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Dfrect current o/ a density oj up to 50 mAmp/cm2 accelerates corrosion oj 
tin oxide electrodes oj both polarities. Oort'Osion oj the cathode increases roughly 
linearly with current density. Oomponents oj the melt penetrate into the ·cathode 
material. Oorrosion oj the anode is subt,tantially less extensive. Its dependence 
on current density .shows an insignificant peak at about 10 mAmp/cm2

• The 
increased corrosion is probably due to mixing oj the melt by bubbtes oj the 
liberated oxygen. The observed cation depletion in the anodic region takes place 
at higher current densities and acts in the opposile direction. 

INTRODUOTION 

Owing to their relatively good electrical conductivity, materials based on SnO2 

are suitable as electrodes, in particular for application in melts:The possiblity of 
industrial utilization arises above all in the glass industry. Beside their application 
as heating electrodes in the melting of lead ·glasses where the use of otherwise 
convenient molybdenum electrodes brings about certain difficulties, tin oxide 
electrodes may also be used as auxiliary ones in the introduction pf various methods 
of protecting electrodes as well as furnace lining with direct current. For both theoret
ical and practical reasons knowledge of the behaviour of tin oxide electrodes under 
the effects· of direct current is therefore desirable. 

A theoretical analysis of the effect of direct current on the dissolution of a solid 
in a melt has been worked out by Hrma [l], [2]. The effect of one of the consequences 
of direct current passage is considered, namely the electric field gradient in the melt, 
and a further possible result is an electrochemical reaction which takes place if the 
current passage through the electrode material is mediated by other charge ca.rriers 
than the melt. The findings on anodic and cathodic behaviour of AhO3 'and ZrO2 

as summarized by Godron [31 are essentially in agreement with this general rulě. 
Having introduced certain simplifying assumptions Hrma reaches the conclusiori 

that the electric field gradient at a cathodic polarity of the electrode accelerates its 
corrosion, while a gradient of the opposite sign corresponding to anodic polarity 
slows down the electrode corrosion. 

Experimental data on the effect of electric current on corrosion of tin oxide elec
trodes in a lead glass melt are given in the study by Pavlovský et al. [4]. At cathodic 
polarity of the material an actually considerable increase in corrosion was found; 
however, a comparable increase in the rate of corrosion was also found at anodic 
polarity. Moreover, from the behaviour under the effect of alternating current it is 
possible to presume that some non-specified electrochemical reaction has also taken 
place. The study was not concerned with investigation of the reaction products on 
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the electrodes and with changes in their material. The single relatively considerable 
direct current density of 0.5 Amp/cm2 was dealt with. 

The present study had the aim of investigating the behaviour of tin oxide ma
terial at current densities lower by 1 or 2 or'ders of magnitude. 

EXPERIMENT AL 

The experiments were carried out in a glass melt having the composition of 14% 
K2O, 21 % PbO and 65 % SiO2 (% by weight). The material of the electrodes was 
of local manufacture. It contained at least 99 % SnO2, the rest being Cu O and Sb2O3• 

The apparent density was 6.8 kg/cm3, the total porosity was 2.9 % [5]. The material 
was cut into electrodes having the form of bars 7 X 7 X 70 rum in size. 

All the experiments were carried out at 1400 ± 3 °C, their duration was 40 hours, 
the current density was 0-50 mAmp/cm2 + 5 %· The electrodes were arranged 
vertically and symmetrically, both electrodes were of SnO2• The temperature was 
measured by a t;hermocouple placed in a protective corundum tube immersed in the 
melt between the electrodes. The experiments were carried out jn a corundum. Oxal 
crucible situated in a vertical tubular furnace with platinum-rhodium heating 
wire. The crucible contained 80 g of glass melt. In the melt there were two vertical 
parallel electrodes at a distance of 10 mm, immersed 40 mm into the melt. The ele
trodes were fed from a stabilised low voltage source at a constant current. The 
leads were carried out by winding the Pt wire into the electrode slot at a point above 
the nielt level (in spíte of this the melt tended to climb up to this point). 

After concludiqg the experiments the electrodes were withdrawn from the cru
cible and allowed to coll freely in the switched o:ff furnace at a point having an initial 
temperature of about 500-600 °C. The cooled electrodes were cast into a resin 
and their corrosion was evaluated microscopically on sections as a loss in thickness 
in both horizontal axes of the bar. The extensive corrosion of edges has thus a:ffected 
the results to a minimum degree. The mean value for all the sections divided by two, 
that is the loss in wall thickness, was taken as a measure of the corrosion. Polished 
sections for the electron microprobe were also prepared from these sections. 

THE RESULTS AND DISCUSSION 

In the diagram in Fig. 1 the loss of electrodes is plotted vs. current density. 
With the cathode the loss increases considerably with current density while up to 
12 mAmp/cm2 the course is linear and its slope is indicative of a low initial value. 
The' loss of anode material is much smaller and exhibits a peak at a current density 
of about 10 mAmp/cm2. At a 50 mAmp/cm2 the loss is equally minute as in the cur
rent-free state. 

The characueristic features of the corrosion of the anode and of the cathode showed 
significant di:fferences. The anodes were coated with a glass layer containing nu
merous bubbles. At current densities of up to 12 mAmp/cm2 this layer was crystallized 
to a very small degree only. At 50 mAmp/cm2 the strongly crystallized layer was 
3 mm in thickness. This layer showed considerable potassium and lead depletion 
(Figs. 2-5). The depletion is indicated by a comparison of the corresponding regions 
in Figs. 4 and 5 (anode) and Figs. 9, 10 (cathode). The layer contained fine SnO2 

particles which imples that even at anodic polarity and at a dénsity of 50 mAmp/cm2 

the electrode is subject to certain dissolution (Fig. 6). 
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Close to the cathode-melt interface one can observe penetration of all the melt 
components into the electrode (Figs. 7-10). Their distribution in the electrode ma
terial is non-uniform and ·corresponds obviously to pore distribution. No crystalline 
particles were found close to the electrode with the exception of a thin layer of 
tin oxide particles which was probably formed by crystallization of the boundary 
diffusion layer in the course of cooling (Figs. 7 and 11). However, considerable 
amounts of substantially larger SnO2 particles were established at the crucible bottom 
in the region below the cathode. In the neighburhood of the cathode there were found 
individua} metallic beads several tens of µm in size. Simultaneous presence of Sn 
and Pt was determined by the electron microprobé. The bead.s are therefore reaction 
products arising at the point of contact between the platinum supply leads and the 
electrode . 
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Fig. 1. Corrosion oj tin oxide electrode vs. current density at: a) cathodic polarity-jull line, b) anodic 
pola1·ity-dashed line. 

The behaviour of tin oxide material described is in agreement with the character 
of its conductivity. With the electron character of conductivity of the tin oxide 
material [6] and at anodic polarity the conditions are complied with for an electro
chemical reaction taking place at the electrode surface since the character of the 
charge carrier is changed. The development of bubbles most probably results from 
the reaction 

.. 

In the case of the cathode, on the other hand, there is the possibility that cations 
are conducted by its material. Such a conduction would obviously be facilitated by 
the melt-filled pores observed. It is probable that the mobile potassium cations 
gradually penetrate into greater depth and that their reduction takes place on the 
platinum ,Jead, where the potassium immedietely reduces SnO2 to Sn which 
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forms the metal beads mentioned above. The penetration of potassium ions, pro
bably due to surface diffussion, possibly contributes (by forming a liquid phase at 
the crystal boundaries) to melt penetration into the material and possibly also to 
liberation of SnO2 particles whi.<.L1 were found at the crucible bottom; however, 
this assumption could not so far be verified. 

The findings clescribed above are also in agreement with the results presented 
recently in the REEL research 1:eport [7]. It was found that at cathodic poladty 
of the tin oxide electrode in a lead glass m,ilt its corros1on is significantly accelerated 
and that no crystalline interlayer is formed between the electrode and the melt. 

At anodic polarity the behaviour is more complex. No suppression of the corrosion 
by the electric field predicted by the studies by Hrma [l], [2] was established; on 
the contrary, more extensive corrosion took place at lower current density values 
similarly to the results of study [4] and the corrosion is again reduced at a current 
density of 50 mAmp/cm2. This behaviour is probably due to further effectes arising 
apart from that of the electric field, in particular to the development of bubbles. 

The development of bubbles brings about extensive convection which may signi
ficantly accelerate corrosion and thus act against the electric field effect. On the 
other hand, the effeot o! electric field at anodic polarity is supplemented by another 
one acting in the sami lirecticn, namely by the alkali depletion around the electrode 
which brings about an increase in viscosity and a decrease of the diffusion coeficient. 
Corrosion at anodic polarity of the refractory is therefore influenced by a sum -of 
at least three effects among which two bring about slowing down and one accelerat
ion, so that the process depends in a complex way on the respective conditions. 
These were clifferent in study [4]. 

CONCLUSION 

During passage of dil'ect curr.rnt at a density ofjup to 50 mAmp/cm2 through tin 
oxide electrodes in a lead glass melt the corrosion of the cathode is significantly ac
cele-rated in agreement with the theory of the effect of electric field on dissolution. 
Glass components penetrate to a considerable degree into the cathode material. 
With the exception of reduction to Sn in the zone of platinum supply leads no other 
cathodic reaction was de.termined. Th:i behaviour at the anode is a more complex 
one: Apart from the assumed effect of electric field the development of oxygen bub
bles may accelerate corrosion and the cation depletion of the anodic region may 
have the opposite effect. 
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VLIV S TEJ NOSM ĚRNÉHO PROUDU NA KOROZI CÍNIČITÝCH ELEKTROD 
V OLOVNATÉ SKLOVINĚ 
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Byla studována koroze elektrod z kysličníku cíničitého v olovnaté sklovině o složení (hmot.%) 
14 % K20, 21 % PbO, 65 % Si02 př'i průchodu stejnosměrného proudu o hustotě 0-50 mA/cm2 

a teplotě 1400 °C po dobu 40 h. . 
Působením proudu byla koroze elektrod obojí polarity zpravidla urychlována. Koroze katody 

byla větší a vzrůstala s proudovou hustotou zhruba lineárně. Elektronovou mikrosondou byla 
ve sklovině v těl:!né blízkosti katody zjištěna p,ouze tenká vrstvička drobných částic Sn02 . Značný 
výskyt mnohem větších částic Sn02 byl zjištěn u dna kelímku v oblastí pod katodou. V pórech 
elektrody byly zjištěny součásti skloviny. S výjimkou redukce Sn v oblasti platinových přívodú 
nebyla pozorována jiná katodická reakce. Je navržen výklad tohoto chování založený na mož
nosti transportu náboje materiálem katody draselnými kationty. 

Koroze anody byla podstatně nižší. Její závislost na proudové hustotě vykazovala nevýrazné 
maximum kolem 10 mA/cm2. Příčinou zvýšené koroze je zde pravděpodobně míchání taveniny 
bublinkami vylučujícího se kyslíku. Protichůdně působí pozorované značné ochuzení anodické 
oblasti na kationty, které se uplatňuje pi·i vyšších proudových hustotách. 

Obr. 1. Závislost koroze cíničitých elektrod 1w pmudové hustotě pfi: a) katodické polaritě - plně, 
b) anodické polaritě - čárkovaně.

Obr. 2. Rozhraní cíniči'tá elektroda (anoda) - sklovina, proudová hustota 50 m.A/cm2 
•. Snímek 

z elektronové mikrosondy, kompozice. 
Obr. 3. - jako obi·. 2, plo§né rozloženi Si. 
Ob1·. 4. - jako obr. 2, JJlo§né rozloženi K. 
Obr. 5. - jako obr. 2, p/o§né rozloženi Pb. 
Obr. 6. - jako obr. 2, vlo§né rozloženi Sn. 
Obr. 7. Rozhraní cíničité elektrody (katoda)-sklovina, proudová hustota· 50 mA/cml. Sn(mek 

z elektronové mikroso1UU1J, komJJozice. 
Obr. 8. jako ob1·. 7, plo§né mzloženi Si.• 
Obr. 9. jako ob1·. 7, plo§né rozložení K. 
Obi·. 10. jako obr. 7, JJlo§né rozložení Pb. 
Obr. 11. jako obr. 7, plo§né rozložení Sn. 

BJIIHIHHE IIOCTOHI-IHOro TORA HA H'.OPP03H IO 
O JI OB HH H 0-0 K HCH bIX 8 JIEH'.TPO,D;OB 

B CBHHIJ;OBO-CJiIJIJiIH'.ATHOI'il: CTEH'.JIOMACCE 

Hpnrn: MaTeň:, HpocJrnB H'.yn;eHAepcpep+, MamppeA <DpH):(p11x+ 

06u+a11, .n,a6opamopu11, xu,1w.u u mexHo.n,oeuu cu.n,iwamoe T/CAH u XTH, IIpaea 

+1,aifieopa mex1-1,o.n,oeuu cu.n,w„amoe XT Jil, IIpaea

MccJie):\OBaJIH Iwppoamo :3JI0I<Tp0):(0B Jl3 ABYOHHClI OJIOBa B CBHHD;OBO-CHJIHI<aTHOli 
CTeimmrncce COCTaBOM (% IIO Becy) 14 % K20, 21 % PbO, 65 % Si02 npn XO):(e IIOCTOflHHOro 
TOI<a IIJIOTHOCTbIO 0-50 MA/CM2, rrpn TeMrrepaType 1400' °C BO BpeM/I 40 qacoB. 

IlOA ):\0HCTBH0M TOI<a 1wppoa1rn SJI0I{TPOAOB o6eHx IIOJIIIpHOCTeň:, I<aK rrpaBirno, yc11:opn
Jiac1,, Ropp03HII KaTO):(a ORaa1,rnanac1, 60Jibmeň: II pocJia B aaBHCHMOCTH OT IIJIOTHOCTH TORa 
rrpa6JIH3HT0JibHO JllIHeiÍHO. C IIOMOIIl;bIO :3JieI{TpOHHOro MRI<p030H):(a B CT0KJIOMacce B6JIH3H 
KaTO):(a ycTaHOBRJilI TOHHYIO IIJI0HI{Y M0JIKRX qacTRD; Sn02 , 3naqRT0JibH00 I<om1qecTBO 
ropa3):\0 60JibillHX qacn1u; Sn02 6bIJIO ycTaHOBJI0HO rrpH ):\He THrJI/I B o6JiaCTli ITO):( I<aTOAO�{. 
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B nopax SJI0I{Tp0JW ycTaHomrmr KOMIIOH0HTbJ CTermoMaCCbI. 3a HCKJIIOqeHJrnM BOCCTaHOBJie
HlllI Sn B o6JiaCTH rmaTHHOBbIX IIOJ:(BOJ:(OB He 3aMeTHJIH Apyroií: IrnTOJ:(HOH peam�1rn. ABTOpaMH 
IIp0):(JiaraeTCJ1 o6'bJICH0HHe paccMaTp:irnaeMoro IIOB0):(0HHJI, OCHOBbIBammerocJI Ha B03M0)1(
HOCTH TpaHCIIOpTa aapa):(a Be�eCTBOM IrnTOJ:(a C IIOMOmbro IrnmrnBbIX ImTHOHOB. 

Hoppo3Hfl aHOJ:(a cymecTBeHHO mrn:rn. Ee 3aBHCHMOCTb OT IIJIOTHOCTH TORa J:(OCTHraeT 
nepe3ROro MaI,CHMyMa 01-WJIO 10 MA/cM2• Ilpnqnaoií: IIOBLIIII0HHOií: rwpp03HH JIBJIJ10TCJ1 
BepOJITHO rreyeMeIIIHBaHHe pacrrJiaBa IIY3blpbRaMH BLIJ:(0JlfIIOmerocfl IHICJIOpOJ:(a. IIpoTHBO
IIOJIOIBHO J:(0HCTByeT aa6JIIOJ:(a0M00 3HaqnTeJibH00 o6eJ;(H0HHe aHOJ:(HOH o6JiaCTH Ha RaTHOHLI, 
HOTOpoe npHHHM80T yqaCTHe rrpn 6orree BblCOHHX IIJIOTHOCTJIX TORa. 

Puc. 1. 3aeucu.Atocmb 1.oppoauu o.tioea,HHo-imucHbix a.11e1.mpo8oe om 1i.tiom1-iocmu moirn npu: 
a) 1.amo8Hou no.11a,pHocmu - cn.11outHaa, .tiuHua,, 6) aHo8HoU no.11a,pHocmu - wmpu
xoeaa, JIUHUJI,.

Puc. 2. I'paHuifa paa8e.11a a.11e1,,mpo8 (aHo8) - cme1..110.1,iacca, n.11omHocmb mo,;;a 50 ,11A/cM2• 
C'be.1,i1,,a ua a.11e1.mpoHHoeo ,1m1.poaoH8a, v,:0.1,inoau!fua,. 

Puc. 3. I'paHul.fa paa8e.tia a.11e1.mpo8 (aHo8) - cme, • .110.Macca, 1i.tiom1wcmb m'o,;;a 50 ,11A/c,1t2. 
II.11oc1.0CmHoe pacno.110:11ceHue Si. C'be.1,ma ua a.11e1.1npoHHoeo -'m1.poaoH8a. 

Puc. 4. I'paHul.fa paa8e.11a a.11e1.mpo8 (aHo8) - cmei..tioMacca, n.11omHoemb mo,;;a 50 MA/c,112
• 

II.11oc1wcmHoe pacno.110,,ceHue K. C'be.M,;;a ua 1J.tie1,,mpoHHoeo Mu1.poao1-i8a. 
Puc. 5. I'paHU!fa paa8e.tia a.11e1.mpo8 (aHo8) - cme1,,.110Macca, 1i.tiom1-1ocmb mo,;;a 50 MA/c,1i2

• 

II.11oc1.ocm1-1oe pacno.110,1ceHue Pb. C'be.M1,,a ua a.11e1,;mpomt0eo ,1iu1.poaoH8a. 
Puc. 6. I'pamui,a paa8e.11a Me1,;mpo8 (aHo8) - cme1,.110.1,iacca, n.11omHocmb mo1>a 50 .1,1A/c.1,12

• 

II.11oc-,.ocmHoe pacno.110,1ce1-1ue Sn. C'beM1,,a w1 a.11e,;mpoHHOl!o .im1.poaoH8a. 
Puc. 7. I'paHu!fa paa8e.tia a.tie1.mpo8 (,;amo8) - cme1..110,1wcca, n.11omHocrnb mo,.a 50 MA/c,112

• 

C'be,m.a ua a.11e1.mpOHHO/!O MU1.p080H8a, J;OJtnOBUl.fUJI,. 
Puc. 8. I'pa1-1u!fa paa8e.tia a.11e1.mpo8 (1,,amo8) - cme1..110,11acca, 11.11omHocmb mo1.a 50 ,11A/c.1,i2

. 

II.11oc1wcnut0e paéno.110,1ceHue Si. C'be..ui;a ua a.11e1.mpo1uioeo .1,1u1.poaoH8a. 
Puc. 9. I'paHul.fa paa8e.tia a.11e,;mpo8 (1.amo8) - cme1,.110.1,1acca, 1i.tiomHocmb mo1.a 50 ,11A/c,112• 

II.11oc1.ocmHoe pacno.110,1ce1-1ue K. C'be.1,1,1.a ua a.11e1.mpoH1-1oeo ,1m1.poaoH8a. 
Puc. 10. I'pa1-1u!fa paa8e.11a a.11e,;mpo8 (r.amo8) - cme1,.110,11acca, n.tiomHocmb mo,;a 50 .1,1A/c,1i2

• 

II .11oc1.ocnuioe pacno.110,1cuiue Pb. C'beJ.ti.a • ua a.11ei.mpoH1-1oeo ,11w.poaoH8a. 
Puc. 11. I'pa1-1u!fa pa88e.11a a.tie1.mpo8 (i.amo8) - cmei..110.iiacca, n.11om1-1ocmb moi.a 50 ,1,A/c,112. 

II.11oc1.ocmHoe pacno.110,1ce11ue Sn. C'be.,111,a ua ,1.1emnpo1-moeo ,mu.poao,-iaa. 
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