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Comparisons of Adsorption-Desorption Characteristics of Major 10
Kinds Components Consisting of Gasoline Vapor

Song—Woo Lee, Young—Soo Na”, Min—Gyu Lee’

Department of Chemical Engineering., Pukyong National University, Busan 608-739, Korea
D Segye Chem. Co., Led., R & D Center, Kyungnam, 626-120, Korea

Abstract

Adsorption and desorption characteristics of the representative 10 kinds components consisting of gasoline vapor on
activated carbon were investigated at the temperature range of -30°C ~25C. The breakthrough curves of each vapors
obtained by the Thomas model were well described the breakthrough experimental results of this study. The
breakthrough times of each vapors were correlated with the molecular weight, density, and vapor pressure. The
breakthrough times had greater correlation with boiling point than molecular weight and density. The slope of the
breakthrough curve was a proportional relationship with the rate constant (k) of Thomas model expression. The higher
the slope of the breakthrough curve, the rate constant was larger. The biggest slope vapor had the smallest adsorption
capacity (q.). Adsorption and desorption characteristics of mixed vapor similar to the gasoline vapor were studied at
room temperature (25°C). The mixed vapor consisting of 9 components; group A (pentane, hexene, hexane), group B
(benzene, toluene), group C (octane, ethylbenzene, xylene, nonane) was examined. Group A was not nearly adsorbed
because of substitution by group C, and the desorption capacity of group A was smaller than group C. The adsorbed
substances were confirmed to be Group C.
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benzene, ethylbenzene, toluene, 12|31 xylene®|H, o]
EASE 1ol S22 Bk ofu2t 2E(ozone) A4
o] A=z deA qlei(Shie 5, 2003), th7]= 1
S5= VOCsE AlASH | 913t W& A7 3=l
tHChue 5, 2004; Khan¥} Ghoshal, 2000). VOCsE- 3]
e BRI Qo R FARY, 8RB, 1
27 85340 olFolA Gt ALl 35 3
Tk Zlo] E4olthLee 5, 2013). 124 VOCsE
slshis 7o) jREL R Aol SaEl,
A0 9] g-ehztol] et A= el BT A%
of.

Shie £{(2003)0] &% 27.3Col|A] F-A3]HLGo] &
A 57 AAES AR Aol ok, etelea A
H2 propane(CsHs), butane(CsHip), pentane(CsHi,),
benzene(CsHg), hexene(CgH2), hexane(CsHi4), toluene
(CsHs), heptane(C;Hie), ethylbenzene(CsHio), xylene
(CsHyo), octane(CsHis), ~12] 31 nonane(CoHa)0] 11, ©]
T TS Ci~Ceol8lem UmMAl= HO, Ny, 21
2T 0.2 Blolth. E £57] Fo] Feseao]
LT 11.29 vol%©| 1L, S E(H0)= 2.33 vol%, A
68.23 vol%, A4~ 18.13 vol %0 gltkal 31Tt

olo} o] f57] Foll= B F72 VOCrt =3t
Ho] ol E6lal 571 4] Sl A
25 VOC9] tE-E o] BTX(benzene, toluene, xylene)
3 Eo] tE]o] Qlil(Lee 5, 2006a; Lee 5, 2007),

olF A9 tho] Ao Aol ol AAHE Ao
2 9o LEglolA ekt S AMg R AT
o}z Hz5) AAJo|tLee &, 2012a, 2012b; Popescu
= 2003; San Miguel 5, 2001). T3+ 05 o17-0] T
B 171 L 27kA 4R BRI AgT Ao
cheet F2PE o) thgh A Blaef] gt At A
o} ol 3k

wheb 8 A R AL 8 Rl i
= a7l 2= Sl ARl 10714 571

(pentane, benzene, hexene, hexane, toluene, heptane,

)

ethylbenzene, xylene, octane, nonane)& S22 z17}
AFga10] 30~25C Afo]e] H]H YL LEslol
O] FAEAS aslo] AR og e 2o 9
BREAS H|WSFH o1, TS 94 E pentane, benzene,
hexene, hexane, toluene, ethylbenzene, xylene, octane,
nonane)& E7t S5V |5 Aol FERA O &
A vl stk

2. Mz & Hiy

21, M3 m=

TAA= WestvacorHU.S.A)ollA] Ax3t =717}
12~16 mesh?] wk& SHATEHWVA-1100)2 AME3}
A} T2 f5710] ek Q] AR 1071
%1 pentane(CsHiz), benzene(CsH), hexene(CeHio), hexane
(CeHu4), toluene(C7Hs), heptane(C7Hiq), ethylbenzene

Table 1. Characteristics of major 10 kinds components of gasoline vapors

No. Component Molectgl/l;a;o\;/eight, p]?)(i)rilii,n% Vapor pr;;:;z at 20, Density, g/ml  Purity, %  Maker
1 Pentane (CsH,») 72.15 36.1 442 0.626 99 Kanto
2 Benzene (CsHs) 78.11 80.1 79.4 0.878 99.5  lunsei
3 Hexene (CsHi2) 84 60-66 143.75 0.678 97 Acros
4 Hexane (CgH4) 86 69 127 0.626 95 Samchun
5 Toluene (C7Hg) 92.14 110.6 23.2 0.867 99.5 Junsei
6 Heptane (C7Hie) 100.21 98.42 374 0.684 99 Kanto
7 Ethylbenzene (CsHio) 106.16 136 8 0.867 99.8 Samchun
8  Xylene (CsHio) 106.16 138-144 7 0.871 98 Junsei
9 Octane (CgHisg) 114.23 125.52 10.7 0.703 97 Samchun
10 Nonane (CoHz0) 1282 151 4.05 0.718 99 Acros
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Fig. 1. Schematic diagram of experimental apparatus (D air pump, & flow meter, 3 silica gel tube, &

activated carbon tube, & flow meter,

® syringe pump, (@ mixing chamber, &

adsorption-desorption column, @) refrigerator, {& GC).

(CsHio), xylene(CsHio), octane(CsHis), 2] 31 nonane
(CoHa0)& ARE3L o, ol 59 &3] 5479t A=
A= Table 13} 72t}

th el Ao Z7]1= Z2]o] Air pump(Young Nam
Yasunaga Co., Ltd. LP-40A)2 35%= -85F 2 L/min
o B/l 9UskHA ARA] HECole Parmer
International, U.S.A. p-74901-10)2 oHA}Q] HEO- o
At Siem FohH 7|SAA ARlol a3t SVl
= 1,000 ppmvE Az SR SV T
it 21710 5718 =7 500 ppmv 7t = A] Al A4
O] ERtols AHA] Pazof Y TR S0 2
o g 295715 Alxste] ARSI E 5
7] by-pass line©. 2 E3A|7|HA] 3t Z$7]9] =
7HARA 0 £5% oW 2 FA1E o AL = FatAl
7|4 SRS sslnh 2R 2R
SO A=l 715 2 Umin®] 22 4417 &
A571= ZobE A= FRHEES ERM|AL, &
oA F25719] FeE ST ERAES

J..

el

4

.

2.3 58=E4

BET W|®H=47](Micromeritics, AUTOSORB-1)
2 Agsio] AR A Bee] 1EEAS T
Holsich. 24 BATe] B4R HlERHBET
specific surface area) 1,760 m’/g, ZA-3-5-1](Total pore
volume) 1.508 cm’/g, SBHAE5-2]7(Average pore size
diameter) 34.28 Ao]Qit}. ZF Z=7]9] &%= FID(Flame
Ionization Detector)@} Auto sampler(sampling loop -&
=¥, 0.5 ml)7} AH2HE gas chromatography(Donam, DS-
6200)5 ARESI] 5715 s 97 (M= BASI9]
t}. Gas chromatography 2] 242 74-2 Table 22} 7}
2] S0l 5 SV (0O)7F 2Rt A+
o] 1 718 =(Co)et 719 22 FHC/Co=1)0]
HolE HE F2FE R ekl SAE S TR
shsict.

3. Zn 9 mE

3.1, 2E(-30~25C)0ll 2 1057 57Ie] B
H|m

5718 TABHE tEA 10557 5715 242} 4}

85t0] 3712 SHLE] ME B SHAEHS 3
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Zstolet Fig. 19 914:4) 145 S2PAI S ALE310]
= 1,000 ppmv, 27|54 2 L/min, 24
Here2 g 20 SRS AL

25 25 CollA s o] Aik= Fig 29, &%
0CollA 2] whabd @A ah= Fig. 3of Yehfglor, &
i 30TolAe] Tigle] Ak Fig 4ol Uelel
o 34 ETEES §UF UTEER
(CICo)& F&ARTol whet TAsto] ahrfapile A%l
T, £ 25°C, 0°C, 123 30 TolA] AL s Ale)
ZA1E Thomas model(Thomas, 1944)0] thUske] H]
MBI E 75 Thomas S=AK)2) 2N 52}
£5Hqe)S Table 30]] UEFHRITE. Thomas model-2> 31
BTS2 5 silsketl del AR EE Y

4] 0] shtaa theal Zo] EATTh

c 1 |
C, 1+exp(kq X/ Q—kCit) M

[

o7]A, C= frEsE(mg/l), Co= U5 =(mg/L),
t= SZFA|7Hmin), ki= Thomas <%=A(mL/min'mg),
g 28 (mg/g), Q= 3 (ml/min), X& &
217 Hg)eleh

Fig. 2~ 404 ®0] 2t7}e] LxolA] 4t 7}
AT 2R A(1)& A8 ate] Pk A 2 9%
3}Fo 2 Thomas model-2 &&= Q] -30~25C oA &
Qo] TS 2 RAHE Ao pekEg,
Fig. 2041 5 2.2 25 ol 1055 271] sabA]
THE7EE0] 10%)2 35~100 min H<jo] 91glom
sfnle] A GEMAE PR 4 ST 1HAk
pentane, 2EHA|+= hexane, 3TH4|+= hexene, benzene, ~1
2] heptane, 4AR= octane, STHA|= toluene, ethylbenzene,
12|11 nonane, 6THA]+= xylene & &2 LERGTE STHA| 9]

Table 2. Analysis conditions for vapors by gas chromatography

toluene, ethylbenzene, ~12] 1 nonane 2] T}A| 7S 2}
ol Tusl] Y5 YR HJolr} Ae] gich 2w
25Tl SRS St At mapalzio] Al 2
2 pentane-2 35 min%1d| heptane-2 50 min, toluene->
80 min, 71237 A 71 xylene2> 100 min .2, xylene
Sﬂ TR 7HS pentane©]] B3] F 2.8u X}°]7]' U= A
2 ¢ 4 gk AR o7 BExlgfo] & ARALE
__L]—J_]—/\]Z_]_—O] 2171 ZAeFE wo o of I~ ol‘i’i , Zt
719 3] 271 Tuble 19] ek o 40
EAR, Wi, T8 Al 571910 A7]o Al QL
t}. Table 1o]4 10 F7F 5719 57199 3715
pentane, pexene, pexane, penzene, heptane, toluene,

d

octane, ethylbenzene, xylene, “L2] ! nonane <A 2 L
ettt TRpARES] Sl BAYE U HoR
3= (boiling point)zke] Atolof] AiAP} e 2 21
© & FehE]Qde). Lee 5(2008)-2 Acetone, MEK, benzene,
18] 11 tolueneS 222 A3 SHAJER S2}ei L)
A BB ekl S22 0] Balek —‘?‘—Z}E{J] 1,
LA, 83 27)9kke) Akl S st ATy, 3
Sl Ao BatH 7], e, Te|al 279
o] AAAG*)7}0.98 o o] AUTAE Bylrkal 5}
o

5 25T 2] sapAIRol A 7+ 2o mlajalzo]
5 ST (0] Worde = 4= AL, oA
Zto] 714 71 xyleneo] 7F4 2 SRS LGl
o, A1) 718719t Sk ghS vlelA
DAk A 718717t B8 LA Zho] 2

31 71717} 7P £ pentane 2] 790l 714 A& Zdj
FAF (@2 UERNILE ES k gro] 7MY 22
xylene®] 7ol 713 2 718719k 14 e Hoh
2HF (qe)2 Er). o33t 23l E5) k gho] 242
Aol wre] FHElo] w4l 747

_JLXI o ]

GC Donam DS-6200
Detector FID (Flame Ionization Detector)
Oven temperature 100°C
Injector temperature 250C
Detector temperature 200°C
Flow rate (N2:H,:Air), mL/min 30:30:300
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Fig. 3014 5 2.5 0T oA 1055 27]9] 5}H4]
HEZ715E9] 10%)2 40~ 180 min HY o] ¢l o
1}a1}e] £=A4+=pentane, hexene, hexane, benzene, heptane,
octane, toluene, nonane, xylene, “12] 11 ethylbenzene
o] A% UERT. Fig. 221 25 ColA ek ah}azh

O] A Hl A R = ATk 25 0 ToflA

0.8
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Hexane
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0.2 4

4Qprpoeump>aOO
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Fig. 2. Comparisons of breakthrough curves on activated carbon
of 10 kinds vapors; pentane, benzene, hexene, hexane,
toluene, heptane, ethylbenzene, xylene, octane, and
nonane at 25°C (vapor concentration, 1,000 ppmv; air

flow rate, 2 L/min; activated carbon, 2 g).
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Hexene
Hexane
Toluene
Heptane
Ethybenzene
Xylene
Octane
Nonane

cIc,

4rpoemD>a0CO

T
300

Time, min

Fig. 3. Comparisons of breakthrough curves on activated
carbon of 10 kinds vapors; pentane, benzene, hexene,
hexane, toluene, heptane, ethylbenzene, xylene,
octane, and nonane at 0°C (vapor concentration, 1,000
ppmv; air flow rate, 2 L/min; activated carbon, 2 g).
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Fig. 4. Comparisons of breakthrough curves on activated carbon
of 10 kinds vapors; pentane, benzene, hexene, hexane,
toluene, heptane, ethylbenzene, xylene, octane, and
nonane at -30°C (vapor concentration, 1,000 ppmv; air
flow rate, 2 L/min; activated carbon, 2 g).

TS 3et 2E B aafagto] Al AR
pentane> 40 minQl Zlof| H|3}| heptane> 95 min,
toluene-2 130 min, A|¥ 71 ethylbenzene-2 180 min .
2, ethylbenzene®] A7 pentaneo]| B3} 2F 4.5
i 2o|7} Q= 2 & 4= UTh ERE 2= 0°C oA

1= 25°Co]| uja shRAIzto] LT A B9l
oF 220 A 7 AL o 4= Ak 7+ E719) B

XK= 2 T R
Al 25 25 CTo Bl ATE Bk 2= 0T
M= HEAkeE HhE2E () S4S =%
25C oMot -2 73RS KAl

2 30 CoflA Adofl AESE 2+ 5719 S55%=
= Table 43} Z+© 1, ethylbenzene, xylene, octane, L
2]31 nonane -2 -30C oA 1,000 ppmve] 57|
=7} qkgo] A7) b ] o] WlistA] i o]
& Table 10 Q1= %710] B417] #jo] wjole} wiele)
ek, HAfo] 7|52 2710] vla 571%o] 4
sjol 2713} E)7) of217] hizo] Ao ® n8A B
A2 AiAF =4 vl 1L 5 =0] TV w7 oY
2t} Fig. 494 2 2% -30 C oA 1057 5719
TRAZHER7 |5 5=2] 10%)2 60 ~260 min 1ol 213
6 3}3}9] =A]+= pentane, hexene, hexane, heptane,
benzene, 12|31 toluened] A2 UERGTE &% - 30
Col A T gS et Arkg W sjahA ol
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Table 3. Comparisons of Thomas model parameters according to adsorption temperature

o Vapor -30C 0T 25C
k Qe k Qe k Qe
1 Pentane 0.0482 107149 0.1205 59821 0.308 44724
2 Benzene 0.0353 215516 0.1186 112574 0.125 69835
3 Hexene 0.0616 142285 0.1006 80550 0.144 66075
4 Hexane 0.0753 138137 0.1059 84899 0.174 56687
5 Toluene 0.0263 353259 0.0493 182261 0.081 110011
6 Heptane 0.0407 177498 0.0926 117922 0.094 82324
7 Ethylbenzene - - 0.0614 219051 0.034 148564
8 Xylene - - 0.0532 221052 0.041 159388
9 Octane - - 0.0677 134945 0.063 99810
10 Nonane - - 0.0289 217882 0.052 119275
Table 4. Comparisons of condensation concentrations of 10 O] &A= 2% 25T 0T Q) A9 Hlse A& H
kinds vapors at -30C o
No Vapors Condensation concentration, a0 BSIE7|ol ®AF 0l BHEH EA
ppmv L, EES/I1H 85 x 25 5o
1 Pentane (CsHi2) 77,000 oA viEEs AR §571 oY dwe]
2 Benzene (C¢Hg) 4,000 Slrart 23k Aeo|lBE AR fF7 VeIt fAF
3 Hexene (CeH) 18,000 3 TSNS ARSI AR(25T)ollM e FEAE
4 Hexane (CeHus) 8,900 & 1Ekstelt
5 Toluene (C;Hs) 1,300 531271 944521 pentane, benzene, hexene, hexane,
6 Heptane (C7Hq) 3,000 toluene, ethylbenzene, xylene, octane, ~12]31 nonane
7 Bthylbenzene (CsHio) 215 = 717} e3teto] 2Rk |E AlEsHeinh =% 25
8 Xylene (CsHi) 200 *1 7} F7)s%e 500 ppmv R 2Este] 2Rtslal,
9 Octane (CsHis) 665 3714+ 2 L/min, 2/J%F 2 g5 AR AP OR
10 Nonane (CsHa) 90 Fig. 1—4 AEYRNE ARESE T2 W HERA S =35}
o] FAHE/dE Fig. 5o 925402 Fig. 6°] H]us}o]
A|Y 2k pentane> 60 minQlH]| H]3} heptane> 110 HEPIRAE ARl ARt 295719 S EHSAE
min, toluene®- 260 mino]2lch o] Aol Zko. ATIE(pentane, hexene, hexane), BZI55(benzene, toluene),

pentane-2 25 C 4] 0°C L} -30 C71A] 9] =r3}o]| w)
2} ZHAZFO] 35 minof|A4] 40 min, 60 min O 2 Z7}5
o] Z7FeJRto]7} vl LA AQEARE, vl EAjgFo]
toluene-- 25 Col|A] 0°C L} -30°C71X] 2] 2= 3o]| u}
2} 774 7Fo] 80 minof|A] 130 min, 260 min©.& Z7}
o] Z7}9] 2jo|7} HlwA Ak L% 30T A1) ut
A k= 2= 25T 0°Coll vls) Zafalgto] 4
L mRpAzRe] WM 71 RS & 4= lSich kAt

CZ13&{octane, ethylbenzene, xylene, nonane), 3152

:ruzl-al- 2~ O]Sdr’]‘ Flg 5'4 Eji‘]_:_‘k]o E’i ‘aJi']'
27158 g2l 28l AlY *s AEe] S0
A roll up BA}o] LolLbaL, 1 theolis BIgS| 27
oA roll up &Ae] doffom, mx|fo R ClE 5
719] roll up dAYo] AojLhHA] E2lw|= FARS H 5=

S19ith. TebA 95710} o] ofe) Aro PE &
5712 A9 A Bl FeH BEE R
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—4&— Ethyl benzene
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—#— Nonane
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cic,
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0.0 T T T T

100 150 200

Time, min
Fig. 5. Comparisons of adsorption curves of 9 kinds vapors
included in the mixed vapor on activated carbon at 2
5C (each vapor concentration, 500 ppmv; air flow

rate, 2 L/min; activated carbon, 2 g).

o] C1EY EHUS
o] A2 A, BI1g0 B4 g3 27| HE Cag &
3} 7BAgE oA X2k o] SRbE| A stk of 4]
roll up @4 H Gl o, &2 ofqto] J2HE A o7 7t
TE|QITh Fig. 69 9AEALS B, ATlE 3719
Zo] WA mREe]E|al 71 v BIE 57], 123 C2L
537 AR o] nielE S B 5 QUSITh ATE
7= AATRIA i e DTt z1steo]
A3 FApFo] & CLF 57100 A|$k=|o]
w]7] ot BalRko] A3
2 o] C1F 57191 24e ER1E 4= Mk

A9k a0 2 Aje

Sz}

4. 2E

o7& 9ok A 10557 718 42 A
3lo] 25 -30C ~25 CollA L5t S2E4S 1%
shSict. mahaldl o] AikE Thomas modelof| t¢lsto]
T3 kAl e 2 30T ~25CoflA] & o] 1}
AT ATE & HARSIGITE 7F 5719] oAzt 27
£ 7 BA0 AR, Wi, i 5710 A
7} dglom, SAIRES Bk W Boh FeF
(boiling point) ¥} A7} o Zick w41 9] 7%
7]2} Thomas model 4] 9] &AM (k) ZH-2 vl 2A o
Uglon, FaatAe] 71877 S8 S Lol
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—&— Pentane
—O— Hexene
—A— Hexane
—A— Benzene
—&— Toluene
—O— Octane

—4&— Ethyl benzene
—O— Xylene
—%— Nonane

0.8 11\

CIC

0.4 -

0.2

0.0 ®

Time, min
Fig. 6. Comparisons of desorption curves of 9 kinds vapors
included in the mixed vapor from activated carbon at
257 (each vapor concentration, 500 ppmv; air flow
rate, 2 L/min; activated carbon, 2 g).

AL, 71&71E 7V 2 AdEol 71
e ATk AA 5571 delet Akt
Bt H225C)olM 9] SEREALS
B6127]= 94 5.0 2 AT1E(pentane, hexene, hexane),
B3 (benzene, toluene), CZ155{octane, ethylbenzene,
Xylene, nonane), 37150 = ~LEsto] a12RE 7o 4
dhom Bxjego] A& A, BIEC) BAE F7 27)
R o] Baah ATl gkEo] ke n
kAol A] roll up A4S Bt ATF F71= 7
AEEol|A i o' Sdetat Hsteo] 3 B}
Fo| & C1F 5710l Z|gh=]o] F&to] A9 E|x] ¢o}

[o

i . -
galefo] A58 42 991, SaE B2 fiitio]
CIE 5719 A& Elst 4= et
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