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A method was worked out and conditions established for the determination
of the reaction rate of kaolinite dehydroxylation. The temperature dependence
of the rate constant was determined experimentally; dehydroxylation of
kaolinite can be considered a lst-order chemical reaction if the body
thickness i3 1 mm, the bodies have been preignited at 573 K and rapid
changes in temperature are ensured both on heating up and cooling
down the body.

INTRODUCTION

The firing of a ceramic body containing kaolinite in the temperature range upto
melt formation involves dehydroxylation of kaolinite. On the basis of available
findings [1 through 12], dehydroxylation of kaolinite can be characterized as a che-
mical reaction producing molecular water from the OH— groups in the structure of
kaolinite, and resulting in metakaolinite. The course of dehydroxylation and the
subsequent transfer of water vapour through the reacted product determine the
changes in weight of the body during firing, and dehydroxylation likewise
affects the thermal balance of the process. Solution of a general model of body firing in
the dehydroxylation region [14], which describes this process as a combination of
diffusion with a chemical reaction and heat transfer with a source, requires the
course of dehydroxylation to be known.

The present study therefore had the aim to work out a method for determining
the rate constant of the reaction and its temperature dependence.

Use is made of the finding [4] that the chemical reaction was proved to control
the process in the case when the layer thickness of the powdered speciemen
or body was less than 2.5 mm even at a very low water vapour pressure in the
ambient atmosphere compared to equilibrium vapour pressure at the given
temperature.

THEORETICAL

Diffusion of water vapour through the reacted product during the simultaneous
course of dehydroxylation is described by a mass balance of a binary incompressible
mixture involving a chemical reaction, on the assumptions introduced in formula-
ting the model of body firing over the dehydroxylation region [13]:

?g,: = div (D4B(T, z4) grad z4) + 74, (1)

where z 4 is the mass fraction of component A, i.e. water bound in the form of OH-
groups in the structure of kaolinite, 7 is time, D4p is the diffusion coefficient,
T is temperature and 74 is the rate of formation of component A4 in a unit volume
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of the mixture. In the solving of concentration fields, this term is a function of
position and time in the most general case. On considering a homogeneous
reaction usually taking place throughout the volume of the mixture, the volume rate
of formation of component 4 will appear in term r4. For example, for a n-th order
reaction, term r4 can be expressed by the equation

ra = —kn(T) 2%, (@)

where n is the dimensionless order of the reaction and %, is the rate constant of the
n-th order reaction, mostly distinctly dependent on temperature. In the case of
a 1-st order reaction with the kinetic equation

ra=—k(T)za, (3)
the time dependence of concentration of component A has the form
Tg = x4, e F D)7, (4)

where x40 is the initial concentration of component A, while for the temperature
dependence of the rate constant it holds that

k = ko exp (—By/T), (5)

where B, is the characteristic temperature and %, is a constant. Substitution of
(3) into (1) yields the mass balance for a binary incompressible mixture involving
a chemical reaction,

%‘i = div (D4g(T, z4) grad z4) — k(T) z4. (6)

This balance equation describes study of dehydroxylation for any tentative
thickness o1 powdered sample or body, because study of dehydroxylation even on
very thin layers of sample or kaolinite crystals always involves subsequent diffusion
of vapour through the reacted product. However, the results of studies carried out
so far indicate that at specimen sticknesses smaller than 2.5 mm and even at very
low vapour pressure in the ambient atmosphere, the effect of diffusion of vapour
through the reacted product can be neglected owing to the short diffusion path
involved. In other words, body thicknesses smaller than 2.5 mm ensure conditions
for a homogeneous chemical reaction. i.e. the reaction proceeds throughout the body
volume.

In working out an experimental method it is convenient to introduce simplifica-
tions, in this case isothermal conditions. The method for determining the rate
constant of the 1-st order reaction can then be based on determining the concen-
tration of component A4 in terms of time according to equation (4) which under
isothermal conditions acquires the form

T4 = Xg0€xp (—kT). (7)

On this assumption, experimental determination of the relationship x4 = z4(7),
while knowing x 40, allows the value of the rate constant at a given temperature to
be obtained from equation (7).

Execution of isothermal experiments at various temperatures, i.e. over the
temperature range from the initial dehydroxylation temperature upwards, will
yield the values of rate constants at several temperatures and thus will express
the temperature dependence of the rate constant.
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The experimental arrangement of the method must then comply with the maximum
body thickness of 2.5 mm and a low water vapour pressure in the ambient atmosphe-
re. In addition to this, it is necessary to ensure a rapid change in temperature
throughout the body volume from its initial value to the required temperature of
dehydroxylation, and also rapid cooling after time v down to a temperature lower
than that of dehydroxylation onset, i.e. a temperature at which the reaction
will stop abruptly throughout the body volume.

EXPERIMENTAL

Dehydroxylation was studied on thin plates of Podbofany kaolin 1 x 11 x50 mm in
size over the temperature range of 773 to 873 K. The specimens 1 mm in thickness
were prepared by grinding bodies drawn by a vacuum auger. After drying at
378 K, the specimens were ignited at 573 K to remove the last residues of tech-
nological water from the body preparation and of interstructural molecular water
from the illitic-montmorillonitic component of the Podbofany kaolin [14].

The initial concentration x40 = 0.106 kg/kg was determined by igniting these
initial specimens at 1173 K to a constant weight. The remaining thin plates were
gradually placed in a furnace preheated at the required various temperatures, and
after the chosen exposure cooled rapidly by removal from the furnace. Following
subsequent heating at 1173 K to constant weight, the value of the residual
concentration of water in the specimen, x4, was determined.

The chosen sample thickness of 1 mm, the experimental arrangement of the
method and the working procedure employed all ensured compliance with the con-
ditions demanded from the method. The experimental results are listed in Table I.

Table I

Concentration of residual water x4 in the specimen
in terms of temperature for various times of holding

T/hrs

z 1 3 4.5 6 9 20
I

za(T) kg/kg

773 0.081 0.067 0.046 0.028
798 0.075 0.039

823 0.042 0.021 0.019 .
853 0.025 0.021 0.014

873 0.018

DISCUSSION AND CONCLUSION

The experimentally established dependence of concentration on time for the
individual temperatures was found to correspond well to equation (7). The chosen
specimen thickness of 1 mm thus meets the requirement for neglecting the diffusion
of vapour through the decomposition product and allows data describing dehydro-
xylation as a chemical reaction to be obtained. A linearized form of this equation
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was used to calculate the rate constant of dehydroxylation for each temperature.
The calculated rate constant values are listed in Table IT and can be said to be
comparable to the values given in studies [3, 4, 12]).

Table 11

The values of rate constants of dehydroxylation
at various temperatures

T
% 773 798 823 853 l 873
ﬁill?i 1.8 47 8.6 9.3 ‘ 49
—

The temperature dependence of the dehydroxylation rate constant obtained was
approximated by equation (5) and the following values of the constants were
determined:

ko = 36 034 956 5~1 B; = 21903 K, (8)

valid for the temperature interval T' e {773 K; 873 K).

The findings obtained from the experiments with dehydroxylation of Podbofany
kaolinite can be summarized into the following points:

(i) The method and the conditions of the experimental procedure employed

allow the rate constant of dehydroxylation of kaolinite to be determined.

(ii) Under the given conditions, dehydroxylation of kaolinite can be regarded
as a 1-st order chemical reaction.

(iii) Over the temperature interval in question, the temperature dependence of
the rate constantis described by equation (5) and the values of the constants (8).
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STANOVENT RYCHLOSTNI KONSTANTY DEHYDROXYLACE
KAOLINITU

Jiii Havrda, Yvona Mazatovd, Vladimir HanykyF

Vysokd skola chemicko-technologickd, Katedra technologie silikdti, 166 28 Praha

Pro stanoveni rychlostni konstanty dehydroxylace kaolinitu je vypracovana metoda
zaloZzend na méieni ¢asové zavislosti koncentrace zbytkové vody pfi izotermnim vypalu
deskovych téles s tloustkou 1 mm. Experimentalné je stanovena teplotni zavislost rychlostni
konstanty ve tvaru k = 36 034 956 exp (—21 903 K/T)s~! platnd v tcplotnim intervalu
T e <773 K; 873 K>. Bylo zjiSténo, Zze dehydroxylaci kaolinitu lze povazovat za chemickou
reakei 1. f4du za podminek: (a) tloustka télesa 1 mm, (b) télesa predem vyzihéna pit
teploté 573 K, (¢) skokovd zména teploty pfi ohievu i chlazeni télesa a (d) nizk4 tenze
vodnich par v okolnim prostredi. Za téchto podminek lze zanedbat difuzi par produktem
rozkladu a ziskat data popisujici dehydroxylaci jako chemickou reakei.

ONPENEJEHUWE CKOPOCTHOH ROHCTAHTHI
JETHUIPOKCUJHUPOBAHHNA KAOJMHUTA

Hpsxn I'aBpaa, VBora MasauoBa, Buagumup Famnikupiu

kagiedpa MmexHoave it CuAUKamo8 X umMuk0-meXHoR02UNECKO20 UHCIUMYMA
166 28 Hpaza

;o1 onpeaesteHiA KOHCTAHTHL CKOPOCTH JCI'MAPOKCHIMPOBAHMA KAOJAMHUTA Pa3padorass
MCTO){, OCHOBLIBAIOMIMiiCSI Ha M3MEPEHMH BPEMEHHOii 3aBHCHMOCTH KOHLECHTPAlHMH OCTa-
TOYHOIl BOJBI IPM M30TEPMi'IECKOM OO:Kire IVIACTHHUJTHLIX Te. TOMHHOM 1 MM. dkcmepu-
MCHTILHBIM ITyTeM YCTAHOBHJ/IM TEMIICPATYPHYIO 3aBUCHMOCTE KOHCTAHTHI CKODOCTH B BHJIE
K = 36 034 956 srcrr (—21903 K/T) ¢!, uMemoimell cHy.,1 B TeMIIepaTypPHOM HHTepBaJe
T e <773 K; 873 K>. Bblilo ycTaHOBIIGHO, YTO ACTHAPOKCHIIMPOBAHME KAOJIMHHTA MOMKHO
(YMTAaTh XMMMYCCKOM peakiiiiell mCPBOI'O MOPAIKA NIPH YCJOBHAX: (a) TOMIIMHA Teda 1 MM,
(0) Tenma 3apaHec oOsurasiu npu remueparype 573 K, (¢) ckaykooOpasHoe H3MEHCHHC TeMIle-
paTyphl IpH Hal'PeBE M OXIAFKACHMI Tewla, () HHBKOe AaBJIeHMe BOJAHOTO Iapa B OKpyMa-
fomeir cpeye. Ilpnm TaknX ycJIoBHAX MOKHO npeHebGperath Rud@ysmell mapoB NPOAYKTOM
Pa3IoKeHHA W MOJKHO I0IyvaTh JdHHbIC, ONMCHBAOMMEe [CTHIAPOKCHIIMPDOBAHUE B BH/E
XHMHATECKOI'0 B3aIMO(CiAC TBHA.

RTG. TOPOGRAFIA — METODA SLEDOVANIA STRUKTURNYCH DE-
FEKTOV — bola vyvinutda v roku 1967. Je to doplnkovd metéda k transmisnej elek-
tronovej mikroskopii. Dovoluje zrakom sledovat a fotografovat Strukturne defekty, ako st
dislokécie, alebo rovinné defekty v krystaloch. Fyzikilny zéklad metédy je difrakcia,
preto metdda je vhodné len pre vzorky s malym poétom porach na hribke niekofko mili-
metrov.

Vyuzitie tejto metédy je spité s pripravou monokrystalov vysokej kvality. V sedem-
desiatych rokoch tdto metdéda umoznila pripravu kvalitnych krystdlov kremena, neskoér sa
metdda pouzila na vylepsenie laserov s heterogénnymi spojmi, éo bolo podmienené poznanim
chovania sa dislokécii vrstiev Al;Ga;_zAs pomocou rtg. topografie. Rozvoj potitatovej
techniky umoznilo obrazy defektov rekonstruovat a simulovaf Struktdrne defekty.

1. Vojtadsdk
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