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1-Introduction

Magnesium oxide (MgO) is a vital material that is widely
used in various industries including refractories,
construction, pharmaceuticals and agriculture. Several
methods are used to obtain high purity MgO, one of the
most common of which is sintering using rotary kilns. The
production of magnesium oxide from natural resources is
often a complex process due to the presence of impurities
in the ore, including oxides, silicates and carbonates,
which can significantly affect the properties of the final
product. These impurities are one of the important sources
of heat loss in rotary kilns during magnesia production
process. The aim of this research is to investigate the effect
of type and amount of impurities of the magnesite ore from
Sarbisheh mines on the amount of energy consumed in the
calcination and sintering process in the rotary kiln. The
studies carried out are purely through thermodynamic
calculations with the help of Factsage 6.1 software. In this
regard, a number of typical ores from the Sarbisheh region
were selected and thermodynamic analyses of their heat
consumption in the sintering process were investigated.

2- Research Method

FactSage 6.1 software and EQUILIB package have been
used to perform thermodynamic calculations and calculate
the enthalpy of the sintering process. The software is able
to predict the final state of the system, which is a
combination of the phases in it and the values of each
phase. Also, the thermodynamic parameters of the final
state of the system such as free energy changes, enthalpy,
heat capacity, and volume can be provided by the software.
In order to simulate the thermodynamic process of
sintering, 100 grams of magnesite ore is selected as the
input of the software, the initial temperature is 25°Cand the
pressure is 1 atm. The final temperature of the system is
considered as the temperature of the thermal process, and
its pressure are selected as 1 atm in all cases. All pure solid,
pure liquid, and gas compounds that are likely to form

thermodynamically have been considered in the software
calculations. A limited number of molten slags whose
formation seemed Kkinetically and practically probable
were also selected in the calculations. Other slags were
removed from the software database to prevent excessive
reduction in computing speed.

Thermodynamic studies have been carried out
isothermally in the temperature range of 800-2000 °C. The
initial composition of the ore has been considered in a
number of cases according to Table 1. Using the software
outputs for all temperatures (temperatures have been
selected with a step of 100 °C), it is possible to obtain the
curve of changes in the system variables as a function of
temperature. By drawing these diagrams, it is possible to
examine the effect of temperature on the change of phases
and their values, as well as the formation of new phases. It
is also possible to discuss on the start and end temperatures
of some reactions and the formation of new compounds.

3- Results and Discussion

Figure 1 shows the enthalpy changes due to sintering of
samples 1-4 (Table 1) as a function of temperature. As can
be seen, increasing the ore purity from 85% (sample 1) to
100% (sample 4) was accompanied by a significant
increase in the amount of heat consumed in the process.
This stems from the fact that heating 1 g of magnesium
oxide from ambient temperature to temperature T
consumes more energy than heating 1 g of CaO or SiO; to
the same temperature. The trend of enthalpy changes as a
function of temperature is linear for all samples and does
not change with temperature and magnesium purity. The
slope of this graph is approximately 150 J/°C. This number
means that if we want to increase the temperature of 100 g
of ore by 1 °C, we need 150 J energy. Of course, taking into
account heat losses in industrial rotary kilns, more energy
will be required.
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Table 1: Mineralogical composition of different types of
magnesite ore used in thermodynamic calculations.

Weight percentage of the ore compounds

Sample .
number | MO | CaO | SiO; | FeOs | AlO;
1 85 | 58 | 8 07 | 05

90 5.8 3 0.5 0.7
95 2.2 2.2 0.3 0.3
100 0 0 0 0
85 9.5 4.5 0.5 0.5
85 4.5 9.5 0.5 0.5

oo~ lw|N

240 |-

220 |- —e— Sample 4
—v— Sample 3 |
—&— Sample?2 |

—&— Sample 1 |

200

180 |-

160 |-

AH(KJ)

140
120 |-
100 |

80 -

800 1000 1200 1400 1600 1800 2000

Temperature (°C)

Figure 1: Enthalpy changes in different samples during
sintering process as a function of temperature for 100 g of
magnesite ore.

The study of equilibrium phases resulting from sample
heating can be effective in analyzing the results. The
results of thermodynamic studies show that part of the
magnesium oxide of the ore reacts with aluminum, calcium
and silicon oxides upon heating and produces solid
compounds such as MgO.Al,O;, Ca0.MgO.SiOg,
Mg0.3Ca0.2Si0,, etc. The production of these phases
causes heat consumption in the furnace. It is also possible
to form the molten compound SiO,.2MgO at temperatures
above 1700 °C. This compound is produced in larger
quantities in samples with a higher percentage of silica.
The formation of the molten phase increases heat losses in
the furnace due to the consumption of latent heat of fusion.

4-Conclusion

In this study, the calcination and sintering process of
different samples of magnesite ore with different amounts
of impurities was thermodynamically simulated using
FactSage 6.1 software. Studies show that the presence of
impurities reduces the heat consumption in the furnace
during the calcination and sintering processes. This fact is
due to the lower heating enthalpy of impurities such as
silica and lime compared to magnesia. An increase in the
content of silica impurity in the ore leads to the formation

of a pure Si0,.2MgO molten phase, which, by acquiring
its latent heat of fusion from the furnace, causes heat
losses. The relatively low weight values of impurities
prevent the formation of slag molten phases during the
sintering process. The best ore composition that has the
lowest energy consumption in the sintering process and
simultaneously produces the highest purity of magnesia,
has a ratio of CaO/MgO = 1.8. The results of this research
show that by controlling the relative amounts of some
important  impurities,  energy  consumption  in
pyrometallurgical processes can be reduced to some
extent.
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Investigation of the Effect of Impurity Type and Amount on Heat Loss in the Sintering Process of
Magnesite Ore

Seyyed Mohsen Moosavi-Nezhad

Abstract This paper investigates the effect of impurity type and amount on energy consumption in magnesium sintering
furnaces using thermodynamic calculations. Thermodynamic analyses were conducted using the FactSage 6.1 software
within the temperature range of 800 to 2000 °C and at a pressure of 1 atm, under isothermal conditions. The results
indicate that an increase in the purity of the ore is accompanied by an increase in energy consumption. For instance, in
the calcination process at a temperature of 800 °C, increasing the ore purity from 85% to 100% leads to a 16% increase
in energy consumption. Meanwhile, at a temperature of 1900°C, the same increase in purity caused a 7% rise in energy
consumption. Additionally, the possibility of forming molten compounds such as SiO,.2MgO exists at higher levels of

silicon oxide impurities, which results in greater thermal losses during the sintering process. The results of this study
show that when the main impurities in magnesite ore are CaO and SiO,, controlling the CaOQ/SiO; ratio at around 1.8
can not only reduce energy losses in the furnace but also prevent the formation of magnesium silicate compounds and

increase the purity of MgO in the final product.

Keywords Magnesite Ore, Enthalpy, Calcium Oxide, Silicon Oxide, Sintering.
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