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This pa per re fers to an ex per i ment of SO2 ab sorp tion to the par ti cles of sorbent
CaCO3. Sam ple mass was 100 g with frac tional com po si tion of 500-700 µm and
1100-1300 mm. Dur ing the ex per i ment the tem per a ture var ied from 200 to 400 °C.
The aim of this ex per i ment is to ex am ine the in flu ence of lower re ac tion tem per a -
ture, the size of sorbent par ti cles, and the re ac tion time to the de gree of SO2 ab sorp -
tion and de ter min ing the de gree of CaCO3 sorbent uti li za tion. The re sults show that 
at the re ac tion tem per a ture of ap prox i mately 200 °C and av er age di am e ter of
sorbent par ti cles »600 mm, the ab sorp tion de gree of SO2 ab sorp tion to the par ti cles
of sorbent is be tween 42-66%. Reach ing tem per a ture of 400 °C and with the same
frac tional com po si tion of the sorbent, »600 mm, the ab sorp tion de gree of SO2 is
slightly higher and it is some where around 45-78%. With greater di am e ters sorbent 
par ti cle of »1200 mm, ab sorp tion de gree of SO2 is a bit lower. The de ter mined de -
gree of uti lized sorbent CaCO3 is con sid er ably lower and it reaches up to 6.87%.
The ac quired re sults in di cate that be sides CaO, Ca(OH)2, and CaMg(CO3)2  it is
rea son able to in ject the CaCO3 sorbent, in the ar eas of lower tem per a tures i. e. in
the  flue chan nel  of the ther mal power plant.

Key words: absorption de gree of SO2, sorbent CaCO3, re ac tion tem per a ture,
frac tional com po si tion, re ac tion time

In tro duc tion

Dur ing dry flue gas desulphation pro ce dures (FGD) the dry par ti cles of the re agent are
in jected in the stream of  gas ses, which ab sorb SO2 through chem i cal re ac tions. Most of ten used
re agents are cal cium com pounds CaCO3, CaO or Ca(OH)2. The place where the re agents were
in jected in the stream of flue gas ses (burn ing place of boiler, con vec tive part of the boiler, and
fur nace flue of the thermo power plant), the con tact time of the gas and hard phase, and the ki -
netic pro cess of FGD still pres ents the sub ject of the o ret i cal and ex per i men tal ex am i na tion. The
first ex ten sive in dus trial ex am i na tion of in ject ing the pow der of lime stone (CaCO3), to the fur -
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nace of the boiler was per formed back in 1970-1972 in the ther mal power plant Dimitrov in
Leip zig, Ger many. The ex am i na tions in di cated that the sep a ra tion de gree of SO2, from flue gas
is mainly a func tion of Ca/S mo lar ra tio and it var ies from 30-70 % at the stoichiometric re la tion
Ca/S = l-5 mol/mol [1]. Fur ther in dus trial sur veys of SO2 re ten tion, for sorbent CaCO3 con -
firmed prac ti cal ap pli ca bil ity of dry lime stone pro ce dure of pu ri fy ing the flue gas of SO2 [2, 3].

A sig nif i cant num ber of both the o ret i cal and ex per i men tal stud ies ex am ines the ki -
netic re ac tion sys tem CaCO3-SO2-O2 on the higher re ac tion tem per a ture [4-11].

Two kinds of sulphurization mech a ni za tion were pro posed [7]. The first mech a nism
in volves the cre ation of in ter me di ate prod uct CaSO3 and the sec ond mech a nism is cre ation of
SO3. For both mech a nisms re ac tion tem per a tures of about 850 °C are suf fi cient, but re ac tion
tem per a tures which are above 850 °C cre ate CaSO4 only for the sec ond mech a nism.

Mech a nism 1:

CaO + SO2 W CaSO3 (1)

CaSO
1

2
O CaSO3 2 4+ W (2)

Mech a nism 2:

SO
1

2
O SO2 2 3+ W (3)

and
SO3 + CaO W CaSO4 (4)

Dur ing the di rect sulphation, re search ers [9, 10] reg u late the re ac tion:

CaCO SO O CaSO CO3 2 4 2+ + +2

1

2
W (5)

Com plex in ter ac tion of var i ous re ac tions (resistances) – dif fu sion over film gas, dif fu -
sion in the prod uct layer, and sur face re ac tion of SO2  – is the main cause of mech a nism in con sis -
tency and the re sult which were given by var i ous re search ers.

Ex per i men tal and the o ret i cal re search of SO2

sep a ra tion pro cess from ad mix ture of gas ses

The scheme and de scrip tion of ex per i men tal fa cil ity for
SO2 sep a ra tion from a mix ture of gases

The scheme of lab o ra tory fa cil ity for SO2 sep a ra tion from a mix ture of gases in dry 
pro ce dure with CaCO3 and the list of mea sur ing points (MP) are dem on strated in fig. 1, and
in fig. 2 the scheme of ther mal fur nace and re ac tor con tain ers for SO2 sep a ra tion is shown.
The lab o ra tory fa cil ity is de signed and con structed in the In sti tute for Energetics, Pro cess
Tech nique and Pro tec tion of En vi ron ment at the Fac ulty of Tech ni cal Sci ences in Novi Sad. 
Dur ing the con struc tion of ex per i men tal fa cil ity, ma te ri als re sis tant to high tem per a tures
were used as well as ma te ri als re sis tant to cor ro sion. At the shown mea sur ing points, the fol -
low ing processing variables are measured:
The vol ume gas flow

MP1 –  air flow N2 + O2, [lh
–1]

MP2 –  SO2 flow, [lh–1]
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Figure 1. The scheme of experimental facility (and metering points) for SO2 separation from the gas
mixture (N2 + O2) via dry procedure by CaCO3 

(1) – valve at the exit of the bottle for SO2, (2) – valve at the exit of the air bottle, (3) – flow meter of  SO2, (4) –
flow meter of air, (5) – partial stream flow of SO2, (6) – partial air stream flow of air, (7) – device for forming the
gas mixture (N2 + O2 + SO2), (8) – partial gas mixture duct at the chemical reactor entrance, (9) – thermal
furnace, (10) – electrical heaters, (11) – chemical reactor, (12) – mass sample CaCO3, (13) – dispenser of the
CaCO3 mass sample, (14) – vent for measuring the temperature of CaCO3 mass sample, (15) – flow meter of gas
mixture at the exit of chemical reactor, (16) – partial gas mixture flow from the chemical reactor, (17) – bottle
for absorption of gas mixture (gas washing), (18) – vacuum pump

Figure 2. Sheme of the  thermal stove (a) and the  reactor vessel (b)
(1) – steal cylinder, (2) – high-approved clay, (3) – electrical heater, (4) – electric  probe, (5) – temperature 
controller,  (6) – electric stove stand, (7) – thermal oven cover, (8) – screws for clamping the cover of the oven,
(9) – cylindrical vessel, (10) – pipe for untreated gas supply (N2 + O2 + SO2), (11) – floor, (12) – pipe for
unrefined gas flow (N2 + O2 + SO2), (13) – bell, (14) – layer of sorbent CaCO3, (15) – pipe drain for treated gas
mixture, (16) – pipe routing for sorbent into the reactor (dispenser), (17) – reactor vessel cover, (18) – vessel
clamping screws



MP10 –  flow of the gas mixture N2 + O2 + SO2, [lh
–1]

Tem per a ture of the CaCO3 sam ple
MP7 –  temperature of the CaCO3 sample surface, [°C]

Anal y sis of the gas mix ture
MP3 –  volume ratio of O2 at the entrance of the reactor (a unit for SO2 separation), [%]
MP4 –  concentration of SO2 at the entrance of the reactor (a unit for SO2 separation), [ppm]
MP8 –  volume ratio of O2 at the exit of the reactor (unit SO2 separation), [%]
MP9 –  concentration of SO2 at the exit of the reactor (a unit SO2 separation), [ppm]

The mass of the sam ple CaCO3

MP5 –  mass of the sorbent CaCO3, [g]
MP6 –  dispenser of the sorbent CaCO3, [g].

Dur ing the ex per i ment of SO2 ab sorp tion pro cess, sorbent mass (sam ple) in the re ac tor 
was 100 g and sorbent par ti cle size was 500-700 mm and 1100-1300 mm. The heat ing pro cess of
the re ac tor and sorbent in side the re ac tor is achieved by elec tri cal heat ers. For each ex per i ment
the re ac tion tem per a ture was ad justed to ap prox i mately firstly 200 °C and sec ondly 400 °C.
When the de sired tem per a ture was reached (»200 °C that is i. e.  »400 °C), sorbent is me chan i -
cally in jected into the re ac tor using the dis penser. Then the gas mix ture N2 + O2 + SO2 is in tro -
duced into a re ac tor by vac uum pump in or der to cap ture SO2. Gas an a lyzer is con tin u ally used
in mea sur ing the con cen tra tion of SO2 and O2 in the in let and gas out put un til the mea sured con -
cen tra tion of SO2 is sta bi lized in the gas out put. The ex per i ments last up to 50 minutes. The
speed of the gas which flows through the re ac tor for SO2 sep a ra tion is be tween 0.13–0.14 m/s.
The gas ve loc ity pro vides con stant sorbent mass in the re ac tor. The sorbent mass was mea sured
be fore and af ter the pro cess of SO2 sep a ra tion from the gas mix ture. Dur ing the ex per i ment the
gas flow rate through the re ac tor in or der to sep a rate SO2 is be tween 1.97–2.03 m3/h.

Dur ing the ex per i men tal pro cess of SO2 sep a ra tion cap tur ing from the gas mix ture, the 
fol low ing in stru ments were used.

– Mea sur ing the tem per a ture of the sam ple sur face in the re ac tor CaCO3

Instrument: Thermoelement Ni-Cr-Ni with digital gauges Fluke 54 -N series
Mea sure ment range: for 200-300 °C
Mea sur ing er ror: ±0,2%

– Mea sur ing the O2 vol ume frac tion and SO2 vol ume share at the en trance and exit of
the en gine
Instrument: Gas analyzer Testo 350 XL

Mea sure ment range: 0-25% (O2), 0-5000 ppm (SO2)
Mea sur ing er ror: for SO2 is ±5% for share range 1000-2000 ppm and ±10%    

...............for share range 2001-5000 ppm
Mea sur ing er ror: for O2 is ±0,8% for range 0-25%

– Mea sur ing the sam ple CaSO3 mass
Instrument: Plaform scale EMB 500-1

Mea sure ment range: 0-500 g
Mea sur ing er ror: ± 0.001 g

– Mea sur ing the air vol ume flow
Instrument: Rotametar RAGK

Measurement range: 0.2-6300 l/h
Measuring error: ±4%

– Mea sur ing the SO2 vol ume flow
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Instrument: Rotametar RAGK
Measurement range: 0.2-6300 l/h
Measuring error: ±4%

– Mea sur ing the gas mix ture vol ume flow
Instrument: Rotametar RAGK

Measurement range: 0.2-6300 l/h
Measuring error: ±4%

Re sults and anal y sis of the ex per i ment

In figs. 3 and 4, a SO2 con cen tra tion change is pre sented in the flue gas which flows
through the re ac tor for cap tur ing SO2 in two ways with out sorbent CaCO3 and with the sorbent
CaCO3 de pend ing on the re ac tion time (time of flue gas flow through the re ac tor), re ac tion tem -
per a tures, and the sorbent par ti cles size. As it was ex pected, the con cen tra tion of SO2 in the out -
let gas is greater for the sorbent par ti cles of greater di am e ter.
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Figure 3. The change of
SO2 concentration in the 
gas mixture which flows
through the reactor
without adding sorbent
and with adding sorbent
CaCO3 depending on the
reaction time and particle 
diameter of the sorbent 

Figure 4. The change of
SO2 concentration in the
gas mixture which flows
through the reactor
without adding sorbent
and with adding sorbent
CaCO3 depending on the
reaction time and particle
diameter of the sorbent



Be ing at re ac tion tem per a ture of ap prox i mately 200 °C and mean di am e ter of sorbent
par ti cles »600 mm de gree of the sorbent par ti cles SO2 ab sorp tion oc curs in the in ter val of
42-66%. Be ing at re ac tion tem per a ture of ap prox i mately 400 °C and same frac tion mix ture of
sorbent »600 mm, the ab sorp tion de gree of SO2 is a bit higher and it is in the in ter val of 45-78%.
When greater di am e ters of sorbent par ti cles of »1200 mm are used, the ab sorp tion de gree of SO2

is a bit lower and dur ing the re ac tion tem per a ture is around 200 °C in the in ter val of 33-61% and
dur ing the re ac tion tem per a ture of 400 °C is in the in ter val of 20-78%. The first 6 minutes of ex -
per i ment, the SO2 ab sorp tion pro cess for the sorbent par ti cles for all sam ples of sorbent quickly
ab sorbed SO2, through out the stud ied tem per a tures. Af ter 6 minutes the ab sorp tion of SO2 starts
to sta bi lize and gains the ap prox i mate con stant value (figs. 5 and 6).
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Figure 5. Degree of SO2

separation from the gas
mixture which flow
through the reactor
depending on the particle 
diameter of the sorbent
and reaction time

Figure 6. Degree of SO2

separation from the gas
mixture which flow
through the reactor
depending on the particle 
diameter of the sorbent
and reaction time



Ther mo dy namic re ac tion CaCO3 + SO2 + 0.5O2 W CaSO4 + SO2

Us ing thermochemical data from the lit er a ture [12], the cal cu la tion of the ther mo dy -
namic func tions was done: DH, DS, and DG of the taken re ac tion ac cord ing to the re ac tion tem -
per a ture and the pres sure of 1.013×105 Pa. The re ac tion of the exo ther mic (DH < 0) with the neg -
a tive change of en tropy within tem per a ture range of 298-1200 K, it means that the sign of DG is
de ter mined by rel a tive pro por tion be tween enthalpy and el e ment shown in Gibbs-Helmholtz
equa tion DG = DH – TDS. Re ac tion area of con duc tion of con sid ered re ac tion is lower re ac tion
tem per a tures (fig. 7).

The equi lib rium con stant of the re ac tion is sig nif i cantly higher than one (Kp’o1) at
lower re ac tion tem per a ture. It means that there is more re ac tion prod ucts than re ac tants i. e. the
pur pose of the re ac tion is to pro duce re ac tion prod ucts. By in creas ing the re ac tive tem per a tures
equi lib rium con stant is de creas ing as a con se quence of equi lib rium move ment in the di rec tion
of re ac tion re ac tants (fig. 8).

Dur ing the di rect sulphuration:

CaCO SO
1

2
O CaSO CO3 2 2 4 2+ + ® + (6)

the de gree of sorbent uti li za tion CaCO3 can be de ter mined with the ex pres sion:

h hCaCO
CaCO

SO CaCO
SO

3

3

SO
3

2

2

2=
M

M

m

m
, [%] (7)
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Figure 7. Determination
of the reactive area of the 
exothermic reaction
CaSO3 + SO2 + 0.5O2

WCaSO4 + CO2

Figure 8. Dependency between
equilibrium constant of the reaction
CaCO3 + SO2 + 0.5O2 W CaSO4 + CO2

and reactive temperature



where MCaCO3
 is the CaCO3 sorbent mo lar mass, [gmol–1], M SO2

– the SO2 mo lar mass, [gmol–1], 
mSO2

– the SO2 mass in the flue gas at the en trance of the re ac tor, [g], mCaCO3
– the CaCO3

sorbents (sam ples) mass, [g], h j jSO SO SOin out2 2 2
= -[( )

, ,
/ jSO in2

100
,

] ×   – the ab sorp tion de gree for 
par ti cle sorbent of SO2, [%], jSO2,in

– the gas flue SO2 vol ume ra tio in flue gas at the en trance of
the re ac tor, [ppm],  and jSO2,out

– the gas flue SO2 vol ume ra tio in flue gas at the out let of the re ac -
tor, [ppm].

The us age of num ber data gained by mea sure ments (figs. 3-8) and the us age of ex pres -
sion (7), the achieved val ues of the de gree of uti li za tion of CaCO3 sorbent are con sid er ably
lower and are up to 6.87% at the re ac tion tem per a ture of 400 °C and at the sorbent par ti cle di am -
e ter of »600 mm. Through out other ex am ined con di tions, the de gree of sorbent uti li za tion is
con sid er ably lower (figs. 9 and 10). The low de gree of sorbent uti li za tion is a con se quence of
con sump tion of greater mass of sorbent than the mass of the SO2 in flue gas en ter ing the re ac tor.

Con clu sions

The aim of the SO2 sep a ra tion ex per i ment from the flue gas with dry pro ce dure and us -
ing re agent CaCO3, which is dem on strated in this pa per, was to de ter mine the in flu ence of:  the re -
ac tion tem per a tures, the re ac tion time in the re ac tor, the size of sorbent par ti cles, and the de gree of
sorbent uti li za tion on the SO2 sep a ra tion de gree from the flue gas. The tem per a tures var ied from
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Fig ure 9. The ex ploi ta tion
de gree of sorbent (sam ple)
CaCO3 de pend ing on he flow 
time of flue gas through re -
ac tors for SO2 sep a ra tion

Fig ure 10. The ex ploi ta tion
de gree of sorbent (sam ple)
CaCO3 de pend ing on he flow 
time of flue gas through 
re ac tors SO2 sep a ra tion 



200 to 400 °C and the size of the sorbent par ti cles var ied from 600 to 1200 mm. The sam ple mass
of the sorbent CaCO3 within the re ac tor was 100 g. Dur ing the ex am i na tion the fol low ing con clu -
sions were made.
(1) It was acknowledged that the increase of the reaction temperature from 200 to 400 °C has

higher degree on SO2 retention to the sorbent particles. When the reaction temperature is
somewhere around 200 °C and the mean diameter of sorbent particles is »600 mm, the degree 
of SO2 retention is in the interval of 42-66%. When the reaction temperature is somewhere
around 400 °C and it has the same fractional sorbent content (600 mm) the degree of SO2

retention is somewhat lower and it is in the interval of 45-78%.
(2) When the sorbent particle diameter is »1200 mm, the degree of SO2 retention is somewhat

lower and during the reaction temperature it is around 200 °C in the interval of 33-61% and
when the reaction temperature is somewhere around 400 °C in the interval of 20-78%. These
results were expected.

(3) The first 6 minutes of examination of SO2 absorption process for the sorbent particles, all the
sorbent particles quickly absorbed SO2 during the given reaction temperatures. This leads to
a conclusion that the first 6 minutes of the process is completely controlled by the chemical
reaction on the pore surface of the sorbent. After 6 minutes, the SO2 retention decreases and
starts to stabilize, SO2 takes approximate constant value (figs. 7 and 8) and leads us to a
conclusion that the diffusion resistance becomes significant due the layer creation which is
in accordance with the given results in [8-10].

(4) Low CaCO3 sorbent degree of utilization is determined of only 6.87% during the reaction
temperature of 400 °C and where the sorbent particle diameter is 600 mm. Under the different 
examination conditions the utilization degree of sorbent is lower.

The at tained re sults of the ex per i ment de scribed in this pa per in di cate the ca pa bil ity of
in ject ing lime stone CaCO3 in the ar eas with lower tem per a tures as it is the con vec tive part of the 
fur nace and the flue ca nal of ther mal power plant and whose aim was to re duce the SO2 emis sion 
in flue gas. The achieved re sults can also rep re sent the start ing point in the phase of equip ment
de sign ing for FGD as well as the equip ment for sep a ra tion the solid par ti cle, whose prac ti cal uti -
li za tion would im prove the en er getic and eco log i cal ef fi ciency of ther mal-en er getic power
plants.
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No men cla ture

DG –  reaction Gibbs free enthalpy, [kJ]
dp –  particle sorbent diameter, [mm]
DH –  reaction enthalpy,  [kJ]
Kp –  reaction equilibrium constant, [Pa], for 

–  the reaction CaCO3 + SO2 +
–  + 0.5O2 ® CaSO4 + CO2

¢K p –  reaction equilibrium constant reduction
–  to the referent pressure, p0 = 1.013×105 Pa

M –  molar mass, [gmol–1]
m –  sorbent mass, [g]
P –  pressure, [Pa]
DS –  reaction entropy, [kJK–1]
T –  absolute temperature, [K]
t –  reaction temperature, [°C]

Greek let ters

jSO2,in
–  gas flue SO2 volume ratio in flue gas at
–   the entrance of the reactor, [ppm]

jSO2,out
–  gas flue SO2 volume ratio in flue gas at
–   the outlet of the reactor, [ppm]

hSO2
–  retention degree of SO2 for particle
–  sorbent, [%]

hCaCO3
–  exploitation degree, [%]

Simbols

CaCO3 –  calcium carbonate
CaMg(CO3)2 –  dolomite
CaO –  calcium oxide
Ca(OH)2 –  calcium hydroxide



The val ues of SO2 sep a ra tion from
fuel gas at tained in these ex per i men tal ex am i na tions cor re spond to the de gree of SO2 sep a ra tion
taken from the listed lit er a ture.
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CaS –  calcium sufide
CaSO3 –  calcium sulphite
CaSO4 –  calcium sulfate
CO2 –  carbon dioxide
N2 –  nitrogen
O2 –  oxigen

SO2 –  sulphur dioxide
SO3 –  sulfphur trioxide

Ac ro nyms

FGD –  flue gas desulphation
MP –  measuring point


