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High-Pressure Tritium
Don O, Coffir

Los Alamos Scientific Laboratory, University of Califormia
Los Alamos, New Mexico

Abstract
Some solutions to problems of compressing and contalning tritium
gas to 200 MPa at 700 K are discussed. The principal enaphasis 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 favurablec., Selectlon
of materials, fittings, and gauges for high-pr¢asure tritium work is

also reviewed briefly.
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YNTROBUCTION

Fusion-eneray reacarch is rapidly incrcasing the nced for better
triciua techuelogy. Laser-induced fusion will require extending this
technology to higher pressures and termperatures. Though several preb-
lems persist in the cumpression and containment of tritium under these
condltions, a large backlog of expericace iu already available., Llos
Alamos Sclentiiic Laburatery has a great deal of expericnce handling
tritium gus at pressures as high as 175 MPa and at teaperatur+s to
7C0 K. At thesce conditions It is possible to permeate hollow laser-
fusion targets with DT gus in relatively short timeas,

The purjose of thls prescentativn is to review some of the problems
of handling tritiw, pas at high pressures and temperatures and the
approaches we huse taken toward thelr solation,  Mast of the remalning
problysns could bhe rolved by today': technology If tritiua users could

commuss i ot Ehedr weedsn clearly to th. manufacturer::,

GENFRAL CONSIDERATIONS

The probler. of ~antalneent of tritiun at high pressures arce
engertlally the same an for hydrogen, All structural menbers must be
relatively lupevracable to hydrogen and absolutely fre: from hydrogen
cabritt leuent . hese requircments are made more atringent by the
fact that tritfuw: Is radloactive, toxic, and expenslve. Austenitie
atalnlens steel geacrally provides adequate strength at both eryogenic
and aabicnt temperatures,  Where higher atrength or lovwer bulk is

required, composite ves:mela can e built with austenitic stalnless stecl
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av the liner. For high=teaperature autoclaves, stainicss stecls are
unsatiafactory bhecause of the high hydrogen perocablilitices of fron and
nickel. We have used beryllinm copper to 675 K with roze sucecus,  Other
approaches arc to use a cuapnslte vessel with a low perseability Uner
(copperr or alusinun) and a high=strensth shell, or a cold=<all veanel
with the inguluted, heated reactor imaersed in pressurlzed “45.'

Any tritlum systen bullt today must ruct extrenely low emlusion
standards, and sc¢condary containment s the only rellable means of stay-
lag below such relcasc levelsa, For a high=pressure syates this ean present
serious deslpn prodlons.  The sccondary container sust e~able recevery
v the tritius released by a fallare, and ouet withatan! dazape from
high=veloclity fragnenzs cjectad at the saae tine., It 1s desfrable to
desipn high=prexsare cimponents for a acgligible prolahiiiey of cata-
strophde fallare and rely on the contalnnent sy.tes only ta control
Leakane.

Another prohlea Introduced by the triviua Involves the chofee of
scal naterlals = cemapresslon ganketn, valve packings an seats, ete,

The average tritiva ;. particle (& keV) has sevieral ordecs of pagnitude
pwre cnerygy than any orpanic hond. Tritium §x also active chealcally and
exchanges readily 2ith nurnal hydrogen, accelerating the decomposit lon

of organle materloln, Slow deterioration of plantles and elastunern

can perhaps be tolerated In a vacurm or atrmodpheric presiure sy-tem,

but pure tritinm at 200 MPa generatex radiation at a denalty approaching

2000 Cllcns, and the usefnl Hife of all elastouers nand mast plast lvs con
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by mvaxured ln hours, [t {s often overloaked that the doco=nosition
prodacts of some orgonie materlals are alse Wighly corrosive. The fluoro-
carbous, which decompose fnto tritium fluoride, ure a particuwiurly vicious
example, We once traced an cpldenle of retal=bellows fullures in a low=
PresSsUTe B¥GEt Lo thls cause,

The solution 15 2o wke metal pasketn whercver posalble and to design
any nucessary plasti- scals so that a minirus surface 18 exposed to the
tritlua, Where the rosilicney or low friztlon uf a plasiic is atill
requirely, as fu hizh=-preassare valve packing: or seit=scaz check valves,
we ave fuund the polvimldes? to he the rost ralluzlon rosistant, and

they aide have satisfactory physical properi i« for higi=-prersurc scvals,
. y I I [ ] h

VALVES AND FISTINCGS

Me it vonzerclal hipgh=proedsare Clitingys ave foerlasi. clly suitable
for use with tritics, but asers are sevclsed Lo set up thelr own cereifi-
catlon and acveptance standards to cuppleneat the qualiuvy=control proce-
dures of the sanufacturer. Thin {2 vnly prudent wiwen ali the costn of
an avcldental release of tritiun are considered. The fluavocarbon ater
paczing: In cenerclal high=pressare valves can he sucevssTully replaced
with priyialde plastice Thisw not only ifeproves tae radiazion resistance
but reduces packlng citrusion and vold fliw, At thid Laboratory we une
a retary pacusatle actuator? (s oa remote valve operator (Vlg. 1) We
prefer this device to the diaphvagn=type vperator avallabile from most
manufacturers because the rotary desipn limlts both sten travel and

clusing torqiv,  Valve scats and packinms thus seldoa require replacement,
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and infrequent maintenance is the most important factor in reducing

personncl exposurcs,.

GAUGES

Gauging is a particularly demanding problem because tritium is a
controlled radicuctive material, and its accountability at high preseure
is best done by accurate pressurc-volume-temperature measurements. Gauges
that operate by deflaction of an elastlc member nécessarily incorporate
snaller safety factors than desired for conservative design. Neverthe-
less, Bourdon-tube gauges have scrved the pressure industry for more than
a century, and are a good cholce for tritium if the Bourdon materlal is
hydro en-compatible. Many manufacturers furnish bBourdon gauges in
austenitic stainless stecls or herylllum copper in a wide range of
preasurcs., The addiclon of force-balancing and digltal--readout tech-
niques has greautly enhanced the preclalon of thuse inherently aimple
devices, Strain-gauge tranaducern are preferred by many cxperlinenters
nw. Solld-state digital electronics and improvec quallty control have
resulted in precislons rlvaling those of the force-balan Bourdon=tuhe
systens. All-welded trunsducaers of tritium-compatlble raterials arc

also avallahle from several manufacturers,

CUMPRESSORS
The principal constralnts on tritlum pumps, enumerated by Folkers
and Gede,“ arce tlat they incorporate no moving shaft gcals, clastomer.,

or organile flulds. Compres:srs which can readily meet these requirements
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generally fall into on: of three classes: (a) mercury-column compressors;
(b) thermal-cycic and change-of-phase pumps; and (c) flexible metal-mem-
orane CuMpressors.

Yercury 1s coapatibic with hydrogen and was used in many early trit-
ium comprcssor designs® because of the ease with which shaft seals could
be protected by liquid metal. Although mercury is not attacked by
tritium, it is incoopatible with other common pressure-s;stem materials,
and ¢ffective trapping of vapor and dronlets carrled by a dense, high-
velocity gas Is difficule. If the pressure syster contains no amalgamable
metals, and if some level of mercucy vapur zan be tolerazed an the con-
pressed tritfun, a cormerclal mercury-colunn compreasor” nay provide a
ready solutlon (Fiy., 2).

Clasaif lcat lon (b) Includes plaln and adsorbent-ascsisted cryopurps,
hot-gas thermal courpressors, and metal=hydride pu:ps.7 devices of this
type arc simple In design and contaln no nmuving perts. Only static scals
are required for closing the worling volume and introducing any elcctri-
cal leads, and moany satlufactery solutions have been doveloped for these.
The main limltatfions on these designyg are limited capaciry in a rcason-
abt:-lc phyuical kize and Rlow cycle=speed. Small voluzes can be pumped
to quite hipgh pressurus with one of these devices of nolest dimensions
1f the experimenter can walt an hour or so betveen cyclei, These pumps
ar¢ not avallable from commerclal sources as complete systems but can

often be assenbled fiom conmerelal hlgh-pressurc cemponents,
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Classification (c) comprises compressors which empluoy metal bellows
o- dlaphragms., Several manufacturers make dlaphragm compruessors®,8,9
and the best models for tritium incorporate a atainless steel dlaphrag~
welded to the gas head. Since reliable welds are difficult to make for
service above 100 MPa, we are using a hydraulically loaded useal of gold
plating on the gas dlaphragm., At 1/¢ MPa no tritium lcakage can be
detected with the usual portable air -onitor, and diaphragm life is
almost iniinite if the pas is frec of particulatea. The utilization of
triple diaphrazoss® (Faz. 3) with an appropriate vent port can give effec-
tive secondary containaent for the mest llkely mode of conpressor faflure.
At this Laboratory we have used a muliistage diaphragm punp routinely
to conpress tritluz to 1450 MPa., The only contlnuing malutenance has been
frequent changes of Interutage check valves, whiech origlnally had fluoro-
carbon face seala and elastomer popputs.  These materials have now been
replacved wich polyimides, and some of these valves are still operating
v2ll after twr veura of Intermittent tritlum wervice,

Metal-bellows coapressors!? have come on the market In the past few
years, A design limitatlon of the standard compressor for tritium is
excessive use of fluorncarbon plastic in the check-valve header. We
heve replazed this with an all-motal valve assembly, and r’.c manufacture:
will provide an ali-welded assembly at conslderable extra cont, Because
the mechanlcally driven belluows is unsupported, the output pressurc is
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 multiatage aysdtcm.
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At this Laboratory a balanced-pressure, 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 b modified for tritium use, no current item of off-the-shelf equip-
ment s completely satisfactory. For example, every diaphragm—pump supplier
ugses aonc fluorocarbon or clastomer in the compresser even though these
could be avnided. Tritlum uszrs {n the fusinn-energy prozram must fully
infors industry on the requirements for tritium handling., Now that

tritium i3 cmerging 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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