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CONFIDENTIAL

1. The vaper pressure of certain liquid mixtures of argon and oxygen

has besn reasured and the resulte expressed by simple squations.

2. From the data normal boiling pointe of the linuid mi:tures vere
computed as well as total pressures at 8F.5%.

3+ Compositions of the vapor and liquid in equilidrium have been
measured at approximately one atmoephere total preesure over a
wide range of ooncentratien and "K values™ compiled from the

resulte.

4, The composition of the vapor in equilibrium with the 1iquid has
besn computed at (8.5°%K. over a wide range of composition.

5« The partial pressures of argen and oxygsn over a wide range of
1iquid composition at 88.5°K. have been feund in acoord with the

Buhemn equation.

6. The Duhem enuation ras heen used te check the data on the oxyren-

nitrogen system.

This deccument contain: ro
the national defense of the United! §
meaning of the Lspionage Act, 1.8, o
Its transmission or revelation of itz ecutearr in any
manner Lo an unauthorized prereon is profibited by law
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 CONFIDENTIAL

VAPOR-LIMID EUILIRRIVI{ DATA FOR THE SYSTEI! AGRON-OXYGEN
OVER TIE ENTIRE RA!NGE OF CONPOSITION

Data on the vapor-liquid equilibrium for the e;stem argon-oxyren are
eesential for enieulutionl of ths distribution of arron, oxyrsn and
nitrogsn throughout air reotifination ocolums. Thie report presents
expori.ental data taken on .this eytem over the last year.

1
Bourbo and Iehkin obtained similar reeults of less aocurasy from a

etudy of the equilidrium pressures alone and therefore used ths squation

1~
dy'.—il;—;:%;_” ll.llllll..l.ll(l)

where

yy is the mole fraction of argon in the vapor phaee
xy is the mole fraction of argon in the linuid phaee

P is the iotal pressure.

The vapor-liouid ecuilidrium concentratione were obtained by determining
total pressuree for the total range of concentrations at trree temperatures.
The intepsration was accoripliehed using the renernl nethod of Rungoa. Ths
only assumption involved in equation (1) ie the perfeotion of the paseous

state.

In sddition to these data an unputliehed experinental deteraination
of the oguilibriun hae been made dy Schilling’. He hae kindly rade this

date available to us. The louest concentration etudied was 6; nrgon‘.

(1) Bourbo and Ishkin, Fhye. Zeitschr. d. Sowjetunion 10, 271 (1936).

(2) Kritsshewski and Kozarnowski, Z. Anorg. Allgeu. Chem. 218, 49 (1y34).
(3) C. Schilling, unpublished work.

(4) In all submequent description oconcentrntione vill be expreesed in

mole per cent argon, unlese othereige ptated. =
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CONFIEN 1AL

The laboratery ieethermal eslerimeter, C, wne ueed fer thase meaeurs-
mto,. For terperature :.easurerionte, reld reeietnnce thermouster R~100 and
standard trermoecuplee S~7 and S~4 were used. These had been crecked againet
vapor nressures of nure exypen in Oeteher 1941. The reeietanes thermometer
R100 vae conparcd arninst therrecounlee S~4 and S=7 during every run. The
manoxetric mercury levele were iveasured by a Sociote Gsnevolee cathetometer,
with two teloscopes vith miorareter eye~pleees, which could detect differencee
.of 0,001 om. Thie inetrwient wae used te compare the rercury heiszht with
lengthe on a stiandard eter which had been calibrated by the U. S. Bureau of
Standards. The pressure deterrinatiene were thus acourate te 0,02 :21. of
K8reury.

The relaticnehip ef the ealori.eter te the auxiliary linee ie shown
in Figure 1. The three liter ard 0.2 liter hulbe Fad graduated eapillariee
and wers calibrated iravi-etrically with teth :.ercury and water te an
aceuracy of 0.1'and 0,01 ec. respoclivsly. The line velui.es;, Wwhich are
smaller, were deter: ned by msasure isat ef the pressure after expansion
from o onlivrated bulb at a knewn preesure into the velurie to be determined,
whieh had been firet evecuated. The line veluiies were known te 0.2 per cent
in all caees. The tres liter and 0.2 liter bulbe tvere plaeed in a thorme~
’ . otat, the tennerature of which was kejt censtant te "0.0029C." ae determined
by a Peckuann theriiouetsr. The absolute te.peraturs of the latter wae ae-
oortained by relsrence to a Goloz thor.onetor ;rai.ated in intervnle ef 0.02%C. °
which had been ealibrated by ilhe Eursau ef Standarde nnd wae aeeurate to
within 0,01°C.

Both the three liter nnd the 0,2 liter salibrated bulbe ceuld be filled

with mereury freu ihe reserveirs heneath the: vitheut eontauminatien.

(s) Aeten and “....rl,, Jo Am. Chen, Sec, 58, 235‘ (1936)0
teswerly and Aeten, idid. 62, GC6 (1940).
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Py menns of a bicysle puup ¢r & vacuum punp, pressure er vacuuu ceuld be

applied er the reservoirs and the nercury raisad or lowered at will. The
teupsrature of the lines wne determinsd by five 0.1° thernemeters placed
at various parte cf ‘he system, Evacuation to a preesure ef 106 mm.

eupplied the oriterion of the " ightnese ef the cemplete syetem.

Oxygsn and Argon:
(3
Pure oxyren wre sbtainad by the method of Ven Siemens . Baker® "0,.P."

Kiin0, was ueed, Ths permangrnate bulb wae first evacuated, then repumped

after heatinge The oxygen passed threugh a KOH drying tubs end a glaes

wool filter and wns finally cclleoted in a licuid air cold trap, the fere
run being disearded. From ths oeld trap, the liquid oxygen wae distilled

into the three liter measuring bulb and ultimately into the oalerimeter.

By analysis, oxyren ;repared in this way had at the moet an impurity of

0.01 psr cent,
Fure arrion was obiained from the Linde Air Freducts Company. They

reported tiat the yas hnd been freed of last tracee of exygen und nitrogen

ehsmioally nnd that spectrosoopie analyeis indiocated no tracs of any other
elaent exospt argen. leasurementa talen in the high argon eontsnt region
eonfirmed the absence of oxygsn. The argen wee taken from five liter
oylindere, originally at 100 p.s.i., equipped with tve valvss and
oonnested te “he rlass eyetem b& e coppar to rlass seal. The preeeure
in the oylindsrs was never allowad to g0 dewn to etmoepherio pressure.

A vasuum cf 1075 mm. could be pumpsd en the complete line up ie the valve

nearest tho cylindoé. In thie wey, any ponsibility oi oontamination was

aveided.

(6) Vou Siszona, Amm. Physik., 42, §T1 (1943).
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A sample cf oxyren was measured volumetrieally in either buldb. The
weight of swmle was caleulated from the preseure, volune and temperature.
This ras vas then oondeneed inte the calori wter systen which was kept at
about $9°K. The amount of reeidual uncondensed oxyren was determined from
another cet of PVT data. The deeired auount of aren wae then litevise
peasured cut ond oondensed. Tre pixture then steod at leaet twenty-four
feure before any ueacure:iente were taken. .

On Serice I-VI vapor pregsure :wasurezsnte Ters taken between 550~

850. int. raie before taking any souilivriua data. Three to four peinte

vers tnien at each ot;mpolition aftsr oonstant readingie vere attained in
each cace. The teuneraturee recorded vere thoece read onm geld resietance
thermouster R-100. Tie compeeition of the liquid for theee risasure.ents 1s
determined by eubtracting rcupootin.ly from the nuber cf moles of each econ-
etituent originally oondensed in the oaloriiwster ae descrited above, the
number of nolee of each constituent in the small amount of ras in equili~
brium vith this mixture. 5Since, usually about 0.2 moles vere oondensed
into the calorieter and since appreximately only 0.008 molee of pas vere

in equilibrium with thie 1isuid, no appreciable error oould be made in
applying this cerrection.

The equilibriua data were cbtained in the fellowing panners The
mercury in the calibrated hulb to be uced wae caused te fall elowly,
v,poriging naterial at constant preseure from the calori-eter. Te predues
slow vaporigzation the resenre on the reesrvoir was allewed tec leak eut
slovly while at the ea:e ti-e supplying leat cleo: rically to the _t_:e.lor!.mtor
to keep the vaper presaure constant. By this meane the preecure Wae kept

constant within 5 nm. while vaporiging. This .rccess tock at least 45
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sinutes, and usually about 1 1/4 hours. The system vas then thermally
iselated for from 18 ~ 24 hours, (in vhioh time -he equilibrium pressure
varied at the uost about 10 mm. ocorreeponding to a ehange in temperature

of 0,29, ), after whieh mceurate temperaturs and preesure readings vere
faken. Frinally, the ealoricieter was shut off from the calibrated bduld,

The quantity of raterisl vaporized was then determinod from its tempsrature,
pressure and volume, after whioh the compoeition of this gaseous mixture
was found by analysis. All equilibrium measurersnts were taksn at
approximately 760 int. mm. of reroury.

After the first raseous eample had heen analysed, the calidbrated dudd
was evacuated to 1076 mme, the ocalorineter stopoock opensd and a new
o.:q;lo vaporized. The eame procedurs Was now applied to thie ssoond
eamples Throe or four varorizations of approximately 0.02 to 0.03 moles
of gas vere mads in thie way. Finally the remaining material in the
oalorireter was eompletely vaporized, the nolar quantity of gas and ite
souposition coupleting the data on one sample.

In the above procedurs, if -
8y = molss of argon on_-iu.nany in the calorimeter system.
Ia. = moles of oxyzen in the onlorimster syotem.
¥y3 = =molse of argon gas vaporised from the calorimeter system.
72 moles of oxygen gas vaporised from the ealorimeter systes.
y‘ moles of argon cas remmining in the oalorimeter eystem.
y] molee of oxygen gas remaining in the calorimeter system.
Xy = moloe of argon liquid remaining in the oalorimeter systeam.
%2 = moles of oxygsn liquid remaining in ths ealorimeter systea.

(vhere, by calorimeter systsm, we mean the onlorimeter and filling 1line

wp to the calorimeter stopcook), then

This doeument contains lnfermation affeeting
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% = ony -(71"'7:)
X3 = ng -(nH;)

For the first vaperiszation, the quantities ny and np; are the molss of
argon and oxygem originally pressnt in the calorimeter system. The
quantities yy and y; are determined from the amount of material vaporissd
and its analysis. The quantity y: is caloulatsd from

.1
4] '(.;'Lk’_z.) ..!.}.;—-_'_/2, (a)

where ihe tsrmi la parenthesie represents the mole fraction of argem in the
vanor, P ropresents the squilibeium pressure, 3 v/T the sum of each gas
volume in the caloriueter system divided by its absclute temperature, and
R the gas constant. ™ equation similar to (4) exiets for y'g-

For tho next vaporization, the moles of argom and oxygem originally
19 1
in the calorineter system are (xy + y,) and (x; +y 3) respectively. The
other required quantities are determined analogously tc the above,

Anslyeige
The composition of all gaseous mixtures was ascertained by chemical
analysis for oxygen. For analyses bstwsen 977 and 100% 0z, the methed
used wag thet of Bndpr’ using oopper with NH,C1 + NH,OH as absorbent.
The burette used for this work was oalidrated with meroury. Readings
oould be uade to 0.01 percenmt, but dnh;ago errore linit the socuracy to
nbout 0,015 por cent. Analysis of the pure aoxygen produced from Kin0,
cave estimted results of 99.99%, 99. 99" and 100,015 for thres analysss.

Ind,. ED‘- Chea. 12' 161 (1920’.

on sflecting
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CONFIUENIIAL

For analysis of mixtures sontaining from 0-97/ oxypgen, a conventional
Orsat procedurs was employed using the commerciaml absorbent ..EI0Q, .

This absorbent was the riost rapid and nocurate absorbont of those triedj

9
it behaved very similarly to Fieser‘s solution . A three foot water jaockstsd

buretts was used for th:ese analyses. Readings on this hurette could be

estimated to 0.03 per cent but tre accuracy of determination is probably

from 0.05 to 0.10 por oent. In thess analyses, the apparatus was cheoksd
before each ssries by analysis for 0, in air.

The r.ethod of transfer of the ras to be analysed to the bLurette
involved no intermediate containing vessels. The sauple was drawn inte
ths burette, through a systsm which had praviously bsasn svacuatsd to

10”5 om. prassurs.

After Series I, all analyses viere taken in dupliocate.

Satas

It was noticed that ths {irst vaporiszation of eaoh series gave a
vapor which was not in asoord with the results of succssding vaporizations.
This first vapor was always high in arpon content. (iith the method
used of filiing the calorimeter, the ras phase originally consisted of
100% argon. It s dertonstrated prescntly that the ti:io to re~ch equili-
orium rér tris is.too long to be praot:enl’o. Theratore, the results of

this first vaporizaticr vere discardsd in all series.

(8) Furnished by the linys Corporation, Li.chigan City, Indiana.
(9) Fieser. J. Am. Chem. Soc. 45, 2639 (1924).

(10) Ur:ly oas vapor produced from ithe {irst vaporization sver reacled com=
plete equilidrium. Af'ter geventy~two hours analysis shoved the :aaix-~
turs to bs at enuilihriun. This data was used in a later oalculation
as vill bte seen.
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It will be shovn preeently that the rates of gas diffueion evaporation

and condensation were rapid snough to setablish equilibriuam in all other
oases.

1
The term known leaet accurately is the term y of squation (4).

Thie term oould be exactly oalculated if the temperatures of all

parts of the calorimeter system from the oulorimto'r, which wvae at

about 9U®K., to the exterior lines, which were at about 300°%K., were

known. The temnerature distribution in the gradient could not be

approximated. Coneequently, in the final vaporization, on acoount

of the erall amount of liquid left in the calorimeter, an appreoiadle

1
srror mi-tt be made. Arbitrarily, if y /x wae preater than 0.2, the

reeult of the vaporization wae diecarded. All other reeults are in-

cluded in Tabdle V.

Temperature Scale:
k The teuperature ecals of The Pemneylvania Stats Collsre Cryoprenic

This soale has

Lahoratory wme employed with 0°C. equal to 273.16%K.

The in-

besn retained in terms of hydrogfen and oxygen vapor preseures.
dioation of S-4 and 5-7 were corrected according to a comparieon with

oxy:en vapor preosures in Octover, 1941 which vore riven the values determinsd

on our temperature ecale in 1935,

Vapor Preesuress

1
The total preasure above mixturas from O - 81;1 argon was meaesured as

deecribed above. The values are given in Table I. The obeerved pressure

. This document rents o
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in internatienal milliietere and temperature in degrees Kelvin ae read cn
R-100 are priven in celumns two and ihree reepeetively, fer linuide of the
compesiiiene j;iven in celumn ene. -Fer a given eomposition the reeults of

Table I indieate that the relationehip

legio P = -A/T + B

ie follovied very closely in ths preesure range etudied. Thue the data ean

be repreeented me in Table II, where colwm ene givee the cempeeitien in
mole ner oent argen im the liquid phaee, and oolumne twe and three ::ive
reepectively the correepondinr; oenetante A and B for thie eempceitien.

The fit of theee equatione with the experimental data ie shown in eolumne
four and five of Table I. It ie¢ seen that the ean deviation ie 0.7 mm.,
oerrespending to a temperaturs deviatien of 0.009°C. Thus, at tlieee pres=
euree the accuraey ef tomperature measuremente is the deteruining facter
in the meaeiurerent. The data have boen extrapelated te the nermal boiling
point of pure argen to rive a value of £7.30 + .05°K. (-105,86°C.),. Values
for the norrml beiling voint of argon repnorted in the literature are these
of Ramsay and Travere (-186.1%C.)"", Cremielin (-185.84%.)'?, tatnias,
Onnes and Cremmelin (-].85._6_6‘(!.)'3 and Bourbe and Iehkin (-185.9'6.)“.
The value which we find for the normal boiling r:oint ef exyren, 90.20 +
«02%. (=182.96°C.) ie¢ in perfeot agreenent with the value ef Hegs and
Briekvedde'?, vis, 90.19 baeed upon a oritieal etudy ef the literature.

(11) Ramsay and Travere, Z. Phye. Cren. 38, 686 (1901).
(12) Crommelin, Corri. Phye. Lab. Leiden No. 138¢C (1913).
(13) Mathime, Onnee aund Cromrielin, ibid. Mo. 131a (1913).

(14) Bourbo and Iehkin, Phye. Zeiteehr. d. Sewjetunion 10,271 (1936).
(15) Hoge and Brickwodde, Temperature. It'e Meameuremente and Centrel in
Seience and Induetry. Ameriean Inetitute ef Phyeioe, Reinjold

Publiening Cerp. (1941).
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Table III gives values of the temperature in degrees Kelvin at which
a total pressure of 760 int. ma, -of mercury is reached for various mix-
tures. These values, calculated from the data of Table II, represent the

boiling curve at this pressure.
Pable IV lists the total pressure for various mixtures at a temperature

at €8.57°C. aa obtained from Table II.

Equilibrium Detas

. Table V 1lists the experimentally obtained equilibrium data. Although
th; pressures differed slizhtly from one atmosphere, the effeot of this
smell difference on the vapor cqnposiuon is negligible. Accordingly, &
plot was made of y/x versus x representing this data and a smooth curve
drawmn through the results. Figure II shows this plot on a smaller lpale.
For oconvenience the smoothed values of y/x are listed in Table VI.

The accuracy of these results is deternined by the acouracy of analysis.
Since each point depends on either two or thres analyses, the values of the
mole per cent of gas in equilibriun with liquid of & specific concentration
may be in error by 0.03 mole per cent for low argon concentrations and by
0.15 mole per cent for high argon concentrations. The third colum of
Table VI lists the percentage error in y/x on this besis.

The conventionally represented T, X diagranm, sumarizing all the date
is shomn in Figure III. The low volatility of argon at high concentratlons
found by Schilling =nd by Bourbo and Ishkin has been substantiated. Figure
IV is & more detailed plot of argon-oxygen liquid-vapor equilibrius, at
very low argon concentrations, the region of interest for calculations in-
volving an oxygen tower.
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Equilibrium Date a% £2,577K.

Since the cenlrnrimetric mpparatus csculd be ises 87 wressures omiyv
sli-htly above one stmnsphore, the etfert of nrassura i tie scuilinrium

values could not be foundi. Likevise. axuct v~lues or Lthea equilibrium dats

repreeented isothermally were not obtnired. llovever, if s ‘emneraiure wns
ehoeen in the mean ranre of ithe results at ane atmoephore, sn inothermal
repreeentation of the data could be obiained to u “noe anproxi: ation. Thne
tomporntﬁro chosen uns 0€.57%Ke

The partial preeeurs of argorn in the as, Py, may be related to the

vapor preeeure of the pure liguid by the anuntion -

P| £ P? ay (5)

where ay ie ihe activity of argon in the solution. If {he motivity coef-
ficient be nssumod constant for the snall tomporature interval between the

temperature correeponding to a total pressura of 760 mm, and 88.57% oy then =

0
Py (B8.5T%Fa) = 7y (1) Ty p(efé)m') (6)
' .

vhere P, (88 57%.) is thke partial prossure of arcon at 38.57MK.

Py (T) 1is the partinl pressure of arcor at T.

P?(BB.E?‘K-)io the vapor precsure of pure liguid argon at 88.57%,.
P?(T) ie tho vapor pressurs of pure licuid argon at T.

- T is the tomperature corresponding to an equilibrium preesure of T60 mm.

Likeviee, the eimilar equaticn -
P, (E2.51%.) = P,(T) PS(83.57°%,) 73
2 _2;91¥§1__z (7
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relatee the partial pressurs of oxygen at 88.57 to the partial preesures
expsrimentally obtainsd at 760 m.' ,. Table VII eurxmarizee the resulte over
the eomplete concentration rangs. It is eeen that the resulte odtained at
88.57°K. differ from those obtained at 760 int. mm. by only 0.9 per oent at

the greatost. Figure V ie a plot of y/x against x for a tempsrature of

88.57°K. The P, X diagram at 88.57°%. ie shown in Figure VI. In Figure VII

the partial prsscuree of argon and oxyyon are plotted againet the mole
fraction of argon in tho 1liquid at 88.57°K, It ie soen that vory appreciable
differencss from Raoult'e law exiet.

In Table VIII the data of thie ressarch are oomparsd with that of
Bourbo and Iehkin, and that of Schilling. Although the data of both are
r.i;:n at differsnt tomperaturse, and at different tempsratures from
thie research, oorrolations can be rado. The chock of tho exporimental
values with ths data of Bourbo and Ishkin is exsellont from O = 40 por cent,
but is not as food at higchsr argon concontratione. The work of Schilling,

done acsording to the author to "enginesring acsurasy" agroos with the data

(15) An equation eimilar to (6), which howovsr allovs for the shange in
the astivity of the pure components with tem;erature is:

[Py (88.57)+P5(88.57)] [Pp(88.57)] [y Pp(T)44,P8(T)]
[Py (T)4P,(T)] (MyPP(88.57)+N,P8(88.57)] [P, o(T)]

P' (88.51".) - P' (?)

and givee rosulte almost identical with equation (6). Tho use of equation
(8) 1s equivalent to obtaining the partial pressuro at 88.57°K. from that
oxporimentally detsrminoed at T, by rultiplying the latter by Py (Raocults,
£3.57%.)/P, (Raoulte,T), 1.e. by the ratio of the partial pressurss salculat~
ed from Raoult’e law at the two tompsratures.
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found in this work vithin his probable experimental error at sl

except the middle oconsentration range.

The data of this research oan dbe proved free of appreciable error

due to lack of equilibrium.

The reversidle tranefer of argon from the gas phaee at a partioular

point to the liquid phase is represented by

k 3
‘1 :——5' A‘ s 8 o o 8 & 9 O s o 2 & ® o ° 9 o (9)
k;
whers Ay represente the mole fraotion of argon in the 1iquid phase,
Ag 4w the zas phass and ky and k; are the epescifio reaction oonetants

for the reaotione ae written. Tren =

4

dA‘ O k' A' - kz A‘ e o 8 8 & o o 0 o @ (10)
t

where ihe derivative expreeses tke ohange in conoentration (expressed

ae mole fraotion at oonetant total preesurs) of argon in the ges with

time. Thus at equilibrium

kzkg'kqh .............(11)

e 82 5 8 5 8 9 o ¢ 8 o O ‘12)

the natic
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vhere K ie the volatility oonetant (y/i)- The equation representing ths

material balanoe in the oyotem ig

n, ht t mpA o= n, (13)

Whers g = the total molee of cas
n = the total moles of liquid

ny = the total molee of argon

Subetituting (12) and 13) 1in (10)

K

"A Ag(_x +1

Integrating, mnd inoluding the initial condition (t = 0 A8 = A:)

The conetant k; oan bo eolved for ueing data obtained in the first
vaporization of each seriee. It has boen etated that due to tho method
of £illing the caloriretor, the vaper originally coneieted of 100 mole
per cent argon, and in the time of standing allowed, the vapor did not come
into equilibrium with the liquid. Since analyees of the vyapor were

Uoasured aftor 18 - 24 hours ltinding, data are availablo to 6olve for the

transmission re
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oonetant k; in equation (15). The 4nitial concentration of argon, Ag, vas

calculated by asouming that the vapor formed was in equilibrium wvith the

"gaverage 1iquid" in the calorimeter during vaporization and n;,nu‘ for
the number of moles of pure argon eriginally in the lines. The value cbtain-
od for k; wae 0.027 hours™'. Using thie value of k3, the percentage error
due to asymptotic approach teo equilibdrium in any vaporization can be oal=-
oulated, however, a more acourate value of k; to be disouseed presently,
was ussd. The ocomputed errore are listed in Table IX as a funotion of
the conoontration of arsron in the liquid. It is soon that the maxiemum
srror produced in the measursmonts dus to poor equilibrium is 0.3 por cent.
The data and oaloulated values of k, are eummariszed in Table X,

' To detormine k, more acouratoly tho calorimetor was filled with three-
fourthe of a mole of liquid oxyren vhile the large bulb and conneoting
lince wore filled with rnoecuec argon at atmospheric pressure. The ealori-
meter stopocck woe then oenod and at measured ti:ec analyces of the vaior
was talen. The data at the ocoveral time intervale together with the values
of ky derived tiorefrom are ourrarized in Table XI. In t-cee measursments
the volume of vapor taken vas about five tiuss that taken during the actual
equilibrium measureuente, therefore the rate oconstant corresponding to

ks compared teo the average

the latter chould be approximately 0.05 hours
value of 0.027 nhoure™! found from thedate in Teble X. In view of the
fact that the valuos in Table X wore rather clocee to equilibrium the value
of 0,05 hours™ 1¢ the valus ohesen for kj.

Vhile determining k more aoourately it was poceidle at the oame time
to obtain a oheck point on the equilibrium oystem in whioh a vory larze
amount of matorial was contained in the oaloriiieter. A sumuary of the

data for this point appeare belows

This ducnment containg jnformation affecting

GONF,DE 3 the nationsi defense of the Uniisd Etates within the
ing of the Espl Act, U.S.C. 50; 31 and 32,

Its transmission or revelation of its contents in any
manner to an upauthorized person is prohibited by law.




T = 08.42%.

P = 707.90 mm,

Mol 7 0, in gas = 73.31

Mol » A in gae = 26409

Lol i Oy in liquid = £0.80

Mol 7 A in liquid = 19.20

Y/X = 1,390

Y/X from plot at 88.5%. = 1.395

Thie value of 1.390 for the equilibrium conetant at £€.429%. corrected to

88 .5’1(- ie 1.398 .

The accuracy of the data was tested ueing the Duhom ecuation ae ehown

in the next eeotion.

An Investipation of the Accuracy of Equilibrium Dats for Some Binary Systems

by leans of the Duhem Equation.

The Duhem equation expreeeed in its uost reneral form 1s
S Nyary =0 ALY, AR IR e o i Y
for Q two phase eyetem thie reducee to
u1n1+nzdi‘2-o TS PR et~ FT R R

ﬂnd.iﬂc.d”-ardln. e Ials o 6 o o ® o ofsn‘el & (3)

2
thsn dlna T R dln!z lll.l.'ll'l(‘)
1 W
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it can be very easily shown that this can e traneforied to
M,

a N
108 1 -ﬁLdlog_az- .....0-0(6)

N, h N,
Aepuming the vapor to be ideal, the date on the A-0, eyetom and the
Nz~0; syotem can be correlated by the use of this equation.
for a solute ax/Mz = 1when N, = 0

Sinoe we lave amseured ihat the va or is a perfect rae, then az{ P,

and ae we pass from a riol fraotion Ny to an infinitely dilute solution Ho®

586 00805 oo ' " onologe ()

Py*

N
from Menry'e Law 2 approaches a constant value at infinite dilution

*

)¢
denoted by -FE-;
2

But by dofinition N,* = ay*

No#

a
thus a, = P, r:* and T:" - PZ/NZ/PZ'/HZ* NS Y T Y Y

For the solvent, by definition

24
T‘T’ = 1ltihen Ny =1

f' P'
a,"T'; —1-,;: C R T A )]

Table XII civee the values of 8y calculated from (9) (Col.2) nnd aleo

alues of &y caleulated from (6) (Col.3) for our data (eec.n) and for

This document contain: i
the mational defense of (),
Tueanin he Eepionsge
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the data of Bourbo and Tehkin* (Phye. Zeiteohr. d Sowjeturion 10, 271,

1936) on the argon-oxygen syeteri (Sece. b and ¢). Oxygon ie he.e called

ihe solvent (role fraction My) nnd arcon the eolute (10le fraction Nz).

Table XIII ie a siailar talle for the data of Dodge ard Junbar
(J.A.C.5. 49, 591, 1927) (eec.a) and Inplis (Phil Lag (VI) 11, 640, 1906)
(se0.b) on the nitrogen-oxyren syetem calling nitropen the eolvent (N,)
end oxyzen the solute (N3).

Table XIV ehowe the effect of errors in the tionsured ay on the arree~
rient between a, ae rmeasured and as calculated usirg the Duhen equation.
Column 1 givee the value of N, coluun 2 givee percentage by which Py wae
arbitraril; ohanged from the data to ret valuoe of ay friven in colurm 3.
Colunn 4 givee ihe value of a, calculatod from az' by meane of
equation 6. The quantity a,' is the value caloulated from P’ which ie

the totsl pressuro minus Py + &Py when APy is the chtange in Py correspond-

in;; to the percentasge in column 2.

# Thig is no rmore {han a chock on B & I's calculations for they used the
Gibba-Duten equation to obtnin thoir resulte.
L
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Tadle I

VAPOR PRESSURE OF ARGON-OXYGEN MIXTURES EXPERILENTAL DATA

AP
Kelvin® (.No".ll.o)

- .._
(“10.'.‘.0)

151.32
747.61
721.49
151.07
135.69
165.57
774.98
759.08
774.27
15765
848.67
15151
643.55
546,30

87.303 - 0.3
88,722 + 0.1
90,211 + 0.4
90.714 = 063
89.974 + 0,2
90.075 - 0.3
90,020 + 0.3
89,681 + 0.2
90,051 0
89,845

90.195

90,306

90.102

90.293

90,055

91.165

89.9%3

88.542

87.054

- 0,006
+ 0,002
+ 0,004
= 0,002
+ 0,002
= 0,004
+ 0,003
+ 0,002
0
+ 0,002
+ 0.004
+ 0,004
= 0,040
= 0,051
= 0,052
- 0,060
= 0,067
- 0,069
- 0,069

* As read on R-100.
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VAPOR PRESSURE OF ARGON-OXYGEN MIXTURES EXi RIENTAL DATA

Nole Psr cent T AP AT

P
hAL‘::“ int. am, ‘:";- (.ho-“lﬂo ) (.ll.o'.ho’

Table I (eontinued)

€01 775.08 90,093 - 2.6 - 0,030
7.73 764,17 89.867 + 1.1 + 0,014
7.86 762.36 89.832 0 0

8.03 845.43 90.824 . + 0.3 + 0,002
8.04 157.00  89.760 +0.3 + 0,003

8.07 641.44 88.205 + 0.4 + 0,004
8.08 5‘6.3‘ 86.161 O 1.1 ) 0.020
1‘4.1 760.80 89.512 + 0,1 + 0.002

14.2 766.62 89.541 + 2.9 + 0,036
15.2 171.55 89.569 + 2.6 + 0,034
15.76 762.52 89.452 + 0.3 + 0,004
15.80 649.34 87.935 + 0,8 + 0,011
15.83 550.01 86.430 + 0.6 + 0,011
25.4 751.10 88.876 + 0,011
26,3 745.07 88.759 + 0,017
28.36 823.64 89.659 - 0,002
28.40 761.14 88,892 + 0,004
28.44 720,22 88.245 - 0.003
28.49 631.88 87.160 - 0,006
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Table I (continued)

VAFOR PRESSURE OF ARGON-OXYGEN VISTURES EXPERILENTAL DATA

Mole Per cent P T AP AT

Argon deg.
in Liquid int. ms  gelvin (obs.=-oalc.) (oalo.=obs.)

65.2 7153499 87.768 - 0,8 - 0,010
67.6 750.28 87.667 - 0.3 - o.&os
68.3 138.12 817.507 - 1,2 - 0,015
68.7 735.30 87.445 + 0.3 + 0,005
69.69 852.45 88.826 + 1.9 + 0,021
69.83 185,47 82.033 + 1.5 + 0,017
69.87 688467 86.79 + 1.2 + 0,015
86.65 746.31 87.302 + 1.1 + 0.013
86.92 186497 87.805 4+ 0.5 + 0.004
87.16 768.33 87.564 + 11 + 0.013
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Table II

THE VAPOR PRES3URE OF ARGON-0XYGEN VIXTURES

logyo P = . AT 4+ B

Mole Per cent

Asgon in Lisuiq

0 370.20 6.9849
1 369.68 6.9816
2 369.20 6.9786
3 368.74 6.9759
‘4 368.30 6.9734

367.88 6.9710
365.83 6.9594
364.00 6.9497
362.37 6.9419
360.92 6.9354

359.63 6.9298
357.27 6.9196
3s55.27 6.9102
353.56 6.5013
352.07 6.8937
350.70 6.8852

349.39 6.8768
348.12 6.8685
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Table III

BOTLING POINT OF ARGON-OXYGCEN lIIXTURES

AT 760 INT. Mf. TOTAL PRESSURE

Yole Per cent Boiling Point
Argon in Liquid Deroes Kelvin

0 90.202
1 90.148
90,097
90.044
89.992

89.941
89.695
89.459
89.230
89.015

88.819
88.459
88.169
87.939
87.135
" 87.579
87,435
87.298

e i e L




Tatle IV

TOTAL PRESSURE ABOVE ARGON-OXYGEN MIXTURES

AT U8.5791,

“

Mole Per cent . Totu;.sf’;:;auro
Argon in Liquid (int..m.;
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Tatle VI

SMOOTHED VALUES OF ENUILIBRIUN DATA FOR THE

SYSTEL! ARGON-OXYGEN
AT ONE INT. ATH.

uolo;;:nunt X . Estimated
in Licuid
(]

(y/x) % iA; curacy

K.

0
1
2
10
20
30
40
50
60
70
8o
90
100

1.50
1.495
1.489
1.446 .
1.384
1.310
1.226
1.15
1.0%4
1.057
1.031
1.014
1.000
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Table VII

SYSTE:: ARGON-OXYGEN AT BB.5T% .

o—p——————eae
i e

t'ole Percent

A
in Liquid

tlole Percent
A in Vapor
760 mn.

i'ole Porcent
A in Vapor
88.57%.

0
1
2

10

20

20

40

50

60

70

8o

90

CONFIDENTIAL

s (i
1.495
2.978

14.46
27.68
39.30
49,04
5T7.55
65.64
73.99
82.48
91.26
100.00
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Table VIII

EQUILIPRIM! I STIZNM ARGON-OXYGEN

lfole Per cenmt Mele Per cont y
Al‘::l Argol(: ia Vaper  gentlling

Liquid ('l'hhyﬂunrch) Lk
(x) 88,579,

0 0 0
1 1.509 1.55
10 14.55 " 14446
20 21.77 26,90
30 39.33 A 37.90
40 49.02 47.78
50 57449 57,00
60 65.55 65.72
70 73.89 74.20
80 82.40 82.50
90 91.21 91.10
100 100400 100.00

* Value uncortain from numerical data given in publication.
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Table IX

ERROR IN K (y/x) PRODUCED RY CHOSEN EUILIRRIUL
TIL OF 18-24 HOURS

Yole Per cent Percent Error

Argon in in
Liquid K

o |
10
20
30
40
50
60
70
80
90
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Table X

CALCULATION OF k; FROM EQUILIBRIUM UEASURELENTS

p— . -]
Tuantities utilized Run Run
in Eg. (15) 4 6

X 1.061

¥ 0,0258
X 0.2418
N, 0.1171
A 0.7600
A

° 0.8290
12 12
kp 0.0290

the ; o
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Table XI

DATA FOR EXPERDE!NTAL IETERMIEKATION OF ky

ky for ky for volume used
full Lld in equilitrium
measurerients
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The vapor pressure of certain liquid mixtires of argon and oxygen were measured, and the
results were expressed by simple equations. From the data, normal boiling points of the
liquid mixtures were computed as well as total pressures at 88.5°K. Compositions of the
vapor and liquid in equilibrium were ed at one at here total pressure over a
wide range of tration, and ‘‘K’’ values were compiled from the results. The composi-
tion of the vapor in equlibrium with the liquid was computed at 88.5°K over a wide range of
composition. The partial pressures of argon and oxygen over a wide range of liquid com-
position at 88.5°K were found in accord with the Duhem equation. The Duhem equation was
used to check the data on the oxygen-nitrogen system.
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