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Glass melt of the type Si0,-A1203-Ca0-Ba0-Na20-K,O-F, 
is regarded as a binary system composed of alkali fluorides and non-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 
is 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 [l]: 

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 flow and possibly a restricted 
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
a�e's Thesis [ll-

Silikaty �- 1, 1985 1 



M. Hfebicek, J. Hfebickova;

THE BASIC FINDINGS 

The general balance of the amount of vaporized volatile components (TS)v 
may be written as follows [l]: 

(TS)v = (TS)p + (TS)R- (TS)x, (1) 

where (TS)p is the initial amount of volatile components, 
(TS)R is the amount of the volatile components produced by reactions, 
(TS)x is the final amount of the volatile components. 

A balance of the weight losses due to vaporization from glass Si02-A}z03-
-Ca0-Ba0-N a20-K20-F, melted from batch indicates that the mechanism 
of the fluorine vaporization from this melt is based on the volatilation of alkali 
:fluorines and SiF4 , and possibly also on the hydrolysis of the HF produced, accord
ing to the equation (1): 

me = 2.210 X !!:..FNaF + 3.058 X !!:..FKF + 5.4 78 X !!:..FsiF, +
+ 0.579 X !!:..FHF, (2) 

where mt is the loss in weight from unit area of the melt during time t,
!!:..FNaF is the weight of fluorine lost in the form of NaF, 
!!:..FKF is the weight of fluorine lost in the form of KF, 
!!:..Fsrn. is the weight of fluorine lost in the form of SiF4 , 

l!:.Fm, 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, SiF4 is formed by a reaction of Si02 

with NaF [2,1], KF and probably with CaF2 [l] and possibly NaF is produced 
by the reaction of CaF2 with Na2C03 [5]. Higher volatilization losses of fluorine 
from glass melt may be assumed to involve substitution of calcium ions with 
sodium or potassium ions producing N aF or KF according to the following equation: 

Na20 + CaF2 -+ 2 NaF + CaO, (3) 

leading to the formation of volatile fluorides in a glass melt containing CaF2 [l] 

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. % : Si02 - 66.9, Al203 - 6.9, CaO - 4.5,
BaO - 1.5, Na20 - 13.9, K20 - 2.2, F - 6.9. 

b) The experiments were carried out in a laboratory furnace (PtRh 10 boats)
at 1 400 °0 in a dry nitrogen atmosphere flowing at a rate of 15.4 cm/s. 
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c) The time dependences of the vaporiza.tion losses of fluorine and alkalies

(6, 7] were evaluated by means of the general rules on mass transfer in a two-phase 
system [I, 8]. 

Fig. I 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. %, and are designated as volatilization stage I. The losses 

I I I 

Fig. 1. Vaporization losses from a glass melt in terms of time t at 1 400 °0 in a medium of flowing 
dry nitrogen; for fluorine - mF, sodium - mNa and potassium - mK 

in this stage amount to 9. 7 % of the original specimen weight for a period of 
I 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 %, of which the last 2.3 wt. % 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 k inetics  - effect of  the  l iquid  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 
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In agreement with the general theoretical model of vaporization (Fig. 2) the 
processes considered are transport of volatile components j1 in the liquid phase, 
surface vaporization is 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: 

z 

0 

9 

s --

Fig. 2. Theoretical model of the vaporization of volatile components from glass melt [4], where 
1 is the liquid phase (glass melt), s is the phase boundary (glass melt surface), g is the gasOOUB phase 
(atmoaphere), j, is the transport of the components towards the surface, j8 is the surface vaporization 

process, jg is 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 A (A = 
= NaF + KF). 

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

c) The liquid component A1 phase into the gaseous component A
11, 

at the phase
boundary s (1st order reaction): 

Asi -+ As11,• (4) 

d) The gaseous component A
11, 

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 A at the phase boundary is directly propor
tional to the concentration difference between the concentration of component A
at the surface of the liquid phase, WAsl, and the concentration of this component 
in the gaseous phase WA11,, outside the boundary layer. 

f) The system A-B is finite (limited by the specimen depth) which means
that the vaporization of component A 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, it , of the volatile component at a given time t is given by the sum of 
densities of convective flow, ict, and diffusion flow, fot: 

it = ict + fot, (5) 

and the total weight, me of the volatilized component during time t from a unit 
surface area is formally equa.l to the sum of weights transported to the phase 
boundary by convection, met, and by diffusion, mdt:

(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: 

(7) 

where ac is the total weight of the volatile component transported by convection, 
ad is the total weight transported by diffusion. 

On dividing equation (7) by the initial specimen weight g0, related to unit 
surface area, one obtains the respective concentration expressing of the convective 
and diffusion contributions for t = 0 

(7.1) 

On the assumptions of a constant glass melt density e (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/dt or their vaporization rate is given by the following expression: 

�: = k2eWct + 0.5 X Kt-½ (8) 

where the first term is concerned with the convective contribution for 
t > 0, and the second term the diffusive contribution for t }> 0, 

k2 combines the coefficients of surface vaporization and mass transfer from 
the surface into the atmosphere, 

Wet is the weight fraction of the volatile component in the melt transported by 
convection during time t, 

where Dis diffusivity, 
7t = �.1416. 

K = 2eWdoV � 

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 
hy 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: 

I 

v-me = ek2t, - (go - ac) In -
1
-- + K t 
-z

(9) 

where z = mce/ac 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 
[l], and the constant k2 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 10-4 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 10-6 cm2/s. The values of a0 and K can be determined 
graphically from Fig. 3, and the value of k2 by calculation from equation (9) or 
by calculation only, where for various m, the values of k2, a0 and K have to be 
constant. 

Curve 3 in 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 °0. Analyaia 
of the vaporization mechanism ( 0 - convective region, C + D - region of convection and diffusion, 
D -diffusive region, 1 -diffusive contribution, 4 - convective contribution, . 3 - calc'!la!ed
dependence, sum 1 + 4, m = EXPERIMENT -measured values, 2-theoretical descr.iption 
of vaporization not involving diffusion, Pr - intersect of 1 and 5 indicating orientation demarca
tion of prevailing convective region, i.e. volatilization stage I with prevailing diffusion, or the 
transient volatilization stage, Pu - intersect of 1, 2 and 3, signifying the beginning of evaporation 

stage II following elimination of fluorine). [G must be between 0 and 40 t112]-

6 Silikaty c:!. 1, 1985 



Mechanism and Kinetics of Fluorine Vaporization Losses I 

countering resistance in the gaseous phase only, where a0 = a and the diffusionterm of equation (9) is zero. It is therefore obvious that the resistance of the glassmelt to mass transport prolongs considerably the time required for the volatilization of alkali fluorides. Analogously to the time dependence of the vaporization losses given by equation (9), the following relationship describing the time dependence of the concentration of volatile components Wt in the glass melt was derived: 
' Wt = Wco exp (-kit)+ Wdo ( 1 - 2e V �t ) (10) 

where k1 is a constant in (s-1) which corresponds to the rate constant of a firstorder reaction according to the assumptions sub c) ad e). 
The ratio of the constants k1 and k2 can be considered to be constant and for thevaporization degree z < 0.8 calculable as its reciprocal value g0 • The first term ofthe right-hand side of equation (10) describes the convection region and is separately applicable in the initial stage of vaporization for W c0 = W0 • The second term isassociated with diffusion and can be employed separately at low fluorine concentrations. Using equations (9) and (10) it is possible to demarcate the convection anddiffusion regions on curve 3 in Fig. 3. The region of combined convection anddiffusion 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 WF in the medium of flowing dry nitrogen at 1 400 °0. Analysis of 

the volatilization mechanism (G - convective region, D - diffusive region). 
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by fluorine concentrations from 1.6 to 4.0 wt. %- Convection only is involved 
above 4.0 wt. % of fluorine (diffusion being negligible). The existence of convection 
was confirmed experimentally [l] 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. % 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 [l] (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 P1 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 Pn 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 CaF2 , BaF2 , 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+, AJ3+ 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 10-6 cm2/s. The mass transfer coefficient, k2 , for fluorine into flowing dry 
nitrogen amounts to 2.1 X 10-4 cm/s. The k2 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 

Glass at Usti natl Labem, Czechoslovakia, in 1982. 
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:MECHA NISMUS A KINETIKA ZT RAT FLU6RU I 

Milan Hfebicek, Jaroslava Hfebickova 

SKLO UNION, Osvetlovaci sklo, koncernovy podnik 757 25 Valasske Mezifici 

Bylo zjisteno, ze die vztahu (2) dochazi u taveniny typu 
SiO2-AhO3-CaO-BaO-Na2O-K2O-F 

ke ztratam flu6r u ve forme NaF, KF, SiF4 a HF. 
U teto utavene skloviny jsou vsak pri teplote l 400 °C a atmosfefe sucheho dusiku, prou

diciho rychlosti 15,4 emfs, prokazatelne pouze ztraty flu6ru a alkalickych kovu. Z hlediska 
vypafovani je tato sklovina povazovana za binarni system slozeny z netekave matecne sklo
viny a tekavych alkalickych fluoridu (viz vztah (2.1) a obr. l). Odvozeni kinetiky ztrat flu6ru 
i alkalickych fluoridu vychazi die obr. 2 z teoretiokych poznatku o sdileni hmoty v dvoufazo
vem systemu. Pfedpoklada soubezna uplatneni konvekoe a difuze pri transportu NaF a KF 
sklovinou_ k jejimu povrchu, vliv povrchoveho deje vypafovanf techto slozek a jejioh transport 
smerem od fazoveho rozhranf mezni vrstvou do dusikove atmosfery. Rychlost ztrat flu6ru 
i alkaliokyoh fluoridu popisuje vztah (8), prislusnou casovou zavislost vztah (9) a obr. 3, caso
vou zavislost jejich koncentrace udava vztah (10) a obr. 4. 

Charakter ridicfuo deje zavisf na koncentraoi flu6ru ve sklovine. Pri koncentraci nizsi nez 
1,6 hmot. % je u zkoumane skloviny ridicim dejem vypafovani difuze ve sklovine. V rozmezf 
1,6-4,0 hmot. % F je ridicfm dejem transport alkalickych fiuoridu meznf vrstvou plynne faze, 
ve sklovine pfevlada konvekce pri vyznamnejsf ucasti difuze. Pri vyssich konoentracich 
flu6ru je ridicfm dejem rovnez transport techto slozek mezn{ vrstvou plynne faze. Difuze ve 
sklovine je vsak zanedbatelna (jedna se tedy pouze o konvekci). Vyrazy prave strany vzt9,hu 
(8), (9) a (10), obsahujicf druhou odmocninu casu, se vztahuji k difuznimu prispevku k trans
portu hmoty a jsou samostatne pouzitelne vro koncentrace flu6ru nizsi nez 1,6 hmot. % . 
Ostatni vyrazy techto vztahu se tykaji konvekce a jsou samostatne pouzitelne k vypoctiim 
pfi koncentraci flu6ru vyssi nez 4,0 hmot. % . V rozmezi 1,6-4,0 hmot. % F je nutne pouzit 
vztahy cele. Odpor fazoveho rozhi;ani je z duvodu vysoke tekavosti alkalickych fluoridu ne
vyznamny. Z odvozeneho matematiokeho vztahu popisujicfuo casovou zavislost ztrat flu6ru 
byla vypoctena difuzivita flu6ru ve sklovine (2,6 - l0-6 cm2fs) a soucinitel pfestupu hmoty 
z fazoveho rozhrani do plynne faze pro flu6r (2,l . 10-4 emfs). 

Vypoctene i namefene hodnoty casove zavislosti ztrat flu6ru i alkalickych fluoridu vykazuji 
velmi dobrou shodu (obr. 3). Navrzene feseni ma nejen teoreticky vyznam, ale je pouzitelne 
pro realne podmfnky prumyslove praxe a umozimje objasnenf nekterych technologicky vy
znamnych jevu tavenf skla. Vlivy vlhkosti a proudenf atmosfery, teploty a souvisejici techno
logicke aplikace budou postupne zvefejneny. 

Obr. 1. Zavislost ztrat m skloviny tekanim na case t pfi teplote 1 400 °0 v prostfedi proudiciho 
sucheho dusiku pro fluor - mF, sodik - mNa a draslik - mK. 
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Obr. 2. Teoreticky model vypafovani tekavych slozek skloviny [4], kde l je kapalna faze (aklovina), 
s fazove rozhrani (povrch skloviny), g plynna faze (atmosfera), ji znaci transport alozek 
k povrchu, j8 povrchovy dej vypafovani a jg transport slozek od povrchu. 

Obr. 3. Ztraty m skloviny tekanim v prostfedi sucheho dusiku pfi teplote 1 400 °G. Analyza me
chanismu tekani (C - oblast konvekce, C + D - oblast konvekce i difuze, D - oblast 
difuze, 1 - difuzni pfiepevek, 4 - konvektivni pfispevek, 3 - vypoctena zavislost souctem 
1 + 4, m = EXPERIMENT - namefene hodnoty, 2 - teoreticky popis vypafovani bez 
ucasti difuze, P1 - prusecik 1 a 5 oznacujici orientacni vymezeni oblasti pfevladajici 
konvekce, tj. I. faze tekani a pfevladajici difuze, neboli pfechodove faze tekani, Pu -

prusecik 1, 2 a 3 znacici pocatek 11. faze vypafovani po vymizeni jlu6ru). 
Obr, 4. Gasova zavislost koncentrace vsech tekavych slozek skloviny W (analogicke m) aflu6ru WF 

v prostfedi proudiciho sucheho dusiku pfi teplote 1 400 °G - Analyza mechanismu tekani 
(C - oblast konvekce, D - oblast difuze). 

MEXAH.l'.I3M .l'.I K.l'.IHET.l'.IKA IIOTEP.l'.I <DTOPA I 

MmrnH fpme6121'IeK, H pocJiaBa fpme6121'IKOBa 

CIUIO J7HHOH Ceemomex1.u1tec1we cme1..11,o,, 1.0HtfepH. npeonp,, 
757 25 B.11,au1c1.e MeaupJ1Cu1tu 

BLIJIO ycTaHOBJieHo, 'ITO cor;rncHo (2 ) y pac1maBa nma Si02-Al,03-Ca0-Ba0-
-Na20-K20-F- npoHcxO,[(HT noTepn q>Topa B BH,[(e NaF, KF, SiF, n HF. 

0,[(HaKo y np121BO,[(HMOH cTeKJIOMacc1,1 npn TeMnepaType 1400 °C B cpep;e cyxoro a3oTa, 
npoTeKaIOmero CKOpOCTbIO 15,4 CM/c COBepmeHHO HBHbl TOJlbKO IlOTepH q>TOpa H meJIO'IHbIX 
MeTamIOB. C TO'IKH 3peHHH HCnapeHHH CT€RJIOMacca C'IHTaeTCH OHHapHOH CHCT€MOH, co
CTOHill€H H3 HeJieTy'IeH MaTO'IHOH CT€KJIOMaCChl H JI€TJ'IHX meJIO'IHLIX q>TOpH,[(OB (cM. OTHome
HHe (2.1) H pnc. 1). BbIBep;eHne KHH€THKH IlOTepb q>Topa n meJIO'IHLIX q>TOPHAOB OCHOBbIBaeTCfl 
co r;;iacHO pIIc. 2 Ha TeopeTH'I0CKIIX p;aHHLIX OTHOCIITeJihHO Maccorrepep;a'IH B ,[(BJXq>a3HOli 
CHCTeMe. Ilpe,[(IIOJiaraeTCH OJ];HOBp0M0HH00 rrpoTeKaHIIe ROHBeKI(H121 II )];IIq>q>J3IIII rrpII TpaHc
rropTe NaF H KF qepe3 CTeKJIOMaccy K ee IlOBepXHOCTII, BJIHHHIIe IlOBepXHOCTHOI'O ,[(€:U:CTBIIH 
Herra peHIIH npHBOJ];IIMbIX KOMITOHeHTOB II HX TpaHcnopT B HanpaBJieHIIH OT rpaHHI(bl pasp;eJia 
q>a3 •rnpe3 norpaHH'IHI,IH CJIOH B a30THYIO cpep;y. CKOpOCTI, IlOTep1, q>Topa II meJIO'IHbIX 
q>TOpIIp;OB OilllCI,IBaeTCH OTHOill€HII€M [8], COOTB€TCTBJIOillaH BpeMeHHaH 3aBIICHMOCTI, OT
HOilleHH0M [9] Il pIIc. 3, BpeMeHHaH 3aBHCIIMOCTb HX KOHI(€HTpan;HII onpe,[(€JIH€TCH OTHOillC
Hl!eM [10] Il pIIC. 4. 

XapaKTep yrrpaBJIHIOillero npon;ecca 3aBIICHT OT KOHI(CHTpan;nH q>Topa B CT€KJIOMacce. 
IlpII KOHI(eHTpan;IIII HIIiRe 1,6 Mace. % y paccMaTpIIBaeMOH CTeKJIOMaCCbl yrrpaBJIHIOillHM 
npon;eccoM ncnapeHnH HBJIHeTcH )];IIq>q>J3HH B cTeKJIOMacce. B npep;eJiax 1,6-4,0 Mace. % F 
yrrpaBJIHIOillIIM rrpon;eccoM CJIJiRHT TpaHcrropT meJIO'IHhIX q>Topnp;oB qepes rrorpaHH'IHbIH 
CJIOH ra30BOH qiaabl, B CT€KIIOMacce npeo6Jia,[(aeT KOHB€KI(HH npH OOJiee 3Ha'IHT€/IbHOM 
yqacTHH p;nqiqiyanII. IlpII OOJiee BLICOKHX KOHI(€HTpan;121Hx q>Topa yrrpaBJIHIOillIIM npon;eccOM 
HBJIHeTCH TaKiRe TpaHcnopT KOMITOH€HTOB qepe3 norpaHH'IHbIH CJIOH ra30BOH q>a3bl. 0,[(HaKO 
AllqlqlY3II€H B CTeKJIOMacce MOiRHO npeHe6peraTb (B TOM CJiyqae peq1, np;eT TOJibKO O KOH
B€KI(HII). BbipameHIIH npaBOH CTOpOHbI OTHOilleHHH (8), (9) II (10), cop;epmamtte BTopo:ii: 
ROpeHb BpeMeHn, OTHOCHTCH K J];OIIH )];IIq>q>y3IIII, Bbl3LIBaIOmeii TpaHcnopT MaCCI,J II HX MOiRHO 
caMOCTOHTCJibHO HCITOJib30BaTh )];JIH KOHI(CHTpan;IIH q>Topa HlliR0 1,6 Mace. %- OcTaJibHbIC 
BblpaiRCHIIH ynoMHHJTbIX OTHOillCHIIH OTHOCHTCH K KOHBCKI(IIII H OHH caMOCTOHTCJibHO 
npHMCHI!Mbl )];JIH pameTOB npn KOHI(CHTpan;HH q>TOpa Bblille 4,0 Mace. %- B npep;enax 
1,6-4,0 Mace. % F npHXO)];IITCH HCITOIIb30BaTb OTHOilleHHH B n;eJIOM. ConpOTHBJieHHe pa3-
,[(01Ia q>a3 BCJieJ];CTBHe Bb!COKOH JieTJ'ICCTH IIJCJIO'IHI,IX q>TOpII,[(OB He3Ha'IHT€JlbHO. Ifa BblB0-
p;eHHOro MaTeMaTH'IeCKOro OTHOillCHHH, OIIHCbIBaromero BpeMeHHJIO 3aBIICIIMOCTb IIOTCpb 
q>Topa pac'IHTaJin K03q>q>HI(IIeHT J];Hq>q>yann q>Topa B CT€KIIOMacce (2,6. 10-6 CM2/c) Il K03q>
q>HD;HCHT Ma ccorrepep;a'In ns pasp;eJia qia3 B ra3oByro qiasy p;JIH q>TOpa (2,1. 10-• cM/c). Pac
'IHTaHHble H H3MepeHHI,Je BeJIH'IHHbl BpeMeHHOH aaBHCHMOCTII IIOTepb q>Topa H meJIO'IHLIX 
q>TOPIIAOB HaXO,[(HTCH B xopomeM corJiac1m (cM. pnc. 3). IIpe,[(naraeMoe HaMn pemeHne 
HM0eT He TOJlbKO TeopeTH'IeCKOe 3Ha'ICHIIC, HO OHO H npIIMeHIIMO B peaJibHLIX ycJIOBHHX 
npOMblill/ICHHOH npaKTHK121 II rrpep;ocTaBJIHeT B03MOiROCTb OO'bHCHHTb HCKOTOpLie TeXHOJIOI'H
qecRH BaiRHble HBJieHHH BapK121 CTCKJia. ABTOP paccMaTpIIBaeT BIIHHHIIe BJiaiRHOCTH 
H TC'I0Hn:e cpep;u, TeM1rnpaTyp1,1 II C HIIMH CBH3aHHLie B03MOiRHOCTH TCXHOJIOI'H'I0CKOro 
IICIIO:II,30BaHIIH, KOTOpLie 6y,[(yT orry6JIIIKOBaHLI B p;aJibHe:ii:me:ii: pa6orn. 
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Puc. I. 3aeucuMocmb nomepb m cmei..11,0.Maccbi y.11,emy11,ueawieM om epe.MeH,u t npu meMnepa
mype 1400 °C e cpe8e npomei.a10Ufec0 cyxoeo aaoma 8JlJ/, rj3mopa - IDF, ttampUR, -
filNa U IWJlUJI, - filK. 

Puc. 2. Teopemu11,eci.a/i .Mo8e.11,b ucnapeH,U/i J1emy11,ux i.o�tnoHeHmoe cmei..11,0.Maccbi [4], eae 
l - :HCu8i.aJJ rj3aaa (cmei..11,0.Macca), s - paaae,ia rj3aa (noeepxHocmb cmei..11,0.Maccbi), 
g - eaaoea/i rj3aaa (am.Mocrj3epa), ji - mpaHcnopm i.oMnoHeHmoe i. noeepxHocmu,
j8 - noeepxHocmHMH npo!fecc ucnapeH1m u jg - mpaHcnopm 1w.,u,noHeHmoe om no
eepxHocmu. 

Puc. 3. Ilomepu m cmei..11,0.Maccbi y.11,emy11,ueaHue.1t e cpefJe cyxoeo aaoma npu meMnepamype 
1400 °C. AH,a.11,ua ,1texaHUi/Ma yMmy11,1uJaHU/i (C - 06.11,acmb i.oHeCKlfUU, C + D -
- 06.11,acmb i.oHeei.!fuu u fJurj3rj3yauu, D - 06.11,acmb fJurjrj3yauu, 1 - fJo.11,/i fJurj3rj3yauu, 
4 - fJo.11,J1, KOHBCKlfUU, 3 - pac11,1uria1-t1-ta.<i aaeucu.1tocmb c.11,o:J1Ce1-tue.M 1 + 4, m = 
= 8KCIIEPHMEHT - ua.1tepeHblC eeJW'l,UHbi, 2 meopemu'l,eci.oe onucaHue ucna
peHu/i 6ea y'l,acmuJJ 8urj3rj3yauu, Pr - mo11,Ka nepece11,eH,UJ1, 1 u 5, 06oa11,a11,a10Ufa.1J 
opueH,malfUOHHoe oepa11,u11,enue 06.iacmu npeo6.11,afJa10UfeU i.01-1ee1,1fuu m. e. nepea/i 
rj3aaa yMmy11,ueaHu/i u npeo6.11,afJa10Ufa/i fJurj3rj3yau/i u.11,u nepexo8RUfUe rj3aau y.11,emy11,u
eattuR, Pu - mo11,Ka nepece1teHuR 1, 2 u 3, 06oa1ia11,a1014-aR 1w.11,a1w emopou <J3aab1 
ucnapenuR noc.11,e uc11,eaHoeeHuR <J3mopa). 

Puc. 4. Bpe.1tUtHaA aaeucuMocmb KOH,lfCHmpalfUU eccx .11,erny11,ux KOMlloHeHmoe cme1..11,0Maccb1 
W (ana.11,oeU'l,HO m) u <J3mopa WF e cpe8e npomeKa10u1e20 cyxoea aaoma npu meMnepa
mype 1400 °C. Ana.11,ua .MexaHua.1ta y.11,emy11,uea1tuR (C - 06.11,acmb liOHeeK!fuu, D -
0611acmu 8u<J3<J3yauu). 

SESTAK: MEftENf TERMOFYZIKALNfCH VLASTNOSTf PEVNYCH LATEK, 
TEORETICKA TERMICKA ANAL YZA. 
Vydalo nakladatelstvi Academia 1982. 345 str., 107 obr., 26 tab., cena 60 Kcs. 

Zamerem autora bylo poskytnout pracovnikiim nejniznejsich fyzikalne chemickych ustavu 
i priimyslovych laboratofi pomucku pro mereni v danem oboru s durazem kladenym na vzajemne 
vazby jednotlivych disciplin, aniz by byli nuceni studovat radu spedializovanych monografii. 
Kniha je clenena do ctrnacti kapitol, ktere logicky sleduji realny postup prace od pripravy experi
mentu (charakteriza.ce a priprava vzorkli, termicka analyza jako nastroj studia, mereni teploty) 
pfes teoreticke zaklady (termodynamika, fazove diagramy, fazove prechody, kinetika vcetne 
prooosu v neizotermnich podminkach) k vyhodnocovani mereni (kalorimetrie, diferencni termicka 
analyza, mereni netepelnych vla.stnosti, vyuziti pocitacu). Dodatek obsahuje 18 tabulek uzitec
nych pro teplotni a tepelnou kalibra.ci, matematicke vypocty v kinetice, aplikaci kapesnich kal
kulatoru atd. 

Autorova dlouholeta cinnost v oboru oxidickych materialli a jejich vyzkumu termickou ana
l:9'zou na pracovistich CSAV (za kterou byl vyznamenan mezinarodni Mettlerovou cenou termicke 
analyzy "r. 1974) se zrcadU v obsahu dila. Zduraznuje i ta temata, ktera jsou v literature casto 
opomijena, jako je analyza a pop is metastabilnich stavu, popis tvorby skelneho stavu, neizoterm
nf s. realna kinetika, pouzitelnost diferencni termicke analyzy v termofyzice atd. 

V fade odstavcu se opfra o vlastni prace, napf. vyuziti konstitutivnich rovnic pri popisu ter
modynamiky a kinetiky, rozliseni izotermnfho a neizotermniho stupne pfemeny, zavedeni 
fazove separace jako obecneho jevu, koncepce spolecne teorie vysokoteplotni dynamicke kalo
rimetrie (DTA, DCC, DSC). Podle sdeleni autora bude preklad knihy vydan v roce 1984 v anglic
tine Elsevier) a pripravuje se i ruske vydani.( 

Pri hodnoceni knihy nelze nevidet, ze proti puvodnimu zameru vyzaduje od ctenare jiste 
predbezne znalosti, potfobne k orientaci v oboru. Pfi tvorbe knihy s tak sirokym zamerenim 
a obss.hem na pouhych 345 strankach se nelze vyhnout nekterym zjednodusenfm, ktera by mohla 
byt predmetem pripominek specializovanych odbornikli, jsou vsak bohate vyvazena odkazy, 
kterych je v knize pres I 000. Pro nazornost je pouzito i mnoha originalnich obrazovych a gra
fickych materia.lu. 

Publika.ce je zcela nekonvencni prfstupem k vykladu pojmu a svym podanim. Pfitom si viriima 
teoreticky i prakticky vsech souvislosti mezi jevy figurujicfmi pri mereni, a to i tech, ktere by
vajf casto ke skode vysledku :>.anedbavany. Velkou prednostf je, ze prinasi novy pohled a inspi
raci k rozvoji praci v obla.stech dosud malo 2<koumanych. Vecnou obsaznostf je kniha doslova 
.,nabita", a to V cele sfri problemu. 

Dilo by nemelo ohybet v knihovne zadneho termoanalytika. 
M. Beranek

Silikaty I!. 1, 1985 11 


