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Performance of SO3 Removal From Industrial Flue Gas by Adsorption
HE Kejia, TANG Zuozhou, SONG Qiang*, YAO Qiang
(Department of Energy and Power Engineering, Tsinghua University, Haidian District, Beijing 100089, China)

ABSTRACT: The use of high-sulfur coal and selective
catalytic reduction (SCR) reactor increases SOz concentration
in the flue gas. Numerical simulation was carried out to study
the industrial process of SOz removal from the flue gas by
adsorbents such as Ca(OH), and Na,SO;. The influence of
Ca(OH),/Na,S03:S03, SO; concentrations and the cooling

process of flue gas on SO3; removal performance was discussed.

The results showed that both two adsorbents could effectively
remove SOz. During the cooling process of flue gas, once the
adsorbents were injected into the flue gas, the SO3; removal
efficiency and the conversion of the two adsorbents first
quickly increased and then slowly increased. The performance
of SO; removal by Na,SO; was much better than by Ca(OH)s,.
The increase of Ca(OH),/Na,S03:SOs, the SO5; concentration
of the original flue gas, and the temperature at the
adsorbent-injection position promoted the SOz removal. The
effect of increasing Ca(OH),/Na,SO3:SO; was the most
significant, and the SO; removal efficiency could reach higher
than 90%. Although the other components in the flue gas
competitively reacted with the adsorbents, the selectivity of
adsorbing SO; by the adsorbents was about 0.9. However, the
conversion of the adsorbents was low, which was around 10%.

KEY WORDS: SOj3; Ca(OH),; Na,SO3; flue gas; competitive
model
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Fig.1 Diagram of the flow of
adsorbent particles with industrial flue gas
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Table 1  Value of undetermined parameters in the
competitive reaction model of Ca(OH), and SO/SO,

HEIC kso/(MS)  Dpsof(m’fs)  kso/(mis)  Dpsof(m%s)
200 7.51x107  2.30x10%  4.14x10°  150x107%
250 2.25x10°°  211x10%°  8.92x107°  7.21x107
300 6.76x10°  1.91x107°  2.32x10°  2.25x10°%®
350 1.94x10°  1.59x107®  4.95x10°  5.62x10°%

&2 NaSO; 5 SO4/0, T5 R MIRE P 5 ES WA EUE
Table 2 Value of undetermined parameters in the
competitive reaction model of Na,SO3; and SO5/O,

WEIC  ko/(mis) Dypo/(m?%s)  kso/(M/s)  Dpso/(m?ls)
200 231x10°  3.21x107Y 8.25x10*  2.91x10°%
250 1.62x10°  4.89x107 3.30x10°  2.23x107M
300 1.17x107  6.11x1077 1.23x107%  1.01x107
350 2.75x107  7.64x107Y  2.25x102  3.38x107°
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(R, )+ ri(R, ) 1FR(1) ()13 3 t=t+At I SO; F1 SO,/0, )
K Cso,(R<Ro, 1)+ Cso,0,(R<R0, 1)

£
T Cysoq M CosogoplD): JFiT SLATE] SO,
BRI 0 P S RO SO, O3 R

El2  IRYFIBRRR Tl BRI =S, SO, B AR B I BRIZE
Fig. 2 Flow chart of model calculation for SOz removal
from industrial coal-fired flue gas by adsorbent
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(I EEF% A 250°C), Ca(OH), X SO5 ik Ny
28.92%, Na,SO3z X} SO [MiifR% N 76.25%. Vi
25s I (IR BE [ 150°C), Ca(OH), %t SOs [ Btk %

1.0 1.0 -400
0.8 F 108
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Fig. 3 Change of SO; removal efficiency by two
adsorbents during the cooling process of flue gas
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N 48.21%, NaySO; Xf SOs HIMikRZH N 78.68%.
Na;SOz *f SOs M Mitbr Z B & 5T Ca(OH),, &
Ca(OH), 1) 1.6 fi%.
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AL 2 Ca(OH), 1 1.8 f5. AT HEE], NapSOs X
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ST 2 FRRSGRIZE M I SO; I [AIH , NapSO3 i 2>
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JRNE, PRI 2 Flr R A7) ) ek A A 28 s i 5 LR i
SO MR ZE AR A 2 57

525t 1 2 B USRIMR L SO5 B ize 48 114 B i
Bl < B iR RE AR A . 2 RIS IR SO %
BEMEAE Q0% A A7 . Ca(OH), i SO ik 5 P it 52

10 10 - 400

8 N Xcaor, 18
o A -+ XNagso, ~ 4 300
S 6FY e T {6 5
TN K 2
S 4F N e 14 £ =
S <1 200

2f \ 12

ot . . . . 0 J 100
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Table 3 Condition parameters for SO; removal by

Ca(OH), from industrial flue gas in numerical simulation
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The use of high-sulfur coal and installation of
selective catalytic reduction (SCR) reactor increases SOs
concentration in the flue gas. The increase in SOj
concentration causes corrosion of equipment such as air
preheaters and fans, and also aggravates smog and acid
deposition. It is feasible to inject adsorbents to remove
SO, from flue gas. However, the process of SO; removal
from industrial flue gas using alkaline adsorbents and
sulfites lacks a systematic analysis. Numerical
simulation is carried out to study the industrial process of
SO; removal from the flue gas by adsorbents such as
Ca(OH), and Na,SOs. The influence of Ca(OH)./
Na,S03:S03, SO; concentrations and the cooling process
of flue gas on SO; removal performance is discussed.

Fig. 1 shows the change of SO; removal efficiency
by two adsorbents during the cooling process of flue gas.
The two adsorbents can effectively remove SO;. During
the cooling process of flue gas, once the adsorbents are
injected into the flue gas, the SO; removal efficiencies
and the conversions of the two adsorbents first quickly
increase and then slowly increase. After entering the
electrostatic precipitator, Ca(OH), adsorbs SOs slowly,
and Nay,SO; The
performance of SO; removal by Na,SO; is much better
than by Ca(OH),. The SO; removal efficiency of Na,SO3
is 1.6 times that of Ca(OH), at the outlet of the

electrostatic precipitator.

almost stops adsorbing SOs.

Fig. 2 shows the change of SO; removal efficiency,
the total conversion of Ca(OH), and the SOs selectivity
with Ca(OH),:SO;. Fig. 3 shows the change of SO;
removal efficiency, the total conversion of Na,SO; and the
SO; selectivity with Na,S0O;:SO;. The increase of
Ca(OH),/Na,S0,:S0;, the SO; concentration of the
original flue gas, and the temperature at the adsorbent-
injection position promotes the SO; removal. The effect of
increasing Ca(OH),/Na,SO5:S05 is the most significant,
and the SO; removal efficiency can reach higher than
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Fig. 3 Change of SO; removal efficiency, the total conversion of
Na,SO;and the SO; selectivity with Na,SO;:SO;

90%. However, the conversions of the two adsorbents
decrease accordingly. The conversions of the adsorbents
are low, which are around 10%. With the small particle
radius, the two adsorbents both exhibit high selectivity for
adsorbing SOs;. The selectivity of adsorbing SOz by
Ca(OH), is greater than 0.9, and the selectivity of
adsorbing SOz by Na,SOjs is greater than 0.8.



