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RADIATION STABILITY OF 

A HYDROGEN GETI'ER MATERIAL (DPPE) 

Armen R. Kazanj,fan 

Abstract. An investigation was made on a hydrogen 
getter material (DPPE) to  determine its radiation 
stability. Such material has potential for nuclear 
industry applications. The material is composed of 
75 percent of an unsaturated organic compound 
(1,6diphenoxy-2,4-hexadiyne) and 25 percent 
catalyst (5 percent palladium on calcium carbonate). 
The radiation stability of this material and of the 
hydrogenated product was determined by exposing 
them to gamma radiation in air and vacuum and 
analyzing for radiolysis products and hydrogen 
capacity. The major products formed were phenol 
and carbon dioxide. Numerous solid compounds 
were also formed in much smaller yields. Product 
yields were much larger in air than in vacuum. 
Hydrogen uptake curves showed that the hydrogen 
capacity decreased appreciably after an absorbed 
dose of about 1 Os rads, and that irradiation is 
more detrimental in air than in vacuum. [For SI 
(metric) use: rads have been replaced by grays (Gy) 
and 1 gray = 1 joule per kilogram, and lo8 
rads = 1 megajoule per kilogram.] 

INTRODUCTION 

Hydrogen gas presents a problem in many closed 
systems. For example, hydrogen can corrode 
metals by hydriding, can cause components to 
malfunction by hydrogen embrittlement , and can 
form explosive mixtures with air. To avoid these 
undesirable effects, a hydrogen gettering material 
has been developed by the Sandia Laboratories, 
Albuquerque, New Mexico. This material (DPPE) 
composed of an unsaturated organic compound 
and an inorganic catalyst, reacts rapidly and 
irreversibly with hydrogen. Other advantages are 
that DPPE and the hydrogenated product are both 
inert and DPPE has a low vapor pressure, about 
one micrometre at 78 "C. Additional physical 

properties, its synthesis, and evaluation have been 
reported by the Sandia Laboratories.', *, 

Since the DPPE material has a potential for use in 
the nuclear industry and in some applications can 
be exposed to high energy radiation, a determina- 
tion of its radiation stability was feasible. Experi- 
ments included irradiating DPPE and hydrogenated 
DPPE with gamma rays in air and under vacuum. 
The material was subsequently analyzed for 
hydrogen capacity and for radiolysis products. 

DISCUSSION 

Materials : 

The hydrogen getter, obtained from the Sandia 
Labo-ratories in Albuquerque, New Mexico, was 
designated 75M-60. The getter consisted of 75 
percent of an unsaturated organic compound, 
which was 1,6diphenoxy-2,4-hexadiyne. The 
common name for this compound is dimerized 
phenyl propargyl ether (DPPE). 

-- 
' R.  L. Courtney, L. A. Harrah, C. W. Schoenfelder, and L. A. 

West. Organic Hydrogen Getters. Part I :  Introductory Report. 
SLA74-0264. Sandia Laboratories, Albuquerque, New Mexico. 
September 1974. 

R. L. Courtney. Organic Hydrogen Getters. Part II: 
Prepanrtion and Properties of Phenyl Propargyl Ether and 
1,6-Diphenoxy-2,4-hexadiyne (DPPE). SLA73-1094. Reprinted 
January 1975. Sandia Laboratories, Albuquerque, New Mexico. 
February 1974. 

R. L. Courtney. Organic Hydrogen Getters. Certification 
Study o n  the DPPE-.S% Pd-CaCO, Hydrogen Getter System-A 
Progress Report. SAND 74-0249. Sandia Laboratories, Albuquerque, 
New Mexico. July 1974. 
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Throughout the rep rt, the entire gettering material 
will be referred to as DPPE. Twenty-five percent 
(by weight) of the material is the catalyst; 5 
percent palladium on calcium carbonate. The 
catalyst is necessary for the reaction of hydrogen 
with the triple bonds. The organic compound 
(melting point 80 "C) is melted on to the catalyst 
to form a homogeneous mixture. After cooling, 
the resultant gray powder is ground and passed 
through a 60-mesh screen. Hydrogenation of 
DPPE forms a black waxy material with a melting 
point of 78 to 80 "C. 

The 75 percent concentration was selected because 
this amount of coverage of the catalytic surface 
prevents pyrophoricity . At low-surface coverages, 
hydrogen is adsorbed on the catalyst and burns 
when exposed to air. 

Experimental Procedures : 

The DPPE (0.2-gram samples) was irradiated in air 
and under vacuum. Hydrogen capacity and uptake 
curves were then determined by contacting the 
DPPE with an excess of hydrogen and measuring 
the decrease in pressure as a function of time. 
Irradiation products were analyzed in DPPE and 
hydrogenated DPPE. The low-molecular weight 
products were analyzed with a CEC-104 mass 
spectrometer and the high molecular products were 
analyzed with a duPont (CEC) 2 1490 mass 
spectrometer utilizing a solid probe. Phenol, one 
of the major products, was analyzed using a 
colorimetric method in which the phenol is 
extracted with water and a yellow complex is 
formed with 4-aminoantipyrine and potassium 
ferricyanide. Irradiated and nonirradiated samples 
were analyzed by infrared spectroscopy and a 
scanning electron microscope. 

Gamma irradiations were carried out in a 
Gammacell cobalt-60 source. The dose rate 
administered by this source was 0.80 X 1 O6 rads 
per hour or 0.82 X 10l8 electron volts per gram 
per minute (eV/g-min) to the getter material or 
the organic compound. The yields, in units of 
molecules per 100 eV, were calculated on the 
basis of the radiation energy absorbed in the 
organic phase of the getter because the energy 

TABLE I. Gas Produc 
Molecules per 100 Electron Volts 
(in air) (in vacuum) 

Carbon Dioxide (CO,) 1.3 *0.2 0.05 io.01 

<0.01 <0.001 Low Molecular 
Weight Hydrocarbons 

absorbed in the catalyst may not contribute 
significantly to the decomposition. Calcium 
carbonate is relatively radiation stable. If the 
energy absorbed in the entire material were 
included, the yields would be 75 percent of the 
reported values. 

RESULTS 

Product Analyses: 

Samples of DPPE and hydrogenated DPPE were 
irradiated in air and under vacuum at doses varying 
from 5 X 1 O7 to 1.7 X lo8 rads.4 The gases 
produced were then analyzed by mass spectrometry. 
As noted in Table I ,  carbon dioxide was the major 
product. The other low-molecular weight hydro- 
carbon products, such as methane and ethane, 
were produced in small yields. 

The yields, expressed as molecules formed per 
100 eV of absorbed energy, were essentially the 
same for DPPE and hydrogenated DPPE, and were 
significantly higher for the irradiations in air. 

No liquid products were observed. The following 
solid products (Tables I1 and 111) were analyzed by 
mass spectrometry after irradiations (1.5 X 1 Os 
rads) in air and under vacuum. The phenol yields,. 
analyzed colorimetrically, were predominant in 
both DPPE and hydrogenated DPPE. A large 
number of solid products were formed in low 
yields. Only the more predominant products 
have been listed here. I t  should be noted that the 
compounds formed in DPPE are different from 
those formed in hydrogenated DPPE, and that 
all the compounds are what would be expected 

For SI (metric) use: rads have been replaced by grays (Cy) and 
1 gray = 1 joule per kilogram, and 10' rads = 1 megajoule per 
kilogram. 
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TABLE 11. Solid Products in DPPE. 

-O-CH,-Cd-W-CH,-O- 

Y 

Molecules per 100 Electron Volts 
(in air) (in vacuum) 

t 
Solid Products 

- 
Phenol 1.0 0.40 

Diphenyl ether 0 - 0 - 0  

l-phenoxy-2,4-hexadiyne-6-0 1 
Approximately 

-O-CH,-C<-C=-C-CH,-OH (about 0.01) 
same yields 

for all 
compounds 
in air and 
in vacuum 

methy lphenox ybenzene 

phenox yethane (=J-O-CH,-CH3 

naphthalene 

2,4-hexadiyne-l,6diol HO-CH,-M-CkC-CH,-OH 

TABLE 111. Solid Products in Hydrogenated DPPE. 

-O-CH,-CH,-CHl-CHl-CH,-CH,-O- 

r 

Solid Products Molecules per 100 Electron Volts - 

Phenol O - O H  
* 

1-phenclxyhexane 
Approximately 

same yields (3 -0-CH,-CH,-CH,-CH,-CH,-CH, (about 0.01) 
for all 
compounds 

1-phenclxyhexene in air and 
in vacuum 

-0-CH,-CH,-CH=CH-CH,-CH, 

hex yne CH,-CH, -CH, -C%C -CH, 

n benzene 

phenox yethane 

phenox ypropane -o-cH,-cH,-cH, I-phenoxybutadiyne 

~ 

*The phenol yield could not be determined 
because hydrogenated DPPE undergoes 
hydrolysis to form phenol in the analytical 
procedure. 

from fragmentation of the original compounds. 
Napthalene is an exception in this respect and its 
assignment is questionable. The positions of some 
of the double and triple bounds (in 1-phenoxyhexene 
for example) are questionable because they are 
undeterminable by mass spectrometry. The products 
listed are formed when only a small fraction (less 
than 5 percent in these experiments) of the original 
material is radiolytically decomposed. As the 
decomposition continues, the products themselves 
will undergo radiolysis and there will be continuous 
change in the product spectrum. Polymeric 
compounds may have also been formed in these 
tests, but they were not detected because their 
analysis is difficult. It should also be noted that in 
all the irradiations performed, there was never 
anything produced that was pyrophoric. 

Hydrogen Capacity : 
Hydrogen uptake curves (see Figures 1 and 2) were 
obtained after irradiating DPPE samples in air and 
under vacuum. Since the kinetics are dependent 
on the pressure,’ the shape of these curves would 
be different for different pressure and volume 
condilions. In these tests, 0.2-gram samples of 
DPPE were contacted with approximately twice 
the required amount of hydrogen at a pressure of 
79.8 kilopascals (600 torr). The capacity of the 
DPPE (75M-60) is 225 cubic centimetres per gram, 

R. L. Courtney. LOC. cit. 
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FIGURE 1 .  Irradiation in Air. 

(standard temperature pressure) which is 88 
percent of stoichiometry. The capacity is almost 
attained in 6 hours and full capacity is attained in 
less than 24 hours. In contrast, irradiated DPPE 
will continue to react with hydrogen at a slow 
steady rate after a few hours. This can be seen in 
the discontinuity of the curves between 400 minutes 
and 24 hours. The capacities would increase if the 
experiments were carried out longer than 24 hours. 
Because of the slow rates, weeks of contact time 
would probably be necessary for full capacity. 
Therefore, irradiated DPPE was probably never 
fully saturated. Points at 24 hours are included to 
indicate the rate of rise. 

The figures (1  and 2) show that the initial rate is 
not affected much up to doses of about 1 O8 rads. 
About one third of the DPPE has reacted in 10 
minutes. The rate then falls off according to the 
dosage received. It is obvious that irradiation in air 
is more detrimental than that in vacuum. Oxygen 

frequently promotes the radiolytic decomposition 
of organic compounds. The curves in the middle 
of Figure 2 pose an exception to the observed 
decrease in capacity with increasing dosage. The 
curves for doses of 5.8 X lo7, 1.2 X lo', and 
1.8 X 10' rads are reversed. No explanation can 
be offered for this behavior but it is related to the 
fact that the decrease in hydrogen capacity is not 
equal to the decrease in the amount of DPPE. 
When the hydrogen capacity has decreased to 
about 50 percent of its original value, the fraction 
of DPPE molecules decomposed is only about 4 
percent. This calculation (the measurement has 
not been made) is based on a decomposition yield 
of 2 DPPE molecules per 100 eV of absorbed 
energy. This yield is not unreasonable considering 
the known product yields. The evidence indicates 
that the radiolysis products hinder diffusion or 
block some of the reaction sites so that the decom- 
posed molecules have an effect greater than their 
actual numbers. 
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FIGURE 2. Irradiation in Vacuum. 

Infrared Spectroscopy : 
Analysis by infrared spectroscopy corroborated the 
information gained from the other analytical 
methods. The facts are summarized as follows: 
1. Identical spectra were obtained for samples 

irradiated in air and vacuum. This confirms the 
fact that the major products (phenol and carbon 
dioxide) were the same in either atmosphere. 
The yields of the minor products were too 
small to  affect the spectra. 

2. Irradiation decreased the number of carbon 
oxygen bonds, indicating the formation of a 
phenoxy group. The phenoxy group would 
then add hydrogen to  form phenol. 

3. Carbon-carbon double bonds were not observed 
after irradiation, indicating there was little or 
no hydrogenation. 

4. No double or triple bonds were observed after 
hydrogenation of DPPE confirming that the 
reaction was complete. 

Scanning Electron Microscopy: 

A num.ber of photomicrographs of DPPE were 
taken before and after irradiation. Changes in the 
structure were not easily discernible. Three of the 
photographs are shown in Figures 3(a), (b), and (c), 
for general interest. It can be seen that the particle 
sizes are on the order of 10 micrometres. 

CONCLUSIONS 

The major radiolysis products in both DPPE and 
hydrogenated DPPE were phenol and carbon 
dioxide. The hydrogen capacity decreased 
appreciably after an absorbed dose of about IO8 
rads and irradiation was more detrimental in air 
than in vacuum. The decrease in hydrogen capacity 
was much larger than that corresponding to  the 
amount of DPPE molecules decomposed , suggest- 
ing that the radiolysis products obstruct the 
reaction sites. 

5 
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FIGURES 3(a), (b), and (c). Photomicrographs of DPPE before and after Irradiation. Magnifications 900X. 

(a) Nonirradiated. (b) Irradiated in air. 

(c) lrradiated in vacuum. 
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