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Abstract — In this study, alkanolamine was used to achieve high absorption rates for CO, as suggested at several lit-
eratures. The absorption rates of aqueous AMP and MEA solutions with CO,, SO,, NO, were measured using a stirred-
cell reactor. The reaction rate constants were determined from the measured absorption rates. The performances were
evaluated under various operating conditions. As a result, the reactions with SO,, NO, into aqueous AMP and MEA
solutions were classified as an instantaneous reaction respectively. The absorption rates increased with increase of the
reaction temperature and the concentration of absorbents. The simultaneous absorption rate of CO,/SO,/NO, into 3, 5,
10 wt.% MEA at various pressure of CO,/SO,/NO,, was more increased 14~20% than AMP solution. We investigated
the effect of SO, and NO, on the simultaneous absorption of CO,/SO,/NO, from a flue gas. The performances were eval-
uated under various operating conditions in order to investigate the absorption characteristic.
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Fig. 1. Schematic diagram of experimental apparatus for measure-
ment of absorption rate.
1. N, cylinder
2. CO,, SO, and NO,

cylinder

3. Mass flow controller
4. Mixing chamber
5. Saturator

6. Magnetic drive

7. Controller of temperature
and stirrer speed

8. Reactor (Agitated vessel)

9. Soap flim flow meter

10. Analyzer
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3k B4 FFEES dEA 0% 293, 303, 313K 2EFA
A H Sk 10, 20, 30 wt.% AMPSF MEA 59 o]8-3)¢,
C0,/SO,/NO,2| ¢} 15/1/1 kPa Aol F58R= C0,/SO,/NO,<]
FrEEE S0 alEEE 7). HEAEe ) 71dA
& FABEAL, 7)-AHEAEE B 1418171 218k 50 rpm
o= FAsIt

Fig. 2& AMP 789 ko] & F3E55E el 2102
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CO,/SO,/NO, A EFETE 712} 4.51~5.42x107 kmol m2s7,
5.18~6.65x10"° kmol m2s™!, 5.65~7.37x10° kmol m2s'2 AMP
Sl et ST Sk 2o® UERsTh

MEA 589 ‘55of| W& C0,/SO,/NO, 5455 Fig. 30| 1

Fig. 2. The absorption rate of CO,/SO,/NO, into aqueous AMP
solution as a function of AMP concentration(10, 20, 30
wt.%).
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Fig. 3. The absorption rate of CO,/SO,/NO, into aqueous MEA
solution as a function of MEA concentration (10, 20, 30
wt.%).
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7} 67.8~96.8%, 47.4~82.5% %7}811tE. MEAS ©]&3 CO, &
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Table 1. The absorption rate of CO,/SO,/NO, into aqueous AMP
and MEA solution as a function of AMP concentration (10,
20, 30 wt.%)

Amine solutions

N, (kmol m= s)

[kmolm =] 293 K 303K 313K

1.1 4513 4928 5.424

C, (AMP) 22 5.184 5.854 6.655
33 5.657 6.484 7.376

1.64 5.158 5.741 6.412

Cy (MEA) 3.28 6.049 6.861 7.926
492 6.641 7.754 8.880

latast Hl478 H5E 20094 102

AL - AR - oHF

® 3wt.% AMP
B 5wt.% AMP
A 10wt.% AMP

Fig. 4. The absorption rate of CO,/SO,/NO, into aqueous AMP
solution as a function of p.,), at different C, (AMP concen-
tration), pgo,=1 kPa, pyo,=1 kPa and 303 K.

® 3wt.% AMP
B 5wt.% AMP
A 10wt.% AMP

Fig. 5. The absorption rate of CO,/SO,/NO, into aqueous MEA
solution as a function of p.,, at different C; (MEA concen-
tration), pgo,=1 kPa, py,=1 kPa and 303 K.

4-2. CO, 0]l = H&

AMP 3l MEA G-§-8e] t3le] CO,9] 29te] F555el nxl=
P AT RI] 218k SO,9 NO,o| #3451 kPa® 1173},
3, 5, 10 wt.% AMPS} MEA =] CO, %= 35, 10, 15 kPa
2 Rgket AN o, 4T 78N FE0] wigle] mE
F4EEE Fig. 4~590 YERAICE.

Fig. 4= CO, w5l W& F7555 AMP 7899 55 |l
2 Uehd ZloZ T3ofx] B uke} o] 3~10 wt.% AMP &
gl thall A CO,/SO,/NO, FA FFETEE 5kPacllA 1.54~
1.92x107° kmol m~s~!, 15 kPaollX:= 3.83~4.87x107° kmol m2s~2
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Table 2. The absorption rate of CO,/SO,/NO, into aqueous AMP and
MEA solution as a function of pc,, at different C, (AMP
concentration) and Cz (MEA concentration), pg,,=1 kPa,
Pro,=1 kPa and 303 K

N, (kmolm~s™)

Peo, [kPa] 3wi% SwWi% 10 W%
5 15422 1.7935 19233
C, (AMP) 10 27873 32422 34953
15 3.8324 4.4899 4.8746
5 17134 2.0446 22522
C,(MEA) 10 3.1413 37383 41769
15 43958 53160 5.9470

e} AMPY] 557t Skl vlElshs e HAlt ok,
Fig. 5= MEA 5899 3~10 wt.% 5527l we} B4 554
TE 5 kPa CO0A 1.71~2.25%10° kmol m™s™, 15 kPa CO,°1A]
4.39~5.94x10"kmol m %512 7+ 552 AMPl| H]3l 1.11~1.21
v =2 R0 2 YRt SR, o, AARES A3 At
25F7H= 10 wt.% MEA7}F 3T} o] %25 10 wt.% AMP7}h
=& Zlow wEEch

AMPS} MEA 7 57412 CO, vt stel gt &gt
Table 291 #|A|3FSITE.

4-3. SO, =&{of| ME [

AMP 3l MEA 5-§-9¢] tjate] 0,9 o] Frel nx|&=
JeS AR 5t Co, NO,9| e 72 15, 1
g3k, 3, 5, 10 wt.% AMPS} MEA $=8Nof SO, ¥4 1, 3, 5
kPaZ W33t APZz7NA S0, Bt 8 so] Wslof up
£ F5E5EE Fig. 6~7°] YERISIT

Fig. 62 SO, ®5tell W F555E5 AMP 7899 55 ¥
T2 Uehd Zlo® el B vhe} o] 10~30 wt.% AMP

® 3wt.% AMP
m 5wt.% AMP
10wt.% AMP

Fig. 6. The absorption rate of CO,/SO,/NO, into aqueous AMP
solution as a function of pg, at different C, (AMP concen-
tration), p.,,=15 kPa, py, =1 kPa and 303 K.

® 3wt.% AMP
B 5wt.% AMP
A 10wt.% AMP

Fig. 7. The absorption rate of CO,/SO,/NO, into aqueous MEA
solution as a function of pg, at different C; (MEA concen-
tration), pc,=15 kPa, py,=1 kPa and 303 K.

F=g-Hel tfaliA CO,/80,/NO, T4l 555 E 1 kPaollA] 3.83~
4.87%x107 kmol m~2s™, 3 kPaollA= 4.31~5.32x107 kmol m=s~,
5 kPaollA= 4.82~5.82x10° kmol m?s™' 2 YER} AMPY] 5%
7} 7¥gkl vldlshe A3S 2T Fig. 72 MEAS] 5% 3~10
wt.% FEH) e FFEEE S0, B WMEE UERd Ao
2 FFAG 5 STl vt S-S Es SISt 18y S0,
e STl e S-S ET F8RES-e] ko] Fof upel 4

G o] whE F7HEO] Coell sl wgko, o= % S0,
9] #5to] CO,/SO/NO, EA FT Al FTEEe] FHAE op713
7] Wil Zlo g ekt

4, SO, wehAste] thet H3l7hae] F4E5EgkE Table 300
gelate] AlAsIITt

4-4. NO, 0]l = A&

CO,/SO,/NO,2] E57}20lx NO,2| #-¢to] 5ol v|A]&=
FEFE AHET] S5t AMP 9 MEA F89¢] tigto] HedS
3}, Fig. 8ol AMPell thsle] NO, #H5 0.5, 1kPa
= Hgket APzl NO, 2 8 we] Wl mhE
FrEEE UERigith
Table 3. The absorption rate of CO,/SO,/NO, into aqueous AMP and

MEA solution as a function of pg,, at different C, (AMP

concentration) and Cz (MEA concentration), pcy,=15 kPa,
Pno,=1 kPa and 303 K

N, (kmol m~s™")

Pso, [kPa] 3wi% 5wi% 10 wi.%
1 38324 44899 48746
C,(AMP) 3 43155 49910 53211
5 4.8200 5.4288 58211
1 43958 53160 5.9470
C,(MEA) 3 5.1786 6.1789 6.7631
5 6.0250 69163 7.5441
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® 3wt.% AMP
B 5wt.% AMP
A 10wt.% AMP <

~.

Fig. 8. The absorption rate of CO,/SO,/NO, into aqueous AMP
solution as a function of py,, at different C, (AMP concen-
tration), p.,,=15 kPa, pg, =1 kPa and 303 K.

® 3wt.% AMP
B 5wt.% AMP
A 10wt.% AMP

Fig. 9. The absorption rate of CO,/SO,/NO, into aqueous MEA
solution as a function of py,, at different C, (AMP concen-
tration), pc,=15 kPa, pgy =1 kPa and 303 K.

TRl K ulel o) 3~10 wt.% AMP =829 s Co,/
SO,/NO, A TFETE 0.5 kPaollA] 3.61~4.78x10° kmol m2s7,
1 kPaoll A= 3.83~4.87x107° kmol m s 2 LERE O™ AMPS]
EE7F S7Eeel vldlshs %2 B3tk Fig. 9% MEA 8¢
9] 3~10 wt.% sEF7kl wet $A] F5EEE 0.5 kPa NOell
2] 4.14~5.83x107° kmol m 27!, 1 kPa NO,°ll 4] 4.40~5.95x10°¢
kmol m2s2 & FE2] AMPo|| H]8l| 14~22% SV}

oF&2], NO, #ShHsle) tjgh B37kAe] F54554kS Table 4
o] elate] AAIEI3ITE

latast Hl478 H5E 20094 102
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Table 4. The absorption rate of CO,/SO,/NO, into aqueous AMP and
MEA solution as a function of pyy, at different C, (AMP
concentration) and Cz (MEA concentration), pc,=15 kPa,
Pso,=1 kPa and 303 K

N, (kmolm~™s™)

Pro, [kPal 3wi% 5wi% 10 wt%
C,(AMP) 05 36101 43233 47771
1 38324 4.4899 48746
Cy(MEA) 05 4.1408 5.1193 5.8281
1 43958 53160 5.9470
5.4 E

2 ATl e S o8-8k A7k~ 2] CO,/S0,/NO,
2 ZA] A5l 95kl AMPSF MEA Z=8-918 o] 4549
A T, & 2 7 A1 Bl ukE A S5 o
TS AE A g 22 AES 95 Uit

(1) AMP ¥ MEA 557} S7F5 71-9 HEAW 5
= B371ag] o) Srkste] ST kel wet 2o &
ZETh MEASE AMP S54] 5571 10 wt.%A 30 wt%® 5
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43t A3}, CO,, SO, 18|31 NO,= ZH2e] ool 7]
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