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Abstract — The pilot scale experiments can handle the flue gas up to 1,000 Nm*/hr for separation of carbon dioxide
included in real flue gas at coal-fired power plant. The operational characteristics was analyzed with the main experi-
mental variables such as flue gas flow rate, absorbent circulation rate using chemical absorbents mono-ethanola-
mine(MEA) and 2-amino-2-methyl-1-propanol(AMP). The more flue gas flow rate decreased in 100 m*/hr in the MEA
20 wt% experiments, the more carbon dioxide removal efficiency was increased 6.7% on average. Carbon dioxide
removal efficiency was increased approximately 2.8% according to raise of the 1,000 kg/hr absorbent circulation rate. It
also was more than 90% at 110 °C of re-boiler temperature. Carbon dioxide removal efficiency of the MEA was higher
than that of the AMP. In the MEA(20 wt%) experiment, carbon dioxide removal efficiency(85.5%) was 10% higher than

result(75.5%) of ASPEN plus simulation.

Key words: Carbon Dioxide, Absorbents, Absorption, Separation, Alkanol Amine

LM B

QIR A nlet o uslekag HEE o) 5 247}
0] Z7h AT HRI VL 0.6°C At on]
of apy, 5 A5, 150l S5 AT sl gelo]
31 glek. o]s} e ATHA Wi 2l

SRIgkE Agsta QloH, el Akt <71 Aol et g5 1k o)
d (Intergovernmental Panel on Climate Change; IPCC)™ ©]&{ 3l 7]

Fstel] et 81 T 3] AE el elate] WA
Che 347} 7] 59 247k 5 S/ 5ol w214

"To whom correspondence should be addressed.
E-mail: sjpark@cnu.ac.kr

128

710l 204715} 7158 EE o) whEA e S Qlrhs s
akal QITHI].

olgfgt AR Q] 7| gk wESgA T 22
AAQ Folg Folo] 7151l 2 2191 A7 &1Hs) W)
o3k F-E A HREo R ou] AR MXIFol|alE 247k vl TA|
7F MM gk a1 glom, -eURkE Post-KyotoA| AlefAli= A=z
o] LA wjETHAl T7hR BE AoR odEE ke o]
off tist 24 71=4 olgite] o] st Aol

19} 22 F ool wet s 247k F S| 80% oS
AABEAL[2] Q= ellUA] ool wiEE s Uit a7k
oMbl E XA AEe F2l[34] 18-S SIg A
7] 7|8kS viaAstaal & AT .

= o
o 71—_43

o\

e



oPlaleka 5 ton/day S55E] Pilot Plant £ 54 129

i
rlo
of
)
fd
1o
ofX
3
re
n b~
)
—
[
o
ok
i
oo
12
1o
iy
I
>
N,
W,
g
iy

Y

oo
=)
1o
off
I
il
10
=
o
ol
o
ui
o
o M
o
rO
L ofy
5
B
o >
y
2l

2] THH7H

10
[f N
R ol[‘ i

rlo
ok

o Jp
il

flo

N
%

U]
=2

52

r

o

X

o

_\|I_, _.
X

A AFY] A g
Q) uhE] otk e AAHOR $AE 4
S SBAls) 1A B R o]Ale}

YRl O g

)
[
oy
ﬂqz
&
X2
o =
00{' ol
R

Lm

P o} 7] A
A A A
9l oJxtBekAe] 5

o
01'

1=]

9 @%‘i&% %,—5%1 - glolok qm 5,61, 2
>~ o

-

§& - 7 FoRE oA, sHe
ojaksherA: F-el -] A e TR SRR w7k
ST SHEE QI EH. oStk ok
A vi7 = S5 HES<E(Packing)yS E-510] AR ol%E=
TREH el SRR R StellA] AR 5589 (amine
solution)¥} RE&-E2] EdEr oA & EJ‘:]' O]“H"ﬂ HH7]'/\ 5

2-2. O|A=IE == MIFHLIE

ojrtsiRhe FAlR Wol ARSEE o At el
AE7)(-0HD)2E o7 (-NHpE FAloll 7H4)i= Bdo|t}, o] dxt&
opla} o] kshekA o] FkE-2- AE-97] TIPS} o lstRkA 7}
Tl 715w vk vAYE O R siAEar QI

1, 22} dzrEolylo] o] Als}ERA ) HES-SF wj= cabamate 2843 R
5-0] Yofu, o] H-§-2 Caplow[7], Danckwerts[8] 50| A|A|SHH
zwitterion MAUSTS 2= 21 0 2 44 QJth. MEAZ}F thEA<<!
1, 27 Yxheolrlel] E3E o] = A4 lone pair A7} o]AksE
Bk}l QXA © 2 AdFsHH carbamate” | Agﬂgq. o] HRS-& H|1
A ke RolA] ofubv, A5 o] HPE oblsh o kakes
] sg]7h dofdrt. REg-A1e theat o) UrE}‘é T AUtk

=

2RNH, +CO, <> RNHCOO™ +RNHj )
AREAQl 22 slellA] A (17 22 MEASE o|abshei-ole] Wi

ol oJall B/d€ carbamate(RNHCOO 1= *Fd3lol MEAS] o]4t
SHEk Fobso] FEAOR 055 94 FeHAl Er9]. 12 o]
AFskea o] Sfeo] Trksk FRelrt 0.5 Holr Al H=w o]
= cabamate”} 2] ()9} #o] ZHEE A YA E AHFop
(RNH,)°] oiFshehasol 744 0 2 Wg-317] wiito]th. Carbamate
] 7kralell €15 bicabonate AAHE- T} RET).

RNHCOO™ +H,0 <> RNH, +HCOj )

N-methyldiethanolamine(MDEA) 52| 35 ¢x+-&ol13} AMP 5
o] QAo (sterically hindered amine)®] ©]:Fs}eAo) Hk-5-5F
o] AAJE cabamate™ YAIFNETE QIS4 EPYsto] 4 (1), (2)

o] yk-go] FAle] Yot vEX] cabamate”} A = AT 2
HEEE5AS Holal oikeleka: F-815¢] 1.0 mol COy/mol amine®]l
SRS g Qv ofd Bk AT ol o ikshe ) v
& 2ol EEE = QA A8t obstekA: B o]
E ATAIA = it 23 u, MEASE 2o] dAdel7t §le 13F of

T12] 79 JAA 0= Hgsle] ol oalkslRkAE Felshet] B
AUA7F H AgE]o] An)e] 2-:0]7} F71E]= Zo|th10].

AMP?] 754 E55 5 Hold MEAS] H|gke] ekt 520
EA1Y) T5ES MEAS] H|sle] k&l Hook[111= 11_
a3t

3. A

oo

x| H U

3-1. AE FK|

Ao dbo® 4kl Sl A w7z RE] oilslRkAE
F2]317] 913 0.3 MW pilot plant®] TF53= B %] tig<1d

o= A8k Txﬂ‘ﬂ“ﬂ 2 FEE]edo] ofn] 288l A Fo] war
715 St 8 Flol 71918 FlolH, B A3 fJste] dAjet
pilot plant= 7]&2 o% 7947 9 EAF 32 7101 ASPEN pluss
olgato] A= o, A7 A= vhae] Table 13 2t

7|EA 0 21= olskslekA: 518 1';6_"1‘ IOJ MEA(Q20 wt%)E 7] &
FAR 8lar, o4 viZEA) Hol A E#Re 1,000 mY/hrE A8l )
2L dz)Eelom, 2 A8 ¥ @C% 59 Fig. 13} 2t}

Fig. 194 K= nke} o] 2 A= f ?JE]% SR g X
FFEAS ASZAA ohbsleans AEH o2 F4ehs F4H
I ohAE e F-8-o] 71 A A E e
B APARIN T3] FER A =Sk

T WAL 0.6 m, & Fol= ©F 9.5 molH, A4 wiZkAE
shckellA] 453§ 8 A w7k FE-oke] HEAIRG
HEEES Fol7] S8l FHAAMAMTP 25#)% S8, A E>
W7 045 m, F 0] 6.6 mo|H, AHAYES] shfolls Frg-olle]
Sl olilsiRkAE B, AE] Slstel AH o R ZhdE = A7t
A7) &FH ] 7FEEE, 140 °O)F s o, A7Ha7 el fd=E
A7y ddxe] S7IEMCA wlEs= 92 10 kg/em?, &%=
250 °CE 5715715 ARgaioltt. gk, AR e 2 &
A= FRIe] A8l

¥ pilot plantt= PLCE ©]&-3fo] 7 W5 W7 |1AY 5
Bake online® E Ao} e ol 750] Thsakie= M3l o,
AR o7 Agor 7lo] 7hsdles &SI

]I

Table 1. Design Basis

Parameters Values

Input gas Coal fired flue gas

Input gas flow-rate(max.) 1,000 m¥hr(15~25 °C, 1 kg/cm?)
Temperature of input gas 80 °C

Pressure of input gas 1.2 kg/fem?

CO, concentration of input gas about 14%

Absorbent MEA (20 wt%)

Removal efficiency of CO, >75.5%

Korean Chem. Eng. Res., Vol. 50, No. 1, February, 2012
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Fig. 1. Process flow diagram of pilot plant for CO, removal from
flue gas.
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Table 2. Experimental Variables

Variables Range
400~900 m>/hr
MEA/AMP (13.7/20/30 wt%)

3,000~4,000 kg/hr

Flue gas flow rate
Absorbent
Absorbent circulating rate

Temperature in Reboiler 95~125°C
Table 3. Compositions of flue gas
Components Concentration(vol%)
0, 69
Co, 13~14
N, 76~82
SO, 0~50 (ppm)
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Fig. 2. Reproducibility of pilot plant testing with MEA 13.7 wt%.
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Fig. 4. The effects of flue gas flow rate on CO, removal efficiency
with MEA 20 wt%.
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Table 4. Results of Aspen simulation for MEA 20 wt%(related to Table 1 and Fig. 1)

Stream

1d No. 1 2 3 4 5 6 7
From Stack Stripper Absorber Absorber Stripper Absorber Stripper
To Absorber In Absorber In Stripper In Vent Absorber In Stripper In CO, Gas
Phase Vapor Liquid Liquid Vapor Liquid Liquid Vapor
Description Flue-Gas Lean Amine  Rich Amine  Treated Gas  Lean Amine  Rich Amine CO, Gas
Sub-Stream
Total Flow kg/hr 795.00 3994.00 4098.51 690.48 3994.00 4098.51 104.51
CO, kg/hr 107.32 90.62 171.61 26.34 90.62 171.61 80.98
CO, wt.-frac 0.13 0.02 0.04 0.038 0.02 0.042 0.77
Total Flow m’/hr 700.99 3.93 4.09 626.63 4.29 423 116.79
Temp. °C 67.00 35.00 50.90 39.97 112.20 80.00 107.80
Pressure kg/em? 1.13 4.00 1.12 1.05 1.48 4.30 1.39

Korean Chem. Eng. Res., Vol. 50, No. 1, February, 2012



=]

132 Xt - R -

Q1] Aol e} o] A wiFkae] FE STMA = oikE
A AAFES do] Bk ZAFRI ek AnlE 9T 5 3
A2 w7k 552 700 mP/hr ©]5H0]H, 90% ©1/d2] o] akskekA
ATEE A7) Qe Ak a7 ks F3S 650 m¥he 29 =
o= fA8te] -3H= o] f-8-8 Z1 0= itk

91e] AT A w7k Fd%E 700 mP/hr, S8 =3
5 4,000 kg/hrd W] 85.5%2] A|ALE Holi= WP Aspen BAL
A= o|AkalEkA TE 107.32 kg = 80.98 keo] EH, 3]57H 0]
75.5%2] AAES HATE Aspen FAFAH9} AEAIE] 10% =}o]
= AN FFEE w7EAY 2571 43.4°CO]aL Aspen FARIA
T 7R 2% 270] 67°CE A T wizkAe] 2571
whol MEA2] @dntgo] A& Rasoja] AAEo] =2 5o
2 ket w7k 50) Aol o]t o|hkslekA AAES] A
= AAT Y AT AelA] AERISISITH12]. Aspen BAFA =
Table 49} 2},

Ir A

oo

4-4. SN SRR ME I

T8I TETEe] o WSS AAE= oliteleke] oF
< oA XL, IR FE| el FA] Fdn]go] Wol AeFTh
whA] 2 pilot plants SH8H=t] Qlo] olaksleta A|AR Sl &
FEE A= FTE SRS A A AEE A
U} SHZA 02 20 wi% MEA(3.27 M) 848 o] g-8f0] =
B 2% 35°C, A4 wi7bA FYEE 40°C, S48 &3
3,000 kg/hr, A2~ vll7E2 9149 400~900 m¥/hro 2 ¥
3L Fig. 42] A3} H]wske] Fig. soll eI

JFelA K= vk} o] F4-8-9 3] 3,000 kg/hrollA
4,000 kg/hriz S71stel whet o)A kslekAs Al A g0 STtk A
S o 5= Qlth 8, 1 pilot plantell A S8 8-340] 5,000
kg/hr7bA] &30] 7Fs38les AAE O] 9ot 4,000 kg/hroll A=
E2 ol AAEES B2 5 AT

ol
Tlof

SN
oy
4y o

REmn

il

o
o

[c]
2

o

4-5. 3% S50 e I

BB B} 4R AISE olshEe] O 713t

CO, Removal Efficiency (%)

so | —@— 4000 kg/hr
—O - 3000 kg/hr
75 F
Absorbent : MEA 20 wt%(3.27 M) b
Gas flow rate : 400~900 m*/hr N N
70 I bsorption temp. : 35C N
Reboiler temp. : 110 T \T
65 n . n " 1 el n I 1 " L el 1 I n n l n n
400 500 600 700 800 900

Gas flow rate (m3/hr)

Fig. 5. The effects of absorbent circulation flow rate on CO, removal
efficiency with MEA 20 wt%.
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Fig. 7. Effects of the concentration of absorbent on CO, removal
efficiency with AMP.
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Fig. 8. The effects of absorbent on CO, removal efficiency with
MEA 13.7 wt% and AMP 20 wt%.
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Fig. 9. Equilibrium(a:: loading ratio) of CO,-MEA and CO,-AMP
system at 50 °C.
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