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Abstract

Simultaneous removal efficiencies of hydrophilic and hydrophobic gaseous pollu-
tants are experimentally determined, and the macroscopic removal mechanism of
pollutants in a dry scrubber is analyzed using the extended model of three phase
equilibrium distribution of pollutant at high temperatures that can describe the dif-
ferent morphological conditions of adsorbent and water at varying relative humidi-
ties.

For the simplicity, the inside of spray dryer is divided into three regions of ; (1)
absorption, (2) three-phase equilibrium, and (3) adsorption, and the removal effi-
ciencies of each pollutants at three regions are observed at different experimental
conditions to estimate the effects of important parameters of dry scrubber.

The laboratory experiments simulate the three regions of spray dryer with the
temperature control and thus evaporation rate of water from the slurry particle.
50, as a hydrophilic gaseous pollutant and vinyl chloride as a hydrophobic toxic
gas are selected for the future field application to solid waste incineration, and
the two types of slurry are made of the two sorbents ; 10 wt.% Ca(OH),, and 10
wt.% NaOH.

Result of temperature effect shows the height of absorption plus three-phase re-
gion is decreased as the operation temperature is increased, which results in the
lower removal efficiency of SO, but higher removal for vinyl chloride in the
adsorption region of dry scrubber.

The removal efficiency of SO, is higher by NaOH slurry than by Ca(OH); slurry
due to the hygroscopic nature of NaOH, while the removal of vinyl chloride is
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higher in Ca(OH); case.

From the analysis of results using three-phase equilibrium distribution model, the

effective two-phase partition coefficients can be obtained, and the possible

extention in the application of the three-phase equilibrium model in a dry scrubber

design has been demonstrated.
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Fig. 1. Dry Scrubbing Process with
Spray Dryer.
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Table 1. Specifications of experimental
equipments.
Equipment Specification
Gas : SO, 990ppm (N, base)
CH.CHCI 103ppm (N, base)
Reactor pyrex
(¢ 20mm x 190mm height)
Temperature 0—400C
controller
Relative Humidity Hygrotest
Meter 6250(testo term)
Absorption pyrex
Bottle (¢ 25mm x 190mm height )
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Table 2. Methods of analysis.

classification analysis method

SO, pH of Absorption
solution
CH,CHCI GC-FID

(Varian 3300)
(column : SP1000)
evaporation rate amount of condensed

water
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Table 4. Water content and porosity in the
initial point of each region.

absorption  3-phase equl  adsorption
water . Qw —_ Qur -
content 9= Frw M= i ¢f=0

: X - _ —_ %
porosity nl—w nm-—m nf—m

Where, Qw = water flowrate
Qg =gas flowrate
Qwr=Qw—Qc
Qc =condensed water flowrate
Qsl =slurry flowrate
Qsr=slurry remaining in reactor
=Qsl—Qc

Qs=solid flowrate
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Table 5. Estimated values of Kp, Ks, and Kh
for SO, in 10wt.% Ca(OH)., and
NaOH slurry at different tempera-
tures.

partition Ca(OH). NaOH
coefficients 200°C 300°C 200°C 300C

Kp 37.0145 41.4234 67.3168 39.2572
Ks 57.8647 86.8820 127.0785 95.4978
Kh 0.6839 0.3508 0.5868 0.6456
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Table 6. Estimated values of Kp, Ks, and Kh for vinyl chloride in 10wt.% Ca(OH), and NaOH slurry
at different temperatures.

partition Ca(OH), NaQH
coeffcients 200C 250C 300¢C 200C 250C 300¢C
Ke 2.1677 0.0059 398.3104 81.8988 68.9062 33.4878
Ks 79.2532 61.4702 20.9737 47.5107 71.8475 125.0463
Kn 0.2179 0.3545 0.0137 0.0408 0.0494 0.1036
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Fig. 10. Three phase equilibrium distribution.

(a) SO, in absorption region (b) SO; in adsorption region
(c) CH,CHCI in absorption region (d) CH,CHCI in adsorption region
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Table 7. Total removal efficiencies of pollu-
tants assurning the practical spray
dryer consists of three CSTRs.

pollutants Ca(OH); slurry NaOH slurry
SO, 0.875 0.958
CH2CHCI 0.750 0.651
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