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The effect of previous gamma irradiation of support is studied for a hydrogenation nickel cata
lyst prepared by depositing the active component on kieselguhr; the rate and degree of calcina
tion, degree of reduction, and surface area of the samples and the rates of heterogeneously cata
lyzed hydrogenations of maleic acid and sunflower oil are determined. The effect of the reduction 
temperature on the catalyst activity is examined in detail; due to interaction with hydrogen, 
two activity values are obtained for a given temperature. 

Modification of catalyst or its support by ionizing radiation can affect the starting stage of the 
preparation, viz. the bonding of the active ccmponent to the support, and the activity of the 
final supported catalyst. Beta (from a 90Sr_ 90y source) or gamma (from a 60Co source) irra
diation of paIladium supported on alumina resulted in a more than double increase in activity 
in the hydrogenation of aromatic unsaturated compounds1 ,2. The activation energy remained 
unchanged by the irradiation, the frequency factor in the Arrhenius relation, however, increased. 
The authors1 ,2 suggest that the energy character of the reaction centres remained unaltered by the 
treatment, only their number is varied. The charging curves measured for the two types of cata
lyst as weIl as the thermodesorption of hydrogen point to different energies of bonding of hydro
gen and different amounts of the latter on the catalyst surface. In a similar study for Pt-Pd and 
Rh catalysts on aluminium oxide3 , a nearly double increase in activity was observed; the 
dependence of the reaction rate on the absorbed dose was also measured. The doses that are 
optimal from the points of view of activity and selectivity, respectively, are different. The ir
radiation of the catalyst results in an improved stability with respect to long-term heat stress. 
The effect of exposition of a final supported nickel catalyst to beta radiation was also studied4 • 

The activity depended in a complex manner on the absorbed dose which induced changes also 
in the activation energy of the process. 

Hydrogenation of maleic acid was used to investigate the effect of gamma irradiation from 
a 60CO ~ource on the activity of an industrial supported nickel catalysts. Samples of carbonate 
origin were exposed to radiation after their drying and calcination, and the derendence of the 
reaction rate on the absorbed dose was measured for various temperatures of catalyst reduction. 
For 280°C, the rate decreased proportionaIly to increasing dose, for the region of 308- 340°C, 
the reaction rates on the irradiated and unirradiated samples were comparable, and for 410 to 
440°C, the reaction rate increased proportionaIly to the dose. The same model reaction was 
employed for the investigation of the effect of gamma irradiation on the properties of a nickel-zinc 
oxide supported catalyst6 . Decisive for the activity was the first stage of the contact of the inter
mediate product of the active component with the supcort, hence, the precipitation deposition 
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process, and the temperature and time of interaction of the reduced catalyst with hydrogen 
in the final stage. The two effects determine the energy character of the formed surface structure 
of nickel with hydrogen and thereby the final activity of catalyst. The mechanism of formation 
of free radicals on the oxide surfaces on their prior irradiation and the effect of the radicals 
on the catalyst activity were also studied'. 

In the present work the effect of ionizing radiation on the activity of a supported 
hydrogenation nickel catalyst is studied particularly via the dependence of the reac
tion rate on the catalyst reduction temperature. 

EXPERIMENTAL 

Samples of nickel catalyst supported on irradiated or unirradiated kieselguhr were prepared 
by the modified procedure8. Precipitated and boiled carbonate was repeatedly decanted and fil
tered and the suspension was dried at 130°C for 1 h, calcinated at 420°C for 30 min (ref.9), and 
reduced in a hydrogen stream directly in the reaction vessel accomodated in a tubular furnace. 
After cooling down, the vessel was transferred to the hydrogenation apparatus preventing de
activation of catalyst by oxygen gas. The support, untreated F2CH Borovany kieselguhr8. was 
exposed to 60Co gamma radiation. Samples whose supports were exposed to the basic dose, 
a dose ten times as high, and a dose fifty times as high are labelled L7, L9, and L6, respectively, 
samples on unexposed support are labelled Ll and L2. The conditions of the hydrogenation 
of maleic acid and sunflower oil and the evaluation of the catalyst activity in the two reactions 
were as described previously8.9. The calcination of the dry samples was followed on a Perkin-El
mer DSC-2 differential scanning calorimeter (heating rate 10°C/min over the region of 27- 500°C, 
nitrogen atmosphere) and on a thermogravimetric apparatus under argon at 420°C (weighing 
accuracy ±O'l mg). The reduction of the calcinated sample was monitored on the thermogravi
metric apparatus in a hydrogen stream. The rate of hydrogen peroxide decomposition on the 
nonreduced sample was determined based on the amount of released oxygen. 

RESULTS AND DISCUSSION 

Our previous study6 of a nickel-zinc oxide catalyst deposited on kieselguhr revealed 
that the resulting activity of sample is affected by ionizing radiation more if the 
support has been exposed to radiation prior to the deposition of the active component 
than if the catalyst precursor is irradiated in some subsequent stage of preparation. 
A nickel catalyst supported on kieselguhrS was found sensitive to irradiation after 
the calcination; with a suitable dose the activity increased as much as 35%. The 
investigations on nickels and nickel-zinc oxide6 catalysts also gave evidence that 
decisive for the sample activity are the temperature and duration of the final stage 
of preparation. When this dependence was compared for the modified and unmodi
fied samples, the dose dependence was found to change in characteristic points. Thus, 
for establishing the effect of radiation on the support and ultimately on the final 
catalyst it is necessary to determine the dependence of activity on the temperature 
of the last stage of catalyst preparation, or to seek for the characteristic points 
of this dependence. The activity of a catalyst prepared on a technological scale was 
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observedlO to depend on temperature in a complex way. The drying or calcination 
procedures did not affect the catalyst activity appreciably, and therefore the condi
tions of these stages were held constant for all samples. 

The dependence of the catalyst activity on the temperature of reduction was exa
mined over the entire temperature region where the samples are active, i.e. 290 to 
450°C in 4°C steps, for the irradiated sample L6 and the unirradiated samples L1 
and L2. The reduction temperatures were measured with an error lower than 2%. 
The shape of the dependences was similar for all of the samples: the maximum activity 
was reached at two temperatures, whereas in the region between them the activity 
dropped appreciably. The temperatures of the maximum activity for samples L1, L2, 
and L6 were 358 and 400°C, 366 and 400°C, and 352 and 400°C, respectively. The 
difference between the degrees of hydrogenation in the maxima and minima was 15%, 
which is about five times more than the error of measurement. 

For each sample, two activity values, whose difference exceeded considerably the er
ror of measurement, were obtained at a given temperature of reduction. The de
pendence of activity on the reduction temperature was examined previouslyl° 
for a similar industrial supported nickel catalyst, and a curve exhibiting two maxima 
was obtained. Being regarded erroneous, the lower of the two activity values were not 
shown (the measurements were performed on a single sample). The experimental 
points in the present work could be fitted by a single curve, assuming that the dif
ferences were due merely to a scatter of results, or by two polynomials with the cor
responding curves (Fig. 1). The correlation coefficient for the single curve was 
0·6795, for the pair of curves, 0·9548 for the first curve and 0·9207 for the second. 

The discussed dependence of the catalyst activity on the temperature of reduction 
and activation can be explained neither by surface inhomogeneity or nonuniform pro
perties of the catalyst particles, nor by an incomplete degree of calcination and reduc
tion. A feasible explanation lies in the interaction of the reducing hydrogen and nickel 
during the sample reduction. The thermodesorption spectra indicate the occurrence 

TABLE I 

Parameters in the Arrhenius relation: activation energy of hydrogenation of maleic acid E (kJ . 
. mol-I), frequency factor for hydrogenation of maleic acid Ahyd and frequency factor for de
composition of hydrogen peroxide Adoc 

Sample 

L1 

L6 

E 

31·9 ± 6'3 

40·5 ± 9'3 
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of two characteristic hydrogen-nickel bonding structures of different energies fOiming 
during the sample reduction and cooling. These structures are dt:cisive for the result
ing catalyst activity and the dependence thereof on the temperature of preraration 11 • 

Sample L6, on irradiated support, exhibits a higher [(action rate than the un
modified samples with the same reduction tt:mperature; or, it reaches the Eame [(ac
tion rate for a reduction temperature about 50°C lower (in the lower t(mperature 
region). This fact can be utilized also for the hydrogenation of unsaturated triglyddt:s. 
The dependence of the reaction rate on temperature of the catalyst reduction was 
examined also for the hydrogenation of sunflower oil, and similar results were 
obtained as for maleic acid: on the irradiated sample the rate increast:d, the position 
of the maximum remaining unchangt:d, and two activity values were measUI cd 
for a given temperature. 

The dependences of the hydrogenation rates on the absorbed dose for the two 
substances are shown in Fig. 2. The degrees of conversion in the maximum of the 
first branch of the temperature dependence are plottt:d; the rates of the corresponding 
branches are in the same ratio. 

For establishing the nature of the changes of the active centres induced by the 
support irradiation, the dependence of the hydrogenation rate on the hydrogenation 
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temperature (over the region of 9 - 28°C) was measured for samples L1 and L6. 
The activation energies of the two samples are identical within the experimental error, 
whereas the frequency factors differ by two order of magnitude (Table I). Hence, 
irradiation of support does not induce changes in the nature of the reaction centres, 
only their total amount is varied. Fig. 2 shows also changes in the surface area of the 
calcinated samples. The different shapes of this dependence for maleic acid and 
sunflower oil, for the lower absorbed dose, indicate that the radiation-induced changes 
do not manifest themselves to the same extent in the two reactions, similarly as has 
been observed for a nickel-zinc oxide catalyst6 • 

As a consequence of the increased surface area the degree of calcination of sample 
L6 also increased: the degrees of calcination for the unmodified and modified samples 
(under standard conditions) were 48·1 % and 52'3%, respectively, the difference being 
higher than the error of thermogravimetric determination of the weight loss during 
the calcination. The differential calorimetry measurements gave evidence that the 
sample on irradiated support was calcinated faster. The thermogravimetrically mea
sured degree of reduction of samples L1 and L6, on the other hand, was identical 
within the error of measurement. It can be inferred that in sample L6, with the support 
modified by radiation, more nickel is bonded to the surface than in sample L1 (the 
degree of precipitation of carbonate for the two samples, exhibiting identical nickel
-to-kieselguhr ratios, was 100%, ref. 8). This is consistent with the measurements 
of the catalytic decomposition of hydrogen peroxide taking place on the calcinated 
unreduced precursor (Table I). 

The differences in the properties of catalyst on support exposed to ionizing radia
tion as compared with the unmodified catalyst can be ascribed to the induced changes 
in the support and the consequent affecting of the first stage of the catalyst prepara
tion, i.e., bonding of the nickel precipitate to the support. 

The study of the kinetics of maleic acid and sunflower oil as well as the comparison 
of the samples on the radiation-treated and untreated samples indicates that decisive 
for the activity of the supported nickel catalyst are the first stage of its preparation, 
i.e., the precipitation deposition process and the last stage, i.e., the time and tempera
ture of interaction of the reduced catalyst with hydrogen. 
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