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ARSTRACT 

Activation parameters (E, A, AH' , and AS' ) and the effect of various 
factors involved in kaolinite ddydroxylation reaction have been studied usinq 
isothermal n; measurements. Thermal decomposition of kaolinite is found to be 
diffusion controlled within 0 < Cc -zO.65-0.70. The rate of the water release in 
dehydroxylation has obeyed the expression for diffusion in a spherical particle 
and/or the rate equation of the second order reaction, depending upon the kaoli- 
nite nature. The values of activation energy (140-300 kJ/m31) increased with 
increasina of Partial water pressure in the reaction enviromnt and increasing 
of structural disorder (natural, or 

Activation parameters have shown 
tions: _ _ 

{E) = 51.1 + 12.9611og 
{AH+= 222.0 + 0.680~(AS 

J 

Isokin&c temperature 
gocd agreent with the temoerature 
lt-ed. 

induced by grinding). 
a con-pensation behavior, following the equa- 

and 

2)K derived from these relations is in 
range of theisothermalmeasuremznts %rfor- 

In irreversible thermal deozmposition of kaolinite the interaction of hvdro- 

xyl qroups occ~ yielding water and dehydroxylated ahase following the equation: 

Si4A14(OHb Olo (s) = Si4A140,4 (s) + 4H20 (g) + AH 

where AH represents the enthalpy change of the endothermic process. 

There has long been considerable interest in the search for the anpropriate 

rrechanism of the water formation and diffusion in dehydroxylation reaction. 

Differences have been reported an-ong workers as to the nature of the proton 

bearing complex (ref. 1, 2) & the kind and oath of its diffusion (ref. 3 - 5). 

mver, the examination of the large samples (rrpre than 100 mg) brought diffi- 

.culties in the interpretation of the kinetic data due to large differences 

between the extent of dehydroxylation at the outside and the inside of the 

specimen (ref. 6 - 8). Previously, it has been assumed, that the rate of kaoli- 

nite dehydroxylation follows first order kinetics (ref. 1, 7, 8). Later was 

established (ref. 9, 10) that the reaction is controlled by diffusion Drocess 

being well represented by equations for two or three-dimensional diffusion. 

Recently v.e have found (ref. 11, 12) that the prevailing part of kaolinites, 
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within conversion range 0 -z a -X 0.65-0.70 decomposes isothermally according to 

the equation of the second order reactions: 

[(I -aC - I] = kt 
some 

parameters are notindependentof eachother 

described by Fxner (ref. 16): 

E=e+Rfiln(A} (5) 

AH+ = ho + &As+ (6) 

where e. and ho are constants and E, A, LLH# and AS' represent activation 

energy, frequency factor, enthalpy and entropy of activation recpectively. meex- 

pression is for the so called. isokinetic temperature at which the rates of 

any group of related reactions which obey Eq. (5) or (6) are equal. 

The values of E and A are calculated from the Arrhenius relation and AH' 

and AS' have been found by equation: 

In (kh/kT) = (-AH+ / RT) + (As+ /R) (7) 

where k is the rate constant at temperature T, kand h are Boltsmann-s and 

Planck-s constants respectively. 

ExPERImENTAL 

All meas- ts of decomposition rate of 15-20 mg powdered samples were 

carried out isothermally using a UuPont 993 thermobalance (IGA 951) in the 

atmosphere controlled by flowing N2 (1 cm3 s-l) or N2 saturated with H20 iP, o= 

= 2.7 IcPa). 15 kaolinites collected from Czechoslovakia, QR, USA and Spain, 
2 

reflecting variations in the structure, shape and size of the particles (ref.151 

ware used for the examination. 

RFWLTS AND DISSCUSSICN 

Kinetics of dehydroxylation 

The retarded prccess of kaolinite dehydroxylation (isotbarmal alpha vs. 

time curves, see Fig. 1 and 2) obeyed the kinetic expresions (2) or (4), within 
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0-z d <0.65-0.70, depending upon the nature of kaolinite. Reduced-tti DlOt.5 

for the tie1 functions (2)N (SO) and (4) cu (D3) are shown in Fig. 3. 

Fig. 1. Isothermal patterns of the thermal decomposition of the kaolinite from 

Keokuk (USA) in nitrogen flow, waiqht of the samples 17-20 mg. .?lechanism "D3" 

(three dimensional diffusion) according to the E'.q. (4). 

Fig. 2. Isothermal patterns of the thermal de aanposition of tl-E kaolinite from 
Mtheiner < 0.63 (QR) in nitrogen flow, wight of the samples 17-20 mg. -ha- 
nism "So" (seconr? order kinetics) following the ELI. (2). 
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Activation energy values (140-3X1 kJ/nol, see Fig. 5) were found to increase 

with the increasing structural disorder (defined by index HWB, ref. 1l)as xell 

as with the increase of p 
HO 

in the reaction environment and with the decrease 

of the particle thickness 0 $ kaolinite (ref. 12). It is suggested that the inter- 

layer bonding forces play an important role in the water diffusion as the rate 

detemining step. In the case of kaolinite these correspond to the energy of 

Fig. 3. Reduced-tine plots for the mcdel functions defined by Eqs. (2) and (4) 
including som experimental results. 

Fig. 4. Canpensation plot shawing A Hz vs. AS' for dehydroxylation of kaoli- 
nites (Eq. 9). 
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hydrogen bonds between the OH groups in the octahedral layer and the oxygen 

atoms of t& opposite tetrahedral sheet. The application of Eq. (4) for the 

linearization of the isothermal patterns confirmed the existing kn3wledge on. 

diffusion as the controlling process in dehydroxylation reaction (ref. 9, 10). 

Compensation behavior. 

Thz apparent values of kinetic parameters (E, A, AH' and AS') evaluated 

from the observed rate constants exhibit a pronounced compensation effect in 

Fig. 4 and 5. Kinetic compensation behavior has been subject of a number of stu- 

dies sutm-ariezed by Galwey (ref. 18). The literature records scene contraversies 

over the significance of this relation (ref. 19 - 21). The compensation rela- 

tions found for kaolinite dehydroxylation follow the equations: 

{E) = 51.1 + 12.9611og{A} 

{&H$ = 222.0 + O.~SO{AS~ 

(8) 

(9) 

Fig. 5. Canpensation plot shcwing E vs. log A for dehydroxylation of kaolini- 
tes (Eq. 8). 



Isokinetic temperature/j = (679*2) K calculated from these relations is in good 

agreement with the temperature range of the isothermal measurements performed. 

CONCLUSIONS 

It is suggested that dehydroxylation of kaolinite is a homogeneous process 

according to Taylor-s classification (ref.22) starting on the surface with pro- 

ton migration as proposed by Freund (ref. 23). The sensitivity of dehydroxyla- 

tion kinetics to the structural characteristics indicates that diffusion of H20 

molecules formed also inside the crystal is important in determininq the rate 

of the reaction. 

The rate of water release in the decomposition of the powder kaolinite sam- 

ples (within 0s oc < 0.65-0.70) follows three dimensional diffusion model and/or 

the rate equation of the second order reaction, depending upon nature of kaoli- 

nite. 

The change in the reaction conditions (PH o ) does influence the reaction rate 

without changing the reaction mechanism and, &J mpensation behavior. The compensa- 

tion behavior of kaolinite dehydroxylation was compared with another thermal de- 

scmposition studied by analogous experimantal technique (ref. 24). It was assu- 

mad that the kinetic compensation effect, defined by parameters eo,ho and /3 (Eq. 

5 and 6) reflects to a great extent the kinetic properties of the related reac- 

tions. 
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