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Abstract
sources located near a residential area. Especially, a high concentration of VOCs is emitted during a dry cleaning process in the

Volatile organic compounds (VOCs) are emitted from various sources. Laundry facilities are one of the emission

laundry facility. An adsorption method has been used for the removal of VOCs from an exhaust gas. Although a carbonaceous
adsorbent has been used for VOCs removal, it has a risk of fire and explosion. In this study, non-carbon adsorbents such as
mesoporous silica (MCM-41, SBA-15 and KIT-6), activated alumina and aluminum silicate were tested for the adsorption of VOCs
from the organic solvent used in the dry cleaning process. A fixed-bed reactor system was used for the adsorption tests at 30°C.
The inlet concentration of the solvent vapor was 2,000 ppm (+ 10%). For some tests, 0.8% water vapor was also injected to
investigate the effect of water vapor on the adsorption capacity and the desorption efficiency of the adsorbent. Desorption tests
were conducted by injecting fresh air at 30°C after the adsorption tests. Activated alumina was found to be a regenerable
adsorbent. Although activated alumina also showed a high adsorption capacity without the injection of water vapor, it showed a
significant decrease in the adsorption capacity with the injection of water vapor. MCM-41, SBA-15 and KIT-6 showed lower
desorption efficiencies than activated alumina. Considering the high costs of MCM-41, SBA-15 and KIT-6, those adsorbents may
not be applicable the removal of VOCs from the dry cleaning process.
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1.4 = VOCs®] A HiET- 1,024,029 ton @ 2 AJAHEA,
LAY 0] 0 A9l SRty Al SofA] HjE
7131z (volatile organic compounds,  ETH(KOSIS, 2020). ©] & 7]-8A] AR&ol Jgt
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A Ad5h= 7B o]t} (Jeon and Jeon, 2018; Kim and
Yoo, 2017; Son et al., 2006; Kim et al., 2001). &35 &
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(Lee, 2020; Jeong, 2003). AIEHE2] A% Z7]9f <F
2,000 ppm, 4,800 ppm®] &2 VOCs F=7F S =3
25 Hg AT AIEE ot (Lee et al., 2019; Lee
and Moon, 2009). &~7F 5 A[EFA] oA s EE o] Jf

2141/ glo] vOCs7t th7] 22 &5 o] (Kim and
Yoo, 2017) ti7] e d= s, k=, "7 =Rt
27t 59 VOCsE 2E44453 (photochemical
ozone creation potential, POCP)¥} f3tE|o] glo] of
7] & B3-S Foll @& A4 7HsAdol Stk
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o2 ARRE 4 Q= 0] 5 SBA-15 (Santa
Barbara Amorphous-15), MCM-41 (Mobil Composi-
tion of Matter No. 41)> &F<l°ll gt 2 7Fa/d=
BojFglon, SBA-159] ¢ W 2o A= 2zt
o] g5ko] ZFAITE VOCs Al A B-&4Q1 &A=

Slth(Zhang et al., 2012). SBA-15= &
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AtH(Dou et al., 2011;
Kosuge et al., 2007; Vinh—Thang et al., 2005).

VOCs &2to]| tfgt =i ¢] A+ BTEX (benzene,
toluene, ethylbenzene, xylene), methyl ethyl ketone,
isopropyl alcohol F4].0.2 To| o]Fojxtt, HhHo,
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Table 1. Physical properties of adsorbents.

Specific area Mesopore volume Micropore volume
Adsorbent (m%g) (cm¥/g) (cm/g) Type
M MCM-41 889 0.557 0.073
esgl’lf‘c";"“s SBA-15 484 0306 0.100 Bead
KIT-6 677 0.629 0.120
Activated alumina 226 0.335 0.021 Ball
Aluminum silicate 503 0.170 0.094 (4~8 mesh)
. Granular
Activated carbon 1073 0.039 0.406 (4% 8 mesh)
Mass Flow
Controllers
(MFC)
-
T il
ﬂ
Air Water bath
i o0
Yo g Eﬂ Mechanical convection drying oven Gas chromatography (GC)
VOCs generation
Fig. 1. Schematic of the TVOCs adsorption and desorption test system.
ARESEEE o] AEHAlE ZIAARrtE Teju]- A AEREAIZE EX1 iAot o] @xl A7t EetAa
A7) E ol-gate] B4 A} IRt 36%, Lt 27%, & 30°CY] =R {AEE 2o ZHE XA FH
2HIXF 23%, ST 11%, EUIXF 3%2] £ vOCs 24 AlEREAIZE EX1 fuA WiFol 3715 FUste] Al
2 7450] 9k ZloR ehgons B Re =44 3718 WAL, Bol T A7t Sefad
e AE-8A19] 5715 TVOCs (total volatile organic W]l 3715 FUsto] #5715 TAYAZ . F2HA
compounds) 2 E AT = 1.25cm 37 0] 145 ¥H37] YiFof| Y8 5 30°C
o] 27 AATE 327 (VS-4028D, Vision Scientfic
2.2 M8 x| Co,. Itd)oll A ZTE F2F B= g2h2 A 5 AlE
S22 A AAE I8 130 Eoh A= Al 8A S 855 AE WAISH] fldl 30°C 25
a4 57 4 37 Y FE 135 & FE, 2 HEE (teflon tubing)S 7FE H|O| I (heat tape)

Z|H| A 2rE T2 1] (YL6500 GC, Youngin Chromass, 2 IFeE AU Z7] = VOCs 5= A5
Korea)E ©]-83t HiEsk 54 FEo2 A=t W 235 A (A 2017-112)°] AUis71E &
FA 719 fe AR 247] (5850, Brooks A MA@ 715 (Korea Ministry of Environment, 2017)°]|
Instrument, USA)E ©]-&cto] AWstA 2Asigirt.  wet HlEs7]9] sev S0 2Histe] 245}
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Aot HiES71E 2% o2t HE717F A2 1A
AgutE IS ARgote] 24613, GC 2
(YL-5, Youngin Chromass, Korea)-2 30 m X0.32
mm X 0.25 um X702 ARESIATE FAT 2 9
A&7, QB9 25 77} 200, 250, 230°CE 475}

—
g8 AT, U3

H
o] & 4t dEuE ,%}*30 Fojuf, RS 05
Ado] AFLsIYcE TAE ey = 30°Cc2] L)
o FAAA AH-E st} F 55 150 mL/min

ZollA1 70 mL/ming AE-8AI7F &7 A W7o
Fdstod, e84 57121 57} 2,000 ppm (£ 10%)
o] Bl & Fstict Ax7tA 24 = 80 mL/
min®] AXF7E FUSHAL, &
50 mL/min®] AZE7]S FYst, 30 mL/min% %
o] @11 A7t EetAad Yiie) 3715 FUste] 5
715 WA 27t 2 2 k=
°oF 0.8%0]H, JhEFTE 2= 20%7F Frt. 52 Ao
A12FeE7] 7ol 2] 244l (bypass line) & & F¢J5}o],
AlErE719] FU% =7} 2,000 ppm (£10%)°] B2 8
sttt &2 A Soll= FY 2% 30°CollA] 150
mL/min®] AZX-F7|9HE Fdste] AEgA] 5719
22k& Zegstalnk. ZF &0l diste] S22 A9

=N | RER=tm B = =

=

Table 2. Summary of experimental conditions.

Condition
Item

Adsorption Desorption
Concentration of 2,000 ppm _
dry cleaning solvent vapor (£10%)
Concentration of 0,0.8% _
water vapor
Air flow rate 150 mL/min 150 mL/min
Temperature 30°C 30°C

2 1314 gstglon, F292 S A7 = HilE
EJ% TIAL 1A A R0rE D E S ARgste] 28 7

Ao g Z7stgieh A 2742 & 20 Yeh ek

=]
&= 3t
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Fig. 2. Outlet TVOCs concentrations from the adsorption and desorption tests of MCM-41, SBA-15 and KIT-6 at a dry condition.
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Fig. 3. Outlet TVOCs concentrations from the adsorption and desorption tests of activated alumina, aluminum silicate and

activated carbon at a dry condition.
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Fig. 4. Outlet TVOCs concentrations from the adsorption and desorption tests of MCM-41 at dry and wet conditions.
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Fig. 5. Outlet TVOCs concentrations from the adsorption and desorption tests of SBA-15 at dry and wet conditions.

o] MCM-419]

B EAALA

ER =40

1—
L.

[e]
& 7k

717} 4l slo] e

Az
~— [e)

t}. BhHol| 17 59] SBA-15

F T} (Seo, 2009).

lo{m
Tod
i

o
o

2y

3.2.2

et 19 69
nhlr} 23 we] oju
229 UEholch et &

A e, 7

s

X HM37HM1=

3



B

MIEFAI 01| A HY

- Adsorption *_j [——‘ Desorption

© 2000 ppm solvent + 0.8% H,0

@ 2000 ppm solvent

2000

1600
1200

400

{wdd) uogenuaauoa SHOAL IBRINO

60

40

20

40

20

Time (min)

Fig. 6. Outlet TVOCs concentrations from the adsorption and desorption tests of KIT-6 at dry and wet conditions.
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Fig. 7. Outlet TVOCs concentrations from the adsorption and desorption tests of activated alumina at dry and wet conditions.
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Fig. 8. Outlet TVOCs concentrations from the adsorption and desorption tests of aluminum silicate at dry and wet conditions.
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Fig. 9. Outlet TVOCs concentrations from the adsorption and desorption tests of activated carbon at dry and wet conditions.

che o 2 vehe Lot AT SRS 2 AH A U] Zjo]
gobd] eokonE Aol GAHETe BA LRnlUe
3.3 B3 Y YxES HF AFulEo] 7H e o 5 glck whde] 8
Az 277 &g AN G2 AY ANE  ATL T2 SAASHTL LS §HEAS HolX
HlEo 2 7t SAR|Y GG (et THEE %) T 2710] FHago] h A ehith waa g
< Aot 29 108 A% 24N 2 ZAAS o gloiAl SBA-159H B4 LRt D53 B
SA8%I SR LS LTk MCMA4L KIT6,  Uhebdeh, vhelo] SA5he 2 ago] nj$- wobx]
B4 g, A GREe] AR B B8 B AU go] SHLEet FAT LEelA 3] F
oS Ueglch Tel Ax 2AC B d2n]  ES B AR A ok Ao ek

Q‘E
H
=}
N

ol
oY
eI
B
Ral
=

w

~

i
=

fol



MIEFAIZ0 M HiE = 22

0%
30
)
Tot
ol
THo
>
N
T
d0
rol
=
il
B>
0x
o
]
>
Okl
N

1 100
g 03 B0 ¥
g 0.6 60 %
% 04 40 ._o‘
S 5
g o2 0 8

3BA-15 KIT-6 Activated Aluminum  Activated
alumina silicate carbon

m Adsorption capacity EIDesorption efficiency

Fig. 10. Adsorption capacity and desorption efficiency of the adsorbents at a dry condition.
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Fig. 11. Adsorption capacity and desorption efficiency of the adsorbents at a wet condition.

P &8 27N B ROl AL Eu] 02 Qlsjel FAEFE AT HREES 2715t
wol 2 A9 AIZE Wof] Zto] S SRl 5 A3E o ¢ JUth ey S 204 At aEo]
AN, I9 119] FHEFE FHAAE oA B2 60% AER H2 $F2 oYUt MCMA412 5
& UEiler meba] £57] o s QI 32t 7] 791 Al SR 2t as BT A4S
& Aart 4 gFojuet 4t RulgolA 7P SBA-152 5718 FUSt E S-S H|S5ke
A etk 58 27014 SRS SAEF o 9REEL gaskin
ez dsto] BT FAaeo] A1 17 vt
A, A A et o] 457] F9log 9}
of S| 7] FFRE&S dasiilth 23 as 4.2 8
of olA= ofHs] B4 dFRUrt 7Y =2 WS
Heloh whebA 84 dF0vs= 57 FYe 2l AEA Ao A BlE == TVOCs B2 thaf H]gr4A
A AAY A Ao, w2 g aeS o A A MCM-41, SBA-15, KIT-6, &/ &F0|L,
As] fAISkE Ao ® Uestth 18 109} 115 54 it EFrE 24 AsS AR Hx 24
o] H|ISHH, KIT-68t TAF dFujES 37 4 M= E&-45Fo] aluminum silicate > MCM-41>

J. Korean Soc. Atmos. Environ., Vol. 37, No. 1, February 2021, pp.91-101



100 4ot 2yl ojyy

activated alumina > KIT-6 > activated carbon > SBA-15
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