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ABSTBACT 

A vapor recycle type apparatus for obtaining vapor- 

liquid equilibrium data at low temperatures and high 

pressures was constructed. Its description and test¬ 

ing are presented. 

A method of analysis for light hydrocarbons using 

the infrared spectrophotometer was developed. Curves for 

the analysis of methane-ethane-propane mixtures are included. 

Equilibrium data for methane-ethane-propane mixtures 

at -100° P and at both 215 psia and 3&5 Psia were obtained. 

Comparisons between the phase compositions predicted from 

the Kellogg fugacity data and those obtained in this work 

and in the experimental Methane-Propane and Methane-Ethane 

systems are shown. 
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INTRODUCTION 

Much interest has been focused upon vapor-liquid 

equilibrium of hydrocarbon systems in recent years, but 

very little actual experimental work has been done at 

temperatures below freezing. Plant scale processes at 

these low temperatures are now in operation however, and 

reliable vapor-liquid equilibrium data should permit more 

accurate design and correlation calculations for such 

processes. 

The purpose of this investigation was to obtain 

low temperature vapor-liquid equilibrium data for the 

system Methane-Ethane-Propane. These data were to be 

compared with the available binary systems of these 

compounds and with the results of calculations from the 

recently published fugacity correlations of Kellogg ( g ). 

Measurement of temperature, pressure and the com¬ 

position of each equilibrium phase will provide the data 

for the above mentioned purposes. Accurate vapor-liquid 

equilibrium data under the proposed conditions are difficult 

to obtain because of the low concentrations of the heavier 

components in the vapor phase. For this reason, a new 

analytical method, using the infrared spectrophotometer, 

was developed. 
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ANALYTICAL METHOD 

Theory 

The atoms of any molecule not at a temperature of 

absolute zero oscillate about their positions of 

equilibrium. The methods of quantum mechanics show that 

atomic vibrations which result in a change in the dipole 

moment of a molecule have frequencies of the same order of 

magnitude as those of infrared radiations. Hence a mole¬ 

cule which may have a change of dipole moment will absorb 

in this portion of the electromagnetic spectrum ( 3 )• 

A first approximation in quantitative absorption 

spectroscopy is the Beer-Lambert Law which states that if 

a beam of monochromatic radiation passes through a homo¬ 

geneous absorbing medium the change in energy of the beam 

is proportional to the length of the path and to the 

concentration of the absorbing medium. 

That is 

Ln (IV/I0V) = (Kv) (X) (L) 

where 

X 
L 
v 

transmitted energy at v 
incident energy at v 
proportionality constant at v 
concentration 
path length 
wavelength 

The path length is usually constant and included in the 



proportionality constant. 

For gaseous samples total pressure becomes an addi¬ 

tional variable due to tbe increasing intermolecular 

effects with increasing pressure. The result of these 

intermolecular effects is known as "pressure broadening" 

and is most apparent in the lower members of a homologus 

series. In the paraffin hydrocarbon series this effect is 

noted with samples containing methane, ethane or propane. 

Because light hydrocarbons do noi: obey Beer's Law due 

to "pressure broadening" and the polychromatic radiation 

of the instrument, it is necessary to resort to an empir¬ 

ical calibration in any accurate analysis of these hydro¬ 

carbons. Such an empirical calibration was made possible 

by limiting the system to three components. 

Equipment 

The spectrophotometer used in this work was a Beckman 

Model IR-2 and was produced by the National Technical 

Laboratories, South Pasadena, Galifornia. This machine has 

previously been described ( 11 ). Since hydrocarbons are 

relatively weak absorbers, a 50 cm. gas cell was installed 

and used in place of the conventional 10 cm. gas cell. 

Procedure 

Each mode of vibration which results in a change of 

the dipole moment of a molecule should produce a single 

line on a plot of $ transmission vs. wavelength. However, 
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a small prism spectrophotometer, such as the one used in 

this study, does not have sufficient resolution to show 

the fundamental modes and therefore combinations of these 

lines, are shown as bands. 

The infrared spectra of the pure components have been 

recorded ( 2 ). A plot superimposing these spectra was 

constructed ( Fig. 1 ) and a wavelength at which each compo¬ 

nent in turn was a strong absorber and the remaining two 

components weak absorbers was chosen. It was found that 

no special precautions need be observed to prevent inter¬ 

ference from atmospheric carbon dioxide and water at the 

chosen wavelengths. The turret pins were used to repor- 

duce the wavelength settings mechanically rather than 

attempting to visually reproduce readings on the continuous 

wavelength drum. 

Relatively wide slit widths were chosen so that lower 

amplification of the energy signal was necessary and a 

more accurate value of the signal recorded. The arbitrary 

scale on the slit width dial was used in order that these 

settings might be reproduced. The eight second amplifica¬ 

tion filter period was used in all work. 

A Brown Instrument Company strip chart recording, 

automatic potentiometer was used instead of the manually 

balanced galvanometer on the spectrophotometer because their 

accuracies were approximately the same and the automatic pro' 
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cess was more rapid. 

Since the recording potentiometer may he read with 

equal accuracy at any point on its scale, and the slit 

widths and wavelength settings are reproducible it can be 

shown by differentiation (assuming Beer's Law to hold) that 

the maximum rate of change of transmission with respect to 

concentration per unit concentration occurs at 37$ trans¬ 

mission. However, little accuracy is lost between SO$ and 

20$ transmission ( 3 )• Analytical pressures were then 

chosen so that the maximum expected component concentration 

would give a 20$ transmission reading at the component1s 

chosen wavelength and slit width. Rather than attempting 

to obtain exactly this pressure when analyzing, three read¬ 

ings of percent transmission at slightly higher pressures 

and three at slightly lower pressures were taken. These 

readings were then plotted as Log $ Transmission versus 

Pressure and the "best" straight line drawn through the 

points to determine the log $ transmission at the exact 

analytical pressure. 

The rotating shutters, metal below 9 microns and glass 

above 9 microns, were used to eliminate "first order false 

energy." No corrections for remaining false energy were made. 

TABLE I 

Component Slit 
mm 

Wavelength 
microns 

Pressure 
mm Hg 

Shutter 

Methane 0.91 7.7S 250 Metal 
Ethane 2.26 12.43 250 Glass 
Propane 1.30 9.34 too Glass 
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About 40 gas mixtures were made from known volumes 

of pure components at known pressures and temperatures 

and the mixture compositions calculated. Compressibility 

factor data of McKetta ( 10 ) were used in the composition 

calculations. The apparatus and method for preparing the 

gas mixtures were designed to allow the major deviations 

in the calibration points to be due to the spectrophoto¬ 

meter. These mixtures were analyzed on the spectrophoto¬ 

meter and the results plotted as Partial Pressure versus 

Log Transmission for each component ( Figs. 2, 3> and ^ )• 

Changes with respect to time in the pure component curves 

were noted even though slit width and pin settings were 

undisturbed. These fluctuations were apparently random 

and of a comparatively long period (greater than g hours). 

Their magnitude was largest at the methane wavelength 

(g mm Hg partial pressure at log $ transmission equal to 

1.300) and least at the propane wavelength (2 mm Hg partial 

pressure at log °Jo transmission equal to I.300). It was 

observed however, that the curves did not change their shape, 

that is, the differences were proportional to the partial 

pressure. These changes were corrected for by noting that 

at each wavelength only the major absorber was affected and 

that the shape of the curve did not change. Consequently 

the pure components at approximately total analytical pres¬ 

sure were run each day and a correction factor to a datum 

line determined for each wavelength. 
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FIGURE 2 

ABSORPTION BY METHANE AT 7.78 MICRONS 
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FIGURE 3 

ABSORPTION BY ETHANE AT 12.43 MICRONS 
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FIGURE 4 

ABSORPTION BY PROPANE AT 9.34 MICRONS 
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PHASE EQUILIBRIUM 

Theory 

Attempts to relate, extend, or predict vapor-liquid 

equilibria in hydrocarbon systems have become more complex 

and more accurate as "modern engineering practice" has 

extended its range of operating variables for more econom¬ 

ical operations. One of the first methods available for 

such calculations was a combination of Raoult's Law with 

Dalton's Law 

-tTy = Px 

where 

"Tt* = total pressure of the system 
Pj_ = vapor pressure of pure i at the system 

temperature 
x* = mole fraction _i in the liquid phase 
y^ = mole fraction jL in the vapor phase 

This relationship is sufficiently accurate for most 

engineering calculations involving paraffinic and olefinic 

hydrocarbons when conditions are such that the vapor of any 

component does not deviate largely from the perfect gas lav/s (16). 

A more accurate method uses the assumption of ideal 

solutions in terms of fugacities ( 9 ). 

fLx “ V 

where 

f = fugacity of the pure component as liquid 
L at the temperature and total pressure of 

the system 
f = fugacity of pure component as vapor at 
v same temperature and total pressure 
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The relationships stated above imply that the equili¬ 

brium vapor-liquid compositions are a function of temperature 

and pressure only. Furthermore they are limited to condi¬ 

tions at which all pure components may exist in two phases, 

that is below the pure component critical temperatures and 

pressures. 

The phase rule states 

o, = C - P + 2 
r 

where 

ofi = number of independent variables 
0 = number of components 
P = number of phases coexistent 

For a binary liquid-vapor system, C = 2 and P = 2. Therefore, 

there are two degrees of freedom and temperature and pressure 

to define the system. However, for a ternary system 

another independent variable is allowed. This variable 

may be taken as the concentration of one component in one 

of the phases. 

Benedict, et al ( 4,5,6 ) have proposed an equation of 

state involving eight empirical constants whicn will accur¬ 

ately describe the phase behavior of paraffin-olefin 

hydrocarbon systems, both pure component and mixtures. 

This equation of state was used as the basis for a study in 

which it was found that the molal average normal boiling 

point of each phase would, with temperature and pressure, 

allow a correlation of fugacity coefficients f/Px and f/Py, 



where P is now total pressure. The dividend of these 

respective coefficients is the well known vaporization 

equilibrium constant K = y/x. 

An experimental ternary liquid-vapor system provides 

a check of this concept, since molal average normal 

boiling points of the phases may be varied while 

holding temperature and pressure constant. The present 

work includes another feature in that little low temper¬ 

ature experimental data was available for evaluation of 

the Benedict correlations. 
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Equipment 

The equilibrium cell was a size lS-T-30 Jerguson 

Transparent Gage purchased from the Jerguson Gage 

Company of Somerville, Massachusetts. The vapor inlet 

was drilled at the lowest part of the cell and the out¬ 

let at the highest. A thermocouple well of 1/16" stain¬ 

less steel tubing about 1" above the vapor inlet and a 

liquid sample tap 3/^" above the vapor inlet were added. 
o 

The gage was rated at 2000 ,psi at 100 F and its internal 

volume was approximately 100 cc. Teflon gaskets 1/32" 

thick were used between the metal body and the glass 

windows. 

The external "visible cell" was a size number 14-T-30 

Jerguson Transparent Gage with no modifications and 

was rated at 10,000 psi at 100°F. Its approximate in¬ 

ternal value was 20 cc. 

The magnetically powered pump was rated at 750° Psi 

and was purchased from the Coleman Instrument Company of 

Tulsa, Oklahoma. The pump, operating on 110 volt direct 

current, had a displacement of 10 cc per stroke and ran 

at 30 strokes per minute. A bypass was provided to per¬ 

mit control of the flow rate. No lubrication for the 

pump's internal working parts was required and the only 

materials in contact with the flowing fluid were nylon, 

stainless steel, and synthetic rubber. 
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The variable volume cell was constructed in the 

Chemical Engineering Shop of The Rice Institute and was 

designed for 10,000 psi at room temperature or lower. 

Its approximate internal volume was 350 cc. The recycle 

vapor entered the cell throughout the effective length 

of the cell by means of a perforated piece of 3/16" O.D. 

stainless steel tubing. In tests at atmospheric pressure, 

it was shown that gas would issue from the entire length 

of the tubing not immersed in mercury until only a small 

fraction of the perforations remained unimmersed. Internal 

baffling was also provided to induce gas turbulence in the 

cell. The maximum allowable Hg level in the cell was 

indicated by means of an electrical contact. 

All components of the apparatus which were to be in 

the low temperature bath were rigidly mounted to a steel 

plate above the bath, but thermally insulated from the 

plate if possible. Foam glass held in place by light 

sheet metal was used for the insulating medium of the bath 

top. The joint between the bath and the bath top was 

formed by. cork gaskets. The bath itself was a 5 gallon 

Dewar flask set into a steel box and insulated from the 

box by pulverized cork. The steel box was set on a 

threaded shaft which permitted the box and Dewar to be 

lowered from the rigidly mounted components and thus 

permit easy inspection and repair of these components. 



17 

The heat transfer medium in the bath was absolute 

ethyl alcohol with monoethanol amine added as a rust 

inhibitor. A fractional horsepower electric stirrer 

provided agitation. A 200 watt electric heater controlled 

by a Powerstat was provided. Cooling was obtained by 

manually adding solid carbon dioxide. 

Provisions for lower temperatures than those possible 

with solid carbon dioxide were made. A ten foot coil of 

l/i+ii copper tubing was placed in the bath. Liquid nitro¬ 

gen from a supply Dewar could be forced through this coil 

by means of air pressure on the Dewar. In order that 

temperature control be automatic, a bimetallic contact 

switch controlling an on-off type solenoid valve in the 

air line was installed. The building air supply was 

filtered, dried and pressure regulated for the service. 

A periscope was constructed in order to view the 

equilibrium cell liquid level and the vapor rate through 

the cell. Light shined on the end of a lucite rod outside 

the bath was diffused through the roughened sides of 

the rod in the bath and provided illumination for the peris' 

cope. The periscope was graduated and provided with a 

hairline so that liquid heights in the cell might be read. 

All tubing in the vapor recycle system was stainless 

steel. The vapor cooling coil was approximately 25 feet of 



1/B11 O.D. and the sample lines were each about 5 feet 

long and also l/6tt O.D. Stainless steel wire of O.D. 

0.064« was forced into the sample lines to decrease their 

volume. All other lines were of 3/16n O.D. tubing. All 

valves were stainless steel needle valves with graphite 

impregnated asbestos packing. 

Meroury was forced into the system by means of a 

Ruska Instrument Corporation mercury pump. The pump was 

capable of delivering mercury at 10,000 psi over a wide 

range of delivery rates. 

Vacuum for sample containers and the equilibrium 

apparatus was obtained by means of a Welch Duoseal Pump, 

Series l405. The pump was rated at 0.1 micron Ha pressure. 

Resistance type electrical heaters controlled by 

individual Powerstats were provided on the liquid sample 

and vapor recycle lines to prevent distillation and 

refluxing due to possible retrograde phenomenon in the 

respective lines. 

Tubes for Ascarite and Drierite treatment of the 

charge gases were 1/2" stainless steel pipe approximately 

1 foot long. Copper screen and glass wool filters pre¬ 

vented entrainment of the treating agents in the oharge 

gases. 
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The completed, apparatus was tested preliminarily 

on the methane-propane, system. Pour runs at temperatures 

and pressures comparable to those in the final work were 

used. The phase samples were analyzed by means of gas 

density and the results ohecked against those of.Burns and 

Fairchild .( 7 ) • The comparisons were satisfactory. 
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Procedure 

The system, at room temperature, was first evacuated. 

It was then purged with methane and evacuated again. Next 

solid carbon dioxide was dropped into the bath until the 

bath, temperature was approximately 100° F (the isotherm 

under investigation). 

Propane was slowly drawn through Ascarite and Drierite 

and into the equilibrium cell by condensation. The proper 

amount of propane to be charged was determined by eye. 

Ethane was slowly charged through the Ascarite and 

Drierite until the system had approximately reached a pre¬ 

determined pressure. Methane was added in the same manner 

until the system pressure was about that of the isobar under 

study. 

The magnetic pump was started and thus the vapor recycle 

begun. Mercury was forced into the variable volume cell for 

the pressure adjustments. Temperature was controlled by 

manually adding solid carbon dioxide. 

After one-half hour at constant temperature and pressure 

and at the maximum possible vapor recycle rate, the pump 

by-pass was slowly opened over a period of one-half hour 

until the vapor recycle rate was one or two vapor bubbles 

per pump stroke as determined through the periscope. 

All lines leading from the system were then purged and 
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mercury was added continuously to maintain constant pressure. 

Fifteen minutes of undisturbed operation were then allowed. 

The sample containers were evacuated and checked for 

leaks. The liquid phase sample was then taken at such a 

rate that twenty minutes were required to obtain 2000 cc 

of gas at 7^0 mm Hg pressure and room temperature. Mercury 

was added to the system continuously to maintain constant 

pressure. 

Another sample container was placed in the system, 

evacuated and checked for leaks. The vapor phase.ja&mple 

was then taken in the same manner and at the same-rate as 

the liquid phase sample. Constant pressure was maintained. 

If another run was to be made in the same day, methane 

and ethane were charged in the same manner as before and 
- !•' 1 

the overall composition thereby changed. The entire pro- 

cedure, past charging, was then repeated. 
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Diagram 
Letter 

TABLE II 

Key to Plow Diagram of Vapor-Liquid 
Equilibrium Apparatus 

Item 

Equilibrium cell 
"Visible cell" 
Magnetically powered pump 
Variable volume cell 
Ascarite and Drierite tubes 
Cell pressure gage 
Vacuum pump 
Mercury pump 
Manometer 
Calrod beater 
Bath agitator 
Fenwal thermoswitch 
Recycle vapor cooling coll 
Thermocouple well 
Liquid nitrogen refrigeration coil 
Dewar flask 
Manometer 
Sample container 
Liquid nitrogen supple Dewar 
Liquid sample heater 
Recycle vapor heater 
Mercury pump pressure gages 
Mercury supply container 



FIGURE 5 
FLOW DIAGRAM OF VAPOR-LIQUID 

EQUILIBRIUM APPARATUS 
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EXPERIMENTAL MEASUREMENTS 

The temperature sensitive elements for the phase 

equilibrium conditions were copper-constantan thermo¬ 

couples, two 20 gage couples in the bath and one 30 gage 

couple in the cell thermocouple well. All thermocouples 

were calibrated at the atmospheric sublimation point of 

carbon dioxide (approximately -109°F). The apparatus and 

method for the calibration have been described. The 

assumption of a linear difference type correction curve 

using this one calibration point leads to a probable 

accuracy of _ 2 microvolts ( 1 ). An equilibrium mixture 

of ice and water was used as the reference Junction. 

A Leeds and Northrup model 8>662 Portable Precision 

Potentiometer was used as the temperature measuring device 

in both the calibration of thermocouples and the experi¬ 

mental vapor-liquid equilibria runs. The potentiometer's 

standard cell calibrated against a standard Epply cell 

using the potentiometer's galvanometer. The Epply oell had 

recently been calibrated by the National Bureau of Standards. 

A deflection of approximately   4 microvolts could be noted 

on the galvanometer. The rate of change of electromotive 

force with respect to temperature for a copper-constantan 

thermocouple at - 100°F in 17 microvolts per °F. At no time 

during an equilibrium run were temperature gradients between 



cell and bath or various parts of the bath detectable. No 

more than the minimum detectable variation in cell temp¬ 

erature was permitted during a run. 

The pressure measuring device was 0 to 2000 psi Heise 

Bourdon Tube gage. The gage dial was graduated in incre¬ 

ments of 2 psi and could be read to the nearest 1 psi. The 

gage was calibrated by the manufacturer (page 45, Appendix) 

before purchase and this work was its first use. 
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DISCUSSION OF RESULTS 

Analytical: 

In the analysis of a ternary mixture, the determi¬ 

nation of two intensive physical properties, or three 

extensive properties is necessary to completely define 

the sample composition. The usual method for determin¬ 

ing the three necessary extensive properties for a light 

hydrocarbon mixture is analytical distillation. The use 

of this method was rejected in preliminary discussion be¬ 

cause of the large amount of sample and the length of time 

required. The measurement of two different physical pro¬ 

perties, such as thermal conductivity and gas density, 

was rejected because of the expected errors involved. 

An infrared spectrophotometer was available and seemed to 

provide the best balance between accuracy, sample size, 

and time required. 

Examination of Figure 2 shows that a curve of Log jo 

Transmission versus Partial Pressure (total pressure in the 

case of a pure component) for pure methane gives a fairly 

large change in partial pressure per unit change in log 

jo transmission. However, it will be noted that at high 

methane partial pressures the curve for Methane in Propane 

gave a much smaller change in partial pressure per unit, 

change in log jo transmission because of "pressure broaden¬ 

ing. " For this reason, it was decided that only the con- 
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centrations of ethane and propane would be determined 

and the methane concentration obtained by difference. 

Examination of G-igure shows that little deviation 

because of "pressure broadening" was experienced and the 

relative amounts of methane and ethane had no measureable 

effect on the propane absorption. 

Figure 3 shows that ethane exhibits a "pressure boad- 

ening" intermediate between methane and propane and that 

the relative amounts of methane and propane are important, 

that is, the curve for ethane' in methane is different than 

that of ethane in propane. However, it was possible to 

determine the concentration of ethane in the mixture with 

the usual amount of precision by linearly interpolating 

between the two curves, using the concentration of propane 

determined from Figure 4. 

The range of ethane and propane concentrations which 

may be encountered at the temperatures and pressures 

studied is essentially zero mole *jo in the vapor phase to 

75 mole in the liquid phase. Since the region of 

satisfactory preformance of the spectrophotometer is limited 

to log transmission = 1.950 at maximum, and the log $ 

transmission must be 2.000 at zero concentration of the 

component (if no other component absorbs at the wavelength 

under consideration) then an extremely large amount of sample 

must be placed in the spectrophotometer to give accurate 

results. This was not convenient in the case at hand. It 
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is believed that the above explains the rather poor 

results obtained in the analysis of the experimental 

vapor phase samples. The analysis of the liquid phase 

samples was considered satisfactory. 

Phase Equilibrium 

Because of the difficulty experienced in the vapor 

phase analysis (See Discussion of Results, Analytical) 

for the ternary system and the small number of runs made 

on both the binary check system and the ternary system, 

final judgment cannot yet be passed on the apparatus. 

However, at this time it appears that the apparatus will 

give good results and is easily operable. 

Figure 2> shows a comparison between the calculated 

liquid phase compositions and the experimental data for 

the two binary systems and the ternary system. The data 

used for the calculations were those published by the M. 

W. Kellogg Co. ( 8 ). These published equilibrium 

varpoization constants were used with several arbitrarily 

chosen overall compositions covering the entire range 

from a methane-propane binary to a methane-ethane binary 

in equilibrium flash calculations to define the 

equilibrium vapor-liquid loci. The experimental data for 

the system Methane-Ethane are those of Bloomer and Parent 

(17). This system was also investigated by Ruehman (13), 

however the Bloomer and Parent data are more recent, and 
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are "believed to be more accurate. The Methane-Propane data 

are those of Burns and Fairchild ( 7 )• This system has also 

"been investigated by Sage and Lacy ( 1^,15 ) at higher tem¬ 

peratures. The agreement in the overlapping temperature 

region is satisfactory. 

Examination of Figure 8> shows fair agreement among 

the three experimental systems, hut unsatisfactory agree¬ 

ment between experimental and calculated results. This is 

not surprising considering the small amount of low temperature 

data available for the Kellogg compilations. 

Figure 9 shows a comparison of calculated and ex¬ 

perimental vapor phase compositions at -100° F and 365 

psia on an expanded triangular diagram. The agreement 

between calculated and experimental phase composition is 

better. Figure 10 is similar to Figure 9, but for 215 

psia. The agreement between the calculated and binary 

experimental compositions is satisfactory. However, the 

ternary data are unsatisfactory since the propane con¬ 

centrations are shown as zero mole fraction for both runs. 
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Sample Calculation for a Phase Analysis from 
Infrared Spectrophotometer Data 

Hun Number 3 - Liquid Phase 

1. From spectrophotometer (corrected for "drift" to 
datum line). 

Log <jo transmission at 9*3^ microns = 1.901 

2. From Figure 4 a partial pressure of propane is ob¬ 
tained regardless of overall sample composition. 

Propane partial pressure = 44.3 111111 Hg 

3. By Dalton's Law and Perfect Gas Law: 

Mole fraction propane = Partial pressure 
Total pressure 

Mole fraction propane = 44.3 = .1107 

400 

4. This mole fraction corresponds to another partial 
pressure at the smaller total pressure used in 
the analysis at 7*73 microns and 12.43 microns. 

Partial pressure = (Mole fraction)(Total pressure) 
Partial pressure = (.1107)(250) = 27.b mm Hg 

5. The partial pressure from step 4 is used to deter¬ 
mine the absorption due to pure propane using 
Figure 3* 

Log °]o transmission due to propane at 12.42 microns 
= .009 

6. From spectrophotometer (corrected for "drift" to 
datum line). 

Log transmission at 12.43 microns = 1.429 



43 

7. The absorption due to propane is removed by adding 
the Log % transmissions in steps 5 and 6. Since 
pure methane does not measureably absorb at 12.34 
microns, no correction is needed for methane. 

Corrected log 
<f> transmission at 12.43 microns 

= .009 1.429 = 1.432 

2. From Figure 3 a partial pressure of ethane is 
obtained by linearly interpolating between the 
Methane in Ethane and Ethane in Propane curves 
(See Discussion of Results, Infrared Analysis). 

9. By Dalton's Law and Perfect Gas Law: 

Mole fraction ethane = Partial pressure 
Total pressure 

Mole fraction ethane = 102.4 = .4336 
250 

The mole fraction methane is obtained by difference. 

Mole fraction methane = 1.000 - (.1107 4336) = .4556 

10. 
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MATERIALS 

All hydrocarbons were purchased from the Phillips 

Petroleum Company. Their nomenclature is used in 

describing these chemicals. 

CALIBRATION OF THE INFRARED SPECTROPHOTOMETER 

Hydrocarbon Grade Purity 
(Mole $) 

Probable 
Impurities 
(Mole io) 

Methane Research 99.31 Nitrogen and Ethane 

Ethane Research , 99.9 None detected 

Propane Pure . 99-0 0.2 Ethane and Iso¬ 
butane 
.005 wt. fo Sulfur 

LIQUID-VAPOR EQUILIBRIUM 

Hydrocarbon Grade Purity 
(Mole f>) 

Probable 
Impurities 
(Mole <fo) 

Methane Pure 99.0 0.5 Ethane 
0.3 Nitrogen 
Carbon Dioxide 

Ethane Research 99.0 None detected 

Propane Pure 99-0 0.2 Ethane and Iso- 
butane 
.005 wt. fo Sulfur 

Typical physical properties.of these hydrocarbons 

have been described ( 12 ). 
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