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M. HARMAN — I. HORVÄTH* 

RELATIONS BETWEEN THE MORPHOLOGY OF PARTICLES IN 
STRUCTURALLY DIFFERENTLY ORDERED KAOLINITES AND THE 

KINETICS OF THEIR DEHYDROXYLATION 

/Figs. 12, Tab. 2) 

A b s t r a c t : E l e c t r o n m i c r o s c o p y w a s u s e d t o m e a s u r e p a r t i c l e s i z e s 
of s t r u c t u r a l l y d i f f e r e n t l y o r d e r e d kao-l in i tes . I n v e s t i g a t i o n s o n t h e g i v e n 
s e t of: k a o l i n i t e s s h o w e d t h a t t h e p a r t i c l e t h i c k n e s s d e c r e a s e d w i t h d e ­
c r e a s i n g d e g r e e of s t r u c t u r a l o r d e r i n g i n k a o l i n i t e s . T h e d e t e r m i n e d 
v a l u e s of t h e a c t i v a t i o n e n e r g y of d e h y d r o x y l a t i o n w e r e h i g h e r for k a o ­
l i n i t e s w i t h leiss t h i c k p a r t i c l e s . 

P e 3 io M e : ABTOPBI Mepn.nn pa3Mcpi,i iiacTHu; CTpyKTypHO pa3JiiraHMM o6pa30M 
ynOpHUCmeHHUX KaOJlMHHTOB C ripHMeHeHHeM MeTOaa 3JieKTpOHIIOÍ[ MHKpOCKOnm-
Ha H3yiaeMOH cepnu KaojiHHHľOB ycTaiioBHJiH, tiTO na CTeneHL ynopaaoiieHHíi 
CTpyKTypbi He nOBJíHHJia BejiiMHHa HX tíaorim, a HX TOjiinHHa yMeHLUiajiacb B H;>-
npaBJíeHHH nOHH/Kaioinerocfl ynopaaoyeHHa KaojmHHTirqeCKoň CTpyKTypbi. YcTa-
HOBjíeHHBie BejniHHHBi aKTHBaiiHOHHoři 3HeprHH aerHapoKCHjiíimiH 6BIJIH 6ojiee B H -
COKHMH B KaOJlHHHTax C MeHMlieií TOJIIHHHOH laCTHH. 

Introduction 

Under natural conditions the kaolinites form, according to the degree of 
their structural order, the sequence: Kaolinite T — kaolinite pM (H. H. M u r-
r a y — S.C. L y o n s , 1956]. The kaolinite T has a perfectly ordered s tructure 
that approaches the ideal model, while the kaolinite pM displays differences 
in periodical s tacking of layers (G. W. B r i n d l e y — K. R o b i n s o n , 1947). 

The kaolinite crystals have a p late—like form, very often with typical 
pseudohexagonal structure. Relations between crystal morphology of kaoli­
nites and their s tructural order have not been clarified unambiguously as yet. 
We know of such kaolinites T whose crystals have another than pseudohexa­
gonal symmetry — e.g. a tubular form (G. H o n ] o et al., 1954; P. S o u z a 
S a n t o s et al., 1965], on the other hand well developed platy crystals of 
kaolinite can possess propert ies of a halloysite [G. W. K u n z e — W. F. 
B r a d l e y , 1954). 

Shape, size and thickness of kaolinite crystals play an important role in 
their interaction with water, with organic agents and in technollogically im­
portant h igh—temperature react ions (e.g. dehydroxylation, formation of mul-
lite, etc.). 

In the present paper we correlate the dimensions, especially thickness and 
particle size, of five kaolinites whose structures possess a diverse degree of 
order, with some thermoanalyt ical data recorded in the course of their de­
hydroxylation. 

* RNDr. M. H a r m a n, CSc, Geological Institute of the Slovak Academy of Scien­
ces, Dúbravská cesta 886 25 Bratislava; Ing, I. H o r v á t h , CSc, Inst i tute of Inorganic 
Chemistry of the Slovak Academy of Sciences, Dúbravská cesta, 809 34 Bratislava. 
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Experimental 

For morpology investigations were used the following samples: 
1. M e s a A l t a, separated from the s tandard kaoline API (No. 9) with 

mean particle diameter between G.3—0.6 |Um [a small portion only of these 
particles have pseudohexagonal shapes) . Aggregates which constitute about 
10 — 15 % of the sample reach the size of 2.5 u m and consist (according to 
a replica) from clay prticles. The original son—decomposed minerals are pre­
sent in very small quantities, they occur in the fraction about l ^ m (Fig. 1, 2). 

2, 3. The samples B Z and W o 1 f k a are two technological types from the 
deposit Kemlitz (GDR). They are products of in situ weathering process in 
quartz porphyrys and in their tuffs. The type BZ represents development of 
kaolinite particles in the isometric forms of aggregates of clay minerals 
whose diameter is between 3—5 itim. Single crystall i tes occur rarely (2—3 
u m ] in the form of isolated tubes (hal loysi te?) . (Fig. 3, 4). The type Wolfka 
has a dispersion character , most frequent are particles from 1.5 to 2.0 ^ m 
width pseudohexagonal structure and prismatic particles, length up to 2.5 ^ m 
and with 0.3—0.5 ^m. This would indicate the presence of some other clay 
mineral, perhaps the admixture of illite or some mixed layered IM structures. 
Relatively frequently occur the original non-decomposed minerals (2—4 ^ m ) , 
(Fig. 5, (i). 
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Fig. 3. Electron micrograph of kaoline Fig. 4. Electron .micrograph of kaoline 
WolJka — Kemlitz, suspension, magnif. Woliba — Kemlitz, replica from: suspen-

4500 x. sion, magnif. 6000 x. 

4. The kaoline S e d l e c is a product of in situ weathering caused by cli­
matic factors, of the Karlove Vary granite, with direct t ransi t ions into unde-
composed rocks. We have to consider also the near hydrotherms of Karlove 
Vary, as well as the influence of percolating aggressive water from the near 
overlying brown coal seams. The particle diameter range from 1 to 1.5 »m, 
the aggregate size is 3 to 4 iUm. Apart from kaolinite there are admixtures 
of illite or some mixed IM structures, from the original minerals small a m o u n t s 
of muscovite and quartz are present (Fig. 7, 8). 

5. Clays from the P o 11 á r formation arose by kaolinitic weathering of 
crystall ine rocks — Veporides washed into a local sedimentat ion basin. For 
our analyses we used the kaolinite of fireclay type from the locality H a l i e -
- K o p á ň. Beside clays, sands and organic particles, very frequent are frag­
ments of non-decomposed minerals in nearly all fractions. The most frequent 
fraction is that of 0,3—0,6 | Um. A smaller portion consists of particles of 
about 1 i Um which sometimes have pseudohexagonal structure. In repl icas 
the typical globular forms can be clearly observed (Fig. 9, 10). 

The mineralogical composition of the investigated kaolinites determined 
by the quantitative X-ray phase analysis is shown in Table 1. The kaol inites 
are arranged in the order of their decreasing structure perfection as this w a s 
determined by the values HWB and HC. The criterion of the structural order 
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Fig. 5. Electirun micrograph of kaoline 
BZ — Keinlitz, suspension, magnif. 450O x. 

Fig. 0. Electron micrograph of kaol ine 
BZ - - Kemlitz, replica From suspension1, 

maginif. 6000 x. 

Fig. 7. Electron micrograph of kaoline 
Sedlec, suspension, magnif. 4500 x. 
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Fig. 8. Electron micrograph of kaoline 
Sedlec, replica from suspension, magnif. 

6000 x. 

; 

Fig. 9. Electron micrograph of kaoline 
Halič — Kopán, suspension, maginif. 

6000 x. 

Fig. 10. Electron micrograph of kaoline 
Halič — Kopán, replica from suspension, 

magnif. 6000 x. 

: . - • 
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T a b l e 1 

Locality 

Mesa Alta 
BZ 
Wolfika 
Sedlec 
Halič — Kopán 

% Content 

kaol inite 

95 
80—84 
85—87 
84—87 
90—94 

quartzother 

3 
12.5 
13.5 

2.3 
0.8 

1—2 
3—5 
2 

11—13 
7 

HWB 

8.3 
8.5 
9.8 

10.3 
26.9 

HC 

1.17 
1.235 
0.825 
0.828 
0.082 

Specific 
surface 
((m2.g-i) 

10.0 
13.1 
13.3 
15.7 
35.1 

+ Samples of Tcaalinites except for kaolinites and quartz contented also ingredients 
of further minerals mairuly minerals of the smectite group. 

(HWB) was calculated by the method of J. W i e g m a n n et al. (1969), based 
on the following data obtained from X-ray diagrams of powder specimens: 

a) values d001 

b) relat ions between the height of the diffraction maxima 110, in the re­
gion 020 and the minimum between 020 and 110, 

c) re lat ions of the diffractions maxima 110, 111 with regard to the minima 
between 110, 111 and 111, 

d) relation between the height of the first and third diffraction maximum 
of the triplet between 0.255 and 0.249 nm, 
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11. Characteristics of kaolimites particles. 
C°) of the begilnming of the dehydroxylation process; Ea = 
kJ.moJ - 1] of the dehydroxylation process; k = The rate 
three dimensional diffusion of the H2O mols formed during 

the dehydroxylation. 
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e] width of the, diffraction maximum 001 in the middle of its height. 
Kaolinites w i t h ' perfectly ordered structure reach the value of HWB about 

8, disordered kaolinites about 30. , 
For comparison, in Table 1 for all types also the lvalues HC, which repre­

sent the known Hinckley index of crystallinity (D. N. H i n c k l e y , 1963), 
and the values of the specific surface ( m 2 . g - 1 } are listed. 
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Fig. 12. Characteristics of the fcaolimites aggregates. 

Insvestigations on morphology and diameter character is t ics of kaolinites 
were m a d e with the aid of transmission electron microscopy. The samples 
were first desintegrated with ultrasound (2 min. at 18 kHz] . Two methods 
of preparat ions were used: methods of suspensions and that of replicas from 
suspensions. The method of suspensions makes it possible to obtain basic 
diameter characterist ics of e lementary particles, information on their crys-
tal lographic properties an approximative mineralogical identification (fi­
reclay, halloysite, kaolinite, illite, mixed-layer-minerals and finály an esti­
mation of the quantity of nondecomposed original minerals . The method of 
replicas from suspension, with regard to the angle of metal shadowing — 
35° — makes it possible to determine the dimensions of the individual crys­
tals and aggregates. The aggregates of clay minerals form intergrowths 
that could not be dispersed by ultrasound. 

The constant angle of shadowing made it possible to measure the thickness 
of particles and of aggregates according to the equation: 

h = 1. tg a 

where h is the thickness of the crystal, 1 is the lenght of the shadow in ^m, 
a is the angle metal shadowing. 

On each sample about 100 measurements were performed. Results are 
listed in Table 2. 
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T a b l e 2 

Locality 

Mesa AI ta 
BZ—Kemmlitz 
Wolfka—Kemlitz 
Sedlec 
HaLič—Kopán 

7U 'ĽOHU'pOSLU'OU Ol 

part ic les 

80—65 
70—80 
70—80 
75—80 
90—95 

aggre­
gates 

15 — 20 
20—30 
20—30 
20—25 

5—10,, 
•i 

Average frequency of cli mansions of 

part ic les 

size 
(iln^m) 

0.3 — 0.6 
1.5 — 2 
2 — 3 
1 — 1.5 
0.3 — 0.6 

thickness 
( i n fjm) 

0.045 
0.055 
0.056 
0.037 
0.027 

aggregates 

size 

2.5 — 3.5 
3.5 — 4 
4 — 5 
4 — 4 
1.5 — 2 

(thickness 
(iin ^m) 

0.258 
0.251 
0.223 
0.279 
0.140 

Particle size of kaolinitic crystals were correlated with data obtained by 
thermoanalyt ica l investigation and with data on kinetics of dehydroxyla-
tion (I. H o r v á t h — G. K r a n z', 1979), — Fig. 11. 

Dimensions of aggregates and crystal clusters of kaolinitic particles are 
shown in Fig. 12. 

; Discussion 

It was found that morphology and particle diameter and on t h e other 
hand, the degree of s tructure order are two factors which do not depend on 
each other. 

Comparison of kaolinites from Mesa Alta with those of Tomášovce-Halič 
supports the above assumption. These kaolinites form, in spite of differences 
in their s tructure, particles of nearly identical character and diameter, the 
only difference being in their thickness which, as we could observe it, is 
general ly greater in kaolinites with higher degree of structure order. 

Morphologic propert ies and structure of kaolinites depend greatly on rock 
genesis (M. F. Vi k u l o v a — V. A. Š i t o v, 1966). It is known that kaoli­
nites with relatively greater crystals, and with better ordered structure arise 
in the course of hydrothermal transformation and on recrystal l ization of 
micas, i.e. the conditions of their formation are important. Kaolinites with 
lower degree of order are usually of sedimentary origin {the original rock 
is eroded, washed, away and resedimented] . The kaolinite particles have 
to overcome a long t ransport in the course of which defects in structure 
and morphologic changes (e.g. defoliation of aggregates and decrease of 
particle thickness) take place. On defoliation destruction of bonds between 
the kaolinitic double layers can take place. These bonds are formed by 
hydrogen bonds between the hydroxyl groups and the opposite oxygen atoms 
in the tetrahedral layers in the kaolinite structure. Hence it follows that in 
the redeposited kaolinites there remain only the strongest bonds OH . . . . O 
which can bo destructed e.g. by thermal decomposition of kaolinite. 

Tin.' dehydroxylation of kaolinite is a high-temperature reaction in solid 
phase and from technological aspect it is important in production of cera­
mic hody. Apart from some outer factors, such as temperature, pressure, p [ P 0 

in the reaction environment etc., the dehydroxylation process is influenced 
by I he character is t ics of the starting material, e.g. its structure, shape and 
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size of the reacting crystals. As far as kinetics of kaolinite dehydroxylation 
are concerned, the diffusion of the formed molecules of H,0 inside the kao­
linite crystal, which proceeds in the direction of the crystal lographic axes 
X and Y, i.e. in the direction of a r rangement of the kaolinitic layers, is sup­
posed to be the slowest process (I. H o r v á t h — G. K r a n z , 1979; J. H o l t 
et al., 1962]. 

Correlation of the thermoanalyt ical and kinetic data with particle sizes 
of the investigated kaolinites showed (Fig. 11) that particle thickness varying 
in the interval 0.027 — 0.057 u m influence neither the rate constants nor 
the temperature of the beginning of dehydroxylation. Thus, e.g., particles 
of kaolinite from Mesa Alta with mean particle thickness of 0.045 ^m strated 
to dehydroxylate at 240 °C, those from Sedlec with thickness of 0.037 ^m 
at 322 °C and from Tomášovce-Halič with smallest thickness of 0.027 ^ m at 
280 °C. It is possible to assume certain relat ions between the particle thick­
ness and the values of the activation energy of dehydroxylation which de­
crease with the increasing thickness in the interval 192—141 kj. m o l e ^ H j O . 
This fact seems to be connected with the energy of bonds OH . . . . O between 
the kaolinitic double layers, which seem to be stronger in the less ordered 
s tructures (e.g. redeposited kaol inites) . The stronger bond O H . . . . O, t h e 
diffusion of the H 2 0 molecules released on dehydroxylation occurring in the 
assumed direction of the stacking of layers, poses a greater resistance to 
them (higher activation energy) . The influence of particle diameter of the 
investigated kaolinites between 0.5—3.0 ^ m on dehydroxylation parameters 
was not observed. 

Conclusion 

Research into morphology and particles sizes of kaolinites from five de­
posits showed: 

a] the values of the activation energy of dehydroxylation of the investi­
gated kaolinites increase with decreasing thickness of their particles, which 
supports the assumed mechanism of relase of H^O molecules formed by de­
hydroxylation from the kaolinite, 

b) the degree of s tructural order does not influence the diameter of par­
ticles, these are, however thicker, the better is the structure ordered. In kao­
linites with differences in the periodic stacking of layers, in comparison 
with perfectly ordered structures, can arise stronger bonds OH . . . . O between 
the double layers as a consequence of changes in the length of this bond 
in the direction of the crystal lographic axes ,,X" and ,,Y". 

Translated by V. Šaškova 
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