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The effect of electric fields on  the thermal dehydroxylation of Mg(OH)2 (brucite) 
and AI(OH)3 (gibbsite) have been studied by thermogravimetry in a controlled inert 
atmosphere.  Electric fields exert no beneficial effect on the reaction of gibbsite; in 
some cases the reaction is slightly retarded. By contrast,  a small but significant bene- 
ficial effect is observed in brucite, in which the ini t iat ion temperature and activation 
energy is lowered at field strengths of about  10 5 V/m. The difference in behaviour of 
the two hydroxides is at t r ibuted to differences in the mobility of anionic defects and 
oxygen-containing "proton- t ransfer  complexes". The t ransport  of the various proton- 
bearing species in an electric field is discussed. 

In a previous paper [1 ] it was shown that the application of an electric field to 
the hydroxy-aluminosilicate kaolinite [A12Si20~(OH)~ ] during dehydroxylation 
resulted in a decreased activation energy for the process, the effect of the field 
being most pronounced at lower temperatures. Since at higher temperatures the 
reaction in kaolinite is apparently dominated by defect formation, on which the 
field exerts less effect, it is interesting to study the influence of electric fields on 
the dehydroxylation of related simple hydroxides such as Mg(OH)2 and AI(OH)~, 
which represent opposite extremes of proton retention behaviour. In the former 
material, and in related magnesium hydroxy-minerals generally, the dehydroxyl- 
ation temperature is higher than in the aluminium analogues but crystalline 
products are formed immediately on dehydroxylation, by contrast with the 
aluminium compounds, which form a wide range of less crystalline intermediates 
[2]. This behavioural difference between magnesium and aluminium compounds 
has been explained [3 ] in terms of facilitation of ionic migration in the former by 
relatively more mobile and less tightly bound protons (as in an inhomogeneous 
mechanism [4]). Another suggestion [4] is that the elements of water are removed 
with equal facility from both types of hydroxide, but in the aluminium compounds 
the comparative lack of mobility of dislocations and defects hinders the changes in 
oxygen packing necessary for the formation of new compounds. Since the appli- 
cation of an electric field influences both proton migration and to a lesser extent 
defect movement [1 ] the present electrolysis studies should also provide infor- 
mation on the relative importance of both processes in these compounds. 
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As in the previous work on kaolinite [1], TG kinetic measurements were made 
solely as a means of comparison between electrolysed and unelectrolysed samples. 
No mechanistic comparison was attempted between the present work on Mg(OH)2 
and the results of previous workers [5 - 8] although the inhomogeneous mechanism 
of Ball and Taylor [9] has provided a basis for understanding the electrolysis 
results, despite the fact that some of the X-ray evidence for this mechanism [9] 
has now been discounted [10]. 

The extraction of meaningful kinetic data from weight-loss measurements of 
a luminum hydroxide is even more difficult because of the existence of three forms 
of AI(OH)3, viz., gibbsite, ~ bayerite and norstrandite, which can also coexist with 
two oxyhydroxides, boehmite and diaspore; all these are thermally decomposed 
to corundum (c~-Al~O3) via different sequences of intermediates. The decompo- 
sition sequences can also be modified by the physical sample conditions - small 
crystals of gibbsite decompose via two intermediates whereas larger crystals 
initially form some boehmite which decomposes via different intermediates [11 ]. 
Previous kinetic studies of gibbsite dehydroxylation [12, 13] have also shown that 
the activation energy is sensitive to the partial pressure of water vapour present 
[12] in a similar manner to kaolinite [14]. 

Kinetic studies of these materials are therefore useful for comparison purposes 
only when the same materials are reacted under conditions as identical as ex- 
perimentally possible; strict precautions were taken in the present work to meet 
this criterion. Additional information about the electrolysis process was sought by 
X-ray examination of the solid reaction product, and in the case of Mg(OH)2 by 
X-ray line broadening measurements of the crystallite size of the product. 

Experimental 
a) Materials 

Pure Mg(OH)2 was prepared by steaming high purity magnesium turnings with 
distilled water in a pressure vessel lined with fused silica. The X-ray trace of the 
product showed it to be well crystallized brucite [Mg(OH)2 ]. 

The synthetic gibbsite sample was obtained from the OECD Mineral Bank and 
has been fully characterized by that organisation. The X-ray trace Shows this 
material to be well crystallized gibbsite with no abnormalities but the DTA and 
DTG traces (Fig. 1) show three peaks, at 230, 320 and 580 ~ corresponding 
respectively to the formation of some boehmite, dehydroxylation of the remaining 
gibbsite and dehydroxylation of the boehmite [l 1 ]. This behaviour is typical of a 
sample of large crystallite size [11]. 

Pellets of Mg(OH)2 and AI(OH)3 were prepared by pressing 0.5 g powder 
samples in a 1.1 cm dia. stainless steel die at 560 kg/cm 2. Since the dehydroxyl- 
ation kinetics were expected to be influenced by the degree of sample compaction, 
the bulk density of each pellet was measured by the mercury method of Clark and 
White [15] to select for the kinetic measurements those pellets having densities 
differing by not more than +0.001 g/cc. 
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b) Electrolysis experiments 

Weight-loss measurements were made using the electrolysis cell previously de- 
scribed [1] in conjunction with a Stanton T R - 1  thermobalance. The samples 
were heated at a linear temperature rise of  2~ in a flowing atmosphere of  
dried argon (300 ml/min.). The electrolysing potential [600 V, 8 mA for Mg(OH)2, 
400 V, 8 mA for AI(OH)3] was started at room temperature in some experiments 
and at dehydroxylation temperatures [300 ~ for Mg(OH)2, 220 ~ for AI(OH)a] in 
other experiments. The electrical polarity was reversed with respect to the gas flow 
in some runs and control experiments with unelectrolysed pellets and powders 
were also made. 
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Fig. I. A. DTA trace of O.E.C.D. gibbsite, AI(OH)3. B. DTG trace of O.E.C.D. gibbsite, 
AI(OH)3 

In the case of  AI(OH)z, the initial formation of some boehmite (Fig. 1) presents 
difficulties since the kinetic measurements must be made on one reaction alone, 
viz. the dehydroxylation of gibbsite. The problem was overcome by holding the 
gibbsite samples at 220 ~ at the start of  a run until the boehmite-forming reaction 
was complete and constant weight obtained. The dynamic weight-loss measure- 
ments were then started and the dehydroxylation of gibbsite allowed to proceed 
to completion. 
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c) X-ray examination of the products 

Both faces of each pellet were examined after reaction by X-ray diffractometry 
using a Philips goniometer and Cu Ke radiation. The crystallite size of MgO was 
also estimated from line-width measurements made on the major oxide peak at 
42.82 ~ 20 at a scan speed of 1/4~ 20/min. 

a) Mg(OH)~ 

Results 

Plots of the degree of dehydroxylation (c 0 as a function of temperature are 
given in Fig. 2, showing that the application of an electric field decreases the 
reaction temperature and is independent of the direction of gas flow. The reaction 
temperature is initially lower in samples electrolysed while being heated to de- 
hydroxylation temperature, but all the curves converge after about 40 % reaction. 
Although not relevant to the electrolysis data which were obtained for pellets, the 
results obtained for an unelectrolysed powder are included for interest in Fig. 2. 
The reaction temperature for a powder is much lower than for an unelectrolysed 
pellet, from which the escape of water is more difficult. 
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Fig. 2. Graphs of fraction Mg(OH)2 reacted as a function of temperature. Description of 
samples A to D as given in Table l- I ,  �9 gas f low--ve  to +ve .  D, �9 gas flow + v e t o - - r e  
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T h e  w e i g h t - l o s s  d a t a  w e r e  a n a l y s e d  in  t e r m s  o f  t h e  C o a t s  a n d  R e d f e r n  e q u a t i o n  

u s i n g  a c o m p u t e r  p r o g r a m m e  as  p r e v i o u s l y  d e s c r i b e d  [1 ]. T h e  b e s t  l i n e a r  fi t  o f  

t h e  d a t a  was  g i v e n  b y  a f i r s t - o r d e r  r a t e  l a w  f r o m  w h i c h  a c t i v a t i o n  e n e r g i e s  a n d  

p r e - e x p o n e n t i a l  f a c t o r s  w e r e  c a l c u l a t e d  ( T a b l e  1). T h e  r e p r o d u c i b i l i t y  o f  t h e  

Table 1 

Kinetic parameters derived from a first-order model and X-ray crystallite size determina- 
tions for electrolysed and unelectrolysed Mg(OH)2 samples 

Sample 
geometry Reaction conditions Direction of 

gas flow 

Acti- 
vation 
energy 
AH*, 
kcal[ 
mole 

Pre-expouen- 
t i a l  f a c t o r ,  A 

X-ray erys- 
tallite size, /~ 
+ve --ve 
face face 

Pellet C* 
Pellet B 
Pellet C 
Pellet B 

600 V applied at 20 ~ 
600 V applied at 300 ~ 
600 V applied at 20 ~ 
600 V applied at 300 ~ 

- -ve  to -bve 
- -ve  to + v e  
Wve to - -ve  
+ v e  to - -ve  

34.8 2.29X lO s 
37.8 8.32• 106 
37.8 1.41 • 107 
37.8 2.63 X 107 

102 109 
103 117 
108 97 
115 104 

Pellet 

Pellet D 

Powder A 

Unelectrolysed, 
in cell 

Unelectrolysed, 
in crucible 

Unelectrolysed, 
in crucible 

m 

45.5 

39.4 

47.8 

2.51 X 108 

1.86• 106 

5.49 • 10 a 

95, 97 

85, 82 

86 

* Letters refer to kinetic curves of Fig. 2. 

a c t i v a t i o n  e n e r g y  v a l u e s  w a s  w i t h i n  0 .6  k c a l / m o l e .  A s  i n  t h e  s t u d y  o f  k a o l i n i t e  [1 ], 

n o  m e c h a n i s t i c  s i gn i f i c ance  s h o u l d  b e  p l a c e d  o n  t h e  a p p a r e n t  o p e r a t i o n  o f  a f i rs t -  

o r d e r  l a w  s ince  i n  s o m e  cases  a l m o s t  as  g o o d  a l i n e a r  fi t  o f  d a t a  was  g i v e n  b y  a 

t w o - d i m e n s i o n a l  a d v a n c i n g  i n t e r f a c e  m o d e l  (n = 0.5).  T a b l e  1 s h o w s  t h a t  t h e  

Table 2 

Average values of first-order rate constants for 
electrolysed and unelectrolysed Mg(OH)z pellets 

Temperature, kl (eleetrolysed), kx (uneiectrolysed), 
~ C r a i n  - 1 m i n  - ~ 

337 
360 
377 
393 
431 

6.92• 10 -8 
2.04• 10 -7 
4.57X 10 -7 
9.55• 10 - r  
4.47 • 10 -6 

6.17X 10 -s  
2.45 • 10-  7 
6.64X 10 - r  
1.51 • 10 -6 
9.77• 10 -6 
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activation energy for all the electrolysed samples is decreased by an average of 6.2 
kcal/mole, comparable with the decrease observed in electrolysed kaolinite [1]. 
Although comparisons of activation energies obtained under differing experimental 
conditions are not very meaningful, the present activation energies are of the 
order of those obtained by Gordon and Kingery for polycrystalline brucite [5] 
and by Turner et al. for powder samples [8] but are at variance with other reported 
values [6, 7]. The pre-exponential factors (Table 1) are virtually unaffected by the 
field, there being a large error in the graphical determination of this parameter. 

I 
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0.4 t I 
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Fig, 3. Plot of ratio of first-order rate constants for electrolysed and une]ectrolysed Mg(OH)z 
pellets as a function of temperature 

s 

Mean ~alues of the first-order rate constants for electroly~e~ and unelectro- 
lysed pellet samples are given in Table 2, showing that although at lower te~p.er- 
atures the rate is slightly increased by the field~ a progressive decrease in rate is 
observed at higher temperatures. The plot of k l ( e l e c t r o l y s e d ) / k i ( u n e l e c t r o l y s e d )  
vs. temperature (Fig. 3) is of similar i'orm to that observed for kaolinite [1 ], in 
which however the ratio was always > 1 over the temperature range of dehydroxyl- 
ation. 

The crystallite size D of the oxide at both faces of each reacted pellet was cal- 
culated from the X-ray line width measurements by the relationship 

D = K2,//3 cos 0 (1) 

where 2 is the wavelength of the X-rays, O is half the diffraction angle 20 in radians, 
/3 is the pure diffraction breadth of the X-ray line profile at half intensity and K is 
a constant depending on the particle shape and mode of definition of D and ft. 
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A value of K ~ 1 has been found to give reasonable results for MgO [16] when 
D is defined as (volume of crystallites) 1/a. The measured values of profile line- 
widths were corrected for instrumental broadening by assuming Gaussian profiles 
and applying the Warren correction [16]. Corrections were also made for broad- 
ening due to the e1~2 doublet by the graphical method of Jones [17]. 

The values for crystallite sizes given in Table 1 show that electrolysis produces a 
consistent increase of up to 43 % in the crystallite size of the product oxide, the 
effect being in each case most marked at the pellet face nearest the incoming gas 
flow. A similar trend was not recorded in the unelectrolysed pellets, suggesting 
that the effect is due to a combination of electrolysis and removal of the gaseous 
products. The differences in crystallite size in the electrolysed samples are real, 
being much greater than the differences in the unelectrolysed samples which are 
of the order of the reproducibility of these measurements. 

b) AI(OH)s (gibbsite) 

Plot of e as a function of temperature (Fig. 4) shows that by contrast with 
Mg(OH)2 and kaolinite [1 ], the reaction temperature is in every case increased by 
the application of a field, the greatest increase occurring for samples electrolysed 
during heating. 

Analysis of the weight-loss data by the Coats and Redfern equation showed 
that the best linear fit of the data was given by a two-dimensional interface model 
(n ---0.5). The activation energies and pre-exponential factors calculated from 
this model are given in Table 3, and apparently follow no particular trend, being 

0.8 ~_ 
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F i g .  4. G r a p h s  of  f r a c t i o n  A I ( O H ) s  (g ibbs i t e )  r e a c t e d  as  a f u n c t i o n  of  t e m p e r a t u r e .  D e s c r i p t i o n  
of  s a m p l e s  A to  E as  g i v e n  in  T a b l e  3. O, []  gas  f low - -  ve  t o  -/- ve. r-, x gas  f low Jr ve t o  - -  v e  
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Table 3 

Kinetic parameters derived from a two-dimensional interface model for electrolysed and 
unelectrolysed Al(OH)a (gibbsite) samples 

Sample Reaction conditions Direction of Activation Pre-exponential 
geometry gas flow energy AH*,  factor, A 

kcal/mole 

Pellet E* 
Pellet D 
Pellet E 
Pellet C 

Pellet B 
Pellet B 
Powder A 

400 V applied at 20 ~ 
400 V applied at 220 ~ 
400 V applied at 20 ~ 
400 V applied at 220 ~ 

Unelectrolysed, in cell 
Unelectrolysed, in crucible 
Unelectrolysed, in crucible 

--ve to +ve  
--ve to +ve  
-bve to -- ve 
+ve  to --ve 

30.6 
32.8 
27.2 
27.6 

28.5 
28.0 
30.0 

* Letters refer to the kinetic curves of Fig. 4. 

8.51 • 104 
2.09 • 10 n 
7.94• 103 
2.14X 104 

5.37• 10 ~ 
1.85 • 105 
4.36• 105 

scattered abou t  the measured  parameters  o f  the unelectrolysed control  samples. 

The reproducibi l i ty  o f  the act ivat ion energies was within 0.5 kcal /mole.  Table  3 

also shows that  the dehydroxyla t ion  o f  gibbsite is much  more  sensitive to the 

react ion a tmosphere  than ei ther Mg(OH)2 or  kaolini te,  the act ivat ion energy o f  

gibbsite being dependent  on the direct ion o f  gas flow with respect to the electro- 

lysing voltage.  As in the case o f  Mg(OH).,,  the pre-exponent ia l  factors are appar-  

ently insensitive to the field. 
As far  as a compar i son  is meaningful ,  all the act ivat ion energies are o f  the order  

o f  those previously  repor ted  [12, 13], which were however  derived in a different 

manner .  M e a n  values o f  the electrolysed and unelectrolysed rate constants  are 

given in Table  4, showing that  at all tempera tures  the electric field retards the 

reaction,  par t icular ly  so at higher temperatures  (Fig. 5). 

Table 4 

Average values of two-dimensional interface rate constants for electrolysed and unelectrolysed 
AI(OH)3 (gibbsite) pellets 

Temperature, k (electrolysed), k (unelectrolysed) 
~  ra in  - 1 ra in  -'t  

265 
276 
295 
315 
344 

7.08 • 10 -s 
1.70• 10 -7 
4.07X 10 -7 
9.77X 10 -7 
3.16• 10 -6 

8.13 x 10 -8 
2.14x 10 -7 
5.62x 10 -7 
1 . 4 8  x 1 0  - 6  

4.68• 10 -6 
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Fig. 5. Plot of ratio of two-dimensional interface rate constants for electrolysed and unelectro- 
lysed AI(OH), (gibbsite) pellets as a function of temperature 

X-ray examination of the final products showed these to possess typically diffuse 
patterns in all cases, with no differences in phase or crystallinity detectable between 
the positive and negative electrode faces of any of the electrolysed pellets. The 
observed lattice spacings corresponded closely with those of  ~-alumina given by 
Brindley and Choe [11 ], with the exception of  one peak at about 2.28 A, which is 
however ascribed to ~k-alumina by Russell et al. [18]. 

Discussion 

The most striking feature of these results is the difference between the dehydrox- 
ylation behaviour of Mg(OH)2 and AI(OH)3 under an electric field. Since both 
Mg(OH)z and AI(OH)3 have been said to retain protons during dehydroxylation 
and to lose water by a mechanism involving the tunnelling of these protons 
through the P.E. barrier [19], the effect of the field on the protons should be 
similar in both materials. The tunnelling probability of the proton depends on the 
height and width of the energy barrier which in turn depends on the dissociation 
energy of the O - H  bond in the crystalline hydroxide; this energy has been cal- 

J. Thermal A n a l  5, 1973 



28 MACKENZIE:  THERM AL REACTIONS UNDER ELECTRIC FIELDSI [I 

culated for crystalline Mg(OH).) and AI(OH)3 (gibbsite) [20] as -120.5 and 
-115.3 kcal/mole respectively. The proton transfer properties should therefore 
be very similar in both materials, and although protons are the major current 
carriers at lower temperatures, the observed differences in electrolysis behaviour 
cannot be explained in terms of differences in tunnelling. 

As well as involving migration of protons, the transformation of hydroxide to 
oxide is accompanied by changes in oxygen configuration. In Mg(OH)2 the 
transformation is facile and probably occurs by movement of dislocations [4]; 
the hexagonal close packed oxygen atoms of the hydroxide become cubic close 

packed in the oxide with the (111)and (1]-0)planes perpendicular to the c and a 
axes of the hydroxide [9J. In gibbsite a series of hexagonal intermediate phases is 
formed on initial dehydroxylation, either because of difficulty in cation migration 
due to proton retention [3 ] or difficulty in anion rearrangement due to immobility 
of defects [4]. If, as has been recently suggested [21], the long-range movement of 
protons depends on the migration of oxygen-containing "transport complexes" 
such as H20 +, the electrolytic weight-loss behaviour of these hydroxides should 
reflect their oxide ion behaviour. Since the movement of oxide ions in Mg(OH) 2 is 
facile, migration of charged oxygen-containing "transport complexes" should 
likewise be facile, with a consequent enhancement of long-range proton migration, 
as is shown by the positive effect of electric fields on dehydroxylation of Mg(OH)2 
at lower temperatures. That a mass transfer process is apparently operating in 
Mg(OH)~ is also borne out by the observed differences in the crystallite sizes at 
opposite ends of the electrolysed pellets (Table 1). The interpretation of these 
results is, however, complicated by the presence of water vapour concentration 
gradients at that end of the pellet nearest the incoming gas stream ; water vapour 
is known to markedly assist nucleation and crystal growth in MgO [22] making it 
difficult to tell in the present case whether the increase in crystallite size is mainly 
due to the transfer of oxygen-containing complexes and/or Mg 2+ ions to one end 
of the pellet or to the build-up of water vapour at one electrode by electrolysis of 
protons. 

In the case of gibbsite the negative effect of the field suggests that the preferred 
formation of intermediate phases is not wholly due to proton retention since 
despite a greater cation-proton affinity the application of a field should lead to 
enhanced proton elimination at lower temperatures. If, however, the long-range 
migration of protons depends on a relatively slow oxygen-complex transport 
mechanism which is much less affected by the field than is proton tunnelling, 
neither the formation of new phases nor the elimination of water will be enhanced 
by electrolysis, as is experimentally the case. Therefore although the mechanism 
of proton elimination from gibbsite is similar to that of Mg(OH)2 and kaolinite 
its anomalous electrolysis behaviour is due to a factor which is relatively unin- 
fluenced by the field. There is, however, evidence that at higher temperatures at 
which the mobility of the oxygen atoms is improved, the formation of the final 
product (e-alumina) is enhanced by an electric field (K. J. D. MacKenzie, un- 
published results). 
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Transfer probabilities of proton-bearin9 complexes in an electric fieId 

Since the foregoing discussion turns on the comparative effect of a field on the 
mobilities of protons and oxygen-containing "transport  complexes" it is now of  
interest to consider in more detail the transfer probability of these species. 

The tunnelling probability P,~ of a proton in an unperturbed boehmite lattice 
has already been calculated [20] by adapting an equation given by Eckart [23] 
for the penetration of a potential barrier by electrons: 

where 

and 

cosh 4rc/3 - 1 
Pw = (2) 

cosh 4~/~ + cosh 2~rc5 

l 1 
fl = ~ -  (2mW*)2 (3) 

1 132E* mlo 2 ]�89 
6 = 2-t  h ~ - - 1  (4) ) 

tn these equations, m is the mass of  the tunnelling particle of energy W* and E* 
and l 0 is the barrier height and width respectively. To estimate E* and l 0 it is 
necessary to assume a potential function for the energy well in the direction of the 
tunnelling axis. In previous calculations for boehmite [20] this was taken as a 
Morse function but values of (E* - W*) were mistakenly substituted for E* [24], 
leading to the conclusion that the tunnelling probability Pw approaches unity at 
an energy level of about 11 kcal above the fundamental. Calculations made with 
correct values of E* show that the tunnelling probability of the proton follows a 
similar curve to that previously published [20] (Fig. 6A) but the probability 
approaches unity at higher energy levels, viz. 2 8 - 2 9  kcal. Since the dissociation 
energies of O - H  are not significantly different in boehmite, gibbsite or brucite 
[20], similar results would be expected for proton tunnelling in all these materials. 

In the presence of an electric field, the P.E. barrier will be distorted, making it 
necessary to define a new barrier shape in order to calculate the effect of the field 
on P,,. To establish the shape of the distorted barrier it is necessary to define the 
wave function of the double minimum potential and perturb this function by a 
term involving the electric field. This treatment will be published in Part III. If, 
however, it is assumed that the barrier to proton tunnelling is reduced by approxi- 
mately the same amount  as observed in Mg(OH)2 the effect on tunnelling prob- 
ability can be calculated. Fig. 6B shows that the probability functior~ has the 
same shape in both cases but the curves are displaced to lower energies by re- 
ducing the barrier height. The curve shapes are insensitive to quite large ~zatiations 
in barrier width. 

Similar calculations of tunnelling probability can be made for more massive 
species such as the "transport  complex" but in doing so it must be remembered 
that the concept of tunnelling and its wave-mechanical treatment is strictly only 
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applicable to very light, energetic species to which can be ascribed wave properties. 
The effect of  increasing the mass of  the tunnelling species 18-fold (i.e. correspond- 
ing to the species H20 +) is shown in Fig. 6C. For the purpose of this calculation 
an energy barrier of  the order of  the dehydroxylation energy has been assumed. 
Fig. 6C shows that the shape of this curve is quite different from that for proton 

1 

i/7 Q5 

 IJY 
l 

0"05 I /  / 

0.01 

0.00~ i 

0.001 , I , t , I ~ i 
0 10 20 30 40 50 

Energy of tunnelling species W,*kcal 

Fig. 6. Tunnelling probability Pw of various species as a function of their energy W*. 
A. Proton at an energy barrier of 21.2 kcal. B. Proton ,at an energy barrier of 15.0 keal. 
C, Species of mass 18 (H20+)at an energy barrier of 45 kcal. D. Species of mass 18(H~O +) 

at an energy barrier of 39 kcal 

tunnelling and predicts negligible transfer until the barrier height is exceeded by 
the energy of the charged species, at which stage a transfer process not involving 
tunnelling is more likely. Lowering the energy barrier by about 6 kcal (Fig. 6D) 
again causes displacement of  the probability curve without change of shape. The 
results of Fig. 6, although derived without a precise knowledge of the effect of  the 
field on the energy barrier shape, suggest that  short-range proton migration by 
tunnelling is likely to be assisted by the field whereas the long-range movement of  
" t ransport  complexes" is virtually unaffected until the energy barrier is exceeded. 
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In a material such as dehydroxylated gibbsite containing defects of low mobility 
the field will only become effective when the mobility of all species is increased 
(at much higher temperatures). Electric fields exert a greater effect on Mg(OH)2 
since the oxide ions and defects are apparently sufficiently mobile to allow proton 
transfer via "transport  complexes" as well as by direct tunnelling at lower 
temperatures. 

Conclusions 

The application of an electric field to Mg(OH)2 during dehydroxylation pro- 
duces an increase in the reaction rate at lower temperatures by enhancing proton 
tunnelling. The increase in rate falls off at higher temperatures as the mechanism 
changes to one involving proton transfer via a "transport  complex" on which the 
field has less effect. The increase in crystallite size recorded at the pellet face 
nearest the incoming gas flow may be due to water vapour concentration gradients 
in the sample. 

By contrast, the electric field has a slightly retarding effect on the dehydroxyl- 
ation of  AI(OH)3, possibly due at lower temperatures to a greater affinity between 
the cation and the proton but due at higher temperatures to the lack of mobility 
of  the oxide ions and the oxygen-containing "transport  complex". 

This work was carried out under an S.R.C. research grant. The helpful discussion of 
Dr W. T. Raines and communications from Dr P. G. Rouxhet are appreciated. 
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RI~SUMI~ -- Etude thermogravim6trique de l'influence d 'un champ 61ectrique sur la ddshydroxyl- 
ation de Mg(OH) 2 (brucite) et de AI(OH)~ (gibbsite) en atmosphere inerte contr616e. L'appli- 
cation d 'un champ 61ectrique ne favorise pas la r6action de la gibbsite; parfois elle la retarde 
ldg6rement. Au contraire, un effet favorable faible mais significatif est observ6 avec la brucite 
off la temperature du d6but du ph6nom6ne ainsi que l'6nergie d'activation sont abaiss~es sous 
l'effet de champs d'environ 10 a V/m. On attribue la diff6rence de comportement des deux 
hydroxydes aux diff6rences de mobilit6 des d6fauts anioniques et des "complexes de transfert 
protonique" contenant de l'oxyg6ne. On discute le ph6nom6ne de transport des diff6rentes 
esp6ces porteurs de protons dans un champ 61ectrique. 

ZUSAMMENFASSUNG - -  Die Wirkung elektrischer Feider auf die thermische Dehydroxylierung 
yon Mg(OH)2 (Brucit) und AI(OH)z (Gibbsit)wurde mittels Thermogravimetrie in geregeiter 
inerter Atmosphgre studiert. Die Gibbsit-Reaktion wird yon elektrischen Feldern nicht ge- 
f/Srdert; in manchen FNlen wird die Reaktion etwas verz/3gert. Beim Brucit hingegen kann 
eine geringe, doch signifikante F6rderung beobachtet werden, indem die Anfangstemperatur 
und die Aktivierungsenergie bei Feldstfirken yon etwa 10 a V/m herabgesetzt werden. Der 
Unterschied des Verhaltens der zwei Hydroxyde wird Unterschieden zwischen den Beweglich- 
keiten anionendefekter und sauerstoffhaltiger "Proton-Obertragungs-Komplexe" zuge- 
schrieben. Der Transport der verschiedenen Protonentr~tger im elektrischert Feld wird er6rtert. 

Pe31oMe.-  Bnl/i~ntl,ie 3neKrp~ec~oro _qoJ~a na TepMnuecxoe Zterr~;XpoKcHnHpoBanI~e Mg(OH)z 
(6py~tnT) g A1 (OH)3 (r~66CrIT) H3yueno MeToAoM TepMorpaBnMeTpHr~ B nrIepTno~ arMocdpepe. 
9neKTpH-~ecKoe none ne oKa3~IBaeT nonoTKr~Te:n~rtoro 3qbqberTa Ha .peaKtm~o rJ~66cHTa; B neKo- 
Top~x cay~a~x peaKIma HeMHOrO 3a~epzKrtBaeTc~. B n p O T H B O f I O n O ) K H O C T B  FrI66CHTy ne60m,- 
mo~ 3~c)erT rm6zmAanc~ An~ cgyua~ 6pytI~wa, A~g KOTOpOFO r~aua~,Hax TeMnepaTypa vi 3Hep- 
rn~ aKTnBaIl!4n cHnxa~orcz npn cr~ae nosta 10 s V/M. Pa3HnLIa, o6sapyz~ennas B noBeYleum4 
9rHx ~IByX rgJlpool(~cefL COOTBeTcTByeT pa3nllnHOft HOc2BI/DKHOGTPI aHHOHHOrO AeqbeKTa H 
KiicYtopo/icoI~ep~aIJ2nx npoToI-I-nepeHocrtbix KoMnYIeKCOB. O6cyx~xaerc~ nepexo~ pa3Jn,IunbIx 
npoToHonecyn~ux ~H,!IOB g 3negTpIIqeCKOM none. 
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