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Abatract

The compositions of the coexlisbing phases in the methanew
nepentane system for a pressure renge from stuospheric to 2500
pounds per square inch at temperatures of 100°F,., 160°F, and 220°F,
woye studied, Coupling theseo determinations é’i‘&: date from other
sources, gas-liguid equilibriwm constants of methane and pentane as
well es dew point speeific volumes were calenlated,

The coupesition of soexisting phases in the methene, propens
nepentane system for a temperature of 100°F, and pressures of 200,
500, 1000, 1500, 2000 pounds peyr square inch in a renge of ratios
of propene to nepentene from 0,08 to 1 was studied, From these data,
valucs for the equilibrium constents of mpthane, propane and pentane

were calouleted,
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Introduction

Since the vaporization of hydrocarvons ogcurs at all stages
of erude oil production, a knowledge of vagors,saﬁm characteristios
of hydrocerbon mixtures is of partiouler interest in petroleum proe
duction and processing, The epplication of the equilibrium constents
proposed by Souders, Selheimer and Brown to veporisation charactere
istios hes been found to he the most suitable, By definitiom, the
gassliquid equiumm congtant is the ratin of the mole fraction
of & component in the ges phase to its mole freoction in the coexisting
liquié phase; mathematiocally expressed as K'w%‘ where K is the
equilibrium constent, Y i¢ the mole fraction of the component of
the gas phase, X is the mole fraction of the component in the liquid
phese, It cen be seen from the ebove definition that when given s
knowledge of the composition of one phase and the value of K, the
composition of the other phese may be caleulated directly,

The first consideration of equilibrium constants by Souders,
Selheiner and Bmm(m and by Keatz and Bmm‘?s) was theoretioel in
pature being based wainly on the essunption of idesl solutions, With
the development of aceurate methods for the snalysis of hydrocarben
mixtures « nobtably by use of a lowstamperature, lowepressure fractions
ating colwmn devised by ?@dbielniek{a) » 8 simple procedure for an
experinental study of eguilibrium constants was available, The firsh
to carry out an investigation of this nsture were Kats and H‘zwmm:h(@,
They determined the equilibrium constents for hydrocerbons of the
paraffin series through hexane for e crude oilenatural gas mixture

st temperetures from 40°F, to 200°F, and at pressures from atmospheric



to above 3000 pounds per square inch, They found thet the velues of
K deoreased for all components bub methane, as the pressure wes inw

ereased to about 800 wﬁnﬁa and then rose agein as the pressure wes

further inecreased, The equilibriun constant for methane decreased

continually es pressure inoreased, | _

Sincs then Boomer snd assoelates have published s series of
papers on the sel#bil&ty of methane mﬁalming about 675 nitrogen
in varioug hydrocerbons {7;8,9,10). The mmés for uqnmibr;i@
Wﬁsﬁaﬂﬁs exhibited in their work ere in reesonable agreement with
the values determined by Kets and Haﬁhm“thw} in the lower pressure
regions, Due to the lower pritical pressnra& of the agatam studied
by Boomer and maia#;ga, the values of Boomer's equilibrium constents
approach mwy et a lower pressure |

The purpose of the present work was to add to the *aee,ger ﬁaﬁa;
on eguilibrimn ean&‘hemta by & systematic study of the i‘ollawm
gystens: |

1} The mothanepentane system,
2) e mthampmmmapmm systen,
The fonnwinb neasuremsnts were wmpleteﬁs

In the methene~pentene systen date were ohtamd at 100“?;;
160°F, , 289 F,, from etmospherie pressure to 25@3 pounds per square
inch,

v In the methanespropane~pentane syatm. two pmpam to pmbane
ratios mra studied with varying proportions of methane at 1@@’5‘,
and 200, 500, 1000, 1500, 2000 pounds per square ,S.nch;



‘Bquilibrim ipperatus

the epparetus used to obtain the equilibrium sauples of ges
and liquid consisted fivet of the equilibriun cell A shown in Figare 13
second,; & high prossure source of mereury §‘; fi;hird, a ges injection
cherber K3 and finally, a pressuve balsnce D connected to the squilie
brium cell through e p@ssnm trep G,

Beferring to ths_ figure, the equilibrium cell, whose eontent
was approximately 1 liver; wms equipped with a stirver which was
intrcduced through packing glend and supporting shaft ¢ and was beltw
driven by an elestric motor, Llectricel contecte B avd P were cone
nected to two six volt lizhts and were used te follow approximstely
the mevoury level., Two Zemil, nickel wires ¥ and W, sbout two centle
wetors long were provided o aid in conbtrolling the position of the
hydrocarbon liquid level. The wires were conneoted into a wheatstone
bridge civeuit, Since the rete of heat disseminetion fram a wive
in the liquid phase is greater than from e wire in the gaa) phese,
the introduction of & small 'eurr&ut in the elircuit reises the Wrm
ture of a wire in & gas phage wore then one in the liquid phase,
ﬁheref‘gre \m‘en the ligquid envelopes the lower wire the iempemtum
of the wire %ampa regulting in e decrease in its resistance, This
change in m@;ai&*ba.nw is weasured by the wheatstone bridge, The
deotection of the liquid phase by this weexns wams adequate at low
pméaarea, bu%;:cm value in the neighborhood of the eoritieal region,
To be sure that the liquid level was suffioiently high in the high
presgure region, the epproximste volume of the liguid phase, and the

position of the mercury level were used,



The pressure existing ip this cell was measured by a fliuld
pressure balenge which had e working range from atmpspheric progsure
to pounds psy square inch, The sbsolute prehah?@ error in |
pressure measurements wes approximately 1 pound per squere inch, Ib
was cemgm to the cel) through the fluid pressure trep ¢, A
correction was added to the balence reading to account for berometrie
pressure, and the mereury and oil "heads®,

e temperature of the cell wes mainteined at a desired

 constant value by émbreing it in an oil beth, equipped with & meveury

regulator used in comjunction with e smell heater, To help obbain
end melntein tempersture the following errangement wee uged, A copper
coll, through which steam or gold weber gould be passed, w’éa immeysed
in the oil, Th'ls was pmvﬁed in order to facilitete repid heating
of the bath, Iwo exterior heaters of 1800 end 500 watts respesctively
were used, The bath was insulated by one inch of 86% megnesia, The
two heaters could be oconnseted in series or in perallel, oy aéa&z ,
could be operated alone or in conjunction with internsl reaﬁ.atanem
to obtain the desired energy input, The variation of temperature
with time or with péaitmn in the cell was uot over 0,2°F,

Pressure or velune changes within the portion of the cell
eceupied by the seuple were obteined by injecting or withdrawing
| maroury throwh e 5/15 inch steel tube pessing into the bobttom of
the ¢gll,

Gas a&d Jiquid saaples for snelysis were removed through 1/8
inch steel lines R end § (Figure 1) respeotively, which led to the

fractionation spperstud,



L

Fiﬁ;; k

Bquilibrium Apparetus




D

Uperation of bhe Bquilibriwm Cell

Liguid pentene was poured into ithe squilibrium cell direstliy,
Then, after the top of the cell was replaced, s vacuun pusp removed
pentsne vapor for a shorb time to sweep out all traces of sir, Next
propano or methene was sdded by the use of the gas injection chember X,
Tae materiel was allowed to enter X fron storege cylinder J by withe
drawing meycury from the bottowm of chember X, with valves O cpen end
P closed,  After c¢losing velve O mercury was forced into the chamber
until the pressure exceeded that in the eguilibrium c¢ell so thet vhen
velve P wae cpened, the gas flowed from the iﬁjeet.ten chamber into
the equilibrius cell, The position of the mercury in the injection
chacber was followed by contaects L, M and I which were connected to €
volt lights, This process was repeated until the desired quantity of
the component hed been added,

e oil beth was next brought up to tenpersture, The temperas
ture was ueasured by s coppereconsbantan thermpoouple imsersed in the
oll; the thermocouple waes calibrated by cosparison with a set of
Buresu of Stenderds thermometers, After ad;;}ustir@ the liguid level to
the desired position, the sasple was stirred until equilibrium was
reached, as ascerteivned by constancy of pressure, In the threce
eomponent study, the fiansl slight verietion in pressure from the
desived value was adjusted by addibion of mercury, Upon the attaine
wont of equilibriuwe the internal sgiteation wes stopped and the easples
withdrewn, During the removal of the samples the pressure in the
eell-was kept constent by sllowing mercury to displace ges end liguid
from the cell, The gas sanple was throttled into the analytionl



epparatus directly frou e valve immersed in the oil beth, The liquid
wes threttled by & valve outside the oll bath but the ligquid line
was filled with meroury before and afber ths liquld sample was withe

Araim,

mta::}.a}.a Used

the methane used contained 0,1 per cent carbon dioxide, In
the anelysis of the sauple, this pereentage 61‘ carbon dioxids was
deﬁucted‘ in the celeulation of composition, At a later peried t:ha
methene was passed through sodium hydroxide,activated cerbon, |
celeiun chloride and asearite to rewove water anﬂv carbon d’im&da;

e pentene conteined a smell percentage of isopentene,

Anedyticel Apperatng

The equipment used for the enslyeis of the samples consisted
of two lowspressure, lowsbempersture fractionsting columns o8
developed by Podbielnial emd assaaia‘bea(a) » The columm used for the
gas sanple aualysis was constyructed from e & mm, pyrex plass tube
60 inches long which wes enclosed in a silvered vecuum jJaekeld, Tis
tubing was bowed slightly te beke care of differential contraction
on eooling in the ecolumm, Ihe only byreek in the gilvering was for
a smell inspection window neay the top of the coluwan, v obtain
mexinun efficiency in column operstion and to atiain s iarge oapacity
with only e small holdeup of liquid, a £lat helical strip of nichrous
was found to be superior to the standerd peckings such ss wire cells,
slass beads, or other designs of glass packings

Reflux was obteined by injeeting ligquid eir inte & suell chamber



surrounding the top of the coluan, ‘his chamber was an sxtension
and enlargement of the vacwm jacket filled with fine copper turnings
to promote hest transferense from the condeunser, he chenber was
alsc equipped with & 50 wait, heater to facilitete the rapid warming
of the condenser between the withdrewal of two different components,
The top of the columm was enlarged end ciosed with a groundegless
stopper, PFessipg throwugh the grunﬁ&«glmﬁ Just at the mp}}ef"’cha
eolumn was & sealed gless tube of small dianeter which uxb';‘endm
Jjust below the condenser, ihe hempamtuw.ei‘ the refiuxing liquid
was ascerteined by plecing e thermocouple in this glass tuba;

The column used for liquid ssuple aunalysis differed from “&.ha
other column in size (the liquid column being a 36 inaﬁ length of
¢ 2, pyrex tubing) sud in the use of en unsilvered strip elong the
whole length of the column for o window. In order to fecilitete
the maintenance of reflux throwghout the totsl length of the eolumn,
the coluwm ketitles were connected to the bottom of the vacuum jacket
directly by the use of 2 ring seel, & part of the keltle being placed
m the lower perit of the vacuum jeecket, The ketitles were eguipped
with e semple inlet neer the top snd with a capillary tube ab the
bottom, which served as e means of cleaning the kettle and which -
would provide & means of removael of vesidual hydrocerbons in the
soelysis of more complex mixtures than are considered in this thesis,

Semples were throttied from the eguilibrium c¢ell into the
enalytical apparatus as deseribed ebowve, 4After passing through 8
mereury trep, the zes was allowed to flow through tubes of megnesium

perchlorate to reuwove moistwre and then dnto the coluwmm, Upon dise



tillation; the separated sas constituents were colleoted in smy one
of a sot of three receiving flesks, having eapaci‘aiaé of 2000. 800
end 200 milliliters, respectively, These réceiving flasks were placed
in e water bath, the temperature of which wes meinteined at e constent
‘value by the use of a mercury regulator snd relsy system, lerouvy
menoumeters were used to measure the pressurves in the calibrated
receiving flasks and to measure the pressure in the distillstion
colunn, |

. All purts of the apﬁami;us inoluding the column Jackets were
connected to & vacuum header, The vacus were vhen obtained by &

meyeury vepoy pump in series with Hyvee pump,

Calibration of the Apparatus

The volume of & oalibration flask of about 500 mi. capscity
wvas determined by weighing it empty and filled with water, It was
then sealed to the distribution header, By sllowing gas to flow
from the calibrated flesk into various parts of the apparatus,
and nobting the consequent pressure chenges and the tempersturaes,
the volumes of the wlm, the collecting fleasks and the connscting
tubing were calculated on the assuuption of perfect gas behaﬁar_@.
The maximum difference in any one such measurenment from the mean
wes only about 0,8%, With the use of four to six measurements the

yolumes were ascertained with a ressonable degree of scouraocy,

Operation of Fraetiax;atmgf g2 Apparatus

After adequate evacuntion of the colum jeacket, as well as
all necessary parts of the apparatus, the sample was introduced into

the column kettles, The geses were condensed in the kettle by the
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use of liquid eir, Seuples verying betwses s ninimun of sbout 10
ml, and e meximum of 60 ml, of condensed gases were used, Smeller
samples than 10 ml, reduced the eccursoy of the englysis, Lerger
saples than §0 ml, were inconveniert,

The top of the colump wes then ecoled with 1iq§id air to
the reflux temperature of the most volatile conptituent, %he liguie
fied senple wes boliled by lowsring the liquid alr awsy from the
ketils or, in the case of bulane, pentane and higher hydrocarbons,
by heating it with & amall exterior electrical hester. It was found
thet the best distillation results could be oblained by the proper
menipulation in applying energy to the ketile, cocoling the top, snd
withdrawing ges to keep the reflux just welling the packing the entire
lergth of the column aud giving a dyep rate of owve drop esch 1-10
seconds, The columan wes operated at 1 atmosphere in distilletions
up through propens but o pressure of 360 mm, of mereury was used
for the propenespentare "cut", ‘The "ecut" is the pericd of distilletion
st which a mixture of two components is removed instesd of one, The
approach to the out was indicated by a tendency for a decrease in
the column pressure and in the reflux tempersture as detected by
the drop in the electromotive force of the thermocouple 88 meapured
by & polentiometer, When these signs sppeared the rate of pas row
movel wes decreased from about 40 ml, per minute te from 10 to 20
mi, per minute, vhen the ocut was reached, gas vomoval wes discontinued
a short time to allow all traces of the constituent to be resoved
from the liquid, The last of the gas 1s removed wery slowly, ¥With

- methanespentane mixtures this wus done by & series of separate
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withdrawals while in the propenespentons separation, end sometimes in
the methenswnropane cut, a continuous slow withdrewal wes found most
adventageous, The collsoting flask pressure st the cut point was
deterndined by s plot of reflux Wm?émﬁm versus flack pressure,

the eut point boing that pressure at which the oree under the curve

equaled thet above the curve, a&s indicoted in the sketeh,

fles A~ fresoswre

Expe:imenta; Regults

The experimental results rels:tiz:g te the methensepentane
system are given in Table I and ere graphleelly depicted in FPipure
2, The liquid composition date of Piguve 2 were determined by Sage,
Tebster and I‘am_y{a}, In o study of Plgure 2 seversl features mey
be nobed,

At low pressures the relabive quentity of peniteme in the gas
phese is large, bubt decreases rapidly with en increase in pressure,
However, a maximen in the methans conbtent cceurs ab & pressure bee
tween 1000 and 1500 pounds per square inch, A further increase
in pressure sbowe the wuxlmun results in & vepid inerease in the

pentane content of the zus, The critical stats scsours at the

hizhest pressure a% which two pheses nay coexist st a given temporse
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ture, Under isobaric conditions en inorease in temperature results
in o large incorease in the pentene content of t!;e gas phase,

In the liguid phase the methane content inereases nearly
‘lineayly with incresse in pressure at consbant temperature up to &
pressure of 1800 pounds per square inch, From 1500 pounds per
square inch to the eritical pressure theve is 2 continuslly more
repid inerease in the methene content, Incressing the teuperature
results in o decrease in the methene content of the ligquid phase
over the major porbtion of the pressure renge, Near the eritical,
however, a decrease in tempersture results in & deorease in the methane
eontent of the liquid phase,

Of more importance industrially are the date on the Bese
liquid egquilibrium constent K, ©Smoothed velues of these constants
are pregsented in s part of Teble II, A grephicel presentation of
the variation of the eguilibrium constants under isothermal condi-
tiong with pregsure is shown in Figure 4, The equilibrium constent
for methane shows o eontinual decrease as the pressure ineresses,
with a move rapid decrease es the critical pressure is approached,
The minimum in the values of K for pentane shows clearly the region
of retrograde condensation « extending from sbout 700 pounds per |
squere inech to the critical pressure, It is interesting to note
the relatively small change in the pressure corresponding to the
niniman of K with change in the temperature,

In order to obtain consistent velues, the experimental date
were interpplated through the use of a plot of equilibrium constents

asainst pressure, IThe smoothing was supplemented by large scale
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plovs of the produet of the pressure and equilibrium constents
versus the pressure; and a large aeale plot similer te Fﬁ,gum 2
for the eritical renge, Further smoothing was accomplished by a
temperature correletion,

The gmooth values of X ag obtalned by the author were then
compared with equilibrium constants from interpolated data of Boomer
et a:i.(n on & methanespentane system contsining suell percenteges
of nitrogen, and with some composite velues compiled by Sage, Hieks
and Lacey from date for s number of binary systems, This information
48 presented in Teble III and & representative curve shown in Figure
3 for pentans squilibrium coustents at 160°F, The dashed line
eurve labelled "correlation" presents the ébwe mentioned composite
velues, The agreeument between the various dats is good, The
variation exhibited by Boomer's date might well be dus to the nitrogen
epntent of his smmples, The larze devietion of the "eorrelation”
curve from the euthorts work in the high pressure region is due %o
the faot that these values were based mainly on Katy and Heohmuth(%)
measurenente for s complex system of hydrocarbons, The insresse in
the oriticel pressure of their system a8 & consequence of the presense »
of heavier components increases the pressure &t which the equilibrium
epnstant approaches unity, AL the criticsl state, sinee the properties
of the liguid and gas phases become continuously identical, the equiae
librium constant is egual %o unity,

The specific volumes of bubble point liquid for varying
(e)

composibions were known' ', The specific wolume ab various pressures

and composition were known, With these data and & knowledge of the
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conpositions of the bubble point liquid end dew point gas the
spocific velumes of the dew point gas were deternined as a funebion
of souposition, Thess date ere presented in Table 2 and gmphiéaﬂy
pictured for the 160°F, ‘.i-m'&ham in Figure 86, The ehaﬁgs: in éhe
specific volume of bubble point liquid wibth exchenge in methene
content s smell, The lower portion of the eurve jntersects the
ordinate sxis ot & point corresponding to #_ha; gpeeific volume of
pure liguid penmtense, The upper portion of the curve shows the .
repid inerease in speecific volumes of dew point gas, An extension
éf._’ the dew point curve would intersect the ordimta _at_§ point
eorresponding to the specific velume of pure sutureted penbene

5,

The experimental results ;-alm‘;ing to the methang«propanew
pentane series, are given in Table IV, The composition of soexisting
phases are plotbted on gamtam: mpamtmg constant pressure planes
in Figures 6 to 10 inclusive, Bguilibrium constants ecaleulated
from the composition date are slso @mﬁénm in Teble IV,

In order to extend the date across the wminvestigated
region, advantage was taken of the simplieity of the liquid composls
tion eurve, With the interpolated ligquid composition ocurve and
values of K a8 & mnamm of the mele fraction of propane in the
liquid phase, the gas phase's composition could be ecmlculated, In }
the higher pressure range ( 18500 anti 2000 pounds per aqaax# inch)
where the eritical compesition is in the thres component region,
the curves might be extended on the simple postulete mﬁm nole
fraction of a component ix; the ges phase i8 a stiraight line famstiaxx
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of the pressure, It was in this manner thet the two divergent
points shows in Figures § and 10 were celsulated, Since these
points did not eppesr comsistent with the experimentel curves, they
wers not utiliged, A check on the interpolsted points for the yas
phese end the smoothed K values is efforded by the faect that with
the values of X for the three components, the mole freption of each
component iv the ges phase may be saloulated, The sum of these
frections must be equal to wnity, The interpslated values for
eoexistent phase compositions and equilibrium constants ave given
in Teble V. .

Figures 6 to 10 indicate that except for a slight convexity
at low propene«pentens ratios the liquid composition lines below
1500 pounds per équar@ inch are nearly straight, In other words
the methane concentration im the liquid phaseé varies nearly directly
as the propane content of the liquid phesey A% the lower pressures
(800 and 500 pounds per square inch) the methane content of the
Jiquid decreases with inecresse in propens content, while at pressures
above about pounds per squere ineh, the mole fraction of methane
inerceses with increase in propane content, o '

In the gas phase, especlelly ot the lower pressures, the
pentens fraetion undergoes move or less rapid chenges ab both low
and hizh propane frections, At the intormediate propene frections
the pentene content of the gas is nearly constant,

With the aceumulation of mors experimental detse; notably for
the higher propene~pontane ratios, the more exeet nature of composie

tion trends may be noted and a more acourste caloulation of equilie
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brium eonstents made, These additioms) deta will alse help te
ostablish the eritical compositions indieated et 1500 and 2000
pounds per equare inch,

Lines weve drewn connecting the compositions of coexistent
1iquid end gas phases, The solid lines were besed upon the actual
date end the dotted linse were the resulbts of the oaloulations
discussed above,

The phese composition data és related to pressure at 100°F,
are presented s & three cocordinate picture in Figure 16, The
oxdinate is pressure, while coupositions are plotted in constent
pressure planes, ihe intersections of the gas and liquid conposition
envelope with the three border planes corresponding to the twoe
component systems give the pressure-composition diegram for these
systeus, In the two eases of binary systeme involving methans, the
twowphase regions are shaded whereas in the pfopamwpenm system
the dotted lines extending from 190 to 42 pounds per square inch
neay the botiom of vhe diegrem ers used to indicate the position
of the twowphase region, Solid lines are drawn for gas composition
snd dobbed lines for liquid compositions at pressures of 190, 500,
1000, 1600, 2000 pounds per square inch, In addition the loous of
the critical pressures for the methane-proponc-nepentane system has
been indicated,

Plots of equilibriwm constents for methans; propane end pentene
yersus percent propene of the propsne, pentene centent of the liguid
phese et constent pressure are shows in Figuwres 31, 17 und 13, vespeetively,

All poiats showm in these graphs betwesn 55 end 100% ere interpoleted
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points, AS a consequence the curves are dobtbted in this region, except
where additionsl dete at 1008 (methaneepropens systen) jave more
accurate information,  Oritical composition es observed from Fizures

9 end 10 gave the positions st which K approached unity for the

1500 and 2000 pounds per square inch iscbars,

The chenge in the walues of XK evern under conditions fer from
the coritical regieﬁ indicates the roughness of the spproximetions
of Souders and &ssoeiataa(l) in predicting velues of X as a function
of pressure sand tempersture slonge, In the neighborhood of the eritiesl
reglon the valuse deviats as much as 200 percent and more from normal
Paineg,

Prom Pigures 11, 12 and 13 values of ¥ el constant mole.
per cent propene of the propene-pentene contont of the liquid phase
were determined and tabulated in Table VI, Fligures 14 ernd 15 ave
graghical presentetions of the &ata.frum-f&ﬁla Vi. -

The indiceted velues of eriticsl date = composibion end pressure
at piven temperatures »~ as alforded by Figures 2, 14 end 15 and by
sinilaer curves for the wethenewpropane system e are presented in
Teble VII, Criticel and ericondotherm dete furnish interesting

subsidiary features of conposition analysss,
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Methane Propane Pentane System
: Tem. 10C°F

Composition of the liquid end geas phases vs Pressure
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Smanm-

Values for the equilibriuvm constents of methene and pentene
were experimentally determined for the methaneepentane system st
tenperatures of 100°F, 160°F,, and 220°F, from pressures of 42 to
2500 pounds per square inch,

Values for the equilibriwm constambs of methane,; propene and
pentene were experinmentelly deterained for the methane-propansepentane
systom ot 100°F, for pressures fg:;\;%oo pounds pey squeve. inch,

The propaneepentane rmiqms varied from zero %o about one, Interpoleted
values of methene were debermined over the sntire cempas-ﬁ}ian. Tange

while the velves of the equilibrium constents for propnse end

pentene wers interpelated up to « pzrop@wpentam ratio of sbout 2,5

Composition of coexisting pheses were experimentully determined
for the methanewpentene system at 1@0‘”, 160° and 220°F, over the entire
ton phase region,

The conpogibion of coexisting phases for the methane=propence
pentane system were experlmentslly deternined for a tempersture of
100°F, at pressures of 200, 500, 1000, 1500, 8000 pownds per square
inch for ratios of propsne o pentene of spproximetely 0,1 agr: 07y
By the use of these mea er data and compositions of couxisting pheses
of the metheanewpropene snd the methanee-pontane systems interpolated
date vore scoumulated over the enbire composition range, Thisz is
the first systemetie experimanmi investigation that has sver been
made on & ternary hydrocerbon mixture,

An indication of the neture of critical pressures, temperetures

end conpositions are piven for methanswpentene snd methane=nropnnes
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pentand sygtems,

The velues of the equilibrium constents ave found to be a
complex function of temperature, pressure and composition of the
system, This fact brings to light the need for a lerge amount of
resgarch to be carried out in this field, if relieble walues of

equilibrivm constents for industrial caleulation are to be knowng
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TABLE 11
PROPERTIES OF THE CO~BXISTING PHASES IN THE METHANE-n~-PINTANE SYSTEM

Temps. FPressure Composition Specifie Volume Equilibrium Constants
°F. Ib/sq.in. Mole Per Cent Gueb./1he
Absolute Methane
Liguid Gag Liguid Gas Methane Pentane
100 200 6,39  89.46 - - - - 14,00 0.112
400 12,75 93,20  0.027%  0.681 731 0.078
600 18,70 9425  0.0280  0.h58 5,08 0.071
800 2425 4. 86  0.0285 0. 343 3.91 0,068
1000 29,55 94,85  C.0289  0.27C 3,21 0.073
1250 35.45  oh.67  o.029h Q.207 2.66 0.081
1500 41,45 g, 34 0.0%303 0,162 2.27 0.101
1750 b7.99 92,97  0.0315  0.128 1.94% 0.133
2000 5501 91.7 0.0337 - - 1.66 G, 165
2250 637 89.2 C. 0372 - - 1olt2 0.292
2500 789 8543 0. 022 - 113 0. 514
160 200 ho66  75.63% - - - 16.23 0.256
u00 10,50 8642  0.0291  0.616 8. 27 0.152
600 15.96  88,9C . 0.0298  0.h27 5,57 0.132
800 21.20 . 89.78 0.010% 0,328 4,24 0,130
1000 26,45 - 90.19  0.0%10  0.264 3.k 0.133
1250 32,60  9C.15  0.0316 0,206 2.77 0,146
1500 38,45 89.40 0. 0325 0.160 2.33 C.172
1750 Lh,5 87.9 0.0338  0.126 1.97 0.217
2000 5l.4 85. 6 0.0363 0,100 167 0.296
2250 59.1 81.8 0. 0406 - 1.39 0,145
220 200 2.77 16.51 0. 0306 _— 16.82 C0.58
Yoo 8.20 68,24  0.0%314 O uug 8.3% . 0.346
600 12.69  75.31  0.0321  Q.347 550 0. 286
800 19.2%  78.67 0.0329 0. 284 4.09 0.264%
1000 o, 67 80.19 0.0336 0.232 3.25 0.263
1250 31,11 80.57  0.0347  0.179 0 2.59 0. 280
1500 37.27  79.86  0.0364  0.138 2.14 0.321
1750 B7.55  77.87  0.0390  0.107 179 0.392

2000 £2.30 75,06 0.0435 0. 08Y% 1.4Y 0,523



TABLE III.

BUILIBRIUE CONSTANTS IN THE KETHANE-n~-PENTANE SYSTEM

B e in | ethane a-Pentane
: Absolute Boomer (orrelation  Authors Boomer Correlation Authors
100 uo0 7.28 .13 7.31 0. 145 C.077 0.078
600 4,92 4,91 5e O 0.117 - - 0,071
1000 3.07 3.13 3.21 C.100 0.078 0,073
1500 2.16 2e18 2.27 0,114 0.091 0.101
2000 1. 66 1.66 1. 66 0. 347 04113 0,185
2500 1.10 28 1,13 - - 0,152 0.514
160 400 7.8 7.68 8.27 - 0,216 0,168 0,152
600 5434 5e25 5¢57 0.183 - - 0.132
1000 3,29 3,29 3,41 0,162 0,136 0,133
1500 2.23 2.26 2.33 0.187 0.149 0.172
2000 1.63 1.6 1,67 0,299 0.17% 0,296
220 Lo - - 7.90 8433 - 0,293 0.346
600 - 5443 550 - - e 0.286
1000 - - 74140 3.25 - - 0 260 0. 263
1500 - - 2,30 2,14 - - 0.216 0,321

2000 ot 1.67 1.4 -- G246 0,523
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Table VI

Sguiiibrivn Constaubs ot Constant setios of Propsne Lo Peatane

iinle Por ceut propene of the propanewpentane conbent of the ligquid phase

Preasure E for dethane
1“/ 8q.in,
Absolute 10 percent OO0 pereent 50 percent 70 percent
200 14,2 14,1 1440
500 8, 76 5.48 Bs2
1000 3,0 &.920 Ze 0D
1500 2,00 1,96 1,60
2000 1,52 1,38 1,01

% for Propene

200 0a81 0,886 0,888 0,851

500 0,615 0, 508 0, 509 0, 520
1000 0,434 G401 413 o %40
1800 0,432 0,448 0,486 Qs 61
2300 0' 63 0" \3\35 Q' 95 1’ -

% for Pentans

200 Gplll 0,118 0,180
800 G, 07 0,070 2,090
1000 0,07 0,084 G.119
1500 0,104 0,138 0,235

2000 0,212 0, 350 .



Tenm,
e

100
160
220

Tem,

[
Fe

195,56
159,86
115,38
100

Tem,
°F;

100
100

Table VII

Critical Data for the MethanesnePentane System #

Pressure
Lbs/sq. in,
Absolute

2560
24:30%
2190

Composition in mole pereent
Hethane

79,3
T2, 6%
67,0

Critiaal Data for the MethenePropane System

Pressure
Lbs/sq,in,
Absolute

766
1018
1290
1366

Critical Dats for the Mbthape

Composition in mole percent
ethene

10
30
50
57

~Propane-nwPentene System

Presgsure
Lba/sq,in,
Absolute

1500
2000

% Reference 5

Composition in mole percent
Hethane Propane  Pentene

60,86 55,0 445
71,0 15,0 14,0
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