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DEHYDROXYLATION OF KAOLINITE GROUP MINERALS
II. KINETICS OF DICKITE DEHYDROXYLATION
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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 DTG
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
of 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
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line intensity ratio -may be taken as anindex of the structural disorder of dickite.
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The ratio of the heights of the DTA peaks of the first and the second stages of the
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dehydroxylation increases in proportion to the increase in value of the ratio }92—0 [51.
m

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 Wisnidwka 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

] | | [ | J |
0 100 200 300 400 500 600 700 800 900
Temperature ,°C

Fig. 1. Thermal analysis curves of Nowa Ruda dickite
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decomposition degree « (Fig. 2) confirm the two-stage character of this process.
The shapes of these curves reveal that the first stage of dehydroxylation of the
tested dickite samples continues up to a = 0.3—0.4, that is until about 1/3 of
the OH groups have been released from the structure. The remaining 2/3 disappear
during the second, main stage of dehydroxylation. The curves of the dependences
of the degree of reaction « 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
e e e dickite Wisnidwka; 000 dickite Nowa Ruda

stage of dehydroxylation, that is a > 0.5, when the release of 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.

Freeman — Carroll plots for the reactions of dickite dehydroxylation consist of
two straight lines, corresponding to two processes with different E values (Fig. 4,
Table 1).

Table 1

Kinetic parameters of the reaction of dickite dehydroxylation

|

|

| E ‘
) | ’ ! , E.
DiCkite Frifr:on’ ! Cr;i;r‘;i,ld i T?]a;x, [ kJ mol % kJ mol
‘ : ) ‘ ‘ of kaolinite | H,0
S e e B - ,f: I
‘\ ‘ 580 | 1208 | 30.6
Wisniowka <45 ; 0.8 \ 680 151.3 ! 101.9
! ‘ 580 127.9 } 40.9
‘ 680 172.6 111.1
i f

Nowa Ruda ‘ <45 i 0.8
[
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Fig. 3. Dependency of the degree of dickite dehydroxylation on temperature.
oo o dickite Wisnidéwka; x xx dickite Nowa Ruda

This also points to the different kinetics of the two stages of dehydroxylation.
The E value for the second stage is about 209 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 £ 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 Wisnidwka
dickite
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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 DTG peaks).
The degree of decompositionis thena« =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 gm 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 cinétique de la déshydroxylation de la dickite a été étudiée par les méthodes de
I’analyse thermique. On a établi que celle-ci obéit & un processus en deux étapes. La tempéra-
ture de la déshydroxylation de la dickite est plus élevée que celle de la kaolinite en raison d’un
arrangement différent des couches dans la structure. L’altération de I’ordre d’empilement des
couches dans la structure de la dickite provoque la diminution de la température de déshydro-
xylation ainsi que la réduction de 1’énergie d’activation de ce processus. Elle entraine aussi
Papparition d’un pic supplémentaire ou d’un épaulement & la température de 580°, sur les
courbes A’ATD et TGD.
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.ZUSAMMENFASSUNG — Die Dehydroxylierungskinetik von Dickit wurde durch die Methoden
der Thermoanalyse untersucht. Es wurde festgestellt, da es sich um einen Zweistufenvorgang
handelt. Die hohere Temperatur der Dehydroxylierung von Dickit im Vergleich zu Kaolinit
resultiert aus der unterschiedlichen Anordnung der Schichten in seiner Struktur. Die Stérung
der Ordnung in der Stapelung der Schichten in der Struktur von Dickit setzt die Dehydroxylie-
rungstemperatur herab und hat die Abnahme der Aktivierungsenergie dieses Vorganges zur
Folge. Sie verursacht gleichsam das Auftreten eines zusitzlichen Peaks oder einer Kriimmung
in den DTA- und DTG-Kurven bei der Temperatur von 580°.

PesroMe — MeToaaMu TEPMHIECKOTO AHAIA3A MCCIICHOBAHA KHHCTHKE ACTHAPOKCHIMPOBAHUS JH-
KHTa. YCTAHOBIIEHO, YTO ITOT IPOLECC ABNACTCH ABYXCTaAMIAHBIM, Bojiee BEICOKas TeMIEpaTypa
JeTuIPOKCHIINPOBAHUSA JUKATA 10 CPABHEHHEIO C KAOJIHHUTOM, ABJISAETCS Pe3yIbTaATOM Pa3IHYHOTO
PaCIOJIOXEHUA CIIOEB B MX CTPYKTYpax. HapylneHue moclenoBaTeIbHOCTH CIIOEB B CIPYKTYpe
IHKATA, BLI3BIBAET MOHWKESHUE TEMIEPATYPhI AeTUAPOKCHIMPOBAHAS M SHEPTUH aKTHBALMK 3TOTO
nponecca. DTO TaKXKe OPUBONMT K MOSABJICHAIO AOMOJHHETENBHOIO MMHKA MIH mepernfa Ha Kpu-
Boix JITA u JJTT npu Temnepatype 580°.
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