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COMPRESSIBILITY AND VIRIAL COEFFICIENTS OF METHANE--ARGON 

MIXTURES 

E. S. Barkan, L. R. Linshlts, 
I. B. Rodklna, and N. G. Tyurlkova 

UDC 536.7 

Using the Barnett method we have measured the compressibility of methane-argon 
mixtures at temperatures of 373.15 and 423.15~ and pressures up to 30 MPa. The 
methane concentrations in the mixtures were varied from 8 to 82 mole %. We 
calculated the second, third, and second mixed vlrial coefficients. 

The present article is a continuation of systematic studies of the bulk behavior of 
gases and gas mixtures by the Barnett method [1-4]. We measured the compressibility of 
methane-argon mixtures, and calculated the second and third virial coefficients of the mix- 
tures. The values obtained for the second virial coefficients were used to calculate the 
second mixed vlrlal coefficient B~a, which furnishes important information on the nature of 
the intermolecular interaction of dissimilar molecules. 

The apparatus and measurement procedure were described earlier [i, 2]. The pressure 
was measured wlth MP-600 and MP-60 piston manometers of grade 0.05 accuracy, and the tem- 
perature was measured to within 0.01~ by a calibrated Beckmann thermometer. The tempera- 
ture was maintained constant to within 0.005-0.01~ 

We used helium, methane, and argon with a minimum purity of 99.97% in the experiments. 
The mixtures were prepared in a tilting mixer provided wlth an electric heater. Mixing was 
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TABLE 3. Secondp Third, and Second Mixed 
Virial Coefficients for an Argon-Methane 
Mixture a t  373.15"K 

CH 4 content, ! 
mole qo B, eroS/mole c, cm6/mole z! B1,., cmS/mole 

8,35 
20,05 
34,85 
42,91 
55,57 
75,97 
81,91 

"4,1 " 
--4,7 
--6,6 
--7,7 
--9,6 

--13,7 
--15,8 

635 
462 
580 
751 
808 

1039 
1120  

--4,7 
--4,7 
--5,3 
--5,5 
--4,8 
--3,9 
--4,6 

TABL~ 4. Second~iThird, and Second Mixed 
Vlrlal Coefficients for an Argom-Methane 
Mixture at 423,15*K 

CH 4 conmnt, [ 
mole qo B,cma/mole C. cm6/m~ I a,~. eroS/mole 

15,15 
2 7 , 6 2  
58,98 
65,10 
84,54 

],7 
�9 1,4 

0,3 
. 1 ,6  
--3,8 
"7,5  

f 
510 i 4,7 690 3,1 
486 1,4 
519 3,2 
756 [ 2,1 

1336 I 2,4 

continued until analyses of the gas composition in the upper and lower positions of the mixer 
agreed, The composition of the gas was determined to within 0.1g from themolecular weight of 
the mixtures. 

The measured values were used to calculate the compressibility factors and the virial 
coefficients by the analytic method proposed in [5]. In this method the experimental data 
are described by the equation 

PrQr = ~ Ai Q~-', (1) 
i = t  

where  Qr = ~ Nj; At = Bi 90 RT; i=~ Pr is the pressure at the r-th stage, T is the temperature, Po 

is the initial density, R is the gas constant, Nj is the instrument constant for the j-th ex- 
pansion, and the Bi are the virial coefficients in the series in terms of the density. The 
value of Nj depends on the barometric deformation of the plezometer, and is related to the 
value of N~ at zero pressure by the equation 

~-i (2) Nj = N~ ai P~-l /b~Pi_1, 
i ~ l  

where the coefficients a i and b i are determined by the mechanical properties of t h e  piezom- 
eter material [6]. 

The values and the number of virial coefficients necessary for a given series of measure- 
ments were determined from an analysis of the sum of the squares of the deviations at each 
point and the standard errors of the virial coefficients [7]. 

Tables 1 and 2 list thevalues of the compressibility factor for all the mixtures inves- 
tigated. The average error of the values obtained is 0.05%, and the maximum does not exceed 
0.08%. The reproducibility of the results was tested by repeating all the measurements for 
a number of mixtures. The differences between the data of the two independent experiments 
did not exceed 0.02%. 

The value of N= was determined to within 0.005% from experiments with pure.helium at 
each temperature. The calculated values of the compressibility factor differ from the val- 
ues reported in a recent paper [8] on the measurement of the compressibility of helium by 
0.01-0.02%. 

Tables 3 and 4 list the values of the second, third, and second mixed virial coef- 
ficients for each mixture. The value of Bxa was found from the equation 
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TABLE 5. Comparison of Values of Second Mixed Virlal Coef- 
ficient of a Methane--Argon Mixture~t 373.15 and 423.15"K 
According to Data from Various References 

BI | 

r, K cmS/mole. 

373,15 I -4'8~-0'4-~,2 
_ - - 1 3 , 1  

/[ ,I Reference r, K [crnS/mole 

Present[13][14]work [ 423,15 I 2,8+0,7_5,4__~,0 

Reference 

Present work 
[131 [141 

Note. The values of B~a from [13, 14] were obtained by in- 
terpolation. 

BmL~BllNl+2BI~N1N~B2~N~' (3) 
where B~ and B2a are the second virial coefficients of the pure gases, and N~ and N~ are the 
mole fractions of the components. The values B,~ =--4.01, 1.19 cmS/mole for argon, and B2, ffi 
--20.91, --11.24 cm'/mole for methane at 373.15 and 423.15"K, respectlvely, were taken from 
[9 -12 ] .  

The er rors  of the values obtained are 0.2 cmS/mole for  B, 3Z fo r  C, and 0.6 cma/mole 
for B,a. The final values of B~a, obtained by processing the data for all the mixtures by 
theme,hod of least squares using Eq. (3), are llsted in Table 5. 

Since we do not know of any data in the literature on the compressibility of methane-- 
argon mixtures at the temperatures of our measurements, we cannot compare our results with 
other data. However, there are two papers [13, 14] in which the coefficient B,~ was deter- 
mined from compresslbility data over a wide temperature range (300-500~ at low pressures. 
Table 5 shows that our values of BI, are in rather good agreement with those in [13], but 
differ widely from the values in [14]. 
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OPTICOACOUSTIC DETERMINATION OF THERMOPHYSICAL CHARACTERISTICS 

S. A. Vinokurov UDC [535/534:53.082] + 536.21 

The possibilities of utilizing two-layered systems of standard and studied speci- 
mens to determine thermophysical characteristics under opticoacoustic experimental 
conditions are theoretically analyzed. 

The opticoacoustic method of investigating solid and liquid media is based on the effect 
of pressure vibrations originating under the illumination of a specimen in an insulated gas- 
filled chamber by modulated radiation. 

The magnitude and phase shift of the acoustic signal under specific conditions are re- 
lated uniquely to the magnitude and phase shift of the temperature fluctuations on the speci- 
men surface [I]. This permits utilization of the opticoacoustic method to determine thermo- 
physical characteristics [2-6]. 

The thermal diffusivity coefficient is determined by exposing one surface of a plane 
opaque specimen and recording the magnitude or phase of the acoustic signal from the side of 
its second surface [2-5]. A fine strongly absorbing layer is deposited on the surface being 
exposed on transparent specimenw The specimen thickness should be within the limits 1.5p~ 
5-.< (3-3.5)~, where ~ = (2u/~) ~12 is the thermal diffusion length. 

If I > 1.5 ~m, a thermal activity coefficient (~co) I/2 can be found for opaque specimens 
from a comparison of acoustic signals during alternate exposure of the specimen being studied 
and the standard [6]. But the absorption by the exposed surfaces of the specimen and stan ~ 
dard in this case should be or is known to be the same or determined in advance by some method. 
In addition, the methods mentioned do not permit execution of measurements on thin specimens 
whose thickness is < 1.5 ~m in the whole frequency band utilized. 

The opticoacoustic determination of thermophysical characteristics is substantially a 
modification of the method of plane temperature waves. For the complex determination of 
thermophysical characteristics in such a method~ it is convenient to perform the measurements 
on two-layered systems consisting of test and standard specimens [7]. 

It is expedient to use the two-layered system also in the opticoacoustic modification 
of the method. For opticoacoustic measurements the two-layered system moreover permits 
studying materials with other optical properties since the radiation can always be directed 
from the side of the opaque standard. In this connectionD the utilization of two-layered 
systems consisting of test and standard specimens to determine thermophysical characteris- 
tics under the conditions of an opticoacoustic experiment is examined in this paper for 
measurements from both the exposed, as well as the opposite surface. 

The one-dimensional model is shown in Fig. i. Two plane specimens of thickness l~ and 
~ are in ideal thermal contact and communicate with external surfaces with two volumes cf 
depths Ig and I b. Sinusoidally modulated radiation is directed at specimen surface 2 for 
x = --(11-+ ~2). The radiation absorbed by the surface is converted into heat. This is 
equivalent to the action of a heat source of the form Io[i + exp(j~t)] on the surface. 

For measurements from the specimen 2 side the volume before it should be filled with a 
nonabsorbing gas. When measurements are carried out from specimen 1 the volume behind it can 
be filled with any gas while the medium in front of specimen 2 should be transparent. 

As in [i]~ we consider the thermal flux and temperature are continuous on the boundaries 
between the specimens and between each specimen and the corresponding medium~ i.e.p heat 
transfer occurs exclusively by heat conduction. Since the temperature rise in such experi- 
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