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INTRODUCTION
One of the main pollutants associated with magnesium oxide production (MgO, commonly called magnesia)
are sulfur oxides (SOx) which are present at increased concentrations in the flue gases of magnesite
(MgCO3) calcination/sintering kilns due to the burning of the required fuels. According to the European
Union’s Industrial Emissions Directive (IED) and in correspondence with cement and lime producers,
magnesia producing installations must adopt existing anti-pollution measures called best available
techniques (BAT) and comply with SO2 emission limits lying between <50-1.500 mg/Nm3, depending on the
S content of the raw materials and the applied desulfurization technique.

The current paper is concerned with the design of a large scale dry desulfurization pilot unit, treating the
flue gases emitted by rotary kiln no.3 at Grecian Magnesite’s Yerakini Mines in Chalkidiki. The basic novelty
of the unit will be the use of MgO as the main desulfurization reagent and compared to existing techniques,
it will exhibit a series of advantages such as reduced consumption of water and energy, use of
environmentally friendly reagents and production of added value by-products that can be used in
agricultural and construction applications of magnesia.

METHODOLOGY
In the first stage, a complete analysis of the flue gases stream was performed after its exit from the rotary
kiln using mobile monitors in order to specify the range of concentration, pressure, temperature, dust load
and flue-gas velocity. Primary desulfurization test runs using MgO were taken into account to determine the
specific consumption of the reagent. In the second stage, mass and heat balances were constructed and
solved. In the final stage, the selection and basic design of the equipment were performed. Common
practice in analogous dry injection systems was taken as basis for the design with the required amendments
in order to make possible the use of MgO. Especially for the design optimization of the desulfurization
reactor, a computational fluid dynamics study was performed.

RESULTS AND DISCUSSION

Flow Sheet
The current installation consists of the rotary kiln no.3, the dust chamber, the electrostatic precipitator
(ESP) and the main stack. The new installation begins at this point. The flue gases pass in turn through a)
the gas conditioning tower (where water is sprayed to reduce temperature and regulate moisture), b) the
desulfurization reactor where MgO is injected, c) the recirculation «jet-pulse off-line cleaning» filter where
the solids are allowed to form a thick film on the bag filters before being cleaned (i.e., longer times
between cleaning pulses). After cleaning, the solids are collected as the desulfurization product
(MgO/MgSO3/MgSO4), fed to a special mixer to be partly recirculated in the process by injection in the
reactor. The rest of the quantity is collected in a silo (see Figure 1)

The Stokes number remains lower than unity throughout the flow field. This means that the solid particles
follow the flow lines without diverging. Due to the recirculation created in the main flow in the region
between the two injectors, contact times between the fluid streams is increased. The zero velocity point
formed opposite the recirculation injector is comfortably situated right above the injector level and can be
eliminated completely if the injector is turned by 180o. The 45o “cut” of the injectors favors recirculation and
eliminates the possibility of blockage.

Figure 1. Desulfurization unit flow sheet

Computational Fluid Dynamics
The flue gases come into contact with two injection streams (fresh reagent and recirculation) in a “U-turn”
tubular reactor which bears a venturi constricted section and travel within it until they reach the
recirculation filter. CFD modelling was used for the optimization of the pipe geometry, the position and
geometry of the injectors and to ensure that the particles will follow the flow lines of the main flow
avoiding the creation of points of accumulation and maximizing dispersion and contact times between
solids and gases.

The physical phenomenon under study is essentially that of “Jets in Cross Flow”. In order to fully describe
it, the relevant main parameters and dimensionless numbers were defined and calculated. For the solution
of the motion equations, emphasis was given on the distribution of static pressure, velocity and direction of
the field flow lines (see Table 1, Figures 2 and 3).

Table 1: Parameters and Dimensionless Numbers

Figure 2: Velocity distribution in the tubular reactor

Parameter Fresh reagent 
injection

Recirculation 
injection

U-Turn

Density Ratio (DR) 1,4 1,4 -

Blowing Ratio (BR) 0,72 2,6 -

Velocity Ratio (r) 0,61 2,22 -

Reynolds Number 0,6·105 2·105 5,1·105

Stokes Number 0,15 0,16 0,06

Figure 3: Visualization of the flow lines of the main flow and the injectors

Installation plan and balances
The side view of the detailed installation plan is shown in Figure 4 where the following equipment can be
seen: a) the MgO reagent silo, b) the conditioning tower, c) the tubular reactor, d) the filter with the
recirculation mixer below it, e) the fan and f) the stack. Total power is calculated to be 370 KW.

The main operating characteristics of the installation are determined by the characterization of its inlet
stream and the mass and heat balances performed around it (Table 2). It appears that more than 8.000
tons/year of a useful by-product can be sold directly or after a minor upgrade as a component of magnesia
panels for the construction sector and/or as a raw material for the production of fertilizers/soil amendment
products.

The estimated installation cost is 1.350.000 € (Table 3), significantly lower than that required for a wet
desulfurization installation.

Figure 4: Installation side view

Table 2: Main elements of mass and heat balances
Parameter Units Value

Input Temperature oC 280
Flue gas volumetric flow m3/h, wet 81.000

Water feed rate m3/h, nominal 2,8
SO2 concentration mg/Nm3, @10% O2 4.500

Fresh MgO injection kg/h 800
By-product recirculation ratio w/w 10

Output Stack temperature oC 150
Flue gas volumetric flow m3/h, wet 74.000

SO2 concentration mg/Nm3, @10% O2 1.350
Desulfurization Efficiency % w/w 70

MgO / SO2 removed w/w 6,3
Net by-product production kg/h 981

Table 3: Installation costs
No. Equipment Cost (€)
1 Conditioning Tower 185.000
2 Recirculation filter 440.000
3 Desulfurization reactor 25.000
4 Piping 95.000
5 Stack 65.000
6 Fan 45.000
7 Fresh reagent injection system 45.000
8 Recirculation mixer and injection system 85.000
9 Reagent silo 55.000
10 Infrastructure 165.000
11 Flue gas monitor 100.000
12 Water preparation 20.000
13 Various 25.000

TOTAL 1.350.000

CONCLUSIONS
The integrated design of a magnesite calcination kiln pilot desulfurization unit based on environmentally
friendly magnesium oxide reagents is the necessary first step towards the construction and operation of the
unit by early 2018. Installation costs are relatively low and it is expected that the desulfurization
performance of the unit will comply with IED and in doing so will produce a by-product of added value.

Apart from the application at a local level, the target is for the technique to become a documented
reference in the Cement, Lime and Magnesia Best Reference Document, or CLM BREF and be replicated in
the magnesia and other relevant sectors (e.g. energy production, steel industry, etc.).
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