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Abstract 

Since the low shaft furnace was experimented in the early 1950’s, attempts have been 

made to use iron ore with coal as a composite in order to gain from the possibility of 

eliminating the step of high temperature agglomeration. There have been partial 

successes but not commercialisation of process. Iron ore-coal composites can be reduced 

very quickly (< 15 minutes) and show promise of high productivity but there have been 

engineering difficulties in melting these to make hot metal since they can reoxidise just as 

fast! 

Direct coal iron ore processes have to battle the issue of refractory life and the issue of 

what to do with high Iron oxide slag (relative to blast furnace slag!) apart from the huge 

quantity of waste heat generated. 

A combination of iron ore- carbon composite reduction low shaftfurnace with the reduced 

ore being fed to an oxy coal/coke gasifier/melter could be successful. It holds possibility of 

becoming a commercial success in India, by using the excess fuel gas that will be 

generated (since there is still demand in India for electricity and as a substitute for fuel oil 

and gas)  

This paper explores the reasons for failure thus far and the possibilities of success. 

Introduction 

Iron in the world is conventionally being produced in the liquid state by the well-

established Blast furnace and also more lately by the COREX process. In the solid state, 

iron is produced in shaft furnaces such as the Midrex, HyL and in rotary kilns using 

various off shoots of the SL/RN and the Krupp processes and also by the Höganäs 

process. Many other developed processes are not being promoted. 

Strangely enough, several attempts have been made over the years to find alternatives to 

the blast furnace even though the blast furnace is highly efficient. In its early history, the 

blast furnace needed sized iron ore and sized coke to run efficiently. There were always 

attempts to use the waste fines generated in the iron ore mines and also many attempts to 

use coal directly. It seems that there were always commercial advantages in using the 

fines directly, if that were practicable. 
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Waste iron ore fines are now sintered or pelletized and it has been found that the 

efficiency of ironmaking is significantly improved by use of agglomerated ore, especially in 

large blast furnaces. Coal in large quantities is now pulverised and blown in along with the 

hot blast bringing to the blast furnace huge gains in productivity and in cost efficiency. 

However, in the 1950’s, in Germany where the low shaft furnace was initially 

experimented with, there were serious attempts to use the low shaft furnace to process 

low quality raw materials. (One must remember this was before the large Brazilian 

deposits of iron ore were developed.) One of the attempts was to use briquettes of iron 

ore bound with coal fines. There were a couple of papers which mentioned partial success 

but then this attempt was given up due to the economic advantages of large blast 

furnaces and the availability of high quality ore from Brazil. There was a trial of cold bound 

pellets in a cupola in Howrah, sometime in the late sixties-early seventies but results were 

never published. It is assumed that the trial did not work out. 

Several other attempts were made, such as Maumee, Fastmet, ITMk3, Rediron/Redsmelt, 

Tecnored, Circored, Hismelt, Romelt, Iron carbide, OxyCup, Fior-Finmet-Finex, Primus. 

(Some of these do not use composites). Some of these are being promoted even today. 

All this work (some laboratory work on iron ore–coal composites is still being carried out 

today) showed that the reduction of iron ore by carbon. 

Fe2O3 + 3C ―› 3CO + 2Fe 

could really be carried out very quickly if the carbon and iron oxide could be brought close 

together whilst supplying thermal energy from outside. Residence times of the order of 15 

minutes were achievable as against the 6-8 hours in a blast furnace, 10-12 hours in a 

Rotary kiln or the 3-4 hours in a DR shaft furnace.  

The potential of the quick reduction became clear to a number of researchers and 

engineers. The difficulty was that the reduced iron could just as quickly reoxidise and it 

was also found difficult to engineer a transfer to a melting vessel in time. Cooling in inert 

conditions was also difficult (even SL/RN DRI has a ring of reoxidised iron about 100 

microns thick) and the reoxidation apparently was too high. Many processes turned out to 

be not viable and some of these processes are currently being used only to process Zinc 

bearing wastes. 

It was important for the briquettes to not degrade in size up to a temperature of 12000C 

and it was also important to ensure the penetration of thermal energy into the centre of the 

iron ore-coal composite. In order to facilitate good heat transfer, the rotary hearth 



processes generally have only a couple of layers of briquettes/pellets thick (about 50 mm) 

and limit the nominal size of the composite to about 12 mm thick. 

One would think that a shaft would be better for heat transfer. One, of course has then to 

contend with the difficulty of making sure that the permeability of the shaft is uniform. Size 

degradation is not tolerable in a shaft since it damages permeability. Any composite not 

exposed to high temperature due to poor uniformity and travelling down the shaft will not 

reduce to an acceptable degree. Unreduced iron oxide causes huge problems in melting, 

sometimes melting at too low a temperature and at other times causing the formation of 

very corrosive slags.  

Any composite contains a fair amount of slag forming constituents and so any melting 

method has to use relatively cheap energy. This normally makes electric melting 

(especially open bath melting) unviable. However, it must be noted that electric 

melting/smelting is practised for separating Ti and V bearing slag commercially and this 

approach was tried out in the Redsmelt process. Again, there are technical difficulties in 

matching the output of the rotary hearth to the submerged arc furnace and in slag 

handling. 

Romelt and Hismelt try to use coal and iron ore fines directly in the process at 

temperatures in excess of 1600oC and have to surmount the difficult problems of handling 

a corrosive slag. Full reduction of the Iron oxide is also difficult to achieve. The large 

quantity of high temperature waste gases > 1700oC need to be handled and this also 

poses engineering problems. 

A novel approach was made in the Tecnored and OxyCup processes to reduce and melt 

the iron oxide-coal composite in the same furnace. 

The OxyCup process uses large bricks of composites to the extent of 70% - balance scrap 

(about 100 mm in size) and these are charged into an Oxygen blast cupola. The Oxygen 

use is to generate the high temperatures required (>1200oC) for the iron ore to reduce. 

The difficulty is the size of the brick used which makes it difficult for thermal energy to 

penetrate into the interior of the brick in the requisite time. The author could never get the 

owners of the OxyCup process to try out 100% bricks even in a 24 hour trial. (At this, this 

author attempted the same in a Cupola in Bhilai in the year 2004 (Sponsored by Sunflag) 

and succeeded in producing metal from waste Bhilai BF dust/Sunflag EAF dust in a trial 

that lasted 6 hours before the refractory lining of the cupola got destroyed. The slag that 

formed was also very difficult to handle since it did not have sufficient fluidity) Of course, a 

Cupola is not inherently designed to handle large quantities of slag. 



The Tecnored process uses a rectangular shaft that looks like a modified mini blast 

furnace and also has a slightly different bosh and hearth. Apart from the traditional hot 

blast, there is a secondary blast meant to generate the high temperatures required for 

reduction of the iron ore-coal composite. The coke and other fuels (Tecnored claimed that 

even waste tyres could be used) are fed through a separate peripheral shaft whilst the 

composites were fed in the central shaft. Tecnored even ran a small pilot plant for 7 days 

and based on this, built a bigger plant in 2010. Results have not been reported to the 

author’s knowledge and the author feels that the process could have had difficulties in 

ensuring good reaction between descending liquid slag and metal and the dead man, due 

to its construction in the scale up. This leads to difficulty in maintaining consistent 

operations over a long time. Blast furnace operators will appreciate the difficulty of 

maintaining operations with a cold dead man! 

Raw Materials availability 

High grade iron ore is still available in India. Anybody with access to high grade ore will 

naturally use only in the mature Blast Furnace. High grade ore is limited in availability. 

Years ago high grade ore had 66% Fe and today high grade ore is said to be that ore 

which has 63.5% Fe. In case of lower grade ore, it is preferable to beneficiate and 

agglomerate the iron ore prior to its use in blast furnaces. This is proven and has become 

conventional practice. 

However, there seem to be substantial sources of low grade ore. High intensity magnetic 

separators have been found to be reasonably successful in separating the silica bearing 

impurities from Indian ores especially after grinding to about 20 to 70 microns size. 

Commercially operating iron ore processing is being done at several places. Most of such 

processing plants plan to upgrade the ore to 63.5% Iron, though probably DR grade fines 

need to be at least 64.5% Iron. It seems that these beneficiation plants are competitive 

and that beneficiation has come to stay. 

The fines from beneficiation are much smaller than what is conventionally regarded as 

fines and may be called superfines. The superfines are of average 50 ± 30 microns as 

against conventional fines which are between 0 and 10 mm. In fact if superfines are 

present in conventional fines, sinter plant operators have difficulty and even in pellet 

plants there is a size range which is  preferred if good quality pellets are to be made. 

It is possible to use superfines in some sinter plants with significant quantity of fresh lime 

as binder (up to 60 kg/T sinter has been tried out with good results) but is more being 

used in pellet plants for feed into DR plants. Unfortunately the major market for DRI – coal 



based is the induction furnaces which have the twin disadvantages of needing electric 

power for melting and high grade DRI for assuring good yield. If S and P control is 

required, then arc furnaces are preferable but these have even worse yield than induction 

furnaces for large fractions of DRI. 

It seems that such superfine ore is better used in sinter plants as feed to a blast furnace 

and if made into pellets, can also be used in the blast furnace. Sinter has the 

disadvantage that it cannot be stored for long time without deterioration in size. 

What seems clear is that substantial quantity of beneficiated fines can be made available 

at reasonable costs. 

Coal fines (both anthracite, pet coke and non-coking high carbon) are available at 

reasonable price in the world and will be available for some time. These coals can be 

used in coke ovens but only in small proportions. Hence their use is mostly as fuel. There 

are a few Corex plants that use some of these coals, but there is up to 55% rejection of 

coal fines at the Corex plant, due to size restriction. These coals however, are very 

suitable for use in iron ore composites. 

It would be wonderful if these superfine iron ore fines and coal fines are converted to iron-

ore composites by briquetting / pelletizing which can be stored and transported over some 

distance after they are hardened by setting. Lime is useable as a binder and is to be 

blended to ensure that any slag produced is similar in composition to blast furnace slag 

and hence can be sold to make cement, rather than being dumped. This is now a very 

important part of ironmaking. Any wastes must be utilisable for environmental viability. 

Any wastes from the ironmaking, steelmaking and rolling can very easily be reutilised in 

making the composites. 

All this is very attractive but there is no viable process to utilise these much researched 

composites? Most of the processes mentioned above are not commercial. 

Possibilities 

Reduction 

The reduction in a shaft requires very good heat transfer and no size degradation that 

damages permeability. A short shaft with multiple points of injection of hot gas is 

suggested for this to happen.  

The iron ore-coal composites require a very short shaft (In fact, tall shafts are detrimental 

because it is unlikely that the composites will survive a tall shaft without degradation) and 



need only sensible energy to increase the temperature to 1150oC. The sensible energy 

can easily be provided from combusted fuel waste gas available from the same shaft or 

from a gasifier as proposed below. Since there is no combustion at the shaft tuyeres from 

the injected gas (but only supply of sensible energy), the hot gas can be injected at 

multiple levels to ensure appropriate temperature over the time period required. The 

reduction of the iron ore up to 92 - 95 % (this amount of reduction is important for the next 

stage of melting) in time should be feasible as has been demonstrated in the Tecnored 

and OxyCup processes.  

Melting 

Melting has to be done before the reduced composite can reoxidise and should be done 

efficiently, whilst also handling the melting of the slag. Open bath melting is inefficient and 

hence not preferred. Melting in a bed of carbon is the best possible solution as carbon 

completes the reduction of any FeO left in the slag. It also facilitates the superheating of 

the metal and slag which permits good slag metal separation outside the taphole. 

The ideal solution, then, is to use a coke bed similar to that in the Blast Furnace. It is 

possible that a modified blast furnace with facility to inject high sensible heat products of 

combustion at two or three levels into a low shaft may also work. However, the 

composites cannot tolerate a tall shaft and hence the nearest other equivalent solution for 

melting is a Coke and coal bed similar to that of the Corex plant. The gasifier melter can 

be fired by Oxygen and part of the resultant gas can be burnt to create a hot blast for the 

shaft of this process. In either case, this shaft has to be very short relative to either the 

Midrex shaft or a blast furnace shaft. The reduced composites can be fed to the gasifier-

melter using a screw or other conveyor which is sealed and controlled fed in to the melter 

so that the temperature of the melter is maintained.  

The product will be hot metal and slag similar to that of the blast furnace. Both the shaft as 

well as the coke bed melter gasifier are separately proven processes. Only this 

combination has never been used before. It is expected that since the individual units are 

proven, the combination will also be commercially successful. 

The main disadvantage is the generation of copious quantities of waste fuel gas that will 

be available, which needs to be utilised to make the process viable. In India, where the 

demand for electricity is growing, this should not be an issue. 

The economics are expected to be favourable. Beneficiation is in any case essential to all 

processes and beneficiated iron ore fines are competitive with respect to high grade iron 



ore, if beneficiated at mine head. High carbon coal fines has a higher value as reductant 

but is available at value equivalent to fuel value. Agglomeration at low temperature is 

always more competitive to that at high temperature. Those operating Corex plants are 

aware that if all of the excess gases are utilised, then operating costs are lower than the 

more mature blast furnace. Hence the cost of operation will be lower in such a process. A 

deeper calculation exercise will bring out these facts. In a lower interest cost future, the 

depreciation costs will be lower. The real benefit will be success in making smaller units 

more viable - i.e., the benefit of scale can be countered and production can be made more 

widespread thus obviating the need to transport steel over long distances. 


