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INTRODUCTION 
According to the World Meteorological Organization, since the Industrial Revolution, humankind has emitted 375,000 t of 
CO2 into the atmosphere, producing a level of concentration of this gas in excess of 390 ppm. The metallurgical 
activities, in a given country, are responsible for a significant percentage of these emissions. Within the steelmaking 
works, the process of reduction of iron oxides is one of the largest producers of CO2 emissions. Faced with this alarming 
situation, the entry into force in 2005 of the Kyoto Protocol, with the aim to reduce emissions of greenhouse gases was a 
historical challenge of unquestionable significance. Thus, the use of clean energy and the control of CO2 emissions are 
presented as one of the most important parameters for new chemical processes and for the production of new materials; 
and, from a scientific point of view, an extraordinary challenge and an unavoidable social commitment.  

Objective: 
 
Study the technological feasibility of implementing the use of 
hydrogen and concentrated solar energy to reduce iron ore, 
which can be profitable for mining areas with high solar 
irradiation,  whose ore are destined to the steel industry.  
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Medium Size Solar Furnace Vertical (MSSF): 
- Diameter parabolic concentrator: 2 m  
- Thermal power: 1.5 kW 
- Power density: 16 MW/m2  
- Focus diameter: 1.5 cm 
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The reduction of iron oxide is a 
complex process due to the fact that 
it consists of several reactions, 
which can take place simultaneously 

[1-2].  
Thus,the process can be defined by 
one enchained reaction as shown in 
eq. 1: 
 
Fe2O3Fe3O4 FeO Fe [1] 
 
Or, by combined reactions, as shown 
in eq. 2 (a and b): 
 
Fe2O3 Fe3O4Fe  [2a] 
Fe2O3FeOFe  [2b] 

XRD patterns of hematite (blue) 
 and an intermediate reduction product (red).  

(H: Fe2O3, W: FeO, M: Fe3O4) 
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Macroscopic appearance of the initial iron oxide (hematite) and the 
reduced products  (magnetite and iron)  

Conclusion 
 
The recovery of metallic iron from its ore by reduction in H2 
atmosphere, can be attained by direct application of 
concentrated solar energy. Its application to the 
conventional steelmaking process, highly energy consumer, 
would produce a huge decreasing in the power cost and 
also in the environmental impact as a result of the use of 
both energetic vectors: a "green energy" such as the 
concentrated solar power, and "hydrogen" as a reducing 
agent, which does not produce greenhouse gases. The 
carbon footprint of the process will be drastically reduced. 
The process is energy efficient. 

Fe2O3       Fe3O4,    800ºC, 12 min         
Fe2O3        Fe,       1200ºC, 15 min 
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Micro FRX  

Fe: 94% 

Microscopic appearance of 
the a cross-section of  sample 

Commercial direct-reduced iron (DRI) or sponge iron contains 90-94% of Fe 
total, and is produced by ore reduction in solid state at 800-1050ºC [3] 
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