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A Conlinuous Flaw Apparatus for the Purifi,

By K. Kdw

Tr.\nn. R.S.C.

atioH oj Irpun Helium
Mixturts}

•AHDs. M.A.. B S, „ and R. T Ki.wortmv. H.St.

Prest.ietl by Prokkssor J. c. ^u\.Kss vn. F. r, s.

(Read May Meeting, l<)|';.)

Introduction

pr.rfu«i„„ „( high vacua and la,„ (,„ ,l^e ™a,i,"Ti t

pm.1™ riT""," "' "'"'" '"'I'"" "" ""'"•Illy at W

He,iTr"Tt",Li:t;7r,:;:,:r.;xs'arst\°'
examination of the rare gases evr,Iv«l fr„^ ,^

air and in his

Bath. ,t was u^ by Mol^u^aTi^r pa^^ i t^H^^nlsr'T
"

gases given off from French mineral spring
, b Jad a-^mTf.

'"'"!

hriiumreTu^isof tS.SEmpi;:^^'" ''' '"^^^*'-"-" "^ ^'^

-ai^ork which :uImin^T:2e'^n^^f:;;rS" UT^'purified Dy charcoal cooled in liquid hy.L.e - 'J . TrTf

• Dcwar. P,oc. Roy. Soc., 1904. \ 74 12>
•Ramsay. Proc. Roy. Soc, \90S. A 76, "in

Prof. ^oj.. 5(,c., 1908. A 80, 599
C*?«. News, 1912-105-134.

Moureau and Lepape. Com/,. Rend.. 155. p. 197-1912Cady and McFarlane. Jour. .i„er. Chen.. Soc. 1^^20 1^

,

.
• Vide this Journal.

'K.Onnes. Proc. A'. .UaJ. Welensck Amsterdam, I'm^u -jt>^

b\ perm. «ion of the
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iKOWAKD, ra w„«rHvl «-ONTINl of s Fl 0\V AITAR Ml S «
a fart sadly rcferrtfl (> hy the Tiitlu.ri t , r-

the :::.rr :^,::::r;;t"": ;;:'::v r'^ r'^
'- --'- -

carrK.I r,„t at low pressures. l)ewar,« iHrnvver. LivestiKatwl thevolumes of varu,u. gaH. al.sorl^l at at.no.pheric pr,..M.re the healevolyed dur.nB the al,s,.rp.i..n and the rate of absorprion
Cla,.dc' pul.hHhfd rlata on the charcal absorption of nitrogen

"ncrer^u Tu ' "^ '"""^ '^at tin .,.lume. al.sorhedncreased u.
•, .sure althoi.Kh a considerable time was requiredforthecomp, .stablishment of ..uilibrium at the hi«he preX s

^«LTn f""'* '" ''^'""^'"K nitrogen fro,,. i„,pure heliumpass,nB over ,ts surface at atmospheric pn-ssure at a slou rateAs a result of successful prclin.inary ex,^rin.enN the aDoaratndescnl,ed .„ the followinR pajKT was construct-d
' '

aralle. so that when one set became saturated w,.!, in,purity the eas

ful^sre^iyiS'^
'''"'"' ''' '--' ^^ ^""^' ^'^ «- -"

Description of Apparatus

ment^of'the"'"""^'' '^-ru^'
^'"'^-

'' '"^''^'^^ '^' 8^"^"' --"range-ment of the apparatus. The impure gas passed from the gasonuter(a) thro„?h a Ventur. n.eter to approximately measure the rate offlow (b hrough a drying train into (.) either set of charcoaItubls asdes.reU. (d) past the side tubes leading to the exhaust pump to (!) aShakespear Hydrogen Purity Meter, which, calibrated for helium^showed the pur.ty of the treated gas and through it (h) in „ theTe^ce.v,ng bottle and finally into the storage bottles. The pL i ty waalso checked by density measurements
^

n ,^f;i1 1

^'"^''.•^P'-^"^^ the two r^ts of charcoal tubes arrangedn parallel and the s.x mercury seals used instead of glass stop cocS
• a AuM.rweil. n,e A„^,-u;,ndle Chemie in der Luflf^i

~
rW. Loc.cit. Also Proc. Roy. Inst. 21-240-1914'
<_lauile. Comples Rrndus. 1914,158,861.

* V. F. Murray, fidr this journal.
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Figure 2.—Central Portion of Flow Apparatus.

to preclude the possibility of air leaks at taps. These seals were
operated by lowering or raising the mercury reservoirs according as
It was desired to open or close a path to the gas flow.

For use the whole apparatus was first exhausted; the charcoal
tubes were surrounded by liquid air and gas was allowed to stream
slowly in until atmospheric pressure was attained. When a steady
condition was obtained, a flow of gas was started, and continued so
long as the purity meter read above 99-8%. When this percentage
began to fall the gas stream was diverted through the second set of
tubes and the purification continued. Meanwhile the charcoal in
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the first set of tubes was revivified for use. when the second set became
saturated.

Tmk Preparation of the Charcoal
The charcoal used in the tubes was prepared by heating frae

ments of cocoanut shell out of contact with air in a muffle furnace at a
temperature of about 800°C. for ten hours. When cool, the pieceswere crushed and screened, that which passsed 10 but was retained
by 30 n eshes to the inch, being used.

Aft.>r being put in the tubes the charcoal was again heated in
vacuo. Each tube held about 30 grams.

The Revivification- of the Charcoal
When saturated the tubes were allowed to warm up to atmos-

pheric temperature while the gas given of! was withdrawn The
tubes were raised to about 200<'C. by means of cylindrical electric
heaters and after half-an-hour a vacuum pump was connected andthe tubes thoroughly exhausted and allowed to cool. The tests haveshown that the absorptive power of the charcoal is not decreased bv
successive treatments, but is rather increa.sed, a fact confirmee' bvLemon', working on the critical temperatures at which absorbed
gases are evolved from charcoal.

Resii.ts
Altogether, seven runs were made, with the object of testing the

efficiency of the method, the quantity of gas that could be purifiedby the amount of charcoal used (90 grams), the ma.ximum rate thegas could be passed through the apparatus, and the efficacy of the
revivification process. The following particulars outline the salient
features of the runs:

Xo. of

Run

Set of

Charroal

tubes used

Time
0(TU|)ie(l

Hours

j

.Amount of

! pure gas ob-

jtained. Litres

I I 5-62 111

Rate of flow.

Impure gas in

litres per hour

Puirity

2-3» Q9-q
rhere was no >n,UcaUornhj^vth<^j,rco^l was s^aurated when the rui^^^II^^^d

" ' 'I •'" '

''^^' 415 j ^5:^
S-60

I 00. Q

II .5-27

0.8.1

17-61

.?-9

At the end of Run Ithe charcoal tubes of Set 1 v^^^^^^iil^^^^^;;;^,,,, i^^i^^;
"f aspirator bottles, accounting for low figure for saturation

Signifies that the charcail was saturated.

«-65 99.9
S60 99.9
6-95

1 99.9
8-20 99.9
loo 99-9
9 ,SI) 99-9
10 9 99.9

' Lemon. Physical Review 9, p. 336, 1917.
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.r- i^Tu'^'f',,'^'"^ ''V'*'"''''
*"'''^' *^" 8;iven the most complete

trial. The followmg volumes of pure gas were recovered before the
charcoal was saturated.

Run III 23-6 litres

" IV 21 ,3 "

" VI 25 "

« VII 21-2 "

Mean 22-8 "

The impure gas contained 88% "C" gas. therefore 26 litres ofimpure gas was treated on an average. Ninety grams of cocoanut
charcoal was saturated by 3 litres of impurity (in this case nitrogen).The partial pressure of the nitrogen was about 90 mms. FromClaude s data 11.2 l.tres of nitrogen was absorbed at 90 mms. by 100gms. of charcoal, but the gas was left in contact with the charcoal for
hours_ In these experiments the impure helium was in contact withthe charcoal for from one to two minutes only. It is probable thatcharcoal m a more efficient condition could be prepared, resulting inan even greater volume of gas being passed through before the char-
coal becomes saturated.

SCMMARV

The results of the tests show:

r.„J'A^^^^'
''^"""' '^°"t^'"'"g at least 12% impurity can be readily

purified by passmg in a continuous stream overcharcoal at the tempera-
ture of liquid air or oxygen.

h.,
^'

Zu^ '""T
"^ ^""^ ^"^ ""^ increased up to at least ten litres anhour without decreasing the efficiency of the process. The maximum

possible rate of flow was not determined.
maximum

oaraltl^^hl''^
"'" "^ "^^

u'
'"°''^ '^'^ °^ '''^^''^'^ ^^^es. arranged in

parallel, the process may be made a continuous one as this form of

thT
S"' ^^'""^^ °^ 'evivification of the charcoal without disturbing

This work was carried out at the Admiralty Physical Laboratorybouth Kensington, under the direction of Professor J. C. McLennan,
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