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Darect current of a density of up to 50 mAmp|cm? accelerates corrosion of
tin oxide electrodes of both polarities. Corrosion of the cathode increases roughly
linearly with current density. Components of the melt penetrate into the cathode
material. Corrosion of the anode 15 substantially less extensive. Its dependence
on current density shows an insignificant peak at about 10 mAmp|cm?. The
increased corrosion is probably due to miving of the melt by bubbles of the
liberated oxygen. The observed cation depletion in the anodic region takes place
at higher current densities and acts in the opposite direction.

INTRODUCTION

Owing to their lelatlvely good electrical conduct1v1ty, materials based on SnO:
are suitable as electrodes, in paltlculal 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 of various methods
of protectingelectrodes 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 [1], [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 carriers
than the melt. The findings on anodic and cathodic behaviour of Al,03 and ZlOz
as summarized by Godron [3] are essentially in agreement with this general rule.

Having introduced certain simplifying assumptions Hrma reaches the conclusion
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 Pavlovsky 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/cm? 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 orders of magnitude.

EXPERIMENTAL

The experiments were carried out in a glass melt having the composition of 149,
K,0, 219, PbO and 659, SiO, (% by weight). The material of the electrodes was
of local manufacture. It contained at least 99 %, SnO,, the rest being CuO and Sb,0s.
The apparent density was 6.8 kg/cm3, the total porosity was 2.9 9, [5]. The material
was cut into electrodes having the form of bars 7 X770 mm in size.

All the experiments were carried out at 1400 + 3 °C, their duration was 40 hours,
the current density was 0—50 mAmp/em? + 59%,. The electrodes were arranged
vertically and symmetrically, both electrodes were of SnO,. The temperature was
measured by a $hermocouple placed in a protective corundum tube immersed in the
melt between the electrodes. The experiments were carried out ina 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 melt level (in spite of this the melt tended to climb up to this point).

After concluding the experiments the electrodes were withdrawn from the cru-
cible and allowed to coll freely in the switched off 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 affected
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/em? 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/cm?. At a 50 mAmp/cm? the loss is equally minute as in the cur-
rent-free state.

The characteristic features of the corrosion of the anode and of the cathode showed
significant differences. The anodes were coated with a glass layer containing nu-
merous bubbles. At current densities of up to 12 mAmp/em? thislayer was crystallized
to a very small degree only. At 50 mAmp/ecm? 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 SnO,
particles which imples that even at anodic polarity and at a density of 50 mAmp/cm?
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 SnO, particles were established at the crucible bottom
in the region below the cathode. In the neighburhood of the cathode there were found
individual metallic beads several tens of pm in size. Simultaneous presence of Sn
and Pt was determined by the electron microprobe. The beads 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 of tin oxide electrode vs. current density at: a) cathodic polarity—full line, b) anodic
polarity—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 o

Si02~ = 8i0; 4 1/20, + 26

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 lead, where the potassium immedietely reduces SnO, 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 SnO, particles whica were found at the crucible bottom; however,
this assumption could not so far be verified.

The findings described above are also in agreement with the results presented
recently in the REEL research report [7]. It was found that at cathodic polarity
of the tin oxide electrode in a lead glass mz1t its corrosion 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 [1], [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 effeet o: electric field at anodic polarity is supplemented by another
one acting in the sam : directicn, 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 different in study [4].

CONCLUSION

During passage of direct curr:nt at a density ofjup to 50 mAmp/em? 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 determined. Thz 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 STEJNOSMERNEHO PROUDU NA KOROZI CINICITYCH ELEKTROD
V OLOVNATE SKLOVINIE

Jiii Matéj, Jaroslav Kutzendérfert, Manfred Friedrich+
Spoleénd laborato¥ pro chemii a technologii silikdtie CSAV a VSCHT, Praha

+Vysoka $kola chemicko-technologickda, katedra technologie silikdti, Praha

Byla studovéna koroze elektrod z kysli¢niku cini¢itého v olovnaté skloviné o sloZeni (hmot. %)
14 9%, K,0, 219, PbO, 659, SiO; pii priachodu stejnosmérného proudu o hustoté 0—50 mA/em?
a teploté 1400 °C po dobu 40 h. .

Puasobenim proudu byla koroze elektrod oboji polarity zpravidla urychlovéna. Koroze katody
byla vétdi a vzrastala s proudovou hustotou zhruba linedrné. Elektronovou mikrosondou byla
ve skloviné v tésné blizkosti katody zjisténa pouze tenka vrstvicka drobnych ¢astic SnO,. Znacény
vyskyt mnohem vétsich Eastic SnO, byl zjidtén u dna kelimku v oblasti pod katodou. V pérech
elektrody byly zjistény souddsti skloviny. S vyjimkou redukee Sn v oblasti platinovych pfivod
nebyla pozorovéna jind katodickd reakce. Je navrzen vyklad tohoto chovéni zalozeny na moz-
nosti transportu naboje materidlem katody draselnymi kationty.

Koroze anody byla podstatné nizdi. Jeji zavislost na proudové hustoté vykazovala nevyrazné
maximum kolem 10 mA/em?2. P’Fi¢inou zvydené koroze je zde pravdépodobn& michéni taveniny
bublinkami vyluéujiciho se kysliku. Protichudné pasobi pozorované znacné ochuzeni anodické
oblasti na kationty, které se uplatnuje p¥i vyssich proudovych hustotach.

Obr. 1. Zdwislost koroze ciniitych elektrod na proudové hustoté p¥i: a) katodické polarité — piné,
b) anodické polarité — Edarkované.

Obr. 2. Rozhrani cinicita elektroda (anoda) — sklovina, proudovda hustota 50 mA[cm?. Snimek
z elektronové mikrosondy, kompozice.

Obr. 3. — jako obr. 2, plosné rozloZent Si.
Obr. 4. — jako obr. 2, plosné rozlofent K.
Obr. 5. — jako obr. 2, plosné rozlofent Pb.
Obr. 6. — jako obr. 2, plosné rozloZent Sn.
Obr. 7. Rozhrani cinidité elektrody (katoda)—sklovina, proudovd hustota 50 mA[cm3. Snimek

z elektronové mikrosondy, kompozice.
Obr. 8. jako obr. 7, plosné rozlofent Si.
Obr. 9. jako obr. 7, plosné rozloZeni K.
Obr. 10. jako obr. 7, plosné rozloZeni Pb.
Obr. 11. jako obr. 7, plosné rozlofent Sn.

BIMAHNE ITOCTOAHTHOTO TOKA HA KOPPO3MIO
OJIOBAHHO-OKNCHLIX 3JIEKTPOIODB
B CBUHIIOBO-CHJNKATHON CTEKJOMACCE

Mpancar Mateit, fIpocitaB Kyuenmepdep*, Maufpen @puupux+
06was nabopamopus rusuw u mexnoaozuu cuauramos YCAH v XTH, Ilpaza

*raghedpa mexnosozun cusuramose XTH, IIpaza

UccieioBan  KOPPO3MIO JJIEKTPOAOB I3 ABYOKHCH O0JI0OBA B CBHHIOBO-CHIMKATHOLL
cTeraomacce coctaBoM (% mo Becy) 14 % K0, 21 % PbO, 65 % SiO2 npu Xojie 110CTOAHHOTO
ToKa maotHocTblo 0—50 MA/cMm?, npi Temneparype 1400 °C Bo Bpems 40 wacos.

ITop jieficTBHEM TOKAa KOPPO3HHA DIIEKTPOJOB 00euX I0JIAPHOCTEl, KaK IpaBUJIO, YCKOPH-
smace. Hopposust KaToga oKasbiBasach 60JibOIeil W pociia B 3aBUCHMOCTH OT INIOTHOCTH TOKA
npubau3uTeNbHO JuHelHo. G MOMOINBI0 3;IEKTPOHHOr0 MHKPO30HAA B cTeKiIoMmacce BOJIM3M
KaTofa YCTAHOBHJIM TOHKYIO INIEHKY MeiKux dgactim SnO;. 3HadnTelbHOE KOJHYECTBO
ropasao Gospmux wactuy SnO; O6LIT0 yCTaHOBIIEHO HPH gHE TUTIIA B 00JIaCTH IIOJ KaTOIOM.
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B mopax 37eKTpojia yCTAHOBHJIIN KOMIOHEHTHI CTEKJIOMAacCH. 3a MCKIIOYeHieM BOCCTAHOBIIE-
Hus Sn B 00/1aCTH IIJIATHHOBEIX II0BOJIOB He 3aMETUIIHM JPYrof KaTOQHON pearnuu. ABTOpaMu
npemiaraercs 00bsJCHEHHEe PacCMAaTPHBAEMOIo IIOBeJIeHHs, OCHOBLIBAIOIIErOoCS HAa BO3MOMK-
HOCTH TpaHCHOOPTA 3apsifia BelleCTBOM KAaTOAA ¢ IIOMOMIBIO KaJMEBBIX KATHOHOB.

Kopposust aEoma cymecTBeHHO Hitie. lie 3aBHCHMOCTH OT IUIOTHOCTH TOKA JOCTHraeT
Repeskoro Makcmmyma oxosio 10 MA/cM2 IIpMUMHAOII DOBLINEHHOH KOPPO3UH SIBJIAETCH
BEpOSsITHO IlepeMemMBaHMEe pacliaBa Hy3bIphKaMU BHeJsIomerocs Kucaopoga. IIporuBo-
HOJIOKHO aelicTByeT HaOJiogaeMoe 3HaguTelIsHOEe 0OejHEeHHe aHOXHOI 00i1acTH Ha KATHOHK,
KOTOpOe IPHMHHMAaeT ydacTHe npu 0oJlee BRICOKMX IJIOTHOCTAX TOKA.

Puc. 1. Basucusocms kEoppoauu 0.108AHH0-0LUCHBLE aﬂenmpoaoe om naomprocmu mora npu:

a) xamodHot NoAAPHOCIMU — CRAOUHAA AUHUR, 6) AHOOHOU NOAAPHOCIMU — WMPU-
206aA AUHUS.
Puc. 2. I'panuya pasdeaa saekmpod (anod) — cmekaomacca, naomrocmes mora 50 sA[em?.

Coemra us AAEEMPOHHO020 .uu;cpoaonaa, WHOMNO3UYUA.

Puc. 3. I'panuya pasdeaa saexmpod (arod) — cmeraomacca, naomnocms mora 50 mA [cm?.
ITaockocmhoe pacnoaoxcerue Si. Coremra us dAeKmMporH020 MUEDPOZOHIA.

Puc. 4. I'panuya pazdeaa saexmpod (anod) — cmeraomacca, naomroemd mora 50 mA [cm?.
ITaockocmmoe pacnoaoncenue K. Coemra ua asekmponiozo Mukpozonoa.

Puc. 5. I'panuya pazdeaa aaexmpod (anod) — cmeraomacca, naomuocmsv mora 50 mA [ca?.

5
ITaockocmroe pacnososcerue Pb. Coemra ua aaexmponiozo smukposorda.
Puc. 6. I'panuya pasdeaa aaexmpod (anod) — cmekaostacca, naomrocmsd mora 50 mA [ca?.
ITaockocmmoe pacnoaoscernue Sn. Cvemea us 9AEmMpPoHH020 MUKEDPO3OHIA.
Puc. 7. I'paruya pasdeaa aanekmpod (kamod) — cmexaomacca, naomrocms moka 50 mA [ca?.
Croemra us 9AeEmporH020 MUEPO30HOA, KOMNOZUYUR.
8. I'panuya pasdeaa saexkmpod (xamod) — cmeraonacca, naomrocmsp moxa 50 mA [cam?.
ITnockocmnoe pacnoaoscerue Si. Cowemra us aexmporkozo Murpoaorda.
9. I'paruya pazdera saexmpod (kamod) — cmeraomacca, naomrocms moxa 50 smA[cu?
ITnockocmroe pacnoaoocerue K. Cuwemra us ssexmpornrozo surpoaorda.
Puc. 10. I'parcvuya pazdeaa aaexmpod (kamod) — cmeraosacca, naomrocmsb mora 50 sA [cam?.
ITaockocmMoe pacnoaoscerue Pb. Covemra us sasexmporH020 sur po3oHoOa.
Puc. 11. I'panuya pasdeaa aackmpod (kamod) — cmeraosacca, naomrocmv mora 50 sA [cam?.
ITaockocmmoe pacnoaoscerue Sn. Cwuvemra uz 94exmporniozo Mk poaonda.

Puc.
Puc.

22 Silikdty & 1, 1980



Effect of Birect Current on the Corrosion of Tin Owzide Electrodes...

Fig. 2. Electrode (anode)—melt interphase, current density 50 mAmpf[em2. Microprobe micro-
graph, composition.

Fig. 3. Electrode (anode)—melt interphase, current density 350 m.Amplem2. Microprobe micros
graph. Planar distribution of Si.

Fig. 4. Electrode (anode)—melt interphase, current density 50 mAmplecm?. Microprobe micro-
graph. Planar distribution of W.

Fig. 5. Electrode (anode)—melt interphase, current density 50 m[Amp[cm?. Microprobe maicro-
graph. Planar distribution of I’h.
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Electrode (anode)—melt interphase, current density 50 m|Amp[ecm2. Microprobe

graph. Planar distribution of Sn.
Electrode (cathode)—melt interphase, current density 50 mAmplcm?.
probe micrograph, composition.
Electrode (cathode)—mell interphase, current density 50 mAmp[cm?.
probe micrograph. Planar distribution of Si.
Llectrode (cathode)—melt interphase, current density 50 mAmp[cm?.
probe micrograph. Planar distribution of K.
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Fig. 10. Electrode (cathode)—melt interphase, current density 50 mAmplem?. Electron micro-
probe micrograph. Planar distribution of Pb.

Fig. 11. Electrode (cathode)—melt interphase, current density 50 mAmplem?.  Electron micro-
probe micrograph. Planar distribution of Sn.





