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1. Over the past 5-10 years the Proeees of elestvelytis refiLing
of oopper has attained great achioveasats. |
Though  shis PEvoees 4id ot undesge fundencutel changes

and bas been till now performed inm ben-4ype Sanks with fimed

electrodes, its inseasity enhamced and the Sechmicel eand
econoai¢ indices have sonsidemably improved as a result of

big work carried out at relevant emterprises, numm and

zescazch and educatiomal iastivutes.

Ia the Report the sefercnce is nade % charasteristios and
indiees of the operation of some ladpe plamts of the Boviet
Uaten, the Unived Staves,Conads end Jepes: .

lﬁu.tm.fmt.mctﬁnmumumm:
- the stadilisation of the zegime
= the grlication of new neterials for taaks snd commmications
« the intensificatica of the electwesefiaiag precess
o the aechanisation of poomnetion epioeticas
= She seasek for nov 00theds 1A SR 01esVNSeriniag of segper

2. The felleving techanicsl Esvelepneats Mwve ccateiduted ¥ the
stebilisation of the regime and inprevencat of techaicel and
osonsais indices ¢f the pueeces. |
‘dmmmdm.mmmmm

mmutu
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b) the switching over to the heating of electrolyte by means
of tubular heaters instead of tenks with lead coils pre- ‘!
viously used;

¢) the introduction of new instruments for automatic comtrel
and regulation of the proceas (acidmeters, level meters
and others); | ;

d) the introduction of effective substances which lower surfase |
tension for improving the quality of cathode sedimeants and
for flocculation of sludges as well as proportioned feeding
of theae to the elecsrolyte; |

@) the application of new apparatus for detecting suort eire
ocuits in tanks. ‘ |
It is noted in the Report that the general level of the asuto-
mation of the copper eslectrolytic production is still low.

3.New materialas ppoved to be good have been introduced im the
copper eslectrolytic produstion. This refers, above all, to the
corrosion resistant theruoplastic materials for lining of temks,sehe
ing communications, etc. R

he sudstitution of themmoplastic materials for she lead
liniag of tanks decreased the leakage of surreams. The wpplice-
sioa of acid resistant staialess steel for pumps sad other
oguipnent has sharply reduced the orvosioa of equipmens
and inereased its service life.

Good results were odtaimed from the use ot titeniwm as o
material for dies. Titenium sheets doa't cermeds in copper
elestrolyte and cathode bases are resdily stripped of Shem.
The wee of sitaniua creates prerequisites for the ccaplete me-
chealsetioa and autonstion of the proceas of removal of bases
Lroa dies. ' | o

-
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4. The stebilisatien of Whe elestresefiaiag presees, intredustien | |

Of MW Bateriils, Beehenisation of operations have nade it pesetde |

le %0 oomsideredly tlvouu’y the oopper omw pu“u

by inereasing mpere lead ca the Seak. |
There are nomhrmmmuumtw

of the samk: ' _

0) Lnsvease ia the olestsede surfase ia the Senk and b)rige ia

ourrens deasity . The preseat level of the cepper sleetmelytie

Production mabes 1% poesidle ia teshndeal tems snd expedient

Iren he ecomonic View-peint %o eperate wWith ourrens density

10£ 250 a/m%. The eperation with high ourmest density meeesei-

~tates She spplication of high-quality amedes, effeetive cireule~

%108 Of the elestzelyte, the thereugh checking for corvest use

of ainimtures, striet oontzel and olimineticn of short eireuiss.

There has Deen studied the experience of the plants of the Sevies

lmuamuummuwmo:mm g

electzolySie produetion with the eurrent density of 250 ve 300

v,

5. In Sho cepper slestrolytic shops the pregiess hes desa Bade
i the f10M4 of mchenisstion of Lebestous pevecesse. The lehe-
mmummrm“umaw
$00 Dave Doceas ek casier. IS has bocems peseidle @we Ve the
change over fyen Merisental 3umsval of oopgper sheote f3en dice
uummmwuumcmu‘-uuu
the intmeduction of dles nade of titantun. iedour pooduetivity
umwammmum

Sochandiood ecatiamsus »0ocess Jiass 9o 00t Wp ad Lotwede-
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- 664 for making bases, couprising:s the straightening of bases,
cutting and rivetting of lugs %e the base and ethess.

The loohntud method of ecleaming Sanks of sludges by Roens
of centralised vacuus untcl has been intredused ‘ ok cratri~
buted to reducing the losses ef elestpelyse ond precicus netals
and to imeressing the use of maehine $ime of elestwelyte Samks.

The design of washing meshines has desa medified due %o whisch
She labour ot She worker engaged ian the washiang of catheds re-
Bains become much casier and the offeetivensss of washiag impse~
ved. '

6. Research work in the field of She coppe~ elestrorefining is
aimed at the further intemsificatien and mechamisation of $he
process, search for new naterials end at other develepment.

Yhe intensification of she paescess by insreasing the curreas
density up to 400-600 a/la is uhi.m& by neans of curreat re-
vouulo ia electrolyser of a mew design with She Pepid eisoula~
tiom of She eiectrolyte parailel to the clestrede surfase undes
tremsieat. condisions of operation that is the mm curgeas,
application of a.¢. on 4.c. und ethers.

The feasibility has been substantisted of eonsideradle increase

i

in he cuswent density up Ve 400-600 o’ withous current revese |

oal for meay grades of copper. Pileugh Sechndcal and ccencate
analyels 18 necessery %o evaluate She empedicnsy of sush esa-
ditiens of eperetion. Athenps ave being made %o fully nechenise
$he PIecess of preparation of eathede bases and for %ais puspece
809 dosigne of eontimucusly eperatiag elesteelisese ane belag




She oopper dand feor making bases 48 deing produced. The work is
ia progress aimed at ereating the mashine for stripping o base
of the Sitaniun dies witheus iss l:l.nhuunc from a teak, For

| hle aia designs of meshenised SSripping neshines were proposed

mnnxatemmummmum
lu«nhuukhnhunlhnunumt l‘tgh:oloo-

trelysis m.r-uu. Produsts sech as beads,

wire reds and others,
hmtmmm-htnﬁommmom

- and regulatien of the clnw precess.

7+ In the Report ccaslusicn is dram Sogarding marked growsh
oL techuical level of the elestrorefinaing process, its insen-
sification and meshanizatiea.

The level of ambomation of She PUOSess is net suffieieat .The
fellowing technical dovelopnents are being seeemmended %o be
Antrodused: |

a) The compleve subssitution of oendeondustor reesifier for
Bobor ﬁntm.x-..
b) The spplicasioa of new aeterials sueh as Shormeplastie
Saterials for liaiag taaks, Siteadwm for dtes, ltdllm steel
So% pumps, detalls of nechines and Beshise ol |
o)mmammm-cmua

Jeod eeils.




'4) In case of necessity to iacrease the output of the copper
electrolytic conversion i is possidble and expedient %o imerease
the current density up to 230-250 n/la. o .

Research work has to by ainéd st insreasiag the level of
automation of pmuées ia the eopper electyelytie production,
regearch for new corrosioa - preof tﬁmhﬂto materials for

lining tenks, communicasions and containe® apparatus, increasing
the current sensity above 300 t/la. when this is mnﬁubln from
economic view-point, and' at She ereation of new equipmeant
securing the complex nooMuﬁon of all the ﬁmuuu in cop-
per eiectrolytic shops. | |




ZITRODICTION

The copper electrolytic refinimg process has lately
astained big achievememts. Though this process did not underge
fuademental changes and has been till now performed in box-type
tenks with fixed elestrodes, its imtensity enhanced and technical
-and economic indices have consideradbly improved as a result
of a big work carried out at relevant enterprises, scientific
sad research and educational institutes. |

Indices which characterise the operation of eome plants
of the Soviet Uhiom, UBA, Canada and Jipan are summarizsd in
tedle 1. | ' |

Main trends in the development of the copper alectrolytic
setining process are as follow: 1) the stabiiization of the
teohmological regime; 2) the application of new materials for |
teaks and communications; 3) the intensification of electrorefine f
ing prosess; 4) mechanisation of production operations; |
S) search for new methods of the eleotrorefining of copper.

. ot us exanine in detail each of thess trends:

2. S atabilisstin of the elsstrolriia TefiDinE Tecidg.

AS oach plant depenting upenm the quality of rew msterials
84 1osal condisions there are determined the basic paremsters
o2 the electrorefining process that is the make-up of eleotro
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- 4ts temperature and speed of circulation, the current density,
the consumption of colloid sdditions.

The determinant of stabilizing the prcess lies in the
incorporating into it of up-to-date equipment for fesding diredt
current and for automatic control and maintaining preset
oonditions of operation., |

The technical inmovation of recent years is the substitutios |
of semiconductor rectifiers for converting alternating surremt

‘mto direct current for motor generator sets in copper electre-

- 1ytie shops. At all the plants of the Soviet Union silicom.
rect.tfiors’bave s'1persedad motor generator sits. The silicom
rect:l.fiefs are also under operation at a new plant at Bﬂtﬁbﬂ
(UBA), at a plant in Bulgaria and at other plants. They are
oharacterized by a big heat r;lsist‘anco, simple design and high
otnciency. _ , .

The replacement of silxéon cells may be accomplished in
operation without lowering the load (2). At some foreigam plants,
namely, Lowrel-Hill (USA), Mufulira (Zembia), Great-Falls (U8a),
Montregl (Canada) and others there are imstalled germanium
mt‘iﬁers with high efficiency of 95 to 96%. |

The application of semiconduotor rectifiers in comparisom
' with ola typos of rectifiers reduéea the consumption of Oloctm
power, improves technical and economic indices of electrolytie
@hopS as woll as reduces capital expemses for building mtim.'
Mt&m proper and allows to effect the more exact M

m of the amperage in eleotric cmuit in preses
‘W of operatiom, . !

N T A R
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The stabilization of the temperature xiesin hag become
possible due to the improvement of the method of ixeating the
electrolyte. Instead of tanks with leud coils at present the
use is made of airtiglit tubular heat exchangers which have

reduced the consumption of atcam end evaporation o. the electroe
1yte. This ellowed to regulate automatically the temperature (3).
The electrolyte ten'poraturo at the outlet from the heat exchanger
is measured by a thermometer comnested to the automatis bridge
vhich regulates the delivery of steam into heating tubes hy meems
of sctuating mechanism. Good results have becn obtained at
plants of the Soviet Uniom from the use of heat erchangers with

| stainless stecl pipes, in other countries heat exchamgers of
vcarbate type or plastic coil hoatera of stainless stecl are Deing -
Juccessfully used, |

To decrsase harmful evapcrations and losses of heat fros
th.o surface of electrolysers at Zsmbies plemts Wkara and
Mutulira and at Japanese plantc provisioen is made for covering
the tenk surface by floats made of porous polysterene (8).

1418 has allowed to reduce by 70% heat losses resulsiag from
ev'cporution.

!o regulate the content of copper and sulphuric scid ia the
elestrolyte the instruments were developed allewing $e somtrol
these components of the solutioa.

Acid meters have been iatredwced with Sremsaittors submerged
into solution sad soluticn~sumning $hrough Sremesitters, According
to readings of these instruments $he Bamiel oerresties of Whe
olestsolyte compesition 1s performed shieh is very wseful,
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Bleotronic, hydrostatio, pioiometrio 1ov¢l qot;rl have been
introduced. By means of magnetic starters and press ‘“&‘ﬂ oont
the interlocking of pumps is effected. Lamps or hootera give
signals of the shutdown of pumpa., . ' .

The selection of type and consumption of additions which
lower surface tension depend upon conditions of the slsctrolytie
refining and are determined for each ontorpriu;'as a reauls of
research work,

Over'the bast 10 yoars the combined sddition loworinﬁ surfa:

tension which represents the mixture of thiourea with gelatin or '
sise has been succesafully used in Shc Soviet Union. The introdu;
tion of this addition instead éf sulphiﬁo pulp lye, previously
ulod, has contrituted to the ;mprovement of cathode remains and
to an increase of the yield of copper in terms of current vith -
simultanerus increasing of ourrent density. At the plants of
Great Palls (USA) Onahama (Japan) and the plant named after
.Dilianov (Bulgaria) besides aiditions which lower surface tensio™
and improve the quality of cathode copper, the use is made of |
She addition of floculent-sepsrane whieh contributes to roducin;
She content of antimony and other admixtures in the electrolyse

~ end to reducing the rorlation of so0 called “tloatins sludccl“
upsetting the normal oourse of the proccla of She cepper oloctio
’lytic rofinins and resulsing in contanination of cathode coppesr
with arsenic and antimony and other edmixtures.

|

The action of additions which leower surface temsiem is of-
She most offectivenccs when they are precisely proportiouoi in
She electrolyte. In recent years proportioning devices have besa
tatzedused ot plants for adding each sdditien ints the eirellass
egeten, and the quantity of dissolved addition is measured By 17

seans of electronic rotameters connected to an electromnic diffes
S4al-transformer regulating device,
%o’ obtain the good yield of copper in terams of cursent 4§ .

m-«iw te detect quickly and eliminete shert cireuits of
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an 0lectric feeler and this 0ok much time from the oloct‘rolynic
attendants. Moreover,the harmful effect of short sircuits . r
continues for a long time. At Japanese plant Onahaua there is i

installed ani ie under operation em electromic computer for the
rapid detecting of short circuits in a taak (5).

Despite the successes achieved in the realu of the stalilisa~ |
tiom o€ the copper elecotrolytic refining regime with the spplice=
tiom of means of automation, the automatiom of control over the
copper electrolytic produstiom still main- at low level,

R dvelication of New ¥eterials

With a tiew to inecreasing the duratiom of equipment operatiom,
eahmoing the coefficient of utilisation of the mechine time
of tanks at all copper elec*rolytie plants research work is
being conducted for the discovery of heat and acid— prect
materials for making tanks, tank liaing, troughs, container |
apparatus. At present almost everywhere the wood in the stresture
of electrolytic tanks is being replaced by reinforced comorete,

Oombined tanks with precast reinforced conorete walls snd .

wioden detton have prooved shemselves %0 de good in operation a
Plmts of “he Soviet Uaions The work is being comducted aimed

|
- 0lectrodes in tanks. Till now this was accomplished by means of | }
i
1

[ ——

. e

&% the swbstitution of heat resistant plastis materials for
lead lining of tsaks, Pelyvingl ehoride whieh is ealled ia the
Soviet Ualom “vinylplest® 1s Veing widely weed. AS the plende
W operetion in the Soviet Taien he polyvinyl ehleride
*m-mxmmmu»mpm-mmmgn
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1ined with this material, Polyvinyl chloride is being used for
lining tanks at Onahama plant in Japan and at the plent in

Ohile. Polyvinyl chloride possesses. dielectrie properties and"
high resistansce to apéresuivo media, Its drewback is a fragility
decause of which it oracks, This results in a quicker wearing

of tanks and their standing 144@ for repair purposses lasts for
more time. Because of this fast recearches continue aimed ab
selectiom of mow heat resistanmt Plastic materials for liming temks,
Penks at Bulgarian plant mod efter Danianov aré lined with
polyvinyl chloride which pPossesses better plastic properties

(80 called vinylitd. Its service life lasts for more period amd 1%
is not tragilo‘. The duration of the cperation of these tanks

316 et1ll not long, therefore it is impossidle to determine the
xact period of the service life of this material, To prevent the

leakage of ourrent the pipelines at all the copper elestrolysie
Plamts are made of plastic naterials,

Acid resistant steel is being widely used for tabrioatto. of
oquipacnt and pumps. The fadrication of some deteils of n‘m
aashines, machines for rivetting and straightening of dle
eathodes, load lifting devices of stainless steel iLstead of stesld
of grede 8t.3 has sharply decreased the corrosion of this equisneme
‘e %8s service life increased 3y several times,

' Mere are achievenents 1a e ficid of selection of -tum.
for dies. Vory good resulss were obtained over the last years b
the plante of the Soviet Union with regard ¢ operetiea with un
asde of titeniwm. Titantum sheets len't oorrode in the copper
.u.m @d cathode bases are readily stripped from then,

: ‘o Boeessity is oliminated ¢ polish and lebricate dles pater h

L]
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chqrging thea into electrolyte tanks. The process can be fully '
mochanised and sutomatised (3),

—~——
R \«.'! R B TR < o e

As one can see from the analysis of the operation of the
copper electrolytic plants the production capacity of many of
fhon has incresesd in recent years, 't the same time the copper
output has increused not only owing to the imtroduction of Dow
capasities but alsoowing to the more complete utilisation of the
existing equipment. It is known that the productionm capacity of
&n electrolyte tank is a fumction of ampere icad, the coefficient
of the utilization of current and the cosfficisnt of the machime
time of a tank,

| Ampere lu:1 om the eleotrolytd” tenk may be increased either
&t the constant current den:ity by inorsasing the useful surfece
of electrodes in & temk or by the eleoctrorefining with a higher
ourreat density,

At the plants of the Boviet Umiom all possible ﬁyn are used
for imereasing the prodwstion capasity of she slectrolyte taak,
For Shis m-po‘se the eathode surface is imcresased at the expense
of inoreasiag the depth of a tank, decreasing be' ween--elestrode
distemse aad méream the sise ol cathode sheets, The presense

R e e R R e SR A

ef polyvinyl chloride liming in tenls whioh does not condmst
CUrrent Mas furnished en eppertwaity te sclve succesefully shis
predlen. Me dirtance Detwesh 0leetrodes of the same pole has
boen sedmeed from 110-120 m %0 108=102 mm.
Bovover this mothod Beas not Fifded the redicel imerease
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tion the cost of which is estimated in bundreds of thcusands of

IR T—

;
i

by
b

in the procuction capacity of a tank., The necessity to increase
the output of the alectrolytic copper at the existing productioa
areas necessituier the use of a higher current demsity. This
furthers reducing the capital investment per 1 ton of copper,
decreasing the quantity orf dead metal in :’unacooﬁwluhec_ik. produce=

rubles and in the big rhops--in millions of rubles,as well as
reducing depraociation expenses per ton of product.
The limit of increausing the current density is associated

with the determinution of the cathode copper sediment, Cathodes
with developec curface contain mrr admixtures and the washing

A ——. o~

of them is wore difficult,

In connection with the fact that in recent years requiremeats *
on the purity ot the cathode copper have become higher, the
operation with the high current den:ity necessitaies determining
at each plant the optimum regime wh.ch ensure: obtaining the
dense amnd smooth catuode sedimex': wi‘h good technical and
economic indices.

e production of the black copper at plamte of the Soviet

Uniom is growing and generation of electric powsr keeps increasiang,
thprotoro the determination of aonditions of the covper elestree |
refiaing with the high current demsity is e pressing prodlea.
Over the past years owiag to big work carried out om the
stabilisation of the electrorefining regime, improvemeas; of the
aethode of heating the elestrelyte, introduction of sdditiem of
thiocurea uimed with size and other materials which lowers the
surfase tensien it has become poesidle %0 reise the curread
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demsity up to 230 to 250 a/m® without deterioration of the
cathode sediment and individual shops operate’; with the ourrent
demsity of 260 to 270 a/m (6,7). Tis neceseitated the reconstruse
tion of some shops which pesulted m"lumu in the section

of skirting busbars oa the dank of oloctrolytic tanks, rOplaconont
of leads from rectifying substaticns te danks of tanks,

Operaticn with the hi;l current dmity.noooniutqa the
applicatdon of high=quality amodes, oftoctivp circulation of the v
electrolyte, increase im the copper amd sulphuris scid eontent in %
the eleesrolyt-, thorough cheskiag of $he electrolyte for admixters ‘
end colloid addisioms. §

Supervision over $he operation of elestrolytic tanks that &a
oliminetion of short oirewits, clesming of eomtacts amd 0 on
al80 ssquires an especial significamee,

™o amelysis of the o eration of Soviet plants reveals
thet high eurrent demsity from 200 wp to 250 o/m2, with the
increase in the prodwmstion copasity of ea electrolyth' temk W
@Hout K results ia ma imsrease ia the comsumption of elestric
power and 18 & redustien of the semsumptiom of steam. A¢ th: -eme
tine lebour consumptien per wait of preducts have reduced thanks
%o the work simnltamcsusly eordusved oa $he mechanisetien of

laberious processes and the improveneat of the orgsaisstioa of
Libour presesses.  Whe whele 1o ¢oot of the copper olestre-
refiaiag esaveneics &4 aet sdse (9).

Des, mumemmvuuaou
270 oa? 15 b cur centitions %o tech. fonnthle fren ¢ Seshates]
Viemgotat ald cupodient TUER Gocammic View-getat. |
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ke further inereasing of the current density for seme
@uedos of dleok copper is comfined %o the originetien of the
phonoasaca of anode paseivisy -l the deterioretion of the qualivy
of oathode sedimens. Because of this an ample r~serreh work i
belag scnducted in the Bovies Uaion md other sountries aimed’
ammrormmoumnmdmm
%0 pesdomn the clestrerefining of eopper a_-nu'u ourvent

~ Gamstty (see further),

Mo tendensy o opevete with & higher susrent density meg
0 cboerved at Japamese plenie. Twme, st t2e Fichene "Besef ot
'iuo-nmwmummcymm
w %o 225, 260 aad 300 o/u? (9).

Uitk the 1ncrease of he cusrent demsity frem 215 wp %0
900 é/af the yield of copper ia terms of surrent loweved fuyem
98.50 %0 94,98 while the elestric power constmpticn reised fyen
un.umw/eumpm'«u.mm.mm
fuen 17 % 13 days,

"Witeshi” sad "Segaseli® plmats (10) turned %o the )
peginn of e clectrerefining. The Jepemese spesialiots regaed
his intemsified regine % Vo empediont eimee 1% has sosnlted

'-mmmumm«umuuu

Soinotien of cupenses for the dsprecisticn of oquipmens.

Enaheninetion of Enaduatise Seenstisne

um«ummvnmuw

mmwmmccmmumu
wqmmnq-mnm
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oparationa asd not baen systematicelly introduced,

Main offortc are aimed st ®echanizing procenses in the die
Goversion. The bik achievement at ail the Soviat piants ig the
da-tohing ove ' from the horizontsl removal of shoaetq from dies
to the vertleal romoval of thsu,

There e£v9 varicus desigus { wecnines for *he vertinal
meaovel o7 gracty, The simplics® ome s the hoi3ing on which
123 are La.ne placad aftepr the o =olarging of evaTy second
¢ them frow s tank by means of a spcoial barrow. The duutrled
1iSLeNCe O Lue pachiine betweon dize 2llows worke:s to - £Try out
e vertitel romcwal of sheats witiont shifting ‘ieu, he
ntroon Sica of titanium 3ies s mole the process of the rencval

“heets from them still easier anu che iabour of vorkers more
nroauetive, In e2d of 500 gheets sith the herizontel rer)val
2VAry worker removes mow up ¢ . sreets e sh1''t,

Uperrticne nave been me.aniged for .'rtratigzhtening die¢ shoets
by epecial rell zachines which in aidition to the straightening
waka «%4ffencrs, The desigur of rouary shears for cutting lugs
#ud of mackine: for fixing luge to Ale sheets have been mudified,
ALl Shese deveiopmentswere responsible for creating mechanized

semi-autorati: linee for rreparinz die gheets.

"Boliden” Ko (Sweeden) bas Lac.a developed and manuf a-tured
the automatized comtimucus lime for noseabling cethode bases (1).
At plents of the SBovies Unicn the methode of cleaning electrolyte
tenks of the sludge has bdeen improved. Im pecent times this was
e laborious procesa of discharging =ludge from Seak nasually or
over sides into a pcrtable tak of by draining the sludge

A i
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| guides of stainless steel at the outlet of cathodes from the
| machine prior to their laying into cars has contributed to the

pulp through the bottom hole in a tank and through troughs to
a receiving tank, At present the sludge is pvmped out by means

of a centralized vacuum system directly from tanks into am
ai. tight preéfabricated tank, This furnished an opportunity to get
rid of dreinipg hioles in tanks, of the cumbersome system of
suspended troughs and tanks in the shop cellar, reduced losses
of the electroiyte and precious metals and increased the autilizae
tion of the mschine time of tanks,

The design of the machine for washing cathodes has been
improved . Cathodes dischcrged from a tank by means ol the
harrow are sus:ended by small crowbars to horizontal rings of
calibretion chains ol the washihg machine, Jn suspended position
cathodes pass under a showering device after which they are
thromm cown from calibration chasines and laid into a car. The
fabrication of calidbration cLains of stainless steel of grade
IXISHIT of the :ame profile as that of St.3 has allowed to
inorease their service life fiom 3 months to 3 years without
dPreakings which took place earlier, The fabrication of special

fesilitation of this operation which previounly requived the use
of menual labour, The worker engegz:d in washing copper cathodes
now switches on and out machines, changes the position of a car
for loading by means of en elegtric pin. |



2repds of tho Research ip the Field of the
Electrorefining of Gopper

'Y

- The research work in the field of the electrorefining of |

copper is ulmed at the intemsification of the process, mechaniza-
tion of laborious operations, selection of new materials for
lining tanks. The éonaiderabl& intensification of the refining
process (the current demsity is over 300 .a/m?‘) is feasible only
when the good intermixing of the electrolyte is mecured which
does not lead to the decrease of copper in the before-~cathode
arac and to the beneficiaiion with it of the before-anode area.
The presont slow circulation of the electrolyte in the
direction perpendicular to the electrode surfaces does not
ensure the effective intermixing of the electrolyte in the before-
cathode and before-anode layers, whioch gonfines the possidility
of the comsiderable rise im the current dmity. The increase of
the speed of circulation at the same time leads to the turbidity
of the‘eaode sludge and to tha fall of it on the cathodn, i,e,
to losses of precious metals with cathode copper. This aocbunts |
for reseaxches on conducting the electrorefining of copper under
transient conditions of operation that is revolving or vibrating
cathodes, the application of a.c. on d.c., the a \ication of
the pulsating current, the applisation of currenu reversals
(the alteratioh of current direetioan), as well as the electroliser
with the rapid movement of the electrolyte perelled to planmes
of electrodes, the intermixing of the elestrolyt: by sir by mesns
of ultrasonics aad other methodes (11,12,13).




Researches by Sweedish scientists on refining copper with
the current density being 500 ax/m2 in the electrolizer with the

rapid flow of the elaectrulyte at a spesd of 13 n/min parallel =

to the surface of electrndes showed that at the same time the

copper yield in kerms of current reduces and the content of

antimony and silver in the cathode sediment incresses (11),

Bimilar resvits were ontained by the Soviet researchers,
In the racent yesrc the evar iinreasing use has becn made of
the reversed current which aroused a wide interest for it 4a

specialists engaged in the electrochemical industry. The reversed

ourrent substantially changes the character of cathode deposits |
end in a number of cares is more offective for rising the curreat
density than known technological fectors (i emperature, additioms
which lower the surfice tenslon and others), Thie served as the
main cguse for its application ir <lLe elec+opleting on an
industrial scale for obtaining fina costings. Researzhers on the
epplication of the riversed ourrent for the electrorefining

of copyer have been conducted in the Soviet Uniom, People's
Repudlic of Bulgaria since 1960 and lately in Japan,

In People's Republic of Bulgaris the method has been develop=
od and patented in many countries (14,15) of electrorefining
eopper wita the application of the reversed current at its
“ demsdsy of 300 to 400 a/m® (up to 700 a/m® is also possidle),
The method has been offected on an industrial scale md in the
opinion of the Bulgarian specialists is expedient from the
esonomis view-point for the comstruction of new plants and
Mt&u of enterprises under operation,
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In the Soviet Union researches were conducted on an industrial '

and experimental scale in the electrorefining of copper at the
high current density o; 400 to 600 o/nz with the revercal amd "
wishout revereal of currens,

Theee researches revealed the feasibility of refining all
the gredes of black copper (except one which was anede passiveted
‘with high current density) both with the revereal and witheus

reversal of current. Cenditions which eneure the normal sondueting

of She process with ebSaining a good cathode sediment at the
eurrent dengity of 400 te 600 o/la are as follews a higher speed
‘o2 oiroulation and eleotrelyte temperature of 60 te 70 °C, a high
purity of the electrolyte (nickel content ehould not exeeed 10 o
20 g2/1) as well as coneideradble increase in the consumption of |
eslledd sdditions. When the revereed current wee applied e
improvement of the cathode ssdiment of current was notised. The
degree of the utilhauon of current vhen op;ratilc with the
seWereal is lower and $he consumption of electric power u
eorrespondingly higher tham in She case of the refining with
diseet curvent.

In case copper is refimed with the curzent density of
400 40 600 a/a? she coeffictent of the utilizatisn ef eusrens
ab diveet eurrent sakes 908 while Lhat at revefsed cursumt

aabes 82 to 84K,

| Ia connsction with sbtaining sush Besults the Seviet ape-
04aliats have ne comnen opinien wish segard $o the sxpediensy of
he ouwrrent reversal for She imbensifisation of She eleetse-
SOR1Riag precess. Tor the nost guudes of dleok copper 10 is feem
sible S0 use the intensiffed precess of electzerefining

———— o~ s
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without the current reversal.

The conductinz bty Japanese gclentinsts resesrch work on the
nature of the wsnuze nanmsivation ¢° copper and the influenco.of )
thie reversed cuw.ent on it is the incicestion of the interest
being rhown in thir coantry for the poesibllity to further

intensify the cover electrolytic rafining orocess (1€,17).

In che Sovaet Taloun & New (et of ddrcot-flow toanks 1s
under industri- ) .23ty wherein t lestrolyte flows nsralle?
£0 the surfac. ¢ 2 ec.rodes wi h t.e velocity of 0.2 to 0,3 13/ '
waich Ly 10 to 17 “.mes excseds wae generally accepted veloeity
of the alect ulrie ¢irculation in ¢ .andard electrolyse tanks (18).

This design of taniy is8 pe-snertive for the realization ol
intensification . the electror:fining process by applying the
high current denziiy.

The next ne: irend of x» . “Ten aye attenpts to fully
mechanize and o.tom~tize the ric2a3s8 of preparing cathode bases
for electrorefirving,

With thir ain sn aulometic contiruous process line is being
developed in the Soviet Union compiising a drumetype electroliser
with insoluble anode for obtaining a +hin copper band by presipi-
tating copper from a solution to t'e rotating drum cat*ode (19)

at the current den.ity of 2500 a/m". The length of this band

is raised in the lucp electrolizer up to the thickness of the
bace &t the current density of 1000 l/ll2 and cathode bases ape
asnufactured of _t.

Mtanium Metal Corp. (USA) elaborates for obsaining cathode
‘Dases she desigzn of an elestrolyte ;ank with bipelar eleotyedes
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made of titawiam to whicr 1Y 1o contemplated to add a movable
vripring maca.ue vO be Jad by olcetric current from a trolley

wive, Thia wac”ine 18 antanded for the remcvel of & cathode base

wighout ertrs:iins elecirodas Crow tanks which will contribute to

the full aut--avicn of "kbe procees of prepering bases (20), 5

The abo—é-nert.ones firm mointains thet several electrolytio
plante in US.: have shown an .nwerest for this > roposal and work
together with it for crestim; o ‘ndustrial automatized unit,

Japsnese snecsiaiist . proponed a design of the machine for
“he satomati: ramoval of catacle copper bsces from diss in whieh
a vibrating - .aer anccot againsi o die sheet suepended to
nooks Aand trancfurred by « curveyer snd 2ir which separates the
base from Bnhe~t is blova inrto a gar between the base and die
sheet (-1). | {

There i8 1no £2 rar anv 2 :Yometion regarding the tests of
such & desigl.

Japanese specialists me» 2 aisv & proposal to manufacture

dies by the meithod of metall.oceramics of the mixture with I-I5

parts of cooper powder. As the authors of this proposal maintain,
with this method the dense, uuniform in terme of thickness sedimen$
of cathode bas? is produced which ia readily removed from a die, ‘
Resecarches are being conducted ror the obteining by the ]
electrolysis of intermediate products such as dand, wire reods, ‘
The process has been developed of the direct production by the :
anode copper eiectrolysis of cathode sopper rod for the subsequeas
drewing of wire! The dies for this process sre made of stainless

DA

steel and each side of the sheet has a spirel greove of & saall
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depth which is filled with an insulating mass. Copper is
deposited at the high current density on the smooth surface of
a steel sheet between the groove. The deposition 1# oconducted
111 the sediment spreading on the electricity non-~onduc t ing
"partition" of the insulating mses between turns starts to
elose neighbouring turns,

When the sediment is taken off there is sbtained a spiral
rod of pure copper suitable for ths subsequent drawing into
wire (22), Technical and cconomic expediency of such a process
4@ pot evident because o’ the uigh consumption of el-stric

power aad big lebour consumptions for zaking intermeliate produsts.

™he noneavaiblstility of wear-resisting thermoplastic materials

[

for lining electrolyte tanks forces to axplore new materials fee
this purpose. Ir the Soviet Union inductrial tests are beling
conducted om the lining n:de of ,iypropylene which is more
plastie than polyvinyl chloride. Internal stresses in it are less
emd owlag to this a sponteneous cracking does aot take plase,
With the aim of creating instruments capable of stable
operation for an sutomstic control over the electrolyte make-up,
goncentrete meters of "FPhotom 3" and "Photon 5" types have besa
doveloped for continuous measurement and registration of the
ecnsemtration of copper in solutions of the copper electrolyte
peoductian, The imstrument has been made on the basis of spestere~
photemetrie method based on the selective absordtiom of a light
emergy M hydrated ions of eopper. Te oliminate the effest of
dens of nickel which are always present h - iadwstrial
elestrelyde She method of the sutonatis dedustion of %he ebessd»




- 1’-

tiom of light by foas of nickel is being wpplied. T™e iastrvamse
is wdergoing tests which prove its high asouracy and the stadi-

1147 of operation wnder somditions of the high tempersture sad .
elestrie field (23), _Comsluaiem

Waen snalysiag the operetion of the existing ocopper electro-
1itie shops, ome eam Bote Big achievemests in the intemsificatics
end mechanization ef this preduction.

In eases of mecessity %0 inerecse the produstion of elestre=
1ytie cepper 1t s expedient %0 reise the owrreamt demsity wp %o
250 nll'; At the same time there is no amy deterioration of
oathode sediments emd veshmissl and ecomomic indices of the
Precess don't worsen., Tais besame possidle themks to the develep=
Bemt of various kind such as he heating of the electrolyve,
autematic ecntrel any regulation of L%s meke-up, intredustion of
odditions which lower She curface temsiem, application of mew
materials (corvesien-resistent thermeplestis materials, tiSaiwm,
otainless steel). |

In receat yoars the level of muu?- of elecstrelytie
eheps end dle conversisa, ia partioular, has considerebly
bedghtencd. The intredustion of titemiwm es & nev neterial of
@le, suiteh over fren %ho heriscatal remowval of cathede deses
fren @los %0 the vertical semoval, SO00ing W of 200 nesusnised
osmbiancus lines fer making Veses, imtectustien of now notheds
of he mschanined clemning of clestyelyte Swmbs have yedumsed
Asbous-gonsuning charaster of theee Processes and wheneod %he
AW prodntivity. Mo grovth of the produstien cepesity of
OegPe clestrelytie thepe roguires the ccvvespendiag insecese 8
ﬁtm..-twd depe aagaged ia nckiag Slue vitedel.




Tf this condition ir not fulfilled, admixtures hindering the
normal course of the copper electrorefining process will sccumulas
in the copper electrolyte,

Tc improve the :opper electrorefining process it is necessary
*n ruicve the level of automatic control and regulation of the

veglume whick contributos Yo en increase in the copner cathode

dediment =t Lha rim.itsanecus incresze of the current densi%y,
For liaing clectrclytic btanks thermoplastic matcrials o the

bigrer wear-reslsting ability have to be selected which would

incirease the hetween~repalr poriod and highten the machine
{ime factor of a ':nk,

The further intensification of the copper electrorefining
process by lncr3a.ing the current densiiv necessitates the
claboration ¢f specini methoda, regimers and apperatus fop
electrorefining and conducting 4o4qil technicul and economic
researches for the establishment of tne cptimum ewrren- density
for each enterpri:«, The reses «hn work ie being condusted im all
these directions,

;
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