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TABLE 1. B COEFFICIENTS FOR METHANE-HYDROGEN MIXTURES 

E-XX indicates power of LO. 
P rnax is maximum pressure MPa. 
P max is maximum density g mole/cms 
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Results of an investigation (Mueller, 1959) on the volu- 
metric behavior of methane and four mixtures of methane 
and hydrogen were reported in this Journal by Mueller 
et al. (1961). The Burnett (1936) method was applied 
from $10" to -129°C at 28 deg. intervals to pressures as 
high as 48 MPa (7000 Ib/sq. in. abs.). In the classical 
Burnett procedure, an isothermal series of pressure mea- 
surements is made as the gas is expanded from one cell 
into a second evacuated cell. A simple graphical limiting 
procedure developed by Burnett ( 1936) yields compressi- 
bility data. This procedure was used to obtain a table of 
smoothed compressibility factors for the studies of Mueller. 

Significant improvements in the methods of analysis of 
Burnett data have since occurred: the direct method of 
Hoover et al. (1964) and the application of least-squares 
adjustable parameters calculations by Hall (1967) and 
Hall and Canfield ( 1970). The experimental procedure 
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for the Burnett experiment has also been improved by the 
development of the isochorically coupled method by Pope 
et al. (1972). Experimental equipment has undergone 
major modifications (Huska et al., 1973). All of these im- 
provements were utilized by Pope (1971) in his study 
of the virial coefficients of argon, methane, and ethane 
(Pope et al., 1973). 

The multidimensional, nonlinear least-squares regres- 
sion analysis has been applied here to the data of Mueller 
et al. (1961). Detailed tables of these results are in the 
thesis of Pope ( 1971), available from University Micro- 
films. 

The parameters obtained may be used to interpolate 
with respect to density along the isotherms. The compress- 
ibility factor is defined by 

n 

= 1 -k Bkpk 
k = l  

where the B's are in units of cubic centimeters per gram 
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TABLE 2. EXPERIMENTAL GAS COMPOSITIONS 

Mole % CH4 A B C D 

CH4 99.7 79.4 64.5 43.1 21.7 
HZ 0.0 20.2 35: 1 56.5 78.0 
N2 0.2 0.3 0.3 0.2 0.2 
Others 0.1 0.1 0.1 0.2 0.1 

mole, and the density p is gram mole per cubic centi- 
meters. When all possible errors are considered, the 2 
values are probably accurate to *0.10%. 

The parameters B are given in Table 1. Note that the 
values of B coefficients are given for numerical precision, 
and the calculated 2 should be rounded. The experimental 
gas compositions are given in Table 2. The maximum ex- 
perimental pressure is also listed in Table 1; extrapolation 
to higher pressures is questionable. The -129°C iso- 
therms were not reanalyzed because there were too few 
points along these isotherms to justify the analytical 
method being used. 

The values for methane are included in Table 1; how- 
ever, the authors recommend that the equation of state by 
Vennix and Kobayashi (1969) be used for more precise 
computations on methane. 

These data should be useful for present day coal gasi- 
fication studies. 

ACKNOWLEDGMENT 

The National Science Foundation provided support for both 
Dr. Muellex and Dr. Pipe. 

LITERATURE CITED 

Burnett, E. S., “Compressibility Determinations Wii hout Volume 
Measurements,” 1. Appl. Mech., 58, A136 ( 1936 ). 

Hall, K. R., “Compressibility Factors and l’irial Coefficients for 
th Helium-Nitrogen System between - 160” and - 190°C 
up to 700 Atm,” Ph.D. thesis, Univ. Okla., Norman ( 1967). 

., and F. B. Canfield, “A Least-Squares Method 
for Reduction of Burnett Data to Compressibility Factors and 
Virial Coefficients,” Physica, 47, 99 ( 1970). 

Hoover, A. E., F. B. Canfield, Riki Kobayashi, and T. W. 
Leland, “Determination of Virial Coefficients b) the Burnett 
Method,” J. Chem. Eng. Data, 9, 568 ( 196-1). 

Muller, W. H., “Volumetric Properties of Gases at  Low Tem- 
peratures by the Burnett Method,” Ph.D. thesis, Rice Univ., 
Houston, Tex. (Dec., 1959). 

., T. W. Leland, and Riki Kobayashi, “Volumetric Pro- 
perties of Gas Mixtures at Low Temperatures and High Pres- 
sures by the Burnett Method: The Hydrogen-Methane 
System,” AIChE I., 7,267 ( 1961 ). 

Pope, G. A,, “Calculation of Argon, Methane, and Ethane 
Virial Coefficients at Low Reduced Temperature Based on 
Data Obtained by Isochorically Coupled Burnett Experi- 
ments,” Ph.D. thesis, Rice Univ., Houston, Tex. ( Tdy, 1971). 

., P. S. Chappelear, and Riki Kobayashi, “Analysis of 
Data Obtained by Isochorically Coupled Bui nett Experi- 
ments.” Physica, 57, 127 ( 1972). 

., “Virial Coefficients of Argnn, Methane, 
and Ethane at Low Reduced Temperatures,” 1. Chem. Phys., 
59,423 ( 1973). 

Ruska, W. E. A., G. A. Pope, and RiFi Kobayaihi, “A New 
Approach to Burnett Cell Design,” Rev. Sci. Instruments, 
44,902 ( 1973 ). 

Vennix, A. J., and Riki Kobayashi, “An Equation of State for 
Methane in the Gas and Liquid Phases,”AIChl< J., 15, 926 
( 1969). 

Manuscript receioed August 18, 1975; reuision receioed September 
29, and accepted September 30,1975. 

A Simple Method of Calculating Effectiveness Factors for 

Heterogeneous Catalytic Gas-Solid Reactions 

B. VALDMAN* and R. HUGHES 

For many practical purposes the design of a catalytic 
reactor may have to be made with a lack of precise infor- 
mation on the physical and chemical properties of reac- 
tants and products. Under such circumstances use of an 
elaborate model to predict the catalyst effectiveness may 
not be warranted and a simpler approach should suffice. 
This note presents a simple method of general utility for 
calculating effectiveness factors. The method which gives 
very good agreement with more exact solutions is similar 
to that recently noted by h i s  (Aris, 1975, Georgakis and 
Aris, 1975). That method, however, involves a graphical 
solution whereas the method proposed in this note, being 
confined to isothermal or near isothermal conditions, re- 
quires (in combination with the asymptotic approxima- 
tion) only the solution of a simple algebraic equation to 
determine particle effectiveness for any particular value 
of the Thiele modulus. 
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Many catalytic chemical reactions can be represented 
by the Langmuir-Hinshelwood model which is described 
by the general expressions 

With the assumption of constant diffusivity, ;I mass bal- 
lance for the reactant in a catalyst pellet yields 

D,V2C = r ( C )  ( 2 )  

Extending previous results published by Aris ( 1957), 
Knudsen et a1 (1966) showed that the correlations of ef- 
fectiveness factor and Thiele modulus for a sphere, cyl- 
inder, and flat plate lie close together when the charac- 
teristic dimension in the Thiele modulus is defined as the 
ratio of the volume to the outside surface through which 
the reactant can diffuse. Therefore, a simplified analysis 
for a flat plate can be extended to catalyst pellets of dif- 
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