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UNtatt: 

Tic applied on of tae Du»ie;.i e^uat'.oi' tc the d*ita on binurj  eyeteei le 

dis2Ur,3ed. 

All the availablr» equilibrium data for the t-o coupr«.. m of oxygen- 

nitrojen-arson mixtures h-vs bo«; ev. aarisod tnd huve been tMtad :?o;* thtir re- 

liability by teana of the Dvhem ■OJMfttflA« 

The apparatus cad asethsd used for MMMTSjMBtl of ^o liquid -   ipM i -uilibria 

ia the syrtra oysen-art'on rre described,   Ms wae an appu-atuf lor * MM »1 data 

on condense rl jases ulreudy in tlie laboratory. 

Complete vapor-M-uiä «quilibrius data for tho sjyate       »•"•-•..       -• one 

atmoöphore pcMMN over the entlra run.e cf caiposititn have be./, obtala Ü. 

Vapor pressures Tor argon-ox;\ ca ilx.uras over the entire  .*. rn. run06 

und «it prer'.urcfl run-in.,; fioa 553 to 353 ?*. of |f> h-vc been ttttl - -'id 

equations calculated for than. 

Tho accuracy bf the -bova itt&s on t.ie eyeteu ur&on-oxy^er» -..as tested uslaj 

the d'hc i • .-.. c.i.T.. 

An apparatus for obtaining liquid-icipor equilibria by ^ etatlt  M I tod v.hlch 

eo-103 to equilibrium rapidly has be<a dc79lcped. 

An etialytioal procedure for doter^Lriia^ cc-positienc of ex ....    *' -o.jen-aijjon 

mixtures hss brtn developed. OONIIDHITIATJ 

IMSJIA data obtained c'uriu^ c.i cruUIiriuu ncacuraacnt ere ,jlvor-. 



U'J. 

c itejaaei 
(con't.) 

Data for the sisters ar^cn-ox;jen, nitro/;en-035r,cn .n" or. ^.i-nV'-cjen-argon 

to two atror^hfirea pressure have bean obtained oclng the ne.v iqdltbliai apparatus. 

Thiee oiruillbrJ.ua neasureaenta en the ur^on-oryrjen sjv-tea ..etc sude in the 

new apparatus to check the approach to e jullibriua in tlis eld apparatus* 
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IHTSGBOGTIO« 

The» limitations ironed on the size of 'he portable oxygon 

un*+i needed by the .«ned forces have necessitated very careful 

desiring of the fractionating towers.    The present report present a 

reliable and consistent A-*.-, on the equilibrium of binary and ternary 

mixtures of oxygen, nitrogen end argon.    By the application of these 

pquilibri'm dct« to results obttir.ad In pilot plant size air recti- 

fication col'ms, it eho'ild be possible to predict the type und 

disionslcns of tower to perform any |lfM separation. 

In orJej- tlt.t none o.' the available results on liquid vapor 

cq'lJlibriW! .if the air syatea be needles.-}/ repeated, a survey of 

■• M i.ork available ho been nade and is summarised in th - next 

section. 

CONMOEBITiAL 
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c- Hltrp.-pn-Cxvyea   VJork en this ays'tea -laa been c'one by Paly ^ bflit ?> «srd 

Hodge and Dinbcr'.    Btly'ti ne-asurerEccts rere tclreti % a static MMMI a* 

v.   FA-aoaphe>-e only.    Irgllp' measurement." were taken alaa;; tvio isotherus, 

nmely at 74.7°K (-325.3°F) auJ at 79.07°K (-319.2°F), by a circulation 

method.    The investigation of Dodge and Dunter coisK.tutcs perhaps tbt nost 

eonplete set of data on any systea in th'.3 type of mrk, c ten V.nj fro a 

pressures below 1 atooepherc up 4. v.rlj the critical pressure of •■'.'• c.;?;i, 

corresponding to a tenperature ran-e fr.»-. 77% (-321°F) to 125^ (-"!)5°F>» 

Their nensurccects were taken by a circulation method. 

Figure 1 is a plot of K = y/x = nele fraction nitrogen in U<: vapor/mole 

fraction nitrogen in the liquid versus x for the data of Dodge aad * -.• . r st 

1, 2, 5, and 10 ataosphcres total pressure. 

Ariaa-Oxvgan Data on this systen tave^een presented by Dourbo aid 7.lT>in^, 

und Shilling 5. The measureaento of Bourbo M& Is'nkin, ahich were ti cen by 

the Lolling point nethod extend ever three icothem". at 871: (-?02'?}, 90* 

(- 97.8<F), and 95°K (-288.9°F). Their data ..ere also interpolated for 

isobars at 1, 1./, and 2 atac spheres. fhUling'a data, which he striiee are 

of "only engineering accuracy", were taken by a static aethod at one atocs- 

phrre only. 

Figure 2 is a plot of I = y/x - mole fraction argon in the vapor/sole 

fract«nn argon in th« liquid versus x for the data of Bourbn and Inlikin at 

1 cni 2 atioiphf ros and for th; data of FbilUng at 1 atmosphere. 

ArzTon-Titre qfi   The orly available data on this syetra -vert Ukon -u.ing the 

boiling point method by Holst and Hamburger .    Tbei- aeasurenentr extend over 

four isobars at 500, 760, 1000, and 1500 mm (or 9.7, U.7, 19.3 snd 29.0 lbs. 

per sq. In., respectively) and one isotherm at 85.11% (-306.5°F). 
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3 - O:\NrtDENTIAL 

Figure 3 i* » plot or' I = y/x ■ uole fraction ar^on in the repor/nrle 

fraction argen In tho liquid versus x for their data at one and l:x> LLno.~phcres. 

Qyr-r.m -V\^roi;ai-^.r(rGn   The only arail ble data on the tlires oocpcn.i.t -ystea 

were    -'ei, using tho flow netftod, by Torochesnikov and Erohova?« 

Figures 4, 5» 6» and 7 are the triangular phase diagrun:;: rcp.-crenting 

tho &■)!■ of Ttrochoenikjv jr.d Srahora on the tfnuary aysten Ml are included 

for conplcteness.   The end points for the tv-o component eystens (a3 rejected 

fron Availablo data) have also been added to these points a*  in fid in orienting 

the o"i»<es. 

Their data ccver the triangular phase diagrams at a temperature of 

90.1^ (-297.6°!) and at pressures of 1.5 Kgm/aa2, 2.5 Kg^'co2, 5.0 Kgo/em2, 

v.d 10 Kga/™*2» 

With the compilation of all available data on the air syatoa, it renalna 

to «value's tie? a data sa tot'eir reliabili'.y.    A cursory gl:<nce  A the data 

shows several lnconaistensies.    The data of Bourbo and IshVin on t)^ ergon- 

oxygen system ahon an increase in the separation of the liquid and vapor 

curves with pressure over parts of the concentration range.    This seers ox- 

trccely unlikely in view of the snail deviation of this mixture fran Raoults 

law and the nature of the vapor pressure equations for pure argon and pure 

ox/"*n.    Mother inconsistency is the obvious discrepancy between tho print;: 

of the triple oystea d.- ta of Torochcanikov and Erahova presented in figurea 

4,5,6 and 7, and the end points for thia ayatea as selected fron tho avail- 

able two coaponent datt. 

' 
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In order to Vj£t the accuracy of the available data, the tcti.riV.ea 

of on* cwponent hare been erlculatod frco thoro of the other and cw.pj.rll 

vAth the valves deri::d di:*cctly from the equilibria partial pfMMPft«   This 

la simply the application of the Duh.es equation in the proper narncr. 

The D ihen equation exprecrod in its most genrrriX form i.i 

£ HjdFj = 0 (1) 

for a tt.x> ph ice 3y?tci this reduces to 

B1dF1 I »2C?2 = ° W 
and since df = R ? d In a (?) 

then d In a* a JJg   d In aa U) 

or log _JL_= " / _2 «älog ao (5) 
*    /-*   K 

l        2 

it can be very easily snovm that this can be transformed to 

log i   *     - / Ü2   d   log   !2      (6) 

*       Jo     "i "* 
For a solute     «j/Hj   = 1 ac H2~^0 also a2°^f2 

and as we pass from a nol fraction N2 
to an infinitely dilute   eol'ition N? • 

? 9 en 
;.OT Henry's Law   _*   approaches a constant value at inflnlts dilution 

H •   "' denoted by    JL ■ 
f * 
2 

Bat by definition R2*   ■ a_>* 

thus a 2= f2   V     and  JjJ   » ty1^*^* (8) 

OOMrtDDlTIll 
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C 
If the solutes forrci a perfect js9, fg anJ f».* :nay fee replaced by toe corrc3- 

.A.-nJi^ö prtial prj.-fwes. 

For the solvent, by definition: 

fl = 1 vhen N   * 1 
81 1 

»1-X (9) 
fl 

or If the jas is perfect 

In the cuse of the air system oven at pressures as lo'-' cc ?. st-noo- 

phere it is ■■">+. Justifiable to neglect: gas imperfections. 

Fortunately, the calculation of the fugaci+y froa the act xl presrure 

can be performed simply Then the deviation» are noil as is true- !?. the p/e- 

sent case. For any gas whose volirae is given by 

¥ = RT/P - -£(T,P)   (10) 

«here  «4 (TVP) » a function of T and P 

log  lT =      - 1/2.303W/P   ^£(T,P) dP (11) 

where 0     *     f/P (12) 

The Integral can be obtained either graphically or analytically whsa s+ate 

data are available. 
g 

According to Lewis , in calculating fugacities corresponding to the 

partial pressures of a gas mixture, it can be assumed that the rttio of the 

fugadty to the partial pressures is „vial to the ratio of the fujaeity of 

the pure conponent to its pressure at a pressure equal to th. totrl pressure 

of the gas mixture. 

In the absence of state data, it is convenient to uec fhi modified 

Bertfaelot equation of state if values of i   are desired at no-'c- 1c pressures 

■MMM 
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(X 10 **•)•   ™-fl equation is 

PV ■ RT     £L *9PTe(l - 6Tc
2A*)Aa8P TJ. . . . . . . . . (13) 

«ad the corresponding value of 0<(T(P) ii 

K. <*»*) ■    - 9RTa(l - (X*/*2)    (14) 
128P e 

Substitution of equation (11) in (11) and integration give» 

2.3031of Y  «f (9/128) (VPCI) - (27/64) (T^/Pc^J * •• • •   CM) 

all the data listed in the previous summary to which the Duheo equation 

•an be applied have beoa examined.   This test oust be applied to da'.* taken 

at constant temperature for this is assumed in the derivation of the Puham 

aquation itself.   The results of these tests are listed in Tables I - III. 

Table Z gives the values of aj calculated from equation (9} \C*1. 2) 

also the values of aj calculated from equation (6) (col. 3) fo- the data 

of £jd£e and Duabar on the H^-Og i*»thera at 90.50 Kj while Table ZZ is for 
o o 

the data of Znglla on the »2-02 iaothcrms at 74*70 C and 79.07 C calling 

nitrogen the solvent (J^) end o.xygea the solute (N2).   All fuc^cltins were 

calculated from equation (15) ■xiinij the following critical constants 

for nitrogen 

Ta ■ -147.1°C * 126.1°I 

for 

P   «33.5 ata. c 

Te « -118.8°C ■ 154. A 

p   m   *Q.7 ata. 
0 

The conparison shows that both sets of date are excellent. 
e 

Table ZII is a similar table for the data of Hoist and Haxburger on an 
0 

A-J^ isotherm at 85.11 K.   Argon is this case is called the solvent and nitro- 

gen the solute.   As in the eaae of table I, the fugaclties were calculated 
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f 
TABLE I 

< 

DODOE AND rrribAd 

Hj-Oo Isotherm at 90.5O°K. 

"l (Rr> v* Vv° \   (plot) Perecut Dev. 

0.99 0.9893 0.9X10 -0.07 

0.93 0.9793 0.9300 -0.07 

0.95 0.9490 0.9520 -0.32 

0.90 0.8972 0.9019 -0.52 

0.85 0.8482 0.8558 -0.39 

0.80 0.8034 0.8178 -2.13 

0.70 0.7060 0.7159 -1.10 

0.60 0.6139 0.6167 -0.45 

0.50 0.5191 0.5205 -0.27 

o./.o 0.4239 0.4272 -0.77 

0.30 0.3231 0.3329 -2.94 

0.20 0.2231 0.2401 -7.05 

0.10 0.1123 0.1089 +3.58 
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A - 82 lsothem at 85.11 K 

Hx (A) •l=  V*i ax (plot) Perec it Dcv. 

0.99 0.9907 0.9900 ■10.07 

0.98 0.9*02 0.9000 0.02 

0.95 0.9489 0.9500 -0.12 

0.90 0.7014 0.9020 -3.C7 

0.80 0.8101 0.S1O7 -0.06 

0.70 0.7249 0.7212 -     +0.51 

0.60 0.6347 0.6274 1.15 

0.50 0.5385      ' 0.5299 1.60 

0.40 0.4429 0.4305 2.32 

0.30 0.3496 0.3309 5.34 

0.20 0.2429 0.2246 7.53 

0.10 0.1249 0.U38 8.90 
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( 
fron equation (15)  i>';ing t^.o critlcel conetan^s fcv nitrogen as (ItM 

above and for argon 

Tc = -1?.2.0°C = 151.21K 

F„ =   48 atra. c 
The data of Bourbo end Ishkin Mi not evaluated In this vin.r for 

they calculated their results from the Cibbc-Duhoa er.uaticr and (Ida rould 

constitute merely a iheck on their calculatione. 

The results of the literature survey on the air syo'en Ml jvtaeqreiit 

evaluation of this data sho.7 the need for the following dctat 

(1) The Argcn-Ojqrgen system shoild be reinvestigatTd at total 

pressures from 1 to 2 atn. and in the concentration range 

from 0 to 50 moljS ergon in the liquid because of the in- 

consistencies in Bourbo and I shall's data at the higher 

pressures« 

(2) The Oxygen-Hitrogen-Argon system should be invt-sMr ■' < " at 

total pressures fron 1 to 2 atm. over the entire concentration 

rang« of oxygen and nitrogen and from 0-20 icol^ arger In Uio 

liquid. 

(3) The Nitrogen-Oxygen system should be relnveetigatod e t total 

pressures from 1 to 2 atm. and over the entire conccntra'ion 

range, as part of the work on the ternary systen. the data of 

Dodge and Duabar having been shorn sufficiently reliable to 

serve as a check. 

In addition to the above, the reasoning data needed to complete the 

air system (up to the critical region) are desirable. 

Part II of this report gives the results of the investigation of 

the Oxygen-Argon system at 1 atmosphere over the entire range of con- 

centration. 

COHrlDBMTIAL 
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Nrt III g.lViO the van-iits of the investigation oft 

(1) Ihm iagatk-Qmm ^rttens at 2 e.Uoapheres and fv.-n 0 .    90 

raoljS org^n ll the liquid, 

(2) The Nitrogeo-Crcrgea syfcfce» . ron 1 to 2 atrio3p\eree orsr 

the entire i'-rjr- of cor cent ration, 

(3) The Ox/gon-Miti'OS'3C~A-tOa system froa 1 '«2 at^oe^hc-üS et 

concentr<itLfi»e that hr.ve appeared in plr-to crTcvlat'.ar.p nade 

on towers tested a« the Pennsylvania State College. 

CONFIDENTIAL 
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VAP0fU!JQ3ID ■BDlJJIiPJ'J.l ikTi M THE B"ii?T."3l MM OXYiirn .'.I CKE 

AiU'iOSFHE'J!: PRES^ttpJE OVLK THIS IöTIFJ? IMS OF OOiETC.-mCil 

The laboratory isothermal cnlorkieter? C, was uacd for there ..casurements. 

For temperature neasurensnts, sold remittance thermometer F:-\OC mü ata'tdard 

thermocouples S-7 and S--4 rare naed.   Thece hud been che&cd ej?.<r.b vapor 

pressures of pure oxyjon in October 19Al.   The roslstane? MM louetcr P-1?0 »as 

compared against thermocouples S-4 tud S-7 dvring evory run.   T\i : r.nonetric 

mercury lr*rls were MtftiMi by a Son'.eta Cenr/roise cathetooeter, rr.th teo 

telescopes l/ith micrometer eye-pieces, vrtiich could detect differences of 0.001 cm. 

This instrument nas used to comvu.re the ne^cuiy height r.-lth leagtfel OB a standard 

meter which had bejn calibrated by tho 0. S. Bureau of Standards.    Tic pressure 

determinations were thus accurate to 0.02 am. of mercury. 

The relationship of the calorimeter to the auxiliary lines if she. n in 

Figur« 9.   The three liter tad 0.2 liter bulbs had graduated ccpill:.riee and 

were calibrated g.-avimetrically   .1th both mercury Jid rater to m accuracy of 

0.1 and 0.01 cc. respectively.   The line volumes, vjhich are ar.allc.% vere deter- 

mined by measurement of the pressure after expansion froia a calibrated bulb at a 

knora pressure into the volume to be determined, :.hich hud been fir.b evacuated. 

The "Mwg volvnes were knora to 0.2 per cent in all eases.   The three liter end 

0.2 liter bulbs vere placed in a thermostat, the temperature of which was kept 

constant to "0.002°C." en determined by a Beckrann thermometer.   The absolute 

temperature of the latter was ascertained by reference to a Coloz thermometer 

graduated in intervals of 0.02°C. which had been calibrated by the Bureau of 

Standards end ras accurete bo within 0.01°C. 

COKFXOaTXiL 



■■nMfJHMHMHHDMI 

\6   b- 

u 

-<& 

L 

CALORIMETER 

JONHDENTIÄI 
TO ANALYSIS 

APPARATUS 

STANDARD 
MAMOMrrCR 

CUINBCR 

LINE'S   FOR   EQUILIBRIUM  MEASUREMENTS 
ON THE  SYSTEM   OXYGEN- ARGON 

FIGURE a 

CRYOQfNlC  LABORATORY 
THE PENNSYLVANIA STATE  COLLEGE 

MKflttHMl 

•/W4J 



-11 - CO.'ttTFSJTIAI. 

Both the three liter and the 0.2 liter calibrated bvl'ja BjmU bf Tilled 

with mercury from the reservoirs beneath then without coutaninatic.. Dy aiceas 

of a bicyclo pump or a vacuum pump, prepcurs or 7aauum could be e.;r>liV or the 

reservoirs and the mercury raised or lorared at will. The tempera liu'o of the 

lines was determined by five 0.1° thermometers placed at various parts of the 

system. Evacuation to a pressure of IGT6 ca. supplied the criterion of the tight- 

ness of the complete system. 

t— ftta /.Bgrnu. 

Pure oxygen nas obtained by the method of Ton Siemens1" , Baker* s "C.P." 

OfnO. m.9 used. The permangenate bulb was first evacuated, thn - ,-. :\sd after 

heating. The oxygen passed through a r.O" drying tube and a glass T.OOI filter 

and v/as finally collected in a liquid air cold trap, the fore ru: bein^ discarded* 

From the cold trap, the liquid oxygen Ma distillod into i'.in  three liter measuring 

bulb and ultimately Into the calorimeter. By analysis, oxyjen pre p.-red in this 

way had at the most an Impurity of 0.01 per cent. 

Pure argon was obtained from the Linde Air Products Company. They re- 

ported that the gas had been freed of last traces of oxygon and nitrogen chemi- 

cally and that spectroscopic analysis indicated no trace of any femes1 element 

except argon. Measurements taken in the hijh argon content region confirmed the 

absence of oxygen. The argon »as taken from five liter cylin'lerr, crij.-:; lly at 

100 p.8.1., equipped with two valves and connected to the gloss system by a 

copper seal. The pressure in the cylinders was never allotted to go dorn to 

atmospheric pressure. A vacuum of 10~5 am. could be pumped on the complete 

line up to the valve nearest the cylinder. In this way, any possibility of 

contamination was avoided. 

Prooodttrfli 

A sample of oxygen was measured volumetrioally in either bulb. The 

weight of sample was calculated from the pressure, volume and temperature. This 

OUnJflWTlAli 
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( 

gas ras ther. condensed Into +ho ealorlnrtar «systea tiiieh -,,ae kafft Kt tfbnmjt 6?°K. 

The eaount of residiul uncendanscd os^cx. ras datermined from —I III si 33t of PVT 

data.   Ths desired amount of argon uae then likroioe meaaurod MA ami condensed. 

The mixture then stood at leest twenty-'our hours before any m isurrreuts were 

taken. 

On Series I-VI vapor pressure measurements rere taken between 550-350 int. 

mm. before taking any equilifcriup: data.   Three to fpur points .-ere taken at each 

composition after eonstait readings nere attained In each case.   The temperatures 

recorded rers V^ose read on ^old rcsist-rce thermometer R-100.   The «»""position 

of tha liquid for these measurements is determined by stfbtractiiig : 3::?ectlvcly 

fro a the MftOf of moles of each conet.ltii at originally condense! in the c<>lorl- 

netar as described above, the number of wies of each constituent in t:-- r?all 

■count of gas lu equilibrium ..1th thir alxture.   Since, usually nborf. 0*1 -roles 

rare condensed into the calorimeter end since approximately only 0.0?? Mitt of 

gas wero In equilibrium with this liquid, no appreciable error couW he nade 

in applying this correction. 

The equilibrium data «ere obtained in the follOT/ing nanne r.    The r.creury 

in i,he calitratod bulb to be used was caured to fall slowly, vaporl?.'..i3   tterial 

at constant pressure from the calorimeter.    To produce flow va.'crlKp.tirn tho 

pressure on the reservoir was allowed to leak out slowly rchile at HM saae tine 

supplying hsat electrically to the calorimeter to keep the Taper pressure constant. 

By tills ueans the pressure vaa kept constant rlthin 5 an. while vaporising.    This 

process tcok at least 45 minutes, and* usually about 1-lA hours.    The system was 

then thsrmally isolated for from 18 - 24 houra, (in 7* ich Mag the equilibrium 

pressure varied at the most about 10 mm. corresponding to a change in temperature 

of 0.2°C), after which accurate temperet xre und preseure readings were taken. 

Finally, the calorimeter wms shut off from the calibrated bulb.   The quantity of 

material vaporised was then determined from its temperature, pressure end volume, 

0OJOTDs7RX*ii 
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(   ) 

after whirti the composition of this gaeecus mixture ras fotsrfl 'u^- saatlgvlti   All 

equilibritm measvrcasots wore taken at approxlirvtely 760 :lnt. na. of rsorcury. 

After the first gaseous sauple hi beoa tnclyzed,  tho ■sftUsfSjfcfljl bulb «as 

eraomted to 13 ""urn., the calorimeter stopcock opeottd and a new caayle 7f-?orized. 

ihe 8*0» procedure TOS then applied to th'-i soccnJ sandle.   Hires Of four vapor- 

izations of approximately 0.02 to 0.03 tsoles of g&3 were aade in t'.ir «ay. 

Finally the remaining material in the calorimeter was completely vaporized, the 

molar quantity of gas and its composition completing the data on or.? sample. 

In the above procedure, if - 

a,   *   moles of argon originally In the calorimeter system. 

n- ■ moles of oxygen in the calorimeter system. 

y, ■ moles of argon gas vaporized from the calorimeter system. 

J2 * moles of oxygen gas vaporised from the calorimeter system. 

y, ■ moles of argon gas remaining la the calorimeter systen. 

yi ■ moles of oxygen gas remaining in the calorittete .• system. 

x. * moles nf argon liqxLd rsnninlng in the calorimeter system. 

x-   ■   mole« of oxygen liquid renal nlng in the calorimeter system. 

(where, by calorimeter system, we mean the calorimeter and filling line up to 

the calorimeter stopcock), then 

xy = nx - (yx ♦ yj) (IB) 

X2«n2-(ya*yJ) (19) 

For the first rcprrisatioa, the quantities n^ and n2 ere the moles of argon and 

oxygen originally present in the ealorlmeter system. The quantities y^ and y2 

are determined from the amount of materiell vaporised and its analysis. The 

C0NFIDH1TIAL 
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D queatity 7, is calculated from 

f JTl + To\       F     IT"1' JJÜ (20) 
Pi ♦ 72)     R 

whore the term la parentl coir represents the Bole fraction or argo:i In the vapor, 

P represents the equilibrium pressure,£v/T the sic of each gas volune in the 

calorimeter system divided by its absolute temperature, and ft the pi constant« 

An Cnuaticn similar to (20) exis'*.- for yi. 

For the next vaporis'*tion, the noles of argon u~d oxjv©    ->rJ. In .lly in 

the calorimeter 3yetaa t-re (x^ ♦ j^) and (rg ♦ y2) ruspec-livcly.    T e other re- 

quired qvntities ai :■ determined analogously to the above. 

Ina^vqiai 

The composition of all gassous mixtures vias ascertained by ehevloal 

analysis for oxygen* For analyses between 97 percent and 103 percent 0^, 
U 

the method used «as that or Badger    using copper with NUyCl + H'.OH ce r.b- 

aorbent.   The burette used for this work «as calibrated with morcury.   Readings 

could be made to 0.01 percent, but drainage errors limit the accuracy to about 

0.015 percent.   Analysis of the pure oxygen produced from KTtnO. gare estimated 

results of 99.99 percent, 99.99 percent and 100.01 percent for tl.rta analyres. 

For analysis of mixtures oontainlng from 0-97 percent oxygen, | conventional 
__    (a)     _. . Orsat procedure was employed using the cccnercial absorbent SETTfi^     .   This 

abLO.-bent ras the -.ort rapid .Ad accurate absorbent of those tried; it behaved 

very similarly to Fieser's solution   .   A three foot water Jacketed burette was 

used for these analyses.   Readings on this burette could be estir tod to 0.33 

percent but the accuracy of deter..dn-tion is probably from 0.35 to 3.10 peroent. 

In these analyses, the apparatus nee checked before each series by analysis of 

Og in air. 

(a) Furnished by the Hays Corporation, Michigan City, Indiana 

OONrlDBITIAL 
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f ) 
The mettled of transfer of the gxs tc b<j analysed to Vh > '  '•■t.tto .Involved 

no intermediate ccntainins vessels. The enisle Ml dra*ra ir.tr. HM Vurstte, thru 

a system v/nich had previously bean evacuated to 1C-5 nn>. pressure. 

After Series I, all analyses «ere taken In duplicate. 

It «as noticed that the first vaporization of each series gare a vapor which 

«as not in accord «1th the results of succeeding vaporizations. This first measure- 

ment «as always hijh in argon content. With the method used of i'illing the calori- 

meter, the gas phase originally eoneistod of 100 percent ar£on. It is demonstrated 

presently that the time to reach equilibria for this is too la-ij to be practical' 

Thersfore, tho results of this first vaporization were discarded in all series. 

It «HI be shonn presently that the rates of gas diffusion, evaporation 

and condensation «ere rapid enough to establish equilibrium in ell ftsav cases. 

The tera known least accurately Is the tern y* of equation (20). This 

term could be exactly calculated if the temperatures of all partr. of the calori- 

meter system from the calorimeter, v.hlch «as at about 9T°K.» to the c.cterior 

lines, which «ere at about 300°K., rere kno.m. The temperature distribution 

in the gradient could only be approximated. Consequently, in the final vapori- 

zation, on account of the small amount of liquid left in the calorimeter, en 

{-rpradable error mi ht be taada. arbitrarily, if ytyx «as greater than 0.2, the 

result of the vaporisation «AS discarded. All other results are included la 

Table VIII. 

Tinnr rrfiemrofli 

The total pressure above aixturea from 0-37 percent ar-jon «as measured 

a* described above. The values are given in Table IV. The observed pressure 

la international millimeters and temperature in degrees Kelvin are given in 

columns t«o and three respectively, for liquid« of the compositions given 

In column one. Tor a given composition the results of Table 17 indicate that the 
(a) Only one vapor produced fron the first vaporisation ever rerc'.icd complete equül- 

brlum. After 72 hours analysis showed the mixture to be at equilibrium. This 
data «aa used la a later calculation as «ill be seen. 
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TAPOn   ■        •:    r AM  

.    .'*r Cant 
Arr.on 

In X<lqut«l _ 

G 

', 

0 

0 

0.3? 

0.41 

0.47 

0.48 

0.73 

0.8* 

1.5/1 

1.64 

2.57 

3.08 

i-15 

3,16 

3.18 

P 
in*, «n» 

dag. . lh»    -CfllCe) ((•a" • 

5?«.9! 

761.08 

801,21 

743.74 

751.3? 

747.61 

721.49 

751.07 

735.69 

765.57 

774.98 

759.08 

774.27 

757.65 

P.48.67 

751.51 

M3.55 

546.30 

* At rend on R-100. 

87.303 

G8.722 

90.211 

9^.714 

89.974 

90.075 

90.020 

89.681 

90.051 

89.845 

90.195 

90.306 

90.102 

90.293 

9C.o5>; 

91.165 

69.993 

88.542 

87.054 

- 0.3 

I 0.1 

+ 0.4 

- c.3 

+ 0.2 

• 0.3    ■ 

0-3 

+ 0.2 

0 

« 0.2 

- 0.4 

- 0.4 

- ?.* 

- 3.9 

- 3-5 

- 5.4 

- 5.0 

- 4.7 

- ».0 

- 0. 

4  0- 

+  C .'    * 

- 0 

0,004 

► O.OO3 

♦ 0.002 

0 

+ 0.002 

f n r 

+ 0»004 

- OS-- > 

- C.f.pl 

- 0.05s 

-     OrOfO 

- 0.067 

- C.069 

- o.rC9 
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r Table Tv M) 

VAPOR IHESSURI CF AROOH-ttUGCN MIXTURES EX1   RX '• ■ 

I'ols r«r Mal 
Ajrßcn 

in lÖQ'.id 

P 

int. mri. 

T 
rtwg- 

Kelirin 

A P 

(o*«*-ecvli.5 
/   • 

veel?.-->f  ) 

1. U 775.08 9C.093 - 2.6 - O.^O 

7.73 7o4.l7 89.867 ♦ 1.1 + 0   M 

7.86 762-36 B5.832 0 0 

8.03 845.43 90.824 ♦ 0.3 + 0.^2 

e.04 757.01 69.760 ♦■ 0.3 ♦ 0.03 

8.07 641.44 88.205 + 0.4 ♦ o.no4 

8.06 546.3* 86.761 -  l.l -  0.090 

14,1 760.80 89.512 ♦ 0.1 + 0.002 

14..? 766.62 89.5*1 ♦ 2.9 ♦ 0.036 

15.2 771.55 89.569 ♦• -.6 ♦ 0.034 

15.7t. 762.52 C9.*52 ♦ c.3 ♦ 0.004 

15.80 649.3* 87.935 + 0.8 4- 0.011 

15.83 55i».01 86.430 + 0.6 + 0,011 

25.* 751.10 88.876 ♦ 0.9 ♦ 0.011 

26.3 7*5.07 88.759 ♦  1.4 ♦ 0.017 

23.36 823.64 89.65? - 0.2 - 0.002 

28. It 761.1« 88.R92 ■» 0.3 ♦ 0.004 

2&.*4 710.22 88.2*5 - M - 0.003 

28.49 631.88 87.160 - 0.* - 0.006 

( ; 
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VA> n PnESSiIRE OF AROON-OXYOKN UISTURES EXPERBXNTAL DATA 

Vo'o Tor cent 
A.-ror 

in LlnviJ 

P 
T 

dog. 
Kelvin 

A P 
(ob«.-call.) (CT1C.">' ?.) 

65.2 751*.99 87.768 - 0.8 - C.oiC 

67.6 750.28 07.667 - 0.3 - 0.00J 

MO 738.12 87.507 - 1.2 - 0.tu5 

68.7 735.30 87.445 + 0.3 + 0.P05 

69.69 852.45 fin.826 + 1.9 ■»■ 0.0?1 

69.83 785.*7 88.033 ♦ 1.5 ♦ 0.017 

69.87 688.67 86.796 4- 1.2 ♦ 0.015 

86.65 746.31 87.302 + 1.1 ♦ 0.013 

86.92 786.97 87.805 + 0.5 ♦ C.004 

87.16 768.33 87.564 + 1.1 * 0.013 
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relationship 

login   P     a     -AA     +       B 

Is followed very closely in too pressure ranjc studied.   T.MC thi &-ta can be 

represented as in Table V, «hers column one jives toe eo-'.po.'itf.on la r.olc percent 

argon In too liquid phace, end cclwrns tso and three £,ive respectively the 

corresponding constants + and B for thie composition.   The fit of t'icce equations 

with the experiraental data is shorn in col nirs four and five af Table IV.   It 

is seen to it the mean deviation is 0.7 am., corresponding to a tenperature 

deviation of 0.009°C.   Thus, at toeee pressures the accuruc;- ef temperature 

ucasurenents is the deteraiainj factor In toe neasureaenb.    Tlie dtiti have been 

extrapolated to the normal boiling po'jat of pure argon to {jive u vrV.vs cf 87.23 

± .05°K.    (-1S5.93°C.).   Values for top normal boiling point of arjo-i reported 

in the literuturo are those of Ramsay and Truversi (-186.1°C.)1^, Cro-nulin 

(-185.84.°C.)U, Uathias, Onnes and Crommelin (-3£5.66°C.):l53Bl: WuuHm  -nd lehkin 

(-185.9°C.)    •   The value which we find for the normal toilLi- fttot cf oxygen, 

90.20 + -.02°f. (-182.96°C.) ia In perfect agreement r.ith the value If Roge and 

Briekwedde17, via. 90.19 baaed upon a critical study of toe literature. 

Table VI gives values of the temperature in degrees Kelvin at .'.ich a 

total pressure of 760 int. mm. of mercury is reuihod, for various rtL.iurea. 

These values, calculated from the data of Table V represent the boili.it; curve at 

this pressure.   Likewise calculated from toe data of Table V, Table VII lists 

the total pressure for various mixtures at s temperature of 38.57°X. 

IplM^yi net— 

Table VIII lists the experimentally obtained equilibrium data.   Although 

the pressures differed slightly from one atmosphere, the effect of tMs snail 

difference on the vapor composition is negligible.   AecojxUagly, ■ plot «as made 

of y/x versus x representing this data and a smooth curve dram torou-.'*; the 

results.   Figure 9 shows this plot on a smaller scale.   For convenience toe 
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TABLE V 

flU VAPOR PFSSSUr.E OF ;fiGOK-OXyGK^.ttlXTUriEg, 

lOß10 P    *    - A/T    +      B 

< 

Mole Per cent 
Argon in Liquid 

A B 

0 370.£0 6.9843 

1 369,63 6,9816 

2 269,80 6.9786 

3 366.74 6,9759 

4 368.30 6,9734 

5 367.88 6.9710 

10 365.83 6.9594 

15 864.00 6.9497 

n 362.37 6.9419 

25 360.92 6.9354 

30 359.63 6,9298 

40 357.27 6.9196 

50 355.Ü7 6.9102 

60 353.56 6.9013 

70 852.07 6.8937 

80 350.70 3.8852 

90 349.39 6.8763 

100 348.12 6,8685 
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1/.BLI- VI 

BOILING POINT OK ARGOW-OXyGEN MUTUFiES 

AI 780 INT    M*  TOTAL HttfSQH 

(v:   ■ 'TAT^L 

Hole 
/rgon 

Per 
in 

cent 
Liquid 

Boiling Point 
Degrees Kelvin 

0 90 LOF 

1 90 148 

2 90.097 

3 90.044 

4 89 ä9E 

• 5 

10 

15 

SO 

25 

SO 

40 

50 

60 

70 

80 

90 

89.941 

89 695 

89 459 

89. £30 

89 015 

88.810 

88.459 

88.169 

87,939 

87.735 • 

87.579 

87.425 

0 100 87.298 
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Table Mil 

AT r-n.57"!- 

Kol* r»r cent 
Totnl rr»B3" • 

(int im.) 

0 

I 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

6T4.2 

708.6 

740.0 

768.6 

792 2 

811.3 

528.7 

842 2 

854.7 

Ö66v8 

O 
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ill 

'v     i DfetXifc 

. 

1 V 
Uo3e P»r cent 

of argon 
In li-mid 

:' .1« F*r «ant 
of argon 
In vapor 

1» 

Total f'r»8Buro • 

2,44 3-65 759.1 1.*** 

1 .M Mt 7^,0 

12.09 17.30 760 8 1   4-!' 

11.02 15.A9 750.2 '42 

26-69 35-76 745.1 • pi 
66.66 71.02 ' '0,3 j M . 

67.69 71.45 73? 1 \  C'h 

0.5T 1.30 735.7 i;*9 

0.73 I.09 751.1 1.49 

0.48 0.72 721.5 l.;0 

0.41 0.60 751.3 • 

0.39 0.59 7*3 7 I.» 

86.21 87.59 74*.0 1.01$ 

Hail 8C.01 7*6-J 1.01*. 

86.96 88.28 787.0 1.015 

43.84 52.62 765.O 1 200 

41.18 50.22 771.4 1.119 
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o RLTtothtd values o^ y/z are listed in Tablo II. 

Tfca accuracy of t'.fSe. rssults is itfceratoed by tfce accuracy of analysis« 

Siii^e each point depends en ei*ier two or three analyses, the v.-.lues of the aole 

percent of gas in equilibrius  1th liquid of a specific ccnientri.tLou nay be in 

error by 0.03 -ole percent for lew argon concentrations ua& by 0.15 wie percent 

for hich ergon concentrations.   The third colics of Table IX liste 'A. • percentage 

error in y/z on this be sis. 

The conventionally represented T, X diagraa, summarlzi-i-; all the data 

is shorn in Figure 10.   The low volatility of argon at hioh conc?utrr.ticis 

lovad by Schilling, end by Bourbo and Iahfcin has bean substantiated.   r\jure 

U is A ao-.*o detailed pl<-t of argoa-czyseii liquid-vapor eiuilibx'in at very 

low a-^on concentrations, the .'egim of iu-crest for calculation? irivcl?'r.g 

tn oxygen tower. 

Equilibrium Data it sEjflh 

Since the calorimetric apparatus could be used at prescurec r.nly slightly 

above one atmosphere» the affect of pressure*} on the equilibrium values could 

not be found»   Likewise, exact values for the equilibrius data rej-resented 1M- 

theraally were not obtained.   However, if a temperature ?«.;-. chosen in the. neon 

ranje of of the results it one atmosphere, an isothermal reprccontjtion of the 

data could be obtained tc a good approximation.   The tenperature chosen was 

88.57°K. 

The partial pressure of argon in the gas. P^, may be relcted to the vapor 

pressure of the pure liquid by the equation - 

*i   -   PJ    «x (a) 

where a^ is the activity of argon in the solution.   If the activity coefficient 

be assumed constant for 1hs small iseaparuturc interval between the temperature 

corresponding to a total pressure of 760 mm. and 88.57°K.f then - 

tx   (88.57%.)   -   Px   (T) Pf (88.57°I.) 

(I) 

....    (22) 

CONüIMMIAL 
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Trble IX 

SUOOTOD VAUJPS or t'VXtan'V. : \TA •■•OF. 7 -: 

SYS"E!' ARGON-OXYGCN 

AT ONE  I»r.   ATM, 

KPI« Par cent 
krr.m 

in I    jH 
UJ 

Bd i»*n t»d 
'/! Accuracy 

in K. 

0 

I 

2 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

1.50 

1.495 

1.489 

1.445 

l.?84 

1.310 

1.226 

1.151 

1.094 

1.057 

1.0U 

1.014 

l.fiOC 

3.0 

1.5 

1.5 

*.7 

0.5 

0-4 

0.3 

0.3 

0.2 

0.2 

0.2 

CONitDENTIAL 
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1 
wbcro P. (88.57°K.) is the partial pressure of arger* at 63.57°J. 

P^ (T) is the partial pressure of argon at T. 

?1   (88.57 K.) is the vapor pressure of pure liquid argon r.t C'.57°5. 

?1    (I) is the Taper pressure of pure liquid argon at T. 

T  is the temperature corresponding to an equilil fi;n prscsure 760 na. 

Likewise» the similar aquation - 

P2 (88.57°!.) « ?2 (I) f% (88.57°K.) <23) 

P?, (I) 

relates the partial pressure of oxygen at 88*57 to the partial pressures e:> 

peri-aentally obtained at 769 ne.*a'.    Table X sujBtrir.sr the results aft« the 

oonplete concentration ranja.   It is seen thut the results obtain» d at C3.57°K. 

differ froa thos obtained %t 760 int. an. by only 0.9 per cent at the greatest. 

Figure 12 ia a plot of y/x against x for a teaperaturo of 88.57°K.   The P. X 

diagram at 88.57°C. ia shown In Figure 13.   In figure U the partial pressures 

of argon and oxygen are plotted against the mole fraction of arson in the liquid 

at 88.57%.   It is seen thut very appreciable differences fron Rroult's law 

exist. 

(a)    in equation similar to (22) »which however allows for the change in the 
activity of the pure components with temperature iai 

*! (88.57°!.) « Px (») |^(88.57%.)^g(88.57^.^^(88.57^.^P;(T)*iy°(T] 

g(T)4P2(TJj |i1Pj(88.570k.)«2Pj(e8. 

 (2i) 
and L,ives results almost identical .-.1th equation (22). The use of equation (24) la 
equivalent to obtaining tiie partial pressure at 88.57°!. from that experimentally• 
determined  it T, by multiplying the latter by P, (Baoults, 88.57°K.)/Pi (Raoults.T), 
i.e. by thi  ratio ?f the partial pressures calculated from Raoult'j law at the 
two temperatures. 
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TsUs I 

-5'1'Y. 

4 

."i'm Percent 
A 

n Mould 

■"»U-   •'' — • nt 
•\ in tf&po«' 

?t>0 Rn 

"olc   Po-r1■! 
A in Vc-.ior 
8P-57"*. 

0 0 0 

1 l*?5 1.509 

2 1.9TB 3*006 

10 14.44 14.55 

20 27.65 27.7; 

30 39.30 39-33 

40 49.04 49.02 

?c . ST.55 ti<m 
60 65.54 65 

TO 73-99 73.8* 

90 82.48 82.40 

9C 91.26 91.21 

IW 100.00 ICO.00 
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la Table XI the dit_ ci' thiu research nre conp-red rit.'   (MM  of Boiu-bo 

and Ishklr, end that of Schilling.   Although the data iff the litt?r are JLven at 

different tecperttures, end at differe.it pres: ures from thlr research, corre- 

lations con be aade.    The check of the experimental valuee :;'.r   the data of' 

Boorbo and Ishkin is excellent froa 0 - £0 psr cent» but is Ml &s jood at 

higher argon concentrations.   The work cf ScMlliug, done accor.'inj to the author 

to "engineering accuracy" agrees with the data foupd in Vx'.s fork arVihin his 

probable experimental error at all except tho aiddle ooacontraticr. ran30. 

Toe data of this research can be provsd free of appreciah''.a HIM <^ue to 

lack of equilibria* ' 

The reversible transfer of argon froa the jas to the liyiil rh&-"c is 

represented by 
k 

A, M     k (25) 
2 

where k± represents the mole fraction of argon In the liquid gkpMg Ag in t'u- gaa 

phase and k^ and kg are the specific reaction constants for the rorrWor.s as 

written. Then - 

l$'\h -HS <s6> 

where the derivative expresses the choice in concentration (expressed as nole 

fraction at constant total pressure) of argon In the gas with time. Thvs at 

equilibrium 

*24«- *!*! W 

or 

Ay • JBJ^ »I   (28) 

*1     *2 

where I is the volatility constant (y/x) • The equation represent.!-^ the o&terial 

balance in the system is 

CGHFIDEJTXAL 
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Tcble Al ooN.-maiTiAL 

tQuzunaw IB BTS3 -OXYGEN 

*!ol«   ;>r   v-rtl 

in 

(xl 

4iV»i>   L.» Vnpor 
■ 

Schilling 
7fO rM> 

y 

81 

y 
■ 

•    - 

c 0 0 r. 

1 1-509 1 n 1,51 . ..* 

10 1* 55 14,.16 •It.) 14  S 

20 27.77 2C.90 27.7 27-0 

3C 39-33 u>9o 39.2 39 4 

40 49.02 47.78 49.2 4° 8 

50 ^7 ^9 57.00 58.0 ,'.- 

60 65.55 65.72 66.7 !■    ■■ 

TO 73-89 74.20 74.9 74 5 

80 8? 40 82.50 «3«3 12.9 

90 91.21 •u.10 91.4 91.*' 

100 100-OCi IOC.00 5 00.00 10".ot 

* 7nlu*   »no«rtnt»i from nuir.erLfl Aufm   -«»MI  l»i    ufcllcatirn 

' 
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O 
g    8 Vl B   n. 

Tjbere 

= the total moles of gas 

a the total moles of liquid 

= the total moles of argon 

Substituting (28) and (29) in (26) 

dl. 

In.-A ,/In+lV 
fit 

Integrating, and including Vie initial condition (t = 0; A   = A_) 

<S 
log 

♦   1 7 
K« t 

(-?) 

(30) 

(31) 

o 

The constant k& en be solved for using data obtained in toe first 

vaporisation of each series.   It has been stated that due to the mrcthod of 

filling the calorimeter, the. vapor originally consisted of 100 laolc per cent 

argon, and in the tine of standing allowed, the vapor did not co:ic into equili- 

brium idth the liquid.   Since analyses of the vapor mere measured after 18-24 

hours standing, data are available to solve for the constant k2 in equation (31) • 
o 

The initial concentration of argon, A_, «as calculated by assuming th.it the vapor 

formed mas in equilibrium vlth the "average liquid" in the calorimeter during 

vaporisation and allowing for the number of moles of pure argon originally in 

the lines.   The value obtained for kg mas 0.027 hours     •   Using this value of 

k-, the percentage errcr due to asymptotic approach to equilibrium in any 

vaporisation can be calculated, however, a mo-*e accurate value of fcU to be 

COHrtMOTIAL 



- a - :■; ■•ir: IKAL 

O 

O 

«Slscissed presently, was used.    The corp-iteC anon are listed iu Table XII 13 

a function Of the concei-tration of argon ii UM liquid.   It is at*, feat tlie 

maximum error produced in th.3 ncasarc.ior.ts am to poor ^pdlSfarltti U 0.? par 

cent.    The data &nd crlciil;. tel valu*3 of &2 -re siiaaurizaa' in Tab'o J'.III. 

To determine kg more accurately t^e calorlttftef wr.s £111*4   .Vh thres- 

fo rrths of a mole of liquid oxy0on rhilc do larije bulb cui'' c:»uccti-»3 lines 

wore filled r/ith gaseous argon at atmospheric pressure.   The ealcrlmsjtef stop- 

cock «as then opened and at riessured tiics enaTyscs of the vapor- res tüten*   The 

data at the several tiac: Intervals to-ether *l*h the raluco of «£ Arrived there» 

from are susraariaod in Table XIV.   In these neasurensr.ts the wlic.c of vapor 

taken -.vac a>»out five times thut taken during the actual ecvilii rirva ■MMNNBtJv 

therefore tho rate constant corresponding to the latter cr -. ..\-j- be ip/roxinately 

0.05 hours"1 coopered to the average value of 0.027 hours"1 steal ffm the data 

in Table XIII.   In viow of the fact that the values in T-ble Fill rere rather 

dose to equilibria the value of 0.05 hours"3, is the value chssec fov k£. 

While detor dining kg more accurately it «as possible at the MM +liue to 

obtain u check point on the equilibrium system in vhich a very large amount of 

material wa3 containel in the ealoriaeter.   A 3unmary of t*e d:ta flat tell point 

appears belovi 
T ■ 83.<2°K 

P * 707.90 an. 

Hoi per oent 0   In gas = 73.31 

Ucl oer cent A In gas » 26.69 

Hol per oent 02 In liquid = 80.80 

Mol per cant A In liquid = 19.20 

j/x « 1.390 

j/x from plot at 83.57°X. * 1.395 
This value of 1.390 for the equilibrium constant at 33.4:.°K. oorr'.otcc It 88.57%. 

is 1.398. 
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TrbU XII 

EBPOR IN K  (y/x)  PPODUCED BSf CHOSEN EQUILIBBIUK 

TIME OF 18-24 HOURS 

Hole Per cent 
Argon In 
Liquid 

Percent Srror 
In 1 

1 0,24 

10 0.18 

20 0.12 

30 0.09 

40 0.06 

50 0,04 

60 0,03 

70 0.02 

80 0.02 

90 0,02 
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LATVM or km nau «IJUIUBRI« imuammrn 

Quantities atiliMi 
in Ep.  (l>) 

Run 
4 

Rua 
6 

F I.4JI l.C)6l 

"t 0.0><:>57 O.C253 

"• 0.23220 0.!4lC 

% 0.0*158 0.1171 

*• O.2325 0.7100 

V 0.2570 C.3290 

t2 12 J2 

'*■> U.02T8 0.C290 

t 
OONFIDBiTXAL 



1A «. CßanUBKTUL 

TiM» XIV 

Mm re« txppatsxmi. maasiusra IT y? 

Tin« k, for ka for Vtl'i:«    .;■.■{ 
In f- <>2 full \»ulb in eauj i-*.rii-n 

hours meacurw-ient» 

n 0     

2 0     

6 R3 0.01« 0.070 

16 1/2 II M|] C.C65 

35 3/'« 50 o*ny 0.055 

(.) 
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Tif accuracy of the dtta :ras tested xw'.nj, the CUieu e^Wiwlor. .-JS   outlined 

in Part I or the report.    The results of this calculation tre fLfM li Tthle XV. 
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< 
■TABLE. Al 

THI:5 PI:SEARCH A   - 02 ISOIfTiHM AT 8fl.57°K 

Ni   (08) ax « fl/fI ax  (plot) Percent Dev. 

0.99 0.990S 0.9900 + 0.02 

0.93 0.9805 0.9800 0.05 

0.90 0.9006 0.8995 0.12 

0.85 0.8431 0.8492 0 

0.80 0.7936 0.7998 - 0.15 

0.75 0.7493 0.7490 + 0.04 

0.70 0.6994 0.6987 0.10 

0.60 0.6093 0.6091 0 

0.50 0.5281 0.5231 0 

0.40 0.4367 0.4326 ♦ 0.21 

O.SO 0.3354 0.8330 0.72 

0.20 0.2296 0.2279 0.82 

0 
OONJIDQITXAL 
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V<>PQP^Ll,itJI.p f^Ui.Iü.TlU..' D»T*> M THE SYuTiui CAiuüUNlIiiOO^-nl^OH 

i)iff«aiID BflSftJttl °*  818 Ml fl «aUTUo 

A detailed dri. . n«j of an improved equilibrium ••. > _ri-tua i ^ • ^ra in Fia. 

The apparatus itsel*  ie si I Lui  in „aifrul   I ..  IsotLiers-l Culori leter "C1'. 

This design .. .:  used boc. ur-c Df t:-.t e^ce   .uh     ..ch it can be    Jjusted to -ny 

giv» MbpOKtara be .•can W° and 3J3°K. (usin,/ only liquid ulr «M  t t  c-oclint 

agF.it) ani held than fir . it.t len.hs 01' ti-ae aitt fc auiLmu of -djustient. 

The r.;:J.Hbriuji raaaal (a)  aal constructed of COJ *r tube 1" CD., 2/4" 

I.D., und 5" long«      ie be Ho i —id top plugs Mn &cre..e- l.ito the tuoc to u 

depth of 1/4" jivin.-  in elective ins:. la U Bj tii of 4".    A double thread grocve 

»-.a cut into tit body of this cylinder aad a bi i.'.ar wound conat.-iitan heater 

of 75 ohas reslstar.c   ..r-    ed into the Uwiadad grooves.    aftir the :iai.ter h-d 

beei painted i itb b./.*lltf> jvt bäcci for *-* hours, i.- coverLv of copper foil 

(■•.] soldervc     ntr It. to cut do.vn outward r-Jl-ti'/i» of bant«    T»e t'.eriocruolet 

(3) and (fl1) are ins rt/.d A.ito a 1/L6" cop.er ..ell soft avldcred to tae bot I. a 

of tVe equilibrium v« 3. <sJ . 

The filling tubr (C> ui nade frt-a 9/16" i-cr.;:-n silver tuting with a 

wul    ivlcknesc of 0*  )?"•    A heavy shield co-islstini of u cylindrical copper 

botto : (E) and a top  if le-i east i.ntc  a cc.iper rlnt; (E)  surround the equil- 

lbriuo ves el.    Bet;   Iba top tat botboa    I    he shield are e uipped with   »e-ter . 

Thcrnocouoles   ire pi ced on the bettoa of the tnlcld (F), top of tie shield (G), 

filling tube juct Liu.de the top shield (a). Til.in, tube Jui=t outside tue shit Id 

top (I).,  .nd 2"  -bovt  the ciiieid top (J).    The l-.;t tbfM thermocouples -re used 

to be sure th-t the tube ig ..urc.r dun t .e i laülbrlaa vessel JC thus ■Umlatfbt 

til« possibility of re ."luxing. 

The shLelds are   tu-e; i'ro:a t. copper rin»; (N; which is silv -   teUarad to the 

t_.p. of the cryeui.-t.c-n, (0).    aJJ   W  it {heaters -nd tbaxfloceaples!  c:rcle ins   if 

Mis cc     :r rinu I                       • •**            ■     ■ ■       ■  -:1 ure t'cr'"1 ' 

t:.c rifl^.    
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A regenerator (5) is located In the filling tube i*t the point vfeere it 

passes through the shield top. It consists of a tube 7/8" in dianetrr md 1-1/2" 

long «1th 3ilver soldered connections to the filling tube at both ends. It is 

'filled with saall wire gause discs tfildi make intimate contact üitU the nail of 

the tube. This device ensures contact .1th the shield top of any £as passing 

up or down the filling tube, thuc eliminating a large source of boat leak. 

The stirrer (L) nan mounted on a tube of 1/8" Geraau silver tubing with 

a 0.009" «all thiclaees. Originally, 3 saall discs were soldered at 1/2" In- 

tervals on Hie bottom of this tube for the stirring of the liquid. It was 

later discovered that these discs caused splashing of the liquid and the droplets 

thus formed were evtporatod giving a vapor which was not In equilibrium with the 

liquid. The rtirrer was modified by cutting away a large fraction of the cross 

section of the tube for a length of 6 inches. This section was flattened to 

ribbon 0.4 oa. wide and 0.2 on. thick and a loop made In its end. This arrange- 

asnt has ocde a very satisfactory stirrer. 

The stirrer rod is fastened at top to a sylphon bellows (El)j the bellows 

end attached stirrer are both moved by an adjustable eccentric driven by a 

Fie» Action gear and motor system which turns at the rate of sixty tines a 

A schematic drawing of the eryostat with all external glaea lines appears 

In flours 16. The mixture In the equilibrium vessel is vaporised through a very 

short connecting line into the 500 cc vaporisation bulb shorn in figure 16. This 

bulb is connected to a aereury reservoir ..-hose pressure can be decreased auto- 

matically by means of a solenoid valve actuated by a mercury manometer with 

contacts connected to the mein equilibrium system. Thus, as the vaporised liquid 

Increases the pressure in the system, the nanometer contact actuates the solenoid 

valve la the «ercury reservoir system and releases pressure which allows the 

mercury to fall In the vaporiser ion bulb, increasing the volume and decreasing 

the pressure la it. This action takes place very rapidly cad the pressure 

00MJXDBITXAL 
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drains v;.~.rlsstixi c*ui bo bold soastsllt in thio u:.nner tc a l'r:. ftUli iFtcvs of 

= •.   C.UTJ-   prefl«. JL . . 

Xttiffferstnra and fraa:--j;- ■'.g«.Ei>rerji-ta 

The tevnperuture or the equilibria*] re c sei |i noasured by MOM of the 

two eopper-eoasteutan tLer.iOc.ur-lt-s in .. sell at the bottom of MM cv-JLIibrinm 

rsssel.    The indications ft the ISJSJSJOOMJIM :.re read on 0112 of the Cryogenic 

Li.uor~i.ory l/hite dDvbl* pefWlPJUltt (190,000 microvolt i-ai^e) t/.th which the 

BUP son he read to O.Oi microvolts  ithis corrtsjasds to .005*^ in tfcfj m^e of 

uio air sjst-e« seaeiareuntr).   Ai^ .aalur; ied, finely shared HatUlcd water ice 

is usad si all tise-e for the cole: JVMtlMt of the teraoeojp'.es.    BM Ptsndf-rd 

cell o." the po►•ostio&eter !■ chtsisd fivqsjsjttly ajain^l thfnx3te.-Lod - .! y-jt.sci 

oolls which -ive the Cryoe;eai': Laboratory stauCcuds, 

The tertocottploa v/ero celib:.'&;si aiiai.i*t oxygen «DM prepares.    Sole* 

one MBMVMMi tlie equation off Cath 

tofiH)   *ata   ■ -COMM > 5.X365 - iUttflB 

with the corrections tc it lound by L-toi, tilli'ui£an3, Md :.'..„.•--y1^, p*a ubed 

in converting flM oxygi.. vapor ptMtfJtt HSptNtaJfJi tfl lsjsjptH(ta#e* .r» •'.. 

ttiLB^dynadc scale.    Above 0.1c at-'iosr/i^ro,  the sqvation of Dodj,o Mil Davis*^ 
1°8lOP»t»   '^"IIM^fiiMJlA1   - 1782500A'3 

was used.    Tb>? «jqua+ton of Codje J^1 DtfflU 2***3 50.2f- for the nor-.iül boiling 

point o." oayjen   .hi on it iu perfect e^-eeaeai sita the value accepted by the 

Cryogenic Laboratory. 

TeLle Xvl ^iv'-s eonvarsioa tables for Ko*" to tt^veraturec ".f cletersined 

froa th« oxygen vapor pressures that vtre u<.ei ia &11 of tcenc sjjjllllfclisjl stivli. *. 

I?r?sTi?e JS.E r9»d by a Qasrtcc: Cathjt-xaater on the conpiu.id ztrcury 

ntno:-oter sbtxsc in figure 16.   The oanrnctsr is of the icse £CMNl r'ssijn used 

by Eaaaerllagh-Onnea is stats data i.tu •iea1-' at th? University of Leiden.   It 

consists of two Ajnoaeters in sarise,  th« firüt tttMhMl di.vptly t;> MM  ..oili- 

■   ■ - "   • 
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TABLE ZVI 

Callbra-icn of Thermocouples 

for Liquid-V^por Ec,ui.llbvV.im Apparatus 

wTF: INITIAL 

.JBL °jw _A_ MV K 

'=.500 34,29 71 
90 65,00 71 
80 65,71 71 
70 66,42 70 
60 37.12 70 

5450 67.82 70 
40 68.52 70 
80 69.21 69 
£0 69,91 69 
10 70,60 69 

5400 71,29 68 
90 71,97 €7 
80 72.64 66 
70 73.80 66 
60 78,96 66 

5350 74.62 65 
40 75,27 64 
80 75.91 64 
£0 76.55 64 
10 77.19 68 

5300 77.82 68 
90 78,45 68 
80 79.08 62 
70 79.70 62 
60 80.32 62 

5250 80,94 61 
40 81.55 61 
80 82,16 61 

20 82,73 60 
10 83.33 60 

5E00 83*38 60 
90 84.56 60 
80 85.16 60 
70 85,76 59 
60 86,35 59 

5150 66,5-1 59 
40 87.53 59 
80 88,12 58 
20 88.70 58 
10 89,28 88 

5100 89,66 57 
90 90,43 57 
80 91,00 57 
70 91,57 57 
60 92,14 57 

5050 92,71 57 
40 93.28 57 
30 93,65 56 
20 94.41 56 
10 94.97 58 

5000 95,53 56 
90 96,09 56 
80 96,65 66 
70 97.21 N 
60 97,77 5,6 

4950 
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briun qyste-' mi MM second attained to ihe lor.g e.rra of the first aunoaeter. 

In this-ray, the sun of the prefigures reui ca the two aaaoaetets giwe the total 

pressure of tho system. 

The cathetomoter is equipped with a steel scale and verlier j*iich alloira 

«a iAterpolatioa of .05 na. to be made on the main scale.   The cathctozoter scale 

«as calibrated every 10 cm. against a silver inlaid scale of the Cryogenic Labora- 

tory which had been originally calibrated at the Rational Bureau of Standards. 

The calibration corrections along sith the corrections for depression of the 

mercury coluan from meniscus height, gravity correction on the mercury column, 

and temperature correction on the mercury coluan arc given in table XVII. 

Th» Jnalvtlaal fajsjsjsj 

The analyses are made by a d.y method and are taken at constant veluae. 

The analysis apparatus is sho..n in figure 16 und id incorporated into ihe main 

lines of the apparatus. 

The gas is circulated over the absorbent by aeans of a Toepler pump   uad 

finally returned to the original confinint, vessel at the ori Li.l voluoe by means 

of thie same pump.   The pressure is then read _.id co.-3p-.rcd ait'; the procure of 

the original s&aple.   For this purpose, the pressures are re.-d on a rxreury 

nunometer using the Oaetner cathetometer.   Fine copper screening rolled into 

small cylinders and heated in a furnace to 500°C is used ror absorbing the oxygen* 

This is better than finely divided copper which eventually ruses to a solid mass 

of low rat -i of absorption.   A liquid air trap is used to absorb any water vapor 

arising fro? hydrogen absorbed by the copper.   Holten lithi'jm at 300°C is used 

in the sa-:o -.-ay for the absorption of tho nitrogen.   In this manaarj duplicate 

analyses agreeing to better then 0.05 per cant are obtained regulerly. 

Ihm fiai I—ÜB fimilnwifi 

The samples of oxygen and argon were as described in Part II of this 

report. 

OOMFIUOXLiL 
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' 

Ilitrojen v.as prepared :3y th.  action or bro.ii.ie 01 onoiüa by a net'iod 

similar to that describee1, by Giauquo ".    Concentrated bromine water, cade by 

dissolving broaine in a saturated KBr solution, is added fcN*£i a stopcock to a 

sis molal amaoniuo hydroxide solution in a two liter flask«   Exceco solution 

naa removed throujh an additional stopcock scaled into the bottom if the flask. 

A moaiua hydroxide was added, t.a needed, through a separate stopcock, thus making 

the generation co.itinous.   The nitrogen passed through a copper «dele furnace 
s 

heated to A50°C for reiovin,, ammonia, then through a large sodiua hydroxide 

drier and three large driers containing phosphorus pentorddo, all in series. 

The gas finally passed through & liquid air trap«   The nitrogen thus mads was 

added to the feed mixture by means or the sampling Tcepler shown in figure 16. 

Analysis of nitrogen made in tris way gave 0.02 per cent oxygen and a trace of • 

inert gas.   The slight cortaairation is probably due to air dissolved in the 

anaoaliir. hydroxide and bromine water. 

At first an attempt was made to prepare nitrogen by heating omnoiiun 

diohromate.    Fortunately, as a precaution, only a small quantity (5 trans) 

was Uflod for a violent axplpel,Qn occurred, In, hf^tiag In I MeflMl V-Vfn\» 

This method v.us thorefcre abandoned and we wish to go on record as ItAlÜüIHQ 

AGAINST HEATXBQ AUKHIW DIOUtOlATX IB A CLOSED SPACE. 

tjmmjUa r.f «■» Tiintuhrttti |mmejggjm| 

The gases are generated as described and made up by pressure (on the 

dialysis manometer) in the ten liter storage vessels to the desired concentration 

of the feed mixture.   An analysis is made on the feed mixture for the purpose of 

checking both the analysis apparatus and the gas generation equipment.   This 

check is necessary because it prevents the use of any feed mixtures shich may 

have become contaminated through some unnoticed blunder. 

The amount of feed mixture sample is determined by measuring the temperature 

and pressure of the gas contained in the large sampling bulb «boss volume is 

00HFUOTZAL 
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c 
kno'/a to + 0.05 cc. (The line vclimes on all factions of the equ.'llbriuo appara- 

tus and lines h.vo been deter/.ined with «n accuracy of ± 0.05 cc. fcr any given 

section.) After the saaple has been measured out, the stopcock to the equilibrium 

ressel whose temperature has been lowered to 58°K. When the s^iple has finished 

condensing, the residual pressure in the lines is read. Throe fillings of the 

large sampling bulb give a sample of approximately 0.36 moles in the equilibrium 

apparatus. 

The temperature of the sasple is elo..ly raised from 58°K to the desired 

temperature of the equilibrium measurement end then the manometer contacts are 

set for regulation. The bellor.o-stirrer is turned on and the esapla allowed to 

vaporise very slo-zly and uniformly over a period of from one to two hours. 

Vaporisation is allowed to take place until approximately 0.02 coles (500 cc at 

1 atm) have been accumulated in the vapor phase. To ensure equilibrium the 

bellows otirrer is allowed to continue its action for mother one a. d a half 

hours. During the periods of vaporisation, 6tirring und standing, the tilling 

tube is kept 0.3° - 0.5°K warmer than the equilibrium vessel. Ono-half hcur 

after the bellows stirrer has been turned off, pressure -ad temperature measure- 

ments are taken and the stopcock between the equilibrium voecel uid -.'f.porisation 

bulb are then analysed. 

Below are given the aotual experimental data transcribed from our 

standard notebooks. 

() 
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Pfl.ge No, 3  

Dfete 8/29/43 

Feed Mixture No. 7 (for run 14) 

ftored in Bulb No.    1  

Prrtisl pressure of    0W  

T Beth   T Bulb  E4.0   T, £g.O    T. £g,5 T4. 

Volume set at mark on calibrated bulb. 

Hanisous top 

Scale Vernier 

Meniscus bottoa 

Scale   Vernier 

-1Q4. 

&3&_ 

1QL 

J33JL 

JP. 

-LQ_ 

JZCL 

_UL 

JLQ2L 

-S5£- 

JU2- 

33k. 

00 

.OS. 

J2flL 

JJJL 

Upper 
Manometer 

Lower 
Manoneter 

Partial pressure of  0« » A  

T Bath   T Bulb £«.0    T.JÖLS T,  —«• 

Volume set at  too marlr on calibrated bulb. 

T*. 

o 

Meniscus top 

Scald Vsrnier 

Meniscus bottoa 

Scale   Vernier 
■ ■ "■' '1 

88 

1 " * 

£5 86 35 

9Z8 70 937 50 

88 m 86 60 

9Z8 60 927 40 
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Page No. _ATL_ __ 

Date 8/81/43 

System  A - Q« Run No. .14. 

inn lysis of   Feed Mixture 

Total Initial .pressure. 

for OTBLESSL 

T bath   g6.g *lsSL ■Hai. T3. 

Meniscus top 
Scale Vernier 

Meniscus bottom 
Scale   Vernier 

1£7 SO 1£5 60 

578 90 577 80 

187 £0 1P5 40 

B78 95 577 70 

I. 

upper 
manometer 

Lover 
manometer 

Argon partial .pressure. 

O 

T brth    P6.8 E7.8 

1st 
absorption , 

2nd 
absorption i 

Meniscus top       Meniscus bottom 
Scale   Vernier   Scale       Vernier 

1S6 

Oil. 
ML 
J&L 

£SL 

JBL 

-55- 

JSL 

-ILL 

JLöfi. 

JlSi. 

JSfi. 

JZ6. 

JQ. 
ja. 
.12- 

nOHFTniWTTM. 
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Ptge No.       39  

Date «, a/31/43 

System  A - Q? Run Wo.  ftf 

Measurement of Bnount of material lr_ large  vaporisation bulb for 
. Feed sample  

PegulsUig menoceter set st _ -~ inches 

Vaporization bulb initially ei 3 mark on bottom 

Vaporization bulb finally at   3, merk on bottom 

T bath 4.585    T,  £5.5    T^??.^  T,  £6.5 

Ta ■ lines 
Venlscus top   Meniscus bottom 
Scale Vernier Scale   Vernier 

^S. 
885 

98 

885 

TO .36  

JÖ.J 284. 

65 I   96 

80 -§£J_ 

-83. 

J2- 
-ZP 

M. 

Ta * Upper 
nanometer 

Tj » Lower 
manometer 

System  A - 0.   Run No. r 14. 

Mrssuremcnt of amount of material in lines  for feed sampln residual 

Regulating manometer set at  —»-    Inches 

Vaporization bulb initially et    3   mark on top 

Vaporization bulb finally at    3   mark on top 

I bath       Ti  P5.4    T, ===  T, £6.6 

Venlscus top 
Scale Vernier 

Menisc 
Scale 

us bottom 
Vernier 

108 40 106 90 

117 SO 116 45 

108 36 106 BO 

108 40 106 80 

.  1K_ ■ W.6 45 

OQHJlDEttXiL 
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P&ge No.  40  

Date  S/gl/43 

System A - Oi Run ND. I« 
_v.porization bulb for Measurement of amount of msterlsl in.„ large 

Feed Sample. 

Regulating manometer set et ~~- incVes. 

Vaporlzarion bülb iritislly at   4   mark on bottom 

Vaporization bulb finally at  4 park on bottom 

T bath 4.545   T,  £5.1    T. 27.0    T, , S6.f? 

( 

Meniscus top 
Scale Vernier 

Meniscus bottom 
Scale  Vernier 

ISO 70 118 95 

810 70 809 50 

120 65 118 80 

810 70 809 50 

System A - 0«   Bun Mo.  14 

Measurement of amount of material in. 

Regulating manometer set at --- 

JLlaeg for Feed sanplo res.idual 

Vaporization bulb initially at  

Vaporization bulb finally at 3_ 

I »ath       T,  S5.£ 

.inches 

 mark 

.park 

T. — JUL 

Meniscus top   Meniscus bottom 
Scale Vernier Scale   Vernier 

.128- 

IflL 

-2SL 

JLSL J2. 
°2- 
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3rd Iqgertlon 
COHFluEaTI I. 

iö  Page No. 

Date 6/81/48. 

System A - 0»   Run Mo.  14 

Measurement of amount of material in large 
Peed sample. 

„vaporization bulb for 

Regulating manometer set at. 

Vaporization bulb initially at  Z 

Vaporization bulb finally at £_ 

T bath 4.400    T, 84.8 

„inches 

 nark on bottom 

_jaark on bottom 

. T, 26t8   T,_ £3.0 

Meniscus top 
Scale Vernier 

Meniscus bottom 
Scale  Vernier 

113 85 112 00 

694 00 692 10 

11» 95 112 20 

694 10 692 95 

System A - 9°   Run Mo. JLJL 

Measurement of amount of material in lines   for Feed MMJI MtliMm 

Regulating manometer set at .     inches 

Vaporization bulb initially at  8 mark on top 

Vaporization bulb finally at 8 

T bath T.  24.8 

jaark on top 

T.       T, 26.0 

Meniscus top   Meniscus bottom 
Scale Vernier Scale  Vernier 

ML 
JJ22L 

-25. 

JSSL 

21Z. 
127 

-Sffi. 

JSL 

OUUFIDEITIAL 
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Pag© No.   2?.  

DA-TE .8/51/48,    , 

TIME  1U7.^._JL 

System       A - 0»    Run »o. JL£ ____ 

TheraoiEeters before» 

No. 1 pB.8     No. £  £8.5     No. 3,   28.X    No. 4   

No. 5 No. 6  No. 7  
Ti = Upper mano- 

meter 
Theraoneters aftert 

Tt = Lower mano- 
No. 1 298 No. £  28.5    No. 8   £8.0   Ho. 4  meter 

No, 5 No. 6_ No. 7 

Collimr -ion readings (50 cms on glass scale) 

T, = Snail vapori- 
zation bulb 

Uppor »elescope 

Lo-or telescope 

Upper telescope 

Lower telescope 

Scale 

jm. 

JSS. 

690 

690, 

Vernier 

Ji. 

./r>. 

JSL. 

J&. 

) r 
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Lower era 

Upper am 

Lower arm (e) 

Upper arm (c) 

Lower ara 

upper arm 

Lorer ara (c) 

Upper irm  (c) 

-36- Page Ho- 

Date  

Tiae 

30  

,3/31/43 

B|07 P. ■> 

Ifeniccu? bevtea tfeniscus top 
Timr- fc&le     iVM-ni^j* TLae L   Scale Vernier 

P 8 24  .           30 [  •-»  g&__ - £5 

■-■ -_ 800     _. 

 M  
772 

45 ... V-5 ff»l  60_,._ 

00 .k« 50 £.8 39 

_JL2   m.   - _^.9„... 77S .55    . 

Menief^ bottom a*. nlscus too 
Time           £c?le \'srr.\ffT 

5*0 26            00 5.8 25 00 

6.a 800 65 .   8-5- 301             50 

7.3 37 60 7.4 -?8 95 

8,7 772 .85..... 8,4 773.  60  

Lorer era 

Upper ara 

li«£. 
S1ÄÄ * c yä. bot *. ö 

9.8 

10.7 

Lower ara (c)  12*0 

Upper ara (c) ^ja^O. 

".oa.  
Scale     ly^toJL 

25 

600 

JL 
77i? 

00 

.65.. 

Ji. 

I&SSLSE 
TIM      ^^.c3l«...J?er?iei_ 

9,2 

10.1 

ll.a 

_£6_ 

_eoi 

773 

£0 

30 

JI. 
60 

Lo.ver F.ra 

Upper ara 

Lower ara (c) 

Upper arm (c) 

Meniscus bottom Meniecjs VP 
Time Scale VenH er.. Tiiie Serie. Vornier 

OHnDBJTIiL 
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Date 8/81/43 

Time   5107 P. M. 

System A  - 0* 

Condition of ice Junctions A. 

Run No, 14 

_hrs in use. Standard cell Wo. BP.8618.H 

Standard cell setting 1.01895 .Volts 

Before D 48.1 . ens L 43.3   caa Z ,48.1 cms 

After 0 48.4   cms L 48.8   ens Z 43.5 cms 

Thermocouples at beginning 

Tlae -5.0    Can top 4650   C&n bottom 5150 

Time     Potentiometer- cm cmfchk) 

-4.0 4970 62:8 

Shield Top 80 85.1 4S.0 

-8.0 5110 67,4 

Shield Bottom 20 4P-*2_ 41.9 

-2,0 _A97P 68.8 

Tube Couple No.l 80 86.3 4P.0 

-1.0 466C 48,9 

Tube Couple No.? 7C    - , ttal  f.?a .. 
Thermocouples at end 

Time 12.0   Can top 46,60    Cer bottom 5180 

line .. fotenUoieJax.—. sa_.... SBLSJSMI 

Shield Top. 

Shield Bottom 

Tube Couple No.l. 

Tube Couple No.  2. 

iiaflL 

-ILA 

ASJSL 

4970 

80_ 

r-SlA 
37.. 0 

JälS. 

4970 

JO. 

J§§SL 

Jfi. 

50.8 

-S&LS. 

62.5 

g»t* 

60.1 

JS^S 

.4ftA 

42,7 

«£»7. 

4£.e 
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- 38 - Date |£BAJ  

UllflMUft 

Equilibrium TMNI Tampers turaa 

ti— 

Couple No. 1 II Couple 1 \'o.  2 

Time      Potentiometer em         cm(chkj| Time Potenticff.eter     eu       cm(ehk) 

  0,5       i         4960 45-7 

45-7 
_A2JLJ 

42-lj 
u 
1.1  

3.5 

4S80    

4900 

45 9 

45.9 

42.1 

2.0 4980 42,1 

3.0 4980 

457 

4t,i 4980 15 9 42.1 

4.0 1 4980 

4990 18.e 4?-l 

5.0 R 4990 67,6 

4980 39 8 42,5 

7.0 B 4980 45,8 42.4 7.5 4980 45.7 42.4 

8-0 4980 45 a 42 4 8 5 4980 45:7 42.4 

9.0 4980 46 0 42 -.5 9.5 4980 45.7 42 3 

10.0 4980 46.1 42.1 

_   .      1 

L    I _J 

( 
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Pi63 NO.  i?  

Date  8/31/45 

•yst.e'n A - Oi Run Nr>. JA. 
Measurement of at»o:mt of m?-teriBl In , satfll .vaporisation bulb for 
material balance 

Feeulf'tine manometer set at + 1.?  inches 

Vaporisation bulb initially at 4.2   mark on bottom 

Vaporisation bulb finally at  4,2 mark on bottox 

T b*th £8.0    T,  £8.8   Ta £8.6 •a.. 

Tj = Upper nanometer 

Tt ■= Lover manometer 

Meniscus top  Meniscus bottom 
Scale Vernier Scale   Vernier 

Ed JO H 80 

650 £0 869 65 

£8 £5 £6 90 

690 es 689 60 

«I 

1 

UOttJrZUEZllIAL 



- 40 - QBUTBUtTUL 

I 
Pige Ho. _J?  

De to flASZflli 

System „A - 0, Bun No,        1^4  

/u-s.lysis of EQutlibj.tuip Vaoor, for Oxygen 

Total Initial pressure 

T bath £8.0    I, _£7.8 HI 
Henls 
Pcple 

cus top 
Ve;nier 

Msnis-cus bottom 
Sccle   Vernier 

125 65 

Qh6 

70 

628 05 85 

1£5 55 1?4, 00 

638 10 636 70 

IPS 60 1£4 00 

( ) 

Argon Pertlel 

T bath £7.0 

.pressure 

Ti. T., £6.4 

1st 
absorption 

2nA 
absorption 

3rd 
ebsorption 

Meniscus top   Meniscus botxom 
Scale Vernier Seal«   Vernier 

\         1£9 40 127 .65 

PP4 15 £83_ 00 

130 00 m \o 
££3 90 ££2  25  

25 [   130 05 1£8 
}         .?£4 00 aaf 00 

130 05 1£8 30 

!  ££4 op ?SS , . .05 

OQHtHSHTUL 
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Eelaw ?re described the calculations of tha data given in 

the previous section. 

The celcvlition of the composition off UM feed mixture fron 

the dtta taken during its preparation is Eununsrizec belov.i 

Partial Pressure of A and 0» 

929,65 Height of Ig in loig Erm 
-88.SO Height of Eg in short arm 
650.35 Uncorrectei pressure 
♦0,23 Meniscus correction en long arm 
-0,33 Meniscus coirecti^n on short arm 
-0.40 Gravity correction on total P 
-3,72 Temperatur* correction on total P 
»0.10 Scale calibration on sho„*t arm 

_+9_sJLS Scale calibration on long arm 
646,03 Corrected pressure in mm of Hg 

Partial 
Pressure of 0« 

833.10 

^28.40 
♦0.22 
-0.33 
-0.4C 
-3.17 
-0.05 
•»0.12 

724.79 

(see Table XVII for corrections applied above) 

(846.03-724.79)/84G,08 = .1434 mole fraction Argon 

The calculation of the composition of the feed irivture from 

the analyses foil orsi 

Total initial pru3sure (oxygen and argon) calculated 

in the same manner as cbove - 449.20mm 

Peitlal pressure of argon - 84,7Omm 

Correcting for temperature chrrga in The analysis bulb 

fnd for the volume change due to the difference in 

heights of The short arm of the manometer 

64,79 x 299.4/300.0 x 306,4 + 0.4 ■ 64.66mm 
306„4 I 0,4 

64,66/419.20 ■ .1439 mole fraction of argon 

Avert ging the above data, composition of feed T;i>ture *  .1437 

mole fraction of t.rgon.    This sirves as a check o-> the pre- 

paration of the sample. 

The calculation o:  the quantity of feed sample introduced 

COMKDBrcUL 
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TABLE XVII 

MANOVETRY CORRECTIONS FOR EQUILIBRIUM APPARATUS 

1.    Scale corrections 

Interval 

(at 0<»C.) 

Correction 
(to be added) 

Interval          Correction 
(to be added) 

0-50                       .10 
50-100                       ,07 

100 - 150                        .05 
150-200                        .10 
200 - 250                         .10 
250 - 300                         .10 
800 - 350                         .07 
350 - 400                         .07 
400-450                         .05 
450-500                         .15 

II.    Gravity correction 

AP * (-.000551)? 

500-550                 .18 
550 - 600                  .18 
600 - 650                  .15 
650 - 700                  ,12 
700 - 750                   .12 
750-600                  .10 
800 - 850                  .12 
850-900                   .12 
900 - 950                  .12 
950 - 1000                „12 

III. Temperature correction 
(For mercury column and scale simultaneously to 0°C.) 

A? - (-19,2 z t °C.)P 

IV.   Meniscus Height corrected (to be added) 

Corree- j5 
tion      ~^- 

MMlllKM» Hffllht 

i£ J. »3—*fi L£—LJL UL Ini    1*4 U lei 1,7 1,9 
-------- ,33  .34 ,10     ,12    ,13    .15    .17    .19       .21       .28      .25       .27  .29 ht 

OOMjnDBiTUL 
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Into the equilibrium vest si is ms.de froa tie necessary data sivan 

in pares (32), (33), and (34), end is suTunarized oelo?/: 

First portion (page 32) Pressure * 7P2.S0mm 

Metorial in lines end largo,sampling bulbr or.JLflingH% 

514S.2cc at 298.B35°K (sampling bulb and ends all in bath) 

56,Ccc at £38,6°K (other sections of line involved) 

Total mariber of moles in bulb and lines 

NM = 732,60 (5149.2/293.995) * (56,6/293.7)  1.90246 x 10~6 

■ 0,135472 moles 

Residual material after condensation 

55.2cc at 298.6°K Pressure ■ 8.7£am 

Total namber of r.olrs remaining in lines 

■ = 8.78(55.2/298,6)1.60545 x 10~5 ■ 0.00002C noles 

M?terjel actually condensed, in ec ull|brium^yer»r,el olu3 

vapor regaining beyond stopcock for first insertion 

Nl * Na - Hr * 0.185472 - 0.000026 = 0.125416 Bai«! 

Second portion (page 33) 

Calculations exactly as described above 

Na ■ 0.117881 * 0.000025 ■ 0.117856 moles 

Thjrd portion, (pace %) 

Calcu3.RtJ.ons exactly es described above 

Wa ■= 0.099198 - 0. 0000025 -  0.0S9168 noles 

Total number of moles of ft|| sample 

A 
total 

■t ♦ St ♦ N, ■ 0.155446 + 0.117656 t 0.099166 

» 0.852470 

OOMPHBTIAL 
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The Equilibrium Measurements 

The data for tbe teapsretura end pressure .aessurQEeiits appear 

on paces (3), (3$, (3*9 end (38). The temperature Is calcvJUted 

using Table I and the pressure is calculated In an Identical manner 

as those on page (41)* 

Corrected pressure ■ 1500.7m   Tempercture * 26.56°X 

The calculation of the material balance to obtain the com- 

position of the equilibrium liquid followsi 

V/T sums up to stopcock (stopcock separating equilibrium 
vessel and bellows mechanism fros 
vaporization bulb and lines) 

(85.6 - ljM)cc 
96.58TC 

* 0.26209 cc/° (vapor it* equilibrium 
vessel) 

84.0 - 0.12079 ce/° (vapor in filling line) 
(301.2 - 96.58J/8 

§50 
» 0.08068 cc/° (vapor in bellows and 

connecting line) 

':. 

Sum 0.46356 cc/° 

Total number of moles in vapor phase up to the stopcock 

Ka ■ 0.46356 x 1500.7 x 1.60345 x 10~5 = 0.011155 

Where 1.60545 x 10"5 ■  1    ■ 
760 x R 

V/T sums beyond stopcock (page 42) 

523.6 cc vaporization bulb 
1.1 cc from vapor, bulb to trap 

13.7 cc to top of reguleting manometer and compaiTid menometer 
3.7 cc regulating manometer 
1.7 cc compound manometer 

543.8 cc at 301.2°K and 658.45 mm 

Total number of moles in vapor phase beyond stopcock 

Nb » 6B8.45 x 543.8 x 1.60345 x 10 
301.8 

-6_ -  0.019068 moles 

OORfXSBRZiL 
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Totel m.nrt>er of moles in vcpor phases 

Nv = N£ ♦ Nb = 0.011155 + 0.019062 ■ 0.080217 moles 

Analysis of vapor (page A3) Is 0.1687 sole fraction ?rgon 

The completion of this calculrtion is made in Teble XVIII 

which is a stand8rd for« for presenting the equilibrium data taken 

on this ppparetus. 

O 
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O TABLE XV.TIJ 

Te*npereture  96.58  °S 

Pressure   1500,7  am 

Hours for Vaporization   1,5 

Hours Standing        , 1T5 

Run V.o, 14 

Date 5/31/48. 

System A » Q^ 

Feed Mixture10,855470 moli- at 85.68  ffi«,.  14.87  fr., 0. 

Equilibrium Vapor t0.080217mol.-; at 81,65/0«. 18,87 ffA. A_^a 
* 

Mffllffirtffil 111— 

Feed Mixture 

Equilibrium Vapor 

Equilibrium Liquid 

Mols 0. 

0.801880 

Mols A 

0.060650 

Mols Ha 

0 

9,P84fi66  fljflQfifigX. 

0,877154  0.04S099 

Total 

0,558470 

0 ,08081? 

0,888858 

Equilibrium Liquidi 86.01  ^0.. 18,99   fla.  p_ -#»« 

G 

Equilibrium Vapor Corrected to  1580  mm 

■J       Pis      19,35 fr, 9 fflt 

Equilibrium Temperature Corrected to  1580  mmt  96.78  °E 

K0a * aj|    * 0,94*8, «A - lgag|    - IrttS  , ^ 
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PATA M THE SISTBi ARCOJUOXYGEM TO A PESBBCHE Of TOO A3taOK?HJR3S 

In view of the doubt cast upon the data of Bourbo end Midi above one 

atmosphere (see Page 7 , Part I), it saeaed nost advisnble to cheek this region 

because it ia the nost lnportant one in the production of purs o^ygsn. Accordingly, 

points were taken below 50 per cent argon concentration fron cue to two atmos- 

pheres pressure. 

Table HZ is a summary of the e-.ullibriua data as ectuilly obtained 

experimentally. Column one gives the .nole percent argon in fie .11 laldj column 

two glvos the mole percent arjoa in the v^porj column three is tic prcarure of 

the actual meaourenentj column four is the temperature correF.poaulau >c P j while 

column five is the equLlibriuu constant« K » y/x, at the pressure, ?, of colxin 

three and at the temperature, T, of column four. Table ZZ is the ■*•*■ ckta 

corrected to one, one and a half or two atmospheres pressure -c tht cure jay be. 

The columns of Table ZZ correspond to the columns of Table XIX. Table XXI contains 

the smoothed values of y (mole fraction In the vapor) aid K (aclo fraction ia the 

vapor/mole fraction in the liquid) up to 0.50 mole percent for ar^oa in the argon- 

oxygoB system at t» atmospheres. Table XXII contains the smoothed values of y 

and Z at values of x up to 0.50 mole percent for argon in the argo/*-oxygen system 

at 96°S. In correcting the individual points to 96%, the relationship 

P! (96°Z) -P!° (96CZ)P1(T)/P1° (T) (32) 

where P. (96%) = partial pressure of argon at 96°Z 

P,° (96°Z)  = vapor pressure of pure argon liquid at 96% 

Pi (T)    » partial pressure of argon at the temperature measured 

0 
V« vapor pressure of pure argon liquid at the temperature measured 

CONJinBTliL 
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2AJLE.XIX 

:■■ imjümssLiML.VA mj^m'-ttw^msm 

Mole percent    Hole percent  Pressure Temperature Eqvili"orii:» 
argon in liquid srgon In vapor Ccnatant 

x y       P (an)    T (°K)     K * y/x 

4,ee 6,01 154?,0 97,45 1,401 

4.. 99 7.36 747*7C 90.09 1,475 

155 99 18,37 1500.7 96.58 1,313 

12.34 18,95 1010.7 92.34 1.369 

23,31 £9.79 1488,5 95.64 1.273 

23,77 32,58 774.65 89.27 1.371 

34.26 40,75 1519 5 95.86 1,189 

' ONJ-1DEHHAL 
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TABLE XX 

FOÜITJBRIUM DATA IN MUMM IMQfeflgflB 

Mole percent Kole percent 
argon in liquid    firgon in vapor 

7 X 

4.66 

4,99 

12:99 

18,84 

2o>31 

23,77 

34, £6 

6,82 

7.33 

18,35 

18.93 

29,72 

32,68 

40,75 

Pressure 
P (mm) 

Temperature Bqoilibrivi 
Cw3tmt 

* = y/* 

1520 97.13 1.403 

760 89.92 1 475 

1520 96,72 1,312 

1034 96,72 l.Mi 

1520 96.19 1.27b 

760 89.01 1.372 

1520 95.86 1 189 

o 
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TABLE XXI 

SMOOTHED VALUES OF EQUILIBRIA DATA FOR TRK 

SYSTEM ARGOH OXYGEN At IAO INTo /.TM, 

Mole Percent 
Argon In Liquid 

Mole Percent 
Argon In Vapor 

7 

K 

0 

8 

5 

10 

16 

SO 

£5 

80 

40 

50 

0 

e.75 

6.8E 

18,41 

19.74 

25,78 

81,46 

86,69 

46.16 

55,65 

(1,386) 

1.877 

1.364 

1.341 

1.316 

1-289 

1.P59 

1 3£3 

1.1E4 

1.118 

'    » 
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( TABLE XXII 

SMOOTHED VALUES OF EQUILIBRIUM DATA FOR THE 

SYSTEM ARGON-OXYGEN AT 96.00°K 

Mol« Percent 
Argon In Liquid 

X 

Hole Percent 
Argon In Vapor 

y 

1 
(yA) 

0 0 (1.453) 

s 2,90 1,450 

5 7.£fi 1.444 

10 14,31 1.431 

15 £0.46 1.365 

PO 86.£0 1.510 

£5 51.55 1 £61 

SO 56.58 1,219 

40 46.55 1,159 

50 55,78 1.114 

r aoanprnruL 
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Table XXIII gives th<: results of the Drtiea cElcil-tior. on UM isotherm 

at 96°K.   The agreement is very satisfactory 1A vievr of the fact Viet the poiats 

«ere taken at two atmospheres and had to be extrapolated to 96°X by means of 

equation (32). 

Figure 17 is a graph of K versus x for the Isobars at 1'. .7, 20 and 29.4 

lbs./in2 abs In the system argon-oxygen.   The 14.7 lbs./in   abs curve is that 

taken in isothermal oalorimoter "C" of Part II with two addition".", points when 

in the present apparatus «bile the 20 and 29*4 lbs./in2 abs evrves Oft those 

determined la the new equilibrium apparatus described in Part III.   Tho region 

beyond 0.50 ool percent argon ras extrapolated by parallelin1: the i':.7 lbs ./in2 

aba curve. 

o 

Data on ihn fiyat« Bltrogen-Orygm to a |—| of Two AtaoEnhprfta 

The data of Dodge and Dunbar give a fair fit with the Djhor. equation. 

This system baa been reinvestigated as a means of comparing the method cf Dodge 

sad Dunbar with our own* We believe that better data ham resulted from the 

reinvestigation. 

Table XXIV summarises the data experimentally obtained. Column one 

gives the mole percent oxygen in the liquid} column two gives the sole percent 

oxygen in the vapor) ooluon three is the pressure in millimeters of the experi- 

mental measurement) colvaxi four is the temperature observed in °X corresponding 

to the pressure given in column three; \.hllc column five is the equilibrium con- 

stant, t ■ y/x, at the pressure. P. of column three and at the temporature, T, 

of ooluen four. 

Table XXV is the above data smoothed to the 85.00°X isotherm or to the 

one atmosphere or two atmospheres isobar. This was done exactly as described 

for the argon-oxygen system using equation ( *i). The columns of table XXV 

correspond to the eoluens of table XXIV. 

wmummm 



■Jfc«. 

OOHrlDDHZJL 

C 
T/^LE XXIII 

THIS RESEARCH A - 02 IS0THL3U AT 96.00%. 

■l<»2> •1 * */ti •X (plot) Percent Dev. 

.96 0.9788 0.9800 • 0.12 

.95 0.9481 0.9496 - 0.16 

.90 0.8944 0.8987 - 0.48 

.85 0.8468 0.8480 - 0.14 

.80 0.8016 0.8018 - 0.03 

.75 0.7576 0.7575 • 0.02 

.70 0.7137 0.7104 ♦ 0.47 

.60 0.6226 0.6157 ♦ 1.11 

.50 0.5267 0.5192 ♦ 1.42 

OOMfXDHifXiL 
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c TABLE XXIV 

ECOIT.IBRHJM DATA IN THE SYSTEM KITROOEN-QXYGSN 

Mole Percent   Mole Percent Pressure Temperature Equilibrium 
Oxygen In Liquid Oxygen In Vapor _      Constant 

x y        P (mm)    T (°K)     K = y/x 

32,44 10,20 808,9 80.43 0,0144 

33.99 12,73 1468 6 86,37 0,5745 

46.84 SI ,80 1491,5 88.08 0 4464 

50.96 so.83 1075.8 84.96 04086 

53.25 SI. 35 786,6 88.83 0.4009 

53.99 81 58 744,1 81.68 0,3997 

61 63 S7.21 810,3 88.84 0,4415 

65,73 S9.74 918.8 84.86 0.4387 

74.60 40.89 786.1 84.81 0.5401 

77.88 46.08 1486,9 91.78 0.5951 

94.68 81.50 1589,6 96.87 0.8608 

95.89 6S,65 793.8 89.84 0,8662 

95.91 88,58 475 9 84.84 0.8610 

0 
oaijrip;-iTiAL 
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ECUILIBRIOM DATA IH THE SYSTEM HITROOgN-OXK?| 

Mole Percent   Mole Percent Pressure 
Oxygen In Liquid Oxygen In Vapor 

x y      P (mm) 

Temperature Equilibrium 
Constant 

T (°K)     K = y/x 

M.4i 10,08 760 79.86 0.S107 

88,99 12,81 15E0 86.78 0,8769 

88.99 12 40 1287,5 65.00 0.8648 

46.84 El,85 1520 88, E8 0.4474 

50.96 £0.84 1080.1 .85.00 0,4068 

58, E5 Ei.es 760 81.91 0.8985 

58 99 El. 67 760 81,88 0 4014 

61.68 E6.96 760 88.74 0,4374 

68.78 89.80 925.8 85.00 0,4676 

74.60 40.86 760 84.75 0.5410 

77,88 46.86 1520 98.49 0.6000 

94.68 81.48 15E0 96.18 0.8601 

95.89 8E.47 760 68,92 0,8646 

95.91 8E.68 484.5 85.00 0,6615 

axnaamu. 
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The data jlvea in table» XXV v/ore plotted cither at constant pressure or 

at constant temperature and the equilibrium constants MM then tmt off at round 

values of oxygen and nitrogen concentrations.   These are tubulated in tables 

XXVI - XXZZ which are for the isobars at one atmosphere, 20 Xbr./ln2 aba and two 

atmospheres and the isotherms at 85.00%t respectively.   Table XXX gives the re- 

sult of the Duhem calculation performed on the data obtained at 85.00°K.   In 

figures 18-23 are plotted the above data as follows!   Fig. 18 is a plot of K 

vs x at one and two atmospheres and 20 lbe./sq. inch nitrogen; Fig. 19 is a plot 

of x sad y vs T at one and two atmospheres and 20 lbs./eq. inch for oxygen and 

nitrogenj Fig. 20 is a plot of z and y vs y at one and two atmospheres for oxygen 

and nitrogen) Fig. 22 is a plot of partial pressures of ozygen and nitrogen vs 

mole percent oxygen in liquid at 85*V| and Fig. 23 is a plot of I vs x at 85*fc 

for nitrogen. 

From the equilibriun pressure, temperature, and concentration it was 

possible to obtain vapor pressure equations for various mixtures of oxygen and 

nitrogen between one and two atmospheres.   These equations are of the form 

^'«m'    --fB 

where A and B are functions of the concentration.   These different velues of A 

and B are given in table XXXI.   From table XXXI it was possible to calculate the 

boiling points of various mixtures of nitrogen and oxygen.   Table XXXTX gives the 

boiling point of nitrogen-oxygen mixtures at one and two atmospheres while table 

XXXIII gives the boiling points of mixtures of nitrogen and oxygen at 20 lba./in2 

abs.   Table XXXH contains several values obtained from the equations of Dodge 

and Dunbar for comparison.   These are listed under the column headed D and D. 

Table XXXIV lists the total pressure above nitrogen-oxygen mixtures at 85%* 

|pj| m thm fl«*— j—BEI—fcj— +* ■ ft—1 S** 9m% ^fa"«*"*« 

It was decided to obtain data on the system from one to two atmospheres 
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TABLE xxx cammmH. 
rUHEM CALCULATION ON HITROGEH-OXYGEN MIXTURE AT 6r3°3:. 

Hi 
Mol« Fraction 

1 

Nitrogen In Liquid »x (plot) Percent I)ev. 

1.00 1.0000 1.0000 0 
.99 .9900 .9901 .01 
.98 .9800 .9806 ,08 
,95 .9501 .9515 .15 
.90 ,9005 .9018 .14 
.85 .8518 .8528 .12 
,80 .8057 .8052 .06 
.75 .7611 .7588 .80 
.70 .7208 .7142 .92 
.60 .6278 .6217 .98 
.50 .5280 .5280 0 
.40 .4816 .4847 .72 
.30 ,8268 .8828 l.£/7 
.SO .2204 .2256 2.36 
.10 .1078 ,1155 6,70 
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T/BLE XXXI 

TF/E VAPOP MnÜM OF NITROGEH-Oi^GE» ICIXT'JTJSS 

BETWEEN 1 AMD £ A?llOSPHFR«5S 

(rHiiD?::Ti*i, 

T-°6lO PntB,  =  * A/T + B 

Hole Percent 
- ■—"—-■——— - - — 

Oxyger la Liquid A 1 

0 303 28 3.913<'3 
5 303.57 3.90604 

10 304:54 8.8004): 
15 305,86 3,83853 
SO 307.14 8.8358Ö 
25 308.41 8.h9£3>l 
80 309.64 8.68775 
H 510,76 3:e8116 
40 311.68 2.87033 
45 312,54 3.85631 
50 312,92 3.81041 
55 313 03 3,8 054 
60 313,52 8.7P696 
65 314,73 3.77482 
70 317.24 3.77799 
75 321.El 3.79F91 
80 886.11 8.81059 
85 332,01 3,97346 
90 339.06 3,85742 
95 349,12 8,92973 

100 363-12 4.02571 

COHFIDTJITUL 
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BOILING POINT OF NITROGEN-OXYGEN MIXTt*RE8 

>T 1 AMD S ATMOSPHERES 

Solo Porsaat 1 Atmosphere 2 Atmosphere 
02 In Li?uid Boiling Point D and D Boiling Point D and D 

°Kelvin «Kelvin 

0 77.40 (77.38) 83.84 (83.82) 
5 77.78 84.21 

10 78.08 84.61 
15 78.46 85.02 
£0 78.84 (78.86) 85.44 (85.Ü7) 
25 79.£5 85.88 
30 79.65 86.33 
25 80.07 86.80 
40 80.52 (80.83) 87.81 (87.14) 
45 81.03 87.89 
50 81.48 88.41 
55 81.85 88.96 
60 82.57 (82.54) 89.68 (69.55) 
65 83.89 90.62 
70 83.97 91.24 
75 84.69 91.99 
80 85.69 (85.62) 93,04 (92.79) 
85 86.61 98.99 
90 87.67 95.07 
95 88,84 96.21 

100 90.20 (90.16) 97.49 (97,43) 

OONJPIBEMIAL 
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OCüJFIDEITIA", 

BOILING POINT OF NITROGEN-OXXGEN MIXTURES 

AT 20 LBS/SQ. IN. ABS. 

Mole Percent Boiling Point 
Oxygen In Liquid °Kelvin 

0 80.15 
5 80.47 

10 BO. 85 
15 81.24 
EO 81.64 n 82,05 
30 82.48 
IB 82,95 
40 85.40 
45 83.94 
50 84.42 
55 84.98 
60 85.58 
65 86.45 
70 87.05 
75 87.78 
80 88.81 
85 89.74 
90 90.81 
95 91.97 
100 93.30 

OONFIDÜMTIAL 
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COajtfDHiTIAl 

c TABLE BH 

TOTAL PRESSURE ABOVE NITEOGEN-OXyCER MIXTURE 

AT 85°K, 

Hole Percent 
Oxygen In Liquid 

0 
5 

10 
15 
SO 
£5 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 

I 

Pressure 
int. m. 

1703 
164S.5 
1579.5 
1517.0 
1456,5 
139S.0 
1336.0 
1S76.5 
IP15,5 
1150.5 
1096.0 
1041.5 
975.6 
896.0 
844.5 
784.9 
707.7 
64,». 1 
574.5 
505 oO 
431.0 

(70O 

(567) 
UE'8, 
(4£6) 

The figures in parenthesis sre the correct vapor 
pressures between 60 and 100 percent Oa in the 
liquid.    The calculated figures are incorrect be- 
cause the constants in Table ZEH do not extend 
below 760 mm. 

OQflflDEBTlAL 



- AB - CCM:-:I£BTLJJ 

pressure at concentrations th.»t have appeared in pliite calculations- jade on torers 

tested at the Pennsylvania State College &s this raa   be concentration ;»an^e Uabl-r 

to he encountered in practice.    This rould sri-re as a good check c>n the value 

of the equilibrium constants used for the ternary mixtures in the plate calcula- 

tions mentioned.   The results obtained are given in tables XXXV - XXXIV, 

Before this work the equilibrium ecu. tants at Li..7, 20.0 and 29.4 lbs./sq. 

in. abs used in the plate calculations were compiled by Urs. Jyne Pfister from 

the following binary system datat   Nitro&en -cxygen, the data jjivc« in this report} 

* \;CT- >•..'•":, the 1-ita. riv» in '.ills r--pOit;    /r^c-n-Kitro^-», the data of Holet 

"id FIT1 r-r,(T.    t. c.-«pi:.rt3 c rcission of tfcasj flpmlmtlODi ir  ... ■ ■ I  L J .   '■>   ,al 

report to tl'e TI. P. R. C. by Ar ton *n& ffisTJ» entitled, "Culcolv io;i a." the 

Husber of Plates in an Air Rectification Tower." 

Figs. 24-26 are plots of the data calculated by Aston end Pfiater as 

npr.tior.r-d above.    The points indicated by circles are those deter uiicc: experi- 

mentally on tic three component systsa and listed in tables A7XV - XI.7.V/.    The 

<;reanent at 20 lbs./sc. in. abs is not as good as at IV.7 and 29.4 lfcr./eq. in. 

abs due to the »certainty in the long extrapolation needed,    (ec.tr'.4iolution from 

22./ to 20.0 lbB./sq. in. abs) 

o 
CONFIDBRZAL 
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T;PJ £ XXXV 

Temperature 99»00 °S 

Pressure   777.1 inn 

ODHi'J.ajttri/J, 

Run »To, . 32 

Date      1S/7/4Z 

System 0» - Ba » A 

Hours for Vaporization 

Hours Standing 

Feed Miyture* 0.8704g4mols at fl4.7g;ft).. OQJLfiJ'» _£JL£#»a 

Equilibrium VaporI0.OE9074   mols st 2Ldfi#a» 12-24^» lbJSC^a 

Material Balance 

Mols 0, Hols A Mols Ma Total 

Feed Mixture             O.filiyffiS 0.037653. SL£".P966 0.S7Q434 

Equilibrium Vapor   Q.Q8HQ1 Q*QQZ&n P.0046g6 Q*fl£2£57. 

Equilibrium Liquid Q.gflE7PA Q.Qfl770fl 0.014840 0.840777 

Equilibrium Vapor Corrected to   760 

71»18 #>„ _UJ§_/i,    15.66       jft. 

Equilibrium Temperature Corrected to       760       mmt    Sj.79 °K 

85.90 0.969 *      4.£1 

CQW?IDB»TTM. 
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TIBLE X?>LVI 

CONFIDENTIAL 

Temperature   93.00       °K 

Press'i~e 1148.8       nm 

RJO No.    33 

Date  IS/8/43 

Systcx   0» - H« ■ A 

Hours for Vaporization     |aj 

Hours Standing  fi_ 

Feed Mixture:  Q.348090 mols at fi5*59j£ai9.iaiLj£A» AxA&J^a, 

Fquillbrlua Vapori QJfilfilS «ols *t Z&j£l£oa> 1S*56^» l?^<L%^a 

Feed Mixture 

Equilibrium Vapor    0.088717 

Equilibrium Liquid 0,874215 

Material Balance 

Mols 0S           Mols A         Mols Na Total 

0.897982        0.034678        0.015480 fesüfiflUL 

0.008978        0.0Q3930 0,0c'.619 

0.030706        0.011550 0.. 8J£47k 

Equilibrium Liquid 1      86.65     gfo«.        9.70    %k ,        8.65     ft- 

Equilibrium Vapor Corrected to     i: 

74.96      *0..      jig,61     %kt      18,4g     &H, 

Equilibrium Temperature Corrected to     11,40       mm:      98.91     °K 

K      " IMI * °-86S1- *  " liaSl " 1^09 \    - 18.43 ■ 3.405 

GOMIDttTIAL 



TABLE XXXVII 

Temperature 

Pressure 

S6.30       °K 

L526.4     am 

COHriBESTIAL 

3k. Run No. _ 

Date 12/9/4»  

System     0. - H. - A 

Hours for Vaporization      1.5 

Hours Standing  £_ 

Feed Mixture: 0.3f6472 mols at 86,29 JfO.. 9.79 tk. 8.92   ffil» 

Equilibrium Vapori 0.040949 mols at    73a18jfo.. 2£j2&fh, 9.70   %"* 

Feed Mixture 

Equilibrium Vapor    0.082014 

Equilibrium Liquid 0.249702 

Material MfiOfift 

Mols 0a           Mols A         Mols Na Total 

0.281716       ijMy ,    LmMBM P»g26472 
0.004983        0.003972 0.04o949 

Q.027000        Ojflpjggl 0.2855g3 

Equilibrium liquid»       87.46     <0.. 9.46     ^A.      8.09       JiT«. 

Equilibrium Vapor Corrected to  J520       mm 

78.16     ft).. _J£JJL_/A,      ?t7j, **i 

Equilibrium Temperature Corrected to  1520 »»      96.25      °K 

K0f . g^ » JL8S31, KA - 1|^ = LM. *«, « -f$ " te& 

:: OQHttMKIil, 



■*a 

TABLE XXXVIII 

Tempereture 89.39 91 

Pressure    78Sf9 IK'S 

Hours for Vaporisation 

Hours Standing 

OOHvirE'lTIAL 

Run Ho.        85 

Date 18A1/+8 
System     0. - H, - A 

JL 

Peed Mixture* 0.296783 mols at 87.05$).,.    9.57fr.    fcjMfc 

Equilibrium Vapor» 0.029830 mols at 77.18ft«. 1S,74?A. lO.lgffia 

Feed Mixture 

Equilibrium Vapor 0.023008 

Equilibrium Liquid 0.287014 

Materiel Balance 

Hols 0.    Mols A   Mols N,    Total 

0.260022   0.028600   0.010101 0.598728 

lelflBflOfl      P.OQgQfiS 0.0298; 

0.024800   0.007079   0.268698 

Equilibrium Liquids 88.IB   tiß..        9.22  &A.   2.63  ft. 

Equilibrium Vapor Corrected to  760 

-ZZifll *0„ .JtfT7» %k,      10.17 p. 

Equilibrium Temperature Corrected to   760   mm»  89.10  °K 

O 
S 'Wto'*** **" *■ *lJtL VfS1^ 
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TABLg XXXIX 

Fun Ho. _86 

DATE Temperature  66.78 °K DATE    12/15/48 

Pressure    756.05 ma SYSTEM 0« - |j - A 

Hours for Vaporization r.£  

Hours Standing        2  

Feed Mixture» 0.404076 aols at 89.80^0.f    5.28^. 5.47#Na 

Equilibrium Vaport 0.086659 mols at 76.57jp)». 6.62 ^A.16.81 ffi. 

Material Balance 

Mols 0, Mols A Mols N,    Total 

Feed Mixture      0.860642 0.021188 0.022108 0.404076 

Equilibrium Vapor JJMJÜ QtWi9?7 0.004616 k.02S659_, 

Equilibrium Liquid 0,888698 0.019286 0.01726S 0.875419 

Equilibrium Liquid!  90P27  jfo,.  5.12 fmk.      4.61  gm, 

Equilibrium Vapor Corrected to   760 ,  mm 

76,07    frOs.      Mi #»      16,60     fc 

Equilibrium Temperature Corrected to  760    mmi   66.78 °K 

o. * ftff - »^«8, «A - ^g - kam. *,. • 4$ - *-*" 

O 
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TABLE   n. 

Temperature      92.66     °K 

Pressure 1098.1       ma 

00NFIDE1TIAL 

Fun HO.   87 

Date WW&. 

System Or.- M«~ A 

Hours for Vaporisation   1.5 

Hours Standing I 

Feed Mixture* 0.382135 mols at 90.05^0,. 5.15 %k*  4,8? pk 

Equilibrium Vaport 0.082357  aols at 79.41 ^0-. 6,58ft. 14,P1$U 

Hols 0, Hols A Hols N,    Total 

Feed Mixture     0.844068 UMl 0.018425 0,382195 

Equilibrium Vapor 0.026886 0,002828 0.004748 0.083857 

Equilibrium Liquid 0.617200 0.017456 0.016682 0.648868 

Equilibrium Liquidt   91.06 fo..  5.01   *A.   3.96 pi. 

.Equilibrium Vapor Corrected to  1140   mm 

.79iS7 %0t,   6,53  fr  18.90 jfK. 

Fquilibriua Temperature Corrected to   1140  mmi  92.90  °K 

M- 0.8788. M    « 6.58    » 1,808. I      * ».-.HtfT4^2 

o 
oomtinwiTT»r 
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COKIlDHüTL'L 
TABLE   rZ 

Temperature      96.41      °K 

Pressure 1515.2       au 

Run Ho.  88 

Date   12/16/43 

System  O.-M.-A 

Hours for Vaporization  1.5 

Hours Standing        £.5 

Feed Mixtures 0.857884 mols 6t 90.7fs^0.. 5.05 %k.  4.20 ffl» 

Equilibrium Vapor» 0.088904 cols at 82.81 ft).. 6.49 ft. ll.goffi« 

Mols 0a Mols A Mols H, Total 

Feed Mixture     0.824741 0.P1QQ8I 0.P1BP1E P-*2SZ£E4. 

Equilibrium Vapor 0.088096 0.002S81 0.004867 p,Qg8994, 

Equilibrium Liquid 0.E9g648 0.018880 fcJMmml 0.^8840 

Equilibrium Liquidi  91.78 fO».      4.86  %k,      3,84 fik 

Equilibrium Vapor Corrected to  1520   mm 

Mü  fa,   6,46  ft,  |LJ  I 

Equilibrium Tempereture Corrected to  15£0 LJZ °* 

(  ) 

K      * 82,84 * 0.8971. K. ■    6.46 » 1T3£4. I 
Os      61778 A        4.86 

- »,20 ■ MM 
K»        8.84 
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OONKtDHJTIiL 
TABLE mi 

Run Ko.        89 

Temperature 88.96 

Pressure   735.45 

Date \m\/to 
System Qa-B,-A 

Hours for Vaporisation  1.6 

Hours Standing        2.0 

Peed Mixture: 0.881541 sols at 91.4Sft).. 4.94 fi. 8.64 ^N. 

Fqullibrium VaporI 0.067788 mols et 82.88ft-. 6.58 ft*. 10.64ffl« 

leifiilsl Misuse. 

Mols 0a Mols A Mols N, Total . 

Peed Mixture     mammmmmm 0-016875 0.012087 0.881541 

Equilibrium Vapor M—i 0-001815 0.002957 0.027788 

Equilibrium Liquid 0,g80p98 0.014560 0.009110 0.803758 

Equilibrium Llquidi  92.21  2fo..    4.79 *A. jr«. 

Equilibrium Vapor Correct««! to  760 

 fi£x22.-£0.,  6.48   ft.  10.59  fH. 

Equilibrium Temperature Corrected to  760    mat  89.28  °K 

°s     SO] 
0.8994. XA -    6.48 ■ 1.858. a^    - 10.59 - 8.580 

f   ) 
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TABLE ZJII 

Temperature   85.54        °g 

Pressure 768i7       mo 

CORJTBZNTIAL 

Run No.        40 

Date  13/87/48 

System   JMJMI 

Hours for Vaporization       1.5 

Hours Standing £rS 

Feed Mixture! 0.299484 mols at 65,9870,. 8.9» fk. £5.09ftl. 

Equilibrium Vapors 0.pg8948 mols at 41.ggg).. 8.03 ft. 50.64#f. 

JfeiSTlfil i£lfiD£i 

Mols 0, Hols A Mols I, Total 

Feed Mixture Q.g685B0       0.08B674       fcfl— Qfg9P4«l 

Equilibrium Vapor   O.QUggi       0.00£8£S       Q.014tt» 0.028948 

Equilibrium liquid Q.kSl6i6 0.088849       0.085571 0.870586 

Equilibrium Liquidi      67.91     In..        9.00     fLk.      £8.09    £N. 

Equilibrium Vapor Corrected to     760 mm 

<A,£8      ft,, 8,04,     fr,       50,68      fi. 

Equilibrium Temperature Corrected to  760 ■»»      gSfig °K 

K      « 4U2S * 0.6079. K    » 8.04    = 0.8988. K      = 50.68 « 8.198 
Oa      Ö7T91 A      f^J- Ma      £3.09 

OQNJTDHITUI 
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r TABLE  KJV 

or.nvmua. 

Run No, 41 

Tempernture  81,31  "1C 

Pressure    768.4   mm 

Date   12/28/48 

System Q.-Mn-A 

Hours for Vaporization   1.5 

Hours Standing £.0 

Peed MixtureI 0.882650 mols at 41,79^0». 4,55 JA.  53,66ft, 

Equilibrium Vapori 0.029051 mols at 16x§a#>,, £,43 p.. 80,77^Nt 

mmmmmtfci &ftl£Q£S. 

Mols 0,    Hols A   Hols M, Total 

Feed Mixture     0.158909   0.017411   0.205830 0.282650 

Equilibrium Vapor 0.004Q1S   Q.PQQ59Q,  0.028548 0.029051 

Equilibrium Liquid 0.154994   0,016821   0.181784 0.353599 

Equilibrium Liquid: 43.88   ftO.. 4.76 %k.      51.41 Jmg 

Equilibrium Vapor Corrected to  760 

16,75 %0Zt   g,54, U,      80,71  jfra 

Equilibrium Temperature Corrected to   760 I*   B1,2Q  «K 

KÄ = 16.75 = 0.3822. K    = 2.54 = 0.5336. K  = 81.20 = 1,574 
Ot  48.83 *  4.76 *•  51741 

O 

— 
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Or3'*XDL5tfIAi 

Run No 4g_ 

Temperature  85 - 20  °K 

Pressure    1189 1  irm 

Date 1Z§Z44- 

System  0,N. A 

Hours for Vaporization   15 

Hours Standing £,5 

Feed Mixture: 0.360788 mols at 43,30%0a. 4.70/EA. 52,00 *». 

Equilibrium VaporI 0.085834 mols at 17,13$)».  2,70 fk.  80.17^1. 

Materlr.l Balance 

Mols 08 Mols A Mols N8    Total 

Feed Mixture      0,156209 0.016967 0,187606 0,560782 

Equilibrium Vapor 0.006138 0 000968 0,028728 0 035834 

Equilibrium Liquid 0,150071 0,015999 0.158878 0,3249*8 

Equilibrium Liquid!   46,18 f.0,.      4,93   ft.   43,89 fc 

Equillorlum Vapor Corrected to   1140   mm 

Equilibrium Temperature Corrected to  J.140   mat  85,4Q, .°K 

°»   46,18 A   4,93 M»  48,89    * w* 
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TABLE XLVI 
QO&nuWLliL 

Jl. 
Tenperature   85.09       <* 

Pre33'irfc      aoi.qo,       am 

Bun HO. 

Date       Kflaygy 

System       ArQg-Ha 

Hours for Vaporisation       l-.;5 ___ 

Boura Standing 2 

Feed llizturet    Q.ttflg»?   aola at, ÜJJjQ2,    *'1* **r      26-™     «= 

BqvillbrivB Vapon .JÜQQ22 pola at    37.82     10^.    8.26        1A.    M.Q2      fll- 

o 

fcJMtd Bttlmn« 

Foei   "Ucture 

Uola 0 

MaUM 

Uola A 

Equilibrium Vapor       O.ninsa 

Ec.'iil:'iurium Liquid     o.'.&.VK 

Uola M Total 

Mi— 
QaflMilL        a.Qlfeiq^ a.OT0M2 

tvantM    maasu    B^MBU 

Equilibrium Liquidi      6;-.7A     *0of      3.91       S*.    2A.3S       % 

Ecuilibri-ja Vapor Corrected to       76Q      .am 

JBdH :*2» ■ Mi >-.      Malt  .^2 

Equilibriuu IkapjNiftlM OtwTCOtai to     7.JÜ an:        Halft     °* 

G "2       65.7A "      Ml <      2i*?9 

oufttivaifiAL 
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T*BI£ XLHI 

Teupor&ture     88.2?     °* 

Pre&eure        1Q5S.^      an 

COMFIDBITIAL 

BUB MO. AI 

Date       Vl/LL 

Hours for Vaporisation       1.? 

Hour« Standing 1 5 

Feed tfiztures n.q/saiU mole at &uA ]ft>2» £•£& U$ 2JL30&2 

Equilibrium Vapori flaQ3363L ■»!■ »* 40.11 f^, £*U %»» ^^ 3»2 

Material Balance 

Feed Xixture 

Hole 02 

0.22M31 

Hole A 

0.03061 
Hols »2 
0.066152 

Eovllibrium Vapor     0.013269 

Equilibrium Liquid   0.2120*2 

Total 

0.3X586/ 

0.033631 

0.031353 0.068638 0.312233 

0.002628        0.0173U 

Bqiilibriua Liquidi     67.«     »2'     M«Q4    Hi     22-™     fra 

o 

o 

Equilibrium Vapor Corrected to      10*U        — 

Equilibrium Teaperature Corrected to       101Z.     mmt     86-03     °t 

2     67.91 10.0A 
■8207. tg   « 51.6*   *   2rVJ 

2     22.05 
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TABLE XM1II 

OGJUttDENTLU. 

AS 

Temperature       93.77     OK 

Pressure l«3.fl     no 

Ron Ho*  __ 

Date       UVik 

gysten      A - Qg - la 

Hours for Vaporisation      l.< 

Hours Standing 1»5 

Food fflxtur». JLJsttsZjBols st __fiZJÄ_JK>2, _lfl*0Q-_*l» _J82*34—J02 

Equilibrium Vapors   0,041702 Pol« »t    UJH]    «DJf      9.6*    «ar   zz.oz      «3 

Foed Mixture 

Equilibria» Vapor 

Equilibrium Liquid 

Ujsjül "-im"- 

Hols A 

^222977. 

o2 

0,05432 

UolsH2 

0.073273 

Total 

JSJ2234Z. 

J0J512822       P,.OQ4230 0.O196A0 

049.**?       9-027947        0.053633 0.277U5 

Equilibrium Liquidi     70.6Q    g02>     10.0?    Hi     19.35     3»2 

Equilibrium Vapor Corrected to 1S2Q    cm 

o 

] o 

Equilibrium Temperature Corrected to     1*520       ii      93.37   °f 

En   xt AS.A9  «  IhÜllj KA    =    9.is  B  IrJML E»     = lyl  »  |uiy 
2     70.60 19.05 2        19.35 

CQHFIäßNTIAL 
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TAHLL XLZX 

.88.91      °* Taaperaturo _ 

Prsaaure }<*.2 ** 

Hoars for Vaporisation      l-< 

Hours StsjBdlag ,   Isl 

Run Ho« 

Data 

OOwrluttlUL 

J8  

JJZIÜL 

Systea      A " °t " *t 

Food Jlxtursi ßJ22222_jaols st     H.2B     <0o. SaflZ—M» —52*65—?2 

Equilibria« Vapori JLflS424LP>ls st    19.85—*>2» —2*32 M. —2fi*82-J»a 

Food Mixture 

Iols02 

0.133044 

Hols A 

0.016348 

Holsl2 

0.172940 

Iqulllbriw Vapor      0-010867        0.001*23        0.042055 

Equilibrium liquid     0-122177 O'OMW       -O^SSIL 

Total 

0.322332 

0.267587 

Iquilibriua Liqutdi     **■**     *°r 5*42—**» 

Equilibrium Vapor Corrected to        M8Q 

19.61 _JtQ2,       2,21    IBs 

o 

Equilibrium Temperature Corrected to 

L,      ■   10.61   »   -^M , I.    -  2*21 
^>2 SÄ A 5.43 

8g.A£ °E 

^2        48.91 



W^j^j*?^-^ 

m& 

»Mg^m   mmmmmmmm ■"****  -^* ^^a--, 

Sr:t^ m 
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fr 
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APPENDU 

U«*ID28TLiL 

SZJ,...Cll-A of Ernlllbriua .'iessuresientB Obtained la the T7*> Different Aaoaratl 

V.noo equilibrium dcter.jiaatioas were in-de on tlie c.rjon-on,_en systea at one 

ataoc^hcrc prefjure In the MS c^uilibriua offcVMftlol «-'escribed on pi-jc 24.    These 

vrere to bo used to cojpure   it': tic data obtained in calorineter "C", pajo 10, and 

thereby tc.it tho approach to equilibria in the old apparatus since equilibrium 

in iV.o new apparatus is established much more rapidly. 

Che three equilibrium constants obtained are listed in table I.    Column one 

Jictn thß xcle percent ar^on in the liquid.    Colicsn tro lists the eaptriraental 

eq-.ü:'trlua constant for argon deternined in the new apparatus.    Coluxi three lists 

the eyllibriun constaut for arjoa, corresponding to the concentration of coluan 

0"c, fron the d:ta obtained in calorineter "C".    These values r/ere interpolated 

r   i -i-vre ?, paje 16e.    Coluan four lists the percent deviation of the t.vo 

de-tciniii-tlo.is. 

The  _.c ' agreement Lot ;<- I the too sets of d .+a s';o."3 MM consistency of the 
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