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Abstract — This study aims to examine absorption characteristics of toluene, isopropyl alcohol (IPA), ethyl acetate (EA),
and ternary-compounds, all of which are widely used in industrial processes, by means of four types of commercial acti-
vated carbon substances. It turned out that among the three types of volatile organic compounds, the breakthrough point
of activated carbon and that of IPA, whose affinity was the lowest, were the lowest, and then that of EA and that of tol-
uene in the order. With the breakthrough point of IPA, which was the shortest, as the standard, changes in the break-
through points of unary-compounds, binary-compounds, and ternary-compounds were examined. As a result, it turned
out that the larger the number of elements, the lower the breakthrough point. This resulted from competitive adsorption,
that is, substitution of substances with a low level of affinity with those with a high level of affinity. Hence, the adsorp-
tion of toluene-IPA-EA and ternary-compounds require a design of the activated carbon bed based on the breakthrough
of IPA, and in the design of activated carbon beds in actual industries as well, a substance whose level of affinity is the
lowest needs to be the standard.

Key words: Volatile Organic Compounds, Adsorption, Competitive Adsorption, Breakthrough Curves

LM B Y= Belae) S WEAg) o] Bag o AAROR
o) ol Uk Bhaagt A, A W B AT s
3 75713482 (VOCs; volatile organic compounds) %71 H]7HA RSl ® LA TH 2]
sto] ot ] ol A Tdehe delrasieee] o w W A A1 EE oS A AT = aE
Wk ofuet, th7] Foll A el AE ol A A skghEat 9
*To whom correspondence should be addressed. RES ThEo] B3R T A o] ATA] G Fo g QAo
E-mail: ywrhee@cnu.ac.kr, LSH3452@kier.re.kr o}oJ kS u] A TH3].
This is an Open-Access article distributed under the terms of the Creative Com- . . o -
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by- I 7713 sE-2 g FE0) sl Wl Aokt Ll o} A AIE
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc- L =
tion in any medium, provided the original work is properly cited. AHgeh= AFdE g olA W& oL gloH s o] FolME = Ql

239



240 25T

A4, Eekag 3 3, 1713E Az FollA THC
(total hydrocarbon) 7152 300~10,000 ppm H/] v WA w2
OokO] HHEQ—L Mq"
FuUlelel A T2 ARSI A A1sstES A BE
UIEFE g 5 e, BES] A sheEd
252! TPA (isopropyl alcohol)?] ©]& ¥ =7} 3T},
F71ERrE A&EA wE2EH e AR SEAES
olvf 3571 FYUE T3l AEA Felg oA v
IR wiol 1Al vl falet S WAl |
E]"‘i A f71EES avr o w Aes] A% &
! Ag]7]so] Dasit et
A F7181ES] HE)7e 3 AA Q) g4 7 7R E
%"‘3] AA7zol= 55 Azt A Abs), Sl Akshol
]EE‘:‘ 50l &gk 50 it o]y gk A7 W
4 SRS XS 71A19 T B0l uet A8
242 7] Wl A8t} sh= 38 AdatA F4 8t
5]. 53], =ulg] g fYlsstES WiEshs Ak
@E}Eﬂ’ HjEo] gjolw|A] ok Ao B E mlERE gl
A FuA AL 5 Qe = i3|7]€°] 34 03]'5]'
A) xﬂ }\]_ﬁaqz]—oﬂ,q 7].2]— 136

A==
T

i

A
o

e R
s
o “ﬁg

EIQL' D:Zim
2
bl

Zo
o
g £

N

s

oL
N

==
i

0_1_4 >{1

un ¥

T

~oﬁﬂ“~idﬁ4>w
uft m“ —{>

X
< ) rlo K

2

o
g
=

o
o,

iﬁ
=2 Ho
_{

(o 2
)

&

ox, off -
it

=2

HiEE |, HYRAE ARES S A7 Bl T
ek Zlo] o A
AT e FAA S Hole W vl
(benzene toluene xylene)ol| 3t 71 © 2[13-16], &
Hole ¢FS[E LS tHEA FAATE #
53], tHdi A 82 A 1] AR A
of 3t R FAEAE dMsh= dl ofelwol itk
A

E o

&
©
5 %
5
oL
Mo
)
2
=
%
o
-
k)
=l
ol
ol
n)

-
B>
o
=
S

X
o,
ojr

>
o
)

o o ot
= il

)

ol

& & oo

>,
2

U

N
o

AA| A Al
“ﬂﬁﬂ@%ﬂJ%&%ﬂﬁ?%QEA
T Stk BRE 0 AEZA LA A71sEES Aol $1g 24
A AAE sk o] 7o) "tk
2et AAlE 7P AR o] B EFlE Vo R “<3‘bl Atk
e A BlE R f71EE S
AAE TPEA F2 A SRS 1EE et O]‘:]'

B ATeAE A8 AR gJst oA A f 18]
BAAZAEA S DG tHEA A 718 7Y
ol & W &elae] Ulnd] B BT, dFEF FollA
ek 011*1 Wo| ARG-E]= IPA, 1831 A] dellA] ARHIE
7} 52 EA (ethyl acetate)S X3H51IT)

2. AlSURH

2-1. AlEir=

B A oA ARE-EE SRR A8 EAd'ro|H, ALE-eh] A
EAAE 80 100 °CollA 24417 71230 AREEFAATE. 4714] 2
Aol Ul 2214 4.8 Table 191 Lehlglom, &35
Fig. 1ol YERASITE 2 AollA A3 4717] A8 ke 7}

7]
Norit activated carbon, Calgon Carbon Corporation, %= 2] 4}

get AxGA 2302 HE Fuljatgl o BET HEHE A=

&

W.EMO

Korean Chem. Eng. Res., Vol. 54, No. 2, April, 2016

o3

Table 1. Physical properties and Iodine value of activated carbon
A B C D
Specific surface area (m*> g') 1370 1214 1131 937
Total pore volume (cm® g™) 0.689 0.637 0.570 0.458
Average pore diameter (nm) 2.16 2.68 2.57 243
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Fig. 1. BJH and HK pore size distribution and Adsorption / desorption
N, isotherm of activated carbon: (a) HK pore size distribution
of activated carbon, (b) BJH pore size distribution of acti-
vated carbon, and (c) Adsorption / desorption N, isotherm
of activated carbon.
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Fig. 3. Breakthrough curves of unary-component VOCs; (a) toluene,
(b) EA, and (c) IPA.
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Fig. 4. Relationship between surface area and Adsorption amounts; (a) toluene, (b) EA, and (c) IPA.
Table 2. Amount of unary-component VOCs adsorbed and breakthrough point (1000 ppm)
A B C D
VOC  Break-through Adsorption Break-through Adsorption Break-through Adsorption Break-through Adsorption
point (min) amounts point (min) amounts point (min) amounts point (min) amounts
(mmol/g,c) (mmol/g,c) (mmol/g,c) (mmol/g,c)
Toluene 301 4.66 250 3.94 347 5.34 244 3.86
EA 240 3.84 168 3.18 137 3.24 157 3.02
IPA 209 4.48 158 3.26 208 3.54 149 3.16
Table 3. Amount of binary-component VOCs adsorbed and breakthrough point
A B C D
voC Break-through Adsorption Break-through Adsorption Break-through Adsorption Break-through Adsorption
oint (min) amounts point (min) amounts point (min) amounts point (min) amounts
p (mmol/g,c) (mmol/g,c) (mmol/g,c) (mmol/g,¢)
Binary  Toluene (857 ppm) 389 5.12 368 4.88 352 4.58 324 4.08
[toluene:EA]  EA (143 ppm) 332 0.143 277 9.62%10 265 7.72%1072 257 8.4%102
Binary  Toluene (667 ppm) 504 4.94 488 4.6 482 4.64 409 4.14
[toluene:IPA]  TPA (333 ppm) 293 0.208 224 9.58%10 226 6.92%10 217 4.7%107
Binary EA (250 ppm) 420 2.96 499 2.20 380 2.08 304 2.04
[EAIPA] IPA (750 ppm) 289 2.16 273 2.14 218 1.82 179 1.65
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Table 4. Amount of ternary-component VOCs adsorbed and breakthrough point
A B C D
vocC Break-through Adsorption Break-through Adsorption Break-through Adsorption Break-through Adsorption
oint (min) amounts point (min) amounts point (min) amounts point (min) amounts
p (mmol/g,c) (mmol/g,c) (mmol/g,c) (mmol/g,c)
Toluene (600 ppm) 288 3.78 299 420 382 424 420 3.86
EA (100 ppm) 198 0.125 184 5.5%107 237 9.38*107 248 7.24%107
IPA (300 ppm) 137 9.94%10 83 0.116 160 0.119 197 0.107
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Fig. 5. Breakthrough curves of toluene:EA binary-component VOCs; (a) A AC, (b) B AC, (¢) C AC, and (d) D AC.
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