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Surface interaction of Float glass with melts of potassium nitrate, silver
nitrate and the mixture of copper sulphate and ochre was studied at 350°C,
420°C and 600°C. The distribution of the ions in the surface layer indicats
that the course of the interaction depends on tin content in the glass. This finding
18 signaficant with respect to surface treatment of Float glass by ton exchange,
which will have a different course with the surface formed in contact with the
tin bath, than with the opposite one.

INTRODUCTION

Compared to other commercial types of glass, the Float glass exhibits a diffe-
rent chemical composition of the surface layer. Owing to the technology of ma-
nuafacture, there are also differences in the chemical composition of the two surfa-
ce layers, above all based on a relatively high tin content in the surface layer that
is in contact with molten tin during the manufacture.

There arises the question whether the tin concentrated in the surface layer [1]
participates e.g. in the interaction of the glass with melts of the respective salts.
The participation of tin can complicate considerably the currently accepted con
cept of a simple exchange diffusion mechanism based on the priciple of exchange
of foreign ions entering the glass for alkali ions originaly present in the surface.

EXPERIMENTAL APPARATUS AND PROCEDURE

Description of the apparatus

The thermal exposure of the specimens was cffected in a vertical tubular fu-
rnace (Fig. 1) provided with thyristor temperature control [2]. The vertical tubular
furnace 1 was fixed in the stand of Brabec’s furnace 2 with a pull-out bottom car-
rying corundum tube 3 with an alporite shaped block. The specimens were placed
in a holder of aluminium sheet 6 where they were kept at a distance of approx.
3 mm. The holder was fixed by kanthal wire to a corundum capillary with Pt/PtRh7
thermocouple situated with its joint approximately at the specimen centre. A
Fe/Co8 thermocouple was placed at the centre of the furnace heating zone and
its ends were connected to the thyristor temperature controller working with
an accuracy of + 2°C.

Experimental procedure

The experiments were carried out on commercially produced Float glass 4 mm
in thickenes. Its mean composition was 72.18 Si0,, 0.85 Al,0;, 0.052 Fe,0;, 8.45
CaO, 3.86 MgO’ 0.43 KO, 13.89 Na,0, 0.28 SO3 | wt. %], Specimens with an area
of approx. 2x10-3 m2? were cut out of the sheet. Before the exposure proper, the
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specimens were washed with distilled water, degreased in ethyl alcohol and dried.

The specimens were subjected to thermal exposure in KNO; melt, in molten
mixture of AgNO; + KNO; (20 mol %, AgNO;) and after coating with a war-
nishing mixture of CuSOs + ochre (1:1). Different working procedures were
used in the individual instances.
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Fig. 1. Schematic diagram of the apparatus for thermal exposure. 1 — tubular furnace, 2 — stand

-

of Brabec’s furnace, 3 — Al,0; tube, 4 — porous brick from Al,Os, 5 — stainless steel crucible,
6 — Al sheet holder, 7 — thermoelectric couple 't --PtRh, 8 — regulation thermoelectric couple
Fe—Co

In the case of surface interaction with KNO; or AgNO; always three specimens
were placed in the Al sheet holder. KNO; or the AgNO; + KNO; mixture
(20 mol %, AgNO;) was introduced into a stainless steel crucible, this placed in
the furnace and the furnace closed with a fibre corundum plug. On reaching the
working temperature, the holder with the specimens was suspended from a kanthal
wire in the furnace and then immersed in the melt. After the given time of
exposure, the holder with the specimens was withdarawn from the melt and
the specimens allowed to cool down to room temperature. After washing with
hot water the specimens were rinsed with distilled water, ethanol and dried.
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The KNO; melt temperature was chosen at 420 °C and the exposure took 24
hours. In the AgNO; + KNO; mixture, the temperature and time of exposure
were 350 °C and 14 hours respectively.

A different procedure was used in treating the Float gasss specimens with the
CuSOy-ochre varnishing mixture. A mixture of anhydrous CuSO, with ochre
(1:1) was first ground in an agate mortar and then diluted with distilled water.
The paste was apllied with a flat brush on the degreased surface so as to produced
a uniform coating. The specimens were then dreid freely in air to avoid crackine
of the layer, and then in a drying oven at elevated temperature. A platinim sheet
was placed on an alporite block on the furnace bottom, the furnace heated at
600 °C, and the specimen then laid onto the the sheet and kept there for 30 mi-
nutes. After this exposure, the specimen was gradually cooled down, the vanish-
ing mixture removed with brush and water, and rinsed with distilled water and
ethanol.

To determine the concetration distribution of Na, K, Ag and Sn in the glass
surface layers, the specimens were etched in 2.59%; HF solution. The loss in speci-
men thickness was measured with an accuracy of + 0.5pm using a dial gauge.

The times of etching were chosen so as to remove layers ranging from 1 to 10 pm.
The solution obtained from etching was evaporated dry under an IR lamp. The
dry residue was dissolved in 2. ml. of concetrated HF and 1.5 ml., concentrated
HClO4 and re-evaporated dry under the TR lamp. The residue was disolved in
5 ml of distilled water and introduced into a polythene sample bottle.

The samples prepared in this way were analyzed by atomic absorption spectro-
metry on the AA4 instrument vy Varian-Techron. The standars solutions were
prepared from spectrally pure metals.

The concentration profiles of Na, K, Ag an d Sn, Cu were also determined by
the electron microprobe. A sample about 1 X 10-4 m2in area was cuto ut of the glass
and its thickeness measured. Pairs of the samples were glued together with the
surfaces to be measure facing each other (in the case of Float glass, the ,,tinned”
surfaces were thus joined), using the Lepox epoxy adhesive. Following thourougn
drying, the samples were ground on a diamond wheel under an angle of approx.
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Fig. 2. The distribution of Na,O and K,0 concentration following interaction of Float glass
with KNOj; melt (420 °C, 24 k). The surface layer of glass formed in contact with the tin bath
(atomic absorption).
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45 degrees. The ground samples were further polished with cerium dioxide, pro-
vided with a vacuum-deposited carbon layer and analyzed by the JXA-5 electron
microprobe.

MEASURING RESULTS

The experimental data are plotted in Fig. 2, which shows distribution the
of Na,O and K,O following interaction of the Float glass with the KNO; melt. The
melt was in contact with the ,,tinned” surface (that containing elevated amount
of Sn) at 420 °C for 24 hours. The following figure shows the concentration profile
of Na,0 and K,0 in the specimen which was in contact with the KNO3 melt by the
opposite surface under otherwise identical conditions. The concentrations of Na,O
and K,O are given in relative values and their course is not identical on the two
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Fig. 3. The distribution of Na,O and K,0 concentration following interaction the Float glass
with KNO; (420 °C, 24 k). The surface layer of glass formed in contact with reduction atmosphere
(atomic absorption).
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Fit. 4. The distribiution of tin concentration in the original sample (o) and following
interaction with KNOj (o) (elektron microprobe).
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sides of the glass specimens. The fact that Sn takes part in the diffusion process
is also borne out by Fig. 4 showing the concentration profile of Sn in the original
Float glass (full line) and after interaction with the KNO3 melt (dashed line). The
interaction with KNOj melt at 420 °C for 24 hours resulted in a distinct loss of tin
in the surface layer.

Similar findings were obtained with the interaction of Float glass with the
molten mixture of AgNO; and KNO; (20 mol%, AgNOQO;). The data are plotted in
Figs 5—17.

gIn contrast to this, interaction of Float glass with the CuSO4-ochre mixture at
600 °C for 30 minutes did not bring about any discernible change in tin concentra-
tion, even touhg the copper had penetrated into a depth of abhout 20 pm (Fig. 8).
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Fit. 5. The distribution of Nay,O and Ag,0 concentration following intraction with
AgNO; + KNO; (350°C, 14 h) — surface layer of glass formed in contact with tin bath
(electron microprobe).
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Fig. 6. The distribution of Na,0 and Ag,0 concentration following interaction of Float
glass with AgNOs + KNO; melt (350 °C, 14 h) — surface layer of glass formed in contact with
reduction atmosphere (electron microprobe).
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Fig. 7. The distribution of tin concentration in the original sample (C) and after its
interaction with AgNO; + KNOj melt (o) (electron microprobe).
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Fig. 8. The distribution of tin concentration in the original sample (C) and following
interaction with the mixture of CuSOy with ochre (600 *C, 30 minutes, full rings). The dashed
line represents the distribuiton of copper after the interaction ([J) (electron microprobe).

DISCUSSION

The natural explanation of the result is provided by the difference in the chemi-
cal composition of the by surface layers of Float glass. From the standpoint
diffusion, sodium oxide is the main component. As follows from the literature,
hoth surfaces of Float glass show a deficit of Na,0. On first sihgt it might appear
that the diffusion of foreign ions proceeds so that these must first overcome
a certain distance over which the concentration of sodium ions is lower than in
the deeper glass layers. Howevere, the concentration profile does not in fact remain
constant, being shifted towards the glass surface owing to the rélative great ability
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Nat ions to move in the basic silicate skeleton. At the same time, the foreing ions
enter in the surface layer of glass and proceed into the interior by diffusion. In
viewof the presumed electroneutrality of the glass surface layer, the substitution
exchange mechanism is higly probable. The foreing ions thus substitute the sodium
ones, which enter the other part of the diffusion system (e.g. the molten salt) at
the boundary between the glass and the source of foreign ions. The movement of
foreign ions and that of sodium ions are thus not independent and can be described
mathematically by relationships known from the theory of binary diffusion. For
such a macroscopic description one would have to know the value of the interdi-
ffusion coefficent, which could be obtained either experimentally or by theoretical
calculation using certain simplifying assumptions. In the case of a considerable
difference in the mobility of the two ions taking part in the diffusion, local electric
field has to be considered as an additional driving force beside diffusion [7].

Tin ions also participate in the diffusion on that side of Float glass whose surfa-
ce layer contains tin, as shown by Figs. 4 and 7. The depletion of tin in the sur
face layer indicates that it is particullary the Met <= Sn2*+ type of exchange which
will control the rate of diffusion on a very thin surface layer, whereas the signifi-
cance of the Met == Na* type of exchange will increase in the deeper layers of glass
If the foreing ion is liable to be reuced readily (e.d. Ag* or Cu2t and Cut) the difii.
sion process can he made further more complex by an oxidation-reduction reaction;
e.g. of the type

2 Met + Sn2+ = 2 Me - Sn4t.

The problems of the reduction of silver ions in Float glass are dealt with in more
detail by Shelby and Vitko [4].

A mathematical description based on diffusion taking place simlutaneously by,
two exhcange mechanisms and further complicated by reduction and nucleation
of one of the diffusion particles has not yet been derived. A certain simplification
is possible on the assumption that only the Me+ &= Sn2+ type of exchange takes
place in a very thin surface layer. Such a procedure would require more detailed
data on the distribution of cations in a very thin surface layer of glass, which
would have to be obtained by other methods, such as ESCA or SIMS.

CONCLUSION

The presence of tin in the surface layer of Float glass is the cause of a different
behaviour of this type of glass during interaction with melts of KNO; AgNO,
and a mixture of CuSO4 and ochre. In contrast to other types of glass, also tin
takes part in the interaction with the given substances at elevated temperature.
The effect of tin is probably based on its participationin the exchange mechanism
of diffusion of potassium and silver ions into the surface layer of the glass. In the
case of silver and copper ions, reduction and nucleation caused by tin ions can li
kewise be involved.
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DIFUZE V POVRCHOVE VRSTVE SKLA FLOAT

Josef Matou&ek, Martin Maryika
Vysoka skola chemicko-technologickd, katedra technologie silikdtw, 166 28 Praha 6

Sklo Float se vyznaduje oproti ostatnim komer&né& vyrab&nym typum skla odlidgnym chemickym,
slozenim povrchové vrstvy, zejména relativn® vysokym obsahem cinu v povrchové vrstveé
kterd je pFi jeho vyrob& v kontaktu s roztavenym cinem. Cin se muZe ve skle vyskytovat v n&ko
lika oxidaénich stupnich a muzZe participovat na interakci povrchu skla s okolnim prostfedim.

Predpoklad participace cinu na interakci povrchu skla Float s taveninami roztavenych soli,
resp. se smési CuSOy a okru byl ovéfovén tepelnou expozici vzorku tohoto skla na zaFizeni, jehoz
schéma je na obr. 1. Po tepelné expozici vzorku byla v jejich povrechové vrstvé stanovena distribuce
vybranych iontu. K tomu fielu bylo pouZito jednak metody postupnéholepténi a analyzy pomoci
atomové absorbéni spektroskopie a jednak elektronové mikrosondy. Vysledky t&chto méieni
jsou shrnuty na obr. 2-8.

Kxperimentalni vudaje ukazuji, Ze predpoklad participace cinu pFi interakci povrchu skla
Float s taveninami KNO; a AgNO; je opravnény. Uginek cinu pravdépodobn& spo&ivéd v tom,
ge se spolupodilf na vyménném mechanismu difuze draselnych a stfibrnych iontt do povrchové
vrstvy skla. V ptipad® ionti stkibra a médi se muze uplatiovat i redukce a nukleace ionty cf-
nu.

Obr. 1. Schéma aparatury pro tepelnou expozici. 1 — trubkovd pec, 2 — stojan od Brabcovy pece,
3 — korundovd trubka, 4 — tvarovka z alparitové cihly, 5 — kelimek z nerez oceli, 6 — drkd-
fek na vzorky, 7 — termoéldnek Pt—PtRh, 8 — regulaini termoélének Fe-—Co.

Obr. 2. Distribuce koncetrace Na,0 a K;0 po interakci skla Float s taveninou KNO, (420°C, 24 h) —
povrchovd vrstva skla vznikld kontaktem 8 cinovou ldzni (atomovd absorpce).

Obr. 3. Distribuce koncentrace Na,O a K20 po interakci skla Float s taveninou KNO; (420 *C, 24h) —
povrchovd vrstva skla vanikld kontaktem s redukéni atmosférou (atomovd absorbce).

Obr. 4. Distribuce koncentrace cinu v puvodnim vzorku (e) a po interakci s taveninou KNO; (o)
(elektronovd mikrosonda).

Obr. 5. Distribuce koncentrace NagO a AgyO po interakci skla Float s taveninou AgNOs + KNO,
(850 °C, 14 h) — povrchovd vrstva skla vznikld kontaktem s cinovou ldzni (elektronovd mikro-
sonda).

Obr. 6. Distribuce koncentrace Na;O a AgiO po tnterakcs skla Float s taveninou AgNQO; + KNO,;
(360 °C, 14 h) — povrchovd vrstva skla vznikld kontaktem s redukéni atmosférou (elektronovd
mikrosonda).

Obr. 7. Distribuce koncentrace cinu v puwodnim vzorku (0) ¢ po jeho interakci s taveninou AgNO; +
+ KNO; (o) (elektronovd mikrosonda).

Obr. 8. Distribuce koncentrace cinu v puwvodnim vzorku (O) a po interakci se smési CuSO4 + okr
:600 °C, 30 minut-piné kroukky). Gdrkovand k¥ivka zndzorviuje distribuci méds po interakci
(0). (elektronovd mikrosonda).

TJUOOY3HMA B ITOBEPXHOCTHOM CJOE CTEKJIA FLOAT

Hozed Matoymer, Maprun Mapumxa

Xunmuro-mexnoaocuneckuii unemumynt, kagedpa mernoaoeuu cuauxamos, 166 28 Ilpaza 6

Crerito Float BpifesifieTcs 110 ¢PABHEHHIO ¢ ;IPYruMi THIIAMH CTeKJa, HAXOAANIMMHCA
B NPOJIAKe, OTINYMTEJILHBIM XHMHUECKHM COCTABOM IMOBEPXHOCTHOIO CJIOS, HMEHHO OTHO-
CHTEJILHO BLICOKAM COJICPMAHHEM ¢BHHIA B IIOBPEXHOCTHOM cJIO€, KOTOPHI IIPH €ro Ipous-
MOJicTBC HAXOAMTCA B COHPHKOCHOBEHHHM ¢ PACIVIABJIEHHbIM CcBHHIOM. CBHHeIl B CTeK.e
MOJKCT HOSABJIATLCHA B HECKOJALKMX CTEIIEHAX OKMCJIEHHA H MOMeT IPHHHMATh Y4acTHe
BO B3AHUMOjICiiCTBMM IIOBEDPXHOCTH ¢TEKJIA ¢ OKPY#Kalolleil cpemod.

1Ipe;ipotoskeHne ydacTHA CBUHIA BO B3aMMOJeNCTBHM MOBepXHOCTH cTekaa Float ¢ pac-
ni1aBaMil pacTIaBIIeHHBIX codieif, miH co cMechlo CusO- M OXpH IPOBepA;1M TepMMYEeCKOH
BRLICPIRKOA 11Po0 ;IAHHOTO CTeKJIa Ha YCTAHOBKe, cXeM4 KOTOPOif IPHBOAMTCA Ha pu . 1.
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Ioeste TepMHUECKOR BL{CPKKKN P0G B HX HOBEPXHOCTHOM CJI0€ YCTAHABSINBAJIM pacmpe;ie-
JCHMe BLIOPAHHALIX WOHOB. [l 3@ (@HHUM 1eJIM He o 1L30BIM ¢ O/{HOM CTOPOHBL METO,[ 10-
CTCIHCHHOIO TPABJIEHHH 11 AHAJIN3A ¢ MOMOIILID aTOMHOH a0cOPOIMOHHON ¢IIEKTPOCKOMHH,
A ¢ J\PYroil ¢TOPOHBL JJ€KTPOHHBE MHUKPO3OH;(l. €3y ILTATLL HPHBONMBIX H3MepeHHii
CONOCTABJIAKTCH Ha pue. 2--8.

JKCICPUMEHTIBHBIE [AHILIC TIOKA3LIBAIOT, UTO HPEANOI0KCHHe YUACTHH ¢BHHIE  BO
B3 HMOJIEACTBUH 110BepXHOCTH crerTa Float ¢ pacniraBamu KN O3 n AgNOj BHostHe onpaBgaHo.
JlefieTBHe ¢BHHLA 0 Beel 11PaBeno;lofnocThio 3aroyaeTcs B TOM, YTO OH IHPHHUMAET
VHACTHE B OOMCHHOM MeXaHuaMe d@y3nn ki ineBuix i cepedpAHIX 10HOB B HOBEPXHOCTHLLIT
coit eTerMa. 1 oellyuae HOHOB cepeopa i ME Lt MOJKET [(eilcTBOBATL liiKe BOCCTAHOBIICHHC
1L HYVKJIEAIHA, BLISLIBACMAS HOHAMM CBIHILL.

Pue. 1. Cxema annapamypw, npednasnavennod 048 mepmuneckoil esdepic ki,

Puc. 2. Pacnpedeaenue konyermpayuu NazO « K0 no ezausodeiccmenu emexaa Float
e pacuaacast KNOj (420 °C, 24 w.) —- nogepruoemnnii caott, obpasosaeuuitcs ¢ pe-
FYALINAME 63QUM0OCUCINGNS ¢ ceurnforolt eannoi (amomnas abeopoyus).

Puc. 3. Parnpedeaenue ronyermpayun NaaO u K20 nocae saaumodeicinsus cmeraa Float
¢ paciaasom KNO; (420 °C, 24 «.) -~ noeepxrocmnutic caoii cmer.aa, 06 pagzosaguuzcs
¢ peay.omame e3auM0deicmeus ¢ cocemarosimeasvioit epedoii (amosnas abeopbyus).

Pue. 4. Pacnpede.enue ronyenmpayuu ceuriga ¢ uexodnolt npobe (0) u nocae ezaumodeiicmeus
¢ pacnaacom KNOjz (o) — (snekmponnubiic surkpozond).

Puc. 5. Pacupedeaenue ronyermpayun NaO w Ag,0 nocae saaunodeicmeus cmewaa Float

¢ pacnaason AgNO;z + KN O3 (350 °C. 14 w.) — nosepxrrocmuuiic caoit, 0bpasvaae-

WUICS 6 PERYLbINAINE c3AUMO0PTICINEUA O CEUHYOCO 6aAMILOIL (316K POHHDBLIL MUK PO-

aond).

Pacnpedeaenue rormgenmpayuu NaaO w Ag0 nocie ézawnodeicmeus cmeraa Float

¢ pacnaasoyn AgNOs -+ KNO; (350 °C, 14 «w.) — nosepxrocmnbiis caoit cmenaa, obpa-

206A6UNLICA 6 PEY.LLMAame 63aUMO0LIeMeUK ¢ 80CeMaHOKUM w0 ¢ pedoil (saermpoH-

HBUE MUKPOZOHOD).

Puc. 6

Pue. 7

Pacnpedeaerue xonyenmpayun ceunya 6 ucxodinoit npobe (o) w nocae eco ezuumodedi-
emeus ¢ pacnaasomw AgNO3 + KNO; (o) (3a2emmpornsiic sukpoaond).

Puc. 8. Pacnpedesenue xoHyenmpayuu c6unya 8 ucxoOHolt npobe (o) u nocae sanuastodeitemeus

co emecvio CuS@®- = oxpa (600 °C, 30 .wurym -— noansie kpyxcousu). Ulmpurosas
kpueas uaobpancaem pacnpede.renue medu nocae sgaumodeiicmeus (—). (:.1exmponndiil
MUKEPO3OHD).
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