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Abstract

Increasing emission of CO, significantly effects the global warming. Chemical absorption is one of separation
methods of CO, from the industrial flue gases. In this study, the CO, removal efficiency as well as the CO, absorp-
tion amount of aqueous AMP (2-amino-2-methyl-1-propanol) solutions were measured using the continuous
absorption and regeneration apparatus. We investigated the effect of aqueous AMP+AEPD(2-amino-2-ethyl-1, 3-
propanediol) and AMP+TIPA (triisopropanolamine) solutions to enhance absorption characteristics of AMP. As a
result of this study, the absorption amount and CO, removal efficiency were increased with adding TIPA into 30
wt.% AMP. The absorption amount and CO, removal efficiency of aqueous 30 wt.% AMP+5 wt.% TIPA solution
were 1.70 kg-COy/kg-absorbent and 91.1%, while those of aqueous 30 wt.% AMP solution were 1.58 kg-CO,/kg-
absorbent and 89.3%. In addition, aqueous 30 wt.% AMP+5 wt.% TIPA solution used in the study revealed the high

stripping efficiency, which was almost 98%, at the temperature of 110°C. Thus, the temperature of regenerator
should be operated at 110°C.

Key words : CO,, Absorption, Regeneration, AMP (2-amino-2-methyl-1-propanol), AEPD (2-amino-2-ethyl-1, 3-
propanediol), TIPA (triisopropanolamine)
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540 AAwls - HYE - MEH - 27 - LT - 235
o 2ol HFoz 20059 29 169 LaEYH.

ojel] we} 12} o F-o3) A=<l A&, el /3

A3HEU) 5 387 A= 200841 ~2012171A] &

A7t &S 1990 AW] HF 52%F Foiof

dtnz zZb FvbEE dqAedEE FAsa gid

(UNFCC, 1997).

SElvete] AS 3=, Q% 53 A 13} & Fo
g wgd=TelE AR AATE, 200450 FA A
71F-(IEA)e] w2 Sejuete] o|Atsfets wiEs
o] AA 9912 FMEHS] 1.79%% ARt 24
P 3% snte] YAISHY Aol FolAx
et =3 20200 CO, W& WA d¥] 10%%
Zd 7% GDPY 0.29%¢ 3z 94 ¢ GDP %
27t AAEER old WE HFAHl WA wlFo)
de3 AAoR (=51 F,2003).

Fo 2A7MARE CO, (o)A} et4ay), CH, (Fgh,
N,O (e}iH}A &), HFC ($24x8-3} 614, PRCs (2423}
gh2), SF (538 Fol o, A 7-&d3A] o)
A COZ 12 & o), CH,< 21, N,Ox 310, HFCx=
1,300, PFCs:= 7,000, SF2- 23,9002 SF,9] 7%
LAEHE Yo7+ A% CO, B} 23,9004
v 3 2, 2AVES B COM &S 20019
A 131,178" TC= 1 W32 89%%E A3}z
%121 (CDRS, 2005), WA zko]| whe CO,9 2A4&
3 Aeme 5% ole AT Aoz YA
ez CO| A28} =28 Fo dife]
S =

W77k 2 e COE #9 - 34 WY %
e A AgstE s 277k da vy
Zh2el LA 2 Qe Ve di 7Tt A
WA= CO9 =} o] vlmA 7] wl
g whez AART Y (F3E, 2003). A)F
744 Fetgeel AME FeRle Wkseltlie
A dHmA o=z MEA (monoethanolamine), DEA (di-
ethanolamine), MDEA (N-methyldiethanolamine),
AMP Fo] 9lom, o2dt DAFL,AE F5A9
544 A 2 g3k, 22 AAYA T3 2
< BAAE 72 Qo] FHTole EFEFA o]
£ JVsAle]l A FHrkEa 99 (Sun et al., 2005;
Yeh et al., 2005; | ¥9F %, 2005, 2004; Rebolledo
and Trejo, 2004; A A1 %, 2003; Xiao et al., 2000).

i, & dFlME CO, AlAe F2 AM-E 2

=788 3A) A 239U A 55

S AMPS] A% W4 $lal 1% o}w1al AEPD
(2-amino-2-ethyl-1, 3-propanediol)¢} 3x}o}2lQl TIPA
(triisopropanolamine) & &3} - A7 = AA 5] &
SRR A&5TAANM L] CO, AALE P F5F (ke
CO,/kg absorbent)& ¥ w§r.o. 24 AEPDS} TIPAS]
&3 - AN S AT R =3, Al
TN E 944 Agol 4T FAE AA
S, 7)) B AALwe] BE CO, IAXSE 2
Astel FaAlel Al AR $AzAE AN
313} sk

2. 0 2

dubd oz oplA FHAE A(D~11D9] vH
& F5)od COE F430, WA 1,27 obnl-FA
 pgdoz COE 48 o e ukgolA o
o= F uk3S offie} Zhem, o7]A R alkyle]
3RS 13 ool H, 23 oblo] HajA:
alkyl o]t} (Saha and Bandyopadhyay, 1995).

Carbamate formation:
2RR’NH+CO,2RR’NH,*+RR’'NCOO"~ €))

Bicarbonate formation:

C0,+H,0 2 H,CO, 2
H,CO, =2 HCO, +H* 3)
CO,+OH 2 HCO;~ (4)
RR’NH,*+HCO; 2 [RR'NH, *][HCO; ] )
RR’NCOO™ +H,0 = RR’NH+HCO;" (©)

83, zwitterion WA Z0] 1x}¢} 21} o}Hle
38} carbamate FA-L ity JulR o 2 Hie}
EoR| 3 glon, o] ¢ A (N} 22 7t vislA
zwitterion (RR'NH'COO™ )& #Asln, o] wWHALZE
o wpet F4A] LAl A (8)F 2 uhgo] U
oA gt} (Xiao et al., 2000; Xu et al., 1996).

CO,+RR'NH 2 RR’'NH*COO~ @)

RR’NH*COO™ +RR’'NH & RR'NCOO™+RR'NH,*
®
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Fig. 1. Schematic diagram of the experimental apparatus.

8ke, 9l Abef) 01w (sterically hindered amine)<l

AMPS] 74 13} ofulz} 2k vbg w|AYZEo2 CO, 3. Al =

2} uk-g-59], AEPD 4] AMPs} whabzixlz A%

dlofrle= opul7|7} 174el 13} eftlelmz A (T) 2 AP A2k 4 2 AYRAAE 13 14
~ @)l Jste] Bhg-ale] AMPE| whAdE 21412 14-5}»H310u1 a4 iﬂ o} 7ol AlPAX)=
% ek (Park er al., 2002). T3}, TIPAE (HOCHg)N 3o} A 0sl, 71A8A7) S0z FASC S5t

8 F2E ZL 33} ofle= TIPASH o]alsiebae) u—A AL 2bzt o] (H) 900 mm, %7 (D) 50.8
HE AT b warFe] 9UA FARE3A oF mmg) ) (H) 800 mm, %7 (D) 50.8 mmz A zHs)
Rlez A 4]l MDEAS] olAbstett F4H8 ol olom shiBox o/7kne) HEE Fol7] S8
AUEDL 59T Zow 7PF 4 Yok (Chauhan et 248 (1/4 in, raschig ring) & 2T AR

Jolx AP mF A
al,, 2003). MDEA®] kg lAYES ASE™ A glelg)A(SUS 316)2 AHg-3tgdch ﬁalz L !
)2k Zol CO%t Wbgste] FHAAAE RINCOOE ) agtol = heating tapes H35}ed Agtedgx)2

A3, ol A (10)3 22 7HeRdutee B8 o)asle sldsielon, 2EAAAS *éﬂ Btod &

Hyell =28} (Yu er al., 1985). w3, MDEAYE = #elslgdch sk, 34 2 x)AsteA] wj2E)

AMP 8ol A CO,9} Hhg-3te] A (11)e]l &3] 7} spae cO, 3472 B8k

Iukg-& & 4 glemz AMPO ukSAIE F314 B Ao A& Acros Organics (USA)2] 99% AMP,

Z 4 A Tokyo Kasei (JPN)2} 98% AEPD, 18] 31, Tokyo Ka-
sei JPN)2] 98% TIPAS Alg3le] A} F5N8 =

fr i

RANHCO,ZRINCOO O Assiek A B 9 EG AT FA 3=
‘_:_ S r E _] 3= 1 ]
R;NCOO+H,0 = R;NH*-+HCO," (10) s, FeaE 8 d3E TR AgdT R
Bdol) o8] A shATh(E A2, 2004; Mandal ef al.,
R,NCOO+RNH, = R,;NH* +RNHCOO" (1) 2004). F4olo] Zu|Hw AAze] 2Usty A=

(AX1-12-PEC-Z, Cheonsei Co. Ltd., KOR)Z ¢] &3}
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2 B2 AAeE FHA 09 24
< 98l

o]} 22 Fu|7} k8 ¥ Fol CO,9 fge
a4 7] (5850E, BROOKS Ins., USA)& o]%s}
o, §IE7| 2 RE] TFEE F/)E SFAS o]4s}
o $Fs =AY u‘r— Eg=2E 59 YA 7
wot9em, CO9 =g Aut slpdAs wir)s)
& 2T FARE BAPIA (12%) 2§28k 0

FAA AE5TAL 500mLe] AT F5olz)
W7k g hEAIF oA, o) F5shs B wlE
=3 CO,* NDIR (Non-Dispersive Infrared)d}2]2]
#47)7] (ZRF (IDNY1), FUJI Electric, JPN, 0~ 20%)
£ o3t d&Hom A3l on, APt A
75 COx= NDIRHMA 9] £47]7] (GIR5000,
HITEC Ins., USA, 0~ 100%)E o]43le F=3 3
AP ZEAmEE o] 45l ZAT F wiEHE
F& AAkslg

4.4 1

4.1 AMPol| AEPD/TIPA ZJloll & A&

2 AQeINE AMP S35 G e 9
s A7} AFESAQ AEPDS} TIPAS 30 wt.%
AMPe] 27}k 3, 5wt.% 7kl mE FR/AA a4
AL st

a3 2% &9 40°C, AR 110°C, 7k~ 4=k
7.5 L/min, A -3 90 mL/min2] ZANA] A7kl
g CO, A AZES Wt el 2oz AMPY
7 HAA 9] Fel we} €09 A EES Z71eh
Set T™elAM B npel zle] AR o= F4/7)
A A&gAe] dA3E7] "ol CO, AAEE )
AR o2 DolAlthr} PATHE 158 o FHEIE
AL dFoz 89~92%2) &gz A A
stgom, 80~ 100% o]F2: YW Frade
500mL2 gPH=o] $£3=, CO, F5 F AAA
ARSI 3 Fgelel Folli C0,8 o] <
SH9 FHAN ez 456 we F4EE COo,
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Fig. 2. Effect of operating time on CO, removal efficien-
cies by adding AEPD or TIPA into aqueous AMP
solution.

4, TIPAE #7183 79 5087bA]= AMP ©hd
FAlol Wsl 1~2% ojube) Aol wx Ae
BolAg 2 ol F2E AAEES] PaFe] Hon,
u]_“_x-l = i___i 7‘:}-_]_-5}__ z]z—l o] AMP 1:]—3__! z-]]
2] A 70%-<l vbde) TIPAZ A7} 7$ 9089
7A#H 0L o vebdh o] TIPAL: 34 ojnloz
CO,9ke| Rhg-o] WlwA] 23 ukg-Ale] vr] w&
°ﬂ FrEelA kg 2706 F F5AIl AMPY

o] AAEE AlEAT Alzte] AARHLE
TIPA«] Fel wet AAEE] FUMEE Aow @
<= (Daneshvar ef al., 2004; Chauhan et al., 2003),
A (10)~(1De) M TIPAS] 7}aBsjutest AMP2}
9] Z71Aq) 7]-@,\3}?__?_ AMP & E4=7)) o)) H]?s]-
of BAZL e 2 CO AALES FA3R A
A

=, ABPDS) 74 AMPS} o] Aol olale)
13 ojtlez Okl WeAlel ot W 27l
AMP Asilkgol 33+ w127] 95 TIPA B}
o) Wz o) W 271l CO, A7 Egel Fouk,
603 73} Foliz AA L] PaFo] 2ok 7

Mo wol T glo] FEHe AAIT 4T A9 CO,
R gelele o vlEY Ao Pekds

& AMP ©+ 3449 AEPD 9 TIPA ¥}
o we A e AdHes vimel) $lsked
29 29) ARAHNA Azlel Wk w2 CO, AA
o) 2% Wz YA FA5 729 At g
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ol g3t CO, T4 CO, A7 adS A3}
°4 velfiglet. 2ol B whel ZFe] TIPAS}
AEPD #7}el] ule} AMP whel 32Ale] H]3led CO,
7 AALEe] Z7MEE & & glem. TIPA
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L 51~7.6%, AAEEL 0.7~2.0% 73—7]-6]-ﬁ
o}, ol&®], AEPD 3, 5 wt.% R7MA] FFe 1.63,
1.65 kg-COy/kg-absorbent, #| A &2 90.8, N1%2
AMP LA ol v)shr F5ke 32~4.4%, Al
AEZEL 1.0~3.1% Z71 Aoz vepdd

B, AEPDE 1§ 204 &3k vhe} o] ukg-
Ao] o}l ulL 7)ol AMP A|ujulL-of cﬂwk—g— =l
X2 TIPA| H]3le] CO, A AHEE] o} 4
F2 AL TL ¥ ANEE SA3 TIPAYE
e Zlog HodEn, i47]—1ﬂi5ﬂ AEPD$} TIPASY)
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Fig. 4. Effect of operating time on CO, removal efficien-
cies of aqueous blended AMP +TIPA solutions.
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‘%‘(W[ % AMP/wt.% TIPA)-E 20/10, 15/15, 10/202. 2
sl FE 40°C, A 110°C, 7}~ F3F 75L/
min, —,X]] S 90 mL/min®] =72 438 43
Seict

23 4% F5A B3EE Az w2 CO, A
Aage Wals el 7oz T™leM B vle
7+o] TIPAY] Egh}ge] Zr}gtd kel CO, A7 &

2 7rasigie) o3 A 4180 A A&t vt

7to] TIPAX: AMPRT A&l oz CO,0| g
W& Er) wlg i, qkgAde] Yowm® TIPAYE
ek AT W= AMPY} TIPAS] A}sukg-Adel 2
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g CO, A7 & FARel= TIPAY] kAol A=
o] gl CO, AAEo] B} Aoz Aty
13 5% AMP S EpAlel TIPA &g w2
e AH oz vlwslr] il 19 49 AFY
AapellA Alzbel| e} ¥ CO, AAEE] 2% )
2 QAR FAE TRt A g o] 43}
CO, F53 CO, AALEE A sto] Yeligdn
IPeA] B ule} zro] TIPA &dlel] we} AMP
HAdFrA e viEte] CO, Tt AALE ) 32
Fe & 4 glom, B3| & (wt.% AMP/wt.% TIPA:
20/10, 15/15, 10/20)o)] w2} F4ak-2 zb7) 145, 1.42,
1.34 kg-COy/kg-absorbent, A A &-&2 z+z+ 86.4,
85.1, 83.5%=% AMP u}g_:ﬁ;»;xﬂg 1.58 kg-CO,/kg-
absorbent, 89.3%¢9) BIg|A F4gf2 8.2~152%, A
AREE 3.2~6.5% 7FasHec)
°lelﬂ A3tz AMPe] TIPAS &8 F5A1-=
o FeAl AMPS HHSA S AN T)A] Bl
E}EW AMPe| TIPAE &£3m]9] Adndes A7}
ve Mozl F4ale Algsle Aol antd
d Aoz At

4.3 JtAR o g Hs
I3 62 4. 144 AMPY] A% e 93 A
7 2H maA ol AATE TIPA H7lell s
Fhafepell whE CO, AlA &S AdRgd £ A
P2 F4AS A4 AHEA] CO, A A &g A= A
HE7| A3 AAFE 7HEEA e AN 45
F@0°C)M2] AAEEL wmslgon, 7kA &
%L 5,75, 10, 12.5, 15 L/min (A F-4)7k: 21.9, 14.6,
10.9, 8.8, 7.3 sec). o2 W#A]7]) 1, A& 90 mL/min

22 3A3e
TR M upe} Zo] TIPAS A7) wjel
W2 fElA sl Co, AA RS 23
Aderh, 7k 3o 12.5L/ming] wwA o fok
M AMP 2 F5A Y FARE Aoz vepde
ol TIPASH COL9) Hhg-o] w9 =7 7o) 7]qlgt
ReZ 7kA foFe] 12,5 L/min o)A el A= CO,2}-e)
REgAIZ o] w9 7] WFo= iy
8], 74 §8ke] 5L/min o]&dAE mE
FAANA 96% o]42] ¥ CO, AAEEE e
g er} 7pxe] fEFe] F713to) wiel CO, A7
o

& FA3 BaTE B 4 e ok ke %

=

2 oy o

] 7183 R] A 234 A5 5

Aee - 2%

595 AdAez 2 CO, Rl 937 o
Foz A TS 484 ¥ CO, AALEE
7) SANE Zh Sl ek B ) 2]
Feslc) g9, B lab-sacled] A= A=k 90 mL/min
Q o] 7kA Feko] 7.5 L/min o] el A= CO, A A &
go] 2A gasir] Asshe, TIPA Brle] whe
AMPE] CO, AlAZE FAE w9 Ydoma 7pa
& 7.5L/min o]3}2 425 Zlo] HAs))

4.4 MY 220 e Ao

Aol whE oL Amur] 3l Fpytew
100 ry
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8 9} '
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Fig. 6. Effect of gas flow rate on CO, removal efficiencies
with adding TIPA into aqueous AMP solution.
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40°C, 7}2~%<F 7.5 L/min, 4<=&=F 90 mL/min, CO,
9 = 12vol. %A AMA-L=E 90, 100, 110°C
2 37N Age psidel o7 78 AN
2z o2 HAEEE Vel Aom YAEse
AN W EH = CO0 & F5eeld &5
g CO, he] vizA el odeh. 236 M B )
$} Zro] 30 wt.% AMP+5 wt.% TIPAS] CO, &€A&
2 90°Cel|A] 50.8%% Ry} &x =yl ue} F
A3] Z7}sked 100904 90.1%, 110°Co M= 98.7% =
S €8S e o) A" 25 35}
of mel vgA (D3 (1)l 7tdute s 2
7tste] CO,9 &A% Z7HA171A HH (Rebolledo-
Libreros and Trejo, 2004), CO,& wA 8 E4-8-980]
FrEelA COE AFS3e oFol 713l met
A ESo] 271 Aoz AYH) AMPOﬂ TIPA
£ A FhA9 A AMP B FAsH W
Sof Re LrolAE WA EEo] FeIAAT 110°C
A 08% ol4e) T WAKEE ehms A
AN A449) AHgol 5T Aow Buw
=3

54 &

YA F2S F5 3 A 7129 B
E47A) AMP2} AMPo] AEPD % TIPAZ
GEAE o143 CO, AA 54E vz A3
Sedt 2e AEE 9 4+ Ak

A, AMPel| AEPD ¥ TIPAE #Hrlsle] CO, A
Amee AN A AEPDE: 1%} ojzlez CO,
9] WgAel wob 27l TIPA H71A) 1o} ¥
£ 00, AAREE §ATRE, Azko] At 60% 7
S Folx WgAel W TIPA HrhAe) AAEE
o o ¥ Aoz vhehdeh okgel, ¥ CO, A
EEE AR $AAIT B9 CO, 5 vw
8 s, TIPA 3, 5 wi.% A7HA:= 1.66, 1.70 ke-CO,/
kg-absorbents. AEPD #7}A] 1.63, 1.65 kg-CO,/kg-
absorbent Bt} &9k} ulebA, F F4A = Z4/4)
A AT A2 e h ez AMP) A5
AL 4 ole AT TIPAY Aoz Bos
o

i‘a“, =

A7t &

E3AA A Ao fE Ao

rii

7Hebel TIPAS AMPS} E3s}sle o] oJ3ke AF
2 A}, TIPA £ oje} AMP FdE5A) 1]
3le] CO, B4 8.2~152%, AALEE 3.2~
6.5% 7‘}&%}3:}4 m2ha], AMPo]| TIPAS 33t &
A 2 FHA AMPY WHAE FAATIA
oz gt{}BH MARe= 27 Adeza
o] FAlE AMshe ] aaHd Aoz wAdd

£

AR, 7k ekl e e Al A TIPA
= C0,9 "hgo] al==g 7} H3Fe] 12.5L/min
ol Aol M CO,2ke] HRS-AIZbe| Zhel AMPS CO,
AAEE o] uje dowms i fekd 751/
min o)3}2 §-A|sl= Ao AAsle) w3t e
2= W3 (90~ 110°C)el] W2 CO, &7 &8-& A
2 Az} 30 wt.% AMP+5wt.% TIPA $~8-4-2 110°C
N = 98% oA w e IAEEE Vene Al
AN A45HQ] ALgol PsE Aow A
o, A" 2ALwE 110°CR FA5H Ze] I8
3ot

2 A7 AT & - A17)e)
whaled (2006-C-CD11-P-03) B 2007 = Fx] 8
2141l olated A A

%32

A, 2E3, A%, 935 (2003) Pilot Plantg o4t
HHAs ks 7 CO,% MEAS] 5%
A, o) 8k 3] %), 25(12), 1557-1563.
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