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A Study on Adsorption of Volatile Organic Compound
by Activated Carbon Fiber Coated with Dielectric Heating
Element and Desorption by Applying Microwave
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Abstract

Adsorption of toluene by activated carbon fiber (ACF) coated with dielectric heating element and desorption by
applying microwave were investigated. In order to prepare adsorbent so that VOC can be desorbed by microwave
heating, fine dielectric heating element with nano size was coated on the surface of the ACF using hybrid binder.
Eight adsorbents(ACF-DHE, Activated Carbon Fiber coated with Dielectric Heating Element) were prepared with
different amount of dielectric heating element, kinds of hybrid binder, and solvent. In order to investigate adsorption
characteristics, BET surface area, pore volume, and average pore size were measured for each adsorbent including
ACF. Breakthrough experiments with toluene concentration, flow rate, bed length using fixed bed reactor were per-
formed to investigate adsorbality of adsorbent, and results were compared with that of the ACF. Desorption reactor
was constructed with modified microwave oven to investigate heating effect on ACF-DHE by applying microwave
power. Each adsorbent saturated with toluene were put into desorption reactor. Composition of desorbed gas gener-
ated by applying controlled microwave power to reactor was measured. Up to now, hot air desorption method has
been used. Experimental results showed that desorption method with new adsorbent prepared by coating dielectric

heating element on ACF can be used for industrial application.
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Table 1. Composition of coating fluid.

Composition
No. c/B Binder Solvent
(9 (cc) (cc)

1 1 HB-1, 10 IPA, 140
2 2 HB-1, 10 IPA, 140
3 2 HB-1, 20 IPA, 130
4 1 HB-1,5 IPA, 145
5 1 HB-2, 10 ethanol, 140
6 2 HB-2, 10 ethanol, 140
7 2 HB-2, 20 ethanol, 130
8 1 HB-2,5 ethanol, 145
9 0 0 0

Homo
nizer

Exhaustion

Cold trap

Fig. 1. Schematic diagram of the coating apparatus.
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Fig. 2. Schematic diagram of the experimental apparatus for adsorption.
Ag AHgsigen AT We-e A4 Bl A drs sigoh Aot 0B RE B 1
(2008)9] 2M%) vhoh 2ok A SU1sMER B M AUEES A3E slon ofd 33w
FAE ALgsoleh Whg7] el 10omEl= A FHE Fate] vlojazabt sz AehrbA o
o] 287 Sl A" FA-FHAE Est o) =5 28-S AASIE whETle Fsel FA
29 % 7k2 FE 6potvavert 3R HP o} fleom ddstel & 2] sl shavt
6890 7IA~=z2nlE I (GC) FIDAZ7E o83 AR ¢ Fx=2 A28l vher] Yo §4-F
o 5% 270z =Asld. A7} 1A DArkae B Hzoze) Q7
vle]Z 23} Ql7tell o7t v Bl e A= #E Tl JHE fEdn e o 92%
npe]Z 23}l AR EAH 2 AFelA duiEE & 2 HZE AL ARSSARE davks <), 274
o] 1kwel wfo]az gl o8& ARgslglon  wle]azgolu 2B wzte] PRl T2
g An Azaigct vl azdoln o2 & fed AHgsldon] nlo|azgoln o2g oy
o] el glow o2 onoff7ls3l QZAZE 9} AAshe] vlelzmst <7k A] WAL WS o
A

IR E RN EET B ENER R ERS
ARl Yrlom 2 24T 4 =S o
B ZHA1E $lste] PID zlojukAle] Yamatake
Honeywell DigitroniK Line SDC 30 Digital Indicating
Controllerg #-23sict. 13 3ol &Au-g7] 5l 2
=24 A gA=S Yehgis

mpol =2z} EHo| /b3l meb fA-FHA)
2x7} Frlsla &22E VOCY vxx Frlslog
AP WA Sshe] DRTlaw wBA)
2l A4E ALl SEbey] 2Ae) RS
gz goz A2tste] wlo|a 237} £ 38}
=% Fozy wg|se] duatgosn o] uhy

Asle] Aoz AT 4 QA I
7}22= GC-FIDE AF&-3le] BA31 T}
w25} <l7tell ©]8 VOC &hahe 4A-52A
o) wedzbgo) ofstoz ST} FUT $HE
AstlN FRAAS L= 24T Best ok &
A-FAA L2234 DRNS)9) FAR A
Ae) dzeos Assch dubdos Abgs
I E A4 b B F44 Adolnz vioam
5t Q7k Al A7) 2skas skl Abge] 7bs
t}oufe]Z2ge]H 2B AR WHo| 2xE ZA3]Y|
A3 mgEA ] IR M S Basigon A4
EurotronA}2] Rayomatic 14MK2Z Al4-3l9it) 2%

L
nf
D
A

J. KOSAE Vol. 25, No. 2(2009)



126 A5 A

lGasin

Bombe

(N2)

[ IR sensor ]

o]

MW power

GC

Gasvent| .-

71—k

Desorption reactor controller

]

Reader

o

_ el
Circular plate OOO
with multi-hole o
9]

Housing
ACF

Fig. 3. Diagram of the desorption and temperature measurement experimental apparatus by microwave.
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Table 2. Physical characteristics of the ACF-DHE.

BET

Surface area(m?/g) Pore Pore

No. Single ] volume size

point BET Langmuir (cm®lg) R)
1 1083 1102 1240 0.481 17.45
2 1223 1242 1399 0.518 16.69
3 904 918 1037 0.381 16.59
4 1316 1340 1495 0.554 16.54
5 1293 1313 1482 0.538 16.38
6 1302 1323 1494 0.553 16.72
7 1093 1110 1252 0.401 16.62
8 1438 1456 1644 0.599 16.47
9 1621 1644 1853 0.67 16.29
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Fig. 4. SEM picture on sample 2.
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Fig. 6. Breakthrough curve with 2 sheets of ACF-DHE.

Table 3. Calculated LUB with 2 sheets of ACF-DHE.
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Fig. 7. Breakthrough curve with 4 sheets of ACF-DHE.

Table 4. Calculated LUB with 4 sheets of ACF-DHE.

No. 1 2 3 4 5 6 7 8 9

No. 1 2 3 4 5 6 7 8 9

LUB 056 044 059 036 031 028 024 0.23 0.18

LUB 036 043 054 015 032 055 029 015 021
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Table 5. Heating rate of the ACF-DHE at 38%, 43% micro-

wave power.
Coating fluid Heating rate (°C/min)

C/B(g) Binder (cc) 38% power 43% power
2 2 HB-1, 10 3.46 1151
3 2 HB-1, 20 33 10.53
6 2 HB-2, 10 424 11.67
7 2 HB-2, 20 3.23 9.92
9 0 252 741

Table 6. Comparison of the amount of desorbed toluene
during initial 10 min at 38%, 43% microwave po-

wer.
. ] Desorbed toluene
No Coating fluid (mg/10 min)
C/B(g) Binder(cc) 38% power 43% power
2 2 HB-1, 10 9.23 14.10
3 2 HB-1, 20 9.20 13.93
6 2 HB-2, 10 8.60 17.46
7 2 HB-2, 20 7.83 12.72
9 0 3.86 9.50
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