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In the vaporization of fluorides from opal glass melts and in that of boron
oxide from Neutral glass there occurs the so-called cell flow which is caused by
surface forces. Application of the high-temperature motion-picture technigue
permitted the shape and the rate of this flow to be determined at 1250—1350 °C
in the atmosphere of flowing dry and moist nitrogen. The rates of flow de-
termined were of an order of 10-5 to 10-* m s~! and their courses in terms
of time were in qualitative agreement with the volatilization losses of fluorides
Jrom the glass melt.

INTRODUCTION

Volatilization of some glass components into the atmosphere is responsible for
losses in valuable raw materials, for impairing the quality of glass, damaging
the melting plant and for adverse effcts on the living environment. This is why
this phenomenon has been the subject of extensive studies in recent years. With
respect to the conditions of volatilization, most attention is paid to lead, borosilicate
and fluoride glasses. The volatilization mechanism includes the transport of the
volatile component through the glass melt, its transition through the phase boun-
dary and its transport as a gaseous phase. Any of these processes can be the control-
ling process of the transport according to the respective conditions. Diffusion
transport in liquid phase [1, 2] was usually regarded as the slowest, i. e. the control
process of volatilization; however, it was later found that convection caused by
gravity or surface forces arising as a result of concentration fluctuations of the
evaporating substance, may play a significant role in the transport. In that case,
transport through the phase boundary or the gaseous phase [3, 4] may be the
control process, because the convective transfer in the glass melt will significantly
speed up the transport of the volatile substanee to the phase boundary. The term
cell flow has been derived from the shape of the small practically closed formation
of convective streams at the surface; however, there has so far not been direct
evidence for their existence in glass melts.

The present study had the aim to provide this evidence for lead, fluoride and
borosilicate glass melts, to find correlation between such flow and the vaporization
rate for fluoride glass melts, to suggest the vaporization model which would com-
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ply with the experimental conditions, and to establish a correlation between this
model and the course of vaporization in industrial furnaces. The first part will
present a description of the measuring method, the equipment, and the experimen-
tal results. The second part is an analysis of the results, a design and derivation
of the vaporization model.

SELECTION AND DESCRIPTION OF THE EXPERIMENTAL METHOD

The convective contribution arises above all as a result of the difference between
the mass densities at various points of the glass melt, and possibly under the
effect of a surface tension gradient. The latter case is of interest with the glass
melts in question. Vaporization of the surface active component brings about
a decrease of its concentration in the melt at the boundary, and an increase in
interphase energy. Any fluctuation which brings to the surface liquid with a lower
surface tension leads to spreading of this fresh liquid over the phase boundary
and to the formation of cell flow at the surface. Additions of fluorides, B,0; or
PbO are known to reduce the surface tension of glass melts. It may therefore be
expected that the influence of the surface forces can be effected in the process of
their vaporization.

The motion-picture technique was chosen to provide evidence for the existence
of cell flow in the glass melts. The method has already been described in detail in
an earlier study [5], so that just the functions relating to the motion-picture re-
cording of the cell low will be dealt with. Experimental evidence requires that the
flow of liquid in the measuring cell be rendered visible. Colouring of the glass melt
with cobalt nitrate, introduction of powdered corundum, sand, powdered zir-
conium dioxide and microscopic bubbles were used. The microscopic bubbles
were the only successful flow indicator. Owing to their small dimensions, their
movement described well the shape of flow in the melt. A movie camera provided
with a stepped motor was used to record the flow. To improve the recording of
the flow in some instances, the glass melt was coloured with cobalt nitrate crystals
and the specimens were subject to visual and photographic evaluation after
cooling down. Supplementary information was provided by pycnometric determin-
ation of density and by chemical determination of fluorides and Na,O in the
glasses (State Glass Research Institute at Hradec Kralové).

A schematic diagram of the motion picture apparatus is shown in Fig. 1. The
measuring cells employed were silica glass. The cells were observed from the side,
with the exception of one case from the top. Dry or moist nitrogen was passed over
the glass melt surface to produce a defined atmosphere and to remove the volatilized
substances.

The flow was mostly studied on an opal—triplex glass melted in pot furnaces,
on lead crystal containing 24 wt. 9, PbO, and on the Neutral borosilicate glass.
The temperature exposures were from 1 to 24 hours; the shape intensity of flow
were followed at 1250, 1300, 1350 and 1400 °C; the rate of flow of nitrogen above -
the surface was in the range of 1.67 X 10-6 m3s~1 to 8.33 X 10-6 m3 s-1 under
normal conditions; the partial water vapour pressures in nitrogen amounted to 0,
0.5 and 30 kPa. The rate of motion-picture taking was in the range of 1 picture
per second to 0.045 picture per second.

The rate of flow was determined by measuring the path and time of the moving
bubbles during the screenings of the films obtained. Following correction for
magnification, the screening rate and exposure, the actual rate of flow was calcu-
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lated. The mean rate of flow in the “cells” and the so-called surface rates of flow
(the mean rates of flow of the melt in horizontal direction in close proximity of the
surface) were determined.

Fig. 1. Schematic diagram of the apparatus for lateral observation and motion-picture recording
of melts;
1 — silica glass cell, 2 — resistance chamber furnace, 3 — black body, 4 — melted glass,
5 — atmosphere inlet, 6 — atmosphere outlet, 7 — thermocouple, 8 — holder, 9 — teleobjective,
10 — movie camera with a timing unit, 11 — travel (feed).

The shape of flow was also established by means of spherical silica glass test
tubes or corundum crucibles with a planar bottom. The glass melt was coloured
with cobalt nitrate and exposed at the given temperature in the furnace. Following
cooling down, the specimens with the coloured striae formed by flow were photo-
graphed from the top or in a cross section perpendicular to the surface.

EXPERIMENTAL RESULTS

The shape of the flow could be observed only after screening the developed
films; the process studied could thus be speeded up 24 to 528 times as required.
All the films proved explicitly that at the respective temperatures, the borosilicate
and particularly fluoride glass melts showed various types of flow, whose shapes
are shown schematically in Fig. 2. One type of flow tended to change into another
in the course of a single measurement. Fig. 3 shows a photograph of the bottom

Fig. 2. Schematic diagram of various types of flow observed in the measuring cell.
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part of the cell at the melting temperatures. The photograph was taken from the
screen, using a suitably long exposure allowing to obtain an approximate pattern
of the flow, which was otherwise well discernible during the motion picture
screening. The main evidence of the shape and rates of flow is provided by the
films that can be made available by the present authors.

However, it was also necessary to prove that the flow is actually the result of
the effect of surface forces and not one of temperature convection due to inhomo-
geneity of the temperature field in the specimen. This is why the supply of ni-
trogen was turned off in several of the experiments. After a certain period of time,
the atmosphere above the glass melt becomes saturated with the products of
volatilization and this stops. Experiments have proved that convective flow stops
almost immediately after turning off the supply of gases and the indicating bubbles
start to rise towards the surface. The flow therefore occurs as a consequence of
evaporation; however, supplementary measurements have to be carried out to
estimate a possible effect of density convection on the flow.

The shape of the rotary cells on the melt surface was investigated by studying
cooled specimens of the fluoride glass coloured with cobalt nitrate. Fig. 4 demon-
strates quite well the shape of cell flow at the melt surface occurring in the melting
of fluoride glass in a quartz cell and in air atmosphere. The shape of the flow with
approximately radial boundaries, arising in the melting of the same glass in a
cylindrical corundum crucible, is shown in Fig. 5, whereas Fig. 6 illustrates the
shape of convective flow over the fracture surface of the specimen roughly perpen-
dicular to the surface. As indicated by Fig. 7, even two-hour thermal exposure
at 1300 °C failed to provide explicit evidence on the formation of cell low in lead
glass melt. The decolorized glass melt was agitated at the surface only and the
possibly arising convective flow can be assumed to have a small vertical range
only as a result of the density stabilization of lead glass with respect to flow in the
course of vaporization.

Further measurements were carried out to determine the mean rates of flow
in the cell, vpr, and the surface flow rate, vp1, under the conditions specified in the
paragraphs above. The place where the surface rates of flow were scanned, is
shown in Fig. 2b. Results are plotted in Figs. 8 through 12 in the form of a time
dependence of the rate of flow. In all the instances, the measurements were carried
out in flowing dry nitrogen atmosphere; the first numerical value in brackets in
the figure captions specifies the partial pressure of water vapour in nitrogen,
in kPa. The points shown in Fig. 8 through 12 are the mean values of the rates of
flow during an average time. Each value of the time of measurement is the mean
value of a time interval of about 20 minutes. The maximum relative error due to
vaveraging in the initial region (up to 1 hour) amounts to 25 %,, as related to the
mean rate of low during the average time. Between the first and the fifth hour,
the maximum relative error amounts to 12 %, and to 5 %, at the end of the measur-
ement.

The pycnometric measurements of glass density had the purpose to show if
density convection may have taken part in the flow. The densities were determined
by the four-pycnometr method on the following basic glasses:

1 — basic opal glass

3 — opal glass bubbled through with nitrogen and water vapour with a partial
pressure of 0.5 kPa at 1300 °C

2 — opal glass bubbled through with saturated steam at 1300 °C (a decrease of
fluorides content from 5.3 9, down to 1.3 %).
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The density values are listed in Table I. Glass No. 2 shows a slightly higher density
and glass No. 3 a density a little lower than that of the base glass. As the flow
intensity in the case of the drier nitrogen was always higher than in the case of
moist nitrogen (cf. Figs. 8 through 12), the density convection does not clearly
take any part in the formation of the flow.

Table I
Densities of opal glasses, measured pycnometrically
Glass No Values measured Mean values
' e/kg m=3/Xx 1072 e/kg m=3 X 10-3

1 2.4290 2.430
2.4314

2 2.4441 2.447
2.4500

3 2.4255 2.426
2.4267

A number of opal glass specimens were analyzed for the concentration of Na,0
and fluorides to determine the time loss of the volatile substance and the proportion
of the volatile components. The determination was carried out at the State Glass
- Research Institute at Hradec Krilové. A plot of the results obtained at 1300 °C
is shown in Fig. 13. The time course of the loss of fluorides and Na,0 is in a quali-
tative agreement with the decrease of the rate of flow (cf. Fig. 9).
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Fig. 8. Time dependence of the rate of flow of fluoride glass melt, 1250 °C, rate of flow of gases
1.67 X 10-% m3 8~1 under normal conditions. The numerals 0.5 and 30 in the diagrams (also in
the following ones) indicate the partial pressure of water vapour in kPa.
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Fig. 9. Time dependence of the rate of flow of fluoride glass melt, 1300 °C, rate of flow of gases
1.67 X 10~6 m3 s~ under normal conditions.
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Fig. 10. Time dependence of the rate of flow of fluoride glass melt. 1350 °C, rate of ﬂow of gases
1.67 X 106 m3 s~ under normal conditions.

"A BRIEF SUMMARY OF THE EXPERIMENTAL RESULTS

The motion-picture films have safely proved the existence of cell flow in opal.
glass melts and in borosilicate glass melts. The results indicate that in a measuring
cell there always occur several rotating formations whose characteristics remain
unchanged for a longer period of time; however, both the direction of flow and its
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distribution often underwent a change in the course of the measurement. It is
probable that in'the first stages of measurement the liquid at the surface would
flow in particular against the direction of the flowing glass, so that a descending
flow would be formed at the point where fresh gas meets the melt surface (the
. lowest concentration of the surface active substance). Such an arrangement is
indicative of convective flow resulting from differences in surface tension. Density
measurements on glasses with considerably differing fluoride contents showed
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Fig. 11. Time dependence of the rate of flow of fluoride glass melt, 1300 °C, rate of flow of gases
3.3xX10-% and 8.3 X 10-6 m3 s~1 under normal conditions.
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Fig. 12. Time dependence of the rate of flow of fluoride glass melt (1) and Neutral glass melt (2),
1300 °C, rate of flow of gases 1.67 X 10-6 m3 s~1 under normal conditions.

silikaty &. 3, 1985 199



Lie ANETIECY Lo DUTLVPUTL.

that density convection has no share in the formation of cell low. Experiments
with turned-off flow of the atmosphere ruled out participation of thermic con-
vection in the volatilization. Similarly, cell low was observed in the borosilicate
glass melt, and is likely to affect the mechanism and intensity of volatilization
of B,0; from these glasses.
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Fig. 13. Time dependence of the content of sodium fluorides and oxides in fluoride glass melt;
wirg — weight fraction of fluorides in liquid phase, wiNa,0 — weight fraction of Na,O in liquid
phase.

No firm evidence was found for the formation of cell flow in lead glass melts.
Direct observation of the melt is impossible owing to the intransparency of lead
glass melts; study of the cooled specimens of lead glass coloured with cobalt
nitrate indicated that the expected convection [6] is only effective in a thin layer
at the surface as a result of the density stabilization of the melt.

The experimental arrangement represents a system with a well mixed atmosphere
above the surface, and thus roughly corresponds to industrial furnaces with free
melt surfaces heated from the top. The results obtained may therefore be techno-
logically significant. The second part of the present study will deal in more detail
with the results including the degrees of hydrolysis of the volatilizing fluorides,
evaluation of the effect of experimental conditions on the rate of convective flow
and the approximate mathematical model describing the mechanism of the volatili-
zation of fluorides. This model will be used in quantitative evaluation of the course
of vaporization of fluorides from an opal glass melt.
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VZNIK KONVEKTIVNIHO PROUDENI VE SKLOVINACH
PRI VYPAROVANT POVRCHOVE AKTIVNI SLOZKY

I. EXPERIMENTALNf METODA A VYSLEDKY MERENT
Lubomir N&mec, Ivo Baftipin*)

Spoleénd laboratoF pro chemii a technologii silikdits CSAV a VSCHT
166 28 Praha 6
*) Sklo Union, koncernovy podnik, Sklotas, zdvod Dukla Olovi

Pri taveni skla dochézi k nezédoucimu vypafovdni n&kterych sloZek sklovin. Metodou
filmovéni za vysokych teplot bylo zkoumaéano chovéani skloviny obsahujici fluoridy (opél),
oxid bority (Neutral) a oxid olovnaty (kifistél) pi1 vypaiovani téchto sloZek. Sledovani
ukdzala, Ze u fluoridové a borité skloviny dochédzi pii vypafovéni té8kavych povrchov® aktiv-
nich slozek ke vzniku tzv. buiikového prouddni, které zpusobuji povrchové sily. U olovnaté
skioviny se toto proudéni nepodafilo jednoznaéné prokdzat. P¥ vyhodnoceni filma ziskanych
pfi teplotdch 1250—1400 °C se podafilo ziskat tvary proudéni a pFiblizné rychlosti proudéni,
které se pohybuji v hodnotdch Fddov® 10-5—10-4 m .s-1, coz zhruba odpovidéd rychlosti
proudéni zpusobeného teplotnimi gradienty v pramyslové tavici peci. Vysledky jsou podkla-
dem pro navrzeni matematického modelu vyparovéni t&kajici povrchové aktivni latky.
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Obr.
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Obr.
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Schéma aparatury pro boéni pozorovdni a filmovdni taveniny;

1 — kfemennd kyveta, 2 — odporovd komorovd pec, 3 — ferné téleso, 4 — roztavend
sklovina, 5§ — pFivod atmosféry, 6 — odvod atmosféry, 7 — termobldnek, 8 — dridk,
9 — teleobjektiv, 10 — kamera s éasovou jednotkou, 11 — posuv.

Schematicky tvar rdznych typd proudéni pozorovangch v méfici kyveté.

Tvar proudéni v méfici kyveté ziskany fotografovdnim z pldina -s dlouhou expozici.
Fluoridovd sklovina, 1300°C.

Tvar proudovych bunék fluoridové skloviny na hladiné ve filmovact kfemenné kyveté,
teplota 1300 °C, tepelnd expozice 4h, vzduchovd oteviend atmosféra.

Twar proudovych bunék fluoridové skloviny na hlading pfi tavent v korundovém kelimku,
teplota 1300 °C, tepelnd expozice 2h, vzduchovd otevFend atmosféra.

Tvar proudové buriky fluoridové skloviny v lomu vzorkem zhruba kolmém k hladinég,
teplota 1400 °C, tepelnd expozice 4,5 h, oteviend vzduchovd atmosféra, filmovaci kyveta.
Obrdzek kolmého Fezu olovnatou sklovinou tavenou ve vdlcovitém korundovém kelimku
a pfibarvenou dusiénanem kobalinatym, teplota 1300 °C, tepelnd expozice 2k, oteviend
vzduchovd atmosféra. ’

Casovd zdvislost rychlosti proudéni fluoridové skloviny, teplota 1250 °C, pritok plynd
1,67 . 10-5 m3 =1 za normdlnich podminek. Cislice 0,5 a 30 v obrdzcich (¢ daldich),
parcidini tlak vodnt pdry v kPa.

Casovd zdvislost rychlosti proudént fluoridové skloviny, teplota 1300 °C, pridok plynt
1,67 . 1075 m3 . s~1 za normdinich podminek.

Casovd zdvislost rychlosti proudéni fluoridové skloviny, teplota 1350 °C, pritok plynt
1,67 . 105 m3 . 871 za normdlnich podminek.

Casovd zdvislost rychlosti proudéni fluoridové skloviny, teplota 1300 °C, pritok plyns
3,3.10°% a 8,3.10°6m3 .31 za normdinich podminek.

Casovd zdwvislost rychlosti proudént fluoridové skloviny (1) a skloviny Neutrdl (2),
teplota 1300 °C, pratok plynd 1,67 . 10~ m3 . s~ za normdlnich podminek.

Zdwvislost obsahu fluoridd a oxidd, sodného ve fluoridové skloviné na Ease. wip~ —
hmotnosint zlomek fluoridd v kapalné fazi, wina,0 — hmotnosint zlomek Na,O v kapalné
fdzi.
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BO3HUHKHOBEHUWUE KOHBERIMUOHHOIO TEUEHHUHA
B CTEKJOMACCAX IIPU UCITAPEHUH
NMNOBEPXHOCTHO-AKTHUBHOTO KOMIIOHEHTA.

I. 3KCIEPUMEHTAJILHBINA METO U PE3VJIbTATHI
N3MEPEHHUA

Jly6omup Hemenr 1 Mino Bapmranan*)

O6wan aabopamopus Tumuu u mexnosveuu cuauxamos ICAH u XTH
166 28 Ilpaea 6
*) CHJIO-YHHOH, xonyepn. npednpusmue Craomac, saeod Jyraa Oaceu

IIpm Bapxe cTewJa MPOMCXOJHT HeMeJaTeNLHOS HCIAPOHHE HEKOTOPHX KOMIIOHEHTOB
crexnoMacch. C IOMONBI0 KMHOCHEMKH IIDH BRHICOKHX TEMIEDPATYpaX MCCIEHOBAJM IIOBe-
[le’Ae CTEKOMACCH, cofep:Ramei GTopuusl (0mama), OKCHX TPeXBaJIeHTHOro Gopa (HeHTpan) m
OKCHJ JBYXBAJICHTHOTO CBHHIA (XpYyCcTalb) IPH HCODAapeHHH IPUBOJAMLIX KommoHrewrtoB. Ha
OCHOBAHHHN McciIeAOBaHUA GEIIO TOKA3aHO, 9TO Y $TOPEAHOK I GOPHOR CTEKIOMACC IPOHCXONUT
NPy McOaPeHRH JIeTYYRX HOBePXHOCTHO-2AKTABHEIX KOMIIOHEHTOB TaK HA3. KITOYHOE TeYeHue,
BRI3HIBa€MOe IOBePXHOCTHHIMHA CHJIAMH. B ciTydae cBEHIOBOM cTeKIOMAcCH IPHBOAUMOE Teve-
HUe He YAaJloCh BIOJHE J0Ka3aTh. lIpm onenKxe KEHOMICHOK, NONYIeHHLX NPH TeMIeparTypax
1250—1400 °C 6pu1a D0Ty9eHs YOPMEL TeUeHAA N NPHOIH3ATENbHbE CKOPOCTH TeIeH S, Ha XO-
AsALIEecs B npejlellaX BelmdnH nopsagxa 10-5—10~4M. ¢~1, uT0o B o0meM COOTBETCTBYET CKO-
POCTH TedYeHNs, BHIBBAHHOI'O TeMOEPATyPHHMHA IPafAeHTaMH B NPOMBIVICHHOH INIABAJIBHOR
neun. IlosydenHsie pe3ysIbTaTH CIIYKAaT OCHOBOM JIJIA HPEIOKEHNA MaTeMaTAYEC KO MO/ielIn
ucnapeHAs JIETYYeTro IMOBEPXHOCTHO-aKTHBHOTO BellecTBa.

Puc. 1. Czxema annapamypst 0as nobounozo Hab6al00eHUR U KUROCBEMEU pacnaasa; 1 — xeap-

yesan kigema, 2 — 9AEKMPUNECEAA KAMEDHAR Newb CONPOMUSAEHUA, 8 — uepHoe
meao, 4 — pacnaasaennas cmekaomacca, § — nodeod ammocgepsl, 6 — omeod
ammocgepdl, 7 — mepmosaemenm, § — depucamenv, § — meaeo6vexmus, 10 — xamepa
¢ edunuyeil epemenu, 11 — cmewyenue.

Puc. 2. Cremamuueckan (fopma pasrbic MuUnoe meueHus, HAGAI00LeMBIET 6 UIMEDUMENLHOU
Kr08eme.

Puc. 3. Popma meueHus 6 UBMEPUMEALHOU KIogeme, NOAYUEHHAL ¢ NOMOWLIO Pomocsemku
ug sxpana ¢ daumeavroli axcnosuyueti. Pmopudnan cmekaomacca, 1300 °C.

Puc. 4. Qopma raemox meveHus Gmopudroii cMeKioMaACCh Ha YPOGHE 6 CbeMOUHOU Keapye-
soii xioceme, memnepamypa 1300 °C, mepmuueckas srcnozuyus 4 waca, 6038yunas

: omkpeimas ammocgpepa.

Puc. 5. Dopma kaemok meuenus $mopudHoil cmeraomacct Ha YpPosHe NPU NAAGKE 6 KOPYH-
doeom mueae, memnepamypa 1300 °C, mepmuneckas ancnousuya 2 waca, 6030ywHan
omkpwmas ammocgepa.

Puc. 6. Qopma kaemru mevenus Gmopudroli cMexAOMACCL 6 NPEAOMALHUU NPpobol, npu-
6augumeavHo NepneHOUKYIAPHOM K Yposuw0, memnepamypa 1400 °C, mepmuueckas
akcnosuyusn 4,5 4, omrpuiman 6030yuwnas ammoc@epa, CLeMOURAR KI06EMA.

Puc. 7. Cvemra nepneHOUKYAAPHO20 CEUEHUS CBUHUYO0BOU CMEKAIOMACCOl, NaagaeHHol 6 Yu-
aundpuueckom KopyHOO6OM Mmuzne U OKPAWEHHOU Humpamom 08yredaseHmHozo
xo6asvma, memnepamypa 1300 °C, mepmuneckan srcnoguyus 2 waca, omkpsimas
soadywras ammocghepa.

Puc. 8. Bpemennas gagucumocms CKOPoCmu mewenus @Gmopudroll cmexaomaccsl, memnepa-
mypa 1250 °C, npomok zagos 1,67 . 1075 m3 ¢~! npu nopmaavrsir ycaosusaz. Iugppo
0,5 u 30 obosmauaiom Ha pucymkax napyuaibHoe dasaenue odanozo napa e klla.

Puc. 9. Bpesmernnas 3a8ucumocms CEOPOCMU MEMEHUS PHMopudHOll CMeKiomaccsl, memnepa-
mypa 1300 °C, npomok zazoe 1,67 . 10~ M3 ¢! npu HOPMALLHBIE YCAOCUAZ.

Puc. 10. Bpemennaa 3asucumocms cEOPOCIMUY MeNeHUS Pmopudnoi CMeKaomaccsl, memnepa-
mypa 1350°C, npomok zazoe 1,67.10-5x M*.c~! npu HOPMALLHYLE YCAOBURT,

Puc. 11. Bpemennasa 3a6ucumocms CKOPOCIMI mewenus Pmopudnoti CMeraomaccsl, memnepa-
mypa 1300 °C, npomok zasoe 3,3.10~% u 8,3. 10-5 m3 c~! npu HOPMAILHUE YCA0-
SUAT. ‘

Puc. 12. Bpemerras 3asucumocmev ckopocmu meueHus gmopudnoli cmexaomaccet (1) u cme-
raomaccer Hetimpan (2), memnepamypa 1300 °C, npomok 2a30s 1,67 . 1075 m3 ¢~ npu
HOPMAADHBIL YCAOGURT.

Puc. 13. Basucumocms codeprcanus gmopudos u okcuda nampus 6o mopudrotl cmexsomacce
om epemenu; Wip — 6ecosan doan Pmopudos ¢ xHudkoii gase, wina,0 — 6ecosas do-
a8 Na2O 6 acudroii Pase.
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Formation of Convective Floww in Glass Melts ... I

Fig. 3. The shape of flow in the measuring cell established by long exposure photography from
the projecting screen. Fluoride glass melt, 1300 °C.

Fig. 4. The shape of flow cells of a fluoride glass melt on the surface in a silica glass cell, 1300 °C,
thermal exposure 4 hours, air open atmosphere.
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L. Némee, 1. Bartipdn:

Fig. 5. The shape of flow cells of a fluoride glass melt on the surface on melting in corundum
crucible, 1300 °C, thermal exposure 2 hours, air open atmosphere.

Fig. 6. The shape of a flow cell of fluoride glass melt over a fracture surface roughly perpendicular
to the surface, 1400 °C, thermal exposure 4.5 hours, open air atmosphere, motion-picture cell.
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Formation of Convective Floww in Glass Melts ... 1

Fig. 7. Sectional view through lead glass melted in a cylindrical corundum crucible and coloured
with cobalt nitrate, 1300 “C, thermal exposure 2 hours, open air atmosphere.
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