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Hydration states in interlayer of hydromuscovite

MoTtoHarU KawaNo and KaTsuTosar TOMITA

Institute of Earth Sciences, Faculty of Science, Kagoshima [niversity
1-21-35 Korimote, Kagoshima 890, Japan

Hydration states of hydromuscovites under conditions of 80% and 50% R.H. and glycero!
solvation after saturation with various kinds of cations in the expandable interlayers were

examined by means of Fourier transform analysis.

At 80% R.H., Ca-saturated specimens showed one- and two-layer hydration states of expan-
dable layer and the ratios of two-layer to one-layer hydration states decrease with increasing the
proportions of mica layer components. At 50% R.H., Ca-saturated specimens indicated a
decrease in two-layer hydration and an increase in one-layer hydration as compared with those
of the specimens at 809 R.H. Glycerol solvated complexes of Mg-saturated specimens showed
that the specimens contain one-layer glycerol complexes with spacing of about 12.5A.

These hydration states of the hydromuscovites are different from those of smectites and
expandable layers of regularly interstratified mica/smectites, and it is considered to be due ta their

high layer charge in expandable layer.

Introduction

The AIPEA Nomenclature Committee has
shown the classification scheme for the
phyllosilicates reiated to clay minerals based on
its layer type (ratio of tetrahedral to octahedral
sheets in one repetitive unit structure) and
charge density. Although, the Committee
recommended that the definition of micais 2:1
layer type clay minerals with layer charge of 1
per formula unit, it has written that “the status
of illite (or hydromica), sericite, etc. must be
left open at present, because it is not clear
whether or at what ievel they would enter the
Table (Bailey, 1980)}; many materials so
designated may be interstratified”. At present,
many studies have been conducted to clarify the
mineralogical properties of these minerals
(Grim ef al, 1937; Kodama, 1957 ; Kodama,
1962 ; Hower and Mowatt, 1966 Shimoda,
1970, etc.). As to the chemiecal composition,
these micas show excess of water and
deficiency of potassium in interlayer positions

and aluminum in tetrahedral sheets as compar-
ed with theoretical composition of muscovites,
suggesting that the layer charge of the former
is slightly lower than that of latter (Hower and
Mowatt, 1966). As to the structure of
interstratification, these micas include two
types of minerals, one is interstratified mica/
smectite with small amounts of expandable
layers, the other is pure mica with no
interstratification structure {Shirozu and Higa-
shi, 1972},

The present study deals with the hydration
states in the interlayers of hvdromuscovites
(interstratified mica/smectites with small
amounts of expandable layers) and their nature
of interstratifications.

Specimens

Five hydromuscovites with small amounts
of expandable layers were examined in this
study. They are as follows;

H1: Specimen from Tenei, Fukushima

Prefecture (Kawano, 1288).

{Manuscript received, February 3, 1989 ;
accepted for publication, March 8, 1989)
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H2:

H3:

H4:
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Specimen from Makurazaki, Kago-
shima Prefecture.

Specimen from Tenei, Fukushima
Prefecture (Kawano, 1988).

Specimen from Silver Hill, Montana,
US.A. (Hower and Mowatt, 1966)
supplied from the Sowrce Clays
Repository of The Clay Minerals

Society.
H5: Specimen from Aira, Kagoshima Pre-
fecture (Kawano and Tomita, 1988).
The chemical analysis of specimen H2 was
carried out by usual wet method. The chemi.
cal analyses and structural formulae for these
specimens are listed in Table 1.

Table 1. Chemical analyses and structural formulae for hydromuscovites

H1 H2 H3 HA HE
5104 49.04 46.69 48.06 55.10 48.98
Ti0, 0.13 0.05 0.09 0.63 0,02
21,0, 28.30 3412 31,39 22.00 33,82
Fa,0, 4.43 Q.48 0.51 5.28 0.58
Fal - - - 1.34 -
MnO 0.04 ¢.01 0.5% - 5.07
Mg 0.81 a.5% 1.04 2.80 ¢.61
cao D.58 0.07 0.64 0.02 0.02
Na,0 0.34 1.1B 1.18 0.c8 1.33
K40 7.14 6.25 6.61 8.04 £.99
(NH,y § 50 - - - - 1.30
P50g 0.26 0.21 - -
Ha0(+) 5.54 7.95 6. 48 6-40 5.25
H,0(-) 4.08 2.70 3.819 1.00 1.86
Total (%] 100.69 100,09 99,96 102.69 99.82
Tetrahedral N
8i 3,37 3.20 3N 3.66 3.25
Al 0.63 0.80 0.69 0.34 0.75
Cctahedral
Al 1.66 1.96 1.85 1.38 1.8%
Fel*t 0.23 0.02 0.03 0.26 0.03
Fel+ - - - ¢.07 -
Mg 0.a7 .02 0.0% 0.28 0.06
Ti 0.0t 0.00 0.00 - 0.00
Sum 1.97 2.0 1.97 1.99 1.98
Interlayer
Ca 0. 04 0.01 0.05 - 0.00
Na 0.05 0.14 0.16 . 0.0 0.18
K D.63 0,55 0.58 0.68 0.51
NH, - - - - 0.290
Mg 0.01 0.04 0.02 - -
Xt - - ~ 0.03 -
Sum 0.72 0.76 £.81 0.72 0.89
Total charge 0.78 0.79 0.87 0.72 0.89%
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Experimental method

Fractions less than 2 ym were obtained by
usual sedimentation method, and were saturat-
ed with Ca**, Na* and Mg®* by treatment with
1N CaCl;, NaCl and MgCl, =solution. After the
removal of excess salt by washing with 80%
ethanol, the homoionic specimens were oriented
on glass slides.

X-ray diffraction analysis was carried out
by Rigaku diffractometer using CuK, radiation
under the conditions of 80% and 50% relative
humidities for Ca-saturated specimens, 509%
relative humidity for Na-saturated specimens,
and glycerol solvated complexes of Mg-satu-
rated specimens. The basal spacings were
obtained from d-values of the center half the
height of basal reflections and intensities were
determined by step scan method. The control
of humidity was made by ordinary humidifier
and dehumidifier equipment. These instru-
ments were run in the x-ray room and humid-
ities were checked by hygrometer.

The hydration states in expandable layers
and nature of the interstratifications were
examined by means of Fourier transform ana-
lyses, and the equation employed in this calcula-
tion was formulated by MacEwan (1956) and
can be written as

W(R)ZE{ “ET%TF cos 21 R,

where function W (R) is defined as the probabil-
ity of finding ancther layer at a distance R from
any layer. [, the integrated intensity, E, the
geometric factor, | F; |, the square of the layer
structure factor and u,, the reciprocal spacing.
(14+cos® 26/ sin 2¢) was used for the factor E.
The layer structure factors were taken from
Cole and Lancucki (1966) for hydrous diocta-
hedral mica type layers,

Results

Hydration states of Ca-saturated spectmens at
80% R.H.

Basal spacings and intensities of Ca-satu-
rated specimens obtained under the condition of
80% R.H. are listed in Table 2. Fig.1 shows
Fourier transforms of basal reflections for the
five specimens. These transforms show three
fundamental components (A, B and ) with
spacings of about 10, 13 and 15.4;%, which are
assigned to mica layer, expandable layer of
one-layer hydration and that of two-layer
hydration, respectively. Table 3 shows calcu-
lated and observed heights of peaks from Four-
ier transforms of basal reflections for Ca-satu-
rated hydromuscovites at 80% R.H. The
calculated heights of peaks were determined by

Table 2. Spacings ¢A) and intensities of basal reflections for Ca-saturated hydro-

muscovites at 80% R.H.

m H2 H4 HS

ach) 1 acdl 1 ath I ack) I acky I

11.5 1000 10.7 1000 10.4 1000 10.3 1000 10.2 1000
5.04 268 5.05 3123 5.02 314 5.03 166 5.02 242
3.290 . 531 3.319 427 3,309 448 3.325 433 3.339 325
2,521 36 2.521 26 2.512 19 2.509 21 2.514 16
7.9§3 151 1.998 130 1.995 133 1.936 114 2.008 91
1.654 1 1.655% 2 1.654 1 1.667 3 1.658 il
1.424 7 1.427 7 1.426 5 1,425 9 1.430 3

1.252 7 1.251 8 1.247 8 1.2541

1.251 10
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Fig.1. Fourier transform of basal reflections for
Ca-saturated hydromuscovites at 309 R.H.

the method of MacEwan (1936), and observed
heights of peaks were ohtained from heights of
peaks in Fourier transform. The values for
calculated and observed heights of peaks A, B
and C represent proportions of component
layers. The results suggest that specimens H1,
H?2 and H3 are composed of three component
layers, which are mica layer, expandable layer
of one-layer hydration and that of two-layver
hydration, while specimens H4 and H5 are
composed of two component layers, which are
mica layer and expandable layer of one-layer
hydration. The existing ratios of one-layer to
two-layer hydration increase with increasing

AR AAAA  AAAAA
ARAB  AAAAB

——

i 1 i i i " ")
Q 0 20 50
R{A)

Fig. 2. Fourier trausform of basal reﬂéétions for
Ca-saturated hydromuscovites at 50% R.H.

the proportions of mica layer components.
Hydration states of Ca-saturated specimens at
50% R.H.

Table 4 shows the basal spacings and inten-
sities of Ca-saturated specimens at 50% R.H.
Under the humidity condition, the first order
reflection shifts slightly to higher angle while
the third and fifth order reflections shift to
lower angle compared with those of the speci-
mens under the condition of 80%' R.H. Fig.2
shows Fourier transforms for Ca-saturated
specimens at 50% R.H. These transforms indi-
cate that expandable layers of two-layer hydra-
tion decrease and those of one-layer hydration
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Table 3. Calculated and observed heights of peaks from Fourjer transform of basal reflections for
Ca-saturated hydromuscovites at 80% R H.

: HY H2 H1
Peak Spacing Caleulated Observed Spacing Calculated Observed Spacing Caleculated Observed
33 haight height th height height Ay height height
A 10.0 0. 68 D.68 10.0 G.B5 0.85 10.0 D.93 0.33
B 12.8 .12 D.12 13.8 .07 0.07 13.7 0.04 0.04
c 15.9 0.20 0.2¢ 15.9 0.08 D.0B 16,0 D.03 0.03
AA 20,0 0,59 D.59% 20.1 .73 0.79 20.0 0.90 0,40
AB 22.8 0.17 0.17 22.8 Q.13 0.13 22.7 0.1¢ 0.10
ac 25.8 0.24 0.34 25.9 ¢.08 D.16 25,9 0.00 0.06
ARA 29.9 0.50 0.48 30.1 0,74 0.7 30.0 0.86 0.84
AAB 32.7 0.20 0.16 3z.a 0.17 0.19 32.7 0.14 0.19
AAC 35.8 0.25 Q.48 35.9 0.08 0.26 35.8 0.00 0.12
AARR 19.9 0.43 Q.49 40.1 0,68 .60 40.0 0.83 0.77
AMAB 42.7 0.22 0.10 42,9 0.21 0,22 12,7 e.17 0.25%
AAAC 45.8 ¢.25 ¢.506 45.8 0.08 0.38 45.7 0.00 0.19
ARAAR 49.9 5. 37 6.38 50.1 0.64 0.4% 50.0 0.80 D.6B
AAMAB 52,6 6.23 0.04 52,9 0.25 0.22 52,7 6.20 n,30
HY HS
Peak Spacing Calculated Observed Spacing {algulated Obssrved
(A) height height 23] height height
A 0.0 0.97 0.97 10.0 2.99 0.99
B 2.6 0.03 0.03 12.4 2.0 4.0%
an 20.0 0.9% 0,95 201 0.99 0.99
AB 22.8 0,0% 0.11 22,5 5.01 G.05
ARA 30.0 0.93 0.91 30.1 0.98 0.98
EY:: 32.6 0.07 0.18 32.5 0.02 0.0
ARRR 40.0 0.80 0.B5 40.2 0.0a 0.96
ARAR: 42.7 0.10 0.25 42.6 0.02 0.4
ARRRA 50.0 0.88 n.79 50.2 0.97 0.84
ARARE 52.7 G.12 0.31 52.6 0.0} 0.19

Table 4, Spacings (A) and intensities of basal reflections for Ca-saturated hydro-

muscovites at 50% R.H.

H1 H2 H3 Hd HS
ath 1 drd) I dih) T d(d) I atky 1
11.7 1000 10.5 1000 10.4 1000 10.3 i004Q 10.2 1000
5.03 222 5.0 365 5.0 102 5.01 159 5.01 236
2.344 418 3.329 505 3.3114 413 31.322 371 3.337 320
2.546 3 2.507 25 2.507 17 2.505 26 2.512 14
2.004 11D 2.005 189 1.999 122 1.996 108 2.005 94
1.658 2 1.654 1 1.650 1 1,663 3 1.862 1
1.422 5 1.431 7 1.427 4 1.429 B 1.430 3
1.251 8 1.251 7 1.250 5 1.249 8 1.25% 5

increase as compared with those of the speci-
mens at 80% R.H.

Hydrdtion states of Na-saturated specimens at
50% R.H. '

Under the condition of 50% R.H., the first
order reflection of Na-saturated specimens
shifts to higher angle and the third and fifth
order reflections shift to lower angle than those
of Ca-saturated specimens (Table5). These
behaviors are caused by shrinkage of expanda-
ble layers. The Fourier transforms for Na-

saturated specimens at 50% R.H. (Fig. 3} show
that expandable layers of two-layer hydration
decrease and those of one-layer hydration
increase as compared with those of Ca-saturat-
ed specimens at 50% R.H.
Glycerol solvated complexes of Mg-saturated
specimens

Basal spacings and intensities of glvcerol
solvated complexes for Mg-saturated speci-
mens are given in Table6. The first order
basal reflection of the specimen HI (11.542\}
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Table 5. Spacings (A) and intensities of basal reflections for Na-saturated hydro-

muscovites at 50% R.H.

HS

Hi 2 H3 H4
ak) 1 dii) 1 d(ky I aiky 1 a4y I
10.6 1000 10,4 1000 10.4 1000 10.3 1000 10,2 1000
5.08 115 5.04 197 5,01 308 5.03 120 5.01 324
3.296 247 3.312 289 3,322 478 3.324 358 3.337 473
2.498 9 2,507 16 2.507 21 2.504 16 2.509 24
2.008 57 2.070 85 2.002 153 2.001 30 2.004 155
1.653 9 1.657 1 1.558 1 1,667 2 1.660 1
1.419 3 1.425 3 1.429 7 1.425 7 1.430 §
1.248 4 1.251 3 1.250 7 1.246 7 1.257 7
splits into two reflections (13.4 and 9.44&], and
A that of other four specimens shifts alightly to
, AA:AB AAA’LMSAM::MB higher angle. Fig. 4 shows Fourier transforms
‘B \, AAAC of basal reflections for the specimens. These
transforms suggest that the specimens contain
H1 =~ about 12.5 (B} and 18 (D) A component layers,
which are assigned to expandable layers with
(\ , one-layer glycerol complexes and those with
\ J(\\ /\,\ 'l i\/‘ f\\ﬁ. ‘ twe-layer glycerol complexes, ’I:he restricted
Ha -\&ﬁ _ J L \w j - ’ expansion with glycerol for 12.5A component
R i/ Y ; layers of Mg-saturated specimens agrees with
the swelling behavior of vermiculite (Walker,
8).
ﬁﬁ\ f\ {\ ]\ f\_ 1857, 15858)
I J ; ‘i‘«[\ | \“, ;l YI:‘J\A\ : 11\ Discussion and Summary
Ha J ﬁ\‘ J j“\; .' Hydration states and nature of the
’ Interstratifications of the hydromuscovites
; were examined by means of Fourier transform
| ; F\ [Qi\ jq~| E"l‘ method under the conditions of 80% and 50%
M I ~ \"_ JM \Ar 7{\1 : j‘u_ R.H. for Ca- and Na-saturated specimens and
‘ ‘ N, 'jj y N' \f\j glycerol solvated complexes of Mg-saturated

RiA}

Fig.3. Fourier transform of basal reflections for
Na-saturated hydromuscovites at 50% R
H.

specimens,

Under the condition of 809 R.H,, Ca-satu
rated specimens' Hl, HZ and H3I show
interstratifications of three component layers,
which are mica layer, expandable layer of one-
layer hydration and that of two-layer hydra-
tion. The existing ratios of expandable layer
of two-layer hydration to that of one-layer
decrease with increasing the proportions of
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H2

H&

LL]

" H2 H3 H4 H5
atd) 1 ak) 1 atd) I d(ky T d(d) T
13.4 245 .
9.9 1000 8.9 1000 10.0 1080 10.1 1000 10.1 1000
4.88 194 4.96 327 1.96 342 4.98 175 5.01 339
3.352 455 3.357 478 3.332 489 3,336 544 3.345 479
2.525 28 2.518 28 2.512 25 2.584 14 2,511 29
1.298 109 2.001 128 1.398 132 1.596 182 2.002 150
1.646 4 1.654 4 1.661 2 1.667 3 1,656 3
1.422 5 1.429 6 1.4325 5 1.428 10 1.429 5
1.250 5 1.254 7 1.245 5 1,248 16 1.251 8
A Ak mica layer components. Specimens H4 and
ARA L BARA aaaan r : : s
aanll AAAD H5, which have larger proportions of mica
layer than those of the above three specimens,
AbAB AARAB

R{A}

Fig. 4. Fourier transform of basal reflections for

glyecero] solvated complexes of Mg-satu-
rated hydromuscovites.

show interstratifications of two component
layers, which are mica layer and expandable
layer of one-layer hydration. Glaeser and
Méring (1968), Suquet et al (1973) and
Watanabe and Sato (1988) reported the basal
spacings of Ca-saturated smectites under the
conditions of various relative humidities, and
pointed out that Ca-saturated smectites retain
two layers of water molecules in interlayer
positions in the range of relative humidities
between about 30% and 90% R.H. Similar
expansion characteristics of expandable layer
of regularly interstratified mica/smectites have
been reported by Matsuda {1984). The hydra-
tion states in the interlayers of hydromus-
covites examined in this study show
homogeneity of one- and two-layer hydration
states, and the ratios of two-layer hydration to
one-layer decrease with increasing the propor-
tions of mica layer components. These hydra-
tion states may be the result of high layer

in-

charge and inhomogeneous charge density dis-
tribution in expandable layers.

Under the condition of 50% R.H., the Ca-
saturated specimens show a little decrease in
two-layer hydration, and Na-saturated speci-
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mens show further decrease in two-layer hydra-
tion and increase in one-layer hydration,
Although, the x-ray diffraction data demon-
strated shrinking behaviors of expandahle
layers, the expandable layers of two-layer
hydration did not show continuous contraction.
The changes of hydration states of expandable
layers indicate that the values of layer charge
are higher than those of regularly interstratified
mica/smectites and usual smectites, and the
values increase with increasing the proportions
of mica layer components. The Fourier trans-
forms of glycerol solvated complexes of Mg-
saturated specimens also indicate the presence
of high charge expandable layers which have
vermiculite-like expansion properties.

The differences of hydration behaviors of
hydromuscovites from those of regularly
interstratified mica/smectites and usual
smectites are considered to he due to high layer
charge in expandable layers of the hydromus-
covites.
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