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SYNTHESIS OF A 10-A H Y D R A T E D  KAOLINITE 
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Abstract--Hydrated kaolinite (d(001) = 10/~) can be synthesized by mild healing 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 of a l 0-& kaolinite hydrate. 
The influence of the intercalating agent, type of salt, concentration of salt, and the time of treatment on 
the synthesis of 10-& hydrate was examined for several kaolinites. The most effective salt is NH4F; 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, HaUoysite, Hydrazine, Hydroxyl, Intercalation, 
Kaolinite. 

INTRODUCTION 

Halloysite (10/~), the only naturally hydrated 1 : 1 
phyllosilicate, has a formula of AlzSizOs(OH)4.2H20. 
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 i s  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(l 0,~) 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 Ih. This 
model of the structure of water in halloysite(10A) 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 

Mater ia l s  

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 
(CuKa radiation). The pH measurements were made 
with a Chemtrix pH meter (model 40-E) using a Sen- 
sorex $200C electrode. 

Three well-crystallized kaolinites were examined; a 
china  clay from Cornwal l  (sample ident i f ica t ion 
RLO 1415, 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 hatloysite 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 NH4F yielded a 10-~ hydrate. 

a b s o r p t i o n  b a n d s  in the  3 5 0 0 - 4 0 0 0  cm ~ region were 
cons i s t en t  wi th  the  crys ta l l in i ty  e s t ima te s  o f  the  X R D  
pat terns .  All clays were used  as suppl ied  except  for  the  
ha l loys i te  which  h a d  a smal l  a m o u n t  o f  impur i ty ,  p r in -  
cipally quar tz .  Non-c l ay  phases  were r e m o v e d  by  dif-  
ferent ia l  set t l ing in water.  

(_._ 

Figure 1. X-ray powder diffraction patterns (CuKa) of Corn- 
wall kaolinite samples which have been intercalated with di- 
methyl sulfoxide, treated with different fluorides, and water 
washed. Only the NH4F treatment yielded major amounts of 
a 10-/~ hydrate as shown by the large peak near 9~ 
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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. 
2H20, RbF.xH20,  and CsF; and NH4F, NH4C1, NH4I, 
and NH4Br. For each salt, 3 g of clay was added to 20 
ml of DMSO (8% water). After complete intercalation 
(d(001) = 11 A) had taken place, as indicated by the 
replacement of the 7-~ peak by an 11-,~ 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~ 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~ 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 

of the 10-Zk hydrate. KF gave a small amount  of a 
reasonably well-defined hydrate, RbF gave a small 
z:mount of a poorly defined hydrate, and CsF yielded 
o.dy a broad, weak band centered at 10 ~.  None of 
the other salts produced any detectable 10-~ 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 aqueous 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 ofacid- 
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, DMSO, 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 o f  ammonium fluoride 

The above experiments underline the superior effi- 
cacy of ammonium fluoride in the 10-~, 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-]k 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-,~ (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 
(NH4)3A1F6. 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 a luminum oxides. The 
high "pH" of the clay-organic suspension coupled with 
sufficient time and abundant  ammonium fluoride will 
chemically attack the kaolinite liberating a luminum 
compounds. 

Jr., and Clemency 
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Figure 4. Yield of 10-/k hydrate as a function of the amount 
of NH4F 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 o f  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- 

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 NH4 + 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 
NH4F 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 l-rain 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-~, hydrate for five kaolinites. 

Corrected 2 
Intercalate 10-fi, hydrate yield of 10-~ 

Clay I (%) % hydrate (%) 

RLO1415 100 79 79 
Hydrite UF 90 67 74 
KGa-I 95 75 79 
KGa-2 77 62 80 
Spruce Pine 100 100 100 

1 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 et 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 a luminum 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 U F  ka- 
olinite and Spruce Pine halloysite, when treated in the 
standard manner, yielded substantial quantities of I 0- 
�9 ~ 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. 

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

Initial 
inter- Yield of 

Intercalating Final calation 10-,~ hydrate 
molecule "pH ''2 (%) (%) 

Dimethyl sulfoxide 10 92 76 
Hydrazine 10-11 >95 85 
Formamide ~ 7 72 81 
N-methyl formamide 8.5 > 95 39 

All experiments used RLO 1415 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-,~ 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-]k 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-~ 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-/~ 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 
of the 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 boundaries 
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-Zk hydrate. 
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Note added in proof: 
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-~ hydrate. 
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PeatoMe---Fn~paTupoaattttb[fi KaoJniHHT (d(001) = 10 ,~) Mo)KeT 6BITb CtiaTeanpoBart nyTeM yMepenHoro 
na rpesa  KaO:~HnHTO-OpranHqeCKOf~ cycneH3Hrl, yc.~H HMeeTc~ gOCTaTOqHOe l~peM~ ~ TOFO, HTO6BI 
oprannqecKnfi paCTBOprlTenb BKnIOqn.rlcn ~ rnHHy n ~aH noc~e~y)oLqero paCTBOpeHrlH qbYIIOOpHCTOfi 
COJIH B )KH~IKOCTH. HocJle yMepeI-IHOrO narpeBa cycIIeH3HH, COMb H opFaHII4qeCKHITI pacTBopI4TeJJb 
y~aJq~rOTC~ npH HOMOII~H HeOJlrioKpaTHbIX BO~HBIX HpOMbIBaHrIfi. Kao.rlrlHrlT yRep~nBaeT Me~Zc~o~Hyto 
BOgy B BH~e 10-/~ KaO.~HIJHTOBOFO rH~paxa. Hcc~e~oBaaocb B~1HHHrle upoc21ofiForo s e ~ e c T s a ,  Trlna 
co,H, KOHI~e)tTpatlrlrl COati 14 8peMeurI o6pa6OTKH Ha C!4HTe3 10-/~ rH~paTa ~J~ HeCKOdlbKHX KaOJ1HHFITOB. 
HanSonee 3~qbenTHstfaa co~h 3TO NH~F; HaMHOrO ~enbmHe pe3ynbTaxhi 6bl.)IP1 nonyqeHbl npH 
HClIOJIb3OBaHHH KF H RbF. He Bce opFaHHHeCK!/Ie MOYleKyJlb~ gaBann BbJCOKHfi BblXO~ rn~paTa. 
~HMeTHnCynbqboKcng, qbopr~a~ng H Frl~pa3lqH ~aBa.rlH xopomtie pe3yJlbTaTbl, B TO npeMa KaK 
N-MeT!/IYlOBblITI qbopMaMng He gaBa~ TaKHX pe3yJlbTaTOB. B pe3yJlbTaTe peaKllrirl Me>Kgy FJI!~IHOH H COJlblO 
npoacxognno  3aMemleHHe HeKOTOpb~X FH~pOKCHJ1OB dp~toopu~aMn. ~TO 3aMett~e~ne 6bLrlo 6blCTpblM, 
noche 1 MHnyTbl qbntoopaCTOfi o6pa6OTKl~ 6b~a no~lyqeH 3HaqHTeJlbHbl~l BblXO~ rn~paTa. TOnKOe 
BKJnOqeHHe I'IpOCSIO~IKI4 pa3~e~nJ~o cao~4, a TaK>Ke npnao~nho K HapytueHHIo yi lop~oqeHrt~ KaOJIHHHTa, 
06J~erqa~ 3aMett~eHne OH qb~lrOOpOM Ha KpncTaolhnqecKnx rpaH~x. ~TO 3aMelLteHHe oc~afhHeT Me~KC~Ofi- 
Hy)O CBHBb Ha rpaHHX rI, TaKHM 06pa3oM, yMeHbmaeT BO3MO)KHOCTb pa3pymeHH~ c~o~ H cOnyTCTBy~ou~efi 
/lerngpaxaaHla. [E.G.] 

Res i imee--Hydra t i s ie r te r  Kaol ini t  ( d (001)=  10 /~) kann  durch  mildes  Erhitzen einer Suspens ion  aus  
Kaolini t  und  e inem organischen L~Ssungsmittel synthet is ier t  werden,  wobei gentigend Zeit  vo rhanden  sein 
muf3, dami t  das  organische L6sungsmit te l  in die Zwischenschichten  des Ton  eindringen kann,  und  an- 
schlief3end ein Fluorid-Salz in der Fliissigkeit aufgel/Sst werden kann.  N a c h d e m  die Suspens ion  mi ld  
erhitzt wurde, werden das Salz und  das organische L6sungsmit te l  durch wiederholtes Waschen  mi t  Wasser  
entfernt.  Der  Kaolini t  h~ilt Zwischenschichtwasser  in der Form eines 10/k  Kaol ini thydrates  zurtick. Der 
Einftul3 des Zwischenschicht -b i ldenden Agens,  der Art  des Salzes, der Salzkonzentrat ion und  der Be- 
handlungszei t  a u f  die Synthese des 10 ik Hydra tes  wurde f'tir verschiedene Kaolinite untersucht .  Das  
wirksamste  Salz war NH4F; viel kleinere Ausbeu ten  wurden mi t  K F  und  R b F  erzielt. Nicht  alle organischen 
Molekiile ergaben hohe Hydra tausbeuten .  Dimethylsul foxid ,  F o r m a m i d  und  Hydraz in  ha t ten  einen po- 
si t iven Einflul3, w~ihrend N - m e t h y l f o r m a m i d  keine Wirkung  zeigte. Die Reakt ion  zwischen Ton und Salz 
Ftihrte z u m  Ersatz einiger Hydroxid ionen  durch  Fluol idionen,  Dieser  Ersatz verl ief  schnell; nach einer  
Minu te  der F luor idbehandlung  wurde eine wesentl iche Ausbeu te  an Hydra t  erzielt. Der Schritt zur Bildung 
der Zwischenschicht  t rennte  die Lagen und  f'tihrte zu  einer schlechten Ordnung  des Kaolinits ,  i ndem er 
den Ersatz yon O H  du tch  F an den Kris ta l lkanten erleichterte. Dieser  Ersatz scw~ichte die Zwischen-  
sch ich tb indung an de Kan t en  und  verringerte dadurch  die M6glichkeit,  dab die Schichts t ruktur  zersttSrt 
wird und  im Z u s a m m e n h a n g  dami t  eine Dehydra ta t ion  stattfindet. [U.W.] 

R 6 s u m 6 - - U n e  kaolinite hydrat6e (d(001) = 10/~) peut  ~tre synth6tis6e en chauffant  16g6rement une sus- 
pension organique-kaolini te ,  d o n n a n t  du t emps  pour  que l'argile soit intercalat6 par le so lvant  organique,  
et ensuite d issolvant  un  sel floride dans  le liquide. Apr6s avoir  16g~rement 6chauft'6 la suspension,  le sel 
et le so lvant  organique sont  enlev6s par des lavements  ~ l 'eau r6p6t6s. La kaolinite retient de l 'eau 
intercouche sous la forme d 'hydra te  kaolinite 10-A. L' influence de l 'agent intercalatant,  le genre de sel, 
la concentra t ion du  sel, et la dur6e du  t ra i tement  sur la synth~se de l 'hydrate  10-~ ont  6t6 examin6s  pour  
plusieurs kaolinites. Le sel le plus elticace est NH4F; on a obtenu des produi ts  beaucoup mo ins  impor tan t s  
en  uti l isant K F  et RbF.  On  n ' a  pas ob tenu  de grandes quant i t6s  d 'hydra te  de toutes  les mol6cules 
organiques;  la sulfoxide dim6thyle,  la f o rmami de  et l 'hydrazine marcha ien t  bien, m a i s  pas  la fo rmamide  
methyle-N.  La r6action entre l'argile et le sel a r6sult6 en le r emplacemen t  de certains hydroxyls  par la 
fluoride. Ce r emplacemen t  est rapide; apr~s 1 min  de t ra i tement  ~ la floride, une quanti t6 substantielle 
d 'hydra te  a 6t6 produite.  L'~tape d ' intercalat ion a s6par6 les couches  e t a  aussi  d6sordonn6 la kaolinite, 
facilitant le r emplacemen t  de F par O H  aux bords cristallites. Ce r emplacemen t  affaiblit les liens inter- 
couche aux bords,  et r6duit  ainsi  la possibitit6 de l ' e f fondrement  de couches  et la d6shydrat ion l ' accom- 
pagnant .  [D.J.] 
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