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Abstract
Adsorption experiments of three target gases such as acetone, benzene, and methyl mercaptan (MM) were carried in a con-

tinuous reactor using the activated carbon prepared from waste citrus peel. In a single gas system, the breakthrough time
obtained from using the activated carbon (WCAC) prepared from waste citrus peel. In a single gas system, the breakthrough
time obtained from the breakthrough curve decreased with increasing the inlet concentration and flow rate, but increased
with respect to the aspect ratio (L/D). Adsorbed amounts of the target gases by WCAC increased as a function of the inlet
concentration and aspect ratio. However, adsorbed amounts with the increase of the flow rate were different depending upon
target gases. Results from the breakthrough time and adsorbed amount showed that the affinity for WCAC was the highest
in benzene, followed by acetone and then MM. On the other hand, in the binary and ternary systems, the breakthrough
curve showed a roll-up phenomenon where the adsorbate having a small affinity for WCAC was replaced with the adsorbate
with a high affinity. The adsorption of acetone on WCAC was more strongly affected when mixing with the nonpolar ben-

zene than that of using sulfur compound MM.
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Table 1. Physical Properties of Adsorbates[26]
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Component Acetone Benzene MM
Formula CH;COCH; CeHs CH;SH
Molecular weight (g/mol) 58.08 78.11 48.11
Density (g/mL) 0.791 0.879 0.896

Boiling point (b.p.) (C) 56.3 80 8
Vapor pressure (mmHg) 194 79.4 1,536
Remark Ketone Hydrocarbon Sulfur

2€ A

Figure 1. Schematic diagram of dynamic experiment apparatus (O air pump, @ silica gel, @ syringe pump, @ MM gas bombe, ®) air gas bombe,
® flow meter, @ valve, ® mixing chamber, @ adsorption column, @ GC, @ computer, and @ vent).
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Table 2. Analysis Conditions of Gas Chromatography

Analytical condition

Item
VOCs analysis Sulfur analysis
Detector FID FPD
Oven temperature 50 C 100 C
Injector temperature 250 C 220 C
Detector temperature 200 C 220 C
Flow rate (N, : H, : Air), mL/min 30 : 30 : 300 20 : 40 : 500
ZQ2 804 105 TolA 24 h & AT thsoll &34 KOHS] 12
AN 300%, B3 252 900 C, A3} At 1.5 hE F3AA
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2.3, SAEHY

OFAIEZ WAl 7EAS] § %= DB-624 capillary column (30 m X
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Figure 2. Breakthrough curve of acetone, benzene and MM (inlet
concentration: 300 ppmv, flow rate : 100 mL/min, WCAC : 0.1 g,
L/D : 1.0).
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Figure 3. Effect of inlet concentration on breakthrough curves of (a)
acetone, (b) benzene and (c) MM (flow rate : 100 mL/min, WCAC
: 01 g L/D : 1.0).
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Figure 4. Effect of inlet concentration on the adsorption capacity
(flow rate : 100 mL/min, WCAC : 0.1 g, L/D : 1.0).
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Figure S. Effect of flow rate on breakthrough curves of (a) acetone,
(b) benzene and (¢) MM (inlet concentration : 300 ppmv, WCAC :
0.1 g, L/D : 1.0).
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Table 3. Comparison of the Adsorption Capacities for the Adsorption of Acetone, Benzene, and MM Reported in the Literature

Surface area

Adsorption capacity (mg/g)

Adsorbent ) Operation Reference
(m7/g) Acetone Benzene MM
Commercial AC 883-2,746 Continuous 120-340 Lillo-Rodenas et al.[31]
C, = 200 ppmv
Coconut shell AC 915 Continuous 79 Bashkova et al.[13]
Isothermal experiments
Bituminous coal AC 1,000 Contmuous- 32 Bashkova et al.[13]
Isothermal experiments
Commercial Zeolite Batch . 74.24 Brosillon et al.[32]
Isothermal experiments
- Batch
Ordered mesoporous silicas 506-1,164 . 50.7-98.28 Dou et al.[33]
Isothermal experiments
Batch .
Ordered mesoporous carbons 1,349-1,599 . 29.9-46.56 Kim et al.[34]
Isothermal experiments
Continuous
Coconut shell AC 1,145 C, = 200 ppmv 117.2 Lee et al.[19]
Continuous .
CWAC 1,527 Cy = 150-450 ppmy 87.4-125.8 231.8-315.9 53.7-80.5 This study
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Figure 9. Comparison of breakthrough curves for binary mixtures composed of acetone, benzene and MM (inlet concentration : 150 ppmv, flow

e : 100 mL/min, WCAC : 0.1 g, L/D : 1.0).
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Figure 10. Comparison of breakthrough curves for ternary mixtures

composed of acetone, benzene and MM (inlet concentration : 300
ppmv, flow rate : 100 mL/min, WCAC : 0.1 g, L/D : 1.0).
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