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Previous investigations of the isothermal diffusion
process in some multicomponent gas mixtures showed
that, under certain conditions, molecular diffusion
leads to the appearance of convective flows. This phe�
nomenon is called diffusion instability (DI) or
mechanical equilibrium instability [1, 2]. The notion
of DI includes the appearance of macroscopic flows
(together with a hydrodynamic flow due to the diffu�
sion baroeffect) on the background of a diffusion pro�
cess. Powerful convective fluxes that accompany the
isothermal diffusion in a closed system (in this case, a
two�compartment setup) are several dozen times
greater than the diffusion fluxes. The violation of a
mechanical equilibrium in a closed volume in diffu�
sion experiments cannot be explained by manifesta�
tions of the well�known Torr’s effect [3] or by the
action of a hydrodynamic flow that arises due to the
diffusion baroeffect. The superposition of convective
flows on the molecular mass transfer significantly dis�
torted the anticipated results of diffusion in multicom�
ponent gas mixtures. All of these phenomena should
be taken into account in the design and development
of mass�exchange processes, e.g., the synthesis of
ammonia from natural gas [2].

An investigation of the nature of the DI phenome�
non poses rather complicated tasks, since its appear�
ance depends on various conditions and numerous
parameters of the system, including differences in the
coefficients of diffusion and viscosities of compo�
nents, the initial compositions, the arrangement of
gases relative to the diffusion channel, the geometry
and orientation of the channel (relative to the vertical
direction), pressure, and temperature. Effects that
were previously observed under the conditions of con�
vective flows developed in the course of diffusion,
included (i) the existence of maxima in the intensity of
concentration depending on the pressure, (ii) repeated
transitions of the system from stable to unstable state

(and vice versa), and (iii) anomalous enrichment of
the gas mixture with one of the components [4]. Based
on the previous investigations, the following necessary
conditions were established for the appearance of DI
[5] (here and below, ρi is the density of the ith compo�
nent and Dij is the coefficient of ith component diffu�
sion in the jth component):

1. A binary gas mixture (1 + 2) occurs in the upper
compartment and a pure gas (3) is in the lower com�
partment (ρ2 > ρ3 > ρ1; ρ(1+2) < ρ3; D13 > D23).

2. A binary gas mixture (1 + 2) occurs in the lower
compartment and a pure gas (3) is in the upper com�
partment (ρ2 > ρ3 > ρ1; ρ(1+2) > ρ3; D13 > D23).

3. A binary gas mixture (1 + 2) occurs in the upper
compartment and another binary mixture (3 + 2) is
in the lower compartment (ρ2 > ρ3 > ρ1; ρ(3+2) > ρ(1+2);
D12 > D32).

4. A binary gas mixture (1 + 2) and a pure gas (3)
can occurs either in the upper or in the lower compart�
ment; (ρ2 > ρ3 > ρ1; ρ(1+2) = ρ3; D13 > D23). In this vari�
ant, an unstable process is possible for any orientation
of the mixtures, but it depends on some other param�
eters (e.g., pressure).

An analysis of the observed unstable processes
showed that convective flows in a gaseous system
appeared when the mixture components had signifi�
cantly different molecular masses. In this context, the
question naturally arises as to whether a convective
mass transfer will appear in a gaseous system when the
density gradient is zero for any change in the thermo�
dynamic parameters of the mixture.

In order to study this situation, we have used a three�
component gas mixture that includes propane (C3H8),
nitrous oxide (N2O), and carbon dioxide (CO2). These
gases are characterized by the following densities under
normal conditions:  = 1.8037 kg/m3;  =ρC3H8
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1.8003 kg/m3;  = 1.8004 kg/m3 [6]. Therefore,

according to the Mendeleev–Clapeyron equation, no
density gradient between sides of the diffusion channel
would take place irrespective of the thermodynamic
parameters (pressure, concentration and arrangement
of components in the system). According to the afore�
mentioned conditions, a DI arises if there is a differ�
ence between the diffusion coefficients of compo�
nents. In the system under consideration, the mutual

ρN2O
diffusion coefficients of gases at room temperature
and atmospheric pressure are also rather close, i.e.,

 = 0.0863 × 10–4 m2/s;  = 0.0860 ×

10–4 m2/s;  = 0.1170 × 10–4 m2/s [6]. There�

fore, the isothermal diffusion process in three�compo�
nent systems based on these gases must proceed with�
out violation of the mechanical equilibrium.

The experiments were conducted in a setup con�
sisting of two parts (Fig. 1) [2, 4, 7], including a two�
compartment diffusion cell and a gas preparation sys�
tem with needle leak valves for filling the compart�
ments with initial gases and taking gas samples for
analysis after the termination of the experiment. The
two�compartment diffusion cell comprised upper and
lower compartment volumes VI = 2.268 × 10–4 m3 and
VII = 2.145 × 10–4 m3, respectively, connected by a dif�
fusion channel of length L = 1.7 × 10–2 m and cross
section S = (0.05 × 0.006) × 10–4 m2.

In our experiments, a binary mixture of propane
and nitrous oxide (with variable ratio of components)
occurred initially in the upper compartment of the dif�
fusion cell, while carbon dioxide filled the lower com�
partment. The duration of each experimental run was
1200 s. This period of time was quite enough to gain
information about the character of mixing in the sys�
tem. The pressure was varied from 0.2 to 2.9 MPa, and
the molar fraction of propane in the binary mixture
was varied within 0.188–0.810. The upper limiting
pressure corresponded to conditions under which pro�
pane is in the gas phase. The lower limit was deter�
mined by the possibility of determining the composi�
tion of the sample on a gas chromatograph (the error
of gas concentration determination did not exceed
5%).

The results of experiments are summarized in
Fig. 2. An analysis of these data leads to the conclusion
that the isothermal gas mixture C3H8 + N2O–CO2

exhibits convection (structured flows) of variable
intensity, which is characteristic of the DI phenome�
non. Figures 2a and 2b show that the maximum trans�
fer of diffusate (propane) is observed at a certain pres�
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Fig. 1. Schematic diagram of experimental setup: (A, B) gas containers; (I) gas preparation system; (II) two�compartment diffu�
sion cell; (1–10) needle leak valves; (11) lower compartment; (12) upper compartment; (13) diffusion channel.

Fig. 2. Experimental plots of the amount of diffusate (pro�
pane) versus excess pressure p for various systems.
( ) 0.188C3H8 + 0.812N2O–CO2; ( ) 0.360C3H8 +
0.640N2O–CO2; ( ) 0.220C3H8 + 0.780N2O–CO2;
( ) 0.570C3H8 + 0.430N2O–CO2; ( ) 0.250C3H8 +
0.750N2O–CO2; ( ) 0.810C3H8 + 0.190N2O–CO2.
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sure (pmax) that is dependent on the excess pressure in
the diffusion cell. An analogous variation in the diffu�
sate concentration was previously observed for iso�
thermal diffusion in the He + Ar–N2 [7] and H2 +
Ar⎯N2 [8] systems, where the heavy component was
argon. However, the pressure at which a maximum
change in the concentration of argon was observed in
these systems remained unchanged.

As can be seen from the data presented in the table,
the values of pmax vary for binary mixtures with differ�
ent initial concentrations of components. An increase
in the diffusate concentration in the lower compart�
ment is proportional to an increase in its content in the
initial mixture. Note also that an increase in the C3H8

concentration in the binary mixture significantly
influences the anomalous course of diffusion. On the
whole, the data in Fig. 2 and the table show that an
increase in the C3H8 concentration in the binary mix�
ture leads initially to a decrease, then a increase in the
pressure corresponding to the maximum transfer of
propane in a particular system. This behavior is not
inherent in molecular diffusion.

This character of the diffusion process and its
dependence on the pressure in a three�component
gaseous system was observed for the first time. It is
possible that the observed behavior is determined by
the physical properties of mixing components. For
example, the phase transition pressure at room tem�
perature (T = 298.0 K) in propane is p ≈ 0.9 MPa,
while the corresponding values for nitrous oxide and
carbon dioxide are significantly higher (p ≈ 6.0 MPa).
This is indicative of the fact that the partial density of
propane increases with the pressure faster than the
partial densities of two other components. As a result,
the binary mixture in the upper compartment becomes
heavier than the pure component in the lower com�
partment. Thus, a positive density gradient arises,
which drives a convective mass transfer in the diffusion
channel despite the absence of density gradient in the
initial system.

In conclusion, it should be emphasized that gas�
eous systems without density gradient between two
sides of a diffusion channel can feature not only diffu�
sion, but also a convective regime of mixing under the
conditions of variation of some parameters. The char�
acter and intensity of this convective process depend

on the concentrations of components and the degree
of manifestation of the individual physical properties
of mixing components.
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Translated by P. Pozdeev

Pressure corresponding to maximum transfer of diffusate
(propane) in various gaseous systems

System

Pres�
sure,
pmax, 

105 Pa

C3H8 concen�
tration in lower 
compartment, 
mol. fraction

0.188C3H8 + 0.812N2O–CO2 8.77 0.072

0.220C3H8 + 0.780N2O–CO2 6.81 0.094

0.250C3H8 + 0.750N2O–CO2 5.54 0.108

0.360C3H8 + 0.640N2O–CO2 5.83 0.143

0.570C3H8 + 0.430N2O–CO2 6.81 0.221

0.810C3H8 + 0.190N2O–CO2 7.79 0.428
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