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X-RAY POWDER DIFFRACTION STUDIES ON THE REHYDRATION 
PROPERTIES OF BEIDELLITE 
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Abstract--The rehydration properties of Ca-, Mg-, Na-, and K-saturated homoionic beidellites after 
heating at various temperatures were compared with those ofmontmorillonites. The behavior of interlayer 
Na § during dehydration and rehydration was also investigated by means of one-dimensional Fourier 
analysis. The K- and Mg-saturated specimens exhibited fast and slow rehydration rates, respectively, 
during exposure to air of 50% RH after heating at 800~ These homoionic specimens showed strong 
rehydration properties on saturation with deionized water after heating <900"C for 1 hr. On the basis of 
Fourier analysis, the interlayer cations appeared to have migrated into the hexagonal holes of SiO4 network 
on thermal dehydration, and the migrated cations returned to the interlayer space on rehydration. This 
behavior of the interlayer cations appears to have been strongly dependent on value of the octahedral 
negative charge and on the sizes of interlayer cations. The small octahedral negative charge of beidellite 
produced a weaker attractive electrostatic force between the octahedral sheets and the migrated interlayer 
cations. Therefore, the migrated interlayer cations in beidellite were easily extracted from the hexagonal 
holes, and rehydration was rapid. The small cation migrated easily into hexagonal holes and was fixed 
to the holes. On the contrary, large cations were probably difficult to fix and were easily extracted from 
the hexagonal holes. Consequently, the rehydration rate of K-saturated beidellite was fast, and that of 
Mg-saturated beidellite was slow. 

Key Words--Beidellite, Cation migration, Dehydration, Fourier analysis, Interlayer ration, Rehydration, 
X-ray powder diffraction. 
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I N T R O D U C T I O N  

A notable crystal chemical feature ofbeidell i te is the 
negative charge arising principally from the cation sub- 
stitution of  AP + for SP + in tetrahedral sheets. Mont- 
rnorillonite, on the other hand, is characterized by the 
predominant substitution o f  Mg 2+ for A13+ in octahe- 
dral sheets. The different charge localization affects the 
expansion properties of  Li-saturated specimens of  both 
materials on heating. Hofmann and Klemen (1950) 
and Greene-Kelly (1953, 1955) attributed the phenorn- 
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enon to the migration of  small cations into empty oc- 
tahedral sites of  montmorillonite.  Glaeser and Mrring 
(1967) agreed with this hypothesis. Calvet and Prost 
(1971) suggested that some Li + ions move  toward oc- 
tahedral cavities and that the rest remain in the bot tom 
of  the hexagonal holes. Ben Hadj-Amara et al. (1987) 
examined the migrated position of  interlayer Ni 2+ ions 
ofbeidellite by X-ray modeling techniques and showed 
that all Ni 2+ ions, having an ionic radius as small as 
Li +, move  into empty octahedral sites after 24 hr o f  
heating at 240~ On the other hand, Komarov  et al. 
(1977) and Luca and Cardile (1988, 1989) suggested 
that interlayer Li + and Fe 3+ ions in montmoril lonite  
do not migrate into the octahedral sheets, but remain 
in hexagonal holes even after heating. From infrared 
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(IR) spectra and electron spin resonance (ESR) signals, 
Tettenhorst  (1962) and McBride et al. (1974), respec- 
tively, suggested that medium-  and large-size cations 
(e.g., Na  § Ca 2§ and K ~) move into hexagonal holes o f  
the SiO4 network instead of  into empty octahedral sites. 
Pezerat and Mrring (1967) examined the posit ion of  
interlayer Na+ ions of  dehydrated montmori l loni te  by 
means  o f  o n e - d i m e n s i o n a l  F o u r i e r  ana lys is ;  they  
claimed that the ions are located at surface on hexag- 
onal holes of  silicate layers. Kawano and Tomi ta  
(1989b) reported that  interlayer Na § ions o f  mont-  
moril lonite move into the hexagonal holes of  the SiO4 
network on thermal  dehydration.  They also pointed 
out that migrated Na  § ions of  the specimen heated at 
400~ easily returned to the interlayer space after water 
saturation, but i f  the specimen had been heated at 800~ 
they relocated near the basal oxygen plane and re- 
mained at the migrated position, even after water sat- 
uration, keeping the dehydrated structure. Therefore, 
the rehydrat ion abili ty of  smectite on thermal dehy- 
drat ion seems to be affected by the behavior  of  inter- 
layer Na  § ions during dehydrat ion and rehydration. 

The present paper reports rehydrat ion properties of  
beidellite after thermal dehydration.  The behavior  of  
interlayer cations during dehydrat ion and rehydrat ion 
is also examined by means of  one-dimensional  Fourier  
analysis, and the rehydrat ion mechanism of  beidellite 
is clarified. 

EXPERIMENTAL 

Material  

Beidellite from Sano mine, Nagano Prefecture, Ja- 
pan, and montmori l loni te  from Cheto, Arizona, were 
used in this study. The detailed mineralogical prop- 
erties of  the beidellite were reported by Matsuda (1988). 
The structural formula of  the specimen is: 

(Nao.o9 Ko.0s Mg0.o6Cao.15)(Al~ .92Mg0.o7 Tio.01 ) 
(Si3.5oAlo.5o)O~o(OH)2. 

The chemical composition of  the montmoriUonite from 
Cheto was reported by Uno et al. (1986) as follows: 

(Mgo.02Cao.a9Nao.o2 Ko.01Ho.oa)(A12.99Fea+o.LoFe2+0.o2 
Mgo.95)(Si7.76Alo.24)O2o(OH)4. 

The < 2-#m fractions of  both  minerals were collected 
by normal  sedimentat ion methods and were saturated 
with Ca 2+, Mg 2§ Na  +, or K + ions by treatment  with 
1 N chloride solutions. The excess salt was then re- 
moved  by washing five t imes with 80% ethanol until  
the complete absence of  C1- ions. 

Methods 

To study rehydration properties ofbeideUite, the fol- 
lowing experiments were carried out: (1) The variat ion 
of  d(001) values after heating at various temperatures 
was determined.  (2) The variat ion of  d(001) values of  

rehydrated specimens was measured. (3) The rehydra- 
tion rates in air  were measured after heating at 800~ 
(4) The behavior  of  interlayer cations during dehydra- 
tion and rehydrat ion was determined.  

The variat ion of  d(001) values after heating was ex- 
amined by the following procedures. The homoionic 
specimens oriented on quartz glass slides were heated 
for 1 hr between 100 ~ and 900~ at intervals of  100~ 
and then cooled in a desiccator for 1 hr. The relative 
humidi ty  (RH) in the desiccator was controlled at 0% 
with di-phosphorus pentanoxide. The d(001) values of  
the heated specimens were immediate ly  measured by 
X-ray powder diffraction (XRD) analysis using Ni-fil- 
tered CuKa  radiat ion under the condit ion of  50% RH, 
after taking the sample out o f  the desiccator. The X R D  
patterns were obtained from 14 ~ to 2020 at a scanning 
speed of  0.5~ 

The variations of  d(001) values of  rehydrated spec- 
imens were examined as follows. The homoionic  pow- 
dered specimens were heated for 1 hr  between 100 ~ 
and 9000C at 100~ intervals and then cooled in a 
desiccator at 0% R H  for 1 hr. The heated specimens 
were re-solvated with deionized water at room tem- 
perature and then immediate ly  oriented on glass slides. 
The wet samples were dr ied in air at 50% RH for 1 
day. The d(001) values of  the rehydrated specimens 
were measured by X R D  at a scanning speed of  0.5~ 
rain at 50% RH. 

The rehydrat ion rates in air  were investigated as fol- 
lows. The homoionic  specimens oriented on quartz 
glass slides were heated at 800~ for 1 hr  and then 
cooled in a desiccator at 0% RH for 1 hr. X R D  patterns 
were obtained from 14 ~ to 2~ at a scanning speed o f  
2~ at 0% and 50% RH. For  the 50% RH exper- 
iments, changes in the first-order reflection on exposure 
to air for various periods of  t ime were investigated. 

The behavior  of  interlayer cation in the Na-saturated 
beidellite, unheated, heated at 400 ~ and 800~ for 1 
hr, and rehydrated after heating at 800~ prepared by 
the same procedures as ment ioned above, was inves- 
tigated by means of  one-dimensional  Fourier  analysis. 
The initial structural model  used was from Reynolds 
(1980)i and the Z-parameters  along the c-axis were 
refined by the least squares method. The X R D  data 
were obtained with a Rigaku diffractometer using a 
1/6 ~ divergence slit and a 1/6 ~ scatter slit. Matsuda 
(1989) reported that Na-saturated beidellite exhibits a 
homogeneous one-layer hydrat ion state between 30% 
and 60% RH. The present unheated and rehydrated 
specimens also showed a homogeneous one-layer hy- 
drat ion state at 50% RH, but  showed no interstratifi- 
cation of  the one- and two-layer hydrat ion states (see 
below). The D T A  curve of  the present specimen (Mat- 
suda, 1988) indicated that  the dehydroxylat ion reac- 
tion took place between 500 ~ and 700~ hence, the 
heating temperature of  800~ was apparently sufficient 
for complete dehydroxylation. 
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Figure 1. Variation of  d(001) obtained at 50% RH for ho- 
moionic (saturated with Ca, Mg, Na, or K) (a) beidellite and 
(b) montmoril[onite heated at various temperatures for 1 hr. 
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Figure 2. Variation of d(001) obtained at 50% RH for re- 
hydrated homoionic (saturated with Ca, Mg, Na, or K) (a) 
beidellites and (b) montmorillonite after heating at various 
temperatures for 1 hr. 

RESULTS 

Variations of  d(O01) after heating 
Figure l a shows d(001) values of homoionic bei- 

dellites obtained at 50% RH after heating at various 
temperatures for 1 hr. The unheated Ca- and Mg-sat- 
urated specimens exhibited two-layer hydration having 
d(001) values of about 15.1 and 14.7 ~,  respectively. 
On the other hand, the Na- and K-saturated specimens 
showed one-layer hydration having d(001) values of 
about 12.6 and 12.2 ~,  respectively. These results gen- 
erally agree with the hydration states of beidellite as 
reported by Suquet et al. (1975). After the sample had 
been heated at various temperatures, the d(001) value 
of the Ca-saturated specimen, previously heated at 
temperatures < 400~ did not  change; however, it de- 
creased to about 9.9 A at 700~ The d(001) value of 
the Mg-saturated specimen exhibited a similar de- 
crease as that of  the Ca-saturated specimen at 400~ 
The d(001) value of the Na-saturated specimen grad- 
ually decreased < 3000C and remained the same above 
the temperatures. On the other hand, the d(001) value 
of the K-saturated specimen did not change at tem- 
peratures <4000C, but decreased at temperatures be- 
tween 400* and 900"C. Figure lb  shows the d(001) of 
homoionic montmoril lonites from Cheto after heating 

at various temperatures for 1 hr. The d(001) values of 
the montmoril lonites decreased at apparently lower 
temperatures than those of the beidellites. After the 
samples had been heated at 900~ for 1 hr, the d(001) 
values of the homoionic dehydrated specimens (K + > 
Na + > Ca 2§ > Mg 2+) decreased as the ionic radii of 
saturating cations (K § > Na + > Ca 2§ > Mg2+; Whit- 
taker and Muntus, 1970). The removal of interlayer 
water from smectites takes place < 300~ (Midgley and 
Gross, 1956; Greene-Kelly, 1957), suggesting that the 
present beidellite had a strong rehydration ability. 
Namely, the heated specimens seem to have rehy- 
drated rapidly on exposure to air at 50% RH (see be- 
low). 

Variations of  d(O01) after water saturation 
Figure 2a shows variations of d(001) of rehydrated 

homoionic beidellites obtained at 50% RH after heat- 
ing at various temperatures for 1 hr. These homoionic 
specimens rehydrated completely on water saturation, 
even after heating at 800~ Similar values of d(001) 
to those of unheated specimens and a rational series 
of higher order reflections were clearly observed. These 
results suggest that the homogenous hydration state in 
the interlayer space of the rehydrated specimens was 
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Figure 3. X-ray diffraction patterns obtained at 50% RH for 
homoionic (saturated with Ca, Mg, Na, or K) beidellite sat- 
urated with deionized water after heating at 900~ for 1 hr. 

completely restored. On saturation with deionized water 
after heating at 900~ the Ca-, Na-, and K-saturated 
specimens showed segregation structures of the rehy- 
drated and dehydrated forms (Figure 3). On the other 
hand, the Mg-saturated specimen did not rehydrate, 
and its dehydrated form, having a d(00 l) value of about 
9.7 ~,  remained after saturation with deionized water. 
Figure 2b shows variations of d(001) of rehydrated 
homoionic montmorillonites from Cheto. The irre- 
versibe dehydration temperatures of the Mg-, Ca-, Na-, 
and K-saturated specimens were 400 ~ 600 ~ 600 ~ and 
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Figure 4. Changes in first-order reflections of homoionic 
(saturated with Ca, Mg, Na, or K) beidellite on exposure to 
air at 50% for various periods of time after heating at 800~ 
for 1 hr. 0% = at 0% RH; 1 to 6 days and 0 to 120 rain signify 
exposure times to air at 50% RH. 

800~ respectively. Thus, the present beidellite had 
an appreciably stronger rehydration ability than the 
montmorillonite. The differences in the rehydration 
properties of beidellite and montmoril lonite are con- 
sidered to be due to their different charge localization. 

Rehydration rate of  beidellite heated at 800~ in air 

The XRD patterns of specimens heated at 800~ in 
air at 50% RH for various periods of time (Figure 4) 
indicate that rehydration rates were strongly influenced 
by the kind of interlayer cation. The Ca-saturated spec- 
imen showed a segregation structure of two-layer hy- 
drated and dehydrated forms on exposure to air for 1 
day. Although an increase in the amount  of two-layer 
hydration was observed during exposure to air at 50% 
RH, the segregation structure remained even after 6 
days. For the Mg-saturated specimen, the dehydrated 
form remained even after exposure for 6 days, whereas 
the first-order reflection of the dehydrated specimen 
broadened slightly. On the other hand, the Na- and 
K-saturated specimens rehydrated more rapidly than 
the Ca- and Mg-saturated specimens. The Na-saturat- 
ed specimen almost completely rehydrated on expo- 
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Table 1. Basal spacings and structure factors for various 
states of Na-saturated beidellites. 

Unheated Heated at 400~ 

001 d (/~) [ Fo ] Fc d (,~) J Fo [ Fc 

1 1 2 . 7  109 .8  -112.3 9.96 58.1 -43,5 
2 6.23 45.9 -47.0 4.86 59.1 -56.9 
3 4.16 23.8 -20.6 3.23 122.6 - 126.6 
4 3.097 152 .2  1 5 4 . 9  2.442 1 9 . 3  -13,3 
5 2.459 14.4 -9.7 1 . 9 3 6  84.4 87.9 
6 2.059 81.8 -76,6 1 . 6 0 3  31.3 31.9 
7 1 . 7 6 6  43.7 43.2 1 . 3 7 9  67.3 -69.4 
8 1 . 5 4 4  44.9 42.1 1 . 2 0 4  30.9 35.9 
9 1 .376  41.2 -43.6 

10 1 . 2 3 9  40.1 36.3 

Heated at  800~ Rehydrated 

001 d (A) I Fo I Fc d (A) I Fo I Fc 

1 9.89 45.9 -36.3 12.66 95.7 -92.4 
2 4.90 63.1 -57.8 6.27 49.2 -44.9 
3 3.25 149.1 -147.9 4.18 16.1 -19.0 
4 2.442 19.5 21.7 3,116 168 .9  166.3 
5 1 .951  64.7 74.0 2,495 1 9 . 2  -26,5 
6 1 . 6 2 2  44.6 44.1 2.074 48.9 - 57.8 
7 1 . 3 8 9  7 5 . 1  -76.4 1 . 7 7 5  24.0 27,2 
8 1 . 2 2 8  39.0 44.9 1 .551  40.1 40.5 
9 1.382 56.6 -54.3 

10 1.249 36.8 45.4 

[ Fo [ = observed structure factors; Fc = calculated structure 
factors. 
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Figure 5. Electron density distribution and difference syn- 
thesis curves for Na-saturated beidellites. (a) unheated, (b) 
heated at 400~ (c) heated at 800~ and (d) rehydrated after 
heating at 800"C; ED = electron density distribution; DS1 = 
difference synthesis calculated by using Z-parameters ob- 
tained by refinement; DS2 = difference synthesis calculated 
by assuming that interlayer Na + ions are located at center of 
interlayer space. 

sure for 1 day, whereas the K-saturated specimen 
showed a rapid rehydration and rehydrated completely 
on exposure within about 20 min. These results strong- 
ly indicate that the K- and Mg-saturated beidellite sam- 
ples rehydrated rapidly and slowly, respectively, in 
agreement with those reported for homoionic rectorites 
by Kawano and Tomita  (1989a). 

Behavior of interlayer cation during 
dehydration and rehydration 

The positions of  interlayer cations for four different 
states o f  Na-saturated specimens, i.e., (1) unheated, (2) 
heated at 400~ (3) heated at 800~ and (4) rehydrated 
after heating at 800~ were examined by means of  
one-dimensional Fourier analysis. The d-values of  the 
basal reflections (Table 1) show a rational series, in- 
dicating that the specimens exhibited hydrated ho- 
mogeneously. The electron density distribution (ED) 
and difference synthesis (DS) curves calculated by using 
ten reflections of  unheated and rehydrated specimens 
and eight reflections of  heated specimens are shown in 
Figure 5a to 5d. The ED curve of  the unheated spec- 
imen has a broad peak in the interlayer region due to 
the interlayer Na + ions and water molecules. After re- 
finement of  the Z-parameters, the position of  interlayer 
Na § ions was determined as shown in Figure 5a. Note 
that the DS curve shows a nearly flat line, suggesting 
that the interlayer Na § ions of  the unheated specimen 
were located at very close to the center of  the interlayer 

space. As for the specimen heated at 400~ the DS 
curves (DS2 in Figure 5b) calculated by keeping the 
position of  interlayer Na + ions fixed at the center of  
the interlayer space show a negative peak in interlayer 
region. The position of  interlayer Na § ions, however, 
was determined to be near the basal oxygen plane by 
refinement of  all atomic positions. 

The negative peak of  the DS curve was also reduced 
significantly (DS1 in Figure 5b) i f  it was calculated 
using the refined parameters. The DS curve (DS2 in 
Figure 5c) of  the specimen heated at 800~ calculated 
by fixing the interlayer Na + ions at the center o f  the 
interlayer space, showed a negative peak in interlayer 
region, also suggesting that the interlayer Na § ions were 
located at other positions instead of  interlayer space. 
The DS curve (DS1 in Figure 5c), calculated using the 
refined structure, is considerably improved, suggesting 
that the interlayer Na + ions apparently migrated into 
hexagonal holes of  the silicate layers and were located 
in deeper parts of  the holes, compared with the spec- 
imen heated at 400~ For  the rehydrated specimens 
heated to 800~ a large electron density was observed 
in the interlayer region of  the ED curve, and the inter- 
layer Na + ions were found to be as shown in Figure 
5d. Pezerat and M6ring (1967) reported one-dimen- 
sional Fourier synthesis curves of  hydrated and de- 
hydrated Na-saturated montmoril lonites calculated by 
using 18 and 14 reflections, respectively. A positive 
peak due to the interlayer Na + ions was clearly present 
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near the surface of  the basal oxygen plane. Inasmuch 
as only ten or eight reflections were used in the present 
study; a significant posit ive peak due to Na  + ions was 
not recognized in the ED curves. The posit ion of  the 
ions, however, could be definitely determined by least 
squares refinement. Insofar as the behavior of  the in- 
terlayer Na + ions during dehydrat ion and rehydration 
is concerned, these results suggest that  the Na + ions 
apparently migrated from the interlayer space toward 
hexagonal holes of  silicate layers during thermal de- 
hydration and returned to the interlayer space on re- 
hydration.  

Structural rearrangement after dehydroxylation 
The ED curve (Figure 5c) for the specimen heated 

at  800~ shows an increase in electron density near the 
octahedral cations and a decrease near the octahedral  
oxygens and hydroxyl ions, compared  with that o f  the 
specimen heated at 400~ (Figure 5b). Similar  results 
were also reported for sericite by Udagawa (I 955), for 
muscovite by Eberhart (1963), for pyrophylli te by War-  
die and Brindley (1972), for rectorite by Kawano and 
Tomita  (1989a), and for montmori l loni te  by Kawano 
and Tomita  (I989b), These observations have been 
explained as the removal  of  hydroxyl ions as H20 and 
the relocation of  residual oxygens to the same level as 
that o foc tahedra l  cations, as  follows; 2OH-  -- H20 + 
02-. Although the detailed dehydroxylated structure is 
uncertain, two types of  rearranged octahedral config- 
urations may be present; a six-fold coordinat ion oc- 
tahedron (Grim and Bradley, 1948; Bradley and Grim, 
1951) and a five-fold coordinat ion octahedron (Wardle 
and Brindley, 1972). 

DISCUSSION 

Rehydration properties of beidellite and 
montmorillonite 

The rehydrat ion characteristics o f  homoionic  (sat- 
urated with Ca z§ Mg 2+, Na  § or K § beidellites are: (1) 
the existence of  strong rehydrat ion tendency and (2) 
rehydrat ion rates in the following order; K + > Na  § > 
Ca 2+ > Mg 2§ 

The dioctahedral  smectite from Aterasawa, Yama-  
gata Prefecture, Japan, having an intermediate com- 
pos i t i on  be tween  m o n t m o r i l l o n i t e  and  be ide l l i te ,  
showed a lesser rehydrat ion tendency than the present 
beidellite; i . e ,  the irreversible dehydrat ion tempera- 
tures of  Mg-, Ca-, Na-,  and K-saturated specimens 
were 400 ~ 700 ~ 700,, and 900~ respectively (Kawano 
and Tomita,  1989b). The Cheto montmori l loni te  had 
an appreciably weaker rehydrat ion abili ty than the 
smectite from Aterasawa and the present beidellite 
(Figure 2). These results suggest that the rehydrat ion 
abilities o f  dioctahedral  smecti te increased with de- 
creasing octahedral  negative charge. The rehydrat ion 
ability of  each homoionic  smectite was greatest for the 

K-saturated material  and smallest for the Mg-saturated 
material. Thus, the rehydrat ion o f  dioctahedral  smec- 
tite was also apparently strongly dependent  on the size 
of  the interlayer cations (K + > Na  + > Ca 2+ > Mg 2§ 
instead of  their hydrat ion energies (Mg z+ > Ca 2+ - 
Na 2. > K+; Rosseinsky, 1965), as well as on octahedral 
negative charge density. 

Interpretation of rehydration mechanism of beidellite 
The rehydrat ion ofsmect i te  group minerals involves 

a re-coordination of  water molecules to the dehydrated 
interlayer cations. Therefore, the behavior  of  the in- 
terlayer cations during dehydrat ion and rehydrat ion is 
significant in elucidating the rehydrat ion mechanism 
of  smectites. On the basis of  Fourier  analysis of  the 
Na-saturated beidellite, the interlayer Na  + ions mi-  
grated from interlayer space to shallow parts of  the 
hexagonal holes on heating at 400~ and moved deeper 
into the holes on heating at 800"C. Thus, the interlayer 
Na  + ions behaved similarly during dehydrat ion to 
montmori l loni te  (Kawano and Tomita,  1989b). Sig- 
nificant differences in rehydrat ion abilities o f  these 
minerals, however, were recognized, as ment ioned 
above. 

The negative layer charge of  beidellite originates 
mainly from the tetrahedral sheets; the octahedraI sheets 
are almost electrically neutral. This crystallochemical 
feature of  beidellite seems to affect the behavior  of  the 
interlayer cations. Namely,  no attractive electrostatis 
force exists between the octahedral  sheets and the mi-  
grated interlayer cations. Migrated interlayer cations 
can therefore easily be extracted from the hexagonal 
holes and rehydrat ion can then occur rapidly. For  
montmori l lonite ,  however, the migrated interlayer cat- 
ions are strongly attracted to the octahedral sheets, 
because the negative layer charge of  montmori l loni te  
originates mainly from substitution of  Mg 2+ for AP + 
in the octahedral sheets, thus, the migrated interlayer 
cations are easily fixed to the hexagonal holes. Con- 
sequently, the rehydrat ion abili ty ofbeidell i te  is strong, 
but  that of  montmori l loni te  is weak. 

The difference in rehydrat ion rates o f  the homoionic  
beidellites is probably due to the sizes of  saturating 
cations, rather than to their hydrat ion energies. The 
small ionic radius of  Mg 1+ allows its easy migration 
into hexagonal holes, and the ion is fixed in the  hex- 
agonal holes. On the contrary, K + has large ionic radius, 
which makes its fixation difficult, and  the ion can easily 
be extracted from the hexagonal holes. Accordingly, 
the rehydrat ion rate o f  K-saturated beidellite is  fast, 
whereas that of  Mg-saturated beidellite is slow. 
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