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Table 1. Classification of highly pure CO, usages

Usage Purity
Engineering purpose >99.5%
Medical purpose >99.9%
Semiconductor cleaning purpose >99.999%

Table 2. Vapor composition of obtained through wet, VSA and
membrane processes

Component Wet VSA Membrane
CO: 0.950 0.990 0.904
CcO 0 0.003 0
H: 0 0 0
N2 0 0 0.026
02 0 0 0.061
CH. 0 0.007 0
H0 0.050 0 0.008
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Fig. 1. Schematic diagram for an overall process to obtain
highly pure liquefied CO, through a cryogenic distillation proc-
ess with two-stage compression and vapor-recompression re-
frigeration cycle
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Fig. 2. PRO/II flow sheet drawing for the two-stage compression
system with an inter-cooler
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Fig. 3. Process flow sheet for the cryogenic distillation process
to obtain highly pure CO,
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Fig. 4. Process flow sheet for the vapor recompression re-
frigeration cycle
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Table 3. New alpha function coefficient proposed by Twu

Component Ci C, GC;
CO: 0.24384 0.84843 2.35153
N 0.152278 0.894469 2.34036
0. 0.15357 0.908845 2.43551
CO 0.207918 0.860685 1.71882
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Table 4. Binary interaction parameters of binary pairs

1(CO2) 2(N2) 3(02) 4(CO)
1 -0.0300 0.0500
-0.0078 0.040
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Table 5. Feedstock conditions

Component Mole fraction
CO; 0.90
N, 0.08
(0)3 0.02
co 5x107
Temperature 25°C
Pressure 1 bar
Flow rate 100 Nm'/h
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8 —— C1 Power
—— C2 Power
Total Power

Compressor power (kW)

4 6 8 10 12 14 16 18
C1 outlet pressure (bar)

Fig. 5. Schematic diagram of CO, compression and lique-
faction process using a vapor recompression cycle

H 34 HM1s 20234 28



B AL 85719} Sl A5 matete] 125
2 oAk AR IARE BES A7 S| o
o HH 85715 AMESITE Table 7ol 41
Feref mf& Ak mAp kg qokstel 425kl
A SR A No, O & CO E42E0
SRS trace® & Hﬁ}”ﬂ] oliteEta: $le= 719] 100%

Fig. 60ll= Y 57 stiolA = i8] o4t

=719 heat duty

of Bf =go] £ wWatE adzE sk

WY SR ShRA oluskeia

515-80] Z7FE4S Y SR $5719] heat

duys Z}iﬁ}% g & 5 gk ol Ay FHT
5\_ }

s5gol FBSE BA A

Table 6. Simulation results for the two-stage compression sys-
tem

Item Value
i stage compressor power 7.3947 kW
2 stage compression power 6.8834 kW
Inter-cooler heat duty 7,300 kcal/h
After-cooler heat duty 6,400 kcal/h
Total compressor power 14.2781 kW
Optimal " compressor outlet pressure 5.477 bar

Table 7. Simulation results summary for a cryogenic distillation
column for the separation of highly pure CO,

Item Value
Theoretical number of stages 12
Condenser type Partial
Column top temperature -23.8°C
Reflux drum temperature -36.8°C
Column top pressure 19 bar
Reflux ratio 1.0
CO; recovery ratio 0.795
Condenser duty -12,900 kcal/h
Reboiler duty 2,500 kcal/h
CO; purity at column bottom to 100% by mole
Mole fraction for impurities 1.0086x10"
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Fig. 6. Plot of condenser duty and reflux drum temperature as
a function of CO- recovery ratio at a cryogenic distillation col-
umn bottom product

Table 8. Liquefaction ratio of CO, through 2-stage compression
and LCO; composition after liquefaction(at -40°C)

Component Wet VSA Membrane
Liguid uield(%) 100 100 91
CO: 100.00 99.00 97.55
CO 0.00 0.30 0.00
H: 0.00 0.00 0.00
Na 0.00 0.00 0.43
(0 0.00 0.00 2.02
CHa 0.00 0.70 0.00
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Table 9. Simulation results summary for the vapor-recompression
refrigeration cycle using propylene as a refrigerant

Item Value
Refrigerant Propylene
Refrigerant supply temperature -45°C
Compression ratio 14.665
Compressor power 12.9007 kW
Compressor efficiency 70%
Compressor outlet temperature 98.311°C
Condenser heat duty 24,000 kcal/h
Refrigerant flow to evaporator 122 kg/h
Total refrigerant circulation rate 238 kg/h
Evaporator heat duty 12,900 kcal/h
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