whirh s removed with
tae iroes tast "ores.  The percent.ge o f u is losered b 0,0 - 3, 00008,

Toon & sittare of ca.ot i swda snd sodium pitrate 1a sguel ,arts Le atded to
58 WMtA ¥:cee TERpETALLre Sas Been reilaed o 4U0 degrees . Tuis mi.zture is

epani % M 7 the Batn *he fommation oF Upose is $Bas obtained, in which sn-

tumsny eciiste o8 s1ite.  The antimen; suntent of the 4ross reaches 195208,




e })e

Wile ia the Memethifersue slley it gees dowm %0 0,009 00,008, Dreseing and
mideeny renewl are scesmjplishad ir one S-ton Retile,

137. Per de-silver.ag, carried sat by Parke 's process, the diemmutniferous
alley i decantad into ancther }-ton wetlie of iron into whiech, al 500 degrees
€., ome addition of 31 - In- Py alloy frem previcus operations and two sddit'one
sf Sine are sade, sach cae followed By coaling as nearly as possibis to tae
selting point, and enimwing. The silver content in the Po- B alloy goes down
to Q,0004 - 0,006, The slloys suismed after the first saddition of sine sontain
the majer part of tae silver and gold present in tha Po - In slloy. T™heese In-
Po- Pt Ag niloys with & 1igh silver content retirn $0 the Cupsl furnace sad
son o elsciroiytically treated for the 4direct ssparati ~ [ the noble setals.
Tae sine oconemption 1s about 35 Kilos ,er ton of ireated bismuta. After de-

silvering, 8 3ins percentage of about Y5 ie found in the Pb- Bi alley.

108, Zine and lead elimination is sceocmplished by letting chlorine gas inte
the dn-silvered ailoy, previously decanted into & }-%o1 caet iron ketile amd
Monted %o 50O degress °. The chlorine first coabines with tae sina o Tore
sine ohloride and oniy when all the sinc is sliminated does ths formation of
lend ohloride begin. The chlorine, whose infusion lasts about '35 hours fer
sares tons of metal, is soneuwsed according tu 8 r1;i4-tm‘ea1mﬂrw rappery

with 8o 3inc and lead, and allows the compiste eliminatior of both.

109. After chloration, the @olten setal is iecanted into arn bher aast ivem,
J-tom kottle and air i1s blown into the bata tu @liminate the chierine and e
laet residue of lead and antimony. AtWia point the malten metal 1e devanted
inte snother i-ton xettle, covered vwith a layer of selied ssustic scda, amd

east in 'O g. ocakes.

190. The bismuth refined wita the system described has the felloviag cempsei-
tiems 00,0006 - 0, X012 Ag & U000 0,008 Cu 1 J,000%0,00108 Py | treses
of 8% ; traces of As ; traces of Za , and 19.797% M.

The digmuth recovery efficienzy is 798,

111 There is a total of taree men per shift ia the slise plamt. The ease
vorkers alternate in all the operaticns af the slise esole, sepper irese selh

ing, and tae copper biister productlion programs.

112. The preductive capasity sad ihe preduction of the Jen Javiae pleat sre

as fellewm




- -
Produstive eapasity 1968 Preduction

Llesd Wmllics $0.000 tome 25.000 tene
Slestrel tie lond 38,000 - 7,000 .
Antisenial lead 10,000 . 2,000 .
o ; 40,000 7, 00 *
Silver % . 22.000 kg.
Brasuth 00 . 9.000 *

Bastreirtie keed Refiniag in Ruseals

11). 5 plant fer eleetrolytic lead refi. ing, designed sand Wilt fres Beutops-
ni & Rontevecchio on behalf of the dumanian Jovernment, veat on stirean in Cepes
Niea the first July 1968, That plant 3as an annual sutput of 40.000 tene of re-
fined lead. Ime tillion, produced from the 137 plsat rusaing in the Teiss CBi-
aico Netalurgios o Coppa Nica, bas the average oo position: S0 o ',

BL « 0,28 ; Ag » : I M e 0,000 § A o U, B 4 Cu e 0,018 Tee sain predust
ie eslectrolytic lead 99,997$Pp. Aleo ine se'ale contained in Bullica se impe-

rities are totally recorvsred.

114. The average compositian of elestroiyte 18 PV o 1080 gr/ls. | WIME
total = 135 145 er/lt. & 9231P6 free o e A0 g@/1t. & standard sell vith W
anodes (2)0 kg. sach) and )! esthodes is used. Tae surface 3f tae iameresd
part of the cathodes is }) 82. Wit a curreat demsity of 160 A/eq.0 . surremd
strentgh 1c 5.300 A. 208 sleotrolytic ceils are instal.ed.  The Frodutt ion
per day of a single cell 1o 170 ng. of refined lead. In & seucad Lo SurFront
density “1ll be reised untill A0 A/nq.8. e Life of the anedes is '0 daye
and the 1ife of the catnodes is ; daye. The pacange 3f } rew ancdes ook Tor
each cell has a weight of ca. 6,900 5g. '.)W ag. of waier 08 KB are remel-
ted.

115, Anode casting 18 effected in 8 separated seetion with t8e ' tess sottioe
and with the same sutosatic CASIiIAg Rachine used ia A Jevine. The ssaline ié
operated by only one Baa. Pue tine for castiang eaeh snsids is &7 sewsadl i 00
production capasity of the ylaat i1s '44 sncies per Reur, 1. 8. BFS taae (% ene
per wour. Pros the collecling eonveyser, tas anedies sre WRITLad %7 zrese in
stacks of JO and placed cn epecial tyre-tructs Por trenspertation W= ke oeiie
plant.

116. The 208 eolls are diotriluted ia S50 essticas, in sight nalif-geve of B

mmwmmmnwnaﬂmm.
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Tae celis are Wilt with reinforoa»d oconarete (8 om. thiok) snd are cladded with

P.V.C. of } sm. in thickness. In each cell there ie an indepsndent sirculatioa
of electrolyte at a rate of 15- 20 liters per ainute. M™e temporstu-e of the
electrolyte is spontanecusly santained at }3° C. if ths sabdient tem_ersture doee

ot drop delow 15 L. Thae cells are placed upon reinforced concrete supporteres

4®. off the ground. Two Nonel pamps of 5.0 18/min. are provided for tae
elostrolyte cireulati~n, tna eslectiroiyte deing pmped from twe X 8} noiding
Senke. TRE a8 arriviag by truck from drossing ssd zastiag piest are stored
on stesl supporters defore joiming ihe celis Ansde scraj returr tu the Sell-

ing Rettles vith the sncde Y re-truske.

117. Cathode starting reeets are made 4j from tain sheels af slectpalgtiz lond
(0,8-% @m. ). They sre produced by Seans of tae speeisi 407120 s00d ia Ima Jo-

vine and previously deseribed.

198. Bemevei snd resover; 57 the sncdis siadge i sise effoztad 2o :an dam o
vime, in YOm 90iis oquipped ®ils raboer pigon, fsiisond fram e slasy seile
Pilled ish wator esaidifiod wita fiassiiiais Said SRisd 10 sgraped ix & «iows
spele agaiset Whe moresd envruotnd amodoe by oeans »f & pumy The sindge e
Wen pumged s 8a srray »f S wts of & Wmigne ¢f 15 Se. ia Wmian 5 speis of
Sosoutad ions i SRAA ing *peretisas o porfiened smbsse 14 paasse » o ' of

BT VIRCY L R filvew

199. Pur ‘he Geiting »f he setusdes. e cstiies wniding ‘9 weas el e
moteiieh. Prom & M iitoding stannd. She OBy seliedes Feii *m 2 & -t
phote scnsaps snavayiag WaEn o sae 35 Sae 2eRes 3f B34 NEL Seitiag SO iEN,
SRR OO T Ag W sasTeRt e iag Wee The et ag »f sas sl BeW g
%ooﬂ‘uu‘wmm:fcwmaﬂ%ﬂm&unmwunh

Sovias The sapesity »f e G0N ed s £% S
1P5. Biwme FestRaRt 18 S6er 88 st Fa.celrag b Froe dent =F W HEE A8

Pt Smammmet iom of rORgGENGS, RS . Foni Awe SEmpeRur sodnited L00e s RS-
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12). The standard sell hss been increased at 34 snodes (2)0 kg. esch) and 35
esthodes, for s minimum ourrent demeity of 180 A/m2. A curremt etremgth of
7100 & will result and for s current svailability tactor of 35,7 the output of
ome cell per iay tctals 6) kg of lesd per day i cathodes. Assusirg the BuD-
per of worsirg days ;er year tc b5 3% and the ar-ual sutput to be 60,000 tone,
enly 280 eleetrolytic celis sre required. The requiresent of sanpower is dre-

satically lowerad fros the preseat 1,12 pours/ton Ph of Sam OCavine to 0,8 mewre/

tan 7 cast imte ingetae.

134. hofeorrisg tc a plant tresting 90,000 tenafpenr of Wllien of sengeoitions
iﬂ".”l""i“'gn"iu‘a“‘“‘ﬁgmp‘“ﬂi.‘
setveen Wemal wni sisstreiyiie refining is givem reughly ae follows:

Doy ngel
‘. eesing sy eseireg and SVLPTINg t, Dreeeing 87 seoling snd stirriag
i. Dosngpeving sy ulphar edditien i. heds ensting
. hsesmic ramewal by setrie Apdeesils ). Llsetreigtie refining in the oolis
4. mtipeng remsesi te B0ttie Wy &ip 4. Cothads G8lting

< Desilverisatiss by Pertes yresess . Mditisas! trestment vith Tool

& waisming b weme distiilstiem 8. tagger ‘ress trestBent in et Wy
turasee
Y sditienai srestment et B T, 3lune trsatment:

; ] o Meiting in shert setar) ferunse
B Gth gt b E5ni) - Bt sorten
wdaisiag b TS 8 Mowiag is sesverier

’ ¢) Cupeistion is Zupel Purease fi9
. Foami vefinong ®1M HeGlag G4 Bisee renevery
. Pr'th ou b e 7 4) ewswey of Baeta
i1 imgppes fresm tresWRssl e =]

senng faonees

ti aresmis ércow tereswmont W el
ey §asumne

BN it TR T IR gt
iy Foevmon

g GRTag ey 7 Foaw aee:
® Gl new e o=~ 3% |
B B F o#%. mitozm k8 tnaae O PO m
s wgn et wn s sge. Preuses Moo WIS PUSNRNY

‘% Saghang =g 7 R@ats wes.
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125. Congareble reviee of \ale emiment - Altaeugh twe cempletels differeet

treatsenis A&PS in OORCErT, conpatieon of squijsent shows that ARETe AP, RAVEP-

theloss, some egusl or simiiny eguipnenis.

126. Droesing snd remcval of cojper, 1e pots treathenis 1t is offsctied in | Of

7 separeted xetties wi'" .1re aearte.

127, %o tse comgpiete sjulpgment of siectrolgeie Wila departesste fer amode se0y
ing, eiectirolygte prepars.iuvm, sud fiitering and catnode @elling &0 well e

lend casting, cerrsaponde in thoresl refimery compiote sguigment for seftoning.
£a pemeval, Ir resuownl, Dimmuts remcval and finel refining af ieed %2 e ssoted

intc ingpte.

12h. e t.e equignent of susde sud prececeing and sspper taves preccssing o
elostrsigriz refinery, scrrespends the ogipet for We-preduet precscsing ia

tae thersal refining.

129. Por sepyer Srcee processiag, fire (fiame) fusnses o shest e iary Pivesse

are savigaged ey Wets trestaete.

130. Per amede Sud proseseing in e eiestreiztie treataemt e Pllesiag wmete
sguippent i sehelalods

1 eneh sacrt relary Tervessd

t  eaeh senverier

¢ oaeh supsistios Turnsee

4 saed wmaii tetiics for W rof ining

130 b, Pyeesesing *f ap-predacts La B0 shemsl tPOs DAt ﬁ“‘*
folioving squipnest;

1 oass farwsses Purer & Pour

! ened wupeistize Purnase

' emad ohsrt drae tgpe Tasaaee

; wssa settis Baser Wil for -slag proseesiing

1), Bt grecesves should prolnce W DS protast. @iy i) w digely
SiITeremt ia WAis RIS LI

py=ravee c
Retaast hend Damal_mliesss
” ”»» § ».»ne
e e /we
™ wesee
» e ) op/ten
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Il ghear g V,2 w
Sine . )2 .
P . 4,1 0,0
all® § L N -
e * 0,43 -
o | * W -
Sine | - 0,9
denlee B - 0,3
faase p “ - 2,9
ol - w »

RBisntrie oo ‘ fwn 7 L 4
Baintensnee (VAN 0,6
Bax poeer | N 1,8 .5
seter ®e/t 3,9 3

160, [avegtegnis - Too fellewiag figures are setisated:
Darmal raf.  Elesirsixiie zef.

pereting ogiiphent $ T1%.00 750 . 00
il ding a8 Moo . 000
] PE YR vy YV Y &)
Inotnllint ton §  VUO.00 Y80, OV
$ 1.100,000 1. 500,000

1
" 1
& plast et 1100000 ° "%

. M Il - ™ asentity of iead Wwund in elestrelytiic proesss Lo semsi-
Sovelly Righer Waan in thsrmai . Lead is Wund in anodes, in catasdes, in eleg
tpelipie, in Eetlies fur an aBount of abeul 'L teons. In themal reliniag, wund
oeantitieos f loed ewaunt to abaut S0U toras, wnish reyresents aWwat YO8 of the

ganntit; Masd s wiestPeigtie plant.

s - Liectreijiic ;rocess provides feor

o7 il

setter wifarmity »f sperat:sn sad superier geality »f jesd.

‘&5 | 1% o $ine - "mnerma. refln.rg way 50 sivertagesus &8 julie

Fimmbisn 57 oad ovai i e adantet &8 reg.iired Por imstance it is sat necessy
£7 B remeve HiEBuit From ead #Nen tASFs 18 i5e _oseidility %5 sel! lead

MRERIRIRG SiMIE. Wi ip eleetre.ptic refining, iebimmutaising is 2ade slvaye

‘s She same Wy, vitheut additisnal sset, olioe when t2e Mamutis sentent ralses




8% the highest level. The same arrives for wilver and ether Iapuritice.
T™he increasing of the content of all ths ispurities does met mean ea higher

amount of by-product as in tnereal refining.

164. Figiene rejuirements - rlectrolytic refining providee fer Wetter Npgienie

and sanitary regquiresents. The content of lead in the ambimmte of the oell

room ie currently less than J,u'S sg /me.

145. 3umsarising, the adavantages of electrelytio refining are:
a) Bigher recovery of lead, silver and biswuth

b) Lower conamyti n 5f reagents, fuel and other sateriale

e) Half the sarpower ueed in taermal reflaing

4) Better quality of refined lead

o) Poesibility to treat bullior corntaining vhichever ameunt of Imguritioe,
without sny increase 1n the operatinal ecasts.

f) Better nygienic and sanitary conditions

€) Yider sarset outlete for the lead ,roduced.

146. Disadwantages, or the other side, are: inweetont eoete 1,06 tinee gy

than for therea. procees, and higher lesd wund.

147. The electroiytic iead refineries, iargely sechenined sad sutosated ia

Soveral eectors, shov good operating sencaiss. Meed on 'Y jenre capesrionss,
elestrelytic refining is not only coapletely satisfactory, Wi is slon suporios
o any slternate prosedure.

ACROVLEDG IUENT §

The suther senoviedges with thante jervissien te publish tais paper grented
by Comm. Pasline Cantore, sanaging Directer of Beatepsai 4 Benteveesh so.
Thanks are alee due to the Rontepont & Bontevesehio o8aff at Jan Javise for

the valuadle nesistance givem.

". ﬁ&n Fremj

Bilen, 'OW Fobrwery 1969 Qﬂv&:&:_;




&4 e - ant Befiasag Y Biscsenigoee - v
€ BpUi o 4 Premseii:  Wee v e 20Rss Segnertots i Y AIYRP
P. Commsammii  Basts sistiseiite yos (0 prAItare ¢ i¢ sfTiemeiens fod

pram e 8 TRam s 8 0 radeehs s i - ¥, Wt

5.5 Poani - 5 cunms geessten s ¢ Sntsnione i esgamis SBiis M
e 7 T ig W peeceen tapnee o Bobs: Lasges | Dk LI

P ? . Eagie TP

B Mot - s saffisms sme Sigetenitien e gromis s s Pendewrs M

me Gnriwe & Bebei bangia tps o W § Pyvireis *’&*

5.5. Poepi - 0iets Suvavsatisa begi: Imsd awl i Pandavis S e LGS

i Do iargia isaisans & ¢ Desubiwe oyl
5.0 Meni - I vauwte Bencosencaie B -5 PR

0.0 Pouns - Biostseigvis wand sefising o Wediess - i ot of
Dotalis Dramaes WA

S.Peantelli - ool refiniag MM suighapete Wine. §. et Sesting -
S S

8 Poentaslt ¢ 5. Dedstin . L' siottrnbapeeisisns Sei oobelii e obesbond
¢ Was £i sa e SifEERisn 8 S OB}

Mapioe ¢ ladeetrie - ageess 3
S iaslt - 11 peess B  ress  ladeestsis Binewsste 9.

5. Soumnieldn - iiegyts Se: presetimenti eleteselities sl s ottiokth Wl
stwteie deiie Bmeoweeis. bs Doteilesgss [alitam & V0
e




wa*&é%éiii-?té**

(FF WD PRI NP W W S

e 6 o i A .

L

& sl PR e

=

G PG A Lo iis ol ml ¥ FE Y PPFFETE
I ; ; : v

- ; ] Dl EEEETE
i , NN W W W W e W F AN Y il b ol - B

o Pl (IR

h P Lo B ! %
NN L. L T I O O O NS T R P
SUSSTNEUTE S RETVER LIRS TR OO P

i i i
T LR o T B . o f";"«; |
A AR

—

Voo

oy
?i“i‘t?f‘f**ﬂf'?*i

i

-

el ey e

.

Sy el B 5 -
i e

e e i

o
o el W

W the st ol
> owiny

S

&

- %F
e

| g SIS
Pt T

B

PO e
B

k3

¥

L7

- e s
Wt

¥ v & U g
' Bt ™ s
B
P E
* .
7 ey
e Man oy W o -y
A




haged L
e SUUUUUUNETIRL S ———
p——

b

~ d‘
i
T

e e A A

- e ® s

o A

Wity

canling et
" ten L)

s Ton  Bainle
t astiay esed

i Higeg  Lewseger
teiloatong Comungen
4 bontond us

“t LEZE X

)
»
€

]
L]

L







-
g
M i ST . oo,
.
: :
:
#
b ey 9 s
*
i ¥
¥
 ® ; :
_ , o
_— - ¥ - -
g : ,
- ek : R B
¥
. < ® ¥
—
ey
h/ ° :
- -‘ R “
i ’ L]

e cna bl 3

-y ' ¥
g : :
. e ) w..,{,f[i
& ¥ w

#

'

Frowra 4



Pigure 5

woillurenrs  Buosspe pue Bugirg pus guwas Bouues o sgumesey




corqesw Buwgnes ‘Bed poey ey, . y 8y




ntant

trael masnt

St.ma

Sl B TR - AE8E. RET TR

;¥

4

i
A

Pigure 7









