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Abstract

Binary diffusion coefficients of benzene, D,,, in carbon dioxide were measured by the Taylor dispersion technique
at temperatures from 313.15 to 333.15 K and pressures from 2 to 15 MPa including the critical point. In our
previous work, we observed anomalous phenomenon that diffusion coefficients approached zero near the critical
point of a mixture. However, diffusion coefficients were not measured below a critical point. In this work, we
could measure the diffusion coefficients below the critical point with 1pl injection. As a result, we could show the
minimal of the diffusion coefficients near the critical point. The results are consistent with the calculations based
on irreversible thermodynamics from the BWR and the Peng-Robinson equation of state and from the molecular

dynamics.
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1.2

Tablel-1 Property of Carbon dioxide and Benzene

Tablel-1

( )CeHs )CO:2
M[g/mol] 78.108 44.01
Tc[K] 562.16 304.2
Pc[MPa] 47.63 7.14
Vc[e/mol] 0.259 0.0944
wl[-] 0.210 0.225
u 0 0
Association factor k 0 0
Th[K] 353.24 194.7
Vb 96 29.6
147.8 49.0

Pa[cm3 gl/4/51/2]
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Fig.1-2 Self- and mutual diffusion coefficients in a binary mixture
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Tablel-2 Average mole free energy of phase separation system and chemical potential of component
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Fig.2-2
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Fig.2-2. Taylor dispersion. In this case, solvent is passing in steady laminar flow through a long, thin tube. A pulse

of solute is injected near the tube’s entrance. This pulse is dispersed by the solvent flow, as shown.
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Fig.3-1 Response curves measured at 313.15K and ranging from 3.82 to 16.71MPa.
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4.2.2. Tynand Calus 4
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Fig. 4-1: Determination of the binary interaction parameters estimated from the vapor-liquid equilibrium

data for the carbon dioxide benzene system at 313.15 K [Gupta et al., 1982].
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4.4 Q

Fig.4-2,4-3 BWR PR Q
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Fig.4-2(a) Effect of the solute composition on the value of Q for carbon dioxide-benzene system calculated from

BWR eq.
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CO2- 313.15K Fig.4-4

313.15K 333.15K Fig.4-5

Wilke-Chang
e o Tyn-Calus
— — Funazukuri-Wakao
— - Hayduck-Minhas

0 2 4 6 8 10 12 14 16 18

Pressure[MPa]

Fig.4-4 Estimation of diffusion coefficients of benzene in an infinity dilute solution of carbon dioxide at 313.15K

using Wilke-Chang, Tyn-Calus, Funazukuri-Wakao, Hayduck-Minhas method.
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Wilke-Chang BWR eq.

Fig.4-5 313.15 333.15K
70
d —— 313.15K
60 e — — 323.15K
.. .« + 333.15K
50 o N
0
N
NE 40 =
e
©
-
X, 30+
x |
o
20 =
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0 L J L J L J L L J L J L J v L J v L J A4 v A4
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Pressure[MPa]

Fig.4-5 Estimation of diffusion coefficient of benzene in an infinity dilute solution of carbon dioxide at 313.15,

323.15 and 333.15K
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4.6

4.6.1.
(A)BWR
Fig.4-6(a)~(d) X Hayduck-Minhas Funazukuri-Wakao Wilke-Chang Tyn-Calus
BWR Q
o
0
N
=
|-
©
-
XN

0 2 4 6 8 10 12 14 16 18
Pressure[MPa]
x=0.0255
« x=0.02
—— x=0.01
—— x=0.005

Fig.4-6(a) Effect of the solute composition Diffusion coefficients for Carbon dioxide-Benzene system calculated

from the combination of Hayduck-Minhas eq. and BWR eq.
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Fig.4-6(b) Effect of the solute composition Diffusion coefficients for Carbon dioxide-Benzene system calculated

from the combination of Funazukuri-Wakao eq. and BWR eq.
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Pressure[MPa]

OO oo
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X X X X
o
o
ol

Fig.4-6(c) Effect of the solute composition Diffusion coefficients for Carbon dioxide-Benzene system calculated

from the combination of Wilke-Chang eq. and BWR eq.
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0 2 4 6 8 10 12 14 16 18

Pressure[MPa]
x=0.0255
+ « x=0.02
— — x=0.01
—e— x=0.005

Fig.4-6(d) Effect of the solute composition Diffusion coefficients for Carbon dioxide-Benzene system calculated

from the combination of Tyn-Calus eq. and BWR eq.
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(B)Peng-Robinson

Fig.4-7(a)~(d) X Hayduck-Minhas Funazukuri-Wakao Wilke-Chang Tyn-Calus
Peng-Robinson Q
BWR

PR eq.
T=313.15K
o1j=0.079

,><10°[n*/s]

0 2 4 6 8 10 12 14 16 18
Pressure[MPa]
x=0.0169
« + x=0.015
— — x=0.01
—— x=0.005

Fig.4-7(a) Effect of the solute composition Diffusion coefficients for Carbon dioxide-Benzene system calculated

from the combination of Hayduck-Minhas eq. & PR eq.
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PR eq.

T=313.15K
Sij=0.079

,><10°[/s]

0 2 4 6 8 10 12 14 16 18

Pressure[MPa]

x=0.0169
x=0.015
— — x=0.01

—— x=0.005

Fig.4-7(b) Effect of the solute composition Diffusion coefficients for Carbon dioxide-Benzene system calculated

from the combination of Funazukuri-Wakao eq. & PR eq.
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PR eq.
T=313.15K

Sij=0.079

,><10°[n*/s]

0 2 4 6 8 10 12 14 16 18
Pressure[MPa]
x=0.0169
x=0.015
— — x=0.01
—— x=0.005

Fig.4-7(c) Effect of the solute composition Diffusion coefficients for Carbon dioxide-Benzene system calculated

from the combination of Wilke-Chang eq. & PR eq.
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PR eq.

T=313.15K
Sij=0.079

0 2 4 6 8 10 12 14 16 18
Pressure[MPa]
x=0.0169
«  x=0.015
— — x=0.01
—— x=0.005

Fig.4-7(d) Effect of the solute composition Diffusion coefficients for Carbon dioxide-Benzene system calculated

from the combination of Tyn-Calus eq. & PR eq.
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4.6.2.

(A)BWR

Fig.4-8(a)~(d) 313.15 333.15K

Hayduck-Minhas Funazukuri-Wakao Wilke-Chang
Tyn-Calus BWR Q
70
— 313.15K
60 1 — — 323.15K
e + 333.15K
50 s
—
n
N\
E, 401
(o))
=
X 30+
o\
—
o
20 -+
10 < B
0 LJ v LJ v L] L
0 2 4 6 8 10 12 14 16 18
Pressure[MPa]

Fig.4-8(a) Effect of Temperatures for Carbon dioxide-Benzene system Calculated from the combination of
Hayduck-Minhas eq. and BWR eq.
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0 2 4 6 8 10 12

Pressure[MPa]
Fig.4-8(b) Effect of Temperatures for Carbon dioxide-Benzene system Calculated from the combination of
Funazukuri-Wakao eq. and BWR eq.
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70
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— — 323.15K
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(q\]
i
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20
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0 L L J L

0 2 4 6 8 10 12 14 16 18
Pressure[MPa]

Fig.4-8(c) Effect of Temperatures for Carbon dioxide-Benzene system Calculated from the combination of

Wilke-Chung eq. and BWR eq.
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Fig.4-8(d) Effect of Temperatures for Carbon dioxide-Benzene system Calculated from the combination of
Tyn-Calus eq. and BWR eq.
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(B)PR

Fig.4-9(a)~(d) 313.15 333.15K

Hayduck-Minhas Funazukuri-Wakao Wilke-Chang
Tyn-Calus Peng-Robinson Q
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0 2 4 6 8 10 12 14 16

Pressure[MPa]
Fig.4-9(a) Effect of Temperatures for Carbon dioxide-Benzene system Calculated from the combination of
Hayduck-Minhas eq. and PR eq.
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0 2 4 6 8 10 12 14 16

Pressure[MPa]
Fig.4-9(b) Effect of Temperatures for Carbon dioxide-Benzene system Calculated from the combination of
Funazukuri-Wakao eq. and PR eq.
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Fig.4-9(c) Effect of Temperatures for Carbon dioxide-Benzene system Calculated from the combination of
Wilke-Chung eq. and PR eq.

60



.
\\\\
60 1 —— 313.15K
i — — 323.15K
50 . .+« 333.15K
—
(72]
N\
E 40 =
(@)]
o
i
X 304
(aN]
i
o
20 +
10
O L J L J L J L J L J L J
0 2 4 6 8 10 12

Pressure[MPa]
Fig.4-9(d) Effect of Temperatures for Carbon dioxide-Benzene system Calculated from the combination of
Tyn-Calus eq. and PR eq.
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4.7

(a)313.15K (8] BWR Wi lke-Chang
Fig.4-10(a)
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0 v
0 18

Pressure[MPa]

Fig.4-10(a) The experimental data for the Carbon dioxide-Benzene system in comparison with calculated results.
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(b)1pre 313.15 333.15K BWR

Wilke-Chang

Fig.4-10(b)
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e 313.15K
60 o & 323.15K
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Fig.4-10(b) The experimental data for Carbon dioxide-Benzene system
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APPENDIX

A BWR Op [ O%,
15 Nishiumi and Saito, 1975
P=pRT
C DB E +Y¥
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d e f
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d e f) s
+a a+?+_|_—4+ﬁp
c g h
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S
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Tc,Ve w
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Peng-Robinson (Peng and Robinson,1976)
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C. Experimental data

TableC-1 Experimental results for diffusion coefficients of benzene in supercritical carbon dioxide at 313.15K

1.0

481

21.9p

Pressure[MPa] D,,>10°[m’/s]

Pressure[MPa] D,,>10°[m/s]

Pressure[MPa] D;,>10°[m/s]

2.205
2.842
3.822
3.822
4.704
4.704
4.851
5.684
5.684
5.684
5.684
6.135
6.194
6.713
6.713
6.713
7.105
7.105
7.105
7.683
7.683
7.683
8.183
8.183
8.183
8.722
8.722
8.722
9.212
9.212
9.212
9.702
9.702
9.702
10.682
10.682
10.682
12.642
12.642
12.642
14.7
14.7
14.7
16.709
16.709
16.709

59.32728
56.05611
46.385
44,5986
40.69181
38.82299
4221623
30.72711
30.97018
34.27134
32.20532
4.72486
4.38267
1.72878
2.04754
2.18677
1.86534
1.65518
1.40809
9.86007
10.94467
10.82222
18.44394
18.3359
19.60602
24.90419
25.03873
23.89593
22.04985
23.81549
23.40074
18.93547
18.42127
19.72196
17.11953
17.20076
17.09782
13.87697
13.78053
13.86623
12.87303
12.80833
12.84881
11.5615
11.52261
11.55272

7.693
7.693
7.693
8.183
8.183
8.183
8.722
8.722
9.163
9.163
9.163
10.682
10.682
10.682
12.662
12.662
12.662
14.7
14.7
16.709
16.709
16.709

4.73857
5.7749
579717
8.32859
8.36669
8.70792
10.67943
11.16506
15.95524
17.07256
16.91318
17.98898
18.45262
17.96931
16.45796
17.09037
17.22398
14.51599
14.75324
12.19534
12.2976
12.02297

7.448
7.448
7.703
7.703
8.183
8.183
8.183
9.192
9.192
9.192
9.702
9.702
9.702
9.702
9.702
10.702
10.702
10.702
12.691
12.691
12.691
14.7
14.7
14.7
16.709
16.709

0.3905
0.40753
0.84678
0.84125
1.15922
1.19955
1.32797
6.84651
6.98836
6.37745

9.8365

10.13683
10.10592

9.40747
10.30716
11.33982
10.64739
10.89011
11.72457
12.43518
11.87425
12.25346
12.07654
12.24389
11.69378
12.25087
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TableC-2 Experimental results for diffusion coefficients of benzene in supercritical carbon dioxide at 323.15K and

333.15K(1.0 @)

323.15K 333.15K

Pressure[MPa] Dy,>10°[m?/s] Pressure[MPa] Dy,>10°[m°/s]
2.842 4896424 2.352 61.23626
2.842 4799347 2.842 53.3001
2.842 50.10583 2.842 5401187
2.891 4777053 2.842 52.43974
3.822 4751326 2.891 55.73615
3.871 46.82955 3.822 46.49918
3.969 4854018 4851 40.02676
4851 41.07368 6.909 1.36907
6.821 153767 6.909 1.20866
6.821 1.48825 7.35 7.27112
6.85 1.08346 7.35 6.90113
6.85 1.62358 7.35 6.45294
7.35 6.92615 7.84 12.90505
7.35 6.51094 7.84 12.77554
7.35 6.4481 8.379 13.78884
7.742 10.15175 8.379 1487157
7.742 10.64339 8.859 16.86896
8.379 16.45253 8.859 16.28009
8.379 16.60868 9.369 20.92922
8.771 19.0957 9.369 20.02729
8.771 19.29851 9.369 20.56417
9.408 19.48531 9.859 23.57668
9.408 19.6217 9.859 22.72707
9.408 18.90477 9.859 22.92636
9.751 19.9433 10.829 21.59285
9.751 20.56704 10.829 20.65139
10.731 18.73976 12.838 18.66938
10.731 18.05575 12.838 17.98563
12.838 15.74125 14.886 17.2643
12.838 15.88006 14.886 16.95878
12.838 16.22657 14.886 17.85484
14.896 14.77837 16.905 15.44878
14.896 15.0474 16.905 15.5057
14.896 1490701 16.905 15.65537

16.905 12.81631

16.905 13.0305

16.905 13.30431
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