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The emission of volatile organic compounds (VOCs) generated from painting and coating processes is a
worldwide problem as contributing factors to the development of photochemical smog and other environmental
problems. Common methods of reducing VOC emissions are adsorption on activated carbon, membrane sepa-
ration, absorption, incineration, or catalytic oxidation. In this article, the environmental issues caused by VOC
emissions and the trend of legislation against such emissions will be surveyed first. Several conventional control
technologies will then be summarized and the characteristics of each process will be introduced. Lastly, some
examples will be described to show the hybrid processes which have been industrially applied for the recovery of
VOC.
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Fig. 1. VOC control strategy in industrial process.
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Table 1. List of some common VOCs

Butane, Pentane, Hexane, etc.
Benzene, Toluene, Xylene, etc.

Aliphatic hydrocarbon
Aromatic hydrocarbon

Alcohol Methanol, Isopropyl alcohol, etc.

Ketone Acetone, Methyl ethyl
ketone(MEK), etc.

Ether Diethylether, MTBE, etc.

CFC-11, HCFC-123,
Trichloroethylene, etc.

Halogenated compounds
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Table 2. Comparison of gasoline vapor emission
standards in USA, Europe and Japan
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Table 3. Lower and upper explosive limits of some
common VOCs

. Required
. Emission
Country  Regulation standard recovery
efficiency
UsA EPA standard 35mg/1-gasoline 94-97%
(Federal regulation) loaded
Germany TA-Luft 0.15g/m*-air 99.99%
(German regulation) (Benzene
0.005g/m*-air)
EU EC directive 35g/m’-air 94-97%
Japan Administrative (not specified) 8%
advice
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VOC LEL, %+ UEL, %+
Toluene 12 71
Xylene 1.0 7.0
Isopropyl alcohol 2.0 127
Ethylene glycol monomethyl ether 1.8 149
Petroleum distillate(naphtha) 1.1 59
Methyl ethyl ketone 14 114
Acetone 25 13.0
Heptane 1.05 6.7
Naphthalene 09 59
Styrene 1.1 7.0

*Percentages are given by volume, in air
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Fig. 2. VOC recovery process using carbon adsorption.
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(a) Thermal oxidation employs a heat exchanger to
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Fig. 3. Thermal oxidation system for VOC combustion.
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Fig. 4. Operating cost of various incineration systems
for toluene recovery.
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Sequence of Treatment Steps
Recovery ——> Membrane

Membrane — Recovery

Absorption

Recovery Step

Condensation

CD

(#) Post treatment 1) to atmosphere
2) carbon adsorption, catalytic
oxidization etc.
A Absorption column, CD : Condenser,
CM: Compressor, M : Membrane permeator,
V : Vacuum pump
Fig. 6. Summary of membrane process for VOC
recovery.
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