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PROCESS TO PREHEAT AND REDUCE DIRECTLY 
REDUCED IRON (DRI) TO BE FED TO AN 

ELECTRICARC FURNACE (EAF) 
0001. The present invention relates to a high energy 
Saving process for preheating and final reduction of directly 
reduced iron (DRI) to be conveyed to a melting process, by 
using melting furnace off-gas, which is characterized by a 
high temperature and a high CO-content. 

FIELD OF THE INVENTION 

0002 The future tasks of metallurgical research in the 
field of Steel production can be Summarized as, increasing 
the production capacity and reduction of product price, 
improving the product quality, development of processes 
that are not dangerous for the environment and reduction of 
energy consumption and materials in the production of Steel. 
0003. According to the state of the art, steel can be 
produced from iron ores/iron minerals by direct reduction of 
the Solid iron ore to produce Sponge iron (“directly reduced 
iron”, DRI). This DRI is then fed to a melting furnace or a 
Smelting furnace, for example an electric arc furnace (EAF), 
or the like. Due to the need of reducing Steel production 
costs, research directed towards these integrated processes 
that relate to the production of liquid Steel from Fe mineral, 
has increased. 

0004. The only integrated process which has found an 
industrial application is the one quoted in U.S. Pat. Nos. 
5,447,550 and 5,296,015, which essentially concerns the 
production of DRI in a shaft through hot discharging, 
pneumatic transportation and feeding to an EAF. In order to 
make the continuous DRI production process compatible 
with the discontinuous EAF process, a part of the DRI 
product is cooled and Stored in a parallel circuit. Obviously, 
the presence of a reduction Shaft in proximity of the melting 
process Zone is required. 
0005 Principally, heat can be transferred from a gas to an 
object through two different ways. First, heat can be trans 
ferred via the Sensitive power/heat of a gas, which corre 
sponds to its temperature, flow rate and composition. Sec 
ondly, the latent heat/power of a gas can be used, for 
example in an EAF off-gas, which has a high CO-content, 
the heat generated by the exothermic oxidation reaction of 
CO: CO+%O =>CO. 
0006. The processes disclosed in the U.S. Pat. Nos. 
5,447,550 and 5,296,015 enable to recover the sensitive heat 
of the charged DRI, but present Some disadvantages that 
make it non-competitive from an economical point of view, 
especially as regards high productivity. In fact, besides the 
difficulties associated with the utilisation of pneumatic trans 
port, i.e. high percentage of fines in the product, the neces 
sity of a treatment gas circuit to avoid the DRI reoxidation, 
the main problem is the high power (Sensitive power--latent 
power) dissipated by the EAF off-gases. 
0007 Another method that allows some energy saving in 
the melting proceSS consists in preheating the EAF feeding 
(i.e. the DRI) by means of the sensitive heat of the gases 
coming out of the melting process. There are Several patents 
related to this method, for example U.S. Pat. No. 4,736,383, 
WO 98/43032 or U.S. Pat. No. 4,002,465, which is mainly 
used for Scrap preheating and which is Suitable for different 
plants. However, all these processes are associated with high 
emissions of CO. 
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0008. A very important parameter for the DRI composi 
tion in the production of liquid steel concerns the Fe0 
content, Since the energy consumption in the melting furnace 
increases with the Fe0 content. Usually, DRI has a Fe0 
content of about 3-9 wt.-%. 

0009. Thus, it would be desirable to reduce the Fe0 
content of the DRI before transferring the DRI to a melting 
furnace. 

0010. Therefore, it is an object of the present invention to 
provide a process for preheating and final reduction of 
directly reduced iron (DRI) to be conveyed to a melting 
furnace which does not have the above-mentioned disad 
Vantages and which considerably reduces the energy con 
Sumption in Steel production. 

0011. These problems are solved by a process according 
to claim 1 for preheating and reduction of directly reduced 
iron (DRI) to be fed to a melting furnace, preferably an 
electric arc furnace (EAF). The process according to the 
present invention has the advantage that both the latent heat 
and the Sensitive heat of the melting furnace off-gas are used 
to preheat the DRI. Further, due to the high CO-content of 
the melting furnace off-gas, natural gas, which is often used 
after partial oxidation to CO and H for preventing DRI from 
being reoxidized, is Saved. 

0012. In a preferred embodiment of the present invention 
at least the temperature of the melting furnace off-gas is 
measured before adjusting the temperature and the compo 
Sition of the melting furnace off-gas. 

0013 In another preferred embodiment at least the com 
position of the melting furnace off-gas is measured before 
adjusting the temperature and the composition of the melting 
furnace off-gas. 

0014. According to the present invention it is preferred 
that the melting furnace is an electric arc furnace (EAF). 
0015 The values of temperature, pressure and composi 
tion of the off-gases are measured and the temperature and 
CO/CO ratio of Said gas are adjusted in order to obtain a 
composition that may be utilized for preheating and final 
reduction of DRI. 

0016. In the process according to the present invention, it 
is preferred that the temperature of the melting furnace 
off-gas is adjusted to at least 630 C., preferably 700-1100 
C. and for its composition to have a CO/CO-ratio of at least 
1, preferably 1.5-4. 

0017. The adjustment of temperature and composition of 
the melting furnace off-gas is preferably performed by 
burning a mixture of air and/or O, recycle gas obtained 
from gas which has been contacted with the DRI, and 
optionally CH, with the melting furnace off-gas. 

0018. The recycle gas is preferably obtained after remov 
ing fines, cooling the gas, pressurizing and intermediate 
Storage of the gas. 

0019. The DRI is preferably preheated to a temperature 
of 300-700° C., more preferred 500-700° C., using the 
adjusted melting furnace off-gas. The use of melting furnace 
off-gas has the advantage that the melting furnace off-gas 
does not have to be transferred to a fume plant and wasted. 
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0020. In a preferred embodiment the DRI is contacted 
with Said adjusted gas by a vertically split flow. 

0021 According to the present invention the DRI is 
preferably reduced to a metallization of at least 95 wt.-%. It 
is further preferred that the DRI is reduced to a final Fe0 
content of 1-5 wt.-%. Due to this reduction, the energy 
consumption in the following melting proceSS can be con 
siderably reduced. 

0022. It is further preferred that the adjusted gas contains 
0-30% H which is produced by the reaction of CH with O. 
The presence of H has the advantage that the reducing 
capability of the atmosphere used to preheat the DRI is 
increased, which prevents Fe in the DRI from being reoxi 
dized to Fe0 and/or helps to reduce Fe0 in the DRI to Fe. 
0023 The present invention also comprises a plant for 
performing the process according to claim 1. 

0024. It is preferred that the plant for performing the 
process of the present invention comprises a means for 
measuring at least the temperature of the melting furnace 
off-gas and/or the composition of the melting furnace off 
gas. This means is preferably a combustion chamber. 

0.025 In said plant, the adjustment of the melting furnace 
off-gas is preferably performed in a combustion chamber, 
comprising a controlled burner, controlled inlets for melting 
furnace off-gas, CH, air and/or O and cooling recycled gas 
and a controlled outlet for transferring Said adjusted gas to 
the preheater. 

0026. In a preferred embodiment, the plant further com 
prises a device for Separating fines from the preheater 
off-gas, a cooling device for cooling the preheater off-gas, a 
preSSurizing device and an intermediate Storage device, from 
which the recycled preheater off-gas is transferable to the 
combustion chamber and/or a fume plant. Thus, the pre 
heater off-gas can be advantageously recycled and used to 
cool the melting furnace off-gas. 

0027. The preheater comprises preferably at least one 
discharging device at the bottom and at least one gas inlet for 
the gas to be contacted with the DRI. 

0028. It is further preferred that the preheater has essen 
tially a cylindrical form. 

0029. In a preferred embodiment, the preheater com 
prises at least two conical discharging devices located at the 
bottom of Said cylindrical container and three gas inlets for 
the gas to be contacted with the DRI, wherein one gas inlet 
is located centrally at the bottom of the preheater and two 
gas inlets are located at the Side of Said conical discharging 
devices. This construction has the advantage that the DRI 
can be efficiently contacted with the adjusted melting fur 
nace off-gas. 

FIGURES 

0030 FIG. 1 shows the dependence of energy consump 
tion in a melting furnace as a function of the Fe0-content in 
the DRI. 

0.031 FIG. 2A shows the thermodynamic conditions to 
obtain preheat reduction in a Fe-C-O thermodynamic 
diagram. 
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0032 FIG. 2B shows the thermodynamic conditions to 
obtain preheat reduction in the presence of 20% (CO+CO) 
in the gas phase. 
0033 FIG. 3 shows a plant for preheating and final 
reduction of DRI to be fed to an EAF. 

0034) 
3. 

0035 FIG. 5 shows a side view of the preheater and 
Sectional views indicating the positions of gas inlets. 

FIG. 4 is an enlarged view of the preheater of FIG. 

DETAILED DESCRIPTION 

0036) The present invention describes a procedure which 
permits DRI to be fed to a melting furnace, preferably an 
EAF, by using the latent heat and the sensitive heat of the 
furnace off-gas, while at the Same time reducing the residual 
FeO % in the DRI. Thus, the furnace production capacity is 
improved. As a further positive effect, a deposition of C 
according to the Boudouard reaction (2COC+CO), mainly 
in the shaft top Zone where the gas temperature and that of 
Solid matters are lower, can be obtained. 
0037. It is possible to use different types of melting 
furnaces, for example Smelting furnaces. However, the use 
of an EAF is preferred according to the present invention. 
0038 FIG. 1 shows the dependence of the furnace energy 
requirements as a function of the Fe0 content in the DRI. 
For the reduction of 1 ton FeO to Fe in the EAF, about 
1094.63 kWh are required. Thus, by reducing the Fe0 
content in the DRI to be charged in the EAF, the energy 
consumption will be considerably reduced. Since the DRI 
usually contains 3-9 wt.-% FeO, it is clear that a reduction 
of the Fe0 content or a high metallization of DRI will reduce 
the energy consumption in the EAF melting process. A 
combined preheating and reduction can be carried out 
according to the present invention during the preheating 
process by Suitably adjusting the gas temperature and/or 
composition of the melting furnace off-gas to be contacted 
with the DRI. The energy saved in the melting process 
through this method amounts to 25-100 kWh/title. 
0039 The composition of the gas fed to the preheating 
reactor and its temperature should be defined in order to 
avoid the Fe reoxidation reaction and to favour the reduction 
of remaining Fe0 present in the DRI. In FIG. 2A, a 
thermodynamic diagram is shown, which gives the min. 
value of the CO/CO-ratio to be present in the gas to heat the 
DRI without incurring in its reoxidation. The limit condi 
tions are also Summarized in Table 1. The components of the 
off-gases are in this case only CO and CO. In the real case, 
off-gases are composed of CO, CO and other components, 
i.e. N, H., H.O. In this case, the C+CO2CO equilibrium 
curve moves towards the left (see FIG.2B for a (CO+CO)- 
content in the gas phase of 20%), fixing new limit condi 
tions. 

TABLE 1. 

Limit conditions for obtaining preheat-oxidation and/or preheat carburation 

CO/CO-ratio T/9 C. 

Wustite reduction/C gasification (Zone B) 1.6 730 
Lower limit 
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TABLE 1-continued 

Limit conditions for obtaining preheat-oxidation and/or preheat carburation 

CO/CO-ratio T/9 C. 

Wustite reduction/Carburation (Zone C) 1.6 730 
Lower limit 
Fe Oxidation/Carburation (Zone D) 1.6 730 
Higher limit 
Fe Oxidation/C gasification (Zone A) 

0040 Although the melting furnace off-gas composition 
will usually be adjusted using recycle-gas, CH and O 
and/or air, it is also possible according to the present 
invention to use the melting furnace off-gas without a 
Subsequent adjustment of its composition. 
0041. The off-gas of the melting process is preferably 
conveyed into a combustion chamber where, after mixing 
with recycle gas and, if necessary, with CH and O and/or 
air (in order to increase the CO/CO ratio), a reducing gas 
with desired temperature and composition is generated. The 
added CH and O. have the purpose of increasing the 
CO/CO-ratio though a partial oxidation reaction (CH4+ 
%O->CO+2H), generating the H for the final reduction of 
FeO. Cold fed DRI can be preheated, depending on the gas 
used, up to a temperature of 300-700 C. 
0042. The upper limit of the DRI preheating temperature 
depends on the characteristics of the processed material, but 
may be limited by the following considerations: 

0.043 a too high temperature could lead to DRI 9. p 
pellet Sticking; 

0044) a faster Fe re-oxidation kinetic occurs at high 
temperatures, even at high values of the CO/CO 
ratio; 

004.5 C, initially deposited on the DRI according to 
the Boudouard reaction: 2COC+CO may be (re)gas 
ified. 

0.046 Generally, the following conditions are applicable 
to achieve a combined preheating and reduction: 

Tale as 2630 C. CO/CO, 21 (compare also FIG.2B) 
0047 Preferred operative ranges to obtain preheating and 
reduction are: 

The sa=700 C-1100° C. with CO/CO=1.5-4. 
0048. The DRI is preheated to a temperature of 300 to 
700° C., preferably 500-700° C. 
0049. It is possible in the process according to the present 
invention to obtain a Fe O-content in the DRI of 1-5 wt.-% 
or a metallization of at least 95 wt.-%. 

0050 Short Description of the Plant 
0051. The purpose of this description is to focus on the 
possibility of metallization and preheating the DRI using the 
melting furnace off-gases, which otherwise would directly 
flow to the fume plant. 
0.052 A Suitable plant according to the present invention 
should focus on the possibility of metallization (reduction of 
FeO to Fe) and preheating DRI using melting furnace 
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off-gases, preferably EAF off-gases, which otherwise would 
directly flow to the fume plant. 
0053. In such a plant, the sensitive heat of fumes with a 
rich carbon monoxide content is used, in addition with the 
heat produced by their combustion with air or an air/O- 
mixture in a chamber capable of burning Such fumes in a 
controlled manner. If necessary, CH and O can be injected 
in the combustion chamber in order to increase the CO/CO 
ratio and to obtain a reducing atmosphere through the 
reaction of partial CH oxidation to yield CO and H. 
0054 The combustion products exchange their sensitive 
and latent heat with the DRI in a preheater which is charged 
and operated separately from the EAF. Dust is removed from 
fumes leaving the preheater, which are then cooled, passed 
through a booster and afterwards conveyed to the above 
mentioned combustion chamber. 

0055. The proportion of cold fumes, which has not been 
used in the closed process cycle, is conveyed to an exhaust 
gas treatment plant. 
0056. In a variant of the plant the gases coming from the 
preheater are directly conveyed to the fume plant. In this 
case the temperature of the off-gases flowing to the preheater 
may be controlled, for instance, using a heat eXchanger. In 
any case the plant is equipped with instruments to measure 
the temperature and the composition of the melting furnace 
off-gas. 
0057 The range of flow rates of the adjusted off-gas to be 
fed to the preheater is very wide. The lower value is the 
theoretic value required for the carburation and preheating 
of the DRI. The maximum value depends on the pressure 
drop in the preheater and on the Stability of the material 
inside the preheater. Flow rates range from about 300 to 
about 2,500 Nm/t. 
0058. In the following example a plant and a process 
according to the present invention are described. However, 
the example is not intended to limit the Scope of the present 
invention. 

EXAMPLE 

0059 A plant in accordance with the present invention is 
shown schematically in FIG. 3. 
0060. The plant includes an EAF (1), capable of melting 
DRI for the production of liquid steel. The secondary 
product of the melting operation (EAF off-gas) is the off-gas 
of the decarburation phase. Since it is mainly made of CO, 
it can burn and produce the heat necessary to preheat the 
DRI. 

0061 This off-gas leaving the EAF with a temperature of 
about 1200° C. to about 1600 C. enters the combustion 
chamber (2), where it is oxidised with air (air/O) in an 
atmosphere thermally controlled by the recycle gas accord 
ing to a ratio, which permits to obtain fumes at a temperature 
of 700-1100° C. and a CO/CO-ratio of 1.5-4. If necessary, 
CH and O can be injected in the combustion chamber in 
order to increase the CO/CO2-ratio and to obtain a reducing 
atmosphere through the reaction of partial CH oxidation to 
yield CO and H. The H-content can vary between 0 to 
about 30%. 

0062 Since the combustion products in the following 
heating phase enter in Straight contact with the DRI, gases 
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must be devoid of oxidant characteristics, and in order to 
achieve this, the CO/CO-ratio has to be regulated by acting 
on the combustion air flow. The fumes that leave the 
combustion chamber enter the preheater (3) through Some 
distributors at the bottom of the cylindrical area. 
0063 The preheater (3) can be seen as a shaft for inside 
refractory preheating and is equipped with a tapered dis 
charging device at the bottom for the descent of the Solid 
material once the heating has concluded. While ascending, 
the adjusted melting furnace off-gas transferS its heat to the 
DRI which is loaded in Solid form at ambient temperature 
prior to the preheating by means of a charging System, and 
leaves the preheater through a collector located at the upper 
Side of the preheater (3). Afterwards, the gases pass to the 
operations of removement of the fines and a dust separator 
(4) (cyclone and Scrubber) and are Subsequently cooled by 
means of a heat exchanger (5). The gas temperature reached 
at the end of these treatments allows using a fan (6) capable 
of adjusting the pressure back to the values approximating 
the ones present in the combustion chamber. The fan per 
formance does not exceed 600-800 mm H2O. 
0064. The gases thus compressed are pushed into a 
Storage unit (7) with the aim of filling the flow gas power, 
if any, during Start-ups and preheating Stoppages. 
0065. The off-gas of the storage unit (7) is split by a 
three-line Valve, regulated by controlling the temperature of 
the products of the fume partial combustion of chamber (2), 
which divides the off-gas into two independent flows: the 
first one is directed to the combustion chamber, the Second 
one is destined to the exhaust gas treatment plant. 
0.066 The preheater, which is shown in FIG. 4, is not 
very high and has a considerable horizontal extension. Thus, 
a Specific gas distribution is required to homogeneously 
contact all the charged material mass. The heating gas is 
injected through two distinct ways: the first one consisting in 
an injection between the two discharge cones at the bottom 
of the cylindrical area (8), the Second one through two 
distribution rings placed at the top of the two discharge 
cones (9). In FIG. 5, sectional views of the preheater are 
shown, indicating the positions of the gas inlets. 

1. A proceSS for preheating and reduction of directly 
reduced iron (DRI) to be fed to a melting furnace, 

including the Steps of: 
adjusting the temperature and the composition of melt 

ing furnace off-gas outside the melting furnace to a 
value, suitable to preheat and reduce the DRI, 

contacting the DRI with Said adjusted gas to preheat 
and reduce the DRI. 

2. A process according to claim 1, 
characterized in that 

at least the temperature of the melting furnace off-gas is 
measured before adjusting the temperature and the 
composition of the melting furnace off-gas. 

3. A process according to claim 1, 
characterized in that 

at least the composition of the melting furnace off-gas is 
measured before adjusting the temperature and the 
composition of the melting furnace off-gas. 
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4. A process according to one or more of the preceding 
claims, 

characterized in that 

said melting furnace is an electric arc furnace (EAF). 
5. A process according to one or more of the preceding 

claims, 
characterized in that 

Said melting furnace off-gas is adjusted to a temperature 
of at least 630 C. and a CO/CO-ratio of at least 1. 

6. A process according to one or more of the preceding 
claims, 

characterized in that 

Said melting furnace off-gas is adjusted to a temperature 
of 700-1100° C. 

7. A process according to one or more of the preceding 
claims, 

characterized in that 

the composition of Said melting furnace off-gas is 
adjusted to have a CO/CO-ratio of 1.5-4. 

8. A process according to one or more of the preceding 
claims, 

characterized in that 

the temperature of Said melting furnace off-gas is adjusted 
to 700-1100° C. and its composition to have a CO/CO 
ratio of 1.5-4. 

9. A process according to one or more of the preceding 
claims, 

characterized in that 

the adjustment of temperature and composition of Said 
melting furnace off-gas is performed by burning a 
mixture of air and/or O, recycle gas and optionally 
CH, with the melting furnace off-gas. 

10. A process according to claim 9, 
characterized in that 

Said recycle gas is obtained from gas, which has been 
contacted with the DRI in the preheating and reduction 
Step (preheating off-gas). 

11. A process according to claim 9 or 10, 
characterized in that 

Said recycle gas is obtained after removing fines, cooling 
the gas, pressurizing and intermediate Storage of the 
gaS. 

12. A process according to one or more of the preceding 
claims, 

characterized in that 

Said DRI is contacted with Said adjusted gas by a verti 
cally split flow. 

13. A process according to one or more of the preceding 
claims, 

characterized in that 

said DRI is preheated to a temperature of 300-700 C., 
preferably 500-700° C. 
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14. A process according to one or more of the preceding 
claims, 

characterized in that 

said DRI is reduced to a metallization of at least 95 wt.-%. 
15. A process according to one or more of the preceding 

claims, 
characterized in that 

said DRI is reduced to a Fe0-content of 1-5% wt.-%. 
16. A process according to one or more of the preceding 

claims, 
characterized in that 

Said adjusted gas contains 0-30% H2, which is produced 
by the reaction of CH with O. 

17. A process according to one or more of the preceding 
claims, 

characterized in that 

the temperature of Said melting furnace off-gas is about 
1200° C.-1600° C. before adjustment thereof. 

18. A plant for performing the process according to claim 
1, comprising: 

a melting furnace, 
a means for the adjustment of the melting furnace off-gas, 

and 

a preheater for contacting the DRI with said adjusted 
melting furnace off-gas. 

19. A plant according to claim 18, 
characterized in that 

Said means for the adjustment of the melting furnace 
off-gas is a combustion chamber. 

20. A plant according to claim 18 or 19, further compris 
ing means for measuring at least the temperature of the 
off-gas. 

21. A plant according to claim 18, 19 or 20, further 
comprising means for measuring at least the composition of 
the off-gas. 
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22. A plant according to one or more of the claims 18 to 
21, 

characterized in that 

Said melting furnace is an electric arc furnace. 
23. A combustion chamber, comprising a controlled 

burner, controlled inlets for EAF off-gas, CH, air and/or O. 
and cooling recycled gas and a controlled outlet for trans 
ferring Said adjusted gas to the preheater. 

24. A plant according to one or more of the claims 18 to 
22, 

characterized in that 

Said plant further comprises a device for Separating fines 
from the preheater off-gas, a cooling device for cooling 
the preheater off-gas, a pressurizing device and an 
intermediate Storage device, from which the recycled 
preheater off-gas is transferable to the combustion 
chamber and/or a fume plant. 

25. A plant according to one or more of the claims 18 to 
22 or 24, 

characterized in that 

Said preheater comprises at least one discharging device at 
the bottom and at least one gas inlet for the gas to be 
contacted with the DRI. 

26. A plant according to one or more of the claims 18 to 
22, 24 or 25, 

characterized in that 

Said preheater has essentially a cylindrical form. 
27. A plant according to one or more of the claims 18 to 

22 or 24 to 26, 
characterized in that 

Said preheater comprises at least two conical discharging 
devices located at the bottom of Said cylindrical con 
tainer and three gas inlets for the gas to be contacted 
with the DRI, wherein one gas inlet is located centrally 
at the bottom of the preheater and two gas inlets are 
located at the Side of Said conical discharging devices. 

28. Use of a process according to claim 1 in the produc 
tion of steel. 


