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Helium: its Production and Uses. 
A LECTURE DELIVERED BEFORE THE CHEMICAL SOCIETY ON 

JUNE 1 7 ~ ~ ,  1920. 
By JOHN CUNNINGHAM MCLENNAN. 

IN 1868 Janssen (Compt. T e d . ,  1868, 67, 838) drew att'eat'ion tso 
tbe existonce of c,e(rt,ain line8 hit,hert401 uno4bseirved in the1 solar 
s p e 8 d m ,  which we now know are, given by the element hejlium. 
In tIhei same1 yea.r, Frankland and Lo'ckyelr (PYOIC. R o y .  Sole., 1868, 
17, 91), from the'ir observations o'n t'helsei specltaaJ line's, we're led 
to annoanw the1 elxistence olf a.n ele,melnt, in the sun which up to1 
t8ha,t time1 haBd not belen foand on the, erajrth. To this e,lemelntl they 
ga've t,he name hdium. 

In 1882 t'hel disco'very was ma,de by Palmieri (Ga.xzetta, 1882, 12, 
556) t'ha8t the hedium spe8ct8rum coald be obt'aine'd from rocks a.nd 
lavas tla,ke8n frolm Vesuvius. 

I n  the, Uniteid Stastee, of America., Hillebrand in 1890 (BuJZ. 
U.S. GeolZ. Survey, 1890, No. 78, p. 43) succeeded in obtlaining a 
quantlitly oif gas froim the mine1ra.l uraainit(e1, which from chemioal 
and spe,ctroecopic t8e8st;te hel co,ncludeld wa.s nit'rogen. This gaa we 
now know was, in fa,&, helium. 

Finally, in 1895, Sir William Ramsa,y (Chem,. News, 1895, 71, 
151) disoolverejd t b t  a gas could bet obt'aineld from t'hhe mineral 
clevelitel. This ga,s he purified, and, on e'xamining it,s spectrum, he 
found i t  to be the, loag-sought-for e,lement hellium. From 1895 up 
t'ol t he  present,, invelstigation has sholwn t4hatl helium is widely 
diffused throughoat t'he e,a.rth. It can be obtadned from ma,ny 
types olf rolcks, minelrals, a,nd e.arths, m d  itl is present in varying 
amolunt4s in practically all natural gases and spring watelrs. It is 
prelseatl t'oot in the! a'tmospherel of the1 elastb ttol the e8xtIent of aboiut 
four past's in one million by volume. 

The gaaes fro'm some1 springs in France have, bemein shown to) con- 
ta'in as much as 5 pelr ceat. of heilium. In  the Wmtsm Staks sf 
America, especia,lly in Texas, na't.ura.1 gases exist. which colntlain from 
1 t'o 2 pelr ceat. of helium, but within the! British Empire no 
na;t;lurad ga.se8 which have beleln elxamined sholw a helium content a.s 
high as 0.5 per cent.. 

Until t h e  spring of 1918, not motre than 3 or 4 cubia metres oC 
helium had, in the, aggrega,t,e, beeln collemcted, and its market price, 
though va,riab~lel, was about. 2300 pelr cubic foot. 

The principal chara.ctmist,ics od helium are : 
(1) Its elxtreime lightnees. It is only twke as hela,vy as hydroget], 

t8he lightest elemeInnt as yet isoMmd. 
M M* 
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924 MCLENNAN: RELIUM: ITS PRODUCTION AND USES. 

(2) Its absollute, inertness. All ahtemptls to etffelctf c~mbinat-ions 
o,f hellium a,nd the! rare! gasels, ne'on, argomn, krypton, sad xenorn7 as 
well, witb othelr ellementas ha,vei as yelt failed, 

It is 
molna,tomic, and is lique'fiable a t  a t,empesa,ture bebw tha,t, of liquid 
hydrogen. By causing liquid helium t,ol elvaporate in a va,cuum7 
Onnes (Proc. Ii. Akmi. ?l'ete,nsch. AmstercFa,m, 1915, 18, 493) has 
succeeldeld in re,a,ching a temperature1 within lo olr 2' of the  absolute 
mro. 

(4) Its low sparking pobnt.ial. Ele:ctlric discha,rgeIs oan be passeid 
thro,ugh helium morel e'a.si1y than through mostl olthelr gasses. 

No edelmetnt, has ha.d a, motre1 romant'io history than helium, and 
none! is of greater int,erest t'oi meln of science than is this gas ah the 
prelselnt t,imei. Its folrmaiiion as a, disintegration product of the 
ra,dio,a.ctive ellemelnts, and the identity of the1 nudei of helium ahoms 
with. a-rays, give it' a unique1 positioln among the eilemeints. 

Intelnse, int,elrest< has belein asouseld by Sir Ernelst Rutherford's 
recent discove,ry thab in the nuclei of he'lium atoms in the form 
of a-rays we1 ha,vel a powelrful and e'ff eotive agelntl folr disint,egrat1ing 
aad simplifying the nualeli olf a;tnoms ge8nelra,lly. This disc,ovwy 
poiints the way t,ol sttill further progrsss.. I n  tlhei palst, helium has 
beleln colnsidelreld a ra,rel and pre8cioius gas. Tokday it is b,eing pro- 
duceld in la,rge quantities, aad in vielw of the proposal now beling 
put forwatrd to' usel this gas in  place of hydroigein as a filling for 
airships, one is apt, tlol consider itl t,o be noit so precious as heirelto+ 
forel. It, may bet, however, t?hat such vast and vihlly important 
direlctiolns will sudde,nly be1 opened up in which hellium can be 
ut'iliseld that, the conservat,ioln oE the gas, while1 i t  is &ill availabtle 
t80 us, will become a, ma,ttelr of the first import.ance. 

Sholrtly after the1 commencement of tihe wa,r in 1914, it became 
elvident thab i f  hedium welrel available in sufficielnt quantities to1 
rep1a.m hydroge'n in naval a,nd milit'ary airships, losseg in life and 
elquipmeat would be! velry grelat,ly leisselneld. 

The f a8ct tha.t helium is bmo'th no~n-infla8mmab~lel, non-exploaive(, 
and pmsesses 92 per cent. of the lifting power of hydrogen, ma.kes 
it a most suitla8ble filling for airship elnvedopes. By t,he use of 
helium, the engines of airships can be plaaed wit8hin the1 envelope 
i f  dmired. A furLher a,dvantage posse'ssed by he,lium over 
hydrogen is thatl the) buoya.ncy may be1 increlaseld 04 de,crelased at 
will by heating a.nd coolling the1 gas by etlectric or othes means, 
which faat may possibly lelad to  oolnsidelrable modifica,t.ions in the 
tahnique of a'irship maneuvring and na,viga,tion. More#olveIr, the 
loas of gas from diffusion through the! elnvellope is leas wit,h helium 
than wilh hydrogea t o  t-hel elxtent od ab,out, 30 per celnts. 

(3) It,s close approximatlo'n to, a,n ideial olr pe,rfeot gas. 
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Although there are indications that  proposals had been put fur- 
ward during the war by men of science in allied and enemy 
countries, as well as in the British Empire, regarding the develop- 
melnt of supplies of helium for aelronautical pqmxjes, it should be 
stated that the movement that led up to  the invelstigation which 
it was my privilege to undertake was initiated by Sir Richard 
Threlfall. The existeace in America of supplies of natural gas 
containing helium in varying amounb was known to him and 
okhers, and prediminary aalculations as to the cost of production, 
transportatioln, e ta ,  which he mads led him to believe that there 
was substantial ground for thinking that  hellium could be obtained 
in large quantities at a cost which would not be prohibitive(. 

His proposals were laid before the Board of Inventioln and 
Remarch of the British Admiralty, and in  the autumn of 1915 the 
author was asked by that Board to  detelrmine the1 helium content 
of tghe supplies of natural gas in Canada, and later on of those 
within the Empire, to carry out a seriers of elxperimelnb on a semi- 
coimmercial scale with the1 helium supplies which were available, 
and also to  work oat all technical details in connexisn with the 
produatim of helium in quantiky, as well as those relating to1 the 
re+purifiaation, o(n a large1 scale, of suuh supplies as might be 
delivered and become colntarninat.ed with air in service. The 
preselnt paper aims a t  giving a brief account of this investigation. 

Composition of the NatulraJ Gases Investigated. 

I n  colmmencing the investigation, a survey was made of all tlhe 
natural gasea available in larger olr smaller quantities within the 
Empire with a view to ascertain their helium contelnt'. Natural 
g a m  from Ontario and Alberta, Canada, were foiund to1 bet the 
richest in helium, and these sources, it was found, could supply 
frolm 10,000,000 to1 12,000,000 cubic felet of helium per yelar. The 
foJloiwing is a, summary s f  the resulk obtaine8d from the analyses 
of a number olf the gases investigated. They include5 it will be 
seen, a few samplea from outside the Empirel. For a complette 
account of this part of the investigation, the1 readelr is rederreld to  
Bulletin No. 31 of the Mines Branoh, Department of  MineB, 
Canada, 1920. 

(a) Ontario Gases.-The analysis made by Prolfs. Ellis, Rain, 
and Ardagh (Report of Bureau of Mines of Ontario, 1914) of the 
natural gas= supplied to the experimental station, initially set 
up a t  Hamilton, Ontario (Blackheath System), is as follows: 

Methane ..................... 80 per cent. 
Ethane ........................ 12 ,, 
Nitrogen ..................... 8 , , 

M M" 2 
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It was found, holwever, on operating witlh this gas that the peir- 
cent age, assigned to1 methane really includeid a consideirablei pro- 
portioin of gasoline(, pentane, and butane as well. The helium 
contientl of the gas was found t o  bet 0.34 per cent. 

(b) Albe r t@ Gases.-Gas tqakeln from the1 mains leading from the 
Bow Island supply to  Calgary was found to be1 quite free, from the 
heavier hydrooarbons. A t  times it containeid slight amounte of 
water vapoiur and oocasionally a trace1 of carbon diolxide as well. 
Its approximate composition is given under I .  

I. 11. 
Helium .................. 0-33 per cent. 0-36 per cent. 
Methane ............... 87.6 ,, 91.6 ,, 
Ethane .................. 0.9 ,, 1.9 9 ,  

Nitrogen ............... 11.2 , 6.14 ,. 
Carbon dioxide ......... trace trace 
Water vapour ......... trace trace 

One well in particular, nameily, No. 25 Barnwell, which has recently 
been drivea, and now supplies gas t o  the system. was found to1 have 
a product od the1 compoeition 11. 

(c) New Brzcn,swick Gases.-Somel natural gases obtained from 
weills struck near Monoton, New Brunswick, Canada, were 
examined, and found to  have1 the following composition : 

Methane .............................. 80.0 per cent. 
Ethane ................................. 7.2 ,, 
Carbon dioxide ........................ None 

Nitrogen .............................. 12.8 per cent. 

(d) New Zealand Gases.-A series od samples of the natural 
gases from the Hanmer, Kotuka, Wetbelr, Blairlolgie, and Rotorua 
supplies in New Zealand wetrei forwarded by Mr. J. S. McLaurin, 
Dominion Analyst of Wellingtoa, Nelw Zealand, for eixamination, 
but  welrel found to have1 an insignificant helium content, the richest 
containing not molret than 0.077 pelr oent. 

P&a.-A sample olf the, natural gas brought 
by pipe to the city of Pisa, in Italy, was eixamined, and found to 
have the1 following cornpoisition : 

Oxygen ................................. None 

Helium ................................. 0.0 64 , , 

(e) Italiufi Gases. 

Methane .............................. 80-0 per cent. 
Ethane ................................. 4.0 ,, 
Carbon dioxide ........................ 3.5 ,, 
Nitrogen .............................. 11.9 ,, 
Oxygen ................................. 0.6 ,, 
Helium ................................. None 

(f) MisceZ.ltzneoms Analyses.-An analysis oQ the natural gas 
supply from Hetathfieild, Susselx, England, shoiwed it to have a 
helium content of but  0.21 pix cent. The gas from the King 
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MCLENNAN : HELIUM: ITS PRODUCTION AND USES. 927 

Spring, Bath, England, was found to1 contain 0.16 per cent. of 
helium, and analysw of natural gases obtained from Trinidad and 
from Peru showed their helium content to be negligiblel. An 
interesting observation was made in connexion with natural gases 
obtained from Pitt Meadows, Fraser River Valley, and Peindeir 
Island, in the Gulf 04 Geoirgia, British Collurnbia. Boith theae 
gases were found to  ham a nitrogen content of more than 99 per 
cent. 

Preliminary Elrperamemts. 

Smn after taking up the investigation, it was found, as men- 
tiofned abolve, that large supplies of helium were available in the 
natural gas fieilds of Southern Alberta, and that a small supply 
could be obtqained from a gas field situateid about twenty-five1 miles 
to the south-west of the city of Hamilton, in Ontario. I n  1917 
the Board of Invelntion and Research delcided to endelavour to 
exploit theeel sources of supply, and operations weirei begun by 
setting up, as already stated, a m a l l  experimental station near 
the1 city of Hamilton. 

At this station, efforts were direched towards constructing a 
machine which would efficiently aiid economically separate out the 
helium from the olther constituents present in the natural gas. 
The carrying out of this work expeditiously was made possible 
through the hearty co-operation of L'Air Liquidel SociBt6 of Paris 
and Toronto, who generously lent, free of cotst, a Claude oxygen 
column and the necessary auxiliary liquefying equipmeint for the1 
investigation. 

By making suitable additions to, and modifications in, this 
oxygeln rectifying column, i t  was ascertained that the problem of 
separating, on a commercial scale, the helium which was present 
in this crude gas to the elxtent of oaly 0.33 pelr cent. was one 
capable olf satisfactory solution. Early in 1918 i t  was found 
poissiblei tlo raise the percelntage of helium in the gas to1 5.0 by 
passing it through the special reuifying column once1 only, and as 
the gas obtained in this way clonsisted of nitrogen and helium with 
a small percentage of methane, i t  became therefocel a comparatively 
simplei matter to obtain helium of a high degrele of purity. In onel 
particular set of experiments on this final rectificatioa, helium of 
87 per cent. purity was obt4aineld. 

Ezpe.rimental Staltiom at Calgary, A Ib erta. 

In  ordetr to opelrate o a  the naturad gas of the Bow Island system 
in Sojutheiln Alberta, an elxperimental station was eeta'blished a t  
Calgary in the autumn od 1918, and, starting with the knolwleldge 
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928 MCLENNAN : HELIUM : ITS PRODUClTION AND USES. 

acquired through the preliminary operations at Hamilton, rapid 
progrelss was made i n  developing a reictifioation and purifying 
column, together with the requisite auxiliary equipment, which 
would edlkiently and cheaply separate the helium from the natural 
gas. 

The experimelntal statioa a t  Calgary oonsisted of a brick build- 
ing of modeirate dimensiolns, a small brick hut, and a galvanised 
iron balloton shed, located on the property of the Canadian Western 
NaturaI Gas, Light, Helat, and Power Colmpany. The1 elquipment 
in theae buildings includeld that  nelcessary t o  furnish an adequate 
supply of gas, which aonsisted of the. requisite piping, gate valves, 
pressure-reducing valve@, elto. , a gasomeber and two balloons, a 
number of gas cylinders, and the rectifying oolumn with its 
expansion engine, together with the neowary comprwsolrs and a 
complete1 gas-testing outfit. 

D e v e l o p e n t  of the Rectification Column. 

I n  prolceeding t o  develop an equipment for separating the helium 
from the1 other constituents of natural gas, three lines of attack 
appeared to1 be opeln, namely, (a)  by producing the reifrigeration 
necessary to1 liquefy all the1 gasea except the! helium by the cold 
obtainable from the1 natural gas itself, (6) by using external 
refrigeration entirely, such as that  obtainable witlh ammolnia, 
carbon dioxide, liquid air, liquid nitrogen, eltc., and ( c )  by 
combining melthods (a)  and (6).  

The last, method had beea successfully used for the production 
of helium by the naval authorities olf the United States in the 
Telxas fiefld, buti from the infolrmation supplield it did not appear 
that this process could be considereld t o  be an economical one. 

The preliminary experiments a t  Hamilton, Ontlario. made it 
abundantly clear that  method ( a )  was velry promising and likely 
t o  bet both efficient, and economical. It 
was elvident from the start tha t  to produrn an elffioielnt method the 
main difficulty to1 ovelreorne would bel the seouring of a proper 
balance betwelen the heiat elxchangers, thel liquefier, the vaporisers, 
and the rectification portions of tlhel machine. A machine was 
theref ore designetd, constructed, and supplied with piping which 
possessed great, flexibility, and, in its general schelme, followeld the 
lines of the Claude oxygen-producing column. It is unneoeasary 
to go into deitails regarding the operation olf this machine. It will 
suffice to  say that  it was tested under a variety of mnditions. 
Notes were taken of the temperatures reaahed a t  different points 
in the machine under equilibrium aolnditions when the gas was 
passe8d through it in various ways. As a result of this procedure, 

It! was therefore adopted. 
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PLATE I. 

1 -  EXPERIMHT2U HEllUM COLUMN 
I I  Vacuum p u m p  

I 

7 
ii 

ti. 

I I 
1 lndica tes location of Thrrmo C O U P I C .  

--+ Indicates 94s contrin;nq He. 

+ Indicate6 liquid. 

+ Indicates exhoust 485. 9 
B P4. 
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MCLENNAN : HELIUM: ITS PRODUCTION AND USES. 929 

it was solon found what, parts of the machine could be eliminated 
and what parts could be modified wi th  advantagel. Wheln those 
changes were made whioh seemed desirable in the lightl of thei 
expelrience gained, it was found that a machine had been evolveld 
which would give highly satisfactory results. 

A skekch ojf the experimental machine as it was finally con- 
structed is shown in Plate I. With this machine, the process of 
separating the helium consisted of two operations. I n  the1 first, the 
cotmpressed gas was passed through the heat exchangers, thence 
through the liquelfier and the! expansion engine t o  the bottom of 
the column at A .  The uncondelnsed gas passed up through the 
first vaporism, then through the valve, No. 12, to B. What was 
still unoondensed passeld out through valve1 No. 18 to the bottom of 
the reatification oolumn H and up  over the third vaporiser, where 
more of the gas was condensed, and the final prolduct, containing 
from 5 to 6 pelr cent. of helium, was drawn off. The liquid from 
A was passed through the1 valve C to the fourth vaporiselr, from 
which it would overflow into, the second vaporiselr. The condensed 
liquid from B could be passeld through D to the fourth vaporiser 
olr throagh valve No. 7 to  the third vaporiselr. Some of the cool- 
ing liquid in the second vaporiser coluld also be passed through 
valve No. 6 to the third vaporiser when desired. I n  the second 
operation, the first product, contraining 5 pelr cent, of helium, the 
rexnaindelr being prinoipally nitrogen with a small peroentage of 
methane, was compreased by at small compression pump t o  from 
20 to 30 atmospheres, and passed through the third and fourth 
heat exchangm to the fourth vaporiser. Rere some of it was 
coadenseld by the liquid melthane produced in the first operation, 
and this condensed liquid flowed into the collelcting bottle, R. 
The uncoadelnsed gas still at 20 to 30 atmospheres passed, as shown 
in the sketoh, into the fifth vaporiselr, where almost all the1 nitrogen 
was condensed, and the final product was drawn through valve 
No. 15. The fifth vaporiser, it will be seen, was supplied with 
the liquid drawn from the1 bottle, K .  It could also be supplied, 
i f  desired, by liquid from the fourth vaporiser through the valve 
No. 10. The level of the bottle was so arranged that  there would 
be about 3 or 4 inch= of liquid a t  the1 bottom before! it showed 
on the gauge. By keelping the liquid just showing in the gauge, 
it was possible to prevelnt the gas from being drawn off with the 
liquid. I n  order to  keep the temperature in the fifth vaporiser 
as low as possible, the gas from the evaporating liquid in it was 
drawn off through thei third and fourth heat exchangers by melans 
of a powerful vacuum p u p .  

In operating with this machinel, it was found that helium of 
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930 MCLENNAN: HELTUM ITS PRODUCTION AND USES. 

87 to 90 per cent. purity could be regularly and continuously 
produced. 

Operations. 

The expesimelntal machine just described was used continuously 
for a series oif trial miis from December lst ,  1919, to  April 17th, 
1920. The objeck df carrying out these1 trials was to gain as much 
knowledge as poesiblel of the) best running conditions. In  the 

FIG. 1. 

HELIUM RUNS A7 CALGARY , 

coiLlrse od the, four molntihs’ opelrations, numelrot-is small moldificatioins 
were mads in  the apparatus. Losses due to  leaks were1 stolppeld 
and valve regulation was greatly improved. As a result of the 
olpe~rations, a stlelady inorsass was made in the1 olutlput of hellium off 
high purity. 
The trials were made in successive runs, as itl was necwsary to 

shut dofwwn a6 intervals to1 refill the desicoatolrs with sodium 
hydroxide. 
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I n  making a run, about 500,000 cubic feet were passed through 
tbe machinel, and from this amount upwards of 20,000 cubic feet 
of the gas, containing 5 to  6 per cent. of helium, was obtained. 
As this lolw-grade product was made1 itl was storeld in a large 
balloon, and the1 residual gas was passed back intm the1 mains for 
use in the city of Calgary. The 5 t o  6 per cent. product was com- 
pressed to1 from 20 to) 30 atmospheres, and thea passed through 
the fourth and fifth vaporisers, as describeld above. The amount 
of final product, of 87 to  90 per cent. purity, obtaineid in each run 
rose1 steadily in the course of the operations from aboutl 300 cubia 
feet to more than 700 cubic feet per run. From this i t  will be 
seen that the1 efficieiicy obtained with each of the! two1 operations 
was about 67 per centt. I n  special runs made1 under elxceptionally 
good clonditions, a still higher efficiency was obtained. One of the 
CrClrvelSi given in Pig. 1 shows that  the purity of the high-grade 
final product was steadily maintained in the1 series of runs, and the 
other curve1 exhibits the steady increase made in the1 production 
of helium of high-grade1 purity. 

High-grade PuriJicatiom. 

Wheln it, was seeln that  the) highest purity obtainable with the 
experimelntal machinel under actual running conditions was about 
90 per centl., steps were taken to  design and construct an auxiliary 
piece1 of apparatus for raising the1 puritly of the gas up to 99 per 
cetnt. o r  higher. A and F 
were two receptacles which could be kelpt partly filled with liquid 
air o r  liquid nitrogen. I n  operating this piece of apparatus, a 
high vaouum was maintained in A ,  but the liquid in F was alloweid 
to evaporate1 a t  atmospheric pressure It was arrangeld that the 
gases from both receptacles could be1 conselrved by collelcting theim 
in a gasomelter. and so rendering them available for use over and 
over again in closed q7ck by the1 auxiliary liquid air o r  liquid 
nitrogen machinel. I n  order to1 obtain a product of very high 
purity with this apparatus, the1 gas containing 87 to  90 per cent. 
oif helium was compressed to1 100 atmospheres. It entered tjhe 
apparatus at  G, passed through the heat-exchanging aoils in B ,  
thence through a second heat exchanger in C, where1 it was cooled 
still further b;r the1 vapour from the liquid in C. From this i t  
passed through a coil immersed in the! liquefield gas in F ,  and 
thence1 into1 the1 rectification column, D. Thelnce i t  passed up 
through a set of tubes in A , where its temperature1 could be lowered 
to1 approximately - ?OOo by the surrounding liquid and vapoar. 
As shown in the diagram, the purified gas passed out  through a 
high-preasurel valve, B, and thenoe throagh the] elxohanger, B, to 

This apparatus is shown in Plate 11. 
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a, gasometer, where it could be stored prior to being c o m p r m d  
into cylindeirs. All gases which were colndeased in the tubes in 
A or in the column D could be run off a t  H .  As thei pressure of 
nitrogen is lelss than half an atmosphere a t  -200°, i t  was estimated 
that, by maintaining the gas containing 87-90 per oent. of 
helium atl 100 atmospheres in the whole apparatus, the, final pro- 
duct must necessarily have a purity of more t?han 99 per cent. AS 
the apparatus was deaigned, it will be wen thatl it could be useld, 
not only for  obtaining a product of high purity a t  the, works, but 
also f o r  purifying helium which became contaminated with air by 
use in balloons in service. Through numerous delays experielnceld 
in obtaining delivery of tubing, liquefying equipment, etc., this 
purifying apparatus has not been given any more than a pre- 
liminary trial. From this, however, it is quite ewidelnt that  it will 
prove satisfactory in opelration. For  thef purpose of carrying out 
tlhis sohems of high-grade purification, a liquid-air plant was 
installed by the, University of Toronto. Motors and an electric 
current supply were1 furnished by the Hydro Electric Commission 
of Ontario, and a special financial grant was made! by the Honorary 
Advisory Council for Scieatific and Industrial Rewarch of Canada 
to supplemelnt tha t  made by the) Admiralty and the1 Air Board of 
Great Rritain. 

Final Design of Helhm-extracting A ppumtus. 

From the foregoing it will be1 seen that every step in the pro- 
duction of high-grade helium has been carefully examined and 
tested. From the elxperience gained, we1 have been able to draw 
up speoifications for a commercial plant which will enable one to  
trelat t h e  whole of the natural gas of the Bow Island supply in 
Alberta. The unit proposed will deal with about 1600 cubic 
metrm or  56,500 cubic feet of gas per hour a t  nolrmal pressure and 
temperature. A t  the altitude of Calgary, this would be equivalent 
to 62,200 cubic feelt per hour. The1 maohine would easily cope 
with 66,000 cubio feet per hour o r  1100 cubic feet per minute. 
Of these machines, six would deal with 9,500,000 cubic fee t  of gas 
per day, and would thus take about the average daily supply 
available from the\ field, as based on records of the1 average yelarly 
consumption. I n  order t o  have sufficient machines t o  operate 
regularly to  capacity, it would probably be1 advisable to have eight 
helium columns includeld in the plant,. 

The cost of a commelrcial plant suitable for treating the1 whole 
of the supply of the Alberta field would probably be less than 
X150,OOO. The amount of helium of upwards of 97 per cent. 
purity obtainable per year from the field would be about 10,500,000 
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oubio feeltl. This is based on the1 a.ssumptio1n od an etfficiency of 
80 per cent., which expelrielnce has shown is obta.inable. As t'ot 
otperat#ing cost8st, olur elxperieaco has sholwn that', ahwing  for interest 
on t.hel inve,stmelnt, a. t8ejn yelam' amortisa,tioln, salaries, supplies, a.nd 
running oha,rges, helium ca,n be1 prolducceld a,tl t,het Albertal fielld for 
conside1ra;bly leas tha,n 210 per 1000 cubic feelt. This sum does 
not, of uo'urse, include the1 coat' of  purchasing oylindelrs o'r oif tlrans- 
porting the,m frolm and t,ol t,hei wolrks. Neltthelr does itl include 
any compensation to the1 o'wiie~rs of the1 fiedd folr the supply of gas. 
The column as finally designelcl f o r  the1 prolductlion of hellium of 
a,pprolximat,efly 97 per celnt,. purity is shown in Pla'te 111. It is 
not, dra'wn to scale, but, itl confo'rms on getne8ra,l linels to1 the1 stlandard 
olxygelneln-nitlroge,n matchines of L'Air Liquide SoIciBt6. Itl consists of : 

I. Two exchangers of tempelrat,ure, oael oE which, &, is shown, 
the1 tIwo beling sol asra8ngela that, the flow of ga's throiugh them uan 
be revelrse;d, a,s is the1 preisent practics in the1 oxygea a'nd nitlrogen 
ma+chines. The1 high-pressure gas is in the1 oiutler camsing, a8nd tlhe 
&urn lo8w-preasure gas in the, small t,ubes; the1 heads are1 provideld 
with three sections, so tha,t tlhel low t.emperatture oif the1 out'going 
gases ca8n be utilised. 

11. A liquelfielr, R. This is the, sa,mel as the1 liquelfielr in the 
sta,ndasd ma,ohines, but, it has only olnei of the returning gases 
flowing throiligh it,. 

This engine is of the1 standard 
typei used in t'hel oxygein and nitrogen machines. 

This vaporiselr, with polt 
for collle8ating liquid, is the same as oln the1 sta,ndard nitrogeln 
collumn . 

This va'poIris.elr, wit,h the 
pot, is similar tlol the seco'nd vaporiselr nolw us'e'd on the! standa,rd 
nitrogen oollumns. It should be1 a,bont o'ne-third the size of t,he 
first vaporiser, U .  

VI.  A rectific,a8tion column, S. This column should stand a 
pressure1 of 10 a,tmospheres a,nd have1 a collleiddng baain amt t,he 
bott'olm. Its diameltelr shonld ba about tbree-eights of that  olf the 
vaporiselrs U olr ?V. 

VII.  A vaporiselr, P. The1 diamet'elr of tlhis vaporiser is tThe 
sa,mel ass tha,t olf the1 relotifiaation co~lumn, X ,  a8nd i t s  lelngtlh should 
not exceled 2 felelt. On this vaporiselr, a partial vacuum is 
nmintained. 

111. An expansion engine, 8. 

IV. A first vaporiser a4nd potl, U ,  7'. 

V. A seloond vapo,riselr and polt, T V ,  V .  

I ts  leagth should nost elxcread 2 fe'et,. 

VIII .  Two oolleddng bottlejs, Z,, 2,. 
IX. 'Two1 elxohangers of t,empera,tures, oinel o'f whioh, Z, is shown. 

Thelse are similar to1 Q, a'nd shofuld be1 relvejrsible, but tlheir capacity 
is only 6 per cent. off Q. 
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X. A vaporiselr, ZZ. This vapolriselr sholuld Isel o t  the1 same1 size1 
as P, a.nd the high-pressure side1 o'f it, should stand a prmsure: of 
50 a8t'mospheres. 

This column sholuld sta<nd a 
preasure of 50 atmosphe'res, aad should be1 aboat half the diameteir 
od the1 column X and aboutl 3 feelt' lojng. 

XII. A vaporise,r, I V .  This should be1 similar t'ol vaporiser IZ, 
but only half the dia.meter; on this vapolriselr a partial vacuum 
is maintaineld. 

XIII. The cont'rol valves asel designattea by lettelrs from A to 
N ,  foartlelea in a,lL 

XIV. 'The outlets a.rel designah3 by PI, P2, etc., eleven in all. 
XV. The gauges are1 designated by the! numbers in parent,hesis, 

XVI. The, lelvels for s8howing the! depth of liquid are deaignahe'd 

XVII. The, method of conne,cting up is sholwn in the1 figure. 
The mesthod of using the$ column is as follows. 
The First Pmcess.-(n.) The1 comprelsseld ga's eintelrs the 

exclhangelrs, Q, through valve A ,  and, after passing outl of the 
exchange,r at, the tolp, s801me of it go'es tlhrough the liquefier, R, and 
tlhe re8st olf itl throagh the1 elxpa.nsiomn elnginei, S, to1 the first polt, T .  
I n  T the pressure1 is about, 4 at'mo8sphelres, and most of the ga.s is 
liquefiefd in the, coademer, U .  The1 uncosndelnsed part passes 
through trhel valve, H into B, whefre mo'rel of it is liquefiejd in the 
condeaselr, W .  The st'ill uncoade.nseid gas flows bhroiugh valve Z 
t,08 the1 bottoim of the, reIatifica,tion column, X ; itq paasea up through 
the column, through the1 conde.nser P, where moce of itq is lique'field, 
a.nd the rest, whioh nolw cont<ains about, 5 pelr cent,. of helium, 
passes throiugh valve K ,  whe8re the prelssurel is reldumd to1 ne'asly 
at'mospheric, a,nd it passes hhrough the1 inner section o,f the 
exchanger tot a, ga,s,omelter. 

( b )  The liquid tlhat oolllelcts in t(he pots T and B is drained into 
the bottles 2, and Z,, which are maadel fairly loag, a.nd the bottom 
limbs of the levels ahel aboutl 6 inches fro,m the bottom, so' tlha8t itl 
is possible alwa4ys to kelep liquid in t,he bottom of the bolttles a8nd 
prevent any unconde1nse.d gas eaca,ping. The liquids from the 
boltttw 2, and 2, aSel passed tlhrolugh tqhe vadves D a8nd E,  
respeiatively, into the vaporiser, IZ; in addition, the liquid from 
Z, caln a,lso be run int'o the vapolriser, P, throlugh valve F .  The 
liquid in the vaporiselr I1 ovelrflovws into the va(poriser W ,  a,nd it 
olverrflolws frocm IT' int'oi t,he first vaporiser, U .  Some of the1 liquid 
in the vapoiriser 11 ca,n be passeld through the valve into P. 
Liquid t h t  aondensels in Y flows down through the rectification 

XI. A relctifica,tion column, 111. 

thus, (l), (a), etc., eleven in all. 

by L,, L,, eke., sewein in all. 
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trays in X ,  and is passed through the valve J into1 ths  
vaporiselr W .  

( c )  The gases from the1 elvaporating liquids in the vaporisers 
U and IV pass directly back to  the liquefier, R, and from the 
liquetfielr to  the elischanger, &, as shown in the1 diagram. The gas 
evaporated in vaporiselr ZZ flows with tlhe liquid dodwn into 
vaporiselr 147. The gas eivapolrating undelr vacuum in vaporiser P 
passes outt through the exchanger, &, to1 the vacuum pump. 

The Second Process.-(d) The gas containing helium drawn off 
in  the! first process throiugh the1 valve X is recornpremed to 30 
atmospheres, and passes through the elxchangetr 1 to  the top of 
the condenselr Z I ;  itl flows dolwn through 11, where past of it is 
liquelfield, and the liquid and gas pass into the1 rectifioation trays, 
ZZZ, t o  the clollectolr a t  the) boltkom, the gas passing up through 
the column to1 the1 clondenser ZV, where the1 r a t  od the nitrogen 
is condeaseld, and the product, containing about 97 per celnt. of 
helium, is drawn off throagh the valve M .  

Notes o a  Special Points. 

'The va,poriser P is the colldwt pa8rt of the1 marchine in the first 
proicess, owing to t,he liquid bmoliling under a partial vacuum. The 
liquid produced in the1 colndelnses runs dofwn t'hrough tlhe redifi- 
ca,tlioa hays in X ,  and t,he unaondelnseld gas fr0.m 14' paases u p  
through it. Any helium a'nd moet of  the nitrolgen in the liquid 
will be reoovelred, a.nd a large part of the metlhane in tlhe gas will 
b,e condensed. Thus the1 product drawn olff through K will oolntain 
very littJet metha,ne. 

In t'he second prooess, the gas cotntsaining 5 per cent. olf helium 
under ab,out 30 atmospherets pressure! floiws from the t'op toi t h e  
bottolm otf the va,poriselr ZZ. This vaporiser is filled with the 
liquid produced in the first proloess, a,nd is a t  the tempera,ture of 
liquid metthane ( - 1 6 3 O ) .  A t  this t8e8mpe.ratyure, nitrogeln oolndmsea 
a8tl about 12 atmosphereis, and much of it, is condensed. The liquid 
and gas both flow over a, felw t'rays, and the) helium dissollved in  
the liquid would be1 relco1vere:d. The1 uncondeins,e8d gaa flows up 
through the trays, and is cooled and partly condensed by t,he cold 
liquid frolm I V .  The liquid is gradually warmeld, and thus any 
helium in it, will be recovered. 

Miscellaneous Inw es t igat  ions.  

In the course of the investigation on the develolpment of a 
machine for extratoting hellilium froim natural gas, supplies of helium 
of varying degrees of purit?y became avaihble. Them were highly 
purifield, and were used f o r  the invelstigation of certa'in mllateral 
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problems which demanded solution. Among the results obtaineid, 
it was found thatn f o r  aeronautical purposes hydrogen could be 
mixed with helium to the extelnt oQ 15 per cent. without the 
mixture beooming inflammable or explmivei in air. Mixture5 mn- 
baining even as much as 20 per cent. of hydrogeln coiuld be burnt 
or exploded only when treateid in an exceptional manner. The! 
permeability of rubbered balloon fabrics for helium was sho$wn to 
be, about 0.71 of its value for hydrogem. F o r  skin-lined fabrics, 
the prmeability to hydrogen and helium was abolut the same. 
Thin soap films were found to lm about onel hundreld times more 
pmmelable t o  hydrogen and helium than rubbered balloon fabrics, 
but untreiateld coltton fabrics when wetted with distilled water 
were but feebly permeable to( these gase8. It was found that  rapid 
e&imatqions of the amount of helliurn in a gas mixture could be 
ma,de with a pivoiteid siliaa balance,, a Shakspear katharometer, or 
a, Jamin interferomelter . 
The latent helats of methane and ethane have been dehxrnineld, 

as has also the composition of the vapour and liquid phases of the 
system meithane-nitrogen. It has also been sholwn tlhat helium 
aontaining as much as 20 pelr cent. of air, oxygen, or nitrogen can 
be highly purified in large1 quantities by simply passing it at 
slightly above atmmpherio pressure through a few tubes of COGO~L- 

nut, charcoal keptl atl the temperature of liquid air. In the spectro. 
scopy of the1 ultraviolet, helium has been found to1 bet exception- 
illy useful. Arcs in helium between tungsten terminals can be 
easily established and maintaineid. In a particular investigation 
with a vacuum grating spectrograph, it was found that by the use 
of arcs in helium undelr 30 an. pressure, illuminakion could be 
maintained continuously for hours, and with such arcs spelctra 
could elasily ba obtaineld exteinding to1 below 1000 A.U. 

Although it is known that free eleotrons can exist in highly 
purified helium to  an amount easily measurable\, it was found thafi 
pure helium' under a> pressure of morel than 80 atlmospharee, did 
not exhibit anything in the1 nature 04 rnetdlia conduotion. More- 
over, the mobilities of both positive, and negative, ions formed by 
a-rays in heilium under this high pressure were found to havet about 
olnel-third the value expecked on the basis of an invelrw prelssure 
law.* 

* The following is a list of the papers which deal with the subjects 
mentioned : (1) " Report on some sources of Helium in the British Empire " 
(MoLennan, Bulletin No. 31, Mines Branch, Department of Mines, Canada, 
1920). ( 2 )  " The Estimation of the Helium Content of Gases by the use of a 
Katharometer " (3) " The 
Use of the Jarnin Interferometer for the Estimation of sma1l amounts of 

(Murray, Trans. Roy. Soc., Canada, 1919, 27). 
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The Uses of Helium. 

The invwtigation into1 the problem of producing hellium in large1 
quantlitiee was olriginally undertaken with a view to1 the1 utilisatioln 
of the gas in aeronautdoal warfare). The invelstigation has sholwn 
that  it aan be protduceld a t  a, costl which is not excessive, but it1 
has also1 belen shown t<hat from the1 sourcm in the Empire1 which 
are1 known and have, be’en examineld, the supply of helium cannot 
be grelater than abouti 12,000,000 cubio feiet per year. This 
quantlity deiarly woluld be sufficient to1 keep only a very felw of  olur 
airships oh the larger type in commission, even i f  the1 gas were 
diluteid to t h e  elxtelnt of 15 per cent. with hydrogen. This amount 
woald, howevelr, suffice to keep a number o i  the, smallelr airoraft 
supplied. Moreolver, itl might bel used to1 fill firelproof compart- 
menta adjacent to the1 engines if it, were eivelr decideid to! instaal 
these, within the envelopes of olur larger airships. 

Since it has beleii demonstrateid thatl helium oan be] prolduced in 
quantitly, olne is leld naturally to  consider in whatl directions one 
can hops to1 use1 the1 gas other than that originally intended. In 
industry it may he! used as a filling for themionic amplifying 
valvecs olf the ionisatioln type. It may also be1 used f o r  filling 
tungsteln incandeacelnt filament, lamps, eispelcially for signalling 
purposes where rapid dimming is an essential, and for producing 
gas a m  lamps in which tungsten terminals are used, as in  the 
“Podntolite” type. Both of thelse varieties of lamps possess the 
defect, however, of sooln becoming dull owing to  the1 easel with which 
incandescent, tungsten volatilises in helium, and deposits on tlhe 
surface1 od the enclosing glass bulbs. As regards illuminatioln, 
helium arc lamps possess an advantage, over mercury arc lamps in 
that  the radiation emitted has strong intensities in the! red and 
yellow portion of the spectrum. 

Helium or Hydrogen in Air ” (McLennan and Elworthy, &id., p. 19). 
4 )  “The Permeability of Balloon Fabrics to Hydrogen and Helium” 
(Elworthy and Murray, ibid., p. 37). (5) “ Composition of the Vapour and 
Liquid Phases of the System Methane-Nitrogen ” (McTaggart and Edwards, 
ibid., p. 57). (6) “ A  Continuous Flow Apparatus for the Purification of 
Impure Helium Mixtures ” (Edwards and Elworthy, ibid., p. 47). (7) “ On 
the Combustibility of Mixtures of Hydrogen and Helium ” (Satterly and 
Burton ibid., p. 211). (8) “ On the Latent Heats of Methane and Ethane ” 
(Satterly and Patterson, ibid., p. 123). (9) “ On the Mobilities of Ions in 
Helium at High Pressures ” (McLennan and Evans, ib id . ,  1920). (10) “ On 
the Permeability of Thin Fabrics and Films to  Hydrogen and Helium” 
(McLennan and Shaver, ibid.). (11) “ Spark Spectra of Various Elements 
in Helium in the extreme Ultra-violet” (McLennan and Lewis, ibid.). 
(12) “ Arc Spectra in vacuo and Spark Spectra in Helium of Various 
Elements ” (McLennan, Young, and Ireton, ibid.). 
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It has belen shown by Nutting (Electrician, Maroh, 1912) that  
Geissler tubes filled with helium arei eminelntly suitable, under 
oelrtain conditions, f o r  light standards in spectrophotometry, but 
the axnoant, olf the, gas which could be1 used in this way is velry 
small. 

In spectroscopy, especially for  investigatioas in the ultra-violet 
region, hellium is invaluable. Doubtless its use in this field will 
be rapidly elxtendeid. The usel of tha gas in physical laboratories 
gelnerally, and especially where cert7ain investigations on the pro- 
pelrties of matter are carried out, will also) be1 greatly inoreiased. 

It. has recently bleen proposed t o  use helium in place of oil for 
surrolunding the1 switches and circuit-brelakers olf high-tension dec- 
t r io  transmission lines. Tf the gas sholuld prove1 suitable for  this 
purpose, larget quantities coiuld be utiliseid, but it has yet to be 
demonstrated (and it is not clelar that  it can bet) thatl in this field 
helium possesses any advantage over the oils now used. 

It has been suggested by Elihu Thomson and others tha t  i f  
divers wem supplield with a mixture1 of oxygen and helium, Dhe 
rats  of elxpulsion of carbon dioxide1 from the! lungs might be 
increased, and the1 period of submergence as a consequence be 
considerably lelngthened. 

Itl is probable, however, that  in the field of low temperature 
resefarch helium will immediately find its widest applioation. For 
this work, hellium is unique1 in that, whea liquefield and possibly 
sollidified, it einables onel t o  reach the1 lowestl tempelratures attain- 
able. Every effort should he directed towards the exploitation of 
its use in this direation. 

One point that  is importantl and should not be overlooked is that  
the supplies of natural gas from which helium can be1 extracted 
are being rapidIy used up. When our natural gas fields are 
deplelteld, it1 woald appelar that our main source of supply of helium 
will have disappeared. Careful consideration should, therefore, be 
giveln t o  the1 problem of producing helium in large1 quantities while 
i t  is still availablel, and of stolring it up for future use. As already 
stateld, it may be that in the1 future, it will be od paramount 
importance to  have1 even a moderate supply of the gas availablel. 

A Cryogenic Laboyatory. 

To chemists and physicists especially, the1 discovery that  helium 
oan be prolduced in quantity a t  a molderate cost opens up a, vista 
in the realm of low temperature1 research of surpassing interest. 
By means olf liquid oxygen, the propelrties ob substances can be 
studied d m  t o  a temperature of - 1 8 2 . 5 O ' .  Liquid nitrogen pro- 
vides us with a temperature! of -193*5O, and hydrogen, whioh was 
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originally liquefied in 1898 by Sir Jamw Dewar, enable@ us to 
read -252-go. It is but a few years since Onnes, after prolonged 
effort, secured sufficient helium to enable him la liquefy this gas 
too. In a brilliantlly coinceived rese’arch, he succeieded in acaolm- 
plishing this feat in 1908, and in doing it reia,clhed SL temperature 
within approximately lo olr 2 O  of the abso1utle zelro. 

The amount of liquid helium whioh Onnes obtaineld in his inves- 
tigat*ion was small, butl it sufficed tlo enable him to show that  a 
number of the ellementa possessed a remarkable ‘‘ supelr-conduc- 
tivitiy” a t  this low temperature. Mercury in particular, a t  the 
temperature of liquid helium, possessed an ellectrical conductivity 
tlen million times greater tihan a t  olrdinary room temperature, and 
currents started by induction in a coil of lead wire a t  the tern- 
pera,t,ure of liquid helium ma in tahd  their intensity for moire than 
a n  hour with but lit’tle diminutioin in magnitude. 

The rmultsl obtaineld by Onnes, altlhough limiteld in number, axe 
of great importance, for they sihoiw that if  liquid helium were 
rendered available in quantity, fundament?al information of the 
greatest value on suah problems as those connectled with ele~ctriaal 
and t h m a l  omduction, with specifia and atofmic heajh, with mag- 
netism and the magnetic properties of substancea, with phmphor- 
wcence, with the origin of radiation, and with atomic7 strudure, 
muld ber obtained. 
In sipedrmcopy, supplie8 od liquid helium would elnable 0 s  to 

extend our knowledge od the fine sbruuture of spelctnral linea, and 
theireby enable us to obtiain clearelr idelas regarding the electronic 
orbits ec&tIing in the a b m s  of the simpler elelments. This would 
lead naturally t?ol clelarelr views on tlha subjeiut ojf a,tormia structure 
genzerall y. 
In other fields, too, important informaltion could be obtained 

by the use of temperatures between that of liquid hydrogen and 
that of liquid helium. What of radioactivity? Would this pro- 
perty be lost, by uranium, tlholrium, radium, and other similar 
elements at temperatures attainable with liquid helium ? Would 
all chemical a,otioa uease at them temperatures ? Would photlol- 
chemical adion disappear cofmpletely ? Would photodwtrio action 
maser o r  be maintained a t  such lolw temperatares? 
In the fields of biological and bojtaniual remarah, information 

on problelms pressing for solution could be gained also. For 
example, would all life in spores and baotelria be extinguished by 
subjecting them to temperatures in the neighbourhmd olf absolute 
zero ? 

The list of problems rendered capable of attack by the use of 
liquid helium might be easily extended; but those citqed dready 
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will serve to show that the field is large, and that  it is well worth 
while f o r  us to make a special effort to  secure adequate financial 
support far the equipment and maintenance of a cryogenio 
laboratory within the Empire. 

It is probably beyond the1 ordinary relsources of any university 
to equip and maintain such a laboratory; but the projeot is one 
which merits national and probably imperial supportl. It should 
appeal to private, beneficence as well, f o r  i t  is a project demrving 
strong and sympathetic help. 

A properly equipped cryogenic laboratory should include : 
(I) A liquid-air plant of large capacity. 
(2) A liquid-hydroIgen plant, of moderate capacity. 
(3) A liquid-helium plantl of small capacity. 
(4) Maclhine tools, cylinders, glass apparatus? measuring instru- 

Such an equipment, would prolbably cost moire than E10,OOO. 
For building purposes, probably an additional S l 0 , O O O  or 

L15,OOO would be required. 
The staff should include1 one or two skilleld glass-blowers, two or 

three mechanics and instrument makers, and two or three hellpen 
for running the machinery. To provide! this staff and meet chargels 
for light, heat, and power, probably &3,000 i~ year at least would 
be neledeld. 

For an administrative and technical staff, probably X2,500 would 
be necessary. 

In additim to t,he above, speloial provision would have to  be 
made to secure an adelquate supply of helium. I f  industrial uses 
can be found for helium and it works were established in Albelrta 
for the production of helium on a large scale], the problem of 
supply woluld be so3veld7 f o r  the amount oif the gas which would be 
required for low-temperature research would probably not be more 
than 20,000 or 30,000 cubio feet a year. I n  default of a produc- 
tion-works on a large scale being established, it, would be neces- 
sary to instal a mal l  plant a t  Calgary f o r  the specifia purpose of 
supplying the cryogenic labolratory with helium. This could e a d y  
be done a t  the present time), as the experimental plant is still 
in situ. It would require from $3,000 to  24,000 to, make the 
changes in the plant which experience has shown ara necessary 
and ta provide the additional auxiliary machinery, tools, eltc., 
required. 

If this plant were run for three or four months each year, an 
adequate supply of helium could be obtained. The expense of 
running the plant under these conditions would be high, and it 
would probably be found that  it would require from $2.000 to 

melnts, etc. 
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23,000 to ocpe.ra,t8e it for a, pe!riold o t  threle olr four mont.hs elach 
yeiar. This amoluntl would, 0.f coursel, have to  cover clhargels f o r  
sa,la.ry of staff, compejnsation to the, o,wnelrs olf the natural ga,s, 
light,, power, miscellane,olus supplies, fre:ightl chargeis on cylindelrs, 
eltlu. 

Froim the above it will be1 seen tha.t a scheme such as that 
oiutflineld would relquirel in the1 aggrelga,tel a catpitlad elxpelnditure of 
about S30,OOO for buildings and pla,nt, and the interest on a,n 
endowment of a'bout 2125,000 for olpesating and maintaining 
the, cryogenic labolra,tory t80getthelr with t'he supply station. 

I f  a aryogelnio laboiI.att,olry, wit'h its anxiliary supply station, 
were establisheld along t8hel lines. indica,ted, itl would probably b,e 
found to be morel e,conomical t.01 run t,he supply sta'tion continu- 
ously folr a number of ye,a,rs, a2nd to'  stolre for fut'urel usel the hetlium 
atocumula,t8ed. I n  t'his conne'xion itl should be s tdad that  the 
experimenta,l pla,ntl as it' elxists would probably not prolduce more 
tha.n 100,000 cubic feet' of helium per yeas. The pla,nt cofuld, 
holwe8velr, be1 easily manif oldeid, a8nd tbe Govelrnmelntls olf Great, 
Britain and Cana.da might., from the point, olf view of national 
safety, 1egitimat.edy be aa8keld to assumel responsibility for 
olpslratJng it. 

Much of otur bnowle.dgei acquired in tihe1 field of low tempesa- 
ture research we1 olwe to t,he brilliantl work ojf such distinguished 
meln as Andrews, Davy, Fasaday, and Delwar. The1 discloivelry of 
tlhe ra,rel gasels, helium, neon, argoln, kryptloa, and xenon, we owel t'o 
Rayleigh, Ramsay, a,nd De1wa.r. How could we moire fittingly per- 
peltaake t'hei work olf tlhetsel great, men than by eatlabllishing on a 
pelrmanent, basis a, cryogenic labora8tory folr t,he purpose of making 
still further progre,ss in t8hel field of low-tlempelratlurel re8selarch-a, 
field in whic,h British scientists hamel ma.det suoh brillia.nt and 
not able a,dva.nces ? 

I n  conclusion, it, sho'uld be sta,tle'd tha8t whilstl thel investliga,t7io~n 
just describ'ed was finance\d by the1 British Admiralty, and in its 
later stages by the1 Britjish Air Ministry, va.luablel assistlance( was 
givein by L!Air Liquide SociBt'6 olf Paris and Toront,ol, by the 
Cana,dia.n Pacifio Railway Co. od Cana.da, by the1 HydrobEleict,ric 
Commission of Ont,a.rio, a,nd b'y t'hhe Unive'rsity osf Torontot. I n  
carrying out t.hel c,olllat,era,l investdgahioas, valuable hellp was given 
by Prodessors E. F. Burton, J. Sat'telrly, H. F. Dawels, a'nd H. A. 
McTagga8rt8. To, Mr. J. Patt.ersoln, M.A. ,  whose1 servicelsl were lent 
by the Direlctor olf t8he Melte.orollogica.1 Office of Ca,na.da, much 
creldit is du,el f o r  working o,ut deIt,aila of design and oonst'ruotboln 
in conneixio-ii wit.h t.hei proiduction of the rectifying cdumn. Meln- 
tioln should also be made of t,he8 welditable ma'nnes in which the 
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experime(nta1 plant was handleid during the! trial runs made between 
December lst, 1919, and April 17th, 1920, by Mr. R. J. Lang, 
assisted by Mr. D. S. Aindie and Mr. H. R. Foreman. 

APPENDIX A. 

Deterntirmtioms of Helium C o d e n t  of Natural Gase8. 

In determining the helium cointent a€ a sample oif natural gas, 
the following proaeldure was adopted, and the apparatus used is 
shown in Fig. 2. 

A is a glass bolttlel in'which thel gas wa3 brought from the1 field. 
The gas was folrced frolm A into the glaas tube B, where1 itl collected 

FIG.  2. 

C 

B 

by water displammelnt. The oapacity of B was adjusted to be 
1200 U.C. under ordinary conditions of temperature and pressure. 
The, gas was introducejd into the apparatus in units of this volume. 
Before commencing the analysis the charcoal tubes welre strolngly 
helateid by ellectric helatelrs to about 300° to elxpel absorbed gas-, 
and the whole of the apparatus to the right of the tap was oare- 
fully elxhausted. All the taps were then turnetd off. The charcola1 
on cloioling absorbeld the1 remainder of the) gas in apparatus, and a 
good vaauum r e d t e d .  
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On turning the, taps D and P, the gas flowed from B through 
a drying tube E containing calcium chloride1 into the condenser F 
of about 400 O.C. capacity, which was immersed in liquid air kept 
in a Dewar’s tube. Condensation of the1 hydrocarbons occurred a t  
olnce, the1 liquid air boiling off rapidly. Comparison of the1 mmo- 
metelr G with the barolmeter J gavel the1 pressure of the uncon- 
densed gasea in F plus the vapour pressure of the condensed gasels. 

Usually B was filled and emptied five times in quick suocwsion, 
so that  theB first, charge in F was 6000 C.C. of natural gas. After 
some minutes when the liquid air had aeased from boiling and the 
manomeltes was a t  rest the1 prmsure in F was read. Subtraoting 
from this reading the vapour pressure od methane at the tempera- 
ture of liquid air, we get the pressurel of the uncondensable gaseis 
in F,  and knowing the1 volume of F it, is an easy matter t o  find 
approximably the percentage1 of uncondensable gases in the sample 
of natural gas. This analysis, rough though it was, gave useful 
informstioa as to the suitability of the natural gas for the 
manufadure of helium on a large soale. 

Meanwhile, the tube L, off about 300 C.C. oapacity, which was 
full of finely broken cocolanut charooal, had been immelrseld in 
liquid air. 

The tap K was then opened and the unoondensed gas shared 
betwelen F and L. The mercury in  the gauge1 rolse quickly, aad the1 
liquid air surrounding L boileld vigoroasly, indicating a rapid 
evolution of heat when the gasels are1 absorbed by charcoal. This 
was elspecially noltioeable the1 first time, the charma1 was used after 
being heateld. When the1 gauges were nearly at  the same lelvel, K 
was closed, and the remainder of the uncondensed gas in 3’ trans- 
ferreld to L by means of the1 large meroury pump M .  This pump 
was simply a lolng wide tubel with a twocway tap a t  the1 top and a 
flexible tube and merclury reaetrvoir at the bottom. It was very 
elfficielntl, and aftelr about five strokes practically all the gas had 
been transferred to L, the pressure in F falling to about 3 or 
4 a. The transfelr of the gas was espelcially complete, since a8t 
eiach expansion of the1 rnattelr in F some of the liquid methane 
would evaporate and sweep out the1 gas; an excess of pumping is 
detrimental, as it only transfers methane to  L, thus tending to 
clog the Charcoal. On standing, the1 prssure  in L slowly delcreased 
as absorption reached its maximum amount. Usually, very little 
except the helium was left unabsorbeld in this tube. 

When the reading od the gauge H was stelady, the taps N and 
0 were openetd and the unabsorbed gas was alloweld to! diffuse over 
to  a second oharcoal tube! 8 of about 200 0.0. capacity, which was 
also! cooled in liquid air. The tap 0 was then dosed, and com- 
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plete transferelnce of the gas was effected by a mercury pump P 
of special design. I n  the eiasly days of the1 experiment the pump 
in this pwition was of the same type as M ,  but the working m d  
cleaning of the1 two-way tap proved inconvenientl, and it was 
relplaced by the! pump shown. 

While these operations had belen going on any gas left in the 
apparatus between tlaps above S and the delivery t'ube was com- 
pletely pumped out by the pump B,  exhaustion being carried t o  
such an elxtent that the electric charge had great difficulty in 
passing through the tube Q. 

The gas having remained in thel selcond charcoal tube S for some 
time, and the gauge! X attached to1 this tubel having belcome steady, 
the taps abolvei 5' were, opened and the gas was pumped through 
the discharge tube and delivered to1 the collectolr 2, which was 
improvised from a graduateld eudioimeltelr by the1 placing of a tap 
at  the dosed end. The phosphoric oxide tube placed to the right 
of S was oinly required in the1 early stagee of the expelriment, when 
the charcola1 gave off water on heating. A by-pass was placed 
in beitween S and the pump R t o  facilitate the action of the 
PUhP. 

Before the gas was pumpeld of€, its spectrum was aarefully 
examined by a small, direct-vision spectroscopei, and if  any but the 
lines of helium (and mercury) were foand, tlhe gas was retturned 
to  the charcoal tube, or, in the case of great impurity, elxhausted 
to the air and a fresh startl made on a smaller quantity of the 
original gas. For example, if the natural gas containeld large 
quantities od nitrogen and hydrolgen, these may escape absorption, 
and their presence would be detecteld at  this stage. 
The gas obtained in the collector 2 was invariably pure helium, 

and from the readings oE its vollumei and prelssure, the volume at 
atmospheric pressure was caloulated . 

Tubes similar to V welre used for storage, and the pump T was 
delsigned to transfer the helium collecteld in 2 over tot V until the 
latter was filleld at atmospheric pressure. The tube and pump had 
previously belen exhausted by a melrcury p u a p  and a charcoal tube 
in liquid air (nolt sholwn in the figure), and theln sealeld olff just 
to  the right of V.  

I n  making accurate determinations of the helium content of a 
natural gas, itl was found necessary t o  use, for displacemelnt pur- 
pmes only, water which had been freed by boiling from occluded 
air and ofther gases. Ordinary tap-water or water from rivers wm 
geineirally found t o  oontain sufficient quantit ia of air to invalidate 
the determinations if high accuracy was demanded. 
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APPENDIX B. 
Density Determinations by Balunce Method. 

For  rapid and accurate[ det'erminations of gas density, the use 

This type of balance was olriginally detsignezd and useld by Astlon 
of a delliaately pivoteid silica ba,lanw was found to! be invaluablel. 

L 
i 

I I 

I \ -  
2- 

c Ip 

M I 1  '1 fZG m. 
DENSITY BALANCE 

(Proc. R o y .  Soc., 1913, [ A ] ,  89, 439). A quartz miorof-balance of 
exceedingly high sensitivity had beien designed by Steelel and Grant 
(ibid., 1909, [ A ] ,  82, SSO), and useid by Gray and Ramsay (;bid., 
1910, 84, 536) a t  an elarlier date, and Taylor (Physical Relu., 1917, 
[N.S.], 10, 653) has reaently published an account od a, form of 
the instsumeiut which etnableld him to1 determine1 with gretat exact- 
ness the density of hellium. Aston's folrm of the instrument was, 
however, foiund to1 be the most suitable1 f o r  olur purpoaes. One 
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MCLENNAN : HELIUM: ITS PRODUOTION AND USES. 047 

met[hod of using the instrument has been described already by 
R. T. Elworthy (Bulletin N o .  31, Mines Branch, Dept. of Mines, 
Cunda,  1920), and a second, which has been found very useful, has 
been worked out for the present investigation by Mr. John 
Patterson, M.A. 

The density balance consisted of a quartz bulb, A ,  1-25 cm. in 
diameter, and an arm, C, about 10 cm. long, mounted on a rocking 
arm, B. The two points of this arm rested on jewels, and the 
arm had a protecting case around it, as shown by the dotted lines, 
so as t o  prevent t h s  balance from getting out of the jewels. The 
end of t'he arm, C, was turned a t  right angles/and m o v d  along 
a scale, which could be easily read to 0.1 mm. I n  most forms of 
this inst,rument, the pressure in the density chamber is adjusted 
by either exhausting or admitting the gas very slowly until the 
correct precjsure is obtained. This is usually a very troublemme 
operation, and to overcome it, a reservoir, G, was attached to the 
chamber, which permitted the prasure to be altered by simply 
raising or lowering the mercury reservoir. The reeeirvoir was pro- 
vided with a manometer, H ,  with a scale, the zero of which could 
be set on the lower limb of the mmcuneter and the pressure read 
directly to 0.1 mm. The manometer, H ,  could be used either for 
pressures lem than atmospheric, in whioh case the tube, N, was 
free of air, or for pressurea greater than an atmosphere, when the 
seal at the top is taken out. The balance could be calibrated for a 
standard gas, such as air, by plotting prmsures against the scale 
reading. Then, to  obtain the density of EL gas, all that  was n m -  
sary was to  wash out the density chamber thoroughly and take two 
or three readings at different par& of the scale. From them, the 
relative density could be determined at once. It was not necessary 
by this method to  adjust the pressure until the indicating point 
wag at a fixed position. A reading correct t o  two decimal places 
could be obtained with this instrument in about five minutea. 
The temperature of the air used for calibrating the balance should, 
of course, be known, and then, if  the other determinations were 
made a t  a different temperature, a correction could be applied. 

It is shown in Fig. 3. 
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