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Abstiract

For simulating the absorption of carbon dioxide in agueous solution of monoethanolamine,

various models of this process; physical absorption and chemisorption with irreversible first-order

reaction, irreversible second-order reaction and reversible second-order reaction, are established.

From the theory and. calculating method of each model, the concentrations of gaseous carbon

dioxide, in term of pressure, at any height of absorption tower are acquired.

By comparing the result from each model with the existence experiment, the model that 1s

in vicinity with the experiment, at constant temperature, is the chemisorption with reversible

second-order reacticn. This model, afterward, is used to simulate the absorption of carbon dioxide

with vary temperature in absorption tower. The results show that the temperature variation in the

tower is of no effect with the absorption rate.
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Gas density (0°C, 0.1 MPa)
Specific density
(compared with air)
‘Molar keat ¢, at 25°C
Entropy S,
Heat of formation A4
Free energy of formation AG,
Specific heat ¢, (gas, 0.1 MPa)
at 0°C ~ :
at20°C
at 60°C
Specific heat c, (gas, 20 °C)
at t MPa
at 4 MPa
Molar heat (under saturated

vapor)
solid. at —123°C

at —63°C
liquid. at =43°C
at —=13°C
at +17°C
Critical data
Temperature
Pressure
Density
Triple point
Temperature
Pressure

Heat of vaponzation
Heat of fusion

Sublimation point
Temperature
Pressure
Heat of sublimation
Gus constant R
Correction factor 7,
for the ideal gas equation
Van der Waals' constants
for molar volume
a .

b

1.977 kg/m? (STP)

1.5291
37.13Jmol™! K~}
2t3Jmol™' K~
—393.51 kJ/mol
—394.2 kJ/mol
0.82771g K~
0.3459J g~ K~!
0.8333Jg~'K~!
092257 g7 K~
1.473J¢"'K™!
40.1 Jmol™' K~!
$3.6Jmol™t K7}
82.0J mol™! K~}
90.0 fmol™* K7!
130.2Jmol™! K ™!
31.04°C

7.383 MPa

468 kgim?
—5§6.57°C

S18 kPa

47.86 J/g
195.82 /g
—-78.92°C

6%.07 kPa
573.02).g

243 JK ! mol™!
—-9.2x10"*
34648

x 10”7 MPa cm® mol ~?

42.672 cm®/mol

[sothermal throttling eifect

(at 30°C and 243 kPa
3H

eE=|—= T
op

Adiabatic throttling 2fTect

5
—9.0¢cm’/g

(Joule-Thomson etfect) at 101.5 kPa

24.130°C MPa~!
16.500°C MPa ™"
12.900°C MPa~"

8.950°C MPa~!

11.050°C MPa~!

OT) R -z
pu={—|H=—
op c,
at -50°C
at =25°C
g, 0°C
at +50°C
Adiabatic throtding effect at 20°C
at 0.1013 MPa
at 2.026 MPa

at 6.078 MPa

Thermal expansion coetficient 7
zas, at 0°C, 98.1 kPa
20°C. 9.1 kP2
liquid, —50 to 9°C
solid at triple point
Thermal conductivity at
25°C, 0.1 MPa

Viscosity (conswaats in the
Sutheriand formula)
at equilibdum
liquid-gas at 20°C
gas
liquid
Dielectric consunt ¢
liquid —5°C
liquid 0°C
¢ —1 (gas, 0°C. 0.1 MPa)
CO, diffusion
inairat 0°C
40<C
in H, at 27°C
1273®
W@

11.355°C MPa~!
1.435°C.MPa™!
(condensation)

375.01x 1073 K™!
374.2x 073K ™!

L 495x 1078 K ™!

185.5x 1073 K"

1.6

x107*Wem™'K™!

20.3x107° Pas
70.1 x 10™® Pas

1.60
1.58
989 x 10~°¢

0.1420cm?*s™!
0.1772cm*s™!
0.306 cm* s~
122 cm*s™!
209 cn*s”!

~{
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Tem- Per mole CO, in the ideal gas state . Equilibrdum constant X, for formation of CO,
= Specific Eathalpy Eatropy Free enthal- ot gfise ko frod
neat function . py function ;
=1 G-I, Al | G-I,
B, .T" S 8 5D —RmK,,=—T—.-zu, ¥ _
240 C + 0, —CO, CO+10,—~CO.
Peo, =0 Peo, =0 =101.3kPa  peo, =0 Aly = —393.43 imol  AJ, = —279.54 ki/mol
K JK-'mol=t JK~'mol~* JK~'mol™" JK™'mol”"' logX, X, log X, K,
0 0 0 0 0 )
298.15  37.154 31.428 —182.356 213.782 69.0915 ~ 1.234x 10%®  45.0437  1.106 x 10**
300 37.237 31.465 —182.549 214.012 68.6680  1.636x10%% 47397  5.492x 10
<00 41.328 33.440 —191.873 225313 51.5365  3.439x10°! 324096 1568 x 1032
00 44,640 35.360 —199.572 234.934 412582  1.812x10*' 25,0054  1.013xi0**
€00 47.357 37.140 —206.150 243.291 34,4011  2518x10%*  20.0649  1.161 x 10*°
800 51.498 20.242 —217.274 257.518 258266  6.709x10%%  13.8948  7.88x10'?
1000 54,407 42.797 —226.544 260.341 . 20.6768  +3S1x10%°  10.1992  1.382x10'°
1200 58.573 47.461 —244.765 292.310 13.7986  6.290x 10'? 52944 1.970xi0°
2600 #).709 30.335 —258.954 309.488 10.3258 117 x 10" 28633  7.299 x 10°

3000 62.302 34.345 -230.976 - 335.321 6.8437 697 x 10° 0.3065 5.210
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-1 =1

Temperature,  Pressure. Density. kg:m?® Enthalpy. Jig Entropy. Jg7' K
i kEa Condeased  Gaseous Condensed Gaseous Condensed Gaseous
phase phase phase phase phase phase
-100 13.97 1595 0.4298 45.636 630.951 25104 5.3908
- S0 3127 1582 1.0902 56.940 637.251 2.5749 5.7435
- 80 89.62 1525 TS5 68.664 642.674 26373 3.6095
- 78.92 98.07 ‘ 70.045 643.176 2.6435 - 53943
- 70 198.1 1345 5.386 82.061 646.861 27043 S.4860
- &0 409.7 1532 10.962 99.227 649.236 27363 53671
~ 56.57 517.9 1513 13.797 105.507 649.373 2.3156 33275
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Specific
Surface  Packing  Dumped:
Percent (@,) Factor Weight'

Packing Voids (e)  ft2/#3 F Ib/f3
Ceramic Raschig rings

Lin. 73 240 1600 48
4 63 11 580 54

1 73 58 1565 40
2 74 28 65 38
Metal Raschig rings (1/16 in. wall)

i 73 118 410 132

1 85 57 137 71

2 92 31.4 57 37
Berl saddles .

Yin. - 60 274 300 56
4 63 142 240 54"
1 69 76 110 45
2 72 32 45 40
Pall rings

1in. 93.4 66.3 48 33
2 94.0 36.6 20 27.5
Cyclohelix and single spiral

3% in, 58 40 60
4 60 32 61

6 66 21 59
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Specific volume, fc¥/Ib

Enthalpy, Btu/lb

Temperature  Vapor

T, pressure p,, ~ Liquid Saturated vapor Liquid Vaporization Saturated vapor
°F Iby/in2 v, u, 7= X \ o
32 0.08859 0.016022 3305 0 1075.4 1075.4
35 0.09992 0.016021 2948 3.00  1073.7 1076.7
40 0.12166 0.016020 2445 8.02 1070.9 1078.9
45 0.14748 0.016021 2037 13.04 1068.1 1081.1
S0 0.17803 0.016024 1704.2 18.06  1065.2 1083.3
55 0.2140 0.016029 14314 23.07 1062.4 1085.5
60 0.2563 0.016035  1206.9 28.08 1059.6 1087.7
65 0.3057 0.016042 10215 33.09 1056.8 1089.9
70 0.3632 0.016051 867.7 38.09 1054.0 1092.0
15 0.4300 0.016061 739.7 43.09 1051.1 1094.2
30 0.5073 0.016073 6328 48.09  1048.3 1096.4
35 0.5964 0.016085 543.1 53.08 1045.5 1098.6
90 0.6988 0.016099  467.7 58.07 1042.7 1100.7
95 0.8162 -~ 0016114 4040 63.06 -1039.8.. 11029
100 0.9503 0.016130 = 350.0 68.05 1037.0 1105.0
110 1.2763 0.016166  265.1 78.02 10314 1109.3
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Particle Shape \J
N390a3 { Spheres) 1.00
NIeNsTUAN(Cylinders) 0.91
11049 (Flakes) 0.86
5199059 (Raschig rings) ‘ 0.79
WITNTHT (Partttition rings) 0.67

115307134377 (Berl saddies) 0.80
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ONH,-CH,-OH + CO, == OH-CHNHCOO OH-C H,NH,’ (o1.1)
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Primary amines

n-butylamine 10.6 " (nBA)
cthylenediamine ’ 9.9 (EDA)
monocthanolamine 9.6 (MEA)
monoisopropanolamine 9.4 (MIPA)
Sccendury umines y
2-cthylaminocthanol ° 9.8 (EALE)
2-methylaminoethanol  * 9.7 (MAL)
dicthanolsminc : : 8.9 (DEA)
diisopropanolaminc §.8 (DIPA)
Tertiary amines
n-mcthyl piperidine cthanol 9.5 (MPE)
methyldiethanolamine 8.5/ /7 (MDEA)
tricthanolamine 7.8 (TEA)

[Am] [H*]

9K = -logyo Kp, Kp =
? S TS (T



Sscond dissoclation constant

Firsl diswcialion conston)

2.5 - 3.3
' 1000/, k!

a1 masnmsuanciniylesouiuusn (First Ionization Constant) Y93
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Amine carbamale ion Instebility conslont, KZ
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" Reciprocal temperature, 1000/T, W 4

~ 4 J
31t 2.2 mnshanuhiedgsvoimivung (Carbamate Instability Constant)
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