
July, 1968] Diffusion of 14CO2 in the 12CO2-Ar System 1573

BULLETIN OF THE CHEMICAL SOCIETY OF JAPAN VOL. 41 1573-1577 (1968)

The Diffusion of Gases at High Pressures. II. The Diffusion of
14CO

2 in the 12CO2-Ar System

Shinji TAKAHASHI

Chemical Research Institute of Non-Aqueous Solutions, Tohoku University, Katahira-cho, Sendai

(Received January 24, 1968)

The diffusion coefficients of 14CO2 in argon and in binary mixtures of normal carbon dioxide

and argon were measured at the temperatures of 25, 50 and 75℃ in the 15-250 atm pressure

range. The measurements were made through a plug of porous bronze in the diffusion cell using

the radioactive tracer technique. The products of the binary diffusion coefficient of 14CO2 in

argon and the density increase with an increase in the density. This tendency is not predicted

by Enskog-Thorne's mixed dense gas theory, which requires that the products decrease with an

increase in the density. The products of the diffusion coefficient of 14CO2 in the mixtures and

the rlencity increase slightly with nn increase in the density in the region of lower density at each

temperature. However, in the region of higher density they decrease slightly at 25 and 50℃

and are nearly constant at 75℃. The values extrapolated to 1 atm agree fairly well with the

experimental findings of Holsen et al. and those predicted by kinetic theory.

Kinetic theory precicts1,2) that, at low pressures,

the effective diffusion coefficient, D, of a trace

component, i, in a gas mixture will be given by the

equation:

(1)

where xj is the mole fractions and Dij, the binary

diffusion coefficients. This equation has been

confirmed by several recent experimental inves-

tigations.3) At high pressures, however, much less

is known about the diffusion in a multicomponent

system either theoretically or experimentally.

Recently, though, a few studies of high-pressure

diffusion with ternary systems, 14CO2-12CO2-

CH4,4)14CO2-12CO2-H2,5) and 14CO2-12CO2-C3H8,5)

have been made.

In the present paper the diffusion coefficients

of 14CO2 in argon and in binary mixtures of normal

carbon dioxide and argon at the temperatures

of 25, 50, and 75℃ in the 15-250 atm pressure

range are reported on.

Experimental

The experimental apparatus and procedure have been

described in detail in a previous paper.6) Exactly the
same procedure was followed. In the present investiga-
lion a type-II porous plug with a grain size of φ 60-

70μ was used;the apparatus constant, KII, determined

at 25℃ is shown in Table 1. KII's at 50 and 75℃

were determined in the previous paper.6) The pro-

portionality between the ionization current and the con-
centration of 14CO2, essential for the quantitative treat-
ment of diffusion data, was confirmed experimentally
for pure argon and for each mixture at a constant tem-

perature and pressure. For example, the results at
50℃ are shown in Figs. 1 and 2.

TABLE 1. DETERMINATION OF APPARATUS

CONSTANTS KII AT 25℃

* The smoothed values of K11D22P obtained ex-

perimentally.
** The self-diffusion coefficients of normal carbon

dioxide obtained in the previous paper.6)
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TABLE 2. EXPERIMENTAL RESULTS
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TABLE 2 (Continued)

Fig. 1. Relations between the amount of 14CO2

and ionization current in argon at 50℃.

1: 15atm 2: 100 atm 3: 250 atm

Fig. 2. Relations between the amount of 14CO2
and ionization current in the mixture of x3=
0.497 at 50℃.

1: 15 atm 2: 50 atm 3: 100 atm

4: 150 atm 5: 200 atm 6: 250 atm

The nonradioactive mixtures were prepared from
carbon dioxide and argon, certified to be 99.9 and

99.99% pure, respectively. Except for drying with
silica gel, no further purification was attempted. Before
measuring the diffusion, bulk mixtures of normal car-
bon dioxide-argon were prepared in storage cylinders.
Their exact compositions were determined by bubbling
samples through a potassium hydroxide solution. For
this investigation the mixtures are not in the liquid
state.7)

Results and Discussion

The experimental results are given in Table 2.
The densities, ρ(mol/l), for argon were calculated

from the compressibility factors obtained by

Michels et al.8) The densities for carbon dioxide-

argon mixtures were calculated by using the com-

pressibility chart*1 with the pseudo critical tem-

perature, Tc, and pressure, Pc, obtained by the
following relations:

(2)

(3)

where the subscripts 2 and 3 denote normal carbon
dioxide and argon. The compressibility calculated
above agrees within 2.1% with Abraham's data,10)
which range from 50 to 1000 atm at 50℃. It may

be noted that the maximum deviation of the values
calculated from Abraham's data by using Weber's
chart is 4.6%.

In Fig. 3 the diffusion coefficient-density products,
Dρ, are plotted against the densities.

The values of Dρ at a unit mole fraction of argon
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Fig. 3. Experimental results.

○: Present work, ―: Smoothed curves for

experimental values, 1: x3=1.000, 2: x3=0.719,

3: x3=0.497, 4: x3=0.245. -・-: Smoothed

curves fbr D12ρ obtained in the previous paper.6)

----: Theorctical curves. ●: Calculated at 1

atm by the fbrmula of Holsen for D13. ■, ▲

and □: Calculated at 1 atm by using Eq. (6)

for the mixtures of x3=0.719, 0.497 and 0.245,

respectively. △: Calculated at 1 atm from the

experimental values for D12.14)

are equivalent to the binary diffusion coefficients

of the 14CO2-Ar system. These products at each

temperature show a tendency to increase consis-

tently with an increase in the density. The ex-
trapolation of these products to 1 atm provides a
basis for comparison with the low-pressure ex-
perimental results reported by other investigators.
The formula of the experimental binary diffusionn
coefficients for the carbon dioxide-argon system
published by Holsen et al.11) yields values which are
in agreement with the extrapolated values of this
investigation.

The effect of the density (or the pressure) on the
binary diffusion coefficient may be predicted by
Enskog-Thorne's mixed dense gas theory,12) which.

Fig. 4. Relations between (1/Dρ) and x3.

○: 1 atm, □, △ and ●: 2, 6 and 10mol/l,

respectively.
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University Press, London (1960).



July, 1968] Diffusion of 14CO2 in the 12CO2-Ar System 1577

is the only theoretical treatment offering any prac-

tical application. It is expressed as follows:

(4)

(5)

where the subscript 1 denotes radioactive carbon

dioxide. D13 is the first approximation to the

diffusion coefficient for dense gases, and (D13)° is

the first approximation to the diffusion coefficient

for dilute gases. The n is the number of molecules

per unit of volume, and σ is the effective collision

diameter. The empirical combining law, σ13=

(σ1＋ σ3)/2≒(σ2＋ σ3)/2, was employed in the

calculation. The collision diameters, σ2=3.996Å

and σ3=3.418Å, were taken from Ref. 1 and are

those determined from the viscosity measurements

for the Lennard-Jones model. (D13)° was cal-

culated by using the formula published by Holsen

et al.,11) with a mass correction. As is shown in

Fig. 3 by dashed lines, the theory requires the D13ρ

products to decrease with an increase in the density.
The calculated products are lower by 28% at a
density of about 8 moles per liter at each tempera-
ture. This poor agreement is in accordance with
most of the other high-pressure-diffusion results.13)

According to Eq. (1), the effective diffusion
coefficient, D, of a trace component (radioactive
carbon dioxide) in a gas mixture of normal carbon
dioxide and argon is given by the equation:

(6)

where D12 and D13 are the binary diffusion

coefficients of radioactive carbon dioxide in normal

carbon dioxide and in argon respectively. The

values of D12 and D13 at 1 atm were obtained by

applying the mass corrections to the reported

values of the self-diffusion coefficient of normal

carbon dioxide, D2214), and to that of the binary

diffusion coefficient between normal carbon dioxide

and argon, D23.11) The calculated values of Dρ

at 1 atm thus obtained for intermediate concen-
trations are shown in Fig. 3. These calculated
values are in agreement with the extrapolated
values.

The Enskog theory has not yet been extended
to ternary systems at high pressures. There-
fore, the applicability of Eq. (1) to the high-pres-
sure-diffusion coefficient was tested in the form:

(7)

where D, D12, and D13 are the values at density,

ρ. Equation (7) indicates that 1/Dρ may vary

linearly with either x2 or x3, that D=D12 at x2=1,

and that D=D13 at x3=1. The values of Dρ

were read from the smoothed curves in Fig. 3,

while the values of 1/Dρ are plotted against the

mole fraction of argon, x3, at 1 atm and ρ=2, 6,

and 10mol/l in Fig. 4. The plots are straight
lines at 1 atm. However, they are not straight
lines but convex curves at densities above 2 moles
per liter.

Conclusion

At high pressures the binary diffusion coefficient
of 14CO2 in argon can not be predicted by Enskog-
Thorne's theory, and the effect of the composition
on the diffusion coefficient of 14CO2 in 12CO2-
Ar mixtures does not follow Eq. (1). These facts
are understandable, for the above-mentioned theory
has been derived for rigid spherical molecules,
while Eq. (1) is only for ideal gases.

The author wishes to express his deep gratitude
to Professor Hiroji Iwasaki for his kind direction
and encouragement throughout this work.
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