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Study on the Development of Recuperative Thermal Oxidation

System for the Volatile Organic Compounds

Ju Soo Hyun, Si Hyun Lee, Jong Sup Lee, Byoung Moo Min

ABSTRACT

Volatile organic compounds (VQOCs) are low calorific value gases (LCVG) emitted from
chemical processes such as painting booth, dye works and drying processes etc.
Characteristics of VOCs are low calorific values less than 150 kecal/m’, high activation
energy for ignition and low energy output. These characteristics usually make
combustion unstable and its treatment processes needs high-energy consumption. The
cyclone combustion system is suitable for LCVG buming because it can recirculate
energy through a high swirling flow to supply the activation energy for ignition,
increases energy density to make a combustion temperature higher than usual swirl
combustor and also increases mixing intensity. This research was conducted to develop
optimized cyclone combustion system for thermal oxidation of VOCs. This research was
executed to establish the effect of swirl number with respect to the combustion
temperature and composition of exhausted gas in the specific combustor design.

Key Words : Volatile organic compounds, Thermal oxidation, Cyclone combustion, Low
calorific value gas, Temperature distribution
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Table 1.

Thermal Oxidation
- Recuperative Thermal Oxidation
- Regenerative Thermal Oxidation(RTO)
- Flameless Thermal Oxidation(FTO)
Catalytic Oxidation
~ Regenerative Thermal Oxidation

VOC abatement technology

Adsorption
-~ Adsomptive Removal
- Recovery or Concentration
- Concentration & Thermal Oxidation

Absorption

Condensation : Recovery
Plasma/Corona Destruction
Membrane Separation : Recovery
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Fig. 2. Schematic process flow diagram of
VOC combustion system
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Table 2. Properties of each combustor types (Toluene 2000 ppm. 2.4 Nm°®/min)

Combust| LPG Combustion Temperature(°C) Exhaust Gas Composition AP |nput Heat Erf:r?; ,
or (kgz‘hr) Tc Ti To cT WT (9/02) (é;?n) ((302)2 (glp%;) {mmAQ) {kcal/hr) KWH)
Typel | 176 | 769 | 585 | 194 | 785 | 768 | 165 43 29 40 31 31345 0.84
Type2 | 1.76 | 794 | 667 | 257 | 778 | 807 | 165 12 29 53 102 31289 112
Type3d | 1.76 | 819 | 655 | 231 | 843 | 823 | 168 75 27 108 96 30522 1.04
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Fig. 3. Combustion temp. & pressure drop
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Fig. 4. Exhaust gas concentration at each
test
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Table 3. Combustion temperature distribution
on vertical and radial direction
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Fig. 5. Temperature distribution on the
vertical direction at each test
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Fig. 6. Temperature distribution on the radial
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Table 4. Comparison of cost estimation
results with different VOC oxidation system
and with the results of this study

Conc,| Of Te | tr FC EC TAC
(ppm)|kg/min)} (°C} | (sec) |(x10008)|(x 10008)i (x10008$)
Thermal
system 960 | 9.14 1982|0.75] 1859 | 777 386.6
Catalytic
oo | 500 | 759 |649) - | 1625 | 369 | 3638
Test! | 400 | 6.57 {780]0.65] 1407 | 615 3152
Test2 |1000| 5.08 |799(0.65| 108.7 | 60.5 282.3

VOC flow rate : 425 Nmmin, VOC heat content : 37

kealfm®, VOC temperature @ 50°C, Heat recovery efficiency :
20%. Combustion temperature : 980°C

wehA B Ao sed Type 2 d47E
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