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Diffusion Coefficients in Ternary Gaseous System
— CClL, — H. — N; System —

Minoru NaAGASAaKA, Hiroshi Hiral

Abstract: — An experimental study was made of the diffusion of vapor
into a stagnant binary gas mixtures by vaporization of liquid in the Stafanian
diffusion cell. Theoretical diffusion rate was obtained from: the Stefan Maxwell
diffusion equations. The experiments were carried out for CCl,~-H,-N, system.
The agreement between experimental and theoretical rates was satisfactory.

It was experimentally confirmed that the effective diffusivites for ternary
gas mixtures were satisfactorily estimated from Wilke’s equation by using loga-
rithmic mean of the concentration ratio, (y¢/ys)m- Diffusion coefficients for
CCl,-H,; and CCi,~N, were measured between 20 and 50°C at 1 atm.
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Fig.2 Schematic diagram of experimental apparatus
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Fig. 4 Diffusion coefficients, CCl-H, system Fig.5 Diffusion coefficients, CCl,-N, system

Table 1 Experimental diffusion coefficients for
carbon tetrachloride in gases at 1 atm

Temp. No. of Diffusion coefficient * cm?/sec
°C data exptl. recaled.
CCl,—H,
20.0 2 0. 3411 = 0.0003¢ 0. 3404%
25.0 2 0.3501 = 0.0002 0. 3516
30.0 4 0.3629 = 0.0008 0. 3630
35.0 2 0.3758 = 0.0001 0. 3745
40.0 4 0.3861 =+ 0.0005 0. 3863
45.0 2 0.3987 =+ 0.0001 0. 3981
50.0 4 0. 4095 = 0.06008 0. 4102
CCl4—N,
20.0 4 0.0768 + 0.0001 0. 0767
30.0 4 0.0817 + 0.0002 0. 0819
40.0 0.0873 = 0.0002 0. 0872
50.0 4 0.0927 + 0.0001 0.0927

a Standard deviation. b Smoothed experimental data by use
of the temperature exponent (m) for each system.
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Fig. 6 Diffusion coefficients for ternary
gaseous mixtures, CCl-H,~N, system

Table 2 Ternary gaseous diffusion coeffisients at
1 atm, H,-N,-CCl, system.
Temp. No. of Diffusion coefficient cm?/sec
°C data exptl. estimated
H,:50%, N,:50%
20.0 4 0.1279 = 0.0005¢ 0. 1252
30.0 2 0.1405 = 0.0008 0.1336
40.0 4 0.1539 = 0.0002 0.1423
50,0 4 0.1699 =+ 0.0003 0.1512
H,:85%, N,:15%
20.0 3 0.2337 = 0.0003 0.2246
30.0 4 0.2561 = 0.0007 0. 2396
40.0 4 0.2821 = 0.0004 0.2551
50.0 4 0.3136 = 0.0007 0.2710

a Standard deviation. b Estimated values from Wilke's
equation (Eq.(9)) with assuming /8= yoo/ y50.

Fig. 7 Variation of K, K,;, K,, and K, with
the temperatur and the composition
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Nomenclature
D.p = binary diffusion coefficient for A in B cm?/sec
Duapc = ternary diffusion coefficient for A in B and C cm?/sec
D'y = etfective diffusion coefficient (Eq. (8)) cm?/sec
K, = ratio of the mass transfer rates (Eq. (10)) —
K, = ratio of the mass transfer rates (Eq. (16)) —
L = diffusion path cm
m == temperature exponent —
N = modified mass transfer rates -
N, = modified mass transfer rates (Eq. (7)) —
N, = modified mass transfer rates (Eq. (15)) —_
N4 = rate of diffusion of component A g-mole/cm? « sec
[ N.];= approximate rate of diffusion (Eq. (6)) g-mole/cm? « sec
[N.).= observed rate of diffusion (Eq. (14)) g-mole/cm? « sec
pa4 = partial pressure of component A atm
ppc = sum of the partial pressure of compenent B and C atin
poen = logarithmic mean of ppeo and ppez atm
7 == ratio of diffusion coefficients (=D 45/ D) —
y4 = mole fraction of component A —

ye/ yp)w= logarithmic mean of (yoc/ync) and (yer/ysr)

z ==

&

distance in direction of diffusion

cm
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