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Electrochemical surface treatment of glass by a lead-copper melt
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Electrochemical surface treatment of a glass by lead-copper melts was investigated and the contents of the anode Clements in the
glass were determined. It was shown that the glass colour changes as a function of the treatment time. The Variation in the content
of lead and copper in the glass was established also as function of the treatment duration. Based on the data obtained a technology
for the production of new materials from glass can be developed. The surface of these materials is coloured by the ions of lead
and copper.

Elektrochemische Oberflächenbehandlung von Glas mit einer Blei-Kupferschmelze

Die elektrochemische Oberflächenbehandlung von Glas mit einer Blei-Kupferschmelze wurde untersucht. Dazu wurden die Gehalte
der Anodenelemente Blei und Kupfer im Glas bestimmt. Es wurde gezeigt, daß sich die Farbe des Glases in Abhängigkeit von der
Behandlungszeit verändert. Außerdem wurde festgestellt, daß die Veränderung im Blei- und Kupfergehalt des Glases ebenfalls
abhängig von der Behandlungsdauer ist. Auf der Grundlage der erhaltenen Daten kann eine Technologie zur Herstellung neuer
Materialien entwickelt werden, deren Oberfläche durch Blei- und Kupferionen gefärbt ist.

1 . INTRODUCTION

Electrochemical treatment is getting widely introduced
to the technology of glass product ion. In the last dec-
ades the method of electrochemical t reatment of a glass
by metal melts has become more popu lä r in connect ion
with the huge technical and economic advantages over
the t radi t ional methods of glass surface t reatment . Such
advantages include low cost and ecological safety of the
processes, small flow of the reagents and, perhaps most
importantly, an oppor tuni ty for au tomat ion of the tech-
nological processes, fast adjustment and reorganization
[1 and 2].

The technological development for the product ion of
the float or thermally polished glass was the basis for
development of the electrochemical processes, as the sur-
face of tin melt forms ideal electric contacts and un-
derlayers for hot glass sheets [3 and 4].
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T h e technology of electrochemical glass process ing
by meta l mel ts are customari ly developed in two direc-
t ions: processing by tin melts, and processing mel ts of
lead, b i smuth , copper a n d o ther metals inc luding uni -
tary, doub le or triple alloys in var ious combina t ions .

T h c electrochemical glass processing by the tin mel t
is a p p h e d to p roduce glasses with increased durabi l i ty
a n d chemical stability. Processing by melts of o the r me t -
als is employed to p roduce glasses of specific co lours , for
example, for Pho tograph ie masks , or glasses for archi tec-
tura l a n d cons t ruc t ion purposes . Glass pa in t ing by me ta l
melts wi th the a im of ob ta in ing new colours , us ing lead-
copper o r o the r melts as the soluble a n o d e is descr ibed
in [1 a n d 2].

Here , we systematically investigate the effect of the
t rea tmen t dura t ion on the glass co lour a n d the con ten t s
of lead a n d coppe r in the glass.

3 . E X P E R I M E N T A L

T h e following exper iment was carr ied ou t for this pu r -
pose. Α flat glass having the usual compos i t i on [3] was
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w a r m e d u p to 700 °C a n d t r anspor t ed over 200 m be-
twQQn the two layers of the meta l melt . T h e process took
one h o u r a n d was carr ied ou t in a nitrogen-hydrogen
gaseous environment . T h e t o p layer of the melt was
comprised of 99 % lead a n d 1 % copper . The b o t t o m
layer was 100 % tin. Bo th layers were connected to a 
source of a cons tan t electric current . T h e lead-copper
melt was connected to the posit ive a n d the tin melt to
the negative electrode. T h e lead-copper melt was the an-
ode, and the tin melt was the ca thode in the electro-
chemical process. T h e extent of the mel t layer in the di-
rect ion of glass t r anspor t was varied, correspondingly
changing the dura t ion of the glass processing by the
melt . The conten ts of lead a n d coppe r in the unit area
of the glass in con tac t wi th the a n o d e were determined
by the spectrometr ic analysis of the obta ined samples.
T h e colour of the samples was es t imated visually by
plaeing the samples on a sheet of a white paper and
viewing at the 45° angle. Α similar experimental pro-
cedure for the electrochemical t r ea tment of glass by cop-
per and lead melts, a l t hough wi th a slower mot ion of
the glass tape, has been p roposed in [4]. T h e volt-ampere
characteris t ics a n d the general theory of the process are
studied in detail in this reference. T h e results are pre-
sented in table 1 a n d are ihus t ra ted by figure 1.

3 . R e s u l t s a n d d i s c u s s i o n

T h e da ta in table 1 and figure 1 show that changes of
thc voltage in the electrochemical cell result in changes
in the contents of thc soluble lead a n d copper in the
glass. T h e dura t ion of the processing also influences the
contents . T h e t rend in the concen t ra t ion change of lead
is qui te different from that of copper .

T h e conten t of lead in the glass grows quickly in the
processing interval from 0 to 0.33 s a n d does not essen-

Figure 1. Relationship between the eontents of dissolving ele-
ments ( Q , mg/em^) and the duration of glass treatment by the
lead-copper melt (τ, s). The copper content is denoted by Δ
points and the lead eontent is denoted by • points.

tially change at a further increase of the contact time
with the anode voltage up to 8 V. If the anode voltage is
15 V and above, the content of lead still grows after
0.33 s, however, at a significantly smaller rate.

The content of copper in the glass practically does
not grow dur ing the processing interval from 0 to 0.33 s.
When the processing time is increased from 0.33 to
1.32 s, the t ime dependence of the copper content is
close to rectilinear for voltages up to 8 V. For voltages
of 15 V and above copper does not dissolve in the glass.

Therefore, it is necessary to conclude that solubility
of lead and copper in the glass is very different and de-
pends on dura t ion of the processing. In spite of the fact
that the content of lead in the melt is 99 times larger
than the content of copper, the max imum concentrat ions
in the glass of bo th lead and copper are almost identical.

The colouring of the samples varies depending on
the processing conditions, as evidenced by the data in
table 1. With the exception of sample 5, the samples con-

Table 1. Contents of the chemical Clements dissolved in the glass dependent on the time of the electrochemical surface treatment

voltage (in V) treatment time (τ in s), content (Q in mg/cm )̂ of soluble lead and copper in the glass and colour of glass sample
in the electro-
chemical cell

τ - 0.33 s 
Cu Pb colour

τ - 0.66 s 
Cu Pb colour

τ = 0.99 s 
Cu Pb colour

τ - 1.32 s 
Cu Pb colour

content content content content content content content content

2 in small
Proportion

0.0250 pale gray in small
Proportion

0.0032 gray 0.0021 0.0030 bronze 0.0044 0.0025 bronze

4 in small
Proportion

0.0065 gray 0.0028 0.0070 bronze 0.0044 0.0080 bronze 0.0076 0.0076 bronze

6 in small
Proportion

0.0081 gray 0.0042 0.0085 bronze 0.0105 0.0081 bronze 0.0137 0.0080 bronze

8 in small 0.0096 gray 0.0106 0.0124 bronze 0.0140 0.0131 bronze 0.0180 0.0128 bronze
Proportion

15 in small
Proportion

0.0151 gray in small
Proportion

0.0172 gray in small
Proportion

0.0186 gray 0.0014 0.0206 gray

26 in small
Proportion

0.0133 gray in small
Proportion

0.0161 gray in small
Proportion

0.0197 gray in small
Proportion

0.0214 gray

Note: in small proportion = less than 0.0001 mg/cm^.



taining copper are bronze in colour. The samples that
do not contain copper are grey in colour. Hence, the
bronze colour is determined by the copper contents,
while the grey colour is determined by the lead contents.
The colour intensity grows with increasing contents of
the painting Clements.

The obtained results are consistent with the theory
of anodic dissolving of metals in oxide and salt melts [3]
as well as in aqueous Solutions of electrolytes with an-
odic passivity. The anodic passivity in oxygen-containing
electrolytes is due to the phase bounda ry of the ad-
sorbed oxygen or oxides at the anode caused by oxi-
dat ion of oxygen-containing anions [5].

In the presence of the passivity the anodic dissolving
becomes rather complicated especially for multivalent
metals. Usually the dissolving takes place in the follow-
ing sequence.

The dissolving of metals and formation of typical
ions is speeded at the electrochemical potentials that are
moderately shifted in the positive direction from the
equil ibrium potential . This region of the potentials gives
the best metal activity. At a further increase of the po -
tential the current density falls as the results of the an-
odic passivity. At even further increase the dissolving
rate does not change, remaining very small in a wide
ränge of potentials. This is the passivity area of the met-
al. In some cases a substantial growth of the applied
electrochemical potential results in a secondary increase
of the dissolving rate. Such region of the potentials is
referred to as the re-passivity region.

The process of the anodic dissolving of lead and cop-
per in electrolytes is particularly well investigated. Both
lead and copper behave as multivalent metals.

Lead belongs to the group of metals that form passi-
vating fdms and have small solubility [6]. Alloyed with
tin, silver and some other metals, lead is used for pro-
duct ion of insoluble anodes. The electric power appUed
to such anodes almost entirely goes into product ion of
gaseous oxygen. The following anodic reaction are pos-
sible during the anodic dissolving of lead in eleetrolyte
Solutions:

PbO _> Pb+2 + 2e and Pb^ ̂  Pb^^ + 4e

with the Standard potentials oi Ε = - 0 . 1 2 6 V and
Ε = +0 .915 V, correspondingly. Lead is dissolved as
bo th P b (II) and P b (IV) ions. The transi t ion from the
divalent to the tetravalent dissolving occurs at a more
electropositive potential .

Coppe r belongs to well solüble metals. The following
anodic reactions are present dur ing the anodic dissolv-
ing of copper in an eleetrolyte:

Cu« Cu+ + e and Cu^ -> Cu^^ + 2e

with the Standard potent ia ls of Ε = +0 .51 V and Ε =
+ 0 . 3 4 V, correspondingly. Coppe r is dissolved t o fo rm
C u (I) o r C u (II) ions. C o n t r a r y to lead, the transition
to the m a x i m u m valence dissolving occurs at a m o r e
electronegative potent ia l . The dissolving of c o p p e r to
b o t h C u (I) and C u (II) ions is possible s imul taneous ly
at an insignificant anod ic polar izat ion.

T h e electrochemical potent ia ls of lead a n d c o p p e r
can be a r ranged in the following order: P b + ^ / P b = 
- 0 . 1 2 6 V, Cu+2/Cu = + 0 . 3 4 V, C u + / C u = + 0 . 5 1 V,
Pb+'^/Pb = +0 .915 V. T h e highest activity is observed
for lead dissolving to divalent ions. T h e lowest act ivi ty
is of lead again, dissolving to Pb(IV) ions.

T h e ob ta ined exper imental da ta can be in te rp re ted
based on the above proper t ies of lead a n d copper . T h e
concept of the anod ic dissolving of meta ls wi th the p o s -
sible anod ic passivity is used a long wi th the facts t h a t
melt oscillates dur ing the Operation and tha t t he glass is
an oxygen-conta in ing eleetrolyte, where oxygen-conta in-
ing an ions can be discharged.

It is established for pract ical purposes tha t nea r p o i n t
Α (figure 2) only lead is dissolved. This is in a c c o r d a n c e
with the fact tha t the divalent lead is m o r e e lec t rochcmi-
cally active t h a n copper. There is n o anod ic passivi ty
near po in t A, since a certain t ime is requi red for the
discharge of the oxygen-containing an ions a n d fo rma-
t ion of a passive layer of oxygen. After the requi red t ime
has passed, the dissolving of lead s tops complete ly even
with small voltages, as the lead becomes passive. T h e
passivat ion takes place because the a m o u n t of the oxy-
gen-conta in ing ions in glass is kept practically c o n s t a n t
(figure 1). N o t e that the a n o d e and the glass are m o v i n g
with respect to each other. However, as evidenced in fig-
ure 1, the passivation p h e n o m e n o n is no t always o b -
served. T h c dissolving rate is increased at vol tages of
15 V a n d above. It changes little from po in t Β to p o i n t
C as demons t r a t ed by the rectilinear con ten t versus t ime
of con tac t dependence in the ränge from 0.33 to 1.3 s.
Apparent ly , the increase of the voltage leads to the re-
pass iva t ion of lead.

It is reasonable to expect that lead is dissolved t o
tetravalent ions at the voltage of 15 V a n d above a n d
to divalent ions at the voltage of 8 V a n d below. T h i s
expecta t ion does no t cont radic t the fact tha t c o p p e r is
also dissolved in the BC re-passivation region. Th i s al-
lows the conclus ion that passivation is no t due t o ad -
sorbed oxygen but is due to an oxidic film. A d s o r b e d
oxygen would equally passivate b o t h lead a n d copper .
Since lead oxides have higher activity t h a n coppe r ox-
ides, it is necessary to expect that the oxidic film consis ts
of the former. It is k n o w n that lead oxides are P- type
semicondue to r s [7] and , therefore, the pene t ra t ion of
coppe r ions th rough a film of lead oxides is na tu ra l . Α
smaller rad ius of the copper ions (about 0.9 n m ) in c o m -
pa r i son wi th the radius of the lead ions (about 1,2 n m )
is wha t makes the dissolving of copper possible [8]. T h e
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Figure 2. Α conceptual sketch of the electrochemieal surfaee
treatment: 1 = the securing (fixing) elements; 2 = the lead-
copper melt; 3 = the glass; 4 = tin-melt; 5 = the current supply.
A, Β and C are the active points of reacüng melt.

ions of the tetravalent lead wi th the radius of about
0.78 n m have the same advan tage over the copper ions
(0.9 n m ) in the B C region. While the tetravalent lead is
successfully dissolved at voltages of 15 V and above, the
dissolving of copper s tops at these voltages.

In order to test the results ob t a ined calculations of
the current yields have been carr ied ou t using the Fara-
day law that can be appl ied to glasses dur ing the tem-
pera ture study. A t 700 °C the glass exhibits ionic con-
ductivity, a n d the a n o d e mater ia l does n o t react with the
glass in the absence of the electric cur ren t . According to
the Fa raday law

Am = K^q (1)

where m is the mass of the reactive subs tance in mg,
is the electrochemical equivalent in mg /C , and q is the
electric charge in C.

If m o r e t h a n one substance react simultaneously,
their par t ia l fractions are de t e rmined by the current
yields. The cur rent yield takes in to accoun t the fraction
of the electric charge that is appl ied to a given elec-
t rode reaction:

(2)

where is the to ta l current yield, a n d Βγ^ is the current
yield of the ith e lement

qn
(3)

with q^ being the fraction of the electric charge respon-
sible for the nXh electrode react ion a n d q^ the total elec-
tric Charge.

When q^ and q^ are determined from equat ion (1)
and subst i tuted into equation (3), the following ex-
pression is obta ined

(4)

This relationship is used for the calculation of the cur-
rent yields of lead and copper. The lead and copper con-
tents Am„ are given in table 1. The values of qo corre-
sponding to Am„ are calculated. Those of are taken
from the literature [9], taking into account the fact that
for each of the considered elements KQ has two values
corresponding to the two values of the electrochemical
charges.

The calculations have shown that copper is dissolved
as Cu(I) using voltages up to 8 V. The current yield is
0.7. Lead is dissolved as Pb(II) using voltages up to 8 V.
The current yield of lead is 0.3. With voltages above 8 V 
lead can be dissolved to form Pb (IV). The type of calcu-
lations for a variety of electrochemical Systems is de-
scribed in detail in [2, 3 and 10].

The results obta ined extend our knowledge about the
electrochemical t reatment of the glass surface by copper
and lead melts and agree with the earlier da ta by other
au thors [4, 11 to 13].

In conclusion, the obtained experimental data, in
par t icular the difference in the dissolving times and
mechanisms for lead and copper, is successfully ex-
plained using the properties of the anodic dissolving in
oxygen-containing electrolytes with the possibility of the
anodic passivity. The dependencies established can be
used to form a choice of the required technological pa-
rameters that guarantee product ion from glass of the de-
sired new materials which are coloured on the surface
by the lead and copper ions aggregated to coUoidal par-
ticles.
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