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A Study on Adsorption Characteristics of Benzene over Activated Carbons Coated

with Insulating Materials and Desorption by Microwave Iiradiation

Ki-Joong Kim and Ho-Geun Ahn'

Department of Chemical Engineering, Sunchon National University, Jeonnam 540-742, Korea
(Received June 6, 2008; accepted July 17, 2008)

nlo] g 23S o] g3t AR 3keE (VOCs Volatile Organic Compounds)® . 9E FAES A5 $lske], 2o

EA 7 A %’“(Talc)»} Ni-Zn ferrite S 212t A Elol| FESFo] #lze] &2 4l &2k EXS ZAlslit) dAEZoe] 78 F
Pdete] 214 54 9 e ‘1517}/\ Fag=) 2k —zr*}xdx}??i”]@(SEM)o o]g3to] 7}z FRlsith H]JU“Ur
HlAle] oish S Hlﬁﬂﬂrﬁle 31, EAJeke] EAlolL} Ni-Zn ferrite S TR M nlo]AZ2 o] O3t B8 A
gk 5= Qi) EAdEke] AAEHS TR S8 ARE3E BRIt = PS (potassium silicate) 7t H‘ﬂx‘ﬂ‘)ﬂ st F24350] 71
-k Zlo g Yehgtt U]'Olﬂi-l]' Zgof 2 G2 2 v]Elehs 4TS By, A&5EH e S22 dEyo]
53] WHEEEeEE AdAo] F-38] UElsth A2 02 VOCsZ 28349 A& dwe] Zﬂ*ﬁ‘ﬂ“ﬁoiﬂ PSE HRILE A
3to] &Alolu} Ni-Zn ferrites A E] FH3to] nlo|a2utE S2AI7|H 2949 & F AUTh

In order to regenerate the activated carbon polluted by volatile organic compounds (VOCs) using microwave, adsorption and
desorption characteristics of benzene over activated carbon (AC) coated with insulating materials were investigated. Physical
characteristics of activated carbon and insulator-coated ACs were investigated by means of N, gas adsorption and scanning
electron microscopy (SEM). The amount of VOC adsorbed showed a positive relationship with the specific surface area of
the ACs, and spark discharge over insulator-coated ACs did not occur. Potassium silicate (PS) was the best binder for coating
of insulating materials on AC. Amount of benzene desorbed by microwave irradiation was dependent on output power of
microwave. Nearly same performance was obtained even though the adsorption-desorption operation under microwave irradi-
ation was repeated 5 times. Finally, it was known that the microwave heating was a very effective mean for regenerating
the polluted AC.
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1. Helium cylinder 2. MFC

3. Const. Temp. Vessel 4. Saturator(VOC, H,0)

5. Microwave oven 6. Adsorbent

7. Thermocouple 8. Temperature controller
9. 6-way valve 10.GC
11. Recorder 12. Vent

Figure 1. Experimental apparatus for adsomption and desorption of
benzene by microwave imadiation.

N

Ground
connection

IL

Microwave oven
(frequency 2.45 GHz)

Figure 2. The details of the adsorbent tube in a microwave oven for
microwave heating.

2)-g(dissipation factor)©] Z-& 7o) 7 mm<l UAE(0.d., 3/8") 4193
TS AFESISITE FAAE 03 ¢S AFESIRLT, FRA0) S o
3 HARS uly] 9)ate] B3] YolEe] AUAe2 MY wAEIT
783 wlolg®3 QEcke] FA¥ dde AlgE RE
teflon AA-E 7}Esto] AlgsksiT)

ulo] g uke] uhAlL 1500 WE wlo) A2 0} WAl EX](2.45 GHz,

fitting->

Korea microwave instrument Co. Korea)S A}-8-3}9 11
A7k e FEREEY] FA4E JFAIERRE T8 2 (GC, 14B,
Shimadzu, Japan)®] @A EEAHE7|(TCD)E o]&3st] o) 524
HE T3] dofl FHAAE i a5 A72E o] §3t]
200 CellM 1 h AAejato] ARgaRgiet. ek, widlo] #3be dAE
Ho| R Eere] AlF ol EAlshs e gRlIsh] flsted]
vto]AZ 3} Al whE ERdE-E A Sl %%L 95 242 v}
olARY FAF & Hi1o] BT E Hol= F | min $°] Porapak
Q AH(1/8", 6ft, sus)= 2t GCOl six-portE ©]% 3]-01 on-line®. %
T

ol

r-{m



SR DELE E L)

Sato] it AT 447

Table 1. Physical Characteristics and Amount of Benzene Adsorbed on PAC and Insulator-coated ACs Using Various Binders

BET specific surface

Pore volume (cm’/g)

Average pore size Amount of benzene

Insulating materials

area (mz/ g) Total Mesopore Micropore (A) adsorbed (mmol/g)
PAC 1101 0.58 0.10 0.48 10.2 18.6
PS 1070 0.56 0.10 0.47 10.2 17.0
ot WG 1040 0.54 0.09 0.46 10.2 16.8
TEOS 1010 0.54 0.09 0.45 10.2 13.6
CS 1068 0.56 0.10 0.47 10.2 16.9
PS 1055 0.54 0.08 0.46 10.2 18.4
Nizn® WG 1031 0.53 0.08 0.45 10.2 18.3
TEOS 1002 0.52 0.09 0.43 10.5 15.9
cs 1052 0.54 0.13 0.41 102 183
"Loading of talc to PAC was 5 wt%.
bLoading of NiZn ferrite to PAC was 15 wt%.
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Figure 3. Adsorption isotherms of insulator-coated ACs (N2, 77K).
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Figure 5. Particle size distribution of talc and Ni-Zn ferrite.
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Table 2. Effects of Ni-Zn Fenite Loadings on Physical Properties and Amount of Benzene Absorbed on Activated Carbons Coated with Ni-Zn

Femite Using Potassium Silicate as a Binder

Amount of Ni-Zn

Pore volume (cm3/g)

Amount of benzene

BET specific surface

Average pore size

ferrite (wt%) area (m’/g) Total Mesopore Micropore (&) adsorbed (mmol/g)
0 (PS/PAC) 1097 0.57 0.10 0.47 10.2 18.6
10 1058 0.54 0.07 0.47 10.2 18.4
15 1055 0.54 0.08 0.46 10.2 18.4
20 1027 0.52 0.07 0.45 10.2 171
Table 3. Physical Properties of Insulator-coated ACs After Microwave Inadiation
Output power BET specific surface area Pore volume (cm’/g) Average pore size
W) (m’/g) Total Mesopore Micropore (A)
- 1070 0.56 0.10 0.47 10.2
100 1068 0.55 0.08 0.47 10.2
200 1028 0.54 0.09 0.45 10.2
Ta/PS/PAC 300 1121 0.58 0.09 0.49 10.1
400 1044 0.54 0.09 0.45 10.2
500 1101 0.57 0.09 0.48 10.2
500%* 1027 0.54 0.09 0.45 10.2
- 1055 0.54 0.08 0.46 10.2
100 1169 0.59 0.13 0.46 10.2
200 1176 0.60 0.14 0.46 10.2
Ni-Zn/PS/PAC 300 1183 0.60 0.14 0.46 10.2
400 1177 0.60 0.14 0.46 10.2
500 1192 0.61 0.14 0.47 10.2
500* 1191 0.61 0.14 0.47 10.2

*After repeated experiments of adsorption-desorption five times at 500 W.
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Figure 7. Breakthrough curves of insulator-coated ACs.
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Figure 9. Effect of microwave output power on desorption rates.
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Figure 10. Reproducibility with continuous repetition of adsorption-
desorption operations.
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