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Abstract : In this study, simulation works have been performed for the CO, removal process contained in the DME production
process using NMP (N-methyl-2-pyrrolidone) as a solvent. PRO/II with PROVISION release 9.1 at Invensys was used as a
chemical process simulator and NRTL activity coefficient model with Henry's law option and Soave-Redlich-Kwong equation of
state were used for thermodynamic models. For the determination of the binary interaction parameters in NRTL model, regression
works have been performed to match the experimental thermodynamic data. Optimal feed tray location which minimizes the
reboiler heat duty was determined.
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Figure 1. DME manufacture process.
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Figure 2. The schematic diagram for the CO, capture process using NMP solvent.
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Table 2. NRTL binary interaction parameters for each binary pair
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Table 3. Coefficients in alpha function

Component L M N
CH,4 0.1195 0.9040 0.0000
CO; 0.2047 0.8197 0.0000

H 0.9267 42324 0.1200
(6[0) 0.0746 0.8722 2.2635
H,O 0.3846 0.8700 1.9637
NMP 0.6291 0.9234 1.6346
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Table 4. Soave-Redlich-Kwong EOS binary interaction parameter

Table 5. Henry constants

i j k;; Comp i | Comp j Ci C C; Cs
CH, CO, 0.0919 H, | H:O | 1117950 | -4881.3200 | -14.7884 |3.6000E-04
CHs H, 0.0160 H, | NMP | 6.1806| 784.6900| 0.0000|  0.0000
CH, co 0.0300 CO | H.0 [162.0540 | -7847.1600 | -21.8994 | 1.0000E-04
CH, H,0 0.5000 Cco | NMP | 76.6742|-2830.9703 | -10.3970|  0.0000
CHa NMP 0.0945 CO, | H0 |150.3300 | -8498.7200 | -20.0841 | 7.4000E-04
O, H, 01622 CO, | NMP | 14.1980-1859.9000 | -0.66470|  0.00000
O, co 20,0300 CH: | H,O |165.2740 | -8132.2300 | -22.3559 | 1.4600E-04
CO, H,O 0.2100 CH4 NMP 6.2115 -3.2520| 0.1229 0.0000
CO, NMP 0.0030
H» CO 0.0900
H> H,0 0.5630 6000 ; - ; '
O Exp. Data(258.15K), Zubchenko et al.[10]
H, NMP 0.1648 O Exp. Data(273.15K), Zubchenko et al.[10]
A Exp. Data(288.15K), Zubchenko et al.[10]
CO H,O 0.2000 5000 f Estimation Data (Henry's law)
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Figure 3. Binary isothermal experimental data for carbon dioxide-
NMP and its prediction with Henry's law.
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Figure 4. Optimization of solvent purity at Absorber which mini-
mizes the electricity energy.
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Table 6. Design conditions for CO, absorber

Column CO; absorber
Theoretical stage number 6
Solvent feeding temperature to absorber (K) 253.15
Column top pressure (kPa) 5,800.00
Column bottom pressure (kPa) 5,900.00
CO, removal efficiency” (%) 99.00
Stage efficiency (%) 30.00
Internal type valve tray
Tray spacing (mm) 609.60

* [1-(amounts of CO; in treat gas/amounts of CO; in feed gas)]x100%
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Figure 5. Removal efficiency of carbon dioxide at absorber with
various flow rate of solvent (99.10 wt% NMP aq.).
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Table 7. Design conditions for CO; stripper

Column CO; stripper
CO; Stripper top Pressure (kPa) 120.00
Theoretical stage number 5
Target CO, removal efficiency (%) 100.00
Air heater outlet temperature (K) 323.15
Internal type valve tray
Stage efficiency (%) 30.00
Tray spacing (mm) 609.60
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Figure 6. Purity of NMP solvent at make-up equipment with vari-
ous air feeding rate to CO, stripper.
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Figure 7. A schematic diagram for refrigeration cycle using pro-
pane as a refrigerant.
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Table 8. Computer simulation results for refrigeration cycle

Item Result
Evaporator heat duty (x 10° kcal/h) 0.50
Compressor discharge pressure (kPa) 1,588.50
Expansion valve outlet pressure (kPa) 130.00
Refrigerant temp. at Expansion valve outlet (K) 236.88
Refrigerant feeding rate to evaporator (kg/h) 1,187.46
Total refrigerant circulation rate (kg/h) 2,366.18
Compressor power consumption, (n = 0.7) (kW) 117.44
Condenser heat duty (x 10° kcal/h) 0.92
Cooling water supply (K) 303.15
Cooling water return (K) 313.15
Cooling water consumption (kg/h) 21,976.44
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Table 9. Column simulation results summary
Column €0, C.02

absorber | stripper
Solvent feeding rate to absorber (kmol/h) 79.79 -
CO; removal ratio (%) 99.00° 100°
Column top temperature (K) 253.69 | 313.01
Column bottom temperature (K) 272.30 | 313.81
Air feeding rate to CO; stripper (kg/h) - | 803.65
Column diameter (mm) 1,219.80 | 762.00
Column hight (m) 17.37 18.68
EO1 heater heat duty (x 10° kJ/h) 0.27
E02 heater heat duty (x 10° kJ/h) 0.04
E04 refrigerator heat duty (x 10° kJ/h) 0.50
PO1 pump power consumption (kW) 18.6776

* [1-(amounts of CO; in top gas/amounts of CO; in feed gas of ab-
sorber)] x 100%

® [1-(amounts of CO; in top gas/amounts of CO» in feed gas of strip-
per)] x 100%

AEI|E

: absolute temperature
. pressure

: gas constant

T

P

R

V : total volume

u : molar volume

a : energy parameter

b : size parameter

T. : critical temperature

P. : pressure

T, : reduced temperature

Z : compressibility factor

ki : binary interaction parameter

N, M, and L : coefficients in alpha function

Cy, Cy, C3 and C4 : henry constant

Xi, yi : mole fraction of component i for liquid and vapor
phase, respectively

a; : energy parameter for component i and j

b; : size parameter for component i

f : fugacity

Ps : compressor suction pressure

P4 : compressor discharge pressure

d2|A Xt

o : alpha function

o : acentric factor

¢ : fugacity coefficient

1 : compressor efficiency
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