The Korean Journal of Ceramics, 4 [3] 176 - 182 (1998)

The Effect of Temperature, Cooling and Surface Tension on the
Fining in Alkali-Alkaline Earth-Silica Glassmelts Containing ZnO

Ki-Dong Kim

Department of Materials Science & Engineering, Kunsan Notional University,
Kunsan, Chun-buk 573-701, Korea
(Received March 13, 1998)

The effects of temperature, cooling and surface temsion on the fining were studied in alkali-alkaline earth-silica TV
sereen glassmelts containing Zn0, Sodium antimonate (N2,05b:05) was used as a fining agent. Viscosity and surface
tension of the melts were determined. On the basis of these properties, fining tests for several batches were per-
formed by "“MF" (Melting and Fining) and "PMF" (Profiled Melting and Fining) methods. The results of these tests
showed an opposite behavior each nther with increase in ZnQ content. This behavior has been discussed in terms
of twa fining processes - growth of bubbles and shrinkage of seeds.
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1. Introduction

he most frequent defects found in TV screen glasses

are bubbles (blister and seed). Especially, as recent
display technology is improved the quality control con-
eerning bubble size is becoming stricter for display
glasses, for example computer monitor glasses. As a
source of bubble it is generally divided into four ca-
tagories; air inclusion in batch, batch reactions, in-
teraction of the glassmell and refractories, and others
(reboil ete). Once a bubble is penerated it disappears or
stays in molten glass irrespective of its source during
manufacturing process, in other words melting, con-
ditioning or forming. Therefore, glass composition is very
important factor for controlling the generated bubbles.
Theoretically, glags fining consists of two main pro-
cesses,”™ 1) enlarge exiting bubbles, rise to the surface
and break 2) bubbles that do not reach the surface dis-
golve during cooling. In spite of those two processes the
most attempts have focused on the fining behavior due
to the former.

Alkali-alkaline earth-silica is the basic system of the
commercial TV screen plasses. In the whole world there
are aboul 6 great TV pglass makers and Table 1 containg
their composition ranges and x-ray absorption cosffici-
ents. Several common minor components as ZrQ,, TiO,,
CeQ,, AlQ,, 8b,0, and the existence of ZnQ are founded
in Table 1. In order to maintain optimal properties of TV
screen glasses and their good productivity, these minor
components are introduced and, thus each cemponent
plays a specific role. The role of the minor components
except Zn0 in TV glass produet or their manufaturing
process is well known to us. For example, 5b,0, is a
chemical fining agent and Zr0; gives a great con-
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tribution to the x-ray absorption coefficient of TV glass
inspite of its small amount. In order to prevent from the
solarization and the browning effect Ti0O, and Ce(. are
introduced respectively. But in the case of ZnQ, although
its small amount is introduced to the glass deliberately,
itz role in TV glasses is not known clearly. The present
work has originated from this point.

Zn0 is one of components frequently used in many
technical glasses and affects several glass properties,
especially viscosity and surface tension of glassmelts™
as a network former or modifier.” In the present work,
from the viewpoint of above two basic fining mechanisms
the effect of temperature, cooling and surface tensionm on
the fining was studied in alkali-alkaline earth-silica
glassmelts in which SiQ, is replaced by ZnO up to 0.4
wid.

Table 1. Composition Range and X-ray Absorption Coel-
fiecient of Commercial TV Screen (3lasses

Components & Corposition
x-ray absorption coefficient range (wt%%)
Si0, 60.0-61.5
Na,O 7.4-8.0
K0 7.0-7.8
Mg(C 0-0.4
Ca( 0-1.5
Se0 8.1-9.0
Components Bal 9.0-9.6
Zn0O 0-0.6
Zr0); 1.5-25
TiO, 0.4-0.5
CeO, 0.3-0.4
AlO, 2.0-2.2
Sb,0, 0.2-0.4
X-ray absorption coelficient {(/em) 28.6-28.1
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II. Theory of Fining

It is well known that there are two basic processes in
glass fining, namely, remove of bubbles from molten
glass, and each process consists of chemical and physical
mechanisms.' In the npper part of Fig. 1 a typical TV
glass melting tank is described with major convection
flow of glassmelts and in the lower part the corespond-
ing fining processes are summarized. The first step of fin-
ing is growth of bubbles, their buoyant rise and collapse.
The second step called refining is shrinkage of bubbles
and their dissolution intc melt. The former called pri-
mary fining is most effective at high temperature, name-
ly, in hot spot area. In thiz area the oxygen gas gen-
erated by the reduction of chemical fining agent (ShyO;)
diffuses into and enlarges existing bubhbles due to the de-
crease of gas solubility. According to the general re-
lationship for the thin flow melts under 10*° dPas the
bubble rize velocity (v) in a melt is proportional to the
square of its radius (R®) and the reciprocal of vizcosity
(1m) as follows, v=R’Mm. Hence, the redox reaction and
melt viscosity play important role in the growth of bub-
bles and their buoyant rise. On the other hand, at low
temperature, namely, in front area and conditioner the
glass temperature is normally too low and viscosity too
great to allow smaller bubbles (seeds) to rise to the sur-
face and break. Beceuse antimony ion shifts from the
lowest valency state (Sb™) to a higher valency state (Sb™)
and gas solubility generally increases in this tem-
perature range, the gases dissolve into the glassmelts
and, thus the shrinkage of seeds occurs. In this stage,
there is algo internal pressure of bubble as an another
factor to shrink the bubbles. The more the internal pres-
sure in bubble increases, the greater the possibility of

bubble shrinkage becomes. The internal pressure of bub-
ble (Piawe in the melt is as follows: Prpy=P"+pgh+o/R,
where P’ is the atmospheric pressure, pgh is the hy-
drostatic pressure and o is the melt surface tension. The
internal pressure of bubble increases with decrease of
bubble size. In the refining zone the dissolution of bub-
bles is hence a dominant process in which the redox reac-
tion and the internal pressure in seeds are essential
parameters for bubble shrinkage and, thus surface ten-
gion of glassmelt becomes an important property. The a-
bave processes can he summarized as follows: as the
chemical fining mechanism the redox reaction of fining
agent and the gas solubility take part in growth and
shrinkage of bubbles through gas diffusion between hub-
bles and molten glasses, the bubble rise due to the melt
viscosity and the bubble shrinkage caused by increaged
internal pressure in seed helong to the physical fining
mechanism.

III. Experimental

1. Glass preparation and measurement of melt
property

The base glass composition in wt% was 62.25i0,, 15R;
O(Na,0+K.0), 18RO(Sr0+Ba0} and others az Zr0,, TiQ,,
Al,Q, in which only Si0; was replaced hy ZnQ up to 0.4
wt% and the concentrations of the other components
were [ixed. The raw materials congist of sand and in-
dustrial carbonate chemicals ete. 2.7 wi% of total alkali
oxide content is supplied as KNO. Sodium antimonate
(Na,08b,0;) as a fining agent used routinely in TV glass
industry was selected to minimize the volatilization of
antimon oxide. Table 2 shows the compositions and the
raw materials of the experimental glasges. The hatches
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’ Forehearth
Glass balch * ]~ Shadow wall
o — Brid I
e veyan ridge wa ‘/4

;
%
¢
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growth of bubble, buoyani rise & collaps
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Sbap02 — S5b241/20,: Reduction
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w(bubble rise velocity) = R <10% dPas
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shrnkage of bubble & dissolution

Redox Reaction:

§b2+1/20, —» S0 Oxidation
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P;: partial pressure of pasiin bubble, P% atmospheric pressure,
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Fig. 1. Major convection flows in a fuel-fired tank furnace (upper part)[3] and the corresponding two fining processes (lower part;,
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Table 2. Compositions for the Experimental Glasses in wit%

Glass No.| 70 | 71 | 72 | 73 | Z4 | Raw Materials
Components
Si0, 62.2 [62.1(62.0|61.9| 61.8 Sand
Zn0 0 |01/0203]04 Zn0
RO Alkali earbona-
2
{N320+K20) 15 tes, 2.7 wt% of
alkali : KNQ,
RO 18 Alkaline earth
{Sr0+Ba() carhonates
Sbgo‘g 0.4 NaZOSbZOB
CODthe%s 0 44 Ce0,, Zircon,
ells, Arl,, . .
Ti0,, ALO, TiO,, Al{OH),

were melted at 1550°C in a Pt/Rh crucible and home-
geneous glagemelts were prepared to measure their
viscosity and surface tension.

The measurements of glass properiies in the molten
state were carried out by using a vertical tube furnace
{(KF'GM-60, Korea Furnace Development Co., Korea) on
which viscometer and microbalance are installed. Visco-
sities (M) of glassmelts were determined by the rotating
viscometer according to Searle principle. Based on the di-
mensions of Pt/30Rh-crucible and -spindle, the viscomet-
er (RotoVisco "RV30" Hakke Co., Germany) was cali-
brated using DGG (Deutsche Glastechnische Gesellschaft)
standard glass [ in the temperature range 1000~1450°C.
An apparatus constant was determined at the imm-
ersion depth of apindle of 30 mm. The viscosity of each
glass melt was measured every 100°C interval within the
temperature range 1600 to 1000°C.

The surface tengion of glassmelts in the viscosity
range between 10° and 10° dPas was determined by the
maximum pull-on-cylinder method. The over-all design
of the present apparatus is similar to that of the pre-
vious.™ The apparatus consists of a Pi/20Rh-cylinder con-
nected with a digital recording microbalance (D-101,
Cahn, USA) by platinum wire and an alumina crucible
filled with plassmelt. The measuring system for surface
tension was at first calibrated direct at high tem-
perature between 1400~1100"C with 7.5Na,017.5Eb.0
75810, (mol%) glassmelt of which surface tension values
at high temperature were already determined hy
Frischat™ and the correction factor was applied to the
measured temperature range. The maximum force (F...)
wag detected by a microbalance while descending the alu-
mina crucible after the melt in alumina crucible had
been in contact with the bhottom of the platinum cylinder,
The surface tension (o) of glassmelt was calculated hy
the equation, o=F.,/4nrg, where r is the radius of the
platinum cylinder and g is the gravitational constant.

2. Fining test of glass baiches
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On the basis of the above two melt properties, a fining
capability of each batch in Table 2 wag eslimated by so
called MF (Melting & Fining) and PMF (Profiled Melting
& Fining) test.”” Fig. 2 and Fig. 3 show the temperature-
time profile for those tests and, sample preparation pro-
eess for image analysis and seed counting, respectively.
For the MF test the batches of 700 g were melted in 900
cec Pt/20Rh crucible for 3 hours between temperatures
corresponding to 10° and 10°° dPag and, then the glasses
were directly quenched and amnealed. In the case of
PMF test the batches were melted also in MF test range,
subsequently refined for 2 hours at 1200°C and annealed.
After annealing a vertieal core of 3.5 cm in diameter was

Ta: Temperalure corresponding lo 10° dPas
23
Taa: Temperature corresponding to 107 dPas
Tz -
Taz— G ———— ———
31 Anneal Cool
cg Meliing & Fining test range
104 -4 --=-—=-—-= -4 -
g 1200
[
% |— Profited Melting & Fining lest range |
: | [
15 L - - >

3n 130 120
Time (min) ————»=

Fig. 2. Temperature-Time profile for MF & PMF test.

Vertical core of ¢ 3.5 em

Verlical slice of 3x5x0.5 cm

Image analysis &
seed counting

Fig. 3. Sample preparation process for image analysis and
seed counting.
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removed from the each melt and a vertical slice ap-
proximately 5 mm thick with dimension of 3x5 cm was
cut from the center of the core. A seed counting in each
polished slice was performed by a stereo microscope
coupled to a monitor via CCD eamera and the number of
remaining seeds per in® was determined statistically.

1V. Results and Discussion

In Fig. 4 the isokom temperatures at 10° and 10' dPas
are presented as funetion of ZnO content. With small re-
placement of 8i0. by ZnO the isokom temperature de-
creases, in other words the deerease of melt viscosity oc-
curs. On the other hand, the isothermal surface tension
of glassmelts in Fig. 5 increases ag Zn0O content in-
creases and temperature decreases. The results of viscos-
ity and surface tension show a similar tendency to those
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Fig. 4. Isokom temperatures at 10°(@) and 10%O) dPas as
function of Zn0O conlent.
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Fig. 5. Surface tension at 1200(H), 1300(D) and 1400°C(@)
as function of Zn0O content.
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of previous studies.® Aceording to Rosenthal etal” it
has been found that ZnQ can piay a network former as
Zn(), tetrahedra at its low concentration, but acts to dis-
rupt the silica structure. The increase of the surface ten-
sion by introduction of Zn0 is explained by the low po-
larizability of ZnQ due to its high field strenth”

1. Influence of temperature on the primary fining

Fig. 6 shows results of MF and PMF test according to
the schedule of Fig. 2. After tests the melts do not have
any nonmelted particles and the size of bubbles lies
between 20 and 50 pm in both cases. But they show an
opposite behavior each other as Zn0O content increages.
In Fig. 7 the MF test temperature (or isokom tem-
perature) and the number of remaining seed per in’ by
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Fig. 6. Number of remaining seeds per in® after MF(ll} and
PMF(Q) test as funection of ZnO content.
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MF test are plotted together as a function of ZnO con-
tent. As shown in MF test results, the number of re-
maining seeds increases with increase of Zn0O content,
namely, poor fining occurs. In Fig. 8 the fining process in-
clugive the redox reaction of antimony ion is gqual-
itatively expressed by modification of reference.”” Be-
cause the MF tests for all the batches were carried out
in the temperature range corresponding to the viscosity
between 107 and 10% dPas it can be assumed that the
physical fining condition for the buoyant rise of bubhles
is same for all glasses. The decrease of MF test tem-
perature or the isckom temperature with increase of
ZnQ content, however, means a pronounced change of
chemical fining condition such as oxygen generation by
redox reaction and gas solubility. It is already well
known the influence of temperature and compoesition
{especially, concentration. of chemical fining agent) on
the fining, namely, the dependence of the redox reaction
(Sh*+0"=8b"+1/20,) and the gas solubility in glazsmelts
on temperature and composition.™" Considering the fix-
ad concentration of antimonate and the small difference
of ZnO content in the present compositions, the de-
pendence of chemical fining on the composition may be
negligible. Therefore, the increase of remaining seed
number with inerease of Zn( content in MF test (Fig. 7)
seems to be due to the decrease of MF test temperature
by which the above redox reaction proceeds preferahly
on the left hand side and the gas solubility into melts in-
creases. This behavior may give little chance to enlarge
the existing bubbles.

2. Cooling effect on the refining
The results of PMF test in Fig. 6 show that the numhb-
er of seeds is lower than that of MF iest irrespective of

-+ PMT test range
+— | MFtestrange |————————— ™

Melting and Fining
between 10¢ and 107 dPa

O o [ — .

Generation of O, and
pas solubility decrease
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composition. From these results it can be postulated,
while the glassmelts are cooled and maintained at
1200°C after passing through the MF test range as
shown in Fig. 8, a part of the remaining seeds in MF
test may be removed. Such a cooling effect on the re-
fining of glassmelts was experimentally approved in
another TV glass compositions and, explained hy shrink-
age and dissolution of bubbles due to the oxidation from
Sb™ to Sh”' and the increase of the gas solubility™® at
low temperature. Beyond this chemical process, as a phy-
sical paramster for the refining an increase of melt sur-
face tension during cooling can be considered. It is dis-
cussed in the next section.

3. Effect of surface tension on the refining

As mentioned above and described qualitatively in Fig.
8, when the glassmelt cools, namely, at low temperature
the shrinkage of seeds and ilheir dissolution into melts
become a major mechanism of seed removal. In this
stage, beyond the chemical refining process via the redox
reaction and the gas solubility, it is theoretically well
known that the increase of internal pressure (P, of se-
eds with a radius (R) accelerates the diffusion of gases
from the seed into the glassmelt and results in ghrink-
age and dissolution of seeds. Accordingly, the internal
pressure hecomes physically important parameter in
seed removal. P, is expressed as [ollows, Pyaw.=20/r.
From this equation it can be suggested that surface ten-
sion (o) of glass melt 13 important, especially more im-
portant as the seed diameter decreases.” Because the
melt surface tension increases with decreasing tem-
perature as shown in Fig. 5, the effect of surface tension
on the refining at fixed composgition may be included in
cooling effect explained above. However, this cooling el-

¥

Refining ai 1200 °C

—_— -
Resarption of O2 and
gas solubilily merease

shrinkage of bubble and dissolution
Y 2o

Sb+3+1/20, — Sh3402

Sb+3+02 — ShH3+1/204

depends on temperature and

v(bubble nise velocity) = R¥r|
E: bubhle radius, v melt viscosily

composition

Phubize (1nternal pressure of bubble)= 2o/R

R: bubble radivs, o melt surlace tension

Fig. 8. Qualitative description for the chemical and physical fining mechanism (Rel 12 modified).
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Fig. 9. Surface tension () at 1200°C and number of re-
maining seeds/in"(ll) after PMF test as function of Zn0O con-
tent.

fect on the refining, as shown at the pap between the
results of MF and PMF test in Fig. 6, becomes greater
with increase of ZnC content. Therefore it must be con-
gidered as the effect of Zn0O on the surface tension of
glassmelt. In Fig. 9 the surface tension of glassmelts at
1200°C is presented with the number of remaining seeds
by PMF test as a function of ZnQ content. Concerning
the resulis of PMF test to those of the melt surface ten-
sion under the theoretical consideration of physical re-
fining process, an improved refining as the increase of
Zn0 content can be deduced from the increase of the
melt surface tension. There are also another minor com-
ponents as MgQ and CaQ which affects the vigcosity and
surface tension of glassmelts similarly to ZnQ,” although
their effect on the fining of glassmelt has not been in-
vestigated. Bul their contribution to x-ray absorption
coefficient at 0.06 nm that is the most important pro-
perty for TV sereen glass ig very small comparing with
that of Zn0."”

V. Summary

It was investigated the effect of temperature, cooling
and surface tension on the fining of TV screen glasses
with amall replacement up to 0.4 wi% of 5i0; by Zn0. So-
dinm antimonate was used as a chemical fining agent.
Based on theory of fining and two melt properties
(viscogity and surface tension), the fining tests of several
hatches were carried out by MF (Melting & Fining) and
PMF (Profiled Melting & Fining) methods. The results of
both tests showed an opposite behavior each other as
Zn0 content increases. The number of remaining seeds
by the MF test increases with increase of ZnO content.
On the other hand, the results of the PMF test in which
the refining iz considered indicated decrease of re-
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maining seeds. The gap between both test results be-
comes greater with increase of ZnO content. The MF test
resulls were explained by temperature dependence of an-
timony redox reaction and gas =zolubility, under as-
sumption that the physical fining conditiom is same. The
difference between MF and PMF test results was ex-
plained by cooling effect on the refining which is det-
ermined by temperature dependence of redox reaction,
gas solubility and surface tension. Finally, the effect of
Zn0 content on the refining or PMF test results was dis-
cussed on the bagis of the melt surface tension.
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