A. Pajdak et al., The Effect of Structure Modification of Sodium Compounds..., Chem. Biochem. Eng. Q., 31 (3) 261-273 (2017) 261

The Effect of Structure Modification of Sodium Compounds
on the SO, and HCI Removal Efficiency from Fumes e amnons oo 4.
in the Conditions of Circulating Fluidised Bed

International License
A. Pajdak,>" B. Walawska,” and A. Szymanek*
*The Strata Mechanics Research Institute of the Polish Academy of
Sciences, Reymonta 27, 30-059 Krakow, Poland
*Inorganic Chemistry Division “IChN” in Gliwice, New Chemical
Syntheses Institute, Sowinskiego 11, 44-101 Gliwice, Poland
‘Institute of Thermal Machinery, Faculty of Mechanical Engineering and

Computer Science, Czestochowa University of Technology, Dabrowskiego
69, 42-200 Czestochowa, Poland

doi: 10.15255/CABEQ.2015.2305

Original scientific paper
Received: September 21, 2015
Accepted: July 13, 2017

The article presents the effects of mechanical and thermal modification on the sur-
face area of sodium bicarbonate and its ability to remove SO, and HCI from exhaust fumes.

The mechanical modification consisted of grinding in an impact mill. The thermal
modification consisted of heating in the temperature range from 373 K to 673 K. The
applied modifications caused a change in the grain structure of sodium bicarbonate and
parameters such as specific surface area and the pore size. The parameters were deter-
mined by low-pressure nitrogen adsorption (LPNA) and mercury porosimetry (MIP)
methods. The largest development of the active surface, which was up to 6 m* g!' (LPNA),
was achieved after crushing and heating in the temperature range of 423523 K.

The efficiency of a simultaneous purification of fumes from SO, i HCl on a contin-
uous-combustion installation with a circular fluidised bed CFB was determined. The
samples were fed into the installation in three different molar ratios 2Na/S (0.5; 1.0; 2.1)
in a gas jet of 573 K. It was shown that the removal of SO, and HCI took place simulta-
neously and mainly on the grain surface. The average efficiency of SO, purification was
between 17 % and 89 %, and it depended on the comminution degree and the amount of

the sorbent. The efficiency of HCI removal was between 54 and 78 %.
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Introduction

Sodium compounds including sodium bicar-
bonate (NaHCO,) are widely used in the purifica-
tion of gases created by incineration of municipal
and medical waste, biomass as well as alternative
fuels in the cement industry. They are more often
used in the energy industry and in small solid fuel
combustion units including circulating fluidised bed
boilers.

A number of factors determines the efficiency
of using sodium compounds to purify exhaust
fumes. Apart from reactivity, the size and the poros-
ity of grains are crucial. To reduce their size, they
are mechanically modified by grinding. Smaller
particles, thanks to their increased active surface
and a better contact with the pollutant, react faster
and more efficiently than larger particles!. The in-
crease in porosity is achieved through thermal mod-
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ification. At high temperatures, NaHCO, decom-
poses into Na,CO, Under industrial conditions,
such decomposition takes place after placing a dry
sorbent in a stream of hot exhaust gases. Sodium
bicarbonate is a sorbent, which is especially suit-
able to be used in the dry method of flue gas purifi-
cation in small power plants®°. Removing SO, from
gases using sodium bicarbonate is possible in the
range of temperatures between 413 K and 573 K,
and goes in two ways depending on the tempera-
ture’ %, In the temperature range 343-393 K it goes
according to the direct model. The non-porous sodi-
um bicarbonate of a low specific surface area reacts
with the sulphur compounds only on the surface ac-
cording to the reaction:

2NaHCO, + SO, — Na SO+ 2CO, + HO (1)

At temperatures above 393 K, the indirect
model occurs and the direct model takes place only
to a small extent. In the indirect model, the porous
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sodium carbonate with a developed active surface
(2) is created as a result of the decomposition of
sodium bicarbonate. In contact with sulphur diox-
ide, sodium(IV) sulpfate is created according to the
reaction (3) and in contact with oxygen, sodium(VI)
sulphate is created (4).

2NaHCO, — Na,CO, + CO,(g) + H,0(2) (2)
Na,CO, + SO, — Na,SO, + CO, A3)
Na,SO,+ ¥ O, — Na,SO, 4)

Sodium bicarbonate also shows high reactivity
against hydrogen chloride*>!""1*, Depending on the
temperature, gas hydrogen chloride reacts with so-
dium bicarbonate in a direct (5) or indirect way af-
ter decomposition into sodium carbonate (2) ac-
cording to the reaction (6):

NaHCO,+HCl — NaCl + H,0 + CO,  (5)
2HCI + Na,CO, — 2NaCl + CO, + H,O0  (6)

In the energy industry, sodium compounds are
used to remove acid gas pollutants, such as sulphur
dioxide (SO,) and hydrogen chloride (HCI) from
the flue gases'®. Along with carbon dioxide, sulphur
dioxide is one of the most dangerous pollutants
emitted into the atmosphere. The problem of CO,
pollution and its removal is an extensively described
issue'> ",

Over 50 % of waste SO, comes from the power
industry. The current concentration limits of SO,
are regulated by EU directives including LCP direc-
tive'® and IED directive'®, which allow the emission
of SO, from the combustion of solids, such as coal,
of up to 250 mg m™_in plants of the nominal power
of 100-300 MW and up to 400 mg m in plants of
50-100 MW. The latest MCP directive® establishes
the requirements concerning SO, emission for me-
dium size combustion plants with the nominal heat
output of up to 50 MW. In plants of 5-50 MW, the
allowed concentration is up to 400 mg m~ and in
plants of 1-5 MW it is 1100 mg m . According to
the draft directive, plants of the capacity above 5
MW will be obliged to adjust their emission levels
by January 1, 2025, and plants of up to 5 MW by
January 1, 2030.

Removing hydrogen chloride from gases takes
place mainly in installations of thermal conversion
of solid waste where concentrations above 1000
mgHCI m™ are noted. However, the permitted emis-
sion to the air considering average daily values is
10 mgHCI m™?!. In installations of fuel combus-
tion, purification of waste gases from HCI is not
applied. It is connected with its low concentration
in the fuels as well as the lack of proper legal acts
regulating emission levels in those units. In its final

preparation stage is Draft 1 LCP BREF concerning,
among other, the issue of the levels of HCI and HF
emitted during combustion. Its conclusions are to
be published in 2016. It specifies the accepted hy-
drogen chloride emission for plants of the power
heat of 100 MW _ at the level of 1-6 mg m~_for new
facilities and 2-10 mg m™ _for the existing plants,
and for the plants of over 100 MW, 1-3 mg m~_
and 1-5 mg m”_respectively®. Taking into account
the integrated protection of air and constant changes
of EU acts regulating permissible emission levels, it
should also be considered in such installations.

Currently in Europe, the largest application of
sodium sorbents to remove SO, and HCl is connect-
ed with the process developed by SolvAir Solu-
tions?. It involves reaction of ground bicarbonate
particles with gas pollutants in a duct at tempera-
tures around 413 K on a bag filter in which dust and
reaction products are separated from the purified
gas. This process provides high efficiency of ex-
haust purification with a low usage of the reagent as
well as a low investment cost*.

Methods and apparatus

The chemical composition of the materials
used in the tests was determined by classical meth-
ods as well as LECO analysers of two types. To
specify the content of carbon and hydrogen, the
method of selective absorption in infrared was ap-
plied using TruSpec CHN (LECO, Poland). The
concentration of nitrogen was determined using a
thermal conductivity detector after reducing nitric
oxides and mixing with helium. The concentration
of sulphur was determined by the combustion meth-
od with IR detection using analyser SC-144 (LECO,
Poland). The concentration of oxygen was deter-
mined from the difference.

Sodium bicarbonate was mechanically modi-
fied by grinding in an impact mill 160 UPZ (Ho-
sokawa-Alpine, Germany) with the rotor speed of
11400 rpm and the efficiency of 60 kg h™'. Before
and after grinding, the material was subjected to a
grain size analysis using a laser diffraction particle
size analyser LS 13320 (Malwern, United King-
dom).

The grain structure was analysed using a scan-
ning electron microscope XL 30 Esem (Philips, The
Netherlands) with analyser EDS (EDAX, Japan),
which provides real space imaging of the sample
topography. The samples were dusted with gold,
and using a BSE detector, images at magnification
of 1000x to 20000x were recorded. The tests were
carried out in the high vacuum mode at the voltage
of 15 kV.
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Structural parameters were measured applying
porosimetric methods. The surface area and the to-
tal pore volume were defined. The measurements of
microstructure of sodium bicarbonate were carried
out using a Gemini VII Series Analyzer (Micromer-
itics Instrument Corporation, USA). The low-pres-
sure nitrogen adsorption process (LPNA) was car-
ried out at the temperature of 77 K. The multilayer
adsorption theory Brunauer-Emmett-Teller (BET)*
was used in the relative pressure range p/p, 0.05—
0.30. The analyses of macrostructure of NaHCO,
used mercury porosimetry (MIP)*. The analysis
were made with AutoPore IV 9500 (Micromeritics
Instrument Corporation, USA). They involved the
intrusion of mercury into the porous structures un-
der the influence of strictly controlled pressure in
the pressure range from 10° MPa to 414 MPa.

Thermal decomposition of NaHCO, was tested
by thermogravimetric methods (TG) and differen-
tial scanning calorimetry (DSC) with a thermograv-
imetric analyser TGA/SDTA 851e (Mettler Toledo,
Poland) and a differential scanning calorimeter DSC
822¢ (Mettler Toledo, Poland). The analysis was
carried out in a jet of air of 50 cm® min!, and the
heating rate of 10 K min'.

To determine the correlation of the characteris-
tics of specific surface area and the activation tem-
perature, correlation calculations were made. Pearson
correlation coefficient was used for the analyses (7):

rudo=%§%39 ©)

where:
cov(x,y)zE(x'y)—[E(x)'E(y)] (8)

where: r(x,y) — Pearson correlation coefficient be-
tween variables x and y, cov(x,y) — covariance be-
tween variables x and y, ¢ — standard deviation,
E — expected value.

The correlation coefficient takes values be-
tween —1 to 1 and is determined according to the
formula (9) and (10). The result close to 0 indicates
a lack of correlation of the tested characteristics,
and the result close to boundary values (1, —1) indi-
cates their strong correlation.

lZXiyi —-Xy
r,=t—ou«— ?
: — ©
where: 2(x, —X)(y,—¥)

5 = 10
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where: r_ — Pearson correlation coefficient, x, — the
results of particular measurements of the surface
area, X — arithmetic mean from the measurements of

the surface area, y, — the results of particular mea-
surements of the activation temperature, y — arith-
metic mean of the activation temperatures.

Next, the coefficient of determination 72 was
calculated from the formula (11) and ¢ value conclu-
sive as for the significance of the correlation (12):

A =32
P 20imd) (11)
DAGUEST|
r
t=~n-2 (12)
1-72

where: 72 — coefficient of determination, ¢ — value
conclusive as for the significance of the correlation,
n — the number of measurements.

¢ value was compared with critical value 7, cal-
culated from Student’s t-distribution of the degrees
of freedom v = n — 2 on the basis of which the sig-
nificance level o = 0.05 was assumed. The signifi-
cance of the characteristics was determined by the
fulfilment of the condition (13):

|| >, (13)

To determine the efficiency of sodium com-
pounds to remove SO, and HCI simultaneously
from flue gases, the tests were carried out on a 0.1
MW CFB test rig. This original test rig is placed in
the Institute of Advanced Energy Technologies in
Czestochowa University of Technology in Poland.
The basic element of the rig was the combustion
chamber and a cyclone where the grain separation
of the fluidized layer material took place. The
scheme of the test rig is shown in Fig. 1.

The air and fuel were fed continuously. The
fuel was supplied at the rate of 4.5 kg h™'. The ma-
terial of the fluidized bed in the combustion cham-
ber was quartz sand of the grain size from 2.5 to 6.3
um and the average grain diameter of 4.0 um. The
sodium sorbents were fed continuously into the jet
of fumes in a few molar ratios (2Na/S) at a tem-
perature of around 573 K in the second draft at Sor-
bent Dosing Port. After each measurement, the sam-
ples of the fly ash and bottom ash were taken at FA
and BA, respectively.

To measure the concentration of gases, a GAS-
MET DX-4000 analyser was used, which was in-
stalled at Flue Gas Sampling Port. Thanks to the
application of the ‘hot’ method (maintaining the
measurement duct at 453 K), it selectively mea-
sured the level of pollutants i.e., SO,, HCl and O,,
CO, CO, as well as the moisture. The collected gas
sample spectrum was analysed in CALCMET soft-
ware using the FT-IR (Fourier Transform Infrared)
spectroscopy method.

Based on the decrease in the concentration of
the pollutants in the flue gases, the average efficien-
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Fig. 1.— Scheme of the CFB test rig”’;

where: BA — bottom ash, CM — circulating material, FA — fly ash, HE — heat exchanger,
MFC — mass flow controller, PAH — primary air heater, SAH — secondary air heater

cy in removing SO, and HCI (14) as well as the
maximum temporary efficiency in removing SO,
and HCI (15) were determined according to the fol-

lowing formulas:
w(r):%-loo %,

0

(14)

where: ¢(f) — average efficiency in purifying fumes, %,
C, — the average concentration of the pollutants in
the fumes before purification (background), mg m= ,
C, — the average concentration of the pollutants
during the process, mg m™ .

C,-C

ps (1) == =100 %

0

(15)

where: @s(f) — the maximum temporary efficiency
in purifying fumes, %, C, — the average concentra-
tion of the pollutants in the fumes before purifica-
tion (background), mg m~, C  — the minimum
concentration of the pollutants during the process,
mg m” .

Equations (14) and (15) were formulated based
on the general equation for the efficiency of the

process and the Clapeyron’s equation. To compare
the concentration levels, some simplifications were
made, taking into account the conditions in which
the tests were carried out, i.e. continuous flow of
fumes measured in standard conditions, constant
chemical composition of gases (constant concentra-
tion of pollutants (C)), constant pressure (atmo-
spheric), constant temperature of the gases). Due to
the low concentration of pollutants, it was also as-
sumed that the content of the remaining ingredients
of gas does not change in the purification process.
The concentration of SO, and HCl was measured
continuously as the volume concentration, which
was converted to mass concentration (mg m ), and
6 % content of oxygen.

Materials used for testing

Sodium bicarbonate (NaHCO,) known as bak-
ing soda, high-purity product of standard class,
comprising 99.8 % sodium bicarbonate and 0.2 %
sodium carbonate (Na,CO,) (calculated on a dry
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Table 1 — Technical and elemental analysis of the fuel for
testing

Coal

Technical analysis,
wt.% (ad)

Moisture, wt.% 15.7 Carbon content (C), %  56.8

Volatile matter (V%f), 32.6 Hydrogen content (H), % 3.8
wt.%

Elemental analysis, wt.% (ad)

Coke residue (FCH™), 39.8  Oxygen content (O9™), % 9.6
wt.% Sulfur content (S), % 1.3

Ash, wt.% 11.9 Nitrogen content (N), % 0.9

Parameters determined according to the following Polish
standards: V%f: PN-81/G-045-04516; ash: PN-80/G-04512.

Superscript: daf-dry and ashless state; diff- calculated by
difference

ad — on an air dried basis

weight basis) was used as the sorbent. The material
was obtained through saturation of the calcined
soda produced in the Solvay process with gas CO,*

Coal from Janina coal mine in Libigz was used
as the fuel. Its characteristics are presented in
Table 1.

Experimental

Sodium bicarbonate is a fine-grained material
classified in accordance with the [UPAC guidelines
as macroporous material®. It occurs in the both sin-
gle grain form and as agglomerate since it has the
tendency to create conglomerates. The measured
mean diameter of the analysed NaHCO, was 45.9
pm (d, ,).

As the grain size of sodium bicarbonate de-
creases, its reactivity increases, which is why it was
ground in an impact mill. Before that it was mixed
with magnesium stearate (magnesium salt of stearic

‘Acc.V  Spet:Magn Det WD jemmmmmm— 20 im
15.00kv 50" 1000x SE 9.9 » ' -
(3

Table 2 — Structural characteristics of sodium bicarbonate

. Ground
Sodium sodium
Parameter Unit |bicarbonate bi
SO icarbonate

SOm
Diameter d3,2 459 4.0
Diameter d, pm 126.0 13.2
Diameter d 121.2 10.7
Mode 168.9 18.0
Coefficient of variation % 53.4 80.5
Skewness 0.21 0.81
Surface area (LPNA) m?g! 0.09 0.73
Surface area (MIP) m? g! 0.13 1.02
Maximum pore volume (MIP) cm® g  0.06 0.36

acid C,;H, MgO,) — concentration 0.25 %. Adding
the magnesium stearate prevented caking without
affecting the physicochemical properties of NaHCO,.
After grinding, the obtained grains were of average
diameter over ten times smaller and a larger sur-
face area. Table 2 shows structural parameters of

NaHCO, before and after grinding.

The SEM images show the grain surface before
grinding (Fig. 2) and after grinding (Fig. 3). The SO
grains had smooth surface and compact, crystalline
structure. The SOm grains were of various sizes and
irregular shapes. Furrows and cracks can be seen on
their surfaces.

Grinding sodium bicarbonate, apart from de-
veloping its surface area, decreased the temperature
of its decomposition. The thermogravimetric analy-
sis showed that the maximum decomposition of the
sample SO took place at 431 K (peak), whereas
SOm at the temperature 414 K. Fig. 4 shows the
thermogravimetric analysis of the samples.

Acc.V  Spot Magn ~Det WD |je— 2 |im [b]
15.00kV 3.0 10000x SE 10.0

Fig. 2 — Surface of the SO grain, BSE, magnification: a) 1000x, b) 10000x
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Fig. 3 — Surface of the SOm grains, BSE, magnification: a) 1000x, b) 10000x
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Fig. 4 — DSC analysis of sodium compounds SO and SOm

Before and after grinding (SO, SOm), the sodi-
um bicarbonate was subjected to thermal de-
composition by heating in the temperature range of
373-523 K for 0.5 h. After heating, LPNA and
MIP methods were used to determine the following
parameters: the surface area and the total pore
volume. Their values changed together with the
change in the activation temperature. Above the
temperature of 293 K, the values of the parameters
increased and in the temperature range of 423-523
K they were maximum. The surface area of the mi-
crostructure of SO sample was up to 3.2 m? g
(LPNA) at 473 K and SOm—6.0 m*> g' (LPNA) at
523 K.

The maximum surface area of the sample mi-
crostructure determined by MIP method was 4.3
m? g!' (473 K) and the maximum pore volume was

0.77 cm?® g! (473 K). Above 523 K, the values of
these parameters decreased, and at 673 K they
reached the level similar to the level before the ther-
mal modification. It was the effect of softening and
closing of the pores developed in the temperature
range of 293-523 K. The changes of the structural
parameters are presented in Fig. 5.

The SEM analyses showed that heating the SO
sample at 373 K led to the development of micro-
metric cracks parallel to the crystallographic direc-
tions (Fig. 6a). Small pores appeared on the surface,
which resulted from partial decomposition of NaHCO,
(Fig. 6b). During activation at 523 K, the SO sam-
ple decomposed totally and the pores developed
more intensively than after activation at 373 K. The
pores are of a more elongated shape and of a con-
siderably bigger size, which is shown in Fig. 7.
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Fig. 5 — Changes in the structural parameters of SO and SOm modified mechanically and thermally
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Fig. 7 — Surface of the SO grain after thermal activation at 523 K, BSE, magnification: a) 5000x, b) 10000x
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Fig. 9 — Surface of the SOm grain after thermal activation at 523 K, magnification a) 5000x, b) 10000x

Modification of ground NaHCO, (SOm) at 373
K resulted in developing numerous small pores
which only partially covered the surface (Fig. 8). As
the thermogravimetric analysis and the other tests
showed®, the decomposition of the ground sodium
bicarbonate was not total, hence, the porous struc-
ture did not develop on the whole surface of the
grains. Also, numerous lamellar and columnar crys-
tals appeared of the size of several micrometers. Af-
ter activation at 523 K, the crystals disappeared and
the pores became more prominent, creating a
well-developed, thick, porous layer (Fig. 9).

To determine the correlations of the character-
istics of the surface area and the activation tempera-
ture, correlation coefficients were calculated, pre-
sented in Table 3. The calculations included SO and
SOm thermally activated in the temperature range
of 373-673 K. In such a temperature range,
NaHCO, decomposed into Na,CO,. In both cases,
the significance of the correlation was met ( > 0),
which showed a strong correlation (0.7 < Fy < 0.9).

The studies on circulating fluidized bed com-
bustion rig verified the effect of grinding and heat-
ing of sodium reagents on their structural parame-

Table 3 — Correlation coefficients of the specific surface area and the activation temperatures in the sodium compounds SO and

SOm
Fulfillment
. . of the condition
Tested characteristics Sample Corre!atlon Coefﬁmept sz Coefficient ¢ Coefficient ¢ correlation
coefficient Iy determination R e
>,
Surface area (LPNA) / SO 0.77 0.59 278 2.96 yes
activation temperature SOm 0.80 0.62 ) 3.14 yes
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ters. Their reactivity was determined in relation to
sulphur dioxide and hydrogen chloride contained in
the flue gases from combustion.

During combustion of coal only, the average
emission of SO, at the outlet of the combustion
chamber was 2829 mg m and 24 mg m™ of hydro-
gen chloride. After the samples were placed in the
installation, a sudden drop in the pollutants fol-
lowed. The SO and SOm sorbents were fed into the
installation in three molar concentrations: 2Na/S:
0.5; 1.0 1 2.1. The use of SO sorbent resulted in the
drop in the mean SO, concentration to the level of
2690-1830 mg m™.

The use of SOm sorbent decreased the mean
SO, concentration to the level of 1660-490 mg m™.
The achieved reduction levels of SO, are presented
in Figs. 10 and 11. After the application of SO sor-
bent, the concentration of hydrogen chloride de-
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Fig. 10 — Boxplot chart for the distribution of SO, concen-
tration after using SO in different molar ratios
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Fig. 1l — Boxplot chart for the distribution of SO, concen-
tration after using SOm in different molar ratios

creased from 24 mg m= to 6-7 mg m™ and after the
application of SOm sorbent it decreased to the level
of 10-11 mg m>. Due to the significant excess of
the sorbent in relation to the concentration of HCI
in the gases, the change of the molar ration 2Na/S
and not Na/Cl was taken into account. The effects
of the application of SO and SOm in various molar
ratios 2Na/S are presented in Figs. 12 and 13.

Each time after the introduction of sodium
compounds into the flue duct, samples of fly ash
(FA) were taken. In all the tested ash samples,
chemical analyses confirmed presence of the prod-
ucts of the reaction in the form of sodium(IV, IV),
sulphates, and sodium chlorides. The level of sodi-
um(IV) sulphates were in the range of 0.03-0.2 %.
The level of sodium(VI) sulphates in FA rose along
with the increase in the molar ratio of 2Na/S and
the decrease in the grain size from 4.6 % (for SO
2Na/S = 0.5) to 21.3 % (for SOm 2Na/S = 2.1).
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Fig. 12 — Boxplot chart for the distribution of HCI concen-
tration after using SO in different molar ratios
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Fig. 14 — Surface of the sodium compound, magnification: 5000x: a) Na,CO, grain with embedded small parti-
cles of Na,SO, and NaCl, b) sodium sulphate grain, c) expanded particles of Na,SO, and NaCl embed-

ded in Na,CO,

In all the ash samples, presence of the product
of the reaction of NaHCO, with hydrogen chloride
in the form of sodium chloride was determined.

The following SEM images show the grains of
sodium carbonate and embedded in them are small-
er particles of sodium(VI) sulphate, calcium, crumbs
of aluminosilicate enamel and efflorescence of sodi-
um chloride forming several-micrometer-sized crys-
tals.

Fig. 14a shows small particles of sulphate and
sodium chloride of a size below a micrometer form-
ing on a sodium carbonate grain. Some of the sodi-
um sulphate grains combined (Fig. 14b) creating
complex structures embedded in sodium carbonate
grains (Fig. 14c¢).

Discussion
When removing SO, from flue gases, it was

clearly observed that the grain size and the amount
of the sorbent (molar ratio 2Na/S) affected the sorp-

tion effect. The small-grained SOm sorbent re-
moved SO, better than SO sorbent. As the molar
ratio increased, so did the efficiency of purification.
The biggest drop in the SO, concentration was
achieved at the molar ratio 2Na/S = 2.1 and the
smallest at 2Na/S = 0.5.

When removing HCL, no clear influence of the
grain size and the amount of the sorbent on the pu-
rification efficiency was observed. The application
of SO sorbent with larger grains resulted in a great-
er drop in the HCI concentration than the applica-
tion of SOm. Increasing the amount of the reagent
only slightly improved the efficiency of removing
HCl in SO sorbent, whereas in the case of SOm sor-
bent, it had no effect. Table 4 presents the achieved
average and the minimum momentary concentra-
tions of pollutants after placing the sorbents in the
gas pipe.

The SO sorbent showed the smallest average
SO, removal efficiency (equal to 17 %) at the small-
est molar ratio (2Na/S = 0.5). At the 2Na/S = 2.1
ratio the efficiency was 35 %. The sorbent after

Table 4 — Values of the average and the minimum concentration of SO, and HCl in the flue gas after the application of sodium

compounds
Type of sorbent M(;lar ratio Aveyage Minimum Ave_rage Mini_mum
Na/S concentration of SO, | concentration of SO, | concentration of HCI | concentration of HCI
Unit mg m> mg m> mg m mg m™
0.5 2353 2112 8.4 2.9
SO 1.0 2074 1806 7.8 4.1
2.1 1839 1632 5.3 1.2
0.5 1582 1282 10.4 1.8
SOm 1.0 1294 1104 10.9 5.0
2.1 317 98 11.2 3.4
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Fig. 16 — Average and maximum sorption efficiency of HCI after the application of sodium compounds

in various molar ratios

grinding — SOm had the average sorption efficiency
twice as great as that of SO at the molar ratio of
2Na/S =2.1.

Increasing the amount of the reagent improved
the purification efficiency up to as much as 89 %
for 2Na/S = 2.1. The maximum momentary purifi-
cation efficiency by SO sorbent was 2542 %, and
by SOm from 55 % to 97 %. The values of the av-
erage and the maximum SO, removal efficiency is
presented in Fig. 15.

The average HCI removal efficiency was above
50 %. When using the SO reagents, the average ef-
ficiency was from 66 % to 78 %, and when using

SOm it was in the range of 54-57 %. The maximum
efficiency was at the level of 79-95 %. The values
of the average and the maximum HCI removal effi-
ciencies are presented in Fig. 16.

Summary

The laboratory studies and the studies on the
circulating fluidized bed combustion rig CFB
showed that properly prepared sodium sorbents
work very well in the dry method of purification of
fumes from the combustion of coal.
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introduction of sorbents

Grinding and heating resulted in the change of
the surface topography of the grains of the sodium
sorbents. The unground grains (SO) had smooth
surface without pores and after grinding they
changed into forms that had furrows and cracks. Af-
ter heating in the temperature range of 373—673 K,
the grains intensively developed their surface area.
Their pore structure was thick and extensive, and it
covered almost the whole surface of the grains.

After grinding, the microstructure (LPNA) of
the surface area did not change significantly — from
0.09 m*> g!' do 0.73 m? g'. The macrostructure
(MIP) of the surface area increased from 0.13 m? g
do 1.02 m? g!, and the pore volume from 0.06 cm? g!
do 0.36 cm® g'. After heating, the surface area
(LPNA) of SO was about 3 m? g!, and SOm up to
approximately 6 m? g!.

The increase in the surface area (LPNA) of the
ground sorbent SOm was much higher than in the
unground sorbent SO. After heating, the surface of
the SO (MIP) was over 4 m? g'! and the pore vol-
ume up to 0.77 cm® gL,

Grinding also resulted in the decrease in the de-
composition temperature of the sodium bicarbonate.
The maximum decomposition of the SO sample oc-
curred at 431 K, whereas the decomposition of
SOm occurred at 414 K. Grinding also improved
the purification speed from acid gas components.
The accessibility of the surface of the sorbent grains
improved, and thus the purification process could
proceed faster.

When removing SO, from flue gases, it was
observed that the grain size and the amount of the
sorbent (molar ratio 2Na/S) affected the sorption ef-
ficiency. The average SO, removal efficiency of
SOm was several times as high as before grinding

(SO). The highest average sorption efficiency in the
case of both reagents was achieved at the largest
molar ratio 2Na/S = 2.1. In the case of SO it was 35
%, and in the case of SOm 89 %.

The process of hydrogen chloride removal
from sulphurised flue gas that took place simultane-
ously was highly efficient. Regardless of the grind-
ing degree and the molar ratio 2Na/S, the average
HCI removal efficiency was from 54 % to 78 %.
The correlation of the average sorption efficiencies
of SO, and HCl are presented in Fig. 17.

After sorption on the surface, used sorbents,
the products of sorption of SO, (sodium(IV, VI) sul-
phate) as well as product of sorption of hydrogen
chloride (NaCl), stay mainly on the surface of the
sample grains. Sulphur dioxide, which is present in
flue gases in higher concentrations than hydrogen
chloride, does not inhibit the absorption of that pol-
lutant.

The results of the analyses prove that properly
prepared sodium compounds have the ability to al-
most completely simultaneously remove SO, and
HCI from purified flue gases. They can therefore be
successfully used in conventional power industry.
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