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Abstract

Due to high affinity of metals towards carbon, the reduction of
· manganese ore bf carbon results in high-carbonferroalloy. .This
carbon being a deleterious impurity whether the metal is used
as ferroalloy or an austenite stabilizer for stainless steel, use of
low-carbon ferromanganese is indispensable. The conventional
methods of carbon removal are multi-stage, cumbersome and
involve loss of metal in slag. Attempts have been made in the
present investigation to explore non-conventional methods such
as solid-state decarburization. This reduces loss of metal as
there is no slagformation and the carbon removal is carried out
by gaseous oxidizer like carbon dioxide which is provided
externally or generated in situ. The preliminary findings show
that the mechanism of decarburization is quite complex, as
solid-gas reactions viz. oxidation of manganese and carbon take
place simultaneously. It has been shown that maximum decarburization with minimal loss of metal can be achieved simultaneously by choosing appropriate experimental conditions. From the
experimental evidence of the present investigation, it can be
concluded that soli<J-state decarburization of high-carbon ferromanganese consists of multtiple steps in which carbon rich
carbides gradually transform into metal rich carbide. Based
upon the observations, it can be inferred that, the efficiency of
this particular technique can be improved by increasing · the
operating temperature, decreasing the particle size of the
reactants and lowering the partial pressure of effluent gas viz.
CO without vaporization losses of metallic manganese.
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Introduction

When ferromanganese is produced by reduction of MnO using
carbon ~ a r~ductant in submerged arc furnace, the product so
formed is basically carbon saturated iron-manganese alloy. Since
manganese has a strong affinity towards carbon, formation of
~anganese carbides can not be prevented. In spite of this
disadvantage, this process is still being popularly used as it can
produce high-carbon ferro manganese economically [1].

The higher percentage of carbon in ferromanganese is
undesirable and subsequently creates further problems viz.
sensitization [2], provokes brittle fracture at cryogenic
temperatures. To overcome the aforesaid lacunae, although
various researchers made attempts for removal of carbon, but
most of the techniques were associated with drawbacks such as
involvement of multiple stage processes, high refractory
consumption, high energy consumption and poor metal recovery
due to losses of metal in slag, fumes (3] .
The non-conventional method uses various oxidizers viz. steam
[4], iron oxide, silica [5], oxygen [6] for selective oxidation of
carbon. Research is also in progress on current techniques viz.
D.C: arc furnace [7] and thermal plasma route (8-10] for highcarbon ferromanganese production.
Attempts to remove carbon by the methods used in steel making
cannot be applied to ferromanganese because the loss of manganese in slag cannot be prevented. In fact, it is likely to be more
due to very high vapor pressure of manganese. During oxygen
lancing the temperature produced is sufficiently large enough to
cause appreciable losses of manganese in the form of
fumes.Considering these two reasons it would be uneconomical
to carry out the decarburization in liquid state.
In this project, therefore an attempt has been made to find a
simple technique for decarburization. It is aimed to study the
feasibility of solid-state decarburization of high-carbon ferromanganese by non-conventional gaseous as well as solid
oxidizing agents viz. carbon dioxide and manganese carbonate
and/or manganese dioxide respectively. The idea is to obtain a
semi-refined product which can be blended with low-carbon
ferromanganese available in the market so as to produce major
quantum of extra low carbon steels economically.

Experimentation

The experimental setup consisted of fabrication of the Kanthal
wound resistance heating furnace capable of reaching 1473 K.
The main reaction chamber consisted of an impervious,
recrystallized alumina tube. It's both open ends were sealed with
indigenouslv fahricated couplings of stainless steel of AISI
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grade 316. They had provision for g!IS inlet and outlet ports. The
chamber could be evacuated up to 10·6 torr by operating
combination .of rotary and diffusion pump. Vacuum level was
monitored with combined digital .pirani-pcnning gauge. Desired
temperature was achieved by feeding -power to the furnace
through an auto-u-ansformer, solid-state relay and temperature
controller cum · indicator. The temperature sensor was a
calibrated K type chrome! - alumel thermocouple [11) .

geneous material viz. CaO which not only impedes mass
transport of the product gas but has to be removed at subsequent
stages by leaching the product with dilute hydrochloric acid. On
the other hai1d with MnC0 3 as an oxidizer, the total metal
content in the charge is increased. Furthermore, the MnO that is
formed could react with carbon especially at low pressures to
enhance the decarburization [19-20).
Kinetics of the Process

High-carbon ferromanganese lumps were pulverized in a
zirconia ball mill for about six hours. The product"was subjected
to sieve analysis. Particle size measurement was done for the
selected sets of powder for investigation. Chemical analysis of
the sample indicated 75, 15, 6.88 and 2 weight per cent of Mn,
Fe, C and Si respectively [12-14). The material characterization
of high-carbon ferromanganese involved X-ray diffraction
analysis using an iron target [15-17) . A known mass of mixture
of high-carbon ferromanganese and Mn0 2 or MnC03 in the
stocihiometric ratio was taken in the form of pellet having aspect
ratio unity (height= diameter= 1 cm). The pellet was placed in
a recrystallized alumina boat of known mass. The remaining
procedure was identical as aforementioned except in lieu of
carbon dioxide atmosphere [11] samples were subjected to pyrovacuum treatment. Similar sets of experiment were carried for
various particle sizes of high-carbon ferromanganese, duration
temperature and pressure.

Results & Discussions

Effect of Time
From the graphical illustration of the experimental data as
described in the Figures 2 to 4, in general it was observed that
the maximum decarburization was obtained over the span of 2.5
to 4.5 hours with tolerance of ±0.5 hour, for a fixed set of
parameters such as temperature, pressure and particle size. The
decarburization period was restricted to 6 hours because beyond
this time further decarburization was found insignificant.
Effect of Temperature

Results indicated in the Figure 1 reveals that, the extent of
decarburization was found to increase with rise in temperature.
However, MnC0 3 seems to be comparatively better decarburizer
than CaC0 3 [18]. This is attributed to its comparatively low
endothermic decompositiqn temperature. Also the additional
advantage with it is unlike CaC0 3, it does not produce hetero-
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In later stage of the investigation, MnC03 was substituted with
Mn0 2 and further studies were carried out on decarburization
kinetics. In this case, overall rate of decarburization is governed
by many variables. However, due to certain practical limitations
the spectrum of the process variables to be investigated was
restricted to the decarburization period, temperature, particle size
of the reactants and reduction of ambient pressure.

The temperature of decarburization should preferably be maintaained around 13 73 K so as to compensate the heat losses due to
endothermic reaction imparting thereby more driving potential
for completion of decarburization reactions leading to about 60
per cent carbon removal as illustrated in the Figure 2.
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Figure 1 : Decarburization of 49 J11D
high-carbon ferromangnaese by MnC~
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Figure 2 : Effect of temperature on
decarburization of 49.5 J11D HC Fe-Mn
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Effect of Particle Size

Effect of Nature of the Oxidizer

The Figure 3 shows that, the high-carbon ferromanganese of
particle size in the range 45 to 53 µm was found comparatively
more effective than 90 to 105 µm . This is due to the availability
of large number of reaction sites due to the decrease in grain size
which consequently increases the reaction velocity [21-22].
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Tqe effect of the nature of the oxidizer on the extent of decarburization was studied by making thin sections of the decarbUrized
ferromanganese with the aid of a diamond wheel. They were
subjected for carbon and manganese analysis. The data for the
··.- elemental concentration profiles for manganese and carbon thus
obtained are as shown in the Figures 5 and 6. The decarburization by external gaseous oxidizer i.e. C0 2 technique seems to be
limited with the peripheral boundaries as shown in the Figure 5.
On the contrary, as evident from the Figure 6, in an in silu solid
oxidizer i.e. Mn02 method the extent of decarburization was
more and uniform.
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Figure 3 : Effect of particle size on
decarburization at.1373 K,0.001 Torr
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As shown in the Figure 4, lowering of the partial pressure of the
product gas by application of vacuum considerably improved the
efficiency of the decarburization process. Manganese enrichment
of the order of 82 weight per cent simultaneously with good
extent of decarburization was obtained by subjecting the reacting
mass to vacuum of the order of 0.001 torr.
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Figure 5 : Concentration profile of C ·
& Mn for gaseous oxidizer technique
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Figure 4 : Effect of vacuum on decarburization of 49.5 )llll HC Fe-Mn
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Figure 6 : Concentration profile of C
and Mn for solid oxidizer technique
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Conclusions

From the experimental evidence of the present investigation, it
can be concluded that the solid-state decarburization of highcarbon ferromanganese consists of multiple steps in which
carbon rich carbides gradually transforn! into metal rich carbide.
Overall, the salient features of the solid-state, decarburization
technique are its simplicity of operation without slag formation
thereby preventing corrosion of refractory of the furnace and
metal losses in slag. Besides these, it can be inferred that, the
efficiency of this particular technique can be improved by
increasing the operating temperature, decreasing the particle size
of the reactants and lowering the partial pressure of the effluent
gas like CO without vaporization losses of metallic manganese.

[lO)Slatter, D. : "Technology for the Production of New Grades
and Types of Ferro-Alloys Using Thermal Plasma,"
Proceeding of the 4 th International Ferroalloys Congress,
Sao Paulo, Brazil, (1986), pp 191 -204.
(11) Bhonde, P.J., Angal, R.D. : "A New Technique for Refining
of High-carbon Ferromanganese," Proceedings of the 1 st
International Conference on Recent Developments in
Ferro-alloyProduction, 21 st - 23 rd Jan., 1993, Bhubaneshwar, India, (1993), pp 59 - 69.
(12) Young, J.S. : "The Analysis of Ferroalloys," Talanta, Vol.
33, No. 7, (1986), pp 561 - 562.
(13) Furman, N.H. : Standard Methods of Chemical Analysis,
1 st Edn., Van Nostrand Publishers, Princeton, New Jersey,
(1962), pp 295 - 298.

References

(1) Suri, A.K., Gupta, C.K. : Ferroalloy Technology in India,
1 st Edn., Mirind Publication (P) Ltd., New Delhi, (1982),
pp 9 - 67.
(2) Fontana, M.G., Greene, N.D.: Corrosion Engineering, 2 nd
Edn., Mc Graw International Book Co., New York, (1978),
.
pp59-6~
[3] Edneral, F.P.: Electro Metallurgy of Steel and Ferroalloys
- Vol. II, 1 st Edn., Mir Pub., Moscow, (1979), pp 154 - 170.
(4) Shimmizu, S. : "Low-carbon Ferromanganese," Japan Steel
& Tube Corporation, 31 , 1971, p 656, (Japanese), Chemical
Abstract, Vol. 79, (1973), p 8568 X.
(5) Elyutin, V.P., Pavlov, Yu. A., Levin, B.E., Alekseev, E. M. :
Production of Ferroalloys and Electrometallurgy, Editor :
Geller, I. & Staff, Translator : Shapira, B., 2 nd Edn., The
State Scientific and Technical Publication House, Moscow,
(1962), pp 96-137, 195.
(6) Kozak,D.S., Matricardi, L.R.: "Production of Refined Ferromanganese Alloy by Oxygen - Refining of High-carbon
Fcrromanganese," 38 th Electric Furnace Conference
Proceedings, Vol. 38, (1981), p 123.
(7) Malinovsky,V.S., Davydov, V.P., Peltz, B.B.,Filippov, A.K.:
"D.C. Arc Steel Making Furnaces," Symposium on USSR
Make D.C. Arc Furnaces and Ferroalloy Furnaces,
(1989), Bombay, pp 1 - 8.
(8) Barcza, N.A., Stewart, A.B. : "The Potential of Plasma Arc
Technology for the Production of Ferroalloys," Proceedings
of the 3rd International Conference on Ferroalloys,Tokyo,
Japan (1983), pp 1 - 24.
(9) Schoukens,A.F.S., Curr,T.R.: "The Production of Manganese
Ferro-alloy in Transferred-arc Plasma System," Proceedings
of the . 42 nd Electric Furnace Conference, 4 th - 7 th Dec.,
1984, Edward Brothers Inc., Michigan, (1985), pp 161 - 171

-246-

(14) Agrawal, B.C., Jain, S.P. : A Text Book of Metallurgical
Analysis, 2 nd Edn., Khanna Publishers, Delhi, (1971), pp
105 - 108.
(15) Goebel, H.E., Snyder, R.L. : "Modem Trends in X - ray
Powder Diffraction," Proceedings of MINTEK SO, International Conference on Mineral Science and Technology,
Sandton, Republic of South Africa, 26 th - 30 th Mar., 1984,
Vol. II, Editor : Haughton, L.I., Published by Council of
Mining Technology, Randburg, South Africa, (1984), pp 953
- 959.
(16) JCPDS : Inorganic Powder Diffraction Data, ASTM
·Publication, Philadelphia, (1989), pp 421 - 468.
(17) Rutherford, R.T. : "Ferro-Alloy Analysis by X-Ray Fluorescence Spectrometry," X-ray Spectrometry, Vol. 24, No. 3,
May - Jun., (1995), pp 109 - 114.
[18) Bhonde, P.J., Angal, R.D. : "Solid-state Decarburization of
High-carbon Ferromanganese," Proceedings of the 6 th
International Ferroalloy Congress, Vol. I, 8 th - 10 th
Mar., 1992, Cape Town, South Africa, MINTEK Pub.,
Randburg, Republic of South Africa, (1992), pp 161 - 165.
(19] Rosenqvist, V. : Principles of Extractive Metallurgy, 1 st
Edn., McGraw-Hill Publication, New York, (1974), pp 238 239.
(20) Zsako, J., Arz, H.E. : "Kinetic Analysis of Thermogravimetric Data, VII, Thermal Decomposition of CaC03,"
Journal of Thermal Analysis, Vol. 6, (1974), p 651.
(21) Kamatsu, W : "The Kinetic Equation of the Solid-state
Reaction, The effect of Particle Size and the Mixing Ratio on
the Reaction Rate in a Mixed Powder System, " Reactivity
of Solids, Editor : Swab, G.M., 1 st Edn.; Elsevier, New
York, (1965), pp 182 - 191.
(22) Lahiri, A.K. : "The Effect of Particle Size Distribution on
TG," Thermochemica Acta, Vol. 40, (1980), p 289.

