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Abstract

This work is to study the variations of adsorption characteristics of binary vapor according to packing system of

double-layer bed by fixed bed experiment. Breakthrough curves of single and binary vapor composed of acetone and

benzene on single-layer and double-layer adsorption bed composed of activated carbon (AC) and silica-aluminar (SA)

were compared. Adsorptions of binary vapor on double-layer bed were influenced by the differences of surface area

between adsorbents as well as the polarity difference between adsorbent and adsorbate. The roll-up phenomenon of

acetone vapor was happened by replacement with competing adsorption between acetone vapor and benzene vapor on
AC bed, but it was not happened on SA bed because acetone vapor and benzene vapor had less difference in

affinity with SA bed. The breakthrough times of acetone vapor and benzene vapor on AC/SA double-layer bed were
three times and 1.4 times larger respectively than on SA/AC double-layer bed, the differences of breakthrough times

were relatively larger than the equilibrium adsorption capacities according to packing system of double-layer bed.
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Table 1. Analysis conditions for acetone vapor and benzene
vapor by gas chromatography

GC Donam, DS-6200
Detector FID
Column J&W Scientific, Capillary
Carrier gas N,
Oven temp. 130T
Inject temp. 250C
Detector temp. 200C

Flow rate(N, : Hy : Air) 30:30:300
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Table 2. Characteristics of adsorbents
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Fig. 2. Comparison of breakthrough curves of single vapor
of acetone and benzene on single-layer bed of
silica-aluminar (inlet concentration 200 ppmv, flow
rate 4 ¢ /min, silica-alumina bed 2 g, temperature
257C).
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Fig. 3. Comparison of breakthrough curves of single vapor
of acetone and benzene on single-layer bed of
activated carbon (inlet concentration 200 ppmv,
flow rate 4 ¢ /min, activated carbon bed 2 g,
temperature 25 C).
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Fig. 4. Comparison of breakthrough curves of binary vapor
on single-layer bed of silica-aluminar (acetone
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g, temperature 25C).
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100 ppmv, flow rate 4 ¢ /min, activated carbon bed
2 g, temperature 25 C).



benzene &2 TAH 248 F7]9] S&bof 2|t Ty
2412 H| Lo A= acetone F7]2] roll-up AL &=
o] & 2= 9J]it) o] AL EAJEto| A7 dF ]
o] H]3}| acetone} benzene 24 H W5 SR 50| <=
sith= Aifold, FRHAeF F2FE o] SA4o whE
B3] FAYE Afol(Lee &, 2007b) T ofu2}
Ae)7h-dRuuet BAdeke] A o] Zjolof ofgh
AR = FeE

T

P

3.2, 233 EXE0M SH32 SHYH WE 288
372 ey

o
A0 AP 2 TS 1))

X
=

3ff SASF ACE 4% 253 S25ll4] acetonet
benzene C. 2 JLAE 248 =7]9] oAl 519
o}

I ATE L 25T 2403 5710 i 7}
Z} 100 ppmv 2.2 3}o £7]9] F =7} 200 ppmv S

2 2833tk 92 4 //minl 2 1, 255
;@5—}_ 7}7ko] Thel FaRRO] ORS | go & Blo] 2
5 S50 ol 2 go] HA 248l 25
O 7} Foll A wiE == 2747 5719 SRt o2
5719 FERSE SAsIh 255 74 5o AR
= HEEE 247 5719 e Fig. 1049F o]
GCE AR&sHo] A5k

AYZ(upper layer)O] ACZ0]11 3}(lower layer)©|
SAZ0 2 FLAE 252 TA(AC/SA)9|A] acetone
T} benzene O & ?‘é% 2*3—‘:# Z719] S&k| oJst u}
=541 Fig. 69 mAStolct 1213l 350] SAS
o|1L }Z0] ACZ 0 & LA g 223 THZ(SA/AC)
o]| 4] acetone™} benzene & & JLAE 2A1E =7]9] &
zto]| o5t ufakarAl-& Fig. 70 EA|SkSITh Fig. 60
T A3 v} Z4o] acetoneX} benzene &2 LA = 24]
B 27]= AC/SA 2522] 3}(SA, lower layer) o] 4]
A }:I]E_Z-] i;‘d—o] XLQ;(] OJ-O 7/‘]\,2 X A o]o%x]u}-
“FZ(AC, upper layer)ol A= H] 4] F2Fo] 2 o
T LA RESUERSESE
acetone Z7]9] roll-up A 4H £ 5= 3dch 9]
21 acetone 5717} 8042 o] 7R = S5(SA)OlIA]
Fafo] #2 ofytor} o] AZk o] el T
o JHAC)OE A% 4 277k A%

E

21=] acetone

38 2710 BAHEA Wat 309

Hget Zo)| A benzene 57 19k0] FAg=tof| o)) |8k

=] acetone =7]2] okl Ao 2 ATtE|QIt] Benzene

2713 Bl 3(SA)ol A= 712] F2o] ol 2oiA|) st
Ag AZHAC) A the] F2to] dofit 2E

o1 A0 S 249 A 2l
& 4 qliek
14
12
1.0 £
0.8
.
(@]
0.6 [
04

—&— Acetone(lower)
—O— Benzene(lower)
—A— Acetone(upper)
—@— Benzene(upper)

0 100 200 300 400

Time, min

Fig. 6. Comparison of breakthrough curves of binary vapor
on double-layer bed composed of silica-aluminar
(lower layer 1 g) and activated carbon (upper layer
1 g) (acetone concentrationl00 ppmv, benzene
concentration 100 ppmv, flow rate 4 ¢ /min, total
bed 2 g, temperature 25 C).

Fig. 70| T A]g v}2} ZHo| acetone™} benzene O &
A 248 Z7)= SA/AC 2529] 512(AC, lower
layer)Z} AF2(AC, upper layer)o]4]¢] S2}&4to] 1]
23 FEE Bo|iL 9l11, E3] benzene 57| sk
(AC)} AFB(AC) ol A Ao AR w4l o S E]
£ Ho] £tk Acetone Z7]= 3R2(AC) A= 50
E o]|ZHE roll-up @Afo] dold-& & 4= 91911, A
Z(SA) A= 808 o] THE roll-up FAto] UH Q)
oL & 01041;}

AgeId F4e AL 3

o2 Apolo] ofsf et

2
rlu
ot
i
i)
it
N
riok
i
w=
>



310 ofRl+f - o5 -

roll-up /& TIA7 = A& & 5= A HLee 5,
2006; Lee =, 2007b, 2008a). 2149} .gzﬁuwm
=/gxfolof o o R EAE & uf J5(SA)el
A+ acetone 57]9] roll-up dAFo] §l3l benzene &
719] roll-up FARS: | S&3E 4= Q) O 1L, acetone =7]
9 rollup FAFS BHe1gk 4= Q1gick. o] AAFS Alej}
-2 0y 2(SA)0] acetone =7 E.C} benzene £7]
of Xz} o] Art= A 0= AR E Tk

08

cic,

06

0.4

—&— Acetone(lower)
—O— Benzene(lower)
—A— Acetone(upper)
—@— Benzene(upper)

0.2

0.0

I I 1
0 100 200 300 400

Time, min

Fig. 7. Comparison of breakthrough curves of binary vapor
on double-layer bed composed of activated carbon
(lower layer 1 g) and silica-aluminar (upper layer 1
g) (acetone concentration 100 ppmv, benzene
concentration 100 ppmv, flow rate 4 ¢ /min, total
bed 2 g, temperature 25 C).

Fig. Sl sl
SA/ACE FAE 252
22 16.6% a1, benzene

e Ao et 222
benzene Z7]2] P& ZTA=RL HI%"PEﬂ H15)] acetone
Z719] BRG] iAo g& A Fig. 60
Ao o] AC/SARE 3% 2559 AS(AC)A]
acetone 57]9] roll-up dAro| SA/ACE FAEH 25
Zoll vlsll A o= 27 wfZ o= AR E QT

-7 PAF_HL .

™ o

o]43]

EE Benzene
160 | 3 Acetone

Equilibrium adorption capacity, mg/g

SA/AC

AC/SA

Packing system of double-layer bed
Fig. 8. Comparison of equilibrium adsorption capacities of

acetone and benzene vapors adsorbed on the lower
and upper layer according to packing system.

[\e]
ox
He
IN
N
1o
|

9k ol

o
el
&]2;[1' o
1o

o v E

w5718
Fig. 9°] mfs}aau}. 2448 £79] Z17to] shaialzt
& EF7A 2718 5=(Co) 2] 0.1-Co0l Hi= AR 7]
zom ZA59rL SA/ACE TAE 22204
acetone =719 TFA| 7S 105-0]21 31 benzene 7]
o) THIPAIZEE 50241 ‘?l‘?i AC/SAR T4 255

o)l 4] acetone Z7]2] T}TA| 7S 305-0]9) 1 benzene
Z719) B3pAI7hE 080 2 Lekit). B G2}
+ t=A 250 SNl w2 akabake] A}
o= H|u A =A| eyt of 2] 71A] FA4ollA] W
e A fIEEe] 7] o= wiEEE A
& WIS SI9) 5715 Si4ste] AN Sl
WO R BAA7F ANGE AL Qo). TRt S5
Bi3kab7) el ool A5 e T2
Bo} Bashe] 5220 FAH
Aol mzto] Qs 7-e 27104 %
sill 18 341 20 A

3

={
53
)

"] 'ﬁ 5o 2 o’g_‘l 16H H benzene '6‘7]—‘] Jﬂ?ﬂ.g.zlﬁok
2 1.038u) WolH 11 =& HHo| w2 FFZ 2o
Aloli= v|v]sH3ATt. 7183l acetone 572 THIFAITE



£ 3ul, benzene £710] THIARE: 143 ZojHom
RE2 wfolo] uls] u]aA] Ko7} 2A] perde.

I Acetone
[ Benzene —

60

40 A

Breakthrough time, min

20 4

0 l T

SA/AC AC/SA

Packing system of double-layer bed

Fig. 9. Comparison of breakthrough time of acetone and
benzene vapors according to packing system of
double-layer bed.

2Aje} E270) 4] 2
el V19 S50l £ st ack Saot
oH oF 2ufj9] BlEHHE 7}A| 3L &’171 HH%'_— | 2>
FAAS FAkake] 4ol w2
ol ol e splel ot ogfz,kol aic
AL oF 2= 9)olr},
AC(AF2)/SA(31S), SA/ACRE AT 222 B2
o)l 4] acetonext} benzeneh_i ?—HE] 28 57
éi /\FQOP@] A= oE FRAE HE 2%
Aol o 2*3-‘:# <719 1t
?:_ skoich 2o 2 Y] F
= e R e e A T
=] H A roll-up EAfo] A7]=
o] 4] acetone Z=7|7} benzene 7|
_,]oH X}E}Eloi acetone =719] roll-up
%719} benzene =
i]- 17} o] Z7]9] roll-up @AYO]

rlr 3

N'meJ-s—'

X

Al &
=

11@- EE{' ol

o
o
juit

O

L

g

I
HU EBI' O_L. o{}l'

EJ
rﬁﬁlﬁ

W H ox
TS

mlo
OlN' H

mN i) _l
:_

ﬁﬂl}fﬂl‘lﬂﬁ}ﬂl
Loy
oﬁ;o
£z

mrg

oX
S

r (

bt 32 T
JELHOJ
LL—‘O

r).il ;O

N
2

2248 2710 BAEA Met 311

el
255 259 SR o} acetone 57]2
B 5 2FE0 1,164}, benzene Z7]2] BT 2tk

1.0384)] Zolx 1 ZHuo| wlE B Falekol

ol uju|akeic). 12]al acetone 5712 THbAZE

31}, benzene Z7|2] ThubA| 7S 1.44) ZdojF o H
HFA 2folof w]a) v 2hol7} 27| hertc,

i ¢ rlo

oft

Aol 2

o] Z=ro 20108hd % EAYEwo] #|
S5 A7 Y THPK-2010-099).

e
o
e

O
e

o2t

o2 3

Allen, T., 1990, Particle Size Measurement, 4th ed.,
Champman & Hall, London, 547-628.

Khan, F. I., Ghoshal, A. K., 2000, Removal of volatile
organic compound from polluted air, Journal of
Loss Prevention in the Process Industries, 13,
527-545.

Kim, H. W,, Lee, S. W., Lee, M. G., Cheon, J. K.,
2007a, Variations of equilibrium adsorption
capacities according to type and mixing fraction of
binary mixed gas on activated carbon fixed-bed, J.
Environ. Sci., 16(10), 1197- 1202.

Lee, H. J., Lee, H. K., Park, G. 1., Ro, S. G., Choi, H. S.,
Lee, Y. T., 1999, Adsorption property of water
vapor on the modified natural zeolite, J. Korean
Soc. Environ. Engrs, 21(4), 643-651.

Lee, M. G, Lee, S. W, Lee, S. H., 2006, Comparison of
vapor adsorption characteristics of acetone and
toluene based on polarity in activated carbon
fixed-bed reactor, Korean J. Chem. Eng., 23(5),
773-778.

Lee, S. W., Bae, S. K, Kwon, J. H.,, Na, Y. S., An, C. D.,
Yoon, Y. S., Song, S. K., 2005a, Correlations
between pore structure of activated carbon and
adsorption characteristics of acetone vapor, J.
Korean Soc. Environ. Engrs, 27(6), 620-625.

Lee, S. W., Bae, S. K, Kwon, J. H.,, Na, Y. S., An, C. D.,
Yoon, Y. S., Song, S. K., 2005b, Adsorption
characteristics of toluene vapor according to pore
structure of zeolite SA modified with hydrochloric



312

of 3t - o]

acid, J. Korean Soc. Environ. Engrs, 27(8), 807-
812.

Lee, S. W., Cheon, J. K., Park, H. J., Lee, M. G., 2008a,

Adsorption characteristics of binary vapors among
acetone, MEK, benzene, and toluene, Korean J.
Chem. Eng., 25(5), 1154-1159.

Lee, S. W., Kam, S. K., Lee, M. G., 2007b, Comparison

of breakthrough characteristics for binary vapors
composed of acetone and toluene based on
adsorption intensity in activated carbon fixed-bed
reactor, J. Ind. Eng. Chem., 13(6), 911-916.

Lee, S. W., Park, H. J., Lee, S. H., Lee, M. G., 2008b,

Comparison of adsorption characteristics according
to polarity difference of acetone vapor and toluene

C A - o148

vapor on silica-aluminar fixed-bed reactor, J. Ind.
Eng. Chem., 13, 10-17.

Lee, S. W, Na, Y. S., An, C. D, Lee, M. G,, 2011a,
Comparison of adsorption characteristics on
zeolite 13X and silica-aluminar, J. Environ. Sci.,
20(6), 729-736.

Lee, S. W, Na, Y. S., An, C. D., Lee, M. G., 2011b,
Adsorption Characteristics of water vapor on
zeolite, J. Environ. Sci., 20(5), 667-672.

Lim, J. K, Lee, S. W., Kam, S. K., Lee, D. W., Lee, M.
G., 2005c, Adsorption characteristics of toluene
vapor in fixed-bed activated carbon column, J.
Environ. Sci., 14(1), 61-69.

Micromeritics, 1997, ASAP 2010 Manual.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


