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Electric fields have been shown by a combined DTA-electrolysis technique to decrease 
the temperature of the exothermic devitrification of aluminosilicate glasses derived 
from kaolinite by up to 30% A layer of extremely crystalline alkali aluminium silicate 
is formed at the cathode as a result of migration of alkali metal ions to that electrode, 
underlying this is a region containing mullite and a high concentration of bubble-like 
voids. The distribution of AI and Si is unchanged by electrolysis. These results are 
interpreted in terms of an electrolysis mechanism involving co-operative migration of 
alkali metal ions and protons to the cathode. An observed lowering of the heat of 
devitrification by the electric field is ascribed to a decrease in entropy of the electrolysed 
system. 

The advent of  glass-ceramics has led to considerable interest in nucleation and 
phase separation phenomena in many glassy solids, including the binary system 
A1203-SiO2 [1 ]. Since a knowledge of the factors which control the devitrification 
process is of  both practical and theoretical importance, much recent research 
has been directed toward systems which display metastable liquid immiscibility; 
such systems include AlcOa-SiO~. 

As phase separation in another glass-forming system ( C a O -  A120 3 -  S iO2-  MgO) 
has been found to be influenced by applied DC electric fields [2] and such fields 
are also known to assist formation of mullite and cristobalite in crystalline alu- 
minosilicates [3 ], the present study was undertaken to determine whether devitri- 
fication of an aluminosilicate glass can be controlled by solid state electrolysis. 

The glass used in this study was made from dehydroxylated kaolinite, and has 
the composition 46.26 wt. ~ A1203 (33.56 tool ~ AlzOz), 48.00 wt. ~ SiO2. This 
composition falls within the range of metastable liquid immiscibility of  the 
system [1] and corresponds to a composition which separates apparently by a 
spinodal mechanism rather than the classical mechanisms of nucleation and 
growth [1 ]. 

The chief experimental technique used in this study was DTA which gave both 
a measurement of the devitrification temperature under various electrolysis con- 
ditions and an estimate of  the heat evolved in the devitrification reaction. The 
reactant and product phases were investigated by X-ray diffractometry, i.r. spec- 
t rophotometry and electron microprobe analysis. 
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Experimental 

Sample preparation 

Preparation of the kaolinite glass has been described in detail elsewhere [4]. 
Typical analyses of the original kaolinite and the resulting glass are given in 
Table 1. The fused samples were translucent and amorphous to X-rays. Parallel- 
faced pellets about 3 mm thick were ground from small globules of  the glass 
(,-, 0.2 g). A thin platinum film was then vacuum-deposited on to the fiat electrode 
faces of the weighed pellet. The thickness of the pellets was accurately determined 
by micrometer. 

Table 1 

Typical analyses of dehydroxylated kaolinite (13.759/oo ignition loss)starting material and 
the resulting glass. Major constituent analyses by atomic absorption, trace element analyses 

by semi-quantitative D.C. arc spectroscopy 

Constituent Kaolinite Glass Constituent Kaolinite Glass 

Si02 
Fe203 
Mg0 
Na~O 

B a  
B 
Ga 
Cr 
Cu 
Pb 
Be 

0.50 
0.14 
0.13 

ppm 

50 
25 
10 
25 
10 
10 

48.~6 
0.52 
0.18 
0.18 

ppm 
500 
50 
25 
10 
10 
5 
5 

A~203  
TiO~ 
CaO 
K20 

Zl" 

Mn 
Sn 
Zn 
Ni 
V 
Ag 

Voo 
47.88 
0.02 
0.10 
0.81 

ppm 
100 
25 
25 
10 

5 

Voo 
47.96 
0.02 
0.10 
0.83 

ppm 
100 
25 
10 
10 
10 
5 
0.1 

DTA electrolysis technique 

The specially fabricated cell for simultaneous DTA and electrolysis has been 
described elsewhere [5]. All the thermal analyses were performed in a Deltatherm 
thermal analyser under ambient atmosphere at a heating rate of  10~ 

Temperature calibration was carried out using analytical grade BaCOz which 
undergoes an endothermic transition at 819 ~ Correlation of the measured DTA 
peak areas with the heat of  reaction was carried out using pure kaolinite powder 
for which a value of 9 kcal/mol was assumed for the exothermic reaction at 
980 ~ [7]. 

At a preselected electrolysing temperature (in most cases'25 ~ a voltage was 
applied to the electrodes from a Philips PW4022 high voltage power supply. 
Voltages greater than 1.2 kV had to be applied gradually to prevent arcing at 
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lower temperatures. After reaction, the onset and peak temperatures were read 
off and the areas under the peaks measured by planimeter. Reproducibility of the 
peak temperature measurements was about 0.5% (_+2 ~ ) but because the method 
of measuring the onset temperatures was sensitive to peak shape, these measure- 
ments varied up to 3% (_+12~ The errors in reproducibility increased with 
decreasing voltage, being greatest at 0 kV. The reproducibility of the peak areas, 
after correction for sample weight, varied from 20% below 0.5 kV to 3 % at 1.2 kV; 
these large errors are due to differences in peak shape and the difficulty of esti- 
mating the position of the baseline.* 

Examination of the electrolysed product 

After devitrification, both faces of each pellet were examined in a Philips 
PW4210 diffractometer using Ni-filtered CuK,  radiation. Thin, freshly prepared 
disc-shaped samples were examined in a Perkin-Elmer 21 i.r. spectrophotometer, 
particular attention being paid to thehydroxyl stretching region (3000-  4000cm-1). 
After electrolysis, the platinum film was polished off and the i.r. spectrum deter- 
mined again. In some cases, electrolysed and unelectrolysed devitrified disc-shaped 
samples were sectioned perpendicular to their faces, set in Araldite, polished and 
examined by optical microscopy in reflected light and by an A. E. I. electron micro- 
probe analyser. The same polished samples were also examined by scanning 
electron microscopy (SEM). 

Results 

(a) Effect of electrolysis on devitrification 

In the following, the temperature parameter measured by DTA is termed the 
devitrification temperature. This is the temperature of the maximum of the exo- 
thermic DTA peak, and is therefore not necessarily the maximum devitrification 
temperature, which also depends on other factors (e.g. heating rate, etc.). 

The variation in devitrification temperature with applied voltage is shown in 
Fig. 1, from which it is seen that in all cases devitrification is enhanced by the appli- 
cation of an electric field; at the highest field strength used here (5 x 10 ~ V/m) the 
reaction temperature was lowered by 30 ~ . 

X-ray examination showed that in all samples which had been electrolysed 
at the devitrification temperature for several hours, a well crystallized alkali 
aluminium silicate with an X-ray pattern resembling synthetic kalsilite (KAISiO4) 

* Other methods of measuring DTA peak areas are available which are said to give results 
less sensitive to peak shape (see, for example "DTA" ,  Pt. 1, Ed. R. C. MacKenzie, Academic 
Press, p. 51). The simpler method was used here, however, since because of the baseline drift 
introduced by the design of the apparatus and other experimental uncertainties a more ela- 
borate method is not justified. 
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(ASTM Card No. 11 - 579) was the sole phase detectable by X-rays at the negative 
electrode surface. However, when this surface layer was polished off, the region 
immediately underlying exhibited an X-ray pattern corresponding to fairly well 
crystallized mullite. By contrast, only a small amount of poorly crystalline mullite 
and a cristobalite pattern of approximately similar intensity was found in the 

L 
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g 
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94O 
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I I I I I ~ 
1 2 3 4 5 

Apptied fietd (.105 V/m) 

Fig. 1. Variation of DTA devitrification peak temperature with applied electric field. Heating 
rate: 10~ Ambient atmosphere 

region of the positive electrode. The textural differences at the two electrode faces 
were quite apparent in reflected light under a low power microscope objective 
(Fig. 2), being most marked at higher field strengths and long electrolysis times. 
Similar differences in crystalline texture at the cathode and anode faces have been 
reported in electrolysed kaolinite [3] and MgO pellets [8] although unlike the 
present case these differences were not visually apparent. 

In pellets sectioned perpendicular to their faces for electron microprobe exami- 
nation a distinct band could be distinguished extending 0.25 mm inwards from 
the negative electrode surface. Examination of this band by electron microprobe 
analyser revealed the presence of numerous spots of about I0 #m dia. in this region. 
These spots were almost entirely depleted of A1, Si, alkali and alkaline earth 
metals, and were therefore identified as bubbles. This was confirmed by SEM 
(Fig. 3). The material at the positive electrode was virtually free of bubbles; 
by contrast, unelectrolysed devitrified samples contained a number of very small 
bubbles distributed throughout the sample. 

An apparent increase in the Si and A1 content at the cathode face and a cor- 
responding decrease at the anode face is probably not real, being almost certainly 
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Fig. 2. Mic rograph  of  aluminosil icate glass pellet after  electrolysis for 6 h at 1000 ~ Magni-  
fication: 2 0 x .  A. Ca thode  face. B. A n o d e  face 
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Fig. 3. Scanning electron micrographs of the cathode region of aluminosilicate glass electro- 
lysed for 6 h at 1000~ A. General view, showing cathodic bubble crater. B. Close-up view 

of bubble crater 
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caused by topographical factors introduced by the polishing technique since an 
identical effect was observed in the unelectrolysed control samples in which no 
preferential migration should have occurred but which had been mounted and 
polished in an identical manner. 

I.r. transmission spectroscopy of unreacted disc-shaped specimens showed an 
appreciable, broad absorption band at 3550 cm -1 (2.82 pm). On devitrification, this 
band retained its intensity but became much sharper and shifted to 3670 cm -1 
(2.73 pm), in good agreement with the spectral position reported for the S i - O H  
groups in fused silica in which the hydroxyls had been incorporated during a 
flame fusion process [9]. Similar results were recorded for the electrolysed samples. 

(b) Effect of temperature of voltage application (tva) on devitrification 

Although in most of the experiments the electrolysing voltage was applied at 
room temperature and continued throughout the ~eating cycle, in those experi- 
ments in which tva was sufficiently high for appreciable current (0.5 mA) to be 

r I I { 
200 400 600 800 1000 

Temperature, ~ 

Fig. 4. Typical D T A  traces of  aluminosi l icate  glasses in which  an electric field (4.0 x 105 V/m) 
was applied at various temperatures .  (a) Sample unelectrolysed.  (b) Field appl ied at 20 ~ 

(c) 550 ~ (d) 750 ~ (e) 830 ~ 

J .  T h e r n l a l  A n a l .  7, 1 9 7 5  
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carried (430~ the voltage application was accompanied by a momentary steepen- 
ing of the baseline slope (Fig. 4), suggestive of localized electrical heating in the 
sample cell. The effect is probably not due to electrical interference acting on the 
thermocouples, as it was not observed in experiments where the voltage was applied 
during heating from room temperature; moreover, the baseline was unaffected 
by switching the field off and on once electrical and thermal conditions had sta- 
bilized. 
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10 
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8 
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6 

5 
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1 2 3 ,4 5 

Applied field (.10 5 V/m) 

Fig. 5. Variat ion of  heat-of-reaction with applied electric field 

In all cases the baseline recovered its original slope in about 3 min., the peak 
temperature being unchanged by this phenomenon except where tva was very 
close to the exotherm (Fig. 4e). In the latter case there was apparently insufficient 
time for thermal balance to be restored, the local temperature rise in the sample 
being sufficient to initiate devitrification. In several runs the magnitude of the 
electrical heating was investigated by placing an independent thermocouple in 
contact with the upper electrode but insulated from it by a thinly ground vitreous 
silica plate. By this means, local temperature rises of up to about 1.5 ~ were recorded 
after voltage application, the maximum being reached 3 - 5  rain. after the start 
of electrolysis. No such temperature rises were recorded in samples electrolysed 
from room temperature. 

(c) Effect of  applied voltage on devitrification peak area 

The areas under the devitrification peaks, which are related to the amount o f  
heat liberated in the reaction, were found to decrease as the applied voltage was 
increased (Fig. 5). Although these measurements are subject to considerable 
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experimental error, it is clear from Fig. 5, in which the areas have been expressed 
as heats of reaction, that this effect is outside the experimental error. This trend 
is in the opposite sense to experiments in which the devitrification temperature is 
lowered by the addition of transition metal ions [10]; in these cases decreased 
peak temperatures are usually accompanied by increased peak areas. 

Discussion 

The stable composition ranges of binary silicate glasses are controlled by the 
amount of the second oxide which can enter the silicate network. In the AlzO3- SiO2 
system, only a small amount (between 5 -  10 mole %) of alumina can enter the 
system by replacement oftetrahedral Si with A1TM since to maintain charge balance, 
one oxygen ion must tribridge three tetrahedra for every one aluminium-for- 
silicon replacement [1 ]. This process results in a dense, high-energy system which 
favours a two-phase assemblage. At higher alumina concentrations, corresponding 
to the composition region of the present study, the excess alumina may occur in 
a randomized octahedral network, modified by A104 and SiO~ tetrahedra [1]. 
Thus, the octahedral regions will ultimately give rise to mullite, itself containing 
octahedral A106 columns cross-linked by tetrahedral A104 and SiO4 [11 ] while 
the highly siliceous regions will form cristobalite on devitrification. There is 
evidence to suggest that the mechanism by which this highly metastable system 
separates into two phases involves a spinodal process [1, 12]. In the preparation 
of the present glasses, very short times (of the order of a second) elapsed between 
melting and supercooling; although these cooling rates are too fast to allow the 
development of a coarse two-phase structure, the material on which the present 
devitrification studies were made may have inherited some elements of phase 
separation by virtue of its preparation. 

Since the spinodal region is traversed during quenching, such spinodal phase 
separation as may occur at that stage will not be acted upon by the external field, 
which is only applied during reheating. If, during the electrolysis, further spinodal 
processes should occur, a recent theoretical treatment of this situation [13] 
suggests that electric fields of the strength used here should slightly inhibit spinodal 
decomposition under the present reaction conditions. Again, a theoretical treat- 
ment of the effect of electric fields on nucleation [14] has shown the rate of this 
process to be independent of the field where the dielectric constant of the final 
phase is similar to that of the initial phase, as is probably the case here (see p. 618). 
Hence, the effects observed here are probably due to the DC conductance of the 
system, which is not taken into account in either of the above theoretical treat- 
ments. 

The effect of electric fields on conducting systems arises from the transport of  
mobile, charged species to one or other electrode or both. If the species is a 
nucleating agent, its effect will be most apparent at the electrode region in which 
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it accumulates. A similar result would be expected if some network-forming 
species was transferred; transport  of  Si and/or A1 to the cathode, however, 
appears unlikely from the electron microprobe results. 

The most significant charge carriers are apparently the alkali metal ions since 
on prolonged electrolysis these accumulate at the cathode in sufficient concentra- 
tion to form a coherent layer of  alkali aluminium silicate which in the present 
potassium-rich samples tends towards the kalsilite composition (glasses derived 
from kaolinite containing more sodium than potassium should form compounds 
of  the nepheline type). Another possible charge carrier which is also a nucleating 
agent [3] is the proton, the presence of which is confirmed by i.r. spectroscopy. 

The role of alkali ions and protons in the electrolysis process 

The alkali ions in aluminosilicate glasses probably occur in interstitial sites and 
are associated with a network substituent of  lower valency than Si 4+ (e.g. A13+), 
since on X-irradiation the glasses turn brownish-yellow. The centre responsible for 
irradiation colour has been said to be [9] 

O O 
q I 

O - Si 4 + - O - A1 ~ + - O 
I 

O N a + - - O  - 

I L 
O -  SP + - O -  Si 4+ - O 

I I 
O O 

On electrolysis, the alkali ions proceed to the cathode, being progressively replaced 
by protons to form 

O O 
I I 

O -  Si 4+ - O-A13+ - O 
I 

O H - O  
I I 

O -  SP + - O -  Si 4+ - O 
I I 

O O 

The hydroxyl group thus formed is said to be particularly stable [9] and is 
responsible for the observed i.r. band at about  2.7 pro. The present glasses also 
fluoresce under uv irradiation; according to Hetherington et al. [9] this is due 
to the presence of a centre such as 
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O O 
I I 

O -  Si a+ - O -  Si 3+ - 0 
I 

o [v] 

O -  Si 4+ - O - A13+ - O 
I d 

0 0 

where V is a vacancy, and Si 3+ is a reduced species occurring in conjunction with 
a network substituent (in this case A1). On electrolysis the vacancies also move to 
the cathode, the reduced species becoming Si 4+ [9]. Thus the electrolysis mecha- 
nism envisaged involves the movement  of  vacancies, alkali ions and protons, to the 
cathode. The proposed electrolysis mechanism is shown schematically in Fig. 6. 
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0 2- 
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| 

Fig. 6. Schemat ic  r ep resen ta t ion  o f  the  p r o p o s e d  electrolysis  m e c h a n i s m  

Although the alkali ions in the proposed mechanism clearly originate from the 
parent kaolinite material, the origin of the protons requires some comment.  As in 
the case of vitreous silica [9], hydroxyl groups can be incorporated in the alu- 
minosilicate glass during the flame fusion process. These hydroxyls are probably 
not those present in the original kaolinite, which had been dehydroxylated prior 
to fusion; identical hydroxyl intensities were recorded in the i.r. spectra of alu- 
minosilicate glasses prepared from the anhydrous oxides by flame fusion. In addi- 
tion to the inherited hydroxyl content, electrolysis in ambient laboratory air may 
also introduce hydroxyl groups at the anode [9]. Unlike the alkali ions, whose 
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final fate is clear/y evident from X-ray diffractograms, the ultimate fate of the pro- 
tons is not so obvious. Under the influence of the electric field gradient, the protons 
will be transported through the glass to the cathode where recombination with 
hydroxyls produces local concentrations of water acting as a nucleating agent 
produced in situ. Some evidence of this action is seen in the slightly improved 
crystallinity of the mullite underlying the kalsilite layer at the cathode. In connec- 
tion with the migration of protons, the observed coalescence of bubbles and their 
migration to the cathode seems significant; this behaviour suggests either that the 
bubbles themselves are positively charged (possibly by virtue of their contents) 
or that they are dragged to the cathode by some charged species intimately asso- 
ciated with them but not contained by them, similar to the migration of voids 
during the sintering of polycrystalline solids. Since the electron microprobe results 
show that the bubbles are depleted of all metallic cations, it seems likely that at 
some stage the contents may have been water or its constituents. This conclusion 
also follows from the donor-acceptor theory of Taylor [15] in which water is lost 
from hydroxyl-containing solids by proton migration to regions which sub- 
sequently form pores (the donor regions). Under an electric field, protonic migra- 
tion is to the cathode, leading to a high concentration of pores in that region as 
is observed to be the case. 

The foregoing discussion is largely based on the work of Hetherington et al. [9] 
on Al-doped vitreous silica, and is therefore only strictly applicable to systems 
containing less A1 than would be necessary to "saturate" the available tetrahedral 
network sites. When the alumina content exceeds this critical concentration as in 
the present case, the structure favours a two-phase system. The presence of addi- 
tional alumina apparently does not affect the electrolysis mechanism, however, 
since, as in the case of low-aluminium glasses [9] migration of A1 or Si could not 
be established by the electron microprobe in the present glasses. Preferential 
phase separation at the cathode therefore seems to be due solely to the transport 
of alkali ions and protons and is independent of aluminium content, provided 
the minimum amount of AP+ for the formation of vacancy-containing centres is 
maintained. 

The effect of  applied voltage on the heat of  reaction 

Fig. 5 shows that, allowing for the considerable experimental error, an applied 
electric field of ~5 x 10 5 Vim reduces the area of the devitrification exotherm by 
an amount corresponding to 2 -  7 kcal/mol. The measured enthalpy of the reaction 
is related to the free energy change AG and entropy change AS by 

A H  = AG + 7/'1 AS. (1) 

For the reaction in an electric field, the enthalpy, free energy and entropy changes 
now become AHe, AG~ and AS~; these are related by 

AHo = AGe + T~ AS  e. (2) 

J. Thermal Anal. 7, 1975 



MACKENZIE, BROWN: DEVITRIFICATION UNDER ELECTRIC FIELDS, I. 631 

Since the average difference between 7"1 (the reaction temperature in the absence 
of a field) and T.z (the reaction temperature in the presence of  a field) is about 10 ~ 
in the present experiments, the change in AG arising from this change in reaction 
temperature is estimated from free energy data for A1203 and SiOz to be less than 
5 %, i.e. negligible. The difference in the enthalpy change resulting from the appli- 
cation of a field is therefore: 

A H -  AHe = (AG - AGe) + ( T I A S -  T2AS~). (3) 

Since A G refers to the free energy difference between the initial and final states 
(i.e. vitreous and crystalline states), 

(AG - AGe) = (G ~ - G ~) - (G~ - G~). (4) 

where the superscripts c and v refer to the crystalline and vitreous state respectively. 
Now in an electric field E, 

Ge = a - (V/4rc)~E 2 (5) 

where V is the volume of material of dielectric constant e [16] 

(AG - AGe) = - (V/4rc)E2(e v - ec). (6) 

Electrical measurements on the A1203-SiOz system [17] show that although a dis- 
continuity in conductance sometimes occurs at the devitrification temperature, 
the capacitance of the system remains virtually constant, suggesting that ~v ~ ee. 
This is confirmed by the reported values of dielectric constant for a series of  com- 
mercial aluminosilicate glasses which fall in the range 5.9--7.2 [18], in excellent 
agreement with the range of values reported for mullite porcelains (6 .2-6 .8  [19]); 
these porcelains are of similar composition to the devitrified glass (i.e. containing 
mullite and crystalline silica in a vitreous matrix). Thus, if ~v ~ ec, the term 
(AG - AGe) in Eq. 6 approaches zero, and therefore since A H  and AG are 
assumed to be independent of temperature, and T 1 ~ T2, the change in free energy 
of the system due to the applied field will be negligible compared with the change 
in entropy induced by the field, which must therefore account almost entirely for 
the field-induced change of enthalpy. Since the structure of the glass can be con- 
sidered to be a random network containing A1 and Si, the effect of the field will 
be to reduce the randomness of the system, i.e. ( T A S  - TASe)  should become 
increasingly more positive with increasing field strength. Since the recrystallization 
reaction is spontaneous and exothermic, A H  and AG are both negative; in the 
presence of the field A H  will become less negative, as is observed experimentally. 
The observed change in A H  caused by a field of ~5  • 105 V/m corresponds to an 
entropy change of about 2 - 5  e.u., assuming that the field has no effect on AG. 

Theoretical calculations of disorder entropy in aluminosilicates [20] show that the 
molar entropy change of a mullite-like phase in which a random network of  octa- 
hedral A1 ions becomes completely ordered is of  the order of  10 e.u. Thus, within 
tho limitations of the experiment and the approximations used in the theoretical 
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entropy calculations, the field-induced change in the heat of recrystallization 
involves an entropy change of similar order to that involved when a disordered 
mullite-like material becomes more regular. This should not, however, be taken to 
mean that the electric field acts only on the octahedral regions of the glass; the 
present experiments give no information on this point. 

Conclusions 

Electric fields reduce the DTA peak temperature for the exothermic devitrifica- 
tion of aluminosilicate glass derived from kaolinite, and lead to the formation 
of alkali aluminium silicates at the cathode. The principal migrating species are 
the alkali metal ions; a postulated electrolysis mechanism also involves the move- 
ment of protons, for which some evidence is provided by the accumulation at the 
cathode of numerous bubble-like voids. The distribution of other network-forming 
constituents throughout the sample is unaffected by the field. 

Provided the DTA peak temperature and electrolysis starting temperature are 
not too close, the peak temperature is unaffected by varying the temperature at 
which electrolysis is commenced, even though localised electrical heating occurs 
when the voltage is applied under conditions in which the charge carriers are 
mobile. 

The heat of the exothermic reaction is reduced by electric fields due to a decrease 
in the entropy of the system; the free energy change is virtually unaltered by the 
field. 

We are indebted to Professor J. F. Duncan  for advice and helpful criticism during the course 
of this work. Helpful discussions with Dr. T. M. Seward and Dr. A. J. Read were also appre- 
ciated. We are indebted to Mr. R. A. Kennerley for the use of the thermal  analyser, Dr.  R. 
Goguel for the atomic absorpt ion analyses, Mr. H. J. Todd for the arc spectral analyses, 
Dr.  G. Challis for the electron microprobe analyses and Mr. G. D. Walker for the scanning 
electron microscopy. 
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RfiSUM~ -- En combinant  les techniques d ' A T D  et d'61ectrolyse, on montre  que l'effet d ' un  
champ 61ectrique entralne la diminution de la temp6rature de d6vitrification (ph6nom~ne 
exothermique) des verres aluminosilicat6s d6riv6s de la kaolinite. Cet abaissement  de temp6- 
rature peut atteindre 30 ~ I1 se forme 5, la cathode une couche cristalline de silicate d ' a lumin ium 
alcalin par suite de la migration des ions des m6taux alcalins vers cette dectrode.  En dessous, 
on trouve de la mullite avec de nombreuses  cavit6s ressemblant  5, des bulles d'air. 

L'glectrolyse ne change pas la distribution de l ' a luminium et du silicium. Les rgsultats 
peuvent 6tre interpr6t6s en faisant appel 5, un m6canisme d'61ectrolyse comprenant  une migra- 
tion coop6rative des ions alcalins et des protons  vers la cathode. La diminut ion de la temp6- 
rature de d0,vitrification sous l'effet du champ 6lectrique est attribu6e 5, la diminut ion de 
Ien t ropie  du syst6m~ soumis  5' l'61ectrolyse. 

ZUSSAMMENFASSUNG - -  Line Kombinat ion  der Elektrolyse und yon D T A  zeigt, dab ein 
elektrolytisches Feld zur Verminderung der Devitr if ikationstemperatur von kaolinitbasischen 
Aluminiumsilikatgl~sern beeintrtichtigt. Diese Verminderung kann 30 ~ betragen. Infolge der 
Wanderung  der Alkalimetallionen bildet sich auf  der Kathodenfl/iche eine kristallene Decke 
aus; darunter  befindet sich Mullit mit  zahlreichen luftblasen~ihnlichen H6hlungen.  
Die Elektrotyse beeinflusst nicht  die Verteilung des Al-s und Si-s. Die Erscheinung I/il3t sich 
durch einen elektrolytischen Mechanismus beruhend auf die Wanderung  der Alkaliionen und 
der Protonen zur Kathode  erklfiren. Die Verminderung der Devitrifikationsw/irme im elektri- 
schen Feld lg_Bt sich auf  eine Verminderung der Entropie des Systems unter  Elektrolyse 
zuriickzuftihren. 

Pe3roMe - -  Ha  nprIMepe KOM6HHHpOBaHHOrO MeTO//a }ITA - -  3.rIeKTpO.rllt3 6bLrlo yCTaHOB.rIeHO, 
~'ro JlefiCTBne 3neKTpn~eCK~tX nonefi BbI3bmaex yMeHbmeHHe TeMnepaTypbl 3K3oTepMHHeCKOFO 
paccTeK~oabIBannn anR3Mt,IHOCH~ItKaTHblX CTeKOJL rlportBBO]IHblX raonHaaxa, )I0 30 ~ BcJIe~,CTBHH 
MrirpattnH rIOHOB ulenonHoro MeTaJ~rta K 3neKTpO/ly, ~a •aTo)Ie 06paByeTcn cno~ 3KcTpeMa~baO 
xpncTannmiecroro ttteno~Ho-anrOMHHHeaoro crtnarara. H~,inemHnfi cnofi co/lep~wT My.rim, IT 

ny3~,ipKoro-no/io6HI, i~ nyCTOT B BI, ICOKOfi cTeneHrI romleHTpai~in. Pacnpe/lenerIne AI n Si He 
rBMeHneTC~ npn 3neKTpOYln3e. Ilonyqenm,ie pe3ynt, TaT~,i HHTepnpeTnpoBanr~I na OCHOBe Mexa- 
tI/~/3Ma 3.qeKTpoYlH3a, Brnm~aromn~ COBMeCTHy~O Mt~rpattnro nOHOB uleyto~noro MeTaJ~na n npo- 
XOnOB X XaTo~y. Ha6nm/IaeMoe noHH~eHne TennoTI, I paccTeKJmBbmaHna npa  )~e~cTBHH 3JIeKTpI, I- 
,tecKor 0 noa~ 06ycnoBneHo noHmreHHeM 3HTponnrr B 3J~erTpOnnBHO~ CnCTeMe. 
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