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Abstract Volatile organic compounds (VOCs), major ozone precursors, are emitted from various organic solvents, and
control methods such as adsorption are required to reduce their emission. Humid atmosphere of VOC emission sources
decreases the adsorption efficiency. In this study, therefore, adsorption performance of zeolite adsorbents was tested at
different humidity conditions. For these lab studies, three model VOCs, toluene, 1,2,4-trimethylbenzene (TMB), and methyl
ethyl ketone (MEK), were selected because they are compounds found in general solvents. Adsorption column experiments
were performed at three relative humidity (RH) of 20, 50, and 80%, and the pore and surface diffusion model (PSDM) was used
to predict the column adsorption. As RH increased, the total amount of VOCs adsorbed decreased, and the amount of water
absorbed per unit mass of the adsorbent increased as well. At RH of 20%, the adsorption capacities of single compounds were
117,139, and 86 mg/g, for of toluene, TMB, and MEK, respectively, while they decreased dramatically to 83, 107, and 62 mg/g,
respectively, with increasing RH to 80%. In particular at the high RH, the more hydrophilic compound, MEK, may promote
moisture absorption on the adsorbent surface. When the three VOCs were introduced in a mixture to the adsorption column,
MEK and toluene were initially adsorbed but later desorbed due to competitive adsorption with TMB. The modeling results of
competitive adsorption by the PSDM were in agreement with the experimental results. At a dynamic condition, the effluent
concentrations of the VOCs gradually increased when intermittent loading was repeated, because each VOC continued to
accumulate in the adsorbent at different rates. Therefore, in order to optimize adsorption performance, it is necessary to
consider the effects of humidity and competitive adsorption for the selection and design of adsorbent materials.
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Table 1. Chemical and physical properties of VOCs tested in this study.

Toluene 1,2,4-Trimethylbenzene Methyl ethyl ketone
Abbreviation Tol TMB MEK
Chemical formula C;Hg CoH1o C4HgO
Molar mass 92.14 g/mol 120.19 g/mol 72.11 g/mol
Density 862.3g/L 875.89/L 805.0g/L
Boiling point 111°C 169°C 79°C
Water solubility 0.529g/L 0.057g/L 2759/L
Kinetic molecular size 585A 7.60 A 530A
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Fig. 1. Schematic diagram of the adsorption column test in this study.
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Table 2. Parameters used for PSDM model simulations.
Parameter Value
Fixed-bed properties
Bed length (cm) 6.2
Bed diameter (cm) 2.25
Bed mass (g) 16.5
Bed porosity 0.324
Adsorbent properties
Particle apparent density 0.395
Particle shape factor 1
Air properties
Temperature (°C) 25
Density (g/cm?) 181x1073
Viscosity (g/(cm-s)) 1.8%x107*

Software, Mlchlgan Tech, USA)-S AF&35}%I Tt PSDM
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Table 3. Freundlich isotherm and kinetic parameters used for PSDM model simulations.

Parameter Tol TMB MEK

Freundlich isotherm

Measured values - K (mg/qg) (L/mg) 65.82 89.38 57.51
-1/n(-) 0.399 0.173 0.418
Kinetic parameters

Estimated values - K¢ (cm/s) (film mass transfer coefficient) 3.0 2.0 4.5
- D, (cm?/s) (surface diffusion coefficient) 13%x107° 6.2%107° 51x107°
- D, (cm?/s) (pore diffusion coefficient) 8.2x1072 7.3%1072 8.9x107°
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Fig. 2. SEM Images of zeolite 13X (left) and zeolite Y (right) used in this study.

Table 4. Properties of adsorbents used in this study.

Zeolite 13X Zeolite Y
Shape type Ball Ball
Diameter 3.0£0.5mm 3.0£0.5mm
Density 1.19g/mL 0.99g/mL
BET surface area 714m%g 580 m%/g
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Fig. 3. Adsorptive capacities for toluene by zeolite 13X and
Y at relative humidity (RH) of 20% and 50%.
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Table 5. Cumulative adsorption amounts of each VOC in the
three mixture at relative humidity of 50% for 240 minutes.
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