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A method which has been developed for thermogravimetric study of solids in the 
presence of applied electric fields has been used in a study of kaolinite dehydroxylation 
in a controlled inert atmosphere. Electric fields of ~ 1 0  ~ V/m lower the init iation 
temperature for dehydroxylation by as much as 60 ~ in some cases; the activation 
energy for dehydroxylation is reduced by 3- -12  kcal/mole. The rate constants" for 
electrolysed samples (based arbitrarily on a first-order Saw) are increased by electrol- 
ysis but this effect falls off at higher temperatures as the normal  thermal processes 
begin to predominate.  The effect of the field on the various processes of ionic migrat ion 
in the lattice is discussed. 

In previous papers [1, 2] it has been shown qualitatively that the application 
of an a.c. or d.c. electric field to hydroxyl-containing solids such as kaolinite 
[A12Si2Os(OH)a ] above the dehydroxylation temperature results in an enhance- 
ment of the high-temperature reactions and a significant improvement in the phy- 
sical and crystallochemical properties of the product at a given temperature. In the 
case of the applied d.c. field these results have been attributed to the removal of 
residual protons present in kaolinite even after dehydroxylation is substantially 
complete [1]. The operation of such a proton-elimination mechanism during 
the high temperature reactions suggests that electrolysis of  inorganic hydroxyl- 
containing solids at lower temperatures might also influence the course of  
their dehydroxylation reactions. 

The purpose of this work was to investigate the manner in which d.c. electric 
fields interact with solids during their thermal dehydroxylation. The course of the 
dehydroxylation reaction was followed directly by weight-loss measurements 
made during the electrolysis. Although this was not primarily a kinetic study, a 
kinetic analysis was made of the resulting weight-loss curves since this was the 
most convenient means of  comparing the behaviour of the electrolysed solid 
hydroxides with the unelectrolysed control samples. 

Previous TG kinetic investigations of kaolinite dehydroxylation have often re- 
sulted in differing conclusions; earlier workers generally interpreted their weight- 
loss data in terms of first-order kinetics [3, 4] which were taken to indicate a 
random nucleation process. More recent work in vacuo [5, 6] and controlled 
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water vapour atmospheres [6] has established that the kinetic results correspond 
more closely to a diffusion controlled equation although the fitting of kinetic 
data to any one model is hampered by particle size distribution in the sample, 
which in one case has led to a suggested pseudo-phase-boundary controlled 
mechanism [7]. The apparent activation energy for kaolinite dehydroxylation is 
also known to depend on the reaction conditions, increasing with an increase in 
water vapour partial pressure [6]. Another difficulty in making meaningful 
kinetic measurements on kaolinite arises from the observation by Garn and 
Anthony [8] that traces of CO and CO 2 are evolved from kaolinite during the 
early stages of dehydroxylation in a self-generated atmosphere; mass spectrom- 
etry has shown however that these gases are not evolved during decomposition 
in vacuo (MacKenzie, unpublished results), suggesting that they result from 
oxidation of trace organic impurities. These impurity gases should therefore not 
interfere with reactions carried out in carefully controlled non-oxidising at- 
mospheres such as those used in the present study. 

No attempt has been made in this work to extract mechanistic information 
from the kinetic analyses, in view of the well known unreliability of the pro- 
cedure. The present activation energies and pre-exponential factors were derived 
solely as a means of comparing the progress of  the reaction when performed 
under standard conditions of sample geometry, reaction atmosphere and heating 
rate but differing electrolysis procedures. Additional information about the 
electrolysis mechanisms was obtained from X-ray and i.r. examination of the 
solid reaction products. 

Experimental 
a) Materials 

The kaolinite used in this work was a Cornish China clay, described in detail 
elsewhere [1 ]. Pellet samples 7.5 mm dia. by 4.0 mm thick were prepared from a 
stiff paste mixed with distilled water. The pellets were dried at 50 ~ and the faces 
trued up with a scalpel before being clamped in the electrolysis cell. 

b) Electrolysis experiments 

Weight-loss measurements were made in the presence of an electric field in a 
cell designed specifically for use with thermobalances such as the Stanton T R -  1 
which employs a loading platform. The sample is clamped securely between 
platinum foil electrodes in a stainless steel jig (Fig. 1). The platinum lead-out 
wires are brought out of  the furnace through an alumina thermocouple sheath to 
prevent shorting. Outside the hot zone, the platinum leads are connected to 
copper wires which are heavy enough to carry the required current (about 8 mA) 
but fine enough to minimise the damping effect on the balance mechanism. This 
cell can also be used to make simultaneous conductance and weight-change 
measurements. 
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All the TG runs were made in a flowing atmosphere of dried argon (300 ml/min.) 
to protect the cell from corrosion at higher temperatures and establish a repro- 
ducible non-oxidising atmosphere of controlled composition. 

Although kinetic weight-loss measurements of this type should ideally be made 
under isothermal conditions in vacuo, difficulties associated with the electrolysis 
experiment made this impracticable. However, since previous kinetic studies on 
kaolinite in vacuo [5] and in dry inert (helium) flowing atmospheres [7] have 
yielded activation energies in excellent agreement, the use of a dried argon flowing 
atmosphere in the present study is considered to provide reaction conditions 
comparable to those of reaction in vacuo. Moreover, since all the samples were 
reacted under identical atmospheric conditions, any observed differences in 
activation energy should be due solely to differences in the electrolysis procedures. 

-3 B 

~- ~ \ A  

Fig. 1. Electrolysis cell for use with platform-loading thermobalances.  A. Pellet sample, B. 
Stainless steel jig, C. Platinum foil electrodes, D. Stainless steel tension block, E. Stainless 
sleel tension screw, F. Platinum lead-out wires, G. Alumina spacer, H. Thermobalance 

platform, I. Insulating sheath for lead-out wires 

The samples were heated at a constant linear temperature rise of 2~ ; 
although isothermal kinetic measurements are usually preferred since they elim- 
inate the temperature gradient which is always present in a sample under 
dynamic heating conditions, it has been shown that for other oxide systems [9] 
kinetic parameters obtained under dynamic conditions are in good agreement 
with isothermal results, provided the heating rate is sufficiently slow. In this work 
the difficulty of reproducing exactly the electrical contact in a given set of iso- 
thermally heated kinetic samples was considered to outweigh any advantages 
inherent in the isothermal method. 
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The electrolysing potential (400 V d.c.) was obtained from a Labgear type 
D4019/8 stabilized E.H.T. unit delivering up to 2 kV. Experiments were made in 
which the electrical polarity was applied both in the direction of the gas flow and 
in the opposite direction. In other experiments the effect of starting the electrol- 
ysis at various temperatures was studied. Control experiments were also made in 
which pellet and powder samples were heated without electrolysis both in the cell 
and in crucibles. 

c) X-ray and i.r. examination of the solid product 

After reaction, both faces of each pellet were X-rayed in a Philips diffracto- 
meter using Cu K~ radiation. Small scrapings were taken from each pellet face, 
ground under isopropyl alcohol, suspended in KBr discs and analysed by an i.r. 
frequency shift method [10] using a Perkin-Elmer 337 spectrophotometer. 

Results 

Plots of the fraction of kaolinite reacted (~) as a function of temperature are 
shown in Fig. 2, from which it is seen that although the electrolysed samples 
begin to dehydroxylate at slightly lower temperatures than the unelectrolysed 
samples, all the curve shapes are broadly similar, suggesting that the reaction 
mechanism is probably unchanged by electrolysis. 
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Fig. 2. G r a p h s  of  f rac t ion  of  kaol in i te  reac ted  (~) as a f unc t i on  o f  t empera tu re .  Descr ip t ion  
o f  s amples  A to F as given in Tab le  1 
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The data  o f  Fig. 2 were analysed by the method of  Coats  and Redfern [ l l ]  
using a computer  p rog ramme to solve the equat ion for  orders o f  reaction (n) o f  
0.5, 0.67, 1.0 and 2.0, corresponding to various solid state reaction models. Da ta  
were also computed  according to a parabolic (diffusion-controlled) law. 
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Fig. 3. Plots of f(z) vs. reciprocal temperature for kaolinite kinetic data, computed by the 
Coats and Redfern equation for various values of n. A. Diffusion-controlled equation, 
B. Zero-order reaction (n = 0), C. Two-dimensional interface model (n = 0.5), D. Three- 
dimensional interface model (n = 0.66), E. First-order reaction (n = 1), F. Second-order 

reaction, no physical significance (n = 2) 

The best straight line for  all the data  is given by n = 1 a l though none of  the 
equations is valid over the whole reaction (Fig. 3). The fit o f  the data to first- 
order  kinetics, at least up to e = 0.85, cannot  be taken as confirmation o f  a 
r andom nucleation mechanism however,  since almost  as good a straight line is 
given by n -- 2, an equat ion which has no physical meaning in solid state reactions. 

The first-order kinetic law was arbitrarily assumed for  the purpose o f  calculating 
activation energies and pre-exponential  factors, shown in Table 1. 

The reproducibili ty o f  the activation energies under  given condit ions was 
within 0.3 kcal/mole. Al though activation energies for  kaolinite dehydroxylat ion 
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Table 1 

Kinetic parameters derived from a first-order model and i.r. analyses for electrolysed and 
unelectrolysed kaolinite samples 

Sample 
geometry 

Pellet (A)* 
Pellet ((2) 
Pellet (B) 
Pellet (D) 

Pellet 
Pellet (E) 

Powder (F) 

Reaction conditions 

400 V applied at 20~ 
400 V applied at 400~ 
400 V applied at 20~ 
400 V applied at 400~ 

Unelectrolysed, in cell 
Unelectrolysed, 

in crucible 
Unelectrolysed, 

in crucible 

Direction of 
gas flow 

- - v e  to +ve  
--ve to +ve  
+ve  to --ve 
+ve  to --ve 

i Acti- 
vation 
energy 

AH, 
(kcal/ 

I mole) 

39.8 
44.8 
47.0 
38.0 

50.3 

50.0 

50.0 

Pre-exponen- 
tial factor, A 

1.26 X 10 ~ 
3.98 • 105 
8.71 x l0 G 
1.78 • 104 

1.99 x 107 

1.70x 107 

1.99 x 107 

Degree of high- 
temperature 

reaction (i.r.). 

+ve X. - re  
face face, 

9.5 0 
11.0 1.5 
8.5 0 
8.5 8.0 

11.5 

8.0 

11.0 

* Letters refer to the kinetic curves of Fig. 2. 

Table 2 

Average values of first-order rate constants for electrolysed 
and unelectrolysed kaolinite pellets 

Temperature,  kl (electrolysed), kl (unelectrolysed), 
~ m i n -  ~ m i n -  1 

462 
484 
508 
533 
567 

1.06• 10 .7 
2.34x 10 .7 
5.63 x 10 -~ 
1.26x 10 -6 
3.79x 10 .6 

2.57x 10 .8 
6.92• 10 -s 
1.95x 10 .7 
5.37• 10 -r  
1.95• 10 .6 

are extremely dependent  on the water  vapour  concent ra t ion  o f  the sur rounding  

a tmosphere ,  the values o f  Table  1 are all o f  the order  o f  ac t ivat ion energies 

de te rmined  at  low water  v a p o u r  pressures by previous  workers  [ 5 - 7 J .  The  

ac t iva t ion  energies and pre-exponent ia l  factors for  the electrolysed samples are, 

however ,  consistently lower  than  for  unelectrolysed samples, reflecting the tendency 

o f  the react ion to p roceed  over  a wider  t empera ture  range in the presence o f  an 

electric field. The difference in act ivat ion energy between the electrolysed and un- 

electrolysed sample ranges between 3 . 0 - 1 2 . 0  keal /mole  with an average value 

o f  7.5 kcal /mole.  
The  first-order react ion rate  constants  der ived f rom the weight-loss measure-  

ments  are shown in Table  2, f r o m  which it is seen that  at all tempera tures  the 

J. T~ermal Anal. 5, 1973 



M A C K E N Z I E :  T H E R M A L  R E A C T I O N S  U N D E R  E L E C T R I C  FIELDS,  I I 1 

application of a field increases the rate of reaction. The average increase in rate 
falls off at higher temperatures however, as shown by a plot of k~ (electrotysed)/kl 
(unelectrolysed) vs. temperature (Fig. 4). 

X-ray examination of each pellet face showed that complete dehydroxylation 
had occurred in every case. No trace of the high temperature product mullite 
(3A1203 �9 2SIO2) was apparent in any of the samples although the i.r. results of 
Table 1 show that in some cases the aluminium-oxygen and silicon-oxygen 
structure has progressed towards the atomic configuration of the high-temperature 
phase. Marked differences were recorded in the i.r. results at the opposite ends of 
those pellets which had been electrolysed while being heated to the reaction 
temperature. The prolonged electrolysis time apparently promotes a polarization 
effect similar to that observed in electrolysed kaolinite at higher temperatures [1 ] 
but in the present case the direction of the asymmetry seems to depend as much on 
the direction of the gas stream as on the polarity of the electric field, as might be 
expected for a reaction in which a gaseous product is evolved. 

Discussion 

Two alternative types of process have been postulated for the removal of 
hydroxyl water from kaolinite. The essential feature of the first, known as the 
homogeneous mechanism, is a toss of water more or less uniformly from all parts 
of the crystal [12]. The alternative process (the inhomogeneous mechanism) in- 
volves an initial migration of protons to regions of the crystal from which water 
is later lost, concomitant with a counter-migration of aluminium and silicon ions 
to "acceptor regions" which later segregate into aluminium-rich and silicon-rich 
areas, becoming A1-Si spinel and cristobalite respectively [13]. More recently, 
Rouxhet et al. [14] have suggested that a clear-cut distinction between the two 
mechanisms might not be meaningful since the preservation of a topotactic 
relationship between reactant and product (usually taken as evidence for the in- 
homogeneous mechanism) may not reflect the fundamental processes of dehydrox- 
ylation. Likewise, kinetic studies, which are often used to interpret dehydroxyl- 
ation processes do not provide precise mechanistic information because of their 
inability to distinguish between different models [15]. Little significance should 
therefore be placed on the fact that the reaction apparently obeys first-order 
kinetics in the present study, not only because of the inherent uncertainty of the 
mechanistic interpretation but also because the pellet-like geometry imposed on 
the sample by the requirements of the electrolysis experiment is non-ideal from 
the point of view of kinetic measurements. 

In view of the foregoing, the more significant results are the activation energies 
calculated arbitrarily from the first order law; in the unelectrolysed samples these 
energies are independent of sample geometry (Table 1). The average reduction o 
7.5 kcal/mole in the activation energies of the electrolysed samples suggests that 
whatever the rate-determining process, the migrating species involved must be 
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charged. The nature of the various possible diffusing species and their inter- 
action with an electric field should therefore be considered. 

The most mobile of the possible diffusing species is the proton, which has 
already been suggested as the principal charge transfer agent in the high tem- 
perature electrolysis of kaolinite [1 ]. The mobility of this species has been ascribed 
to its ability to tunnel through potential energy barriers in the lattice; the jump 
frequency v of protons between two P.E. wells has been estimated from i.r. mea- 
surements on micas as about 10 ~-- 1011 sec -~ [14]. Under the influence of a 
uniform field E the mean drift velocity 12 of the proton is given by: 

Ee v a2c 
f2 - k T  exp ( -  Uo/kT)  (1) 

where a is the jump distance, Uo the barrier height and c is a constant, taken as 
~10 for ionic crystals. To evaluate this expression it is necessary to estimate 
values for the inter-proton distance a and the barrier height Uo. The latter can be 
calculated if the mobility V of the protons in the lattice is known, since this is 
related by the equation: 

e v a2r 
V -  exp ( -  Uo/kT)  (2) 

k T  

An approximate value of V = 10 -22 cm2/volt �9 sec has been obtained by Vedder 
and Wilkins [16] from deuteration experiments with talc. Setting the inter-proton 
distance as 3~, the height of the energy barrier from Eq. (2) is 27.6 kcal. It is 
interesting to note that this value compares well with the barrier height in the 
related aluminium oxyhydroxide boehmite, calculated as 26 kcal by Fripiat, 
Bosmans and Rouxhet [17] from quantum-mechanical considerations by assuming 
an equilibrium value for the inter-oxygen distance. 

Substituting in Eq. (1) for a field of 1000 V/cm shows that at 735~ the mean 
drift velocity of  the proton is approximately 10 -1~ cm. sec -1, i.e. the rate o f  
proton drift has been increased by a factor of 102. Thus, proton migration cannot 
in itself be the rate-determining step since the observed effect of the field on the 
rate of dehydroxylation is much smaller, and fails off with temperature (Fig. 4). 
The rate-determining migrating species is therefore apparently heavier and less 
mobile. 

A dehydroxylation species with these characteristics has been postulated by 
Rouxhet et al. [14] on the basis of  the observed isotopic exchange energies in 
micas, which have a value of about 47 kcal/mole and are therefore much too 
high for a proton transfer reaction. The diffusing species is thought to be a complex 
containing oxygen; N.M.R. studies of related aluminium hydroxides have sug- 
gested that these species are H20 + intrinsic or extrinsic defects [18]. Further 
support for the concept of proton transfer by a "proton-bearing vehicle" or  
"transport  complex" is provided by dielectric measurements on aluminium 
hydroxides [19]. The jump frequency v of  the complex is 10 s -  10 l~ sec -1 lower 
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Fig. 4. Graph of ratio of first order rate constants for electrolysed and unelectrolysed kaolinite 
pellets as a function of temperature 
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Fig. 5. Schematic representation of proton transfer in solid hydroxide lattices. A. Non-defect 
lattice, fast proton transfer by tunnelling. B. Defect lattice, proton transfer by tunnelling 

(fast) and by proton-bearing vehicle (slow) 

J. Thermal Anal. 5, 1973 



14 M A C K E N Z I E :  T H E R M A L  R E A C T I O N S  U N D E R  E L E C T R I C  F I E L D S ,  I 

than for the proton [14] and its energy barrier much higher since the transfer 
of oxygen is involved. The transport of protons in conjunction with oxygen 
atoms may be necessitated by the presence of discontinuities in the lattice; in a 
regular lattice proton transfer can proceed directly but in a lattice containing an 
increasing number of holes, these may have to be bridged by an oxygen-bearing 
species. A schematic representation of proton transfer in both regular and defect 
lattices is shown in Fig. 5 but it must be emphasized that this picture of the transfer 
mechanism is strictly qualitative and over-simplified. 

Despite its crudity, however, the mechanism for proton transport in the defect 
lattice (Fig. 5B) is compatible with the concept of Rouxhet et al. [14] of fast 
proton transfer through crystal areas bounded by high energy barriers over which 
transport can only occur via an oxygen complex. In Fig. 5B these high energy 
barriers are represented as lattice holes, the concentration of which limits the 
rate of dehydroxylation particularly at higher temperatures where the increased 
degree of dehydroxylation gives rise to a high lattice defect concentration. The 
suggested bridging of lattice holes by an oxygen complex is also not unlike a de- 
hydroxylation mechanism suggested by Freund [20] in which a transient bond 
similar to a hydrogen bond is formed between adjacent hydroxyl groups. 

Although the assumption of a transport complex explains qualitatively why 
the rate of reaction is influenced by the electric field less than is the proton, and 
why the effects falls off as dehydroxylation proceeds, little has yet been said about 
the process by which the charged species surmounts its energy barrier. In the case 
of the proton this has been explained in terms of the quantum-mechanical tunnel- 
ling probability Pi [21], which depends on the height and width of the barrier 
above the tunnelling level i (U i and /i) and the mass m of the tunnelling species: 

! 

Pi ~'  exp - [4 rc l,/h (2m U,) 2 ] (3) 

The tunnelling probability for a proton in boehmite, A1OOH has been shown in 
a calculation by Fripiat, Bosmans and Rouxhet [17] to approach unity at an 
energy level 11 kcal above the fundamental; in other words all protons which 
have been excited to an energy level approximately half-way up the barrier will 
penetrate the barrier by tunnelling. At lower energy levels the probability of 
penetration by tunnelling falls off exponentially. Although the application of an 
electric field will undoubtedly influence the proton tunnelling probability by dis- 
torting the energy barrier and altering the distribution of the higher-energy levels, 
proton migration has already been shown to be too fast to be the rate-determining 
step. 

The transport of the "proton-bearing vehicle" also involves the overcoming of 
an energy barrier but the greater mass of this complex and its higher energy 
barrier severely limit its tunnelling ability according to Eq. (3) and render such a 
transfer mechanism highly unlikely; this is reflected in the decreased jump fre- 
quency of the complex (~10 2 sec-1) [14]. As in the case of the proton, however, 
the mobility of the charged "transport complex" will be increased by the lowering 
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of the potential energy barrier by the electric field. The amount by which the 
energy barrier is shown to be decreased in the presence of a field (~7 kcal) is of  
the order of the lJotential barrier to the low-temperature conductance process in 
kaolinite, variously reported as 4 kcal [22] and 10 kcal [2]. This energy has been 
associated with proton "deiocalization" or tunnelling [17], which however are 
probably best considered as separate descriptions of the same process [23]. The 
present electrolysis results are therefore open to two alternative interpretations: 

(1) The barrier height of 11 kcal refers to the movement of the charged complex 
and not as previously supposed to protons, which should therefore have a much 
smaller barrier height. 

(2) The process most greatly affected by the field at lower temperatures is 
proton migration; whereas at higher temperatures the charged complex becomes 
increasingly rate-determining. 

Although (1) cannot be definitely ruled out since the information about the 
relevant activation energies in kaolinite and related minerals comes from studies 
which might all involve the charged complex rather than the proton (i.e. diffusion 
and conductance measurements), it is less likely than (2) since activation energies 
of 4 -  10 kcal have been recorded for processes known to involve the proton [22]. 

Possibility (2) is also supported by the observed decrease in the effect of the field 
on the rate a t  higher temperatures (Fig. 4). As the concentration of lattice defects 
increases with temperature at the expense of protons, the defect-controlled 
mechanism begins to predominate. Absolute Rate Theory [24] shows that the 
rate of a process depends both on the frequency of crossing the energy barrier (v) 
and the concentration of "activated complexes" (C*), according to the equation: 

& 

de _ C* (2 ~ m* kT)  2 6p 

dt h (4) 

where m* is the mass of the activated complex and 6 is the effective width at the 
top of the barrier. Although this treatment of rate theory is only strictly correct 
for reaction in gases and some liquids, in the case of a solid, C* is proportional to 
the total number of rate-determining energy barriers in the lattice, i.e. the defect 
concentration in this case. Thus, when the hydroxy-solid is at temperatures which 
are ordinarily too low for significant reaction because of insufficient proton 
mobility, the application of a field reduces the energy barrier by an amount 
equivalent to the energy at which proton tunnelling probability approaches unity. 
The protons then migrate under the influence of the field and dehydroxylation is 
initiated. As the reaction proceeds, the defect concentration increases, with a 
resulting decrease in the effect of the field, offset to some extent by the rising 
temperature which increases the mobility of all the species irrespective of the field. 
Thus, the greatest divergence in the shape of the dehydroxylation curves occurs at 
lower temperatures; at higher temperatures all the curves tend to become parallel 
(Fig. 2). 
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The migration of charged species implies a mechanism similar to the inhomo- 
geneous mechanism, in which however a counter-migration of silicon and alu- 
minium ions is also predicted [13]. Because of their relatively low mobility at 
dehydroxylation temperatures, the polarizing effect of a field on these ions is 
expected to become evident only at long electrolysis times. Evidence of this 
polarization is found in the i.r. analyses of those samples in which the electrolysis 
was started at room temperature and continued throughout dehydroxylation 
(Table 1). The degree to which the silicon and aluminium ions have progressed 
towards their final configurations is in each case greatest at the positive electrode 
but is probably influenced by other factors such as the water vapour concentration 
gradient across the sample, depending in turn on the direction of flow of the inert 
gas atmosphere and the presence in the sample of trace impurity ions, which would 
also be expected to polarize in the field. 

Conclusion 

The application of an electric field to kaolinite during its dehydroxylation 
lowers the initiation temperature of the reaction and increases the rate, probably 
by increasing the tunnelling probability and mobility of the protons. As the 
reaction proceeds the effect of the field on the rate is diminished because of the 
increased importance in the rate-determining process of defects. The activation 
energy for dehydroxylation is reduced by the electric field by an amount similar 
to the electrical conductance energy of the protonic species. The electrolytically- 
induced changes in activation energy are sensitive to the flow direction of the gas 
atmosphere, which influences the water vapour concentration gradient across the 
sample. 

This work was supported by an S.R.C. Research Grant. The author is indebted to Dr W.T. 
Raines and Dr G.M. Fryer for helpful discussion. 
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Rt~SUMI~. - -  On a mis au point une mdthode pour l'6tude thermogravim6trique des solides sous 
l 'action d 'un champ 61ectrique et on l 'a utilis6e pour suivre la d6shydroxylation de la kaolinite 
en atmosph6re inerte contr616e. L'application de champs 61ectriques ~d'environ 10 ~ V/m 
abaisse la temp6rature initiale de la d6shydroxylation de 60 ~ dans certains cas et l'6nergie 
d'activation est r6duite de 3 /t 12 kcal/mol. On observe l 'augmentation des constantes de 
vitesse des 6chantillons soumis h Faction du champ 61ectrique (par rapport  ~t une loi choisie 
arbitrairement du i er ordre) mais cet effet cesse aux temp6ratures 61ev6es off les processus 
thermiques normaux deviennent pr6dominants. 

On discute l'influence du champ 61ectrique sur les processus de migration d'ions darts la 
grille. 

ZUSAMMENFASSUNG - -  Eine zur thermogravimetrischen Analyse von Festk6rpern unter An- 
wendung elektrischer Felder entwickelte Methode wurde zum Studium der Dehydroxylierung 
yon Kaolinit in einer geregelten inerten Atmosph~ire herangezogen. Elektrische Feldstfirken 
yon etwa 10 ~ V/m setzten die Anfangstemperatur der Dehydroxylierung in einigen Ffillen 
sogar um 60 ~ herab; die Aktivierungsenergie der Dehydroxylierung wird um 3 bis 12 
kcal/mol herabgesetzt. Die -- willktirlich aufgrund einer Gesetzm~iBigkeit erster Ordnung 
berechneten -- Geschwindigkeitskonstanten der elektrolysierten Proben werden dutch die 
Elektrolyse erh6ht, doch ffillt dieser Effekt bei h6heren Temperaturen, wo er yon den norma- 
len thermischen Vorg~ingen fiberlagert wird, weg. 

Die Wirkung des elektrischen Feldes auf die verschiedenen Vorgfinge der Ionenwanderung 
im Gitter wird er6rtert. 

Pe3roMe. - -  MeToJI pa3pa6oIar~ ~ TepMorpaBHMeTpHqecKoro H3yqeHH~ TBepztb~X BeLtleCTB 
B IIpIICyTCTBHM 3~eKTp~ecKr~x noHe~ H IIC~OYlb3OBaH ~JlIt ~3y~eH~t~ ~IerrI~lpoKcH:IHpOBaHH~ 
raoJI~tHa B ~HepTHO~ aTMoc~epe. B HeKoTopb~x c:Iyaa~x 9HerTpnqecKoe none, cocraB:Iaromee 
105 V/M, cnnmaeT rlauam, Hyro TeMnepaTypy ~lerHApoKcn~HpoBann~ He 6ore, me, qeM Ha 
60~ aueprHa arTnBalini~ aToro npoI~ecca yMem, maerc~ Ha 3--12 KraH/MOaL. 1]ocroznuaa 
CKOpOCTH )VIii 3JIeKTpH3oBanHNX o6pa3IIOB (onpeAeHeHa np~ AonymeHHI~ 3aKona nep~oro r~op- 
~/Ka) yBeJIHquBaeTc~I, HO ~TOT aqbqbeKT o~a~iaeT npH Bb~CO~HX TeMr~epaTypax, ~or)Ia nau~uamz 
~peo6J~a~aTp HopMam, Hs~e TepMHnecrHe npoueccM. 
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