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specific catalytic activity for massive (powders and 

films) and supported (Ag/SiO 2) silver Catalysts have 

been studied in ethylene oxidation. It has been found 

to be approximately constant for metal particles whose 

size is above 30 nm. 

Hccne~oBaHa yEenbHas KaTanHTHqecKas aKTHBHOCT5 cepe6- 

pRH~XKRTRnHSaTOpOB) MRCCHBHb~ (nop0mKos) nneHOK) H Ha- 

HeceHH~IX (Ag/SiO2) , S OTHOSeHMH peaKuHH OKHCaeHH~ 9TH- 

neHa. Ha~eHo npH6nHSHTenSHOe nOCTOHHCTBO y~ensHo~ Ka- 

TanHTHgeCKOR aKTHBHOCTH cepe6pa B Hccne~OBaHHO~ o6naCTH 

pa3Mep0B qaCTHU MeTanna BMme 30 HM. 

As long as 25 years ago Belaya and Rubanic came to the 

conclusion that irrespective of the preparation method, pure 

silver had approximately thesame specific activity in eth- 

ylene oxidation [I]. They examined various samples of silver 

catalysts with S ~ 1 m2/g. Later On several investigations of 

the catalytic oxidation of ethylenewere carried out over high- 

dispersity supported silver catalysts [2-8]. Studies of the 

last 15 years raised the question about the influence of the 

size of silver particles onits specific catalytic activity. 

So far this question has not been answered due to the fact that 

the data obtained are conflicting. There is considerable dis- 

crepancy of the literature data concerning the character of 
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this dependence and the specific activity values [4-8]. It 

must be noted that the dependence of specific catalytic activ- 

ity on the size of metal particles is observed in the range 

of 30-100 [4,7,8], i.e. far beyond the regionof microcrystal- 

line state of the metal (< 5 nm). For this region noticeable 

changes in the electron and structural properties of metallic 

phases are most probable. 

It is possible that the reason for the discrepancy in the 

literature data is the different concentration of admixtures in 

supported silver. In several studies to obtain silver parti- 

cles of different sizes, samples of supported catalysts were 

subjected to high-temperature sintering. In this case consider 

able diffusion of admixtures from the carrier into bulk and 

towards the silver particle surface is possible [4,7]. The 

other reason for the observed discrepancies can be the compe- 

titive formation of carbon on the metal surface, whose accumu- 

lation depends on the reaction conditions and time. 

To elucidate the effect of silver disper~ty on its spe- 

cific catalytic activity, we have compared the specific activ- 

ity of supported silver (Ag/SiO 2) having particles whose size 

is ranging in that region, with that of silver powders and 

films consisting of much larger metal particles. We have ap- 

plied methods that prevent accumulation of admixtures in metal 

during catalyst preparation and determination of catalytic 

activity. 

EXPERIMENTAL AND DISCUSSION 

Supported catalystswere prepared by impregnating the 

carrier with an aqueous solution of silver nitrate, subse- 

quentdryingand reduction by hydrogen. SKh-l.5 silica gel (S = 

=41 m2/g with an overall pore volume of 1.5 cm3/g) which is 

inert towards isomerization of ethylene oxide, was used as a 

carrier. The overall concentration of admixtures in the carri- 

er was not more than 0.15 wt.%. immediately before impregna- 

tion, the carrier was heated in flowing helium at 573 K for 
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4 h. To obtain samples having different average sizes of metal 

particles, the silver content in the catalysts was varied by 

varying the concentration of the impregnating solution. Drying 

after impregnation was carried out with an IR lamp at T ~ 330 K 

in air. Catalysts were reduced at 473 K by a diluted hydrogen 

mixture ( 1% H 2 + 99% He) and then by pure hydrogen. Average 

size of silver crystailites in the catalysts obtained was de- 

termined from oxygen chemisorption data and also by electron 

microscopic and X-ray diffraction methods. The structural char- 

acteristics are listed in Table i. 

Powdered silver was prepared by hydrogen reduction at 473K 

of washed and dried silver oxide precipitated from a solution 

of silver nitrate by potassium hydroxide. SBE T of the sample 

determined according to low-temperature adsorption of krypton 

was 0.4 m2~g. This value corresponds to an average silver par- 

ticle size of about 1400 nm, which agrees with data from scan- 

ning electron microscopy. 

Silver films were prepared in vacuum (~10 -4 Pa) by metal 

vaporization from a molybdenum wire heated by electric current, 

and condensation of its vapors on the walls of the quartz reac- 

tion vessel cooled by water. Freshly condensed films were sin- 

tered in vacuum at 473 K for 2 h. The surface area of condensed 

silver was determined by multiplying the geometrical surface 

area of the films by the roughness factor taken to be equal to 

1.5. 

Catalytic activitywas determined by a flow-circulation 

method at 448 K and approximately atmospheric pressure of the 

gas mixture of reactants with helium containing i vol.% ethy- 

lene and 7 vol.% 02 . Each time catalytic reactions and deter- 

minations of the catalytic activity of supported catalysts and 

powdered sil~er were preceded by sample-pretreatment by oxygen 

and hydrogen at 473 K. Due to this pretreatment, the same in- 

itial state of catalysts was attained, which is considered as 

a standard state. Catalytic activity of films was determined 

immediately after their preparation without previous gas treat- 
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ment. The degree of ethylene conversion did not exceed 20 %. 

At the above low reaction temperature and conversion degrees 

of ethylene, further oxidation of the product ethylene oxide 

can be neglected. Under the conditions examined with increas- 

ing time, the catalytic activity of supported catalysts and 

powdered silver varies only slightly, whereas that of films 

significantly decreases. For 10 h reaction their activity de- 

creased by 2-3 times compared to the value found after 1 h re- 

action. 

Structural characteristics for the catalysts examined and 

reaction rate determined after 1 h reaction for the deep oxi- 

dation of ethylene (W I) and ethylene oXidation to ethylene 

oxide (W 2) as well as formation selectivities for the latter 

are listed in Table i. Specific catalytic activities of silver 

in supported Catalysts with ~ 30 and 90 nm particles differ on 

the average by not more 1.5 times and are 2-3 times lower than 

the specific activity of powders and films. 

Thus the results suggest that the initial specific cata- 

lytic activity of silver that is characteristic for the stan- 

dard properties of silver containing no carbon formed is ap- 

proximately the same in the examined range-of particle sizes 

above 30 nm. 

It is possible, however, that the dispersity and surface 

structure of silver are of significant importance for the in- 

tensity of carbon formation accompanying catalytic oxidation 

and deactivating catalyst. It is this reason as well as the 

effect of admixture, that can be responsible for the reported 

low specific activities for > 30 nm silver particles consider- 

ably deviating from their standard values. 

The authors are grateful to T.V. Astrakova for her assis- 

tance in experiments. 
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