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1. SUMMARY 

The technical literature was searched for information concerning the 
heterogeneous gas phase catalytic reaction of oxygen with hydrogen to assess 
the feasibility of recombining radiolytic H2 and O2 present in the atmos
phere of a nuclear reactor containment vessel following a loss-of-coolant 
blowdown accident. The platinum metals are the catalysts rost widely used 
for general purposes because of their high activity. However, due to the 
high concentrations of contaminants which are expected within the contain
ment vessel of the nuclear reactor, poisoning of the catalyst wi l l become 
an important factor. Because of their high resistance to pc*">ning and 
moderate catalytic activity, the metal oxides are recommended as highly 
promising catalysts for the H2-O2 reaction. Promoting and doping of cata
lysts tave been shown to increase greatly their activity. Brief consideration 
was oiven to laboratory scale experiments to test the performance of the 
three metal oxide catalysts, V2O5 promoted with K2SO4, NiO doped with L i , 
and rtopc<slite, under simulated accident conditions. 

2. INTRODUCTION 

2.1 Background 

It is generally accepted (1_, 2) that the maximum credible or most 
potentially hazardous nuclear reactor accident is the loss-of-coolant blow-
down type. Following a fracture in the coolant line to the reactor, the 
core cladding is ruptured, due to high internal gas pressure (internal 
pressure of 120 psia is used in the Pressurized Water Reactor) and conse
quent high temperatures, resulting in prompt release of volatile fission 
products to the reactor containment vessel. The use of water sprays con
taining chemical additives to scavenge released fission products from the 
containment atmosphere has been actively investigated in the ORNL Nuclear 
Safety Program (_3) and appears to be reasonably effective. 

However, due to the large amount of spray water which will be sent to 
the containment vessel and subjected to rather severe doses of nuclear 
radiation, significant amounts of hydrogen and oxygen will be produced by 
the radiolysis of water. A method of removing radiolytic hydrogen is 
sought to maintain concentration levels within the containment vessel well 
below the exclosive limit, 4.1% H2 (50). Various methods of hydrogen re
moval have been suggested: 

1. Combustion 

2. Thermal reaction {]3) 

3. Liquid phase chemical reaction (57) 
4. Absorption 
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5. Separation with membranes (58 - 60) 

6. Gamma radiation hydrogen-oxygen recombination (61) 

7. Catalytic hydrogen-oxygen recombination 

a. Homogeneous ( 6 2 - 6 7 ) 

b. Heterogeneous 

2.2 Prof em Statement 

I t was the specific objective of this project to: (1) search the tech
nical literature for information concerning the heterogeneous gas phase 
catalytic hydrogen-oxygen recombination and (?) develop a conceptual design 
of a laboratory scale experiment to test the performance of a recombiner 
unit in an accident condition environment. The requirements of any equip
ment for the removal of radiolytic hydrogen ire tnat i t be compact, easy to 
operate, as nearly automatic as possible, reliable (especially regarding 
poisoning of the catalyst), and able to perform within short notice. The 
laboratory test program should be aimed at establishing the rel iabi l i ty of 
the catalysts, particularly their resistance to poisoning. 

2.3 Hethod of Approach 

The following report will discuss f irst the results of a literature 
search for active metal oxide catalysts and their poiscns in the hetero
geneous hydrogen-oxygen recombination reaction, and seccnrf. the conceptual 
design of a laboratory scale experiment including apparatus, operating 
conditions and an experimental program for testing the performance of 
specific catalysts under the variable conditions expected within the re
actor containment vessel during a loss-of-coolant accident. 

The reader is directed to the Appendix for a review of other active 
catalysts which are used in the hydrogen-oxygen reaction, and discussion of 
the rationale for choosing to test only the metal oxide catalysts in labora
tory scale experiments. A brief review of poisoning of catalysts can also 
be found in the Appendix. 

3. METAL OXIDE CATALYSTS 

Although metal oxides are not the most active catalysts, they have 
often been used in reactions involving the oxidation of hydrogen, ethylene, 
and particularly carbon monoxide. Popovskii and Boreskov (26_) have re
ported results of experiments testing the activity of pure meta' oxides in 
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the H?-02 reaction at temperatures of ISO and 3009C. In order of decreasing 
activity they are: 

C o ^ » CuO > Hn02 > BiO » F e ^ > Cr^03 • V ? 0 5 > ZnO • Ti0 2 

They further show that there is a linear relation between the logarithm cf 
the rate of reaction and the heat of formation of the metal oxide per gram 
atom oxygen. A commentary on this article has been prepared by Komuro et al 
(29). ' 

The use of nickel oxides, both pure (28) and doped with small amounts 
of Li and Cr (27) to for* p- and n-type semiconductor catalysts .respectively, 
has been reported. The reaction on doped MO was found to be f i rst order 
with respect to H 2 and zero order with respect to Oj. The activation energy 
is reported to be 17-22.2 kcal/gmole for temperatures between 400 and C00*C. 
A mechanlsa is proposed for the reaction with the rate Uniting step being 
the chcaisorption of H 2 on the catalyst *nd consequent depletion of positive 
holes in the oxide. The familiar relationship of higher activities with 
o-type semiconductors is found to be the case. Doping of a catalyst effects 
an electronic change within the metal and invariably alters both the acti
vation energy of a given reaction and the surface »n» of the catalyst; a 
synergistic effect is often observed; i . e . , increasing the activity of a 
doped catalyst above the activity of any of its pure components. 

The H 2 -0 2 reaction has been performed using NnO? on AI2O3 in which the 
reaction was again found tc be f i rs t order in Ho (30). From data obtained 
over the experimental temperature range 95-200*C the activation energy was 
determined to be 3.9 kcal/gmole. The catalyst resulting from mixing or 
promoting of Mn02 with CuO (known commercially as Hopcalite) has been re
ported to be highly active in the oxidation of aerosols (31 , 32). Although 
no mention of use of Hopcalite ir» the Ho-O? reaction was Tound, i t is 
thought that Its high activity * ' *.n oxidation catalyst and its high resis
tance to poisoning by compounds such 4S S and CO may qualify i ior testinq 
in a H2-O2 recombiner. 

Unpromoted, pure V2O5 has been reported to be a relatively inactive 
metal oxide catalyst (33, 34). Boreskov et_ aK (3_3) have determined that 
the catalytic actlvltyTncreases, passes through a waximum and decreases 
with increasing amounts of K0SG4 promoter. The maximum reaction rate was 
obtained on a catalyst containing 0.3 moles of K2S0a per nole V2O5 and was 
found to be 348 times greater than on pure V20c at 400°C. or comparable to 
the activity of Hn02. The reaction order was determined to be somewhat 
lower than unity with respect to H 2 . WOrk by Chenko et a^- (34) indicates 
that high catalytic activity can be obtained by promoting "oOj wltn small 
amounts of platinum (0.001 - 0.5 wt 1). Similar attempts to promote with 
BaS04 failed to change the activity. 

The metal oxides »re susceptible to the same sorts of poisons as the 
metal catalyst although to a much smeller degree. A discussion of the most 
common types of poisons may be found it. the Appendix. 
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4. DESIGN OF THE LABORATORY SCALE EXPERIMENT 

4.1 Apparatus 

The design of the experimental apparatus fcr testing performance of a 
cata.yst in the ^-Oo recombination reaction if best discussed in three 
general sections: (I; source of reactants and contaminants, (2) catalyst 
chanter, and (3) analysis of gas. 

4.1.! Source of Reactants and Contaminants 

Figure 1 is a suggested flow sheet 'or the catalytic recombiner. The 
reactants which should be fed to the reactor are H2 (pure) and air which 
should first be passed through a filter and then through a preheater. As 
is discussed in the Appendix, the range of contaminants which may be ex
pected to be present within the containment vessel at the time of an 
accident is vast. These materials are either of the high or low volatility 
type, such as I?. Br2, Cs, and the rare gases in the case of the former, 
an<? the nn earths, Zr, Ho, Ru, Sr, Te, 6a, and any of their compounds 
^particularly oxides) in the case of the latter. In Fig. 1 is shown a 
containment chamber through which hot air (100 CC) should be passed and in 
which should be placed so*.ids of the low volatility contaminants. Flow 
should be directed through this chamber so that the exiting air will be 
saturated with these materials. Introduction of the more volatile contami
nants is a considerably more difficult problem due to the fact that they 
will be present in concentrations much less than those corresponding to 
saturation at normal temperatures. Several possible methods of introducing 
these materials into the flow stream present themselves. A saturated gas 
stream of the high volatility contaminants could be obtained in the same 
method as for the low volatility materials and a slow stream could be bled 
into the main gas stream. This method appears at first to be feasible! 
however, examination of the contaminant concentration levels (:ee Table 2 in 
the Appendix) shows that it would be extremely difficult if not impossible 
to control accurately a bled stream of such low velocity. Therefore, an 
alternate method was devised and is shown '** Fig. 1. A known weight of Cs, 
Br£ and !? should be sealed in a pressure tank and the temperature raised 
so as to completely vaporize the materials. Thus, the concentration of the 
contaminants within the vessel would be accurately known and could be 
passed into the main gas stream at a prescribed, more easily controlled rate. 
The system should be equipped with two such vessels so that one may be 
charged while the other is being spent. 

Another alternative would be to saturate the gas stream with the vola
tile material at temperature low enough that the concentration at saturation 
would be as low as desired. As an example, to saturate a 1 atm gas stream 
with bromine at a concentration of 1 pom, the saturation temperature would 
have to be about 170°K. It should be realized that Introduction of these 
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high volatility containments into the gas flow stream is difficult and tnat 
the method offered above is only a suggestion and may be replaced by any 
better technique one may suggest. 

The low and high volatility contaminants will be mixed with steam at a 
temperature sufficiently high that no steam condenses. A by-pass line 
should be present so that operation of the reactor in the absence of con
taminants is easily possible. The gas stream should be passed to a heater 
and on into the reactor or catalyst chamber. 

4.1.2 Catalyst Chamber 

A somewhat unusual design has been proposed for the catalyst chamber. 
Fischer and Uasserroth (]0) have studied the effect of fission products and 
radiation upon a platinum fixed bed catalyst They were able to follow the 
extent of poisoning through different sections or slabs of catalyst by 
monitoring the temperature within each of these slabs. The occurrence of 
a temperature front moving through the bed was a measure of the extent and 
rate of poisoning of che catalyst. Construction of the bed in the form of 
slabs would also enable one to substitute or replace slabs independent of 
the rest of the bed. The design which we recommend is similar to that used 
by Fischer and Uasserroth; it should be about 1 in. ID, 8 in. long, and 
might contain four 2-in. deep catalyst slabs. The chamber should be operated 
adiabaticly by fully insulating the bed. Temperature measurements could be 
by copper-constantan thermocouples. The gas stream exiting from the catalyst 
chamber should pass through a cooler, an absolute filter to adsorb contami
nants and finally be vented to the atmosphere. 

4.1.3 Analysis of Gas 

The gas entering and leaving the catalyst chamber should be analyzed 
primarily for H 2 and C 2. The inlet stream should be periodically analyzed 
for contaminants as a check on the performance of the contaminant chambers. 
Analysis for contaminants in the outlet stream may yield useful data on 
catalyst poisoning. Experimenters have reported using vapor refractometry, 
mass spectrometry, and gas phase chromotography (24_, 3]_) for analysis of 
t<2 and O2. 

4.2 Variables 

The effect of the following variables upon the concentration of H2 and 
O2 in the exit stream from the catalyst chamber should be investigated: 

Inlet temperature (100 - 350°C) 

Inlet H2 concentration (0.5»- 2.5 mole %) 

Gas flow rate (10 - 100 gmole/hr) 
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The maximum possible temperature rise of a fully reacted 2 nole t Ho 
gas strew Mas calculated to be 140°C; particular attention should be paid 
to Maintaining inlet temperatures well below 432°C, the ignition temperature 
uf Hy and 0 2 being 572°C (55). A teaperature of 350°C was chosen arbitrarily 
as the upper temperature l imit. The lower limit should be that teaperature 
below which negligible reaction takes place, 100°C being an arbitrary est i 
mate. 

The upper l i a i t for the inlet H? concentration hat; been determined by 
a conservative estimate of the maximum allowable H 2 concentration within the 
containment vessel of 2.S mole X. Data regarding conversion below this limit 
would provide information concerning the u t i l i ty of operating a recombiner 
unit before the Ho concentration level within the containment vessel reaches 
2.5 mole X. 

The gas flow rate values were estimated from rate data on V2O5/O.3 K2SG4 

(33) assuming a 501 yield from a 2 mole I H~, 20 mole 5 0 2 feed at 200°C. 
See the calculation f i l e of this report for details. Catalyst performance 
should be investigated both at the high flow rate-low conversion and low 
flow rate-high conversion extremes to determine the best operating conditions. 

The following catalysts should be tested for their activity: 

V ^ / K ^ (0.3 mole; K2S04/mo1e V 20 5) 

N10/L1 (2.8 wt % Li) 

Hopca1ite-Hn02/Cu0 (14 wt I CuO) 
Promoter concentrations were chosen as those reported in the literature 

to yield maximum reaction rate?. Of these, Hopcalite is the only one known 
to be commercially available (Mine Safety Appliances Corp.). Instructions 
on the method of preparation of the other two catalysts mty be found in the 
literature reports already cited regarding these catalysts. 

Constant operating conditions should be atmospheric pressure and air to 
steam ratio = 15 (56). These values correspond to conditions within the con
tainment vessel after the accident temperature and pressure transients have 
decayed. 

4.3 Experimental Progran 

Four general experiments are proposed to test the performance of various 
metal oxide catalysts under specific conditions. In all cases the catalysts 
should be preheated by passing air through the catalyst bed at the temperature 
of the experiment to follow. Thermal steady state 1s evidenced by constant 
and equal temperatures throughout the bed. 

1. Without contaminants. Pure H 2 and steam should be metered into the 
air stream at constant predetermined rates, until thermal steady state is 
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once again established. At this time samples of the inlet and exit gas 
streams should De taken and analyzed for 0 2 and H 2. The results of these 

V experimental runs in the absence of contaminants should be used as a basis 
'''pr comparison of catalyst performance in the presence of poisons. The 
fo:.mentioned range of experimental variables should be investigated with 
the niiirity of the experimentation in the concentration reoief? of 2.6 mole 

* ' -» . 
2. With cu\*minarts. The procedure is the same as described above 

except for the addi^r*^ of contaminants into the stream. A decrease in 
yield due to poisoning W.~! be evidenced by analysis of the off gas for H 2 

and by a decrease in temper*;. »̂ in the catalyst bed. I f this temperature 
front is observed to pass rapid i j t rough the bed, evidence of rapid poi
soning, additional slabs should be aui< ^. or the gas flew rate, decreased. 
The performance of a given slab may be t t ^ ^ l separately by removing a l l 
other slabs from the bed. ~' 

3. With radioactivity. Testing of a catalyst si.>Jd include a neasure 
of the effect of radiation on its activity. A test simifo>*,+o the one above 
with the addition of radioactive contaminants into the gas S^ IJ^ I would 
accomplish this end. *''••., 

I t is relevant to talk about the possible effects of radiations on '•'•«,, 
catalytic activity. That exposure of a catalyst to radioactivity affects 
its catalytic activity has been known for some time (42_ - 49_), but i t has 
net yet been possible to predict this effect. Some reactions are promoted, 
others are retarded. The radiation effect upon catalysts seems to depend 
much on the type of radiation, dose, and catalyst, and the reaction (49). 
There is general agreement that electronic and/or atomic rearrangements 
occur during irradiation. 

4. Reactivation of Catalyst. An attempt to reactivate a poisonad 
catalyst bed should be made by passing a fresh, uncontaminated stream of 
hot air over the catalyst at varying temperatures for varying amounts of 
time. Information obtained from this sort of experiment wil l be useful in 
determining the feasibility of operating a recombiner unit equipped with 
two catalyst beds, one being regenerated while the other is in use. 

In the second and third types of experiments discussed above, the in
formation sought from each is the condition under which the extent of 
catalyst poisoning is small and conversion of 02 and H2 is high. The temp
erature-time data at various depths through the catalyst bed should be used 
to determine the extent of poisoning, measured in terms of fraction of bed 
poisoned at the various conditions of experimentation. 

5. CONCLUSIONS AND RE COW EN DAT IONS 

The following conclusions and recommendations may be drawn. 

1. High catalytic activity is associated with low resistance to 
poisoning. 
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2. The Majority of the experimental work which is published in the 
literature concerning the heterogeneous catalytic reaction of H 2 with O2 is 
done on platinum metals. 

3. Metal oxide catalysts are less reactive but wore resistant to poi
soning than the aetals, particularly the platinun metals. 

4. Promoting and doping of metal oxide catalysts can have a large 
synergistic effect. 

5. Testing of the perfonunce of catalysts under specific conditions 
to be expected within the containment vessel during a nuclear reactor 
accident is necessary. It is recommended that the following promoted 
catalysts be tested: 

a) V 20 5/K 2S0 4 (0.3 mole K2S04/mole V 20 5) 

b) NiO/Li (2.8 wt % Li) 

c) Hopcalite-Hn02/CuO (14 wt X CuO) 

- < • - 'V. 

v. 

V. X 
%,. 

X 
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S . APPENDIX 

6.1 Catalysts for Hydrogen-Oxygen Recombination 

6.1.1 Catalysts 

The react on of hydrogen with oxygen was one of the f i rst catalytic 
reactions to be discovered and recognized as such (5 ) . However, there is 
s t i l l no agreement as to the order, activation energy,and mechanism of the 
reaction. The diff iculty of comparing different experimental catalysis 
work is compounded by the fact that there is no standard basis for reporting 
results and that methods of preparing catalysts can vary substantially, thus 
causing results of separate workers to conflict. 

Platinum Hetals. By far the bulk of the experimentation with the 
catalytic ^-O? reaction has been done with the platinur metals. Of the 
six platinum metals, platinum, palladium, rhodium, ruthenium, iridium, and 
osmium, only the f i rs t three have been shown to be catalytically active in 
the »2'^2 reaction; only osmium has been found tc be a relatively inactive 
catalyst (6 ) . The order of decreasing activity of the platinum metals {7_, 
]_K ]2) is that order given above, i . e . , Pt > Pd > Rh. Values have been 
reported in the literature of the order of the H2-O2 reaction ranging from 
0 to 1 with respect to O2 and from -1 to +2 with respect to H2 (5 , 8 , 9, J2J; 
the variation is most likely due to differing experimental conditions, e .g . , 
temperature, pressure, concentrations of species, catalyst preparation. 
Values of the activation energy have been reported between 5-10 kcal/gmole. 
The metals are usually supported on alumina bases; however, the specific 
conditions cf the experiment dictate the particular type of support, which 
srwuld be used (6). 

Fischer and Wasserroth (]0) have reported recent work in which they 
investigated the effect of fission products and radiation upon the activity 
of a platinum fixed-bed catalyst in the H2-O2 reaction. Their results have 
been discussed in an earlier section of this report. 

Work F.as been conducted by ORNL investigating the feasibility of c 
platinum catalyst Ho-0? recombiner for the Homogeneous Reactor Experiment 
(11 " 2J_)- Although the operating conditions are different from the nuclear 
reactor accident atmosphere, useful information can be obtained from this 
work. 

Reference to additional reports concerning the use of the platinum 
metals as ratalysts for the H2-O0 recombination reaction can be found in 
laboratory notebooks A-5254-G and A-5257-6. 

Other Metals. Certain other metals not in the platinum metal group 
have been found to be catalytically active in H0-O2 recombination (5_, T_, 
12, 22, 33). In order of decreasing activity tney are: Ni > Co, 
Ho >"Te > Au, Ag, Mn > Cu. 
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The activation energy for the reaction on various metals is reported 
(2, ]Z) to be 2.4-8.0 kcal/mole. Metals are often mixed in various propor-
tTons resulting in higher overall catalytic activity (24). 

Metal Oxides. See Sect. 3 for discussion. 

Rare Earth Oxides. Rare earths have a moderate activity compared to 
the oxides of transition metals of Period IV. Europium, praesodynium, and 
neodynium are the most active of the group (35, 36). A fair ly rapid deacti
vation has been observed in most cases (35); surface areas are mostly between 
4 and 10 m2/g. Th2 reaction on europium oxide, EU2O3, has been reported tc 
be f i rst order with respect to hydrogen and zero jrder with respect to oxygen 
at 170°C (36). Table 1 shows the activation energies for the oxygen-hydrogen 
reaction (35_, 36). 

Table 1 . Activation Energies of Oxygen-»'ydrogen Reaction 
on Rare Earth Oxides (35, 36) 

Activation Energy, Kcal/mole 
Conditions U 2 ° 3 N d 2°3 D*2°3 H o 2°3 i u 2 ° 3 C e 0 2 P r 6 ° l l *J>3 Y b 2°3 E u 2°3 

excels 
oxygen 13.4 17.3 46.7 24-45 12.9 14.6 13.4 70 26 
excess 
hydrogen 16.9 9.8 13.2 - 4.4-5.5 - 7.4 14 11.7 

3.7 

6.1.2 Poisoning 

Poisoning of a catalyst can be either chemical or physical, reversible 
or irreversible (37_, 38). Chemical poisoning is the blocking of active sites 
by chemisorption of species usually foreign to the reaction. When the chemi
cal bond thus formed is strong, the poison is not easily desorbed by a pure 
stream of reactant and the poisoning is called irreversible. For a given 
catalyst reversibility of poisoning depends principally on the heat of ad
sorption, temperature, and heterogeneity of the surface (38). Because high 
activity is associated with low heat of adsorption (7_), the more highly 
active catalysts are usually less resistant to poisoning. 

It has been observed that the poisoning of a fixed bed of catalyst is 
not uniform (10, 37. 38. 39, 40) and that the overall loss of activity is 
not necessarily proportional to tiie amount of poison adsorbed (37., 38, 40_, 
41_). Transport of the poisons to the active surface (39_, 40_) and the 
heterogeneity of the catalyst (38) are explanations w.iich have been advanced 
to explain these phenomena. 

Some well known chemical poisons for active metal and metal oxide 
catalysts are compounds containing elements of the Period Vb and VIb (37): 
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N. P, As, Sb, 0, S, Se, Te. Compounds with unshared electrons are particu
larly strong poisons, e.g., sulfite compounds (S02~2), hydrogen sulfide, 
pyridine, and NH3. On the other hand sulfate (SO4* 2), phosphate (PO4- 3), 
and pyridinium compounds have no unshared electrons sr.u are th«»refoi*e non
toxic. Some metallic compounds such as those of Hg, Pb, and Zn (37_» and 
compounds containing multiple bonds, e.g., C2H4, carbon monoxide, and 
cyanide compounds (37) usually act as poisons. Water is known to poison 
most catalysts and is easily desorbed by operating at elevated temperatures. 

Physical poisoning may be caused by physical adsorption of a compound 
on the catalyst surface, sintering, or occluding of the catalyst surface by 
contaminants such as coke. The first and last causes of physical poisoning 
may be reversible. 

6.1.3 Selection of Catalyst 

As may be seen from the foregoing discussion, there is considerable 
flexibility in the choice of catalyst for the H2-O? reaction. There is a 
trade-off between resistance to poisoning and catalytic activity. That 
promoting the metal oxides has been found to increase their catalytic 
activity and that metal oxides are much more resistant to poisoning than 
the metals, especially the platinum metals, are two important factors in
fluencing the choice of catalyst for the radiolytic H2-O2 recombination. 
To achieve high metal oxide activity approach!no that of the platinum 
metals, increased temperatures are required. At the sane time, if poisoning 
of the platinum metals is reversible, and if poisons can be desorbed by 
operating at elevated temperatures, use of platinum metal catalyst would 
require the same high temperatures. However, the choice to use promoted 
metal oxide instead of plati.ium metals is a conservative one for, if 
operation at lower temperatures were required, the activity of metal oxides 
would only La decreased whereas the platinum metals would become highly 
deactivated by poisoning. The value judgement made here is that an un-
poisonea, less active catalyst is more desirable than one which would be 
highly poisoned if operation at lower temperatures were for some reason 
required. It is for these reasons that the decision was made to test the 
promoted oxides in the H2-O2 recombination reaction. 

6.2 Explosive Limit of Hydrogen and Oxygen 

Much work has been done to determine the concentration limits over 
which hydrogen and oxygen are explosive. In general, the temperature, pres
sure, and size of vessel have been found (50_, 51_) to affect the explosive 
limit. Kuhn et a_L (50) have reported that the lower and upper explosive 
limits at room temperature in air are 4.1 and 74% H 2 respectively; in Q 2 the values are 4.2 and 96% Ho. However, in steam over a wide range of 
temperature and pressure (876C, 12 psia to 247°C, 700 psia) the lower ex
plosion limit was observed to be 22-25% electrolytic gas (H2:02 = 2:1) or 
14.7 - 16.7% H2. Furthermore, they report that increasing the vessel size 
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decreases the lower explosive limits for small vessels. Yantovskii and 
Chernyak (51) report that at pressures of 1-20 etm the lower explosive limit 
is 4.5 - 111* Ho and the upper limit is 93 95.5% H2. Ar, increase in pres
sure is found to increase the lower explosive limit. 

6.3 Contaminants Within Containment Vessel 

To test the performance of a catalyst it is necessary to check its 
activity in the presence of contaminants which are expected to be in the 
gas stream from the containment vessel. The contaminants can be of three 
general types. 

1. Materials which are present in the containment vessel prior to the 
reactor accident are to be anticipated. These include ordinary atmospheric 
contaminants and any aerosols or other compounds such as may be formed from 
lubricants or paints which will vaporize due to the high temperatures within 
the containment vessel following the accident (3_)-

2. Fission product materials released at the moment of the accident 
from the reactor core should be expected. The percent of the fuel inventory 
which is released to the vessel and calculated values of the consequent 
concentrations of these contaminants are summarized in Table 2. These 
values have been calculated from estimates of fission product release from 
nuclear reactor fuels (5£_, 53) assuming a 10% burnup of a 220,000 lb natural 
uranium reactor core. 

Table 2. Maximum Possible Concentration of 
Fission Products in the Gas Phase 

Earths Gases Zr Mo Cs Ru Sr Te Ba ! 2 , B r 2 

% released 
(elemental) 1 100 1 1 50 5 1 50 1 50 
ppm in gas 
phase 0.6 41.6 0.4 0.3 8.2 0.7 0.1 5.1 0.1 1.0 

These contaminants may be present either as elements or as compounds such 
as oxides. Vapor pressure and chemical stability are two bases for estima
ting the containment species and their concentra;ions following blowdown 
(53). It should be remembered that sprays and deposition of materials on 
tne vessel walls will decrease the gaseous concentration levels. 

3. Chenr*"*1 additives, their compounds and radiolytic products of 
these chemicals in the water sprays may act as contaminantr.. Of particular 
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concern are volatile sulfur compounds which may result from reactions of 
Na 2S 20 3 (54). 

6.4 Location of Original Data 

The original data of this project may be found in laboratory notebooks 
A-5254-G and A-5257-G, on f i l e at the M.I.T. School of Chemical Engineering 
Practice, Bldg. 1000, ORNL. 

6.5 Extent of Literature Search 

The following abstracting services and reference texts were used in 
the search for infcmation regarding active catalysts and their poisons for 
the heterogeneous hydrogen-oxygen recombination reaction. 

Abstracting Service Volume Nos. Years 

Chemical Abstracts 51-68 (16) 1957-68 (April 15) 

Nuclear Science Abstracts 1-22 (7) 1947-68 (April 15) 

Nuclear Engineering I-II, IV (2) 1960-61, 1963 

ORNL Key Word Index, Laboratory 
Reports Received 1962-67 

ORNL Publications, Reports and 
Papers 1959-66 

Texts 
Advances in Catalysis 1-17 1949-67 
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