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Abstract

Unlike many laboratory-scale studies on absorption of organic compounds (VOCs), limited pilot-scale studies have been
reported. Accordingly, the present study was carried out to examine operation parameters for the effective control of a
hydrophilic VOC (methyl ethyl ketone, MEK) by applying a circular pilot-scale packed-absorption system (inside diameter
37 cm x height 167 cm). The absorption efficiencies of MEK were investigated for three major operation parameters: input
concentration, water flow rate, and ratio of gas flow-rate to washing water amount (water-to-gas ratio). The experimental
set-up comprised of the flow control system, generation system, recirculation system, packed-absorption system, and outlet
system. For three MEK input concentrations (300, 350, and 750 ppm), absorption efficiencies approached near 95% and
then, decreased gradually as the operation time increased, thereby suggesting a non-steady state condition. Under these
conditions, higher absorption efficiencies were shown for lower input concentration conditions, which were consistent with
those of laboratory-scale studies. However, a steady state condition occurred for two input concentration conditions (100 and
200 ppm), and the difference in absorption efficiencies between these two conditions were insignificant. As supported by an
established gas-liquid absorption theory, a higher water flow rate exhibited a greater absorption efficiency. Moreover, as
same with the laboratory-scale studies, the absorption efficiencies increased as water-to-gas ratios increased. Meanwhile,
regardless of water flow rates or water-to-gas ratios, as the operation time of the absorption became longer, the pH of water
increased, but the elevation extent was not substantial (maximum pH difference, 1.1).

Key Words : Pilot-scale, Input concentration, Water-to-gas ratio, Water flow rate, Absorption efticiency, pH
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2 urEn 2o] SPRA ok Ha RS 54
ppm o2 A Qlti(Hudson 5, 2006; Pandey%}
Kim, 2009; Verschueren, 1996). o]2|3t 37424 £Q
Ae Ad dEog@AES A " AREEted, |
A g A{7Rs S, HIRIE, =, B Al YA,
TwvY, FE58A FolA 2 uiE Hof v W2
Aol AFAfste] 223817 wiizel th7] 5 HEolE
AEY] 29 sl flsiA= viE =7 Aol
7} 29 Aofal Ho] 1A AAHoI T I
o]ti{Raghuvanshi?} Babu, 2009).

2 ofF f 9 S 7 wiRelE A=
th2 344713182l (volatile organic compounds:
VOCs)2] M HlolS glatel 42t @=s) A8 o
Zol o), Behzol Ao, S, 20 4B
ool F= o]-gE o] friArzamendi 5, 2009;
Daubert-Deleris &, 2006; Devinny -5, 2001; Durbray
@} Vanderschuren, 2004; Wu 5, 2001). o|& A& A
1 Al E zzto] AR n Tl B 7HA)7] of
ol iE 5= VOCs o &2 % 3sha] E4dof wet
°|F 7% 5 P iz HapE AAsto] AR 2o
slstal @S Faslehs Wekew AdstA 2§
H 4= At Wu 5, 2001). 53], WA ES] ¢
=of gk g8l =7t 27.5% 24 thE VOCse] H]5f
Z157go] ZFst7] wiiZol MEodA =S a&4 &
Y Aol & fIsto] =& o83t o] thE 7]
SR AAA R B89 ¢ Sl Ao r Bt
(Daubert-Deleris 5, 2006; Durbray 2} Vanderschuren,
2004; Wu 5, 2001). 21443 VOCs 9] S<rHe & 4
55 ol viETke W L HdEEY T2 E A
gt PO R HiE A= WRICRA, T S
7IAREE 7|/ HEH(gas-liquid interface)S F2
shol, Ao oA £om Habul 7o) st
A8 7] Rt (Daubert- Deleris 5, 2006; Durbray 2}

AbolLE BFSPAI] WRS-S Y & 4 Gl FATHAS
EAskabolt 4§ Eolikeddy diffusion) S F3
27 A FAoIth. AgE0] SRS HAStak} v

wato] ol ¢ weA] A-g5p] whze] URES F7h

A G4 AN LA B BRS F/HIY 5

AHWu -5, 2001). 52 ol & HELZ
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22 873 Bl 3, A Aol A or R 7k
o] AA T} o] vkt ARIAIY] .Y AlofE
QA E-gEo] LFrHiDaubert-Deleris %5, 2006;
Durbray 2}Vanderschuren, 2004).

e, SRS o 88liA 1] VOCsE A2 e
735 AREE S O] o3 A1 Azt R7HARl &
A= thFEo] S o] 871 AlghE] o] r(Wu
5 2001). F=r 9] o] 23k o] A kA )l FAIRE Kok
stal Ao g A1 7] sk, 2ol 71A|-Y
A o] A=k (mass transfer) TA| 2] 2|23} ®iRio]
A|71 = i th(Daubert-Deleris 5, 2006; Durbray2}
Vanderschuren, 2004). Uo7}, 439 2 294
QIALZ HHBke0 24 7| A ] S XA
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of et I7E el el Jks Gt
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Fig. 1. Schematic diagram of the experimental apparatus.
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Fig. 2. Time-series removal efticiencies (%) of methyl ethyl
ketone for two input concentrations (350 and 750
ppm): water flow rate, 480 mL/min; and water-gas
ratios, 2.5 L/m’.



37| 5 2 AE Ao} E 95t Pilot-Scale 4= Al

EobA Al AFARE ool A=A A =
SHE7) o] R Rl HiEo R TeE it Heymes
5 2007). wh2bA, AAl SEA7E A AR 2
€ AESFRAYE s, A4 A =3
A 2 At AYE BRlsh] ffske] B we Fls
=S ol8%t 2 YA d¥e s o] AnE
Table 10f] YR
Table 1. Time-series removal efficiencies(%) of MEK for

two different water flow rates (FRs, 280 and 480 mL/min)
according to the input concentrations*

Removal efficiency(%)

Time(min) FR (mL/min) 100 ppm_ 200 ppm 300 ppm

5 280 95.1 95.3 96.1
480 95.7 95.8 96.7
10 280 95.3 95.7 94.3
480 95.1 95.2 95.1
280 89.2 87.9 89.2
20 480 91.4 91.0 91.4
280 91.0 89.7 91.0
30 480 91.3 90.9 86.3
40 280 89.7 90.4 87.7
480 90.5 91.1 88.0
50 280 89.2 91.4 83.2
480 90.5 90.1 86.5
60 280 91.5 88.9 82.5
480 90.7 90.1 85.7
280 89.7 88.7 83.7
70 480 89.9 89.3 84.7
280 90.3 90.7 83.3
80 480 91.1 89.8 84.1
280 91.4 92.1 81.4
90 480 90.5 91.9 83.5
120 280 89.5 89.7 na
480 91.4 88.9 na
180 280 90.5 91.3 na
480 89.7 90.3 na

*na, not available.

Table 12 = 7]9] o2& A4 F- g 22 0llA]
Al 7HA FYEteo] uhE AR ﬂ+° STt S
AzElo] HEogAE S5 a8 VERich ¢
5= 300 ppme] theiAl= & @A A Ak oAb
SHA| T Al 4] R 230 mRoll A mEoEA
ol gt = E&ol] 7Fs AR e] ol wet A
Ao Fadhs A0® Yehydth 2o, 1 2

Y
2

3

el egel 24 505

A= g AgE A ARE Sl S 5
o] Aol EdatA|= ¢kt s = 300 ppmof]
ot o3t Ak st 1 A Aglof o8-8
3503+ 750 ppm Yt} SopA], wiE oA E] HA| L
st AVl e ZFoRl] deem FAEn
(Heymes 5, 2007). %% 300 ppm2 ]85 4
Abe g, W 7 7% =100 2 200 ppm)E- ©]
831 Aol = T2 A AE Tk 2o = A
T 7Y 7 5ol tiste] 4 B80] 95% Fto|
FAEALL, 7Hs AIRE 202 oA 4 BEol
90% O R tha 7ragl o] Sof AjglE HRAE

= 2T

B9t & & 8ol A9 YA e &4 &89
A7 A1 A 3&, S FUE=(100
200 ppm)= o] 8-3t0] 3 Ao A F 52 A

=i

3 7k B4ad 2ol= u]u]s]— Ao 7 Yelygrh A
3§ (Heymes 5, 2007; OztuerI-Yllmaz 2006)°]]
A A M garel o] VOCsE &= A4 44 5=
7S 58 shola] Bo) Wgdg wv} 57}
|2 3] =& 89l o] Hu|ago| Loty
Ak, oz A|zto] AHulste] whz} X4 <]
w2 Qe Fpae R Sl Sev) S 4
B ol Ayl 7]-oix} ob.7] vaF &
%fég Zo] w0 & ol Ect. ulE, AHA qf
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ol x0 i >
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g &gl ‘aﬂl%ﬂL} 7 e 4424 VOCsHT}
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Aoz EJ_O} E} Hol7}, Heymes 5(2007)2}+
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o] th2 VOCs9] 34 58 *WOME AR 5
% S eh o2 W stk webd, 90
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Aeh 710 2 Uedek
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Fig. 3. Time-series removal efficiencies (%) of methyl ethyl
ketone for three water flow rates (FRs) (100, 280,
and 480 mL/min) for a) 350 ppm and b) 750 ppm:
water-gas ratios, 2.5 L/nr’.

°ﬂ ujel SEaLE Z7leks o s vehgth AlA
T frEgel 7P e Aol 7ReAIRE S—E‘r —T‘?
U&= 350} 750 ppm HL5of| thsto] F4= &
Fo|Hd Ao] 7FEAIE 90 ol &= &
H10

Oﬂ -
°] 95%
£90] Z+2+39%2} 27% -]—I_#E o= Zastel, 7}
ZA|7ro] 18080] =3 L 32 F80| Q= 7}

&3] F o8 744 ApAlste Ao @ el
Hhell A4 54 fEFol 280 mL/min®] 7o,
7RSAI7 5B Zof] F4)3% 3503} 750 ppm HFo|
tate] T4 FRO| 95% FLo]9lal, 7FEAIZEe] 90
Ho| glojr 52> §-80| 7FzF739% Hlo g4 o]

B T 8-S 7HE AL 2 YR Yok
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Fig. 4. Time-series removal efficiencies (%) of methyl ethyl
ketone for two different water-gas ratios (LGR, 2.5

and 4.8 L/m’): input concentration, 750 ppm and
water flow rate, 100 mL/min.
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Fig. 5. Time-series removal efficiencies (%) of methyl ethyl
ketone and pH for two different water-gas ratios
(LGR, 2.5 and 4.8 L/m3): input concentration, 750
ppm and water flow rate, 280 mL/min.
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LA W7k Bt B4 ol RFE um%ﬁ
2 AR A hmold e AR A
(Boltes %5, 2008; Yin 5, 2009)9} dx|3t= Ao 2
A EEREEE PECRER R E S
Z| o] wdodA =S 5 agol G E 4 3
A Felshs AT Ao £ ER o7k v
(4.87} 2.5 L/m-2)HS ZASFA A WL AR B 243
A AAEE L ), Alo] ago] FARHEA
W o7k wS sy Slak Mttt o7t
2 vl ot F= A 9] 5= A& Bl e %
AR7} =d=Ch
sh, B4 A9 Al 240l ARt 0w
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