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IronmakIng, EnErgy and thE EnvIronmEnt

Blast furnace iron production and use 
of magnesium for desulphurisation
Use of magnesium (Mg) granules for desulphurisation of blast furnace iron shows marked regional 
variations. In China, which produces 60% of the world’s iron, lime is the preferred desulphuriser. 
In the West, although iron production has fallen in recent years, Mg consumption has risen, due to 
the higher demand for low sulphur steels and process efficiencies associated with Mg rather than 
other desulphurisers. If China, were to move to Mg desulphurisation, this would result in further 
costs to industry unless alternatives such as recycled Mg scrap were made more readily available.

Prior to the World financial crisis in 2008/9 iron 
production, particularly in China, had been rising 

rapidly. Since the crisis, production in many regions, 
particularly in the West, has not recovered to its pre-crisis 
levels. This is illustrated in Table 1. 

BF iron usually needs desulphurising before refining in a 
BOS converter and there are three principle materials used: 
magnesium (Mg), calcium carbide (CaC2) and lime (CaO), 
based on availability, pricing, technology, environment and 
local process requirements. Mg is the most expensive, but 
is the most chemically efficient (see Table 2 and Figure 1) 
and, when used in conjunction with lime in a co-injection 
system, gives the greatest total cost benefit in $ per tonne 
iron treated. Figure 1 basically represents the high and 
low amounts of CaC2 and CaO required to have the same 
efficiency as 1kg of Mg.    

Figures 2 and 3 show that there are regional variations in 
both the desulphurising agents used and the technologies 
employed. This relates to historical local process 
developments, coupled with specific cost and process/
product requirements.

An examination of the data pertaining to the use of Mg 
shows that the pattern of use between 2005 and 2014 
has not corresponded with the regional iron production 
changes. For instance, in China, Mg consumption increased 
only 42% (see Figure 4) yet iron production increased by 
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r Table 1 Production of blast furnace iron Mt/yr [1]

r Fig 1 Comparison of reagent efficiencies (kg) 

115%. The main reason for this is the use of KR stirring 
technology in that country which uses less expensive lime 
as the desuphuriser. The process, however, does result in 
greater temperature losses and yield losses associated 
with iron in slag that is skimmed after desulphurising. Iron 
losses alone offset any gains in reagent cost. 

By comparison, Figure 5 shows the combined Mg 
consumption in the CIS, Turkey and Europe. Despite the 
reduced iron make as shown in Table 1, Mg consumption 
rose by 27% compared to a reduced iron make of 9%.  
There are several reasons for this. There has been a gradual 
change from CaC2 to lime and Mg as the benefits of Mg 
are realised by more steelmakers. Additionally, there have 
been several new Mg injection facilities commissioned  
post recession. As steel, and hence iron production has 
fallen in these countries, the proportion of higher grade 
steels requiring lower sulphur levels has increased. Finally, a

Region 2005 2014 Difference
World 785.4 1183.4 +398.0
China 330.4 711.6 +381.2
India 26.1 55.2 +29.1
Japan 83.0 83.9 +0.9
Europe (E+W) 119.4 106.1 -13.3
NAFTA 49.5 41.2 -8.3
CIS 82.8 79.5 -3.3
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as raw material costs continued to rise steelmakers have 
been using iron ores and coals with higher sulphur contents 
(cheaper to buy). This results in higher iron sulphur levels, 
so more desulphurising is needed.

It thus appears that Mg consumption will continue to 
increase. However, within the EU it is classified as a critical 
raw material. The first criticality analysis for raw materials 
in the EU was published in 2010 [2] and is updated every 
three years. There is a growing concern with securing 
undistorted and reliable access to the raw materials that 
are required to keep the major industrial sectors within the 
EU functioning economically. There were 54 candidate 
materials selected, out of which 20 were considered critical, 
with Mg determined as one of these (see Figure 6).

The criteria for selection of these 20 critical materials 
were: financial importance to the EU economy, and 
supply risk, evaluated on a basis of political stability, 
accountability, regulatory quality, rule of law etc. in the 
supplying countries.

Table 3 shows the main supplier countries for Mg used 
in the steel industry. It is evident, therefore, that if Mg 
consumption for iron desulphurisation were to significantly 
increase in China, this could have a significant impact on 
availability and price worldwide, unless other sources were 
to become available. 

One such source is recycled Mg scrap. Die casting of 
Mg-based products for industry and transportation has 
been increasing in recent decades due to its favourable 
mechanical properties, lightness, corrosion resistance etc.
of Mg alloys. Unfortunately, currently only about 14% 
of Mg products are recycled. If more were recycled, this 
could provide a valuable source for use as Mg granules 
for injection.

If insufficient Mg were available at an economic price, 
then inevitably there would be an increased use of CaC2 
and lime, with consequent process off-sets such as lower 
process yields and higher costs.

CONCLUSIONS
In the last decade or so, use of magnesium granules 
for desulphurisation of blast furnace iron has shown 
marked regional variations. In China – the largest iron 

 Mg CaC2 CaO
Price $US/MT 2,000-2,300 600-900 200-400
Desulphurising High Medium Low 
efficiency Highest efficiency Good efficiency More efficiency at 
 up to 1,400°C above 1,400°C higher temperatures
Safety Hydrogen Acetylene generation N/A 
 generation generation possible 
 possible (high hazard)

r Table 2 Comparison of iron desulphurisation reagents

r Fig 2 Regional variation in desulphurising technologies

r Fig 3 Regional variation in desulphurising material
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producer – lime is the preferred desulphuriser and, as iron 
production has increased, so Mg consumption per tonne 
iron has decreased. In the West, although iron production 
has fallen, Mg consumption has risen in recent years, 
due to the higher demand for low sulphur steels and 
process efficiencies associated with Mg rather than other 
desulphurisers. 

If China, which produces 60% of the world’s iron were to 
move to Mg desulphurisation, this would result in further 
costs to industry unless alternatives such as recycled Mg 
scrap were made more readily available. Mg will continue 
to be classed as a supply-critical material. MS
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Main producer Main source Substitutability End of life 
(2010-2012) to EU 2012 index recycling rate
China 86%  China 91%  0.64 14%
Russia 5% Israel 5% 0, Most Proportion of metal products
Israel 4% Russia 2% 1, Least produced by scrap worldwide

r Table 3 Main supplier countries for Mg used in the steel industry

r Fig 4 Consumption of Mg for desulphurisation 
in China

r Fig 5 Consumption of Mg for desulphurisation 
in the CIS, Turkey and Europe

r Fig 6 EU critical raw material supply-economic importance 
assessment [2]
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