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AFedze] Fglel ol AHuIAE wirizel AFaledl olel HEkA Fege chazt BslE
85l glew, FB  MEA(monoethanolamine), AMP(2-amino-2-methyl-1-propanol), MDEA(N-
methyldiethanolamine)9} 742 AxFg-olnlAlde] ExEo] Fal|E AMAE T Qlv). £ ATl g8)e}
wAde] Piperazine, Piperidine, Cyclohexylamined %A I3 EAES AT A2 F4A FR=
ARl A4831El MEAS A2 838 5(CO, loading)?t F%(loading capacity) % WH-4EE uj
EPdd], Piperazinee] #He] FHAIUE & 4 ot AFL A 7][E2= 5, 10, 15% F=, 30,
40, 50°C &5olA] a3l al, AP R vbg Fa F A3 AE ) ojakslelie] ST EA3)
dom 7k FREEIYE EME B WS EE vad 4 gl

F980] : 334 F4, Piperazine, Piperidine, Cyclohexylamine, MEA, CO, 43j%

Abstract — For the removal of carbon dioxide in flue gas, which is the main cause of the global warming,
chemical absorption methods were widely used for years. Alkanolamines such as MEA, AMP, MDEA are
mainly used as an absorbent. In this study, cyclic amines - Piperazine, Piperidine and Cyclohexylamine are
investigated to compare the chemical solubilities, absorption capacities and rate of reaction. In conclusion,
Piperazine is the most effective absorbent of CO, and can be the excellent alternative to the former absor-
bents. Experiments were performed at 5, 10, 15 weight percent, 30, 40, 50°C, and the gas solubilities are
determined by back-titration method, and using Gas Chromatography the absorption rate was compared.

Key words : Chemical absorption method, Piperazine, Piperidine, Cyclohexylamine, MEA, CO, loading

2

==

.M

o] W3t 2l ATAF o]Alzlebi

ol skt A7k AT AT Ao A
FraAel sle] &

o|Abslekant S3lpie) 712 AV X33t V) Zh&oP) - (alkanolamineyt Eofl W Bsl= Y W
Ao AA 716 At a4 dg AEH WS o =, 2|3 Adrkael 22 el AR

*To whom correspondence should be addressed.
Department of Chemical Engineering, Yonsei University
Tel: 02-364-1807

E-mail: jwpark@gyonsei.ac.kr

219

oAtsteiae] HeE AASY So= Qs olkste

& AR A Aehee AR o2,
PrhgolRlol R 3 T2 ol shel =547](-0H)

s} obn] 3] (NH)E EA4l6l 73 ol 2R 34



220 £3F . o]5R -

e

o dubd e sle|EFATE F719HE AT
& S (84S ST ozl 4
HE o A7) SEhibeg doa 4 9%
5, e B EEl EA e
2 ARgE e A XgE sl =547
AE B4 2 Aol =F sla opulr)E= o)Ak}
A A7k A1) RS A dodw
FrAled 9714E Fesle 9Es g 9e
GEol Eale] 4t 2@E $ol whel |
A, 22k, 32 ko], 22]Al ol k)7t 3 whA
o] Bofglod YAkl ol (sterically hindered amine)
olgl g,

AF4-31E 12} Ykgolwlel MEA(monoethanolamine,
H,NCH,CH,OHye ZelAdo] 733l oAkzlghie] A7
Bgo| ) £33 yE ) w2 71A o] x| sx|nt
o|AbstetAaole] A o] o} AR} wol] LT
S FAKe] o FpAle) dikw Alg HoloH,
= Bol s At S0 YAAelels] AMP(2-amino-
2-methyl-1-propanol, H,NCH,CCH;CH,OH)= =84
Aol olabsheiael wbEwlel’ Hobddlt s olE
(carbamate)S- AAJ3le] oJAkE b4 ST} vlg- 8]
X E7515l v]seA] rle7] wiiel] AAlEA e Aol
oo, gt Akxlople) MDEA(N-methyldiethanolamine,
CHN(CH,CH,OH),y= 3157} ¥ 8344(H,S)
gk e Hel Fauke- 3 gado] we Aol
WUE W RS =T} 22)7) o Fo i), A} 2L o)3)
opali}e] EdlelS B3] MDEAY BA& Bekslr) ¢
g AF7E ] Ale Fo e,

ol2j3l Bt-golilA FHAEe) S Badd 4= 9)
= A2E FA| 2 #8)ojr] (cyclic amine)}] piperazine
o] }HE0T 52 FF4ARA JTEe] Baw gf
=4, Bishnoi et al®& piperazine 842 28
T8} piperazine®] o] AlEfekte] w3t whgLws) w)
4 Zrle AES 993 Sun er ol piperazines}
AMP2] Eghgalo) I35 dAFelA piperazinee] 31
2 Z83le] olAtslelAele] R4 EE FHATITHE
AMLS bAslgeh =3 Kaganoil''s TS Edle]
piperazine®] ©]JAtElEIA9}e] MR ET} & B o)}
o|Absheta: Bl = wat e AES Pl piperazine?]
53 FAIEAe 75 E AlsIgich wep £ o
TFollMe F5A piperazine®}, 242 g3]oulA P el
piperazine®} B2} fARE piperidine, cyclohexylamine
& A Al olalshels gl 4%, uk S
=5 A%l FFAEAMY AAS Wk Bk Al
ATAeze AL 71sAE doldy] Ha) AL
MEA®] A@As} v wsisict.

e

TP | R A
B o
eRe

%

-
)
rlo

OlLiXi=Zst X142 M4as 2005

F34 - oA

ofo

19
£
e

2.4 H

2-1. At

2 Aol ARSH AlokE #3JolRlgl Sigma Chemical
Co2] 99% piperazine, 99.5% piperidine, Junsei Chemical
Co2] 99% cyclohexylamings} 12} oF21¢l Duksan Pure
Chemical Co.8] 99% MEAQlH|, o] & Aok 12} &5
2ot Bl FHAE 2AS,

22, MEDY 3 By

£ QAP E o)Akstetie) 25olulAl 4~aold) o)
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HRE71E Al3tsigde). MR Uk ofnl Sxgedo) 9
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= 9o 2/0)ch WRS-2%E PID temperature controller2.
A= 7] - A A& HHE Z7A wE2A GG
=3 sl7] 98] ubs71e] 57 Hioll 71A1A wmt
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Fig. 1. Schematics of CO, absorption apparatus.
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Ao A" GAk] HEE doz A A}
7] Sl oo,

3. 48 2o

3-1. 8=

£3]%= CO, loading(o)2 vfehlj=d], o] 7k o}
21 7 ksl AAT 4 Sle Co2 ETE 9
alafo] ol7lo] B4 e o] ofzlez we | CO,
=2 AA 4 9)erms fEslct. AFos o v

o= CO, loading — moles of CO, absorbed

moles of absorbent used M

MEAE A 435 F5A oA 71 1A A
o] A FAel 453 9l FpAld, %
27} w231 Az HololM of] FpA| Rk fElslRe
A2e FPAE Lt o) 3 7ol I .
Table 1o} ZF FAlE AE s=9) 2% A &4
%3 MEASH 3 wlsskel uhehieleh. gRdeluldl
piperazine, piperidine, cyclohexylamine 7|5 &7
MEA°] Hjsle] 28 Ag FAA E& CO, loading
& 7IR}. Cyclohexylamine®] 73-%- 5 wi% ©]A4k] 5
SollM MREEAA )7} 7Rl vt AR o] MEE
E AL AT 2EE FodFel® o] Al 4
ZA=A dsk=dl cyclohexylamineS A T A4

Table 1. Chemical solubilities (CO, loading) of each absorbent solution.

Temperature Concentration MEA Piperazine Piperidine Cyclohexylamine
5 wt% 0.961 1.509 1.130 1.119
30°C 10 wt% 0.798 1.448 1.039 -
15 wt% 0.770 1.405 0.991 -
5 wit% 0.933 1.466 1.109 1.107
40°C 10 wt% 0.752 1.411 0.996 -
15 wt% 0.738 1.391 0.962 -
5 wt% 0.866 1.431 1.086 1.039
50°C 10 wt% 0.684 1.351 0.990 -
: 15 wt% 0.664 1.340 0.943 -
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3|57} A WIS JoTA dkerie S fnEit
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22 719 F5 ubgoA dAle] 2} FolAeE vt
$&Ey e, AA F 7)Ae E3kel g,
zZyzre] FeAlloll s 30°Cel M) CO, ioadingel 7F3
ot el Fxr) Fobd4S CO, loadinge] 7H4
e A2 AHE ofRle E FUHIARE BiEEe
CO7} ubgste] AAHA 9dob7] wjFelet. £ Al
A AR uERR ]Ik Z1Ale] frde] o
A of, £ Fo] 7)Ao} AAF FFeR= A, AF
wAo] A ] Q7| WEel] & F ol¥l T F
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PiperazineZ ¥A7-24 2325y 5 ofRl7|7} 2
A7F Z3=lo] sich &, oIEH SR 1E&9] piperazine
289] olAlElRAE FY 4 SUHY. MEAL shie]
Bl opyl 247)7} izt sl7] WEe] o] BH LR
Ao (&89 oJaksletAiE FE 4 ek adEE
piperazine> 1732 &4l 54 wio] MEAe] ¥
3 o|akslatae] L=} oS Foh e o] B o
A 2.09 el vIAA] Rk Hd 15 A= 3
< Hojdl, MEAC] vlshd Y $£2 43=F Ko
= 7122 E 4 9lu}. Piperidine?} cyclohexylamine®]
A= 22 g A ol 24715 shby Zbal gl
£, AdE $3) MEARS o5 8=r) 08 &
AT = ek o] FA 1B & olalsluls 18 ARE
g AU A2 ARFEARE AMPPE 84 A
of| A o]Atsleliel WhS-Ble] Fhule| o1 EF AAFsLAL 7}

Table 2. Loading capacities of each absorbent solution.
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Q) GelENUT & hE Mol A
r Aoz Amdg.

32 EBExs

CO, loading®] AolE AMEH oWl 1& 2 55
AAR o]Alslets: E40] v]e|t}h. BE 31 A
ollel] wja] £z} Ack. THEE o] Fd A3
ol R} v g shiol SA4lxpl 2gE 4 ol7] o
Eolch. & AFellM A7 35Fe] oflE EF MEA
Hr} Balgfo] a). aiebd Alguspel 2 Aabss
oM ARYPE o Exlge] 45 opule] E5% 2o}
A7 "}, &, 22 Fo o|ArletAE T, AlAE o
Halepo] & BAULE CO, loading2 AAA . L
euh A FAN H8-& 12 9, CO, loadinggk
o] ke AL H FAA WHelAuk, 22 AF 5
ol ke oaldwtAe] AdjEke T3 W]
o}, Table 20 AolM A5 22 AF Fror F
31 ojakElelae] Ay & 458 vehidd &,
119] olglgale] F4 AAL COSl & EE el
7]t}

moles of CO, absorbed
liters of solution

Loading capacity = )

Table 201 “jebd vle} 7] piperazine?] 735+ MEA
2 S7IE AL F45-S HelT velx] F o}
e 2B Alg 2AlA MEARS 4& 458 1}
e} &, CO, loadingS B3k &5 AT ¢2
Ast7) vhepsteh.

33. 55T HE

ZF Az A wllETol| M) wjEria A e W
2 g ez ehgint, RE %o sl b
53t PSS Hgow, A 2xe] F, 89 Y

Temperature Concentration MEA Piperazine Piperidine Cyclohexylamine
5 wt% 0.787 0.875 0.648 0.565
30°C 10 wt% 1.305 1.680 1.220 -
15 wt% 1.890 2.445 1.747 -
5 wt% 0.765 0.850 0.651 0.560
40°C 10 wt% 1.230 1.637 1.170 -
15 wt% 1.812 2.420 1.696 -
5 wt% 0.710 0.830 0.638 0.525
50°C 10 wt% 1.118 1.567 1.163 -
1S wt% 1.630 2.330 1.661 -
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Fig. 2. Breakthrough curve of Swt% Piperazine.
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Fig. 4. Breakthrough curve of various concentration
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