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SYNTHESIS OF A 10-A HYDRATED KAOLINITE
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Abstract—Hydrated kaolinite (d(001) = 10 A) can be synthesized by mild heating of a kaolinite-organic
suspension, allowing time for the clay to be intercalated by the organic solvent, and then dissolving a
fluoride salt in the liquid. After mild heating of the suspension, the salt and organic solvent are removed
by repeated water washings. The kaolinite retains interlayer water in the form ofa 10-A kaolinite hydrate.
The influence of the intercalating agent, type of salt, concentration of salt, and the time of treatment on
the synthesis of 10-A hydrate was examined for several kaolinites. The most effective salt is NH,F; much
smaller yields were obtained using KF and RbF. Not all organic molecules gave high yields of the hydrate;
dimethyl sulfoxide, formamide, and hydrazine worked well but N-methyl formamide did not. The reaction
between clay and salt resulted in the replacement of some hydroxyls by fluoride. This replacement was
rapid; after 1 min of fluoride treatment a substantial yield of hydrate was obtained. The intercalation
step separated the layers and also disordered the kaolinite, facilitating the F for OH replacement at or
near crystallite edges. This replacement weakens the interlayer bonding at the edges and thereby reduces
the possibility of layer collapse and attendant dehydration.

Key Words— Dimethyl sulfoxide, Fluoride, Formamide, Halloysite, Hydrazine, Hydroxyl, Intercalation,

Kaolinite.

INTRODUCTION

Halloysite (10A), the only naturally hydrated 1:1
phyllosilicate, has a formula of Al,Si,0;(OH),-2H,0.
The aluminosilicate layer is assumed to be the same
as found in kaolinite, but layer stacking in halloysite
is highly disordered with random shifts in both the a
and b directions (Brindley and Robinson, 1946). The
1:1 layers are polar with hydroxyls on one surface and
oxygens on the other, so it is not surprising that the
interlayer bonding of the kaolinites is due to long hy-
drogen bonds (Hendricks, 1939; Cruz et al., 1972; Giese,
1978). The interlayer bonding in halloysite(10A) con-
sists of hydrogen bonds from the hydroxyl surface to
interlayer water molecules which in turn form hydro-
gen bonds to adjacent water molecules and to oxygens
of the adjacent surface. The arrangement of the inter-
layer water molecules, as proposed by Hendricks and
Jefferson (1938), resembles that found in ice Th. This
model of the structure of water in halloysite(lOA) is
widely referenced in the literature but it is probably
much too simple. The study of interlayer water in hy-
drated halloysites is difficult because of their great mor-
phological variability, poor crystallinity, and the pres-
ence of pore water. The study of synthetic hydrated
kaolinites should provide a better understanding of the
role of water in halloysites.

The experimental approach used here is based on
the calculations of Wolfe and Giese (1978) which
showed that the substitution of fluoride for hydroxyl
groups dramatically alters the nature of, and weakens
the interlayer bonding of kaolinite. Recently, Costanzo
et al. (1980) showed that intercalating a Cornwall ka-
olinite with dimethyl sulfoxide (DMSO), treating it
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with ammonium fluoride dissolved in the clay/organic
solution, and subsequently removing the DMSO and
salt by repeated water washings creates substantial yields
ofa 10-A hydrate. The chemical reactions taking place
and the influence of different conditions of treatment
on the production of the hydrate are of interest. We
report here preliminary data on the effects of (1) the
time of fluoride treatment, (2) the concentrations of
fluoride, (3) the nature of the starting clay, and (4) the
intercalating molecule on the formation of the 10-A
kaolinite.

EXPERIMENTAL
Materials

All chemicals were Fisher Certified Reagent grade.
X-ray powder diffraction (XRD) scans of the clays were
made with a General Electric XRD-6 diffractometer
(CuKe radiation). The pH measurements were made
with a Chemtrix pH meter (model 40-E) using a Sen-
sorex S200C electrode.

Three well-crystallized kaolinites were examined; a
china clay from Cornwall (sample identification
RLO1415, from English China Clays, St. Austell), Hy-
drite UF (lot #1545 from the Georgia Kaolin Com-
pany), and Georgia well-crystallized kaolinite (KGa-1
from the Source Clays Repository of The Clay Minerals
Society). Two less well-crystallized kaolinites also were

included; Georgia poorly crystallized (KGa-2 from the

Source Clays Repository of The Clay Minerals Society)
and dehydrated, tubular halloysite from Spruce Pine,
North Carolina. The Hinckley crystallinity indexes
(Hinckley, 1963) for the first four of these clays were
0.92, 0.77, 0.95, and 0.32 respectively. The infrared
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Figure 2. X-ray powder diffraction patterns as in Figure 1
but with various ammonium halides used for the synthesis.
Only NH,F yielded a 10-A hydrate.

absorption bands in the 3500-4000 cm™! region were
consistent with the crystallinity estimates of the XRD
patterns. All clays were used as supplied except for the
halloysite which had a small amount of impurity, prin-
cipally quartz. Non-clay phases were removed by dif-
ferential settling in water.

—

Figure 1. X-ray powder diffraction patterns (CuK«) of Corn-
wall kaolinite samples which have been intercalated with di-
methyl sulfoxide, treated with different fluorides, and water
washed. Only the NH,F treatment yielded major amounts of
a 10-A hydrate as shown by the large peak near 9°26.
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Figure 3. Variation in “pH” (see text for discussion of “pH”) with time for Cornwall kaolinite intercalated with dimethyl

sulfoxide and various salts.

Nature of the salt

Syntheses were attempted using simple alkali fluo-
rides and ammonium halides, including LiF, NaF, KF-
2H,0, RbF-xH,0, and CsF; and NH,F, NH,Cl, NH,I,
and NH,Br. For each salt, 3 g of clay was added to 20
m] of DMSO (8% water). After complete intercalation
(d(001) = 11 A) had taken place, as indicated by the
replacement of the 7-A peak by an 11-A peak in the
diffraction pattern, 1.3 g of the salt was added. All salts
dissolved readily in the DMSO-water solution. The
clay was kept in suspension with a magnetic stirrer and
the solution was maintained at 60°C in a water bath
for several hours. As evaporation reduced the volume
of liquid, fresh DMSO was added. The mixture was
then centrifuged, decanted, and water washed three
times to remove the DMSO and salt. After being left
in contact with distilled water overnight, a small amount
of the wet clay was smeared on a glass microscope slide
and quickly scanned from 6° to 14°26 in the diffrac-
tometer. The XRD scans of the kaolinites treated with
the fluorides and the ammonium salts are presented in
Figures 1 and 2. Of all the salts tested, ammonium
fluoride gave the best defined and most abundant yield
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of the 10-A hydrate. KF gave a small amount of a
reasonably well-defined hydrate, RbF gave a small
smount of a poorly defined hydrate, and CsF yielded
o.ly a broad, weak band centered at 10 A. None of
the other salts produced any detectable 10-A phase.
Changes in pH as a function of time can be useful
in following the reactions of silicates suspended in
aqueous solutions (Lin and Clemency, 1981). Such
measurements were made on the DMSO-salt solutions,
but the interpretation of the pH meter readings is not
simple. For dilute agueous systems containing simple
solutes, pH has a well-defined meaning (Bates, 1973).
The DMSO-water system does not fall into that cat-
egory; DMSO is non-aqueous, the concentration of the
salt is not dilute, and an insoluble phase (clay) is sus-
pended in the liquid. As a result, the readings from the
pH meter cannot easily be interpreted in terms of acid-
ity/basicity of the system. For example, Ritchie and
Uschold (1967) measured hydrogen ion activity in
DMSO with a glass electrode and observed “pH val-
ues” as large as 25. In spite of the difficulties in the
interpretation of the “pH” readings in such systems,
they are still useful in following the reactions which
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take place. The initial “pH” reading for the DMSO
and water alone was 8.2; the addition of the clay in-
creased the “pH’ to 10.0. The “pH” reading imme-
diately after the addition of the salt was difficult to
measure because it changed very rapidly during the
first minute or so. This was the time during which the
salt was dissolving. Figure 3 shows the “pH” values
determined for the Cornwall kaolinite with several am-
monium halides and alkali fluorides. Starting “pH”
readings for the clay, DMSOQ, and salt mixtures were
in the range of 6.0 to about 7.5 and rapidly changed
with time (Figure 3). The ammonium salts tended to
have “pHs” less than 7 while those of the alkali fluo-
rides were above this value. The ammonium fluoride
reaction mixture produced a “pH” higher than the oth-
er ammonium halides. As indicated above, the only
other salt to produce noticeable yields of the 10-A
hydrate was KF, this salt also produced high “pH”
conditions. All but two samples reached steady “pH”
readings within 5 min of initial mixing, and for most
samples, 1 or 2 min was sufficient.

Concentration of ammonium fluoride

The above experiments underline the superior effi-
cacy of ammonium fluoride in the 10-A hydrate syn-
thesis. If the fluoride from the salt replaces surface
hydroxyls, there should be a relationship between the
concentration of ammonium fluoride and the yield of
10-A hydrate. Seven samples of the Cornwall kaolinite
were treated in the standard way except that the amount
of ammonium fluoride added ranged from 0.1 to 3.0

g (per 3 g of clay). Hydrate yield was estimated by .

comparing the intensities of the 7-A and 10-A (001)
peaks. In the absence of ammonium fluoride, no hy-
drate is formed (Costanzo et al., 1980). As soon as
some salt was added, small amounts of hydrate were
produced, and the yield increased rapidly to a maxi-
mum of about 65% for the addition of 1.3 g of am-
monium fluoride per 3 g of clay (Figure 4). For greater
salt concentrations the amount of hydrate decreased
slightly. The increase in hydrate yield that accom-
panied the addition of small amounts of ammonium
fluoride suggests that fluoride replaced hydroxyls. The
complexity of chemical reactions taking place is sug-
gested by the observation that a new crystalline phase
began to appear at ammonium fluoride concentrations
greater than 1.3 g. This phase has been identified from
its XRD pattern as ammonium aluminum fluoride
(NH,);AlF,. Infrared absorption bands at 3210 and
1425 cm™! are characteristic of this fluoride and aid in
its identification. Scokart et al. (1979) reported the
appearance of this same material during their am-
monium fluoride treatment of aluminum oxides. The
high “pH” of the clay-organic suspension coupled with
sufficient time and abundant ammonium fluoride will
chemically attack the kaolinite liberating aluminum
compounds.

https://doi.org/10.1346/CCMN.1984.0320104 Published online by Cambridge University Press

Costanzo, Giese, Jr., and Clemency

Clays and Clay Minerals

701

wl

w 604

<

5

Q 50-

I

°< 40-

(o]

w 304

o

9

m 201

>-

& 10+
0 . . ,
0 1 2 3

NH4F (9)

Figure 4. Yield of 10-A hydrate as a function of the amount
of NH,F added to 3 g of clay which had been intercalated
with dimethyl sulfoxide. Approximately 20 ml of liquid
(DMSO with 8% water) was present.

Duration of fluoride treatment

The fluoride ions in the bulk solution did not have
instantaneous access to the bulk of the inner surface
hydroxyls even though the kaolinite layers had been
separated by DMSO molecules. If the formation of 10-
A hydrate involves the replacement of inner surface
hydroxyls, the process should be time dependent. The
increase in d(001) due to intercalation is only about 4
A, and the interlayer volume is occupied by three
DMSO molecules per two unit cells of kaolinite (Olejnik
et al., 1968). Under these crowded conditions, even if
the electrostatic interaction of NH,* and F- ions with
the highly polar DMSO is not considered, diffusion of
these ions into the interlayer volume should be slow.
Thus, the amount of OH replaced by F should increase
as the time during which the clay is in contact with the
NH_F solution increases.

To test this hypothesis, a series of Cornwall kaolinite
samples was treated in the standard manner except that
the duration of the fluorination step varied between 1
and 60 min. All samples, including the 1-min treat-
ment produced substantial and very nearly equal
amounts of 10-A hydrate. No time-dependent trend
was observed.

Recently, Mohammad (1982) chemically analyzed
three series of timed reactions similar to the one de-
scribed above except that the fluorination times were
as long as 49 hr. Georgia well-crystallized and Cornwall
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Table 1. Yield of 10-A hydrate for five kaolinites.
N Corrected?
Intercalate 10-A hydrate yield of 10-A
Clay! (%) % hydrate (%)
RLO1415 100 79 79
Hydrite UF 90 67 74
KGa-1 95 75 79
KGa-2 77 62 80
Spruce Pine 100 100 100

Hydrated kaolinite synthesis 33

Table 2. Synthesis of hydrated kaolinite using different in-
tercalating molecules.!

[nitial

inter- Yield of
Intercalating Final calation 10-A hydrate
molecule “pH™ (%) (%)
Dimethyl sulfoxide 10 92 76
Hydrazine 10-11 >95 85
Formamide ~7 72 81
N-methyl formamide 8.5 >95 39

! See text for source, location and description of the clays.

2 Corrected yield represents the hydrate formed from the
fraction of the clay which was intercalated by dimethyl sulf-
oxide.

kaolinites were used in these experiments. The results
indicated that a small amount of F (~1—4 wt. %) was
adsorbed by the DMSO-intercalated clay in fluoride
treatments lasting up to 6 hr. Similar small increases
in F (~4 wt. %) were observed by Scokart ef al. (1979)
during their fluoride treatment of alumina. Similar
fluoride treatment of these same clays but without an
initial intercalation with DMSO resulted in the ad-
sorption of between 0.2 and 0.7 wt. % F on the external
surfaces of the kaolinites. The fluoride in excess of these
latter values must represent replacement of some of
the inner hydroxyls. For fluoride treatments in excess
of 6 hr, the fluoride content increased rapidly, but the
increase was due to the dissolution of the clay and the
formation of the aluminum ammonium fluoride phase.
The fluorine content of the clay itself could not be
determined because it was impossible to remove the
ammonium fluoride phase completely.

Nature of the kaolin

The five kaolins, Georgia well- and poorly crystal-
lized kaolinites, Cornwall kaolinite, Hydrite UF ka-
olinite and Spruce Pine halloysite, when treated in the
standard manner, yielded substantial quantities of 10-
A hydrate. Under the conditions of the experiment,
the degree of DMSO intercalation varied among the
five clays. Inasmuch as DMSO intercalation is neces-
sary for hydration, the percentage of intercalated layers
which hydrate is the important factor. The yields of
hydrate along with the percentage of intercalate and
the net hydrate yield (corrected for the non-intercalated
clay) for the five clays are shown in Table 1. The Spruce
Pine halloysite intercalated and hydrated most easily
and to the greatest extent. This behavior presumably
is related to the greater amount of structural disorder
in this clay.

Intercalating agent

The organic intercalating molecule may simply ex-
pand the clay layers or it may take an active part in
the chemical and physical modification of the inner
surfaces, facilitating hydroxyl replacement by fluorine.
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! All experiments used RLO1415 kaolinite.
2 See text for discussion of “pH.”

Costanzo et al. (1980) used DMSO which is an aprotic
molecule with a sulfonyl oxygen capable of participat-
ing in hydrogen bonding. To examine the relative ac-
tivity of the different intercalating agents, hydrazine,
which is protic with no oxygen, and formamide and
N-methyl formamide (NMF), both of which are protic
and have a carbonyl oxygen, were used. Samples of the
Cornwall kaolinite were intercalated with each, treated
with ammonium fluoride, and washed as before. Table
2 summarizes the results of these experiments. The
“pHs” of the clay/organic suspensions containing fluo-
ride salt are in the observed range of hydrate formation
for DMSO and hydrazine while those for formamide
and NMF are lower. The Cornwall kaolinite interca-
lates nearly completely with each of these molecules
except formamide. The final yield of 10-A hydrate as
a percentage of intercalated layers, with the exception
of NMF, was high. The non-uniformity in hydration
of the Cornwall kaolinite suggests that the intercalating
molecule does more than open the clay layers to expose
the inner surface hydroxyls to fluoride ions.
Recently, Giese and Costanzo (1982) investigated
the heat capacities (Cp) of several kaolin minerals, their
intercalates with DMSO, NMF, and formamide, and
the same clays after the intercalating molecules had
been driven off by mild heating (“‘de-intercalation™).
Their results show that intercalation of the kaolinites
by NMF followed by de-intercalation does not mark-
edly change the Cp values of the clays. This is not true
for DMSO or formamide where marked increases in
Cp were observed. These changes in heat capacity sug-
gest that varying degrees of stacking disorder are cre-
ated by the process of intercalation followed by de-
intercalation. The observation that DMSO is more
effective than NMF in the synthesis of the 10-A hydrate
(Table 2) and the Cp values of Giese and Costanzo
(1982) suggest that hydration of kaolinites is related to
the disordering of the clay as well as to the replacement
of OH by F; the greater the degree of disorder (as mea-
sured by Cp), the greater the yield of 10-A hydrate.
These differences between the action of DMSO and
NMF on kaolinites during intercalation and de-inter-
calation have been observed in electron paramagnetic
and nuclear magnetic resonance studies (M. Lipsicas,
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Schlumberger-Doll Research, P.O. Box 307, Ridge-
field, Connecticut 068774, personal communication).

CONCLUSIONS

The determining factor in hydrate formation is the
ability of the clay to form an intercalate with an ap-
propriate organic molecule such as DMSO. If the clay
can be intercalated, a 10-A hydrate probably can be
synthesized. "

All of the organic molecules used here functioned
well in the synthesis except NMF. The Cp data for
NMF intercalated kaolinites indicate that NMF inter-
calation/de-intercalation introduced relatively little
disorder to the kaolinites used in this study. The cre-
ation of disorder (probably stacking disorder) seems to
be a necessary and integral part of the 10-A hydrate
synthesis. Chemical analysis of 10-A hydrates for fluo-
ride, the relationship between the amount of ammo-
nium fluoride and the yield of the hydrate, and the
“pH” readings as a function of length of fluoride treat-
ment all indicate that small amounts of F were taken
up in the structure, More fluoride was adsorbed than
can be explained by simple external surface adsorption.
The replacement, wherever it took place, was very rap-
id and appeared to be largely complete after 1 min of
exposure to the ammonium fluoride in solution. These
observations suggest that F replaced OH at the edges
ofthe 1:1 layers and inner surface OH near the exposed
edges. The kaolinites appear to have been disordered
by the organic intercalation, and, as a result, more of
the individual layers were exposed at the boundarics
of the crystallites, allowing increased replacement of
OH by F. Disordering of the layer stacking and fluori-
nation of crystallite edges (plus a small number of ad-
jacent-inner-surface OHs) should weaken the interlay-
er bonding at the crystallite edges thereby reducing the
possibility of collapse being initiated at the edges. These
reactions help to stabilize the crystallites in an ex-
panded form, and water washing should replace the
organic molecules between the layers with water, re-
sulting in a 10-A hydrate.
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We have recently used DMSO as the intercalating agent without adding a fluoride salt. The clay/DMSO
suspension was washed three times with absolute methanol followed by three water washings. This sequence
of treatments produced substantial yields of the 10-A hydrate. It is not clear what the methanol washing did
to the intercalated clay, but the treatment may have increased the level of stacking disorder and thus increased

the stability of the 10-A hydrate.
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Pestome—Tl uipatupoBadnsli kaoxuuaut (d(001) = 10 A) MOXeT BBITh CHHTE3UPOBAH TyTEM YMEPEHHOTO
HarpeBa KaoJHHMTO-OPFraHMYECKOH CYCIEH3MH, YCIHM uMeeTCs JOCTATOYHOE BpeMsl AAs TOro, 4ToObl
OpraHuyecKdi pacTBOPUTE b BKJIIOYHMNCH B TJIMHY M s NOCHENYIOLIEro pacTBOpeHUs (II0OPUCTOH
conn B xmakoctu. [locje ymepeHHOro HarpeBa CYCHEH3MH, COJb W OPTaHUYECCKMH PpacTBOpPUTENbL
YAAIIOTCS NPH MTOMOINM HEOXHOKPATHLIX BOJHBIX MPOMbIBaHUiA. KaolMHUT yaepKUBaeT MEXCIIOHHYIO
soay B Buge 10-A kaonmmmromoro rmgpara. Mccneqopanoch BIMSHAE TPOCHOHIOTO BelICCTBa, THMA
CONH, KOHLEHTPAIMHA COJIH U BPeMeHH 06paGoTk Ha cuuTe3 10-A ruipara (st HECKONLKUX KAOTUHHTOB.
HauGonee sddextuBHas conn 310 NH,F; HamMHOro meHblise pe3yibTaThl ObUIM HOJYYEHBI HPH
ucnonb3zosauun KF u RbF. He Bce opraHmueckue MOJEKYJbI JaBajM BBICOKHH BBIXOJl THapaTa.
Numertnncynsgokcnn, ¢opMaMuj W rHAPASHH JaBaiy XOpoIMHe pe3yabTaTkl, B TO BpeMs Kak
N-MeTHn0BbIH (hopMamup He JaBasl TAKUX pe3yJIbTATOB. B pe3yibTaTe peakuun MeXXAy CJIHHOH H COJbIO
NPOUCXONUIIO 3aMEllleHHE HEKOTOPbIX FHAPOKCHIOB (IIOOpHAaMU. FTO 3aMelieHHe ObLIO0 ObICTPLIM,
nocyie | MuuyThl GIOpUCTOH 00paboTkyt Obil NONY4YeH 3HAYHTENbLHBIH BBIXOA THApaTa. ToHKoe
BKJIIOYECHHE NPOCTONKHA pa3fgeisiio ClOH, a TaKoKe NPHBOANIO K HAPYLUCHHIO YHOPsAOUYeHHs KaoJIMHHKTA,
obneryas sameuieaune OH ¢nioopoM Ha KpUCTAJUIMYIECKMX TPAaHsIX. JTO 3aMellleHHe 0CNabseT MeXCIIOH-
HYIO CBSI3b Ha TPAHsIX U, TAKAM 06pa3oM, yMeHbIIaeT BO3MOXKHOCTDb Pa3pyIIECHUs CJIOSI M CONYTCTBY IOWEH
nerugparanau. [E.G.]

Resiimee— Hydratisierter Kaolinit (d(001) = 10 A) kann durch mildes Erhitzen einer Suspension aus
Kaolinit und einem organischen Lésungsmittel synthetisiert werden, wobei geniigend Zeit vorhanden sein
muf3, damit das organische Lésungsmittel in die Zwischenschichten des Ton eindringen kann, und an-
schlieBend ein Fluorid-Salz in der Fliissigkeit aufgelést werden kann. Nachdem die Suspension mild
erhitzt wurde, werden das Salz und das organische Losungsmittel durch wiederholtes Waschen mit Wasser
entfernt. Der Kaolinit hilt Zwischenschichtwasser in der Form eines 10 A Kaolinithydrates zuriick. Der
Einflul} des Zwischenschicht-bildenden Agens, der Art des Salzes, der Salzkonzentration und der Be-
handlungszeit auf die Synthese des 10 A Hydrates wurde fiir verschiedene Kaolinite untersucht. Das
wirksamste Salz war NH,F; viel kleinere Ausbeuten wurden mit KF und RbF erzieit. Nicht alle organischen
Molekiile ergaben hohe Hydratausbeuten. Dimethylsulfoxid, Formamid und Hydrazin hatten einen po-
sitiven EinfluB, withrend N-methylformamid keine Wirkung zeigte. Die Reaktion zwischen Ton und Salz
fiihrte zum Ersatz einiger Hydroxidionen durch Fluoridionen. Dieser Ersatz verlief schnell; nach einer
Minute der Fluoridbehandlung wurde eine wesentliche Ausbeute an Hydrat erzielt. Der Schritt zur Bildung
der Zwischenschicht trennte die Lagen und fiihrte zu einer schlechten Ordnung des Kaolinits, indem er
den Ersatz von OH durch F an den Kristallkanten erleichterte. Dieser Ersatz scwichte die Zwischen-
schichtbindung an de Kanten und verringerte dadurch die Moglichkeit, daf die Schichtstruktur zerstort
wird und im Zusammenhang damit eine Dehydratation stattfindet. [U.W.]

Résumé—Une kaolinite hydratée (d(001) = 10 A) peut étre synthétisée en chauffant légérement une sus-
pension organique-kaolinite, donnant du temps pour que Iargile soit intercalaté par le solvant organique,
et ensuite dissolvant un sel floride dans le hquide. Aprés avoir légérement échauffé la suspension, le sel
et le solvant organique sont enlevés par des lavements & ’eau répétés. La kaolinite retient de I’eau
intercouche sous la forme d’hydrate kaolinite 10-A. L’influence de I’agent intercalatant, le genre de sel,
la concentration du sel, et la durée du traitement sur la synthése de ’hydrate 10-A ont été examinés pour
plusieurs kaolinites. Le sel le plus efficace est NH,F; on a obtenu des produits beaucoup moins importants
en utilisant KF et RbF. On n’a pas obtenu de grandes quantités d’hydrate de toutes les molécules
organiques; la sulfoxide diméthyle, la formamide et I’hydrazine marchaient bien, mais pas la formamide
methyle-N. La réaction entre Pargile et le sel a résulté en le remplacement de certains hydroxyls par la
fluoride. Ce remplacement est rapide; aprés 1| min de traitement a la floride, une quantité substantielle
d’hydrate a été produite. L’étape d’intercalation a séparé les couches et a aussi désordonné la kaolinite,
facilitant le remplacement de F par OH aux bords cristallites. Ce remplacement affaiblit les liens inter-
couche aux bords, et réduit ainsi la possibilité de effondrement de couches et la déshydration Yaccom-
pagnant. [D.J.]

https://doi.org/10.1346/CCMN.1984.0320104 Published online by Cambridge University Press


https://doi.org/10.1346/CCMN.1984.0320104



