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S T U D Y O F I N T E R C A L A T I O N A B I L I T I E S O F K A O L I N I T E G R O U P 
M I N E R A L S 

(Figs. 1-6) 

A b s t r a c t : Intercalation of minerals of the kaolinite group with the 
exception ol dickitc and načrite was considered on the basis of X-ray analysis 
of reaction products after their treatment with K-acelate and hydrazine. The 
study of clay coming from Neogene sediments of the West Carpathians enabled 
to express some information concerning the existence of lire-clay mineral and 
mutual relations between kaolinite and halloysite. 

P e 3 io M e: BKjiioqeHHH MHnepajiOB rpynnbi KaojiHHOB 3a HCKJiKMeHHeM ÄHKKMra 
H HaKpHTa xapaKTepusyiOTca Ha ocHOBaHHH peHTTeHorpacjjiraeCKoro anajiH3a pcrryK-
IIHDHHblX npOflyKTOB II0CJIC HX HaCblIIieHHH yKCyCHO-KHCJIMM KajineM H rnflpa3HH0M. 
H3yqeHHe rjii-m, npoM3xo.HHiii.iix H3 neorenoBHx ocarrKOB 3anan.Hbix KapnaT npea-
ocTaBHjio B03Mo>KHocTb BMCKa3aTt HeKOTopHe flanHwe KacaioniHeca cyinecTBOBaniiH 
MHHepajia orneynopHOH TJIHHM (fire-clay) n B3anMHi,ix CBít3eä Me>KRy KaouHHHTOM 
n rajiJiya3HT0M. 

Introduction 

Many-sided practical use oľ clay minerals lias led to an intense study of iheir 
physical-chemical properties in the lasl years. To the specific properties of clay minerals 
belong their ability to bind organic ions and/or whole molecules. The ability of reacliou 
depends in the first place from llie crystal slriiclure of the clay minerals. In ibis regard 
mainly three-layer minerals of the monl morillonilc group are studied in detail. In spile 
ol thai the research of reaction abilities of kaolinite minerals with organic compounds 
is younger, it has provided much Information till now. to a certain extent clarifying 
some questions In relations between the minerals of this group. 

A. \\ e i s s el all. id!l(>(> divided intercalation complexes iď kaoli morals into two 
groups m essentials: 

I. By the elleel iď organic compound which r e a d s with the clay minerals by means 
ol a hydrogen bridge (for instance, fonnamide. acclamide. hydrazine) intercalation com­
plexes with " d " values in the interval 9.5—1 I/i A. 

'2. Alkaline salts ol lower aliphatic acids with easy In polarize, large univalent cations 
(K. lib. (is. .Mb,) give with kaolin minerals reaction products with " d " values in the 
interval M . 0 - M . 5 A. 

More attention was rather paid to [he second group of intercalation reactions 1 . This 
liad mainly followed from belter accessibility and uiirclenliousness of the work with 
alkaline salts of lower aliphatic acids. In this regard most frequently was used 
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K-acetate and lhal mainly for i n ves liga li o n of intercalation abilities "ľ halloysite 
(VI, | ) . C. M a c Ľ w a n (1946, 1948), K. W a d a (1961). Later il was established by 
K. W a d a (1965) thai with washing of intercalation complexes prepared by treatment 
of kaolin minerals with K-acetale H 2 0 complexes originate, stability of which depends 
mi structural order of the mineral. This information was used for the purpose nl iden­
tification (W. I). M i l l e r, W. I). K e I I e r 1963. V. I). ľ e r I i n 1966) as well as for 
classification of structural variabi lky (C. T. D e e d s el all. 1966. A. A M e t l i 1966. K. 
G. K n k o v s k i j 1966). A. W i e w i o r a and C. VV. 15 ľ i n d I e y (1969) extended the 
s tudy of intercalation of kaolin minerals with K-acetale by the kinetic aspects of the 
process. Intercalation of kaolin minerals with hydrazine was observed by K. .1. ľ> a n g e 
el, all (1969). Quali tat ive and quant i ta t ive s tudy of the intercalation process opens the 
way of objective control of the order of struelure and brings new views, mainly of rela­
tions between kaolinite, fire-clay mineral- and halloysite. 

Geological Position and Mineralogical Composition oj Studied ( lays 

Intercalation abilities of minerals of the kaolinite " r o u p have so far been studied by 
lbe majority of authors on samples of the character of s tandards (kaolinite Georgia, 
kaolinite Sedlce, kaolinite Macon, kaolinite Spruce Pine, halloysite Indiana etc.). In 
Ihe presented paper we are following intercalation abilities of kaolinite, fire-clay mineral 
and halloysite found in the Wesl Carpathians. An exception form kaoliniles from kaolin 
deposits of Ihe Ukrainian SSR, in which we followed intercalation ability in depend­
ence on ihe degree of structural order (tab. \). 

Kaoliniles with well ordered structure come from the localities Horná Prievraná and 
Vyšný Pelrovec in the l.iičeneeká kotlina Basin in Southern Slovakia. They represent 
so far the only kaolin deposit in ihe Wesl Carpathians of economic importance. The 
original source rocks represent a variegated complex of volcanic-sedimentary origin 
epizonallv metamorphosed prior to kaolinizalion. Kaolinization of porhyroids and 
phyllites of the Paleozoic of the Gemerides was taking place by the effect of hypergenc 
processes in wide interval of lime in Ihe Palcogene and Sarmat ian. A property chara­
cteristic of kaolin is the high content of hyilromicas of dioctahedral type, lis tnmeralog-
ieal composition of hyilromicas of dioctahedral type, lis mineralogical composition and 
technological properties are determined by the petrographic character of source rocks. 
I. I l n r v á I h (1969) arrived the conclusion thai with weathering of p o r p h y r o n s with 
high content of acid plagioclases conditions favourable for ihe origin of the Na-variety 
of a hyddromiea close to brainmali le with the value d 0 0 | 9.6 A were formed, whereat 
comon hydromica with a high content of K 2 0 and d 0 0i 10,0 A originated mainly by 
weathering of phyllites (fig. I. no. 1,2). 

Minerals will, disordered structure of fire-clay type represent extreme finely dispersed 
clays with fraction less than I micron predominat ing (lab. 2). They come from Iwo 
separate areas. The samples from the Liičenecká kotlina Basin represent refractory. 
ceramic clays of the co called Poltár Formation. Il is a complex of clays, sands and 
gravels of Pliocene age. occurring in ihe overlier of kaolins and kaolin sands m the 
same area. The clays formed by fire-clay mineral, sometimes with insignificant admix­
ture of hvdromicas of dioctahedral type distinctly differ from primary kaolins and kaolin 
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Pig. I. X-iay diffraclograms oľ studied days. I — Kaolinite from Horná Pricvraná, 2 — 
kaolinite from Vyšný Pctrovec, .'i — fire-clay, Pol túr Formation, h — fire clay, Podvihorlatská 
panva Basin. 5 — hallux sile. Biela Hora near Michalovce, 6 — hallux sile, Ĺučenecká kotlina 

Basin. / — hallovsite, Slatinská kotlina Basin. 
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KAOLINITE 1-2/JL FIRE-CLAY1-2 /J- HALL0YSIJE1-2/J-

V\a. 2. X-riiy dilTraclograms o t Uuoliiiilc from Horná Priovrauú, fire-clay miueral from the 
['odvííioVlatská panva Basin and halloysite from the Lučenské kotlina Basin. 1 — sample in 
natural slate, 2 — sample treated with K-acetatc, 3 - sample washed with distilled water, 4 — 

pie treated with glycerol, 5 - sample treated with hydrazine, 6 — sample washed with 
distilled water, 7 — sample treated with glycerol. samp 
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snnds redeposited at short dištance in the order of their structure, size of particles, origin 
and technological properties. T h e y represent the product of typical fluvio-limnic sedi­
mentat ion of material derived from the southern slopes of the Veporide crystalline and 
having undergone a relatively long transportat ion into the present area of deposition 
alter its origin in the; original weather ing crust. 

T h e clays from the Podvihor latská p a n v a Basin in Eastern Slovakia are a part of the 
sedimentary filling of the Pliocene of the East Slovakian Lowland. Redeposited products 
of kaolinic weathering crusts are concerned, originated at the base of Lower Pliocene 
pyroxene audesites of tlie Vihorlat Mls. Beside tlie predominat ing fire-clay mineral 
they contain cristobalite and an insignificant a d m i x t u r e of halloysile. According to prelim­
inary results the high content of Fe^O;! (tab. 1) is hound in the lattice of the studied 
mineral . 

Halloysites with variously ordered structure and various degree of dehydrat ion (fig. 
1, no. 5. 6, 7) come from three separate areas. 

Halloysite from the Lučenecká kotlina Basin (dooj 7.,'5—7.4 A) is found in the complex 
of kaolin sands at the locality Kal inovo-I[rabovo in the form of so called armored mud 
balls. It was studied in detail b y I. K r a u s el all (1966). It is characteristic by the rela­
tively good degree of structural order, low content of Fe-_>();). The question of its origin 
and general distribution in kaolin sands has not sufficiently been clarified till now. 

T h e halloysite from Biela Hora near Michalovce (donj 7,2 A) represents a sporadical 
accumulation of this material of economic importance in Europe. It has originated by 
weathering of rhyoli te tuffs of Sarmat ian age. T h e mineialogical s tudy was carried out 
by A. K o c h a n o v s k á (1955). J . K o n t a (1957). E. G. K u k o v s k i j f 1966). It 
contains cristobalite and a considerable a d m i x t u r e of fire-clay mineral . 

Halloysite from lbe Slatinská kotlina Basin in central Slovakia (doot 7,3—7.5 A) forms 
irregular, little thick layers amidst decomposed pyroclastics of andesile volcanism U p p e r 
Tortonian in age. Originally the completely hydra ted form was concerned (dooi 10,1 Ä). 

T a b i c 1. Chemical analyses of studied samples 

SiO, 
T i O , 
Al . ,0 | 
F c , 0 3 

!•'(•() 
M n O 
MgO 
Cat) 
Na.,0 
K , 0 
- H , 0 
+ H , 0 

s u m 

Fire-
Pol tá ľ IA 

fract ion 
< I ,um 

4 3 , 1 8 % 
1.13 

36,22 
1,97 
0,56 

— 
0,14 
0,58 
0,38 
0,14 
3,38 

12,10 

99.78 % 

clay 
i rmat ion 

fraction 
f—2 f/in 

43,69 % 
1,59 

34,98 
2,19 
0,74 

— 
0,25 
0,58 
0,46 
0,24 
3.12 

1.2,17 

1 0 0 , 0 1 % 

F i r e 
P o d v i h 

p a n v a 

f ract ion 
< 1 /urn 

44,51 % 
0,64 

30.98 
4,03 
traces 
— 
0.49 
0,87 
0,54 
0,25 
3,95 

13,54 

99,80 % 

-clay 
iľ latská 

Hasni 

t ract ion 
1—2 fiin 

44,57 % 
1.25 

27,54 
6.92 

-
traces 
0.47 
0,82 
0,23 
0,23 
4,39 

13,37 

9 9 , 7 9 % 

r-Tall. ys i tc 
kot l ina 

B a s i n 

fraction 
< t fim 

4 5 , 3 0 % 
0,13 

37,98 
0,63 

— 
— 
0,10 
0,71 
0,09 
0,10 
2,10 

13,24 

100,44 % 

fract ion 
1—2 jim 

45,45 % 
0.22 

37,88 
0,78 

— 
— 
0,10 
0,72 
0,05 
0,20 
1,90 

1.2,56 

99,92 % 

H a l l o y s i t e 
S l a t i n s k á kot l ina 

Bi 

fract ion 
< 1 ,uin 

4 4 . 0 5 % 
0.78 

32,21 
7.81. 

— 
— 
0,32 
0,88 
0,10 
0,32 
3,28 

10,62 

100,37 % 

sin 

fract ion 
1—2 fiin 

47.99 % 
0.99 

28.31 
8,20 

— 
— 
0,62 
0,87 
0,20 
0,80 
3.21 
8,77 

99,96 % 
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Partial dehydrat ion was taking place during deposition of the sample in the laboratory. 
It is characterized by relatively low degree of structural order, with distinct predomi­
nance of the fraction less than I micron. T h e tubular particles are of finely dispersive 
development (fig. 6). Remarkable is the high content of ľ'ejO : i — 7.81 % . On llie basis 
of up to presenl s tudy we have found lhal lbe presence of free Fe-oxides is insignificant. 
\V. E n g e l h a r d I ÍIO.Vi) and I). ľ. S e r d j u č e n k n (1952) mention in the so 
called ferrohalloysite a conlenl of \'\-Ah about .'i.ô % . 

Content of the Problem and Conditions (if Experimental Sladu 

W e have focused the study of intercalation abilities on following of these problems: 
1. Mutual comparison of intercalation with K-acelate and hydrazine. 
2. Intercalation in dependence on the size of particles and structural order. 
.'!. Existence of lire-clay mineral. 
A. Relation between kaolinite and halloysite. 
T r e a t m e n t of samples with K-ncetale we have carried out by methods mentioned 

by A. VV i e w i o r a and (i. W. I! r i n d I e y (1969) and VY. I). M i l l e r. \Y. I). K e I-
ľ e r (:1963). 

T h e first procedure we .applied in solution of lbe first three problems''. 
T h e second procedure we applied in identification of lobular particles, of which we 

were in doubl wether they belong to halloysite'1. 
T h e first procedure reliably indicates lbe course of intercalation and is also suitable 

for identification of mixtures of kaolinite with halloysite. On lbe contrary'. the procedure 
modified by W. I). Mi H e r and \V. I). K e I I e r (1963) is only suitable for the purpose 
of identification as with rubbing the structure of the studied minerals is partly disturbed. 

T ra iment of samples with hydrazine we carried out according to K. .1. R a n g e el all 
(1969) 5 . T h e oriented preparat ions determined for X-ray study we prepared under rela­
tive moisture 3 0 % in three forms: sample treated with K-acelalc and/or hydraz ine : 
sample washed with distilled water: sample treated with glycerol. 

Intercalation of individual samples we expressed on the basis of the intensities of basal 
reflexes (001) of natural and treated sample. Eor K-aeelate reflexes with values (I 7.1 
and la.O A: for hydrazine 7.1 and 10/i A were concerned. 

We look pictures of oriented preparat ions on X-ray goniometer GON-3 under Ni fil­
trated Cu K a radiation, 35 kV, 15 m.\. ascending d iaphragm 3 0 ' . entering diaphragm 2'. 
arm shift I °/iniin and lime contain 10 sec. T h e electron micrographs mentioned m the 
paper are prepared on table electron microscope Tesla RS 'l'\'l. 

Mutual Comparison of intercalation with K-acelalc and Hydrazine 

As il has confirmed, belween intercalation of kaolinite, fire-clay mineral and halloysite 
ihere exists a directly proport ionate dependence in their treatment with K-acetate and 
hydrazine (lab. 3). Well ordered kaoliniles intercalate almost quanlitavely, in tin- case of 

:l The separated clay fraction in nil amount of 300 mg we treated in solution of 30 ml 8N 
K-arelale for I week, with occasional shaking. In closed wessels we left the samples in 
solution fur another week. 

'' 500 mg of separated clay fraction and 100 mg id' K-arelale we rubbed finally for l/2 hour 
in an agate dish. 

r' 300 mg ol separated clay fraction we treated in 30 ml hydrazine hydrate at the temper­
ature id' (15 °i'. I'or one week. 



STUDY OF INTERCALATION 287 

hydrazine their reaction ability is somewhat, higher. Characteristic of them is also that 
after washing by distilled water the complexes of K-aeelale and hydrazine are very 
easily squeezed out. A certain shift of dooi from previous 7.1 A to 7.2 — 7,3 A is taking 
place there. Treatment of samples adjusted this way with glycerol does nol exhibit any 
changes in well ordered kaoliniles. on the contrary. 

Insignificant or no intercalation after treatment with K-aeelale and hydrazine is 
a properly characteristic of clays, the essential component, of which is fire-clay mineral . 
This circumstance is m a r k e d l y evident in clays from the Podvihorlatská panva Basin, 
having all marks of so called intercalation disorder in the sense of K. R a n g c el all 
(1969). 

in sediments of the Pollár Formation from the Lučenecká kotlina Basin, considered 
as typical representatives of clays of fire-clay type we have encountered such an inter­
calation disorder in one case only. T h e majority of studied clays from this area exhibit 
certain degree of intercalation, at ta ining 2 3 % as m a x i m u m with K-aeelale and 34 % 
with hydrazine (lab. 3). This circumstance points at refractory, ceramic clays of the 
Pollár Formation containing probably also an admixture of well ordered kaolinite beside 
the dominat ing fire-clay mineral . 

Certain differences between the clays of these two areas we may also follow in 
morphological development of the individual particles by aid of electron microscope 
(fig. .'!. /i). T h e clays of the Pollár Formation from the Lučenecká kotlina Basin are 
formed by small particles with perfectly delimited sharp contours. Some of them are 
delimited geometrically and sporadically crystals are present, the edges of which show 
regular pseudohexagonal development. T h e clays from the Podvihorlatská panva Basin 
are characterized by completely irregular delimitation of particles wilh indistinct rims, 
what may be caused b y bad p lanary orientation and formation of clusters. However, 
from morphological point of view a completely atypical kaolinite mineral is present 
I here. 

All the observed halloysiles intercalate with K-acetate almost quantitat ively. In con­
trast to the results of K. J. R a n g e el all (1969) we have nol recorded a quant i tat ive 
intercalation in halloysiles with hydrazine. Also no more distinct doot shift towards 
lower angular vealues was taking place after glycerol of samples treated with hydraz ine 
as well as with K-acetale. Remarkable is. thai halloysite from Biela Hora near Micha-

T a b l e 2. Grain size analysis of studied samples 

Locality 

Kaolin I [orná 
Pľievrnná 

Fire-clay Poltár 
Formation 

Halloysite 
Lučenecká kotlina 
Basin 

Halloysite 
Slatinská kotlina 
líasiii 

•ain size fractio 

>JL00 fiin j 100-50 ,um| 50-10 fan] 10-5 fan '[ 5-2 ř i n I 2-1 fim \ <1 fan 

12, L 

3,0 

4,8 

5,1 

1,0 

39,0 

8,0 

18,9 

5,0 

12,9 

3,1 

8,8 

5,3 

13,9 

5,4 

13,5 

7.7 

5,6 

5,0 

6,9 

0,8 

17,0 

73,7 

34,7 

70,6 
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Pí"-, .'i. Fiľc-c.lnv, Pollár KnnniUion. 

lrig. fí. Fiľc-clny, Podvilioľlalslíá panva Rusii 
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lovce does not intercalate with hydraz ine at all. So far we could not havo cleared up the 
cause of this p h e n o m e n o n . 

T a b l e 3. Intercalation of studied samples 

K a n 1 i n i I e 

Horná Prievraná "A" 

Horná Prievraná " B " 

Horná Prievraná "C" 
Vyšný Petrovec 

Fraction 

1 ,um 
t—2 /um 

1 [im 
1—2 fim 
1—2 ,um 

1 fim 
1—2 ,um 

F i r e - c l a y 

ľoltár Formation "A" * 
Poltár Formation "C" * 
Pol túr Formation "B' ' * 
Poltár Formation " D " * 
Podvihorlatská panva Basin "A" 
Podvihorlatská panva Basin " B " 
Podvihorlatská panva Basin "C" 
Podvihorlatská panva Basin " D " 

H a 11 o y s i t e 

Lučcnecká kotlina Basin 

Slatinská kotlina Basin 

Biela Hora „A" 
Biela Hora .,B" 

1—2 (im 
1—2 ,um 
1—2 ftm 
1—2 ,um 
1—2 fim 
1—2 fxm 
1—2 /im 
1—2 jxm 

Intercalation 
with K-acetate 

6 5 % 
77 
68 

100 
92 
59 
89 

13 
23 
10 
0 
0 
0 
0 
0 

i 
1 fim 

1—2 ,um 
1 fim 

1—2 |Uin 
1—2 pm 
1—2 jxm 

100 
100 
100 
100 

78 
79 

Intercalation 
with hydrazine 

72 % 
96 
94 
96 
92 
93 
98 

34 
9 
0 
0 
0 
0 
0 
0 

85 
88 
49 
71 

0 
0 

The clays of the Poltár Formation contain an admixture of well ordered kaolinite 
beside fire-clay mineral. 

T a b l e 4. Relation between structure order and intercalation 

Locality 

Kaolinite Gluchoveckij" 
Kaolinite Horná Prievraná 
Kaolinite Prosjanovskij** 
K;nd i nite Dubrovskij** 
Kaolinite Gluchovskij** 
Fire-clay Poltár Formation 
Podvihorlatská panva Basin 

..Index cristallinity" 
according to D. N. 

Hinckley (1963) 

1,44 
1,21 
1,18 
0,83 
0,58 
0,30 
0,25 

Intercalation 
with 

K-acetate 

8 1 % 
68 
64 
52 

5 
0 
0 

Intercalation 
with 

hydrazine 

9 0 % 
80 
79 
16 

0 
0 
0 

** Samples representing kaolin deposits of the Ukrainian SSR. 
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Intercalation in Dependence on the She of Particles and Structural Order 

T h e up lo present results obtained in the study of intercalation abilities of clay mine­
rals confirm that these reactions arc of a course different in individual kaolin minerals . 
This circumstance is evident most markedly just at kaolinite. K. \\ a d a 0 9 6 1 . 196.> 
was the first who called attention to the differences in intercalation of kaolinite with K-
aeelalc. Later A. A I i e l I i (1966) and A. W e i s s el. all (1966) have found kaolinite 
considered as well ordered on the basis of X-ray analysis to intercalate with K-aeclate 
rapid ly and quantitat ively, disordered kaolinite to contain always the fraction intercala­
ting only part ly and/or intercalating at all, on the contrary. If the great influence of 
defects in. kaolinite s tructure on its fundamental physical-chemical proper-lies is gen­
erally recognized, a problem, still remains clarification of their causes. T h e information 
obtained in X-ray study set. out from the idea lhal the main cause of disorder in struc­
ture of kaolinile is the shift of layers in direction of axes ..a" and ..b". The impor­
tance of the study of intercalation abilities of kaolinile group minerals lies mainly in 
enlargement, of our information in this way. Till now the largest problem remains right 
interpretation of this information. 

On the one hand it, is set out from the idea thai of decisive influence on lb 'der ol 
s t ructure and course of intercalation also in the case of two-layer clay minerals is substi­
tution in tetrahedrons and octahedrons as well as the presence of inter-layer cations. 
On the other hand it is stressed that the course of intercalation is influenced mainly by 
the size of particles. According lo A. W i e w i o r a and 0 . VY. R r i n d 1 e y (1.969) large 
particles h a v e a greater density of structural defects than small ones and for that reason 
a more intense intercalation is to bií seen in larger crystals than in small particles. 
According lo them in kaolinile intercalation does not lake place in particles less than 
0,5 microns. T h e first idea sels out from the assumption lhal intercalations in minerals 
of the kaolinile group but mainly in fire-clay mineral is blocked by substitution in the 
whole crystal and the presence of inter-layer cations. The second idea explains interca­
lation as lho process of penetration of organic substances only into "mechanica l " defects 
in kaolinile crystal. 

Based on the results of our work we conclude [bat the size of particles cannot be gen­
erally considered as first-rale factor affecting lbe course of intercalation. To a certain 
extent this influence is mainly shown in well ordered kaoliniles. T h e results in tab. .'5 
prove, that, in the case of K-acetale intercalation is higher at particles in the fraction 
from Í—2 microns, in contrast lo the fraction less than I micron. In the case of hydra­
zine the difference in intercalation of both fractions is insignificant. T h e different inter­
calation ability of kaolinite with K-acetate in dependence on t h e size of particles may be 
also caused b y the a d m i x t u r e of kaolinile with more imperfectly ordered structure 
and/or the presence of fire-clay mineral. Different is the situation at clays of fire-clay 
type from the Podvihorlatská paňva Basin and hučenecká kotlina Basin, which do not 
intercalate with K-acctate and hydraz ine at. all. We do not. see the essentiality of ibis 
feature in the size of particles but in the structure of the discussed mineral al all. This 
circumstance is also confirmed by the directly proporl inate dependence between the 
degree of structural disorder, which we have expressed quanti tat ively l>y the method 
according to I). N. 11 i n e k 1 e y (Í963) and the course of intercalation in tab. 4. Com­
parison of the results shows intercalation ability of kaolinile gradual ly diminishing with 
decreasing sctructural order of the studied samples. 
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Existence of Fire-Clay Mineral 

T h e s tudy of intercalation of kaolinite group minerals lias so far supplied mosti 
positive results in solution of mutual relations between kaolinite and fire-clay mineral, 
hi contrast to up to present ideas considering the fire-clay as a variety of kaol inite wi th 
disordered structure K. J . R a n g o el all (1969) prove au own minera l to be concern­
ed wi th the following formula: 

(K + .H + ) x [Ah 1 (OII),s(Si, . x Al x )O 1 0 ] 
where x varies in the interval from 0.08 lo 0,12. Thus a s tructure is concerned, which 
enables to suppose isomorphous substitution in t h e frame of llie whole crystal as well 
as the existence of inter-layer space filled out with K+ and H : i O in contrast to kaolin 
structure. This circumstance is evident in fire-clay mineral not exhibit ing intercalation 
with hydrazine and according to our observations even with K-acetate in contrast to 
kaolinite. 

T h e observed essential differences in intercalation ability of kaolinite and fire-clay 
mineral, which we have found in Neogene sediments of the West Carpathians, fully 
support these assumptions. An argument important in the favour of this opinion is also 
the chemism of studied materials. T h e chemical analyses in lab. 1 show the clays 
considered by us as representatives of fire-clay mineral to be mainly characterized by 
increased content of Fe, alkalii and other components in spile of not to contain an 
a d m i x t u r e of other d a y minerals and/or free Fe oxides. With the ment ioned problem 
also relation between the structural order and course of intercalation is connected. T h e 
results in lab. 4 prove in this regard directly proport ionate dependence indicating the 
pobabil ity of the existence of an own series kaolinili—fire-clay. 

A particular form of two-layer fire-clay mineral, characterized by isomorphous substi­
tution in llie whole crystal, llie presence of inter-layer cations and high dispersion con­
ditions m a n y specific properties id these clays also from the s tandpoint of ceramics. In 
llie first place we m a y mention their excellent, plasticity, b inding power and mainly 
easy sinterabili ly under a very good thermal stability. 

T h e mentioned shows t h a t it. will he necessary to call m o r e attention lo the problem of 
the existence of fire-clay mineral in the Neogene of the ^Ves•t Carpathians as the clays of 
this type differ much from well ordered kaolinites in their structure, chemism and tech­
nological properties. As natural , m u c h obscurity remains there still, it. is main ly the 
question of the b o u n d a r y between kaolinite and fire-clay mineral, a thorough structural 
analysis of the fire-clay mineral as well as the problem of establishing of mechanical 
mixtures of kaolinite and fire-clay mineral, probably very frequent also in the Neogene 
of the West Carpathians. 

Relation between Kaolinite and Halloysite 

Although the period of llie last 10 years has brought a vast a m o u n t of information, 
not existing lill now, for clay-minerals of llie kaolinite group, it is llie mutual relation 
and position between the two most important minerals of this group — kaolinite and 
halloysite that always remains open. Following ibis important problem b y aid of up 
lo now existing methods (DTA, X-ray diffraction, electron microscopy) we often en­
counter contradictory results. W e know cases that, crystals of kaolinite perfectly delimi­
ted in morphology show marks typical of disordered structure in X-ray diffraction and 
on the other hand tubular particles are characterized by well ordered structure, ľn solu­
tion of these questions two controversial ideas have Formed. 
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Fig. 5. Ilalloysilp. Lučenecká kotlina l!;isin 

/^,-mj 

Fis. 6. Halloysile. Slatinská kotlina Ba 
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('.. W. I! i- i ii d I o y and P. S. S a n l o s (1968) have expressed I lie opinion Lhal a con­
tinuous scries of minerals exisls wilh one structural layer per unil cell from kaolinite 
with highly ordered layer sequences. Llirough mineral disordered mainly parallel lo t h e 
" h -axis — so called fire-clay wilh one — dimonsionally disordered sequences, to 
halloysilc wilh highly disordered parallel In ihe " a " and " b " axis, so called two-dimen-
sionally disordered sequences. 

F. V. C h u k h r o v and B. I!. X v y a g i n (1906) consider halloysilc as own mineral 
characterized by monoelinic hvo-layer s lniclure wilh parameters of e lementary cell 
different from kaolinite. They prove the degree of structural order of halloysile lo be 
changing in a range similar to that at kaolinite and for this reason exslude the 
possibility that halloysile is I lie terminal member of the series wilh the lowest degree 
ol structure order. According lo ihese authors the degree of structural order in halloysile 
decreases with highesl content of water in inter-layer space. T h e so-called ' ' tubular ka­
olinite", which according lo C. l i o n j o el all ( l9iVi) and P. S. S a u l n s el all (1965) 
has a Include two-layer s lniclure is according lo I!. I!. Z v j a g i n el all (1966) a typical 
halloysilc wilh monoelinic two-layer s lniclure. analogous to highly ordered kaolinite 
in I his regard. 

Ihe X-ray dillraction and electron microscopic study of halloysitcs from the various 
localities in ihe Ncogene of ihe Wesl Carpathians, logelher wilh following of intercala­
tion abilities points al considerable variability in their structural nn\vi-. This moment 
is distinctly shown in ihe shape and position of basal reflexes (fig. I), in morphological 
particularity of the individual particles (fig. .1. (i) and mainly in ihe choinisin and diff'er-
renl intercalation ability, especially wilh hydrazine (lab. 3). (In ihe basis of these 
results we consider halloysile from ihe Lučenecká kotlina Basin, characterized by rela­
tively sharp and high basal reflex during X-ray diffraction as well as an almost quanti­
tative intercalation, as a mineral wilh higher degree of s lniclure order in contrast lo 
extremely finely dispersed halloysile from I he Slatinská kotlina Basin with character­
istic diffusive basal reflex, essentially lower intercalation ability and extraordinar i ly 
high content of I'V^O;.. predominant ly bound In the lattice of the studied mineral . T h e 
circumstance should be particularly menlioned lhal halloysilc with admixture of fire­
clay mineral from Biela I lora near Michalovce does nol intercalate wilh hydraz ine al all. 

This information confirm the opinion thai halloysile is an independent mineral, t h e 
degree of s tructure order of which is changing lo a similar exlenl as al kaolinite. T h e 
idea ol halloysilc as an extreme, disordered member of the kaolinite series we consider 
as lillle probable so far. 

Conclusions 

Based on ihe study of intercalation abilities of kaolinite, fire-clay mineral and hallo­
ysile found in Noogenc sediments of ihe West Carpathians we expressed some informa­
tion concerning lbe problem of their mutual relations. 

1. As it has been confirmed, between ihe intercalation of ihese minerals wilh K-acelale 
and hydrazine there exisls a direelly proport ionate dependence. Well ordered kaoliniles 
intercalate almost quantitat ively. Insignificanl or no intercalation is a properly charac­
teristic, ol clays, the essential componenl of which is fire-clay mineral. All ihe followed 
halloysitcs intercalate wilh l\-acelale quantitat ively. In contrast lo up lo proseni results 
mentioned in literature we have nol recorded any quant i tat ive intercalation wilh hydra­
zine in halloysile. 

2. We suppose lhal ihe existence of fire-clay mineral in the Noogcnc of the West Car-
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pathians is substantiated. W e consider the Fire-clay as a mineral of the kaolinite group 
with disordered s tructure which does not intercalate with K-acetate and hydrazine. T h e 
cause of this p h e n o m e n o n wo do not see in the size of particles but in the proper struc­
ture of this mineral . T h e directly proport ionate dependence between the s tructure order 
and course of intercalation points at the probabil ity of the existence of an independent 
series kaolinite — fire-clay. 

3. T h e mineralogical s tudy of halloysites together with following of intercalation abil­
ities points at a considerable variability in their s tructure order. This information 
support the opinion that halloysite is an independent mineral, the degree of s tructure 
order of which is changing to a similar extent as at kaolinite. T h e idea of halloysite as 
an extreme, disordered m e m b e r of the kaolinite series we consider as little probable so 
far. 
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