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Abstract — The adsorption characteristics of multi-component solvent vapors including poorly-adsorbable chemicals
such as toluene-xylene-MEK and toluene-MEK-IPA on the activated carbonaceous adsorbents were investigated in a
stainless steel fixed bed of 10.2 cm ID and 50 c¢m in height in order to identify those carbons for eliminating and recov-
ering solvent vapors from industrial emission sources. The used activated carbonaceous adsorbents were pelletized com-
mercial activated carbons and activated carbon fiber. Breakthrough curves and adsorption capacity at atmospheric
pressures were obtained. It has been found that non-polar and larger molecules have been adsorbed better than polar and
smaller molecules. In special, alcohols and ketones were poorly adsorbed caused by competitive adsorbability in multi-
component mixture system. However, it could be overcome by profitable employment of organization of cooperative
system which was composed of different porosity activated carbonaceous adsorbents appropriately.

Key words: VOC, Activated Carbon, Activated Carbon Fiber, Adsorption, Toluene, Xylene, MEK, IPA

LN =2 HEAY %7]§}%L o olA 9l EAE| S35 23} 9.

=2 o H=
3 A1BHES Y ATEARA SELAE A zzs—rq

o] glal

FoIA) 7180 <16} IR A8, oF5 RO A A A I Bt S s s
AA 3h= T8 di7] e gEHotH1-5].
3]

T Q= gulg) st B Ak, A ARTR MEEE f HHR71HEEVOCY) Aol el 48 4 A4
SR B, el IR, ek, Se, WEE B v Bad 71es Aol sheu, ol Hﬁgﬂi

T TN &3] AR e dE I o2t 9 A, ef9=de] =2 -3kl 54, A EE S ]Ik

*To whom correspondence should be addressed.

oJof gt} dA] FuUje]H 0w LA %}%QL =

E-mail: Ish3452@kier.re.kr ] AE)rle &4 9 et golskar vlw A

277

ol w1 glow AA A oFshs =t A1ggelet

_EL
QLFNPE

m’irﬂr
O

R
do

N

i

r3 :@
o

o
2



278 47 -

= el 2P0t

A7 olA 7P Wol B85 = I 553 B4
39} o] vekst slek4] 7575 R Qo] thekst Sak e
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Table 1. Structure property characteristics of AC and ACF

Aol 719 vA7]1E (micropore)Rto] Eekao] Glof
FAAL FE uA71FelA o] Fo A= wA7]E Ag@AdoI &
U] H& vA7]Fel|A] o]Fo X HEl S (cooperative adsorption)
o] F w7 FoloiA FHAIT0] tidds] At webs] e
= 24 L°ﬂ/\11£ Fa&ego] Axslgld &ERF 9 AET
Fego] 948 Wt 0}‘/]‘1} tHIEAL] FHNE &
F& 2] oAl Hhe]

] %%0}04 oA
T2 G821 2|
A2 (pellet) Hefe]
st -4“”‘% F7183=2
7]-/\94 Fdes s 525
2= PSR AET-EER T R
toluene-xylene-MEK 2 toluene-MEK-IPA 3AE-A1E A5}
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2-1. MEiE

B AFoA AREEF A AA| R ik E9RHAC: activate
carbon) 7 FFA1EEEEAG), (F)RHETRL)QL, dEA Edg
2’d-(ACF: activated carbon fiber, mitsubishi)®| 310, 242
AR dE AR 24E Table 10 YERISITE &
A5 27E7] ol ovenol Al 12412 F2F 10°ColA 22
S gaAOIE oA Ao & W7k ARSHITE. 5212 (adsorbate)
E+= toluene-xylene(Samchun, Korea, 99.5%), MEK - [PA(Supelco,
Japan, 99.9%)5 ARSI 0| 7} 3193713155 (VOC: volatile
organic compounds)®] 4 2 3% EFES] /S Table 201
UERNATE. Toluene-xylene-MEK 3/d#-Al= )] AA| Z2413]412]
FARNE =ggellr] ARSIl Sli= i gH]ER] 49 1 33 1 18 wi%
E A838151°H, toluene-xylene-IPA 3/ J7-Al= HJE A 2237 ol
A AR HEH I = 70 1 15 1 15 wi%] FAN &S 48310
BECFEY

g, 1o Rl
HAZ Bl AT G T 29
A

e 918 Akael *E‘fﬁ?z}ﬂ
7 o= AR A 2A, FA5E 71 TG0 ems),

BET surface area Micropore area Micropore volume  Average pore diameter

Adsorbents Adsorbent size (m¥e) (m%e) (cole) (A)

Activated carbon (Shinkwang) 10 mmLx @4 mm (pellet) 1,020 1,061 0.56 22.43
Activated carbon (Handok) 10 mmL*x@4 mm (pellet) 953 932 0.40 18.34
Activated carbon fiber (Mitsubishi) @10 um (tow) 1,058 1,039 0.46 18.64
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Table 2. Physical properties of VOC adsorbates and three components compositions

Molecular weight o1ling point ensity -comp. composition Liquid phase vol% Theoretical molecular
VOCs lecular weight -~ boili i densi 3 iti iquid ph: 1% heoretical molecul
(g/mol) ‘ (°C) (g/em?) wi% (#1)", (#2)" #1)", (#2)" diameter (A)
Toluene 9.1 7 111 0.86 (49)" (48.9)" 6.98
70y (68.3)"
Xylene 106 8 138 0.87 33)"! 32.6)"! 7.28
y
Q) ©)
MEK 72.0 4 80 0.80 18)"1 (18.5)" 6.58
(15)? (15.7)*
IPA 60.1 3 82.4 0.785 ) ) 6.24
(15)* (16.0)*?

#1 : Toluene-Xylene-MEK 3-components
#2 : Toluene-MEK-IPA 3-components

- H::
102l x S0l
Vaporizer
Pre-Heater Dust Filter

Q-
:
o % YOC Micropump
THE Analyzer E -

Data Logger

Fig. 1. Schematic diagram of the adsorption experimental apparatus.

AFAIZH s) 2B 2L bed 20](50 cm)S AT} BAe A0
7 ukE 740]1:}

Fig. 1914 Hi=n 9]— o] Aglof ARgw ST U7 102 em x
0] 60 cm 2~EHQ1H 28 A2 columno] O, AT U
ol =AM 7E AR Eo] AAZEO R bed 257} data loggerl]
o3l SHEUT. FAHC] 2= F-2EA IS UHE] ¢
sto] HeAHE A H?iﬁ} TS AL fES A
a17] f1sto] Adshdel 24zt 2Elgo] AA =, F2E sHtell=
GHA] EFTIAE 7HASP] Qlte] 9tell 4 kw = 7HE7 I A
G ek w3, 7] ARl 25 °C L FAE) $13 2 kw
pre-heater’} X5 3 0 Hdolli= HRE/MHA] AAE ST filter
7F 7R]= it

AHW F713HE(VOCK>- HPLC § J828 ARgse] 5291

SIaL, el 7] frdi-oke] AHRIEA A ERle] dA
< Zo} 40~50 °CE FAAIIHA 718415 JLAIA 7Ede
E FYe719 EFEES itk 7F AdelA e §4 71A1] =
= %—%bﬂ - %ﬂu TS Atsto] Y= F48hHA
57 ot & Ae Wit

*714 %—%ke E|H W (turbo fan)] QIWEIE Ea 24313
—‘%ﬂ% FEHelN Ja‘okﬂ A8t F2AlE 243

£ 2 kg, FAAELAG] AL 100~150 g 281 FA e}

GARERAE 2 elM= %**EM AR AN
9:1 W 7:30% 3to] FAPRe] Tkl o, o]we] bed A

:(o O rr

=0l 50 emEA] AFAIES A Skt A= 1319
%%‘1—‘”— F23A2] 73 023 m¥mine] AL, o)we] 258 50 cms, Al
1.0 selglen, g2k 110~130 °C 7}?,3_@ 72 A=

slo] %ﬂ%ﬂ@ SF 1/10~1/1 0= 430t

e 24, toluene/xylene/MEK-J AEsTi= T "év‘i’- =&
o] A 217 %S 77.66 mUhE FLHA T, olw 2]
Z}7}9] 5% toluene 1,272 ppm, xylene 1,118 ppm, ZF/]J_ MEK
EEAE 1,514 ppm oItk 34 S FA0] Agelw ©ld
A TR SYsH FHsIsEH), o] 5= THC

N

000 ppm ©]ATE Aol 2] THC &4 A3} &% fluctuation
A8 fle= I = ATk ZF AddelM ] voc s
S A3l A THC %2437 (total hydro carbon analyzer, Model-
20), fuel gas ¥-47] 18]al GCE ARESIo] A 2ERklo® =
Asrsl o, A3 HloJE]= data loggeroll ¥8H= sampling rate™ =
At AapgelA 8 = Al vOcs Aelel Axld nt
Auk dA| o] EAder SATHAC tower)ell ] & AAE & o=
HjE=A 313l

o

101

3. du} 3 &

2ol voce] s 9 AR o= A8 Ae- AAlEAg el
A= TR voCrE WiEE]= Flo] ohe} r/]‘ ok ee] o
Al 273 0% viEs Wnk ope} e AlETek 22 vl
24 shghEoe] EghEo] wiEEE= Zlo] i Ho];}_ whEha] B A
oAM= Hl52Hd slgtEo] 28] 9l MEK-toluene-xylene 2!
IPA-MEK -toluene 3’3271l tfgt EVdeta} Sdetid-fo ehrg
27 A58 1
Fig. 2= Uld 10.2 cm, bed 0] 50 cm®] 14Z S2sola] &
*J€k(Shinkwang AC 2 kg)°] MEK-toluene-xylene 3’37l thdt
T (a) B AR O R EE FASA (s Ve 1]
T} Fig. 2Pl & 5= o] 3% tHvAlZ vocrt E4dgtel
F2E Aol @l F&o] 8013t toluene, xylene 35+
£ AAH o ® st AR el Eetkal ol AR Al
A A B S B 7 vk b F3o] golshA] ok
MEK AET= 3= f7|3HEmr 1A vigs=d), o= 43
En) ﬁx@ﬁ"“’ﬂ/ﬂ 2 micro poredll B o F&EA] 3kl
%ﬂ% Zolet, AA] FAelx o] sbal Ak TolA K vkl
o] F&Eo] ofgk nl A shgkEel ofsf AuiiAl Hrh3, 4, 8].
Fig. 2(by= E24%5-S 1251114 Fig. 2(a) 3495 7t voc =
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Fig. 2. MEK-Toluene-Xylene three components adsorption on AC
(Shinkwang AC 2 kg, Q =0.23 m*/min).

W%
= 7ash & 2olch, BE, FAEAL ARl W voc #
S0 MR RRE 7 g glon, Al AL ES o}
T esh wak ohleh b Met go] eHIrko, 10, wWebd] 2
AR ol e A A 5 gl ke o
_]?‘Ei ;g‘zl% —T—RE ]-—L—Z}‘ O}‘oaq- F 2(b)oﬂ —1 dmrhaler/WAC
= Fag] $08 0] AFAE F2 429 A7) mE
loading & FAH3E 3t Zlo)n, v5at o] A 7+& 4= Sieh
R OOy BAAY) AEEES FUEIlsEA date] FA9l
3 & Zlolt

Wad:orba/e — FVOC X dVOC xt (1)
WAC WAC

Froc=VOCY] feeding rate [ml/min]
dype=VOC] density [g/ml]

t= 5221} [min]

\__

Hho g 13t vOC wrlAR 9l 3 EA ol Tt
Aol 0] F2Md s W EEATS Table 3
Table 3° 217 2.0 cm, °] 20 cm®] 2%k 20 g

FEHoA Y] FHY S AT YERY] 2
o} nlwahEaA 2 = A

N90AE HeE 5 9 3

Fig. 29} &
]‘ﬂ Z}}

Table 301141, T ditol] ot 4132 dehe] saba| S MEK 10
g/g%, toluene 26 g/g% 1]l xylene> 34 g/g% FZr&ollA] A%t

o=, 3EA S FHY A9ollis MEK 4 g/g%, toluene
13 g/g% Z12]3L xylene 15 g/g% S2H&olA & AAH o= &

ZSPAA HEA O 31.65 g/g%2] E3FERES LT, vt

A F2Eo] 71 oFst MEKZ} 718 WA wilEEal 1 ok
5O toluene®] HEH M mEA ko 2 FA o] 7 ZHet xylene©]
W EE A E3hE =, MEK S22 Tl % F8 BT} 40%
A% glol] FAER] Keltt. ol F2AdE0l

St toluene-xylene

[o R LN
- &) o5
H\

Table 3. Adsorption capacity of single and three components VOCs for various adsorbents

Adsorbents VOC Adsorption Capacity (Breakthrough, g/g%)  Adsorption Capacity (Saturated, g/g%)
MEK 10 ©6) 10.2 (8.2)
IPA 10 @) 25.8 (20.3)
Shinkwang AC 2 kg Toluene 26 (23) 28.7 (37.7)
Xylene 34 36.0
MEK-Toluene-Xylene 25" 31.7
MEK 13 25.0
IPA 13 27.0
Handok AC 2 kg
Toluene 23 27.7
MEK-Toluene-Xylene 21" 29.7
MEK 16 (14) 25.0 (22.0)
IPA 23 (22) 29.9 (28.3)
ACF 100gor 150 g Toluene 30 (39) 47.0 (53.8)
Xylene 20 320
MEK-Toluene-Xylene 40" 45.0
. MEK 24 (18) 24.6 (18.7)
Shinkwang AC 350 g+ ACF 150 g X
MEK-Toluene-Xylene 32 34.0
Shinkwang AC 900 g + ACF 100g MEK-Toluene-Xylene 30 35.0

*based on the THC(TVOC)
()2.0cm ID x 20 cm H adsorption bed (AC 20 g capa.)
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= o 25E MEKO o3t d3}5AS E1E 5 QISltt.
et digh gAY AAFHES e ds SAE &
o] 7ksstd], 3/3iA1e] g2 Aol M kst MEKYE] &
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(b) adsorption capacity profiles

Fig. 3. MEK-Toluene-Xylene three components adsorption on ACF
(ACF 0.1 kg, Q = 0.23 m*/min).

& 7185 9 B HEEAS AU leS d 5 Sk

Fig. 32 #XJ¥ka’d-f-Mitsubishi ACF 0.1 kg)2] MEK-toluene-
xylene 3/3-All tst F2 T}t (a) 2 S2/d5 profile(b)eth.
Fig. 3(@°lA = 4= o] Bdekiilfie &9 S22 120 8t
of] ¥1#] gk} shah= e 739wt whE APl Al-EARE,
A SR o] SA ) AE vl ek SeAadRT &
Zgete] ARt o =ejA st ARt 2he 4 7 ok B1g
Gre] 3R Faelx gl 2] e felE Y
o] kgt MEKS} F21o] 738t B¢l 57 9] nl5zgh Al elA
HiZE Al ok o] dh A v o] AdrgE ol ¢ Qlrk

delolli= 571% (meso-pore)° L} 713 (macro-pore)=°] $)
olgo] AAsh= MlF F3]2] F&o] w27 wiiEel F24
A 35 Aoy Bt ool FHAZNS AAl s, &

al
IS

Table 4. AC physical properties for reiteration of adsorption/desorption (desorption condition; 110-130 °C hot gas, 0.046 m*/min)

Characteristics Raw-AC 8™ adsorption/desorption (Toluene) 3" adsorption/desorption (MEK-Toluene-Xylene)
BET surface area (m?/g) 1,020 1,020 931

Micropore area (m?/g) 1,061 980 865

Micropore volume (cm?/g) 0.56 0.55 0.51

Average pore diameter (A) 2243 21.47 25.17
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