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ABSTRACT

A previously constructed experimental apparatus for
measuring temperature, pressure and composition was employed
to analyze equilibrium data in the ternary system consisting
of methane, ethane, and carbon dioxide, This system was inves-
tigated over it's entire two phase region at ZSO.OOOK and 30,00,
25.00, and 21,00 atmospheres,
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INTRODUCTION

The composition of phases in equilibrium is of great
importance in just about every indpstrial process one can
imagine. The temperature, pressure, and composition relation-
ships in multiphase systems at equilibrium form the basis
for the quantitative treatment of all distillation, absorption,
and extraction processes.

This thesis is the flinal stage of a phase equilibrium project
to study the CO

2 2
binary systems and the CHu + CZHé + 002 ternary system. The

+ C2H6’ the CO, + CH, , and the CH& + 02H6
same equipment and conditioﬁs were used for each system,

It was the purpose of this thesis to study the ternary
system at 250.00°K and 30.00, 25.00, and 21,00 atmospheres.
For each pressure several vapor plus ligquid points were taken
to define the shape of the isobar. These particular pressures
were chosen in order to understand the effect of the 02H6 + CO2

azeot}ope on the ternary system,
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EXPERIMENTAL PROCEDURE

The final design and construction of the apparatus
used in this study was done by Juan C, Davalos. The system
is divided into four sections, whichiiare discussed by the

following people:

Refrigeration System G. Baughman (1972, p. 26, 27)
Equilibrium System J. Davalos (1974, pe 3, 5, 6)
Pressure and Temperature

System G. Baughman (1972, p. 31, 32, 33)
Analysis System J. Davalos (1974, p. 9, 10)

Each run was started by flowing Liquid Nitrogen to the
cryostat bath until a temperature of 250,00°K was reached.
This temperature was monitored by taking readings of the Mueller
bridge setting as described by G. Baughman (1972, p. 55, 56,
and 66)., A detailed description of the cooldown procedure is
described by G. Baughman (1972, p. 45, L6, L48).

While the system is cooling down, the chromatograph is
turned on using the procedure described by G. Baughman (1972,
p. 40, h1)° The settings of the chromatograph are listed in

APPENDIX A,

Also, while the system was cooling, the vacuum pump was
started and the entire apparatus was purged with pure methane,
The system was then left to vacuum for a minimum of thirty
minutes, This included all high pressure lines in order to

prevent leakage into the system which would alter the zero



T-1710 3

set%ing of the gauges and thus cause an error in all pressure
readings. When the system had been completely purged, the
gauges were zeroed, The gauges are those described by J.
Davalos (1974, p. 15, 16), except that the Heise psia gauge
is now a O to 500 psia two revolution gauge. '’

When the system reached.ESO.OOOK, carbon dioxide was
injected into the cell if a point to the right of the azeotrope
was desired and ethane was injected if a point to the left
of the azeotrope wag'desired. Depending upon the particular
location of the point in question the initial amount of either
carbon dioxide or ethane ranged from 5 to 11 grams, Since
both of these components are condensable the amount injected
into the cell had to be carefully controlled to avoid over-
filling. The cell is illustrated in figure 1, When the location
of the point was selected, and the proper component was injected,
it was allowed to come to equilibrium with it's own vapor
pressure, This vapor pressure was measured in the following
manner:

1. Close the valve on the fill line,.

2. Open valves G1 and G2.

3. Turn on the recirculation pump.

o, Pump until the pressure stabilizes,

5 Turn off thé recirculation pump.

6. Read the vapor pressure on the Heise atmosphere gauge

and also on the Heise psia gauge if possible,
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Refér to figures 2, 3, and i for the valve and equipment
configuration,

Ethane or carbon dioxide was the second component to
be injected., This depended upon which was chosen for the
initial injection. Again the recirculation pump was turned
on and the system was left to come to equilibrium., Using
figure 23 of Anderson (1974, p. L7) the approximate location
with respect to the azeotrope could be determined. The gas
was injected slowly.to avoid splashing the liquid and entraining
liquid in the gas sampling line,

Methane was used to raise the pressure of the system
to the desired isobar, Recirculation of the ternary system
lasted until both temperature gnd pressure were constant, In
general this took 2 to 2% hours,

The samples are now taken using the following procedure:

1¢ Turn on the heater in the liquid sampling loop.

2. Turn off the recirculation pump and read the

temperature.
3¢ -Turn on the recirculation pump for about ten minutes.,

i Turn off the recirculation pump,

5. Quickly read the pressure while closing valves G1 and

G2. This isolates the gas phase sample,
6. With V, (vacuum) and L, open, open Ly

Ts Wait several seconds to purge gas that was trapped
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in the liquid sample line,

8. Close L2

9, Close L1

The samples are now analyzed and the sensitivity checks

are taken as described by J. Davalos (197h, p. 14).
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CALCULATIONAL PROCEDURES

In order to calibrate the gas chromatograph, different
amounts of pure methane, ethane, and carbon dioxide were
injected and the resulting peak heights noted. The peak
height on the chromatograph recorder is proportional to the
pressure at which the sample was injected, and when correcfed
for attenuation, it is directly proportional to injection
pressure at lower pressures, AtAhigher pressures the slope
of the curves deviates from a straight line, which is attrib-
uted to the nonideality of the gas.

A plot of peak height versus pressure was then made for
methane, ethane, and carbon dioxide. The sample under analysis
‘was- injected into the chromatograph and three different
peak heights were obtained of lehgth x units., Using the
calibration curves one can obtain a peak height for each gas,
at this same injection pressure, of length y units. The
concentration is then equal to y/x.

The. sensitivity of the machine due to changes in room
temperature and barometric pressure was compensated for by
running a sensitivity check with a standardized gas at the
time the equilibrium sample was taken., The standardized gas
is a mixture of methane, ethane, and carbon dioxide. Comparison
of the peak heights taken on the day the calibration curve

was taken and those taken on the day in question form a
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gatiQ.AThis ratio is used to correct the readings from the
.&nknown sample to the conditions that existed on the day
the calibration curve was run,

The type of data needed to make concentration calculations
and a sample calculation are illustrated by J. Davalos (197L,

p. 66, 67). The calibration curves that were used are found

in APPENDIX A,
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RESULTS

Two tables were prepéred for each iscobar., The first
contains the raw data and the second the normalization of
the data (i.e. sum of mole fractions forced to 1.0) and
calculated K-values for eéch component. The experimental
results are presented in Tables 1-6.

A graph showing liquid and vapor compositions was pre-
pared for each pressure. See figures 5, 6, and 7. An inter-
esting point to bring out is the fact that thevminimum point
on the 30,00, and 25,00 atmosphere isobars are in line with
the minimum point on the 21100 atmosphere isobar. A plot
of percent ethane at the minimum point in the vapor curve
for each pressure versus pressure gives a straight line., See
Figure 8. It is believed by the author that any isobar can be
predicted using these results at ZSO.OOOK of the system
meﬁhane, ethane, and carbon dioxide.

The vapor pressure of the condensable component was
measured at the beginning of each run. This gave an indica-
tion as to the accuracy of both the temperature and pressure
measurements, The vapor pressures were in close agreement
with the accepted values as follows:

Vapor Pressures (Atm)



T=1710 13

Temp Comp Accepted Values Measured Values
250 002 8,818 (Davalos, 1974, p. 48)
8,80 (Anderson, 1974, p. 14) 8.81

250 C,H,  12.85 (Goodwin, 197L)
' 12,85 (Anderson,' 1974, p. 1l4) 12.85

The temperatures quoted are believed to be accurate to
0.01 K. Readings of pressure are precise to 0,03 atm. The
chromatograph analysis is believed to be accurate to i 1.0
percent,

All binary data forECHu + C0,, CO, + C,H,, and CHM +
02H6 were obtained from Anderson (1974, p. 26, 38, L7).
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CONCLUSIONS

1. At 250.00°K, a decrease in pressure shifts the
vapor and liquid composition curves downward. At a pressure
of 21,00 atmospheres an azeotrope occurs between the binary

system of 02H6 and 002. Figure 7 illustrates this point.

2. The apparatus is quite capable of measuring liquid
and vapor compositions that are consistent with both previous

data and real performance of the systems studied,
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RECOMMENDATIONS

1« Calculate the points and plot them on the graph as
they are taken, This will detect error due to overfilling

or exhausted liquid samples,

2. Inject the samples slowly to prevent liquid droplets

from entering the gas sample loop.

3¢ Always check the vapor pressure of the first conden-
sable component to assure that the temperature and pressure

measurements are wvalid,

lyo CLonger silica gel columns would give better separation

of ethane and carbon dioxide.
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TABLE OF NOTATION

RL - Right leg manometer reading. This right leg is subtracted
from the left leg manometer reading to give the differ-
ence from atmospheric pressure (P).

ATT - The attenuation reading on the chromatograph. If the peak
height is off the paper of the recorder, the ATT is
changed to allow the peak to be all on the paper. Higher
attenuation allows the peak to be shortened and low-
ering the attenuation allows the peak to be higher,

PH - The peak height that a certain component gives on the
reé;rder.

IP - The pressure at which the sample is injected into the
chromatograph, IP is equal to the barometric pressure
plus the manometer pressure,

PP - Injection pressure times the concentration of the gas.

This term is used for the chromatograph calibration
curves,

CPH - The peak height which has been corrected to some base
attenuation.

K - The distribution coefficient for a particular component.

It is equal to the concentration of a particular

component in the gas phase divided by the concentration

of that component in the liquid phase ( Y/X ).
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P - The ﬁressure in the system or in the equilibrium cell,
as seen in figure 1,

X -« The concentration of a particular component in the liquid
phase,

Y - The concentration of a particular component in the vapor

phase,
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APPENDIX A

CALIBRATION CURVE FOR SILICA GEL COLUMNS

The silica gel columns gave distinct and separate
peaks for methane, ethane, and carbon dioxide. However, the
columns required a considerable change in the chromatograph
settings. Pure gases of these components were used for these
calibration curves, The data for these calibration curves
are found in Table 7, and the curves are in Figure 8.

Calibration settings -

columns - six foot silica gel columns
column temperature - 65°C

column flow rate - 75% flow
chromatograph current - 250 ma
carrier gas - helium

barometric pressure - 626,1 mm of Hg

Using a right leg of 60, which is the injection pressure
used for the sensitivity checks, the calibration of the

sesitivity gas was made with the following results:

Component RL ATT PH
CHM 60 6l 1.4
Cofe 60 16 2.49
002 60 16 1.79

The inverse c¢f the slgpe was calculated for each component

and then multiplied by the corrected peak height for a parti-
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3
cular point to give the corresponding partial pressure for that

point. The concentration for the point is derived from the

ratio of the partial pressure to the injection pressure.
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. Table 7

Calibration Data for Silica Gel Columns

-Methane (base gttenuation = 6l)

RL ATT PH 1P CPH
U5 128 4,87 550.6 9.73
50 128 .05 19.9 8.10
60 6l .57 250.0 L..57
62 6l 3.82 210.4 3.82
6l 32 6.2l 170.4 3.12
66 32 L .81 130,5 2.1
68 16 6.68 90.6 1.67
70 16 3.77 51.1 0.943
Ethane (base attenuation = 16)
Ls 6l L1 550,6 16.40
50 6l 3.37 L449.9 13.46
60 32 3.77 250,14 7.5L
62 16 6.29 210.4 6.29
an 16 5.1 170.4 Se.1l
66 16 3.93 130.5 3.93
68 8 . 5.9 90.6 2.75
70 8 3.1 51.1 1.55
Carbon Dioxide (base attenuation = 16)
s 6l 3.93 550.6 15.70
50 6l 2.39 4h9.9 9.56
60 32 2.66 250.) 5,31
62 16 47 210.h b7
6l 16 3.65 170.1 3.65
66 8 5.59 130.5 2.80
68 8 3.96 90.6 1.98

70 8 2.08 51.1 1.0
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