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Gaseous Binary Diffusion Coefficients of Carbon Disulfide

MINORU NAGASAKA and HIROSHI HIRAI

Abstract: —The improved Stefan method was used to measure the binary diffusion coefficients

of carbon disulfide (CS,)in hydrogen, helium, nitrogen, air and argon at one atmospheric pressure.

The measurements were made at a temperature from —10°C to 40°C at intervals of 5°C. The te-

mperature exponent for each system was calculated.
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Fig. 1 Schematic diagram of experimental

apparatus.
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Fig. 2 Diffusion cell.
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Table 1 Experimental Diffusion Coefficients
for Carbon Disulfide in Gases at
1 atm.
Temp. No. of Diffusion coefficient cm%/sec
°c data Exptl. Recalcd.
H, - C82
~10 2 0.3682i0.001la) 0.3659b>
-5 2 0.3768+0.0016 0.3781
] L 0.3906+0.0010 0.3906
5 2 0.4020£0.0007 C.4032
10 4 0.4163+0.0006 0.4160
15 L 0.4280+0.0005 0.4290
20 L 0.4418+£0.0014 0.4L22
25 2 0.4551+£0.0017 0.4555
30 L 0.4689+0.0008 0.4690
35 2 0.4837£0.0005 0.4827
4O 6 0.4973+0.0014 0.4965
He - €8,
-10 3 0.3329+0.0007 0.3317
-5 4 0.3426+0.0008 0.3428
6] 6 0.3%533+0.0015 0.3540
5 2 0.3653%+0.0007 0.3654
10 6 0.3771+0.0010 0.3769
15 3 0.3869£0.0010 0.3886
20 4 0.3993+0.,0002 0.4005
25 2 0.4151+0.0004 0.4125
30 2 0.4245£0.0007 0.4246
35 2 0.437140.001) 0.4369
40 i 0.44914+0.0007 0. 54494
Ng - CSa
-10 2 0.0888+0.0001 0.0888
-5 2 0.0916+0.0000 0.0917
0 2 0.09L43+0.0004 0.0946
5 2 0.0977+0.0000 0.0976
10 L 0.1008+0.0004 0.1006
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0.1036+0.0001
0.1070+0.0002
0.1103+0.0004
0.1124+0.0004
0,1156+0.0001
0.1197+0.0005

Air - CS,

0.0884+0.0001
0.0910+0.0000
0.0936+0.0001
0.0960+0.0002
0.0993+0.0004
0.1020+0.0003
0.1049+0.0000
0.1085+0.0001
0.1113+0.0000
0.1154+0.0002
0.1185+0.0001

Ar -~ CSa

0.0786+0.0002
0.0807+0.0003
0.0833+0.0001
0.0864x0.0003
0.0890+0.0003
0.0912+0,0002
0.0937£0.0001
0.0963+£0.0002
0.0999£0.0004
0.1029+0.0001
0.1063+0.0000

a) Average deviation.
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0.1036
0.1067
0.1098
0.113%0
0.1161
0,0094

0.0879
0.0907
0.0936
0.0965
0.0995
0.1025
0.1055
0.1085
0.1116
0.1147
0.1179

0.0783
0.0808
0.0834
0.0861
0.0888
0.0915
0.,0942
0.0970
0.0998
0.1027
0,1056

b) Smoothed experimental data by use of the

temperature exponent (m) for each system.
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3 -1-0% Coefficients for Carbon Disulfide
at 1 atm.
0-10F B
Carrier Temp. Ho. of Temperature exponent
L L ) L geses  range (*C] cata Exptl. Calcé.  Winkelmann'S
0 5 10 15 Hy 210 ~ w0 3P 1.755:0.001"  1.8779) 2.019
6 [dayl He 210 ~40 38 1.745:0.001 1.723
Np ~10 ~ 40 37 1.701£0.001 1.898
Ar -10 ~ 40 24 1.689x0.002 1.933 2.11
Fig.4 Change of the diffusion coefficients ar <10 ~u0 0 1.722:0.002 1912
With time elapsed’ CSZ "‘Ail' 25"C : a) Total number of cdata in temperature range of -10 ~40 °C.
(O) storage in an amber bottle after ?) Standard eviation.
) . . R c) Calculated values by use of Eo. (3).
redistillation, (&) storage in a glass ) Calculated values from data at O °C and 32.8 °C.
bottle after redistillation,
() storage of special grade reagent
in an amber bottle. m
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Table 3  Comparison of Gaseous Diffusion

Coefficients for Carbon Disulfide
at 1 atm.

Investigator Reported values

Temp.[°C] D fcm?/sec]
13 0 0.369
0.425
0.4626
0.0883
0.1015
0.112
0.1045

System

CSy; ~ Hy Winkelmann
19.9
32.8
WinkelmannB) [}
19.9
32.8

Lugg 7) 25

CS, — Air
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Table 4 Data Used in Caleculations by Eq. (3)9)

Molecule o~ (4] E/k [°K]
H, 2.827 59.7
He 2.551 10.22
N, 5.798 71
Air 3.771 78.6
Ar 3.542 93.3
CS, 4483 467
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Table 5 Deviation of Estimated Diffusion
Coefficients by H.C.B. and F. S.G.
Equations from Observed Ones for
Carbon Disulfide in Gases at 1 Atm.
gases | H.C.B. Eq.® F.5.6. Eq.”
-10 °C 40 °C -10 °C 40 °C
H, 1.4 %% 0.7 % -0.3%  -0.3%
He -12.2 11.8 6.8 6.6
NZ 5.5 2.3 1.7 0.8
Air 5.1 2.1 3.8 2.7
Ar 4.9 ~2.7 -2.2 6.7

a) Equation (3)
b) Equation (4)
¢) {( Dops = Destw)/( Dops )} x 200 (%)
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BEfRES Table 2icd b, CS2 —Hz & & FCS2—He
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UF~NY v anZoDFRcEHW Tld Hirschfelder-Curtiss
-BirdR 2 b EL 2 BEEEE ZWER FT—FK Lk,
LHL, 0B8R, BERBLETATD3DDRKED
NWTRHEBERRKH0.20ENSL T Lbibho 7k,

(1977 )
Nomenclature
Dsp ¢ binary diffusion coefficient for A in B
Cem?,/sec)
My, : molecular weight of pure liquid =)
m : temperature exponent, Eq. (2) -3
P ¢ total pressure Catm)
ps ° partial pressure of component A (atm)
Ppy - logarithmic mean partial pressure of
component B Catm)
R : gas constant Cem® « atm/g-mol « °KJ
v; ¢ atomic diffusion volumes (em®)
z ¢ instantaneous length of diffusion path
Cem)

Greek Letters

€sp - maximum attractive energy between A
and B (g- cm®sec? )

6 time (sec)

pr - liquid density (g cm®)

Tap collision diameter, distance between
centers of molecules at zero potential
energy (43

Q’AB ¢ collision integral used in Chapman-
Enskog kinetic theory (=3

Subscripts

0 ! zero time

1 ¢ specifies the position at the gas-liquid
interface

2 : specifies the positions at the top of

the capillary tube

0 ¢ time after start of observation
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