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Abstract 

The reduction roasting of chromite overburden with CO/CO2/N 2 gas mixture in the tempera- 
ture range 700-750°C has been shown to result in the formation of metallic nickel and different 
lower valence states of iron, viz: magnetite, wustite and metallic iron. The reduced calcine was 
cooled to room temperature under an inert atmosphere and leached with ammonia-ammonium 
carbonate solution to bring the metallic nickel into soluble form. This paper reports the results 
from estimation, by thermogravimetric (TG) and chemical methods, of the percentage iron 
reduced to lower oxide stages such as magnetite and wustite in the calcine under different 
experimental conditions. Further, the percentage extraction of nickel is correlated with iron 
reduction. 

Keywords: Chrome ore; Chromite overburden; Iron reduction; Laterites; Nickel extraction; 
Thermogravimetry 

1. Introduction 

In commercial practice, the extraction of nickel from oxidic sources like laterites 
involves the reduction of the ore with CO gas (CO/CO + CO2) = 0.5-0.6) at tempera- 
tures of 700-750°C for 45-60 min, cooling of the calcine and leaching of the cooled 
calcine with ammoniacal  solution under aeration [ 1, 2]. During the reduction roasting 
of the ore, the reduction of the iron has to be restricted to the magnetite stage only. 
Further reduction of iron to wustite and metallic stages results in greater consumption 
of reagents during the leaching operation of the calcine, poor  settling characteristics of 
leach slurry and loss of nickel by adsorption in the hydrated iron oxide phase. However, 
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in all commercial nickel reduction plants the iron reduction proceeds up to wustite with 
around 10 percent to the metallisation stage [3]. Ray and co-workers in a study on iron 
ore reduction by CO gas [4] have said that, since the reduction of Fe20 3 to metallic 
iron is a multistage process, one would expect distinct peaks of lower oxides of iron 
(Fe304, FeO, Fe) of which there can be two at a time, according to phase rule. Thus the 
available equilibrium data show a three-step plot. The reduction of Fe20 a ~ Fe30 4 
requires negligible Pco, whereas the subsequent steps, viz. Fe30 4 ~ FeO and FeO ~ Fe 
require increasing amounts of Pco. Therefore, the equilibrium Pco~ is lower. Several 
investigators have reported determination of ferrous iron, ferric iron and metallic iron 
from mixtures by standard chemical methods [5, 6] as well as through estimation of 
residual oxygen in reduced iron ores [7, 8]. 

During mining of chrome ore in the Sukinda region of Orissa State about ten tonnes 
of overburden are generated per tonne of ore. Around 1.5 million tonnes of overburden 
have already been stockpiled over the years. The generation of overburden per annum 
is about 0.3 million tonnes [9]. Considering the low grade of nickel laterites and the 
required investment for its mining, the chromite overburden can be a suitable source 
for extraction of nickel and cobalt. Therefore, an extensive study [ 10] has been made in 
this laboratory to develop a reduction roasting process for the extraction of nickel from 
the chromite overburden using a multiple hearth furnace (MHF). As a part of the above 
programme, detailed laboratory reduction roasting investigations were also carried 
out for optimisation of process parameters [11, 12]. 

The reduction roasting of chromite overburden with CO is to reduce the nickel oxide 
completely and the iron oxides partly. The aim is to produce magnetite at low 
temperatures with the minimum concentration of reductant (pco) in a reasonable time. 
The equilibrium diagram for CO reduction of iron oxides is shown in Fig. 1 and the 
dotted lines in the diagram shows the working region of the present investigation. From 
this figure it is clear that, at temperatures between 700-750°C and with the CO 
concentration range of 0.33 to 0.57, the iron oxide reduction proceeds to magnetite and 
wustite stages only. 

The objective of the present investigation was to develop a method for the estimation 
of different lower valence states of iron present in the reduced calcine by thermogravi- 
metric and chemical methods and correlation of the data for estimation of nickel recovery. 

2. Experimental 

2.1. Raw materials 

Chromite overburden from Sukinda mines of Orissa, India used in this study contains 
Ni-0.9%, Fe-31.7%, Cr-7.23%, AI-1.36%, Mg-2.61%, Si-7.23% and LOI-6%. 

2.2. Equipment 

Roasting experiments were carried out by keeping the stainless steel reactor with the 
sample in a muffle furnace maintained at _+ 5°C. A chromel alumel thermocouple was 
connected to the temperature-controlling device of the furnace. 
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Fig. 1. Equ i l ib r ium curves for the reduct ion of i ron  oxide by ca rbon  monoxide .  

A Netzsch simultaneous STA 409 thermal analyser was used for the weight gain 
measurements of the reduced ore. 

2.3. Experimental procedure 

Reduction roasting experiments on laboratory scale were carried out by taking 10 g 
of the ore (ca 100 mesh) in a boat kept in a sealed reactor for a fixed temperature for 
a fixed time. The reactor had provisions for gas inlet and outlet and thermocouples for 
temperature measurements. The reducing gas was generated by passing air (301 h -  1) 
over a bed of charcoal at appropriate temperatures. After completion of each roasting 
experiment at different gas compositions, the reactor was cooled to room temperature 
by passing purified nitrogen gas. Around 0.5 g of calcine was taken for estimation of 
different iron phases and about 3 g for nickel extraction by ammoniacal solution. 
Ferrous iron was estimated by the standard method [13]. 

3. Results and discussion 

Initially the ore was heated to a temperature of 800 °C to remove free and inherent 
moisture and to convert the oxides of iron to haematite. The conversion of haematite 
was tested by taking a thermogram. Standardisation of T G  method for determination 
of percentage magnetite and wustite phases was tried on chromite overburden samples 
reduced at 600°C with 10%o CO gas and at 800°C with 40% CO gas to magnetite and 
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Fig. 2. TG curves for reoxidation of reduced ore. 

wustite respectively. This was verified by the chemical method also [ 13]. The results of 
the weight gained by reoxidation of the reduced ore containing magnetite and wustite 
to haematite are shown in Fig. 2. 

It can be seen that the calculated values of weight gain (1.52%) for magnetite to 
haematite and 4.15% for wustite to haematite are in good agreement with the 
corresponding theoretical values of weight gain indicating that the reduction of iron 
has been restricted to magnetite and wustite stages only. On the other hand, reduction 
of ore at 750°C for 30 min roasting time with 12% CO, followed by reoxidation of 
calcine showed a weight gain of 1.91%o. This indicates that the reduction of iron during 
roasting goes beyond the magnetite stage. The percentage magnetite and wustite 
estimated by TG method are 86.8% and 13.18%, respectively, whereas the estimated 
values for the corresponding phases by chemical method are 88.74% and 11.26%o. 

The methods for estimation of percentage magnetite and wustite based on total iron 
in the reduced ore by TG and chemical method are given below: 
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TG method 
Basis 
Total iron present 
Theoretically if X g given is present as 100% 
magnetite, the corresponding Fe 2 ÷ 
Weight gained by oxidation of X/3 g 
Actual % weight gained on reoxidation 
Excess weight gained 
Weight gained by oxidation of 100% wustite 
(theoretical) g (W) 
% wustite corresponding to (Z - Y) g 
Therefore, the % magnetite will be less than 100% 
by P1% 
% wustite for (Y × P0 /100gwt  gain 
By Itrition method 
% wustite for wt gain by P2(%) 
% wustite for wt gain by P3(%) 

: 100g of reduced ore 
: X g  

: X/3 g 
: 0.1432 X/3 = Yg 
: Z g  
:(Z - Y)g 

: 0 . 1 4 3 2  X 

: (Z - Y)/W × 100 = P~ (%) 

:(Y x P0/100 
:(Y x P1)/W = Pz(%) 

:(Y × P2)/W = P3(%) 
: (Y x P3)/W = P4(%) 

% wustite for wt gain by P.(%) 
Total % of Wustite 

: up to P.  ~< 0.1 
: Z(P~ + ...... P.) 

Chemical method 

Basis 
Total iron present (Fe 3 +) 
Estimated Fe 2 ÷ 
Balance of iron as Fe 3 ÷ 
Theoretical distribution of Fe 3 ÷ and Fe 2 ÷ in 100% 

magnetite 
Grams of Fe 2 ÷ corresponding to (X - Y) g of Fe 3 + 
Grams of Fe 2 ÷ as FeO (Z g) 
% Wustite (W) 
% Magnetite (M) 

: 100 g of reduced ore 
: X g  
: Y g  
: (X - Y) g 
: 66.66% (Fe 3+)+ 33.34% 
(Fe 2 +) 

: 0.5 ( x  - Y) g 

: E v  - 0 . 5 ( x  - Y) ]  g 

:Z/X × 100 
: 100-W g 

By applying the above thermogravimetric and chemical methods, the percentage 
distribution of iron as magnetite and wustite (based on total iron present) in the 
reduced material has been calculated for various experimental roasting conditions. The 
results are shown in Table 1. It can be seen that the estimated values of percentage iron 
reduced to magnetite and wustite during reduction of nickel ore by weight gain method 
match well with the values obtained by chemical analysis. 

Finally, the percentage extraction of nickel obtained by ammonia-ammonium 
carbonate leaching of the reduced calcine was plotted against percentage wustite 
(Fig. 3). The data were fitted to a regression analysis [14] between 1/% W and 1/% Ni 
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Fig. 3. 

to get a linear relationship between % W (wustite) and % Ni with regression of 0.9983; 
the relationship is given by 

% W 
% Ni extraction = 0.0085 × % W + 0.1275 (for values W > 0) 

Using the above equation, the percentage nickel extraction values were calculated 
for the whole series of experimental data shown in Table 1 using the percentage 
wustite values. The results obtained are shown in Fig. 3 and the percentage nickel 
extraction data match well with the values of chemical leaching method. It is clear 
from Fig. 3 that for more than 90% extraction of nickel about 50% of iron should be 
reduced to wustite. 

C o n c l u s i o n s  

Reoxidation of the reduced calcine could be used as tool for the estimation of 
percentage distribution of iron as magnetite and wustite in reduced chromite overbur- 
den. 

The percentage nickel extraction calculated from the values of wustite match well 
with those of chemical leaching. 

To achieve more than 90% extraction of nickel, about 50% of iron should be reduced 
to the wustite phase. 



192 B.R. Reddy et al./Thermochimica Acta 264 (1995) 185-192 

References 

I-1] J.H. Canterford and A.G. Turnbull, Proc. Australas. Inst. Min. Metall., 275 (1980) 43. 
[2] T. Shimizu and Y. Okajima, SMM Ammonia Leaching Process for Laterite Ore, TMS Paper Selection, 

No. A 78-11, Annual Meeting AIME, Denver, 1978. 
[3] D.J.I. Evans, R.S. Shoemaker and H. Veltmon, International Laterites Symposium, Published by 

Society of Mining Engineers of American Institute of Mining, Metallurgical and Petroleum Engineers 
Inc., New York, 1979, 325. 

[4] R. Haque, H.S. Ray and A. Mukherjee, Scan. J. Metall., 21 (1992) 78. 
[5] B.R. Sant and T.P. Prasad, Talanta, 15 (1968) 1483. 
[6] K. Kinson, J.E. Dickeson and C.B. Belchar, Anal. Chim. Acta., 41 (1968) 107. 
[7] E.B. Ekanem and R.D. Walker, Ironmaking Steelmaking, 16 (1989) 320. 
[8] S. Prakash and H.S. Ray, Fuel, 70 (1991) 17. 
[9] R.B. Rao, S. Prakash, G.V. Rao, M.I. Ansari and K.S. Narasimhan, Proc. Ind. Natl. Sci. Acad., 50A 

(1984) 467. 
[10] Development of Reduction Roasting Technology for Nickel-Bearing Chromite Overburden using 

Multi-Hearth Furnace, Regional Research Laboratory, Report dated March 10, 1990. 
[11] Y.V. Swamy, B.R. Reddy, B.V.R. Murthy and G.N. Srinivasan, Reduction Roasting of Chromite 

Overburden, Regional Research Laboratory, Report dated May 1990. 
[12] B.V.R. Murthy, B.R. Reddy and Y.V. Swamy, Bench Scale Reduction Studies on Chromite Overburden 

Concentrate, Regional Research Laboratory, Report dated September 1991. 
[13] A.I. Vogel, A Text Book of Quantitative Inorganic Analysis, Longman, London, 3rd edn., 1962, p. 310. 
[14] S.C. Chapra and R.P. Canate, Numerical Methods for Engineers, McGraw-Hill, 1st. edn., 1985, p. 298. 


