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I 
SUUUART 

1» The «»per pressure of certain liquid mixture« of arson and oxyson 

has boon neasured and tho rooulta oxpraaaod by oimplo aquations» 

2. From the data normal boiling point« of the liquid mixture« vor« 

eomputod aa wall aa total proas.ire» at 6f.5*IC. 

3. Composition« of tha vapor and liquid in equilibrium hare been 

masurod at approximately one atuoaphora total pressure over a 

wide rang« of concentration and "K valuee" compiled from the 

reeult«. 

4. The composition of the vapor in equilibrium with the liquid ha« 

been computed at f!8.5*K. over a wide rann« of composition. 

5» The partial pressures of argon and oxye«n over a wid« rang« ot 

liquid composition at iS6.5"K« have been found in aeoord with the 

Duhem equation. 

6. The Duhon equation rae been need to obeek the data on the oxyr.on- 

nitroßon system. 

II 

I. mu. 
Thu di:ument .»n....„. , 

the SStaMj «SfHM „l tfti Uftft.   . 
meaning of UM Eapiuna*.  Act.  11 .-■ 
its traiwmMMcn o. rmjatkia o. lb  .■ ,...„., In u. 
manner (u an unaulhunze.1 Htm b SraUUUd Oy law 
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CONFIOENilAL 
VAPOR-UnUIO EOUILIBRIUU DATA FOR THE SYSTEiJ AGRON-OKTGEN 

OVER THE ENTIRE RA!KSE Of COMPOSITION 

Data en the vapor-liquid equilibrium for the system argon-oxyren are 

essential for calculations of the distribution of arnon, oxyr.en and 

nitrogen throughout air rectification columns. This report presents 

experimental data taken on this eyteiu orer the last year« 

Bourbo and Ishkin obtained similar result« of leas accuracy from a 

study of the equilibrium pressures alone and therefore used the equation 

dy, .  y}(1-n>    dp .(l) 

where 

y, is the mole fraction of arr.on in the vapor phase 

x, ie the uole fraction of argon in the liquid phase 

P ie the total pressure. 

The vapor-linuid equilibrium concentrations were obtained by determining 

total pressures for the total range of eonoentrations at three temperature*• 
2 

The integration vas accomplished using the general method of Runge • The 

only assumption involved in equation (1) is the perfection of the i'.aseoua 

state. 

In addition to these data an unpunished experimental deter nination 

of the equilibrium '. as been rude by Schilling . He has kindly uade thie 

data available to ue. The lo>.est concentration studied was 6> argen . 

(1) Bourbo and Ishkin, Diye. Zeitsehr. d. Sowjetunion 10, 271 (1936). 
(2) Kritsjhewskl and Kozarnowaki, Z. Anorg. Allgeu. Chem. 218, 49 (193*)« 
(3) Ü. Schilling, unpublished work. 
(4) In all subsequent description cor.centrniior.e will be expressed in 

mole per cent ar£on, unices »^^^■rWfKro™,,!,,,- «ffecti,,,- 

RnNpinEsUT} M tht BBt'uDs de*t:,£t °* ih« Liiith... 
VVlYrlllLn I *t*lL ni*ar- ■   of the Kspionag*   Act 

IM iranain.fi> ibn er rmilÜN o.    . 
manner m an unauthorized per*«. .* yruu^.^oo JJJ IMW. 
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G) 

Tha laboratory isothermal calorimeter, C, wne uead for these msaaure- 

a»nta • For teiipera*ure ■eaeurenonta, raid raaiatanaa thermometer R-100 and 

standard thermocouples S-7 and 5-4 vara uaad. These had bean cheeked acainat 

vapor pressure» of pure ox/can in October 19*1• The resistance thermometer 

R-100 waa eouparod against then.iocouoles S-* and S-7 during ovary run« Tha 

amnoaetrie nercury levels were i.ieaaurad by a Soeiota Genevoiaa cathetometer, 

with two telescopes with niercuister oye-pieoea, which could dateet differences 

.Of 0.001 mm. This instrument «as used to compare tho r.ercury height with 

lengths on a standard raster which had been calibrated by the U. S. Bureau of 

Standards« Tha pressure determinations were thus accurate to 0.02 i»i. of 

usroury. 

The relationship of tha oalorlieter to the auxiliary linos la ahown 

la Figure 1. Tha three liter and 0.2 liter hulba lad graduated capillaries 

and wsre calibrated rxavl-ietrieslly v.-ith both mercury ini water to an 

aecuraey of 0.1'and 0.01 oc. respectively. The line volui.es» which are 

•nailer, were determ'ned by Measure ie.it of the pressure after expansion 

fron a calibrated bulb at a Known pressure into the volur.ie to bo determined, 

which had been first evacuated. The line volumes were known to 0.2 per eant 

la all cases. The t'»reo liter and 0.2 liter bulba were placed in a thonne» 

■tat, the teiiperat'-n-e of which waa ke;it constant to "0.00200." aa determined 

by a Beckmann theruoueter« The absolute temperature of tha latter was as- 

eertained by reference to a Colo» thor.;o: tetor ("Xul .ated in intervals of 0.02*C. 

which had been calibrated by the Bureau of Standards and was aeourate to 

within 0.01*0. 

Both the three liter and the 0.2 liter calibrated bulba oould be filled 

with mercury from the reservoirs beneath tr.eai without contamination. 

0 

ii\*E& 

(5) Aaton nnd Keoserly, J. Am. Chen. Soe. 58, 235* (1936)* 
t!eeserly and Aaton, ibid. 62, GC6 (19*0). 

Trim dc:uQ4«nt «om   <. -* 
the» national dt»*1«-..-..     * tna .;■,.[- 
meaniny of »rn  Lmp-.unu^   A** 
Its  traosmutaiMi 1,1   rt.t-.»iTi..r.  i«. ■   -r, - 
manner le an unauthtmen. f)*r-eo •» i1 <. r. ;--*aa i 
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ÜÜftr luui i IML 
Fy mein«  nf a Mayale >u r> cr n vacuum i>a*.ip,  -«sa .:■» or vtnuuu could be 

applied or  tha r«»"rwrjir» ind t!o :ierc iry ra'ead or lowered at will.   The 

tanperattire 01' the linea wna determined by  five 0.1* thenlonetera placed 

at vnrioue narte cf 'he e;'stem; Evacuation to a pressure of 10"* mm. 

euppliad the erlterlen of the ' j.gl- tnegs of the complete system, 

": 

( 

I 

L-.- 

Oxygon und Anton i 

Pure oxy-on wr.s obtained by tha nathod of Von Siemena . Baker« "O.f." 

KlfciO« vaa uaed. The permanganate bulb wna firat evacuated, then repuraped 

after heatinc. The oxygen passed through a KOH drying tube and a glaae 

wool filter ind wna finally co3>eted in a liruid nir cold trap, fha fore 

run beinn dlaearded. from the cold trap, the liquid oxygen vaa distilled 

into the three liter neiaurir.,- bulb nnd ultimately into the calorimeter. 

By analyaia, oxygen repared in thla way had at the moat an Impurity of 

0.01 per cent. 

Pure argon v/.-to obtained from the Linde Air Product« Company. They 

reported tint the v;ae hnd been freod of laat trafoa of oxygen -md nitrogen 

oheaioally >md that epeetroaoopio analyaia inJieated no trace of any other 

ele.:ient except ar^on. Heaeureiia.nte tR.'.an in the high argon content region 

eonfirned the absence of oxygen. The argon was taten from five liter 

eylin<]era, originally at 100 n.e.l.,      equipped with two valvea and 

eonnestad to he :l»d» system by a copper to nines aeal. Tha pressure 

in the eyllndara waa never alloftad to go down to atmospheric pressure-, 

A vaeuun cf 10'' mm. could be pumped on the complete line up to the valve 

neareat tho cylinder. In thle way, any ponaibility 01  contamination waa 

avoided. 

(6) Von Sisjiena, Ann. Piiyaik., *2,  671 Cl?d3>- 

CONFIDENTIAL 
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C) 

A Mmple of o*y«en »a. meuursd v.lumetri«.lly In either bulb. The 

w.iCht «f .ample wa. .aleulated from the pre.eure, volur» and t.nper.ture. 

This tsu wao then condensed into the calori »tor .ysten vhieh «a. k.pt at 

•bout T.9-K. The amount of residual «condensed oxygen was determined fro. 

«nether eet of PVT data. The de.ired auount of ar*>n «aithen lil-e»ie. 

waeured out and cond.n..d. The cUxtur. th.n stood at leaet twenty-four 

hour» before any measure:ant« ware taken. 

On Serlee I-Vl vapor pressure .isaoureasnts »ere taken between 550- 

650 int. «i. before takinr, any epuilibriuu data. Three to four point. 

«.re taken at each oompo.ition after constant reading ««re attained in 

•aoh case. The to^eratures recorded wore tho.s read on cold resistance 

th.woa.ter R-100. Be oompo.ition of th. liquid for th... rfasurs-nt. i. 

d.t.r«in.d by .ubtractinG r..p.etiv.ly fro« th. nu!nb.r of «ol.e of each ..»- 

.tltu.nt originally condensed in th. calori-tor a. d..ori*.d .bov.. the 

number of uole. of each constituent in th. saall anount of Cas in equili- 

brium with this mixture. Sine. usually about 0.2 moles v.r. condensed 

into th. caiori.T.t.r and sine, approximately only 0.008 mol.. of Ras were 

la .quilibrium *ith thi. liquid, no appr.oi.bl. error could b. mad. in 

applying thi. correction. 

The equilibrium data wer. obtained in the following manner. Th. 

mercury in the calibrated hulb to b. used wa. caa..d to fall .lowly, 

vaporising- .«aterial at constant pressure from the oalorl-«tor. To produe. 

.low vaporisation th. :«..■»•. on th. reservoir »a. allowad to leak out 

slowly while at ifc« .*■»  U:* supplyinß !cat ol.orieally to th. calorlm.t.r 

to keep th. vapor pr-.sur. constant. By thi. mean. th. pr..sur. wa. k.pt 

constant within 5 m. whil. vaporising. Thi. „rose., took at l.a.t 45 

t ) 

CONFIDENTIAL 
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CONWi.Al 
■laut«!, and usually «bout 1 l/4 hours. The system vaa than thermally 

taalatad for frea 18-24 hours, (in which time -ho equilibrium prooauro 

varied ai tho neat-about 10 on. oorraaoondinr, to a change la teaperatura 

•f 0.2*0.), aftar which accurate tenperatura and prooauro readings were 

iakan. finally, tho ealoriaeter vaa ahut off from tha ealibratad bulb. 

The quantity of notarial vaporitod vaa than datarainod from its temperature, 

praasura and voluao, aftar which tha ooaposltlon of this gasoous mixture 

vaa found by analysis. All oquilibriua neasureoents voro taksa at 

approximately 760 int. on» of noroury. 

After tho first naseous saaplo hud boon analysed, tha calibrated bulb 

'\ 

was sraouatsd to 10" ., tho oaloriMotor stopooek oponod and a no* 

saapla vaporitod. Tha sons prooodura vaa now applied to this ssooad 

samplo. Throo or four vaporisations of approximately 0.02 to 0.03 aolos 

Sf gas wore made in this way. Finally tho regaining material in the 

ealorlceter vaa completely vaporised« tho uolar quantity of gas and its 

seqposition completing tho data on one sample. 

In tho above procedure, if - 

a, ■ aolos of argon originally in tho calorimeter eyetea. 

«2   • aolos of oxygon la the colorimeter syatea. 

JT| • aolos of argon gas vaporised froa the calorimeter systea« 

yj ■ aolos of oxygen gee vaporised froa the ealoriaeter systea* 

f\    "   aelee of argon gas remaining in the ealorlnater ayetea. 

jrj ■ sales of oxygen gae remaining in the ealorinoter systea. 

Xf    ■ moles of argon liquid remaining in the oalorineter eyetea» 

«2 " moles of oxygon liquid remaining in tha ealoriaeter syetea. 

("here! by oalorineter system, ve mean the enlorl-neter and filling Una 

ay te the ealoriaeter stopooek), then 

CONFIDENTIAL 
This document confains information affecting 
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CONHUtiW 
«i ■ »i -(ri + Fi) (2) 

(3) 

For the flrai raporiiation, the quantities n« and n2 are the aoloa of 

argon and oxygan originnliy proaont In tho oalorinotor ayetoa. Tho 

quantltloa y« and y2 aro determined fron tho amount of material vaporlied 
1 

and ito analyaia. The quantity y« ia oaloulatod from 

* ■(^r7) (4) 

wharo tho tarn In parenthcaia ropraaonta tho mole fraotlon of argon In tho 

rcmor,  P ««presents tho equilibrium pressure, JT r/T tho oum of oaeh gaa 

volume in tho calorimeter ayatoat divided by ita abaoluto temperature, and 

R the gaa constant. An aquation oimilar to (4) exist* for y a« 

For tho next vaporisation, tho molee of argon and oxygon originally 

in tho oalorinotor oyotem aro (xi + yt) and (x2 + y 2) respectively. Tho 

other required quantitiaa aro determined analogoualy to tho above« 

The eompoeition of all gaseous mixtures vaa aaoortainod by ohemleal 

analyaia for oxygon. For analyeea between 97/! and lOOJL 02, tho method 
7 

uaed wao that of Badger uaing ooppor with W4CI + NH4.OH aa abaorbent. 

Tho burette uaed for thia work wan calibrated vith mercury. Beadingo 

eould bo made to 0.01 percent, but drainage errore limit the aceuraey to 

about 0.015 per oent. Analyaia of the pure oxygon produced from Kan04 

nave estimated results of 99.99/!, 99.997! and 100.01/! for three analyaoa. 

(7) Badger. i„d. Eng. Chesw 12, l6l (1920). 
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CONflUtNIIAL 
For analysis of mixture« containing from 0-97,*.; oxygen, it conventional 

8 
Oraat procedure was employed ualnc,  the eomrwreial absorbent .T.T.Ci^  „ 

This abaorbant v/aa the nost rapid and aocurate abaorbont of thoae tH.edj 

9 
It behaved very similarly to Fieaer'e aolutlon . A three foot water Jaol.eted 

burette was used for these analyses. Readings on this burette could be 

estimated to 0.03 per eent but the accuracy of detenninatlon le probably 

from 0.05 to 0.10 per eent. In these analyses» the apparatus was cheeked 

before each series by analysis for 02 in air. 

The r.iethod of transfer of the nns to be analysed to the burette 

involved no intermediate containing vessels. The sample was drawn into 

the burette, through a system which had previously bean evaouated to 

10"' on. pressure. 

After Series I, all analyses vere taken in duplicate. 

1  I' 

I 
0 

Jfctfti 

It was notieed that the first vaporisation of eaoh series car« a 

vapor which was not in accord with the results of succeeding vaporizations. 

This first   vapor  was always high in arrcon content. iVith the method 

used of filling the calorimeter, the pas phase originally consisted of 

100/b argon. It in denonstrited presently <!>at the ti.'io to re-.ch equili- 

10 
oriurt for this is .too long to be praet: enl . Therefore, t'.e results of 

this first vaporisotJ.tr. wore disoarded in all aeries. 

(8) Furnished by the Hays Corporation, I'lchijan City, Indiana. 
(9) Fieser. J. An. Chem. Sao. 46, 2639 (1924). 

(id) Only 0.1a vapor produced from the first vaporization ever reached 
plots equilibrium After seventy-tivo hours analysis shoved the fix- 
ture to be at equilibrium This data was used in a later calculation 
as «/ill be seen. 

o 
Hi» document contains informal ton .-iffecrrnj? 
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CONFIUbNIIAL 

It «ill be ahovn presently tl.at the ratet of cas diffusion evaporation 

and condensation were rapid enough to establish equilibrium in all other 

oasee. 

The term known least accurately is the term y of equation (4)« 

This term could be exactly calculated if the temperatures of all 

parts of the calorimeter system from the ealorlneter, which was at 

about 9u°K., to the exterior lines, which were at about 300°K., were 

known. The temperature distribution in the gradient eould not be 

approximated. Consequently, in the final vaporisation, on account 

of the snail amount of liquid loft in the calorimeter, an appreciable 

1 . 
error mi'-ht be made. Arbitrarily, if y /x was nreater than 0.2, the 

result of the vaporization was discarded. All other results are in- 

eluded in Table V. 

Temperature Scalei 

The temperature seaV> of The Pennsylvania State Vollere Cryogenic 

Laboratory wne employed with 0°C. equal to 273>16CK. This eoale lias 

been retained in terms of hydrogen and oxygen vapor pressures. The In- 

dication of S-4 and 3-7 were corrected according to a comparison vith 

oxy on vapor pressures in October, 1941 which > ore r;iven the values determined 

on our temperature seals in 1935« 

Vapor Pressures» 

The total pressure above mixtures from 0 - 8Tr argon was measured as 

described above. The values are given in Table I. The observed pressure 
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in international milli. etsrs and temperature in degrees Kelvin aa read on 

R-100 are riven in columns two and three respectively, for linuida of the 

compooiiiona r.iven in column one. Tor a r.iven eonpoaition the result» of 

Table I indicate that the relationahip 

log,o *   " -A/T + B 

ia followed very closely in the pressure range studied. Thus the data can 

be repreaented aa in Table II, where coluiin one givea the eonpoaition in 

mole :>er cent argon in the liquid phase, and columns too and three ,;ive 

respectively the corre8pondinr, constants A and B for this oomp-fiitlon. 

The fit of these equations with the experimental data ia ahown in column» 

four and five of Table Z. It ia aeen that the isan deviation ia 0.7 nm., 

corresponding to a temperature deviation of 0.009*0. Thus, at these pres- 

sure» the accuracy of temperature measurements is the determining factor 

in the raea.8''.re.'ient. The data have been extrapolated to the normal boiling 

point of pure argon to rive a value of E7.30 ♦ .05*K. (-lf>5.86°C.), Values 

for the nonml boiling ;.oint of argon reported in the literature are those 

11 12 
of Ramsay and Trovers (-106.1°C.) , Cron.ielln (-l85.84°C.) , rtathlas, 

Onnes and Crommelin (-185.66°C.)13 and Bourbo and lehlcin (-l05.9"C.) . 

The value which ue find for the normal boiling ; oir.t of oxy.-.en, 90.20 + 

.02°K. (-l82.96°C.) is in perfeot aßreenent with the value of Hog« and 

Brickwedde , vit, 90.19 based upon a critical study of the literature. 

O 

(D 

(11) Ramsay and Travers, Z. Phys. Crem. 38, 686 (1901). 
(12) Crommelin, Co.«. Phys. Lab. Leiden Ko.  I38C  (1913)* 
(13) Mathias,  Onnes and Cromielin,  ibid. t'o.  131a (1913). 
(14) Bourbo and lehkin, Phys. Zeitaehr. d. Sowjetunion 10,271 (1936). 
(15) Hoge and Brickwedde, Temperature.    It's Measurement* and Control in 

Soience and Industry.    American Institute of Phyeiea, Reinjiold 
Publishing Corp.  (19*1). 

Rnanii tbt »«ionm der»"*'" mn"^   Mow»   ■ 
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CONFIDEKÜAi 
TaU« III gives values of the temperature in degrees Kelvin «t »*ich 

■ total pressure of 760 Int. mm. of mercury is reached for various mix- 

tures. These values, calculated from the data of Table II, represent the 

boiling curve at this pressure. 

Table IV lists the total pressure for various mixtures at a temperature 

at 88.57°*. as. obtained from Table II. 

Eoullibriw Data» 

Table V lists the experimentally obtained equilibrium data. Although 

the pressures differed slightly from one atmosphere, the effeot of thi» 

small difference on the vapor composition is negligible. Accordingly, a 

plot was made of y/x versus x representing this data and a smooth curve 

drawn through the results. Figure II shows this plot on a smaller scale. 

For convenience the smoothed values of y/x are listed in Table VI. 

The accuracy of these results is determined by the accuracy of analysis. 

Since each point depends on either tv» or three analyses, the values of the 

mole per cent of gas in equilibria! with liquid of a specific concentration 

nay 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 coluan of 

Table VI lists the percentage error in y/x on this basis. 

The conventionally represented T, X diagram, sinoarlsing all the date 

Is shown in Figure III.  The low volatility of argon at high concentrations 

found by Schilling 2nd by Bourbo and Ishkin has been substantiated. Figure 

IV is a more detailed plot of argon-oxygen liquid-vapor equilibrium, at 

very low argon concentrations, the region of interest for calculations in- 

volving an oxygen tower. 
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CONFiOENilAL 
Equilibrium ügta it tjfi.ffi** 

Sine« the enl«riiietric Rppamtu« rsoui« ne   ia«i<- *     >r«a*ur<i» oiiv 

ill  htly above  on»  «tirospnor«,  the effect  o'' pre«« ire   M tin  »nuiUnr-.un 

v-iluos could not V><> loun.1.     Likecne.   MaMt rvluH    or 'lw »ojf.ll'urluni Iritr, 

represented isotherrially \.ere not. obtnvnod.    :,owavri.  If i tannernture ■>»« 

chosen in the mean rnn^e of the result« it  out itnoaphore,  ».n  »potnermai 

representation of  the data could tie ootainea to a »oori aonroxi ation.    Tie 

to.jporatiir« chosen    '»s I • .57"K. 

The partial  preasure of arßor, in the    is.   ?,.  -»lay be related to th« 

vapor preaeure of the pure liquid by the ennation - 

P,    »   P,    a, (5) 

«here a, is the activity of irpon in the solution. If the activity coef- 

ficient be assumed constant for the • lall tenporature interval between the 

temperature corresponding to a total pressure of 760 run, and 88 5T*K„ then 

P, (C8.57«r.) - P, IT) ^ 
P? (MJIgU) 

(T) 
(6) 

a^pu (7) 

•■'UC''-;T!/.: 

•- 

a. MS tST,     •": 

ii 

\h«r« P^ (88 57°K»)is the partial pressure of arr,on fit 3B.5TÄ» 

P, (T) ia the partiil nressur« of arcon at T. 

P^l88.57cK»)i» the vapor preasure of pure liuuin argon at 88»5T*K« 

P?IT) ia ths vapor pressure of pure liquid arcon at T. 

T is the toi iparature corresponding to an eauilibrium preasure of 760 mm. 

LikeT/2s«t the similar equation - 

P2 (Cfi^T«lC.) » P,IT) Py<P3-57*g») 

"X 



',   I 

C 

i 

Ü 

CONFIDEN riAL 
relates the partial pressure of oxygen at 08.57 to tha partial praaauraa 

If 
experimentally obtained at 760 mm. . Table VII aueuaritea tha result» over 

tha eomplete concentration range. It ia eeen that tha result« obtained at 

88.57°K. differ from those obtained at 760 int. on. by only 0*9 por cent at 

tha greatost. Figure V ia a plot of y/x acainat x for a temperature of 

88.57°K. Tha P, X diagram at 88.57°K. ia ahovn in Figure VI. Zn Figure VII 

tha partial praaouraa of argon and oxygen are plotted against tha raole 

fraction of arcon in the liquid at 88.57°K« It ia seen that very appreciable 

differences from Raoult'a law exiat. 

In Table VIII the data of this research are compared with that of 

Bourbo and Ishkin, and that of Sehilllnc. Although the data of both are 

riven at different temperatures, and at different temperatures from 

thia research, correlations can be »de. The check of the experimental 

values with the data of Bourbo and Ishkin is excellent from 0-40 per cent, 

but is not aa rood at higher argon concentrations. The work of Schilling, 

done according to the author to "engineering aceuraey" agreea with the data 

(15) An aquation similar to (6), whieh however allots for tha change in 
the aetivity of the pure eomponenta with ten. erature isi 

M88.57-K.) - KM   ^äUÜStSM gg&Sl kggttfljfl.     (8, 
[p,(T)+P2(Tg [M1P»(88.57)+N2PJ(88.57)| [r,mffl] 

and -ives results almost identical with equation (6). Tha uoa of aquation 
(8) is equivalent to obtaining the partial pressure at 88.57aK. from that 
experimentally determined at T, by multiplying the latter by Pt (Raoulta, 
F8.57°K.)/Pi(Raoults,T), i.e. by the-ratio of the partial pressurea calculat- 
ed from Raoult'a law at tha two temperatures. 
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found In thii work » ithln hi« probable experimental error at all 

exoept tha middle eenoantratlen rang«. 

Tha data of thia research oan ba prorad fraa of appraoiablo error 

duo to laek of equilibrium. 

Tha reversible transfer of argon from the coa phase at a partieular 

point to tha liquid phase la repreaented by 

A, ^     A_      (9) 

»■here A, represents tha mole fraction of arson In tha liquid phase, 

A- 1» the saa phase and k1 and k2 are tha apeelfie reaction oonstanta 

for the reactions aa written. Wren - 

-?A. - k, A, - k2 Ag    (10) 

«here tha derivative expresses tha change in eonoantration (expresssd 

aa mole fraction at constant total pressure) of arcon in the gaa with 

time. Thua at equilibrium 

k2 Ag - k, A,      (11) 

or 

4s" " "C- "  ■    I") 
*i     k2 

Thi?  loenmen' <-c-tf 
»«Mtiona    . 
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Whttiitntuu. 
»her« K ia the volatility constant (Ww)      n,- r  oonswnx Ky/X}.    n*  equation repressnting th. 
material balance in tha eystam 1« 

■• '■■er» 

"gAg + "lAl 

n  ■ the total moles of eat 

rij - tha total moles of liquid 

nA    ■ tha total moles of argon 

(13) 

Substituting (12) and (13) i„ (10) 

<ä A_ 
KnA   . 7*Z \ -   k- d; 

(14) 

Intecratinc, and ineludine tha initial 
condition (t = c> A ■ A°) 

8   g 

/In,   \ log 

K na 
~nj~ " *g 

-K "ka*  (15) 

Tha eonatant k2 ean bo aolved for using data obtained in the first 

vaporisation of each series* It >iaa boan stated that dua to the Method 

of filling the calorinetor, the vapor originally eonaiated of 100 mole 

per cant argon, and in the time of standing allowed, tha vapor did not con» 

into equilibrium with the liquid. Since analyses of the vapor were 

uouaured ai'tar 18 - 24 hours standing, data are available to solve for the 

Hi« »»' ■■■■;■ 

'   tilftlzj.'csii.n in    • 

-dianei to an amuiUiatu - 
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constant k2 in equation (15). The Initial concentration of argon, A|, was 

ealeulatad by aasuming that the rapor formed vaa in equilibrium with the 

"average liquid" in the calorimeter during vaporisation and allowing for 

th« number of no los of pure argon originally in the Unas. The value obtain- 

ed for k2 waa 0.027 houre"
1. Using thi« value of k2, the percentage error 

due to aaymptotio approach to equilibrium in any vaporisation can be eal- 

eulatad, however, a more aeo irate value of k2 to be discussed presently, 

waa used. The oomputed errera are liatad in Table IX aa a function of 

the concentration of arnon in the liquid. It ia seen that the maximum 

error produced in the neaeurenents due to poor equilibrium ia 0.3 per oent. 

The data and calculated values of k2 are summarized in Table X. 

To determine k2 more accurately the calorimeter waa filled with three- 

fourths of a mole of liquid oxygen while the large bulb and connecting 

linos were filled yith caseous arr.on at atmospheric pressure. Tito calori- 

meter stopcock vaa then o >ened and at measured tl es analyses of the va:-or 

waa t.i!:an. The data at the several time intervals together with the values 

of k2 derived tl erefrom ore summarised in Table XI. In t ese measurements 

the volume of vapor taken waa about five ti.iee that taken during the actual 

equilibrium measureuenta, thsrefore the rate constant corresponding to 

the latter ahould be approximately 0.05 hours"1 compared to the average 

value of 0.027 hours"1 found from thedata in Table X. In view of the 

fact that the valuea in Table X were rather eloaa to equilibrium the value 

of 0.05 houre"1 la the value chosen for k2. 

While determining k2 more accurately it waa poseible at the e.ane time 

to obtain a cheek point on the equilibrium system in which a very large 

amount of material was contained in the calorimeter. A summary of the 

data for this point appears belowi 

«•WmiJl 
Thi« document contain,« inlurniitii'ii »HVctinc 

the national d«*en.e ui the Uni.«l SUM wttkto Hi" 
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lu tranamiiaion or revelation of il» lenient» »> any 
manner to an unauthoriied peraon ■ prohibited by law. 
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CONflUtNllAL 
T    •    88.42"K. 

P     ■      707.90  RIB. 

Uol r 02 in r,at - 73*31 

Mol >. A in r.ai - 26.69 

Col $ Oa in liquid - BO.80 

Uol $ A !■ liquid - 19.20 

YA - 1.390 

YA from plot at B8.5°K. ■ 1.395 

Thia value of 1.390 for the equilibrium eonatant at Ct.42°K. oorraetod to 

88.5*. ia 1.398. 

Tha accuracy of the data waa teated uaing the Duhom aquation a« shown 

in the next aeotion. 

An Investigation of the Accuracy of Equilibrium Data, for Some Binary Syatei 

by l.'eano of the Duhera Equation. 

The Duhem aquation expressed in ita uoat r.or.eral form ia N 

^MldT1 - 0  

for a two phase system thia reduees to 

Nxffi + N2dT2 ■ 0  . . . . 

and sinoe dF - R T d In a 

than d In a. 
»1 

d In a2 

or log —i-   -  - /     —— d In a2 

(1) 

(2) 

(3) 

U) 

(5) 
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CONfiDENllAi. 
it eon be vary «asily shown that thie can lie transfer led to 

log ^L -   -  f     JL i m 4L     (6) 
N, /       "1 «2 

JQ 

Assuming the vapor to bo idoal, the data on tha A-02 eyatom and the 

N2-02 »yoten can be correlated by the use of this equation. 

for a solute   a2A'2 ■ 1 Wen N2 - 0 

Sinoe 've have aasuned that the va. or ia a perfect ras, then a2.£ P2 

and as M paas from a riol fraotion N2 to an Infinitely dilute solution H2* 

-22-  .  J*l  (7) 

■fa 
from (Tenry's law       approaches a constant value at Infinite dilution 

M*    2 

denoted by —2- 
P2». 

But by definition ti2* ■ a2* 

thua a2 - P2 -—■   and -JJ2- » P2/w2 /P2*/N2* (8) 

For the solvent, by definition 

-i-  = 1 i hen H, « 1 

- ■ -& ■ -a-.   <" 
Table XII rives the values of a, calculated from (9} (Col.2) and also 

-he values of a, calculated from (6) (Col.3) for our data (aoc.o.) and for 

Thi» document ooni.i«,    ,rorn  . ■„„ tBeetlni, 

UllfirilJrN I «MniiiR of (he iioion«^ 
" ,*»»*l| ? |rj JL lu «'•»"■»»io« or r*T«j>l 
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th. dato of Bourbo and Tahkin* (Phy«. Zelt.ohr. d Sowjetunion 10, 271, 

1936) on the arc.on-oxypen ayster. (Seea. b and e). Oxycon ia he.« called 

the aolvent (nole fraction ■,) wd arson the aoluta Uol« fraction N2). 

Table XIII ia a «i.iilar tail« for the data of I)odKe and Junbar 

(J.A.C.S. 49, 591. 1927) («oca) and Xi.r.ll> (Phil B*  (VI) 11. 640, 1906) 

(eeo.b) on the nitrocen-oxy-en Bystem calline nitror.en the eolvent (N,) 

and oxy.-en the solute (N2). 

Table XIV ehowe the effect of error« in th« :ioa3ur«d a, on the a.-r«*- 

,wnt between a, a« Measured und a« calculated «1*8 the Duhen «quatlcn. 

Column 1 ßive« the value of H, column 2 give« percentan« V •*»•* pl WM 

arbitrarily chanced fron the data to rat value« of a, r.iven in eolurm |. 

Column 4 r.ive« the value of a, calculated from a2' by means of 

equation 6. Ti:e quantity a2' i« the value calculated from P2* which ie 

the total pressure minu« P, + AT, «hen AT, la the change in P, correspond- 

ing to the i-ercentaj-e in column 2. 

• Thia i« no nor« than a Cock on B * I's calculations for th«y used the 

Gibbs-Du'.'en equation to obtnin thoir result«. 
- 

the nation*' •- 
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Tktbl« X 

VAPOR PRESSURE OF ARGON-QXYCSN MIXTURES EXPERXtBNTAL DATA 

Hol« Par Cent 
Argon 

in Liquid 

P 
int. as. 

I. 
teg. 

KalTin* 

AP 
(oba.-etlo.) 

AT 
(oale.-oba.) 

0 554.93 87.303 - 0.3 - O.OO6 

0 649.19 88.722 + 0.1 + 0.002 

0 761.08 90.211 + 0.4 + 0.004 

0 801.21 90.714 - 0.3 - 0.002 

0.39 743.74 89.974 + 0.2 ♦ 0.002 

0.41 751.32 90.075 - 0.3 - 0.004 

0.47 747.61 90.020 + 0.3 + 0.003 

0.48 721.49 89.681 + 0.2 ♦ 0.002 

0.73 751.07 90.051 0 0 

0.84 735.69 89.845 + 0.2 + 0.002 

1.54 765.57 90.195 - 0.4 + 0.004 

1.64 774.98 90.306 - 0.4 + 0.004 

2.44 759.08 90.102 -3.0 - 0.040 

2.57 774.27 90.293 -3.9 - O.05I 

3.08 757.65 90.055 -3.5 - 0.052 

3-15 848.67 91.165 -5.4 - 0.060 

3.15 751.51 89.993 - 5.0 - O.O67 

3.16 643.55 88.542 - 4.7 - O.O69 

3.18 546.30 87.054 - 4.0 - 0.069 

* A« read on R-100. 
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Table Z (continued) 

VAPOR rnSSSURt OF AROON-OXTBKN MIXTURES KXl RZISNTAL DATA 

llolo Par emit 
Argon 

In Liquid 
P 

Int. a*. 

T 
dog. 

KolTln (obo.-eale.) 
AT 

(ea.le.-obo.) 

(.41 775.08 90.093 -2.6 - 0.030 

T.T3 764.1T 89.867 ♦ 1.1 ♦ 0.014 
T.W 762.36 89.832 0 0 
8.03 845.43 90.824 ♦ 0.3 ♦ 0.002 
8.04 757.01 89.760 + 0.3 + 0.003 
8.07 641.44 88.205 ♦ 0.4 + 0.004 
8.08 546.34 86.761 - 1.1 - 0.020 

14.1 760.80 89.512 + 0.1 + 0.002 
14.2 766.62 89.541 + 2.9 ♦ O.O36 

15.2 771.55 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 + 0.9 + 0.011 
26.3 745.07 88.759 + 1.4 + 0.017 
28.36 823.64 89.659 - 0.2 - 0.002 
28.40 761.14 88.892 + 0.3 ♦ 0.004 
28.44 710.22 88.245 - 0.3 - O.OO3 
28.49 631.88 87.160 - 0.4 - 0.006 

C3MDENTttL 
This document -ontairk "formation effecting 

the national defn.it uf tht- Un,, d Ststsi within lbs 
manning vt it* Kapianapr Act. U.S.C. 50; 111 snd i&. 
Its iran»iu*itn at i«v*Jaticn o: IM eontwtl in any 
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Table I (continued) 

VAfOR PRESSURE OF ARGON-OXYQEN «ISTURES EXPERIMENTAL DATA 

Mela Par cant 
Argon 

In Liquid 

P 
int. un. 

T 
dag. 

Kelvin 

AP 
(obe.-eale.) 

AT 
(eale.-oba.) 

65.2 753.99 87.768 - 0.8 . 0.010 

67.6 750.28 87.667 - 0.3 - 0.005 

68.3 738.12 87.507 - 1.2 - 0.015 

68.7 735.30 87.445 + 0.3 + O.OO5 

69.69 852.45 88.826 + 1.9 ♦ 0.021 

69.83 785.*7 88.033 + 1.5 + 0.017 

69.87 688.67 86.796 * 1.2 + 0.015 

86.65 746.31 87.302 + 1.1 + 0.013 

86.92 786.97 87.805 + 0.5 + 0.004 

87.16 768.33 87.564 + 1.1 + 0.013 
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«■ ^POR F.». 0F AROO„.oxyc£K, lXTOHEa 

Wio P -    - AA   + B 

Mol« Fer cant 
Argen in Liquid 

0 
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15 

20 
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30 
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50 

60 

70 

80 

90 

100 

370.20 

369.68 

369.20 

368.74 

368.30 

367.88 

365.83 

364.00 

362-37 

360.92 

359.63 

357.27 

355.27 

353-56 

352.07 

350.70 

349.39 

348.12 

T xa»   national dafrnte 
meaning <>i ,    .     . 
It«  transmit »ii* 01 

6.9849 

6.9816 

6.9786 

6.9759 

6.9734 

6.9710 

6.9594 

6.9497 

6.9419 

6.9354 

6.9298 

6.9196 

6.9102 

6.9013 

6.8937 

6.8852 

6.8768 

6.8685 
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Tahl« III 

MUM roillT OT ARGON-OX YGBN MIXTURES 

AT 760 INT. MU.  TOTAL PRESSURE 

Kola Per cant 
Arr.on in Liquid 
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TO 

60 

90 

100 

Rolling Point 
3*r,reea Kelvin 

90.202 

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 

87.735 

87.579 

87.435 

87.298 
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TaHa IV 

TOTAL PRESSURE  ABOVE ARCON-OXYQEN UIXTUHES 

AT n.srr.. 

■: : 

<,l 

Uola Per eant 
Argon in Liquid 

Total Praaaura 
88.5-K. 

(int. ran.) 

0 
WS.3 

■i ^5.$ 
xo 

674 »2 

20 
708.6 

30 
740.0 

40 
768.6 

50 
792.2 

60 
811 „3 

70 
828.7 

80 
842,2 

90 
854.7 

100 
866.8 

•   ''      "; 

'•he. a» ■ 

manner to an unauthorized per 
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Table V 

Bf-UIUBRIUli DATA FOR  1KB  '".ysTK; AHOON-OXYGEN 

X T 
Hole Par cent 

of argon 
In liquid 

Mole Per cent 
of argon 
in vapor 

P 
Total Pressure 

K 
(yA) 

2.44 3.65 759.1 1,49 

1.64 2.40 775.0 1.47 

12.09 17.30 760.8 1.431 

11.02 15.89 750.2 1.442 

26.69 35.78 745.1 1.341 

66.66 71.02 750.3 1.065 

67.69 71.45 73P 1 1.056 

0.87 1.30 735-7 1.49 

0.73 I.09 751.1 1.49 

0.48 0.72 721.5 1.50 

0.41 0.60 751.3 1.47 

0.39 0.59 743.7 1.51 

86.21 87-59 7**.o 1.016 

86.61 88.01 746.3 1.016 

86.96 88.28 787.0 1.015 

43.84 52.62 765.0 1.200 

41.18 50.22 771.4 1.219 

Ltl   iraue-u., j,kf. . 
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Tabl» VI 

SMOOTHED VALUES or E JILIBRIU?: DATA FOR TUB 

SYSTEM ARGON-OXYJEK 

AT OIE  INT. ATM. 

Uole Per cent 
Argon 

PUld i» fe. 
I 

(yA) 
Estimated 
'/I Acouraoy 

in X. 

0 1.50 — 

1 1.495 3.0 

2 1.489 1.5 

10 1.446 1.5 

20 1.384 0.7 

30 1.310 0.5 

40 1.226 0.4 

50 1.151 0.3 

60 1.094 0.3 

70 1.05T 0.2 

60 1.031 0.2 

90 1.014 0.2 

100 1.000 

V 

»v.       .5"1"" d("'unient con»»!™ !„*.. 

I" trM.mi„|cn ,.r ,.. 
»'■nnWI0.„un.uth()ri;e"

l-r'-n comsErv 
■ 
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Table VTI 

K-uiLinRiu: IN sYsra:: ARGOH-OXYGEN AT Mi.57"»'. 

: 

Mol« Percent 
A 

in Liquid 

'tola Percent 
A in Vapor 

760 ram. 

Vole Foment 
A in Vapor 
88.57°T. 

0 0 0 

1 l.*95 1.509 

2 2.978 3.006 

10 14.46 14.55 

20 27.68 27.77 

30 39.30 39.33 

40 49.04 49.02 

50 57.55 57.*9 

60 65.64 65.55 

70 73-99 73.89 

8o 82.48 82.40 

90 91.26 91.21 

100 100.00 100.00 

CONFIDENTIAL 
th,     — T,'"" "'"'" I»'«""««» *SMIB| 
ZJ    , i T"ul""'-" M»th; «>«„„, „f ,„„ bptau«. A,,   ,.-,.„; .A „i a,. 
It* tr.n.ml„„„ ,r „„l.tion „f i(4l ,„„,„„ , 
■w« I. .» unauth.n,ed p.««, i» prohibil«l by la* 
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Tfcnla VIII 

EQUILIBRIUM ZH OTtrSU ARGOH-OXYOCN 

Hole Par oant 
Argon 

in 
Liquid 
to 

Hole Par cent 
Argon la Vapor 

,  (jr) 
(Thla Research) 

88,57«K. 

y 
Schilling 
760 an. 

r 
B 1 I 
87 •*. 

7 
B A I 
90 «K. 

0 0 0 0 0 

1 1.509 1.55 1.51 _■..* 

10 14.55 14.46 14.5 14.6 

20 27.77 26.90 27.7 27.9 

30 39.33 37.90 39.2 39.4 

40 49.02 47.78 49.2 48.8 

50 57.49 57.00 58.0 57.8 

60 65-55 65.72 66.7 66.2 

70 73.89 74.20 74.9 74.5 

80 82.40 82.50 83.3 82.9 

90 91.21 91.10 91.4 91.4 

100 100*00 100.00 100.00 100.00 

* Value unoortain from nunerioal data siren in publication. 

CONFIDENI;..: Th» doeum.nl ront.iiv« Information »ar»ctin» 
tue national ae/ens. ui .»► Ili II ;;i- lh, 
jnennmgof ihe fi.pion._- A,, .   .....,_ ;B» 
Iu trnn.mis»ion or MMltüi „ .    ., Kny 

manner to an u.._i,lhonz»a ,».   ., 

•■ 
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Table IX 

HRHOF IN K   ty/xi  PnODUCEO T«Y tftOSEN E^JIUBRIW: 

in, OF  lfi-2« HOURS 

'Jole Por nent Percent Error 
Argon in 
Liquid 

la 
1 

1 0.2« 

• 10 0.18 

20 0.12 

30 0.09 

40 o.o6 

50 0.04 

60 0.03 

70 0.02 

80 0.02 

90 0.02 

0 

smmcjn 
I 

1» BUaaJuioa or rev,,,.. 
■■■■«»•■■»■lUhlrieM» i 
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0 Table X 
• 

1 o CALCULATION OF ka FROM KWILXBRXUU KAS'JRCUCNTS 

Quantities utilized 
in EC. (15) 

Run 
4 

RUB 
6 

X 1.437 1.061 

»K O.03657 0.0258 

. "• 0.23220 0.1418 

K 0.04158 0.1171 
■ 

H 0.2325 O.76OO 

V 0.2570 0.8290 

ta 12 12 

1. k| 0.0256 O.0290 

' 

t 
c 

1 

WHttutHML 

f 
th.  Mtioaaj   -i 
mewing of in. fJip„. 
Jtt irui.iiiks'bn o. , 
Buuww 10 u .—^uomea i»i. 
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Tatie XI 

DATA FOB EXPERr/ErTAL MTSRUIKATION QT k2 

Tina 
in 

hour« 
/i 02 

k2 for 
full bulb 

N for volume used 
In equilitriua 
meaaurenente 

n 0    . 

2 0   

6 «3 O.Ol* 0.070 

16 1/2 M 0*013 0.065 

35 3A 50 0,OJ,J 0.055 

.. 

V 

t 

bUrihytNUA!. 
Thi* docnmtnt contain* 'r 

tht nation«;  irj.     - ai .he U 
meaning of 'f.- E§p 0, 
It* tranaatij I    - ■ 
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