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Absorption of Sulfur Dioxide by Limestone in a High

Temperature Fluidized Bad

Dr G K Roy, Associate Member
Dr W. Weisweiler, Non-member

The importance of the limestone desulphurization process for the control of sulfur dioxide pollu-

tion has been emphasized.

have been critically discussed.

NOTATIONS

d - = particle diameter, pm -

T == reaction temperature, °K

t = teaction time, hr

|4 = fluidizing velocity, m?/hr

V me = minimum ﬁuidizil?g velocity, m3/hr

W, = sulphur amount as c_alcium sulphate, %

(CaCO,) actual
(CaCOy) theoretical .

additive ratio,

INTRODUCTION

Rapid industrialization has been the principal cause
for the" growing problem of atmospheric pollution by
sulfur dioxide emission. Statistics indicate that the
discharge of sulfur dioxide to the atmosphere in the
USA amounted to about 34 Mt in 1970 which is likely
«to double by 1990 with the contlnuanon of the pre-
sent practices for S0, control*. Coa and oil-based
power plants; ore smelters and crude processing re-
fineries are the major sulfur dioxide emission sources.

* Various schemes have been proposed for its removal
from waste gases and a comgaranve description of
these is available in.literature?;

The'four major desulphurization processes available

T

1. Catalytic process (oxidation of S0, to H,S0,4 or
reduction of S0, to elemental sulphur).

2. Absorption of SO, on activated carbon (Reinluft
process) ,3. Alkali-aluminium oxideprocessand

4; Lime-limestone process.

Details of the experimental set-up for such a process along with the
necessary analytical procedures have been described.

Factors influencing the sulfation reaction

Of these the lime-limestone process has been widely
accepted in view of its inherent advantages such as
simplicity of the process, low capital investment and
ready availability of the material at low cost. Though
the process can either be dry or wet type, the former is
more widely adopted. Two' serious drawbacks of
this process are the low desulphurization efficiency and
the poor additive utilization. The salient points of
different investigations relating to the two main as-
pects of dry limestone desul phurization process, namely,
the reactivity parameters of lime with respect to SO,
and the mechanism of lime sulfation reaction have
been reviewed by the authors. The objective of the
investigations reported in this paper was to study the
influence of various reaction parameters on the limes-
tbc()arée sulfation reaction in a high temperature fluidized

EXPERIMENT

Fig 1 shows the essential features of the experimental
set-up used. The most important part of the unit is
the resistance-heated tubul ar fluidized bed reactor (Fig 2)
consisting of three concentric graphite tubes of 14,19.8
and 27 cms inside diameter. The outermost tube is
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Fzg 1 Schematic diagram of the experimental set-up.
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Fig 2 Details of the reactor

of cast iron with 35 cm inside diameter and has eight
cooling coils. Nitrogen was used as the fluidizing gas
and sulfur dioxide in definite proportion was injected
into the nitrogen stream. The quantity of the gases
was measured by calibrated rotameters. Pressure
drop across the fluidized bed reactor was measured
with a manometer. Limestone particles were charged
into the innermost graphite tube. A copper sieve of
75 micron size was fixed to the bottom of this tube to
support the fluidized bed.

The minimum fluidization velocities for the different
particle sizes were determined by separate experiments.
While taking a run, a definite amount of limestone
was charged into the reactor and heating was continued
in a nitrogen atmosphere, till the desired reaction tem-
perature was reached. The velocity of the fluidizing
gas was maintained higher than the minimum to ensure
fluidized conditions of the reacting limestone particles.
Sulfur dioxide was then introduced in definite propor-
tion into the nitrogen stream and the reaction proceeded
for afixedtime. The reacted material was then analyz-
ed gravimetrically for its sulfur content after conver-
sion of the sulfur compound formed to the correspond-
ing sulphate with the help of an oxidizing agent. The
inlet and outlet compositions of sulfur dioxide with
respect to the reactor was continuously recorded with
the help of an on-line infrared analyser. The distribu-
tion of sulfur in the reacted Ijmestone particle was
obtained with the help of a scanning electron micros-
cope.
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The experiments were conducted for particle size
(d) ranges 500-700, 800-1000 and 1000-1300 pm;
at reaction temperatures (T) 1170, 1220, 1270 and
1370°K; for reaction times (t) 0.5, 10 and 2.0 hr; with
relative gas fluidizing velocities(VjVyy) 14, 18, 2.2
and 2.6; for additive ratios (r) 2.0, 3.0 and 4.0

RESULTS AND DISCUSSION
INFLUENCE OF REACTION TEMPERATURE .
Temperature dependency of the sulfation reaction

can be seen from the chemical analysis of the reacted
particles (Table 1). From thermodynamics and also

TABLE 1 SULPHP[AI;{ %%IEEEET OF REACT ED
T,°K Ws, %
1170 ' 50.70
1220 57.42
1270 . 60.54
1370 5.81

*at t = 0.5 hr, d = 500-700 um and r = 2.0

from the previous investigations, 1 300°K has been
found to be the optimum reaction temperature. Above
this temperature, the absorption capacity of limestone
islow. The reason for this' can be explained from, the
following reactions which take place in a non-oxidizing
atmosphere.

Calcination
CaCO, = Ca0 + CO, O

Sulfation :
Ca0O + SO, = CaS0; - : (2

* 4Ca0 + 450, = Ca$ + 3 CaSO, 3)

Calcination at high temperature produces dead
burnt lime, which has lower sulfur dioxide absorption
capacity than the normal lime®. Further at tempera-
tures much above 1 300°K, the backward reactions
(2) and (3) become prominent as is evident from Fig 3.

INFLUENCE OF REACTION TIME

The sulfate content of the reacted limestone particles
increases with increase in reaction time (Fig 4). « For
each particle size and reaction temperature, there
exists a definite reaction time after which further sul-
fation does not take place. It can also be concluded
that the sulfation reaction proceeded rapidly in its
early stages but slowed down as the time of exposure
continued. This findlng is in conformity with that of
Hartman and Coughlin®. .

INFLUENCE OF THE AMOUNT OF CALCIUM CARBONATE

In view of the low additive utilization, the amount of
limestone used in all the above investigations was twice
the stoichiometric amount. To study the effect of the
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(D co co3== ca 0+ CO3
® (Tp= 130K

Ca O + SO0 == Ca S0
(Tp» 1250K)
(® 4Co 0+ 4 8023=Ca$
‘ +3CaS04
(7o +1480%)
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Fig 3 Heats of formation (AG) for calcination and
sulfation reaction as function of temperature
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Fig 4 Effect of other reaction variables (r,f.d.) on sulfation reaction

amount of cacium carbonate on the absorption capa
city, three and four times the stoichiometric amounts
were used for reaction. Maximum sulfate conversion
Was obtained when the limestone used was four times
the theoretical amount as is evident from Fig 4.

INFLUENCE OF PARTICLE SIZE

Three different particle sizes were used for the sul-
fation reaction. The converson was inversdly pro-
portional to particle sze (Fig 4).
INFLUENCE OF PRECALCINATION -

Calcination of limestone before sulfation increases
the reactivity of the particles. For a comparison,
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three samples of limestone were precalcined at 1270°K
and were then reacted with sulfur dioxide. The sul-
phate contents were found to be higher in each case
" than the corresponding uncalcined sample (Fig 5).
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Fig 5 Effect of reaction temperature and pre-calcination
on sulfation reaction

The activation energy calculated with the help of

Arrhenius equation for the four runs (Table-l) was
found to be 120 kj/mole.
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DISCUSSION
S K Mukherjee

What is the bed temperature ? What is the lype of
membrane used? Does attrition due to fluidization

scrub off reaction product and expose new reactive
surface?.

Author

Bed temperature varied from 1 170 to 1 370°K. The
membrane used was a grid of copper. Yes, particle

attrition exlgps&s new reactive surface; but in the pre-
sent work this aspect was not studied quantitetively.

Dr P Dakshinamurthy

What is the efficiency of absorption?
Author

The effidency of absog?tion is defined in terms of
calcium sulfate formed after absorption reaction and
its numerical vaue varies from 5% to 60 % dependin

on particle size, reaction time and temperature, an
pre-calcination.
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