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The Effect of Ionizing Radiation on the Chemical Activity of Alumina* 

Kohn and Taylor (1) demonstrated that 
ionizing radiation enhances the activity of 
gamma-A&O3 as a catalyst for HZ-D, ex- 
change. More recent experiments have been 
conducted with both exchange reaction (2) 
and chemisorption (S,4) to learn more about 
the nature of the effect of radiation on 
alumina. In these previous studies the be- 
havior of the alumina after irradiation was 
compared to preirradiated samples. To 
complement these results, a different ap- 
proach, used in this work, utilized measure- 
ments of catalytic activity made during 
irradiation. 

A 5-g sample of adsorption alumina 

*Work supported in part by the U.S. Atomic 
Energy Commission. 

(Fisher Scientific) was irradiated in a 5 
megawatt swimming-pool type nuclear re- 
actor. The quartz reaction vessel, sealed in 
a water-tight canister, was positioned 18 to 
30 inches from the reactor core face, where 
the gamma dose rate drops from 10’ to lo6 
rad/hr. At these distances the contribution 
by fast neutrons is less than 1% of the total 
dose. 

Since catalyst activity was gradually 
poisoned by hydrogen, before each run the 
catalyst was heated overnight at 500°C in 
hydrogen or helium. Although poisoning did 
occur during a run, use of 20% Hz in helium 
at 25 psia for the process carrier gas per- 
mitted activity measurements in the 50” to 
150°C region. To conserve the expensive 
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deuterium, slugs of 10% Dz-lO’$&H&O% He 
were injected into the process carrier stream 
whenever an activity measurement was 
taken. After passing over the catalyst, the 
slug was trapped and analyzed by gas 
chromatography. 

The ratio of HD to Dz, separated in a 3-m 
silica gel column at liquid nitrogen tem- 
perature with a hydrogen carrier, indicated 
the extent of conversion. Even though ap- 
proach to equilibrium with an exchange 
reaction is first order (5,6), conversions were 
usually less than 20% of equilibrium, be- 

cause the lower the conversion the lower the 
effect of dilution of the slug with process 
carrier. 

A definite enhancement of the activity by 
radiation was observed. The advantage of 
in situ measurements was demonstrated 
since the activity decayed rapidly towards 
its initial value once it was removed from 
the radiation field. The effect of temperature 
on the radiation-induced activity was similar 
to that observed by Kohn and Taylor (I) in 
that it decreased with increasing tempera- 
ture. At 150°C and 10’ rad/hr, the change 
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FIQ. 1. Activity for hydrogen exchange versus reciprocal temperature for an activated alumina catalyst, 
outside a radiation field. Each symbol at each temperature represents a different day’s run. 
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was only a factor of 4 or 5, whereas at 5O”C, agreement with previous work for activation 
the activity increased by almost three orders at 500°C (7, 8). 
of magnitude. The data taken during irradiation are 

In Fig. 1 are given data taken after shown in Fig. 2, in which the net increase 
activation of the alumina, but before any in activity divided by dose rate is plotted 
irradiation. Each symbol at each tempera- versus reciprocal temperature. Since over 
ture represents a different day’s run. The an order of magnitude change in dose rate 
activation energy determined from these there is no definite trend at any one tem- 
data is about 8 kcal/mole, in reasonable perature, the change in activity appears 
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FIG. 2. Activity for hydrogen exchange divided by dose rate versus reciprocal temperature for an activated 
alumina catalyst. 
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to be at least roughly linear with respect 
to dose rate. A least-square fit of the data 
gives a negative activation energy of 6 f 1 
kcal/mole (99% confidence limit). 

An illustration of the drop in activity that 
occurs after irradiation is stopped is given in 
Fig. 3 in which log of the radiation-induced 
activity, Ak, is plotted versus time after 
irradiation at 10’ rad/hr and 50°C. The only 
way found to correlate these rate data at 
50°C and at 100°C was by means of an 
Elovich (9) plot-log Ak versus log time. In 
an integrated form of the Elovich equation 

In a’ 
A&o, 

_ RT ln 0 + to) 
a (to) 

the slope is RT/d where (Y is independent 
of temperature, and to is RT/oxx. The varia- 
tion of a with temperature is approximately 
e---IFOIRr, so that a value for the activation 
energy can be estimated from a’s at two 
temperatures. The activation energy deter- 
mined from data at 50” and 100°C was within 
3 to 6 kcal/mole. 

The following discussion may explain the 
results obtained with alumina. Assume that 
irradiation produces an excited species, X, 
active for H2-D2 exchange, but unstable. 
Thermal activation of alumina produces a 
relatively stable species, Y, also active for 
HzDz exchange. The reactions may be 
written 

tration of X reaches a steady-state value 
during irradiation 

d[X]/& = 0 = &I - k3[X] (5) 

[X] = uzI/lQ. 03) 
Therefore, 

Ar = ksazI/k3. (7) 

Assuming that u2 is independent of tem- 
perature, the relationship for Ar can be 
written 

AT = (a2u~J/u3> exp -[(ES - .&)/RTl. (8) 

The activation energy measured during 
steady state irradiation, -6 f 1 kcal/mole, 
is (Es - &), that is, 

ES = Es - 6 kcal/mole. (9) 

After irradiation, the following equation 
applies : 

d[X]/& = -k3[X]. 

Substituting for [X] from Eq. (3), 

d(Ar)/dt = -&(AT) 

or 

(10) 

(11) 

cl In (Ar)/dt = --kg = -u3exp (-E3/RT). 
(12) 

If ES were constant, one should have been 
able to correlate the data with a In Ar versus 
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X -Exchange 

The rate of exchange is then t plot. If El is assumed to vary with coverage 

r = MY] + IcdXl (2) 
0 according to the relationship 

so that the net rate of reaction due to radia- 
E - Eo + cd, (13) 

tion is the Elovich equation applies (9). The value 

Ar = r - kJY] = kJX]. (3) 
for activation energy obtained from these 
correlations, 3-6 kcal/mole, is the initial 

Let the rate of generation of X be given by value of ES. The value for Eg is obtained from 

d[X]/dt = aJ, (4) 
Eq. (9) 

Eg = (4.5 f 1.5) - (6 f 1) = -1.5 
where I is the dose rate. Since the concen- f 2.5 kcal/mole. (14) 
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FIG. 3. Decrease in activity of an alumina catalyst for the hydrogen-deuterium exchange reaction at 
50°C after irradiation at 10’ rad/hr. 

Hydrogen exchange therefore appears to d. ACRES, G. J. K., ELEY, D. D., AND TRILLO, J. M., 

occur without any significant activation J. Catalysis 4, 12 (1965). 

energy on the sites produced during irradia- 3. ROSENBLATT, D. B., AND DIEXES, G. J., J. Catcd- 

tion. If exchange takes place on X with zero ysi.s 4, 271 (1965). 

or a small positive activation energy, E5 2 
4. KOLBANOVSKII, Yu. A., AND PEPEL~AEV, Yu. I’., 

0, then from Eq. (9) 
Kinetika i Kataliz 6, 237 (1965). 

6. MCKAY, H. A. C., Nature 142, 997 (1938). 

Es 2 6 f 1 kcal/mole. (15) 

Kohn and Taylor (1) irradiated alumina 
at various temperatures up to 25”C, but 
made all activity measurements at -78°C 
after irradiation. The activation energy they 
reported for E3 was 3 kcal/mole. Although 
there is some difference between these two 
values for Es, the general interpretation 
appears to be the same. The active site X is 
definitely different from Y, for which the 
exchange has an activation energy of 8 kcal/ 
mole. It is reasonable that X involves trap- 
ped electrons or holes, which recombine 
slowly in an insulator-like alumina. 
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