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A Simulation Study on the Carbon Dioxide Removal Process Using
Aqueous Amine Solution in the GTL Process
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'Department of Chemical Engineering, Kongju National University

“Department of Chemical Engineering, Dongguk University
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Abstract In this study, a computer simulation work has been performed for the carbon dioxide removal process
using aqueous amine solution in the GTL (Gas To Liquids) process. 30wt% DEA(diethnaol amine) aqueous
solution was utilized as a carbon dioxide remvoal agent and an absorber-stripper two-columns configuration was
used. Kent-Eisenburg modeling equation built-in amine specicial package was used for the modeling of the
carbon dioxide removal process. PRO/II with PROVISION 9.0, a commercial process simulator was used.
Through this simulation study, heat and material balance was obtained and packing column diameter and column

height were also estimated.

Key Words : GTL process; Carbon dioxide removal, Amine aqueous solution, Absorber, Stripper
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[Fig. 1] Example for GTL Production Process by Reforming Reaction of Natural Gas
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[Table 1] Operating Condition According to Amine Types

MEA DEA DGA  MDEA
CO, pickup  0.33-040 035065 025030 0.2-0.55
Lean amine
COn loading <0.12 <0.08 <010  <0.005
Rich amine

; 045052 043073 035040 0.4-055
CO; loading
Amine wt% 15-25 25-35 50-70 40-50

Rebm(lfé)‘emp‘ 107-127  110-127  121-132  110-132

2 AFole AA7ks Aol QlalA] A gt

g7k2ollA] mRo] o] Hw AAH FA7IAREE o}
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[Table 2] Feedstock Composition and Conditions

Component Mole %
H, 57.0
N, 1.0
CO 27.4
CO, 11.0
CH,4 4.2
HO 0.4
Total (Kg/hr) 27.0
Temeprature (°C) 40.0
Pressure (barG) 19.05
T ATHE AE AR TATLS F0] ol itstera
9] 3= 100 ppm oJ5kR W= Zlo]Th ofof Tyt 4

AiEk AR 3o Lok B 27159 Alke
lean amineo]|4] CO,9|| T3t & loadingS 0.015 ©o]5}o]H,
rich amineo]|4] COyof tj3l & loading2 0.4 o]s}o|t}.
CO; loadingZ oFql 15 &8fE]o] Sl= olikafetao
E42H lean amine} rich amineo]] thal4] CO, loading
o] AlFo Tat Ak Foltl AL FolHl ofule] &
W 0] dhaiA obel gale] Lakgol A%
= 72 9Ju|glt}. Lean amineX} rich amineof|A] CO,
9] & loadingS A= o]+ SHOA o)4kEEr AL
F50] FFE Al A YY) TR 55,
T =2 9 S Eolot FdY =4
25 9 FE 2HUE § oy Hael oafA] 2
=7] ol S5Ee 2 2o Higt #SE Atsl
7] afiAoltt. @A Y Y2 18.55 barG
@} Zpalo] FRler = 40 °CE AaA gk 18a
Y] o] TRt AP A Q] o] 2k 6ol 35t
Al packing o] 2 FAtel7] Wil W3kAZ oA
2 gl Aol
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[Table 3] CO, Free Synthetic Gas Specifications

Component Mole %

H, 64.0
N, 0.1
Cco 30.8
CO, Max. 100ppm
CH, 4.6
H,0 0.4
Total (Kg/hr) 18.0
Temeprature (°C) 40.0
Pressure (barG) 18.55
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[Fig. 3] Schematic Diagram for CO, Removal Process Using Amine Solution
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[Table 4] Equilibrium Constants as Functions of

Temperature
Reaction 01 02 q
o) -9.4065 -4234.98 0
(6) 231.465 -12092.1 -36.7816
(@) 216.049 -12431.7 -35.4819
8) -9.742 -8585.47 0
ofgfo] 18 4o PROMAI with PROVISION

90014151 Abgale] AAMAS St FRAREE
Rl ol 17 39 FAudn SUstet. ot
# ol 30 e B4 AROIA olaksteiazt
AAE GH7hse 24E AF Aol Lhekd ghat o]
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MAX S} fAfs] S5 olatsteia o] P A
AZA B S HA ek o 4
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[Fig. 4] Flow Sheet for CO, Removal Process Using PRO/II with PROVISION
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[Table 5] Comparison of CO, Free Synthic Gas Stream

Mole %
Component
Design PRO/II

H, 64.0 63.92
N2 0.1 0.11
(e[0] 30.8 30.75
CO, Max. 100ppm 0.43ppm
CH,4 4.6 4.72
H0 0.4 0.49
Total (Kg/hr) 18.0 17.87

ES}F o} 9] ¥ 69| lean amine¥} rich amine AE 3
oflA 2 &9 & FFe YR ol & 6] 9
1Y lean amineo|4] CO, & loading2 0.01216 .24 A}
okol] AR 0.015Xc} Z-& Zro|t}. FE3} rich amine o
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[Table 6] Each component molar flow rate in lean
and rich amine stream, respectively

kmole/hr
Component
Lean amine Rich amine

H, 1.8122E-20 4.5368E-03
N, 7.1226E-18 6.8927E-06
Cco 1.5286E-17 2.6534E-03
CO; 7.1477E-03 0.2129
CH, 7.9505E-18 2.2034E-04
H0 8.1057 8.1282
DEA 0.5877 0.5877
Total (Kmole/hr) 8.7006 8.9362
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[Fig. 5] Temperature profile in an absorber
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[Fig. 6] Temperature profile in a stripper
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[Table 7] Simulation summary for an absorber and a
stripper design

5 A}

T Y €O, F=

ool
J

0.43ppm by mole

Lean amine®] CO, & loading 0.01216
Rich amine?] CO, & loading 0.3623
Solvet to feed molar ratio 4.652

-36,700 kcal/hr
42,600 kcal/hr

Condenser heat duty at stripper

Reboiler heat duty at stripper

Reboiler heater capacity 49.5 kW
Packlng type NMTP (random)
Absorber diameter 102.3 mm
Stripper diameter 202.7 mm
Absorber packing height 3,900 mm
Stripper packing height 4,800 mm
3. 28
2 dFfM= GIL 34 FoAd Ad vke

Fischer-Tropsch HF-3-o] o]t A-§ G52
ZoA A S AAAE FoA o EAE AA B
S8t T4l it AAmAE fsigion O Ay o)
S 22 AES A9k
1. oiHEErA AAE HallAl & 19 Yebd o7 7}
2 FFe OP”‘ 8 ZFo| A DEA 30wt% 4=8-H
ARgshom, Segat g g gt 271k
o] Folof gt Ato]d 2HdS 3kt
2. Y&E7}20 3t lean amine?] & G517} 4.652Y
o) A7 F0] olAlslela: FHeFo] 0.43 E ppm
o2 AFE ARF FRl 100 & ppmHECE o $- S-S
o £ e

=]l.1- 37
Ak 24

N
lo

o

, lean amine®] CO, & loadingS
0.01216 0.2 % ARk ZFo] 0.0155C LroFo . rich
amine®] CO, & loading 0.3623 0. 2] ARRF Zho]
0.45T Fes o 4= 9l

3. AANEA} AT} T2sgho] Ao x7o] 1023 mm, =
o]& 3,900 mmE EAHQ A 27 o] 202.7 mm
2 3ol 4800 mm Aol =2k

T’ : absolute temperature

K : chemical reaction equilibrium constant for ionic
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components
C, G, and Cj :

constant expression

coefficients in chemical reaction
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