Table 1. Chemical Composition and Crystalline Phases of Various Ores used for Leaching

______________________________________________________________________

Sample

%Mn
 %Fe
 %Cu
 %Ni
 %Co
 %Zn
%acid 
        Main XRD

Insolubles       phases

Mn Nodule
27.37
7.3
0.92
0.96
0.11
0.08
16.5

amorphous

MMO-1#
38.22
4.9
0.01
0.02
0.01
0.01
25.4
Pyrolusite, quartz

LMO-1* 
29.5
3.37
0.037
0.06
0.06
0.01
34.82   Pyrolusite, Quartz

LMO**
15.38
3.52
0.008
0.018
0.005
0.013
65.8     Pyrolusite, Quartz 
_____________________________________________________________________  MMO-1# medium grade ore of GMDC, Gujarat, *LMO-1 low grade Mn ore of GMDC, Gujarat, LMO-2** low grade ore of Orissa
Table 2. Effect of Pulp Density on Extraction of Metal Values from Manganese Nodules temp. 70oC, time 30 min

_____________________________________________________________________
%Metal

             Pulp density, %(wt/v)

Extn.

30


20


15

    10


 acid 6% (v/v),    
acid 4% (v/v), 

acid 3% (v/v)    
acid 2% (v/v)

  (HS* 9.75g/10g nodule), 
(HS 6.5 g/10g),
(HS 4.875g/10g)       (HS 3.25g/10g)

_____________________________________________________________________

Mn

63.25


76.24


79.23

91.34

Co

73.22


81.17


97.86

93.75

Ni

88.58


87.85


92.58

79.08

Cu

76.03


88.28


92.20

79.08

Fe

17.05


18.07


1.89

1.01

_____________________________________________________________________

* HS hydrazine sulphate

Table 3. Comparison of % Metal Extraction in Presence and Absence of Ammonium Sulphate. Conditions: P.D 10%, H2SO4 2% (v/v), time 30 min, HS 3.25g/10 g nodule  

___________________________________________________________________________

% Metal ion



  Temperature, oC




Extn.

      110

        90


     70

___________________________________________________________________________

%Fe

29.31(17.0)*

30.12(17.1)


29.89 (17.1)

%Mn

95.25 (96.9)

90.25 (94.3)


90.89 (94.1)

%Cu

72.74 (85.25)

71.53(82.45)


68.19 (76.0)

%Ni

79.46(97.8)

80.87(96.76)


78.12(88.57)

%Co

79.17 (76.9)

80.87(76.9)


78.12 (73.25)

___________________________________________________________________________

*values given in bracket refer to the % extraction in absence of ammonium sulphate under similar conditions.

Table 4a. Comparison of Optimum Conditions for Various Grades of Ores

_____________________________________________________________________




   %  Metal extraction


Conditions

Sample

Mn
Fe
 Cu
 Ni
 Co
 time,     temp 
    HS 
          acid








 min
oC  (g/10g of ore)      (v/v)

_____________________________________________________________________


Mn Nodule
96.93
18.76
85.25
92.58
76.58
   30
  110
    3.25
          2.0

MMO-1#
92.88
38.25
-
-
-
   30
   35
    5.5             3.0

LMO-1* 
95.20
30.27
-
-
-
   30
   35         3.5             2.5

LMO-2**
98.90
50.25
-
-
-
   30
   35        2.0              1.0
_____________________________________________________________________
MMO-1# medium grade ore of GMDC, Gujarat, LMO-1* low grade ore of GMDC, Gujarat, LMO-2 low grade Mn ore of Orissa. 
Table 4b. Comparison of Stochiometric Amount of Reductant and Acid used under Optimum Conditions of Mn extraction (stochiometery calculated for hydrazine sulphate and sulphuric acid as given by Eq. (1). 

___________________________________________________________________



Stochiometric requirement
times stochiometric amount used


Sample


HS* 
              acid

HS                   acid



      g/10g of ore
 (%v/v)



____________________________________________________________________


Mn Nodule

3.24

1.32

1.0

1.5

MMO-1

4.52

1.85

1.2

1.62

LMO-1 

3.49

1.43

1.0

1.78

LMO-2

1.82

0.73

1.1

1.37

____________________________________________________________________          * HS hydrazine sulphate
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