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Glass melt of the type Si0;—AlL,0;—CaO—BaO—Na0—K,0—F,
18 regarded as a binary system composed of alkali fluorides and mon-volatile
mother glass melt. At fluorine concentrations lower than 1.6 wt. %, diffusion
in the melt is the controlling process of the vaporization of alkali fluorides.
Convection increases at a higher fluorine concentration, and transport of
these fluorides between the boundary layer of the flowing dry gaseous phase
becomes the controlling process, where the diffusion in the glass melt at a content
of 4.0 wt. % F upwards is negligible. The resistance of the phase boundary
18 insignificant owing to the high volatility of alkali fluorides. The calculated
time dependence of the volatilization losses of both fluorine and alkali fluoride
are in agreement with the experimental values.

INTRODUCTION

Considerable losses in fluorine occur in the melting of opal glasses. These losses
depend on a number of factors, of which the following can be regarded as being
significant [1]:

a) The melting stage (particularly whether the melt contains any solid phase
or just molten glass),

b) the melting conditions (temperature and time of melting, the effect of furnace
atmosphere on the melt — chemical composition,rate of low and possibly arestricted
contact of the atmosphere with the melt —and the melt flow),

c) initial fluorine content in the batch or melt,

d) chemical composition of the batch or of the respective melt.

The earlier studies did not take these factors into account to a satisfactory
degree, so that their results showed considerable differences as regards the size
of the losses, as wellas the form in which the losses occur. The mechanism of the
fluorine vaporization losses was restricted to specifying the possible volatile com-
ponents of the melt (particularly fluorides) [2] or of molten glass [3], and the
kinetics involved were not dealt with at all.

The existing theoretical studies were aimed above all at lead, borosilicate and
soda-silicate glasses and their general approach was based on a mathematical
treatment of the vaporization kinetics considering only the participation of
diffusion in the transport of the volatile component through the glass melt towards
its surface [4].

The present work stresses the significance of convection (glass melt flow) for
the mechanism and kinetics of vaporization.

The derivation of the relationships assumed is presented in detail in the Candid-
ate’s Thesis [1].
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THE BASIC FINDINGS

The general balance of the amount of vaporized volatile components (T'S)y
may be written as follows [1]:

(TS)yy = (T8)p + (TS)r — (TS)k, (1

where (T'S)p is the initial amount of volatile components,
(T'S)g is the amount of the volatile components produced by reactions,
(T'S)k is the final amount of the volatile components.

A balance of the weight losses due to vaporization from glass SiO,—Al,Os—
—(Ca0—Ba0—Na;0—K;0—F, melted from batch indicates that the mechanism
of the fluorine vaporization from this melt is based on the volatilation of alkali
fluorines and SiF,, and possibly also on the hydrolysis of the HF produced, accord-
ing to the equation (1):

me = 2.210 X AFnar + 3.058 X AFxr + 5.478 X AFSiF. +
+ 0.579 X AFmr, (2)

where my is the loss in weight from unit area of the melt during time ¢,

AFy,r is the weight of fluorine lost in the form of NaF,

AFgp is the weight of fluorine lost in the form of KF,

AFgyp, is the weight of fluorine lost in the form of SiF,,

AFgp is the weight of fluorine lost in the form of HF in the presence of
water vapour and the respective stoichiometric coefficients represent
the conversion of the fluorine losses to the losses in the respective
fluorides (always from a unit area).

In a glass melt containing a solid phase, SiFy is formed by a reaction of SiO;
with NaF [2,1], KF and probably with CaF, [1] and possibly NaF is produced
by the reaction of CaF, with Na,CO; [5]. Higher volatilization losses of fluorine
from glass melt may be assumed to involve substitution of calcium ions with
sodium or potassium ions producing NaF or KF according to the following equation:

Na,O 4+ CaF, — 2NaF + CaO, (3)

leading to the formation of volatile fluorides in a glass melt containing CaF, [1]

EXPERIMENTAL

In view of the complexity of the problem and of the present stage of knowledge
of the vaporization of volatile components from other silicate melts [4] (no theoreti-
cal works on the vaporization from melts containing a solid phase are so far
available) we shall only deal with the derivation of the mechanism and kinetics
of vaporization from opal glass melts. The results of the present work are demonstr-
ated on already published data obtained by the standard method [3] as follows

6, 7]:

[ a)]The experiments were carried out on a pre-melted and refined glass melt
having the following composition in wt. %,: SiO, — 66.9, Al,0; — 6.9, CaO — 4.5,
BaO — 1.5, Na,0 — 13.9, K,0 — 2.2, F — 6.9.

b) The experiments were carried out in a laboratory furnace (PtRh 10 boats)
at 1400 °C in a dry nitrogen atmosphere flowing at a rate of 15.4 cm/s.
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Mechanism and Kinetics of Fluorine Vaporization Losses I

¢) The time dependences of the vaporization losses of fluorine and alkalies
[6, 7] were evaluated by means of the general rules on mass transfer in a two-phase
system [1, 8].

Fig. 1 shows the dependence of weight losses of glass melts, fluorine and alkalies
on the second root of time. No losses of the other elements were established by
analysis [6]. The dependences are approximately linear down to a fluorine con-
centration of 2.4 wt. 9%, and are designated as volatilization stage I. The losses
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Fig. 1. Vaporization losses from a glass melt in terms of time t at 1 400 °C in a medium of flowing
dry nitrogen; for fluorine — my, sodium — myg and potassium — mx

in this stage amount to 9.7 9%, of the original specimen weight for a period of
1 hour. The losses then decrease distinctly and the time dependence changes. This
less steep part of the curve represents a transient stage of volatilization describing
the weight losses up to complete disappearance of fluorine. The total losses amount
to 12 9, of which the last 2.3 wt. 9, is vaporized during a period of time longer
than at least one order of magnitude. The second stage of volatilization involves
just the vaporization of the alkali components of the already fluorine-free mother
glass melt [7].

DISCUSSION OF THE RESULTS

Mechanism and kinetics — effect of the liquid phase

Equation (2) for a dry nitrogen atmosphere indicates that the mechanism of
vaporization from the melt in question is based solely on the volatilation of alkali
fluorides according to the equation

m; = 2.210 X AFxar + 3.068 X AFxkr. (2.1)
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In agreement with the general theoretical model of vaporization (Fig. 2) the
processes considered are transport of volatile components 4; in the liquid phase,
surface vaporization js and transport of the components jg from the phase boundary
into the gaseous phase. The mathematical solution of the vaporization kinetics
is based on this model and on the following assumptions:

N
\

7

Z.

\\\\\\\\\

Fig. 2. Theoretical model of the vaporization of volatile components from glass melt [4], where

1 18 the liquid phase (glass melt), 8 18 the phase boundary (glass melt surface), g is the gaseous phase

(atmosphere), j; 18 the transport of the components towards the surface, jg 18 the surface vaporization
process, jg 18 the transport of components from the surface.

a) The glass melt in question is regarded as a binary system A—B, where the
component A are the fluorine-based volatile components, and the component B
is the mother melt, whose volatility is negligible compared to that of 4 (4 =
= NaF + KF.

b) The component 4 is simultaneously transported by convective and diffusion
flow to the phase boundary.

c¢) The liquid component A4; phase into the gaseous component 4¢ at the phase
boundary s (1st order reaction):

Ag — Ag. (4)

d) The gaseous component Ag is transported from the phase boundary through
a boundary layer into a gaseous phase flowing at a constant rate.

e) The flow density of component 4 at the phase boundary is directly propor-
tional to the concentration difference between the concentration of component A4
at the surface of the liquid phase, W44, and the concentration of this component
in the gaseous phase W g, outside the boundary layer.

f) The system A—B is finite (limited by the specimen depth) which means
that the vaporization of component 4 is a time-dependent process in all the in-
stances.

The derivation of the relationships describing the kinetics of fluorine vaporization
from the melt is based on the assumption that at the phase boundary, the flow
density, j;, of the volatile component at a given time ¢ is given by the sum of
densities of convective flow, je:, and diffusion flow, jg:

jt = jet + Jat, (8)
and the total weight, m, of the volatilized component during time ¢ from a unit

surface area is formally equal to the sum of weights transported to the phase
boundary by convection, m¢;, and by diffusion, mg;:

my = Meg + Mas. (6)
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On complete evaporation of the volatile component, the weight m is equal to the
initial weight of the volatile component, a, related to the column of glass melt
having the unit surface area:

a=ac + aq. (7)

where a, is the total weight of the volatile component transported by convection,
ag is the total weight transported by diffusion.

On dividing equation (7) by the initial specimen weight go, related to unit
surface area, one obtains the respective concentration expressing of the convective
and diffusion contributions for ¢t = 0

Wo = Weo + Wao, (7.1)

On the assumptions of a constant glass melt density p (in the concrete 2.2 g/cm3),
diffusivity of the volatile component D in the glass melt, introduction of a semi-
infinite medium for diffusion in liquid phase, and zero concentration of this com-
ponent in the gaseous phase outside the boundary layer, the density of flow of
alkali fluorides, dm/d¢ or their vaporization rate is given by the following expression:

1
dT":/ = kZQWct +05 X Kt~ % (8)
where the first term is concerned with the convective contribution for
t > 0, and the second term the diffusive contribution for ¢ 3> 0,
k; combines the coefficients of surface vaporization and mass transfer from
the surface into the atmosphere,
W, is the weight fraction of the volatile component in the melt transported by

convection during time ¢,
D
K = 29Wdo‘I/f
T

The mathematical expression of the convective contribution by equation (8)
is based on the assumption sub e) and further on the assumption that the con-
centration of the volatile component transported towards the glass melt surface
by convection is identical throughout the specimen including its surface. The
diffusive contribution contains the effect of the resistance of the liquid phase to
the mass transfer towards the surface resulting in the formation of a concentration
gradient of the volatile component in the glass melt. In a considerably simplified
form it may be calculated from the equation considering diffusion of the volatile
component in liquid phase as the controlling factor of the vaporization process
[4].
Equation (8) allows this time dependence of the vaporization loss to be calculated
for alkali fluorides, the respective alkalies, or fluorine:

1
1—2

where 1 is diffusivity,
T = 3.1416 .

+ K (9)

mg = kat’ -_— (go _— ac) ln

where z = mcgjac means the degree of vaporization of the volatile component for
convection.
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The first two terms of the right-hand side of equation (9) represent the contribution
of convection to the transport of the volatile component through the melt towards
its surface, which means that the resistance of glass melt to this transport is zero.
The third term includes the diffusive contribution and therefore includes the
resistance of the glass melt to mass transport. It therefore substitutes the concept
of a boundary layer of the liquid phase at its surface. In view of the high volatility
of alkali fluorides, it is possible to neglect the surface vaporization coefficient
[1], and the constant %, then signifies the coefficient of mass transfer from the melt
surface through the boundary layer into the foreign gaseous phase to the mass
transport. Its value amounts to 2.3 for the specimen, or 2.2 for NaF and 2.1 X
X 1074 cm/s for fluorine. The agreement of these values is indicative of the cor-
rectness of the concept according to which fluorine is lost from the opal glass melt
as a binary system in the form of alkali fluorides. The diffusivity of fluorine in
glass melt amounts to 2.6 X 106 cm2/s. The values of a; and K can be determined
graphically from Fig. 3, and the value of k, by calculation from equation (9) or
by calculation only, where for various m; the values of %, a; and K have to be
constant.

Curve 3in Fig. 3 represents the same time dependence of the specimen volatiliza-
tion loss as Fig. 1 with the difference that the dependence calculated from equation
(9) is plotted together with the experimental points. The agreement of the experi-
mental values with the calculated curve is very satisfactory. The relationship
calculated from equation (9) is given by a sum of the corrective contribution
expressed by curve ¢4 and the diffusive contribution represented by the straight
line 1. Curve 2 represents the theoretical course of the volatilization losses en.
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Fig. 3. Vaporization losses m from a glass melt in the medium of dry nitrogen at 1 400 °C. Analysis
of the vaporization mechanism (C — convective region, C + D — region of convection and diffusion,
D — diffusive region, 1— diffusive contribution, 4 — convective contribution, 3 — calculated
dependence, sum 1 + 4, m = EXPERIMENT — measured values, 2 — theoretical descv;iption
of vaporization not involving diffusion, P1 — intersect of 1 and 5 indicating orientation demarca-
tion of prevailing convective region, t.e. volatilization stage I with prevailing diffusion, or the
transient volatilization stage, P13 — intersect of 1, 2 and 3, signifying the beginning of evaporation
stage I1I following elimination of fluorine). [C must bz between 0 and 40 t1/2].
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Mechanism and Kinetics of Fluorine Vaporization Losses I

countering resistance in the gaseous phase only, where a; = @ and the diffusion
term of equation (9) is zero. It is therefore obvious that the resistance of the glass
melt to mass transport prolongs considerably the time required for the volatiliza-
tion of alkali fluorides.

Analogously to the time dependence of the vaporization losses given by equa-
tion (9), the following relationship describing the time dependence of the con-
centration of volatile components W; in the glass melt was derived:

‘ Dt

Wt = Wco exp (—klt) + Wdo (1 —_— 29‘/—1-:—) (10)

where k; is a constant in (s~1) which corresponds to the rate constant of a first
order reaction according to the assumptions sub c) ad e).

The ratio of the constants %; and %, can be considered to be constant and for the
vaporization degree z < 0.8 calculable as its reciprocal value go. The first term of
the right-hand side of equation (10) describes the convection region and is separately
applicable in the initial stage of vaporization for W¢ = W,. The second term is
associated with diffusion and can be employed separately at low fluorine con-
centrations.

Using equations (9) and (10) it is possible to demarcate the convection and
diffusion regions on curve 3 in Fig. 3. The region of combined convection and
diffusion is in between. As indicated by Fig.4 representing the time dependence
of the concentration of the volatile components and fluorine, the region is bounded
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Fig. 4. Time dependence of concentration of all the volatile components of the glass melt W (analo-

gous to m) and of fluorine Wy in the medium of flowing dry nitrogen at 1 400 °C. Analysis of
the volatilization mechanism (C — convective region, D — diffusive region).
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by fluorine concentrations from 1.6 to 4.0 wt. 9,. Convection only is involved
above 4.0 wt. %, of fluorine (diffusion being negligible). The existence of convection
was confirmed experimentally [1] so that only the parts of equation (8), (9) and
(10) pertaining to convection may be used in the calculations. At a concentration
lower than 1.6 wt. 9, of fluorine, just some of the relationships for diffusion are
involved, because the convective contribution can be neglected. The suitability
of the relationships mentioned above was verified for various temperatures, rates
of flow and moisture contents of nitrogen [1] (cf. part II of the present publication).

From the account given above it is clear that the character of the controlling
process in the vaporization of alkali fluorides depends solely on fluorine concentra-
tion in the glass melt, insofar as the concentration of the components being vaporiz-
ed in the atmosphere is zero or negligible. In a simplified way, stage I of volatiliza-
tion can be regarded as a stage of prevailing convection and the transient volatiliza-
tion stage as a region of prevailing diffusion; the two regions can be demarcated
by the intersection Pt of the straight lines passed through the two branches showing
the dependence of weight losses of the glass melt on the second root of time (cf.
curves 1 and 5 in Fig. 3). The Prr intersect designates stage II of volatilization
following the elimination of fluorine, i.e. the vaporization of the mother glass
melt.

On the basis of the mechanism of fluorine vaporization described above it is
possible to assume that only fluorides with a sufficiently high pressure of saturated
vapours can vaporize from a glass melt (i.e. not CaF,, BaF,, etc.) if these fluorides
form a solution in the maternal glass melt. Their cations act as modifiers (Na+,
K+) and are not bound as strongly as the Si4+, Al3*+ cations. The volatility of
fluorides from glass melts cannot therefore be associated solely with the pressure
of the saturated vapours of their pure components because it is necessary to take
into account how strongly the respective cation is bound in the glass melt from
the standpoint of energy. It was established experimentally that in agreement
with equation (2.1), this hypothesis is conformed to by NaF and KF only, while
their volatility is probably further affected by the extent to which glass melt
deviates from an ideal solution.

CONCLUSION

From the point of view of vaporization of fluorine-based volatile components,
the opal glass melt can be regarded as a binary system composed of the mother
glass melt and alkali fluorides. The mathematical interpretation of the vaporization
model is based on the assumption of simultaneous convection and diffusion in the
transport of alkali fluorides through the glass melt towards its surface. The con-
vective and diffusive contributions to the mass transport depend on the concentra-
tion of fluoride ions in the melt. With the glass melt in question, the two processes
are involved simultaneously within the concentration range of 1.6 to 4.0 wt. %,.
The diffusion can be neglected at higher fluorine concentrations, whereas at lower
concentrations the process of alkali fluorides vaporization is controlled by diffusion
and the influence of the gaseous phase boundary layer ceases to be effective.

There is a very satisfactory agreement between the experimental values and
the time dependences calculated according to the relationships describing the
vaporization kinetics. The diffusivity of fluorine in the glass melt amounts to
2.6 X 1076 cm?/s. The mass transfer coefficient, k;, for fluorine into flowing dry
nitrogen amounts to 2.1 X 10~4 cm/s. The k; values for the glass melt and for
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NaF are similar and comply with the mechanism of fluorine vaporization suggested.
The present paper was read in an abbreviated form at the Vth Cpnference on
(lass at Wsti nad Labem, Czechoslovakia, in 1982.
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MECHANISMUS A KINETIKA ZTRAT FLUORU 1

Milan Hrebi¢ek, Jaroslava Hrebickova

SKLO UNION, Osvétlovact sklo, koncernovy podnik 757 25 Valasské MeziFiét

Bylo zjidténo, ze dle vztahu (2) dochézi u taveniny typu
Sio;—Al;O;—C&O—B&O—Nazo—KzO—F
ke ztrdtdm fluéru ve formd NaF, KF, SiF4 a HF.

U této utavené skloviny jsou v3ak pfi teploté 1 400 °C a atmosfére suchého dusiku, prou-
diciho rychlosti 15,4 cm/s, prokazatelné pouze ztraty fluéru a alkalickych kovu. Z hlediska
vypafovani je tato sklovina povazovéna za bindrni systém slozeny z netékavé matecéné sklo-
viny a tékavych alkalickych fluoridu (viz vztah (2.1) a obr. 1). Odvozeni kinetiky ztrit fluéru
i alkalickych fluoridu vychézi dle obr. 2 z teoretickych poznatku o sdileni hmoty v dvoufézo-
vém systému. Predpokladd soub&znéd uplatnéni konvekee a diftize pfi transportu NaF a KF
sklovinou k jejimu povrchu, vliv povrchového déje vyparovéni téchto slozek a jejich transport
smérem od fédzového rozhrani mezni vrstvou do dusikové atmosféry. Rychlost ztrédt fluéru
i alkalickych fluoridu popisuje vztah (8), pfisludnou ¢asovou zévislost vztah (9) a obr. 3, ¢aso-
vou z4avislost jejich koncentrace udédva vztah (10) a obr. 4.

Charakter Fidiciho déje z4visi na koncentraci fluéru ve skloviné. Pfi koncentraci nizsi nez
1,6 hmot. %, je u zkoumané skloviny fidicim déjem vyparovéni difize ve skloviné. V rozmezi
1,6—4,0 hmot. % F je Fidicim d&jem transport alkalickych fluoridi mezni vrstvou plynné féze,
ve sklovin® pfevlddéd konvekce pii vyznamnéjdi ucasti difuze. Pfi vys8ich koncentracich
fludru je fidicim ddjem rovnéz transport téchto sloZek meznf vrstvou plynné féze. Difuze ve
skloviné je v8ak zanedbatelnéd (jedné se tedy pouze o konvekei). Vyrazy pravé strany vztahu
(8), (9) a (10), obsahujici druhou odmocninu éasu, se vztahuji k difiznimu pfispévku k trans-
portu hmoty a jsou samostatnd pouZitelné pro koncentrace fluéru nizdi nez 1,6 hmot. %.
Ostatni vyrazy téchto vztahu se tykaji konvekce a jsou samostatn® pouzitelné k vypocétim
pii koncentraci fluéru vyssi nez 4,0 hmot. %, . V rozmezi 1,6—4,0 hmot. % F je nutné pouzit
vztahy celé. Odpor fézového rozhrani je z duvodu vysoké t8kavosti alkalickyeh fluoridua ne-
vyznamny. Z odvozeného matematického vztahu popisujiciho éasovou zavislost ztrat fludru
byla vypoctena difuzivita fluéru ve skloving (2,6 — 10~% cm?2/s) a soudinitel pfestupu hmoty
z fdzového rozhrani do plynné féze pro fluér (2,1.10-4cm/s).

Vypoétené i namérené hodnoty ¢asové zévislosti ztrat fludru i alkalickych fluorida vykazuji
velmi dobrou shodu (obr. 3). NavrZené feSeni mé nejen teoreticky vyznam, ale je pouzitelné
pro reélné podminky pramyslové praxe a umozhuje objasnéni nékterych technologicky vy -
znamnych jeva taveni skla. Vlivy vlihkosti a proudéni atmosféry, teploty a souvisejici techno-
logické aplikace budou postupné zvefejnény.

Obr. 1. Zdvislost ztrdt m skloviny tékdnim na &ase t pii teploté 1 400 °C v prostiedi proudiciho
suchého dustku pro fludr — my, sodik — mya a draslik — mx.
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Obr. 2. Teoreticky model vypaFovdni tékavych sloZek skloviny [4), kde l je kapalnd fdze (sklovina),
8 fdzové rozhrant (povrch skloviny), g plynnd fdze (atmosféra), j1 znaéi transport slofek
k povrchu, jg povrchovy déj vypafovdni a jg transport slofek od povrchu.

Obr. 3. Ztrdty m skloviny tékdnim v prostiedi suchého dusiku pFi teploté 1 400 °C. Analyza me-
chanismu tékdni (C — oblast konvekce, C + D — oblast konvekce i difize, D — oblast
difuze, 1 — difuzni pFispévek, 4 — konvektivni pFispévek, 3 — vypoltend zdvislost soudtem
14 4, m = EXPERIMENT — naméfené hodnoty, 2 — teoreticky popis vypafovdni bez
uéasti difuze, Py — priselik 1 a 5§ oznalujici orientaéni vymezeni oblasti prevlddajict
konvekce, tj. I. fdze tékdni a pieviddajici difuze, neboli pfechodové fdze tékdné, Pu —
priseéik 1, 2 a 3 znaéict poldtek 11. féze vypaFovdni po vymizent fludru).

Obr. 4. Casovd zdvislost koncentrace viech tékavych sloek skloviny W (analogické m) a flusru Wr
v prostiedi proudictho suchého dusiku pfi teploté 1 400 °C — Analyza mechanismu tékdni
(C — oblast konvekce, D — oblast difuze).

MEXAHUN3M U KUHETUKA IIOTEPII ®TOPA I

MuaaH T'pxebnuex, pociaBa I'pxebnukoBa

CKJIO YHHOH Csemomexnuneckoe cmekao, , KOHYepH. npednp.,
757 25 Baawcke Mezupacunu

Bruto ycrapoBiIeHO, 4TO corstacHO (2) y pacmaaBa tuma Si0,—Al,03—CaO—BaO—
—Na,0—K,0—F~ nponcxonar norepu ¢ropa B Buse NaF, KF, SiF, u HF.

OpHaky y mpHBOJMMOM cTexisiomacchl npm Temmeparype 1400 °C B cpeje cyxoro asora,
IIPOTEKAIOIIEro CKOPOCThI0 15,4 cM/c cOBepIIEHHO ABHH TOJIHKO IOTepH ¢TOpa M IIEJIOYHBIX
MeTas10B. C TOYKHM 3peHHsA HCIIapeHAA CTeKJIoMacca cuATaercs GMHApPHOH cHCTEMOH, co-
cToAmel 13 HejleTy el MATOYHOM CTEKIIOMACCH 1 JIETYYR X IIeJIOYHEIX GTOPHAOB (CM. OTHOINE-
HAe (2.1) m puc. 1). BriBeleEne KHEETAKE 110TePb TOPA M MIeJIOIHLIX TOPAIOB OCHOBBIBAETCH
€O TJIACHO pPHC. 2 Ha TEOPETHYECKUX AAHHHIX OTHOCHTENBHO Macconepefadd B NBYX(a3HOK
cucreme. Ilpeniosiaraercss 0fHOBpEMEHHOE IIPOTEKaHNe KOHBeKIWN M nudy3uy npum TpaHc-
nopre NaF m KF uepes cTexiioMaccy K ee II0BeDXHOCTH, BIIMAHHE II0BEPXHOCTHOI'O [IeHCTBUA
HcTIapeHnA NPABOJMMEIX KOMIOHEHTOB ¥ HX TPAHCIOPT B HaIlpaBJIGHMH OT I'PAHMIIE pa3jeiia

a3 uepe3 NOIDAHAYHEIA CJIOH B a30THYIO cpeny. CKopocTh IoTeph Topa M IIEJOYHHIX

TOPHIOB ONHCHIBaeTcsA OTHOIeHHeM [8], cooTBeTcTByIOIasA BpPeMeHHAsA 3aBHCHMOCThH OT-
HoimeHneM [9] m puc. 3, BpeMeEHasA 3aBACHMOCTb MX KOHIIEHTDAIUy OIpeflesIAeTcs OTHOIIe-
HueM [10] u puc. 4.

XapakTep ynpaBiIAIOIIer0o IpoIlecca 3aBHCAT OT KOHIEHTpanum ¢Topa B CTEKJIOMAacce.
Ilpn xommeHTpanuu HmKe 1,6 Macc. % y paccMaTpmBaeMOH CTEKIIOMACCHI YIIPaBJIAIONIAM
npoIneccoM HcnapeHns sapisercsa guddysnsa B crexiomacce. B mpenemax 1,6—4,0 macc. % F
YIpaBIIAMAM IIPONECCOM CIYKAT TPAHCHOPT INEJIOYHHIX (TOPHAOB 4Yepe3 IOTpaHAIHHINA
cJloil ra3oBoil ¢aswl, B cTek!IOMacce HpeoGilafiaeT KOHBeKOHA HPH 0(oJlee 3HAUATEIHHOM
yuactun nudpdysnn. IIpn Goslee BEICOKAX KOHIEHTPAOuAX (TOpa YHPABIAOIUM IPOIECCOM
ABJIAETCA TaKKe TPAHCIOPT KOMIOHEHTOB Yepe3 MOIPAaHAYHHIN cJI0M ra3oBoil ¢asn. ORHAKO
nagdysueil B cTexiIoMacce MOMKHO IpeHeOperaTh (B TOM ciIydae pedp HAET TOJBKO O KOH-
Bexknuu). Berpaskenus mpaBoil ctopoHs! otrHOmeHmi (8), (9) m (10), copmep:kamue BTOpOiA
KOpDeHb BPeMeHH, OTHOCATCA K 70 Au¢dy3un, Br3bLIBAOMEd TPAHCIOPT MACChl M AX MOKHO
CaMOCTOATEJILHO HCIO0JIb30BaTh JJIA KOHNeHTpanuit ¢ropa Emke 1,6 Macc. %. OcTasbHEe
BHpaMeHNs YINOMAHYTHIX OTHOIIEHMH OTHOCATCA K KOHBEKOHHM H OHH CAMOCTOATENIHLHO
NPAMEHEAMH [JIA DacueTOB NpM KOHINeHTpanmmm ¢ropa Bmme 4,0 Mmacc. %. B mpepgemax
1,6—4,0 Macc. % F mpmxopuTtcs mcHosIb30BaTh OTHOMmEHHsS B Iesiom. CompoThBileHAe pas-
neia ¢a3 BCJIEACTBHE BHICOKOH JIeTydecTH IIEJIOYHBIX (TOPHIOB He3HaudTelbHO. U3 BhiBe-
JeHHOTO MaTeMaTHYeCKOIo OTHONIEHH:d, ONHMCHIBAIONIEro BPEeMEHHYI0 3aBHCHMOCTH IOTEPh

Topa pacunTaiim KodpdmmuerT auddysmm ¢gropa B cTeriomacce (2,6 . 10-6 cm?/c) m KOdG-

AIIeHT Maccomnepefadn u3 pasfesia ¢as B rasoBylo ¢asy mia ¢ropa (2,1 .10-4 cM/c). Pac-
9uTaHERE 0 H3MepeHHHIe BeJIMYHHEI BpeMeHHOH 3aBHCHMOCTH I10Teph ¢Topa H INEeJIOYHRIX
¢TOpNIOB HAXOJATCA B XopomeM corjacuu (cM. puc. 3). IlpeamaraeMoe Hamm pemeHne
nMeeT He TOJBKO TeOpPeTHYeCKOe 3HaueHHe, HO OHO H IPUMEHMMO B peajbHBIX YCJIOBHAX
NPOMREINIIEHHON NPAKTHKK U IIPEOCTaBIIAeT BO3MOKOCTh OOBACHATH HEKOTODHIE TeXHOJOI H-
9eCKH BajKHEIe ABJIEHAA BApPKH CTeKJIa. ABTOD paccMAaTpHBaeT BIHAHHE BJIAJKHOCTH
H TedeHHe cpelbl, TeMIepaType M ¢ HUMHO CBA3AHHEE BO3MOJKHOCTH TEXHOJIOI'HYECKOTO
HCOO;Tb30BaHMA, KOTOPEIe OyAyT ony6/IMKOBaHE B jallpHellmeid paGore.
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Puc. 1. 3asucumocmbd nomepd M CMeEKAOMACCH, YAEMYUUsaHuem om epemeru t npu memnepa-
mype 1400 °C & cpede npomekaioweeo cyroeo azoma din gmopa — My, HAMPUR —
MmN U KaAu’ — IOK.

Puc. 2. Teopemuueckas mo0eadb UCNAPEHUA JAEMYHUT KOMNOHEHMOE cmekaomaccet [4], ede
1 — wudkas gaza (cmekaomacca), s — paadeaa $aa (noseprrocmv cmekaoMmaccsr),
g — easosas gasa (ammocepa), J1 — mpancnopm KOMNOHEHMOS K NoGEPTHOCMU,
Js — nosepxHocmHBE npoyecc UCRAPEHUSR U jg — MPAHCROPM KOMNOHEHMOE om no-
éeprHOCMU.

Puc. 3. IIomepu m cmexaomaccel yaemyuusaruesn 6 cpede cyrozo aaoma npu memnepamype
1400 °C. Anaauz mexanusma yaemyuwusanus (C — obaacmv romeexyuu, C + D —
— obaacmb konsexyuu u dugppysuu, D — obaacmv dugpysuu, 1 — dors Jupgyauu,
4 — OJoas komeekyuu, 3 — pacuumannas zagucumocmd caoxcenuems 1 + 4, m =
= SKCHHEPHUMEHT — uameperbie ceaunurbl, 2 meopemuueckoe onucarue ucna-
perun 6ez yuwacmus OJudgysuu, P1 — mouna nepecewenus 1 u 6, oboznavarwowa’
opueHmayuorHoe ozpanuvenue obaacmu npeobaadaiowelt KoHEEKYUU m. e. nepeas
Paza yaemyuusanua u npeobaadarowas JupPyaus uasu nepexodauyue Paavl yaemysu-
éanus, Py — moura nepecewenus 1, 2 u 3, 06031tauaiowyas Haxaso emopoii Paawl
UCNAPEHUR NOCAE UCHEIHOBEHUR Pmopa).

Puc. 4. Bpemennas 3a6ucumocmd KOHYEHMPAYUU 6CCL ACIMYUUT KOMNOHEHIMOE CMEEAOMACCHE
W (aranoeuxro m) u gmopa Wr 6 cpede npomekaiowezo cyrozo azoma npu memnepa-
mype 1400 °C. Anaaus mexanuama yaemyuusanus (C — obaacmv romeexyuu, D —
obaacmu Juggyauu).

SESTAK: MERENTI TERMOFYZIK@LNICH VLASTNOSTI PEVNYCH LATEK,
TEORETICKA TERMICKA ANALYZA.
Vydalo nakladatelstvi Academia 1982. 345 str., 107 obr., 26 tab., cena 60 Kés.

Zémérem autora bylo poskytnout pracovnikim nejruznéjsich fyzikalné chemickych ustava
i prumyslovych laboratofi pomucku pro méfeni v daném oboru s diirazem kladenym na vzédjemné
vazby jednotliv§ch disciplin, aniZ by byli nuceni studovat fadu spedializovanych monografii.
Kniha je ¢lenéna do étrnécti kapitol, které logicky sleduji redlny postup préce od pfipravy experi-
mentu (charakterizace a pfiprava vzorkl, termické analyza jako néstroj studia, méfeni teploty)
pies teoretické zéklady (termodynamika, fézové diagramy, fdzové pirechody, kinetika véetns
prooesu v neizotermnich podminkéch) k vyhodnocovani méreni (kalorimetrie, diferenéni termické
analyza, méfeni netepelnych vlastnosti, vyuziti po¢itaéu). Dodatek obsahuje 18 tabulek uZiteé-
nych pro teplotni a tepelnou kalibraci, matematické vypoéty v kinetice, aplikaci kapesnich kal-
kulétoru atd.

Autorova dlouholeté ¢innost v oboru oxidickych materidli a jejich vyzkumu termickou ana-
I$zou na pracovidtich CSAV (za kterou byl vyznamenén mezindrodni Mettlerovou cenou termické
analyzy v r. 1974) se zrcadli v obsahu dila. Zduraziiuje i ta témata, kterd jsou v literatufe ¢asto
opomijena, jako je analyza a popis metastabilnich stavu, popis tvorby skelného stavu, neizoterm-
nf a redlné kinetika, pouzitelnost diferenéni termické analyzy v termofyzice atd.

V rad® odstaveu se opird o vlastni prace, napf. vyuziti konstitutivnich rovnic p#i popisu ter-
modynamiky a kinetiky, rozlideni izotermniho a neizotermniho stupn® piremé&ny, zavedeni
fdzové separace jako obecného jevu, koncepce spoleéné teorie vysokoteplotni dynamické kalo-
rimetrie (DTA, DCC, DSC). Podle sdéleni autora bude pfeklad knihy vydan v roce 1984 v anglié-
tin® Elsevier) a pripravuje se i ruské vydéni.(

Pri hodnoceni knihy nelze nevidét, Ze proti puvodnfmu zdméru vyzaduje od ¢tenédie jisté
piedb&iné znalosti, potfebné k orientaci v oboru. Pfi tvorbd knihy s tak Sirokym zaméfenim
a obsahem na pouhych 345 strankéch se nelze vyhnout nékterym zjednodusenim, kterd by mohla
byt predmétem pripominek specializovanych odbornikl, jsou vdak bohaté vyvéiena odkazy,
kterych je v knize pfes 1 000. Pro nézornost je pouzito i mnoha origindlnfch obrazovych a gra-
fickych materidlu.

Publikace je zcela nekonvenéni pristupem k vykladu pojmi a svym podédnim. Pfitom si v8imé
teoreticky i prakticky viech souvislosti mezi jevy figurujfcfmi pfi méfeni, a to i t&ch, které by-
vajf ¢asto ke 8kod® vysledku zanedbavany. Velkou pfednost{ je, Ze pfinési novy pohled a inspi-
raoi k rozvoji praci v oblastech dosud mélo zkoumanych. V&cnou obsaZnostf je kniha doslova
,»nabita*, a to v celé 8ffi problému.

Dilo by nemélo chyb&t v knihovné Z4dného termoanalytika.

M. Berdnek
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