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a.

֙ EDX 1 2
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)
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240 min

1.47 MPa
(  28 d) (  28 d)
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V 3
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Å AAM 2 M 100%  or MB40 M+ 40% β1

4.1.1(1)
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(JIS R 5201 )

β1
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b.

֙ 1
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100
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֙
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c.

֙

V C-1 

2

1 300 mL

/ W/P :37 68 wt% :5 55 wt%

1 1000 mL
β
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20 wt / 1.8

BaS BaS+FCN
β
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a. BaS



4.1.1(1)
-1

a. BaS

W/P  [wt%]  [wt%]

2022 OPC+BaS 42.9 30

W/P
[wt%]

[wt%]

J14

[s] [mm] [hr]
(28d)
[MPa]

40.6 35 3.41 94 24 25.5 ₡

41.3 40 3.14 93 24 18.8 ₡

42.6 35 3.16 94 24 20.8 ₡

42.9 30 3.33 93 24 29.9 ₡

42.9 40 104 24 12.6 ₡

44.7 25 3.28 103 24 31.5 ₡

45.2 30 2.88 107 24 25.0 ₡
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4.1.1(1)
-1

b. BaS+FCN

W/P  [wt%]  [wt%]

2023 OPC+BaS+FCN 51.5 30

2022 OPC+BaS 42.9 30

W/P 
[wt%]

[wt%]

J14

[s] [mm] [hr]
(28d)
[MPa]

49.3 20 3.48 101 24 22.0 ₡

49.3 25 3.46 97 24 18.8 ₡

51.5 30 2.96 109 24 11.9 ₡

53.8 30 3.00 111 24 10.8 ₡

51.5 35 3.08 102 24 9.2 ₡

51.5 40 3.02 101 24 5.9 ₡
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c. FCN

2 OPC+BaS+FCN1 OPC+BaS

OPC+BaS OPC+BaS+FCN

Å
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0.65 cc/g

üOPC BaS BaS+FCN
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4.1.1(1)
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a. BaS AAM
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4.1.1(1)
-2 AAM

b. BaS AAM(MB40)

b-1 AAM(MB40) BaS

֙ β1

֙

1

β3

2
β3

3 β3 4 β3

Å

ü 10

V V V
β2 V

β3 Base Materials30-60 mass%, Water30-55 mass%, Waste10-40 mass%

β2 AAM
7d 28d

β1

NaOHAAM



4.1.1(1)
-2 AAM

b. BaS AAM(MB40)

AAM(MB40)+BaS

W/P
[wt%]

[wt%] [mm]

Ồ

[min]
(7d)

[MPa]

Ẇ

69.4 15.0 114 255 13.5 ₡

69.4 17.5 120 325 11.5 ₡

66.6 17.5 114 240 11.5 ₡

70.8 20.0 125 330 8.9 ₡

69.4 20.0 125 285 6.7 ₡

66.6 20.0 117 280 14.5 ₡

63.9 20.0 114 260 15.9 ₡

63.9 22.5 115 325 11.9 ₡

61.3 22.5 112 275 10.8 ₡

58.7 25.0 111 245 11.8 ₡

1

b-2

֙ (BaS) β

1

V

ü AAM(MB40)+BaS 1

Å 10

1

V

10
1

β

NaOHAAM



4.1.1(1)
-2 AAM

c. BaS+FCNAAM(MB40)

c-1 (AAM(MB40)+BaS+FCN)

֙AAM(MB40)+BaS β1

(BaS+FCN)

֙

Å

ü 13

V V V
β2 V

1

β3

2
β3

3 β3 4 β3

β1

NaOHAAM

β3 Base Materials30-60 mass%, Water30-55 mass%, Waste10-40 mass%

β2 AAM
7d 28d



4.1.1(1)
-2 AAM

c. BaS+FCNAAM(MB40)

c-2

֙ BaS+FCN β

1

1 OPC+BaS+FCN

AAM(MB40)+BaS+FCN

W/P
[wt%]

[wt%] [mm] [min]
(7d)

[MPa]

Ẇ

66.6 15.0 111 265 11.5 ₡

63.9 17.5 114 280 9.3 ₡

63.9 20.0 116 295 7.2 ₡

61.3 20.0 117 280 9.1 ₡

61.3 22.5 115 330 6.9 ₡

58.7 22.5 112 290 10.9 ₡

61.3 25 122 390 7.8 ₡

58.7 25.0 118 305 6.9 ₡

56.3 25.0 115 280 5.5 ₡

56.3 27.5 119 295 6.4 ₡

53.9 27.5 110 290 9.5 ₡

53.9 30 117 340 7.6 ₡

51.5 30 113 300 7.3 ₡

1

ü AAM(MB40)+BaS+FCN 1

Å 13

V
V

13
1

β1

NaOHAAM



4.1.1(1)
-2 AAM

d. FCN AAM

֙AAM(MB40)+BaS AAM(MB40) +BaS+FCN 1,2

Å

Å AAM+BaS+FCN

ü OPC

üAAM(MB40) BaS BaS+FCN

2 AAM+BaS+FCN1 AAM+BaS

109mm

239min

109mm

AAM(MB40)+BaS+FCNAAM(MB40)+BaS
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a. 
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4.1.1(1)
-3

b. AAM

֙BaS, BaS+FCNAAM(M MB40) 2020 CS, IS
1, 2, 3, 4
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֙ ʴ

V BaS, BaS+FCN 1

V 1 2018 2020
G

1

1

ʴ ʴ
2020

ʴ
2018

OPC
BaS30 wt%

BaS+FCN30 wt%
MB40

BaS20 wt%
BaS+FCN20 wt%

OPC, M, 
MB20, MB40

CS:30 wt%
IS:20 wt%

OPC, M,
MB20, MB40

Co-60 1.8 5 kGy/h

3 kGy
10 kGy
30 kGy
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ƺ 1

CS IS BaS BaS+ FCN

 [wt%]

OPC 30 20 30 30

AAM(MB40) 30 20 20 20

/
W/P [wt%]

OPC 45.0 53.8 48.0 42.9 51.5

AAM(MB40) 100 80.1 87.0 70.8 61.3

 [N/mm2]
28 d

OPC 57.1 5.0 34.4 26.4 11.1

AAM(MB40) 50.8 7.0 19.9 12.0 11.1

 [%]
28 d

OPC 24.4 40.8 29.8 34.9 45.2

AAM(MB40) 38.1 52.6 49.9 49.6 46.4

OPC
CS IS

BaS FCN
K, Fe

AAM(MB40)
AAM CS AAM IS

AAM BaS

Ba

AAM BaS
FCN
Ba, K, Fe

G  [H2/100eV]

OPC 0.08 0.16 0.07 0.09 0.02

AAM(MB40) 0.05 0.1 0.17 0.25 0.06

1
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Â

֙ (BaS) (FCN) AAM(M, 
MB40)

W/P 51.5 wt% 30 wt%

AAM MB40 W/P 61.3 wt% 20 wt%

AAM(M) 

֙
2020 (CS)

(IS)

֙ (BaS+FCN) AAM(MB40)
G 0.1

ü

ü
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Â

֙



4.1.1(2)

a.

b.

Ca(OH)2( ) NaOH(AAM )

pH

c.

 
AAM

d.

30kg
Cs Cs-Treat

2022

Cs-Treat BaS Cs-Treat

Cs-Treat β AAM

Cs

Cs Cs-Treat β2 AAM

Cs- Treat 4:1
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a. 

3 XRD
( : ( ) : β1)

β1 23(1) (2012)1

ü

2

֙

֙ XRD

Ni(NO3)2 soln. (200 mL, 0.5 mol/L)

( 2)

K4[Fe(CN)6] soln. (150 mL, 0.5 mol/L)

( 1)

XRD ( 3)

όмлрх/Σ нп h)

β1



֙

֙ pH 1

ü pH

Å

Å Ca(OH)2 0.7ᴈ NaOH

Å lmax= 218 
nm ( 2)

Å [Fe(CN)6]
4-

[Fe(CN)6]
3- lmax= 268 nmᵼ

2 UV Ca(OH)2

pH

(5 mg/ 50 mL)
pH=8

1

Ca(OH)2
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֙ AAM M 1
pH 2

Å AAM

Å pH

ü AAM(M)

Å

( 2 )

pH(pH )

10,20,30 wt

1 2
 AAM(M) 30 wt

( pH12)
AAM(M) ( pH14)

4.1.1(2)
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V 2022 JAEA
30 kg

V

V Fortum Cs Cs-Treat
4

V

XRD

(4)

(2)(1)

(3)

[mm]

Cs-Treat(1) <0.15

Cs-Treat(2) 0.15-0.25

Cs-Treat(3) 0.25-0.85

Cs-Treat(4) 0.50-0.85

2 Cs-Treat

XRD

Å2022 X 2

ÅCs-Treat

ü <0.15 mm Cs-Treat(1) FCN

1 Cs-Treat(1)₩(4)

1 Cs-Treat(1)₩(4)

4.1.1(2)

d. 



֙ Cs-Treat Cs
13

 [mm]
[ppm]

pH

Cs-Treat(1) <0.15 0.02 9.06

Cs-Treat(2) 0.15-0.25 0.02 8.96

Cs-Treat(3) 0.25-0.85 0.02 8.31

Cs-Treat(4) 0.50-0.85 0.02 8.66

Å 0.02 ppm 1
ü Cs-Treat Cs

21

3

1 Cs-Treat

V

1. 50 mL Cs-Treat2.5 g 25 mL
2. 6 (200 /min) 1
3. (3000 G 20min) 2
4. (  ˃Ƴ)
5.

3
pH

4.1.1(2)
Cs-Treat BaS+ Cs-Treat

a. Cs-Treat



1 AAM(M)

 [ppm]
pH

0.2 12.15

AAM 0.8 11.83

֙ β

AAM(M) 13

1

V

4. 50 mL 0.5-5 mm
2.5 g 25 mL

5. 6 h (200 /min) 
6. (3000 G 20min)
7. (1 ˃ Ƴ) ( 1)
8.
Å

Å pH

β Cs-Treat 4:1

ü AAM(M)
3 ppm

V

1. Cs-Treat+
AAM(M)

20ᴈ 28
2. GB
3. GB

0.02 ppm

Å 6

Å 0.2 
ppm AAM(M) 0.8 ppm 1

4.1.1(2)
Cs-Treat BaS+ Cs-Treat

b. BaS+ Cs-Treat



Cs
 [%]

Cs
 [%]

K 26.7 23.2

Fe 30.6 29.2

Co 42.3 41.2

Cs 6.2

1 Cs Cs-Treat XRF

1 Cs Cs-Treat

֙ Cs Cs Cs-
Treat Cs-Treat Cs

V

1. CsCl CsCl Cs 1 mol/L
2. 50 mL Cs-Treat 1 g 1. CsCl  30 mL
3. 1 h 60 rpm
4. 3000 G 10min 30 

mL
5. 4. 3
6. (1 ˃ Ƴ)
7. 105ᴈ 48 h 1

V Cs X XRF

ü Cs-Treat Cs 6.2%

4.1.1(2)
Cs

a. Cs-Treat Cs



1

1 Cs Cs-Treat

[ppm]
pH

Cs
Cs-Treat

0.02 9.16

V

1. 50 mL Cs Cs-Treat2.5 g
25 mL

2. 6 h (200 /min) 
3. (3000 G 20min) ( 1)
4. (1 ˃ Ƴ)
5.
Å

Å pH

ÅCs Cs-Treat 0.02 ppm 1

֙ Cs Cs-Treat
13

4.1.1(2)
Cs

b. Cs Cs-Treat



1 AAM(M)

[ppm] pH

0.1 12.39

AAM 0.5 11.94

1 Cs Cs-Treat

֙  Cs
β AAM(M)
13

β Cs-Treat 4:1

ü Cs AAM(M)
3 ppm

V

4. 50 mL 0.5-5 mm
2.5 g 25 mL

5. 6 h (200 /min) 
6. (3000 G 20min)
7. (1 ˃ Ƴ) ( 1)
8.
Å

Å pH

V

1. Cs Cs-Treat+
AAM(M)

20ᴈ 28
2. GB
3. GB

0.02 ppm

Å 2 (
)

Å  
0.1 ppm AAM(M) 0.5 ppm 1

Å Cs
P64 1
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Cs
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Â

֙ Cs-Treat 2022

֙BaS+Cs-Treat

0.2 ppm

AAM 0.8 ppm

֙BaS+Cs Cs-Treat OPC AAM

0.1 ppm

AAM 0.5 ppm

֙ 28 6
3 ppm

ü

Â

֙
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Å

ANS β

Å

X

Å

( )

( )

(BaS BaS+FCN )

βANS ANS/ANSI 16.1
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STEP

ᵼ

Step

1

2
( ) ɲ 29ᴈ

30 min

3

4 (pH) pH BTB

5

6

7 24 h

8

9

10

11

1

Â

֙
1

2021

2022 2023



Â

V

V

ᵼ

4.1.1(3)

( )[kJ/mol]

MgCl2 -159.8

MgSO4 -91.2

SrCl2 -51.3

Mg(OH)2 -2.3

Mg(NO3)2 6H2O -

SrCl2 6H2O -

1 β

β

Â

֙ 6 1  + 

֙ OPC OPC

֙ 100ᴈ

֙ ɲ



֙ D  1
2

֙ 1 3

Å D

2

3 D

1 D

1

D

[ᴈ] [J/g]

MgCl2 91.2 855.0

MgSO4 53.5 542.0

SrCl2 39.2 257.7

Mg(OH)2 1.5 0.4

Mg(NO3)2 6H2O -6.5 -115.5

SrCl2 6H2O -9.9 -185.0

4.1.1(3)
-1 OPC

a. 


