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I. SUMMARY

The objeet of this thesis is the investigation of
solid- -liquid equilibria 4n the methane ethane system.
The initial freezing point of different methane-ethane
mixtures was determined by obseruation of the mixture ifi en .
equilibrium flask The quaﬁities of methane and ethane
present in the flask were determined beforehand by placing
the pure gases ~one at a time, in a large contalner and
caloulating-the number of moles present from_P—V—T relations
The temperatufe was measured with a copper—COnstantin
thermocouple. |

Results show the’ formation of almost perfect

mixtures in the equilibrium flask. The theoretical
eutectlic composition is 0.662 mole fraction methane at
-204.2°C. | |

The apparatus employed was well suited for study
of solid -liquid equilibria of mlxtures at very 1ow

temperature and pressure.

(1)



. II.INTRODUCTION

I. Purpose

The purpose of this investigation was to develor a
suitable apparatus for use in studying low temperature solid-
liquid equilibrium, and to study solid-liquid equilibria of
the methaheeethane system. -

2+ Theoretlcal

~When a liqdid mixture of two components solidifijes,
one of three things ma& happen:
1. Pure crystals;of the major or minor comvponent may
freeze out. ' |
- 2. A solid solution may freeze out.
3. A eutectic mixture may solidify.

A solid solution is a -homogeneous solld in which
molecules of éach compqnent are in an ordered crystal
lattice or randomly mixed throughout the solid. It has a
definite melting point which may be higher or lower than
either of the pure components. '

A perfect mixture~is a solutlon which has no solid
compounds formed. The minor component depresses-the.freezing
point of the majof component the same as a salt depresses
the freezing point of water. The major component solidifies
in the“pure state.. When the freezing point depression
reaches its maximum value both components freeze out
simultaneously leaving a solld containing minufe separate
crystals of each component. The composition of this solid

is called the "eutectic composition'.

(2)



I It is theoretically possible to predict the freezing
point lowering effect of é m;norféomponent in a mixture.
The éalcﬁiationffs'basea on the fact that at equilibrium
the free energy of the solid formed 1s equal to the free
energy of the 1iquid in contact with it. Thermodynamically,
the freeéing poiht lowering is dependent upon,

1. the_heat'of fusion of,the‘pure compoﬁent freezing out.

2. tﬁe activity of théﬁmajor component in the'solutibn.

Thie following relationship holds: |

.1n ‘ kafusidn at Té(bpl-cps ar- (
a‘__ -

It is impossible to accurately predict the formation

1)

of solid solutions. The formation of solid solutions
depends upon the geometry of ‘the ﬁoiécules involved, as
well as the energles of fusion. By examini@g mixtures of
compounds and observing theirbfreezing voints, it 1s |
possible to get ideas about the structure of the individual
molecules by studying the;composition of solid solutiéns,
if formed.

A study of the fréezing roints of methane—éﬁhgne
mixtures in this experiment wiil glve an ihdication of the
types of solids formed. These gtudies are conducted at
‘some value near the triple point of methane #nd ethane,

which are almost identical( -182° €. and about 20 mm Hg).

IT. INTRODUCTION (Cont.)
3. State of the Art

Up to the present time, little work has been accomplished

(3)
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in thé field of liquid-vapor‘equilibria of the vafious
hydrocarbons at low tempera@ﬁrés. | ’

| In 1939, Ruheman (4) stﬁdied,the vapor—iiquid equilibria
of thé’methane-ethahe‘syétem at temperatures from -104°
£o O° C. and préssﬁresvup to 1Qo‘atmcspheres. ‘The phases
Wwere analyzed by a catharémeﬁéf which™is based on the
principle of thermal conductivity differences between the
componenps; In 1942, Levitskaya (3 ) studied the same
system at similar temperatufes and pressures.’ |

- In 1949, Bage and Hough (5) continued work on the
ethane-métﬁane system by obtainihg equilibrium data at
temperatures from 38° to 121° F. and préssures u§ to 204
atmospheres. Since 1949 however, no work haé been carried
out concerning vapor e@uilibria in"the methane-ethane
systeﬁ. _‘

In 195@, Clark and bin'(a ) were the first to in-

veétigate solid-liguid equilibria of hydrocdrbons at low
tem?eratufe. They investigated the systems, ethylene-
etﬂ&ﬁe, éoetylenehethylene, and acetylene~ethane and found
that the systeﬁ acetylene-ethylene formed-a solid solution.
They émployed vqlumetric methods to méasure the amount of
each gas present in the system before mixing, and from the
.'data‘obtained, the ‘composition of the mixture ﬁas calculated.
Since thelr initial investigétions, nothing has been
_ aécomplished on the study:of low.tempefatﬁrevsolid—liquid

equilibrium in hydrocarbons.

(&)



II. INTRODUCTION (Cont.. )

4. Anvaratus.

. In designing a sultable apparatus for the investigation,
" the following points were kert in mind;
- 1e The apparatus should be suitable for iOW‘temperature
. work. '
'i2; The apparatus should be simple in design and easy to
»construct.. '
3. The apparatus should allow the system to‘feach an
equilibrium‘state rapidly and accuretely.
4, -The apparatns snould be simple In operation allowins
rapid experimentel technigue. " '
In consideration of'the‘ebove.requirements it was
necessary to choose methods of: |
1. determining the various comnositions of the methane-
‘ ethane mixture.
2; determinlng how the temperature was to be measured.
3. determining how the data were to be gathered.
qIn the past the following methods ha#e‘been used to determine
- the ratio of different compounds present in hydrocarbon
systems. | | |
1. Analysis technique-bssed_on chemical reactivity
differences of the components.
2. Techniques that make use of dlfferences in physical
pPOperties; Two examples are density or mags, and

- thermal conductivity differences.

(5)



3.

Techniques that measure the amount of each
component present and then mix them. Measurements
~of amounts present cean be made by weighing or

determining quantities frbm P-V-T relations.

In this thesis the third method of analysis was

employed for the following reasons:

1.

Methane and ethane are very similar chemically
which makes 1t dlfficult to accurately distinguish

between them by chemical analysis.‘

“The apparatus needed to measure certain physical

proPertiés of methane and ethane mixtures is
complicated and beyond the scope of this work.
In using the volumetric method it is possible

to work near atmospheric pressure and temperature

- while measuring the amounts present. This

eliminates the need for cbmplicated and elaborate

pressure'or cooling equipment.

in nearly all previous studles of low temperature

equilibrium, the copper-constantin thermocouple was used

with high accuracy and convenience. This type of thermocouple

was employed in the investigation.

It was possible to control the rate of heat removal

from the methane-ethane system, slightly above the freezing

proint by employing an equilibrium flask that 1is insulated

from liquid nitrogen by a vapor space of nitrogen gas. By

adjusting the amount Qf.nitrogén‘in' the container; or by

(6)



adjusting the equilibrium flaskh position in relation to
the liquid nitrogen it was possible to adjust the rate
- of cooling.

' Bolid formation in the mixture during cooling was
observed through"the wall of the equilibrium flask.
Potentliometer réadlngs were obtained at the first visual
sign of solid formation.

5e Equiﬁment and Materials

.'Figurg 1 is ﬁhe'flow sheet of the apparatus. All
tubing‘andrvélveS'employéd'arehéfﬂthick walled glass with
an’internal diameter of 7 mm. Connectiohs are~made with
heavy wall rubber tubing. A needle valve 1s employed to
control gas flow from the commercial‘cyllnder. The vacuum
pump was capable of malptaining a vacuum of 0.1 mm.. Hg.

. The stirrer employed agitated the entire equilibrium flask
to insure even cooling.
The methané'and ethane gas emplbyed is classified

"technical grade" and has a minimum purity of 95%.

(7)



IIT. PROCEDURE

1. Experimental ‘
The apparatus used émploys the following pfinciples:
1. A volumetric method of determining composition of the
methane—ethane mixtures. |
2. A thermocouplé‘to measure temperatures in the ecullibrium
flask.
3. A methbd of performing the experiments at nearratmospheric
pressure. |
The step by step expefimental procedure followed was:
(valves are numbered on Figufe 1:)
1. An ethane commercial gas cylinder is fastened to
needle valve three, which is closed.
2; Valve two is closed. Valves one, five, and four are
opened. |
3. A vacuum is drawn on the system until there is no
change in the manometer readings with time. Valves
one, four, and five are closed.
4, The precondensing flask is placed in liquid nitrogen.
5. Neédle valve three is cracked and ethane gas is
allowed to condense in the precondénswing flask.
Approximately 200 ml. of liquld 1s allowed to collect
, iIn the flask. Valve three is closed.
6. Valvé four is opened and a vacuum again drawn.
About 25 to.50 ml. ofiliquid ethane is allowed to
"boil" off through the vacuum pump. Valve four is

closed.

(8)



10.

11.

120

Valve one is opened.and'the licuid nitrogen removed
from about the precondensing‘flask. The liquid is
allowed to"boil® off into the storage cylinder.

‘Equilibrium is established by walting about 10 minutes.

The pressure and temperature in the storage cylinder

.18 recorded.

Valve five is opened. Liquid nitrogen 1is placed
around the equilibrium flask. Ges is allOWed to
condense in the flask until equllibrium is established.
Valve five 1s closed. The pressure and temperature

in the storage cylinder is recorded. The contents

of the equilibrium flask are frozen.

Valve four is opened. A vacuum is drawn. Valve

fdur is closed.

Gas cylinders are swiﬁbhed; ﬁethane replacing ethane.
Liquid nitrogen 1is piaced’around the precondensing
flask. Valve three.is ppened; Gas 1is allewed to
condense in the preoonden81ng flask until approx1mately
200 ml. accumulate. Valve. three is closed. "y

Valve four is opened. A vacuum is dfawn until about

25 ml. of liquid methane "boils™ off through the

vacuum pump. Valve four is closed.

Valve one is opened.' The liquid nitrogen is removed
from about the‘preconqenéing flask and the liquid

is allowed to "boil" off into the gas storege cylinder.

.Valve one is closed. Valve four is opened and a

vacuum drawn. Velve four is closed.

(9)



13.

14.

15.

16..

17.

18.

The pressure and'temperéture in the stofage cylinder
is recorded. ' |

Valves one‘and five are opened and methane 1ls allowed.
to condense in the equilibrium flask until the
pressure of the storége-cylinder decreases

approximatelj 10 omb% Valve one is closed and the

_ pressure and temperature in the storage cylinder

1s recorded.

The liéuid hitroéen level around thé'equilibrium
flask is lowered until the mixture melts. The
stirrer is then turned on. ‘The level of the liquid
nitrogen is‘raiséd'and cooling is allowed to proceed
until the first signs of solid formation dre observed
through the walls of the flask. The potentiometer
reading is then recorded. The cooling process 1is
repeated tWice to be éure that the poﬁentiometer
réading is as accurate as possible. The contents
are then frozen. |

Valve one is opened and the pressure in the storage
cylinder allowed to drop another 10cm; increment.
Valve one is closed and the pressure and temperature
recorded. ,

The cooling process 1s repeated in the equilibrium
flask for four or more increments.

After the last run, valve two 1s opened and the

solution allowed to boil off to the atmosphere.

(10)
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19. Stepsvone through eighﬁeen are then repeated exéept
. that the methane and ethane eylinders are switched.
Gas is allowed to“boil off through the vacuum pump

:durlng the experiment to remove the volatile components

In the gas. After initial condensation of the gas, the

préésure‘in the system is higher thanbthét predicted from

the vapor préssure of pure  ethane alone. Rembval of the

vo;atiie components contributes to the accuracy of the

experiment by increasing the purity of the gas.

¢

(11)



IV. RESULTS

'Valueé‘of potential versus temperature for the copper-
‘consfantin thermocouple are plotted on Graph four. The
curve is extrapolated to the liquid niﬁrogen temperature. (8’)
The Feference temperature is -195.8° C. at a potential of
5.50§,millivolts. A line pafailel to the stdﬁéard curve
through this{point'is donstructed. Values of temperature
in the equllibrium flask are determined from this line. -

~Mole fraction methane is calculated from the pressure
. data and this is plotted 'versus temperafure oﬁ graph one.
Plpts'of In mole fraction ethane or methane versus ATa(freezihg‘
temperature of'pure component, Tp=—freezing ﬁoint of the
ﬁixture,_mc);'afe found on graphs three and four.. The lines
drawn on gréphs one, two, three, and four are those calculated

by theory, and therefore, a visual comparison of the data

with theory may be made.

(12)



V. DISCUSSION OF RESULTS

The apparatus and the conditions of the experiment give

the data an excellent degree of accuracy-for the following

regagsong:

L.

3

The accuracy of tﬁe potentiometer is very high. The
Anstrument émployed had a resolution of =1 miCrovolf;
The,degrée of resolution was ﬁigher than the experimental
conditions demanded.

The'tﬁ}oughness of stirring.maintained the equilibrium
flask temperature very uniform. This was witnessed
from the fact that while stirring there was very small,
i1f any, fluctuation in the potentlometer reading.

The purity of the starting materials was such, that

the freézing point of the pure' component was bnly

about 2°C. lower than the temperature given in the
iliterature (6). .

The basic theory of measuring the amounts of gas
present by'P—V—T relations was good. High accuracy '
~could be obtained with minimum skill in laboratory
technique. ‘ |

At the first sign of solid forﬁation, the potentiometer
ceased its movement for a few seconds. The potential
was recorded at this‘point. By taking the potential
reading at a constant value, the accuracy of reading
the voltage scale was undoubtedly increased.

Howevey certain conditions existed that had to be

(13)



conditions were,

1

2

'i‘fcarerIIy+controlieawtoﬁineqrewaccuratesdetagnghese_«Legiﬂgwg

“The formetion of fog on the equilibrium flask.; Water

vapor was;continually condenSing on the equilibrium

,flesk%and~forming~ice crystels»therew~ The~flesk ‘had
"to be' raised out of the liouid nitrogen and cleaned

e,several times during 8 run. The fog mede 1t difficult

to«determine the point of . solid formation in some

LYY e e
‘The effect of the precondensing flask on the storage

‘cylinder volume. This effect was, very. . small ‘and. for

the»mostjpart‘eliminated~under‘the conditions‘of~the‘
experimentu. However, .while. performing a run there nc
was i certain amount of vapor in. equilibrium with the
solidfliqnid solution.. +This, vanor wasg ‘most 1ikely

of different -composition than the '-11@11’51. " Although |
the‘errors‘causediby this'situetion.are‘small°‘theyuﬁ

exist and are. amolified by the presence of the

| precondensing flask.«;f;,{vwf

k'Supercooling effects may. be“taking vlace. The degree

of supercooling is-an’ important consideration. 'The‘,

potentiometer indicated an increase in the temperature

of one or-two - degrees centigrade after initial.

soiidification inxa few runs.~ This effect must be

remembered in: the interpretation of the results.-

‘The thermometer measuring the temperature of the gas

in- the storage cylinder was straoned to the outside-



6.

of the container and covered with an insulating material.

Readings of the témperature therefore, assumed that
the‘gas insidelthé cylihder was the same temperatufe.
as the cylinder Wall. "In some cases this may not

be true when the temperaﬁure was recorded soon after
the gas was placed in the‘cylinder. However, care
was exerclsed Iin checkihg to see thaf there were no
rapid fluctuations after recording a temperature. .
The’impurities in the initial components woﬁld cause
a fréézing point lowering of the mixture. However,
the data obtained were‘gompared against the ?reezing
point of the initial slightly impure gas, in‘ﬁqpes

. : N\ o
that the freezing point lowering due to impurities-

- would be a constant value and therefore,'cancel out

when plotted against this reference,poinb. ‘In actuali
practice howéver, the freezing point 1éwering would .
effect the theoretical values ag these are\determined
from data that wére based on a-differentvfreezing
point. Gorrections.were made to very nhearly cancel
this effect. |
Errors associated with experiménﬁalJtechnique. The
possibility of very small 1eaks.in thekvacuum system,

or of adsorbed gases on the walls of the storage

tank that were somehow removed to the equilibrium

flask, and associated phenomena must all be taken

into considerationuas possible sources of error.

However, the data indicate that these errors were small

- (15)



oridid not .exist at ali.
‘ in ganeral it may be safely stated that the data voints
obtained were all in fhe.region of experimental error
when éompared_against theoretical calculated values that
assume a perfect mixture.
The data poihté calculated from observation indicate
a greater,freezing point lowefing than that’calculated by
theéry., This discrebanéy is indicative of the folloWing‘
types of error. | |
1. Supercoolingveffects which may lower the true temperature
two degrees centigrade. "
S 2. ’Errors invol#ed'in the calculation of the theoretical
pOintg wheh using the freezing temperature of the
impure initial gas as‘a réferénce voint. .
3. The formation of fég that hinders observation of the
initial solid and hence allows solid to accumulate
and idwer the'temperaturé curEr Tont ol before the
solld 1s observed expefiﬁentally. _
The effects of éne and three aboﬁe are probably the
ma jor source of error in the experiment. The fact that
these'types of error tend to increase theAT( or increase
the freezing point lowering), and that the data deviate
in the same manner is indicative of reasonable data.
" Therefore, the methane-ethane system does form perfect

mixtures over the range of conditions studied.

(16)



VI.CONCLUSIONS .AND RECOMMENDATIONS

1. Conclusions
The conclusions of the investigation are:

1. Solid solufions of the methane-ethane system are
not formed for mole fractions of methane less than
0.45 or more than 0.80.

2. Nearly perfect mixtures ( the pufe-éomponent golidifies

_out) are formed over this range.

3;' The apparétus‘is well suited for the study of
solid-liquid equillbria in low freezing point ,f,‘:
mixtures. The apparatus is simple and accurate.

4, It’is believed that solid solutions are not formed
ovér the entire range of méthane—ethane compositions
as there was no indiﬁatibnvof splid solution behavior:

2. Recommendatlons

The rebbmmendatioﬁs of -the 1nvestigafiéﬁ\arei

1. The use of the type of apparétus'outlined previbusly
is recommended for study of low temperature and o
preésufe solid-liquid squilibria.

‘2. If very high purlty methanéf§§7éthane is desired,
it is recommended that the possibility of employing

fractional crystalization be studied.

(17)



VII. APPENDIX

1. Subplementary Detalls

A, besoription of Apparatus and Materiois.

The stofage vessel employed was a used oxygen cylinder
having a volume of approximateiy 35 liters. The equilibrium
. and precondensing flasks each had a volume of 560 ce. They
 Wwere made of pyfex glass.

The valves employed were pinchcocks fastened on to
- gsectlions of rubber tubing. They were found to work well
and d1d hot’ leak. |

The,mercury for the manometers was triﬁle distilled.

’@he 1iquid nitrogen used Was obtained from thé cryogenic
laboratories (‘Bid. 41) and vas very pure. Approximately
£1TLy litors-wore consumed during the ilnvestigation.

o The methane and ethane gases were purchased from the
Mathieson Ohemlcal Company.

The shaker employed derived its agitation from the motor
on an air compressor. The motor was suspended on a pivoting
joint‘andoheld'in place by a rubber belt. By tying a piece
of rubber tubing around the wheel that the belt passed over,
1t was possible to agitate the motor on the pivot 301nt-

The shaking device had its base on the motor.

Thé]pdtenfiometer‘used was a Rubicon instrument
sensitive to 0.001 millivolt. |
| The thermocouple waS’placéd ébout one half centimeter

from the bottom of the equilibrium flask.

s .

(18)



| G e VII API’ENDIX (Cont)
'B Discussion of Procedure '

: It was originally planed to plot temnerature versus
 time curves for the,methane-ethane mixtures instead of
observinglthe contents of'the equilibrium flask direotly in .

order to determing the freezing p01nt.;‘A‘tem§erature
:versus tlme curve. would theoretically have a-break in the
rate of cooling when the freez1ng noint of the mixture
‘was reachea.‘ v-~¢fﬁ““‘ﬁg ;; ;wf@hgv““"

Inthis 1nvestigation 1t was found that no: such break
':occured for mixtures of methane and ethane. The most
probable reason for failure of this method is assoclated
‘with the impurities in the methane and ethane starting
'materials Temperature versus. time curves of pure methane
.and ethane: indioated breaks in the rate of cooling but these.
were small and not sharply defined (indicating impuritles
because; for a pure.qomponent the‘temperature remains
eonS£antAunﬂ%;:tﬁﬁgentire mass is solidified). Therefore,
unle§&~v%ry}pure;starting:materialseare used5itwis noﬂ.'~
fecommendedfﬁﬁat?temperepure versus time plots\befemployed
to study soiiailiquid equilibriUm at low temperatures
when visual méthods can be’ better applied. : - |

c. Theoretical‘Derivationﬁof Equation (1) (theoretlcal 1ines)
o When 2:801lid and liguid ars in equilibrlum (7)

LRI ST

PO rFM. - ns o L ‘Zj

(19)



But for anyr material the ché,nge in free energy, 4dF

is:
aF, = T, ap- B, ar - (3)
dFg = Ty aP- By arT (4)

combining (3) and (4), gives:

AF= a(Re -Fis )= (T -Tis )aP-(Bis -Bug )art (5)
.neglectinﬂg the preSsurer change during freezing for our
system gives: . o |

aaF= a(Fu -Fis )= -(Bu -Big )ar (6)

now the free energy of any component in solution is

. glven by:
- Fu = FL + RTlna, | (7)
Ty = 1‘7‘,’, + RTlnas (8)

if the pure component separates out upon solidifi'ca’c.ion
the activity, as is one, or:
In g4e= O \ ' {9)
reducing equation (7) to:
Fis = T
letting the reference state free energy equa.l\\ zero.gives:
F". = RT 1In NI : ) ’ (10)
Flg= 0 | (11)
substj_tuting these values into eaquation (6) rields:
dRT 1n ay = (5 -5, )4aT (12)
over a finlte temperature range:

ORT 1n 2, = (5, -5)AT o (13)

(20)



taking the lower limit as the freezing point of pure component

gives: (a;s=1)

RT In ay= (8, -8, )(T¢ -Tg,) o
. Now: '
(S5 =S,s )= DB, | - (15)
and: | . |
s = | (16)

substituting (15) and (16) into (14) and rearranging gives:

1ln a, = 4Q%Tf12£:m*ﬁ) " (17)
but : | :

,AH;, :AHZ +(‘Cl’u 'ans‘) (Tﬂ: ~T¢ ) ' (18)

In 8 = iﬂ%“—"u)mﬂ = (=1 ) (10)

Data on the heat capacitles of methane and ethane- splid

or.

and 1iqui‘d‘ at low temperatures could not be obtained.
‘However, an equation was obtained from the literature (6).
This equation was’uSed to calculate the activity of methané

and ethane in solution :

-In N, = AT, -T¢ ,.)[1+ B(T;’ ~T¢ )....1] (20)
where: ' | |

A :vé%f% | (21)

7

_ L1 _ _ASne T 22

(=)



The consté.nts A and B were given as: (6 )
1. Methane, A = 0.0138, B = 0.0057.
2. Ethane, A ='o.‘0426,- B = 0. 0095.
However, these constants were changed to:
1. Methane, A = 0.0142, B = 0.0059.
. Ethane, A = 0.0432, B = 0.0096.
The change was brought about by taking, the ‘original
constants and making them applicable for the freezing
point of the pure methane and ethane observed experiméntally.
( correction of 'p)‘ :
The AH of fusion at Tgpof methane and ethane were found
to be: | | o
1. Methane, fAHge= 0.225 K..ca‘.l./ gram mole
‘2. Ethane, AHgp= 0.683 K.cal.f gram mole
also: ( :f’reézing points used to calculate const.énts A and B)
| 1. Tgp othane = 89.89° K. or -183.27°C.
2 Tfpmethane‘ = 9‘0.68° K. or -182.48°C. ‘
The théoretical lines were plotted from equation (19)

by assuming ad T and calculating ‘_the. corresnonding Ny .



VII. APPENDIX (Cont.)

2. Summary of Data and Calculsted Values

The original data obtained were in the form of pressures
(in cm. Hg.) in the storage cylinder, temperature (in °C.)
of/the storage cylinder, and potentiomeﬂer readings (in .
.millivolts). Temperatures are read to + d.O5°C., pressures
"to + 5 mm. Hg., and potentials are read to the values given

on the following table.

_ , Table 1.
' Pure Methane . ~ Run 1.
Tnitial Final  Initial Final Potentiometer
Pressure Pressure Temperature Temperature Reading
mm. . M. C °c. millivolts
7.96  66.31  28.20 28.20 5.307 + 0.005
Pressures;ef pure ethane mixed with above methane.
3,00  10.71 28.86 . 28.86 5.420 + 0.005
3.00  13.23 - 28.86  29.40 5.455 + 0.005
3.00  15.51 28.86 29.68 5.480 + 0.005
3.00  16.84 . 28.86 - 29.50 . 5.498 no solid.
| ' - " Run 2. ' |
Pure Ethane _
16.97 64.33 27.93 27.30. 5.3090 # 0.003
Pressures of pure methane mixed with Run 2.(above) ethane.
21.59  24.60 - 26.10 26.10 5.343 + 0.002
21.59  26.79 26.10 26.00 5.360 + 0.002
21.59  30.52  26.10 25.78 5.387 + 0.002
21.59  34.25 26.10 25.80 5.400 + 0.003
21.59  36.73 26410 25.75 5.41% + 0.002
21.59  40.16 26.10 25.10 5437 + 0,005
21.59  44.42  26.10 26.23% 5.450 + 0.002
21.59 48.60 26.10 | 26.50 5.465 + 0.005
21.59 52.37 26.10 27.00 . 5.475 + 0.002

(table continued on next page) -

(23)



Table 1. (Cont.) ; o .
. Initial Final  Initial Final ' Potentiometer

- Pressure Pressure Temnerature Temperature Reading
mm. - mme °a. ' °C. millivolts
21.59  55.08 26.10 27.20  5.480 + 0.002
21.59 58.65  26.10 27.50 5.488 + 0.002
- 21.59 - 60.63 26.10 27.90 5.496 + 0.002
- 21.59  61.63 26,10  28.20 5.498 + 0.002
21.59  63.03 26,10 = 24.40 5.500 no solid

Liquid nitrogen reference petential = 5.505

 From the_above'daﬂa ( table 1.) the following
quantitieswwereecalcﬁlatéd:»
1. Values‘ef-the preseure corrected for temperature
differences. | o

2. kValues Of;

Pang Toak <N oy  assuming perfect (23)
Poaf Tene ~ NCae - gas- laws

3, Values of temperature from_gréph four.

4. "Values of mole fraction methane from values of _Neyy.
| | Nedte

;5. ’.f:Va.-lues of (Tﬁ, ?-T{. ) (orAT)
The perfect gas 1aWSgWere>assumed during the course
of the investigotion. It is-an‘excellent'assumption at
!thegprpssuresh and. temperatureswused, and simplifies |
the calculations greatly. The'pressure was corrected to .
that pressure that would be exerted at a refefence temperature,

or from the perfect gas law:

P corrected _ T reference..(since N, R, and V '(24)
P observed ~ T observed are GOnstant)

(24)



fhe following values were obtained.

Table 2.
AP corrected ___Hq Mole Fraction Temgerature - - AT
e Ndiub 7 methene ... - Felvin K-
Pure methane s - Run 1 : _ ‘ S
58.35 .~ 1.0000 © 301.20 0
Pure ethane mixed with above methane o : :
C7.71 . 0.132 - 0.883 . ' 301.86 6.9
10.20 ©  0.174  0.852 = - 301.86  9:i0
12.47 0.213  0.824 | ' %01.86 10.6
13.80 0.236 0.809 301.86 - 11.7
Pure ethane Run 2 , | ' .
47.49 - 1.000 | 300.92 6
Pure methane mixed with above ethane (run 2). .
3.0L  0.064 0.060 | 1299.10 2.0
' 5.21 . 0.110 0.099 299.10 3.0
"8.92 0.189 " 0.159 | 299.10 - 4.6
12.69 S 0.269  oO.212 299.10 - 5.4
15.18 - 0.322 0.243 299.10 Te3
18.70 10.396 0.284 299.10 7.7
22,81 0.483 . 0.326 299.10 8.6
26.99 0.572 0.364. 299.10 9.5
© 30,62 . 0.649 0.393 299,10 10.1
33.29 0.705 0.413 299.10 10.4
36.79 0.779 - 0.438 299.10 10.9
38.67 . 0.819 0.450 .. - 299.10 11.4
39.61 0.839 0.456 - S+ 7+ 299,10 11.5
41.80 0.886 0. 470 299.10  11.6

CalculatedAT s are good to + 0.2°C.
Galcula’c.ed Pressure changes (AP) are good to + 0.10 mm. Hg.

Calculated mole fractions methane are good to + 0.01.

(25) .
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3. Nomenclature
Free energy of componernt one in the lioquid phase.
Free energy of component one in the sdlid phaée.

Specific volumq‘of component one in the

| liquid phase.

Specific volume of componeht one in the
solid phase.‘ '
Ehtropy of liquid at the freezing point of

component one.

‘Freezing point'of vure component.

Freezing point of the mixture under study.

AcﬁiVity of component one in the liouid phase

| Heat of fusion of the pure component at the
‘freeging_point of the mixture

fSpedific heat of component one at the freezing

point of the mixture.

Mole fraction of component one in the liquid

-pﬁase.

(26)
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