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Comparative Study on the Refrigeration Processes between
Refrigeration Using Vapor Recompression and Refrigeration Using LN2
Cold Heat for the Carbon Dioxide Liquefaction
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sgnoh@dyu.ac.kr Abstract >> In this paper, three kinds of studies have been completed to obtain

highly purified carbon dioxide having more than 7N purity as an electronic grade
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Accepted 16 October, 2023 used, and Peng-Robinson equation of the state model with Twu'’s alpha function
was selected for the modeling of the cryogenic distillation process. When using
LN2 cold heat, we can obtain highest recovery of carbon dioxide as a bottom

product for a cryogenic distillation column.
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Table 1. Coefficients in Twu’s alpha function

Composition (@ G Gy
CH,4 0.514379 0.990255 1
CO; 0.24384 0.84843 2.35153
NH;3; 0.913423 -0.353847 0.390899
N2 0.152278 0.894469 2.34036

H 34 HMb5E 2023 10



A AT ARG v HpEA et ol4lslEas o)
A 71A-NA] AEE AE glolEe] SRS F
A AA3t Aot} o] PRO/I with PROVISION
Ver. 2023.1 (¢]3} PRO/I; AVEVA, Cambridge, UK)
o] &4 dlojeuoj Ao WA o] 9= %l 0.093
< ARgSEeITh

3. HMULZAL

3.1 28 9%, 487 ¥ MY SREY A
Fig. 19]=

HE N o] 47\}7} ST olAlslEAS

7] flg A 55 349 Maws vehfolch

Fig. o] o5t & 7|47} F3toll $271E 7t
A= ol F= 570l 9JsfiA 20 barﬁ]—x] 7horE =,

011*1% N °]% 94 F-%E Ol*@}

~ oi
ol
o

vt Fig. 200= Fig. 1o ik &4 74
d=E PRO/II% o] &3t ZTeAER JEQT)
Table 2¢]+= Fig. 29] o|tt ¢F= 4 A9 S/ &
Aol et MAbmAL Auks aok Flste] YeRfS]
g, Table 20| 2J5ld Y= tu] o|AtslelAo] 3

F&0] 15%°] Bt e & ¢ vk A SRY

MEMBRANE

Fig. 1. Schematic diagram to obtain highly pure CO, using
two-stage compression, refrigeration and cryogenic distillaion
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Fig. 2. PRO/II flow sheet diagram for a cryogenic distillation
process to obtain highly pure CO,

Table 2. Simulation results summary for Fig. 2

Item Result
1¥ compressor power 9.0865 kW
2 compressor power 9.0375 kW
Inter-cooler, E1 duty 9.3040 kW
After-cooler, E2 duty 9.8855 kW
Chiller, E3 duty 14.6538 kW
Theoretical number of stage 12
Condenser duty 236.0872 kW
Reboiler duty 234.6934 kW
Reflux drum temperature -23.9C
CO, temperature at column bottom -20.0C
CO, purity at column bottom to 100%
COs recovery ratio 15%
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Fig. 4. PRO/II flow sheet diagram for a refrigeration cycle us-
ing ammonia as a refrigerant
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Table 3. Simulation results summary for Fig. 4

Item Result
Compressor power 124.7 kW
Compressor discharge pressure 15.4955 bar
Condenser duty 0.3141x10° keal/h
Valve outlet pressure 1.98 bar
Evaporator duty 0.2070x10° keal/h
Refrigerant Ammonia
Refrigerant supply temperature -30.0C
Refrigerant suuply to an evaporator 631.5 kg/h
Opverall refrigerant circulation rate 827.6 kg/h

LNG1 ‘ LNG2 g NG

E4 E5

MEMBRANE

105

Fig. 5. Conceptual diagram to obtain highly pure CO, using
single-stage compression, LN2 cold heat and cryogenic dis-
tillaion
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Fig. 6. PRO/II flow sheet diagram to obtain a purified CO; us-
ing LN2 cold heat and cryogenic distillation column
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Fig. 7. PRO/II flow sheet diagram for a vapor recycle process
to obtain more highly recovery liquefied CO; as a bottom prod-
uct of the cryogenic distillation column

Table 5. Vapor recycle process simulation results summary

Table 4. Simulation results summary for Fig. 6 Item Value Unit
Item Result 1% compressor power 9.0865 kW
Compressor power 12.6391 kW 2" compressor power 100.0957 kW
After-cooler, E1 duty 0.0111x10° keal/h Inter-cooler, E1 duty 9.3040 kW
Pre-cooler, E2 duty 0.0040x10° keal/h After-cooler, E2 duty 0.0405x10° kcal/h
Condenser, E3 duty 0.0827x10° keal/h Chiller, E3 duty 0.0709x10° kcal/h
Theoretical number of stage 112 Theoretical number of stages 12 -
Condenser duty 0.0827x10° keal/h T1 condenser duty 3.3693x10° | keallh
Reboiler duty 0.0704x10° keal/h T1 reboiler duty 3.3825x10° kcal/h
Reflux drum temperature -58.0C Reflux drum teemperature -26.9 T
Reflux drum temperature -50.0C T1 column bottom temperture -20.0 ®
T1 column tol pressure 6.84 bar T1 column top pressure 19.52 bar
CO;, purity to 100% CO; purity at column bottom to 100 % by mol
CO; recovery ratio 75% CO; recovery ratio 15 %
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