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About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.
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INTRODUCT1ON

In our tritium facility at los Alamos Sci-
entific Laboratory we often nced to assay low
coucentrations of tritium (1% and below) in helium
gas mixes. In the past these analyses have been
made using mass-spectrometric techniqnes hut such
measurements are time consaming and, bhecansce ol
the low concertrations, often inaccurnte. We felt
a measuring rystem based on an ionization chamber
wontld be sinpler to use and more acenrate.  Al-
thongh such chambers are routinely used for low
level wearurements in the gas  phase (ppm and
below),1'2 their use at higher concentrations have
been limitod.  Anthony® has described such a cham-
ber but its design is somewhal more complivated
than the one described here,

This jonization chamber technigue has  the
advanlape of providing rapid results and does not
sufler the wime interpretation problems as  low
resatnt lon mass spectrometric  techniques, A
t her advanto e in that snch o chawber conll
he wd to cantinnonsly monitor the total oritiom
coatent of o Tlowing stream. A major disadvantape
in that It Sdoer not dillerentiate betveen alil-
fevent Lriltimm species,

EXPERIHERTAL. DETALLL

Becanne ol the Torpe ianicatism cerents
tamsl  Tar hipgh level  panes,  the epipment s
eimple and (nexpensive,  The mateviale need (o e
voapiliued fon of che fonaizal fng hanber weee vhingen

“WHI"' ciapieted auder the anepicer of  (hee LN,
Dejeartment ol Enerpy,




more for ruggediess and impermeability to tritium

zather than for low backgronnd current as is usual
in conventiounal chamber design. The chamber (Fig.
1) is constructed from a drilled brass red and has
an effective volme of 17 cc. A stainless steel
rod is used as the collector aud it is supported
and insulated from the chamber with a glassg and
Kovar insulator. The assembly is soft sobilered,
The chamber is biascd with a 45 V battery and the
ionization current is measnred with 3-1/2 digit,
digital multimcter having current. ranges dowvn to
19.99 nA and a stated accuracy of & 0.5%. lu onur
arrangement  the collector is above groumnd po-
tential whercas  the chamber s gromnded, sim-
plifying the apparatus. Thils is contrary to usnal
design and is possible becanse Loth inputs of the
multimeter usced can floal ahove gromnd,

During calibrations  backgrommd  curvents
varled betveen 5 and 100 pA and appeared to arise
primarily frem Rtramn curvenls and leakage rather
than from tritlma contimination. The noise level
generally was In the b nA rapge, thug carrvents
conld be measmred down to abont 10 nA, cor-
responding  to  about 0,017 tritinm, with rowml
accuracy,

Colibration gater were mule up from mixes
containlng  predominaatly  tvilimm  aml  deuterinm




Fip. 1. The eomgptiuction of tee jonizt ion clunals v
ainl the expevimental setop,



with traces of protium aml helinm (as measursd
with a mass spectrometer). A sceries ol mmre
dilute gas mixes was prepared from each starting
mix by several successive dilutions with Mle,
Pressures were measured with a calibeated Wallace
and Tiernan gauge accurate to 2 1% and cach wmix-
ture afcer preparation was cirenlated through a
loop in the system for scveral minutes with a
trimsfer pump to ansnre a homogencons mix. The
prepared  gases  coveced  thee vepion of  0.01-88%
tritium. The fonization envvent: for cach gax mix
at pressures between 50 ael 600 torr were Uhen
measnred to obtain calibraticn sata,

The variation of current with voltage at
constant  pressure was measweet for several gpas
nixes at 600 torr. For mixtures containing less
toon 1% tritim, constant ionivaiion cnrrents were

ob: .incd for voltages above 45 V. 'The I'tat enrves

ot ned indicated saturation enrrents  were a-
chicved.,  For hlgher concentrat ions  (above 5%
tritie ) plateans were not reached even at 90 v,
the hig st voltage nseil to bian the chamber.  For
conslsie ey,  the calibration csperiments  were
performea with a biax voltage of &4 V, lealling to
o Jowerc ! domization  cuvvemt  at o high  eon-
centratioe.. )




DISCUSSYON

For an infinitely large chamber with no wall
effrcts and in the absence of recombination, the
saturation current due to ionizations arising from
tritium decay is given by T = (33.29/W)pA/Ci
where W is the encrgy in eV rsuqm' red to produce
onc ion pair in the gas within the chamber,1'?2
Experimentally determined® values of W yield 1 =
0.909 for hydrogen isotopes and 0.795 for hel Fum
isotopes. For t'e gas mixes used here we can thea
write 1. = 0.909 { + 0.79% (1-L) wheve [ is the
partial © Mraction of hydrogen isotopes in  the
calibration gas. 1_ represents the ideal curieit
and is a good approximation for large clumbers and
small concentrations of tritinm.  Two effects,
collisions of the beta particles with the wall
hefore they cam deposit their eatire energy to the
gins and recombination of carrier jons, hoth work
to deercase the efficiency of the chamber giving
lower carrents,

Results for two calibrabion rums are given in
Fig. 2. The solid line in the fignre represents
the ddeal cnrrent based on the above cequations,
The dropolf at high concentrations as discustied
above, is dine to recombination af carvvier ions and
resultant lTask of saturation,  Twe altempls wging
published  teclmignes™ % to ententate the lonnes
due to recombination  were  triedl, Both c¢al-
culations overestivated the elitect, lmt they Jlidl
point ont the importance of this cffeet at high
concentrations of trit i,

Sondain® has estimated the ellects ol wall
callizions wuing peosetvical conszidevations: based
an the kunown aveerage pathlieagth of the heta pavt -
cle. Similar catenlatisms tar o chamler ine
divated a0 loaes of  abont %L da el ovney e
precsnnes ol 600 Lare, Mueller ¥ has done a mee
detaited calenlation awed on lineay ahmorpt ion




Fig. 2. Expe.-riménLal currents for two runs com-
pared to the theoretical saturation cnr-
rent Is (solid line),

coefficients and which allowed forr partial reflec-
tions of the beta particles From the walls., This
indicated the loss =should be somewhal higher,
approaching perhaps 50%. Both results indicated
the cffects shonld be approximately constant for
varying amounts of tritium; thuns, wall collisions
should result in a general lowering of the curve
by a counstant amount.

As can be secen frowm the Lignre, the experi-
mental currents go above theorctical by o factor
approaching ten at low tritium concentrvations.
This is thought to be an artifice of the experi-|
mental setup avising frem tritiom gas desorbing
from the walls of the tanks nsed to prepare the
mixes and from the oil in the transfer puap used
to stir the gases. This desorption would increane
the conceateation and ionizaton covrent and wonld
become of greater inpatance at lTow conceat vat fons
as is apparent. in the resalts, A similar de-
sorption has been seen in other systems nsed to
process  high  level  teitiom  gas.®  The  con-
tamination is definitely not in the chamber as
measurements  of  pure helivm Tollowing o cali-
bration rim showed noe increane in backgrwoel,  The
apparert  "memory”  effect conld be checked  hy
rumning o calibration gox of known compasition in
the ranpge 0.0001-0.001%, av experiwment which wontd
be difficult willh onr wystem.  The sccent ran
shown in the Firwee wa mevie meley comtaod fone
which tewled to decreane the despeption con-
taminat jom, This  gave hotter  agrecement  sith
thearvetical, sopparting this hypotteesis,
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