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    CCa  22.3    CCa  220.1  
    KK  <<1    KK  119.4  
    FFe  55.2    FFe  <<1  
    OOthers  118.1    OOthers  555.2  

    33.36    22.71  



[137] 
 

K
K ( 5-3)  

 
(a) KOH , K K  

(SWG203, SANSYO, Japan) KOH (Kanto Chemical Co., Inc., 
Japan) 0.05–2.0 mol/L-KOH KOH 50 
mL 10.0 g  

(b) , K K
 

50 mL (2.0–15.0 g) 10 min 
KOH (0.141–1.122 g 0.05–

0.4 mol/L) pH 10.0 g
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5-3 K (a) KOH K (b) 
K  
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5-4  

 
 
 
 
 
 
 
 

 

5-4

50 ml PTFE PTFE

(OHB-1000,EYELA,Japan)

(RCX-1000D ,EYELA,Japan) (450 rpm)

160 24

1.2 L

100 24

 
 
5.2.3  
5.2.3.1 KOH , K K  

5-5 KOH X XRD
KOH 0.5 2.0 mol/L SiO2

KOH 0.4 mol/L SiO2

KOH
K K KOH 0.5 mol/L

Oil bath

Thermocouple

Magnetic stirrer

Teflon 
pressure vessel

Pressure gauge

PID 
Controller

Heater
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5-5 KOH X XRD  
 

NH4
+ 5-6

KOH NH4
+ NH4

+

NH4
+ KOH 0.4 mol/L 4 mg/g

0.4 mol/L X XRD
KOH 0.4 mol/L

KOH 0.4 mol/L NH4
+

KOH 2 mol/L NH4
+ 48 mg/g  

 
 
 
 
 
 
 
 
 
 
 

5-6 KOH NH4
+  
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5.2.3.2 , K K
 

5-7 , K
X XRD  

KOH KOH 0.4 mol/L

5-5

KOH KOH

KOH 0.4 mol/L

2.0 g KOH

0.25 mol/L 5.0 g KOH 0.1 mol/L 8.0 g

KOH

K KOH

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5-7 X
XRD  
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NH4
+ 5-8

NH4
+

NH4
+ KOH 0.4, 0.25 0.1 mol/L

2.0, 5.0 8.0 g

X XRD
KOH

NH4
+ 40 mg/g KOH 0.05 mol/L

NH4
+ KOH

 

5-8 NH4
+

5-9 KOH
SEM

NH4
+

(35 mg/g)

KOH 2.0 mol/L ( 5-9(a))

KOH
KOH Si Al

16)17) 5.2.3.1 5-5
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5-7 XRD
SiO2 KOH 2.0 mol/L
KOH Si
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5-9 SEM : (a) 2.0 mol/L KOH , 
(b) 2.0 g  (+KOH 0.4 mol/L), (c) 5.0 g 

 (+KOH 0.25 mol/L), (d) 8.0 g  (+KOH 0.1 mol/L) 
 

Si Al pH 12)

KOH pH
5-10 pH  

pH KOH (2.0

mol/L, 
Si Al
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5-8 pH

KOH NH4
+

Skofteland K K
18) 5-2 KOH

pH

K+ KOH pH
K pH K K

5-2 NH4
+ 35 mg/g

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

pH  
 

5-2 KOH

pH K+  

 

 KOH 0.4 mol/L 
+ biomass 

incineration ash 
2.0 g 

KOH 0.25 mol/L 
+ biomass 

incineration ash 
5.0 g 

KOH 0.1 mol/L 
+ biomass 

incineration ash 
8.0 g 

pH [-] 13.62 13.42 13.26 
Potassium ion 
concentration [mol/L] 

0.59 0.68 0.78 
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5.2.3.3 K Cs  
K Cs K

NH4
+ Na 1) Cs  

5-11 Cs Cs  
Cs Cs Na

K  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5-11 Cs Cs  
 

Cs Cs Cs
Cs Na+

Cs Na+ Cs
10ppm 5-2(a) NaCl Cs NaCl

Cs NaCl 0.5
Cs Na K

Na+ Cs
Cs NaCl

5-12(b)  
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%  

 

5-12(b) 2.0 mol/L KOH 0.4 mol/L KOH

K Cs+ NaCl 1.0wt%

0.4 K

Cs+ KOH

Na+

Cs Cs
Na Cs+ 0.2

K Na Na+

 
 

 

 

 

 

 

 

 

 

 

 
(a)                                       (b) 

 
5-12 Na+ Cs+ : (a) Cs+  NaCl

, (b) Cs+  NaCl  
 

5-13 Na X XRD  
K

5-5 5-7 Na

Cs
Borai 3)

K Cs Cs
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5-13 Na X XRD  
 
 

 

K

K

KOH K K Cs+  
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5.3  
5.3.1  

 
 

5-3  
   

Na2O+K2O 0.658  4  (Na2O, K2O)

 
Cl  1   
T--Cr  700mg/kg JIS  
T--Hg  0.1mg/kg  
Pb  3,000 /kg  

 10   
SiO2 Al2O3 3 4 

 
 
 

5-4
B D T

 
2 2.2

2 2.5 4 4.4  
 

5-4
4  (SiO2 Al2O3 CaO Fe2O3) 

Na2O+K2O 0.658 4%
SiO2/Al2O3 D 3 4

Cl B

B D T
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D

38 Na2O+K2O
0.658  

 
5-4   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Na2O+K2O 0.658 4%
( )
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5.3.2  

 
 

5-5 (
) 8  

 
5-5  
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5-5 ( )
( ) 5-6

B ( )
3

( ) ( )  
 

5-6  
 

 
 
 
 
 
 
 
 
 
 

1
( )  

5-14
( 1.7 ) ( 3.5 ) 12

  
 

 
 
 
 
 
 
 
 

5-14  
 
 



[151] 
 

1
( ) 2 ( )

1
 

(
) 5-7

 
 
 

5-7  
  

 

  

  

 
 

5-8
( )

 

JAS
JAS

JAS  
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5-8  
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5.4  
K K NH4

+ Cs+

 
1 KOH K K KOH

0.5mol/L NH4
+ KOH 0.4mol/L

2 mol/L 48 mg/g

X XRD KOH 0.4mol/L

 
2 K

KOH 0.4mol/L
2.0g KOH

0.25mol/L 5.0g KOH 0.1mol/L 
8.0g NH4

+ KOH 0.4,0.25

0.1mol/L 2.0,5.0 8.0g

40 mg/g KOH 0.05mol/L

NH4
+ KOH

 
3 KOH pH K K

NH4
+  

4 N K Cs+

K Na Na+
 

5 K KOH K
K Cs+

K

 
6

Na2O+K2O 0.658 4%

 
7
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