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Abstract : In this study, computer simulation works have been performed for the capture process of the CO; and
H:S gases contained in the effluent stream using methanol aqueous solution. In order to increase the solubilities of
the CO; and H,S in the methano! aqueous stream, the operating pressure of the absorber was raised to 30 bar and
the feeding teraperature of the solvent was lowered to —20°C by using refrigeration cycle. NRTL liquid activity
coefficient model was used to estimate the liquid phase nonidealities for methanol and water.
Soave-Redlich-Kwong equation of state was used for the vapor phase nonidealities. Henry's law option was also

used to calculate the solubilities of the supercritical noncondensible gases into the methanol aqueous solvent
stream.
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Figure 1. A schematic diagram for the CO; and H,S capture
process using aqueous amine solution (1).

Figure 2. A schematic diagram for the CO; and H;S capture
process using aqueous amine solution (2).

Figuwre 3. A schematic diagram for the CO; and H,S capture
process using aqueons amine solution (3).
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Table 1. Coefficients in alpha function for each pure components[6}

Component Tc (K) Pc (kPa) L M N
H; 33.25 1,296.96 1.2528 13.2690 0.0400
HO 647.35 22,119.20 0.3569 0.8743 2.4807
H,$ 373.55 9,007.79 0.5039 0.8855 1.1161
CO 132.95 3,495.71 0.2079 0.8607 1.7188
CO; 304.19 7,381.52 1.2341 1.3268 0.6499
Methanol 512.58 8,095.87 0.6797 0.9097 1.9996
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Table 2. Binary interaction parameters for each binary pairs{6]

Component i Component j ky;
H, H,O 0.4000
H; H,$ 0.0830
H; CcO 0.0400
He CO, -0.3426
H,O H,S 0.1350
H,O cO 0.2000
H;O CO; 0.2300
H,0 Methanol -0.0789
H:S CO 0.0367
H.S CO, 0.1000
H.S Methanol 0.0545
CcO CO;, 0.0500
CO; Methanol 0.0421
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Table 3. Coefficients in Henry's constant{6]

Solute Solvent (4 G, A oA
H, H;O 116.4133 -4,881.3200 -14.7884 3.5529E-06
H, Methanol 15.5643 271.3300 -0.5485 0.0000
H,S H;0O 126.6953 -7,151.2300 -16.1493 2.3277E-06
H.S Methanol 41.6198 -3,036.9400 -4.1070 0.0000
CcoO H,0 166.6723 -7,847.1600 -21.8994 9.8692E-07
o Methanol 42119 1,144.4000 0.0000 0.0000
CO;, H,0 154.9483 -8,498.7200 -20.0841 7.3032E-06
CO, Methanol 217.0283 -10,620.0000 -30.1360 0.0000

Table 4. NRTL binary interaction parameters for methanol-water binary pair{6]

Component i Component j a(z.,j.) b(i,’j.) o
a(.?s”’) b(]vz)
Methanol H;O 0.736107 -360.6920 0.2442
0.511068 199.8540
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Table 5. Feedstock information for effluent gas stream

Component Mole %
H, 30.0
H,$ 8.0
cO 35.0
CO, 25.0
N, 1.0
CHy 0.2
HO 8.0
Temperature ("C) 40.0
Pressure (bar) 30.0
Flow rate (Nm3/ht) 1,000.0
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Table 6. Relation of methanol solvent circulation rate vs. CO;
absorption ratio or H;S content in the treated gas

stream
H,S content CO;, absorption Solvent circulation rate
(ppm by mole) ratio (kg/hr)
1.0 91.04 3,359
0.50421 95.00 3,626
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Figure 5. Relation between reflux ratio and theoretical
number of tray.(2).

7F 7V FASA 71 &oiA e ol8e 3ol sk A
of Hzo 4A xxlo] & ¢ 7 ok WA HEE-E &5
o) o]gdrE $5719 AZIE ety 36kow ARl
At

34, DRIRS Hol2 O[Z5H WS A0IEe] ThiIZAL

98.5 wt%2] HigtE gAY FFXEEF 45°CollA -20°CE
W] YsiME W@ At E2) Yol Aotk F1 A%
g o] 43 YT Aol 29 EH?S} W Figure 63 ZtH7].
Figure 60 2jst Z2hd vl A oA 57190
Je ngo 0"‘5101% F 3F71 g3 45°C7kA
Z+ 2 &) o)y hF7] ko] oFEE 45°Col N T2 g3l
o] NxA gy A At $57] $ Aske Wi o4y
z7 Wuo] M FE3] & GY7A] "ol A frt ¢t
Z7 @B Foke) bl Yo &%) -35°CrkA) "olA| = ¢
Zo] dr}. o] ¢tHL Helid T2 HAL -35°Col| M 2] o]&H
tgat golxith E-F& HF Folle 71T Aol Al
dojR)=d) 7]-4 FejrolA N4E 4F7] AvoE BuR

AL AFFNRE SRR BuUlA] T3] g o] &aiAl
Z &9E dojuiA Ptk Table 7ol W% Alol&e 24zx4

1\1(101
E02//: - ot EO1
Methanol Salven \m Z CAN supp 5 / return
Temp.= 450°C o
= i cvol Rs'fngerant

Flow = 3,425Kg/hr [ Fo1 i o il I8

= 14

Ad!abatlc
Refrigerant
Flash | 1emp, = -350¢

K01: Compressor
E0L: Condenser
CV01: Pressure Let-down Valve

FO1: Economizer
EQ2: Evaporator

Figure 6. A schematic diagram for refrigeration cycle wsing
propylene as a refrigerant,



292 FE0/= Ai147 A4z, 20088 128

Table 7. Summary of computer simulation results for
refrigeration cycle

Item Simulation Results
Evaoporator heat duty 138,800 kcal/hr
Compressor discharge pressure 22.77 bar
Expansion valve outlet pressure 1.85 bar
Refrigerant feeding rate to evaporator 3,638 kg/hr
Total refrigerant circulation rate 5,299 kg/hr
Compressor power consumption 5,896 kW

Condenser heat duty 134,500 kcal/he
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