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Abstract

The adsorption mechanism of Cs-137 in low level radioactive solution by
vermiculite treated with Na ion is studied in order to investigate its effective
utilization for the radioactive effluent treatment.

The beneficial role of Na-vermiculite is that Na ion can induce the wider
c-axis spacing in which Cs ion can be sorbed in vermiculite.

Cation exchange capacity and distribution coefficient of cesium seems to be
influenced by the variation of c-axis spacing of vermiculite.

Comparative identification and detection with the characteristic analyses of
X-ray diffraction and electron diffraction patterns, diffrential thermal analysis
and electron microscopy of Na-, K- and Cs-vermiculite are studied for the
phemomena of Cs adsorption by vermiculite.

This importance of the utilization in terms of adsorption and fixation of
cesium involving vermiculite is discussed.

It is found that the Na-vermiculite is valuable outside charging material for
high level radioactive liquid waste storage tank of underground to protect the
pollution of the underground water.
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1. Introduction

Many workers have reported that clay
minerals have very significant use for the
waste treatment and disposal of radionuclides,

because of the high jonic selectivity, radiation

stability and heat stability of these min-
erals. 1™

Since the waste disposal plant was cons-
tructed at the Atomic Energy Research Ins-
titute in Seoul, Korea, in 1964, the author®
has investigated on clay mineral as one of
the major problems of safe disposal of the

radionuclide waste such as Sr-90 and Cs—137._ _
Several reports"® have shown that layer
lattice minerals and clays containing these.

minerals sorb Cs from dijlute solutions . in
preference to other cations. Also Tamura
and Jacobs?> demonstrated that the sorption at

the edge of the K-vermiculite lattice was inc- -
reased with the increase of K ion, -due to the-
collapse of vermiculite lattice, on the other ~

hand, a large preference by these interlattice
edge sites of illite and a large fixation of the
added Cs-137 in soils had been demonstrated
by Bolt et al.'® and schulz ef al.1", respec-
tively. And it is a well known fact that
among the clay minerals cation exchange in
vermiculite is often accompanied by a change
in the c-axis of the unit cell and that this
influences the rate of exchange.

The object of this study is to develop the

method of low level radioactive liquid waste -

treatment and disposal and to investigate
characteristic behavior of natural vermiculite
(V) with cesium-137. For the study repre-
sentative vermiculite was obtained from the

western coast in Choungnam Province, Korea.
All of the vermiculites were
after pretreatment of excess of NaCl and KCJ,
so that the natural vermiculites were changed

investigated

into Na- and K-vermiculite, respectively.
Investigation on the effect of natural, Na-
and K-vermiculite on the adsorption of Cs-
137, were carried out by distribution coeffic-
ient evaluation and X-ray diffraction analysis.
These species were also identified by differen-
tial thermal analysis, electron micrography,
chemical analysis and X-ray diffraction

analysis.
2. Experimental

1) Sample preparation

.The samples- were ground into small pieces
in ball mill. and fractionated by sieving.
The ground materials were sieved to make
sure’ that the grains were less than 177p

> sieve in diameter. These were treated with

the saturated NaCl solution for 72 hours at
the room temperature. The Na-saturated
vermiculites were treated with 2N KCI and
2N CsCl solutions separately for 72 hours at
the room temperature. Excessive electrolyte
was decanted and then rinsed with deionized
water, followed by absolute ethanol until
free of chloride and then dried
at 110°C.

The samples prepared by this procedure will
hereunder be called the Na-, K-, and Cs-

vermiculite respectively. Likewise the non-

in an oven

’treated samples will be called the natural

vermiculite.
2) Experimental procedure
From each samples, a 0.1-0.5g aliquot was
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ngghéd out and transf’efred to an Erlenmeyer
flask (250ml), and then 100 ml of the simula-

ted radioactive waste . solution which - was ...

co}mposedk of 0.3M NaNO; and 2x107*M CsCl
(Cs-137), except for the Kd change measure-

ment, was poured into the flask. The pH ‘of '

the solution was adjusted with NaOH or HCl
to the desired values. The suspension was
shaken for two hours and a 10 ml portion of
the suspension was taken out and centrifuged
for one hour at 3,000 rpm. Then a 0.5ml
aliquot of the clear supernatant solution was
transferred to a test tube, and activity of
the Cs-137 was counted in a well-type gamma
scintillation counter which is equipped with
a NaI(Tl) crystal (Aloka Model TDC-¢).

In order to measure the release of the
adsorbed cesium by various electrolyte solu-
tions, the sample saturated with Cs-137 was
repeatedly extracted with solutions such as
0.1 N NaCl, 0.1NKCl, 0.1NCaCl,and 0.1 N
MgCl; as described below until ten each
separate extractions had been made. The
100ml of the each extracting solutions and
10 g of the samples were added to the beaker
and stirred for 2 hours, The 10ml of these
suspended solution was taken out and cen-
trifuged for 1hour at 3,000rpm and then

activity of Cs-137 was counted as mentioned
above.

X-ray diffraction, electron diffraction and
differential thermal analysis of the sam-
ples were carried out with a Shimadzu Rese-
arch X-ray Goniometer (Type VD-1), a Hit-
ach Electron Microscope (Model HU-125C)
and a Shimadzu Differential Thermal Analy-
zer (Type DT-EB), respectively.

3. Results and Disscussion

Chemical analysis data and eation exchange
capacity of Korean vermiculites located in

Ma-Suk, Bee-Bong, Dae-San, and Ye-San
which are labeled as V), V2, Vs, and Vi re-

‘spectively are represented in Table 1. The

contents of Si0,, Al,Os; and Fe;O; in each
sample are quite similar. However, it was
noted that Korean vermiculite had a slightly
higher contents of SiO;, Al,O; and alkaline
oxides, less MgO and ignition loss than the
Kenya, Pennsylvania vermiculite.
Furthermore, the V,-vermiculite produced
in Bee-Bong district shows not only the
highest MgO contents and the highest value
of cation exchange capacity but also lowest
it was
assumed that Bee-Bong vermiculite V; was

contents of K,O. From these results,

considerably more applicable for industrial
Although
potassium oxide is not an essential component

waste treatment of radionuclides.
of pure natural vermiculite, the Bee-Bong
vermiculite which the author has taken from
shows 2-3% of K;O content.
of the potassium probably suggestes that
these the biotite-
vermiculite assembleges.

This presence

vermiculite belong to

Recently, Dr. Lim and co-worker!®> have
reported that Korean vermiculites were mainly
composed of biotite origin and generally acc-
ompanied by hornblende, limonite
and other impurities. It was considered that
the Korean vermiculites were formed by

quartz,

weathering of biotite schist which belongs to
the precambrian stage.

Mortland®?> has already suggested that the
weathering of biotite would be considered to
proceeded as follows:

Biotite-~»Biotite-vermiculite—vermiculite

On this process the intermediate stage of
biotite-vermiculite shows interstratified sys
tem in vermiculite.

1) Differential thermal analysis

The nature of hydration of the natural
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Table 1. Chemical Composition and cation exchange capacity (CEC) of Korean Vermiculites

Component| - CEC
\ Si0; | AliOs | FeiOs | Ca0 | MgO | Na,0 | KO | Tio, [[EHition| gy
Vermiculites 1 100g
Vi(Ma-Suk) 42.16 | 20.16 | 6.97 0.69 i 8.75 1.51 {12.91 1.01 5.37 16
V:(Bee-Bong) 39.75 | 15.87 | 8.62 1.52 ! 21.37 2.08 2.63 — 110.50 115
Vi{Dae-San) 38.15| 20.48 | 6.64 1.30 8.81 0.89 | 11.68 1.41 9.91 43
V«(Ye~San) 38.63 | 21.10 7.26 1.41 {10.14 0.87 {10.32 1.45 834 57

vermiculite is most clearly revealed by the second step dehydration of Mg-vermiculite.

differential thermal curves as shown in Fig.
1. As is well known, one of the charac-
teristic properties of vermiculite is the exfolia-
tion which depends upon the rapid formation
of water vapor between lattice layers. In
general, the peak resolves into two or three
distinct breaks depending
constituents!>™17,

on the water

As shown in Fig. 1, it was found that at
below 250°C the differential thermal curves
of Korean natural vermiculites were broken
mostly into two endothermic trough at the
range of 130°-150° and 180-240°C, owing to
the lattice water driven off slowly by gradual
heating. -The latter indicated the characteristic

Vi

\,\/_/-————'—“——’\

Va

aT

! i 1 1 ]
200 400 600 800 1000

Temperature(“C)

Fig. 1. Differential thermal curves of natural
vermiculites

From the above observation it was considered
that these materials contains a kind of Mg-
vermiculite.

On the other hand, the differential thermal
curves corresponding to the loss of interlayer
water of Na and K-vermiculites are represen-
ted in Fig. 2. It was found that the natural,
Na- and K-vermiculite had two, one,
without endothermic trough at low tempera-
ture, respectively. By Barshad!®, it was seen

and

that the curve of Cs-vermiculite was similar
to that of K-vermiculite.

This variation is attributed to the different
degree of hydration of interchangeable ions

presented between the lattice layers, which

Va

7

Cs~ Vz
‘/\-f-
1 | - 1 1
200 400 600 800 1000

Temperature (*c)

Differential thermal curves of
vermiculites

Fig. 2.
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Table 2. Cesium sorption ability of Vermiculites
Distribution coefficient, Kd (ml/g)
Standard
Vermiculites Run number Average
: deviation
1 2 3 4 5 value
Natural 26 22 28 30 29 27 2.8
Vi Potassium 150 152 155 151 152 152 1.7
Sodium 222 218 223 216 221 220 2.6
Natural 83 81 84 78 84 82 2.3
V: Potassium 327 325 327 324 322 325 1.9
Sodium 986 988 990 985 991 988 2.3
Natural 48 44 53 49 46 48 3.0
Vs Potassium 222 226 223 222 227 224 2.1
Sodium 422 427 426 425 430 426 2.6
Natural 59 68 64 63 66 64 3.0
V. Potassium 266 263 261 264 261 263 1.9
-Sodium 510 508 514 511 507 510 2.4
Reaction period with 2X107°M CsCl for each run: 24hrs.
were determined by the degree of expansion
of the lattice!ss!6 400
As this, result, it is seen that the expansion 200 |
of the lattice'® saturated with Na ion is
equivalent to the thickness of a unimolecular 3 oo}
layer of water. E
In the case of the lattice saturated with K, =
however, c-axis spacing is only slightly «
expanded, also K ion tends to become fixed 3
and relatively non replaceable when it already § 10}
presents on clay. g
2) Adsorbability of radioactive cesium 2
(Cs-137) 3
The sorption of cesium by vermiculite from .

2x1073 M CsCl solution are evaluated in terms
of the distribution coefficient(Kd). For a
given cation, generally, Kd is expressed as
following formula!®.

Kd= (Activity of clay, puci/g)
~ (Activity of solution, uci/ml)

(Vol. of soln. ml)
(wt. of clay, g)

The data are represented in Table 2, It is

X

Fig. 8. Cesium sorption as a function of pH

found that the Na- and K-vermiculite which
were pretreated with Na and K jon are shown
higher values than natural vermiculite.

In each case of samples, we can estimate
the Cs adsorption in vermiculite and the
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Fig. 4. Cesium sorption by V., K-V; and Na-V;-vermiculite

cesium decontaminating ability of Na- and
K-vermiculite by the measurement of Kd.

Among the specimens in Table 2, it will be
assumed that V, vermiculite has a highest
affinity of Cs as it had the highest cation
exchange capacity. Therefore, the data will
be analysed and evaluated with V, vermiculite
hereafter,

In Fig. 3, the -distribution coefficient was
plotted as a function of the initial pH of the
vermiculite suspension,

The decrease in Kd at pH less than 5 may
be due to the slow decompostion of the
vermiculite in acidic media. Also it was
considered to be the competitive inhibition
offered by H ions in the system.

However, a slight increase in Kd with the
increase of pH from 7to 12 may be attributed
to the increase of sorption surface as a result
of the dispersion, that is, the exchange site in
the vermiculite becomes saturated with Na ion
and then increased. Accordingly, all the data
reported hereafter were obtained from the
suspensions at the pH 11.5.

These studies were extended to the solutions
containing high concentration of cesium.

The sorption of Cs-137 with natural, K-,
and Na-vermiculite in varing amounts of
cesium concentration is shown in the Fig.4.
In case of natural vermiculite, decrease of
Kd curve up to about 10-M of CsCl for the
cesium sorption is due to the presence of Mg
ion, a little amount of biotite and other
impurities. However, increase of the sorption
above about 107*M of CsCl is attributed to
the increase of penetreation into the interlay-
er.

Among the vermiculites pretreated, Na-
vermiculite has the highest adsorption affinity
to cesium even in lower concentration range
of cesium. As shown in Fig. 4, it is neted
that Na-vermiculite is more effective than
K-vermiculite for Cs sorption. This is
responsed to the difference in the c-axis
spacing of these vermiculitesé: 197,

It is a well know fact that cation exchange
in vermiculite is often accompanied by a
change in the c-axis of the unit cell and
that this influences on the rate and capacity
of exchange?”. In addition, the amount of sor-
bed cesium by micaceous minerals is directly

related to their cation exchange capacity®.
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By exchanging sodium ion in the Na-ver-
miculite with cesium ion the structure get
collapse owing to c-axis spacing shortening.
In case of the K-vermiculite, the structure
had already shrinked by introducing K ion
so that further collapse could be occurred
slightly by exchanging with Cs ion.

It is assumed that when the vermiculite is
treated with Na and K ions prior to contact
with the Cs ion solutions, favorable sites for
cesium are formed at the expanded interlayer
of c-axis spacing of Na-vermiculite by in-
troduced hydrated Na ion, and collapse of
the structure of K-vermiculite by K ion would

occure.
In the clay minerals where the exchange is
due to lattice substitutions, the cation

exchange mostly occurs in the interlayer and
the wider in the interlayer, the easier the
exchange reaction, 1

Barshad,? Walker and Milne??
that the K ion tends to become fixed and
relatively non replaceable when it already

found

presents on the clay. Moreover, there are at
least two diffusion path ways in the expanded
Na-vermiculite (on the external surface and
through the internal surface), and for coll-
apsed K-vermiculite only the external surface
is available for cationic diffusion.??’

On diffusion process in ionic exchange, the
rate depends on the mobility of the ions.
First, the Cs ion can be adsorbed on the
external surface of crystal. Secondly, the Cs
ion penetrated slowly into the interlayer of
unit cell and ion exchange between Na ion
and Cs the
Thirdly, the desorption process of - Na
taken place

ion occurred in interlayer.
ion
from the interlayer can be
simultaneouly.

From these consideration, it may be con-
cluded that the penetration of Cs ion into

kd(™y/g)

Distribution coefficient,
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Fig. 5 Adsorption ability of vermiculite
vs reaction time,

vermiculite depends largely upon the inter-
layer spacing and nature of exchanging site
of the vermiculite which is also the most
significant parameter in controlling the
amount of Cs sorbed. ‘
At the external surface, the double layer
will be developed adsorption of Cs ion on
the surface of the vermiculite particle so that
solid surface is positively charged, and the

electrolytic solution surrounding the particles

has matching negative charge, and forms
fixed or diffused layer.
As we seen the data of Fig. 5, Cs ion

adsorption on all the vermiculite is rather
sluggish reaction. For the K-vermiculite,
which believed the adsorption of Csion is to
take place almost exclusively on the external
surface, the reaction time for, the equilibrium
Kd is about 100 hours and after equilibrium
desorption of Cs ion from the vermiculite is
predominant.

These facts mean that the double layer in
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vermiculite CsCl solution system will be quite
diffused one (so called Gouy double layer),
and much less in cationic exchange reaction,
which the adsorption and desorption of the
ion on the surface occure simultaneously,
would greatly disturb the positive layer and
the zeta-potential also be frail. i

Appling to the practical disposal of
radioactive waste, it is important to know
the relationship between adsorption ability
and the reaction time on vermiculite. As
reported in the previous paper, the author®
has demonstrated that the cesium was sorbed
and quickly attained an equilibrium state
between the adsorvate and adsorbent in case
of montmorillonite. However, as shown in
Fig. 5, it was found that a straight line
relationship between adsorbability and reac-
tion time on natural and Na-vermiculite was
obtained even after 1,000 hours and the cesium
sorbed by these was continuously increased
while the cesium sorbed by K-vermiculite
was increased until around 100 hours and
decreased after that time. By Sawhney®®,
the cesium sorbed by vermiculite did not
reach an equilibrium even after 500 hours
and cesium sorbed by Ca-vermiculite continued
to increase while the cesium sorbed by K-
vermiculite decreased.

The slope of these curves shows 0.468 and
0.448 in natural and Na-vermiculite respec-
tively. In K-vermiculite the slope shows 0. 308
from 0.5 hour to 100 hours and —1.063 from
200 hours to 1,000 hours.

This slope implies that the cesium sorption
by K-vermiculite was only slightly increased
with the time up to 100 hours as compared
with Na-vermiculite. Many workers% 92
have reported that cesium sorbed by micace-
ous clay minerals can be correlated with the
cation exchange capacity.

- J. Korean Nuclear Society Vol. 6, No. 2, June, 1974
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coefficient and CEC on vermiculites

As shown in Fig. 6, the author also found
that the linear relationship between distribu-
tion coefficients and cation exchange capacity
existed.

In order to make much more effective
utilization of the vermiculite in the liquid
waste treatment, it is necessary to treat with
NaCl rather than KCl as well as to extend
the reaction time should be kept sufficiently
long.

Finaly, the fraction of cesium retained in
vermiculite after extraction with NaCl, KCIl,
CaCl; and MgCl, is shown in Fig. 7. It was
observed that at the 10th extraction of NaCl,
KCl, CaCl; and MgCl,, the fixation of cesium
was measured to be about 82%, 75%, 87%,
and 85% respectively. These phenomena
suggest that the cesium ions fixed in the
vermiculite lattice are not able to remove
and the small fraciton of exchangeable cesium
is ‘bounded one at the sites close to the
surface. Among these cations, the exchang-
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Fig. 7. Fraction curves of cesium retained in Cs-vermiculite
after extraction by various agents,
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Na-Vermiculite

K-Vermiculite
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Fig. 8. Electron micrographs of vermiculites. (4000)
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Va-Vermiculite (A)
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Na-vermiculite (B)

K-Vermiculite (C)
Fig. 9. Electron diffraction patterns of vermiculits(x400)
ing effect of weakly hydrated K was greatest.

By Levi and Miekeley,?> it might be
explained that this effect was probably based
on different defixation mechanism depending
on the different degree of hydration and size
of ions. However, in case of water extrac-
tion, no cesium was leached out.

3) Electron micrography, electron
diffraction and X-ray diffraction
analysis

(a) Electron micrography and electron dif-
fraction
Little information is available regarding
to the electron micrography of the vermiculite
mineral. It appears from structural considera-
tion, however, that electron micrographs of

Cs-Vermiculite (D)

the vermiculite mineral would be almost
similar to those of illites except that vermi-
culite might occur in thinner flakes.!™

In Fig. 8, micrographs of vermiculites

and flake-shaped
aggregates which appear to be stacking of

reveal irregular flakes

_{’imits without regular outlines, and elongate

flakes in one direction. Because of the similar

morphology of natural sample (V;) to the

treated samples, it was difficult to distinguish

the species of these samples by micrographic

‘method.
. .For the

identification purpose of clay
minerals.-electron. diffraction-method is not as
generally useful as X-ray diffraction method
because most of them consist of similar
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Table 3. Electron diffraction.data of Vermiculites
o a X 4.62 2.51 1746 | 1.546 1.533
Natural-vermiculite (A)} () (021) (202) (1312) (2014) (060)
' o d (&) 4.62 2.64 2.53 1.765 1.551
Sodium-vermiculite(B) | (1) (021) (200) (206) (2012) (0016)
\Y
: . o 4.62 2.64 2.35 1.941 1. 746
Potassium-vericulite(C)|  (3) (021) (200) (206) (0010) (0012)
' o d (&) 4.62 2.68 2.35 1.721 1.533
Cesium-vermiculite(D) | = (py) (021) (008) (206) | (0014) (060)
h Condition: 50Kv, #2,Projection current—=max.
Table 4. Interplaner spacings and Millerindice of Vermiculites
Natural- d(h) 14.47 4.64 3.60 1.5359
vermiculite (hkl) (002) (021) (008) (060)
Sodium- d(A) 12.6 6.27 4.64 3.038
vermiculite (hkl) (002) (004) (021 (008)
Ve | potassium- d(A) 10.3 5.1 £.64 3.398
vermiculite (hkl) (002) (004) 021) (006)
Cesium- d(A) 11.9 4.64 3.56 2.673
vermiculite (hkD) (002) 021) (006) (008)

Condition: Cu-K. radiation, 30Kv, 15mA.

layer lattices and the plate-shaped particles
which tend to'lie on their basal planes and
thus yield identical or nearly identical hexa-
gonal spot patterns in the diffractional
diagrams.

The characteristics of electron diffraction
patterns of natural, Na-, K-~ and Cs-ver-
miculite are shown in Fig. 9 and Table 3.
All of the patterns show the (021) reflection
and same interplanner distance of 4.62 A.
Although the differences between the samples
by the diffraction data are recognized, it is
considered to be not sufficient to identify the
individual samples. On the other hand, it was
observed that the unit cell parameters except
c-axis spacing were not changed the exchange
of the changeable ions.

(b) X-ray diffraction

The samples were identified by the X-ray

.data listed in the ASTM powder diffraction
~file' (6-0263, 7-42,

10-439, 16-613, 19-814)
and given by Walker?®> and other workers!™.

In Fig. 10, it is shown that the X-ray dif-
fraction patterns of the natural vermiculite
V., is similar to the patterns of Ye San
These patterns provide the
strongest reflection (002) at about 14.4A
reflection (008) at about 3.60 A and reflec-
tion (060) at about 1.53. A

As mentioned previously, natural vermiculite

vermiculite??.

was formed by the weathering of biotite schist
which belongs to the precambrian stage. From
the above X-ray results, one could assume
that this mineral consist of a mixed-layer of
mica-vermiculite and a trioctahedral vermi-
culite. By chemical analysis and X-ray
diffraction data, it is considered that about

20% of mica is contained in the sample V.
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Fig. 10. X-ray diffraction patterns of Korean
Vermiculites from Yong-Sa (1),Snh-8an
(2), Ye-San (3 & 4) and Bee-Bong (5)

The X-ray diffraction patterns of Na-,
K-and Cs-vermimiculite, which were treated
the natural vermiculite (V,) with saturated
NaCl, 2N KCl and 2N CsCl, and natural
vermiculite (V;) are repressented in Table 4
and Fig. 11. Only the peaks, reflection (007)
(1=2,4,6,8), of the treated vermiculites
were grown. These phenomena are due to
the c-axis dimension of vermiculite with the
nature of the interlayer cation. All of these
patterns Fig. 11 provide the (021) reflection at
about 4.64A as shown in electron diffraction
patterns Fig. 9 and Table 3.

As represented in Fig. 12, from 2 to 7,
with the increase of the reaction time, 12.6A

J. Korean Nuclear Society Vol, 6, No. 2, Jjune, 1974

20

Fig. 11. X-ray diffraction patterns of the natural
vermiculites (1) and the vermiculits
treated with NaCl (2), KCI (8) and
CsCl(4).

peak was decreased while 11.9A peak was
increased. Also 6.27A, 3.038A, 2.089A and
1.536A peaks were disappeared and new peaks
as 3.56A, 2.673A, and 2.135A have been
growing. These changes of X-ray patterns
show that sluggish transformation of the Na~
vermiculite to the Cs-vermiculite structure
with increasing time of reaction with Cs
solution. This explantion could be justified
by the penetration of Cs ions through the
interlayer of Na-vermiculite. The higher
cesium sorption or exchange capacity of Na-
vermiculite than the other vermiculite is
attributed to the higher sorption rates by the
unique exchange sites: the initial fast sorption
on external surfaces and edges followed by
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1. 94" H{Cs-v)

60 50 40 30 20 10 2

“Fig. 12. X-ray diffraction patterns of vermi-
culite treated with CsCl for 2 hours(g),
24 hours (8), 48 hours (4), 72 hours (5),
100 hours (6) and 169 hours (7) from
Na-V: vermiculite (1), and Cs-V;: Ver-
miculite (8)

slow penetration into the interlayers. In Fig.
13, from 2 to 5, there is no sign of new
‘peaks of Cs-vermiculite formed from K-verm-
iculite by treating with Cs ion, although some
intensities were slightly changed. From the
analysis of above X-ray diffraction patterns
it can be assumed that Cs ions can not be
penetrated into the interlayer of K-vermiculite.

Since the interstratified stage of weathering
bibtite-vermiculite would be formed during
the process of bitite to vermiculite, one can
expect that biotite peaks would be observed

(Cs- V)

Fig. 13. X-ray diffraction patters of vermi-
culite treated with CsCl for 2 hours (%),
24 hours (3), 48 hours (4), and 72 hours
(8) from K-V, vermiculite. (1), .and
Cs-V: vermiculite (6).

in the X-ray diffraction pattern of natural
vermiculite and it is true as was seen in
Fig. 10.

However, in pretreated vermiculite with
NaCl and CsCl the patterns of biotite were
not observed as shown in Fig. 11. It was
considered that this was due to the release
of potassium ion from interstratfied system
of biotite-vermiculite by the exchange process
with Na ion and it would be resonable to
explain that the intermediate stage of wea-
thered biotite might be proceeded to change
vermiculite by pretreatment of excess NaCl.

This weathering conversion from biotite to
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vermiculite or hydrobiotite has been studied
by many authors'¥ 2# 29 galready.

4. Conclusions

In order to develop the method of low level
liquid waste treatment and disposal for long-
lived fission products, fundamental studies
on domestic vermiculite were summerized as
follows:

1) The affinity of the vermiculite for cesium-
137 in dilute solution increases with the
increase in pH. This is attributed to the
increase of sorption surface as a result of
the dispersion

2) The sorption of cesium-137 by the vermi-
culite was markedly influenced by cesium
concentration, and the sorption ability of
Na-vermiculite had the maximum value at
about 10™*M CsCl. Larger amount of cesium
was sorbed from dilute solution by Na-
vermiculite than K-vermiculite and this was
related to the penetration of Cs ion into the

_ interlayer of vermiculite. v _

3) From the results of X-ray diffraction
analysis, it is clear that the penetration of Cs
ion into the Na-vermiculite by the exchange
reaction between Na and Cs ion tends to
form the collapse structure due to the dif-
ference of degree of hydration and size of
the ions.

4) From the results of extraction of Cs-
vermiculite with various chloride solution
it is found that more than 80 per cent of Cs
ion adsorbed tends to retain into the verm-
iculite except extraction by KCI solution.

5) The domestic vermiculite is valuable ma-
terial for application of fixation of long-
lived fission products, and also useful as a
good outside charging material in the
underground tank storage for highly
radioactive liquid wastes,
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