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ABSTRACT

Flue gas. desulphurization process are discussed. These processes can be grouped into
non-regenerable systems and regenerable systems. The non-regenerable systems produce a
product which is either disposed of as waste or sold as a by-product e.g. lime/limestone
process. While in the regenerable systems, e.g. Wellman-Lord process, the SOj is
regenerated from the sorbent (sodium sulphite), which is returned to absorb more SO2.

Also a newer technology for flue gas desulphurization is discussed. The Ispra process
uses bromine as oxidant, producing HBr, from which bromine is regenerated by
electrolysis. The only by-products of this process are sulphuric acid and hydrogen, which
are both valuable products, and no waste products are produced. Suggested modifications
on the process are made based on experimental investigations to improve the efficiency of
the process and to reduce its costs.
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INTRODUCTION

Flue gas desulphurization has recently increased in importance as the environmental
regulations for controlling the emission of sulphur dioxide at source became more and more
stringent(I).

The most widely used desulphurization process are the wet absorption processes. These are
divided into throw-away processes and regenerable ones. In the throw-away processes, sulphur
dioxide is absorbed from the flue gas into a chemical reagent. The product is either disposed off
or sold as a by-product. The most important process of this type is the lime/limestone process that
produces a sludge of calcium sulphite and sulphate. A commercial grade g>psum is produced if
an oxidation step is incorporated in this process ( 2 Jl However, the limitations on land disposal
site and the difficulty for marketing the huge amounts of gypsum lead to the development of
different regenerable processes <3) such as Wellman-Lord (sodium sulphite) and MgO processes.
In these processes the absorbent is regenerated and a concentrated stream of sulphur dioxide is
produced.
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S02 + Br2 + 2H2O -» H :S04 + 2HBr

electrolysis
2HBr > H2 + Br2

SO2 + 2H2O > H2SO4 + H2

The produced HBr in the first reaction is electrolyzed to, regenerate bromine. The process
has the advantage of producing two valuable products; sulphuroc acid and hydrogen. It does not
generate waste products. Hydrogen can be used as energy source to reduce the energy
requirements for the process. Two problems may be expected in Ispra process. Firstly, bromine
could be stripped off the reacting solution. Therefore, a scrubber is needed to absorb the stripped
bromine in water. Secondly, bromine is corrosive and special construction materials should be
used.

The aim of this work is to investigate possible modifications on the Ispra mark 13 A process.
The first modification is using methanol as solvent for bromine that would greatly reduce the
stripping of bromine.. The second suggested modification is using iodine instead of bromine as
oxidant.

EXPERIMENTAL

In this study a continuous laboratory scale apparatus was used, as shown in Fig. 1. Sulphur
dioxide was supplied from a gas cylinder and mixed with air from a compressor to the required
concentration. The gas mixture was fed to the reactor. Part of the product stream is circulated to
the electrolyzer. The glass reactor in this process was designed to be used either as a bubble
column or as shower reactor. The column height was 150 cm with an inside diameter of 9.9 cm.
Valves were used to withdraw samples from the rector for analysis. At the bottom of the column a
removable teflon sparger was used as a bubbler. Spargers with different orifice diameters could
be used. At the top of the column another removable teflon shower disk was placed. Also disks
with different orifice diameters could be used.

Figure 2 shows a schematic diagram for the electrolysis cell. It is a jacketed glass cylinder
20 cm long and 4 cm inside diameter. Two graphite electrodes each of 10 cm length and 2.5 cm
widths with a spacing of 1 cm were used. Power was supplied through a DC power supplier and a
rheostat. Current and voltage were measured during the experiment.

The apparatus could be used for multi-purpose investigations; (a) flue gas desulphurization
without electrolysis, (b) electrolysis alone, or (c) a combined steady state operation in which
electrolyiss is run to regenerate Br2 or I2 in the same time as the desulphurization of the flue gas
taking place.

The concentration of bromine or iodine was determined by iodometric titration with sodium
thiosulphate. In these experiments the apparatus was mainly used as a bubble column reactor.
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Figure 1: A schematic diagram showing the apparatus used ion Hue gas dcsulphurization study
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Figure 2: A schematic diagram showing the electrolysis cell used to generate the oxidant (Br- or
I:).

1146



A steady state operation using I2/methanol solution and simultaneous electrolysis was tried
to show the feasibility of this process. For this purpose a shower reactor with an orifice diameter
= 1.24 mm was used. The gas flow rate=500 L/h with SO; concentration in air = 750 ppm. Liquid
volume was 2 litre at 24°C and the liquid flow rate through the electrolysis cell = 0.263 L/s.
Current density = 160 A/m2 and a cell voltage of 9.2 V.

RESULTS AND DISCUSSION

This study is divided into two parts. In the first part bromine was used as oxidant and in the
second part iodine was used as oxidant.

I. Bromine as Oxidant
Figure 3 shows the concentration of bromine with time in the bubble reactor of different

concentrations of SO2 in the flue gas. One notices that changing the concentration of SO2 from 0
to 2000 ppm has no effect on the Br2 concentration variation with time. This indicates that, under
the conditions of the experiment, Br2 is completely stripped from the reactor before having a
chance to react with SO2. Therefore it is required to reduce the volatility of Br2 in solution to
avoid its stripping by flue gas. This was achieved by dissolving Br2 in methanol. It was found that
the best methanol concentration was 96.6% in water solution. Figure 4 shows the concentration of
Br2 with time for different SO2 concentrations in air. It is clear from the figure that bubbling of
1000 L/h of SO2 free air caused no decrease in Br2 concentration with time. Moreover, it shows
that the rate of SO2 desulphurization increases with increasing SO2 content in the flue gas. This is
evident by comparing the slopes of the two lines in the figure. The slopes, which are the rates of
disappearance of Br2 in the column, are 0.00029 and 0.00051 mol/l.min when SO2 contents are
1500 and 2000 ppm, respectively. Using methanol as solvent in this process may result in
omitting the final scrubber in Ispra or its size significantly.

II. Iodine in MethanoIAVater as Oxidizing Agent
The second suggested modification in the Ispra mark 13 A process is using iodine of Br2 as

oxidizing agent for SO2. This may reduce the corrosion problems encountered with bromine. As
iodine is practically insoluble in water, methanol/water solution was used as a solvent. It was
found that when methanol concentration drops belowr 60%, precipitation of iodine occurs. In this
work 70% methanol in water solution was used to dissolve iodine.

Figure 5 shows the concentration of I2 with time for two heights of liquid in the bubble
column. The rate of disappearance of 12 in methanol solution increased with the decrease of the
quantity of 12/methanol solution used.

Figure 6 shows the effect of gas flow rate on the reaction of SO2 with iodine/methanol
solution in a bubble column reactor. Increasing the gas flow rate caused an increase in the rate of
the reaction.

1147



0.03

0.02 .
o

e
c
o

«•—
ro
c_

a—
C
ai
\_r
c
o

0.01 -

0.00

o
a
A

0

SO2 concentration = 0 ppm
SO2 concentration = 1000 ppm
SO2 concentration = 1500 ppm
SO2 concentration = 2000 ppm

o—o
0.0 5.0 10.0 15.0

Time {mini

Figure 3: Bromine concentration in water solution versus time for different concentrations of SO2

at gas flow rate = 1000 L/h, liquid level = 35 cm, and sparger orifice diameter = 0.8 mm.
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Figure 4: Bromine concentration in mcthanoi solution versus time for different concentrations of
SO2 at gas flow rate = 1000 L/h, liquid level = 35 cm, and sparger orifice diameter = 0.8 mm.
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Figure 5: iodine concentration in mcthanol solution versus time for different liquid levels at SO2

concentration = 2000 ppm, gas flow rate = 1000 L/h, and sparger orifice diameter = 0.6 mm.
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Figure 6: Iodine concentration in mcthanoJ solution versus time for different gas flow rates at
^concentration = 2000 ppm, liquid level = 20 cm and sparger orifice diameter = 1.7 mm.



The reaction rate slightly increased by decreasing the orifice diameter from 1.7 mm to 0.6
mm in the bubble gas column reactor as shown in figure 7, which also shows similar performance
of the column operated as a shower reactor with an orifice diameter of 1.24 mm.

Ill Regeneration of Oxidizing Agent by Electrolysis
Figure 8 shows the concentration of Br2 during the electrolysis of HBr as a function of time.

The calculated values of the Br2 concentration using Faraday's law are associated with the same
figure. It is noted that there is a difference between the two values. The difference between the
calculated and measured values increases with time. This behavior may be attributed to bromine
back reaction occurring at the cathode. In the back reaction bromine is converted to bromide by
taking two electrons from the cathode.

Figure 9 shows the concentration of iodine during the electrolysis as a function of time. On
the same figure the calculated values for the concentration of iodine using Faraday's law are
associated. The result of electrolysis of HI in methanol shows good agreement between the
measured I2 concentration and those calculated according to Faraday's law. This means high
efficiency of electrolysis and small back reaction at the cathode.

IV Combined Oxidation with I2 and Regeneration by electrolysis
Figure 10 shows the concentration of iodine in a steady state process that combines

oxidation of SO2 and regeneration of h using a shower reactor. It is clear from the figure that the
concentration of I2 remains fairly constant with time during the experiment. This means that the
consumed iodine by reaction with SO2 is regenerated by electrolysis. In this experiment, the
entering gas had SO2 concentration of 750 ppm while the leaving gas had less than 100 ppm SO2.

CONCLUSIONS
The main modifications on Ispra Mark 13A flue gas desulfurization process were suggested

and preliminary tests were conducted. The first modification was the use of methanol as solvent
that resulted in avoiding the stripping of Br2 from water solution. This result could have a good
economic implication in terms of reducing the size of the reactor and may be eliminating the
necessity of using a scrubber in the process.

The second suggested modification was using iodine in methanol instead of bromine to
oxidize SO2 that proved to be successful. Steady state operation combined with electrolysis could
be achieved. Electrolysis of HI solution was found to be more efficient than electrolysis of HBr
solution. The use of iodine has another advantage of causing less corrosion problems than
bromine.

This work may be considered of preliminary character in which the feasibility of the
suggested process was tested. Detailed parametric studies on both the reaction and regeneration
steps, followed by scaling-up to a pilot plant size are needed.
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Figure 7: Iodine concentration in methanol solution versus time for different types of reactors at
SO2 concentration = 2000 ppm, gas flow rate = 1000 L/h, liquid volume = 1.388 L and shower
liquid flow = 0.0344 L/s.



o
E

o

c

c
o

CO

0.020

0.015 -

0.010 -

0.005 -

0.000

o Measured
— Calculated

concentration

O o

0

0

20 40 60 80 100 126

Time {min j

Figure 8: Measured and calculated concentrations of bromine versus time at liquid volume = 1.94
I, liquid flow through cell = 0.0908 L/s, current = 1 A and voltage of electrolysis between 4.1 and
4.3 V.
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Figure 10: Iodine concentration in methanol solution versus time using combined system
(oxidation and regeneration) in a shower reactor when SO2 concentration = 750 ppm, gas flow
rate = 500 L/h, liquid flow rate through shower = 0.0322 L/h, shower orifice diameter = 1.24 mm,
electrolyte flow rate = 95 L/h, liquid volume = 2 L, current = 1 A and voltage between 8.9 and
9.4 V.
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