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AESTRACT 

Some solutions io pr3blen:s 0.f comprwsity: and 
conicinixg tritium .gu :o ,7013 XPa cf 700 K are 
discussed. The p?-incipal e7?iphasis i s  on com- 
7?1 e ?-ri ai co nip res s a r s mid k tgh -press w e  equip - 
nierz! :hat con be ??:~~?i~?'?sci c c s i ~ y  by the researcher 
ioi-  safe ILSP with ivitiun?. Experience with metal 
i:.z!ioi!:s and riiapiwa-pn ccmpessors  has been 
.fc !:o 7'c b I E . a rd 
gariges tov high-pressure tritiwn work also is 
reviewed briefly. 

Se 1 e c f ion t?f ?ti G f e rz' a1 s , fittings 

Fusion-energy resezrch  :s rapidly increasing 
the need for better tr i t ium technology. Laser-  
induced fusion will require extending this tech- 
nology to higher pressures and temperatures .  
Though several  problems pers is t  in the compres- 
sion and containment of tr i t ium under these condi- 
t ions,  a la rge  backlog of experience already 
is available. Los Alamns Scientific Laborarory 
(LASL) has a great  deal of experience handling 
tri t ium gas at p ressures  as high 2s 175 hlPa 
(25,000 psi)" and at temperatures  to 700 K. At 
these  conditions, it i s  possible to permeate hollow 
laser-fusion targets  with deuterium-tritium IDT) 
gas in relatively short t imes.  

The purpose of this presentation i s  to review 
some of the problems of handling tri t ium gas at  
high pressures  and temperatures  and the ap- 
proaches we have taken toward their  solution. 

.One megahscal ( M P a )  is equa l  to 145.0 lb/m.'. 

Most of the remaining problems couid be solved 
by today's technology if t r i t x m  users  could clear-  
ly communicate their  needs to the manufacturers. 

GENERAL CONSID€HATIONS 

The problems of containment of tr i t ium at high 
pressures  are essentially t h e  same as for hyciro- 
gen. All s t ructural  memhers  ::,L:.st be relatively 
ixpermeable  to hydroger, and absoiutely free from 
hydrogen embrittlement. These requirements arc? 
made more stringent by the fact that tr i t ium 
is radioactive, toxic, and expensive. Austenitic 
stainless s teel  g e n e r a 11 y provides adequate 
strength at both cryogenic and ambient tem- 
peratures.  Where h i g h e r  strength or  lower 
bulk i s  required,  composite vessels can be built 
with austenitic stainless s teel  as the l iner.  Fo r  
high-temperature a u t  o c I a v e s .  stainless  s teels  
a r e  unsatisfactory because of the high hydrogen 
permeabilities of iron and nickel. We have used 
berylLium copper to  675 K with some success .  
Other approaches are to u s e  a composite vessel  
with a low permeability l iner (copper o r  alumi- 
num) and a high-strength shel l ,  o r  a zdd-wall  
vessel  with the insulated, heated reactor  im- 
mersed in pressurized gas.' 

Any tri t ium system built today must meet 
extremely 1 o w  emission s tandards;  secondary 
containment is the only reliable means of staying 
below such release levels. For a, high-pressure 
system, this can present ser ious design problems. 
The secondary container must enable recovery 
of the tr i t ium released by a failure,  and must 
withstand damage fro= high-velocity fragments 
ejected at the same time. It is desirable to design 
high-pressure components for a negligible proba- 
bility of catastrophic fxilure and to rely on the 
containment system to c o , ~ r o l  only leakage. 

Another problem introduced by tri t ium involves 
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HIGH-PRESSURE TRlTlUM EQUIPMENT 

thg choice of seal  materials-compression gas- 
kets,  valve packings and sea ts ,  etc. The average 
tri t ium beta particle (6 keV) has several  o rders  of 
magnitude more energy than any organic bond. 
Trit ium also is active chemically and exchanges 
readily with normal hydrogen, accelerating the 
decomposition of organic materials.  Slow de- 
terioration of plastics and elastomers  can be 
tolerated perhaps in a vacuum or atmospheric 
pressure  system, but pure tr i t ium at 200 MPa 
generates radiation at a density approaching 2000 
Ci!cm’; the useful life of all elastomers and most 
plastics can be measured i n  hours. It i s  often 
overlooked that the decomposition products of 
some organic mater ia ls  are also highly corrosive.  
The fluorocarbons, which decompose into tr i t ium 
fluoride, are a particularlv vicious example. We 
once traced an epidemic of metal-bellows failures 
in a low-pressure system to this cause. 

The solution is to use metal gaskets wherever 
possible and to design any necessary plastic seals 
so that a minimum surface is exposed to the  
tr i t ium. Where the resiliency or low friction of a 
plastic i s  s t i l l  required,  as in high-pressure valve 
packings or  soft-seat check valves, we have found 
the  poIvimides2 to be  the most radiation resistant.  
They also have satisfactory physical properties 
for high-pressure seals .  

VALVES AND FlTTlNGS 

Most commercial  high-pressure fittings are 
intrinsically suitable for use with tr i t ium, but 
users are advised to set up their  own certification 
and acceptance standards to supplement the qual- 
ity-control procedures of the manufacturer. This 
is only prudent when all the costs  of an accidental 
re lease of tr i t ium are considered. The fluoro- 
carbon s tem packings in commercial  high-pres- 
s u r e  vzlves can be  successfully replaced with 
polyimide plastic. This not only improves the 
radiation resis tance,  but also reduces packing 
extrusion and cold flow. At LASL, we use a 
rotary pneumatic actuator’ as a remote valve 
operator (Fig. 1). We prefer this device to the 
diaphragm-type operator available f r o  m most 
manufacturers because the rotary design l imits 
both s tem travel  and closing torque. Thus, valve 
sea t s  and packings seldom require  replacement, 
2nd infrequent maintenance is the most importarrt 
factor in reducing personnel exposures. 

GAUGES 

Gauging i s  a particularly demanding problem 
because tritium is a controlled radioactive mate- 
rial, and i t s  accountability at high pressure  is 
best done by accurate pressure-volume-ternpera- 

, 

Fig. 1. Remote high-pressure valve operator. 

tu re  measurements.  Gauges that o p e r a t  e by 
defIection of an elastic member necessarily in- 
corporate smal le r  safety factors than desired for 
conservative design. Nevertheless, Bourdon-tube 
gauges have served the pressure  industry for 
more than a century, and are a good choice for 
tri t ium if the Bourdon material  is hydrogen-mm- 
Fatible. Many manzfacturers furnish Bourdon 
gzuges in austenitic s ta iniess  steeis or bery1liu.m 
copper in a-wide range of pressures .  The addition 
of force-balancing and digital-readout techniques 
has greatly enhanced the precision of these in- 
herently simple devices. Strain-gauge transduc - 
ers are preferred by many experimenters now. 
Solid-state digital electronics and improved qual- 
ity control have resulted in precisions rivaling 
those of the force-balance Bourdon-tube systems. 
All  - welded t ransducers  of t ritium-compatible ma- 
ter ia ls  are also available from several  manufac- 
tu rers .  

COMPR ESSO US 

The principal constraints on tri t ium pumps, 
enumerated by Folkers and Gede,4 are that they 
incorporate no moving shaft seals, elastomers,  o r  
organic fluids. Compressors  that readily can 
meet these requirements generally fall into one of 
three classes: (a) mercury-column compressors, 
(b) thermal-cycle and change-of-phase pumps, and 
(e) flexible metal-membrane compressors.  
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Fig. 2. Mercur:;-cel::mn compressor. 

Mercury is compatible with hydrogen and was 
used in m m y  ear ly  tr i t ium compressor  designs' 
because of the ease  vi:h which shaft seals could 
be protected by liqrrid metal. Although mercury is 
riot attacked by  t r i t ium, it i s  incompatible with 
other common pressure-system mater ia ls ,  and 
effective trapping of vapor and droplets car r ied  by 
a dense, high-velocity gas i s  difficult. If tine 
pressure  system contains no analgamable metals ,  
and i f  some level of mercury  vapor can be  tol- 
erated in  the compressed t r i t ium, a comrner- 
cia1 mercury-column compressor '  may provide a 
ready solution (Fig. 2). 

CIassification (b) includes plain and adsorbent- 
assisted cryopumps, hot-gas thermal  compses- 
sors, and metal-hydride pumps.' Devices of this 
type are s imple in design and contain no moving 
parts. Only static seals are required for  closing 
the working volume and introducing any electr ical  
leads; many satisfactory solutions have been de- 
veloped for these.  The main limitations on these 
designs are: limited capacity in a reasonable 
physical size and slow cycle speed. Small vol- 
umes can be pumped to quite high pressures WM 
one of these devices of modest dimensions if  the 
experimenter can wait an hour or so between 
cycles. These pumps are not available from com- 

mercial  sources  as complere sys tems,  but often 
can be assembled from cornmerciai high-pressure 
caqxments.  

Classification ( e )  comprises compressors  thzt 
emp!oy metal bellows o r  diaphraGms. Several 
manufacturers make diaphragm compressors  . 6 7 * , 9  

The best models for  tr i t ium ir?!Corprate a stain- 
less-s teel  diaphragm welaea to tSe gas  head. 
Since reliable welds are difficult to make for 
serv ice  above 100 MPa,  we are using a hydrau- 
lically loaded seal of gold plating on the gas 
diaphragm. At 140 MPa, no t r i t ium leakage can be 
detected with the usual portable air monitor, and 
diaphragm life is almost infinite if the gas  is free 
of particulates. The utilization af tr iple dia- 
phragmse (Fig. 3) with an appropriate vent port 
can give effective secondary containment for the 
most Likely mode of compressor  failure.  At 
LASL, we have used a multistage diaphragm pump 
routinely to compress  tr i t ium to 140 MPa. The 
only continuing maintenance has  been frequent 
changes of interstage check valves, which origi- 
nally had fluorocarbon face sea l s  and elastomer 
poprets. These mater ia ls  have now been repiaced 
with p ly imides .  Some of these valves are still 
operating well af ter  two years  of intermittent 
tr i t ium service. 

Metal-bellows compressorsiC have come on the 
market in the past few years .  A design limitation 
of the standard compressor  for tr i t ium is exces- 
sive use of fluorocarbon plastic in the check-valve 
header.  We have replaced this with an all-metal  
valve assembly. The  manufacturer will provide 
an zll-welded assembly at considerable extra  
cost. Because the mechanically driven bellows is 
unsupported, the output p re s su re  is limited to 
-0.5 MPa. The only interest  in this pump for the 
high-pressure experimenter,  therefore,  is as a 
t ransfer  pump o r  as the first stage of a multistage 
system. 
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Fig. 3. Triple-diaphrigm construction. 



H IC H-PR ESSUR E TRITIUM EQUIPMENT 

--- Austenitic 

Fig. 4. High-pressure bellows compressor. 

At LAEL, a balanced-pressure hydraulically 
driven metal-belIows compressor  has been built 

It is designed to give a 50/1 compres- 
sion rat io  at 200-MPa discharge.  Coupled to a 
suitable output volume, it can provide very sensi- 
tive pressure  control by using a hydraulic propor- 
tioning pump. Driven b y  a conventional hydraulic 
plunger pump, it  is capable of one 250-cm3 
stroke/min. 

. (Fig. 4).  

CONCL USiON 

Although severa l  manufacturers make com- 
pressors aid hardware that  can be modified for 

t r i t ium use, no current  i tem of off-the-shelf 
equipment is completely satisfactory.  For exam- 
ple, every diaphragm-pump suppl ier  uses  some 
fiuorocaibon or elastomer in the compressor  even 
though these could be avoided. Tritium users in 
the fusion-energy program must  fully inform 
industry on the requirements for tritium handling. 
Now that tritium is 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 containment. 
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