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The mass balance of gaseous reaction products (CO2, H2O0 and gaseous
forms of boric acid) escaped during the process of heating of the pressed Eutal
glass batch in the range of {25°C, 800°C) a) in the stream of N2 and
b) in the stream of natural gas combustion products of the approximate
composition as 70 vol. Y N, 20 vol. %, H;0, 10 vol. % CO; was determi-
ned. The termogravimetry, atomic emission spectrometry, DTA and X-ray
diffraction techniqugs were used in this investigation. This paper 18 fo-
cused on determination of the boric oxide mass decrease in the pre-heated
batch as a temperature function that is due to reactive vaporization in the
presence of water vapour. The total relative loss of boric oxide from the pressed
batch with an initial content of B2Os equal to 6.8 Y, s about 14.5 Y, when the
batch s pre-heated in the stream of combustion products whereas pre-heating
the batch in the nitrogen stream results in a loss of 6.8%. The value of the
B20;3 loss depends consequently wpon the content of structural water in the batch
components, as well as upon the water in the natural gas.

1. INTRODUCTION

This paper (both parts) can be seen as a contribution to judging the possibility
of the decrease or the removance of unfavourable work, economical and ecological
consequences in production of borosilicate Eutal glass. The possibility of using
residual enthalpy of the combustion products flowing from a melting aggregate.
for pre-heating the pressed Eutal glass batch is discussed. The data of both the
phase analysis and the temperature function of enthalpy change of the heated
pressed batch between 25 °C and 800 °C were obtained by using of the experiment.
with laboratory modelled heatings of the pressed Eutal glass batch that were:
accomplished in the stream of gaseous carrier of natural gas combustion products
at the temperature growth rate 10 °C . min—1. Together with the analysis of chemical
and enthalpy changes the temperature dependence of the B,0; loss from the pressed
batch as a consequence of reactive evaporating in the presence of water steam
was determined. In this paper determination of the mass balance of gaseous
reaction products is presented. The gases were released from the heated pressed
Eutal glass batch in the stream of an approximate combustion products composi-
tion. We payed heed primarily to the values of the mass B,0; decrease from the
heated batch.
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2. EXPERIMENTAL

2.1. Sample preparation

Pressed cylindrical pieces made of the Eutal glass batch (the diameter d =
=11.5 cm; the height h=11 mm;-the mass ~ 2 g; the density o =1.7 — 1.8 g/cm3;
the pressing pressure p = 0.8 MPa) were used for experimental heatings. The raw-
material and oxide composition of the Eutal glass is given in Table I. Before each
pressing was prepared, 3 mass %, of water was added to the batch to make the
batch easily pressable.

Table 1

Composition of the Eutal batch |Composition of the Eutal glass
Raw-material w/mess % Oxide w[mass %,
Sand 23.65 Si0, 53.0
Kaolin* 30.76 Al;0; 14.4
Calcite 15.14 B;0; 8.2
Dolomite 13.12 TiO; 0.3
H;BO; 12.21 Fe;O; 0.3
Fluorite 1.86 CaO 18.3
Sulfate 0.26 MgO 4.4
H,0 (1) 3.0 Na.O 0.2

K;0 0.5

* Kaolin was primarily a mixture of kaolinite, illite and 8iO;.

2.2. The experimental apparatus

A determination of the water steam influence upon the process in the batch,
when its temperature is increased, was required in order to explore the possibility
of using of the waste heat of natural gas combustion products for direct pre-
heating of the Eutal batch before inserting it into the melting aggregate. Therefore
two series of the pressed batch heatings were accomplished under the conditions
as follows:

a) in a gaseous mixture stream of the average composition of combustion pro-
ducts as @(N3) =70 vol. %, ¢(H,0) = 20 vol. %, ¢(COz) = 10 vol. %,

b) in a stream of N,.

The used pressed batch has some advantageous properties when.compared with
powdered batch-such as: prevention of charge segregation, higher heat conductivity,
improved heat transfer, decrease of losses due to dispersion, etc.

The scheme of the heating apparatus is in Fig. 1. Nitrogen and carbon dioxide
were taken away from pressure containers (1) and (2).-The gas flow ¢ was controlled
by flow-meters (3) and (4) (p(N2) = 0.23 din3 . min~!, p(CO;) = 0.04 dm3 . min1).
The gases were mixed in the T-tube with a frit (§). The gaseous mixture was
saturated to the required content with water steam (p(saturated H,O steam,
60 °C) ~ 20 kPa) in steam producer (§) and then proceeded through a pipe (10)
into the SiO, glass tube (11) that was fixed in the axis of the horizontally mounted
furnace with a Kanthal winding (13). Samples were inserted into the Pt-boat (14).
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The temperature of samples was measured with the Le Chatelier thermometer (16)
connected with thermo-regulator Chinoterm LP 849 (17). Once the required
maximum temperature of sample heating was achieved the CO, feed was closed
and the steam producer was disconnected by valves (6) and (7). The sample was
cooled in pure nitrogen stream that removed water steam and other reaction
gaseous products from the space around the sample. Thus temperature decrease
of the sample was accelerated. The sample heating rate was 10 °C . min-1! in tem-
perature intervals of 25 °C — ¢ (¢ € (200 °C, 800 °C})). During heating of the samples
the gaseous reaction products (boric acid, water steam and carbon dioxide) escaped
from the heated samples. Masses of the products were quantitatively determined
(mg(X) = —Am(X) — the mass decrease of the component X of the sample).
Boric acid and its solution condensed first on the cooler parts of the tube (11),
next on the interconnecting parts of the apparatus and the rest was captured
in the absorber (that is a shallow dish filled with glass balls (18) and cooled with
a mixture of solid CO, and ethylalcohol). CO, was absorbed in the saturated water
solution of Ba(OH);.

— 9

\8

Fig. 1. The laboratory device applied to the heatings of pressed samples of Butal glass batch and its
subsystems in the flowing gas atynosphere.

2.3. Determination of mg(B,03)

After the furnace was cooled down, the relevant glass parts of the apparatus
were precisely (quantitatively) clean-washed in order to get the condensed boric
acid and its solution into a graduated glass. Then the formal concentration of
B,0; was determined by atomic spectral analysis.

2.4. Determination of mg(CO;) and mg(H20)

The masses of CO; and of water steam escaped during the heating of pressings
as a consequence of chemical reactions among the batch components or due to
their thermic decomposition were determined according to the two procedures:

a) Heating in the stream of nitrogen

The filtered and washed BaCO; precipitate from the CO, absorber was dissolved
in 20 cm? of 0.1 M HCL. The value of mg(CO;) was determined by titration of the
surplus acid with the 0.1 M solution of NaOH. The value of mg(H,0) was obtained
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by subtraction of the sum of .mg(B;0s) plus mg(CO;) from the total mass decrease
of a pressing (the mass difference before heating and after it determined by
weighing).

b) Heating in the combustion products stream

. The mass balance of CO, and water escaped from pressings was in this case
complicated by presence of both compounds in the gaseous mixture flowing around
pressings. The values of mg(CO;) and mg(H;0) were estimated on the basis of the
known Eutal glass batch composition (Table I) with the use of the mass fractions
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Fig. 2. The series of TG-curves of pressed batch for the Eutal glass pre-heated in the gas atmosphers
with the composition of natural gas combustion products within 25 °C — ¢t; t € {200 °C, 800 °C).
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of CO; and of water in the cooled pre-heated pressings (determined by the TG
analysis (temperature range (25 °C; 1000 °C})). The content of water in the cooled
down pressings was corrected by subtracting of the mass increase that was due to
a partial rehydratation in the process of cooling off the samples in the apparatus.
The mass increase after heating was also estimated by the TG analysis. The values
mg(CO;) and mg(H,0) are specified by the following equations:

mg(CO;) = mg . [wo(CO2(calcite)) 4+ wo(COz(doluomite))] — (1)
— m . [w(COy(calcite)) + w(CO;(dolomite))],

mg(H20) = m, . Z wo(H20(X)) — m . [ w(H,0(X)) — w(H;0, rehydrated)]. (2)
X X
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Fig. 3. The series of DT A-curves concerning the pressed Butal glass batch pre-heated in the flowing
gas atmosphere with composition of natural gas combustion products.
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wo(Y (X)) and w(Y (X)) represents the mass fractions of a compound Y (CO; or
water) pertaining to a raw-material X of a pressing before heating (the sample
mass is mg) and after heating respectively (the sample mass is m). The values
mg(Y) may be distorted due to the additional escape of gaseous components from
pressings while they are cooled down. Further mistakes may be caused by a simul-
taneous escaping of gaseous components during the TG analysis of cooled off
samples in the range of (25°C, 1000 °C). The quantity w(H,O, rehydrated) was
used to check the content of free B,O; in the samples after the heating was finished.

In Fig. 2. and 3. there are the TG and DTA curves of samples analyzed after
heating in the range {25 °C, 800 °C). The values of mg(CO;) and mg(H,0) were
obtained through the analysis of peaks on the TG curves by using equations
(1) and (2).

2.5. Other methods used

Determination of the mass balance of gaseous products was combined with
difference scanning calorimetry (DSC) for quantitative enthalpy analysis of phase
changes during the heating of samples. X-ray, and also DTA and TG analyses
were used for identification of phases.

3. DISCUSSION OF RESULTS

The loss of B;O3 from the Eutal glass batch in the presence of water steam is
caused by the reactions that may be written down in these simplified schemes:

B;0; (cond.) + H:0 (g) — 2 HBO; (g), (3)
B:0; (cond.) + 3 H,0 (g) — 2 H,BO; (g), 4)
H,BO; () — H;BO; (g). (5)

According to [1] the pressure of boric acids vapour generated by the first two
reactions considerably increases with the increase of both temperature and pressure
of water steam around the condensed B,;0;. Authors of the paper [1] assumed that
molecules of HBO, existed in gaseous phase in the range of {1200 °C, 1300 °C).
They also supposed a presence of H3;BO; molecules in gaseous phase at lower
temperatures. According to [2] trimer (HBOQ,); is produced at 1250 °C through
the reaction of condensed B;03 with water steam. The leakage of boric compounds
from the condensed phase of B,03; was studied in both papers mentioned above
under conditions that modelled dosing of charge into a melting tank, initial produc-
ing of glass melt and the main B,0j3 losses. (The total B,0j3 loss in the production
of borosilicate glasses is given between 15 and 309, of initial B,O; content in
a batch [3]). i

The B,O; loss determination results of the pressed Eutal glass batch and its
subsystems versus temperature are given in Table II or in Fig. 4.

The losses of B,03 from the Eutal glass batch pressings of the composition given
in Table I are presented in Table II, columns a, b and the losses of B,O; from the
modified system pressings are presented in Table II, column d. The samples were
heated in temperature intervals of 25 °C — ¢ (¢ € {200 °C, 800 °C)).For comparision
in column c are presented the losses of B,O3 measured in [4] for heatings of a similar
composition batch in a static air atmosphere. These losses are lower when compared
to the losses of the pressed batch heatings in the flowing atmosphere.
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Table 11

The balance of B,O; leakage from the pressed Eutal glass batch and from subsystems as a function.
of temperature of heating
a ... (mg(B;03)/mo(B203))/%, b ... (mg(B203)[m0){%, & ... wo(Ba0s)/mass %,

Series a b [ d 2]

-4 6.76 6.76 10 [4] 6.76 15.85
t{°C a b a b a b a b a b
200 2.3 | 0.16 3.9 | 0.26 3.8 | 0.26
300 3.2 | 0.22 4.5 | 0.30 1.8 0.18 9.5 | 0.64
400 8.0 | 0.5¢4 5.7 0.39 | 2.9 0.29 | 103 | 0.70
450 9.2 | 1.46
500 13.0 | 0.88 8.8 | 0.60 3.6 0.36 | 10.1 | 0.68 8.6 | 1.36
550 10.6 | 1.68
600 12.9 | 0.87 7.4 0.50 | 4.8 0.49 | 14.0 | 0.95 | 10.5 | 1.66
700 134 | 0.91 6.8 | 0.46 | 4.5 0.46 | 14.0 | 0.95 9.8 | 1.55
750 : 8.3 | 1.32
800 144 | 0.97 6.8 0.46 5.6 0.57 | 174 | 1.18 7.2 | 1.14

wo(B303) = my(B203)/mo — analytically determined initial mass fraction of B,0; in the batch.

a ... the pressings made of the Eutal glass batch of the composition given in Table I. The
pressings were heated in the gaseous mixture stream of approximate composition of natural gas
combustion products (70 vol. % of N3, 20 vol. % of H;0, 10 vol. % of CO:.)

b ... the pressings made of the Eutal glass batch were heated in pure nitrogen.

c¢... the unpressed samples of the Eutal batch were heated in static air atmosphere. Tem-
perature increase rate was 5 °C . min-1 (results of V. Tatevosjan’s measurement [4]).

d ... the pressings of modified glass batch containing 7.51 mass %, of Ca(OH), and 7.51 mass %,
of CaCO; were heated in the atmosphere of combustion products composition.

o ... the pressings of the binary system of kaolin—boric acid. The ratio of Al,0; and B,0s
content in the system is as equal as in the Eutal glass (wo(Al,03) /wo(B203) = 1.76).

The relative loss of B,O; versus temperature for the systems mentioned earlier is
given in Fig. 4. (the curves are denoted in consistence with the legend to Table II).
The influence of gaseous combustion products composition upon the degree of the
B20; loss from the batch was determined on the basis of valorization of the Eutal
glass batch heating results in the stream of pure N, (columin b in Table II, curve b
in Fig. 4.) and in the gas stream of an average composition of the combustion.
products under the same conditions (column a in-Table II, curve & in Fig. 4.).

The intensity of boric acids evaporation from the Eutal batch heated in the
stream of N, increases in the temperature intervals where the structuraly bound
water is released from boric acid and kaolin:

In the range of (100°C, 250°C) water steam is predominantly generated by the
thermic decomposition of boric acids H;BO3; and HBO,. The loss from the total
amount of water in the batch is 100 . mg(H,0, boric acid)/me(H,0) ~ 459%,.

In the range of (450 °C, 700 °C) kaolinite (illite) is dehydrated — 100 . mg(H,O,
kaolin)/mo(H20)) ~ 309,.

In the beginning of heating the batch moisture is evaporated — 100 . mg(H,0,.
humidity)/me(H,0) ~ 259%,.

The total relative loss of B,O; from the batch heated in the N, atmosphere
in the temperature range of (25°C, 800 °C) is 100 . mg(B;03)/me(B.03) ~ 79%,.
The temperature dependence of B;0; loss from batch pressings (curve b in Fig. 4.)
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Fig. 4. Relative loss of B20s from the heated pressed Eutal glass batch versus temperature: the rate
of temperature growth is 10 °C . min—t

a) heatings of pressed batch samples in the gas stream of combustion products composition,
b) heatings of pressed batch samples in the stream of N2,
) the results of the paper [4],

d) heatings of the pressed batch samples of modified composition (the batch contains 7.519, calcite
and 7.51 %, Ca(OH),).

has a seeming maximum at 600 °C evidently due to an imperfection of the used
method (the further B,0; has escaped, inside pressings were cooled down). The
shape of this curve is effected likewise by the generation of borates because the
reactive vaporization of borate compounds with water steam depends primarily
upon the free B,0; content in a pre-heated pressing and to a considerably lower
degree upon the content of B,0O; that is bound in borates. The loss of B,0; in the
process of tablet heating in the combustion products stream within the entire
temperature range is higher than that in the stream of N,. The total loss of B,0;
related to its original content is 100 . mg(B;03)/me(B203) ~ 14.5%,. Water steam
not only increases the loss of B;0; in the form of boric acid but also accelerates
reactions of boric compounds in the batch with other components (calcite, dolomite,
metakaolinite). A catalytic effect of water steam upon the carbonates decomposi-
tion was also observed. Therefore the rate of the free B,O; content decrease in the
Eutal glass batch heated in the combustion products stream is considerably higher
than in the stream of N,. The B,0; reaction rate in the batch with water steam
can be judged from the shape of the B,0; loss curve (curve @ in Fig. 4.). The slope
of the curve is the highest in the temperature range of {300°C, 600°C)» when B,0s
is in the batch in a high degree still free and occurs in the amorphous and liquid
phase respectively. The water steam content in the tablet increases due to the
dehydroxidation of kaolinite (illite). At the temperatures above 600 °C the B20s;
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loss rate from the pressed batch decreases to a non-zero value because water steam
probably reacts even with the produced borates (particularly with the magnesium
and calcium borates).

The temperature dependence of B,O; loss from the modifled Eutal glass batch
containing 7.51 mass %, of calcite and 7.51 mass %, of calcium hydroxide is drawn
on curve d in Fig. 4. (column d in Table IT). The B,0; loss increases due to the
decomposition of Ca(OH); in the temperature range of {300 °C, 500 °C).

% Between 500 °C and 700 °C the losses of B,03 from the original and modified
batch are approximately equal. Regarding the primary B;0; content the total
B:0; loss in the modified batch, however, is higher than in the original batch
(100 . mg(B203)[mo(B;03) ~ 17.4%,). A supposed decrease of B,03 loss from (100
ig(B203) [mo(B;03) & 17.4 %). A supposed decrease of B;0; loss from the mo-
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Fig. 5. The content of B,03 in the pressed samples of system of HiBOj-kaolin, heated in the gas
magture of composition as 80 vol. %, N2, 20 vol. % H,0 versus temperature
a) the curve of content of chemically bounded B,Os,
b) the curve of free B:0;,
c) the B20; loss due to reactive vaporization from pressings to environs.
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dified batch was not observed even though calcium borates, proved by the
phase analysis, were generated already in the lower temperature range.

Mass balance results of condensed and gaseous phase of B,0; for the pressings.
of the kaolin—boric acid binary model system are presented in Fig. 5. From shape
of the curve of the bound B,0; content (curve &) and that of the free B,O; content
(curve b) versus temperature it follows that the both components and the products
of their decomposition react mutually in the whole observed temperature range
of {450 °C, 800 °C», where dehydratation of kaolinite and illite (admixture in
kaolin) respectively was observed. Products of these reactions are aluminium
borates. As it has been proved 9 Al,0;.2 B,0; was primarily generated and
2 AL,0; . B;03 was produced to a lower extent.

The B,0; loss values in the range of (450 °C, 800 °C) for the studied binary
system are arrayed also in column e in Table II. The experimental data dispersion
is probably due to imperfection of the used method described above.

4. CONCLUSION

From the all presentea resuits of measurements it follows that in the process
of heating the batch in the stream of natural gas combustion products the loss
of B,0; is two times higher in comparision with that when the ‘batch is heated
in waterless gaseous stream. The total B,O; loss related to the primary content
of B;03 in the batch (100 . mg(B,03)/me(B203)) ~ 14.59,), after the heating up

Table 11T

The mass balance of the gaseous reaction products loss in the process of pressed Eutal
glass batch heating.
a) Heating in the mixture of 70 vol. % of N2, 20 vol. % of H;0, 10 vol. %,
of CO,. b) Heating in N,

_ms(i)_ o
Product P 1%

¢°C 200 ‘ 300 | 400 500 600 | 700 | 800
H;0 a) 3.0 3.0 3.0 3.0 3.0 30 | 3.0
(humidity) b) 3.0 3.0 3.0 3.0 3.0 30 | 3.0
H;0 8) 44 4.9 5.1 4.8 4.8 48 | 46
(H;BO) b) 43 4.9 4.9 4.9 5.0 51| 5.1
H;0 a)

. 1.1 2.7 36 | 36
(kaolin) b) 2.3 36 | 3.6
Co, 8) 0.3 1.0 1.1 1.4 14 28 | 2.8
(calcite) b) 0.2 0.4 0.4 0.4 0.5 14| 14
Co, a) 5.4
(dolomite) b) 4.0
H,BOs(g) a) 0.3 0.4 1.0 1.6 1.6 1.6 | 1.8

b) 0.5 0.5 0.7 1.0 0.9 08 | 0.8
%Z mgli) a) 7.9 9.5 10.2 11.8 134 | 157 | 213
=2

* b) 7.9 7.8 8.4 9.3 124 | 148 | 19.1
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of the pressed Eutal glass batch to 800 °C is obviously not a finite value even though
after heating almost all boric oxide is bounded in form of borates. The B,0; leakage
was higher due to Ca(OH), that partially replaced calcite.

The mass balance of all gaseous products generated in the process of heating
the Eutal glass batch in the combustion products gas stream or in nitrogen stream
is presented in Table II1. Higher decrease of CO, and H,0 mass in the combustion
products atmosphere within the whole temperature range reffers accelerating
influence of water steam on decomposition of calcite and dolomite and on reactivity
among the batch components.

The presented data were a basis for investigation of reaction mechanism in the
process of heating of the pressed Eutal glass batch up to 800 °C in the combustion
products atmosphere and for determination of enthalpy balance of this process.
Results of this exploration are presented in part two.
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BILANCIA CHEMICKYCH, FAZOVYCH A ENTALPICKYCH ZMIEN
V PRIEDHRIEVANOM LISOVANOM KMENI PRE SKLO EUTAL I

Maéria ElidSova,* Milan Kosecky, Maria Rekeniové, Eva Pechovd, Ivo Proks

Ustav anorganickej chémie SAV, Dubravskd 5, 842 36 Bratisiava
*Vyskumny a vyvojovy ustav sklarsky tr. SNP 20, 912 50 Trendin

Cielom tejto préce bolo uréenie hmotnostnej bilancie tniku plynnych reakényeh produktov
(COa(g), H20(g) a plynnych foriem kyseliny boritej (HBO(g), H3BOs(g)) pocas zéhrevu lisova-
ného kmena pre sklo Eutal v teplotnom intervale <25 °C, 800 °C) v prude plynnej zmesi pribliz-
ného zloZenia spalin, odchddzajucich zo sklarskych taviacich agregitov- (70 % N,, 20 % H.O,
109, CO.), alebo v prude ¢istého dusika. Vzorky lisovaného kmena v tvare valéekov s hmot-
nostou asi 2 g sa zahrievali rychlostou vzrastu teploty 10 °C . min—! vo vodorovnej piecke v prude
plynov volitelného zlozenia. Zo zahrievanych vyliskov unikali plynné reakéné produkty (kyse-
lina borit4, vodnd para a oxid uhli¢ity), hmotnosti ktorych mg(X) sa kvantitativre stanovovali
kombinaciou metéd termogravimetrickej, chemickej a atémovej spektrélnej analyzy.

Plynné kyselina borité sa tvorila poéas zéhrevu vylisku reakeiou oxidu boritého pritomného
v kmeni s vodnou parou, ktoréd vznikd v kmeni odparenim vlhkosti, termickym rozkladom suro-
vin, obsahujucich Struktarne viazant vodu (v teplotnom rozmedzi asi 120--250°C prebieha
rozklad H3;BO3 a v rozmedzi asi 450 —700 °C prebieha dehydroxidécia kaolinu) a je tiez zlozkou
spalin. Pri'zédhrevoch vyliskov kmena Eutal v pride dusika, kedy se z kmefia uvolni vodné para
s hmotnostou asi 11,8 9%, z poc¢iato¢nej hmotnosti kmena, je celkové strata B,O; asi 7% z jeho
potiatotného obsahu v kmeni. Pri zéhrevoch v prude spalin za inak rovnakych podmienok je
celkové strata B20; priblizne dvojnésobnd — jej hodnota je 14,59 vzhladom na poéiatoény
obsah B,03 v kmeni.

Hmotnosti o~ idu uhli¢itého a vodnej pary, ktoré unikli zo zahrievaného kmefia pocéas zéhrevu,
sa stanovovali:

a) u zdhrevov vyliskov kmeiia Eutal v prade dusika sa CO-(g) absorboval do Ba(OH), a jeho
obsah sa stanovil rozpustenim BaCO; v HCl a titrdciou prebytoérej kyseliny roztokom NaOH.
H,O(g) sa ziskala odéitanim sucétu mg(HzBOs) a mg(CO;) od celkového ubytku hmotnosti
zahriateho vylisku;

b) u zéhrevov vyliskov kmena Eutal v prude spalit. sa hodnoty mg(CO2) a mg(H,0) vypoéi-

Silikaty ¢. 3, 1991 221



Elidsovd et al.:

tali na zéklade zndmeho zloZenia kmena pre sklo Eutal (Tab. T) a s pouzitim lkmoincstnyelr
zlomkov oxidu uhlié¢itého a vody v ochladenych predohriatych vyliskoca, uréenych TG-analyzou.

Vy3sie ubytky vietkych plynnych reakénych produktov pri zéhrevoch vyliskov kmeiia Eutal
v atmosfére spalin v celom sledovanom teplotnom rozmedzi ukazuju na urychlujici vplyv vodnej
pary na chemické reakcie, prebiehajuce v zahrievanom kmeni.

Obr. 1. Laboratdrne zariadente pre zdhrevy vyliskov kmetia pre sklo Eutal a subsystémy v kontrolova-
telnej atmosfére prudiacich plynov naprogramovatelnyms rychlostams vzrastu teploty.
Obr. 2: Sustava TQ-kriviek lisovaného kmeiia pre sklo Eutal, predhrievaného v atmosfére plynov-
zlofenia spalin zemného plynu-v intervaloch 25 °C — t; t€ {200 °C, 800 °C.
Obr, 3. Sustava DT A-kriviek lisovaného kmefia pre sklo Eutal, predhrievaného v atmosfére plynov:
zloZenia spalin zemného plynu v intervaloch 25 °C — t; t € {200 °C, 800 °C.
Obr. 4. Grafické zavislosti relativnej straty oxidu boritého od teploty z lisovaného kmeria pre sklo
Eutal, zahrievaného v pride plynov pri rychlosti rastu teploty 10 °C : min-1
a) zdvislost pre lisovany kmert priemyselného zlofenia pre sklo Eutal (tab. I), zahrievany
v prude spalin zemného plynu,
b) zdvislost pre lisovany kmeri rovnakych vlastnosti ako v pripade a), zahrievany v pride Na,.
c) vysledky prdce [4],
d) zdvislost pre lisovany kmeri 8 modifikovanym zlofenim (obsahuje 7,51 %, vipenca a 7,51 %,
Ca(OH),).
Obr. 5. Teplotné zdvislostt obsahu B;03 vo vyliskoch sustavy kyselina boritd —kaolin, zahrievanych.
v prude plynnej zmest zloZenia 80 obj. Y, N2, 20 obj. % H:;O:
a) zdvislost B,03 chemicky viazaného vo forme boritanov v kondenzovanej fdze,
b) zdvislost valného B20s v kondenzovanej fdze,
¢) zdvislost straty B,0; reaktivnym prchanim z vyliskov do okolia.

MATEPHAJILHBIN BAJAHC XUMUYECKHNX, ®A30BBIX
1 QHTAJILIIAYECKUX IPEBPAINEHUII B MOJOTPEBAEMON
OTIPECCOBAHHOM CTEKJIOMACCE, IPEJHA3HAYEHHOM
NJIf1 CTEKJIA Eutal. I

Mapna 9nuamoBa, *Muraas Komenku, Mapus PexeneBa, 9Ba IlexoBa, UBo IIpoke

Hrcmumym neopearuseckoii rumuu CAH, [Jyb6pascxa 5, 842 36 Bpamucaasa

*H ayuno-uccaedosamenrCruli u npoexmuuiii uncmumym cmexaa, np. SNP,
912 50 T peruun

Ileasio npepmaraeMoit paGoTH ABJIAETCA YCTAHOBJIEHME MaTepHaJILHOTO OajlaHCA YTEUYKH
ra3oo0pasHbIX peaknMOHHKX HpouykToB (COz(r), H20 (r)) m rasoo6pa3neix ¢opm OGopHOi
kuciaorel (HBO; (1), H3BO; (r)) Bo BpeMst HarpeBa OTIHPEeCCOBAHHOM CTEKJIOMAcCCH, INpe-
Ha3HaueHHOH A crexkaa Eutal B TemmepaTypwol maTepBade < 25 °C, 800 °C > B moToke
ra3oo6pa3Hoii cMecH NpuGJIM3NTEIHLHRIM COCTABOM NPOAYKTOB CTOPaHM:, YXOAAMUX M3 CTe-
KJI0BapeHHHIX arperatoB (70 % N2, 20 % H:0, 10 % CO;), mim B mOTOKe YMCTOro a3oTa.
IIpoGeI 0TIIpECCOBAHHOM CTEKIIOMACCH B BHJie POJINKOB BeCOM MPHOIN3ATEIIEHO 2 T HarpeBan
CKOpOCTBIO pocta TemmepaTypsl 10 °C. MEH~! B TODH30HTaJIbHOM IeYKe B IIOTOKe ra3oB IO
GnpaeMoro cocraBa. M3 HarpeBaeMHIX OTIPECCOBAHHEIX H3JIeIMA YXO;jMiM ra3oobpa3nale
peaxunoHHbIE NPOLYKTHI (OpHAs KUCJIOTA, BOJUTHOM Nap M j\BYOKUCh yrilepo/la), Bec KOTOPHIX.
my(X) KOJHMYECTBEHO YCTAHABJIWBAJHM, KOMOMHHDYA METOALl TEPMOI]3BHMETPHYECKOIO,
XMMHYECKOTO M aTOMHOI'0 (IIEKTPAJIBHOIO AHAJIM3J.

lasoobpasmast GopHaAa kucsoTa obOpasyercs Bo BpeMa HAarpeBaHHs OTHPECCOBAHHOIO-
n3feJMA B3aMMOJEHCTBHEM OKCH/Ia TPeXBaJIeHTHOro 0Opa, cofepsKallerocs B CTEKJIOMacce,
¢ BOAAHHIM TapoM, o0pasylolmuMcA B CTeksoMacce MCIAapeHNneM BJIa’KHOCTH, TeDMHYECKHUM
Pa3iioKeHHeM CLIPbA, B COCTAB KOTOPOro BXGMT CTPYKTYDHO ¢BA3aHHAA Boia (B TeMmepa-
TypHOM upegeite npubimantensno 120—250 °C nportexaer pasiomenne HaBO, n B mpeyesax
npubinsnreshro 450—700 °C mpoTekaeT ernjpOKCHAAIMA KAOJHHA), KOTOPAR ABJIAETCA
TAK/KEe COCTABHOH YacThIO IPOXYKTOB cropammMA. IIpm HarpeBax OTIpecCOBaHHRIX H3JeJHi
crexytoMacenl Eutal B motoke a30Ta, Korna n3 ¢TeKJIOMAacCH BLIIEJIAETCA BOASAHOM IMap BecoM
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npubinsutensHo 11,8 % npu nepecyere Ha HCXOJHEIM Bec CTEKJIOMacchl, obmue morepn BiOs
cocTaBJIAIOT NpubIM3UTeNsHO 7 Y% NpH mepecyeTe Ha ero UCXOJLHEIA Bec B cTekaoMacce. Ilpu
HarpeBax B DOTOKe HMPOAYKTOB CTOPaHHsA NPH OJAMHAKOBHIX YycJoBuAX obmue norepn B20s
npubiau3uTeNILHO B iBa pa3da BHIIle — OHH JIOCTUTAIOT BeJIMYMHH 14,5 9% mpH NepecueTe Ha
ucxolHoe cojiepanne B,03 B cTekiiomacce.

Bec aByokmcu yrirepojga M BOAAHOIO Napa, YTeKAOIMX 3 HarpeBaeMoil cTekJIoMaccH
BO BpeMdA HarpeBa, yCTaHaBJIMBAJIM:

a) y HarpeBa OTIpeccOBAHHKIX H3j{esInil cTekaoMaccH Eutal B notoke aszora CO; (r) a6Geop-
6upoBa;r B Ba(OH), pactBopernem BaCOs B HCl m TuTpoBaHHMeM M3OKITOYHOM KMCJIOTH
pactBopoM NaOH . H,O (r) mosryuaim orcueroM cyMMul m:(H3BOs;) m m(COz) or obmmx
HOTeps B Bece HarpeBaeMOro OTHPECCOBAHHOIO H3jielTusl.

6) Yy HarpeBa OTIpeccOBaHHBIX U3j(esInil cTexsoMacchl Eutal B HOTOKe NpoAyKTOB ¢1 OpaHus
Besnuunnl mr(COz) m my(H20) pacunreiBaiin Ha OCHOBe HM3BECTHOI'0 COCTaBa CTEKIIOMACCH
i eTexdia Eutal (tadi. I) M ¢ npuMeHeHueM BecOBHRIX Apo0Oeil ABYOKHCH yriIepojia M BOIEL
B OXJIAM/EHHBIX I10;,01'PeBaeMLIX OTIPECCOBAHHBIX U3/\eJIMAX, YCTAHOBJIEHHBIX C 110MOIULIO
TG-anaim3a.

Bouee Bricokue morepn BceX razaoo0pa3HBIX PeaKIMOHHBIX NPOLYKTOB IpH HarpeBe OT-
npeccoBaHHBIX M3jleuil crexyioMacchl Eutal B cpefie mpogyxToB cropaHusi B 00mux mccile-
AyeMBIX npejieilaX TeMIepaTypHl ABJIAIOTCA CBHIETeIRCTBOM YCKOPAIOIIEroca BIMAHUSA BOJIA-
HOI'0 Tapa Ha XMMHYecKne peaKklliH, IIpOTeKalollie B HarveBaeMoOi cTexJiomacce.

Puc. 1. JlabopamopHasa YcmaHroska 0af HA2PEEA OMNPECCOBAHHBIL U3DEAULl CMEKAOMACCHY,
npednasHawerRHol dan emekaa Eutal u nodcucmemvr ¢ xonmpoaupyemoti cpede npome~
KAIOWUL 20306 3ANDOZDPAMMUDYEMBLMU CKODOCIAMI DOCMA MEMNEPANYPbL.

Puc. 2. Cucmema TG-kpusviz omnpeccosarHoli cmekaomacces daa cmekaa Eutal, nodoapesae-
M020 6 cpede 2a306 cocmagom Npodykmos c20paAHUR NPUPoOH020 2a3d 6 UHMEDPEALAX-
25 °C — t; t € €200 °C, 800 °C).

Puc. 3. Cucmema DT A-ppustix omnpeccosannoli cmexaomaccet 0as cmexaa Eutal, nodoepe-
‘saemo20 6 cpede 2aao06 cocmagom npodYKpos C2opanu’ nPupodHozo 2a3a ¢ UMMEPEANAT
25°C — t; te<200°C, 800 °C>.

Puc. 4. I'paguueckue aasucumocmu omHocumesbHoii nomepu oxcuda mpereasewmMozo 60pa
om memnepamype Ua 0mnpeccosarroli cmexkaomacces das cmexaa Eutal, naepesaemozo
¢ nomoke 2aaoé npu cxopocmu pocma memnepamypw 10 °C . mun=1:

a) aagucumocmv OfR OMNPECCOEARHOU CMEKAOMACCHE NPOMBIULAEHHO20, COMCAEA O0AR
cmexaa Eutal (maba. I), Hazpesaemoli ¢ nomoxe npodyxmoe c20paHus npupodHoeo
2aaa, ‘

6) aasucusocmb OaR OMNPECCOBARHOU CIMEKAOMACCE, 00UHAKOEKT CEOLiCME KAK 6 CAY4ae
a), Hazpegaemoti 6 nomoke Nj,

6) peayavmamuv: pabomui (4],

2) aasucumocmv 0as OMNPECCOBAHHOL cmeKaomacchi moduduyupoearnozo cocmaea
(codepmcawezo 7,51 % useecmuara u 7,61 % Ca(OH)z).

Puc. 5. Temnepamypruie aasucumocmu codeprcanus B;0; ¢ omnpeccosarnvir uadeausx cu-
cmembi 60pHAR KUCAOMA—KAOAUH, HA2PEEAEMbIT 8 NOMOKE 243006 paaKoli cMeCU cocma~
gom 80 % no eecy N2, 20 % no eecy H:O:

a) aasucumocms B203 zumunecku cemaanMozo ¢ eude 6opamoe 6 KoHOEHCUPOBAHHOU
daae,

6) aasucumocms c6o600Hozo B203 ¢ rondencuposannoii gaae,

6) sasucumocms nomepu B;0s, 6bi36aHHOl 0MHOCUMEALHBIM YAEMYNUCAHUCM US OM~-
npeccosarrbvix uadeauli 6 cpedy.
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