This article was downloaded by:

On: 28 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

oy wo | Physics and Chemistry of Liquids
P hySiCS and Publication details, including instructions for authors and subscription information:
Chemistry of Liquids http://www.informaworld.com/smpp/title~content=t713646857

Solubility of SO,, CO, in DMSO+Mn** mixture solvents and EOS model

Li Hua?® Chen Wanren®
* College of Chemical Engineering, Zhengzhou University, Zhengzhou, Henan, 450002, China

- Norman H. March

’ - EmeriLas Protesios, Owfond Unbeersite UK
M,

Gluseppe 6.
{Co-Erfier] Uriversits o Catania, (starcs, Jlsly

To cite this Article Hua, Li and Wanren, Chen(2007) 'Solubility of SO,, CO, in DMSO+Mn** mixture solvents and EOS
model', Physics and Chemistry of Liquids, 45: 2, 207 — 213

To link to this Article: DOI: 10.1080/00319100600682508
URL: http://dx.doi.org/10.1080/00319100600682508

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713646857
http://dx.doi.org/10.1080/00319100600682508
http://www.informaworld.com/terms-and-conditions-of-access.pdf

07:38 28 January 2011

Downl oaded At:

Physics and Chemistry of Liquids e Taylor & Francis
Vol. 45, No. 2, Aprll 2007, 207-213 Taylor &Francis Group
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solvents and EOS model
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The electrolyte equation of state (EOS) in [Phys. Chem. Lig., 44(1), 83, 2006] has been applied
which describes the solubility of SO, in DMSO + Mn?>* mixture solvents. With the assumptions
used in previous applications of our model to SO, system, the EOS in this study is extended
to the system of SO, and CO,. In this article, on the basis of solubility measurement of dilute
SO,, CO, in DMSO + Mn”* mixture solvents, an extended EOS model is described. In order to
test the correctness of our model, the data of gas-liquid equilibrium of such a multicomponent
system have been fitted with the binary interaction parameters in the model, and the solubilities
calculated by the model show good agreement with the experimental data.
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1. Introduction

Removal of SO,, CO,, and other acidic gas from flue gas is one of the most important
research projects in recent times. In a previous paper [1], the solubility of SO,
in DMSO + Mn>" mixture solvents and equation of state (EOS) model has been
described. In this article, we extend them to the system containing SO, and CO,.
Therefore, on the basis of solubility measurement of dilute SO, and CO, in
DMSO + Mn** mixture solvents (temperature ranging from 293.15 to 313.15 K, partial
pressure of SO, from 0.279 to 1.68 kPa, and partial pressure of CO, from 6.69 to
13.34kPa), we applied the previous EOS model to this new system. The model and the
determination of the adjustable parameters shall be discussed below. The solubility of
dilute SO,, CO, in DMSO + Mn** mixture solvents is listed in table 1.
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Table la. The experimental data of solubilities for SO,, CO, in mixture absorbent.

T(K) Pso, (kPa) Pco, (kPa) yso,  ¥co, Yo, JDMSO N, XDMSO Nsor  XHt Xy

293.15 1.68 13.32 0.0168 0.133  0.120 0.00184 0.729 0.809 0.102 0.200 0.00167
293.15 1.56 18.81 0.0156 0.188 0.0828 0.00181 0.712 0.818 0.0979 0.192 0.00169
293.15 1.39 12.08 0.0139 0.121 0.0801 0.00183 0.784 0.832 0.0907 0.178 0.00172
293.15 0.925 9.14 0.00924 0.0913 0.0609 0.00182 0.837 0.867 0.0765 0.150 0.00179
293.15 0.571 6.69 0.00571 0.0670 0.0382 0.00183 0.887 0.920 0.0478 0.0918 0.00190
293.15 0.336 11.46 0.00338 0.115 0.0225 0.00183 0.857 0.943 0.0356 0.0672 0.00195
298.15 1.57 13.34 0.0157 0.133  0.119 0.00259 0.729 0.800 0.117 0.231 0.00165
298.15 1.47 18.83 0.0147 0.188 0.0824 0.0026 0.712 0.808 0.114 0.225 0.00167
298.15 1.34 12.07 0.0134 0.121  0.0798 0.0026 0.784 0.822 0.106 0.208 0.00170
298.15 0.877 9.13 0.00877 0.0913 0.0605 0.00260 0.837 0.854 0.0936 0.184 0.00177
298.15 0.481 6.68 0.00483 0.0670 0.0380 0.00260 0.888 0.918 0.0515 0.0991 0.00190
298.15 0.319 11.43 0.00321 0.115 0.0225 0.0026 0.857 0.940 0.0401 0.0763 0.00194
303.15 1.56 13.31 0.0155 0.133  0.119 0.00366 0.729 0.797 0.125 0.247 0.00165
303.15 1.38 18.81 0.0138 0.188 0.0820 0.00361 0.712 0.804 0.123 0.243 0.00166
303.15 1.30 12.05 0.0130  0.121  0.0795 0.00365 0.783 0.819 0.114 0.224 0.00169
303.15 0.811 9.12 0.00813 0.0913 0.0602 0.00365 0.837 0.849 0.103 0.202 0.00176
303.15 0.480 6.67 0.00482 0.0670 0.0379 0.00365 0.887 0.915 0.0569 0.110 0.00189
303.15 0.315 11.41 0.00317 0.115 0.0224 0.00366 0.856 0.934 0.0472 0.0906 0.00193
308.15 1.50 13.34 0.0150 0.133 0.118 0.00506 0.729 0.782 0.150 0.296 0.00162
308.15 1.41 18.80 0.0141 0.188 0.0807 0.00507 0.712 0.789 0.148 0.292 0.00163
308.15 1.22 12.04 0.0122  0.121  0.0790 0.00507 0.783 0.804 0.137 0.271 0.00166
308.15 0.807 9.11 0.00808 0.0912 0.0600 0.00507 0.836 0.842 0.115 0.227 0.00174
308.15 0.446 6.65 0.00448 0.0669 0.0376 0.00507 0.886 0.909 0.0655 0.127 0.00188
308.15 0.294 11.39 0.00296 0.115 0.0223 0.00507 0.855 0.932 0.0515 0.0992 0.00193
313.15 1.49 13.32 0.0149 0.133  0.118 0.00694 0.727 0.776 0.169 0.335 0.00160
313.15 1.35 18.82 0.0134 0.188 0.0811 0.00702 0.71  0.781 0.167 0.331 0.00162
313.15 1.22 12.04 0.0122  0.121  0.0786 0.00694 0.782 0.797 0.155 0.307 0.00165
313.15 0.778 9.10 0.00777 0.0911 0.0596 0.00695 0.835 0.831 0.134 0.265 0.00172
313.15 0.434 6.65 0.00437 0.0668 0.0374 0.00695 0.884 0.902 0.0778 0.152 0.00186
313.15 0.279 11.38 0.00281 0.115 0.0221 0.00695 0.854 0.928 0.0592 0.114 0.00192

2. The EOS model

The model used in the present study is an electrolyte EOS [1-7] and has already been
described in a previous paper [1]. Here, we describe the differences of the model
employed in the present study, with respect to ref. [1].

2.1. Pure component parameters

The values of pure molecular component parameters of system containing SO, and CO,
in our model are listed in table 2. The molecular diameter is reported in table 3.
The diameter of the ions is reported in table 4.

2.2. Binary interaction parameters

The optimized binary parameters t; by fitting the solubility data at various
temperatures and pressures for DMSO-SO, binary systems and DMSO-CO, systems
are listed in table 5. The other binary parameters are for interactions between ions
and molecules or between cations and anions, that is Wy, parameters, the obtained
interaction parameters Wy, in our previous paper [1] are shown in table 6. In this system
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Table 1b. The comparison of experimental data and calculation values for SO,, CO,

Solubility of SO>, CO5 in DMSO + Mn®™ mixture solvents

solubilities in mixture absorbent.

XS0,

Experimental value

Calculated value

Experimental value

Calculated value

0.0887 0.0879 0.00105 0.00110
0.0823 0.0832 0.00150 0.00157
0.0761 0.0763 0.000982 0.00100
0.0555 0.0538 0.000774 0.000785
0.0320 0.0339 0.000601 0.000613
0.0203 0.0194 0.000948 0.000957
0.0825 0.0810 0.000991 0.00100
0.0764 0.0772 0.00141 0.00140
0.0707 0.0720 0.000923 0.000917
0.0514 0.0506 0.000725 0.000724
0.0300 0.0293 0.000570 0.000571
0.0190 0.0197 0.000892 0.000874
0.0769 0.0762 0.000950 0.000953
0.0711 0.0707 0.00135 0.00133
0.0659 0.0678 0.000885 0.000872
0.0478 0.0466 0.000693 0.000690
0.0280 0.0282 0.000546 0.000544
0.0177 0.0178 0.000854 0.000831
0.0675 0.0664 0.000615 0.000628
0.0624 0.0638 0.000875 0.000879
0.0578 0.0579 0.000571 0.000573
0.0424 0.0421 0.000452 0.000454
0.0248 0.0245 0.000357 0.000359
0.0157 0.0161 0.000554 0.000545
0.0546 0.0540 0.000541 0.000545
0.0504 0.0507 0.000771 0.000758
0.0468 0.0474 0.000503 0.000498
0.0341 0.0335 0.000396 0.000395
0.0201 0.0200 0.000314 0.000313
0.0128 0.0130 0.000487 0.000475
Table 2. The values of pure molecular component properties and parameters.
Solvent DMSO SO, CO,
T. (K) 707 [9,10] 430.8 [11] 304.1 [11]
P. (kPa) 5850 [9,10] 7880 [11] 7380 [11]
1) 0.414 [9,10] 0.256 [11] 0.239 [11]
n my =0.48344 + 1.58597w — 0.3758w> + 0231940’
s 0[11] —1.9446 [8] —1.9446 [11]
ms 0[11] 15.2851 [11] 15.2851 [11]

Table 3. The parameters of pure substance.

Diameter o (A)

Substance
SO, 3.938 x 1073
DMSO 8.7055 x 1073

CO, 2.968 x 1077
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Table 4. The diameters of ion.

Substance b; Diameter o (A) Stocks radius (A) Pauling radius (A)
H 5.4458 x 1077 1.20 [12] 0.73

Mn?*+ 1.2909 x 10~° 1.60 [12] 2.48

Norm 2.7771 x 1073 4.45[12] 2.3[13] 2.815[13]

Table 5. Optimized t; parameters for binary systems.

System T
SO,-DMSO 1.85
DMSO-SO, —4.35
CO,-DMSO 0.4869
DMSO-CO, 0.4195

containing SO, and CO,, subscripts 0-5 below refer to SO,, DMSO, Mn**, SO, H,
and CO,, respectively. Therefore, in our extended EOS model, the specific expressions
of the various parameters are as follows:

b = by + x2by + x3b3 + x4by4 (1)
b x3(b — (a/RT))oy + x7(b — (a/RT));, + x3(b — (a/RT))ss + 2
"1 — (xo(ao/boRT) + x1(a1 /by RT) + xs(as/bsRT)) + (AE/RT)
. a a a
f= 2001 (b= ), 2035 (b = )+ 2xuss(b - 7) ®)
SR ap Xpdp  Xsds E
A (e L B L L e 4
= (o 5 () @
Ay _ Xo(x1T10810 + X5T50850) | X1(XoToigor + X5Ts1€51) | X5(X0Tosgos + X17T15815) )
RT Xo + X1810 + X5850 X0go1 + X1 + X5850 X0805 + X1815 + X5
N x 3.14 x003 + X107 + X203 + X303 + X403 + X502
3= 6 - (6)
v
2
5 e N
= 7
‘LR = DRT )
D=14+(D—[1=8 @®)
— . o
D, =X0D0+X1D1 + x5D5 )

X0 + X1 + X5

The dielectric constants for SO,, CO,, DMSO in equation (9) are listed in table 7.

2.3. The fitting results by experiment data correlation

The model used in the present system relates to six components of SO,, CO,, DMSO,
Mn°*, SO?[, H™, contains eight adjustable parameters W,,. The known interaction
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Table 6. Interaction parameters, Wy.

Ton—-molecule or ion—ion pair Wi
H*-S0, 0.00152
H™-DMSO 0.132
Mn**-S0, —7.63
Mn>*-DMSO 1.51 x 102
H*-S0%}~ —3.85x 107"
Mn>*-S0O3~ ~7.92x107*

Table 7. The dependence of the dielectric constant of pure substance and temperature.

Substance Expression Temperature range (K) Source
SO, D=36.67—0.077T 287.15-373.15 [14]

CO, D=0.50+34.97/T+1.37x 107°T 298.15-623.15 [13,15]
DMSO D=91.21-0.15T 293.15-328.15 [14,15]

parameters Wy, between the ionic and molecular species and the ionic species of SO,
system [1,15] are listed in table 6. Using these known parameters in this model, two
interaction parameters Ws, =0.00453, W5, =—6.00 are obtained by experimental data
correlation.

2.4. Optimization calculation

In order to test the accuracy of our model, we inserted the above values for Wy, into our
model EOS, and show the comparison between the theoretical and the experimental
results in table 1. The comparison of SO,, CO, solubilities calculated by the
model and the experimental data at different SO,, CO, partial pressures are shown
in figures 1 and 2. The solubilities calculated by the model show good agreement with
the experimental data.

3. Conclusions

(1) According to the measured solubilities of dilute SO,, CO, in DMSO + Mn>*"
mixture solvent from 294.15 to 313.15K and partial pressure of SO, from 0.279 to
1.68 kPa, CO, from 6.69 to 13.34 kPa, as well as in our previous papers [1,15-20], a
suitable electrolyte solution model based on the gas-liquid phase equilibrium
principles of electrolyte solution has been applied to represent SO, and CO,
solubility in DMSO +Mn** mixture solvent. Which takes into account the
interactions between the ions and molecules or between the cations and anions to
the contribution of the Helmholtz energy. Taking into account the Helmholtz
energy arising from the repulsive forces and the attractive forces between the
molecules through the improved SRK EOS by Wang and Gmehling [8].

(2) From figures 1 and 2, we can find that the solubilities calculated by the model show
good agreement with the experimental data.
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T T T T T
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Figure 1. The comparison of experimental data and calculated values for SO, solubilities in mixture
absorbent at different SO, partial pressure.

T T T T T T T T T
000169 1 g 7_203.15K
1| A& 7=298.15K
000141 | & 7=303.15K .
1 > T=308.15K
0.0012 4 * T'=313.15K
1 Calculated i
., 0.0010
O
2 |
=
0.0008 - -
0.0006 -
0.0004 -
0.0002 —— T

T T T T T T T T
6 8 10 12 14 16 18 20
Partial pressure of CO, (kPa)

Figure 2. The comparison of experimental data and calculated values for CO, solubilities in mixture
absorbent at different CO, partial pressure.

(3) The resulting model uses only two adjustable ionic parameters for the representa-
tion of SO, and CO, solubility in DMSO + Mn>" mixture solvent. Compared with
other models, this model is simple and applicable and the model accuracy is
consistent with the experimental deviation.

(4) The model could easily be extended to the calculation of the solubility of other gases
and could therefore be a useful tool for column design and optimization. Modelings
could also be useful as a guide for the analysis of data consistency.
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