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Abstract
The objective of this work was to study the low temperature vacuum adsorption technology applicable to small and medium

scale painting plants, which is the main emission source of volatile organic compounds. The low-temperature vacuum swing
adsorption (VSA) technology is the way that the adsorbates are removed by reducing pressure at low temperature (60~90
C) to compensate disadvantages of the existing thermal swing adsorption (TSA) technology. Commercial activated carbon
was used and the absorption and desorption characteristics of toluene, a representative VOCs, were tested on a lab scale.
Also based on the lab scale experimental results, a 30 m’min” VSA system was designed and applied to the actual painting
factory to assess the applicability of the VSA system in the field. As a result of lab scale experiments, a 2 mm pellet type
activated carbon showed higher toluene adsorption capacity than that of using 4 mm pellet type, and was used in a practical
scale VSA system. Optimum conditions for desorption experiments were 80~90 C and 100 torr. In the practical scale system,
the adsorption/desorption cycles were repeated 95 times. As a result, VOCs discharged from the painting factory can be effec-
tively removed upto 98% or more even after repeated adsorption/desorption cycles when using VSA technology indicating
potential field applicabilities.
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(a) Air compressor, (b) Regulator, (c) Flow meter,
(d) VOCs tank, (e) Circulating bath, (f) Mixing chamber,
(g) Fixed-bed adsorption/desorption reactor, (h) Activated carbon,
() Vacuum pump, (i) GC/FID

Figure 1. Schematic diagram for lab scale VSA system.
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Table 1. The Operating Conditions of The Adsorption/Desorption Process

e e

Conditions Adsorption Desorption
Flow rate 30000 L/min 720 L/min
Temperature Outdoor Air Temperature 90~100 C

Pressure atmospheric pressure 100 Torr

Operating time

the operation time of ‘S’paint factory

Minimum 5 hours

Raw product

Painting(water) I—-l Drying |—>| Packing |—'I Shipment

Painting(powder)

Figure 2. Total process for ‘S’paint factory.

Figure 3. Pilot scale VSA system for 30 m’/min.
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(a) Pre-filter, (b) VOCs sensor, (c) Flow meter, (d) Reactor,
(e) Heating jacket, (f) Blower, (g) Current meter, (h) Control valve,
(i) Pre-heater, (j) Cooler, (k) Vacuum pump

Figure 4. Schematic diagram of VSA system.
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Table 2. Specific Surface Areas and Pore Volumes for Activated Carbon Samples

Sample SBET (ng'l) SMic (ng’l) SExt (ng’l) VTotal (cm3g‘l) VMic (cmsg’l)
2 mm pellet 928 477 451 0.46 0.20
4 mm pellet 882 621 261 0.41 0.25

Note : SBET, SMic, SExt and Vioal, VMic represent BET surface area, micropore surface area, non-micropore (i.e.,meso and macropore) surface area, and total pore volume, micro

pore volume, respectively
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} T T T T T
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(b) Pore size distributions

Figure 5. Physical properties of activated carbon samples.
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samples.
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Figure 10. Removal rate for VOCs with respect to cycle.
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