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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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ABSTRACT

’

The usual method of accurately measurlng the mass of a large (50 -

lOO 1.) gas sample 1nvolves the 1nconven1ent handllng of large volumes e

of gas ati controlled temperature and pressure. }The deslgn and,con-

struction'of a.small high-pressure gas vessel (mede}possible by the
recent develoﬁment o%lstroug,ilOW-density;alloys) is,éesbrifed._ The'
full vessel was light enough to be accurately wéighed;on a COnventionaIw
laboratory balance, and hence the mass of gas: (hlgh-purlty argon, ‘krypton)
was determlned dlrectly and simply. - Cryogenlc pumplng wa s used to return |
the gas to the welghlng vessel after an experlment. Accessory gas=~-

handllngAequlpment is also described.

Now at the Department of Phys1cs and Astrophyslcs, Un1vers1ty of
Colorado, Boulder, Colorado, 80302 ' , :



- INTRODUCTION

In‘réCenfiﬁeasureménfs of the specific heaf bf solid afgon'énd
krypton ét ldﬁ temperdturésl it was necessary t§ determine the mass nf.:
the saﬁple to better than 0.1%. The usual method of.measuring the masé:
of suchia samﬁle is to measure the pressure, Vciume and temperature ofi
the gas;at foom temperature and at around:bne afﬁosph%re. ‘Qne tﬁen
applies:the ideal gas‘léw;-the departuresrtherefrom usually‘being:
negligible. Héwever, in ﬁhe above experiﬁenté,‘largé;solid;samples of :
from 50 é.c. to 60 ¢.c. were used, SO thatkthe fbom-témperature folume »
of séme.50 l.zwould.be awkward to therméstat and occupy mucﬁ_valuable
equipment space. Héﬁce if wasbdecided to put the gasfin a small pressure
vessel, and weigh it directly on a laborafory bélancé):for'Which‘the
accuracy is wéll Within ﬂi;o mg. in 80 g.jvThis;previously impragtical :
approach is now possible beéause of the‘reCent.development of lightweigﬁt
high strengthvélloys.' As is later describéd, tﬁis’meéhod also leht it-

self to convenient handling and storage bf»thewﬁigh-purity gases.
DESIGN OF PRESSURE VESSEL

To examiné the factors involved in the design of‘the.pressure vessel;
let us consider the cimplest case of a spherical vessel of radius r, with

thin walls of thickness t, of density p and ultimate tensile strength Y.

-For a working pressure p and safety factor;s, thei(oPﬁimistic)-thin—wall <

pressure formula gives,

p=2 fY/rSf

By Boylets Law;

5 o
p(“/5}w r? = p Vs
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where v_ is the volume of ,the gas at a préséure“po (usuallyHatmoépheric).

Then the?weighf W of the vessel if i ..
W= bmrTtp = (5/2)poVOS (p/Y).

Hence tﬁe weight is indepehdent of the pféssure'of the gas contained. A
cylindrical vessel is much easier to manufacture:thaﬁ:a spherical one.
 However, when .the thiCk-wail pressufé formula below is applied (instead
of the %hin-wall formula ébove) to a practicalvéylindEr withvendé, the
design probleﬁ‘for the minimisation of weight becomes ‘somewhat of an
art.e A (conservative) safety factor of 5 was used; and thé vessel
designed for 50 c.c. internal volume. The usual thiék;wall formulagvféf
the yield pressure p .. of an elastic cylinder of inside’radius‘ri and' _

outsiderradiuS'ro, and of yield tensile stress.o is

o= pméx(ri i

2 2 2 2y
+r -
ro )/(I‘O r, )._
The yield stress o for the ehds was computed using the formula2 for a

" uniformly stressed plate of radius ri, of thickness t, held at the edges:

o= BPﬁa‘x

ri?/hﬁg

A.materidl witﬁ a low b/Y is precipitatioﬁ—hardéned'béryliiuﬁ coppef. .
Bécause'of its_high density; for the amount of éas used ﬁhe,vessél walls
wOui& hﬁ&e been too thin fpr safe machining.

Stegl héégé ldWié/Y,méﬁd imieed a sﬁiﬁéblelVessel is ?vaiiaﬁie coﬁe'
méréially?B bu£ is ﬁas thé{disadvanfégexoﬁ bec@mﬁng'brittlefunder the
Low terﬁﬁérafufé conditions (70°K) to be deejlécr-i'*b.éd later. $o they'f'inal'
choice.ﬁaé thé aluminiumﬁéllow 7075-16, of tenéiie éfrengthf5,3ooiatm. |

e Sk . : ;. ’
and density 2.8 g/c.c. . The weighing vessel: (see Fig. 1) was machined
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from a block of 7075lT6ealluminium alloy,.whichicannot be welded nor
soldered. - The veseel was closed with a screwed}brassfplug.fbBecause

the vessel had to be.COOled and evacuated at liouid.nltrogen temperatures
(ﬁhen reclaiming the gas from the celorimeter after an experiment),

was necegsary to devise alseal to be both vacuum=- and pressnre-tiéht at
room and low-temperatureS}' The following'materials formed e vacuum seal
in the screw;threads between room temperature‘aﬂd'77°K, but.leakéd under
pressure: (a)_ epoxy casting resin ("Stycast" 2850'GT: Emerson and
Cﬁming),"(B)'80% aluminium-filled epoxy resin ("F": Devcon), (c) silicone
rubber (Sllastlc Noo 732 RTIV: Dow Corning). A successful seal Wes méde:
by winding two. layers of PTFE tape (plumber s ”Teflon Dope") onto. the
pipe thread: . this was leak-tight after thermal cycllng at lhO atm.
pressure of helium gée andﬂunder Vacuum_at both room and low temperatures.
A helium mass Spectrometer leak deteétor was used forlall tests. At

2&5 atm.'water-pressure,‘the out side diameter of'the cylinder (measured
at the middle of the cylinder) had expanded O. lh% abOVe the zero-pressure

value. The completed cylinder was anodised to prevent changes in its

- weight due to oxidation. |

GAS HANDLING SYSTEM AND USE
A-Simplified.diagram of thevcomplete eqUipment ie shown in Figo e.

The weighing vessel was'connected to the rest of the epparatus by'stain—
less steel tublng (type 321, 1/8" 0.d. XZQOEOhbwéll) hard;soldered into "
the brass: plug, a llght-welght valve and a connector. A smdll alumininn.
flange (not shown) was attahced to the tublng w1th ”Stycast" 2850. GT
epoxy résin to meke a vacuum-tlght seal to a dewar surroundlng the
welghing vosuel, Tﬁe entire épparntum was evucuctcd and {illed with

"Research Grade" gas of better than 99.99% purity, from the supplier'

v
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cylinder. A small diffusion pump evacuated the system considerably
faster than did a‘mechanieél pump. vThis»operation was'repeated'several
times until the percentage of remaining air was estimated to be sub-

stantially less than the percentage'impurities_in the gas as supplied.

- The weighing vessel was then filled with an amount of gas sufficient to

fill the calorimeter (as.eetimated‘from the preesure-gauge and the
approximate volume of the Weighing Vessel). The full‘weighing vessel

was then removed from'thefapparatus, its valve leek-fested, and,ﬁeighed
on a standard laboratory Beam-balance of 2 'kgs capacity. It was returned.
to the apparatus, the connection~space purged or air as above, and its
concenté slowly condensed into thevcold caloriﬁeter‘és liquid. »Axgon
aﬁd krypton ‘are difficultvsubstancee.to éehdenseLinto:a calorimeter:
because the liQuid fenge'f?om the tfiple*point tp one afmosphere pressure
'isvonly'5.5°K for argon, aﬁd 4 .0°K for krypton,{it is.very easy to block
the calorimeter filling-tube. The filliné pressure is limifed to less
tﬁan 2 étm. by the strength of’the ffagi;e,calefimeter;' Heﬁce it is
convenienf to have.an'autOmatic pressure regulaﬁor fp_ailothhe'gas'ﬁo g
condense at reesonable_rates at pressures fromué:te'Qfatm. The pressﬁre
regulafo; was a "National" 100 atm. to L atm. t&d—sﬁége gasjregulétor'

valve, with the final stage simply modified to deliver at below,atmos-

‘pheric pressure. This regulator is more convenient and simpler than the

carteeian diver device, employing mercury, which isISOmetimes used as a
~gas‘flow regulator. 'When,all thevgés had been'eondensed into fhe calofi-
meter, the temperature wae'iowered~to freeze'ﬁhe liquid. The resultinge;
pressure was low en&ﬁgh thet the améﬁntfofbgas ieft in the‘capillary
tubing;'etc.,.bf the'syste@'was hegiigibieo- After thetspecific_heat ,

measurements were finished, the weighing vessel was ‘surrounded with a
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bath of'liquid»nitrogen at reduced bressure (nbt ShoWh in diagram). The
calorimeter wds then éléwly warmed ﬁp and the gas distilled over into the
weighing vessel (byfpaésiné the reducing valve)., A giéss—covered
electrical heating tape, wound round the 1/8" étainless steel tube, was
useful (particularly for krypton) in preventing blockages at tﬁis point.
When all the gas had been condensed over aSrsolid,;thevamount of gas re=
maining was.again negligible‘in quantity. The pressure vessel valves
were.thén closed, and the Véssel left overnight to warm up to room tem-
peraturé, where a check wéighing could be made. Alternatively, the gas.
could bé reieaSed thrOugh the pressure reducing valve into large metai h
containers (not shown) at a coﬁple of atmospheres for storage. A
spectrographié analysis* of.the.gases aftertthe experiment showed. that
the impuritieé infroducedﬁby the gas~handling system Wwere less than

100 p.p.m.: most of this was water, probably absorbed on metal surfaées.
The evacuated.preésure vessel, with valve, connector and aluminiuﬁ va.cuunm
flange, was readily welghed to within %.,005 g. in 1600 g. {For illustra-
tion, the éctual weights éré’rounded off.) ‘With an approxiﬁately 2 grame
mole éample of argon, the pressure-veSsei~Weighed 1680 ib0.00B g. Hence
thé'sample weighed 80 *+ 0.0l g. well within the 0.1% accuracy required.
The krypton sample weighed some 180 g. The weighing Qessei was not quife

optimal for these gquantities of gas, and could have been somewhaﬁ lightér.

S o , o , y , e .
I am grateful to Dr. Amosg Newbton, of the Lawrence Radiation Laboratory,
Berkeley, ror performing the analysis,



o

ACKNOWIEDGEMENTS
T wish to thank Mr. Gerd Behreging for his excellent méchancial
designing andvdeveldpment.of the seal of the weighing vessel, and
Professor Norman E. Phillips, in whose laboratory this work was done. -
‘This paper was written during a University of dolorado Faculty Résearch

Fellowship.

This work was pérformed under the auspices of the United States

Atomic Energy Commission.



— ]

. REFERENCES

L. Finegold and K. E. Phillips, to be published.

b W. Comings, High Pressure Technology (Mchaw—Hill Bbok Company,

New York, 1956).
. . . (

Zep Aero, El Segundo, California, Number'Zé'268-4-7.

J. L. Christian, J. E. Chafey, As Hurlich, J. F. Watson and W. E.

Witzell, Metal Progress 83, 101 (March 1963).



Fig. 1

Fig. 2
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FIGURE CAPTIONS

- Pressure vessel:~ longitudinal section, exploded view.

Dimensions are in inches.

Gas handling syétem,
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