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Fig.1  Schematic diagram of radioactive cesium by chloride volatilization?.
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Fig.2  Scheme for crystal structure of pollucite?.
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Table1 Condition for pollucite synthesis in this study.
Entries [Ca*]1+[K']+[Na']/mM Bentonite / g Reaction temp. / °C Reaction time / h
1 100 1.0 180 6
2 50 1.0 180 6
3 10 1.0 180 6
4 100 0.5 180 6
5 100 1.0 180 12
6 100 1.0 160 6
7 100 1.0 200 6
8 100 1.0 180 3
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Fig.3  XRD pattern of specimens in this study. (a) Pollucite (Table 1,
Entry 1, Ca: K:Na=0:0:100), (b)Tobermorite with
pollucite (Table 1, Entry 5, Ca: K: Na=100:0: 0), (¢)
Tobermorite with amorphous (Table 1, Entry 6, Ca: K: Na
=40: 40 : 20), (d)Tobermorite (Table 1, Entry 1, Ca: K: Na=
100 : 0 : 0, (¢)Amorphous (Fumed silica, 7 nm, Sigma-
Aldrich) and (f) Bentonite (Kunibond, Kunimine Industries
Co., Ltd.).
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Fig.4 Triangular diagram obtained from the results of XRD Fig.5
patterns in Appendix 1.
o: Tobermorite, A: Quartz, A: Amorphous and o: Pollucite.
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Fig.6  Triangular diagram obtained from the results of XRD Fig.7
patterns in Appendix 3.
o: Pollucite.

[Ca*]

Triangular diagram obtained from the results of XRD
patterns in Appendix 2.

o: Tobermorite, A: Quartz, V: Bentonite, A: Amorphous
and o: Pollucite.
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Triangular diagram obtained from the results of XRD
patterns in Appendix 4.
o: Tobermorite, A: Amorphous and o: Pollucite.
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Fig.8 Triangular diagram obtained from the results of XRD Fig.9
patterns in Appendix 5.

o: Tobermorite and o: Pollucite.

[Ca*']

Triangular diagram obtained from the results of XRD
patterns in Appendix 6.

o: Tobermorite , A: Quartz, V: Bentonite, A: Amorphous
and o: Pollucite.
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Fig.10 Triangular diagram obtained from the results of XRD
patterns in Appendix 7.
o: Pollucite.
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Fig.11 Triangular diagram obtained from the results of XRD
patterns in Appendix 8.
A:Quartz, A: Amorphous and o: Pollucite.
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Fig.12 Phase diagram for "calcium molar ratio'-"total
alkaline (earth) metal concentration" made from
triangular diagram in Figs.3, 4 and 5.
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Fig.14  Phase diagram for "calcium molar ration"-""bentonite-
water ratio" made from triangular diagram in Figs.3
and 6.
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Fig.16 Phase diagram for "calcium molar ration"-"Reaction
time' made from triangular diagram in Figs.3, 7 and 10.
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Fig.13 Phase diagram for "calcium concentration"-"total
alkaline (earth) metal concentration" made from
triangular diagram in Figs.3,4 and 5.
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Fig.15  Phase diagram for "calcium molar ration"-""Reaction
temperature” made from triangular diagram in
Figs.3,8 and 9.
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Normalized Absorption
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Fig.17
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XANES of the specimens with different Ca/Na/K molar
rations synthesized at 180°C for 6h detailed at Tablel,
Entry 1.

(a) Raw pollucite, (b) Ca: K: Na=0:0:100,(c) Ca: K
:Na=20:60:20,(d)Ca: K:Na=40:60:0,(¢) Ca: K
:Na=40:40:20,(f)Ca: K:Na=40:20:40,(g)Ca:
K:Na=40:0:60,(h)Ca: K:Na=100:0:0, and (i)
5 wt-% Cs-adsorbed bentonite.
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EXAFS oscillations of the specimens with different Ca/
Na/K molar rations synthesized at 180°C for 6h detailed
at Table 1, Entry 1.

(a) Raw pollucite, (b)) Ca: K:Na=0:0:100,(c)Ca:K:
Na=20:60:20,(d)Ca: K:Na=40:60:0,(e)Ca:K:
Na=40:40:20,(f)Ca: K:Na=40:20:40,(g)Ca:K:
Na=40:0:60,(h)Ca: K:Na=100:0:0, and (i) 5
wt-% Cs-adsorbed bentonite.
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Na=0:0:10, 20:60:20, 40:60:0) » EXAFS #&
B, RIRFIL AN WIREZIRE o720

Fig.19 @ RSF Tb, KT VOERII/NS ol B
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:0:0) 1, IV AAE UMD (Csad-BNT) &3O
EXAFS #REIZIRZ R L7z NUMFAM, INET AL
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Fig.19 Radial structure function (RSF) of the specimens with
different Ca/Na/K molar rations synthesized at 180°C
for 6h detailed at Table 1, Entry 1.
(a) Raw pollucite, (b)) Ca: K:Na=0:0:100,(c)Ca: K:
Na=20:60:20,(d)Ca:K:Na=40:60:0,(¢) Ca:K:
Na=40:40:20,(f)Ca: K:Na=40:20:40,(g)Ca:K:
Na=40:0:60,(h)Ca:K:Na=100:0:0, and (i) 5
wt-% Cs-adsorbed bentonite.
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W
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Fig.20 SEM image and EDX mapping of the specimen at Ca : K: Na=40:0: 60 in Table 1, Entry 1.
(a) Secondary electron image, (b) EDX mapping of Cs, (c) Al, (d) Si and (e) O.
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Fig.21 SEM image of the specimen at Ca: K: Na=100:0: 0 in Table 1, Entry 1.

Fig.22 SEM image of the specimen at Ca : K: Na=40:0: 60 in Table 1, Entry 1.
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XAFS #liEl25W T, EXAFS R8I0 4.2 At or—»
DIFNHAMERERIEL TWAIEZFIATH 25, K
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Original

Study of the Influence of Alkali Metal Cations on
Cesium Immobilization by Hydrothermal Method
Part 1: Synthesis of Pollucite from Suspended Solution

OHASHI Hironori*, UMETSU Hiroyoshi, TAKAKU Ryosuke, UEHARA Masaki,
OTSUKI Shogo, and SUGIYAMA Takeharu

® Summary e The effect of calcium cation, potassium cation and sodium cation on hydrothermal synthesis of pollucite
using clay minerals was studied. XRD pattern showed that pollucite was synthesized under a wider range of conditions.
Synthesis condition of pollucite was clarified by triangular diagram and its “low-dimensionalization”. SEM images of
some samples supported the results from XRD pattern. It was showed that pollucite and the others were distinguishable
according to EXAFS oscillation derived from XAFS. It was turned out that calcium cation interfered with the synthesis of
pollucite, however, sodium and potassium cations didn't. Synthesis of pollucite was promoted under low concentration of

calcium cations, higher temperature or longer time.
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———J“"-—'L-f'h-——-—-——l—-— (a) Bentonite
(b) 100:0:0
. Mo (c) 80:20:0
l (d) 80:0:20
(e) 60:40:0
(f) 60:20:20
(g) 60:0:40
i (h) 40:60:0
—_ (i) 40:40:20
= Sty x des (j) 40:20:40
E A i W (k) 40:0:60
G () 20:80:0
I3 (m) 20:60:20
£ T Y (n) 20:40:40
T (0) 20:20:60
(p) 20:0:80
N (@) 0:100:0
s (r) 0:80:20
(s) 0:60:40
(t) 0:40:60
Al (u) 0:20:80
i A (v) 0:0:100
(w) Raw pollucite
10 2'0 3'0 4'0 5'0 6'0
26 /deg.
Appendix 1.

XRD pattern of specimens with different Ca/Na/K molar ratios de-
tailed at Table 1, Entry 1.

(a) Bentonite, (b)) Ca: K:Na=100:0:0, (c)80:20:0,(d)80:0:
20, (¢) 60 : 40 : 0, (f) 60 : 20 : 20, (g) 60 : 0 : 40, (h) 40 : 60 : 0, (i) 40 : 40
:20, (j)40:20:40,(k)40:0:60,(1) 20 : 80 : 0, (m) 20 : 60 : 20, (n) 20 : 40
:40, (0)20:20:60,(p)20:0:80,(q)0:100:0,(r)0:80:20,(s)0:60
:40,(t)0:40:60,(u)0:20:80,(v)0:0:100 and (w) Raw pollucite.

——JWLM—-‘——— (a) Bentonite
(b) 100:0:0
I S () 80:20:0
Iy I (d) 80:0:20
(e) 60:40:0
(f) 60:20:20
W (g) 60:0:40
I (h) 40:60:0
— (i) 40:40:20
3 IS S () 40:20:40
i~ S W (k) 40:0:60
G () 20:80:0
% | (m) 20:60:20
= 10 W E— (n) 20:40:40
o (0) 20:20:60
(p) 20:0:80
A A (q) 0:100:0
0 N S () 0:80:20
(s) 0:60:40
(t) 0:40:60
T8 S W A (u) 0:20:80
1§ W E—— (v) 0:0:100
(w) Raw pollucite
10 20 30 40 50 60
20 /deg.
Appendix 3.

XRD pattern of specimens with different Ca/Na/K molar ratios de-
tailed at Table 1, Entry 3.

(a) Bentonite, (b) Ca: K:Na=100:0:0,(c) 80:20:0,(d)80:0:20,(e)
60 :40: 0, (f) 60 : 20 : 20, (g) 60 : 0 : 40, (h) 40 : 60 : 0, (i) 40 : 40 : 20, (j)
40:20:40,(k)40:0:60,(1)20:80: 0, (m) 20 : 60 : 20, (n) 20 : 40 : 40, (0)
20:20:60,(p)20:0:80,(q)0:100:0,()0:80:20,(s)0:60:40,()0:
40:60,(u)0:20:80,(v)0:0:100 and (w) Raw pollucite.
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et A * (a) Bentonite

(b) 100:0:0
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Appendix 2

XRD pattern of specimens with different Ca/Na/K molar ratios de-
tailed at Table 1, Entry 2.

(a) Bentonite, (b)) Ca: K:Na=100:0:0,(c)80:20:0,(d)80:0:20,
(€)60:40:0,(f)60:20:20,(g)60:0:40,(h)40:60:0, (i) 40 : 40 : 20,
(j)40:20:40,(k)40:0:60,(1)20:80:0,(m)20:60:20,(n)20:40:
40, (0) 20:20: 60, (p)20:0:80,(q) 0:100: 0, (r) 0 : 80 : 20, (s) 0 : 60
:40,(t)0:40:60,()0:20:80,(v)0:0:100 and (w) Raw pollucite.

b e (a) Bentonite
(b) 100:0:0
ik A (c) 80:20:0
A (d) 80:0:20
(e) 60:40:0
(f) 60:20:20
A Jhon " (g) 60:0:40
NS (h) 40:60:0
— (i) 40:40:20
2 A heheolion -~ (j) 40:20:40
= " T " (k) 40:0:60
G (I) 20:80:0
= (m) 20:60:20
= e (n) 20:40:40
- e & (o) 20:20:60
(p) 20:0:80
D S E—_—— (q) 0:100:0
yi - (r) 0:80:20
(s) 0:60:40
(t) 0:40:60
s A (u) 0:20:80
Y - A (v) 0:0:100
(w) Raw pollucite
10 20 30 40 50 60
20 /deg.
Appendix 4.

XRD pattern of specimens with different Ca/Na/K molar ratios de-
tailed at Table 1, Entry 4.

(a) Bentonite, (b) Ca: K:Na=100:0:0,(c)80:20:0,(d) 80:0: 20,
(€)60:40:0, () 60:20:20,(g)60:0:40,(h)40:60: 0, (i) 40 : 40 : 20,
(j)40:20:40,(k)40:0:60,(1)20:80: 0, (m)20:60:20,(n)20:40:
40, (0)20:20: 60, (p)20:0:80,(q)0:100:0,(r) 0:80: 20, (s) 0 : 60
:40,(t)0:40:60,(u)0:20:80,(v)0:0:100 and (w) Raw pollucite.
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Appendix 5.

XRD pattern of specimens with different Ca/Na/K molar ratios de-
tailed at Table 1, Entry 5.

(a) Bentonite, (b) Ca:K:Na=100:0:0,(c) 83:17:0,(d) 83:0:17,(e) 66 :
34:0,(f) 66:17:17,(g) 66:0:34, (h) 50:50:0, (i) 50:34:17, (j) 50:17 : 34,
(k)50:0:50, (1) 34:66:0, (m) 34:50:17, (n) 34:33:33, (0) 34:17:50, (p) 34
:0:66,(q) 17:83:0,(r) 17: 66 : 34, (s) 17 : 50 : 34, (t) 17:34 : 50, (u) 17:17
:66,(v) 17:0:83,(w) 0:100:0, (x) 0:83:17, (y) 0:64:17, (z) 0:50:50, (aa) 0
:34:66, (ab) 0 : 17 : 83, (ac) 0:100:0 and (ad) Raw pollucite.
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Appendix 7.

XRD pattern of specimens with different Ca/Na/K molar ratios de-
tailed at Table 1, Entry 7.

(a) Bentonite, (b) Ca: K:Na=100:0:0,(c)80:20:0,(d)80:0:20,()
60:40:0, () 60 : 20 : 20, () 60 : 0 : 40, (h) 40 : 60 : 0, (i) 40 : 40 : 20, (j) 40
:20:40,(k)40:0:60,(1)20:80: 0, (m) 20 : 60 : 20, (n) 20 : 40 : 40, (0) 20
:20:60,(p)20:0:80,(q)0:100:0,()0:80:20,(s)0:60:40,(t)0:40
:60, (u)0:20:80,(v)0:0:100 and (w) Raw pollucite.

Ml A n (a) Bentonite
(b) 100:0:0
Aecusdasrtvsbe oA (c) 80:20:0
2 o, 7! (d) 80:0:20
(e) 60:40:0
(f) 60:20:20
Artus it S (g) 60:0:40
Mo aut, (h) 40:60:0
—_ (i) 40:40:20
2 b ; dsanh (j) 40:20:40
-~ Rl (k) 40:0:60
’5 (1) 20:80:0
i3 (m) 20:60:20
£ a o (n) 20:40:40
Aapuitin (0) 20:20:60
(p) 20:0:80
. (q) 0:100:0
sl . (r) 0:80:20
(s) 0:60:40
(t) 0:40:60
Y - (u) 0:20:80
~4 (v) 0:0:100
1 -— ak (w) Raw pollucite
10 20 30 40 50 60
20 /deg.
Appendix 6.

XRD pattern of specimens with different Ca/Na/K molar ratios de-
tailed at Table 1, Entry 6.

(a) Bentonite, (b) Ca: K:Na=100:0:0,(c)80:20:0,(d)80:0: 20,
(€)60:40:0,(f)60:20:20,(g)60:0:40,(h)40:60: 0, (i) 40 : 40 : 20,
(j)40:20:40,(k)40:0:60,(1)20:80: 0, (m) 20 : 60 : 20,(n) 20:40 :
40, (0) 20 : 20 : 60, (p)20:0:80,(q) 0: 100 : 0, (r) 0 : 80 : 20, (s) 0 : 60
:40,(t)0:40:60,(u)0:20:80,(v)0:0:100 and (w) Raw pollucite.

M Ao o (a) Bentonite
Y W (b)100:0:0

(c)80:20:0

T S (d)80:0:20

Y WY (e)60:40:0

(f)60:20:20

(g)60:0:40

ad - - (h)40:60:0

— (i) 40:40: 20
2 (j)40:20:40
= -~ (k)40:0:60

G T - (1)20:80:0
% (m)20:60:20
= (n) 20:40:40
ks (0)20:20:60

shs (p)20:0:80

(g)0:100:0

T (r)0:80:20

A (s)0:60:40

(t)0:40:60

(uy0:20:80

N SR (v)0:0:100

- . - - - (w) Raw pollucite
10 20 30 40 50 60
26 /deg.
Appendix 8.

XRD pattern of specimens with different Ca/Na/K molar ratios de-
tailed at Table 1, Entry 8.

(a) Bentonite, (b) Ca: K:Na=100:0:0,(c)80:20:0,(d)80:0: 20, ()
60 :40: 0, (f) 60 : 20 : 20, (g) 60 : 0 : 40, (h) 40 : 60 : 0, (i) 40 : 40 : 20, (j)
40:20:40,(k)40:0:60,(1)20:80: 0, (m) 20 : 60 : 20, (n) 20 : 40 : 40, (0)
20:20:60,(p)20:0:80,(q)0:100:0,(1)0:80:20,(s)0:60:40,(t)0:
40:60,(u)0:20:80,(v)0:0:100 and (w) Raw pollucite.
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