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Series of lab scale electrolysis tests have beee tip investigate the effects of the presence nbus
kinds and amounts of solid particles in the eldgteoon the dendrite growth behaviour. Two types of
barium sulphate (i.e. “Barytmehl N” and “Blanc Fikesilica and anode slimes were added into the
electrolyte. Experimental results show that amomgé different types of mould coating materials,
Barytmehl N exhibits the highest susceptibilityimducing dendrite growth and short circuiting ireth
cell, followed by Blanc Fixe and silica. Regardléke other parameters considered for selecting the
mould coating materials, the use of silica is hkdletter than barium sulphate for minimizing the
possibility of dendrite growth induced by the selithclusions in the cathode. In the presence of
suspended anode slimes, the size of particles lo@giaive influence, beside its chemical compaositio
Impurity elements from the anode slimes most fratjyeletected at the roots of dendrites are Ag,T&e,
and Pb. Barium sulphate from the mould coatingstiemed into the anode slime was also found at the
root of dendrites. Microstructure analysis residintified the formation of coarse grains priorthe
growth of dendrites in the presence of all kindsalfds.
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Kathodische Dendritenbildung bei der Kupferraffinationselektrolyse in Gegenwart von

Feststoffen

Es wurden Serien von Versuchen durchgefuhrt zumfliss verschiedener Feststoffteilchen im
Elektrolyten auf Bildung und Wachstum von Dendritem der Kathode. Hierzu wurden zwei Sorten
Bariumsulfat (,Barytmehl N“ und Blanc fixe), Silikand Anodenschlamm dem Elektrolyten beigeflgt.
Von den drei verschiedenen Formenschlichtenmaiemigrwies sich Barytmehl N als dasjenige mit der
hdchsten Anfalligkeit der Verursachung von Dendritachstum und Kurzschlissen, gefolgt von Blanc
fixe und Silika. Ungeachtet anderer Auswahlkriterféir die Kokillenschlichte erscheint Silika besser
geeignet als beide Bariumsulfate, ein Dendritenwiach durch Feststoffeinschliisse im katodischen
Niederschlag zu minimieren. Bei AnodenschlammenlistPartikelgrof3e genauso entscheidend wie die
chemische Zusammensetzung. Verunreinigungselement®e dem Anodenschlamm, die an der
Dendritenwurzel eingelagert sind, sind Silber, 8el€ellur und Blei. Auch Bariumsulfat konnte in
Schliffbild und Analyse nachgewiesen werden. Mikmnaksturanalysen zeigten eine Grobkornbildung vor
dem Beginn des Dendritenwachstums im Falle aller rteBo von Feststoffteilchen.

Schlusselwdrter: Kathode, Dendritenwachstum, Knospeststoffpartikel, Einschliisse

1. Introduction

The solid particles inclusion in the cathodic defpms is believed to be one of the main causes of
dendrites growth at the cathode during copper mexfining [2,5]. When foreign particles are in tact
with the growing crystal surface, they serve ashstates” for two dimensional (2D) nucleation [4].
Consequently, the local growth rate of the surfaile be enhanced and grain roughening starts. The
generation of a new layer took place via 2D nuabeaprocesses indicated by a formation of elongated
crystals in the direction of the electric field. g@mdent on their amount and size, the presendedfdlid
particles at the grain boundaries can cause suifsstability of the growing layer and a growth
disorientation of the crystals [4]. These mechagigmitiate the growth of dendrites. At low conteritse
presence of solids may result only in a grain rewnghg without a significant growth of the dendrite.
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Insoluble solid particles in the electrolyte of tbepper electrorefining may originate from threeirma
sources: from the anode, from the anode slime end the material for surface mould coating (used in
anode casting). The solid particles originatingrfrihe anode for instance are lead as RpBBO as well

as Pb-As-Cu mixed oxides. The amount of these satidhe electrolyte is dependent on the content of
the respective elements in the anode. Part of thagk particles from the anode are transported the
anode slime and others can go to the electrolydsid® the main part that is sinking down to thedmot

of the cell, some of the anode slime particles suspended in the electrolyte. Consequently the
conditions which enhance the suspension of thecpest such as increased density or viscosity ef th
electrolyte, the evolution of gases at the anodkaahigh slimes fall indirectly increase the susibdjty

of the dendrite growth at the cathode [5]. At agrtconditions floating anode slime can also bentxt
near the surface level of the electrolyte [6].

Generally, there are two kinds of materials widgdgd in world-wide copper refineries for surfaceufdo
coating: barium sulphate (BagQwith different brands and silica (SO Barium sulphate is more often
used due to its easy accessibility and low priaekge Some other parameters considered for setgctin
mould coating materials are consumption rate, mdifédexpectancy, density of the material (lower
density means easier material handling and moreofenous mixing), anode porosity and anode
impregnation by the coating material. Basicallye tiise of surface mould coating is to maintain the
mould, forming a protective layer against the lsjabpper with a temperature above 1100 °C. Part of
these surface coating materials cling to the araodeduring electrolysis they are partly transferired
anode slime and partly go into the electrolyteolukle barium sulphate and silica in the elect®lgan

be transported to the cathode by the electrolyie find can be entrapped in the cathodic deposition
which results in the growth of buds and dendriislatively little attention (indicated by the laok
published articles on this subject) has been gorethe effect of these surface mould coating matedn

the dendrite growth at the cathode due to inclusfdhese materials in the cathodic deposition.

In this study, cathode morphology and dendrite ginoleehaviours in the presence of various kinds and
amounts of solid particles are discussed. Micrasune of the copper deposit and solid particletusion
behaviour were analyzed by optical microscope, €&a&lectron Microscopy (REM) and Energy
Dispersive X-Ray (XRD). The tendency of differeppes of mould coating materials (i.e. Barytmehl N,
Blanc Fixe and silica) in inducing dendrite growttas compared. The major constituents from two
different anode slimes being entrapped in the achithdeposition were clarified

2. Experimental set-up and parameters

The experiments were conducted in a five litre lbeaiass. One anode and one cathode were used. The
anode was prepared from a pure electrolytic copjitra dimension of 13 x 10 cm? and the cathode wa
stainless steel plate with 16 x 13 cm2. The polishathode had an active surface immersed in the
solution of 105.5 cm? (the back side was isolatéti macrolon and the bottom-edge with wax). The
distance anode-cathode was 2 cm. The temperatihe @lectrolyte was kept constant at 65 °C using a
electric heater equipped with thermostat. A Marbottle filled with distilled water was installed t
balance the evaporation loss of the solution dueillegtrolysis. The use of the electrolytic coppettiae
anode provided always the same chemical and phymiedity, thus the parameter affecting the demrdrit
growth is only the presence of solid particleshia ¢lectrolyte.

Two brands of barium sulphate were supplied by INEttsche Affinerie, silica by Umicore. Two types
of anode slimes were produced from the own exparisnén the semi-technical scale done in our
laboratory using two different industrial anodebeTcollected anode slimes were dried without waghin
and balanced before being added into the elecémly€hemical compositions of the anodes and the
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anode slimes are given in Table 1 and Table 2rderao provide an even and uniform distributiortred
solid particles in the electrolyte, the solid peles were charged into the solutions and stirre@4ohours
prior to starting of the experiments. Duration bé telectrolysis was 24 or 48 hours. The decision of
whether to run the electrolysis for 24 or 48 houes based on the observation of the surface condifi

the copper deposit. If dendrites had already dicpnitly grown after 24 hours, the experiments wese
continued until 48 hours.

Electrolytes containing 175 g/I,8Q,, 45 g/l Cd", 10 g/l N* and 50 mg/l Clwere used, the ratio of
gelatine/thiourea was 53/55 g/t This additive dosage had been found from previousstigations to be
one which resulted in a smooth deposit [1]. Thatadd solution was added continuously 24 hoursrpri
to the starting of the electrolysis and during #lectrolysis using a peristaltic pump. Electrolyte
circulation was three bath exchanges per hodiO(ml/minute). Test series were carried out urderent
densities of 350 A/fa The details of the kinds and amount of solidsigeidded into the electrolyte is
given in Table 3.

Anode /[ppm] Pb Bi As Sh Se Te Sn Ni Ag Al (0] Zn
A 1200{ 100 | 900 | 500f 400 11d -/ 3500 2000 60 2000 -
B 65 | 216| 2698 102 | 428| 166 - 3100 304 - 1700 .

Table 1: Chemical compositions of anode A and abéte producing the anode slimes used in the expts

Anode slime / [%]| Cu | Pb Bi As Sh Se Te S N Ag Al @
A 134/ 10.2| 0.7| 19| 3.6/ 3.6 1.6 - 1.y 218 0.18
B 325/ 19| 12| 42| 06§ 7.6 2.8 - 30 5P 1 0.p8

Table 2: Chemical compositions of anode slime A amdde slime B

Investigation Kind of solids Amount
1 No solids -
2 No solids -
3 BaSQ Barytmehl N 1 mg/l
4 BaSQ Barytmehl N 10 mg/l
5 BaSQ Barytmehl N 100 mg/I
6 BaSQ Barytmehl N 1g/
7 BaSQBlanc Fixe 1 mgl/l
8 BaSQBlanc Fixe 10 mg/l
9 BaSQBlanc Fixe 100 mg/|
10 BaSQBlanc Fixe 19/l
11 SiG 1 mg/l
12 SiG 10 mg/l
13 SiG 100 mg/l
14 SiG 1 g/l
15 Anode slime A 1 mg/l
16 Anode slime A 10 mg/l
17 Anode slime A 100 mg/I
18 Anode slime B 1 mg/l
19 Anode slime B 10 mg/l
20 Anode slime B 100 mg/

Table 3: Various kinds and amounts of solids b@idded in the electrolyte

3. Results and Discussion

Electrolysis tests without the presence of solidiglas resulted in smooth deposits with no deedrit
formation. This result guarantees that on the samwditions, dendrite growth in the following
experiments with the presence of solid particldé mat be affected by the other electrolysis parerse

for instance due to improper inhibition. Surfaceearances of copper deposits from the experiments
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with the presence of two different types of BagBarytmehl N and Blanc Fixe) are presented in fégu
1 and Figure 2. For both types, dendrites stadegtaw significantly at a BaS&ontent of 10 mg/l. At
barium sulphate contents of 1 mg/l, insignificaahdrite growth occurred at the edge of the catlthae
to a high local current density at this area. lasieg the content of Bag@esulted in the increase of the
dendrite size and population, with the exceptionl@® mg/l Type N, which has a lower dendrite
population but bigger size than that at 10 mg/e (Begure 1.c). In the presence of both Ba®@es,
shorts occurred at solid contents of 1 g/l, afeh2The dendrites from the experiments in thegres of
Barytmehl N were thicker than those from the experits with Blanc Fixe. Experiment with the
presence of 100 mg/l Barytmehl N resulted in shaftsr 40 h. With the same amount of Blanc Fixe in
the electrolyte, no shorts occurred after 48 hlefteolysis. These results indicates that Barytniélhias
more susceptibility in inducing shorts than Blarixef

() (b) (c) (d)
Figure 1: Surface appearances of copper depositstfie experiments with the presence of variousussoof
BaSQ (Barytmehl N type) (a) 1 mg/l, (b) 10 mg/l, (c) 100 mg/l and (d)A g

(b) (c) (d)
Figure 2: Surface appearances of copper depositstiie experiments with the presence of variousustsoof
BaSQ (Blanc Fixe) type: (a) 1 mg/l, (b) 10 mg/l, (c) 16@/l and (d) 1 g/l

Typical microstructures of dendrites (from the axpents with the presence of 100 mg/l Barytmehl N
and Blanc Fixe) are presented respectively in Eiguand Figure 4. It can be seen that rough columna
crystals are formed prior to the growth of the déed. The formation of rough columnar crystals
occurred due to an enhancement of two-dimensianakation by the presence of BaJtarticles on the
surface of the growing copper deposit. Consequgeatfprmation of a new layer did not take place via
three-dimensional nucleation (generation of newaiudf these particles remain on the surface arel
included in the copper deposit, it will promotefage instability. Dendrites start to grow as thevgh
orientation of the deposit changes into normaldtiog to the substrate. At low contents, the presesf
solids may result in rough surface without dendidtenation. REM and EDX analyses of the dendrites
detected the inclusion of Bag@t the copper matrix and at the grain boundases Figure 5.



(a) (b)
Figure 3: Microstructures of a dendrite from th@enment with the presence of 100 mg/l Barytmehl N
(a) the whole thickness, (b) at the area neasttialess steel sheet showing a growth disoriemtadf the deposit

Figure 4: Microstructures of dendrites from the eskment with the presence of 100 mg/l Blanc Fixe
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Figure 5: (a) REM analysis result at the root @& dendrite from the experiment with the presence of
1 g/l Blanc Fixe, (b) EDX analysis result at adtbon marked bgpectrum 1in (a)

Surface appearances of copper deposits from theriexgnts with the presence of 1 to 1000 mg/l silica
are presented in Figure 6. The presence ofiBie electrolyte did not influence cathode moipbg as
significant as BaSQ There grew only some smaller dendrites and no slomturrecduring 48 h
electrolyses. This experimental result shows thietashas a lower susceptibility in inducing deneélri
growth at the cathode than barium sulphate. Regsgsdhe other parameters considered for seledtang t
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mould coating materials, the use of silica is lkdletter than barium sulphate for minimizing the
possibility of dendrite growth at the cathode duoettie inclusions of these insoluble solids. Typical
microstructure and EDX analysis results of a deadrom the experiment with the presence of 100 mg/
SiO, are presented in Figure 7. As in case of the meinnotures of the dendrites from the experiments
with the presence of Bag(a growth of coarse grains was identified priothte growth of the dendrite.
Entrapped Si@has finer size than Bag@nd this seems to have a relation with the exiktite dendrite
growth.

@) (b) (© (d)

Figure 6: Surface appearances of copper depositstiie experiments with the presence of variousustsoof
silica: (a) 1 mg/l, (b) 10 mg/l, (c) 100 mg/l ard) (L g/l

\

SiO,

@) (b)
Figure 7: (a) Microstructure of a dendrite from theperiment with the presence of 100 mg/l SiO
(b) REM analysis result showing Si@clusion

Electrolysis tests with the addition of two diffateanode slimes resulted in significant dendrites
formation at solid concentrations of 10 — 100 mgREM and EDX analysis results of the dendritesnfr
the experiment with the presence of 100 mg/l ofdenglime A and anode slime B are presented in €igur
8 and Figure 9. Impurity elements from the anodaesiA, detected at the root of the dendrite, are 3¢
Te, Pb and O. Tiny bright particles were identifedAg, ring-like particles as Se and Te and smalhd
particles as Pb. The analysis results are in aaoceel with previous investigations [2,5]. It hasrbee
reported that the three main constituents fromatiede slime detected at the root of the nodulas fre
industrial cathodes are silver powder (Ag), ledgpisate (PbS¢) and copper selenide (&8e,Te)) [5]. In
addition to these three main constituents of arstidee, BaSQ particles were also detected at the root of
the dendrites as can be seen in Figure 10. Its lmobaygy is similar to that detected at the root luf t
dendrites from the experiments with the additioBaSQ. This result shows that barium sulphate from
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the material of surface mould coating being trametkinto the bulk anode slime has also a susdkigtib
to be entrapped in the cathodic deposition togettigr the other constituents. It is known that the
refinery from where anode A was obtained uses Bd&0Onould coating material in the anode casting.

Impurity elements detected at the root of the démdn the presence of 100 mg/l anode slime B age A
Se, Te, O and S. The morphology of the entrappeities is generally similar to that at dendritesnf

the experiment with the presence of anode slimeithy smaller size. It was reported that the sizéhef
anode slime clusters being entrapped in the catlod®re decisive than the composition of the anode
slime in determining the extent of the dendritevgio[5]. Experimental results show that after 2thé
dendrite from the experiment with the presenceQff ing/l of anode slime B (with finer anode slime
particles detected at the root of the dendrite)dakorter length than the dendrite from the expent
with the presence of 100 mg/l of anode slime A.th¢ presence of 100 mg/l anode slime A, some
dendrites reached 10 mm length after 24 h and®ntyn length at the presence of anode slime B.

O

l Se, Te

Figure 8: (a) REM analysis result at the root &f dendrite from the experiment with the presence of
100 mg/l anode slime A, (b) EDX analysis resulh &cation marked bgpectrum Iin (a)

The differences of the solid inclusions at the sanftthe dendrites from the experiments with thespnce

of the two types of the anode slimes are Ba&@l Pb. BaSOwas not detected at the root of the dendrite
from the experiment with the presence of anodeesiBnalthough the refinery from where the anode B
originated uses also Ba$@s mould coating. Comparing with anode slime Aydanslime B has a much
lower content of Pb (see Table 1) and it is undedble that Pb was not detected at the dendritplea
from the experiments with the presence of anodeesB. Special remark can be given to Ni and As.
Both anodes have a relatively high Ni content, thet content of these elements in the anode slimes i
low. It indicates that very low amounts of Ni coméd with other elements to form compounds (e.g. Cu-
Sn-Ni oxide, NiO, (Cu,Ni)S©nH,O) which were transported to the anode slime. eantiore, no nickel
was detected at the roots of the dendrites atrésepce of both anode slime types. A similar behavs
likely exhibited by As. As can be seen in Tablentl dable 2, although anode B has a significantij hi
content of As, the percentage of As in anode sBrie not the highest (lower than Ag and Se) and As
was not detected at the root of the dendrite apthsence of anode slime B. Arsenic present iratioele
slime is mainly in form of Cu-Sn-arsenate and CuABEBi oxide [5].



Se, Te
Ag

Figure 9: (a) REM analysis result at the root &f dendrite from the experiment with the presence of
100 mg/l anode slime B, (b) EDX analysis resuthatarea marked tgpectrum 2n (a)

AN

BaSC,

Figure 10: (a) REM analysis result at the roothef dendrite from the experiment with the preserice o
100 mg/l anode slime A, (b) EDX analysis resultthatarea marked by spectrum 2 in (a)

3. Conclusion

The cathode quality was getting worse by the irsmeat solid particles content in the electrolytetifw
the exception of silica). Microstructure analysesults indicate that the presence of solid pagicle
facilitates the formation of coarse grains whichthar induces the growth of dendrites. The morpiplo
of the dendrites was related with the kind of péet being added. The dendrites from the experignent
with the presence of barium sulphate Barytmehl petyere thicker than those from the experiments
with the presence of Blanc Fixe. The presence lafasin the electrolyte did not influence cathodic
deposition as significant as barium sulphate. Npd#ndrites grew and no shorts occurred during 48 h
electrolyses. For minimizing the possibility of deite growth at the cathode induced by solids isicins

the use of silica seems to be better than baridphate. The major constituent of the anode slireesl t

to be entrapped in cathodic deposition and indbeegtowth of dendrite are Ag, Pb, Se, Te and barium

sulphate. The size of the particles being entrappele cathodic deposition has a decisive rolehen
extent dendrite growth.
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