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Abstract
The surface chemistry of WCK-AC, WCN-AC and WCZ-AC which are activated carbons prepared from waste citrus peel

using KOH, NaOH, and ZnCl, as activating chemicals were investigated. Also the relationships between the adsorption capaci-
ties of the target gases such as acetone, benzene and methyl mercaptan (MM) by the prepared activated carbons and the pore
characteristics of each activated carbon were examined. According to XPS analysis of the prepared activated carbons, graphite
and phenolic were the main surface functional groups of Cl1, and the sum of phenol, carbonyl and carboxyl groups increased
in the order of WCK-AC > WCN-AC > WCZ-AC. The breakthrough curves obtained from the adsorption experiments for
the three target gases in the fixed bed adsorption reactor were well simulated by the empirical equations proposed by Yoon
and Nelson. The adsorption capacity for acetone, benzene and MM was larger for activated carbons with the larger sum of
surface functional groups. The larger the specific surface area and the pore volume of activated carbons and the smaller the
pore size, the better the adsorption performance. In particular, the specific surface area was the best criterion for the adsorp-
tion performance of activated carbons used in this study.

Keywords: activated carbon, waste citrus peel, adsorption, fixed bed reactor, surface chemistry, pore structure, acetone,
benzene, methyl mercaptan
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Figure 1. Schematic diagram of dynamic experiment apparatus[25]. D air pump, @ silica gel, @ syringe pump, @ methyl mercaptan gas bombe,
® air gas bombe, ® flow meter, @ valve, @ mixing chamber, (® adsorption tower, @ gas chromatography, @ computer, and @ vent.

1600000

1600000

1600000

1200000 - 1200000 { =

800000 - 800000 -

Intensity (Count/s)
Intensity (Count/s)

400000 { 400000

1200000

800000

Intensity (Count/s)

400000

800 600 400 200 0 1000 800

Binding energy (V)

() WCK-AC

Binding energy (eV)

(b) WCN-AC

600

800 600 400

1000

400 200 0 200 0

Binding energy (eV)

(¢) WCZ-AC

Figure 2. Survey spectrum for elemental analysis of (a) WCK-AC, (b) WCN-AC and (¢) WCZ-AC by X-ray photoelectron spectroscopy.
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Table 1. Binding Energy and Area of Surface Elements on Carbonized Sample, WCK-AC, WCN-AC and WCZ-AC

Sample Ors Co
Peak B.E (eV) Area Height (count/s) Peak B.E (eV) Area Height (count/s)
WCCS 532.51 19,281.41 21,697.26 285 55,436.14 39,497.93
WCK-AC 532.74 27,451.63 33,180.47 285 104,464.5 73,042.12
WCN-AC 532.71 27,902.24 28,409.86 285 77,185.36 47,670.92
WCZ-AC 533.09 38,163.03 40,644.04 285.01 94,033.59 54,872.45
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XPS spectra of carbonized sample, WCK-AC, WCN-AC and WCZ-AC.
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Figure 4. Deconvolution of C;; peak area into its functional groups for (a) WCCS, (b) WCK-AC, (b) WCN-AC, and (d) WCZ-AC.

285 eV F-£9] graphite ¥|AE
289.1 eV W 290~291.8 eV

boxyl 52| #-&7]&50°] %Xﬂﬁlo & 4= 9131t} Moreno-Castilla
[28]1% &E|H AZHE Ax

AT As} v]shAl 286.1, 2873 eV 2 289.1 eV WHElolA 2+

3 GAEe] XPS 4 AyoAE, B
7

FAHOF 286.4~286.9 eV, 2882~
H2lolA Z+Z) phenol, carbonyl %! car-

)

phenol, carbonyl ¥ carboxyl 52 Z-&7]E5°] YERTIL 3HSI

Cis 2FEH ] chemical shift A3l thal] deconvolutiong 2!
sto] 819 Fhs7lel ol kste] vl

A}Z Table 201 YERASTE Table 2014 E/dgAlel &l Az
R graphite ¥ phenolico] C; ]

gto] 773 JAEE £

ere) mwl A3 48712

SH=teh Ml 29 Ml 2 =

, 20

fo i o o2

18

¥ Z87]99tk. WCK-ACIA1 9] phenol, carbonyl %! carboxyl> 7+
Z} 19.1, 3.0 & 4.7% phenol> 4] A& T 7Fd £ w55 BHS
a1, carboxyle WCCS®ll vlaf 2,59 F%& A YEldth. WCN-ACS)
7ol carboxyl> 5.0%% WCK-ACS} H]Z8}9lom], WCZ-AC2)
phenol 2 carbonyl 28712 -5 == WCN-ACS} H]5gt A1 Hl
HHH) carboxyl 0.8%= 7Fg W2 3h& YeRSIch ek 2g7]
phenol, carbonyl ¥ carboxyl®] - WCZ-AC2] 79~ 16.2, WCN-AC
ol 79 189, WCK-ACS] 7% 2682 WCK-AC > WCN-AC >
WCZ-AC® o] 3{th



)
m

1GT FF ATl w2 FH sheh A3 Algrze] whE opAlE, WAl W WdHEgtee] 354 241

J

Table 2. Functional Groups Obtained from the Deconvolution of the C;; Peak for Carbonized Sample, WCK-AC, WCN-AC and WCZ-AC

Sample Graphite Phenol Carbonyl Carboxyl
B.E (eV) Area (N) At (%) BE (¢V) Area (N) At(%) B.E (V) Area (N) At. (%) B.E (eV) Area (N) At (%)
WCCS 285.0 44,172.2 58.1 286.6 6,365.7 8.4 288.1 3,355.4 4.4 283.0 1,453.4 1.9
WCK-AC 285.0 67,630.3 51.1 286.4 25,291.7 19.1 288.2 3,890.7 3.0 290.0 6,182.9 4.7
WCN-AC 285.0 53,961.9 50.8 286.6 9,202.0 8.7 288.2 5,555.8 5.2 290.0 5,327.1 5.0
WCZ-AC 285.0 71,840.7 514 286.9 14,126.7 10.1 289.1 7,391.0 5.3 291.8 1,111.4 0.8

Table 3. Parameters Obtained from Yoon & Nelson Equation and Breakthrough Time

Adsorbate Activated carbon t, (min) Qexp (ME/) 7 (min) kyy (1/min) Qeal (Mg/g) r
WCK-AC 105 101.2 152 0.0493 110.1 0.9980
Acetone WCN-AC 75 779 107 0.0671 77.8 0.9985
WCZ-AC 40 46.6 66 0.0923 47.7 0.9988
WCK-AC 230 262.0 272 0.0446 265.2 0.9988
Benzene WCN-AC 190 228.0 235 0.0425 229.2 0.9973
WCZ-AC 115 154.8 163 0.0471 158.5 0.9988
WCK-AC 73 78.4 128 0.0316 75.3 0.9915
MM WCN-AC 38 459 72 0.0400 43.1 0.9702
WCZ-AC 28 26.9 40 0.1035 23.8 0.9673

12 12 12
® WCKAC

CIC,
CIC,

0 50 100 150 200 250 300

Time, min Time, min Time, min

(a) Acetone (b) Benzene (c) MM

Figure 5. Comparison of breakthrough curve for (a) acetone, (b) benzene, and (¢) MM (concentration : 300 ppmv, flow rate : 100 mL/min,
temperature: 20 T).
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