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Abstract: Ruthenium catalysts supported on diatomite (Ru/D) with varying 

loadings (0.5–1.5 wt.%) were synthesized and evaluated for the selective 

hydrogenation of aromatic compounds. Characterization by SEM, TEM, 

EDX, XRD, and BET revealed that the diatomite support retains its highly 

porous structure after Ru deposition, enabling uniform dispersion of Ru 

nanoparticles. EDX confirmed Ru incorporation, while XRD indicated the 

presence of highly dispersed Ru nanoclusters below the detection limit. 

Textural analysis showed a gradual decrease in surface area (60–45 m² g⁻¹) 

and pore volume (0.08–0.07 cm³ g⁻¹) with increasing Ru content, consistent 

with partial pore filling. Hydrogenation studies demonstrated that catalytic 

activity increased with Ru loading, with 1.5% Ru/D exhibiting the highest 

benzene hydrogenation rate (≈20×10⁻⁶ mol.s⁻¹). Benzene hydrogenation 

followed Arrhenius behavior, yielding an apparent activation energy of 

~60 kJ mol⁻¹. Toluene and o-xylene hydrogenation showed slower kinetics 

due to steric and electronic effects of methyl substituents, while selectivity 

studies on a mixture of aromatics indicated nearly complete benzene 

conversion (94%) with minimal hydrogenation of substituted aromatics 

(toluene 14%, o-xylene 2%). 

Keywords: hydrogenation; ruthenium catalyst; diatomite; benzene; toluene; o-xylene.  

 

 

1 Introduction 
Catalytic hydrogenation of benzene is one of the key 

processes in modern petroleum refining and 

environmental protection technologies. The principal 

source of benzene in motor fuels is the catalytic 

reforming process, in which the benzene 

concentration in the reformate stream can sometimes 

reach 10–14 % [1]. Additional sources of benzene 

include pyrolysis gasoline and cracking products, 

which can further increase its concentration in fuel 

streams. Without additional purification, the benzene 

content in gasoline may significantly exceed the 

current environmental limits, which are restricted to 

≤1 % in Europe and the United States [2], [3]. 

Benzene is a highly toxic aromatic hydrocarbon with 

pronounced carcinogenic properties. According to 

the classification of the International Agency for 
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Research on Cancer, benzene belongs to Group 1 

carcinogens, meaning that it is carcinogenic to 

humans. Incomplete combustion of benzene-

containing fuels can lead to the formation of 

polycyclic aromatic hydrocarbons, including highly 

hazardous compounds such as benzo[a]pyrene 

(Figure 1). These compounds can accumulate in soil 

and vegetation and exert mutagenic and carcinogenic 

effects even at very low concentrations [4], [5]. For 

this reason, modern fuel quality standards, including 

those defined by the Euro 5 and Euro 6 emission 

standards, strictly limit the benzene content in 

gasoline to no more than 1% [6], [7]. Among the 

available technologies, catalytic hydrogenation is 

considered one of the most effective methods for 

reducing benzene content in motor fuels. 

Beyond environmental considerations, benzene 

hydrogenation is also important for the production of 

valuable industrial chemicals. The main 

hydrogenation products-cyclohexane and 

cyclohexene-serve as key intermediates in the 

manufacture of nylon-6 and nylon-6,6, as well as in 

the production of solvents and plasticizers [8], [9]. In 

addition, the benzene-cyclohexane pair has recently 

attracted considerable attention as a promising liquid 

organic hydrogen carrier system. In this concept, 

hydrogen can be stored via benzene hydrogenation to 

cyclohexane and subsequently released through 

catalytic dehydrogenation. Cyclohexane contains 

approximately 7.2 wt.% hydrogen, enabling efficient 

hydrogen storage and reversible cycling between the 

two compounds [10], [11]. 

 

Figure 1. Pathway of polycyclic aromatic hydrocarbons from incomplete combustion  

to human health risks. 

Despite its importance, selective hydrogenation of 

benzene in the presence of other aromatic compounds 

remains a significant scientific and technological 

challenge. The strong π-conjugation of the benzene 

ring results in a relatively high activation energy for 

hydrogenation. At the same time, alkyl-substituted 

aromatics such as toluene and xylenes often exhibit 

stronger adsorption on catalyst surfaces than 

benzene, thereby blocking active sites and 

suppressing benzene conversion [12], [13]. 

Furthermore, gasoline fractions typically contain 

olefins, which are hydrogenated much more readily 

than benzene. As a result, many catalysts 

preferentially hydrogenate C=C bonds, leading to 

undesirable reduction of the fuel octane number [14], 

[15]. Achieving high selectivity under such 

competitive conditions therefore requires careful 

optimization of catalyst composition, support 

structure, and reaction parameters. 

A variety of catalysts based on Ni, Pd, Pt, Ru, and Rh 

have been extensively investigated for benzene 

hydrogenation [16]. Nickel-based catalysts, 

particularly Ni/Al₂O₃ systems, are widely used in 

industry due to their relatively low cost and high 

activity; however, their selectivity toward benzene in 

the presence of other aromatic compounds is often 

limited [17], [18]. Palladium catalysts can 

demonstrate relatively high benzene selectivity (up to 

~76%) under elevated hydrogen pressures [19]. 

Ruthenium-based catalysts are particularly attractive 

due to their excellent ability to dissociatively adsorb 

https://doi.org/10.66973/jees.26.003
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hydrogen and achieve high conversion under 

relatively mild conditions (60–120 °C and 2–5 MPa) 

[20], [21]. 

In this context, the present study focuses on the 

preparation of ruthenium-based catalysts supported 

on natural diatomite and the evaluation of their 

catalytic performance in the hydrogenation of 

aromatic hydrocarbons, including benzene, toluene, 

o-xylene, and their mixtures. Special attention is 

given to the influence of ruthenium loading on the 

structural properties and catalytic activity of the 

prepared catalysts. The effect of reaction temperature 

on the hydrogenation rate and product selectivity is 

also investigated. 

2 Experimental part 

2.1 Materials  

Ruthenium(III) chloride trihydrate (RuCl₃·3H₂O) was 

used as the metal precursor for catalyst preparation. 

Diatomite served as the catalyst support. The natural 

diatomite was obtained from the Mughalzhar deposit 

(Kazakhstan). Prior to use, the raw material was 

dried, sieved, and the fraction with a particle size 

below 100 μm was collected for further processing. 

Benzene, toluene and o-xylene was selected as the 

model hydrogenation substrate, while ethanol was 

employed as the reaction solvent. 

2.2 Catalyst Preparation 

Natural diatomite contains surface impurities that 

hinder the deposition of active metal species and 

consequently decrease the catalytic performance of 

the material. Therefore, prior to catalyst synthesis, the 

diatomite was subjected to acid activation followed 

by thermal treatment [22], [23]. A 10 wt.% 

hydrochloric acid solution was first prepared by 

diluting concentrated HCl with deionized water under 

continuous stirring. The appropriate amount of 

natural diatomite was then added to the acid solution, 

maintaining a diatomite-to-solution mass ratio of 1:3. 

The suspension was stirred at 80 °C for 2 h to ensure 

effective removal of surface impurities and partial 

dealumination. After acid treatment, the solid was 

separated by filtration, thoroughly washed if 

necessary, and calcined in air at 500 °C for 3 h. The 

calcined material was subsequently ground in a ball 

mill to obtain a homogeneous fine powder. X-ray 

fluorescence (XRF) analysis revealed that the 

activated diatomite (hereafter denoted as D) consisted 

predominantly of SiO₂ (87.9 wt.%) and Al₂O₃ (9.8 

wt.%). Ruthenium-supported catalysts were prepared 

using an impregnation-assisted hydrothermal method 

and are denoted as Ru/D. In a typical procedure, the 

required amount of activated diatomite (D) was 

dispersed in an aqueous solution of RuCl₃·3H₂O and 

stirred for 30 min to promote uniform distribution of 

the precursor. The resulting suspension was 

transferred into a stainless-steel autoclave, sealed 

tightly, and subjected to hydrothermal treatment at 

120 °C for 10 h. After cooling to room temperature, 

the solid product was recovered by filtration using a 

ceramic filter and thoroughly washed with distilled 

water to remove residual chloride ions. The obtained 

material was dried under vacuum at 60 °C overnight. 

Prior to catalytic evaluation, the Ru/D samples were 

reduced in a hydrogen atmosphere at 400 °C for 1 h 

to generate the metallic active phase.The nominal 

ruthenium loadings in the catalysts were 0.5, 1.0, and 

1.5 wt.%. 

2.3 Catalyst Characterization 

The microstructural features of the samples were 

investigated using field-emission scanning electron 

microscopy (FE-SEM, Hitachi SU8010) operated at 

an accelerating voltage of 15 kV. Both secondary 

electron and backscattered electron imaging modes 

were employed to evaluate the surface morphology 

and compositional contrast. 

The crystalline structure and phase composition were 

analyzed by powder X-ray diffraction (XRD) using a 

D8 Advance A25 diffractometer (Bruker) equipped 

with Cu Kα radiation (λ = 0.1540 nm) and a Ni filter. 

Diffraction patterns were recorded over a 2θ range of 

4–80° with a step size of 0.02°. Phase identification 

was performed by comparison with reference patterns 

from the JCPDS database. 

The textural properties were determined from 

nitrogen adsorption–desorption measurements 

carried out at 77 K using an ASAP 2020 surface area 

and porosity analyzer (Micromeritics). Prior to 

analysis, the samples were degassed under vacuum at 

300 K to remove physically adsorbed species. The 

https://doi.org/10.66973/jees.26.003
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specific surface area was calculated according to the 

Brunauer–Emmett–Teller (BET) method, while the 

pore size distribution was derived from the desorption 

branch of the isotherm using the Barrett–Joyner–

Halenda (BJH) model [24]. 

The bulk ruthenium content was quantified by 

inductively coupled plasma optical emission 

spectroscopy (ICP–OES, Optima 3300DV, 

PerkinElmer). 

The morphology, dispersion, and particle size 

distribution of the supported Ru species were further 

examined by transmission electron microscopy 

(TEM, JEM-2010, JEOL, Japan) operated at 200 kV 

with a point resolution of 0.14 nm. For TEM analysis, 

the samples were ultrasonically dispersed in ethanol 

and deposited onto carbon-coated copper grids. 

2.4 Hydrogenation methods  

The pre-crushed catalyst (0.6 g) was loaded into the 

reactor, followed by the addition of 1.0 mL of 

benzene, toluene, or xylene, and 60 mL of ethanol. 

The reactor was sealed and purged with nitrogen to 

remove air. The temperature was then set within the 

range of 90-130 °C. After reaching the desired 

temperature, the reactor was purged with hydrogen, 

the pressure was adjusted to 2.0 MPa, and mechanical 

stirring was initiated at 800 rpm. During the catalytic 

experiment, samples of the reaction mixture were 

withdrawn at predetermined time intervals. The 

reaction rate was determined using the volumetric 

method [25]. The hydrogenation rate (W) was 

calculated using the following formula (1): 

( )
(V -V ).

=
t -t
f

f i

ai
W

          

V .
=

a
W

t




  (1) 

where Vi and Vf are the initial and final amounts of 

absorbed hydrogen (mol), Δt is the time interval over 

which the rate is determined (s), and a is a coefficient 

accounting for the system pressure. The reaction 

products were analyzed using a Chromos gas 

chromatograph equipped with a flame ionization 

detector (FID) and a PEG-20M capillary column 

(0.25 mm diameter, 30 m length). 

3 Results and discussion 

3.1 catalyst characterization  

Figure 2 shows the SEM images and corresponding 

EDX spectra of Ru catalysts supported on diatomite 

with different Ru loadings: (a) 0.5%Ru/D, (b) 

1.0%Ru/D, and (c) 1.5%Ru/D. 

 

Figure 2. SEM images and EDX spectra of the catalysts: (a) 0.5%Ru/D, (b) 1.0%Ru/D, (c) 1.5%Ru/D. 

https://doi.org/10.66973/jees.26.003
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The SEM images reveal that the diatomite support 

possesses a highly porous and irregular structure, 

typical of silica-based diatomaceous materials. Such 

morphology provides a large surface area and 

numerous pores, which are beneficial for the 

dispersion of active metal particles and for mass 

transfer during catalytic reactions. For all catalysts, 

the characteristic porous framework of diatomite is 

preserved after Ru deposition, indicating that the 

impregnation process does not significantly alter the 

support structure. At higher Ru loading (1.5% Ru/D), 

the surface appears slightly denser, which may 

suggest partial aggregation of metal species. 

The EDX spectra confirm the presence of the main 

elements in the catalysts. Strong peaks of Si and O 

originate from the silica-rich diatomite support, while 

minor Al signals correspond to natural impurities in 

the material. The detection of Ru peaks indicates the 

successful deposition of ruthenium on the support. A 

small Au signal is also observed, which is attributed 

to the gold coating applied during SEM sample 

preparation. Overall, the results confirm that Ru was 

successfully supported on the porous diatomite 

structure without significant structural changes. 

Figure 3 shows TEM images of Ru catalysts 

supported on diatomite with different Ru loadings: 

(a) 0.5% Ru/D, (b) 1.0% Ru/D, and (c) 1.5% Ru/D. 

The TEM micrographs reveal that Ru nanoparticles 

are distributed on the surface of the diatomite 

support. In the 0.5% Ru/D catalyst (Figure 3a), very 

small and well-dispersed Ru particles can be 

observed, indicating a high dispersion of the active 

metal at low loading. The particles appear as fine 

dark spots uniformly distributed across the support 

surface. For the 1.0% Ru/D catalyst (Figure 3b), the 

number of visible Ru nanoparticles increases, while 

the particles remain relatively well dispersed. This 

suggests that the diatomite support provides 

sufficient anchoring sites for the metal particles, 

preventing significant agglomeration. In the 1.5% 

Ru/D catalyst (Figure 3c), the density of Ru 

nanoparticles on the support surface becomes 

noticeably higher, and several larger particles can be 

observed. This indicates that partial aggregation of 

Ru nanoparticles occurs at higher metal loading, 

which is a common phenomenon in supported metal 

catalysts.

 

Figure 3. TEM images of the catalysts: (a) 0.5%Ru/D, (b) 1.0%Ru/D, and (c) 1.5%Ru/D. 

The deposition of Ru onto the D support is 

accompanied by a gradual decrease in the specific 

surface area (from 60 to 45 m² g⁻¹) and the total pore 

volume (from 0.08 to 0.07 cm³ g⁻¹), as well as a slight 

reduction in the average pore diameter (from 19 to 18 

nm, Table 1). This behavior indicates partial filling of 

the pores by ruthenium species, confirming the 

successful incorporation of the active phase onto the 

support. Furthermore, the actual Ru content closely 

matches the nominal loading values. Figure 4 

presents the XRD patterns of the D support and Ru/D 

catalysts with different ruthenium loadings (0.5, 1.0, 

and 1.5 wt.%). The XRD analysis of the diatomite 

sample (D) revealed the presence of crystalline peaks 

corresponding to phases containing silicon dioxide 

(quartz and opal), as well as clay minerals (illite and 

kaolinite). The diffractogram of the original support 

shows well-defined reflections of these minerals, 

while the amorphous silica phase typical for 

diatomites appears as a broad, non-structured 

background. The obtained results confirm that the 

structure of diatomite retains the crystallinity of 

individual components while simultaneously 

containing a significant fraction of amorphous SiO₂, 

https://doi.org/10.66973/jees.26.003
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which is characteristic of natural diatomaceous rocks 

[26], [27], [28].

Table 1. Textural properties of the prepared catalysts. 

Sample SBET (m² 

g⁻¹) 

Average pore 

diameter (nm) 

Pore volume (cm³ 

g⁻¹) 

Actual Ru content (%) 

D 60.0 19.0 0.08 — 

0.5%Ru/D 57.0 19.0 0.08 0.48 

1.0%Ru/D 50.0 19.0 0.07 0.96 

1.5%Ru/D 45.0 18.0 0.07 1.47 

 

For the catalysts modified with different ruthenium 

contents (0.5–1.5 wt.% Ru/D), the XRD patterns 

practically coincide with that of the original 

diatomite. The positions and intensities of the main 

peaks correspond to the phases of quartz and clay 

minerals, indicating that the crystalline structure of 

the support is preserved after the deposition of the 

active component. Characteristic diffraction 

reflections of ruthenium are not observed in the 

presented patterns. This can be attributed to the 

extremely low Ru concentration and its high degree 

of dispersion, as a result of which the metal is present 

in the form of nanoclusters or sub-nanometer 

particles whose sizes are below the detection limit of 

conventional powder XRD. 

 
Figure 4. XRD patterns of diatomite (D) and Ru/D catalysts with different Ru loadings.

  

3.2 Hydrogenation of benzene. 

 Figure 5 shows the dependence of the benzene 

hydrogenation reaction rate over the 1.0 wt.% Ru/D 

catalyst on the volume of absorbed hydrogen at 

different temperatures (90, 110, and 130 °C). For all 

investigated temperatures, typical curves are 

observed: the reaction rate initially increases with 

increasing hydrogen uptake, reaching a certain 

plateau, after which it gradually decreases. 

At 90 °C, the maximum reaction rate is achieved at a 

relatively low hydrogen uptake (~300–350 mL), 

which reflects the limited catalytic activity at lower 

temperature and the relatively slow saturation 

dynamics of the active sites. Increasing the 

temperature to 110 °C leads to an increase in both the 

reaction rate and the hydrogen volume corresponding 

to maximum activity. This indicates more efficient 

participation of the Ru active sites in the 

hydrogenation process. The highest reaction rate 

values are observed at 130 °C. The maximum of the 

https://doi.org/10.66973/jees.26.003
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curve shifts toward higher degrees of hydrogenation, 

indicating an increase in the number of active sites 

involved in the reaction, as well as an intensification 

of mass-transfer processes. However, a further 

increase in hydrogen uptake leads to a decrease in the 

reaction rate, which may be due to partial blockage 

of active sites by excessively adsorbed hydrogen or 

to limitations in substrate diffusion. 

 

Figure 5. Dependence of the reaction rate on hydrogen uptake during benzene hydrogenation over the 1.0 % Ru/D 

catalyst.

Figure 6 presents the Arrhenius plot showing the 

logarithmic dependence of the reaction rate constant 

(lg k) on the reciprocal temperature (1000/T) for 

benzene hydrogenation over the studied catalyst. A 

linear relationship between lg k and 1000/T is 

observed within the investigated temperature range, 

indicating that the reaction follows the Arrhenius law. 

The decrease in lg k with increasing 1000/T 

corresponds to an increase in the reaction rate 

constant with increasing temperature, which is 

typical of thermally activated catalytic processes. 

The slope of the straight line was used to estimate the 

apparent activation energy of the reaction, which was 

calculated to be approximately 50 kJ mol⁻¹. The good 

linear correlation of the experimental data suggests 

that the hydrogenation process proceeds through a 

consistent kinetic mechanism under the studied 

conditions. These determined activation energy 

values are consistent with those reported by the 

authors in [29], [30]. 

 

https://doi.org/10.66973/jees.26.003
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Figure 6.  Logarithmic dependence of the rate constant on the reciprocal temperature. 

Figure 7 presents the kinetic curves of benzene 

hydrogenation over catalysts with different 

ruthenium (Ru) loadings, expressed as percentages 

(0.5%, 1.0%, and 1.5% Ru/D). The experiment was 

carried out at a temperature of 90 °C. 

 

Figure 7. Kinetic curves of benzene hydrogenation over Ru/D catalysts with Ru loadings of 0.5%, 1.0%, and 1.5% at 

90 °C. 

It can be seen that in all cases a sharp initial increase 

in the reaction rate is observed as hydrogen is 

absorbed, after which the rate reaches a plateau. At 

the same time, the catalytic activity significantly 

increases with increasing ruthenium content. In 

particular, the catalyst containing 1.5% Ru/D exhibits 

the highest reaction rate (above 20×10−6 mol.s⁻¹), 

which is almost twice as high as that observed for the 

sample containing 0.5% Ru/D. The catalyst with 

1.0% Ru/D shows intermediate activity. The obtained 

results indicate that an increase in Ru concentration 

promotes the formation of a larger number of active 

sites, which leads to an enhancement of the benzene 

hydrogenation rate. 

3.3 Hydrogenation of Toluene. 

The catalytic hydrogenation of toluene involves the 

saturation of the aromatic ring, resulting in the 

formation of methylcyclohexane. Typically, this 

process is carried out over noble metal catalysts (Ru, 

Pt, Pd) or Ni-based catalysts under elevated hydrogen 

pressures (2–10 MPa) and at temperatures ranging 

from 80 to 200 °C. 

The reaction mechanism is similar to that of benzene: 

initially, the toluene molecule adsorbs onto the metal 

surface, weakening its π-system, after which 

hydrogen atoms gradually add to the ring. The methyl 

group is generally preserved, making 

methylcyclohexane the main product. Depending on 

the nature of the catalyst, temperature, and pressure, 

side products such as cracking products, isomers, or 

dimethylcyclopentanes may also form [31], [32]. 

Hydrogenation experiments of toluene were 

conducted at 90 °C under 1 MPa hydrogen pressure 

(800 rpm) in an ethanol solvent. The results of the 

hydrogenation are shown in Figure 8. 

As seen in Figure 8, the reaction rate during toluene 

hydrogenation initially increases sharply during the 

early stages of hydrogen uptake, reaching a 

maximum at approximately 200–300 mL of 

hydrogen absorbed, and then gradually decreases. 

This behavior is observed at all temperatures tested 

(90, 110, and 130 °C), indicating that at the beginning 

of the process, the active sites on the catalyst surface 

are fully accessible and adsorption of both hydrogen 

https://doi.org/10.66973/jees.26.003
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and toluene is optimal. As the reaction proceeds, the 

accumulation of products and surface saturation lead 

to a decline in the reaction rate. 

 

Figure 8. Dependence of the reaction rate on hydrogen uptake during toluene hydrogenation over 1.0% Ru/D 

catalyst at different temperatures. 

The reaction rate increases significantly with 

temperature: at 130 °C, the maximum rate 

(~16 × 10⁻⁶ mol s⁻¹) is almost twice as high as at 

90 °C and higher than at 110 °C. Throughout the 

entire range of hydrogen uptake, the rate follows the 

order 130 °C > 110 °C > 90 °C. This indicates that 

raising the temperature to 110–130 °C markedly 

accelerates toluene hydrogenation over the 1.0% 

Ru/D catalyst. However, as hydrogen uptake 

progresses, a decrease in the reaction rate is observed 

due to coverage of the catalyst surface by products 

and intermediate species. Table 2 shows the extent of 

toluene hydrogenation and the distribution of 

products over the 1.0% Ru/D catalyst at different 

temperatures. 

 

Table 2. Results of Toluene Hydrogenation over 1.0% Ru/D Catalyst at Different Temperatures. 

Temperature, °C  Conversion, %  
Product Distribution, % 

Methylcyclohexane Dimethylcyclopentane Toluene 

90 50.0 60 0 40 

110 55.0 54 1 45 

130 60.0 58 2 40 

 

As shown in Table 4, toluene conversion increases 

with temperature: at 90 °C, the conversion reaches 

40%, with methylcyclohexane as the main product 

(60%) and no detectable dimethylcyclopentane. At 

110 °C, the conversion rises to 55%, with 

methylcyclohexane accounting for 54% and a small 

amount of isomerization observed 

(dimethylcyclopentane 1%). At 130 °C, the 

conversion further increases to 60%, 

methylcyclohexane yield reaches 58%, and the 

dimethylcyclopentane content rises to 2%. This 

indicates that at higher temperatures, alongside the 

https://doi.org/10.66973/jees.26.003
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main hydrogenation pathway, isomerization 

reactions become more pronounced, although 

methylcyclohexane remains the predominant primary 

product. 

3.4 Hydrogenation of o-Xylene 

Hydrogenation experiments of o-xylene were carried 

out over a 1.0% Ru/D catalyst at 90 °C under 1 MPa 

hydrogen pressure (800 rpm) in an ethanol solvent. 

The results of the hydrogenation are presented in 

Figure 9. 

 

 

Figure 9. Dependence of the reaction rate on hydrogen uptake during o-xylene hydrogenation over 1.0% Ru/D 

catalyst at different temperatures. 

During o-xylene hydrogenation over the 1.0% Ru/D 

catalyst, the reaction rate rises sharply with hydrogen 

uptake, reaching a maximum at approximately 200–

300 mL, followed by a gradual decline at very high 

hydrogen uptake volumes (≈1300–1800 mL). 

Raising the temperature from 90 °C to 110 and 

130 °C markedly increases the reaction rate across 

the entire hydrogen uptake range, indicating that 

kinetic limitations are reduced at higher temperatures 

and that the turnover of hydrogen and o-xylene 

molecules on the catalyst surface is accelerated. 

Although the overall mechanism is analogous to that 

of benzene and toluene hydrogenation, including 

dissociative adsorption of H₂, π-complex adsorption 

of the aromatic ring, stepwise hydrogenation, and 

subsequent product desorption, the hydrogenation of 

o-xylene proceeds more slowly and shows a greater 

dependence on temperature. 

As shown in Table 3, at 90 °C the conversion of o-

xylene reaches 35%, with the main products being 

dimethylcyclohexane and trimethylcyclopentane 

(35%), while no isomers are detected. When the 

temperature is increased to 110 °C, the conversion 

rises to 46%, with hydrogenation products 

accounting for 45% and isomers for 1%. At 130 °C, 

the conversion further increases to 52%, with 

hydrogenation products reaching 50% and isomers 

2%, while the remaining o-xylene accounts for 48%. 
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Table 3. Results of o-xylene hydrogenation over 1.0% Ru/D catalyst at different temperatures. 

Temperature, °C Conversion, % 

Product distribution, % 

Hydrogenation product 

(dimethylcyclohexane and 

trimethylcyclopentane) 

Isomer 

(m-xylene and 

p-xylene) 

o-Xylene 

90 35.0 35.0 0 65.0 

110 46.0 45.0 1.0 54.0 

130 52.0 50.0 2.0 48.0 

 

Thus, with increasing temperature, both the overall 

conversion and the yield of hydrogenation products 

increase, whereas the isomerization pathway remains 

very limited (0 to 2%). This indicates that the Ru/D 

catalyst predominantly promotes hydrogenation of 

the aromatic ring, while the isomerization of o-xylene 

to m- and p-xylene represents only a minor side 

reaction. 

From a mechanistic point of view, the hydrogenation 

of o-xylene proceeds via π adsorption of the aromatic 

ring on the Ru surface followed by stepwise 

hydrogen addition. The principal products are 

dimethylcyclohexane, formed through ring 

hydrogenation, and a small amount of 

trimethylcyclopentane resulting from ring 

contraction. With increasing temperature, a small 

fraction of molecules undergoes isomerization to 

form m- and p-xylene (0 to 2%). However, because 

this pathway is energetically less favorable, 

hydrogenation remains the dominant reaction route. 

3.5 Hydrogenation of a benzene, toluene, and o-

xylene mixture over a 1.0% Ru/D catalyst. 

Hydrogenation reactions of benzene in the presence 

of aromatic compounds were carried out over the 

1.0% Ru/D catalyst at 90 °C under a hydrogen 

pressure of 1 MPa (800 rpm) using ethanol as a 

solvent. The results of the hydrogenation are 

presented in Figure 10. 

 

 

Figure 10. Dependence of the reaction rate on hydrogen uptake during hydrogenation of a benzene, toluene, and 

xylene mixture over the 1.0% Ru/D catalyst at 90 °C. 
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As shown in the figure 10, during hydrogenation of 

the benzene, toluene, and xylene mixture over the 

1.0% Ru/D catalyst at 90 °C, the reaction rate initially 

increases rapidly with hydrogen uptake. In the range 

of 0–300 mL, the rate rises from zero to 

approximately 9×10⁻⁶ mol s⁻¹. Between 400 and 800 

mL of hydrogen uptake, the reaction rate reaches a 

maximum of about 11.5–12×10⁻⁶ mol.s⁻¹ and forms a 

plateau, indicating optimal surface coverage of 

hydrogen for this catalytic system. 

As hydrogen uptake further increases from 900 to 

1900 mL, the reaction rate gradually decreases to 

approximately 3×10⁻⁶ mol·s⁻¹. This decline can be 

attributed to the decreasing concentration of aromatic 

substrates, as well as partial coverage of the catalyst 

surface by reaction products such as cyclohexane and 

alkylcyclohexanes, and by excess hydrogen, which 

reduces the availability and effectiveness of active 

sites. Thus, in this system, the reaction rate reaches 

its maximum at an intermediate level of hydrogen 

uptake, whereas further hydrogen absorption does 

not accelerate the process and instead leads to a 

gradual decrease in the reaction rate. 

Table 4 presents the results of hydrogenation of a 

benzene, toluene, and o-xylene mixture over the 

1.0% Ru/D catalyst: the conversion of benzene 

reaches 94%, while the conversions of toluene and o-

xylene are 14% and 2%, respectively.

Table 4. Results of benzene hydrogenation in the presence of aromatic compounds over the 1.0% Ru/D catalyst at 

90 °C. 

Conversion, % 

benzene toluene o-xylene 

94.0 14.0 2.0 

 

These results confirm the high selectivity of the 

catalyst toward benzene. Benzene is almost 

completely converted to cyclohexane (94%), whereas 

toluene and o-xylene largely remain unreacted. This 

behavior can be attributed to differences in 

adsorption strength on the Ru surface: as a 

symmetrical molecule, benzene forms a stable π-

complex with the Ru sites, allowing it to adsorb more 

strongly and effectively displace methyl-substituted 

aromatics under competitive adsorption conditions. 

The steric hindrance and electron-donating effect of 

the methyl groups weaken the adsorption of toluene 

and o-xylene. Consequently, the reactivity decreases 

in the order benzene > toluene > o-xylene. After 

hydrogenation, the products desorb into the solution, 

leaving free active sites on the catalyst surface, which 

are subsequently occupied again by benzene 

molecules, allowing the catalytic cycle to continue. 

Thus, when a mixture of aromatics is hydrogenated 

over the Ru/D catalyst, the combined effects of 

adsorption strength, steric hindrance, and electronic 

factors result in preferential and nearly complete 

hydrogenation of benzene, whereas toluene and o-

xylene are hydrogenated only to a minor extent. This 

leads to an overall shift in the system’s selectivity 

toward benzene hydrogenation. 

4 Conclusion 

Ruthenium nanoparticles supported on diatomite 

(Ru/D) were successfully prepared with high 

dispersion while preserving the support morphology. 

Characterization confirmed uniform Ru distribution, 

minimal structural changes, and only slight decreases 

in surface area and pore volume with increasing 

metal loading. Catalytic tests showed that benzene 

hydrogenation proceeded efficiently, whereas 

hydrogenation of toluene and o-xylene was slower 

due to steric and electronic effects. In mixed-

aromatic systems, the catalyst exhibited pronounced 

selectivity toward benzene, highlighting the 

influence of adsorption strength and molecular 

structure on competitive reactions. Increasing Ru 

loading enhanced the number of active sites and 

overall reaction rates without compromising the 

integrity of the diatomite framework. These results 

demonstrate that Ru/D catalysts provide a favorable 
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combination of high activity, selectivity, and 

structural stability.
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