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Abstract — Release of potassium by extraction with solutions containing sodium tetrapheny! boron or
by leaching with 0-1 N barium chloride seemed to be related to the nature of the mica layers in the
interstratified minerals studied. The rate of potassium release was lower when the calculated Si/Al"Y
ratio of the mica component layers resembled muscovite and higher when this ratio was intermediate
between muscovite and pyrophyllite. This supported a recent hypothesis that the composition and
structure of the mica component layers may vary in different interstratified minerals of similar total

chemical composition.

INTRODUCTION

Hyprous mica complexes (interstratified mica-
montmorillonite and/or vermiculite minerals)
reported on recently differed considerably in their
proportions of mica component layers and their
stacking sequence. However, their chemical com-
positions, except for the interlayer cations, were
surprisingly similar (Kodama et al, 1969). The
Si/AIY ratios of the over-all tetrahedral sheets of
the minerals studied all fell in a narrow range from
4-0 to 5-6. This range was intermediate between 3-4
for microcrystalline muscovite (Kodama and
Brydon, 1968) and 6-7 for beidellite (Weir and
Greene-Kelly, 1962). If the rectorite-type mater-
ials (Brown and Weir, 1963; Kodama, 1966) were
excluded, the Si/Al"Y ratios of 4:0-5-6 would be
narrowed to ratios of 4-8-5-6. To explain the struc-
tural variety, Kodama et al. (1969) proposed the
hypothesis that the composition and structure of
the mica component layers could vary in different
interstratified minerals of similar total chemical
composition.

This hypothesis is illustrated by a comparison of
two samples, 5028 and Yonago, whose character-
istics are briefly summarized from the previous
paper by Kodama er al. (1969) (Table 1). Both
samples consist of non-expanding muscovite-type
layers interstratified with expanding montmorillon-
ite and/or vermiculite layers, but the proportion of
mica component layers is greater in the 5028 than
in the Yonago sample. The chemical structure for-

*Contribution No. 315.
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mulae for the two samples are shown in Table 2.
The formulae in Case I were obtained on the
assumption that the structural formula of mica
component layers was identical to that of ideal
muscovite. The formulae in Case 11 were calculated
on the basis of the mixing proportion estimated by
X-ray analysis. The formulae for the Yonago sample
are nearly the same, but there is a considerable
difference between the formulae for the 5028
sample. On the basis of X-ray and CEC data, the
Case I formula of the 5028 sample should be rejec-
ted since a proportion of 61 per cent of mica com-
ponent is too low. A comparison of the Case 11
formulae of the two samples shows that the mica
component of the 5028 sample has a higher Si/AllY
ratio and therefore a lower charge than the mica
component of the Yonago sample. As a result, the
potassium in the 5028 sample would be less strongly
bonded than that in the Yonago sample (e.g.
Schwertmann 1962). Hence, the hypothesis that
the composition and structure of the mica compon-
ents may differ in different interstratified minerals
of similar total chemical composition was tested by
comparing the rates of potassium release of these
two samples. This paper describes the experimental
results.

EXPERIMENTAL

The rates of potassium release from the 5028 and
Yonago samples were studied by extraction with
solutions containing sodium tetraphenyl boron
(NaTPB) (Scott et al., 1960) and by leaching with
0-1 N BaCl,. To avoid possible structural damage
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Table 1. Atomic proportions (basis of 44 oxygens), CEC, mica
component proportions and d(001) spacings for 5028 and
Yonago samples (Kodama et al., 1969)

5028* Yonagot
Tetrahedral ions {SAII 1:2532 Igg
Ratio Si/Al 4-83 5-08
Al 7-78 7-58
Ti 0-01 0-19
Octahedral ions
Fe*? 0-02 0-03
Mg 0-19 0-16
b2 K 2-42 1-84
.2 Non-Exch.{Na 0-02 0-17
) Ca 0-01
3 Ca
8 Exch.{and/or 0-24 0-34
= Mg
CEC, m-equiv./100 g 20 47
Proportions of mica-layer (%) 80 55

d001 (A) Ca-form, 45% R.H. 10-2 ~ 10-4 25

*Collected from the Abeshiro mine, Akita Prefecture, Japan.
tCollected from the Yonago mine, Nagano Prefecture, Japan.

Table 2. Possible chemical formulae of 5028 and Yonago samples

5028

Yonago

Case 0-61[(X)AlL(Si;A)O,,]

Case Il 0'80[(X)0475Al2(5i3-25Alo~75)011]

0.39[(X*)0‘IG(Y)Z-(!O(Si3*82Alo-18)Ol1]

0-20((X *)o~3o(Y)2~00(Si3~5sA10-42)011]

0-51[(X)Aly(SizADO,,]
0'49[(X*)0-17(Y)l-98(Si3-70Alﬂ-30)01l]
0'55[(X)0»92A12(Si3‘0sA|-0-92)011]
0-45 [(X *)0-19( Y)1~98(Si3v78A10-33)011}

X, Non-exchangeable interlayer cations, K, Na and Ca.
X *, Exchangeable interlayer cations, Ca and Mg.

Y, Octahedral cations, Al, Ti, Fe and Mg.

by mechanical grinding, each sample was separated
without grinding into two fractions, the 2-1 u and
< 1 u, by the sedimentation technique. Fractionated
samples were concentrated by flocculation with
CaCl, solution, then washed free of chloride with
water and ethyl alcohol and freeze-dried. The pot-
assium contents (as K,O) for the < 1 u fractions
of both air-dried 5028 and Yonago samples were
7-23 and 5-52 per cent respectively. These values
were in good agreement with the corresponding
previous data, that is, 7-2 per cent for the <2 pu
fraction of the 5028 sample and 5-38 per cent for
the unfractionated Yonago sample. For these
samples the potassium contents were almost invari-
able with particle size. The sodium content (as
Na,O) for the < 1 w fraction of the Yonago sample
was 0-57 per cent and for the unfractionated sample
0-49 per cent. Thus the chemical structure formulae

given in Table 1 are still valid for discussion of
results from the fractionated samples.

The method used for extracting potassium with
NaTPB was essentially the same as that described
by Reed and Scott (1966). Fifty mg samples were
placed in 50 ml polyethylene centrifuge tubes and
5 mlofal N NaCi-0-2 N NaTPB-0-01 M disodium
dihydrogen EDTA solution were added to each
sample. These mixtures were swirled and placed
in a constant temperature water bath at 25°C
without shaking. After specific periods of time the
mixtures were transferred to 400 mi 0-05 N NH,Cl
solution also containing 4 m-moles HgCl,, boiled
for 20 min, cooled, filtered and washed with 100 ml
0-5N NH,CI. The potassium in the filtrates was
determined by atomic absorption spectrometry.
To minimize errors due to interference the stand-
ards were carried through exactly the same boiling,
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filtering and washing procedure as the samples
except that instead of the clay a known amount of
potassium from a KCI solution was added to the
extracting solution.

The rates of potassium release for the 5028 and
Yonago sample were determined also by leaching
with 0-1 N BaCl,. Three hundred mgof each sample
were mixed with 25 g acid-washed, pure quartz
sand. Leaching of this sand with 0-1N BaCl,
released no measurable amounts of potassium and
sodium. The sand-clay mixture was placed in a
polyethylene tube (15 cm long and 3 cm in diameter)
and enclosed at each end with a sphere of cotton
and a bored rubber stopper. The leaching solution
from an 181. polyethylene bottle was passed through
plastic tubing to and from the contents in the leach-
ing tube and collected into 8 1. polyethylene bottles.
The samples were leached in a constant temperature
room (24°C), and a leaching rate of 250 ml/hr was
maintained using a constant hydraulic head and a
valve adjusting the flow of solution into the leach-
ing tube. The rapid leaching rate and small amount
of sample were chosen to minimize the amount of
potassium in the leaching solution at any moment.
These precautions were taken to avoid the inhibi-
tion of potassium release from the mica by the
potassium in solution. The leachates were collected
after every hour for the first three hours and then
after every day for a total of 11 days. Aliquots of
the leachates were concentrated ten times by eva-
poration in polycarbonate beakers at about 60°C
and potassium and sodium in the 1N BaCl,

153

solutions were determined by atomic absorption
spectrometry.

RESULTS

Data for potassium release were expressed by
the relationship of fraction extracted («), which is
the amount of extracted potassium/total potassium
in the sample, against reaction time in hours.

NaTPB extraction method

For both the 5028 and Yonago samples the rate
of potassium released was relatively high in the
first hour, then decreased gradually and was almost
zero after around 0-7-0-8 fraction was extracted
after 5 hr reaction (Figs. 1 and 2). Unlike results
obtained by Scott (1968), there were neither “induc-
tion” reaction stages nor a high potassium release in
the first few minutes. The difference in particle
size of the 2-1 u and the < 1 u fractions made no
appreciable difference in the rates except that the
< 1 u fraction of both samples gave a slightly
smaller amount of potassium released over a
prolonged time of reaction (Fig. 2). However, for
both the 2-1 x and the < 1 u fractions, the rate of
release of the total potassium extracted was lower
for the Yonago than for the 5028 sample.

BaCl, leaching method

This method was used to check the results ob-
tained by the NaTPB method and to determine the
release of non-exchangeable sodium present in the
Yonago sample.
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Fig. 1. Potassium extracted from the 1-2 y fractions of 5028 and
Yonago samples with NaTPB solutions.
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Fig. 2. Potassium extracted from the < 1 w fractions of the 5028 and
Y onago samples with NaTPB solutions.
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Fig. 3. Potassium and non-exchangeable sodium extracted from the

< 1 fractions of the 5028 and Yonago samples by leaching with

0-1 N BaCl,. Potassium (O) from the 5028 sample, Potassium (@)

from the Yonago sample and potassium plus non-exchangeable
sodium (A) from the Yonago sample.

A comparison of the curves in Fig. 3 with those in
Figs. 1 and 2 shows that the NaTPB extraction
method is by far the more efficient method since
more potassium was extracted with NaTPB in the
first 15 min than with BaCl, in 11 days. As with the
NaTPB extraction method, the rate of potassium
release was considerably lower for the Yonago than

for the 5028 sample.* With the leaching method,
however, the two rates approached each other after
7 days leaching when «a was 0-43 for the 5028 and

*Sodium release is neglected in this comparison since
the non-exchangeable sodium content in the Yonago
sample was less than 10 per cent of its potassium content.
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0-26 for the Yonago sample. For the Yonago
sample, the initial rate of release of potassium plus
sodium was about 4 times that of potassium alone
(Fig. 3, inset) since more than 70 per cent of the
total sodium was released in the first hour. Another
20 per cent was released gradually so that the two
rates were approximately the same during the
remainder of the leaching period.

Considering the high rates of potassium extracted
with the solutions containing NaTPB and the limited
amount of potassium leached out with ¢-1 N BaCl,
and also the recent evidence indicating the com-
plexity of the mechanism governing potassium
release in micas (Newman and Brown, 1969), the
experimental data were judged inadequate for
further kinetic analysis.

DISCUSSION

To justify the selection of a difference in the mica
components of the two samples as the factor that
controlled The difference in their potassium release,
other factors affecting therr potassium release
should have been small or constant for both
samples. Major factors known to affect potassium
release from dioctahedral aluminous micas and
from interstratified dioctahedral micaceous minerals
as well, are particle size, stage of weathering or
degradation, structural damage due to gnnding,
and charge density (e.g. Rich, 1968). The type of
interstratification has also been suggested as a
factor affecting the release of potassium (Bassett,
1959). Considering these factors in comparing the
two samples, particle sizes were similar. Natural
degradation was probably not significant in view of
the hydrothermal origin of these minerals (Kodama
et al., 1969). Induced structural damage was avoid-
ed because grinding prior to size fractionation was
not necessary for these microcrystalline samples.
There was a difference in the type of interstratifica-
tion and in the calculated Si/Al' ratios and result-
ant charge densities of the mica components of the
samples. The Yonago sample had a more regular
interstratification (Table 1) and a lower Si/Al" ratio
of its mica component (Table 2). These two factors
may in fact be related if the regular alternation is
considered to arise from structural and/or composi-
tional variations from layer to layer within indivi-
dual crystals (Sudo et al., 1962). Bassett’s (1959)
hypothesis implies that the potassium release from
a regularly interstratified mineral should be slower
than that from a randomly interstratified one. A
lower Si/Al"Y ratio and resultant higher charge
density of the mica component should also decrease
the rate of potassium release. With these samples,
these two factors can not be clearly differentiated
and at this time their effect on potassium release
can not be evaluated separately. However, there is
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no doubt that the difference in charge densities of
the mica components as indicated by the calculated
Si/ Al ratios, if real, was a major factor causing the
different rates of potassium release of the two
samples.

Regarding the composition of the mica compon-
ent of the 5028 sample as an intermediate between
pyrophyllite and muscovite, three potassium atoms
are distributed statistically among four holes of
oxygen hexagons of the tetrahedral sheets. These
potassium sites may be closely related to the loca-
tions of tetrahedral layer charge sites arising from
Al-Si substitution. Although at the present stage
of knowledge it is diflicult to know the state of
ordering of the Al-Si substitution, the experimental
results obtained in this study clearly suggest certain
chemical structural varieties in the mica component
layers.

The data concerning the release of sodium as
compared to potassium are rather scanty since
only one sample contained any measurable amount
of non-exchangeable sodium. The results obtained
here show a preferential release of sodium relative
to potassium and differ from the results obtained by
Cook and Rich (1962) showing a non-preferential
release of sodium relative to potassium in the
weathering of sodium-potassium mica in soils of
the Virginia Piedmont. Apparently, further inves-
tigation into this problem is necessary to establish
firm conclusions.
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Résumé— Dans les minéraux interstratifiés observés, la libération de potassium par extraction avec
des solutions contenant du tétraphényl-bore de sodium, ou par lavage avec du chlorure de barium
0,1 N semble étre en relation avec le nature des couches de mica. Le taux de libération du potassium
diminue lorsque le rapport Si/Al'"Y calculé des couches de mica ressemble a celui de la muscovite, et
augmente quand ce rapport est intermédiaire entre celui de la muscovite et de la pyrophillite. Ceci
appuie une récente hypothése selon laquelle la composition et structure des couches de mica peuvent
varier dans des différents minéraux interstratifiés de composition chimique totale similaire.

Kurzreferat — Die Freigabe von Kalium durch Extraktion mit Natriumtetraphenylbor enthaltende
Losungen oder durch Auslaugen mit 0,1 N Bariumchlorid stand scheinbar in Beziehung zu der Natur
der Glimmerschichten in den zur Untersuchung gelangenden zwischengelagerten Mineralen. Die
Geschwindigkeit der Kaliumfreigabe war niedriger wenn das errechnete Si/Al'Y Verhiltnis der
Glimmerbestandteilschichten dem Muskowit dhnelte und hoher wenn dieses Verhiltnis zwischen
Muskowit und Pyrophyllit lag. Das bekriftigt eine vor kurzem aufgestellte Hypothese, wonach die
Zusammensetzung und das Gefiige der Glimmerbestandteilschichten in verschiedenen zwischen-
gelagerten Mineralen dhnlicher chemischer Gesamtsusammensetzung veranderlich sein kann.

Pesiome — OKCTpaKUus Kallds pPacTBOPaMM, CONEPXALIMMHM HATPHEBBbI TeTpadenmn-Gop, umu
pacteopamu 0,1 N xnopuzaa 6apus, mo-sBHAUMOMY, 3aBUCHT OT NIPHUPOJILI CIIIOASHBIX CIIOCB H3YYECHHBIX
CMEIIAHHOCIONHBIX MHHepanoB. CKOPOCTh M3BIEYEHMS Kayius Oblna HYKE, €C/IM BLIYUCIEHHOE
otHomenue Si/Al'"Y cmoosHOro kommosHeHTa GbIIO OMH3KMM K MYCKOBMTOBOMY; NPH 3HAYEHWH
YKa3aHHOTO OTHOLUCHHS MEXIY MYCKOBHTOBBIM H NMHPOGWIIIHTOBEIM CKOPOCTL H3BJICYCHHS KaJlHs
6bina Bbie. DTO MOATBEPKAACT HEAABHO cHOPMYIMPOBAHHYIO THIOTE3y, COTJIACHO KOTOPOH
COCTaB M CTPYKTYpa CJIIOAAHOTO KOMITOHEHTA CJIOEB MOXET BapbHPOBaTh B Pa3jIMYHBIX CMEIIAHHO-
C/IOMHBIX MHEHEPANIaX OQHOTO H TOTO XK€ BATIOBOTO XMMHYECKOTO COCTaBa.
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