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AbstrAct

The multi-cycle heating and cooling thermogravimetric (TG) method was used to study the kinetic 
behavior of three kaolinite samples: defect-free Keokuk kaolinite, KGa-2 with a very low degree of 
structural order, and KGa-1 having intermediate structural order. In each cycle, the maximum cycle 
temperature (MCT) was set to 25 °C higher than the preceding cycle. The TG patterns consist of a 
set of subsequent DTG maxima representing the portions of OH groups that did not dehydroxylate 
in previous cycles.

Each stage of partial dehydroxylation consists of two kinetic mechanisms and for each of them the 
H[SHULPHQWDO�GĮ�Gt�YDOXHV�WKDW�FKDUDFWHUL]H�WKH�UHDFWLRQ�UDWH�RI�WKH�GHK\GUR[\ODWHG�IUDFWLRQ��Į��ZLWKLQ�
a period of the reaction time, t, were computed. One mechanism corresponds to a zero-order reaction 
that occurs in each cycle and indicates that the reaction is homogeneous and each non-dehydoxylated 
layer is transformed into metakaolinite layer without formation of intermediate derivatives. For this 
step of the cycles activation energy, Ea��ZDV�FDOFXODWHG�IURP�WKH�OLQHDU�UHODWLRQVKLS�EHWZHHQ�OQ�GĮ�
dt) and reciprocal temperature, T; for KGa-2 kaolinite, the Ea�YDULHV�IURP������WR������NFDO�PRO��LQ�
KGa-1, Ea�YDULHV�IURP������WR������NFDO�PRO��ZKHUHDV�LQ�.HRNXN��Ea�YDULHV�IURP������WR������NFDO�
mol. The particular variation of the Ea is discussed in terms of structural and morphological features 
of the samples.

The kinetic mechanism of the second step of reaction corresponds to the temperature range higher 
WKDQ�WKH�¿UVW�VWHS�RI�WKH�VDPH�KHDWLQJ�F\FOH��7KH�VHFRQG�VWHS�VWDUWV�IURP�WKH�SRLQW�ZKHUH�Į = ĮP that was 
found to vary between 0.25 and 0.45. The acceleration of the reaction rate of dehydroxylation within 
WKLV�LQWHUYDO�GHFUHDVHV�ZLWK�LQFUHDVLQJ�Į�DQG�T, and the mechanism observed for each of the studied 
samples is independent of its stacking order, average particle size, and particle size distribution. The 
f�Į��LV�D�IXQFWLRQ�RI�WKH�UHDFWLRQ�PHFKDQLVP�LQ�WKH�VHFRQG�VWHS�DQG�KDV�WKH�IRUP

f�Į�� ����±�Į�n����±�n)
where n�LV�DQ�HPSLULFDO�SDUDPHWHU�DQG�LWV�YDOXH�ZDV�IRXQG�IURP�������WR�����±�����DPRQJ�F\FOHV�
and samples. The value of n controls the reaction rate slowing or the deviation from the zero-order 
reaction and increases with increasing metakaolinite content. Using parameters n��Į��DQG�T determined 
for the second step, Ea values were calculated for the second step of reaction in each heating cycle. 
For the Keokuk kaolinite, Ea�YDOXH�YDULHV�IURP������WR������NFDO�PRO��LQ�.*D���Ea�LV�����±�����NFDO�
mol, and in KGa-2 the Ea YDOXH�YDULHV�IURP������WR������NFDO�PRO��$�VWUXFWXUDO�PRGHO�H[SODLQLQJ�WKH�
acceleration rate slowing is discussed.
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introDuction

Kaolinite structure
Kaolinite, Al4Si4O10(OH)8, is a common dioctahedral 1:1 layer 

mineral, forming large and economically valuable deposits. An 
individual kaolinite layer consists of one alumina octahedral 
sheet and one silica tetrahedral sheet that are bound to each other 
via apical oxygen atoms. Strong cohesion of the adjacent layers 
is formed by hydrogen bonding from OH groups on the basal 
surface of one layer to oxygen atoms forming a basal surface of 
the following layer. Three symmetrically independent basal OH 

groups are referred to as “external” OH groups because they form 
the outer basal surface of each layer. The fourth (OH) group is 
referred to as “internal” because it is located within the layer. 
The octahedral sheet of the kaolinite layer contains three sym-
metrically independent sites differing in the arrangement of OH 
groups and O atoms coordinating to two octahedral Al cations 
and one vacant octahedron (Brindley and Robinson 1946).

The kaolinite layer has a fixed chemical composition, with 
well-determined positions of each atom. However, the pattern 
of stacking of adjacent layers produces a large variation of the 
kaolinite structure (Brindley et al. 1986; Bailey 1988). According 
to a model of Bookin et al. (1989), two layer displacement vec-
tors, t1 and t2, related by a pseudomirror plane passing through 
the kaolinite layer unit cell (Bailey 1988) form defect-free enan-
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