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Abstract — This study focuses on the simulation of wet flue gas desulfurization process for improving the production
of gypsum by the utilization of low-grade limestone. At present, high-grade limestone with a CaCO; content of 94% is
used for producing merchantable gypsum. In modeling process, a lot of reactions are considered to develop model. First,
the limestone dissolution is simulated by RSTOIC model. Second, SOx absorption and crystallization is used by RCSTR
model. Finally the gypsum is separated by using SEPERATORS model. Modeling steps make it easy to reflect further
side reactions and physical disturbances. In optimization condition, constraints are set to 93% purity of gypsum, 94%
desulfurization efficiency, and total use of limestone at 3710 kg/hr. Under these constraints, the mass flow of low-grade
limestone was maximized. As a result, the maximum blending quantity of low-grade limestone for 2,100 kg of high-grade
limestone that satisfies constraints is about 1,610 kg.
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Fig. 1. Simplified diagram of absorber in the wet flue gas desulfur-
ization.
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Table 1. Quality standards of desulfurized gypsum
Component Standard Unit
CaSO,-2H,0 =93 wt%
CaCO;, <15 wt%
CaSO05'1/2H,0 <025 wt%
Sio, <30 wt%
ALO; +Fe,04 <15 wt%
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Fig. 2. Process flow diagram of wet flue gas desulfurization.
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Table 2. Reactions and operation conditions of Block units in simulation
Block Reaction ref. Temp Operating condition
Pressure: 1 bar
MIXER - . Valid Phase: Solid-Only
Temperature: 30 °C
LIME-DS CaCO, +H,0 Ca" +HCO; +OH” 20°C Valid P iouid-Only.
Residence time: 14 hr
- . 0,
SO,+H,0< H +HSO; Temperaure: 59 ¢
SCRUBBER . ” 2% Valid Phase: Liquid-Vapor
HSO;+0,<H +80, Residence time: 15 min
. 0,
Ca’"+S0, +2H,0 < CaS0,-2H,0 Te}rfrfsesrsgel' Eﬁr ¢
GYP-CR - _ + 20°C Valid Phase: Liquid-Vapor
Ca +HSO;+0.5H,0< CaS05-0.5H,0+H Residence time: 15 min
Temperature: 60 °C
GAS-SP B B Pressure: 1 bar
GYP-SP ) ) Outlet stram condition (GYPSUM): CaSO,-2H,0,

CaS05;-0.5H,0, Si0,, ALO; Fe,0;, CaCO;, MgCO,
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Table 3. Stream condition of Dangjin thermal Power plant
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Table 7. Constraints for optimization

Category Stream name  Permissible value Unit Name in model Specitfication Unit
Water consumption WATER <92,200 kg/h GYPSUM =93 wt%
Limestone consumption LIME3 <3,710 kg/h LIME3 =3,710 kg/hr
Amount of flue gas FLUEGAS =1,523,144 m’/h
Table 8. Optimization variables
Table 4. Composition of limestones Variables Low limit ~ Upper limit  Step size Unit
Component LIME1 LIME2 Unit LIME1 1 4,000 0.05 kg/hr
CaCO;4 91.7 94.2 wt% LIME2 1 4,000 0.05 kg/hr
MgCO; 5.88 2.97 wt%
Sio, 1.07 1.72 wt%
ALO; 1.35 LI wt%e Desulfurization efficiency = 0.94

Table 5. Composition of flue gas

Component Molar fraction
SO, 0.03832
H,0 9.433
CO, 9.384

N, 76.25
0, 4.896
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Table 6. Results of simulation
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Table 9. Results of optimization 1

Variables Initial value  Final value Unit

LIME1 mass flow 0 1,610 kg/hr

LIME2 mass flow 3710 2,101 kg/hr

GYPSUM purity 93.90 93.00 wt%
Desulfurization efficiency 99.99 99.99 %

Table 10. Results of optimization 2

Category Standard ~ Casel Case2 Unit Category Standard Initial value Final value Unit
Desulfurization efficiency > 94 99 99 % Desulfurization efficiency = 94 99 99 %

CaSO,-2H,0 =93 91.8 93.9 wt% CaS0O,2H,0 =93 93.9 93 wt%
CaCO;, <15 0.811 0.852 wt% CaCO3 <15 0.852 0.834  wt%
CaS0;-1/2H,0 <025 0 3.59x1071% wi% CaS0;-1/2H,0 <025  3.59x10" 0 W%
Sio, <30 0.947 1.56 wt% Sio, <30 1.56 1.29 wt%

AL O5+Fe,04 <15 1.19 1.00 wt% Al,O5+Fe, 04 <15 1.00 1.09 wt%
MgCO;, - 5.20 2.69 wt% MgCO, - 2.69 3.79 wt%
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Table 11. Conditions of sensitivity analysis

Vary Start point End point Unit
LIME 1 1410 1,810 kg/hr
LIME 2 2,301 1,901 kg/hr
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Fig. 3. 3D surface plot of sensitivity analysis.
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Fig. 4. Gypsum purity graph by limestone blending ratio.
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