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 In this work we investigate the role of silver supported on orderd mesostructured silica materials 
SBA-15C with adjustable and different diameter pore size in the reaction of ethylene epoxidation. A 
maximum conversion of 60% is obtained. The formation of the three products is observed, ethylene 
oxide at low temperature (≈ 200°C), small amounts of methane (<1%) at high temperature (> 350°C) 
and CO2 throughout the temperature range, but the selectivity of ethylene oxide is low (max. 10%). Less 
selectivity obtained in the partial oxidation of ethylene is affected by the presence of weak Bronsted acid 
sites (surface hydroxyl groups).
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1.Introduction
 The selective oxidation of ethylene to ethylene oxide is one of the most important catalytic 
processes for the production of additives petrochemical with great value. In industry, the reaction of 
oxidation is carried under air or oxygen at high atmospheric pressures over silver supported low specific 
surface area catalysts. The only effective catalyst for this reaction is severe. α–Al2O3 (0.1-1m2/g) remains 
in the current state very selective catalytic support. This is due to its inertness for the very low surface 
area isomerization of ethylene oxide to acetaldehyde. In these commercial silver catalysts, silver is poorly 
dispersed over an alumina support [motor et al. 1989]. A maximum selectivity of 80% can be achieved by 
adding alkali metals and chlorine (ethylene dichloroethane, NaCl) to the catalysts; otherwise selectivity 
was 30-50%.
 The partial oxidation of ethylene to ethylene oxide over a silver catalyst is widely studied in 
previous work [Serafin et al. 1998], [Verykios et al.1980], [Van Santen et al.1987]. The reaction mechanism 
is based on triangular network, where the ethylene converts to ethylene oxide followed by CO2 or by a 
parallel path, can be oxidized directly to CO2.
 Many scientists believe that the interaction between the type of oxygen species and silver 
atoms plays an essential role in understanding ethylene epoxidation. Four types of oxygen species have 
been proposed, physisorbed species (O2), molecularly adsorbed species, superoxide (O-) and peroxide 
(O2-), and atomically adsorbed species (O and/or O2-), [Nakatsuji et al. 1997], a great research effort has 
been devoted to the silver–oxygen system. Previous theoretical studies have suggested that the active 
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species for oxidation is atomic oxygen. 
 In this study, the effect of support material (SBA-15) on partial ethylene oxidation reaction over 
Ag catalysts was determined, in comparison with nonporous silica SiO2.

2. Material and Methods
2.1. Synthesis of mesoporous silica supports- preparation of Ag catalysts
 The mesostructured silica SBA-15 materials were prepared using the hydrothermal procedure 
as reported by [Zhao et al. 1998]. 
 The four mesostructured materials synthesized by Guerba et al. 2014 were denoted as SBA-
15C1 (0 h, 35°C), SBA-15C2 (24 h, 100°C), SBA-15C3 (72 h, 100 °C), SBA-15C4 (24 h, 130 °C), corresponding 
to the duration and the temperature of hydrothermal treatment, respectively. The series of samples are 
noted SBA-15C.
 The supported Ag/SBA-15C catalysts were prepared according to the ‘‘two-solvent’’ technique 
reported else-where [Imperor-Clerc et al. 2004, Lopes. I et al. 2006 and Guerba et al. 2014], the desired 
amount of silver nitrate was dissolved in distilled water and the quantity corresponding exactly to the 
pore volume of SBA-15C determined by N2 sorption was added. The targeted value of silver loading was 
10%. An equivalent loading of Ag was also impregnated with fumed silica (Sigma-Aldrich, S = 380 m². 
g-1).
This last sample is labeled as Ag/SiO2. [Guerba et al. 2014]. 

2.2 Catalytic tests-oxidation of ethylene: 
 The catalytic tests were carried out in a fixed bed micro-reactor operating under atmospheric 
pressure packed with 200mg of catalyst. Before catalytic tests, the catalysts were reduced in situ with 
the H2 flow at 350 °C for 2 h. The reactant feed consisted of 1.5% C2H4, 4.5% O2 diluted in Helium with a 
total flow rate of 75 cm3 min-1. Hydrocarbons were analyzed by Riedel chromatograph ionization flame. 
CO and CO2 formed were quantified by an Infrared Rosemount detector.
 The catalytic tests were performed from 100°C and 500°C. The experiment was repeated 
several times in order to determine the reproducibility.

3. Results And Discussions
3.1. Catalytic activity in partial ethylene oxidation reaction 
3.2. Effect of supports
 SBA-15 can be synthesized with varying framework pore size, as is described in the experimental 
and the catalyst characterization in more detail in Ref [Guerba et al. 2014].
A list of the Ag catalysts prepared with the nonporous and porous supports are shown in Table 1. 

Structural characteristics of prepared silver catalysts on different support materials.Table 1

Supports SBET
(m²/g)

Pore size 
(nm)

VPorous  
(cm³/g)

Ag (%) Ag catalyst

SBET
(m²/g)

V Porous 
(cm³/g)

SiO2 380 - - 11,29 251 -

SBA-15C1 (0h35C°) 527 4.31 0.41 10,30 366 0.26

SBA-15C2 (24h100C°) 718 8.17 0.86 10,78 492 0.66

SBA-15C3 (72h100C°) 651 9.25 0.96 11,18 540 0.79

SBA-15C4 (24h130C°) 547 8.42 0.94 9,77 441 0.75

 The effect of the different catalyst supports on the selectivity towards ethylene oxide (EO) was 
studied with the catalysts contained 10 % Ag and the results are shown in Figure 1. 
 EO selectivity was extremely low, the oxidation activity of all catalysts decreases significantly 
at reaction temperature 500°C (Figure 1.a), it should be pointed out that this temperature is considered 
as relatively high for ethylene epoxidation, especially in industrial processes where the catalysts usually 
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operate at lower ethylene conversion and higher EO selectivity. On the other hand, CO2 selectivity 
increases (Figure 1.b) and the production of a small amount of methane is observed (Figure 1.c). 
 For all studied catalysts, the ethylene conversion gradually increased with increasing 
temperature in the range of 100–500°C, a maximum (50-60%) of conversion is obtained. 

Selective oxidation of ethylene over silver catalysts a) Selectivity of EO,
b) Conversion of C2H4 to CO2, c) Selectivity of methane d) Total conversion of ethylene.

Figure 1

 The samples with high porosity are expected to improve framework access by decreasing 
diffusion limitations, mainly of relatively big reactant molecules, and to enhance the transfer of products 
to the main gas stream, thus preventing undesirable secondary reactions on the active sites. In the 
present study, the sizes of reactants, products and intermediate species are considered to be sufficient 
smaller than the porosity (sizes of pore up to 9nm) of SBA-15C materials. As a consequence, 10% silver 
supported on all supports (absence, low and high textural porosity) silica exhibited similar oxidation 
activity.
 SBA-15C and SiO2 based catalysts show very high ethylene conversion activity (up to 50%) at 
relatively low temperatures (200 °C), with less ethylene oxide selectivity.  
 For the desired high selectivity the conversion is held at 10–15% per pass. In experimental 
studies the selectivity is lower than 55%, except at high oxygen and ethylene pressures due to the 
parallel combustion. [Stegelmann et al. 2004].
 What is also more important is that the surface hydroxyls of the mesoporous silica supports 
have a limited effect on the selectivity towards EO, resulting in Ag catalysts with selectivity comparable 
to that of the SiO2 based catalyst.
 The activity of the supports in EO isomerization/oxidation was found to be proportional to their 
surface acidity. It is generally believed that the selectivity towards EO or CO2 is strongly affected by the 
acidic properties of the support. The EO intermediate species initially formed on silver sites, isomerizes 
to acetaldehyde on Lewis or Bronsted type acid sites of the support. Acetaldehyde is finally oxidized on 
silver sites producing CO2.
 In literature, catalysts supported on the Al-MCM-41mesoporous alumina silica sample gave 
negligible EO selectivity, although its ethylene conversion activity was similar to that of the catalyst 
supported on siliceous MCM-type, first reported by Mobil researchers [Beck et al. 1992].
 All SBA-15C based catalysts with 10%Ag were less active than commercial catalyst. This can 
be attributed to the formation of metallic Ag nanowires within the tubular mesopores of SBA-15C, 
which renders a significant fraction of active Ag sites inaccessible to C2H4 reactant molecules since the 
surfaces of the Ag wires is covered by the silica walls of the mesopores.
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3.2. Study of deactivation
 The partial oxidation of ethylene was carried out in two or three successive cycles in the 
temperature range from 100 to 500°C, (Figure 2), in order to evaluate the stability of the Ag catalysts, on 
different studied supports.
However, for any cycle all catalyst provided nearly the same ethylene conversion (50-60%).
 In comparison, among these five supports, both catalysts AgSBA-15C4 and SiO2 provided 
increase selectivity to EO than the others catalysts in the second cycle of reaction, for a SBA-15C4 
selectivity increase from 2 to 12%. The improvement of 1% selectivity is estimated to produce a beneficial 
effect of several tens of million dollars annually [Takada. 1996]. 

Selectivity of ethylene oxide over silver supported catalysts (The reaction was carried out in 
two or three successive cycles

Figure 2

 The rise in selectivity for both catalysts SBA-15C4 and SiO2 as compared to the others catalysts 
can be explained by an increase in the number of accessible active sites. A second explanation can 
be attributed to changes in the structure and morphology of the silver crystals affecting the surfaces 
available for catalytic reactions after the first cycle of reaction. 
 The size of silver particles is also another important parameter that affects both activities of 
ethylene conversion and EO selectivity. Selectivity towards EO increases with silver size of up to 40 nm. 
[Lee et al. 1989]. Figure 3 reveals the presence of the Ag particles as dark spots with highly uniform 
dispersion in nanosizes on SBA-15C4 support. From the results, good dispersion of silver particles with 
nanosizes can be obtained from all studied support, in more detail see Ref. [Guerba et al. 2014]. As 
expected, on SBA-15C4 silver particles are well dispersed, this is clearly verified by the existence of 
nanowire particles in catalyst, as it is shown in Figure 3.
 Before reacting, no Ag peak was detectable by XRD because the crystalline sizes of the Ag 
particles present on all of the studied supports were too small (<2 nm), (Figure 4). 
 The increase in catalytic activity of SBA-15C4 catalyst in the second cycle can be explained by 
the sintering of the silver nanoparticles occurring during the first catalytic test up to 500 °C. Sintering is 
the loss of dispersion of the active phase in which the particles grow by coalescence, this process being 
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TEM images for 10%Ag SBA-15C3 catalyst before reaction.Figure 3

XRD patterns of Ag catalysts before reaction.Figure 4

directly related to the reaction temperature after more than cycle of reaction on the same catalyst (show 
TEM image in Figure 5 and XRD pattern in (Figure 6). 
 Increased selectivity is probably the result of a modification of the electronic properties of 
silver, which goes from a relatively inactive to an active state. However, this increase in activity is more 
complex to explain. 

TEM images for 10%Ag SBA-15C4 catalyst after reactionFigure 5
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In all studied catalysts, after more than a cycle of reaction on the same catalyst, we observed the 
formation of great particles, As it is shown in Figure 5, it is also proved by the presence of peaks in the 
XRD pattern (Figure 6), the indexing is possible, references tell us, it is the metallic silver (JPDS 01-089-
3722), This can explain the less ethylene oxide selectivity obtained. In literature, the isomerization of 
ethylene oxide to acetaldehyde and further oxidation can also proceed on metallic silver sites. 

XRD patterns of Ag catalysts after reaction.Figure 6

 It should be pointed out that lower or without temperature of hydrothermal treatment the 
samples does not result only to lower surface areas, but also to relatively higher concentration of acidic 
surface hydroxyls (Bronsted acid sites) that lead to complete oxidation of EO intermediates to CO2, as 
described above.
 It is thus clear, that the low number of acid sites of 10%AgSBA-15C4 is detrimental for the 
oxidation reaction, as it was expected.
 Although the Ag catalysts supported on SBA-15C and SiO2 materials appear to be relatively 
unstable and selective to EO at low reaction temperatures, further characterization studies of the fresh 
and used catalysts are required in order to draw secure conclusions regarding their performance in 
ethylene epoxidation reaction.
 The importance to use the very high surface area and the narrow pore size distributions of the 
mesoporous silica allow homogeneous dispersion of metal active sites even at high metal loadings.

4. Conclusion 
 We have prepared and characterized high surface area with narrow pore size distributions of 
mesopores of SBA-15C materials loaded to 10% of Ag, in comparison with nonporous silica, SiO2, in 
order to control the deposition of silver and make these active and selective for ethylene epoxidation 
reaction. The structures and morphologies of silver crystals obtained by two-solvent technique and 
the heat treatment (calcination at 350°C) plays an important role for a good dispersion of silver on all 
studied samples,
 More or less stable species, those are active and selective for the ethylene partial oxidation 
reaction at low temperatures. The literature has shown that the reaction is promoted for large particle 
size of silver and weak acidic sites. These the conditions were met in the case of SBA-15, which justified 
our initial choice. Selectivity obtained is low, the problem results, probably in diffusion phenomena or in 
the size of particles of silver inside porosity. In the future, we envision a deposition of high metal loadings 
in SBA-15 having larger pore and avoid the diffusion limited regime that would reduce selectivity, so as 
not to get clogged pores and thus facilitate the diffusion of reactants and products in order to increase 
selectivity of ethylene oxide.
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