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ABSTRACT

Air pollution problem in rubber block industry, which often complained by a
community, is an odor of exhaust gas released form chimney of a rubber drying kiln. The
chemical compositions in such gas were analyzed by GC-MS and it was found that the main
chemical resulting of odor problem is an acetic acid. Thus, in order to treat the odor of this gas,
the acetic acid must be removed. This research aimed to determine the suitable conditions for
acetic acid removal from the exhaust gases using a chemical absorption process in a pilot scale
packed column which installed at the rubber block industry in Phatthalung province. The results
will be then applied to the industrial scale wet scrubber of such factory. For the pilot scale packed
column investigation, two absorption liquids, sodium hydroxide (NaOH) and monoethanolamine
(MEA), were studied and four operating parameters including an absorption liquid concentration
(C), a liquid flow rate (L), an exhaust gas flow rate (G) and a Liquid to gas ratio (L/G ratio) were
investigated. The results of the pilot scale packed column (diameter 10 cm, height 80 cm) showed
that the suitable conditions for the acetic removal were the NaOH concentration and the liquid to
gas ratio of 0.7 mol/L and 30 1/m3, respectively. When the NaOH solution was used as the liquid
absorption, the acetic acid removal efficiencies of 90% were obtained while at the same condition
the acetic removal using MEA as the absorption liquid were only 62%. Sodium hydroxide
solution was then selected as a suitable solution for using with industrial scale wet scrubber. The
results of changing the absorption liquid of the industrial wet scrubber from water to NaOH
solution indicated that an addition of NaOH into the system at the rate of 2 kg/hr gave the acetic
removal efficiency of 75% which is higher than the case where the water was applied which only
30% acetic removal efficiency was obtained. Moreover, the acetic removal efficiency in case of

using 2 kg/hr of NaOH were about 40% higher than that of using 1 kg/hr and nearly the same to
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that when 3 kg/hr of NaOH was added. Thus the adding of NaOH at 2 kg/hr is economically
reasonable. Moreover, odor evaluation by personnel panel technique confirmed that the addition
of NaOH at 2 kg/hr into the scrubbing liquid reduced the odor intensity significantly as compared
to non NaOH solution. It can be concluded that the addition of NaOH at 2 kg/hr in wet scrubber
system of the industry is a possible technique for odor removal from the exhaust gas and can

possibly be used as an actual odor removal system in the rubber block industry.
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4-3 EA9A1 Henry's law constant ¥84nsAzFanuaza1svou laeen lad
a 4 Y 1 9 ' Y
4-4 HEAIMIAATIZHANUANAINIIATUA 15018
a2 L4 Y J 9y 1 Y =
4-5 uEAAIMIAUATIZHANUANAIM AU gD easal
o3| a o 1 J
-1 AN UNBLAZ S UATIOAOU LY
U-1.1 YoyanuIuI U0 CH,COOH 1Az CH,COOH removal efficiency (%)
AUaM C,,., = 0.2 mol/ 1A% G = 0.1 m’/min, L = 9 I/min
¥-1.2 Y03anNNTUTUY09 CH,COOH 1iazCH,COOH removal efficiency (%)
AUaM C,,., = 0.4 mol/l 1% G = 0.1 m’/min, L = 9 I/min
-1.3 Y03an NN UVY09 CH,COOH 11z CH,COOH removal efficiency (%)
AUa1M C,,p, = 0.5 mol/l 18 G = 0.1 m’/min, L =9 I/min
U-1.4 YoyanuuI U0 CH,COOH 1Az CH,COOH removal efficiency (%)
AUaM C,,., = 0.7 mol/1 4% G = 0.1 m’/min, L = 9 I/min
-1.5 Y03an NN UV09 CH,COOH 11az CH,COOH removal efficiency (%)

a1 L = 3 Umin, G = 0.1 m/min 4ag C,.., = 0.7 mol/l

MEA

U-1.6 YoyanUANT U0 CH,COOH 1Az CH,COOH removal efficiency (%)

fUNaIN L =5 Umin, G = 0.1 m/min 4ag C,.., = 0.7 mol/l

MEA

26

28

37

56

59

68

68

81

86

87

87

88

88

&9
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a
M9
-1.7 Yo3anNNIuT V09 CH,COOH 11z CH,COOH removal efficiency (%)

A1aIM L = 8 Umin, G = 0.1 m’/min uag C,,., = 0.7 mol/l

MEA

U-1.8 YoyanuIuI U0 CH,COOH 1Az CH,COOH removal efficiency (%)

1AM L = 10 Vmin, G = 0.1 m’/min t1ag C, ., = 0.7 mol/l

MEA

U-1.9 YoyanuuI U0 CH,COOH 1Az CH,COOH removal efficiency (%)

AUNaIM G = 0.02 m’/min, L = 10 I/min 14ag C,,.., = 0.7 mol/l

MEA

v-1.10 Foyan1uAuduVee CH,COOH 1tag CH,COOH removal efficiency (%)

fNaI1N G = 0.04 m’/min, L = 10 I/min 8z C,., = 0.7 mol/l

MEA

U-1.11 Foyannududuves CH,COOH tag CH,COOH removal efficiency (%)

A1NaIM G = 0.07 m’/min, L = 10 I/min 14ag C,,.., = 0.7 mol/l

MEA

¥-1.12 Yoyan1uud Y99 CH,COOH 11azCH,COOH removal efficiency (%)

A1NaIM G = 0.09 m’/min, L = 10 I/min 14ag C,,.., = 0.7 mol/l

MEA

v-1.13 Yoyannududuves CH,COOH tag CH,COOH removal efficiency (%)

AUnaI C, . =0.2 mol/l, G = 0.1 m’/min 48 L =9 I/min

NaOH

-1.14 Foyannududuves CH,COOH tag CH,COOH removal efficiency (%)

AUnaIN C, . = 0.4 mol/l, G = 0.1 m’/min 8 L = 9 /min

NaOH

-1.15 Yoyan1ududuves CH,COOH tag CH,COOH removal efficiency (%)

A1 C . = 0.5 mol/l, G = 0.1 m’/min 4@z L = 9 I/min

NaOH

U-1.16 FoyanNuiud Y09 CH,COOH tag CH,COOH removal efficiency (%)

A1 C . = 0.7 mol/l, G = 0.1 m’/min 4@ L = 9 /min

NaOH

v-1.17 Yoyanududuves CH,COOH tag CH,COOH removal efficiency (%)

AUNaIN C, . = 1.0 mol/l, G = 0.1 m’/min 8 L = 9 I/min

NaOH

-1.18 Yoyan1uAuduves CH,COOH ttag CH,COOH removal efficiency (%)

AuUnaIf C. . =1.4 mol/l, G = 0.1 m’/min 4ag L = 9 I/min

NaOH

U-1.19 FoyanNudud e CH,COOH tag CH,COOH removal efficiency (%)

AunaIf C, . =2.0 mol/l, G=0.1 m’/min 48 L =9 I/min

NaOH

91
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95

95

96

96

(14)



318MIMNII (A1D)

a
M9
-1.20 Yoyan1uAud UV CH,COOH ttag CH,COOH removal efficiency (%)

AaIM L =3 Umin,, G = 0.1 m’/min 1@z C, ... = 0.7 mol/l

NaOH

v-1.21 Foyannuiuduves CH,COOH tag CH,COOH removal efficiency (%)

AUNaIN L =5 Umin, G = 0.1 m/min uag C ... = 0.7 mol/l

NaOH

-1.22 Foyannuiduduves CH,COOH tag CH,COOH removal efficiency (%)

A1aIN L = 8 Umin, G = 0.1 m’/min 1@z C ... = 0.7 mol/l

NaOH

-1.23 Yoyanududuves CH,COOH tag CH,COOH removal efficiency (%)

a1 L = 10 Vmin, G = 0.1 m’/min t1ag C,, ... = 0.7 mol/l

NaOH

-1.24 Foyannudud e CH,COOH tag CH,COOH removal efficiency (%)

AAI1N G = 0.02 m’/min, L = 10 I/min ag C,,., = 0.7 mol/l

MEA

-1.25 Yoyanududuves CH,COOH tag CH,COOH removal efficiency (%)

181 N1 G = 0.04 m’/min, L = 10 /min uag C,,., = 0.7 mol/l

MEA

-1.26 Yoyan1uANI UV CH,COOH 1tag CH,COOH removal efficiency (%)

181 N1 G = 0.07 m’/min, L = 10 I/min uag C,,., = 0.7 mol/l

MEA

v-1.27 Foyannuiduduves CH,COOH tag CH,COOH removal efficiency (%)

181 N1 G = 0.09 m’/min, L = 10 /min uag C,,., = 0.7 mol/l

MEA

v-1.28 Yoyan1ududuves CH,COOH 1tag CH,COOH removal efficiency (%)
AT NL=0.6 I/min, G = 0.02 mz/min, L/G ratio = 30 I/m’ a2

C =(0.7 mol/l

NaOH

v-1.29 Foyanudud 1Yo CH,COOH tag CH,COOH removal efficiency (%)
A1Ia1 1 L = 1.5 Vmin, G = 0.05 m /min, L/G ratio = 30 I/m’ uag

C = 0.7 mol/l

NaOH

-1.30 Yoyan1uA N UV CH,COOH 1tag CH,COOH removal efficiency (%)
AU1991 1 L = 2.1 Vmin, G = 0.07 m’/min, L/G ratio = 30 I/m’ uag

C =0.7 mol/l

NaOH

97
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100
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318N IAT (AD)

M319N
v-1.31 Goyanudud e CH,COOH 11azCH,COOH removal efficiency (%)
A1981 A L =2.7 Vmin, G = 0.09 m"/min, L/G ratio = 30 I/m’ 1o

C =0.7 mol/l

NaOH

v-1.32 Yoyanududuves CH,COOH ag CH,COOH removal efficiency (%)
AU A L =4 Vmin, G = 0.13 m/min, L/G ratio = 30 /m’ 118z

C = 0.7 mol/l

NaOH

v-1.33 Goyanudud 09 CH,COOH 11azCH,COOH removal efficiency (%)
A8 L = 4.5 min, G = 0.15 m/min, L/G ratio = 30 Um’ yag

C =0.7 mol/l

NaOH

v-1.34 Yoyan1uAuduves CH,COOH 1tag CH,COOH removal efficiency (%)
AU L =5 Vmin, G = 0.166 m’/min, L/G ratio = 30 I/m’ uag

C = 0.7 mol/l

NaOH

-1.35 Foyannuiduduves CH,COOH tag CH,COOH removal efficiency (%)
AU L=5.5 I/min, G=0.18 m3/min, L/G ratio = 30 I/m’ t1a

C = 0.7 mol/l

NaOH

v-1.36 Yoyan1uANI UV CH,COOH 1tag CH,COOH removal efficiency (%)
AU L = 4.5 Umin, G = 0.15 m’/min, L/G ratio = 30 Um’ ua

C = 0.7 mol/l

NaOH

v-1.37 Yoyanududuves CH,COOH tag CH,COOH removal efficiency (%)
AU L=4.5 I/min, G=0.15 m3/min, L/G ratio = 30 I/m’ ta

C,,., = 0.7 mol/l

MEA

v-1.38 Foyanududuves CH,COOH tag CH,COOH removal efficiency (%)

A1NaIM G = 0.15 m’/min, L = 4.5 I/min 4ag C,,.., = 0.7 mol/l

MEA

-1.39 Yoyanududuves CH,COOH ttag CH,COOH removal efficiency (%)

a1 G =0.15 m’/min, L = 4.5 /min 48 C ... = 0.7 mol/l

NaOH

£
i
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105
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318N IAT (AD)

ﬂ151\1‘ﬁ

U-1.40 Foyannudnduves CH,COOH 1ag CH,COOH removal efficiency (%)
ﬁm’;mﬁ G=0.1 m3/min, L =10 I/min

v-1.41 Foyannududuves CH,COOH 1ag CH,COOH removal efficiency (%)
FUna¥ G = 6390 m’/min, L = 66 min Tﬂﬂi%’ﬁwgﬂumﬁ@ﬂ%

v-1.42 Joyanudnduves CH,COOH wag CH,COOH removal efficiency (%)
Funanfi G = 6390 m’/min, L = 66 /min flSunam IRy NaOH 1 kg/hr

U-1.43 Foyannuiduduves CH,COOH 1ag CH,COOH removal efficiency (%)
Funandi G = 6390 m’/min, L = 66 I/min fS1NaUMIIAN NaOH 2 kg/hr

v-1.44 Joyan1udnduves CH,COOH ag CH,COOH removal efficiency (%)
Funandi G = 6390 m’/min, L = 66 I/min f151NaMIAN NaOH 3 kg/hr

V-1.45 Gfll’em”a pH maq1{1ﬁuna1ﬁ G=6390 m3/min, L =66 I/min

m-L46%@yaﬂauu%u%umaqNaOE[ﬁunawﬁ(}:6390nfhnm,L::66Vnnn
/S5 NaOH 1 kg/hr

v-1.47 Yoyanududuves NaOH FUa1 G = 6390 m’/min, L = 66 1/min
fU51@M51RY NaOH 2 kg/hr

U-1.48 Foyan Ui uve9 NaOH FUa% G = 6390 m’/min, L = 66 min
fUS1@M51RY NaOH 3 kg/hr

v-1.49 Foyaanududuvesasazare Tmdon laason led lunisiiiia
nspesdAnInmMmdsilaesnnmevenalunegaduuuien
YUIAYATIHNTTY

¥-1.50 Foyanududuved NaOH fu7a1fi NaOH 31w 0.2 mol!
G =0.1 m’/min 118 L =9 Vmin

¥-1.51 Foyanuiduduves NaOH furia1il NaOH 514 0.4 mol
G=0.1 m’/min 1482 L = 9 I/min

¥-1.52 foyanududuues NaOH fuia1fi NaOH 3w 0.5 mol

G =0.1 m/min 14a% L = 9 I/min

108

109
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109

110

110
110

111

111
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113
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318MIMNII (A1D)

maad

¥-1.53 Foyanududuued NaOH funa1fi NaOH i3ufw 0.7 mol/
G =0.1 m’/min ttaz L =9 Umin

¥-1.54 Fo3yanuiduTuves NaOH el NaOH 31 1 moll
G = 0.1 m"’/min 18z L =9 Vmin

¥-1.55 Foyanuiduduves NaOH furiail NaOH 51w 1.4 moll
G = 0.1 m’/min 1182 L =9 /min

¥-1.56 Foyan I uduve4 NaOH f7a1fl NaOH 13181 2 mol/
G = 0.1 m"’/min 18z L =9 Vmin

¥-1.57 Foyannududuves MEA funatil MEA 518w 0.2 moll
G = 0.1 m’/min 182 L =9 I/min

¥-1.58 Foyannududures MEA funatii MEA 5u4 0.4 mol/
G = 0.1 m’/min 1182 L =9 V/min

¥-1.59 foyannududures MEA funatii MEA 5w 0.5 mol/
G =0.1 m"’/min 18z L =9 Vmin

¥-1.60 FoyannuiduTuves MEA funa1il MEA 5184 0.7 moll
G = 0.1 m’/min 1182 L =9 /min

¥-1.61 Foyanududured NaOH fu7a1fi NaOH 3w 0.7 mol/!
G=0.15 mz/min, L = 4.5 /min 14a% L/G ratio = 30 I/m’

¥-1.62 Foyannuiduduves MEA funa1il MEA 5184 0.7 moll
G=0.15 mz/min, L = 4.5 /min 1a% L/G ratio = 30 I/m’

¥-1.63 Yoya pH voniiuNm

v-2.1 Foyannududuves Co, 1azCO, removal efficiency (%) Furyandi

C....=0.2 mol/l ta G = 0.1 m’/min, L = 9 /min

MEA

v-2.2 YoyanUINTUVDI CO, 1Az CO, removal efficiency (%) NUNAIN

C.... = 0.4 mol/l a2 G = 0.1 m’/min, L = 9 /min

MEA

£’
i
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318MIMNII (A1D)

a
M9
v-2.3 YoyanNuIuTUV09 CO, 118z CO, removal efficiency (%) UM

C.... = 0.5 mol/l 4a<G = 0.1 m’/min, L = 9 /min

MEA

U-2.4 YoyaAUBUTUVDI CO, 1Az CO, removal efficiency (%) NUNAIN

C....=0.7 mol/l ta G = 0.1 m’/min, L = 9 /min

MEA

U-2.5 YoyanUINTUVDI CO, 1Az CO, removal efficiency (%) NUNAIN

C.....=0.2mol/l, G=0.1 m/min ag L = 9 I/min

NaOH

U-2.6 YoyaNNMTUTUVOI CO, 118z CO, removal efficiency (%) NUIAM

C.....=0.4mol/l,G=0.1 m/min t1ag L =9 I/min

NaOH

v-2.7 YoyanUINTUVDI CO, 1Az CO, removal efficiency (%) NUNAIN

C.....=0.5mol/l, G=0.1 m’/min 8% L = 9 I/min

NaOH

v-2.8 YoyanNNTUTUVO9 CO, 118z CO, removal efficiency (%) NI

C.....=0.7mol/l, G=0.1 m’/min 8% L = 9 I/min

NaOH

v-2.9 YoyanNNTUTUVOI CO, 118z CO, removal efficiency (%) UM

L =4.5 /min, G =0.15 m /min 48 C ... = 0.7 mol/l

NaOH

4-2.10 FoyanNuINd Y09 CO, 1Az CO, removal efficiency (%) NUNATMN

L = 4.5 Imin, G = 0.15 m’/min 48 C,,.., = 0.7 mol/l

MEA
v-2.11 Joyannududuves CO, naz CO, removal efficiency (%) AIATN

L =10 I/min, G = 0.1 m’/min TaglHiniluansaad

Y

o <3 1 ] A o [ o
-1 memmummmummuﬂa1ﬂiﬁlu1'§wmmi$ﬂUﬂau°ﬁm"laJ"l{ffm‘im
o < 1 o a { o
-2 Llﬁﬂ\iﬂ'lu'luﬂ'ﬂllH"iuell’f]\‘luﬂa'lﬂiﬁlujﬁ\i\ﬂu@]ﬂizﬂﬂﬂaUﬁUWUﬂLLéI'J

Tagn15t@n NaOH 11ons1 1 kg/hr

v
%

o [~ 1 o a { o
-3 LLﬁﬂQﬂWH’JHﬂ’JﬁIL‘WUﬂJ’f)x‘]l!ﬂﬁ”IﬂiGLuIi\N”ILlﬁﬂizﬂiJﬂauﬁ'ﬂ”l ﬂLLéJ’J

Taemsian NaOH 1uons1 2 kg/hr

£’
i
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mniseznaun #in
9 4 9 ~ 9 A A 9 Z =
2-1 uEraIdoyaanIUNIIUNIII 0AUTIUN MU NY TUIAdOUALA) 5

N.A. 2543-2548

@ % 4
2-2 LLﬁﬂQﬂWiqﬁﬁLLUUﬁjuﬂW\iﬂUﬂ'IEJGluﬂ@aiJU'Uiiﬂ 8
2-3 Llﬁﬂ\‘]ﬁﬂymz1’7’f)ﬂﬂG?NﬂluWﬂQ@lﬁ’lﬁﬂiﬁiflulluﬁu@u 9

a @ A 9 [ 4
2-4 !,!,ﬁﬂwuﬂﬂjmmnmmiﬂumauumm 10
2-5 Llﬁﬂ\‘]ﬁuﬂﬁu'}ﬁﬂl@ﬂﬂigLLﬁﬂl@\ﬂﬁﬁjllﬁ%fcﬁ%iuﬁ@ﬂWﬁlll!ﬂﬂulﬁa 11
AIUNNNY

@ 4 { ) o o w

3-1 HAANEANITNADDIVBINDANUDITIYVUIA Pilot ﬁi%ﬁ’lﬁiﬂﬂ’liﬂWUﬂ 24

aa a 09)1 { Aa o Aa % d o w
NIADZFAN IASAAAIN USHN denudu Iasues 310a
= ~ 9
3-2 uaasregaduvagaamns sy lunuIueun ey 30
myihiansaezdannnmadeniassoonnmiousg
USHN gewdulasues 16
a 4 d'l (%) =\ d' 1
4-1 HAMSANTIZTHINIATOI GC-MS VoI sdeNUaoeesna 1NN 35
[ 1] 4 1 a a o w aa [
4-2 nsluaainNuauRusITzvIalsEansumsiiansassEanny 38
o [
aNuduTuvesasazats Imdon laason lad 114999 0.2 — 2 mol/l

NG=0.1 m3/min, L =9 l/min

4-3 naluaaamanisastadeumanlasunlasves C g, DU 39
NG=0.1 mz/min, L =9 l/min
19 9 4 1 A A 0o w aa o
4-4 nMuaaInNUFNTUTIEnIszanTamlumsiniansaozsann 40

8as1m3 lnavesasgaduaedasins naveamaslugia 30 - 100 1Vm’

71G=0.1 m’/min, C,...= 0.7 mol/l

NaOH
4-5 naluaasanuduNus szl sz animmmstinianinesEaniunavos 42
oas1ms lnavesarsgaduuasoasins Inaveanas 1o L= 0.6-5.5 Umin,

G = 0.02-0.18 m’/min (L/G ratio = 30 /m’, C, ... = 0.7 mol/l)

NaOH

19 9 4 1 A A 0o w aa o
4-6 nsmuaasaNuaNNUTTEHINYsEans I lumsihdansaessaniy 43

8035113 11aveamawh G = 0.02-0.09 m*/min (L = 10 Vmin, Cyuon = 0.7 mol/1)
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s1emsmniseney (no)
amilszneuii
4-7 nsluarasnnuduiiusseridseansamlumsiiiansaesdaniy
nauilel¥aududuvesasazareTmdon laasenlad 0.7 mol
(L =4.51/min, G=0.15 m3/min, L/G ratio = 30 l/mz)

4-8 nsluanananisasIvaeuMslasunasves C, . Aunal

NaOH
[ [ o 1 a A o ] aa @
4-9 nluaaInNuAURUTTZHINUsEaNTMNNTIansaBLEANNY
Y 9 =1 ]
ANUANTUYoIasazate 1y Tuemusao Uy K9 0.2-0.7 mol/l
(G =0.1 m’/min, L = 9 /min)

19 9 4 1 A A 0o w aa o
4-10 nslugasnnuduiusserInlseaninmlumsiitaessanny

8a51M3 lnavesdsgaduaeoasns naveamasi L/G ratio = 30-100 I/min

(G=0.1 m’/min, C,., = 0.7 mol/l)

v o ' a A o w aa o
4-11 nslugasanuduiusserIndseansmmlumsiiansaosganiy

80513 11aveamasi G = 0.02-0.09 m*/min (L = 10 Vmin, Cyea = 0.7 mol/l)

1% 9 4 1 A A 0o w aa o
4-12 nsluaasnnuduiusszralssansmmlumsiiniansaosdani
nauileldasazate TuTuemusao JunaNud udu 0.7 mol/l
(L=4.51min, G=0.15 m3/min, L/G ratio =30 l/mz)

4-13 nsluaaanamsasaoumsilasunilasves C,.., AU

MEA

1 G =0.15m’/min, L = 4.5 I/min, L/G ratio = 30 I/m’, C,,.., = 0.7 mol/l

MEA
(= a A o o QA 9
4-14 nsluaaamslSevilszansanlunsiiiansasssanainns 1y
asazareTxmaoy leason leduaz Tn Tuemueamilwdudu 0.7 mol/l
(L= 4.5 I/min, G= 0.15 m3/min, L /G ratio = 30 l/m3)
1% 9 4 1 A A o w 4 4
4-15 nsluaaannuduius sz alssansmmmsiiniaaisueu laoen lyd
[ rL 1
fuaNnudutuve s Tadenlaason lsd 11399 0.2-0.7 mol/l
(G=0.1 m3/min, L =9 l/min)
@ 1] 4 1 a a o @ o 4
4-16 naluansnNuduuTszrIlszansmmmstianmsuoulaeon lae
o 9y 9 ~ 1
AuaNUULIUYed Ty TuenusaUu 11119 0.2-0.7 mol/l

(G =0.1 m’/min, L = 9 /min)

44
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52

53
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s1msmnlszneu (Av)
mwilsznaun

4-17 nslugasnamsasivaeumsiasunilasves C AuUaN

MEA
(G =0.1 m’/min, L =9 /min)
19 9 4 1 A A o w o @
4-18 i luananNuduusIzrIvlszansamlumsiinianisinia
[ 4 &Y Lﬂ' =i =1 1
maasueu lasen laanunauienSeumeusz i sazay
K .
Tmaenlaasen luauaz Tu TuomusaeiunaNududu 0.7 mol/
(L = 4.5 Umin, G = 0.15 m’/min, L /G ratio = 30 I/m’)
v Y
4-19 nsluaaanan1sasIvaeumMsasunlasved pH veari nuna
(G =0.1 m’/min, L = 9 /min)
1% @ 4 1 A A o Aan
4-20 nluansnaNuduRuTszrIlszansmmmsiniaesFanuas
¢ v A qud & ~
asvou laeen laanunanielfinduasqadu
(G=0.1 m3/min, L =9 l/min)
Y 9 = v
4-21 namluaasnnududuvesasazare Tasden laason lednuman
Y 9 = S @ 9 A
4-22 nsluaasnnuivuduvesasazate Isdeon laason loania laanmsauy
L [Y] o @
TaReulaason loaluensi 1 kghr, 2 kg/hr 1ag 3 kg/hr MUSIAY
J g’ d' 9 = o [ 9 1
4-23 nsluaasa pH vouthn laninmsvyuiewinauan syl
Y
424 nivluaaaszansnmmstiniansnezsan lnensgaduaieities
= L = a
asazanelanon laason lod lunegaduvinagaamns sy Tasnsia

[

TyiAenlaasonloalusngi 1 keg/hr, 2 kg/hr 11ag 3 kg/hr MUA1TY

[} 7

a < 1 o A { o o
4-25 N5 1LEAIANUAAT UADTZAVANNUTIVOINAUN Qulllul@g]jﬂ'] f

o w

a = 1 [ A { a
4-26 nslgasnnuAAi UADIEAUAMMILTIVBINaUNTA lagn A
NaOH 1uons1 1 kg/hr

a ] 1 [ a { o o a
4-27 ASIMLAAIANUAAT UABTZALANMNLSIVDINaUN1A Tagnsiaw

NaOH 11931 2 kg/hr
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2.4.1 Liquid to Gas Ratio
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TIUNNU (Manyele, 2008)

A[NINTINUBDNTS VY,
Gml + Lm2 = Gm2 + Lml
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2.4.2 ANNABINMIVBUHAIINIZU (Liquid Requirements)
@ %) { o w
lumseonuuuregaduIzdeani1uoasIns Inavesmamdondesnisiiia
Yy Y o Ay Y y 9 =< 1 ¥
(G,) nuanududumadeiidh (v) uazdsansiuanududuuesdisgaduno iz uy
1 1" o -4 1 o g v 1
(X,) riseamnsnlszanam ldmiduguéd liimsthveavnaniunduinldninazdeeszy
J Yy 9 4 = v 1 o w
Aanududuvemadonasiiunstinia (v,)
nnuanmsaugaveswtam Inawisalszmusaiing Inavesveunaih
{ 4] l o o
doamslfdesngalumsgadumande 1a Taelvitianududueglusiasgiv (v, dwmsums

9 a :1’ 19 Y o 1 [ = [ Ao 1 A
165\‘]11!il3\11!1!5]3llllblslfﬁﬂﬁ']u@9]51fni1Wamﬂﬂﬁ1iﬂﬂ%ﬂﬁ@ﬂ1%ﬂ@]1q@ (Lm/ Gm) LURASINY

min

] v v Y
iHodaT1Ms Inavesmsgaduliuminnimdgasenanlaemliiiudasims lvavesaisga
v F4 v
FUITANTU 25 B9 100% INAINNNABINTAIGA 15U 1.5 111904A10AT1dIUVBITATING

1%am@@&%a3@i@ﬁ1%ﬁ1ﬁ@ (Joseph and Beachler, 1981)

d
243 URNGUINA 19V I1BYATH (Pack Tower Diameter)
WAINAIUMIAIBATING Inavesasgaduld azdeclszumvuinves
< A 1Y (2 £ a A Y
HoQATUNHINZ ANADTA1IZMT Inavesvouraaz My &9 TaginAaznmsoenuuuiive 14
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anigausia idimenzimldoedinga uansaavinaiuiniiaaas (e livegady
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Huaanas) UUHaNAWLIAD ANUITIVEIIMANTNANININATUE NIUFATUVUYDIHD
2 A = 5 =& ™ = o o 9 2
Y nazlodinNuT Mz gIIUnTIdITazaIegaTugInszuamsau Tnadoudy
v - 8 Aa . . & ' v
NNAUDUVBINBYATN AWFITTINTT “Flooding Velocity” 93z liaunsnldnunega
< 1T W a 1 o 3 o ]
FuTagldnus AN UNToIAUNI1 Flooding Velocity 19 eia1iuTasndnmsududuniu
P A A Yy ¥ < A o A ]y 19 Y a
quinaneneszgnidenie1d Idanusiveseimaluneiisidunetesinlildinanis
9 =3 £ M 91 3 A .
Inadouvesvounarlunegady Felasnallazldanuin 50-75% v03 Flooding
. S L ' . . 3 % (% 1 [
Velocity 1utnaai lun1seentuual Flooding Velocity YUAUBATIAIUVDIOATING 1104
Y
[ vAa Y 1 o
YDUNAIADN Y ANUHUAVDIVDIUHAT AaANTAVEIAINAN U Uszan vuia msidlentii

Y v '
waznuNAaelsuaTv9dIna19n 19 (Richard, 1981)
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2.5 Ufnseunfineddesszrnamamsveulasenleanuasgadu
2.5.1 U3 uniisz#319 CO, maz MEA (Aboudheir er al., 2003; Maceiras et al., 2008;
Danckwerts, 1979)

A 4 J o aaa @ =

Wearsvou laven laaiidgnserduTuTweniueateliu d1u1souaas
09; a aaa Y o dy
Juaoumsinalfnienld aedl

msiad1sisznonloowddou Zwitterion 11NM511AT01U03 MEA 1az
CO, AAIAIAUNIN (2-3)

CO, + RNH, — RNH ,COO’ (2-3)
a 4
M3naa315enouMIT LI 1ABNTEIUNS Deprotonation ¥84a1515EN0Y

Zwitterion HAAIAIANAITN (2-4) D4 (2-6)

RNH',COO + RNH, «—— RNH, + RNHCOO' (2-4)
RNH,COO +H,0 +— H,0 + RNHCOO (2-5)
RNH,COO + OH +—> H,0 + RNHCOO (2-6)

AF¥1IUNT Carbamate Reversion LAAIAIAUNITN 2-7)

RNHCOO +H,0 <+ RNH, + HCO), (2-7)
80131M3NAYYNTE1 HaAIRITUNITN (2-8)

r=k,[CO,][ RNH,] (2-8)
d‘ a a [ o [ d‘ Y o aaa 1
Lll9W5]13ﬂ!1ﬁ15Na@]ﬂﬂlcﬂﬁﬂﬂ‘ﬂﬂ;ﬂiﬂﬂﬂ1§7ﬂﬂ§]ﬂifﬂ§$ﬁ?1ﬂTNTHL@%TH@Q

A o J J ' a v o A a ' . . £ g
L@?Juﬂ‘].lﬂ1§l|@ul1ﬂ@'E)ﬂulglfﬂ‘w‘]J'Jﬁ]%LﬂﬂﬂTi53%@]3&ﬂuﬁ15ﬂ5$ﬂﬂﬂ‘ﬂﬁﬂﬂ31 Zwitterion G]NL’]J‘L!

msisznoulesuFadou

2.5.2 U§n3ends21319 CO, Haz NaOH (Watten et al., 2004; Aroonwilas ef al., 2003)
A 4 o o Aaan o =) 4 Y a o d A
weasueulaoen leanlfnserdulmaen laason lede: Idnaadusd Ao
Na,CO, tagh1 Haaaaaun1sn (2-9)
CO, + 2NaOH ——» Na,CO, + H,0 (2-9)
UPNTeUANTE1nIN CO, Az OH uaAIAITuNIIN (2-10) Haz (2-11)
CO,+20H — CO,” +H,0 (2-10)
o IMnalnIen

r=k,[CO,J[OH] @-11)
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2.6 1.]ﬂﬂﬁﬂ1!ﬂ3~l!ﬂﬂ’ﬂl®\‘ﬁ$‘ﬁ31ﬁﬂ§ﬂﬂ$“ﬂﬂﬂﬂ‘].lﬁ'liﬂﬂ“]ﬁ»l
2.6.1 38 1n3521319 CH,COOH 1az NaOH
Aaaa ' an o J 1Y {
Ufnsenszninsaozganiu lafen laason lad naasdedunmsi (2-12)
CH,COOH + NaOH —#» CH,COONa + H,0 (2-12)
a Y] S A 9 o Aaaa @ 1 Aana @ =S
ﬁWﬁWa@lﬂﬂ!“ﬂ‘ﬂthQWﬂﬂ'liﬂ'lﬂ;]ﬂiEl’lﬂuig‘ﬁ'J’l\?ﬂﬁﬂﬂgclf@ﬂﬂcﬂjcﬁlﬂﬂll
4 ~ QsJ‘ 1 a a o I & A = a cy
vlaﬂif]ﬂﬂ“b’ﬂ%’lﬂﬁuﬂWi‘ﬂ (2-12) uuwmwxmﬂmiNa@mm“vmnJumaaim%mz%mmmzm

(http://www.m2c3.com/c1040c/Lab/Labl_LabReports/labreport.htm)

2.6.2 U3 unN321319 CH,COOH taz MEA (Xie et al., 2003)
UaserseninensaezdaniuluTwemueaeiwfamsnaasaaiiy
Acetamide Monoethanolamine LLEAIAIE llmi‘ﬁ (2-13)
H,NCH,CH,OH + CH,COOH —» H,N(C,H,0),0H (2-13)
2 7mBseRiReTea
Tumsansimsiitanaulummdeiinasinnszuiumseusauialaens

=2 14

aazudlsarsavarsTadonlaasenloduaz TuTweniueaediuluaeduiussyld

U

) = Ao A A 9 I A Ay =
ﬂ’lﬂWiﬁﬂH’llfJﬂﬁ’lﬁ\ﬂuj%ﬂcﬂNWH?J’ILW’f)Gl“]ﬂﬂullu']ﬂ’lﬂiuﬂWiﬂﬂﬁ@\ﬂa’E]ﬂﬁ’lﬁﬂ@lﬂ\‘]ﬂWiﬁﬂ‘H'l

E4
v A

a J o = & A Ay A A 9
HAagWITIUEBIT I IUANE T FIUAUIIYNINYIVDIAIU
=2 a A o v & 4 s
Chen et al. (2003) ﬁﬂ‘]&lTIJi$ﬁ‘ﬂ‘ﬁﬂWWiuﬂWﬁﬂ1%ﬂﬂ1%ﬂ1iUﬂuulﬂf)@ﬂlquﬂ Tag

Y

19 Spay Dyer Tagiiarsanilodoarse laun stiavesa1saadunauniy Ca(OH),, guunin 19
@ 7 7
Tunmsnaaes, anududuvesmsgadu wazanududuvesmaaisvoulasen lyanniaud
= A a Y 9 @ s 7= F
NAMIANINDINNUNYN 150°C nazanududuvosmaaisvou laoon laainiud
1 v S A Y I =
WY 10% iWuanzimungay msldeasazais 10% NaOH + 5% Ca(OH), 1T ua1sgady
v 1w ] a a o w
Taglddas1ms lnavesansgaduaednsins lvavesnia 2.82 vz 1dszansamlunmsiiia
(2 4 14 -
maasuou laeon lyagagaminy 48%
.. = J .. =< o )
Godini et al. (2008) fiN1AT Selectivity ¥BINITAATUNY CO, Lz H,S Tag ]y
= [ = v ' = 9
arsazang Ty Twemueaeluiumsgaduluaodauiussanunsgady co,laglys MEA
S A Y U d' =2 9 z:' [ ()
wiiSadosndt HS Ngadulasld MEA Tasmwiznismuoasinis lvavesmauazan

@ a v v o 1 .. A 4 . {
L/G ratio m3dSuaamimesaenaniiilym Selectivity N YUIAVD Packing i

9 0 4 )
$1M3ANYIAL 0.5 uag 1 47 TaenuIA1 Relative Efficiency INLAY 5% tia19u11a Packing
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Y v 9 v v
1 117 unuNvuIA Packing 0.5 17 YNA1 Absolute Efficiency aaadltazmsiasonan1izi
= & Y A 9 o Y .. = A d?’ ~
mnzaudnmanilalaglg5m co, doss il Selectivity ¥09n159AFMNNTY 1A
4 ' 2 v 4
WuFUUI MEA g3y, L/G ratio 1UAUIAZYUIA Packing AR HUIEDI NISIANTUYDIAT
< 1 a &£ .. a A o 1 ]
MIgATNADLTNIAT FIA1 Selectivity anas WA NUTVYTINUIINITaAAIV0IFI
v v b4 v

L/G ratio N&aina l@nuIn Relative Efficiency INNYUINOY 5% Uz Absolute Efficiency

anag
J

Maceiras et al. (2008) AnyIWavoIgurglnudulszansnisnis Touulras

UsmasTasAnyinaeas1anszuIuMsgady CO, Aled15azals MEA Iasnisanyilu

Bubble Column Tumsfununigaugliduidumslasldanududuyes MEA uazdnsins

1
o
N

lvaves co, naenu nazagungiin lanni1linsh (Non-isothermal) 91nN13NARBINUI

' a 4 4 a3 v W
Aguniazgeiuioanududuves MEA g9 Tasnisnasansilugasnnuduius

v o ' @ a T o A = U a a
ANUAURUTIZHINNARUguMginuNadulszanimsne TeunraFasmas (ka) ae
9 ' E4
Yuegnuguugiuazanududuveveiiu d1Agurgiazaududuves MEA AU A1
QU a Qe 1 a a t;l dg’ aaAaa d' a dgl J U
duilszansnisnieTeunraralTuasezinudy nazl§ATeinausgyi1e MEA 11U CO,

a o dg’ < . . £ a d? Y
WNAMITINAITUNATIY Zwitterions FUNATUDINNITAARIVO T TR0 UNINILIAIE IS
a o J
HAANMUNAD Zwitterions
o o 4 J a o
Setameteckul er al.  (2008) ANHIANNANNUTIZHINWIT AT U
o a A =< Y < A
NIzUIUMINUYIzaNTnInveIn1Tgady Co, Tasmislsaisgaduiiilu MEA  uag
a P @ [
MEA/MDEA #1510101035 NUNanUNTUIUNTQA%H CO, 1n801de Factorial Design Analysis
a A o w o a o o (%
Tagdszansnmlumsthtda couie K.a, Aumsiiwmeson s a1 laun dasins Inafou

a

YOIA1IRATY, ANVAUdIUNNINdIe9 CO, ANUITUTUYDIA1S Alkanolamine, §UKRI,
4

CO, loading UBIA1TALANY %1ﬂﬂ15ﬂﬂa@ﬂ‘l"lﬂ’31ﬂ1ﬁuﬂi$ﬁﬂﬁﬂ13ﬂ181@uw’3aﬁﬁu(KGae)i]$

A dg’ A Y o = A dg’ I~ A A 1 [ 1

LW1IEU°IJLll@Gl‘lff]ﬂi1ﬂ15ulﬁﬁl'38usllﬂ\‘lell@ﬂl‘ﬂa'JL‘WlIGUu UAZITUMAAAUUBDINUAINNUAUTIU

1 a L o Ao ' a

Y09 CO, @IuMlmeson 3 Mmmiminaaesldun anududuves MEA, gungil uaz
. VA v o d . o £ ~ 34 ..

CO, loading WUNNANNAUNUTIULUY Non-linear NUA K.a, FIEUIOUIUIT U Empirical
. 9 a a s @ a s A A A a o

Correlation blﬂ TﬂEJ‘V]W"Ii"IEJmﬂ51/]3JWE111!ﬂ1'51/]ﬂﬂ@QﬂﬂWTiTNL@]@S@UNWﬂV]@ﬂﬂ@ UNHUNY

il K,a,
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Pei et al. (2008) An¥INIUSTVU 95z @niamlunisiivarsazais 2-amino-2-
methyl-1-propanol AW 14 IniTasn1sqadu co, Moaan ldd1ed1unasaiulunis
= o = [ 9 1 9 d' [ %
nyunsmihmsgasunavnldlmineldannznminaassiuanaaiu drsazatelszian
Steritical Hindered AMP 3isz@nsamlumsihnduinlslmiden)Seuieudvarsazaie

~ A A 9 . I~ = Y
muuﬂizmmuq wulnvel¥arsazaie 2-amino-2-methyl-1-propanol Lﬂuﬁﬁﬂﬂcﬁwﬂﬂﬁ

Yy v
' = (% !

Uszansamlumsiinduin1dlnifisgeiiuaug 86.2-98.3% iWohimsAnygumgiiluwag
Y [ ]
Aqua 358-383 1Aadu  wudguugiiminzanigalunszuiunmsthnauun el fe
Y
383 13U wenvIninasnInmsgadumazmaiinaun s v 6 sou Uszaninmdinsgog
= A I . . . = o Y IS =
09 94% TaeNnaa1nnsilu Sterical Hinding Y83 AMP 1IHai1 11 Carbamate HANMIADYS
9 A =) = @ . . @ 091’ o w a =< A
vosaaiion/3euMeunua1s MEA (Primary Alkanolamine) Aatiud1auvedlSuamsgadsun
1 UA19AUAD DETA>SAMP>MEA>DEA>MDEA  1agAMP  aglianunuizaulunis
L 4 [ 1 { [ {
Uszgna lFlugaamnssuilesnnldanuaudiuings wasnuanudounldlumsnyuiou
v Y
nduu 14 1nin Reboiler d1as wenaniulszansamlumahnduunldinigauay
< Y Y
awnsogady laa
. =< A a o W A Y A

Schlegelmilch ez al. (2005) Anw1dszansamlumsiidanau lagleniuaen
~ ] 1 A o o Y o w A kY !
nmnzay Tasdaulnanszurumsndnazihunldlumstnianau laun nszuirunmsni
MEATN NTZUIUMIMIUAT 1AZNIZUIUMTNNFINWN Taefinszuiumsaaduaz Idaisga
[ 1 A o 1 . . . J . S
FUANFUANU LHU Activated Carbon, Activated Alumina, Silica gels Q¥ Zeolites Wudu
NT2UAIUNITYATY TAUR NTZVIUNITAAFUNIINIGNINUALNTZVIUNITAATUN131AT]
AszuIUMITTanauna¥in1w 18un Bioscrubbers Biotrickling Filter tlai& Biofilters N13
J1ianauTaelsnnuseu 1dun Thermal Afterburners Catalytic Incinerators 4l01¢ Regeneration
Thermal Oxidation (RTO) nszuaumMseendatunuylildaiuion 1&un Ozone UV uay
Non-thermal Plasma M3inagouszuvthiianau 2 szuu ldun

. 1< Aq ¥ a Aq [

1. Static Test System tHuszuunlsganaraanilelu Olfactometry A1l
Treatment Media (%1 Adsorbent scrubbing liquids tt01& Biofilter

2. Dynamic Test System 1% 1145z UUMITanaunlsenoud e Unit A199)
1% Test Units, Air Pump, Recirculation Pumps 161 Flowmeters MITAMINAUT T iq‘]Jll??])
I
Wy Odour Problem, Odour Management Handbook, Odour Assessment, Chemical Analysis

Data Base, Test System, Test Plant 146 Full-Scale Plant
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Freudenthal er al. (2005) Anwimistitianaulumasdeslnels Waste Gas
Y = & d A Agq Yo 1 Y A ) [ o @
Scrubber laglunszurumsgadudailumaianlénuediiniguiengadimiunsiitia
A ) [ a A v v o o .
naulumade nsU5vlgalsz@niamvesdrdnsumaainisonildTaon1s e Washing
Liquid 35m5 Screening Test gniinn 4o annuaioiiod M5y Washing Liquid Tunmstinie
A (74 =S v A A 3 1 dyd A AN o o a 4
naulumande arduendndunsUIFDnNaUNTan UL IUNIZUASTINITDNATIEH
k4 E4
a a ] a 4
Usz@NTNINUDINI1TRATUYDY Washing  Liquids  1ad18duTas3snisilszgndldlu
< v 3 o
gAdINNTINFON InuaatazmMInauiiuy
a 4 = 9 = o [ [ = Y
aunng uazame (2550) AnyIMIlFasgasudmsuandvuuulenln
9/3’ A o ' A 3’ A a R ] 9
mngdy Tagaunsolsinysy pH 521214 8-10 W30 MANEIT Oxidizing Agent 15U 19
Sodium Hypochlorite %30 Potassium Permanganate AANUANTINIAD 10 mg/l NNANIT
a d o (] 9 1 v 1
A52931AT1EHA20819M¥AB ULz INTLVUANI VI onuea 15991HB19LHS STR20
wuInlsganiammsihliaudazlszianvensa lviiussimesvesssuuaniunuuitlenves
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a 4 = o a Al &
AUNNG uazAn (2550) ANBINIIIMUNAITUTznoUBUNIINTUdUMAUDY
A <3 1 a va 1 o
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A < 1 [ 1 { 09/’
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a 4 o w a g
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a A o 4 o A v = 9 v o
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a Y ~ A 9y 9 = = a A o 1
M50 luMsNszU1e09nANOVENAUN I uazlauRdevedlssanininmisiintalusig
9 [ o w an a aa a () 1
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RUN Exhaust | Liquid L/G NaOH Inlet Acetic Optimum
gas flow ratio | Concentration | Acetic | Removal | parameters
flow rate (l/m3) (mol/l) (mg/1) (%)
rate (I/min)
(ms/min)
13 0.1 9 90 0.2 actual | measure
14 0.1 9 90 0.4 actual | measure
15 0.1 9 90 0.5 actual | measure NaOH
16 0.1 9 90 0.7 actual | measure | = X4 mol/l
17 0.1 9 90 1.0 actual | measure
18 0.1 9 90 1.4 actual | measure
19 0.1 9 90 2.0 actual | measure
20 0.1 3 30 X4 actual | measure
21 0.1 5 50 X4 actual | measure L/G ratio
22 0.1 8 &0 X4 actual | measure = X5 I/min
23 0.1 10 100 X4 actual | measure
24 0.02 0.02X5 X5 X4 actual | measure | Exhaust gas
25 0.05 0.05X5 X5 X4 actual | measure flow rate
26 0.07 0.07X5 X5 X4 actual | measure | =X6 mS/min
27 0.09 0.09X5 X5 X4 actual | measure
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compound Chemical formula Henry's law constant

at 25°C (atm m’ mol )

Acetic acid CH,COOH 1.0x10"

Carbon dioxide Co, 2.94x10"

(http://www.arb.ca.gov; http://en.wikipedia.org)
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-1 Tuluemuaadiy (Monoethanolamine) (MSDS, 2001)

:H NCH CH OH
2 2 2
:61.08 g/mol
:Ethanolamine, Beta-aminoethanol,
Ethylolamine, Aminoethanol
UDNHRAD
T lidia
A ~
nauten Tty
:170 °C
:10 °C
:1.02
A
:12.1 1 20 °C
Y 4
:ﬁ%ﬁWﬂUlﬂﬁlullf)aﬂf)ﬁ'ﬂﬁ
Y
:ﬁ”ﬁﬁﬁnﬂimﬁﬂﬂTiﬁa18ﬁl’JV]N
= 9
R
dy L U 1 g’
mimx"lumwaau@mﬂmimum
t:y =\ Y [ =
{N W”IﬂiJﬂ”li(l‘]ﬂLagﬁ]ﬂﬂ”liﬁ1imll

U1UNNZ T

n-2 Tasdeslansenlae (Sodium Hydroxide) (Mcgraw-Hill., 1999)

:NaOH

:40.01 g/mol

:Caustic Soda, Lewis-red devil lye,
Natriumhydroxyde,Sodium hydrate
:1,390 °C

:318.4°C

2.13 125 °C
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1-3 NSADTBAN (Acetic Acid) (MSDS, 2001)
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Wwtinlaana

A o A
yolIgnNOU

= |
A1ABA
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QATAVIIHA I/ YAIHONIT
ANOIID U

ananilunsa-ae (pH)
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:0.05% wt/wt solution about 12
9 = [
azaeldlundesea, luauise
F4 = = 4
azane'ld luesd Tauuazdimos
Y Qy 1 1 oy oy =\ A A
unasguraai ude niedan
dy 1 [l 9
a5l luenusogesaaisldnia
=
FIIN
dyd a [ 4
asuiluneaelal tazunasnnou
d! [ I~ [ d‘
FIFIWAT UOUAT D990

nlasunlasiitey 01 lilarane

k4
14
ama Jq ¥ . . .
AFUATIZH 1% acid - base titration
[ o [ < o 1 =
ﬂ@]i”lﬂﬁll‘]riﬂﬁ1ﬁi‘]_ll,ﬂ‘]_lﬁ’mm\1 199
a 1 =
4 anIfvdUIN

a S W 1 °
ﬂiu1ﬁi!ﬂﬂ¢l’)@ﬂ1ﬂ¢n’q@-ﬁ\‘lﬁﬂ

U Q

a

f1ga 70 893 gagA 1000 ans

:CH,COOH

:60 g/mol

:Methanecarboxylic acid

Glacial acetic acid ; Ethylic acid;
Vinegar acid

:118.10°C

:62°C

:1.05

2.5 9 20°C
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-4 m15uaulaoanlae (Carbon dioxide) (MSDS, 2001)

gasluana .CO,

vivnlwana 144.01 g/mol

A o A . .
¥yoLIunou :Dry ice; Mark carbon dioxide;

Carbonic anhydride
1 o3| a Y
mmmgmuazmmaﬂuwy WIU. AUATDIUTINIU W.A. 2541

naY 8 ¥ 1149 5,000 ppm

aou U9AUKAD
=S ==
a Nunid
2 S
nau Jutinau
A
AA0A ==79°C
YAnaoNIad/ BN - =70°C
ANOIID UMY 1.101
Y dd‘ Y J v o
Yoyamamamniaziniioi avanelalulalasasuou, a2
a =4
ATAYDUNT
Al Q' v [ ] 9y a 1
NANIZNUADAAUIAADN Junelinanansgnuaeszul
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-5 118N BIAN (Sodium acetate) (MSDS, 2001)
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:C,H;NaO,
:82 g/mol

:Sodium salt; Acetic acid, sodium salt

(1:1); Sodium ethanoate
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-6 tufinthadian (Methyl palmitate) (https://fscimage.fishersci.com)

gasluana .C H,,0,
Mvinlwana 2270.456 g/mol
A o A ) L :
FOLIYNOU :Sodium salt; Acetic acid, sodium salt
(1:1); Sodium ethanoate
ANasgIazailuiy 'LD,, = 6,891 mg/kg
RN AAUDIUNAT
=
a U1
q‘ Aan A
nau NIADSHANIIDIN
AA0A 211.5°C (30 mmHg)
YAnaINIad/YMEBoNIT :28°C
ANV U :0.85
] qd‘ [ 2’ 2
‘ll@Hﬁ‘VlNﬂ1Elﬂ1W!!ﬁ$!ﬂN@1!‘] :]11161%15@@361181!1]161
\ Q' v L] Y a 1
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a Jd = 9 Y @
AN ¥InImMs 1Fuagdansny

a o Jd A o A a
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-1 wamsnaaesdnsmInimeslumsaniiumsiiinanelszdnimunlumsiiansa

ana
oz BAN

= a o o Aa Aa v a a o w aa v

v-1.1  Anpnndmesiumsaniumsiinadelszansmwlumsiiaez3anlaaly
msazaalulwemusaniimiluaisgady
3197 ¥-1.1 Yoyannududuves CH,COOH wag CH,COOH removal efficiency (%)

a1 C,.., = 0.2 mol/l 4ag G = 0.1 m’/min, L = 9 I/min

MEA

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/l) efficiency (%)

0 0.92 0.44 52.17
15 0.92 0.44 52.17
30 0.92 0.43 53.26
45 0.92 0.42 54.34
60 0.92 0.43 53.26
90 0.92 0.42 54.34
120 0.92 0.41 55.43
180 0.92 0.43 53.26
240 0.92 0.47 48.91
Average 0.43 53.26




M5190 v-1.2 Yoyannududuves CH,COOH 1azCH,COOH removal efficiency (%)

AN Cypy

= 0.4 mol/l 182 G = 0.1 m /min, L = 9 I/min

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1) efficiency (%)

0 0.79 0.37 53.16
15 0.79 0.37 53.16
30 0.79 0.36 54.43
45 0.79 0.34 56.96
60 0.79 0.30 62.02
90 0.79 0.30 62.02
120 0.79 0.28 64.55
180 0.79 0.28 64.55
240 0.79 0.28 64.55
Average 0.31 60.75

3197 ¥-1.3 Foyannududuves CH,COOH wag CH,COOH removal efficiency (%)

AUNEM Cypy

= 0.5 mol/l 182 G = 0.1 m /min, L = 9 I/min

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1) efficiency (%)

0 0.88 0.29 67.04
15 0.88 0.28 68.18
30 0.88 0.28 68.18
45 0.88 0.28 68.18
60 0.88 0.28 68.18
90 0.88 0.26 70.45
120 0.88 0.26 70.45
180 0.88 0.25 71.59
240 0.88 0.25 71.59
Average 0.27 69.31
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M5190 v-1.4 Yoyannududuves CH,COOH 1ag CH,COOH removal efficiency (%)

AUNEM Cypy

= 0.7 mol/l 482 G = 0.1 m /min, L = 9 I/min

88

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1) efficiency (%)

0 0.89 0.21 76.40
15 0.89 0.21 76.40
30 0.89 0.21 76.40
45 0.89 0.22 75.28
60 0.89 0.21 76.40
90 0.89 0.19 78.65
120 0.89 0.19 78.65
180 0.89 0.19 78.65
240 0.89 0.20 77.52
Average 0.20 77.52

M5190 v-1.5 Yoyannududures CH,COOH 1ag CH,COOH removal efficiency (%)

fUa1#i L = 3 Umin, G = 0.1 m*/min uaz C,,, = 0.7 moll
Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1) efficiency (%)
0 1.26 0.75 40.47
15 1.26 0.70 44.44
30 1.26 0.70 44.44
45 1.26 0.65 48.41
60 1.26 0.69 4523
90 1.26 0.64 49.20
120 1.26 0.62 50.79
180 1.26 0.69 45.23
240 1.26 0.72 42.85
Average 0.68 46.03




M5190 v-1.6 YoyannududuYes CH,COOH 1oz CH,COOH removal efficiency (%)

SUaii L = 5 Vmin, G = 0.1 m*/min 1@ C, ., = 0.7 moll
Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1l) efficiency (%)
0 1.21 0.32 73.55
15 1.21 0.32 73.55
30 1.21 0.33 72.72
45 1.21 0.32 73.55
60 1.21 0.32 73.55
90 1.21 0.32 73.55
120 1.21 0.43 64.46
180 1.21 0.42 65.28
240 1.21 0.45 62.80
Average 0.36 65.28

m319il ¥-1.7 Yoyannududuves CH,COOH wag CH,COOH removal efficiency (%)

AUNaM L =8 Umin, G = 0.1 m’/min 118% C,,., = 0.7 mol/l

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1) efficiency (%)

0 0.80 0.27 66.25
15 0.80 0.25 68.75
30 0.80 0.25 68.75
45 0.80 0.27 66.25
60 0.80 0.27 66.25
90 0.80 0.29 63.75
120 0.80 0.28 65.00
180 0.80 0.26 67.50
240 0.80 0.28 65.00
Average 0.27 66.25




M5190 v-1.8 Yoyannududuves CH,COOH 1ag CH,COOH removal efficiency (%)

SUIaii L = 10 Vmin, G = 0.1 m/min 1@ C,,,, = 0.7 mol1
Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1) efficiency (%)
0 1.36 0.41 69.85
15 1.36 0.41 69.85
30 1.36 0.45 66.91
45 1.36 0.37 72.79
60 1.36 0.36 73.52
90 1.36 0.40 70.58
120 1.36 0.47 65.44
180 1.36 0.47 65.44
240 1.36 0.47 65.44
Average 0.42 69.11

3197 ¥-1.9 Yoyannududuves CH,COOH wag CH,COOH removal efficiency (%)

fUra1#i G = 0.02 m’/min, L = 10 Vmin 1@ C,,,, = 0.7 mol/l
Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1l) efficiency (%)
0 1.36 0.25 81.61
15 1.36 0.25 81.61
30 1.36 0.25 81.61
45 1.36 0.21 84.55
60 1.36 0.18 86.76
90 1.36 0.24 82.35
120 1.36 0.23 83.08
180 1.36 0.20 85.29
240 1.36 0.21 84.55
Average 0.22 83.82
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M15190 -1.10 Yoyannududuves CH,COOH 11az CH,COOH removal efficiency (%)

fU9afi G = 0.04 m'/min, L = 10 Vmin uas C, ., = 0.7 mol/l
Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1) efficiency (%)
0 0.92 0.17 81.52
15 0.92 0.17 81.52
30 0.92 0.19 79.34
45 0.92 0.12 86.95
60 0.92 0.15 83.69
90 0.92 0.19 79.34
120 0.92 0.16 82.60
180 0.92 0.17 81.52
240 0.92 0.19 79.34
Average 0.17 81.52

M3190 v-1.11 Yoyannududuves CH,COOH 1az CH,COOH removal efficiency (%)

fura1ii G = 0.07 m*/min, L = 10 Vmin 118 C,, = 0.7 mol/l
Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1l) efficiency (%)
0 0.92 0.28 69.56
15 0.92 0.28 69.56
30 0.92 0.29 68.47
45 0.92 0.26 71.73
60 0.92 0.27 70.65
90 0.92 0.26 71.73
120 0.92 0.29 68.47
180 0.92 0.29 68.47
240 0.92 0.28 69.56
Average 0.28 69.56




M5190 ¥-1.12 Yoyannududuves CH,COOH 11agCH,COOH removal efficiency (%)

fuIa1ii G = 0.09 m*/min, L = 10 Umin 18 C,, = 0.7 mol/l
Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1l) efficiency (%)
0 1.31 0.42 67.93
15 1.31 0.42 67.93
30 1.31 0.42 67.93
45 1.31 0.42 67.93
60 1.31 0.42 67.93
90 1.31 0.42 67.93
120 1.31 0.42 67.93
180 1.31 0.42 67.93
240 1.31 0.42 67.93
Average 0.42 67.93
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v-1.1  dnmiwnsidiaeslumsaniiumsniinanelszansamlumsintaezdanlasly
=2 d & =
asazanelwienleasenlvailumsgady
M3197 ¥-1.13 Yoyannududuves CH,COOH wag CH,COOH removal efficiency (%)

AUNaM C ., =0.2 mol/l, G = 0.1 m’/min 18 L = 9 I/min

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1) efficiency (%)
0 1.89 0.79 58.20
15 1.89 0.79 58.20
30 1.89 0.76 59.78
45 1.89 0.73 61.37
60 1.89 0.73 61.37
90 1.89 0.80 57.67
120 1.89 0.82 56.61
180 1.89 0.82 56.61
240 1.89 0.80 57.67
Average 0.78 58.73




M5190 v-1.14 Foyannududuves CH,COOH 1ag CH,COOH removal efficiency (%)

v d‘
AUININ C

NaOH

= 0.4 mol/l, G=0.1 m’/min 48 L =9 I/min

94

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1) efficiency (%)

0 1.85 0.65 64.86
15 1.85 0.65 64.86
30 1.85 0.68 63.24
45 1.85 0.72 61.08
60 1.85 0.62 66.48
90 1.85 0.75 59.45
120 1.85 0.80 56.75
180 1.85 0.81 56.21
240 1.85 0.78 57.83
Average 0.72 61.08

M3190 v-1.15 Yoyannududuves CH,COOH 1ag CH,COOH removal efficiency (%)

v d‘
AUININ C

NaOH

=0.5mol/l, G=0.1 m’/min 48 L =9 I/min

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1) efficiency (%)

0 1.92 0.68 64.58
15 1.92 0.68 64.58
30 1.92 0.71 63.02
45 1.92 0.71 63.02
60 1.92 0.60 68.75
90 1.92 0.60 68.75
120 1.92 0.68 64.58
180 1.92 0.65 66.14
240 1.92 0.63 67.18
Average 0.66 65.62




M5190 -1.16 Yoyanududuves CH,COOH 11az CH,COOH removal efficiency (%)

v d‘
AUININ C

NaOH

= 0.7 mol/l, G=0.1 m’/min 48 L =9 I/min

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1l) efficiency (%)

0 1.81 0.37 79.55
15 1.81 0.37 79.55
30 1.81 0.32 82.32
45 1.81 0.28 84.53
60 1.81 0.27 85.08
90 1.81 0.28 84.53
120 1.81 0.31 82.87
180 1.81 0.33 81.76
240 1.81 0.29 83.97
Average 0.31 82.87

M3197 ¥-1.17 Yoyannududuves CH,COOH wag CH,COOH removal efficiency (%)

o l:'
AU C =

NaOH

1.0 mol/I, G = 0.1 m’/min 8% L = 9 I/min

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1l) efficiency (%)

0 1.02 0.16 84.31
15 1.02 0.16 84.31
30 1.02 0.17 83.33
45 1.02 0.16 84.31
60 1.02 0.16 84.31
90 1.02 0.18 82.35
120 1.02 0.19 81.37
180 1.02 0.17 83.33
240 1.02 0.16 84.31
Average 0.17 83.33
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M15190 -1.18 Yoyannududuves CH,COOH 11az CH,COOH removal efficiency (%)

furafi €, 1.4 moll, G = 0.1 m'/min 112 L = 9 Umin
Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1) efficiency (%)
0 1.64 0.26 84.14
15 1.64 0.26 84.14
30 1.4 0.26 84.14
45 1.4 0.23 85.97
60 1.4 0.23 85.97
90 1.64 0.22 86.58
120 1.64 0.26 84.14
180 1.64 0.27 83.53
240 1.64 0.23 85.97
Average 0.25 84.75

M5190 v-1.19 Foyannududuves CH,COOH 1az CH,COOH removal efficiency (%)

fuaIn C. .. =2.0mol/l, G=0.1 m/min a2 L =9 I/min

NaOH

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1l) efficiency (%)
0 1.64 0.21 87.19
15 1.4 0.21 87.19
30 1.64 0.20 87.80
45 1.64 0.21 87.19
60 1.64 0.21 87.19
90 1.64 0.21 87.19
120 1.4 0.19 88.41
180 1.4 0.21 87.19
240 1.64 0.21 87.19
Average 0.21 87.19




M15190 -1.20 Yoyannududuves CH,COOH 11az CH,COOH removal efficiency (%)

SUa1#i L =3 Vmin, G = 0.1 m*/min 1% Cy,, = 0.7 mol/l
Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1) efficiency (%)
0 1.38 0.14 89.85
15 1.38 0.14 89.85
30 1.38 0.14 89.85
45 1.38 0.16 88.40
60 1.38 0.15 89.13
90 1.38 0.20 85.50
120 1.38 0.18 86.95
180 1.38 0.19 86.23
240 1.38 0.19 86.23
Average 0.17 87.68

M3197 ¥-1.21 Yoyannududuves CH,COOH wag CH,COOH removal efficiency (%)

SUa1fi L = 5 Vmin, G = 0.1 m*/min 1% Cy,,, = 0.7 mol/l
Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1) efficiency (%)
0 1.28 0.13 89.84
15 1.28 0.13 89.84
30 1.28 0.14 89.06
45 1.28 0.14 89.06
60 1.28 0.14 89.06
90 1.28 0.13 89.84
120 1.28 0.12 90.62
180 1.28 0.12 90.62
240 1.28 0.13 89.84
Average 0.13 89.84
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M519h v-1.22 Foyannududuves CH,COOH 1az CH,COOH removal efficiency (%) 11

1AM L = 8 Vmin, G = 0.1 m’/min 1% Cy,, = 0.7 mol/l
Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1l) efficiency (%)
0 1.59 0.18 88.67
15 1.59 0.18 88.67
30 1.59 0.17 89.30
45 1.59 0.14 91.19
60 1.59 0.14 91.19
90 1.59 0.15 90.56
120 1.59 0.15 90.56
180 1.59 0.15 90.56
240 1.59 0.15 90.56
Average 0.15 90.56

M519N v-1.23 Yoyannududuves CH,COOH 1az CH,COOH removal efficiency (%) 11

Na1f L =10 Vmin, G = 0.1 m’min 118z C,,,, = 0.7 moll
Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/l) outlet (mg/l) efficiency (%)
0 1.64 0.17 89.63
15 1.4 0.17 89.63
30 1.64 0.14 91.46
45 1.64 0.12 92.68
60 1.64 0.13 92.07
90 1.64 0.13 92.07
120 1.64 0.12 92.68
180 1.64 0.12 92.68
240 1.64 0.15 90.85
Average 0.14 91.46
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M319N v-1.24 Foyannududuves CH,COOH 1az CH,COOH removal efficiency (%) 11

1AM G =0.02 m’/min, L = 10 /min 1182 Cy,, = 0.7 mol/l

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/l) outlet (mg/l) efficiency (%)
0 1.07 0.02 98.13
15 1.07 0.02 98.13
30 1.07 0.04 96.26
45 1.07 0.04 96.26
60 1.07 0.04 96.26
90 1.07 0.04 96.26
120 1.07 0.05 95.32
180 1.07 0.04 96.26
240 1.07 0.04 96.26
Average 0.04 96.26

M319il ¥-1.25 Joyannududuves CH,COOH 1ag CH,COOH removal efficiency (%) i

AN G=0.04m’/min, L = 10 I/min 118 C,,, = 0.7 mol/l

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/l) outlet (mg/l) efficiency (%)
0 1.39 0.14 89.92
15 1.39 0.14 89.92
30 1.39 0.10 92.80
45 1.39 0.12 91.36
60 1.39 0.10 92.80
90 1.39 0.10 92.80
120 1.39 0.15 89.20
180 1.39 0.14 89.92
240 1.39 0.14 89.92
Average 0.12 91.36
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M3190 v-1.26 YoyannuduT 09 CH,COOH 11az CH,COOH removal efficiency (%) 11

NAa1fA G =0.07 m’/min, L = 10 Jmin 1182 Cy,, = 0.7 mol/l

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/l) outlet (mg/l) efficiency (%)
0 1.48 0.22 85.13
15 1.48 0.22 85.13
30 1.48 0.25 83.10

45 1.48 0.16 89.18
60 1.48 0.16 89.18
90 1.48 0.17 88.51
120 1.48 0.16 89.18
180 1.48 0.16 89.18
240 1.48 0.16 89.18
Average 0.18 87.83

M9 v-1.27 Yoyannududuves CH,COOH 1az CH,COOH removal efficiency (%)

AUNA1A G= 0.09 m’/min, L= 10 Vmin tag C,, = 0.7 mol/l

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/l) outlet (mg/l) efficiency (%)
0 1.64 0.20 87.80
15 1.4 0.20 87.80
30 1.64 0.28 82.92
45 1.64 0.24 85.36
60 1.64 0.26 84.14
90 1.64 0.26 84.14
120 1.64 0.31 81.09
180 1.64 0.29 82.31
240 1.4 0.28 82.92
Average 0.26 84.14
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Ms19N v-1.28 Yoyannududuves CH,COOH taz CH,COOH removal efficiency (%)

AUNaTN L=0.6 Umin, G= 0.02 m/min, L/G ratio = 30 I/m’ 1z Cy,,, = 0.7 mol/l

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/l) outlet (mg/l) efficiency (%)
0 1.55 0.58 62.58
15 1.55 0.58 62.58
30 1.55 0.61 60.64
45 1.55 0.59 61.93
60 1.55 0.59 61.93
90 1.55 0.58 62.58
120 1.55 0.63 59.35
180 1.55 0.63 59.35
240 1.55 0.64 58.70
Average 0.61 60.64

M319il ¥-1.29 Joyannududuves CH,COOH 1ag CH,COOH removal efficiency (%)

AUNa1A L=1.5 Umin, G= 0.05 m’/min, L/G ratio = 30 V/m’1ag C, ;= 0.7 mol/l

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/l) outlet (mg/l) efficiency (%)
0 1.62 0.58 64.19
15 1.62 0.58 64.19
30 1.62 0.59 63.58
45 1.62 0.59 63.58
60 1.62 0.53 67.28
90 1.62 0.54 66.66
120 1.62 0.51 68.51
180 1.62 0.63 61.11
240 1.62 0.60 62.96
Average 0.57 64.81
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M319 v-1.30 YoyannuduIuves CH,COOH 11az CH,COOH removal efficiency (%) 1)

NAa1fA L=2.1 Umin, G= 0.07 m’/min, L/G ratio = 30 I/m’1a C,, = 0.7 mol/l

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/l) outlet (mg/l) efficiency (%)
0 1.81 0.41 77.34
15 1.81 0.41 77.34
30 1.81 0.45 75.13
45 1.81 0.43 76.24
60 1.81 0.43 76.24
90 1.81 0.43 76.24
120 1.81 0.44 75.69
180 1.81 0.43 76.24
240 1.81 0.45 75.13
Average 0.43 76.24

m319il v-1.31 Foyannududuves CH,COOH 1ag CH,COOH removal efficiency (%)

AUNaT N L=2.7 Umin, G= 0.09 m’/min, L/G ratio = 30 I/m’uaz Cy,, = 0.7 mol/l

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/l) outlet (mg/l) efficiency (%)
0 1.72 0.37 78.48
15 1.72 0.37 78.48
30 1.72 0.37 78.48
45 1.72 0.38 77.90
60 1.72 0.37 78.48
90 1.72 0.37 78.48
120 1.72 0.34 80.23
180 1.72 0.34 80.23
240 1.72 0.34 80.23
Average 0.36 79.06
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Ms19 v-1.32 Yoyannududuves CH,COOH 1az CH,COOH removal efficiency (%)

AU A L =4 /min, G = 0.13 m’/min, L/G ratio = 30 Um’ 118 C,,, = 0.7 mol/l

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/l) outlet (mg/l) efficiency (%)
0 1.53 0.18 88.23
15 1.53 0.18 88.23
30 1.53 0.16 89.54
45 1.53 0.18 88.23
60 1.53 0.18 88.23
90 1.53 0.18 88.23
120 1.53 0.18 88.29
180 1.53 0.21 86.27
240 1.53 0.21 86.27
Average 0.18 88.23

m3eil ¥-1.33 Joyannududuves CH,COOH 1ag CH,COOH removal efficiency (%)

AUNaT N L=4.5 Umin, G= 0.15 m’/min, L/G ratio = 30 I/m’ag Cy,,, = 0.7 mol/l

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/l) outlet (mg/l) efficiency (%)
0 1.25 0.14 88.80
15 1.25 0.14 88.80
30 1.25 0.14 88.80
45 1.25 0.14 88.80
60 1.25 0.14 88.80
90 1.25 0.14 88.80
120 1.25 0.14 88.80
180 1.25 0.14 88.80
240 1.25 0.14 88.80
Average 0.14 88.80
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M9 v-1.34 Joyannududuves CH,COOH 1az CH,COOH removal efficiency (%)

AUNATA L=35 Umin, G= 0.166 m’/min, L/G ratio = 30 Um’uag Cy,, = 0.7 mol/l

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/l) outlet (mg/l) efficiency (%)
0 1.81 0.26 85.63
15 1.81 0.26 85.63
30 1.81 0.26 85.63
45 1.81 0.21 88.39
60 1.81 0.26 85.63
90 1.81 0.26 85.63
120 1.81 0.27 85.08
180 1.81 0.27 85.08
240 1.81 0.27 85.08
Average 0.26 85.63

m39il ¥-1.35 Joyannududuves CH,COOH 1ag CH,COOH removal efficiency (%)

AUNa1A L=55 Umin, G= 0.18 m’/min, L/G ratio = 30 V/m’1ag C, = 0.7 mol/l

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/l) outlet (mg/l) efficiency (%)
0 1.81 0.29 83.97
15 1.81 0.29 83.97

30 1.81 0.29 83.97
45 1.81 0.29 83.97
60 1.81 0.31 82.87
90 1.81 0.30 83.42
120 1.81 0.31 82.87
180 1.81 0.32 82.32
240 1.81 0.32 82.32
Average 0.30 83.42
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M15190 -1.36 Yoyanududuves CH,COOH 11az CH,COOH removal efficiency (%)

U@ L =4.5 I/min, G = 0.15 m’/min, L/G ratio = 30 Um’ 118 C,,, = 0.7 mol/l

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/l) outlet (mg/l) efficiency (%)
0 1.7 0.17 90.00

15 1.7 0.17 90.00
30 1.7 0.17 90.00
45 1.7 0.16 90.58
60 1.7 0.16 90.58
90 1.7 0.17 90.00
120 1.7 0.20 88.23
180 1.7 0.27 84.11
240 1.7 0.31 81.76
Average 0.20 88.23

M5190 v-1.37 Yoyannududuves CH,COOH 1az CH,COOH removal efficiency (%)

AUNaM L =4.5 Umin, G = 0.15 m’/min, L/G ratio = 30 I/m’ 1tag C,,, = 0.7 mol/l

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/l) outlet (mg/l) efficiency (%)
0 1.65 0.64 61.21
15 1.65 0.64 61.21
30 1.65 0.63 61.81
45 1.65 0.63 61.81
60 1.65 0.59 64.24
90 1.65 0.61 63.03
120 1.65 0.58 64.84
180 1.65 0.71 56.96
240 1.65 0.71 56.96
Average 0.63 61.81
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M3197 ¥-1.38 Yoyannududuves CH,COOH ag CH,COOH removal efficiency (%)

AUNaM G =0.15 m’/min, L = 4.5 I/min 118 C,,,, = 0.7 mol/l

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1) efficiency (%)
0 1.65 0.64 61.21
15 1.65 0.64 61.21
30 1.65 0.63 61.81
45 1.65 0.63 61.81
60 1.65 0.59 64.24
90 1.65 0.61 63.03
120 1.65 0.58 64.84
180 1.65 0.71 56.96
240 1.65 0.71 56.96
Average 0.64 61.21
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M3197 ¥-1.39 Yoyannududuves CH,COOH wag CH,COOH removal efficiency (%)

AUNaIM G =0.15 m’/min, L = 4.5 I/min 118% C,,, = 0.7 mol/l

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1) efficiency (%)
0 1.70 0.17 90.00
15 1.70 0.17 90.00
30 1.70 0.17 90.00
45 1.70 0.16 90.58
60 1.70 0.16 90.58
90 1.70 0.17 90.00
120 1.70 0.21 87.64
180 1.70 0.27 84.11
240 1.70 0.31 81.76
Average 0.20 88.23
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M3197 ¥-1.40 Joyannududuves CH,COOH 1az CH,COOH removal efficiency (%)

A1a1M G = 0.1 m’/min, L = 10 /min

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1l) efficiency (%)
0 1.61 1.21 24.84
15 1.61 1.21 24.84
30 1.61 1.24 2291
45 1.61 1.22 24.22
60 1.61 1.17 27.32
90 1.61 1.18 26.70
120 1.61 1.25 22.36
180 1.61 1.26 21.73
240 1.61 1.26 21.73
Average 1.22 24.22
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3197 ¥-1.41 Joyannududuves CH,COOH 1az CH,COOH removal efficiency (%)

7112811 G = 6390 m’/min, L = 66 Umin Tao1riniuaisgad

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1) efficiency (%)
60 0.60 0.40 33.00
120 0.60 0.42 30.00
180 0.60 0.44 27.00
Average 0.42 30.00

M5190 v-1.42 Yoyannududuves CH,COOH 1ag CH,COOH removal efficiency (%)

AUNa1M G = 6390 m’/min, L = 66 I/min NUTu1n15103 NaOH 1 kg/hr

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1l) efficiency (%)
60 1.34 0.87 35.07
120 1.34 0.87 35.07
180 1.34 0.87 35.07
Average 0.87 35.07

3197 ¥-1.43 Joyannududuves CH,COOH 1az CH,COOH removal efficiency (%)

AUNa1M G = 6390 m’/min, L = 66 I/min NUTu1n15103 NaOH 2 kg/hr

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1l) efficiency (%)
60 0.80 0.20 75.00
120 0.80 0.20 75.00
180 0.80 0.20 75.00
Average 0.20 75.00




M35190 v-1.44 Yoyannudud VY99 CH,COOH 1ag CH,COOH removal efficiency (%)

A8 G = 6390 m’/min, L = 66 I/min NUTu1n151A% NaOH 3 kg/hr

Time CH,COOH CH,COOH CH,COOH removal
(minutes) inlet (mg/1) outlet (mg/1l) efficiency (%)
60 1.56 0.35 77.00
120 1.56 0.35 77.00
180 1.56 0.35 77.00
Average 0.35 77.00

M3197 ¥-1.45 Joya pH ¥ VAN G = 6390 m/min, L = 66 I/min

Time pH
(minutes)

0 7.58
60 7.67
120 7.70
180 7.74

M3197 ¥-1.46 Foyannududuves NaOH a1l G = 6390 m*/min, L = 66 I/min

NUSuuNSIAN NaOH 1 kg/hr

Time NaOH concentration (mol/l)
(minutes)
0 0.72
60 0.16
120 0.08
180 0.08
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M5190 v-1.47 Foyan DU 1Ye9 NaOH fUa1h G = 6390 m*/min, L = 66 I/min

NUFuwn151@N NaOH 2 kg/hr

Time NaOH concentration (mol/l)
(minutes)
0 0.72
60 0.19
120 0.17
180 0.16

M35191 v-1.48 Yoyannududuves NaOH f1Ua1l G = 6390 m’/min, L = 66 I/min 115010

MILAN NaOH 3 kg/hr

Time NaOH concentration (mol/l)
(minutes)
0 0.72
60 0.20
120 0.19
180 0.19
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Time
(minutes) NaOH concentration (mol/l)
0 0.70
15 0.33
30 0.23
45 0.17
60 0.15
90 0.12
120 0.09
180 0.04
210 0.03
240 0.01
270 0.003
300 0.00
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M990 V¥-1.50 VIUANITWVNVUVDN NaOH nNUIa1N NaOH (54U 0.2 mol/l

G =0.1 m’/min t4a% L = 9 I/min

Time
(minutes) NaOH concentration (mol/l)

0 0.17
15 0.17
30 0.17
45 0.17
60 0.15
90 0.15
120 0.14
180 0.14
240 0.14

3197 ¥-1.51 Foyannududuves NaOH a1l NaOH 15u@1 0.4 mol/l

G =0.1 m’/min t4a% L = 9 I/min

Time
(minutes) NaOH concentration (mol/l)

0 0.40
15 0.40
30 0.40
45 0.40
60 0.38
90 0.38
120 0.37
180 0.36
240 0.36
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M15190 ¥-1.52 FoyanNudNTIUV0I NaOH funa10l NaOH 134U 0.5 mol/l

G =0.1 m’/min 14a% L = 9 V/min

Time
(minutes) NaOH concentration (mol/l)

0 0.50
15 0.50
30 0.50
45 0.50
60 0.49
90 0.49
120 0.48
180 0.47
240 0.47

M15190 ¥-1.53 FoyanNuINTIUVDI NaOH funa1ll NaOH 134U 0.7 mol/l

G =0.1 m’/min t4a% L = 9 I/min

Time
(minutes) NaOH concentration (mol/l)

0 0.72
15 0.72
30 0.72
45 0.72
60 0.72
90 0.72
120 0.69
180 0.68
240 0.68
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M15190 -1.54 FoyanNUINTUVDL NaOH f1Na17 NaOH 134U 1 mol/l

G =0.1 m’/min 14a% L = 9 V/min

Time
(minutes) NaOH concentration (mol/l)

0 1.07
15 1.07
30 1.07
45 1.07
60 1.05
90 1.05
120 1.05
180 1.00
240 1.02

M15190 ¥-1.55 To1anNuINTUVDI NaOH funa10l NaOH 344U 1.4 mol/l

G =0.1 m’/min t4a% L = 9 I/min

Time
(minutes) NaOH concentration (mol/l)

0 1.40
15 1.40
30 1.40
45 1.40
60 1.40
90 1.40
120 1.40
180 1.40
240 1.40
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M15190 ¥-1.56 To1anNUTNTUVDI NaOH f1Na17 NaOH 13841 2 mol/l

G =0.1 m’/min 14a% L = 9 V/min

Time
(minutes) NaOH concentration (mol/l)

0 1.98
15 1.98
30 1.97
45 1.97
60 1.96
90 1.95
120 1.95
180 1.93
240 1.93
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M99 ¥-1.57 Joyannududuues MEA fUna1i MEA 3@ 0.2 mol/l

G =0.1 m’/min t4a% L = 9 I/min

Time
(minutes) MEA concentration (mol/l)

0 0.20
15 0.20
30 0.19
45 0.19
60 0.18
90 0.18
120 0.18
180 0.17
240 0.17

M15190 2-1.58 Foyan ULV MEA 1UNa17 MEA (5581 0.4 mol/l

G =0.1 m’/min 14a% L = 9 V/min

Time
(minutes) MEA concentration (mol/l)

0 0.40
15 0.40
30 0.40
45 0.39
60 0.38
90 0.37
120 0.36
180 0.36
240 0.35
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M15190 ¥-1.59 FoyanNuTNTUVI MEA 1117 MEA (5541 0.5 mol/l

G =0.1 m’/min 14a% L = 9 V/min

Time
(minutes) MEA concentration (mol/l)

0 0.50
15 0.50
30 0.50
45 0.50
60 0.49
90 0.49
120 0.48
180 0.47
240 0.45

3197 ¥-1.60 Foyannududuves MEA fUna1ll MEA 13u@1 0.7 mol/l

G =0.1 m’/min t4a% L = 9 I/min

Time
(minutes) MEA concentration (mol/l)

0 0.70
15 0.70
30 0.70
45 0.70
60 0.70
90 0.70
120 0.69
180 0.67
240 0.66
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M3197 ¥-1.61 FoyanuduiuYee NaOH 1119811 NaOH 5@ 0.7 mol/l

G =0.15 m’/min, L = 4.5 I/min 8% L/G ratio = 30 I/m’

Time
(minutes) NaOH concentration (mol/l)

0 0.77
15 0.77
30 0.77
45 0.77
60 0.77
90 0.77
120 0.76
180 0.76
240 0.75

3197 ¥-1.62 Joyannududuves MEA AUna1ll MEA 13441 0.7 mol/l

G =0.15 m’/min, L = 4.5 I/min 8% L/G ratio = 30 I/m’

Time
(minutes) MEA concentration (mol/l)

0 0.70
15 0.70
30 0.70
45 0.70
60 0.70
90 0.70
120 0.70
180 0.64
240 0.63
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M15190 ¥-1.63 Foya pH veuhinuma

Time
(minutes) pH

0 8.02
15 8.02
30 8.02
45 8.02
60 8.20
90 8.20
120 8.30
180 8.37
240 8.40

120
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3197 -2.1 Yoyannududuves CO, uag CO, removal efficiency (%) NUNAM

C

MEA

= 0.2 mol/l 482 G = 0.1 m’/min, L = 9 I/min

Time CO, inlet CO, outlet CO, removal

(minutes) (ppm) (ppm) efficiency (%)
0 800 700 12.50
15 800 700 12.50
30 800 710 11.25
45 800 700 12.50
60 800 700 12.50
90 800 710 11.25
120 800 700 12.50
180 800 710 11.25
240 800 700 12.50
Average 704 12.00
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Ms1ei v-2.2 Yoyannududuves CO, uag CO, removal efficiency (%) AUNIATN

Cypex = 0.4 mol/l 1182 G = 0.1 m’/min, L = 9 I/min

Time CO, inlet CO, outlet CO, removal
(minutes) (ppm) (ppm) efficiency (%)

0 800 700 12.50

15 800 700 12.50

30 800 710 11.25

45 800 700 12.50

60 800 700 12.50

90 800 700 12.50

120 800 710 11.25

180 800 700 12.50

240 800 700 12.50

Average 702 12.25

Ms1ei v-2.3 Yoyannududuves CO, uag CO, removal efficiency (%) AUNIATN

Cypex = 0.5 mol/l 182G = 0.1 m’/min, L = 9 /min
Time CO, inlet CO, outlet CO, removal

(minutes) (ppm) (ppm) efficiency (%)

0 800 490 38.75

15 800 490 38.75

30 800 450 43.75

45 800 460 42.50

60 800 350 56.25

90 800 340 57.50

120 800 350 56.25

180 800 360 55.00

240 800 450 43.75

Average 416 48.00




Ms1ai v-2.4 Yoyannududuves CO, uag CO, removal efficiency (%) AUNIATN

C

MEA

= 0.7 mol/l 482 G = 0.1 m’/min, L = 9 I/min

Time CO, inlet CO, outlet CO, removal

(minutes) (ppm) (ppm) efficiency (%)
0 800 360 55.00
15 800 360 55.00
30 800 340 57.50
45 800 330 58.75
60 800 330 58.75
90 800 370 53.75
120 800 368 54.00
180 800 383 52.12
240 800 420 47.50
Average 363 54.62
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Tagl¥msazanelmdenloasenlsailumsgady

3197 ¥-2.5 Yoyannududuves CO, uag CO, removal efficiency (%) NUNAM

C

NaOH

— 0.2 mol/l, G = 0.1 m’/min 48 L =9 I/min

Time CO, inlet CO, outlet CO, removal

(minutes) (ppm) (ppm) efficiency (%)
0 800 790 1.25
15 800 790 1.25
30 800 750 6.25
45 800 760 5.00
60 800 750 6.25
90 800 740 7.50
120 800 750 6.25
180 800 760 5.00
240 800 750 6.25
Average 760 5.00




M3519h v-2.6 Yoyannududuves CO, ag CO, removal efficiency (%) UM

C

NaOH

= 0.4 mol/l, G =0.1 m’/min 48 L =9 I/min

Time CO, inlet CO, outlet CO, removal

(minutes) (ppm) (ppm) efficiency (%)
0 800 740 7.50
15 800 740 7.50
30 800 740 7.50
45 800 740 7.50
60 800 750 6.25
90 800 740 7.50
120 800 750 6.25
180 800 740 7.50
240 800 750 6.25
Average 744 7.00

3197 ¥-2.7 Joyannududuves CO, uag CO, removal efficiency (%) NUNAM

C

NaOH

— 0.5 mol/l, G=0.1 m’/min 48 L =9 I/min

125

Time CO, inlet CO, outlet CO, removal

(minutes) (ppm) (ppm) efficiency (%)
0 800 690 13.75
15 800 690 13.75
30 800 690 13.75
45 800 670 16.25
60 800 670 16.25
90 800 650 18.75
120 800 660 17.50
180 800 660 17.50
240 800 660 17.50
Average 670 16.25




M519h v-2.8 Yoyannududuves CO, uag CO, removal efficiency (%) NI

C

NaOH

= 0.7 mol/l, G = 0.1 m’/min 4@ L = 9 I/min

Time CO, inlet CO, outlet CO, removal

(minutes) (ppm) (ppm) efficiency (%)
0 800 590 26.25
15 800 590 26.25
30 800 550 31.25
45 800 510 36.25
60 800 500 37.50
90 800 510 36.25
120 800 510 36.25
180 800 520 35.00
240 800 520 35.00
Average 533 33.37
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v-2.2  Anmimsifitmeslumsaniiumsimanzaniiinanedszansninlumsia
d I3 d
amsveulaeenlualagldmsazaelmaanlsasenloailumsgadu
M3197 ¥-2.990yannudnduves Co, uaz CO, removal efficiency (%) AUNATN

L =4.5 I/min, G = 0.15 m’/min 11a% C,,, = 0.7 mol/l

Time CO, inlet CO, outlet CO, removal

(minutes) (ppm) (ppm) efficiency (%)
0 800 321 59.87
15 800 321 59.87
30 800 320 60.00
45 800 310 61.25
60 800 320 60.00
90 800 320 60.00
120 800 340 57.50
180 800 344 57.00
240 800 350 56.25
Average 328 59.00




128

= a d o A a Aa v a A o W
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M3197 ¥-2.10 Foyannududuves CO, 1ag CO, removal efficiency (%) NUNAN

L =4.5 I/min, G = 0.15 m’/min 1182 C,,., = 0.7 mol/l

Time CO, inlet CO, outlet CO, removal

(minutes) (ppm) (ppm) efficiency (%)
0 800 210 73.75
15 800 210 73.75
30 800 205 74.37
45 800 200 75.00
60 800 190 76.25
90 800 200 75.00
120 800 220 72.50
180 800 250 68.75
240 800 250 68.75
Average 216 73.00
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uazmsveulavenlsdladlfiiniluaisgada

m319f ¥-2.11 Joyannududuves CO, ez CO, removal efficiency (%) AUNAM

L =10 /min, G = 0.1 m/min Tagliuiluansgady

Time CO, inlet CO, outlet CO, removal

(minutes) (ppm) (ppm) efficiency (%)
0 800 800 2.40
15 800 800 2.40
30 800 780 2.50
45 800 790 1.25
60 800 740 7.50
90 800 740 7.50
120 800 750 6.25
180 800 760 5.00
240 800 750 6.25
Average 768 4.00
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a d = Y ?: a .
msaanzrmlSinansaluiuszmengluin 3591, 2546; IAINTIUADIY, 2545; Dilallo
and Albertson, 1961; APHA, 1992)

a Y I~ a I~ a 1 { ]

35111135 v04 Dilallo and Albertson JWPCE, 1961) tHu3svenue arild

] o o ] o a 4 { 1 o
wiudanmin Tiaasih 16 lunudmszvndesanmsanuazdea uaaimsoin il 1$lunms
A A v = o A Aad v Ao v
AuANIzLY ez lanswdamshnuvesgaunidluszunld Taolidunouaail
Y v

Lannananavuan pH = 4 laeds lnmsauvuIwnuFeowasa

(potentiometric titration)
9 1 4 a
2.8u'lansamsueiln
Y =~ S A J ' .
3. lmsanduainiitey 4 Tihiu 7 iemianIna19voInIATLINEd8 (volatile

acid alkalinity) 1AL ANNAVOAVE (base-alkalinity) L1aIV4RUIMIATIDIB (VFA) fin'ld)

A15UNINADA
Y q Y& s 7 a et
lumslawan azdea lildmaaisuou laoon lad lusimiauisuniuinziiu
Y l I~ a d' a ] {; 1 =
vz lamganianuiueie a3 lamsnguvgd lidnan 90 ossisaideoa
MUY
3 @ 1 2’ Y vy A a = 1y 1 a A
arsnudedui I ludiiungungil 4 esmuaadod Tudesldarsiaiiiie

3 o
NUINH

A A d
msmummzqﬂnim
A o A
1.1A39IIANLDY

4 1 ] <3
2.&ﬂ§@ﬂﬂ’3u LA UNNLLAN

= d
S1R1UA
1.8158za10ATgIUNsATaTTn 0.5 Tuan

2. asazannasgiu lsdon laason lad 0.5 Tuany
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Y
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a 4
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Y
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M3 laasnuuudoundy
a 4 9y 9 aa ax Y [ = [V
MIIATITHMANUTNTUNTARETAN TAeTT latmsnuuudounaulnannis
1 fie
Qddyd as ~ Iq 1] g A
Widhuasmsnlsegnaldlaserdonugiuiense-wa lasasazatoa
NaOH nlgnsendunsaezdanludasiaiu 1:1 awaasluaunsi (a-1)
CH,COOH + NaNOH— CH,COONa + H,0 (m-1)
Y30 NaOH fitnasninmsinlgaserdunsaszdanziiililamsn
upudeunaununsalelasnassn Tael NaOH ¥lnsendu HCI lusasidau 1:1
awaadluaunsi (-2)
NaOH + HCI —  NaCl+ H,0 (A-2)
d! 1 1 o dl A o AaAaa (% A
WA 1932131 Taved NaOH Ntmanainn13iilgnsendu HCI Ao

Y
%OTL!TL!INﬁGUENﬂiﬂVlﬂlﬁuizmﬁlﬁx‘lﬁuﬂiﬂﬂgmﬂﬁﬂ

NMISAIINIADLTANNINGG Y
IATENATAZA1UNTADEFANNIATIIUN 3 ANUTUTU A 0.05, 0.005, 0.0005
o w Aaan a d A
mol/l MUAIAY 1AglITNITAATIZH AD
Liulansaezganluilsuias 2.8 cm’, 0.28 cm’, 0.028 cm’ AuEIAY
o Aa Ay Y = Y Y A oy
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% a d 4
anzmsnaaeufeg 1 M delnansIATILHAIBIATEIN Gas Chromatography-Mass

Spectometry (GC-MS)

Gas Chromatograph

Inlet temperature: 240°C, carrier (He) flow 1.0 ml/min, splitless mode 0.8 minute
Oven temp.: 60°C

Ramped 4°C/min 100°C held for 2 minutes

Ramped 15°C/min 230°C held for 20 minutes

Column: HP-INNOWAX, 30 m., film thickness 0.25 um, ID. 0.25 mm

Mass Spectrometer

Ionization mode: Electron Ionization
Acquisition mode: Scan, 25-500 amu
Solvent delay time: 3.00 minutes
Transfer line temperature: 230°C
anzmnageuveadalagminneyidisn30ile CHNS-O Analyzer Tadldimaiians
NAadU Dynamic Flash Combustion
Furnace temperature :900°C

Oven temperature :65°C

Carrier flow :130 mL/min

Reference flow : 100 mL/min

Oxygen flow :250 mL/min
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anznsnagevvesndalaamsdinnzHdreniesiledndisd Wgeasmaudanlnlns
finos (PHILIPS PW2400) Taal¥matiamsnaaey X-ray fluorescence spectrometry

X-ray tube :Rh tube

X-ray path :Vacuum

Application :GPSemiQ

Sample type :Pressed powder

Objective :Qualitative measurement

Scanning range :From O to U
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