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Abstract

The leached residue contains a considerable amount of manganese along with iron and silicon. Attempts have been made to recover manganese as ferro-silico-manganese through smelting with coke as reductant. To improve the Mn/Fe ratio in the alloy produced, three blending materials viz. Fe-Mn slag, Mn ore and electrolytic manganese metal were used. Two stages smelting of washed residue was also tried to produce directly standard grade Fe-Si-Mn alloy.

Introduction

The combined value of Cu, Ni & Co in sea nodule is less than 2.5% and almost 70% of the weight of the nodule results in leach residue. The residue contains mainly manganese (22%), iron (9%), silicon (7.5%), alumina (4%) and magnesia (4%) besides several other minor and trace elements. Disposal of such a large amount of very fine solid residue may create the environmental as well as waste management problems. In order to alleviate this problem to an extent and to improve the over all economics of the process, it was envisaged to recover manganese and iron in the form of ferro-alloy viz. Fe-Si-Mn. The silico-manganese alloy is extensively used in the steel industry as deoxidiser. Commercial Fe-Si-Mn is produced by electric smelting route i.e. in a sub-merged arc furnace using Mn ore and Fe-Mn slag as raw materials and coke as reductant. The required standard grade of alloy may be produced by suitable charge mix of Mn ore and Fe-Mn slag. Normally the Mn/Fe ratio in most of the standard grade Fe-Si-Mn alloy is 3:1. In this paper, results of the experimental work carried out using sea nodule residue blended with/ without manganese containing raw materials are presented.

Experimental

Materials and methods

The leached sea nodule residue used for smelting studies was obtained from sea nodules processing pilot plant of DOD at HZL, Udaipur. The typical composition of as received leached sea nodule residue is given in Table – 1. In order to improve the Mn/Fe ratio of leached residue Fe-Mn slag and Mn ore (49.65 % Mn) were blended in appropriate ratio during smelting. 

Table - 1: Composition of leached sea nodule residue from HZL, Udaipur

	Constituent
	% (dry basis)
	Constituent
	% (dry basis)

	Mn
	22.20
	S
	3.38

	Fe
	8.98
	P
	0.15

	Si
	7.53
	NH4+
	1.60


Table - 2: Chemical composition of Fe-Mn slag

	Const.
	%
	Const.
	%
	Const.
	%
	Const.
	%

	MnO
	35.5
	SiO2
	28.54
	CaO
	13.19
	P
	0.015

	FeO
	0.80
	Al2O3
	10.97
	MgO
	5.12
	S
	0.005


Washing of leached residue was done with plain water to remove soluble sulphate & most of the ammonia. A low ash coke (~ 85 % C & 12 % ash) as reductant and industrial grade fluxes such as quartzite, lime & fluorspar etc. were used in the experiments. 

Results and discussion

Smelting of washed residue with blending of Fe-Mn slag/ Mn ore/ Mn metal

The sea nodule residue has a Mn/Fe ratio of 2:1 and to improve this ratio blending materials such as Fe-Mn slag, Mn ore and electrolytic Mn metal were used. The charge composition was prepared by mixing appropriate amounts of washed residue pellets, blending material, reductant and fluxes. The charge was smelted in 50 KVA submerged arc furnace on 10 Kg residue per batch. The temperature of the melt bath kept around 1650oC as the reduction of manganese and silicon dioxides[1, 2] are feasible only around 1400-1500oC and 1550oC respectively. The typical composition of Fe-Si-Mn alloy produced in smelting experiment with charge containing above three blending materials is as follows:

Table - 3: Typical composition of Fe-Si-Mn alloy produced with blending

	Constituent
	%
	Constituent
	%
	Constituent
	%

	Mn
	63.40
	C
	1.5
	Cu
	0.22

	Fe
	18.17
	S
	0.03
	Ni
	0.15

	Si
	15.90
	P
	0.17
	Co
	0.032


Comparison of smelting with charge containing above mentioned blending material could be done on the basis of following parameters.

Table - 4: Comparison of smelting experiments with different additives

	Parameter
	Fe-Mn Slag
	Mn Ore
	Mn Metal

	Recovery of Manganese

Metal/slag ratio

Power consumption/kg of alloy)

Smelting Time(Melting + Soaking)
	35.86 %

1:4.93

17.5 kWh

90 min.
	53.4 %

1:2.01

10.5 kWh

90 min.
	57.73 %

1:0.96

8.75 kWh

60 min.


Low manganese recovery in alloy can be attributed to low charge bed height during smelting. Another factor, which is accountable for low recovery of manganese, was high slag/metal ratio. The activities of manganese oxides[3] in carbothermic reduction have been reported indicating that the considerable loss of manganese to the slag is largely due to low activity of Mn (II) oxide.

Evaluation of Fe-Si-Mn alloy produced from smelting of residue

In order to evaluate the suitability of alloy produced as deoxidiser in steel melting, two heats were made at Tata Steel. 
Heat no. 1 was produced with standard silico-manganese where as heat no. 2 was produced with silico-manganese produced from sea nodule residue. The chemical analyses of these samples are given in Table – 4.

Table - 5: Chemical composition of steel ingots

	S. No.
	%C
	%Mn
	%S
	%P
	%Si
	%Al
	%Ni
	%Cu

	1A
	0.28
	0.54
	0.012
	0.023
	0.289
	0.005
	0.02
	0.007

	2A
	0.21
	0.52
	0.012
	0.023
	0.205
	0.002
	0.02
	0.008


Both the ingots were homogenised at 10000C, then forged and rolled. The hardness of sample 1 & 2 was found to be 233 and 201 respectively on VHN scale whereas the tensile strengths were 585 MPa and 599 MPa respectively. The lower hardness value for specimen produced 2A is lower due to low carbon content in the steel (0.21 against 0.29). 

Two stages smelting of washed sea nodule residue

Attempts were made to recover the manganese by smelting of washed residue by two stage smelting. First stage smelting of residue to remove iron rich alloy and allowing most of the manganese to remain in slag and second stage smelting of manganese rich slag to get standard grade alloy. 

Table - 6: Composition of alloy produced from two stages smelting

	Stage
	Mn
	Fe
	Si
	C
	S
	P

	1st 
	13.52
	81.35
	1.31
	2.94
	0.05
	0.52

	2nd 
	64.20
	13.70
	19.55
	1.75
	0.043
	0.33


Conclusion

Standard grade silicomanganese can be produced by smelting of residue blended with Fe-Mn slag/ Mn ore or Mn metal. The two stages smelting of washed residue pellets without addition of any manganese containing material produced standard grade Fe-Si-Mn alloy. To evaluate the techno-economic feasibility of the processes mentioned above more tests on higher scale is necessary. For this NML is putting up a 350 Kg/day sea nodule residue processing plant for the production of Fe-Si-Mn alloy.
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