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High-Pressure Tritium
Don O, Coffir

Los Alamos Scientific Laboratory, Univeraity of California
Los Alamos, New Mexico

Abstract
Some solutions to problems of compressing and containing tritlum
gas to 200 MPa at 700 K are discussed. The principal enphasis is on
cormercial compressors and high-pressure equipment that can be easily
modified by the researcher for szfe use with tritium, Experience with
metal bellows and diaphragm compreasors has been favurable. Selectlion
of materials, fittings, and gauges for high=preasurc tritium work is

also reviewed briefly.
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INTRODUCTION

Fusion-enercy reacarch i{s rapi{dly incrcasing the need for better
triciua techuelogy. Laser-lnduced fusion will require extending this
technology to higher pressurces and tesperatures. Though several preb-
lems perslist in the cumpression and convalnment of tritiun under these
condltions, a largc backlog of expericace iu already available. Llos
Alamos Scivntific Laburatory has a great deal of expericnce handling
tritium gus at pressures as high as 175 MPa and at temperaturss to
7C0 K. At these conditlons It is pussible to permeate hollovw laser-
fusfon targets with DT gas in relatively short timea,

The purjoie of thls presentation is Lo review some of the problews
of handling tritius pas at high pregsures and wtemperatures and the
approaches we hase taken toward thelr solutlon,  Most of the remalning
probless could be :ulved by today's rechnology I1f tritiuvm users could

commusic e thelr needs clearly tu th. manufacturer:.

GENFRAL CUNSIDERATIONS

The probler.. of contalneent of tritiun at high pressures are
esgentially the sane as for hydrogen, All structural members must be
relatively tuperrcable to hydropen and abrolutely free froa hydrogen
cabritt lenwent . These requircwents are wade more atringent by the
fact that tritiun s radloactive, toxic, and cexpensive. Austenitic
atainlens steel generally provides adequate strength at both cryogenic
and aabient teaperatures,  Weere higher atrength or lower bulk is

required, composite vessels can be built with austenitic stainless steel
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aw the liner. For high=teaperature autoclaves, stainivss steels are
unsatiafactory hecause of the high hydragen perocablilitles of fron and
nlckel. We have used beryllium copper to 675 K with rome suceddas,  Other
approachoes arev to use a cunpnslte vessel with a low perseabtlity Uner
(copper or alusinun) and a high=strensth shell, or a cold=<all] veanel
with the inguluted, heated reactnr imaerssd in pressurlzed “45.'

Any tritliun systenr bullt today must rueet extrenely low emiusion
standards, and secondary contalnment Ia the only reliable twann of ntay-
lag below such relvase levela, For a high=pressure syates this can present
serious dealpn problons.  The sccondary container sust e=able Fecovery
ur the tritius released by o fallure, and oust withatan! Jdazape frum
high=velucity fragnenzs cojected at the same Ui, It [s destrable to
desipn high=prexsare components for a nepgligible prolabliiny of cata-
straphic fallure and rely on the contalnnent sy.tes only to coutrol
Leakaive.

Another problea introduced by the tritica Involves the chofee of
scal nmaterlals = cempresclon panketn, valve packings anl zeats, ete,

The average tritiuva . particle (6 keV) has xeveral orders of pagnitude
pore cnerygy than any orpanle bond. Tritium {5 also agctive chealeally and
exchanges readily 2ith nurnal hydrogen, accelerating the decompusit lon

of arganic materlaln, Slow deterioration of plantics and elastonern

can perhaps be tolerated in a vacuum or atrusdpheric presaure syatem,

but pure tritium at 200 MPa generaiex radiation at a denalty approachling

2000 Cllcns. and the useful 1{fe of all clastouers and most plast led e



-t

be mvaszured in hours., [t 1s often overlouoked that the deco=nosltion
products of sone orgasic materlals are alse highly corrosive. The fluoro-
carbons, whilch decompose luto tritlum fluoride, are a particulurly vicious
example, We vnce traced an epldenlc of retal=bh-llows fuilures In a low=
pPrefsure fgyLie Lo thls cause,

The solution {5 Zu wkie metal gaskets vhercver passible and to design
any nuecessary plasil- seals so that a mininus surface Is exposed to the
eritiun,  Where the rosilicney or low friction of a plastic is atill
requirety, as in hizh=prestuure valve packing: or soit=-svaz check valves,
we iwve feuad the polyinldes? to be the rost ralluzlon resistant, and

they alxe have satisfactory physloal progerii-s for higi=prersure seals,

VALVES AND FITTINGS

Muot comercLal bigh=predsare Cletings are loeriasi 2lly suitable
for use with tritics, but users are aovclxed Lo set up tlelr own certlfi-
cation and acveptance standards to cupploneat the qualilvy=control proce=-
dures of the ~.aufacturer, Thi. s only prudent when all the costn of
an accldental release of tritium are eonsnidered. The flusrocarbon ater
paveing: In comnercial high=pressare valves can he sucevssully replaced
with priyialde plastic, This not only irproves the radiazion resistance
but reduces packing exztrusion and cold flow, At thls Lahoratory we une
a retary pacuzatle actuator? (4 a remote valve oparator (i'iag, 1). We
prefer this device to the diaphragn=type operator avallable from most
manufacturers because the rotary deslpn Lumits both sten travel and

clozing torgre,.  Valve seats and packines thus seldoa require replacement,
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and infrequent maintenance is the most important factor in reducing

perasonncl exposures,

GAUGES

Gauging is a particularly demanding problem because tritium is a
controlled radicuctive material, and its accountability at high preseure
ia best done by accurate pressure-volume-temperature measurements. Gauges
that operate by deflaction of an elastlc member neécessarily incorporate
snaller safety factors than desalred for conservative design. Neverthe-~
less, Bourdon-tube gauges have scrved the pressure industry for more than
a ccentury, and are a good cholece for tritfum 1f the Bourdon materlal 1s
hydro,en-compatible. Many manufacturers furnish bBourdon gauges 1in
austenitic stainless stecls or herylllum copper in a wide range of
pressurcs. The addiclon of force=balancing and digital--readout tech-
niques has greutly enhanced the preclaloa of these inherently simple
devices. Strain-gauze transducern are preferred by many experinenters
nw, Solld-state dlgital electronics and improvec quality control have
resulted in precislons rivaling those of the force-balan Bourdon-tuhe
systens. All-welded trunsducaers of tritfum-compatlble raterials arc

also available from several manufacturers.

COMPRESSORS
The principal constralnts on triclum pumps, enumerated by Folkers
and Gedc,“ arc tlat they incorporate no moving shaft seals, clastomer.,

or organlc flulds. Compresysrs which can readily meet these requirements



-7-

generally fall into on: of three classes: (a) mercury-column compressors;
(b) thermal-cycic and change-of-phase pumps; and (c) flexible metal-mem-
ocrane CuMpressors.

Mercury 1s conpatlble with hydrogen and was used in nany early trit-
ium comprcssor designs® because of the ease with which shaft seals could
be protected by liqu{g retal. Although mercury is not attacked by
tritium, it 1is incoopatible with other common pressure-system materials,
and e¢ffective trapping of vapor and dronlets carrled by a dense, high=
velocity gas Is difficult, If the pressure systen contains no amalgamable
metals, and {f some level of mercucy vapur can be tolerated ain the con-
pressed tritlun, a cormerclal mercury=colunn compreasor” nay provide a
ready solutlon (Fig. 2).

Clasaiflcat lon (b) Includes plain and adsorbeat-assisted eryopurps,
hot-gas thermal courprossors, and metal-hydride pu:ps.7 doevices of this
type arc simple In design and contain no nuving ports. Only static scals
are required for closing the worling volume and introducing any electri-
cal leads, and many satlufactory solutions have been developed for these.
The main limitatfoas on these designy are limited capaciry in a recason-
abtlc phyuical kilze and Rlow cycle=speed. Small volwzes can be pumped
to quite hiph pressurus with one of these devices of nodest dimenslons
1f the experlmenter can walt an hour or so betveen cyclei, These pumps
are not avallable from commerclal sources as complete syatems but can

often be assenbled from conmercial high-pressure conponents,
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Classification (c) comprises conmpressors which empluy metal bellows
or diaphragms, Several manufucturers make diaphragm compressors6,8,9
and the best models for tritium incorporate a atainless steel dliaphrag~
welded to the gas head., Since rellable welds are difflcult to make for
service above 100 MPa, we are using a hydraulically loaded seal of gold
plating on the gas diaphragm. At 1/¢ MPa no tritlum lcakage can be
detected with the usual portable air -onitor, and diaphragm life is
almost iniinite if the pas is free of particulatea, The utilization of
triple diaphrazms® (Fiz. 3) with an appropriate vent port can give effec-
tive aecondary coatainment for the nest likely mode of conpressor faflure,
At this Laboratory we have used a mul:iistage dlaphragm punp routinely
to compress tritiuz te 150 MPa. The only contlnuing maintenance has been
frequent changes of Interstage check valves, which originally had fluoro-
carbon face seala and claatomur_puppﬂts. These materials have now been
replaced with polyvimides, and some of these valves are still operating
v2ll after two veura of Intermittent critium service.

Metal-bellows conprossors!? have come on the market in the past few
years, A design lirpitatlon of the standard compressor for tritlum is
excessive use of fluorocarbon plastic in the check-valve header, We
have replazed this with an all-motal valve assembly, and r’.c manufacture:
will provide an ali-welded assembly at conslderable extra cosnt. Because
the mechanically driven belluows 1is unsupported, the output pressure 18
limited to about 0.5 MPa, The only interest in this pump for the high-
pressure experimenter, therefore, 1s as a transfer pump or fi:st stoge

of a multistage aystem.
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At this Laboratory a balanced-prissure, hydraulically driven, metal-
bellows compressor has been built (Fig. 4)., It is designed to give a
50/1 compression ratio at 200 MPa discharge. Coupled to a suitable out-
put volune, it can provide very sensitive pressurc control by use of a
hydraulic proportioning pump; driven by a conventional hydraulic plunger

pump, it is capabie of one 250—cm3 stroke per minute.

CCNCLUSION
Although scveral manufacturers make compressors and hardware that

can be modified for tritium use, no current item of off-the-shelf equip-
ment is completely satisfactory., For example, every diaphragm-pump supplier
uges sonc fluorocarbon or elastomer in the compressor even though these
could be avolded., Tritlum uszrs in the fusinn-energy prozram must fully
inforas industry on the requirements for tritium handling., Now that

tritium i3 emerging as a vital fuel for the world's future energy needs,

we can and must apply the best current technology to its safe handling

and containmont,
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Lint of Fipures

Fig. 1. Retate high- pressure valve operator,
Fis. 2. Mercury=volun compressor,
Fiz. 3. Triple=diapi:ragm construction,

Filge %« High=prea-ire bellows comnrensor,
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