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STUDY OF INTERCALATION ABILITIES OF KAOLINITE GROUP
MINERALS

(ligs. 1—0)

Abstract: Tnerealation of minerals of the kaolinite  group  with  the
excepltion ol dickite and nacrite was considered on the hasis of Neray analysis
of rveaction products alter their treatment with K-acetate and hivdeazine, The
study of elay coming from Neogene sediments of the West Carpathians enabled
o express some information concerning the existence of five-clay mineral and
mutual relations between kaolinite and hallovsite.

Pea W0 MeE: BKJ‘II(’J‘-IL'HHH ;\IIII-{L'PE_'!D]! Ipynnbl KaonHMHOB 3a HCKJAIOHMEHHCM IHKKHra
Il HAKPHTA XAPAKTEPUIYIOTCA HA OCHOBAHWM PEHTIEHOrPadHYCCKOTO aHalM3a PeayK-
UMOHHBIX MPOAYKTOB 110CJE HX HACHIEHHMA YKCYCHO-KHCBIM KAJHEM M TIHAPA3HHOM.
Hayuenme ranu, NpoMsxolsminx M3 HEOTEHOBHIX OCAMKOR 3aMaibix Kapnar npen-
OCTABHAO BOIMOMHOCTE BHICKAZIThH HEROTOPRIE IlaHHBIC Kac3woliHecs L‘yl.'lLCCTHOHaIIIIH
MuHepana orueynopHoi rausn (fire-clay) u saammuanix csaseit MEMIY KAOJAHHHTOM
H rannyasauToM,

Introduction

Many=sided practical use ol clay minerals has led o an intense studs ol their
physical-chemical properties in the last years. To the specilic propertics of elay minerals
F:i‘|n|l_!: thed

ability 1o bind organic ions and/or whole molecules, The ability of veaction
depends in the Tiest place Trom the evvstal steneture of the elay minerals, T this regard
mainly three-layver minerals of the montmorillonite group are studied in detail. Tn spite
of that the rvesearch of veaction abilities of kaolinite minerals with orginic compotnds
is younger. it has provided much information Gl now. 1o o cortain extent elarilying
some questions inorelations between the minerals of 1his Srong,

A Woeiss efalll (19661 divided interealation compleses of kaolin minerals into 1wo
groups in essenlinls:

I. By the elfeet of or
ol o hydeogen beidae (Tor instanee. Tormamide. acetamide, hvdreazine) intercalation com-
plexes with =07 values in the interval 9.0—11.4 .

sanie compound which reacts with the elay minerals by means

2o MEaline salts of lower aliphatie acids with casy 1o polavize, liege anivalent eations
(e Bhe Cso NI wive with kaolin minerals reaction prodoets with =d™ values in the
interval 14.0—14.5 A,

More attention was rather ||;|ii| to the second cronp ol mterealation reactions!, This
hiadd maanly Tollowed Trom better

essihility and voeetentionsness of the work with
alkaline <alts ol fower aliphatie acids, Ino this remaed  most Frequently was osed
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|

Under interealation: we understand the phyvsical and chemiceal proeess, in which associa-
tion ol organic molecules with lavers of elay mineral is taking place,
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K-neetate and that mainly for investigation of intercalation abilities of halloysite
MDD G Mae Ewan (1946, 1948, Ko Wada (1961). Later it was established by
I W ad o (1063) that with washing of interealation complexes prepared by treatment
of kaolin minerals with Keacetate HaO complexes originate. stability of which depends
on steuetural order of the mineeal. This information was used Tor the purpose of iden-
Gifieation (W, DL Miller W, Do Keller 19630V, D Perlin 1966) as well as for
classilication of steuetural variability (C1. Deeds et all. 1966, A N lietti 1966, 1
GoKukowvskij o6, A, Wiewioraand GoW. Brindley (196)) extended the
study of intercalation of kaolin minerals with K-acetate by the kinetie aspects of the
process. lutercalation of kaolin minerals with hydrazine was observed by KoJ. Range
et all (1969). Qualitative and quantitative study ol the interealation process opens the
way of ohjective control of the order ol structure and brings new views. mainly ol re
tions between kaolinite, Tire-elay mineral® and halloysite,

Geological Position and Mineralogical Composition of Studied Clays

Intercalation abilities of minerals of the kaolinite group have so far been studied by
the majority of authors on samples of the character of standards (kaolinite Georgia.
kaolinite Sedlee. kaolinite Macon. kaolinite Spruee Pine. halloysite Indiana cte.). In
the presented paper we are Tollowing interealation abilities of kaolinite. fire-clay mineral
and halloysite Toand in the West Carpathians. An exception Torm kaolinites from kaolin
deposits of the Ukeninian S8R in which we followed intercalation ability in depend-
enee on the degree of strnetural order (ab, 4).

Kaolinites with well ordered strueture come from the loealities Horna Prievreand and
Vying Petrovee in the Ludenceki kotling Basin in Southern Slovakia, They represent
so Tar the only kaolin deposit in the West Carpathians of cconomic importance. The
original source rocks represent @ varicgated complex of voleanie-sedimentary origin
epizonally  metamorphosed  prior 1o kaolinization. Kaolinization ol porhyroids and
phyllites of the Paleozoie of the Gemerides was taking place by the effeet of hypergene
processes in wide interval of time in the Paleogene and Sarmatinn. A property chara-
clevistic of kaolin is the high content of hydromieas of dioctahedral type. Its mineralog-
ical composition of hydromicas of dioctahedral type. Hs mineralogical composition and
technological propertics are determined by the petrographic character of souree rocks.
I 1loryvath (1969 arvived the conelusion that with weathering of porphyroids with
Bigh content of acid plagioclases conditions favourable for the origin of the Na-variely
of a hyddromica close to brammalite with the value dgy 9.6 % were Tormed. whereal
comon hydromicn with a high content of 10 and dogr 10.0°X originated mainly by
weathering of phyllites (g, 1. no. 120,

Minernls with disordered strneture of fire-clay type represent extreme finely dispersed
clavs with Teaction less than | omieron predominating (tab. 21, They come from Iwo
separate arcas. The samples from the Lucenecka kotling Basin represent relractory.
cernmie elays of the co ealled Poltie Tormation. [1is a complex of clayvs sands and
sravels of Pliocene age. oceurring in the overlier of kaoling and kaolin sands in the
sime aroi The elays Tormed by Tiveselay mineral. sometimes with insigniflicant admix-
e of hvdromicas of dioetahedreal tepe distinetly differ from primary kaoling and kaolin

2 Phe term “live-clay mineral”™ we apply in the sense of I Thange el all (19697 for
o mineral of the kaolinite group  with  disordered  strueture and ol interealating  with
I-neetate and hydreazine,
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Fig. 1. N-vay dilfractograms of studied clavs. 1 — Kaolinite from Hornd Pricveana, 2 —
kaolinite From Vysny Petrovee, 3 — Tive-clay, Poltiae Formation, 4 — Tive elay, Podvihorlatska
panva Basing 5 — halloxsite, Biela Hora near Michalovee, 6 — hallovsite, Ludenecka kotlina

Basin, 7 — hallovsite, Slatinska kotling Basin,
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Fie, 2 Nevay diffeactograms ol kaolinite feom Hornd Prieveana, fire-clay mineral from the

Podviborlatska panva Basin and halloysite from the Lufenska kotlina Basin, 1 — sample in

natural state, 2 — sample treated with Iv-ncetale, 3 — sample washed with distilled water, 4 —

sample treated with glyeerol, 5 — sample treated with hydrazine, 6 — sample washed with
distilled water, 7 — sample treated with glyeerol.
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sands redeposited al short distance in the order of their structure, size of particles, origin
and technological properties. They represent the produel of typieal [luvio-limnice sedi-
menlalion of material derived from the southern slopes of the Veporide ervstalline and
having undergone a relatively long transportation into the present area ol deposition
alter its origin in the original weathering erust.

The clays from the Podvihorlatska panva Basin in Eastern Slovakia are a part of the
sedimentary lilling of the Pliocene of the East Slovakian Lowland. Redeposited products
ol kaolinic weathering crusts are concerned, originated at the base of Lower Pliocene
pyroxene andesites ol the Vihorlat Mis. Beside the predominating Tive-clay mineral
they contain eristobalite and an insignificant admixture of halloysite. According 1o prelim-
inary results the high content of FeaOy (tab. 1) is bound in the lattice of the studied
mineral,

Halloysites with variously ordered structure and various degree ol dehydrtion (lig.
L. no. 5. 6, 7) come [rom three separale areas.

Halloysite from the Lutenecki kotlina Basin (dgy 7.3—7.4 A) is Tound in the complex
of kaolin sands at the locality: Kalinovo-TTrabovo in the form of so ealled armored mud
balls. Tt was studied in detail by I Kraos et all (1966,

It is characteristic by the rela-
tively good degree of structural order,

low content of FealOly, The question ol its origin
and general distribution in kaolin sands has not sulficiently been elarvilied 11l now.,

The halloysite from Biela Hora near Michalovee (dgy 7.2 A) represents a sporadical
accumulation of this material of ceonomic importance in Furope, Tt has originated by
weathering of rhyolite tuffs of Sarmatian age. The mineralogical study was carried oul
by A, Koehanovska (1955, J. Konta (1957). I& G. Kukovskij (1966). I
conlains cristobalite and a considerable admixture of lire-clay mineral.

Halloysite from the Slatinska kotlina Basin in centeal Slovakia (doy 7.3—7.5 A) Torms
irregular. little thick layers amidst decomposed pyroclasties of andesite voleanism Upper
Tortonian in age. Originally the completely hydrated form was concerned (dgy 10,1 ).

Table L.

Chemical analyses of studied samples

[ T Five-clay Halloysite | Halloysite
Poltde I":n‘l‘li'llinn Podvihorlatska Lutenecka  kotlina Slatinska kotlina
! ! panvie Basin Basin Bisin

feaction | leaction | fraction | [raction

[raction [eaction | [eaction | Teaction
<lum  1=2pm | <lgm | [—2um | <lgm [ [—2gm | <lpgm | [—2um |
LS00 | ABISY | 4369 9% | 44510 | 445700 | 45309 | 45450 | 44059 | 47.990)
[ L YRR B O B4 1,59 0,64 1.25 0,13 0,22 0.78 0.99
FALL )., A6,22 3408 20,98 27,54 | 37,98 17.88 280
Aty 1,97 2,19 400 I 6,92 0,63 | 0,78 8.20
1700) 0,56 0,74 Lraees - — — —_ -
Mut) - —_ — Leaces — — _ _
Mg | 014 0.25 0.49 0,47 0,10 0,10 0,32 .62
Cal) 0,58 0,58 .87 0,82 0,71 0,72 (1,88 .87
Ni,0) 0,38 0,46 0,54 {1.2.'} 0,00 0,05 0,10 0,20
KO | 0,14 0,24 0,25 023 | 016 0,20 0,32 0.80
~Ha0 | 308 3,12 3,95 4,39 2,10 1.96 3.28 3.21
L0 12,10 12,17 13,54 13,37 13.24 12,56 10,62 8.77
sum o 997805 100,010, | 99,800 99,79 Y, | 10044 9, 1 99920, 1 100,37 Y, 99,961,
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Partial dehydetion was taking place during deposition ol the sample in the Taboratory.
It is characterized by relatively low degree of structural order. with distinet predomi-
nance of the Teaction less than 1 micron, The tubular particles are of finely dispersive
development (Fig. 6). Remarkable is the high content o Feal)y — 7.81 %, On the basis
of up to present study we have found that the presence of Tree Fe-oxides is insignificant.
W, Engelhardt (1954) and D, P Serdjuoéenko (19520 mention in the so
ealled Terrahalloysite a content of Feal)y about 3.5 0.

Content of the Probleni and Conditions of Irperimental Study

We have Tocused the study of interealation abilities on Tollowing of these problems:

I. Mutual comparison of interealation with K-acetate and hydrazine.

2 Interealation in dependence on the size of particles and structural order.

3. Existence of Tire-clay mineral,

A, Relation between kaolinite and halloysite,

Treatment of samples with Keacetate we have earried out by methods mentioned
by A Wiewioraand GoW, Beindley (19690 and W, Do Miller. W, Do Kel
ler (196G3).

The first procedure we applicd in solution of the first three problems?,

The second procedure we applied in identification of tubulae particles. of which we
were in doubt wether they helong 1o halloysite’.

The Tirst procedure reliably indicates the course of intercalation and is also suitable
for identilieation of mixtures of kaolinite with hallovsite. On the contrary. the procedure
modified by W, Do Mille rand W. DK el Ler (1963) is only suitable for the purpose
of identification as with rubbing the strueture of the studied minerals is partly disturbed.

Tratment of samples with hydrazine we carried out according 1o KoJ. Range et all
(1969)3, The oriented preparations determined for NXeray study we prepared under rela-
Live moistare 30 % in three Torms: sample treated with Keacetate and/or hydrazine:
sample washed with distilled water: sample treated with glveerol,

Interealation of individual samples we expressed on the basis of the intensities of basal
pellexes (001 of natural and treated sample. For K-acelate reflexes with values d 7.1
and 140 X: Tor hydeazine 7.1 and 104 X were concerned.

We took pictures of oriented preparations on NX-ray goniometer GON-3 under Ni [il-

pated Cu K g radiation. 35 KV, 15 mA. ascending diapheagm 307, entering dinphragm 27,
arm shift 19/ min and time contant 10 see. The eleetron micrographs mentioned in the
paper are prepared on table eleetron microscope Tesla BS 242,

Mutval Comparison of Intercalation with K-acetate and lydrazine

As it has confiemed, between interealation of kaolinite, fire-clay mineral and halloysite
there exists o diveetly proportionate dependence in their treatment with K-acetate and
hydrazine (tab. 3 Well ordered kaolinites intercalate almost quantitavelyv. in the case of

B Phe separated elay Traction inan amount of 300 mg we treated in solution of 30 ml 8N
K-neotate Tor | oweek, with oceasional shaking, Tno elosed wessels we left the samples in
_\lllllli[il’l ri]l' {Illllll.l'l' \\'1‘("‘.

4500 mg of separated elay Teaction and 400 mg of Keacetate we rubbed Tinally for Uy hour
noan agale dish. )

5000 mg ol separated elay Teaction we treated in 30 ml hydeazine hydeate at the temper-
ature of 6520 Tor one week,
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hyvdrazine their reaction ability is somewhat higher. Characteristic of them is also that
alter washing by distilled water the complexes of K-acetate and hydrazine are very
casily squeezed out. A certain shift of dgy Trom previous 7.1 X 1o 7.2—7.3 A is taking
place there, Treatment of samples adjusted this way with glveeral does not exhibit any
changes inowell ordered kaolinites. on the contreary,

Insignificant or no interealation alter treatment with K-acetate and  hydrazine is
a properly characteristic of clays, the essential component. of which is Tive-clay mineral.
This cirenmstance is markedly evident in elavs Trom the Podvihorlatska panva Basin.
having all marks of so called interealation disorder in the sense of Ko Range el all
(1969,

In sediments ol the Poltiar Formation from the Lucencekia kotling Basin, considered
as Lvpical representatives of clays of Tire-clay type we have encountered such an inter-
calation disorder in one case only, The majority of studied clavs from this area exhibit
cerlain degree of intercalation. attaining 23 % as maximum with K-acetate and 34",

with hydrazine (1ab, 3). This civcumstanee points al refractory. ceramice clavs of the
Poltir Formation containing probably also an admixture of well ordered kaolinite beside
the dominating lire-clay mineral.

Certain dilferences between the clavs of these two areas we mav also Tollow in
morphological development ol the individual particles by aid ol electron microseope
(fig. 3. 40 The clayvs ol the Poltie Formation from the Ludenceka kotlina Basin are
formed by small particles with perlfectly delimited sharp contours. Some of them are
delimited geometrically and sporadically eevstals are present. the edges ol which show
regular psendohexagonal development, The elays Trom the Podvihorlatska panva Basin
are charnclerized by completely ieregular delimitation of pareticles with indistinet rims,
whal may be cansed by bad planary orvientation and Tormation of elusters, However,
from morphological pe
there.

Lol view a completely alvpical kaolinite mineral is present

AL the observed hallovsites intercalate with K-acetate almost quantitatively. In con-
trast 1o the vesults of Koo Range et all (19690 we have not recorded a quantitative
intercalation in hallovsites with hyvdreazine, Also no more distinet dggy shilt towards
lower angular vealues was taking place alter glveerol of samples treated with hydrazine
as well as with K-acetate. Remarkable is. that halloysite from Biela Hora near Micha-

20 Greain size ol studied samples

| i [ 0y wrain size fraction
wcadily = I I X
’ LO0—=50 gm| 50—10 gm 10—=5 gm | 5=2 pm 2—1 gm | <1 gm

v
5

| Kaolin Horma [ 0.7 ) 39,0 | 12,9 | 13,9 0,06 [ 17,0

g ! i
Prieveani [ | | |
Poltar — | 48 8.0 a1 i 5,4 50 1 T3
‘ |
= | | _ . s
FHallovsite 12,1 N | 18.9 88 | 135 6,4 34,7
I Ludencecka kotlina
Basin | | |
Halloysite 3,0 1,6 5,0 0,3 T 0,8 76.6

Slutinskia kotlina ' |
Biasin
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lovee does not inlerealate with hydrazine at all. So Tar we could not have cleared up the
cause ol this phenomenon.

Table 3. Interealation of studied samples

Kaolinite i Fraction | Intercalation [ntercalation
. 585 with K-acetate with hydrazine
Hornd  Prieveana “A” | | gm | 6504 | a‘" 0,.”0 :
1—2 ym 77 I 96
||[n|'u;'| Prieveana “B” | gm 68 94 |
| 1-2 umn | 100 - 96 [
'Hornd  Prieveana “C” 1—2 ym 92 92
Vainy Petrovee | um ‘ B 93
1—2 ym | 89 | 98
Fire-clay ‘
Poltar Formation “A™ " 1—2 ym 13 | 34 I
Poltir Formation =C"* 1—=2 ym | 23 | 9 |
| Poltar Formation “B™* 1—2 ym | 10 0
Poltir Formation “D™* | =2 um | 0 0
Podvihorlatska panva Basin “A” ‘ -2 gm| 0 0
Podviliorlatskia panva Basin “B” 1—2 um | 0 0
| Podvihorlatskda panva Basin “C” 1—2 ym 0 0
Podvihorlatska panva Basin “D” | 1—2 ym | 0 0
e |
Hallovsite | | |
- A— . = . |
| Lutenecka kotling Basin | I um 100 85
1—2 yum 100 | a8
| Slatinskd kotlina Basin I um 100 [ 49 |
| 1—2 ym 100 7l |
Biela Hor (A® =2 um 78 | 0
Biela Hora ,,B* ‘ 1 —2 ym 79 | 0

The clavs ol the Poltir Formation contain an admixture of well orvdered kaolinite
beside lire-clay mineral,

Table 4. Relation between structure order and intercalation

I
| JIndex eristallinity® | Intercalation| Intercalation
Locality .l{‘(‘{)!‘(lll‘lg to D. N. with with
1 Hinckley (1963) K-acetate hydrazine
|
| Kaolinite Gluchoveekij** , 1,44 81 %, 90 9/,
Kaolinite Tornd Prievrana I_"l (8 80
Kaolinite Prosjanovskij** [ 1,18 64 79
| Kaolinite Dubrovskij** 0,83 52 16 |
Kaolinite Gluchovskij®* ' 0,58 i 5 0 '
Fire-clay Poltir Formation | 0,30 | 0 0
Padvihorlatska panva Basin 0,25 | 0 1}
J |

Samples representing kaolin deposits of the Ukrainian SSR.
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Interealation in Dependence on the Size of Particles and Structural Order

The up to present results oblained in the study of interealation abilities of elay mine-
rals conlirm that these reactions are of a course different in individual kaolin minerals.
This cireumstance is evident most markedly just al kaolinite. KW a da (1961 1965
was the Tirst who called attention 1o the differences in interealation of kaolinite with K-
acetate, Later Ao Alicetti (1966) and A, Weiss et all (1966) have found kaolinite
considered as well ordered on the hasis of Neray analysis Lo intercalate with K-acetate
rapidly and quantitatively, disordered kaolinite to contain always the fraction intereala-
ting only partly and/or interealating at all, on the contrary, 10 the great influence of
defeets in kaolinite structure on its fundamental physical-chemical properties is gen-
crally recognized, a problem still remains clarification of their canses. The information
obtained in Xerav study set out Trom the idea that the
ture of kaolinite is the shilt of lavers in direetion of
tanee of the study of intercalation abilities of kaolinite group niinerals Ties mainly in

ain cause ol disorder in steoe-

axes a7 oand b The impor-

enlargement, of our information in this wayv. Tl now the Taegest problem remains vight
interpretation of this information,

On the one hand it is set out Trom the idea that of decisive influenee on the order of
stracture and course of interealation also in the ease of two-laver elay minerals s substi-
wtion in teteahedrons and octahedrons as well as the presence ol inter-laver eations,
On the other hand it is stressed that the course of intercalation is influenecd mainly by
According to A, Wicewioraand G, W, Brindley (1969) large

aler density ol stenetural defeets than small ones and Tor that reason

the size of particl
particles have a gr
a more intense interealation is o be seen in larger eevstals than in small particles.
According 1o them in kaolinite intercalation does not take place in particles less than
0,5 microns. The Tirst idea sels out from the assumption that interealations in minerals
of the kaolinite group but mainly in five-clay mineral is blocked by substitution in the
whole erystal and the presence of inter-layer cations. The second idea explains interca-
Jation as the process of penclration of organie substances only into “mechanical™ defects
in kaolinite crystal.

Based on the resulls of onr work we conelude that the size of particles eannol be gen-
crally considered as Tiest-rate Tactor affecting the course of interealation. To a certain
extent this influence is mainly shown in well ordered kaolinites. The resulls in tah. 3
prove that in the ease of K-acetale intercalation is higher al particles in the fraction
[rom 1—2 microns, in contrast o the feaction less than 1 micron. In the case of hydra-
sine the difference in interealation of both Tractions is insignificant. The different inter-
ealation ability of kaolinite with K-acetate in dependence on the size of particles may be
also cansed by the admixture of kaolinite with more imperfeetly ordered  structure
and/or the presence of Fire-clay mineral. Different is the situation at clays of fire-clay
type from the Podvihorlatska panva Basin and Locenecka kotlina Basin. which do not
intercalate with Keacetate and hydeazine at all. We do not see the essentiality of this
feature in the size of particles but in the steucture of the discussed mineral at all. This
circumstanee is also confirmed by the direetly proportinate dependence between the
degree of straetural disorder. which we have expressed quantitatively by the method
aceording to Do N Hinekley (1963) and the course of interealation in tah. 4. Gom-
parison of the resulls shows interealation ability of kaolinite gradually diminishing with
deereasing setructural order of the studied samples.
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Existence of Fire-Clay Mineral

The study of interealation of kaolinite group minerals has so Tar supplied most
positive results in solution of mutual relations bhetween kaolinite and live-clay mineral,
In contrast o up Lo present ideas considering the lire-clay as a variely of kaolinile with
disordered strueture Ko J, Range et all (1969) prove an own mineral lo be concern-
e with the Tollowing Tormula:

(KT, Il*k[.\iqf('llIl,\-{Si;,_,‘,\Ix“JO“,]
where x varies in the inteeval Trom 0.08 1o 0.12. Thuos a structure is concerned. which
cnables 1o suppose isomorphous substitution in the frame of the whole ervstal as well
as the existence of inter-layver space Tilled out with K and Hy0 in contrast lo kaolin
structure, This eirenmstance is evident in [ire-clay mineral not exhibiting intercalation
with hydrazine and according 1o our observations even with K-acetale in conleast lo
kaolinite.

The observed essential differences in interealation ability of kaolinite and five-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, The chemieal analyses in tab. 1 show the clays
considered by us as representatives of five-clay mineral 1o be mainly characterized by
inereased content of Fe, alkalii and other components in spite of nol 1o contain an
admixture of other elay minerals and/or free Fe oxides, With the mentioned problem
also relation between the struetural order and course of interealation is conneeled. The
resulls in tab, 4 prove in this regard divectly proportionate dependence indicaling the
pobability of the existence of an own series kaolinite—fire-clay.

A particular form ol two-layer live-clay mineral. characlerized by isomorphous substi-
tution in the whole erystal. the presence of inter-layer eations and high dispersion con-
ditions many specific properties of these elays also from the standpoint of ceramies. In
the first place we may mention their excellent plasticity. binding power and mainly
easy sinterability under a very good thermal stability.,

The mentioned shows that it will be necessary Lo call more allention to the problem of
the existence of fire-clay mineral in the Neogene of the West Carpathians as the clays of
this type dilfer much from well ordered kaolinites in their structure, chemism and tech-
nological properties. As natural. much obseority remains there still. Tt is mainly the
uestion ol the boundary hetween kaolinite and lire-clay mineral. a thorough structural
analysis of the five-clay mineral as well as the problem of establishing of mechanieal
mixtures of kaolinite and five-clay mineral. probably very Trequent also in the Neogene
ol the West Carpathians.

Relation between Kaolinite and alloysite

Although the period of the Tast 10 vears has brought o vast amount of information,
nol existing Ul now. for clay-minerals of the kaolinite group. it is the mutnal relation
and position between the two most important minerals of this group — kaolinite and
halloysite that always remains open, Following this important problem by aid of up
o now existing methods (DTA. Nevay diffraction. electron microscopy) we often en-
counter contradictory resulls, We know cases that ervstals of kaolinite perfectly delimi-
ted in morphology show marks tvpical of disordered steueture in Nerayv dilfeaction and
on the other hand tbular particles are charaeterized by well ordered straeture. In solu-
tion of these questions two conteaversial ideas have Tormed.
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i, 5, |].‘|||ll_\"‘i1l-_ Lndenceks kotling Basin,

i, G, Halloysite. Slatinski kotling Basin.
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oW B eind ey and PoscSantos (1062 have expressed the opinion that a con-
linnous series of minerals exists with one structural Taver per unit cell Trom kaolinite
with highly ordered Tayver sequences. through mineeal disordered mainly parallel to the
“haxis — so called five-clay with one —  dimensionally  disordered  sequences. 1o
halloyvsite with highly disordered parallel o the =0 and =D axis. so ealled two-dimen-
stonally disordered sequences,

FoN Chukhroyand BB Z vy agin (19660 consider hallovsite as own mineral
characterized by monoclinie two-layer structure with parameters of clementary eell
different from: kaolinite. They prove the degree of structural order of hallovsite to he
changing in a range similae 1o that ot kaolinite and Tor this reason exslude  the
possibility that halloysite is the terminal member of the series with the lowest degree
of straeture order. Necording 1o these athors the degree of steaetural order in halloysite
decreases with highest content of water ininter-laver space, The so-called “tabular ki-
olinite™ which according to G Honjo o all (1954 and VS, Santos el all (1963
has i treielinge two-laver strnetonre is according to BB Zv jaein of all (196G6G) Ly pical
halloysite with monoclinie two-laver steucture. analogous o highly ordered kaolinite
in this regard,

The Neray dilfeaction and electron microscopie study ol hallovsites Trom the various
localities i the Neogene of the West Carpathians. together with following of intereala-
tion abilities points al considerable varviability in their struetural omler, This moment
is distinetly shown in the shape and position of basal veflexes (Fig. 1. in morphological
particularity of the individual partieles (Fe. 5061 and maindy i the chemism and differ-
rent intercalation abilitv. especially with hvdeazine (ab, 30 On the basis ol hese
results we consider hallovsite Teom the Ludenceka kotling Basin, characterized by rela-
tively sharp and high basal vellex during Neray diffraction as well as an almost quanti-
tative interealation. as o mineral with higher degree ol steneture order in contrast 1o
extremely finely dispersed hallovsite Trom the Shatinska kotling Basin with charaeter-
istic diffusive hasal reflex, essentially Tower interealation ability and extraordinarily
high content of FeaOqo predominantly hound in the Tattice of the studied mineral. The
circumstanee should he parcticularly mentioned that hallovsite with admixtoee of Tiee-
cloy mineral Teom Biela Hora near Michalovee does nol interealate with hydeazine at all.

This information confivm the opinion that halloysite is an independent mineeal, the
degree of structure order of which is changing lo a similar extent as al kaolinite. The
idea ol halloysite as an extreme. disordered member of the kaolinite series we consider
as little probable so Tar,

Conelusions

Based on the studs ol fntere:

lation abilities of Kaolinite. Tire-clay mineral and hallo-
vsite found in Neogene sediments of the West Carpathinns we expressed some informi-
tion concerning the problem of theie muotual relations,

.o As it has been conlirmed. between the interealation of these m nerals with K-aeetate
and hydenzine there exists o diveetly proportionate dependence, Well ordered kaolinites
mler

alate almost quantitatively, Insignificant or no interenlation is property charae-
Leristic

ol clays, the essential component of which is Tire-elay mineeal. A the Tollowed
halloysites interealate with K-aeetate quantitatively. T conteast 1o up lo present resulls
mentioned i literature we have not recorded any quantitative interealation with hivilia-
zine in halloyvsite.

2o We suppose Lhat the existenee of |'I'|'='—l’|.'|l\' mineral in the .\'t‘u]_'l‘m' ol the West Car-
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pathians is substantiated. We consider the Tive-clay as o mineral of the kaolinite group
with disordered strueture which does not interealate with K-acetate and hydrazine, The
cause of this phenomenon we do not see in the size of particles but in the proper strue-
ture of this mineral. The dircetly proportionate dependence belween the structure order
and course of intercalation points al the probability of the existence of an independent
series kaolinite — lire-clay.

3. The mineralogical study of hallovsites together with Tollowing of interealation abil-
ities points at a considerable variability in their strooture order, This information
support the opinion that hallovsite is an independent mineral. the degree of strueture
order of which is changing to a similar extent as at kaolinite. The idea of halloysite as
an extreme, disordered member of the kaolinite ser’es we consider as little probable so
far.
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