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Wil mon-siandarg cheaiica! comuasifion, The ghodes witl non-siaidarsd comfeit i ok, Fead Sinooned
TRy Wirs HEOS o et ok refining . Mickel! contont af il wreddan wery Ao Ol FLT W Y e
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conceniration of 30 g am’ |, wicke! conceatrarion of 203 2 dm™ wned crsenic concentration af 4 E . The
gxperimienls wery corried onl e sulvaroxiatic mede of curend densine al” 250 2 m”° gn efecsreivie
reaperatnre of T, = 42 £ 2 'C gng pracess dueation of 72 b Diggeams corsirucied o the bavis of the
meceenredd vafies of cell waltage for soch anode (41-A4) shown that the prsal of kgl ressivadion is appeored
b wing the A1, A2 ard A3 anedex, while for the A4 anode peak of el passivation i mos registered.
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L. INTRODUCTION

The muesl amount of secondary waste materizls that appear durng the copper smelting process, are
used for recyeling. Suitable method depends on a materal type for recyeling. The most often wsable
process for copper, nickel, tin and lead production from various secondary materials, is the electro
refining process. Refining of nickel and in could be more efficient if metal Fow would be done
through the previeus vopper and nickel refining from lead and tin by the use of smelling where the
vapper anodes, ready for further electrolysis, are obtained.

-

Fligh purity copper is produced by electrorefining of copper anodes contzining a1 least 99.5 %
copper, that 15 casts from fire refined blister capper [1]. Copper ions dissobve ar the anode, enter the
elegrrolyre and then selectively deposit onto the cathode under the force af applicd direcl current.
The anude impurities have different muotual effects between themselves as well a5 witlh the
electrolyte components in the electrolysis process. During the pracess, 4 part of impurities is
dissolved into electrolyie or Becomes a parl of the anode slime. Megative elfect of impuritics on
wopper sndlcs range i existent over anode polarisation, copper |osses i precipitation products o
cathode inclusions dunng copper refining elactrolysis [2]

The subject of this paper is o defife the cell voltage changing during the electrorefining of copper
andles with high contem of Ni, Sb, Sn and Ph by using the sulphur acidic waste solutivn abtainsd
in the cunventional copper iectrolysis. The changing of cell voltage s measured esch ten second
durmg the durziion period of 72 b and the all changes are registered and shown by the appropriate
diagrams.




3. EXPERIMENTAL
The experimenis are earried out on the entarged [whomtory equipment wills copper bearing anodes
of different compositan, ar etecirelyte tempermurg of 63=2"C, o malvanostatic made: at constent

curreit densily. Time ditration of each fesrwas 72 5.

Copper bearing apodes. used in the process of electrorefining. were prepared from the next pure
pietal comporenls: copper, nickel; lead. tnoandantmony, Inoall anodes, oicksl confent was
approgimutely 75wt B, while lead. tio and antimony content was variahle, where total maxismure
content af cach slement was up e | wt ® Copper content in the anodes was 3 difference up to [0
el Mg

2 aml gelf-cooling, the anodes were prepared for the clectrolysis process by
mechanicad processing o0 the lathe removing approximately 2 mm of material from sucface
pelishing and dezieasing the sucface with sthasol. Atomic shsorption spectrophotometsr (PERKIN
ELMER 403 ) was psed for determination lh-:l-_'llu:mir:al composition of anodes. For ull experiments,
the applicd currenl density was 330 A m” and donng the electrolvsis provess, values of the
foliowing paramerers wers ieaswezd: the dirger curreat (A), cell voltage (V) anode potential (V)

A fher the CaEsIn

and elecirolvie emperature {7C).

Fieeet  CWITERD  YWas "illﬂpiil..‘.-"l By an exterpal source  (HEINZFIMNGER THB- FO-S00 Y, with
chamcteristics 1" 30 Aamd LGV, Slarting eathode sheet was made of stainless steel with surfice
area ol 00891 m” daad reference eleotrode was made ol pure copper (Y9935 wi %4).

Cell voltsge was measured 2nd recorded every 10 seconds for experiment duration of 72 h. Data
collecting by system DA LD, Yokopawa.

Electrochemical cefl was rectangular, made of PP, with internal size (L=W=H: 144 = [05 = 470
mm. Electroiyte volume withow electrodes was 691 dm’ and working volume of clectrolyle was
mucimum & dm’. Distribution svstem of Me, used fin mixing ol elecimlytes during elestrorelining
PriCess, consists of ey linder with Maowasher, plostic r_rir::_-:-; Feir conneeting with (low meter ag well
as the plastic prpes, wsed for connecting the flow meter with giass pipe, dipped into the electrolytic
cell. Thermostat "HAAKE B7 — PHOENIX 2" was used for maimenance the electrolyte
Emperatire. '

J. RESULTS AND DISCUSSTOMN

Chemical gnalyses of copper besring anodes used for the tests are conlirmed that oxveen content
wias up o 200 ppim, The anode semples for chemical analyses were prepared a5 a composite of the
material froe the boltom, middle and tep of the each anode. The obtained values for Ni. Ph. Sn end
5b content are presented in Table | Copper content values were obeained as different up to 100 w1

Wi
1

Table | - Chermcal composition of anades

i A i El=manis h
i ) e v Sb |
£ |1l:m cal composition, wt %

| Al 749 | 01230 0873 !J.H{JI__! 90.47
e 752  0367|  ws15| 0B8] 9030
b s e 749l 0738 osas] pawi] 899
R r33| 8139 0433  vdzy 915

Puring e electrolyss provess, the cell vollage was measured svery [0 s, The chamcteristic
change of the cell voltage durimg the clecrrolysis process for each anode, #re

L BEA Y B o bR

preseniooan Fuaesss | =4
E:
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Figwre | -Cell voliage changes during Figure 2 - Cell voltaps clmnges duriog
the electrolyvsis provess ol AL anosde the slacirolvsis process of A2 anode
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Fioure 5 - Change of the cell voltege during Figure 4 - Change of the cell voltage during
the electrolvses orocess of A3 anode the clectrolysis process of Ad anode

On the dingrams shown w the Fipures |-4. based cn the assumpiion that approximately § hours
were needed o establish a regular flow of clectrolysis, time period in which the cell voitage was not
oscillate more than 0.2 W has been called - a stable phase and oscillatory phase - the period during
which the change was srealer than 0.2 V. [n case of sudden change of cell voliage, during the
glectrolvsis process, peaks would appear on the diagram. Thoze peaks indicate the ocowrence af
anode passivalion phenarmenon.

The chamcteristic values of cell veltage for the end of stable and the begioning of osciflztion phase.
the end of vscillation phase and the first appearance of totz] passivation ars presented in Table 2

Dts from Takle 2 show that the duration of stable phase Tor Al, A2 and AJ anode is almost
identival and that it is the longest for the anede A4, The vseillatory phase duration s o range from
1588 b for anode A2 w 9.9 h for the Al anoede. The data for the (e of the first appezmance of
tolal passivation show that this time s shortest for AL anode. whereas (here s no passivation peak
o Ad anode.

The avbrage cell voltage values were similar for A2 and Ad ancde, 0.861 V and 0847 V|
respectivily, while values [or the Al and A3 anode were lower, §,538 V and 0.463 V, respectively.
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Lible 2 = Change ol ihe chuarecreristic c=1l voilaee during the elecirolves DFCog
- = = - 2 L1

[ Ao I i = & [ i e i
= The end of stable and the beginning of scillation phase 9]
Time, h T2 | 2305 | Zag 3641

I Cell Valiage, ¥ |04k | 098¢ | o3g 0.742
! The end of osciliation phase

Time, h R O R Bl
_ el volizige (mnx), L a3Y | gy { k5 ES® 2

[~k ' The first appearance of 1ot passlvalion ===
| Time, h L AR63 3530 ] JRoe ] _no |

Cell voltage, V | 945% | 3808 |-—ojso '

4. CONCLUSHIN
Tl

us paper presents the results of cell voltage changing during rthe clectrolylic reliming of chemical
nen-slandard copper anodes.

The values for cell voliage, during the electrolysis provess, slightly incrense during the electrolyic
treatrizent of all anodes. The fpe period of A1, AZ and A3 anods ol passivation did oot enable
fill dissolutivn of copper anodes. Passivalion phenomencn is not regislered for the A4 anode.

[t was confirmed that chemicslly nan-stamdard copper anodes could e used during  the

clectrochemical process with the wasle sulphuric-acid solution, what could be confirmed with Y
long actove dissolution period.
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