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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.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


AN TONTZATION CHAMBER O CASTREMENTS o7 80 8 e oy b e

Pean He M taende sl ol .t

tmloen ily ot Cali -
Los Aamos: Sedontitle Libagatonrs
Lon Alamon, New Mesice 8/729%%0

ARSTRAC

The conntimetion awd calbibeatyon of o e
ionizal ton=chamber  apparates bor measnn paent
high level toitiom po s denaribed. e g
paratus  waet an eanily comitpucted bl oy |
chamber for containing the nokoown pan and o
fnexpensive  digaotal mmltiveter {0 mecmang
the fon currvent . The eguipment attoe calaba o o
is soitable Tor e ming .00 Lo 1000 Tl oy
in hvihbopen-helbom wises walh o aooraey ot g e,
pravent, AU both the high aed Fone Lot ol
measwiemenl s deveatiops toom e predaote b the s
tetical enrvent e obrepved, Thesar i hpaeet |l
dinemtadd,



INTRODUCTION

In our tritium facility at los Alamos Sci-
entific Laboratory we often neced Lo assay low
concentrations of tritium (1% and below) in helium
gas mixes. In the past these analyses have been
made using mass-spectrometric Lechniques bhut such
measurements are Lime consuming and, because ol
the low concertrations, often inaccurate. We felt
a measuring rystem based on an jonization chamber
would be sinpler to use and more accurale. Al-
though such chambers are routinely used for low
level wearurements in the gas phase (ppm and
below), 1’2 Lheir use at higher concentrations have
been limited.  Anthony? has described such a cham-
ber but its design is somewhal more complicated
than the one described here.

This ionization chamber technique has  the
advantape of providing rapid results and does not
sufler Lthe same interpretation problems as  low
resofut ion mass  spectrometric  techniques, A
(e advant. e is that guch o ehapber conldd
be used to continsonsly monitor the total oritiom
coatent of o flowing stream. A major disadvantage
is that 1t doer not ditterentiate betveen dif-
fevent treitiom species,

EXPERIHERTAL DETATLS

Because ol the Jarge donialion cerrent s
tonnd  Tor high level  poases, the equipment i
simple and inexpensive. The materials nied in the
copstrnction of the jonization hanber woee chosoen

]
“Wo rk completed wmder the aunpicen ol the LY,
Depavtment ol Enecrpy,




more for ruggediess and impermeability to tritium!

zather than for low background current asg is usual
in conventional chamber desigu. The chamber (Fig.
1) is constructed from a drilled brass rod and has
an effective volume of 17 cc. A stainless steel
rod is used as the collector aud it is supported
and insulated from the chamber with a glass and
Kovar insulator. The assembly is soft soldered.
The chamber is biased with a 45 V battery and the
ionlzation current is measured with 3-1/2 digit,
digital mullimceter having current. ranges dova to
19.99 nA and a stated accuracy of 1 0.5%. 1In our
arrangement  the collector is above ground po-
tential whercas  the chamber is grounded, sim-
plifying the apparatus. This is contrary to usunal
design and is possible because both inputs of the
multimeter used can float ahove ground,

During calibrations  backgroumd  currents
varled betveen 5 and 100 nA and appeared Lo arise
primarily frem rRtrain curreats and leakage rather
than from tritim contamination. The noise level
gencrvally was o the b nA vapge, thug curvents
could be mearured down to about. 10 nA, copr-
responding teo about 0.01% tritium, wilh ol
accuracy,

Colibration gates weve made up fTrom miXes
comtaining predominantly  Critiom  and  deaterinm




Fap. 1. The vonnthinction of the joniztion claad oy
aind the espevimental setup,



with traces of protium and helium (as measursd!
with a mass spectrometer). A sceries ol more
dilute gas mixes was prepared from cach starting
mix by several successive dilutions with ‘e,
Pressures were measured with a calibrated Wallace
and Tiernan gauge accurate to * 1% and each mix-
ture after preparation was circulated through a
loop in the system for scveral minutes with a
trausfer pump to assure a homogencous mix. The
prepared  pases  coverced the vegion of  0,01-88%
tritium. The fonization curvents for cach gas mix
at pressures between H0 and 600 torr were then
measured Lo obtain calibraticn Jata,

The variation of current with voltage at
constant pressure was measured for several gas
pixes at 600 torr. For mixtures containing less
ty u 1% tritium, constant jonivalion currents were
ob. .ined for voltages above 45 V. The Ilat cnrves,
obteruned indicated saturation currents werve a-
chivvod, For higher concentrations  (above 5%
tritic ) plateaus were not reached even at 90 v,
the hrgonst voltage used to bian the chamber.  For
conslsiowcy,  the calibration caperiments  were
perform-a with a bias voltage of &% V, leading Lo
o lowerc v djonization  current  at o high  con-
cenbratiou: . '




DISCUSSTON

For an infinitely large chamber with no wall
effrcts and in the absence of recombiunation, the
saturation current due to ionizalions arising from
tritium decay is given by T = (33.29/W)pA/Ci
where W is the cnergy in eV ?equired 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 helFum
isotopes. For t'e gas mixes uscd here we can thenf
write 1. = 0.909 { + 0.79% (1-L) where [ is the
partial " fraction of hydrogen isotopes in the
calibration gas. 1_ represents the ideal curieat
and is a good approximation for lavge chambers and
small concentrations of tritium.  Two effects,
collisions ol the beta particles with the wall
before they can deposit their entire encrgy to the
gas and recombination of carrier ions, bhoth work
to decrease the efficiency of the chamber giving
lewer currents,

Resulls Jor two calibration runs ave given in
Fig. 2. The solid line in the Ligure represents
the ddeal current based on the above equations,
The dropolf at high concentrations as discussed
above, is due Lo recombination of carrvier ions and
vesultant Tack of saluration,  Two altempt:s using
published techniques®® o ealceulate the losses
due Lo recombination were  tried. Both cal-
culations overestimited the effect, bt they did
point ont the importance of this effect at high
contentrations of trilium,

Soudain® has estimated the offects ol wall
collisions using peomelrvical consmidervat ions hased
on Lhe known average pathleagth of the heta pmti-
cle. Similbm caicutations fTor om chamber  ine
dicated o lawes of ahont WL i el licieney Loy
pressures of 600 torr, Mueller™ hax done a more
detailed calenlation based on Linear absorplion




Fig. 2. Experiméntal currents for two runs com=
pared to the theoretical saturation cur-
rent Is (solid line),.

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

As can be secen from the Ligure, the experi-
mental currents go above theovctical by a factor
approaching ten at low tritium concentrations,
This is thought to be an artifice of the experi-{
mental setup arising from Lritiom gas desorbing
from the walls ot the tanks used to prepare the
mixes and from the oil in the transfer punp usced
to stir the gases. This desorption would increase
the concentration and ionizaton current and would
become of greater inpoirtance at low conceat rat ions
as is apparent. in the results. A similar de-
gorption has bheen scen in other systems used Lo
process  high  level  tritium as .t The  con-
tamination is delinitely not in the chamber as
measurcments  of  pure helium following o cali-
brat ion run showed no increase in backgronnd.,  The
apparert  "meaory"  eftecet could be o checked by
running a calibration gas ol known composition in
the range 0.0001-0.01%, an experiment which would
be dilficnlt wilh onr uwystem.  The sceond rup
shown in the fiecme wao moebe npdey condiUiong,
which tended to decieane the desorplion con-
taminatl ion, This  gave  better aprveement wath
theovetical, supporting this hypothesis,
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