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A quantitative description of chemical processes and enthalpy changes in the
pressed Butal glass batch of 3—49%, initial humidity that was heated in the
stream of natural gas combustion products in the range of {25 °C 800 °C) 18 pre-
sented in this paper. During heating water 18 released from H3BO; and kaolin
and approximately 67 % of CO: escape from dolomite and calcite by thermic de-
compoasition. Interaction among components gradually generates calcium borates
(primarily CaO . B;0O;, 2CaO .3 B;0;, 2 CaO . B;0,), aluminium borates
(9 A]zO; .2 BzO;, 2 A1203 . BzO;), 2 MgO . BzO;, Ca0O.2 Ale;, MgO, CaO,
etc. Transition of B,0; to the bound state (at 800 °C free B,O; 18 not present
in the batch) decreases B303 leakage from the batch that 18 caused by reactive
escaping in water steam. A total heat consumption for heating the batch and for
reactions in it was estimated as Ah ({25 °C, 800 °C)) = 1630 — 1670 kJ . kg~1.

1. INTRODUCTION

In the second part of this paper a quantitative description of chemical processes
and enthalpy changes in the pressed Eutal glass batch gradually heated from 25 °C
to 800 °C in a stream of an approximate composition of natural gaseous products
is presented. A phase and enthalpy analysis has been worked out on the basis of
the mass balance of the gases escaping from batch owing to chemical reactions
and thermic decomposition of some batch components in the process of heating
the batch. Further methods were used also (above all X-ray, DTA and DSC
analyses). Results of the mass balance of the gaseous products escaping from the
batch in the range of 25 °C to 800 °C are presented in the first part of the paper.

On the one hand the aim of the following exploration of chemical processes and
enthalpy changes in the process of heating the Eutal batch was to consider the
possibility of using the combustion product enthalpy for pre-heating a batch
charge before its insertion into the melting aggregate. It was, on the other hand,
a chemical evaluation of the process in the heated batch and its relation to an
escape of B,0; from the batch as a consequence of a reaction with water steam
(reactive evaporation).

The composition of the batch for the Eutal glass is.in Table I (column 1). This
is a classical batch composition for Eutal glass production at the fy Skloplast
in Trnava. A component giving B,03 is the trihydrogenboric acid H;BO;, a syntetic
raw-material that bzsides having other advantages, is of a high degree of purity,
that guarrantees homogenity of the produced glass. A disadvantage in it, however,
is that structurally bound water that is released takes along with it molecules
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of H;BO; and HBO; in a gaseous phase. An escape of B;0; from batch makes
kaolin also disadvantageous because it releases water by thermal decomposition
in the temperature range of 450 C to 700 °C. From' this point of view it is neces-
sary to explore the possibilities of how the raw-material composition of the Eutal
glass batch could advantageously be modified by some other technically available
compounds, that would contain CaO, MgO, or AL;O;, to increase within the given
temperature range the reaction intensity of these compounds with H;BO3 producing
borates and thus decreasing the free B,0; content.

2. CHEMICAL REACTIONS IN THE PRESSED EUTAL GLASS BATCH
WITHIN THE RANGE OF 26 °C TO 800 °C

The most reactive components of the observed composition batch for the Eutal
glass are H;BO3 and its dehydratation products (HBO,, B,0;). Already at room
temperature H3BOj3 reacts with CaCO; in the batch. The reaction produces hydrates
of calcium borates with a considerable prevalence of the CaO .3 B;0s.4 H,0
phase. The batch stored in a closed place for a few days (about 6) has its H3BO;
already reacted off.

The water that is released from the reaction makes the batch grow damp,
increasing volume so that the batch tablets are deformed and begin to fall apart.
In the following report-we present the reactions that were gradually in process
in the heated batch just after its pressing under the conditions presented in the
first part of this paper. The values of the specific reaction enthalpies Ak, that are
valid for 1kg of the glass batch, were computed with the use of tables [1, 2]
on the basis of the phase analysis of the samples heated in the given temperature
range. Some of estimates of the Ak values were also estimated by direct measure-
ment of the reaction heat in the DSC calorimeter in the temperature range of
25 °C to 700 °C. .

H,0 (1) evaporates at 100 °C. The humidity of the batch is 3—4 mass 9%, (that
is the natural humidity and the additional humidity for making the batch easily .
pressable).

The water evaporatlon can be described by the following scheme:

HO () — H,0(g) Ahy="T0 —95kJ.kg 1. (1)

The H3BO; decomposes into boric oxide B,0; in about 120—250 °C range.
This process can be described by the following equations [3]:

H;BO; — HBO, +H,0  At= 120— 170 °C, (2)
2H,BO;(s) — 1.16 HBO;(s) + 2.42 H,0 (g) + 0.42B;0; (am) ¢ = 170°C, (3)
HBO,(s) — 0.5B,0s(am)+ 0.5H,0(g) At =170—250°C. (4)

The sum of the reaction enthalpies is Ak ~ 160 kJ . kg-1.

Both forms of boric acid and the produced B;0j3 react in a low degree with the
original CaCO3 generating calcium borates in the range of 25 °C to 400 °C. With
regard to a content of water in the system there are hydrates of calcium borates
that may lose their hydrate water primarily in the range of 300 °C to 400 °C.

In a simplified way the origin of calcium borates at 300 °C can be described as
follows:
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14 HBOz + 4 C&COa — CaO. B203 . ZH;O + CaO . 3-B203 . szO +
+ 2Ca0 . 3 B,0; . zH,0 + 4 CO; + (7-z-y-z)H,0. (5)

The numbers of the crystal water molecules z = 2, y = 1, z = 1 were taken on the
basis of the TG curves analysis at 200 °C. From the shape of the TG and DTA curves
[Fig. 2., 3., paper 1] one can presume that the dehydratation of calcium borates
runs up to 400 °C. The total sum Ak, of the reaction enthalpies concerned with the
origin of hydrates of calcium borates and their dehydratation is estimated to be
50 kJ . kg-1. From X-ray analysis of samples of pre-heated binary system lime-
stone-H3;BO; and of Eutal glass batch, stored the same time at 25 °C and than
heated, it follows, that the CaO .3 B;03.2H,0 component reacts with CaCO,
from about 200 °C producing CaO . B,0; . nH;0 and 2 CaO . 3 B,0;.

Within the whole temperature range (25 °C, 800 °C) the condensed boric oxide
B,0; reacts with water steam generating gaseous compounds H;BOj; (g) and
HBO, (g) or an escape of the condensed boric acid out of the batch takes place
(look at the first part of the paper).

The total reaction enthalpy value Ak; concerned with the transition of H3BO; (s),
HBO,; (8) and B;0; (cond.) into the gaseous forms of boric acid in the {25°C, 800°C>
range was estimated to be 118 kJ . kg-1.

Boric oxide melts at 450 °C and the dehydratation of kaolinite (illite) that is
present in the system starts approximately at the same temperature by the follow-
ing equations: ‘

AlO3 . 28i0, .2 H,0 — ALO;.28i0; 4+ 2H,0 Ak ~ 325kJ . kg-1. (6)

The originating metakaolinite Al,O; . 2 SiO; reacts with B,0; (1) producing alumi-
nium borates 9 Al,O; . 2 B,O3 and 2 Al;O; . B,O; as the following approximate
scheme describes:

11 (AL,0s3.28i0,) + 3B,03; — 9 Al;05.2B,;0;3 + 2 Al,0;. B,03 + 22 8i0,. (7)

The contents of the both reaction products in the (600 °C, 800 °C) range were
determined:

a) on the basis of the quantitative phase analysis results in the system kaolinite —
H;BO; that was heated under almost the same conditions as the complete batch;

b) by using the value of the total reaction heat measured in the DSC calorimeter
Ahy = 160—170 kJ . kg-1. This value is different from the expected value of
enthalpy 320—330 kJ . kg~! describing the decomposition of kaolinite present
in the system. The difference between the both values of Ak, equal to —160 kJ .
. kg1 is due to exothermic reaction, in the range of 500 °C to 600 °C (above all
to origination of both aluminium borates.). Their mass in the system was calculated
with the use of stechiometry owing to knowledge of mass fraction of decomposed
kaolin;

¢) by supposing that B,O; tends to generate both aluminium borates to the same
extent. On this assumption the content of 9 Al;O; .2 B,0; is two times higher
than of 2 Al,Os . B;Os in the batch which is proved by X-ray analysis of both
phases in the observed systems. The total reaction enthalpy concerned with the
originating of 9 Al;O; . 2 B,0;3 and 2 Al,03 . B;03 in the (500 °C, 700 °C) range is
estimated to be Aky = (—110)—(—120) kJ . kg-1.

In the {600 °C, 700 °C) range the mass fraction of carbon dioxide CO., released
as a consequence of a reaction CaCO; with B,0;, increased from 1.4 mass 9%, to
2.8 mass 9%,. Because the mass fraction w(CaO) (in undecomposed calcium carbo-
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nate)/w(B,0;) at 600 °C is approximately 2 : 1, the further generating of 2 CaO .
. B203 with the increase of temperature can be supposed as this scheme describes:

2 CaCOJ + BzO; - 2 Ca.O . B203 + 2 COz (8)
Aby ~ 15 kJ . kg? for At = 600 — 700 °C.

E4 A presence of 2 CaO . B;0; in the system at 700 °C and 800 °C was proven by
X-ray analysis. The generating of 2 CaO . B,0; also follows from the shape of the
DTA curves.

Dolomite that didn’t reacted in lower temperatures starts to disintegrate ther-
mally at 700 °C according to the scheme:

CaCO; . MgCO; —> CaCO; + MgO + CO.  Ahy ~ T9kJ . kg-t.  (9)

CaCO; produced in the reaction reacts first with the rest of B,03 and Al,0; . 2 SiO;
and to a low extent with SiO, (X-ray analysis of the experimental tablets heated
at 800 °C proved the presence of 2 CaO . SiO; and 2 MgO . SiO;).

The products of decomposed dolomite react with boric oxide B,O; as follows:

2CaC0; 4 B,0; — 2Ca0.B0;, (10)
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Fig. 1. The mass balance of B0 in the pressed Lutal glass batch heated in the stream of matural gas
combustion products

a) the content of free BzO; versus temperature, b) the content of bounded B20; versus temperature,
c) the B20; loss from pressed batch versus temperature.
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respectively

CaCO; + CaO . B203 - 2 Ca.O . BzOs + COz Ahr ~ 12kJ . kg—l (11)
and '

From the shape of the TG and DTA curves (first part of the paper, Fig. 2; 3)
it follows that the free B,O3 (cond.) is present in the batch up to approximately
750 °C. In the observed temperature range (25 °C, 800 °C) all boric oxide passes
to a bound state in the form of calcium, aluminium and magnesium borates.
A beneficial result of dissapearing of the free B,O; from the system is an expected
decrease or a total suppression of B,03 escape with the further temperature increase
(first part of the paper, Fig. 4, curve a — the tablets were heated in the combustion
products; curve b — the tablets were heated in pure N3). A certain loss of B,0; is
observed in the range between 700 °C and 800 °C (part one, Fig. 4., curve a). The
loss is probably due to the hydrolysis of borates in the moist combustion product
atmosphere.

In Fig. 1, curve a and b illustrate the graphical dependence of the content
of free B,0; versus temperature and of the content of bound B;03 versus tem-
perature respectively. Curve c illustrates the temperature dependence of the loss
of B,0; by reactive escaping from the batch. From X-ray analysis they have
found that metakaolinite Al;O3 . 2 SiO, reacts with CaCO; above 600 °C generating
CaO . 2 Al,0; as the following equation describes:

CaCO, + 2 (A1203 .2 8102) -> Ca0.2 Al,O; + 4 SiO; + CO; (13)
Ahy ~ —50kJ . kg "for At = 600—800 °C.

The loss of CO; at 800 °C proves that aébout 90 %, of dolomite decomposed under
the given conditions. Between 700 °C and 800 °C CaO is also produced by the
thermic decomposition of CaCOj3 (produced through the decomposition of dolomite)

CaCO; — CaO + CO; Ahy ~ 57 kJ . kg-1, (14)

3. PHASE ANALYSIS AND ENTHALPY BALANCE OF THE PROCESS
IN THE PRESSED BATCH IN THE TEMPERATURE RANGE
OF 25°CTO 800 °C

Using the results which ensued from the analyses described in the first part of the
paper, probable mass fraction values of the compounds present in the heated
system were estimated. A total quantitative phase analysis of the pressed Eutal
batch in the range of ¢25 °C, 800 °C) is presented in Table I.

A total enthalpy balance of the process during the heating of the pressed batch
for the Eutal glass in the temperature range of (25 °C, 800 °C) is given in the
Table II. The calculations were done using the enthalpies of formation of batch
components and reaction products from thermodynamic tables [1] and [2] and
were supported by the values of the calorimetric measured reaction enthalpies
concerned with the reaction in the heated Eutal batch and its subsystems. The
total amount of enthalpy of the batch heated in temperature intervals of 25 °C
was figured out from the reaction scheme

Ah((25°C, £)) = Y, mi(t) . h(i, pr, t) — Y. my(25°C) . he(j, T, 25°C);  (15)
[ J
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i, pr is the i-th product component of the heated batch;
7, ris the j-th component of the original batch;
my, (7 is the mass of the #-th (j-th) component in 1 kg of the batch;
ki(i(7) ¢) is the enthalpy of formation of the i(j)-th component.

A total consumption of enthalpy (Ah({25 °C, 800 °C)) = 1630—1670 kJ . kg-1)
for heating the Eutal batch up to 800 °C is approximately one half of the value
3350—3790 kJ . kg~ that represents a theoretical consumption of melting heat
of the Eutal glass batch [4].

d " Table I

The quantitative phase analysis of the pressed Eutal glass batch that was heated between
25 °C and 800°C

Raw-material (m(2, £)/molt0))/%

tf°C 26 200 300 | 400 500 600 700 800
Sand 23.7 | 23.7 | 23.7 | 23.7 | 23.7 | 23.7 | 23.7 | 23.7
Kaolin 30.7 | 30.7 | 30.7 | 30.7 | 22.7 8.0 4.1 4.1
Limestone 16.2 | 144 | 128 | 12,5 | 11.8 | 11.8 8.6 8.6
Dolomite 13.1 | 13.1 | 13.1 | 13.1 | 13.1 | 13.1 | 13.1 1.2
H;3BO, 12.2
CaF,; 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9
Na;S0, 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
H,0(1) ~ 3.0

. m(s, t) o
Reaoction products mal) 1%
tj°C 200 300 | 400 500 600 700 800

HBO, 2.8
B0, 33 | 45 | 39 | 3.0 2.7 1.2
CBO .3 BzO; . H;O 0.5
Ca0O.B;0;3.2 H,0 0.5
Ca0 .B;0,.0.6 H;O. 1.6
CaO. B;OJ 1.6 2.1 2.1 2.6 2.6
2Ca0.3B;0;. H;0 0.6 2.1
2Ca0. 3 B,O, 2.2 2.5 2.5 2.5 2.5
2 Ca0 . B:0, . 2.0 3.3
AlLO; . 28i0; 6.9 16.9 | 122 | 9.6
9 Al1;,0; . 2 B;0, ) ) 1.3 3.0 | 3.0
2 AL,0, . B,0, 0.5 1.5 2.0
B-SiO; 1.8 5.8 7.2
Ca0 . 2 AL;O, 1.5 3.0
2 MgO . B0, 1.9
CaO 2.1
MgO 1.6
H,O for pressing 3 3 3 3 3 3 3
H;0 from H,;BO, 4.4 4.9 5.1 4.8 4.8 4.8 4.6
H:0 from kaolin 1.1 2.6 3.7 3.7
CO; 0.3 1.0 1.1 14 14 2.8 8.1
H,BO;(g) 03 | 04 | 09 | 1.6 16| 1.6 [ 1.8
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Table 11
The temperature dependences of increases of the pressed Eutal glass batch enthalpy

t/°C 200 | 300 | 400 | 500 | 600 | 700 | 800
> Ah(i(cond))/(kJ . kg?) 225 | 306 | 382 503 | 562 | 665 | 676
T
2 Ah(i(g))/(kJ . kg™?) 25 46 69 100 [ 142 | 192 | 271
(2
Z Ahe(1¢25 °C, t})/(kJ . kg™1) 242 | 294 | 340 451 | 561 | 562 | 696
3 .
AR({25 °C, £>)/(kJ . kg1) 492 | 646 | 791 | 1054 | 1265 | 1419 | 1643

Z Ah(i(cond)) — the heat content of the i-th condensed component. in 1'kg of -the heated
[ batch.

Z Ah(i(g)) — the heat content increase of the s-th gaseous component that was generated
[ as a reaction product in the heated batch. ‘

2 AR (1{25 °C, t)) — the total reaction enthalpy of 1 kg of the batch in the interval of ({25 °C, ¢)).
[

sh g g g g 0 g .
KIkg! | |
1400} 0/ 1
Pl

1000)- / g-0 |
N

600|-

200,

°c

Fig. 2. The enthalpy change of pressed Ewtal glass batch heated within 25—800 °C
® — the total enthalpy change versus temperature, O — the change of heat content of system (without
reaction enthalpy), (1 — the results of paper [5]- ~ ’

In Fig. 2. the curve with the experimental data (the full circles) represents
the temperature dependence of total theoretical heat consumption for heating
of the pressed Eutal batch, and the curve denoted by the empty circles represents
the one of the enthalpy change of the whole system (condensed and gaseous
components and with®exclusion of reaction heats) of the heated batch versus
temperature. On the curve denoted by the empty squares there are three heat
consumption values that are needed for heating 5 kg of the pressed batch by the
natural gas combustion products. Considerably higher values of heat consumption
in [5] can at first be explained by a high degree of reacting off in the batch during
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experimental heatings of particular tablets under the laboratory conditions, further
by a higher degree of humidity of the tablets and by including all batch components
(gaseous products also) in the enthalpy balance calculation.

4. CONCLUSION

From the given results it follows that pre-heating the glass batch of Eutal outside
the melting aggregate using the combustion products is a real possibility of utilizing
combustion products waste heat. The combustion products composition, however,
brings disadvantages as follows: The content of water vapour about 20 %, evokes
the increasing of evaporation of the free B;0; in comparision with an anhydrous
atmosphere. Furthermore a mechanical processing of the glass batch is necessary
because the combustion products stream during heating would make dehomogenity
in a loose batch. The moist atmosphere, however, accelerates the B,0; transition
to a bound state in the form of calcium, aluminium and magnesium borates. 1t also
positively catalyzes further reactions between the batch components when con-
densed and gaseous product originate. A considerably high degree of the B,O;
leakage from the given composition batch during its heating in the combustion
products stream can be decreased by replacing CaCO3 with CaO that has a higher
capability to react with the batch components than CaCOs.

In case of technological use of the results that are presented in both parts of the
paper, the generated boric oxide B,0; (and also SOz and NO, oxides) will be
captured in the pre-heating equipment.
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BILANCIA CHEMICKYCH, FAZOVYCH A ENTALPICKYCH ZMIEN
V PREDHRIEVANOM LISOVANOM KMENI PRE SKLO EUTAL. II

Méria Elidsové, *Milan Kogecky, Maria Rekenova, Ivo Proks

U stav anorganickej chémie S4 V, Diubravskad 5, 842 36 Bratislava
*Vyskumny a vyvojovy ustav skldrsky, tr. SNP 20, 912 50 Trenéin

Na zéklade vysledkov hmotnostnej bilancie plynnych rea,kénycfl produktov a s pouzitim
daliich analytickych metdd (rtg- a DSC-analyza, DTA, atémova spektréalna analyza) je vypra-
covany kvantitativny opis chemickych dejov a entalpickych zmien v lisovanom kmeni pre sklo
Eutal, zahrievanom v prade plynov zloZenia spalin zemného plynu v intervale (25 °C, 800 °C)
rychlostou zmeny teploty 10°C.min-t. Pri zdhrevoch jednotlivych vyliskov kmena Eutal
v danych laboratornych podmienkach sa termickym rozkladom uvolnila prakticky véetka struk-
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tarne viazans voda z H;BO; a z-kaolinu a asi 67 %, oxidu uhliéitého CO.(g) z dolomitu a védpenca

Reakciami zloziek obsahujucich bér s niektorymi zlozkami vznikaju v zahrievanom kmeni
v celom teplotnom rozsashu boritany vapenaté, predovietkym CaO .B;0;, 2 CaO .3 B0
a 2 CaO . B,0O;. Pri teplotdch nad 500 °C vznikaji boritany hlinité 9 Al;0;. 2 B;0; a 2 ALO; .
- B10s a pri teplotéch nad 700 °C sa tvoria fézy 2 MgO . B;O3, CaO . 2 Al;O;, MgO, CaO a i.
Prechodom voIného B,0; do viazanej formy sa znizuju jeho straty z kmena, vznikajace reaktiv-
nym prchanim Géinkom vodnej pary. Odhad celkovej hodnoty prirastku entalpie, potrebnej
na ohrev lisovaného kmetia Eutal s 3—4 9, poéiatotnou vlhkosfou a na reakecie prebiehajice
v fiom v rozmedzi{ 25 —800 °C v danych podmienkach, A% ({25 °C, 800 °C}») = 1630—1670 kJ . kg-1..

Obr. 1. Hmotnostnd bilancia B,0; vo vyliskoch kmeha pre sklo Eutal zahrievanych v prude spalin
zemného plynu
a) graf teplotnej zdvislosti obsahu volného B:0; vo vyliskoch,
b) graf teplotnej zavislosti B,Os chemicky viazaného vo forme boritanov vo vyliskoch,
c) graf teplotnej zavislostt straty B20;3 do okolia vylisku.

Obr. 2. Teplotnd zdvislost zmeny entalpie kmetia pre sklo Eutal zahrievaného v rozmedzi 25 —800 °C.
@ — celkovd zmena entalpie, O — zmena tepelného obsahu sustavy (bez reakénej entalpie)-
O — vysledky prace [5].

BAJAHC XUMHUUYECHUX, ®A30BbIX H 3HTAJUBIMNHUUYECHKUX
NIPEBPAIEHUA B MOJOTPEBAEMOIl OTIIPECCOBAHHOM
CTEKJIOMACCE, NPEJHA3HAYEHHON JNJA CTEK.IA Eutal

Mapua dmuamosa, *Muian Komenkn, Mapusa Perenesa, HBo Ipoxe

Hucmumym neopearnuseckoii xumuu CAH, Jybpascka 6, 842 36 Bpamucansa

*H ayuno-uccaedosamenvckuii u npoexmusiii uncumym cmeraa, np. CHP 20,
912 50 T perwun

Ha ocnoBaHMH pe3yJILTaTOB MATEPHAJIBBOTO GajlaHca ra3o00pasHbIX ng JIVKTOB peakilun
U ¢ MCIOJL30BAHHEM JIaIbHeHLIMX aHAINTHYECKHX MeTOAOB (rtg- u DSC-anaimmsa, DTA,
ATOMHBIH CIIEKTPAJIBHEIA aHaJIN3) pa3paloTaim KoJHUecTBEHHOE ONMMCAHNE XHMUYECKNX 11PO-
1ecCOB M 3HTAJIbIIMYECKHX NpeBpallleHuil B OTIIpeccOBaHHOM cTeKHoMacce A:ls cTeksaa liutal,

HarpeBaeMoil B II0TOKe ra3oB COCTABOM HPOJYKTOB CropaHus IPHPOJHOro r'a3a B MHTepBaJie
<25 °C, 800 °C) co cropocteio uaMeHenus temmepatyphi 10 °C. Mun-1. llpn HarpeBax or-
JeIALHBIX OTIpeccOBaHHbIX H3;18JIMH crekJioMacchi Eutal B JaHHBIX J1a00paTOPHLIX YCIIOBUAX
TePMHYECKHM DaclajioM BLIjleJHIach MPAKTHUECKH BcA CTPYKTYHO- CBs3aHHas BO,la M3
H3BOs; u u3 kaoauHa 1 npuGiausutessHo 67 % nByokucn yriepoga CO; (1) M3 J0s0MHMTa
M u3BecTHAKA. PeakIMAMH KOMIIOHEHTOB, cOjepKamuX 6op, ¢ HEeKOTOPHIMH COCTABHLIMH
9acTAMH 06pa3yioTcA B HaI'peBaeMoil cTeKJIoMacce B 11eJIOM TeMIllepaTypHOM Ipe;ieje GopaTh
KaJsiusA, npex;e Bcero CaO . B;0;, 2 Ca0. 3 B,Os p 2 CaO. B2O;. Ilpu temmepatypax
Buie 500 °C o6Gpasyiorca Goparsl ameMunna 9 Al,Os. 2 B203 u 2 Al Os. B2Os, a npy tem-
neparypax Brime 700 °C o6pasytorcsa ¢a3ni 2 MgO . B20s, CaO . 2 Al;05, MgO, CaO a xp.
Ilepexo;iom cBoGoanoro B;0s B cBsA3aHHYI0 JOPMY IOHMIKAIOTCA eI'0 HOTePH H3 CTEKHOMACCHI,
BhI3LIBaeMhie PEaKTHBHBIM yJeTyunBaHHeM 110) jleifcTBHeM BojaHoro mapa. Ilpeamosaraercs
obniaA BeJMUMHA NPHPOCTA SHTAJBLITMH, He00X0;{MMOIA JIiIA HarpeBa OTIIPeccOBAHHOM CTeKJIO-
maccnl Eutal ¢ 3—4 %-0if neX0j{HOM BJIasKHOCTLIO M HA PeaKiUM, KOTOPLIC B Hell MPOTeKaloT
B npeaeriax 25—800 °C B jlaHHBIX ycHOBHAX, A h(< 25 °C, 800 °C >) = 1 630—1 670 xkmx .
. Kr%

Puc. 1. Mamepuardrniii 6aaarc B20s 6 omnpecosannvizr usdeausx cmexaomacco 0as cmexaa
Lutal, nazpesaemvir 6 nonmoke npodyxnioe c2opanua npupodiozo 2asa:
a) epagux memnepamyproii 3asucumocmu codepacarui cso6odnozo B203 ¢ omnpeeco-
AHHbLIT u3deausr,
6) epagur memnepamypHoii aagucumocru B20s, rusuvecku ceasanroeo ¢ eude 6opa-
Mo6 & OMNPeCCOBAHHBIT U3deausr,
6) 2pagux memnepamyproti 3agucumocmu nomepev 13:02 ¢ 6.auskyio epedy emnpeeco-
6anHo20 u3deaus.
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Luc. 2. TemnepamypHas 3asUCUMOCIIL UBMEHEHUR SHMAALAUU CMEKAOMACCH 0aR cmekaa
Eutal, nazpesaemoii ¢ npedesax 25—800 °C: @ — obujee uameHeHue shmaadnuu,

O — uamenerue mepmuneckozo codeprcanun cucmembsi (6ea peaxyuorHoli snmasenuu),
0 — pesyavmamu pabomu [5]
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