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ABSTRACT  

Owens, Thomas W. - Evaluation of Benedict's Equation 

for Calculation of Critical Pressure of Hydrocarbon 

Mixtures - Thesis, submitted. to Newark College of Engineering, 

January 24, 1955. 

An introduction to the problem of critical pressure 

calculations of mixtures is presented, followed by a 

brief history of prior work in this field. Mentioned 

in the history are the correlations of Watson and Nelson, 

Smith and Watson, Mayfield, Kuratta and Katz, Benedict, 

and Edmister. Another section contains a series of 

tables showing critical pressure calculated by Benedict's 

equation as contrasted to other data appearing in the 

literature. An evaluation of the equation is then made 

from the comparisons. 

Included are curves of the values shown in the 

tables end a series of curves depicting the deviation 

of these values from the experimental. 
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PREFACE  

The Benedict equation for calculating critical pres-

sures of hydrocarbon mixtures was applied to available 

literature data for comarison of results with other prior 

calculation methods. 
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INTRODUCTION 

Knowledge, or more properly, lack of knowledge con-

cerning critical properties of hydrocarbons has resulted 

in great interest in this field for the past thirty years. 

The petroleum industry as a whole has been extremely de-

sirous of learning more about this subject. No single 

factor (8) is of greater praatical importance in cracking-

plant design than the computations of volumes of liquids 

and vapors at cracking-zone conditions. Small errors be-

come very important because the stocks are at or near 

their critical points and a small misjudgment may shift 

the behavior of the material from that of a vapor to that 

of a liquid. To accomplish the intelligent design of pet-

roleum refining equipment, knowledge of the critical prop-

erties of hydrocarbon mixtures, particularly as a function 

of properties readily determinable, is paramount as the 

critical pressure in particular cannot be easily determined 

directly. 

In particular, the use of equilibrium constants in 

phase equilibria computations has required an increase in 

the knowledge of the critical point. The limits of the 

two-phase region and the relative amounts of vapor and 

liquid within this region are of particular interest since 

these mixtures are similar in properties to the effluents 

from distillate wells. 



Direct experimental(?) determination of the critical 

constants is not only inconvenient but frequently 

misleading unless properly determined by competent experimentalists 

in this field. Some of the rectors that can cast doubt on 

these determinations may stem from the experimental 

equipment, purity of substance, bakground of investigetion, and 

the stability of such compounds near the critical point. 

has been mentioned, the critical point is important 

in making phase equilibria estmates. It is an important 

point on the phase diagram(3) because it defines the con-

ditions above which there is no distinction between 

coexistant phases. Although the critical temperature of mixtures 

may be corralted or estimated with relative ease and 

accuracy, the critical pressure is a much more complex property 

and is difficult to predict. Of interest in this topic are 

the pseudo-critical pressure and the critical pressure. The 

pseudo-critical pressure an imginary point which may be 

readily determined as approximately proportional to the mol 

fractions of the pure components. The critical pressure, 

while being on actual exerimentally determinable point, 

frequently assumes a value considerably higher than that of 

any of the pure components of the mixture. Many correlators 

attempted to determine the pseudo-critical pressure and 

then relate this empirically to the ectual or true critcal 

pre re. 



The more important correlations to date are summar-

ized in this presentation. Evaluation of Benedict's(1) 

correlation will also be presented and will be compared 

with other literature 



SUMMARY OP PREVIOUS CORRELATIONS  

Watson and Nelson(10) 

Several methods of estimating critical pressures have 

been proposed. Watson and Nelson, in 1933, proposed an 

adoption of an existing method for finding the critical 

pressure of a pure hydrocarbon utilizing a Cox vapor pres-

sure chart. snowing the critical temperature of a pure 

hydrocarbon, the critical pressure could be found by draw-

ing a line on this chart and connecting the normal boiling 

point of the compound with the convergence point of the 

hydrocarbon vapor pressure curves. The pressure at which 

this line crossed the abscissa of the critical temperature 

was the critical pressure. 

The molal average boiling point of hydrocarbon mix. 

tures also plot as straight lines on the Cox chart with the 

same point of convergency as the pure hydrocarbons. Also 

the slopes of the initial equilibrium vaporization points 

plot as straight lines but with less slope than the boiling 

point curve. The authors found that by joining the A.S.T.M. 

10% point with a point approximately 2O past the critical 

temperature isotherm on the average boiling point line, the 

approximate critical pressure could be found. This is the 

absolute pressure reading where the 10% line crosses the 

critical temperature isotherm. 



At the tide the Watson and Nelson method was proposed 

there was very little published data on the critical pres-

sures of hydrocarbon mixturea. The accurate determination 

of such pressures was quite difficult and exacting and the 

authors had little to work with, both in devising their 

method and later in testing it. 

Smith and Watson(9) 

The correlations and methods presented by Smith and 

Watson claimed to be advantageously based on and applicable 

to both pseudo-critical aria true critical properties for 

ell widths of boiling range and any type of mixture. The 

authors felt that because a true critical pressure of a 

mixture is intermediate in composition end higher in value 

than any constituent, the true critical pressure could not 

be correleted as a function of only to average properties. 

Kay(5) has previously indicated that no such maximum exist-

ed for pseuao-aritical pressures which were approximately 

proportional to mol fraction in binary mixtures. The 

authors then proceeded to correlate true end Pseudo-critical 

pressures by means of a series of charts. 

The true molal, mean and weight average boiling points 

end A.P.I. gravity were first determined. From a plot of 

weight average boiling points versus true critical tempera- 

ture for a family of gravities, the true critical 

temperature was determined. From the same figure, the 



Pseudo-critical temperature was determined using the true 

molal average boiling point. The ratio of true to pseudo-

critical temperature was then calculated. From another 

plot relating the two, the ratio of true to pseudo-critical 

pressure was found. Two more plots were formed linking 

respectively, mean average boiling point and. A.P.I. gra-

vity with pseudo-critical pressure, and molecular weight 

and A.P.I. gravity with pseudo-critical pressure. From 

one of these plots the pseudo-critical was determined 

and the true aritical pressure calculated from the pre-

viously determined ratio. 

Mayfield(6)  

Mayfield In 1942 proposed a new method of determin-

ing critical pressures empirically, for binary normal hy-

drocarbon mixtures. He pointed, out that whereas all criti-

cal temperatures of such mixtures lie between the critical 

temperatures of the two pure components, the critical pres-

sures may be far in excess of either pure component. He 

also observed that the deviations of the true critical from 

the additive aritical pressure coincide with the ratios of 

the molecular weights of the pure components. 

In hie analysis, Mayfield selected a known binary 

normal hydrocarbon system and proceeded to graph the true 

critical pressure of the mixture against the weight com-

position. Then he drew in the expected or pseudo-critical 

pre , sure curve based on the weight percentages of the cam- 



ponents and the true critical pressures of the pure compo-

nent. The difference between the true and the additive 

critical pressure of the mixture at any concentration he 

designated as PCD and by simple mathematical analysis pre-

sented the following equation: 

PCD PCM PCH 
114
100 

(p 
CL 

p
CH

) 

The only unknowns in this equation are Pm) and P so that - 

by determining the Pcp of any unknown mixture or concentra-

tion the true P can be found. CM  

For the systems studied, Mayfield found that all the 

deviations pass through a maximum. When he plotted  PCD  
max PCD 

against the weight percent of the heavier component for 

all of his known systems, a fairly good curve resulted with 

a peak at the fifty percent ordinate. With this curve, the 

Pop can be found knowing the maximum PCD. By plotting max-

1"m PCD against a ratio including the critical temperature 

and number of carbon atoms for both components, on log-log 

paper he was able to draw a straight line through points 

representing all his known systems. By means of the two 

curves and the equation plus a knowledge of the components 

and their weight concentrations, the critical pressure of 

the mixture may be found. 

By a very similar process, with another equation and 

similar curves, Mayfield developed another method for cal- 



culating critical pressures which he calls the temperature 

method. The methods differ in his drawing of the additive 

curve and, the equation derived therefrom. 

Kuretta and Katz(4) 

The first attempt by Kuratta and Katz to correlate 

critical pressures of natural gas and gasoline mixtures 

was tried using the Smith and Watson method. Since the 

volatile mixtures could not be brought into line with the 

Petroleum fractions, the authors decided that some vari-

able, important in the volatile mixtures having relatively 

high critical pressures became much less significant in 

the petroleum fractions with relatively low critical pres-

sures. They concluded that the missing variable was molec-

ular weight. From Smith and Watson's other variables a 
(Tf.)(pP( )  

series of curves were drawn relating the ratio of -7  Pc  

to pseudo-critical temperature for a series of molecular 

weights. For mixtures of known constituents, the pseudo 

critical pressure can be calculated by multiplying the mol 

fraction of the constituent by its critical pressure. For 

unknown petroleum mixtures, the pseudo-critical pressure 

may be found by one of the Smith and. Watson methods. 

Benedict  (1) 

Benedict's equation was presented by Edmister(2) as 

being the first to attempt to account for the effect of 



concentrations of components in a mixture. This method, 

similar to Mayfield's, attempts to calculate the critical 

pressure as a conversion of the pseudo-critical pressure 

by empirical consideration of the atmospheric boiling 

points of the constituents alone. This equation has been 

used in this presentation to calculate critical pressures 

of binary and complex hydrocarbon mixtures for which data 

is availeble In the literature. Results of the calcula-

tions were then compared with other published correlations. 

Benedict's equation is: 

where PCM = critical pressure of mixture 

pPc pseudo-critical pressure of mixture =I:x1 Pci 

Tbi = atmospheric boiling point of ith component 

xi = mol fraction of ith component 

Edmister (2) 

In the same article in which he presented the Benedict 

equation, Edmister offered two more methods for calculating 

critical pressure for which he claims approximate values 

only. Both methods are adoptions of critical locus curves 

related to the various critical pressures and temperatures 

appearing on the border curve. Also, both methods are 

aimed at actually estimating convergence pressure, which 

at the critical temperature is the critical pressure. 



CALCULATIONS AND CONCLUSIONS 

Tables 1 - 8 show a series of binary hydrocarbon mix-

tures. Included in the tables are the experimentally ob-

served literature values of critical pressure as well as 

the calculated values from the Benedict equation and other 

calculations taken from the literature. Table 911  shows 

three series of natural gas and natural gasoline mixtures 

again with experimentally observed and calculated litera-

ture values plus the calculated Benedict values. Because 

the calculations are somewhat tedious, they were set up 

on a systematic basis as shown in tables 10 and 11 in the 

appendix. Accuracy was obtained by use of a calculator 

and by carrying out the calculations to the number of 

places shown in the table. 

Observation of the correlated values of critical 

pressures in tables 1 - 8 indicate that the two empirical 

methods set up by Mayfield have by far the greatest accur-

acy for the type mixtures shown. The average overall May-

field deviation was 1.2 per cent by the weight method and 

1.3 per cent by the temperature method. Comparative de-

viation values by the other methods are Benedict, 3.0 per 

cent; Kuratta and Katz,3.0 per cent; and. Smith and Watson, 

8.8 per cent. With one exception, the Mayfield calculated 

II See table 12 for composition of mixtures. 



average critical pressure was closer to the ex•erimentally 

observed value than any of the other methods. Tie one 

exception map the C5H12 -C7I,-16 mixture series where the 

Benedict critical pressure velue showed the closest cor- 

relation with an average deviation of 0.5 er cent. 

one the above observations, one may conclude that 

the Mayfield method is preferable for circulating the 

critical. pressure of binary normal hydrocarbon systems. 

However. this method this been set up for binary 
PCD.  

only. Mayfield believes that the maxjcp plots will hold 

for branched paraffin, olefins, end cyclic system but that 

the maximum PCD curves will not. Perhaps when more data 

becomes available, new curves covering the different 

of compounds can be formed for the maximum PCD curves. ln 

any cese, (because of the binary feature) the excellent 

method of Mayfield will have limited use over the gamut of 

volatile mixtures existing in the petroleum and organic 

fields. 

The remaining correlations have been develoeed so as 

not to be limited to binary mixtures. Of the three other 

methods shown on ta bles 1 - 8. there is little to choose 

between the Benedict and the Ruratta and Retz values. 

Both show an overall average deviation of 3.0 per cent. 

TL Benedict averege deviation values were the more erratic 

of the two covering a range of 0.5 per cent for the C5H12 

- C7H16 series to 7.3 per cent for the C2H6- C7H16 eerier. 



The Kuratta and Katz average deviation range was 1.9 

per cent to 71  4.0 per cent. 

Previous work in the critical point field has indi-

cated that the deviation of the actual critical pressure 

of a mixture from the weighted average critical pressure or 

pseudo-critical pressure, is influenced by several factors. 

Among those which increase the deviation of the critical 

pressure, or in other words, form a high critical loci 

curve inalude: (a) wide boiling width between lightest and 

heaviest components; (b) a high ratio of molecular weight 

of pure components; c) a wide difference in critical tem-

perature of pure components; (d) few intermediate compon-

ents. 

In an effort to determine the extent of their influ-

ence, the above listed factors applicable to binary sys-

tems, namely a, b and c, have bean incorporated into the 

following table. This table lists the systems studied 

with associated experimental critical pressure values as 

well as the corresponding calculated pseudo-critical pres-

sure. The difference of these pressures should then 

follow the pattern set by appropriate numerical values 

for the influencing factors. 



system Highest 
Experi- 
mental 

F 
C 

Correa- 
ponding 
$0 

Pc  - 
p 

P c 

Aver. 
Dev. 
Bene- dict 

Diff. 
in 

Boil. 
Points 

0 R 

Yol. 
Wgt. 
ratio 

Diff. 
in Tc 

 

oR 

CH4 -C3 H8 1468 656 812 3.6 215 2.75 323 

CH4 -04 H10 1924 646 1273 3.6 290 3.63 422 

C2H6 -04H10 842 657 185 3.6 158 1.93 216 

H -C7H16  L.. 8 16 1263 640 623 7.3 336 3.33 423 

CeH8 -C4H10 638 
597 

41 0.6 75 1.32 100 

C4 H10 -C7 H16 596 519 77 1.8 178 1.72 207 

C3H8 -C5H12 671 590 81 1.7 141 1.64 181 
C H -C7 H16 12  492 483 29 0.5 112 1.39 126 

The above table does not correlate any of the three fac-

tors to one hundred per cent agreement. However, it is readily 

apparent that the influence of increased values of all three 

of the factors definitely raises the critical locus curve. 

Correlation probably would be better if the maximum points 

in all the curves could, be used for the comparison. Actually, 

the highest experimental points available were used which 

vary in their degree of closeness to the maximum critical 

pressure values of the mixture. 

Also noteworthy in the above table is the significant 

influence of the critical pressure minus the pseudo-critical 

pressure totals on the average deviations computed by the 

Benedict equation. Here again, agreement is not one hundred 



Per cent consistent. However, the fact thmt the maximum 

average deviation corresponds directly to the difference 

between boiling points of components is important no it 

is this property plus the mol which Benedict uti- 

lizes in his equation. 

In general, critical pressure calculations of binary 

mixtures by the Benedict method appear to give results on 

the high side whereas the Furatta and Fete values more 

liable to be on the low side. Another observatlon that 

may be made is that the maximum calculated deviation in the 

critical pressure is more likely to occur for the 50 per 

cent by weight mixture which in turn represents the maximum 

true critical pressure deviation from the weighted average. 

There is also a tendency for the Kuratta and Katz results 

to bracket et the experimental figures more so then the Bene-

dict values. 

Figures 1 to 8 in the appendix show critical pressure 

curves of actual versus calculated values for the binary 

mixtures shown. Figures 9 to 16 show the per cent deviation 

or critical pressures from the experimentally determined 

velues or the same binary mixtures. Examination of the 

curves shown in figures 1 to 8 shore that samples were 

chosen in most cases so that e reasonably accurate curve 

through the maximum could be drawn. However, three of the 



series contained values approaching the maximum from one 

side only and another had too few points in the maximum 

region to do other then approximate this area. 

The deviation curves shown in figures nine to sixteen 

show 8 repetitive type curve for the Benedict deviations in 

four of the systems. As can be seen in the figures, the 

four deviation curves approach zero deviation at both ends 

end recede towards the center. Perhaps three of the other 

four would fall into the s- me pattern if, as is evident on 

the critical pressure curves, the semples had been 

continued to give results on both eider of the maximum critical 

presfure. To some degree, the curves of the Kuratta end 

Katz deviations follow the curvature of the Benedict curve 

but generally displaced in the negtive direction. 

Table 9 shows  experimental, and calculated critical 

pressure values for three series of complex natural gas and 

gasoline mixtures. In all three series, the Kuratta and 

Katz correlation shows exceptionally good consistency with 

the experimental value. On the other hand, the Benedict 

co correlation shows satisfa ctory agreement for the "A" series 

only. The "B" seris is a less complex mixture of natural 

gas and normal butane fewer intermediate components 

then the "S" and "T" serie . From this observation, the 

Kuratta and Katz correllation seems to hold promise for com-

plex mixture evaluation but the Benedict equation is more 



limited in scope. 

An attempt was mnde to determine if by chance the 

concentration of the most prevalent component in the com-

plex mixture might be in a more accurate range of the 

Kuratta and Katz method but no conclusion of this sort 

could be drawn. This was done by checking the prevalent 

component of the complex mixtures in the binary curves 

to check the deviations in the areas where this component 

was most concentrated. 



Table 1 
CRITICAL PRESSURE CALCULATED AND EXPERIMENTAL 

CH4 - C3H8 SYSTEM 

Mol CB4 

(6) 
Experi- 

mental 
Benedict 

Cale. % Dev 

(4) 
Kuratta & Katz 
Calc. 1 Dev. 

(9) 
Smith & Watson 
Calc. % Dev 

(6) 
Mayfield-wgt 
Calc. % Dev 

(6) 
Mayfield-temp 
Calc. % Dev. 

70 1468 1471 / 0.2 1420 - 3.3 1640 I 10.5 1456 - 0.8 1444 - 1.6 

60 1406 1440 / 2.4 1385 - 1.5 1607 / 14.3 13°5 - 0.8 1382 - 1.7 

50 1292 1354 I 4.8 1270 - 1.7 1363 / 5.5 1284 - 0.6 1273 - 1.5 

40 1158 1227 / 6.0 1180 / 1.9 1176 / 1.4 1145 - 1.1 1149 - .8 

30 1018 1079 / 6.0 1060 ,( 4.1 1180 ,1  15.9 1010 - .8 1011 - .7 

20 891 934 I 4.8 947 I 6.3 798 - 11.3 875 - 1.8 868 - 2.6 

10 766 774 / 1.0 783 / 2.2 -- -- 744 - 2.9 715 - 6.7 

v.dev. 3.6 Av.dev. 3.0 Av.dev. 9.8 tv.dev. 1.3 Av.dev. 2.2 



Table 2 
CRITICAL PRESSURE - CALCULATED AND EXPERIMENTAL 

CH4  - C4H10  SYSTEM 

Mol CH4 

(6) 
Experi- mental Benedict 

Calc. % Dev 

(4) 
Kuratta&Katz 

Cale. % Dev. 

'9) 
Smith&Watson 
Calc. % Dev. 

(6) 
Mayfield-wgt 
Calc. % Dev 

(6) 
Mayfield-temp 
Calc. % Dev 

78.4 1924 1815 - 5.7 1770 - 8.0 2200 I 14.3 1959 4 1.8 1915 - 0.5 

70.7 1901 1818 - 4.4 1890 - u.6 2110 71 11.0 1903 / 0.1 1932 / 1.6 

60.8 1799 1733 - 3.7 1720 - 4.4 2360 / 31.2 1744 -3.1 1779 - 1.1 

.7.5 1537 1512 - 1.6 1443 - 6.1 1709 71 11.2 1446 - 5.9 1441 - 6.2 

28.7 1093 1123 71 2.7 1060 - 3.2 1125 71 2.9 1056 3.6 1005 - 8.1 

Av.uev. 3.6 Av.dev. 4.5 Av.dev. 14.1 Av.dev. 2.9 Av.dev. 3.5 



Table 3 
CRITICAL PRESSURE - CALCULATED AND EXPERIMENTAL 

C016 - C4H10 System 

Mol %  C2H6 
(6) 

Experi- 
mental 

Benedict 
Calc. % Dev 

(4) Kuratta&Katz 
Calc. %  Dev 

(9) 
Smith&Watson 
Cale. % Dev 

(6) 
Mayfield-wgt 

Calc. % Dev 

(6) 
Mayfield-temp 
Calc. % Dev 

94.7 759 773 I 3.8 740 - 2.5 767 I 1.1 760 I 0.13 761 / 0.26 

82.2 827 855 / 3.4 798 - 3.5 813 - 1.7 829 / 0.24 834 / 0.85 

65.8 842 881 71  4.6 820 - 3.3 887 / 5.4 845 / 0.36 848 / 0.71 

45.1 781 819 I 4.9 786 / 0.64 843 / 7.9 782 / 0.13 786 / u.64 

17.5 646 667 / 3.3 645 - 0.15 655 / 1.4 64 - 0.31 646 / 0.0 

Av.dev. 3.6 Av.dev. 2.0 Av.dev. 3.5 Av.dev. 0.23  Av.dev. 0.49 



Table 4 
CRITICAL PRESSURE - C ALCM, AT -SD EXPERIMENTAL 

EXPERIMANTAL - C016 System 

Vol % 
C2H6 

(6) 
Experi- 
mental 

Benedict 
Cale. % Dev 

(4) 
Kuratta&Katz 
Calc. % Dev 

(9) 
Smith&Watson 
Calc. % Dev 

(6) 
Mayfield-wgt 
Calc. % Dev .  

(6) 
Mayfield-temp 
Calc. % Dev. 

96.8 850 885 ,' 4.1 807 - 5.1 927 ( 9.1 880 / 3.5 866 / 1.9 

88.7 1132 1175 / 3.8 1065 - 5.9 1232 7( 8.8 1151 / 1.7 1134 / 0.2 

77.1 1263 1325 I 4.9 1230 2.6 1580 / 25.0 1243 - 1.6 1265 / 0.2 

58.7 1106 1225 / 10.7 1105 0.1 1431 / 29.4 1083 2.1 1120 I 1.3 

26.5 682 770 / 12.9 690 / 1.2 875 / 13.6 675 - 1.0 690 / 1.2 

Av.dev. 7.3 Pv.dev. 3.0 Av.dev. 17.2 Av.dev. 2.0  Av.dev. 1.0 



Table 5 
CRITICAL PRESSURE CALCULATED AND EXPERIMENTAL 

C3H8 C4H10 System 

Mol % 
(6) 

Experi- Benedict 
(4) 

Kuratta&Katz (9) 
Smith&Watson 

(6) Mayfield-wgt (6) 
Mayfteld-temp 

C3H8 
mental 

Cale. f Dew Cale. % Dev Cale. % Dew Calc. % Dew Cale. % Dev. 

85.5 631 830 - 0.16 609 3.5 608 - 3.6 632 ,t  0.16 635 / 0.63 

69.4 838 632 - 0.90 607 - 4.9 -- 
-- 

638 0.0 641 1 0.47 

51.6 630 622 - 1.3 597 - 5.2 649 / 3.0 630 0.0 629 - 0.16 

33.9 809 606 - 0.5 583 - 4.3 613 1 0.66 610 , 0.16 607 - 0.33 

20.3 588 587 - 0.25 580 1.4 584 - 4.1 599 1 0.17 587 - 0.17 

Av.dev. 0.6 Av.dev. 3.9 Av.dev. 2.9 Av. dev. 0.1 Av.dev. 0.35 



Table 8 
CRITICAL PRESSURE - CALCULATED AND EXPEMRIMENTAL 

C4H10 - C7H18 System 

Vol % 
C4H10 

(6) 
Experi- 
mental 

Benedict 
Cale. 1 Dev. 

(6) 
Mayfield-wgt 
Calc. 1 Dev. 

(6) 
Mayfield-temp 
Calc. % Dev. 

94 576 575 - 0.17 567 - 1.6 570 - 1.0 

80.1 596 608 / 2.0 586 - 1.7 591 - .84 

63.1 584 600 / 2.7 578 1.0 579 - .85 

42.5 538 553 / 2.8 532 - 1.1 533 - .93 

15.9 452 458 / 1.3 449 .66 449 - .66 

Av. dev. 1.8 Av.dev. 1.2 .dev. 0.9 



Table 7 
CRITICAL PRESSURE - CALCULATED AND EXPERIMENTAL 

- C5H12 System 

Mol % 
C3H8 

( 6 ) 
Experi- 

mental 
Benedict 

Calc. % Dev. 

(4) 
Kuratta&Katz 
Calc. % Dev. 

(9) Smith&Watson 
Cslc. % Dev. 

(8) 
Mayfield-wgt 
Calc. % Dev 

(8) 
Mayfield-temp 
Calc. % Dev. 

81.9 664 674 / 1.5 841 - 3.5 670 / 0.9 661 - 0.5 665 7'  0.15 

79.2 671 678 7'  1.0 658 - 1.9 692 7'  3.1 664 - 1.0 678 / 1.0 

55.6 848 664 7' 2.5 635 - 2.0 881 / 5.1 652 7'  0.6 658 I 1.5 

35.0 608 620 / 2.0 610 / 6.3 649 7' 6.7 602 - 1.0 605 - 0.5 

Av.dev. 1.7 Av.dev. 1.9 Av.dev. 3.9  Av.dev. 9.8  Av.dev. 0.8 



Table 8 

CRITICAL PRESSURE - CALCULATED AND EXPERIMENTAL 

C5H12 C7H16  System 

Mol C5H12 
(6) 

Experi 
mental 

Benedict 
Calc. % Dev. 

(4) 
Kuratta&Katz 
Calc. % Dev 

(9) 
Smith&Watson 
Calc. % Dev. 

(6) 
Mayfield-wgt 
Calc. % Dev 

(6) 
Mayfield-temp 
Calc. % Dev. 

74.7 42 491 - 0.2 487 1.0 518 / 5.3 504 / 2.4 493 i 0.2 

55.8 480 479 - 0.2 473 - 1.5 513 / 6.9 481 / 0.2 481 / 0.2 

25.5 445 440 - 1.1 431 3.1 461 / 3.5 441 - 0.9 468 - 1.6 

Av.aev. 0.5 Av.dev. 111 Av.dev. 5.2 Av.dev. 1.2 Av.dev. 0.7 



Table 9 
CRITICAL PRESSURE - CALCULATED AND EXPERIMENTAL 

Natural Gas end Gasoline Mixtures 

Mixture 

(4) 
Pc  

Experimental 
Benedict 

Ca1c. 9g Dev. 

(4) 
Kuratta & Katz 

Calc. % Dev 

(4) 
Smith & Watson 
Calc. % Dev. 

S-2 2687 2027 - 15.1 2160 - 9.5 3120 / 31.0 

3 2574 2252 12.5 2585 / 0.4 2475 3.8 

2537 2237 - 11.8 2540 / 0.1 240 / 15.9 

-5 2615 2039 - 22.0 2680 / 2.5 2700 / 3.2 

v.dev. 15.3 15.3. la Av.dev. 13.5  

T-1 2605 2122 - 18.6 2640 / 1.3 302o / 15.9 

1-3 2675 :185 18.3 2610 2..4 2910 / 8.8 

T.4 6730 2314 - 15.2 2790 / 2.2 3120 / 14.3 

1-5 2900 2295 - 20.8 2910 / 0.3 2820 - 2.8 

Av.dev. 18.2 Av.dev. 1.6 Av.dev. 10.5  



Table 9 
(cont'd) 

CRITICAL PRESSURE - CALCULATED AND EXPERIMENTAL 

Natural Gas an Gasoline Mixtures 

Mixture 

(4) Pc 
Experimental 

Benedict 
Calc. % Dev. 

(4) 
Kuratta & Katz 
Calc. % Dev. 

(4) 
Faith & Watson 

Calc. % Dev. 

B-1 1F26 1808 - 1.0 1840 / 0.8 1960 / 7.3 

B-2 1797 1799 / 0.1 1788 - 0.5 1955 / 8.8 

B-3 1796 1764 - 1.8 1800 / 0.? 1870 / 4.1 

B-4 1706 1725 / 1.1 1705 - 0.1 1775 / 4.0 

Av.dev. 1.0 Av.dev. 0.4 Av.dev. 6.1 



APPENDIX 



Table 10 
CRITICAL PRESSURE - BENEDICT EQUATIION 

Sample Calculations - CH4 - C4H10 system 

Gases Mol 
Wgt 

Wgt 
% Mols Vol f Pcp 

Tb 
100 

• fTb  ( iti-)) i rr-A
2 

CH4 16 50 3.125 78.37 673 527.4 P.01 1.583 4.04 3.166 

C4H10 58 50 .862  21.63 550.1 116.8  4.91 1.042 24.1 5.116 
3.987 

644.2 2.625 8.282 

CH4 16 40 2.50 70.74 476.1 1.42 ?.858 

C H 4 10 58 60 1.034 29.26 161.0  1.437  7.052  

3.534 637.1 2.866 9.910 

CH4 16 30 1.875 60.83 409.4 1.229 2.458 

C4H10 58 70 1.207  39.17 215.5  1.923 9.440 

3.082  624.9 3.152 11.898 



Table 10 
(Cont'd) CRITICAL PRESSURE - BENEDICT EQUATION 

Sample Calculations - CH4 - C4H10 System 

Mol Wgt 2 2 
xjiTb 1 b (..- Tb Gases 

Wt 1 Iola Mol %  Pcp 100 t i -.0-  I roz r 1  

CH4 16 20 1.250 47.54 319.9 .960 1.921 

C4H10 58 80 1.379 52.46 288.6  2.576  12.643  

2.629 608.5 3.536 14.564 

CH4 1.6 10 0.625 28.72 193.3 .580 1.160 

C4H10 58 90 1.552  71.28 392.1 3.500 17.178  

2.177 585.4 4.080 18.338 



Table 11 

CRITICAL PRESSURE - BENEDICT EQUATION 

Sample Calculations - CH4 - C4H -10 System 

Wgt t 
CH4 

(I) 
Ppm a b b2 b2 c c 11 1 Pcm 

50 644.2 8.282 2.625 6.891 1.202 1.818 2.818 1815 

40 637.1 9.910 2.866 8.214 1.206 1.854 2.854 1818 

30 624.9 11.898 3.152 9.935 1.197 1.773 2.773 1733 

20 608.5 14.564 3.536 12.503 1.165 1.485 2.485 1512 

10 585.4 18.338 4.080 16.646 1.102 .918 1.918 1123 

(Tb )2 
a = xl k100/ Ppm = pseudo-critical pressure of mixture 

fTb 1 
b = xl k1001 rem critical pressure of mixture 

ta 
c  = 91:77 - 

Pep = pseudo-critical pressure times the 

mol fraction of each component 

(I) See Table 10 



EXPLANATION OF CALCULATIONS 

Benedict's equation, 

requires a knowledge of the numerical values of the atmo-

spheric boiling points and the critical pressure of the 

components involved. Both of these properties are readily 

available for the systems studied. Also required is know-

ledge of the mol per cent of the mixture components or a 

combination of the weight per cent and the molecular weight. 

The latter was given in the literature for the mixtures 

studied and the mol per cent calculated. In the Pep column 

in table 1G is shown the critical pressure of the components 

for the first mixture only, and also the pressure of each 

component contributing to the pseudo-critical pressure of 

the mixture which is the total of the component pressures. 

The component pressures represent the mol fraction of the 

component critical pressures in these calculations. The 

atmospheric boiling points are divided by one hundred and 

inserted into the table. This value is then multiplied 

by the mol fraction and squared as required to fit the equa-

tion. The sums of the mixture values were then inserted in-

to table 11 and the mathematics of the equation carried out 

in a simplified, organized and routine manner as shown. 



Table 12 
COMPOSITION OF NATURAL GAS AND GASOLINE MIXTURES(4) 

Components - Mol % of total 

Mixture 
Designs- 

tion 
Nitro- 
gen 

Carbon 
Dioxide 

Meth- ane 
Ethane 

Prop- 
ane 

But- 
anes 

Pent- 
anes 

Hex- 
anes 

Heptanes 

S-2 0.58 --- 78.80 5.90 3.15 2.66 4.25 2.52 2.14 

S-3 0.53 --- 72.40 5.42 3.00 3.10 7.10 4.56 3.88 
S-4 0.54 --- 72.80 5.46 3.02 3.07 6.88 4.38 3.75 

5C.70 8.90 5.00 4.90 9.30 12.20 --- 

T-1 0.38 0.45 83.00 3.76 1.44 0.89 4.36 3.08 2.63 

T-3 0.38 0.44 81.50 3.72 1.41 1.02 5.01 3.54 3.03 

T-4 0.36 0.43 78.40 3.55 1.36 1.30 6.31 4.47 3.82 

T-5 0.30 0.35 64.30 2.94 1.11 2.52 12.30 8.71 7.47 

B-1 0.33 38 70.65 3.23 1.22 24.20 --- --- --- 

8-2 0.30 0.35 65.24 2.98 1.13 30.0 --- --- --- 

8-3 0.28 0.34 61.30 2.80 1.06 34.22 ---  

8-4 0.27 0.32 58.25 2.66 1.01 37.50 --- --- --- 



Figure 1. CRITICAL PRESSURE Exp. vs. Cal. Methane - Propane 



Figure 2. CRITICAL PRESSURE Exp. vs. Cal. Methane - Butane 



Figure 3. CRITICAL PRESSURE Exp. vs. Cal. Ethane - Butane 



Figure 4. CRITICAL PRESSURE Exp. vs. Cal. Ethane - Heptane 



Figure 5. CRITICAL PRESSURE Exp. vs. Cal. Propane - Butane 



Figure 6. CRITICAL PRESSURE Exp. vs. Cal. Butane - Heptane 



Figure 7. CRITICAL PRESSURE Exp. vs. Cal. Propane - Pentane 



Figure 8. CRITICAL PRESSURE Exp. vs. Cal. Pentane - Heptane 



Figure 9. CRITICAL PRESSURE Deviation from Experimental Methane - Propane  



Figure 10. CRITICAL PRESSURE Deviation from Experimental Methane - Butane 



Figure 11. CRITICAL PRESSURE Deviation from Experimental Ethane - Butane 



Figure 12. CRITICAL PRESSURE Deviation from Experimental Ethane - Heptane 



Figure 13. CRITICAL PRESSURE Deviation from Experimental Propane - Butane 



Figure 14. CRITICAL PRESSURE Deviation from Experimental Butane - Heptane 



Figure 15. CRITICAL PRESSURE Deviation from Experimental Propane - Pentane 



Figure 16. CRITICAL PRESSURE Deviation from Experimental Pentane - Heptane 



Table 13 

LIST OF SYMBOLS  

Pc - Critical pressure 

P Pseudo-critical pressure PPc 

Tc  - Critical temperature 

PCD Difference in Pc  between actual and additive law 

PCM - Critical pressure of a mixture 

PCH - Critical pressure of less volatile component 

PCL - Critical pressure of more volatile component 

L - Weight per cent of more volatile component 
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