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Abstract

Activated carbons were prepared from waste citrus peels using KOH, NaOH, and ZnCl, as activating chemicals. They were
prepared at optimal conditions including the chemical ratio of 300%, activation time of 1.5h, and activation temperature of
900 C for KOH, 700 ‘C for NaOH, and 600 ‘C for ZnCl,, which were named as ACK, ACN, and ACZ, respectively. Using
the activated carbons, their adsorption characteristics for three target gases such as acetone, benzene, and methylmercaptan
(MM) were carried out in a batch reactor. The adsorption behavior of activated carbons for three target gases followed the
Freundlich model better than the Langmuir. And the experimental kinetic data followed a pseudo-second-order kinetic model
more than pseudo-first-order one. Following the intraparticle diffusion model suggested that the external mass transfer and
particle diffusion were occurred simultaneously during the adsorption process.
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Table 1. Physical Properties of Adsorbates
Component Acetone Benzene MM
Formula CH;COCH;3 CeHg 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 (Non-polar) Hydrocarbons (Polar) Sulfur
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Figure 1. Schematic diagram of batch experiment apparatus (D
Motor-roll equipment, () Batch reactor, @ Gas-tight syringe, @ GC,
® Computer).
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Table 2. Comparison of Specific Surface Area, Total Pore Volume and Average Pore Diameter of ACZ, ACN, and ACK

Adsorbent Sger (m*/g) Ve (cm’/g) D, (A) Reference
ACK 1,527 20.7 Kam “5[29]
ACN 1,356 20.2 Kang 5[30]
ACZ 756 22.6 Kang 5[31]

Seer @ BET (specific surface area)
Vr @ single point total pore volume
D, : average pore diameter.

(a) ACK

(b) ACN

() ACZ

Figure 2. SEM photographs of (a) ACK, (b) ACN, and (¢) ACZ (activation temperature: 900 C for ACK, 700 C for ACN, and 600 TC for

ACZ, activation time: 1.5 h, magnification x 1,000).
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Table 3. Parameters Obtained from Adsorption Isotherms
Adsorbent Adsorbate Langmuir Freundlich
k. (1/ppmv) gm (mg/g) P ke (mg/g)(ppmv)" 1/n ’
Acetone 0.0060 125.11 0.9144 23.3391 0.2068 0.9460
ACK Benzene 0.0082 299.82 0.7610 65.6769 0.1899 0.9916
MM 0.0089 102.19 0.9200 12.7678 0.2878 0.9893
Acetone 0.0071 96.0250 0.8464 19.3422 0.2014 0.9508
ACN Benzene 0.0041 298.2566 0.8448 40.3329 0.2434 0.9729
MM 0.0058 79.5462 0.8612 8.5356 0.2992 0.9887
Acetone 0.0043 79.5544 0.9012 10.1212 0.2538 0.9837
ACZ Benzene 0.0069 189.2002 0.8754 30.5779 0.2304 0.9951
MM 0.0072 56.9237 0.8818 7.0529 0.2856 0.9914
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Figure 3. Adsorption isotherms for the adsorption of acetone, benzene and MM on (a) ACK, (b) ACN, and (c¢) ACZ.
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Table 4. Kinetic Parameters for the Adsorption of Acetone, Benzene and MM on ACK
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Pseudo-first-order

Pseudo-second-order

Adsorbate

Gecal (ME/E) ki (1/min) ” Gecal (MG/g) ky (g/mg + min) ’
Acetone 51.2287 0.0502 0.9244 85.4700 0.002083 0.9988
Benzene 125.4616 0.0398 0.8928 243.9024 0.000721 0.9994
MM 29.9132 0.0308 0.8515 60.9756 0.002988 0.9977
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Table 5. Parameters of Intraparticle Diffusion Model
First linear part Second linear part
Adsorbate ; ;
kg (mg/g - min'?) ” kg (mg/g - min'?) C (mg/g) ”
Acetone 14.64 0.8980 2.142 180.9 0.9663
Benzene 32.86 0.9259 4.969 61.95 0.7913
MM 8.495 0.9007 0.447 36.97 0.9157
ok 2L APsFEck
A Acetone M
® Benzene
] & wm
200 References

150 4

q, Mgy

100 4

50 A

Figure 6. Intraparticle diffusion plots for the adsorption of acetone,
benzene and MM on ACK.
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