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Abstract

The principle of vortex tube and cyclone was introduced to enhance the treatment efficiency of waste air streams
containing particulate matters, toluene, and others developed by Hangreen Tech, Ltd. and Hoseo Chemical and
Industrial Technology R & D Center. Adsorption, condensation, and/or coagulation could be induced at low
temperature zone formed by vortex tube and Joule-Thomson expansion. The pressurized air was introduced at the
tangential direction into the cyclone system applied with the coaxial funnel tube. Easily condensible vapors such as
toluene, carbon dioxide, and water vapor were adsorbed enforcedly on coagulated or condensed materials which
were formed as cores for coagulation or condensation by themselves. These types of coagulation or condensation
rates were rapidly promoted as the diameter being growing up. The maximum removal efficiency for carbon
dioxide and toluene was achieved to about 87 and 90 percent, respectively. The Joule-Thomson coefficients were
increased with the pressure of air injected in the range of the relative humidities between [0% and 30%. An
optimum value was observed within the range of the tested temperatures at a fixed pressure. In conclusion, it could
be identified that the treatment efficiency would be depended on the pressure of the process air introduced and
physical and chemical characteristics of waste air streams containing target materials for a designed system. The
final design parameters should be decided depending upon the given system and target materials.
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Fig. 1. Schematic of lab scale vortex cyclone.

1714 U Joule-Thomson FAA 4,2 22
S 71A17F LA’ =) (enthalpy) S §-2] g}
T 7HE o A4E Aoz 4 AF e 59
el 7AE ALdd hrEe) 7)Ao dsiM oFe
4k (Perry’s Chemical Engineers’ Handbook, 1997)2
Yebles gele] Wolxw £xsb Weize ou)
gt

2% 20 glold 24 Wdsla) 231
%71% D= w4i=e] o3 Av] A9l BAlo]e] &
7t stez AgEe] £ B iRz ubE e Hojzich
Z B =47l fyzrE 459 AT FHe
I 2Rl Hell o8] FdHE hEavlel s e
Zx(vortex)7} 7151, & Bo) FAIRo)A %) 0] A
21

A7)A et Ao WAs wR9} P o

%

AEE ol | EWoz Fof W yyow shes
A iR gl e} BewhAe) mag Abe) 2
L ESERE SR

EEEER

F(cone)Z Ale]lFEeoz Heo| 917
Z A A= os) W 2o
2k Qb mHAe] Anag FAA) &4
ol Wedt doz gt 4HTIE s Fu
5]

o) &g e el FFH AT 3T

: External cylinder
:Internal corn

: Cyclone

: Gas inlet

: Outlet

1 Vortex outlet
:Compressed air inlet

T OTmYU N W >

Fig. 2. Schematic of pilot vortex cyclone.
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Table 1. Parameters measured for the lab-scale experi-

ment.
Out
Parameters In
Treated air line  Hopper line
Temperature (°C) 50~ 150 23~110 25~120
Pressure (atm) 20~5.0 12~39 1.2~1.6
CO,(g/Sm*) 85.2~95.3 95~124 73.7~79.1
H,0 (mg/Sm’) 3200~ 9600 310~5760 20.0~3840
Toluene (mg/Sm’®) 380~ 440 41~198 242 ~339
Carbon (mg/Sm’) 362~402 54~181 221~308
Flow rate (Sm*hr) 36.4~38.6 30.6~32.7 475~1745
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Fig. 3. Joule-Thomson coefficients with pressure and
temperature at a relative humidity of 20%.
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Fig. 4. Joule- Thomson coefficients with relative humid-
ity at 3atm.
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Fig. 5. Joule-Thomson coefficients with realative humid-
ity at 360 K.
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Fig. 7. Joule-Thomson coefficients with pressure and
humidity at 360 K.
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Fig. 9. CO, removal efficiency with refative humidity at 3
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Fig.10. CO, removal efficiency with humidity at 360 K.
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Fig. 11. CO, removal efficiency with temperature at 3 atm.
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Fig. 12. CO, removal efficiency at 360 K.
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Table 2. Maximum removal efficiency of each component.

Removal

Parameters In (kg/hr) Out (kg/hr) efficiency (%) Remarks
Carbon 0.014 0.0015 89.1 Maximum
H,0 0.116~0.349 0.012~0.033 89.7 Maximum
CO, 339 043 87.3 Maximum
Toluene 0.0145 0.0014 90.3 Maximum
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Fig. 13. Toluene removal efficiency at a relative humidity
of 20%.
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Fig. 15. Toluene removal efficiency with relative humid-
ity at 360 K.
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Fig. 16. Toluene Removal efficiency with temperature at
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Fig. 17. Toluene Removal efficiency at 360 K.
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