
ft 

tfft 
UCRL-
PREPRINT 

g^A(»6 
O 

(i( L\ -'^(^ * "' -A. | 

1,4 DIPHEHYLBUTADIYNE AS A 
POTENTIAL TRITIUM GETTER 

H. H. Miller 
E. R. Bissell 
R. T. Tsugawa 
P. C. Sewers 

This paper was prepared for presentation 
at the 16th DOE Nuclear A i r Cleaning 
Conference, San Diego, CA, October 20-
23, 1980 

October 1 , 1980 

_ \ 

•?> 
A . $~,... TJfe&Jtta K i " . •* 

«^ •-

This is a preprint of a paper intended for publication to a journal or proceedings. Sim 
changes may be made before publication, this preprint Is made available with the un
derstanding thai il wilt not be cited or reproduced without the permission of (he author. 

ffflBWWIsaUHB 
W 



16th DOE NUCLEAR AIR CLEANING CONFERENCE 
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H. H. Miller, E. R. Bissell, R.T. Tsugawa, and P.C. Souers 
Lawrence Livermore National Laboratory 

Liverraore, California 

Abstract 
Research on the acetylene compound 1,4-diphenylbutadiyne is an 

effort to develop an air-operative tritium gas scavenger. T2 adds 
to the acetylene bond of the organic in the presence of a metal cata
lyst. The catalyst also stimulates the oxidation reaction as well. 
The butadiyne compound has shown good reaction efficiency at 300ppm 
T2 in static dry air. At this concentration 754 of the scavenged 
tritium was in the organic. Our work has expanded to the investiga
tion of liquid acetylenes, metal acetylene complexes, organontetallics 
and acetylene based alcohols. The best of these compounds has get-
tered 100* of 10-500ppm T2 for both static and dynamic air flow 
conditions. Gas mixtures as low as lppm will be evaluated in future 
work. 

Introduction 
Tritium gas is less hazardous than tritiated water. ThP new 

factor of 25,000 separating the permissible air concentrations for HT 
and HTO for occupational workers has created interest in engineering 
alternatives for both in-plant tritium control as well as waste 
management schemes.1 

The current technology used in tritium control deliberately 
converts HT to HTO. Most tritium air cleaning systems consist of a 
catalyst bed followed by a water trapping device containing a bed of 
molecular sieve adsorbant. Several publications exist describing the 
performance of catalytic reactor-adsorber bed decontamination systems 
of various sizes.2-6 Reported differences in moisture collection 
efficiencies and break through times need to be reconciled for sys
tems whose design parameters make easy extrapolations to large scale 
systems possible. With a factor of 10^ separating the relative 
radiotoxicity of HT to HTO, adding an additional factor of 10 2 for 
protective clothing,' a system which operates at an oxide removal . 
efficiency less than 105 to 10 6 can actually increase the tritium 
hazard within the recirculating clean-up volume. There is no sub
stance used presently that will react with tritium in the presence of 
air. We have concentrated on the hydrogenation of acetylene. 

Work performed under the auspices of the U.S. Department of Energy 
by the Lawrence Livermore Laboratory under contract number 
W-7405-ENG-48. 
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The first organic getter was studied at Sandia, Albuquerque. 8 - 1 0 

The getter was intended for hydrogen in atmospheres not containing 
oxygen. The researchers selected DPPE (dimerized phenylpropargyl 
ether), C j g H i ^ 2,4-hexadiyne; 1,6-diol, 1,6-diphenyl- which 
possesses two carbon-carbon triple bonds. The Hj reacted effi
ciently at room temperature in the presence of palladium catalyst on 
calcium carbonate. There was some evidence of reaction in air, how
ever no catalyst blank was run for comparison.8 The compound 
reacted incompletely with pure tritium then outgassed due to possible 
radiation damage.10 

We initially selected 1,4-diphenylbutadiyne,11 CigH 1 0, m-P* 
87°c, which is a hydrocarbon of the structure CsHs-CSC-CiCgHs. As is 
the case with the Sandia compound, the phenyl groups are present to 
add radiation stability. We have replaced the ether linkages on the 
Sandia compound with carbon-carbon bonds to further improve stabil
ity, Mike Smith, of Bendix, determined that DPPE's ether linkages 
are subject to breakage during conventional hydrogenation and 
selected the hydrocarbon as an improved hydrogen getter. 1 2 

In addition to the butadiyne compound, we have collecued data on 
the acetylene based alcohol 4-phenyl-3-butyn-l-ol C^o H10 0' m ,P» 
< 20°C of the structure CgHs-CiC-Cl^Ch^OH. This alcohol has 
shown improved performance over the butadiyne compound at low concen
trations of Tj (lOppm). 

Experimental Results 
1,4-diphenylbutadiyne and 4-phenyl-3-butyn-l-ol have been evalu

ated at room temperature and 1 atmosphere pressure. Tritium concen
trations ranging from 10-500ppm T2 in dry air have been used in 
static and dynamic airflow tests. Substrates used to support the 
catalyst and organic include calcium carbonate, carbon, Chromosorb W, 
Fluorapak 80 (a nylon), Porasil B and GC22 firebrick (chromatographic 
column supports). 

Samples of 20% l,4-diphenylbutadiyne/l% palladium or platinum 
catalyst have removed 100% of 300~500ppm Tj in static dry air. The 
efficiencies of the organic reaction vary from 0.6% to 74.8%; see 
Table 1. 

The variation in the organic reaction efficiency (ORE) has 
been correlated to effects produced by not only the catalyst and the 
substrate but also by the solvent used to reduce the catalyst and the 
addition of vetting agents used to aid the dispersion of the metal 
catalyst on the substrate. The mechanisms by which these parameters 
affect the organic reaction are not fully understood. 

The reaction of tritium with 60% 1,4-diphenylbutadiyne (DPBD)/5% 
palladium catalyst on calcium carbonate, showed the reaction to be 
dominated by the formation of HTO with only 11% of the input tritium 
reacting with the organic. Examination of this material by electron 
microscopy (SEM) and x-ray photoelectron microscopy (ESCA) revealed 
that the organic was unevenly distributed over the palladium/calcium 
carbonate (Fig. 1). 
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Fig. 1. 95% DPBD/Pd-CaCO. X 3,500. 

This resulted in areas of catalyst and substrate left uncovered. We 
know that palladium atoms quickly acquire oxygen atoms at their sur
face. An overlying layer of the organic attempts to keep the 0 2 

away from the catalyst surface once the metal has been reduced. The 
lighter mass T2 will permeate the organic up to an order of magni
tude faster than 02; the principle in membrane separation.^ 

Tests using firebrick as a substrate for 20% DPBD/1S palladium 
showed an improved organic reaction efficiency of 300%; 36* of the 
input T 2 reacted with the organic. The rest of the T 2 formed HTO 
and was adsorbed on the substrate. Analysis of the remaining gas by 
mass spectrometry showed no T 2 remained unreacted in the gas 
phase. The rigid honey-combed structure of the firebrick provided an 
improved surface for the dispersion of the catalyst and subsequent 
coating with the organic; see Fig. 2. 
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Fig. 2. 20? DPBD-lXPd X 3,500. 

With the same formulation of organic and substrate, platinum catalyst 
was substituted for palladium. The ORE increased from 36% to 471. 
Again, the rest reacted to form HTO which was strongly adsorbed by 
the firebrick. No Tj remained in the gas phase. Our best results 
at 300ppm T 2 in static dry air were obtained using 20% DPBD/1% Pt 
on firebrick. Among the experiments using material of this composi
tion, experiments 42, 54 and 5j show extreme differences in perform
ance. Effects produced by changing the solvent in which the catalyst 
was reduced, plus the addition of a wetting agent, Aerosol-OT, re
sulted in the highest and the lowest efficiencies obtained to date. 
Two materials of identical formulation were evaluated in experiments 
42 and 55. Both catalysts were reduced from K2PtCl4 in methanol 
using sodium borohydrate. The only exception was that the material 
used in Exp. 55 had Aerosol-OT added with the catalyst at time of 
synthesis. The ORE for Exp. 42 was 47% whereas for Exp. 55 it was 
0.6%. A material of the same proportions of organic/catalyst/sub
strate was evaluated in experiment 54. This material also had the ' 
wetting agent added with the catalyst during synthesis. The only 
difference here was that the reduction of platinum from K.2PtCl4 
was performed in M1M (ethylene glycol monomethyl ether) instead of 
methanol. We measured 75% of the input T2 in the organic for this 
sample. The remaining T2 formed HTO? no T2 remained unreacted in 
the gas phase. We observed that the use of Aerosol-OT poisoned the 
addition reaction of tritium with the organic when the reduction of 
platinum was done in methanol, yet.greatly enhanced the addition 
reaction when platinum was reduced in M1M, The remaining data in 
Table 1 ranges from a 50;50 split in the distribution of tritium 
activity in the organic and aqueous phases for platinum on firebrick 
to a complete dominance of the water forming reaction for other cata
lysts and substrates. Most experiments were 48 hours in duration. 
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Two experiments of 300ppm T 2 *n argon were completed to mea
sure the extent of water formation in inert atmosphere. Experiments 
35 and 36 using 300ppm T2 in argon showed 2:1 dominance of the 
water forming reaction over the organic. This water probably was a 
result of exchange with trace quantities of water present in the sub
strate material despite the efforts to ensure dryness. A blank was 
run using only 1% palladium on firebrick in 500ppm T2 in air. We 
found that 74% on the input T2 had reacted to form water (HTO, 
T2O) under these conditions. 

In an attempt to bring the metal atom closer to the triple bond 
we made some preliminary investigation into organometallic cata
lysts. Vaska's catalyst* chlorocarbonylbis(triphenylphosphine) 
iridium (l) r with the formula IrCl(CO) (PPl^^i where Ph indicates 
a phenyl group, is known to add H2 (and O2) directly to the metal 
atom with a weak bond. 1*" 1 6 The H2 can be regenerated when 
irradiated with ultraviolet light so that this class of compound 
could be an easy-regenerative getter. 

Experiments 38 and 44 were tests on the iridium complex in com
bination with 1,4-diphenylbutadiyne on firebrick. With no UV activa
tion prior to T2 exposure (Exp. 38), the iridium complex put 11% of 
the tritium in the organic phase and 53% in the aqueous phase, leav
ing 6% T2 unreaoted. Quite different results were produced using 
UV activiation, (Exp. 44), where 17% of the tritium was found in the 
organic; 8% in the aqueous phase, leaving 59% ?2 unreacted. How
ever, tests on Vaska's catalyst without DPBD showed no improvement. 
It may be that the iridium had already react :d with tha acetylene 
triple bend, thereby blocking out the T2. 1? In the case of no UV 
activiation, hydrogen was never purged from the metal, thus prevent
ing any T2 addition there. The beta activity was enough to ini
tiate the water reaction. °. 

Nearly all compounds tested were activated with 10 mole% hydro
gen before exposure to T->. This reduces the metal catalyst from 
the oxide and shortens the induction time of the reaction. Those 
compounds that reacted quickly with hydrogen performed we]l with 
tritium. It was apparent that those compounds that did not take up 
H2 would not r^act with T^- Hydrogen activiation therefore was 
used as a means of screening out compounds whose reactivity was 
poor. Among those compounds which performed poorly with hydrogen 
were the iridium organometallics and the metal-acetylene complexes. 
Among the metal acetylenes tested were (Diphenylacetylene)bis(tri-
phenylphosphine)platinum(0) of the structure: 

© ® 
P 

111 Pt r \® 
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and bis(phenylacetylene)bis(triphenyl-phosphine)platinum(II) 
of the structure: 

n ^ 

After 17 hours these compounds still showed no reactivity to hydrogen. 
Scavenging T 2 at concentrations 30 times more dilute has 

proven more difficult. Using lOppm T2 in dry air, 20% DPBD/1% Pt 
on firebrick, with Aerosol-OT was evaluated under both static and 
dynamic airflow conditions, see Tables II and III. 

In static air this material reacted 7.9% of the input T 2 with 
the organic in 48 hours and .10.2% in 24 hours; see Table II. The 
wetting agent was put on with the organic instead of with the catalyst, 
then exposed to lOppm T 2 in'static air for 6 hours. 7.92 of the input 
T 2 reacted with the organic (Exp. 75) showing the same organic 
reaction efficiency obtained for a 48 hour test on the same mate
rial. A new wetting agent, Aerosol AY, was added with catalyst in 
the formulation of the material, then exposed to lOppm T 2 in static 
air for 6 hours. The performance of this material in 6 hours was 
equivalent to the performance of 20% DPBD/1S Pt on firebrick with 
Aerosol-OT in 24 hours. 

Twenty percent 4-phenyl-3-butyn~l-ol/l% Pt on firebrick was also 
tested at lOppm T2 in static air. The Aerosol-OT had been applied 
with the organic. The other synthesis parameters remained the same. 
After 6 hours exposure to tritium in eir at this concentration, the 
organic scavenged 17.94 of the input T 2. Without the addition of 
the wetting agent, the ORE was 15.0% (Table 2). 

An all glass system was designed to evaluate the performance of 
organic getters at low concentrations of T 2 unCm dynamic airflow. 
The system shown in Fig. 3 has a total volume of 1.1 liters. 
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Fig. 3. Dynamic air-flow system. 

A test was made to determine the uptake of T 2 by the system (glass, 
grease and pump). Analysis of the gas mixture before and after a 24 
hour test snowed no change in T2 concentration when the airflow was 
maintained at 10 (Lpm. Only our best candidates, 1,4-diphenylbuta-
diyne and 4-phenyl-3-butyn-l-ol( p B o l) h a v e been tested on this system 
to date. This data is shown in Table III. 

4-phenyl-3-butyn-l-ol has outperformed the DPBD material at both 
high and low flow rates (10 iLpm vs. 1 1pm) using lOppm T 2 in air. At 3 
liters/minute flow 20% PBol/1% Ft on firebrick had an organic reac
tion efficiency of 24.8*. This is the best efficiency achieved to 
date for our organic getters at lOppm T2 in air. Work at this con
centration, under dynamic flow conditions is still in the preliminary 
stages. 
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Discussion 
The mechanisms of conversion of tritium gas to tritiated water 

have been studied for several gas mixtures. The physical and chemi
cal processes involved in the self-radiolysis of such mixtures have 
been described and the rate constants presented (Table IV).19~ 2 2 

For tritium mixtures without water vapor, the formation of tritium 
atoms through ion molecule reactions is an important process for the 
final formation of HTO. The kinetics of the conversion of tritium to 
HTO depends considerably on the concentration of reacting components, 
the composition of the gas phase, the temperature and the presence of 
catalysts. 2 2 

We know that tritium molecules in a mixture decay by emitting 
beta particles (electrons) with an average energy of 5.7 Kev. These 
beta particles lose energy through collisions with the mixture mole
cules and disappear by recombination with positive ions or by attach
ment to neutral molecule. These molecules undergo ionization or 
excitation depending on the energy of the primary electrons. 2 3 A 
primary electron with an average energy of 5.7 KeV produces approxi
mately 170-190 ions depending on the ionization efficiency of the 
mixture. 2 4 The positive ions collide with neutral molecules and 
undergo charge transfer or initiate ion-molecule reactions.2i> 
These processes result in the formation of free radicals (T, OT) 
which are responsible for the formation of the final products. 

Experiments with mixtures of tritium, oxygen and nitrogen per
formed by Caseletto, et al.,19 at 700mm total pressure showed the 
main ionic and excitation process to be: 

1) N + e •*• N 2
+ + 2e , 

->• N, + e , 

2) 0, + e •+ 0 2
+ + 2e, 

+ °2* + e' 
3) T 2 4 e •+ T 2

+ + 2e , 
* + T + e . 

Since N2 is the major component in air, N2 ions are the main 
positive ions in the mixture. They probably undergo the 
reactions: 3 3" 3^ 
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N 2 + + °2 + 1 ° 2 + + N2 • K ! = 5 x 1 0 ' 1 1 en 3 molecule' 1 sec" 1 (1) 

2 ,, T + •9-3 -1 . . .-1 N2 + T 2 + V + T • K 2 = 2 x 1 0 c m molecule"1 sec"1 (2) 

The tritium atoms produced in reaction (2) i n i t i a t e a number of free 
radical reactions,*5 the most important of which are: 

32 „6 T + 0 ? * T 2 + T20 + T 2 , K 3 = 4.0 x 10 cm0 molecule 

T + T0 2 + T £ + 0 2 , K 4 = 1.3 x 10" 1 1 cm3 molecule' 

+ 0T + 0T , K 5 = 1.7 x 10" 1 1 cm3 molecule' 

+ T20 + 0 , Kg = 1.6 x 10" 1 1 cm3 molecule" 

0T + T 2 + T20 + T , K ? = 6.4 x 10" 1 5 cm3 molecule' 

sec"1; (3) 

s e c : (4) 

sec"1; (5) 

sec" 1 ; (6) 

sec"1; (7) 

0T + T 0 2 + 0T + 0 2 , Kg = 1 x 1 0 " 1 1 cm3 molecule" 1 sec" 1 ; (8) 

A small number of tritium atoms are removed through the reaction: 

T + T + N2 + T 2 + N2 (9) 
which is a much slower process than reaction (3). Substituting these 
rate constant values into the expression for the rate of formation of 
water presented by Papagiannakopoulos and Easterly:36 

d[T 20] = 1.5 x 10~ 8 [ T 2 ] sec - 1 

~ d t — " 
(10) 

This reaction rate constant of 1.5 x 10" 8 sec" 1 is in good 
agreement with the experimental found value of 5.2 x 10~ 8 s e c - 1 

by Caseletto et al., 1* in their experiments with mixtures of trit
ium, oxygen and nitrogen. By this relation we would expect HTO to be 
formed faster at higher concentrations. Substituting the T 2 con
centrations used in the work of this report into the rate equation 
for the formation of water under self-radiation we calculate: 
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300ppm T 2 ( s t a t i c ) - 2.0 x 1 0 ' 5 moles l i t e r " 1 

d[T 2 0] - 3.0 x 1 0 " 1 3 molecules cm' 1 

dt 

lOppm T 2 ( s t a t i c ) - 4.6 x 10" 7 moles l i t e r " 1 

dliTgO] = 6.9 x 1 0 ' 1 5 molecules cm"1 sec" 1 

dt 

lOppm Tj (dynamic) - 4.0 x 1 0 " 1 0 moles l i t e r " 1 

d [ T 2 0 j = 5.9 x 1 0 " 1 8 molecules cm"1 s e c - 1 

dt 

As would be expected, the observed trend for catalyzed systems is in 
disagreement with the self-oxidation system. Our data shows the 
oxidation reaction to be more efficient at lower T2 concentrations 
(higher O2). 

Comparing the water and organic reactions we find that the 
thermodynamic values do not t e l l us much. The heat of formation of 
D2O is -295 kj/mole at 298°K with an equilibrium constant of 
K e q = 1 0 4 2 . The hydrogenation of aliphatic alkynes has a heat of 
reaction of about -140kJ/mole and an equilibrium constant of 
Keq = 1 0 2 3 . 6 Both reactions want to run to absolute completion. 

Comparing the rate constants for a number of reactions between 
hydrogen atoms and hydrocarbons,27-32,35 w e s e e that the basic 
water forming reactions are not fast compared to the organic 
reactions: 

H + C-Hp + CoH, 

H + C2H4 + C2H5 

H + C3H3 - C3H5 , 

H • C3H6 • C3H? , 

H + C 4H 8 * C4H9 , 

H + C4H6 + C4H7 , 

C6H12 " C6H13 

k = 2.0 x 10" 1 3 cm3 molecule' 

k = 1.4 x 10" 1 2 cm3 molecule' 

k = 1.0 x 10" 1 2 cm3 molecule' 

-12 3 k = 1 6 x 10 cm molecule 

-12 3 k = 1.4 x 10 cm molecule 

k - 8.3 x 10" 1 2 cm3 molecule' 

H + CCH,„ + CrH-,, , k = 1.2 x 10" cm3 molecule' 

sec" 1; (11) 

sec" 1; (12) 

sec" 1; (13) 

sec" 1; (14) 

sec" 1; (15) 

sec" 1; (16) 

sec" 1; (17) 



16th DOE NUCLEAR AIR CLEANING CONFERENCE 

H + C g H 6 + C 6 H 7 , k = 9.5 x 1Q" 1 4 cm J molecule"1 sec" 1; (18) 

H + C,H C + 2CH, , k = 6.0 x 10" 1 1 cm" molecule"1 sec"1 . (IF/) 

Ethene is known to be used as an inhibitor of the ''atar forming reac
tion by reaction (12) above.^ 

What makes the formation of water so efficient is the reaction 
on or near the catalyst. The mechanism is unknown. The catalyst 
provides an environment in which thermal energy is used to success
fully pump up the evenly spaced vibrational levels of 32 and O2 
until dissociation occurs. The dissociation energies of H2 and 
Oj are 436 and 498 KJ/moler meaning that ato^s of both will be formed simultaneously. We conclude that there is no easy way to com
pare the rates of the water and organic reactions from first prin
ciples. 

Two important points do emerge. The first is to try to keep 
O2 away from the catalyst surface. To this end the organic should 
completely surround the catalyst particle. The lighter mass T2 
will permeate the organic up to an order of magnitude faster than 
O2; the principle used in membrane ga3 separation, 1* The secorr point 
is that distance between the catalyst and tii« organic should be as 
short as possible so that a tritium atom vill tnee'. few oxygen atons or 
molecules while diffusing. The catalyst particle should be as small 
as possible and evenly dispersed on the substrate. In tht case of our 
Pt or Pd catalysts, this depends on minute details in the synthesis 
that are largely trial and error. 

The ability of the wetting agents to produce enhanced effects in 
the organic reaction is evident. These effects may be a result of 
improved catalyst dispersion or of improved covering of thr substrate 
and catalyst by the organic or both. Samples of both 1,4-d.phenyl-
butadiyne and 4-phenyl-3-butyn-l-ol with 1% platinur.. on firebrick 
plus wetting agent were subjected •> analysis using elertron micro-
probe x-ray spectroscopy. No platii. m peak was found in either 
case. This suggests that the platinum may be deeply embedded in the 
firebrick' with the aid of the surfactant. It also suggests that the 
substrate and catalyst are effectively coated with mor^ than 1 x 
10~*> layer of organic. 

Future Work 

Our future work with organic getter systems will include further 
investigation of heterogenous catalysis using organic/Ft getters and 
optimizing their performance for l-10ppm T2 in M r . Liquid acetyl
enes and acetylene based alcohols will be evaluated tc determine the 
contributing effect of the OH group in 4-phenyl-3-butyn-l-o.t, our 
best candidata. In addition; we plan to develop a homogeneous cata
lysis system to assess these same materials. Attention will be given 
to a few specialized wetting agents and their affect on the effi
ciency of the organic reaction. Upon selectioi of the best material, 
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investigation into the disposal of organic gettors will begin. This 
includes tests on the stability and hydrophobic nature of the materi
als chosen. 

Experimental Procedure 
A weighed amount of organic getter material is placed in a 50cc 

glass reaction flask and attached to the vacuum manifold for hydrogen 
activiation. The sample is pumped on for 30-90 minutes at 10~3 
torr. A pressure of hydrogen is then added to the sample to reduce 
10fc of the acetylene bonds. This "hydrogen activation" shortens the 
induction time of the reaction of tritium with the organic and was 
performed for all samples except the organometallics. When the pres
sure of hydrogen returns to zero the sample vessel is valved off and 
reeved from the activation system. It is then attached to the get
ter system comprised of a copper manifold equipped with a 1000 torr 
baritron pressure transducer, a cryo-sorption pump, a mechanical pump 
and a gas cylinder containing T^ in dry air. The system is pumped 
down to 10~4 torr then leak cnecked with helium. A pressure of 
tritium feed gas is then added to the manifold so that when expanded 
into the sample vessel it will produce reaction pressures close to 1 
atmosphere. When the expanded gas reaches equilibrium, the valve to 
the sample vessel is closed and the reaction is allowed to proceed at 
room temperature for the duration of the test. The gas remaining in 
the manifold is then evacuated by the cryo-sorption pump. After the 
test the sample vessel is removed from the system for mass spec 
analysis of the gas remaining. 

The reacted getter material is then placed in a 50cc glass 
column equipped with a coarse frit for support and a stopcock. The 
sample is first washed with 250cc of mixtd solvent (90% methylene 
chloride, 10% diethyl ether) to dissolve and 'jlute the organic get
ter. An aliquot of this solution is taken and the tritium is mea
sured by liquid scintillation counting. The substrate is dried with 
a stream of argon then washed with lOOcc deionized H2O or 2M HC1 to 
elute the tritium in the aqueous phase. An aliquot of this solution 
is taken and counted. Because water is slightly soluable in the 
organic solvent determined tc be optimum for dissolving the organic 
getter and because some color present in the acid wash indi< -»ted that 
some organic may be present in this phase an aliquot of both frac
tions is taken and solvent extraction is performed to remove any WHO 
present in the organic fraction and any organic in the acid frac
tion. The activity separated by these washes is then added to their 
respective fractions to yield the total amount activity in each 
phase. The firebrick substrate is dissolved in a solution of concen
trated hydrofluoric acid and nitric acid; an aliquot is taken and 
counted. The total activity found in each fraction is expressed as a 
mole percent of input tritium. The sum of these values in addition 
to the activity remaining in the gas phase gives the total closure 
number. Closure has varied from 11% to 100%. Low closure numbers 
may result from a loss of detectable tritium in the firebrick sub
strate as it is not completely dissolved by the HF and hN03« Sorp
tion of tritium into the glass of the reaction vessel has been in
vestigated and found to be less than 10%. 

w 
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Table IV. The conversion of tritium to HTO in various gas mixtures 

Mixture 
T2 Concentration 

(Ci liter-*) 
Conversion rate 

dHTO/dt 
(Ci liter"! sec"*) Reference 

T2 + H 2 + 0 2 95-328 1.98 x 10-0 T 2 a 
T 2 + 0 2 + Ar 0.09-90 1.7 X 10-8 y 2 5/3 b 
T 2 + O2 + N2 0.018-1 3.30 x 10" 7 T 2

 2 c 
T 2 + O2 + H2O < 1 1.20 x 10-6 T 2 2 c 
T 2 + Dry Air 0.015-0.8 1.7 x 10"? T2 2 c 
T 2 + H 20 + He, 0.05-0.7 4.2 x 10" 7 T 2

 2 d 
N 2, Ar, Kr 

T 2 + H 20 + Dry Air 6 x 10-4-600 1.7 x 10- 8 T 2
 5/3 b 

aL. M. Dorfman and B. A. Hemmer, J. Chem. Phys., 22, 1555 (1954). 
bL. F. Belovodskii, V. K. Gaevoi, V. I. Grishmanovskii, and N. V. Nefedov, 
At. Energ., 38 (1975). 
CG. J. Casaletto, L. H. Gevantman, and J. B. Nash, "The Self-Radiation 
Oxidation of Tritium in Oxygen and Air," USNRCL-TR-565, Naval Radiol. Def. 
Lab., San Francisco, California, 1962. 
dJ. Yang and L. H. Gevantman, J. Phys. Chan., 68, 3115 (1964). 


