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The kinetics of dickite dehydroxylation have been investigated by the method of  
thermal analysis. It has been found that this is a two-stage process. The higher tempera- 
ture of dickitedehydroxylation than that of kaolinite is the result of the different arrange- 
ment of the layers in its structure. A disturbance in the order of the stacking of the 
layers in the dickite structure causes a lowering of the temperature of dehydroxylation 
and a reduction of the activation energy of this process. This causes in turn the appear- 
ance of an additional peak or bend at 580 ~ in the DTA and DTG curves. 

Dickite is different from kaolinites and halloysite because of the higher tempera- 
ture of its dehydroxylation. The endothermic peak in the dickite DTA and D T G  
curves appears at 670 ~ It is preceded by a wide endothermic bend an about 600 ~ 
Its height is less than the height of the main peak at 670 ~ . 

The higher temperature of dehydroxylation of dickite than that of kaolinite, 
and its two-stage character, have been explained in different ways. The higher 
temperature of the main DTA peak (670 ~ may be due to the greater sizes and 
perfection of the plates [1, 2]. Grinding of  dickite lowers the dehydroxylation 
temperature and the endothermic peak of dickite becomes like that of kaolinite. 
The first wide peak at about 600 ~ in the DTA curves of dickite results from the 
loss of OH groups from the surface of the plates [3]. However, it has been observed 
[4] that the quantities of structural water released in the first and second stages 
o f  dehydroxylation can be different. 

The magnitudes of the first and the second DTA and DTG peaks can also be 
different. Dickites giving an intensive broad peak at 600 ~ have been found. On the 
other hand, they have a weak peak at 670 ~ Stoch [4] states that the first stage of  
dickite dehydroxylation is caused by the disorder of its structure. The disorder 
is equivalent to the existence of domains or zones in the structure of  dickite 
whose mutual orientation of  neighbouring layers is the same as in kaolinite. They 
undergo dehydroxylation at lower temperature, thereby providing the first peak. 
The disorder of  the dickite structure has been proved by the X-ray method [5, 6]. 
It causes a decrease in the intensity of  some lines, especially the (111) lines. The 

line intensity ratio I~176 may be taken as an indexofthe structuraldisorder ofdickite. 
1111 

The ratio of the heights of the DTA peaks of the first and the second stages of  the 
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I02o 
dehydroxylation increases in proportion to the increase in value of the ratio ~ [5 ]. 

This conception has been supported by Brindley and Porter's investigations of 
Jamaican dickite [6]. 

Near the dehydroxylation temperature, some well-ordered dickites give a 14 A~ 
line in the X-ray pattern. This is explained by the formation of an intermediate 
structure of chlorite type due to the earlier dehydroxylation of the layers [7]. 

Experimental 

Monomineral samples of dickite have been subjected to investigation. The 
sample came from Wisni6wka near Kielce (dickite forming very thin layers in 
Cambrian quartzites) and Nowa Ruda (dickite occurring as a filling of fissures in 
Carboniferous kaolinite shales). 

The apparatus used and the methods of determination of the kinetic parameters 
of dickite dehydroxylation have been described earlier [8]. 

Results and discussion 

Kinetics of  dickite dehydroxylation 
The examined dickite samples give two endothermic peaks at 580 ~ and 680 + 

in the DTA and DTG curves. The peaks suggest a two-stage decomposition of 
this mineral (Fig. 1). The curves of the dehydroxylation rate as a function of the 
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Fig. 1. Thermal  analysis curves of  N o w a  R u d a  dickite 
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decomposi t ion degree ~ (Fig. 2) confirm the two-stage character o f  this process. 
The shapes o f  these curves reveal that  the first stage o f  dehydroxylat ion o f  the 
tested dickite samples continues up to ~ = 0 . 3 - 0 . 4 ,  that  is until about  1/3 o f  
the O H  groups have been released from the structure. The remaining 2/3 disappear 
during the second, main stage o f  dehydroxylation. The curves o f  the dependences 
o f  the degree o f  reaction c~ on the temperature are presented in Fig. 3. They are 
different from the curves for kaolinite. Special attention should be paid to the final 
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Fig. 2. Dependency of the rate of dickite dehydroxylation on the degree of its decomposition 
�9 �9 �9 dickite Wisni6wka; o o o dickite Nowa Ruda 

stage o f  dehydroxylation,  that  is ~ > 0.5, when the release o f  water is not  slowed 
down, as happens during kaolinite dehydroxylation,  but  undergoes an accelera- 
tion. As far as dickite is concerned, this last stage is preceded by a distinct plateau 
in the curve. 

F r e e m a n - C a r r o l l  plots for the reactions o f  dickite dehydroxylat ion consist o f  
two straight lines, corresponding to two processes with different E values (Fig. 4, 
Table 1). 

Table 1 

D i c k i t e  

Wigni6wka 

Nowa Ruda 

Kinetic parameters of the reaction of dickite dehydroxylation 

F r a c t i o n ,  
t~rn 

<45 

<45 

I 
X - r a y  ! Tma x, 

crys t ,  ind .  C 

! 
580 

0.8 680 

j 580 
0.8 ] 680 

i 

s E, 
k J  tool  k J  mo[  

o f  k a o l i n i t e  H 2 0  

120.8 30.6 
151.3 101.9 

127.9 40.9 
172.6 111.l 
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Fig .  3. Dependency of the degree of dickite dehydroxylation on temperature. 
o o o dickite Wisni6wka; x x x d i c k i t e  N o w a  R u d a  

This also points to the different kinetics of the two stages of dehydroxylation. 
The E value for the second stage is about 20 70 higher than for the first. It should 
be noted, however, that the value of  the parameter E for the first stage of dickite 
dehydroxylation is lower than the E value of  typical kaolinites. The value of the 
parameter E for the second stage of  dickite dehydroxylation reaches that obtained 
for kaolinite. 
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Fig .  4. Freeman-Carroll relation for the evaluation of the activation energy of Wisni6wka 
dickite 

J. Thermal Anal. 20, 1981 



STOCH, WACLAWSKA: DEHYDROXYLATION OF MINERALS 309 

These results can easily be explained if it is assumed that the first stage of dickite 
dehydroxylation covers the domains of  mutual orientation of layers different 
from the one for dickite. Considering their small sizes and their lattice defects, 
dehydroxylation of domains of this kind ought to have a smaller E value than 
dehydroxylation of the domains in which the arrangement of layers is perfect. 

Conclusions 

Dickite has a considerably higher dehydroxylation temperature than kaolinite. 
The rate of this process reaches its maximum at 670 ~ (the DTA and D TG  peaks). 
The degree of decomposition is then ~ = 0.7. This is a result of the different arrange- 
ment of the layers in the dickite structure than in kaolinite, which is known to 
influence both the direction of the external OH groups involved in hydrogen- 
bonding joining the layers and also their strength. A high degree of  dickite crystal- 
linity also influences the higher temperature of  dehydroxylation. 

Faults in stacking of the layers in the dickite structure cause the existence of  
domains with a mutual orientation of layers similar to that in kaolinite. The 
dehydroxylation of these domains can account for the first stage of dickite dehy- 
droxylation. This stage has a low E value, similarly as for kaolinite consisting of  
grains finer than 0.5 pm and with a disordered structure. The E value for the main 
stage of dickite dehydroxylation is similar to that for coarse-crystalline kaolinite 
with a well-ordered structure. 
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RESUME -- La cin6tique de la d6shydroxylation de la dickite a 6t6 6tudi6e par les m6thodes de 
l'analyse thermique. On a 6tabli que celle-ci ob6it 5' un processus en deux 6tapes. La temp6ra- 
ture de la d6shydroxylation de la dickite est plus 61ev6e que celle de la kaolinite en raison d 'un 
arrangement diff6rent des couches dans la structure. L'alt6ration de l 'ordre d'empilement des 
couches darts la structure de la dickite provoque la diminution de la temp6rature de d6shydro- 
xylation ainsi que la r6duction de l'6nergie d'activation de ce processus. Elle entraine aussi 
l 'apparition d 'un pic suppl6mentaire ou d'un 6paulement 5. la temp6rature de 580 ~ sur les 
courbes d 'ATD et TGD. 
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, Z U S A M M E N F A S S U N G  - -  Die  D e h y d r o x y l i e r u n g s k i n e t i k  von  Dicki t  wurde  du rch  die M e t h o d e n  
der  T h e r m o a n a l y s e  un te r such t .  Es  wurde  festgestell t ,  d ab  es sich u m  e inen  Zwe i s tu f envo rgang  
handel t .  Die  hi ihere  T e m p e r a t u r  der  D e h y d r o x y l i e r u n g  von  Dicki t  i m  Vergleich zu  Kaoi in i t  
resul t ier t  au s  der  un te r sch ied l i chen  A n o r d n u n g  der  Schich ten  in seiner  S t ruktur .  Die  St i i rung 
der  O r d n u n g  in de r  S tape lung  de r  Scbichten  in der  S t r u k t u r  yon  Dicki t  setzt  die Dehydroxy l i e -  
r u n g s t e m p e r a t u r  he r ab  u n d  ha t  die A b n a h m e  der  Ak t iv ie rungsenerg ie  dieses Vorganges  zur  
Folge.  Sie ve ru r sach t  g l e i chsam das  A u f t r e t e n  e ines  zusi i tzl ichen Peaks  oder  einer  K r f i m m u n g  
in den  D T A -  u n d  D T G - K u r v e n  bei der  T e m p e r a t u r  yon  580 ~ 

Pe3~oMe - -  MeTORaMn TepMRqecKoro aHaan3a i4ccJIe~oBaHa KnHeTI4Ka ~eFnjlpOKCHJIHpOBaHHfl ~ i -  
r a t a .  YCTaHOBJIeHO, qTO 3TOT npouecc  ~BOIaeTC~t JIByXCTa~InHHblM. Boaee  BbICOKa~I TeMnepaTypa 
~ernjipoKc],iJInpoBanI4~I JIHKI, ITa no  cpaBHeHHIO C KaoJIHI-IHTOM, ~IBYI~IeTC~ pe3yJIbTaTOM pa3JlnqHoro 
pacnoJIoTKeHna ColoeB B nX cTpyKTypax. Hapyliiei-ine riocJIe~oBaTeylbnocTn CJIOeB B cTpyKType 
~HKHTa, BbI3blBaeT HOHln)KeHHg TeMnepaTypI, I ~eFH~pOKCI, LIIHpOBaHH~I/,I 3Heprnn aKTHBaHHn 3TOFO 
npoltecca.  3TO Tar~Ke HpHBO~tlnT K HO~IBY[eHHIO ~OHO.rlHHTeYn~HOFO nrma a n n  nepe rn6a  Ha r p n -  
BbIX )2TA rI ~ T F  Ilpn TeMnepaType 580 ~ 

J. Thermal Anal. 20, 1981 


