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-

Siderococcus, Sideromonas, Gallionella ferruquinea, Gallionella 
majori,Grenothrix, Leptothrix ochracea, Leptothrix trichoqenes, Leptothrix 
crassa Desulfovibrio 
desulfiricans)

(1)
- 25. 

Fe2+ , Mn2+

- -

-
-

-

-
[2,3].

-
-
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2Fe2+
2 +2H+ =2Fe3+ +H2O, (2) 

2Fe3O4 2 = 2Fe2O3. (3) 

2Fe3O4 + H2O = 3Fe2O3 + 2H+ + 2e-, (4) 
Fe2+  Fe3+ + e- . (5) 

+2

4Fe2+ + CO2 + 4H+ =4Fe3+ + C + H2O. (6)
-

4Fe2+ = 4Fe3+ + 4e- , (7) 
CO2 + 4H+ + 4e- = C +2H2O. (8) 

-

Eh

Fe2+ +3 H2O =  Fe(OH)3  + 3 H+ + e- ; (9) 
Fe(OH)2  + H2O =  Fe(OH)3  +  H+ + e- ; (10) 

Fe2+ + 2H2O = Fe(OH)2  + 2H+ - ; (11) 
2 +H2O = Fe(OH)3  +  H+ - ; (12) 

4Fe2+
3
- +O2 +2H2O = 4Fe(OH)3  + 8CO2 ; (13) 

2Fe2+ +3H2O = Fe2O3  + 2e- +6H+; (14) 
3Fe2O3  + 2e- +2H+ = 2Fe3O4 + H2O;  (15) 
3Fe(OH)3 +H+ +e- = Fe3O4  + 5H2O; (16) 

Fe3+ +3H2O = Fe(OH)3 +3H+; (17) 
Fe2+ + H2O + CO2 =FeCO3 +2H+; (18) 

Fe2O3 +2e- +2H+ + 2CO2 = 2FeCO3  +H2O; (19) 
Fe3O4 +2e- +2H+ + 3CO2 = 2FeCO3  +H2O; (20) 

Fe2+ + HCO3
- = FeCO3 +H+; (21) 

Fe3O4 +2H+ +2e- + 3CO2 = 3FeCO3  +H2O; (22) 
Fe2+ +2SO4

2- +16H+ + 14e- = FeS2 +8H2O; (23) 
Fe2O3 +4SO4

2- + 38H+ + 30e- = 2FeS2 +19H2O; (24) 
Fe2+ +2H2S = FeS2  +4H+ + 2e-; (25) 

FeS2 +H+ + 2e- = FeS + HS-. (26) 
Fe2+

Eh Mn2+ Eh 
Fe2+  Fe3+ + e- , (29)

Mn2+  Mn3+ + e-  Mn4+ + e- (30)
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Fe3+ + n(OH-) =  
Fe(OH)3  n 

n  Fe(OH)0
3  Fe(OH)3 ( )  HFeO2 n H2O ; 

(31)

Mn4+ + n(OH-) = Mn(OH)4  n 
n  Mn(OH)0

4   MnO2 n H2O (32)

Fe FeO FeO (OH) Fe2O
3

Fe3O
4

Fe Fe(OH)
2

FeS Fe9S1
0

Fe3S4 FeS2

FeCO3 Fe3O4 Fe3O
4

FeO (OH)

1. 
- -

2. Garrels R.M. and Christ C.L. ,1965. Solutions, Minerals and Equilibria. Freeman, 
Cooperr, San Francisco, 450pp. 

3. - -
4. -

-
5. 
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0 0

- -

Fe2 O3
20,15-76,68; FeO 0,38-40,11; Al2 O 3 0,05-12,23; MgO 0,05-4.08;CaO 1,63-20,25; 
SiO2 0,03-2,80; MnO 0,04- 2 5 0,11-6,12;    FeS 0,66-

-36,42 %.

-

-

2.1[1] . 
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2.1 

FeO
FeOOH
-Fe2O3

 -Fe2 O3
FeO Fe2O3

-
-
-

Al3(OH)3 [PO4]25H2O
Al2[(OH)3 (PO4)] 

3

3

- 3

3,
FeS
FeS

Fe9S10
FeS2
FeS2

-
-
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,
3

2080 2860 

2563 3089 
1383 2240 

239/71 2742 

1378 2516 
862/1 2931 

198 2510 

142 3129 
174 2264 

3

3.

2 2).

1. 
.- -

2. 
- -
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-

 = (n0 - n) / n0, (1)
0 -

k / k0= ( 1-   )m, (2)
0 - 

- 8 - 3.3 ).   

-

k  k0 k / k0

13 0.21 29.30 0.01 0.809 
14 4.21 21.05 0.20 0.415 
14 0.25 28.71 0.01 0.794 
13 0.41 17.52 0.02 0.714 
13 3.09 21.25 0.14 0.475 
14 4.35 35.20 0.12 0.502 
5 33.24 50.37 0.65 0.130 
8 19.10 39.60 0.48 0.216 
9 3.17 24.98 0.12 0.498 
4 2.58 26.19 0.10 0.537 
9 6.29 33.44 0.18 0.427 

12 19.20 28.62 0.67 0.125 
8 6.39 15.14 0.42 0.250 
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2,3 .

P =  w  , (3)
w - 3,  - 

3 3 ).
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 [2]:   
q t = q 0

q t / q 0= - t
{ 0  t  t

t  t 
q t   - t; q0   -

 - 
-1; t -

t =

 [3] -
 = (0.5- -2  =12-

 = (3.5- -2

1. 
- -

2. 
- -

3. - :
-
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3

+ );
2. -

-

3. -
-

4.
-

1. 
2. 

                                         
3. 

     
4. 
5. 

6. 

 Fe2 O3  67,25-70,05; FeO 0,63-1, 26 ; 
Al2 O 3 0,13-1,78 ; MgO 0,17- -6,82 ;SiO2 0,08-0,52 ; MnO 0,15-0,31. 

-14,28. 
FeOOH -

3
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-
0

(  Fe1). 

Fe2

.
21

1

FeFe

Fe

)(
12

1 Cf
FeFe

Fe

)( 0

12

1 Tf
FeFe

Fe

       

2O3 2O3.
       2O3

2O3

NaHSO4  H2O,
N 2S2O7 , 2S2O7

4)2S2O8

NaHSO4 H2O.

NaHSO4 H2O  NaHSO4 +H2O; (1)
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NaHSO4   Na ++ HSO 4-; (2)
HSO 4

-  H ++ SO 42-; (3)
H2O  2H+

   
-; (4)

SO4
2- + 2H+

    H2SO4 (5)

Fe2O3 ag + 6H+ 2Fe3+ + 3 H2O (6)
FeO ag +6H+ 2Fe2+ +  H2O (7)
FeS + 2H+ Fe2+ + H2S . (8)

Na2S2O7

Na2S2O7  2Na+ + SO2-
7 ; (9)

H2O  2H+
   

-; (10)
S2O7

- ;+ 2H+
    H2S2O7 (11)

Fe2O3 ag + 6H+ 2Fe3+ + 3 H2O (12)
FeO ag +6H+ 2Fe2+ +  H2O (13)
FeS + 2H+ Fe2+ + H2S . (14)

2S2O7 . 

2S2O7  2Na+ + SO2-
7 ; (15)

H2O  2H+
   

-; (16)
S2O7

- + 2H+
    H2S2O7 (17)

Fe2O3 ag + 6H+ 2Fe3+ + 3 H2O (18)
FeO ag +6H+ 2Fe2+ +  H2O (19)
FeS + 2H+ Fe2+ + H2S . (20)

8-

60-700

.

-

17



3+

4 H2O, % 

 - 
 - -
 - 
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3+

0

-

 - 
 - 
 - -
 - 
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2O3 2O3

Si2O3 Al2O3 ,  / 

1 974,34 259,50 1233,84 
2 1012,91 134,75 1147,66 
3 879,53 194,65 1074,18 

       

2O3 2O3 -

Si2O3 Al2O3 ,  / 
%

1 95,35 8,31 103,66 9,65 
2 216,59 9,44 226,03 19,69 

3 91,69 8,31 100,0 8,08 

-
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4.3 -

-

-  Na2S2O4
-

-

7).

Fe2O3ag+ S2O 2-
4  Fe 2++ SO 32- + OH -+  H2O , (21)

Fe2O3ag+S2O 2-
4 + H +  Fe 2++ SO 32- +  H2O. (22)

       -
Eh

-9.0%-
Eh -

(
-

Eh
- Eh

- -

6-8 %.(
- h

-310 - 335 V
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h

Na2S2O4, % 

-
Eh
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Fe
3+

Na2S2O4, % 
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Fe
3+

-

) :
2Na2S2O4 =  Na2S2O3 + SO2+ Na2SO3 + Q . (23)
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-
-

-
E

h

0
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6%-

Fe
3+

0
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-

Na5P3O10 Na2 [Na4(PO3)6] [4] , 

Na5P3O10  HP3O 4-
10+5 Na ++ OH - , (24)

Na2 [Na 4 (PO3)6]  [Na 4 (PO 3)6]2- + 5Na + , (25)

Fe2O3 ag + Na5P3O10  Fe3+ + P3O 5-
10 +NaOH, (26)

Fe2CO3 ag + Na5P3O10   Fe3+ + P3O 5-
10 +H2 O + CO 2 , (27)

CaCO 3 + Na5P3O10  Ca 2+ +  P3O 5-
10 + Na OH + CO 2 , (28)

MgCO3 +  Na5P3O10  Mg 2+ +  P3O 5-
10 + NaOH + CO 2 . (29)

Fe2O3 ag + Na2 [Na 4 (PO3 )6  [Na  Fe (PO 3 )6] 3- +Na+ +NaOH, (30)

2CaCO 3 + Na2 [Na 4 (PO3 )6]  [Ca2 ( PO3 )6]2- +2Na+ +2Na2CO3 , (31)

-8 %. 
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Fe
3+

Na5P3O10

Na5P3O10
-21 %- - -

- - -0.1; 
- -

- -
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HCl

-

.

Fe
3+

Na5P3O10 HCl.

HCl. 

-
           

1. 
- - -36. 

2. - - -
- 850. 

3. 
- -

1036. 
4. 

- -
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)( CC
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(4)
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m

        

dn

VD
B

d

D
A 6/1

4

)(
(5)

D d  - 

         

}exp{0 RT

E
DD

(6)

R
D0 D0 = const  f(T0).
            

3/1

0
0 ]

)1(
1[

n

b
dd

(7)

3/2

0
0 ]

)1(
1[

n

b (8)

          

n0

))(( max CCb
aB

t

b

i

iii (9) 
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i
ai , I

          

0
)(

t

b

t

nC (10)

        

        t b(t

t=0, b(t) = N0, C(t) = C0 (11)
0

N0

          

0
1

max

ln([
))(( ND

bD
E

DAC
tB

i
ii ) )],ln(

0
2 NA

bA
E

i

i (12)

,
)(

)]([
)(
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000

tbn

CntbN
tC jc (13)

.,,
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, 0201
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0000max
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i
i AnEDnE
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A

         - t b(t

          

t b(t
t t

;

)(

1)(

0
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i

Ft

e
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e

C

tC (14)

];

)(
1

1
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)(

0

max00

max0

0 Ft

i

Ft

e
NA

Cn
e

N

Cn

N

tb (15)

]
)(
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0

max
0

0 NA

C
NA
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B
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i
i

ii (16)
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         -
-

t b(t -5%. 
         

n
nc f(b)= I(ai/ I+b ).

          

),)(( max CCb
a

B
dt

db

i

i
ii

(17)

,0
dt

dC
n

dt

db (18)

b - n = n0-b- 

,1
)(

0max

0 te
CC

Ct (19)

e
N

Cn

N

tb
1(

)(
1

)(

0

0max

0

t), 
(20)

).( i
ii bA

n

B (21)

n0Cmax/[(Ai+N0)

n0Cmaxe-Ft/[Ai+N0)
F

         

-

max

tCC

CC

max

0maxln t

.
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max-C0, ,
-1

4737 8.2 74 0.062 
3658 5.8 58 0.079 
4679 5.4 51 0.092 
4702 4.34 50 0.082 

6 3.1 48 0.096 
239/71 3.4 56 0.079 

161- 13.1 72 0.064 
163- 5.1 72 0.064 

3 1.2 51 0.09 

2847 4.5 92 0.05 
43134 3.0 67 0.069 
1684 5.9 6 0.07 
4690 4.9 58 0.08 

22 1.0 66 0.07 
26 1.8 61 0.076 
37 2.4 61 0.076 
23 1.1 50 0.092 

2245 0.8 256 0.018 
1032 0.9 190 0.025 
1235 0.3 144 0.032 

4 4.0 159 0.029 

26 7.3 214 0.0215 
28 6.02 184 0.025 
31 10.0 144 0.032 

47 3.45 48 0.097 

5 16.4 120 0.038 
7 10.5 110 0.046 
10 18.1 80 0.062 
12 11.1 130 0.0305 
44 15.5 60 0.085 

135 2.8 62 0.075 

34



137 0.5 105 0.044 
144 0.7 62 0.075 

51273 4.95 80 0.057 
55821 7.4 110 0.042 

90 0.42 75 0.061 

87 0.2 70 0.067 
88 0.73 70 0.067 
89 1.05 60 0.076 

        

1. 

- -  18 
2. 

-
- -33 

3. 
- -
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6

         

-
0

-

0

       6.1. 
                                                                                                          6.1 

2

1 HCl ,15 % 0.804199 
2 0,723953 
3 -80 0,512098 
4 Na2S2 O4 ,6 % 0,366386 
5 0,162558 
6 -80 0,259042 
7 HCl ,5 % + Na5P3O10,

3%
0.270342 

8 0,243844 
9 -80 0,174753 
10 S O4 2 0,194398 
11 0,162558 
12 -80 0,119002 

        

        

0

-

36



1- 0HCI; 2- 8% Na2S2O4; 3- 10% N2H42HCl; 4- 8% NaHSO4 H2O.

1- 8% Na2S2O4; 2- 25 % HCl; 3- 15 % HCl; 4- 8 % 
NaHSO4H2O; 5- 8 % Na5P3O10.

.

.
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7

1. Na 4, 8-10% + Na5P3O10,
0,1% 

2. Na2S2O4,6-8 %+ Na5P3O10, 1% 
3. HCl, 5 %+ Na5P3O10, 3% 

1. 

2. -

3. 
4. 

5. 

7.1). 
7.1  

+ + +

+ + +

+

+

+ + +
+ +

+
        + -

-
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7.2 

1 3
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3 64 32 130 
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8

- 3.

- -
- 3

       

D/ dm 3 (D dm

N = 1,1  n3 dm
 5 ,

 = 5 V / (n dm), 

N  - 3;
n -1 ;  - V

3 .             
        

n  D/dm
3  - 

       D/ dm

N = 340  n2 dm
 3 ,

 = 45 V / (n dm
3 ), 

 - 
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8.1,8

8.3). 

                                  
1 - - -

- -
- - -

-
1 0 2  -  
1 3 -  
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1  -  -

8 . 2  
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1 - -

8 . 3  
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-

      

1 - - -
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-
7 , 9 , I I  -  ;  8  -  

- -

8 . 5  
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1. 

                                                                        

                                                                       

-

-12/245-14). 

-12/245-

-12/493-

-
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- 3.

- 3

- -

8.1,8.

 8.3). 

8.4, 8.

8.7).
3

-

.8
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NaHSO4 H2O-
3

0 F 0 F

-15 %). 
Na2S2O4 2H2O

0F

 Na5P3O10
(NaPO3)6. -

3 0 F 
0 F 

1. Na 4, 8-10% + Na5P3O10, 0,1% 
2. Na2S2O4,6-8 %+ Na5P3O10, 1% 
3. HCl, 5 %+ Na5P3O10, 3% 

4.2.  
4.2.1. 

( 7.1). 

4.3.  
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1. 

2. 

-
38.106573- -

- -67
- - -71), 
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3

3

1 27 628.7 940.3 1.5
2 22 187.53 309.92 1.65

3 2 50.0 86.5 1.7
4 2 3.95 7.08 1.8

5 4 17.6 38.7 2.2

6 65 246.4 524.8 2.1

7 15 482.4 757.5 1.6

8 16 285.5 753.4 2.6
9

)

13 234.4 447.7 1.9

10 8 181.4 308,4 1.7

11 23 117.3 213.9 1.8

197 2435.18 4388.2 1.9
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Fe2O
3

FeO Al2O
3

CaO MgO SiO2 MnO P2O5 CO2 FeS S

1 36.4
2

12.6
1

6.25 2.00 38.2
8

2.19 0.96 0.09 0.46 27.7
0

7.67 2.79

2 26.2
7

32.9
1

18.1
2

2.55 18.9
3

- 0.90 0.10 - 12.3
0

22.2
5

8.09

3 24.2
4

60.9
4

7.17 1.27 0.70 - 2.82 0.06 3.00 3.70 8.80 3.20

4 21.2
5

74.5
6

0.92 - 1.52 - 1.00 0.12 0.24 1.20 1.20 0.43

5 24.9
0

49.5
4

16.7
9

- 8.97 - 0.03 0.12
5

- 3.20 20.6
2

7.50

6 26.2
8

60.9
3

1.25 1.59 1.12 - 2.44 0.14 6.12 0.56 1.40 1.54

7 31.7
0

20.1
5

40.1
1

- 4.48 - 3.04 0.09 0.05 3.60 49.0
0

17.8
3

8 21.1
1

72.0
1

1.98 2.55 1.05 - 1.14 0.04 - 1.00 2.42 0.88

9 23.4
3

53.4
8

11.1
4

5.10 3.37 - 1.55 0.43 1.36 2.70 13.6
7

4.97

10 22.4
0

63.9
3

0.54 8.15 1.68 0.05 3.20 0.10 0.38 1.50 0.66 0.24

11 22.4
7

68.5
2

1.80 5.10 1.68 - 0.04 0.28 0.19 1.42 - 0.80

12 32.2
9

69.3
7

2.77 3.06 - - 1.2 0.06 0.10 1.24 3.20 3.41

13 21.8
2

60.7
9

8.51 0.76 5.61 1.00 0.75 0.21 0.27 4.40 10.4
5

3.80

14 25.8
2

40.1
1

20.1
2

10.1
9

2.24 - 1.08 0.18 - 1.90 24.7
0

8.98

15 18.2
1

63.3
1

0.38 3.18 - - 2.62 0.04 0.04 2.20 - 0.17

16 24.0
2

54.2
2

14.7
8

1.27 3.51 0.72 1.40 0.12 0.27 3.70 15.1
5

6.60

17 13.9
9

76.6
8

0.41 2.08 3.37 0.80 1.55 0.79 0.50 0.18 0.63 0.50

18 20.3
9

74.8
2

1.50 - 2.10 0.40 1.20 0.04 - 1.60 1.84 0.67

19 26.6
9

48.7
9

19.1
2

0.05 3.61 0.80 0.90 0.21 0.23 4.60 23.4
8

8.54

20 17.1
4

76.3
1

1.43 1.02 2.24 - 1.80 0.05 0.23 2.40 1.76 0.64

21 19.4
8

63.7
4

1.16 12.2
3

1.12 - 1.72 0.10 0.21 1.10 1.43 0.52

22 18.2
7

74.3
2

1.23 1.27 2.51 - 1.65 0.04 0.23 2.40 1.51 0.55

23 34.4
7

8.16 8.46 1.59 40.8
0

4.08 1.34 0.10 0.44 26.8
0

10.5
4

3.76

24 17.4 72.1 4.80 - 4.49 0.40 1.00 0.06 0.21 2.42 5.86 2.13
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6 1
25 24.3

4
70.5

6
2.59 - 1.12 - 0.40 0.29 0.12 4.20 3.19 1.16

26 24.7
5

52.5
2

20.1
3

- 1.12 - 0.03 0.08 0.82 5.40 24.7
2

8.99

27 24.0
4

60.3
0

11.6
2

- 2.24 - 1.00 0.18 0.61 2.50 14.2
7

5.19

28 25.6
6

50.7
9

14.0
9

4.09 2.24 - 1.55 0.32 1.06 5.20 15.3
0

6.29

29 19.2
9

71.0
7

3.07 1.00 2.81 0.80 1.30 0.19 0.61 1.50 3.77 1.37

30 23.7
5

58.2
8

10.6
2

3.19 2.52 - 1.12 0.12 0.44 1.87 12.9
8

4.72

31 21.4
4

70.4
8

0.41 3.06 1.68 - 1.75 0.68 0.59 1.78 0.66 0.18

32 20.3
7

72.4
7

3.07 1.00 1.41 - 0.70 0.07 0.18 1.42 2.39 1.52

33 25.8
6

40.7
5

13.9
5

1.27 12.0
5

2.00 1.20 0.20 0.10 8.36 17.1
3

6.23

34 24.5
9

44.7
1

8.51 7.98 8.98 2.01 2.80 0.11 0.19 6.80 10.1
6

3.80

35 33.0
1

17.4
5

10.1
1

0.76 35.7
5

2.01 0.85 0.18 0.27 24.6
0

15.1
5

5.51

36 24.8
6

36.3
0

11.2
6

10.1
9

15.7
0

- 1.72 0.10 - 10.6
0

13.8
3

5.03

37 23.9
4

49.6
8

7.09 10.2
5

6.73 - 2.02 0.23 0.10 4.90 8.72 3.17

38 32.4
9

13.2
7

12.4
1

- 40.3
5

0.40 0.60 0.29 0.08 21.4
0

15.2
6

5.55

39 24.3
6

51.3
3

5.64 12.2
3

4.49 0.22 0.88 0.13 0.60 3.32 6.93 2.52

40 23.7
2

63.7
9

3.60 4.08 1.12 - 2.06 0.06 1.29 2.50 3.68 1.34

-

Fe2O
3

FeO Al2O
3

CaO MgO MnO FeS S

1 16.1
8

80.2
3

0.23 1.21 1.63 0.20 0.13 0.28 0.10

2 27.0
5

45.8
6

2.57 7.10 16.9
7

0.87 0.12 3.16 1.15

3 15.4
0

80.3
5

0.22 0.65 3.04 0.20 0.03 0.28 0.10

4 26.9
0

34.8
0

5.44 1.57 3.33 0.60 0.16 6.68 2.43

5 20.0 70.7 4.19 0.70 4.40 0.20 0.19 5.14 1.87
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0 5
6 16.7

6
69.7

5
6.96 0.43 6.76 0.20 0.37 8.55 3.11

7 24.8
5

48.7
6

5.26 0.81 20.2
5

0.30 0.16 6.46 2.35

8 16.2
8

77.9
2

0.96 0.65 3.20 0.20 0.09 1.18 0.43

9 18.3
0

70.2
0

2.26 0.32 5.21 0.20 2.28 2.78 1.01

10 16.7
7

76.4
6

1.21 0.44 4.54 0.20 0.16 1.49 0.54

11 21.9
8

54.6
0

12.6
1

1.01 8.63 0.20 0.17 15.1
8

5.63

12 15.7
9

61.9
7

6.85 9.96 4.37 0.20 0.10 8.41 3.06

13 17.7
1

50.5
1

29.1
2

1.57 3.60 0.20 0.12
5

0.37 0.13

14 16.8
8

77.6
2

1.97 0.49 5.30 0.20 0.04 2.42 0.88

15 21.5
0

38.5
3

9.18 1.07 28.2
9

0.20 0.26 11.2
8

4.10

16 23.7
0

58.3
1

13.9
5

1.03 3.85 0.20 0.15 17.1
3

6.23

17 16.9
2

59.5
5

5.44 3.47 13.4
7

0.20 0.18 6.68 2.43

18 21.2
5

50.6
0

3.47 2.70 21.9
0

0.58 0.18 4.26 1.55

19 31.0
4

19.7
3

5.24 2.24 40.5
2

0.20 0.40 6.46 2.34

20 21.2
6

55.3
4

14.9
7

0.79 8.61 0.20 0.17 18.0
1

6.55

21 25.7
9

44.4
9

5.84 2.56 18.5
0

0.20 0.18 7.17 2.61

22 19.4
8

71.7
5

3.33 1.45 4.54 0.20 0.05 4.09 1.49

23 12.4
9

80.7
5

1.90 1.43 3.36 0.20 0.14 2.34 0.55

24 24.8
6

27.1
3

8.87 5.06 33.2
2

1.29 0.23 10.8
9

3.96

25 23.1
6

45.2
6

4.03 2.16 24.7
9

0.4 0.13 4.95 1.80

26 18.4
0

70.0
0

0.60 2.62 7.82 0.51 0.12 0.74 0.27

94



Fe2O
3

FeO SiO2 Al2O
3

CaO MgO FeS S CO2
*

1 16.1
1

73.7
4

1.69 3.46 4.45 0.44 0.10 0.99 0.36 22.1
9

0.77 4.79

2 15.8
4

74.2
1

1.66 3.69 4.46 0.44 0.17 0.99 0.36 1.67 0.52 4.97

3 14.2
8

73.8
1

2.11 5.24 3.81 0.98 0.19 0.77 0.28 1.53 0.79 4.88

4 13.5
1

28.0
6

6.08 36.5
7

7.67 5.48 1.39 1.10 0.40 4.96 4.08 3.09

5 15.8
9

74.3
5

1.91 4.54 2.10 1.26 0.17 0.74 0.27 - 0.84 4.81

6 15.8
7

75.1
2

2.97 3.92 1.36 0.80 0.14 0.87 0.32 2.76 0.77 3.09

7 15.9
0

76.2
6

2.11 3.02 1.82 0.92 0.19 0.80 0.29 2.35 0.59 5.12

8 17.1
2

71.6
9

2.11 3.58 4.52 0.96 0.25 1.97 0.72 - 0.66 4.96

9 13.3
3

70.5
7

2.35 6.72 5.47 1.28 0.66 0.77 0.28 1.86 1.28 8.32

10 12.7
1

74.1
9

1.55 4.90 6.33 0.60 0.20 0.77 0.28 2.33 0.22 7.69

11 13.4
2

65.8
8

2.11 9.45 5.04 2.93 0.57 0.88 0.32 3.67 1.86 11.7
3

12 30.1
9

36.4
6

21.0
5

4.51 3.37 1.98 0.38 2.17 0.79 - 12.2
8

4.25

13 9.89 60.0
0

11.3
4

11.9
4

4.39 1.39 0.77 0.69 0.25 2.65 1.20 3.55

14 22.6
6

48.8
0

4.65 13.2
2

5.17 3.62 1.72 1.43 0.52 - 9.10 7.20

- -

Fe2O
3

FeO Al2O
3

CaO MgO MnO FeS S

1 16.4
5

62.9
5

1.79 8.56 8.84 2.21 0.29 2.20 0.80

2 17.3
2

53.3
8

4.03 8.85 12.4
5

1.35 3.01 4.95 1.80

3 20.5
4

46.6
6

1.40 6.75 7.75 12.8
2

0.58 1.65 0.60

4 16.1
6

62.7
4

3.36 6.25 6.95 4.37 0.53 4.13 1.50

5 16.3
8

20.5
2

- 6.17 11.5
3

13.9
3

31.0
7

- -

6 25.7
9

57.4
1

1.23 4.13 8.57 3.25 0.45 0.55 0.20
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7 16.9
2

64.4
8

1.34 4.32 8.38 2.15 2.65 1.65 0.60

8 23.7
4

53.0
6

1.34 5.38 13.8
2

1.28 1.31 1.65 0.60

9 18.4
6

52.5
4

3.14 4.35 17.4
5

2.22 2.18 3.85 1.40

10 14.5
9

64.1
6

3.02 4.17 6.63 5.59 2.26 3.71 1.35

11 13.4 68.0 - - 5.2 0.25 0.15 - -
12 10.1 68.4 - - 6.8 0.3 0.14 - -
13 14.0 69.0 - - 5.4 0.17 0.17 - -
14 10.7 70.0 - - 6.4 0.19 0.3 - -

15 17.4
8

58.6 - 2.28 4.68 0.33 0.58 - -

16 44.8
1

52.2
3

- - 0.7 0.22 - - -

17 32.8
2

55.7 - 2.76 6.07 0.46 0.65 - -

18 12.0
2

64.2 - 7.25 3.32 0.25 0.06 - -

19 10.4
9

68.6 - 3.64 3.37 0.42 0.03 - -

20 35.4
0

47.9
5

- - 16.4
1

0.22 - - -

21 40.4
1.

52.0 - - 2.7 1.22 - 3.65 1.33

22 17.7
5

62.0
4

- 3.87 2.71 0.43 0.27 0.46 0.17

23 32.1
7

25.2
4

- 1.12 38.5
7

1.77 0.32 0.67 0.24

24 22.7
8

58.9
7

- 1.73 6.05 0.59 0.23 9.11 3.31

25 25.0
4

51.5
1

- 2.54 5.2 2.04 0.06 13.6 4.94

-
26 11.5

1
69.0

7
- 6.24 1.39 0.3 - 0.26 0.1

27 11.8
9

66.3
9

- 6.82 1.54 0.47 0.08 0.32 0.11

28 19.3 74.8 - - 0.7 2.8 2.2 0.3 0.11
29 22.4 65.9 - 6.1 0.5 4.6 0.7 0.4 0.14
30 27.5 66.4 - 1.6 0.6 2.7 1.1 0.5 0.18
31 16.8 73.3 - 3.3 0.4 1.0 5.1 0.6 0.22
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