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; Abstract Studies of fine particle size fractions of well-ordered Polish kaoli-
nites, by X-ray, infrared and thermal analysis, distinguish intercalation and super-
ficial sorption of organics on kaolinite particles. X-ray and infrared data provide
a very good means of following the rate of intercalation. TG may be used for eva-
luation of the total amount of potassium acetate in kaolinite samples. It has been
shown that the very fine particles with very regularly shaped, thin hexagons, did not
absorb KAc between the layers, no matter how long and in which effective interca-
lation medium they were immersed. This must be taken into account when inter-
calation of KAc is used for characterisation or classification of kaolinitic material,
especially fine grained materials

INTRODUCTION

For the last twelve years intercalation of kaolinite by various media
has been under consideration by many clay mineralogists in almost every
country. Assuming that the bases of the phenomenon are generally known,
a review of published data seems unnecessary. No discussion of the effec-
tiveness of the different organic media will be given. During the Clay
Conference in Tokyo, it was suggested (Heller 1970), that the fine particles
may take up KAc but that X-ray diffraction was not observed from a KAc
complex because of considerable disorder generated in these small crystals.
So far, lack of a relationship hetween I,41/I715 intensity ratio and KAc
content measured chemically (Bodenheimer et al. 1967) also remained
obscure, Main attention will be attached then to the intercalation of fine
particles of kaolinite, mostly by KAc. Hydrazine will be used for compa-
rison. An effort will be made to distinguish adsorption and intercalation.
The present study may also contribute to the general discussion of the
character of cohesion between kaolinite layers.
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EXPERIMENTAL DATA
Material characteristics

In the course of mineralogical studies of Polish primary and sedimen-
tary kaolins, experiments were performed with intercalation of the bulk
samples. Kaolinites in sedimentary kaolins, like Maria and Zofia, and
primary kaolins like Wyszonowice, Bolestawice and Roztoka, intercalated
more than 90 per cent of KAc with two minor exceptions among 30 inve-
stigated samples.

Six representative samples of primary and sedimentary kaolins have
been carefully divided into seven particle size fractions, namely << 0.2,
0.2—0.5, 0.5—2.0, 2—5, 5—15, 15—30, > 30 um using both standard and
tlow-type centrifuges. The fractions were X-rayed for mineral composi-
tion and crystallinity of kaolinite. In the primary kaolins, mica and quartz
appeared to be present in practically all fractions. In the sedimentary
kaolins the three finest fractions were essentially free of mineral conta-
mination, apart from minor quantities of quartz. All separated particle
size fractions were included into general consideration of the extent of
intercalation. However, for studies by Siaitang; Al 1% @uatl IDITAEN the sedimen-
tary, Maria kaolin was chosen. X-ray diffractograms of the three finest
particle fractions of this kaolin, presented in Figure 1, show no remarkable
difference in crystallinity of the kaolinite. Especially, crystallinity of
< 0.2 um particles is not worse than that of the larger particles. Photo-
graph 1 shows that the individual grains represent very thin, but very
well developed hexagons.

Intercalation procedure

To prove that the effect of particle size on intercalation rate (Wiewiora
and Brindley 1969) concerns each type of kaolinite, the kaolin fractions
were treated with 8 N KAc and separately by 10 M hydrazine
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Fig. 1. Dif'fractograms of < 0.2, 0.2—0.5, 0.5—2.0 um par-
ticle size fractions of Maria kaolinite (untreated)
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After more than a month of equilibration, the ori

) / iented aggregates
(srn.ears) were mounted on the diffractometer and basal X-ray rgfglec%ions
reglste'red.. Intensity ?atlo T 001y complex/I(001) kaolinite Nas been used for semi-
-quantlt:atwe evaluation of the extent of penetration of organics between
the kaolinite layers.

Cparse grained kaolinites, namely > 0.5 um e.s.d., intercalated comple-
tely in hydrazine and also completely in KAc, in all samples. The two fi-
nest fractions reacted in KAc incompletely: 0.2—0.5 um material of the
primary kaolins reacted nearly — in 90 per cent, in s‘edimentary ones —
in about 80 per cent: <C 0.2 um material reacted only in 2—8 per cent in
both kinds of clay. 3

In the X-ray experiments, no care has been attached to the possible
excess of organics and water. The infrared technique of studying the
14.1 A KAc complex required that the excess of water together with non-
reacted, highly hygroscopic salt, must be removed. This was achieved by
washing with small quantity of 2-propanol (5 ml/150 mg of dry clay). The
experiments have shown, that washing caused an unwanted but distinct
regress of the intercalation process, perhaps due to the lower dielectric
constant of 2-propanol, than that of water. Neglecting this, 2-propanol
may be used for the removal of the excess of KAc and was used in stu-
dying the intercalation of the fine particle size fractions of Maria kaolinite.

X-ray data
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Fig. 5. Diffractograms of < 0.2, 0.2—0.5, 0.5—2.0 um particle size

fractions of Maria kaolinite intercalated with hydrazine and then
washed with water tc remove the organics
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and 3). In fact, the coarse grains became disordered, and the finest particles
showed very little difference in crystallinity, or none (Figs. 5 and 1).

Infrared data

The infrared spectra of the kaolinite films in nujol, mounted on a KBr
window, show four absorption bands at: 3692, 3668, 3648 and 3618 cm-1
(a, b, ¢, d, respectively in Fig. 6), which correspond exactly with those
previously reported for well-ordered kaolinite by Pampuch and Blaszczak
(1964) and others. Some reduction of the relative intensity of 3692 cm~?
band may be observed for the coarser particle fractions.

When intercalated with KAc the kaolinites show considerable decrease
in intensity of 3692 cm~! absorption band; and an additional absorption
band appears at 3610 cm~! {e in Fig. 6) due to the formation of strong
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Fig. 6. Infrared spectra of <<0.2, 0.2—0.5, 0.5— BagiaT Infraregl _spectra
2.0 um particle size fractions of Maria kaolinite: of Kockuk kaolinite: @ —
a — untreated, b — intercalated with KAc folio- untireated, : b — inter-
wed by 2-proponal treatment, ¢ — intercalated calated with KAc and
and washed with water, d — intercalated with subsequently washed
hydrazine followed by water washing with water

hydrogen bonds between the intercalating molecules and the internal OH
surface. Similar frequency band has been obtained for 11.5 A complgx,
when heated at 110°C, by Ledoux and White (1964a, 1964b, 1966). W1th
increase of the amount of intercalation (from << 0.2 to 2—5um particie
size fractions) the anhancement of 3610 cm—1 band may be observed (e in
Fig. 6).

gWhen intercalated samples were washed with water, .a'relative dimi-
nishing of the three high frequency bands was clearly visible, especially
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in 2—5 pm sample. This effect was even more effective in a coarse-grained
Keokuk kaolinite (Fig. 7), in which high frequency bands were completely
missing. Diffractograms of the respective natural and intercalated Keokulk
laolinite were presented by Wiewiora and Brindley (1969).

Spectra of kaolinite intercalated with hydrazine and subsequently was-
hed with water show no difference in comparison to the untreated clay.

Thermal data

Untreated samples and the KAc intercalated and subsequently washed
with 2-propanol ones were also investigated by means of thermal analy-
sis. In each case about 300 mg of the procedured clay were heated in a si-
multaneous DTA, DTG, and TG thermal equipment — Derivatograph 102
(MOM).

DTA curves of < 0.2, 0.2—0.5, and 0.5—2.0 um intercalated with KAc
and washed with 2-propanol are presented in Figure 8. To ease the inter-
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Fig. 8. DTA curves of: KAc (settled on Fig. 9. DTA curves of: a — KAc, b-,
an inert Al,Oy) .andl < 0.2, 9.2»—0.5, c-, d-, of 0.2—0.5um Maria kaolinite:
0.5—2.0 umi particie size fractions of b — intercalated with KAc, ¢ — inter-
Maria kaolinite intercalated with KAc calated and subsequently washed with

2-proponal, and d — untreated

72

e L

pgetation‘ of DTA curves, Figure 9 is presented, where: 1 — KAc mixed
w1th. an 1pert Al,O;, 2, 3, 4 — 0.2—0.5 um particle size fractions of Maria
kaolinite intercalated with KAc, intercalated and washed with 2-propanol
and untreated respectively, are shown. In Fig. 10, TG curves are presentedi

From Figures 8, 9 and 10, it may be seen that the first endothermic
effect must be due to salt dehydration. The second endothermic effect (at
fixed 300°C) indicates KAc melting. Strong exothermic peak is caused by
a deflagration of the salt process.

The low temperature endothermic effect is associated with a weight
loss of more than 30 per cent in <I0.2 um, more than 20 per cent in
0.9-—0.5 and less than 5 per cent in 0.5-—2 particle size fractions. For the
deflagration process, the similar weight loss (Fig. 10), as well as a very
distinct shift of the tempera-
ture of dehydration from
200°C to 130°C and the tem-
perature of the exothermic
peak from 500°C to 350°C
(Fig. 8) proved that the
highest content of salt is
present in the finest fractions
and the lowest content in the
coarse (0.5—2.0 ym) particle
size fractions. This seams to
be contrary to the X-ray and
infrared data because the
coarse particles were inter-
calated, while the finest ones
almost not intercalated. KAc
retained by a clay must then
be related to a surface area Gl
(represented here by es.d)
and must be bonded mostly ‘JE
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Finally, the endothermic Fig. 10. TG curves of < 0.2, 0.2—0.5, 0.5—2.0 xum
effect of dehydroxylation of particle size fractions of Maria kaolinite inter-
kaolinite, very well expr‘essed calated with KAc and §ubseqll.xently washed with
in curve 4 (Fig. 9), is hardly RREIpeaS
identified in curve 2. It is
comparatively much stronger in intercalated 0.5—2.0 than m 0.2—0.5 and
in the finest particle size fractions (Fig. 8). Comparing DTA and TG curves
(Fig. 8, 19, 10) and X-ray tracing in Fig. 4 one may realize greatly the
K Ac thinned the content of kaolinite in the fine particle size fractions.

to the external surface of the i ""mb”z'L

DISCUSSION AND CONCLUSIONS

Bradley (1971) in his presidential address to the Mineralogical Society
of America stated that attack of a swelling agent on kaolinite minerals
_,must be looked upon as analogous with the optically observed limited-
-degree swelling of vermiculite crystals (Walker, 1963) rather than as
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a dispersion”, which was exactly what Weiss et al. (1970) have observed
microscopically.

Contrary to the suggestion that intercalation may cause disorder in
the structure of fine kaolinite crystals (Heller, 1970), which according to
the present author’s conviction may be interpreted in terms of Bradley’s

dispersion, fine particles stay compact and oppose against letting a swelling
agent penetrate between the structural layers.

It seems that nonreactivness of the finest particles has nothing to do
with an order — disorder of any type, contrary to the suggestions of
Weiss et al. (1963) and Weiss (1970). The electron micrograph is presented
in Photograph 1. If morphology may be related to structure (Bates 1958,
1959: De Souza et al. 1966) then, electron micrograph is consistent with
X-ray diffraction picture (Fig. 1), which corresponds to the well ordered
triclinic lattice of kaolinite.

The amount of KAc retained by kaolinite, as determined chemically
or thermogravimetrically, seems not to be directly related to the extent
of intercalation, but rather is dependent upon surface area. Very fine
particles do not take up KAc between the layers, no matter how long
and in which intercalating agent they are immersed. This must be taken
into account when intercalation is used for the characterisation or classi-
fication of kaolinitic material.

A confusion may arise, if one compares infrared spectra of untreated
samples and fully intercalated followed by water washing ones, like the
coarse particle fractions of Maria kaolinite (Fig. 6) or, especialy, the
Keokuk kaolinite (Fig. 7), and looks upon them from the point of view
of hydrogen bonds, as being major cohesion forces between the adjacent
layers. One finds the bonds broken, which ought to produce dispersion,
but it generally does not.

No confusion exists, however, if one looks upon the infrared spectra
from the point of view of new assignment of frequency bands at 3692,
3668 and 3648 cm~! to a coupling phenomena between almost identical
OH frequencies rather than to hydrogen bonds (Cruz et al. 1972). Lack
of high frequency bands in the spectrum of washed Keokuk kaolinite may
be attributed to the remnants of not completely removed KAc, ponded
to OH surfaces of kaolinite. This can effectively prevent the coupling
of OH.
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Andrzej WIEWIORA

BADANIA RENTGENOWSKIE, W PODCZERWIENI I TERMICZNIE
SPECZNIALEGO KAGLINITU

Streszczenie g

Potilosciowa metoda rentgenowskg oznaczano stopien specznienia (in-
terkalacji) kaolinitu w prébkach surowych i frakcjach ziarnowych kaoli-
nitow pierwotnych i sedymentacyjnych. Z oznaczen wynika, ze frakcje
< 2 um peczniejg kompletnie, frakcje 0,2—0,5 ym w 80—90%, podczas gdy
frakcje < 0,2 um zaledwie w 2—8%.

W widmach w podczerwieni obserwuje sie zmiany proporcjonalne do
stopnia interkalacji, zwlaszcza spadek intensywnosci pasma 3692 cm 4,
a pojawienie si¢ pasma 3610 cm-1. Efekt ten nawyraznie] zaznaczyl sie
we frakeji najgrubszej kaolinitu Maria i w grubokrystalicznym kaolinicie
Keokuk.

Na podstawie badan termicznych ustalono, ze ilos¢ octanu potasu
trwale zawartego w interkalowanych probkach nie jest propporcjona}na do
stopnia interkalacji, lecz do powierzchni rozwiniete] kaplinitu. Svgla.dcz.q
o tym najwyzsze zawarto$ei octanu potasu we frakeji najdrobniejszej,
a najnizsze w najgrubszej.

Drobna frakcja ziarnowa (< 2 um) nie dopuszcza ogtanu potasu'miq.—.
dzy pakiety, co musi by¢ brane pod uwage Pprzy prébach Iglasyﬁkacp
materiatu kaolinitowego przy sastosowaniu metody interkalacji.

Probki interkalowane i przemyte woda wykazuja zanik pasm podczer-
wonych wysokiej czestotliwosci. Ttumaczone jest to'ppzostalosma PC’ganu
potasu zwigzanego Z powierzchnia OH pakietévy kaolinitu. W tym quetle
przypisanie wspomnianych pasm raczej Zja‘W‘}Skll,l parowania _(coppnng)
grup OH, niz wiazaniom wodorowym (Cruz 1 mnni 1972) wydaje sie uza-
sadnione.
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OBJASNIENTA FIGUR

Fig. 1. Dyfraktogramy rentgenowskie frakcji ziarnowych < 0,2, 0,2—0,5 i 0,5—2,0 um
kaolinitu Maria (naturalnego)

Fig. 2. Refleksy podstawowe kaolinitu: a — naturalnego i b — interkalowanego
octanem potasu we frakcjach <<0,2; 0,2—0,5 i 0,5—2,0 pm kaolinitu Maria
Tig. 3. Refleksy podstawowe kaolinitu: @ — naturalnego i b — interkalowanego

hydrazyna we frakcjach < 0,21 0,2—0,5 um kaolinitu Maria

Fig. 4. Refleksy podstawowe kaolinitu Maria i jego kompleksu octanowego. W pre-
paratach zachowany jest nadmiar octanu potasu

Fig. 5. Dyfraktogramy frakeji ziarnowych <0,2; 0,2—0.5 i 0,5—2,0 pm kaolinitu
Maria po interkalacji kaolinitu hydrazyna i usunieciu jej przez odmywanie
woda

Fig. 6. Widma w podczerwieni frakeji ziarnowych << 0,2; 0,2—0,5 i 0,5—2,0 um kaoli-
nitu Maria: @ — naturalnych, b — interkalowanych octanem potasu i prze-
mytych 2-propanolem, ¢ — interkalowanych i przemytych woda, d — inter-
kalowanych hydrazyna i przemytych woda

Fig. 7. Widma w podezerwieni kaolinitu Koekuk: a — naturalnego, b — interkalo-
wanego octanem potasu i nastepnie przemytego wodg

Tig. 8. Krzywe DTA: octanu potasu (osadzonego na obojetnym Al;Oj) oraz frakeji
ziarnowych <<0,2; 0,2—0,5 i 0,5—2,0 i kaolinitu Maria interkalowanych
octanem potasu

Fig. 9. Krzywe DTA: a — octanu potasu, b-, ¢-, d- 0,2—0,5 um odpowiednio: kaoli-
nitu Maria, b — interkalowanego octanem potasu, ¢ — interkalowanego i na-
stepnie przemytego 2-propanolem oraz d — naturalnego

Fig. 10. Krzywe TG frakeji ziarnowych: <<0,2; 0,2—0,5 i 0,5—2,0 um kaolinitu Maria
interkalowanych octanem potasu i nastepnie przemytych 2-propanolem

Andwceit BEBIOPA

UCCJELOBAHUE HABYXWEIO KAOJIMHHUTA PEHTTEHOBCKHM,
UK-CNEKTPAJIbHBIM U TEPMHYECKHM METOJOAMHU

Peswome

[T0yKOAMUECTBEHHBIM PEHTTEHOBCKIM aHaJIH30M ONpPeAesaCh CTCIeHD
HaGyXaHus KAOJMHHTA B CbIPBIX 00pasuax i rpaHyJoMETPHIECKIX (hpakuusx
NMEepBHYHBIX H CeJIMMEHTALHOHHBIX KaOJIHHHTOB. Ananusbl T1OKasaJju, YTO
dpakuun 6osee 2 pM HaOYXAIOT MOJHOCTBIO, dpaxiun 0,2 — 0,5 um na 80 -—
90%, a dpaxmun menee 0,2 pm peero Ha 2 — 8%.

B MK-cnexkrpax HaG/i0Jal0TCH M3MEHEHHS MPONOPLHOHAJIBHBIC CTEIeHH
HaOyXaHusl, 0COOEHHO CHHKEeHHEe HHTeHCHBHOCTH JIMHHH 3692 cm—1 u nosiBme-
nme mosochl 3610 cm~1. dtor sddekr naubosee YETKO MPOSBHICS B CaMoil
Kpynuoi Gppakunu Kaoanuuta Mapus H KPYyNHOKPACTAMIHIECKOM KAOMHHETE
Keokyxk.

TepMHUECKHMH aHAJH3aMH ONpPELEJICHO, UTO KOJIMUECTBO alerara Kasus,
NPOYHO CBA3AHHOTO B HCHBITYeMBIX 00pasiiax, He MPONOpPLUHOHA/IbHA CTeNer
HaOyXaHus, a MPONOPLUHOHAIbHA PA3BEPHYTOH MOBEPXHOCTH KAOJIHHHTA. 06
5TOM CBUJLECTE/JIBCTBYET CAMOE BEICOKOE COJIepIKaHlie aueraTa Kajus B CaMoil

MeJKOi hpaKIuK H camoe HH3KOe COJepKaHHe B Haubosee KPYnHOH ppai-
IHH.

Meunxkasi rpanyiomerpuueckast ¢ppakuns (< 0,2um) He mponyckaer aile-
TaTa KaJus B MEXKNAKETHLIe MPOCTPANCTBA, UTO CJEAYeT ydyaThbiBATh MPH
OICHKE KaOJMHUTOBOIO MAaTephala ¢ UPUMEHEHHeM mMeTola HabyXaHus,
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O6pasupl HaGyXWHe M MPOMBITbIE BOJOW MOKA3BIBAIOT 3aTyXaHme UK-
-CMeKTPOB BBICOKOM YaCTOTHIL. DTo 00DBACHAETCA OCTATKOM allerara KaJjud,
cpsizannoro ¢ nopepxHocteio OH makeros KaosnuHuTa. CaejoBartesbHo, 6oJice
060CHOBAT B3TVIS/L, UTO YIOMSHYTbIE JIHHHH CBA3AHDLI C HCMIAPEHHEM KOMIJIEK-
cos OH, a ne ¢ Bogopomubivi ceazamu (Kpus u np., 1972).

OBbACHEHUS K ®PUTYPAM

dur. 1. PenrrenoBckie AHPPAKTOrpaMMbl TPAHYJIOMETPHUICCKHX dpaxkunit <02, 0,2
0,6 1 0,5 — 2,0 pv kaomuanrTa Mapus

Gur. 2. OcHoBuble pedueKkchl KaoJaHHHTa: @ — €CTECTBEHHOIO, b — Habyxuiero noji Aeii-
crBHeM auerara kamus, Bo ¢gpaxuusix < 0,2, 0,2 — 0,5 1 0,5 — 2,0 um (KaOJHENT
Mapus)

®pr, 3. OcHOBHBIC peduieKehl ecTecTBeHHoro (a) i oGpaorantoro rujpasutom (b) Kaosu-
Huta Mapusi, Bo dpaxiumsx <02, 02 — 0,5um

Gur. 4. OchoBHble peduieKcbl KaonnHura Mapist W €ro aueTaTHoro KOMIVIEKCA. B mnpena-
parax yAepiKHBaics M3OBITOK alerard Kajs

dpr. 5. JludpakrorpamMmbl rpanynoMeTpHICCKHX (hpaKiui <02 02 — 05 105 — 2,0pM
kaonuuura Mapus mocie 06paGoTKH THJAPASHHOM H YAAJICHH rijpasnHa ImyTev
IIPOMBIBKH BOJOH

dpr, 6. UK-crekTpbl MOTJIOUEHHs IPaHyJOMETPHUCCKHX ¢pakunit <02, 02 — 05 n 0,5 -
2,0 uM KaoanHuTa Mapus: @ — B €CTECTBEHHOM BILLE, b — oOpaboTaHHBIX dlleTra-
TOM KaJiisl 1 [POMBITEIX HPOMAHOMOM, € —— 00paGOTAHHBIX alleTaTOM KaJHs i Tpo-
MBITBIX BOJOH, d — 00paGOTAHHBIX THAPA3HHOM H NPOMBITEIX BOJI0H

®ur., 7. UK-crektphl Kaosmuunta KeoKyK: @ — B €CTECTBEHHOM Bije, b — 006paboTaHHOiO

AeTATOM KaJisi 1l NPOMBITOTO BOAO

®ur. 8. Kpuspie JTA: auerarta Kauus (0CaKeHHOrO Ha HEHTPaJbHOM Al,Og), u TpaHy-
JIOMETPHUECKHX ()P aKIHi <02, 02 — 05 u 05 — 2,0umM KaoTHHHTA Mapus,
06paboTaHHbIX aUeTaToOM KaJsi

dur. 9. Kpussie ATA: @ — auerara Kajid, b, ¢, d — dpakuun 0,2 — 05 MM KaOJAMHHTA
Mapusi, COOTBETCTBEHHO: b — 00paGOTAHHOTO ALETATOM KamHs, ¢ — 06paGoTantoro
1 IIPOMBITOTO TPONAHONOM, d — €CTECTBEHHOTO

®ur. 10. Kpusbie TI' rpanyioMeTpHUECKHX ¢paxunit <02, 02 — 0,5 u 056 — 2,0 um Kao-
aunnra Mapusi, 00paGOTAHHBIX ALETaTOM KAl i NPOMBITEIX TPOMAHOJIOM
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PLATE I (PLANSZA I, TABJIUIIA 1)

Electron micrograph of 0.2 um particle size fraction of Maria kaolinite.
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clektronowa

Mikrofotografia frakeji ziarnowej 0,2um kaolinitu  Maria.
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PLATE 1
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d DTA studies of expanded kaolinites




