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Cnmprulhn of Ihr Vapour and Li,,u,d phase, of the .Sv
Methane- Silronen*

Item

By r.xPTA.N H. A. M. Ta..<;.kt ami Mh. K. Kowak.... M..\.. H S .

Prmntid l,v I'Kon >M,K J. C. M, liw ,^. p.^ ^

iRciKl M.iy Mrcling, I0|<>.)

uJ' i"7eS:"f v'
'''''«''""""•"' '' T-"F--«""-

'
Case.

6 The OvltH M "". •
'
"""''' ^^-^'"'-" "f A,.paratu..o. inc (ryoMtat. 7. M..,„pulati,.P. «. Results. 9. Summary.

Ktrodi ( TIOV

and Its separafon at present is l,einK efffct.-.! in a simil.r wav J--'by the meth,Kl of liquefaction an.l rectification
'' "

There m this difference, however, that while argon is recovered asa by-product m a very important industry, m..- the manX^e ooxygen and nitrogen from the air. the iparati,,,, of he u, omm tural gases ,9 l,eing carried out for its own sak.. Thl
siderably to the cost of pr.luction. a coJt w'hTh mi ht ^.'X did

A detailed examination of the conditions under which these«.se« hc^efy ught to give useful information in this direction
elfr* V-, ,ng helium to any extent are found to contain as the

nts
1, tthane and nitrogen. For example, a well in

yields a gas of the following composition

:

:
CH^, 52 OS": Hydrocarfxms. 12-3%; CO,, 0-8%;

^ ^'^Hlta ( anada, has:

11%: CO, OF-
; 0„ or;

; He., O-^^^l
•.e system dU-N was chosen for preliminary

...fmg points a^ atmospheric pussure of various

^ Prcrfes«,r J. C. Md.ennanTF.R.s:. by^mi,,ion"of"th;

Sec. III. Sig. S

chi' i cones

Ttxd-. (!,s..

N, MW
O,, 0-8',: H^

An(.fb'

N, 8 ,

For th
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mixtum with the compotition ot th« vapour and liquid phaiM an
now given in thit paper.

MlASURBMBNT OF TeMPSRATURB

Teinp«>raturef were measured by meant of a Cu-Contt. thermo-
couple, th E.M.F. being read on a ilide \ n potentiometer. An
accumulator wa« uied at a nurce of electric lupply and a Weston ceil

aa a itandard.

The fixed points cho». . for calibration were':

Boiling point of Nitrogen 77.3 aba.
" " « Oxygen 900 «

• " " Methane 109 •

at atmoapheric pt< ^ure. The reference junction of the ther aple

was kept in melting ice.

Variations in the E.M.F. of the accumulator were cor . xt by
frequent comparison with the Weston stand»rd.

Ga5E» U4BD

The Methane, oxygen and nitrogen used were all obtained com-
mercially.

Methane

This was obtained from Messrs. Insoles, Cymmt:r Collieries,

Forth, Wales, and had a purity of 95% to 97%. The impurities,

carbon dicMide, oxygen, nitrogen and hydrogen were removed by
absorption and liquefaction followed by fractional distillation.

Nitrogen

This was supplied by the British xygen Company from their

Birmingham Works, and was fairly pu Any carbon I'.ioxide present

was absor'ued in potassium hydroxid .olution and the remainder
liquefied. It was found to boil away at a fairly constant tem(>erature.

These gases were stored separately in aspirator bottles over boiled

water containing caustic soda in solution. These bottles were gradua-

ted roughly in half-litres. When a mixture was to be made, the two
gases were admitted to the cryostat i» the proportions desired, approxi-

mately, and liquefied.

This mixture, after a reading of it was taken, was stored in a

third bottle and reserved for making other mixtures.

No atten-pt was made to prepare mixtures of a known composition

but merely to obtain mixtures in sufficient variety for the purpose.

' Kay« and Laby'e, Phyi. and Chem. Conatanti.
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fig. 1.

Oxygen

allowed to boiCrSl the temr^/^'^^IL?^ ^ sample we.
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Analyses
The composition of any sample of methane-nitrogen was deter

difference. The apparatus used was of the Rurr^w r i
•

'

A sketch is here attached. Fig Tsl owin.^ho k 'T
'^'^^

K-HH oK ^- •
**

'
**'**^wnK the combustion chamberKOH absorption pipette and the measuring burette Thi.T Tcould be read to hundredths of a cc.

''*"'"'

General Description* of Apparatis

m.^'^' ^
^a""^-^

'" '''^^''*'" *''*^ ^''•^"''^' features. The mixtures ofmethane and nitrogen were liquefied in a tube surrounded by a bathof liquid oxygen. This part of the apparatus is shown nteentre ofthe diagram and may be referred to as the crvost-, t Thl !

closed by screw clips. These are shown at L, M, N P, R S

The Cryostat
This is shown in detail in Fio- ? Th^ v. c •

, ,

dosed by a rubber stopper t"hri^.hicri::rt;;,"Vu^: l^^
ga XL^Sfa'ciot ".T"

"j"^ ''' ^^"^'^^'- - withdrr::rof

Dhas^Tthis H.
'^P'"^'^,^"be used to withdraw samples of the liquid

^ube fo L'r' ""''
"T^

^y '^^'^•' Phil. Mag. 49. 517, IQOO), (rf) atube for the hermocouple wires-one wire running down in de itthe other outside- .) a tube closed outside by a shor^ length of rubbe;

s^thrugh^ t^' rZ:r^'-^
''---^ ^^' -'-' -'^ - ^-^t

The vacuum flask holding the bath of liquid o.xygen had cart of

TrZr^^l "?^* ^"^^ P^°^-^^ «f liquefaction could b^elee

tubeT.f. u
''"''^ ^^ " '"*'''^'" ^*"PP^^ ^"d connected by thetube (g) to an exhaust pump. By reducing the pressure to 5 cms of

Th prL'u rnTr °' 7'''^"" '°"^^ ~"^ easilyUeaehe^'ine pressures in the liquefying tube and in the vacuum flask werPobserved on simple mercur>- manometer columns.

Ma.mpulatiox

order"of'T'"L°"*
'" ^''P^nment with any mixture the following

exhausted through (6), the vacuum flask being removed. The storage

. -

I



62 THE ROYAL SOCIETY OF CANADA

ngM



[McTAor,A«T.EDWARDsl METHANE-NITROGEN
53

bottle containing the mixture was then connected to (h) and thevacuu,u flask w.th the bath ..f liquid oxygen placed in po ition. Thetemperature of the bath was then lowered if necessary bv exhaust ng
through to. The liquefaction of any mixture tZk place quitereaddy when the temperature of the bath was kept about 5»C. belowhe bodmg point of the mixture. When 7 or 8 litres had liquefiedthe flow was stopped and the vapour pressure allowea to rise to 1a mosphere. Th.s was done by raising the temperature of the bathor. m some cases, by lowering the bath. While the vapour pressurewas kept at 1 atmosphere samples of both phases were taken the
first portion drawn off being rejected in each case. The liquid was keptd^oroughly sfrred to avoid any superheating and to ensure as com-
plete an equilibrium as possible bet\veen the two phases.

Results

The experimental results are given in Table I.

Table I

Temp, (abs.)

84-5

88-0

95-5

980
100-5

104.5

106 5

% CH.
in liquid phase

3i-2

490
72-2

82-2

80-9

92-9

94-9

% CH,
in vapour phase

14-8

24-6

43-4

49.3

594
67-3

87-1

These numbers are shown graphically in Fig. 4 which consti-
tutes a temperature-composition diagram.

ti, .^"r fu^'
^ ^^^ composition of the liquid phase is plotted against

that of the vapour phase, a few additional observations being added
tor which temperatures were not determined.

From this curve the relation

:

f I

where

r = the ratio.

logr' = a-fb logr

% Methane

Nitrogen

in liquid

I

.. w^ -*;.
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uu

rtfn —-^ -7^

fOfl .. ^^
^^^
y"

v*j
^ /

y-—
•

90

i

^4~ ^ X.̂ »*

s,

-/
^

. ^^. :••"

Bo -./
/ ^

1^
70

tt r.

Met hunt '/.

r =the ratio,

70 90 90 too

% Methane

in vapour

% Nitrogen

was found to hold very approximately, the constants in this case being

:

a= -0-47

b= +0-85

as obtained from the graph.

This relation waj used to obtain a more complete and smoother
series of results. The corresponding temperatures were taken from the
temperature composition diagram. Such a series (proceeding by two-
degree intervals) is given in Table II.
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M ^
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Tabie II

Temp, (ab^.)
/< Methane in liquid

109»

108

106

10*

102

100

98

96

94

92

90

S8

86

84

82

80

78

77.3

,( Methane in vapour

98-4

94-8

90-5

860
81-6

77-0

72-4

66-6

61

54-2

470
39-4

30-6

22-2

130
3-4

0-

100

92

80(1

60.6

61-6

54-5

48.;

43 • ,S

37-6

33-0

28.0

2i-?,

19-1)

14-4

lO-O

60
1-5

0-

I
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Summary
The temperature-composition diagram for the system methane-

nitrogen at atmospheric pressure has been worked out and the con-
stants in the formula—

log r'=a-fb log r

determined.

It may be ad.Jc.i in conclusion that though exceptional accuracy
1. not claimed for these results yet it is believed that they are fairly
correct. ^

Admiralty Physical Laboratory,
South Kensington,

12th April, 1919.
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