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jhcho@kongju.ac.kr Abstract >> In this paper, a new technology to obtain electronic grade, highly pure

_ carbon dioxide by using membrane and liquefied natural gas (LNG) cold heat as-
Ei\fzzzd 3OF; z::’:g’ 22822: sisted cryogenic distillation has been proposed. PRO/Il with PROVISION release
Accepted 13 February, 2024 2023.1 from AVEVA company was used, and Peng-Robinson equation of the

state model with Twu’s alpha function to predict pure component vapor pressure
versus temperature more accurately was selected for the modeling of the mem-
brane and cryogenic distillation process. Advantage of using membrane separa-
tion instead of selecting absorber-stripper configuration for the concentration of
carbon dioxide was the reduction of carbon dioxide capture cost.
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Table 1. Reforming reaction equations and their standard heat
of reactions for several hydrocarbons

Reaction AHY(25°C), J/ gmol
CH,+ H,0= CO+ 3H, 205,800
CyHy+2H,0=2CO+5H, 346,380
CyHy+3H,0=3CO+ TH, 498,520
C,H\,+4H,0=4CO+9H, 650,910

Table 2. Four kinds of LNG compositions

Lean Rich Max N, Typical

N> 0.00 0.00 1.00 0.04
CH,4 96.74 85.12 94.33 89.26
CHg 1.89 8.63 1.97 8.64
C;Hs 0.68 4.14 2.50 1.44
[-C4Hio 0.34 1.10 0.10 0.27
N-CsHio 0.34 0.90 0.10 0.35
I-CsHi2 0.01 0.10 0.00 0.00
N-CsHiz 0.00 0.01 0.00 0.00

Table 3. CO; generation per H, production (kg CO»/kg H) ac-
cording to LNG composition

Case | CO, generation per H, production (kg CO»/kg Hs)
Lean 8.4890
Rich 8.8061
Max N, 8.5935
Typical 8.7324
Pure CH4 8.4027

Vol. 35, No. 1, February 2024

[oXe)
L]
ING J2 o] g3 ¥ gt 1l 4y Z5HE 54
A AT awe oSt o usteag Belshs B

7gofl it Ak AR 3ol gt HARE YER AT

Q7o) 24 SN BT % 2 A

spekt =4 TA oE ABEAE e
NRIL o) S5EAS 2243t 7|39 ojRo] of
3 BBIE F4hS S15ko] Honry®] W22 A1

o T =
=] 3 -
AAAe Agatgon?, ¢4 gus olge
A

A4 BALE 984 PRO/I with PROVISION
V2023.1 (PROAI; AVEVA, Cambridge, England)S
A

12.8% Jwo] oJAlstetAao] g 7= A4
v} 7}~ 2 2 E| molecular sieveS E-§3fo] $~E-S
ATt & HA S E o] 8ato] o]ilsighad]
30% 7} O & ol o9 Fig. 13} Fig. 2
& 4= Qich

Fig. 13} Fig. 25 2 CO9| & 2A4J0] 0.18 ]
A AdAFE 7= A &
o] & £/40] 0.18 oJstol A= F7]-H o YAE 7

o 3
HokA) o) el BRE BAAE A Sat

T

260 CO,-N, Pxy ]

240 ]
220
200

180 4

=

8 160

© 140

=}

% 120 4

& 100
80
604
40
20

T T
0.0 0.2 0.4 0.6 0.8 1.0
Mole Fraction of CO,

Fig. 1. N2-CO; pressure concentration diagram at -50°C

Journal of Hydrogen and New Energy <<



&) Lo]| 4] A}-8-3F Peng-Robinson AFE|HFA 4] 1t
g 218 A (1)o]] Foix uie} Zth

=21

RT aq
T o0t D)+ b0—=0) M

g A (DOlA a= v A wiiolH b= A2

7] mi7dHgrolt) o] AT W A IUZH ] T
2 4 (2) 9 4 3 Zo] xdHCH
2 2
a=0.45724 2 @)
RT, 5
Iz 3)

FERA A @2k 4 (52 o

a=[1+m(1- 7°9)) )

200 T T T T
CO,-0, Pxy
180 - .

160

140

Pressure (bar)
o ® 2 B
o o o o
Lor o r

N
o
1

N
o
1

o

T T
0.2 0.4 0.6 0.8 1.0
Mole Fraction of CO,

o
o

Fig. 2. O,-CO; pressure concentration diagram at -50°C
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Table 4. Coefficients in Twu'’s alpha function

Composition G & Gy

N2 0.576421 0.0909345 0.676502

CH,4 0.119488 0.904017 -
CzHs 0.526261 -0.0178246 0.12642
C;Hs 0.595095 0.0348924 0.095946
1-C4Hio 0.648491 -0.11527 0.532363
N-C4Hio 0.67287 -0.0414722 0.219121
1-CsHiz 0.709282 -0.0369748 0.243644
N-CsHiz 0.749057 -0.0920903 0.37984
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Liquid fraction 0.1 ™ .

CO, recovery 70%
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Table 6. Simulation results for compression and drying proc-
esses

Item Result
Compressor discharge pressure 5 bar
Compressor power 69.9 kW
Adiabatic efficiency 70%
After cooler temperature 40C
After cooler duty 94,055 kcal/h
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CO; 92.4 0.249501
N> 16.0 0.043204
(0} 3.0 0.008101 Table 9. Simulation results for two-stage compression and par-
tial liquefaction process uing LNG cold heat
Item Result
Table 8. Simulation results for two-stage compression in mem- Ist compressor discharge pressure 11424 bar
brane process 1st compressor power 29.8 kW
Item Result 1st compressor adiabatic efficiency 70%
Ist Compressor discharge pressure 1.2042 bar After cooler outlet temperature 40C
Ist compressor power 529 kW After cooler duty 25,474 kcal/h
1st compressor adiabatic efficiency 70% 2nd compressor discharge pressure 4.5 bar
After cooler outlet temperature 40°C 2nd compressor power 29.9 kW
After cooler duty 45,310 kcal/h 2nd compressor adiabatic efficiency 70%
2nd compressor discharge pressure 5 bar After cooler outlet temperature 40C
2nd compressor power 53.1kW After cooler duty 25,871 keal/h
2nd compressor adiabatic efficiency 70% Liquid mole fraction in LNG cooler 0.1
After cooler outlet temperature 40°C LNG cooler outlet temperature -89.49C
After cooler duty 45,985 kcal/h LNG cooler heat duty 24,111 kcal/h
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Table 10. Simulation results for a cryogenic distillation process

Item Result
Theoretical number of stage 4
Condenser outlet pressure 6.442 bar
Condenser outlet temperature -78.0C
Top tray pressure 6.642 bar
Column bottom pressure 6.842 bar
Column bottom temperature -50.0C
Reflux ratio 1.2
Condenser duty 183,323 kcal/h
Reboiler duty 170,469 kcal/h

Table 11. Composition of purified carbon dioxide

Component k-mole/h Mole%
N, 7.9118x10° 0.16 ppm
02 3.4784x10” 0.071 ppm
COx 4.9100 100.0000
H,O 0.0000 0.0000
Total 4.9100 100.0000
Flow rate 216.1 kg/h
Temperature -50C
Pressure 6.842 bar
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