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Abstract 

Ordered silica materials of SBA-16 type were synthesized, characterized as to their 

physicochemical properties and used as supports of the active phases which were niobium, 

ruthenium, palladium or platinum ions. Physicochemical properties of the systems obtained were 

determined by XRD, N2 sorption and TEM methods. Then the materials were used as catalytic 

systems in the process of phenol hydrodeoxygenation. The reaction was carried out in the range 

90-130°Cunder hydrogen pressure of 2,5-6 MPa. The effects of three variables on the course of 

the process were evaluated:(i) temperature, (ii) hydrogen pressure, (iii) type of active phase 

(metal). The main product of the reaction with the use of catalysts SBA-16/Ru, SBA-16/Pd, 

SBA-16/Pt was 2,4-dimethylhexane, while when using SBA-16/Nb, the main product was 1-

methoxy-2-hexene. In the reaction conditions applied, 100% of phenol conversion was achieved. 

Direct effect of the reaction conditions, i.e., temperature and hydrogen pressure on the course of 

the process was observed.  

Keywords 
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Introduction 

Increasing demand for energy and gradual depletion of fossil fuels have stimulated the 

search for alternative energy sources [1, 2]. Because of the rich composition, common 

occurrence and renewability, lignocellulose biomass is a valuable raw material for production of 
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biofuels and different chemical substances [3-6]. From among many technologies for biomass 

conversion, fast pyrolysis is one of the best as it permits reaching conversions of the initial 

biomaterials of up to 70 wt.% into a dense liquid known as biooil [7,8]. The liquid fuel obtained 

as a result of biomass pyrolysis is a promising semiproduct that can be an alternative to fossil 

fuels. However, because its low quality caused by the high content of water (up to 30 wt.%) and 

the content of reactive chemical compounds such as phenols, carboxylic acids, aldehydes and 

ketones, whose total content reaches even up to 50 wt.%, direct use of biooil as a biofuel is 

impossible [9, 10]. Its quality must be improved so that it would be characterized by higher 

calorific values, higher thermal and chemical resistance. Such an improvement requires first of 

all a reduction of the content of oxygen atoms in the system as their presence is the main obstacle 

in using the pyrolytic oil as a substitute of fossil fuels [11, 12]. 

Catalytic hydrodeoxygenation (HDO) is one of the most effective methods for biooil 

improvement. This process is performed at high temperatures (150-450°C)under high hydrogen 

pressure (5-25MPa) in the presence of different catalysts [13, 14]. Finally, this technology  

permits a conversion of organic aromatic compounds, present in biooil and containing in their 

structure oxygen atoms, into chemical compounds of higher H/C ratio at a lower O/C ratio, 

which can even lead to obtaining hydrocarbons [15-17]. In laboratory scale hydrodeoxygenation 

is performed using the model chemical compounds, identical to those present in biooil. The 

functional groups most often occurring in biooil as methoxyl groups (-OCH3) and hydroxyl 

groups (-OH), so the model compounds usually used in investigation are anisole, phenol, 

guaiacol or catechol [18, 19]. High yield of the process depends to a great degree on the choice 

of the catalytic system, the most effective ones employ transition metal atoms (Nb, Ru, Pd, Pt), 

which easily activate hydrogen and ensure getting desired reaction products [20, 21]. The metals 
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are deposited on supports whose role is to ensure the best possible dispersion of the active phase 

and improvement of the thermal and mechanical strength of the system [22, 23]. These criteria 

are met by ordered mesoporous silica materials, which thanks to their unique morphology, i.e. 

well-developed surface area and uniform pore system, are perfect supports for transition metals 

[24-26]. The silicas of the types MCM (Mobil Crystalline Material), KIT (Korean Institute of 

Technology) or SBA (Santa Barbara Amorphous) with transition metal ions on the surface have 

been successfully applied in a number of catalytic processes involving gas hydrogen [24, 27-31]. 

This paper presents results obtained for hydrodeoxygenation of phenol. This process was 

performed in relatively mild conditions: T=90-130°C and pressure pH2=2,5-6 MPa, applied to 

minimize the use of energy. The catalysts were heterogeneous systems of metallic niobium, 

ruthenium, palladium or platinum as the active component supported on mesoporous silica of 

SBA-16 type. The study was aimed checking the effects of (i) temperature, (ii) pressure and (iii) 

type of metal used on the degree of phenol conversion and forming reaction products.  

Experimental 

Catalyst preparation 

The unmodified mesoporous silicas of SBA-16 type were synthesized by the standard 

sol-gel method. Laboratory vessels were charged with 4.8 g of triblock copolymer of ethylene 

oxide and propylene oxide, Pluronic F127 (Sigma-Aldrich), to which 460.6 g of distilled water 

and 192 g 2M of hydrochloric acid (Chempur) were added. After dissolution of the structure-

directing agent (i.e. Pluronic F127), 20.2 g of TEOS (Sigma-Aldrich) were added dropwise. The 

contents were stirred on a magnetic stirrer for 0.5 h at room temperature. Then the system with 

the precipitate was aged in a laboratory drier for 48 h at 90°C. The precipitate obtained after 

ageing was filtered off on a funnel, washed with distilled water and dried in air at room 
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temperature. The materials were subjected to calcination in order to remove surfactants from 

silica pores (6 h, 550°C). Then the unmodified SBA-16 type silica was subjected to incipient 

wetness impregnation. The vessel with a weighted portion of the support was dropwise charged 

with a water solution of  (NH4)3NbO(C2O4)3(H2O) (Sigma Aldrich), ethanol solution of 

RuCl3*H2O (Alfa Aesar), ethanol solution of PdCl2 (Alfa Aesar) or ethanol solution of 

H2PtCl6*6H2O (Alfa Aesar). The mass fraction of metals was always kept as 3 wt.%. in respect 

to the support. The vessel with the impregnated support was tightly closed with polyolefin- 

paraffin foil and left to rest for 24 h. Then the catalysts were dried for 1 h at 30°C,  for 1 h at 

40°C and 18 h at 60°C. Next, they were reduced in a tube furnace in hydrogen atmosphere in 

order to obtain monometallic metal species on a mesoporous support. At first in order to remove 

air from the system argon of 5.0 purity (N5.0; Linde Gas Poland) (50 cm3/min) was blown 

through the system at room temperature for 0.5 h, then hydrogen was blown (50 cm3/min) and 

after 0.5 h the heating was started. Depending on the metal used, the catalysts were reduced for 3 

h at 400°C (niobium), 250°C (ruthenium), 350°C (palladium), 250°C (platinum). 

Catalyst characterization 

Physicochemical properties of all catalysts were determined on the basis of X-ray 

diffraction (XRD), transmission electron microscopy (TEM) and low-temperature 

adsorption/desorption of nitrogen. XRD study was performed on a Bruker AXS D8 Advance 

diffractometer with a Johannson monochromator. The source of CuKαradiation generated 

radiation of the wavelength α=0.154 nm in the 2Ɵ range 0.6 - 10° with the accuracy to 0.02° 

(small-angle range) and in the 2Ɵ range 4 - 60° with the accuracy to 0.05° (wide-angle 

range).TEM images were recorded on a JEOL JEM 1200 EX II microscope using the electron 

beam of 80 kV.The low-temperature nitrogen adsorption/desorption were carried out using Nova 
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1200e Quantachrome at 176°C, after preliminary degassing of the sample in vacuum at 350°C 

for 24 h. The specific surface area of the catalyst was determined by BET (Brauner-Emmet-

Teller) method, while the pore volume was found by the modified BJH (Barret-Joyner-Halenda) 

method proposed by Kruk, Jaroniec and Sayari (KJS-BJH). Moreover, all materials were 

characterized by thermogravimetry (TG), X-ray photoelectron spectroscopy (XPS), SEM/EDX 

(scanning electron microscopy with EDX) and temperature programmed reduction (H2-TPR) – 

see supporting information. 

Experiments (HDO of phenol) 

Phenol hydrodeoxygenation was carried out in a high-pressure reactor (CAT 24 HEL) 

placed on a magnetic stirrer. Prior to the proper reaction, all catalysts were activated in a muffle 

furnace at 400°C for 4 h. Then, the appropriate catalysts in the amounts of  0.005 g were placed 

in glass reaction vessels, to which 0.05 g of phenol (Sigma-Aldrich) were added and the contents 

were flooded with 1 g of dodecane (Sigma-Aldrich) used as a solvent. The glass vessels were 

equipped with magnetic stirrers. The reaction mixtures were placed in a high-pressure reactor 

that was tightly closed and three times washed with argon N5.0 in order to remove air from 

inside the reactor. Then the reactor was twice washed with hydrogen N5.0 and finally it was 

filled with hydrogen to a pressure of 2.5, 4 or 6 MPa. Then a desired temperature of 90, 110or 

130°C was set and stirring was started (700 rotation per minute). The reaction was performed for 

4 h and then the reactor was cooled and gas was released.  

Product analysis 

After removal from the high-pressure reactor, the reaction mixtures were subjected to 

stirring in order to separate the liquid reaction products from the catalyst, and the products were 

subjected to chromatographic analysis on a gas chromatograph with a flame-ionization detector 
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(VARIAN 3900 GC; a capillary column CPWAX57CB:length 25 m, diameter 0.32 mm, film 

thickness 1.2 µm) and a gas chromatograph with mass detector (VARIAN 4000 GC; acapillary 

column CPWAX57CB: length 25 m, diameter 0.32 mm, film thickness 1.2 µm). The reaction 

products were identified by two methods, on the basis of retention times of chemical compounds 

compared with retention times of available standards and using the compounds library NIST. 

Results and discussion 

X-ray diffraction analysis 

XRD measurements in the small-angle range provide information on the degree of 

ordering of the obtained materials structure (Figure 1 left). XRD diffractograms of all samples 

show one intensive reflection at 2Ɵ=0.9° whose presence is the evidence of their ordered 

structures. SBA-16 type silica has cage-like cubic structure of space group Im3m. 
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Figure 1.Small- (left) and wide-angle (right) XRD patterns of SBA-16 mesoporous silica 

containing different metal atoms. 

 

XRD diffractograms in the wide-angle range provide information confirming the 

presence of relevant metals introduced by incipient wetness impregnation (Figure 1 right). Only 

for two from among all samples studied: SBA-16/Pd and SBA-16/Pt, the reflections from 

metallic species of relevant metals were observed. The diffractogram of sample SBA-16/Pd 

shows two reflections at 2Ɵ=40.2° and 2Ɵ=46.7°. For sample SBA-16/Pt also two reflections 

appear at 2Ɵ=39.8° and 2Ɵ=46.3°. The presence of these reflections confirms the successful 

introduction of Pd and Pt atoms into the silica matrix, which is additionally confirmed by TEM 

images. The diffractograms of SBA-16/Nb and SBA-16/Ru do not show the reflections testifying 

to the presence of the respective metal ions in the silica structure, however, it is not equivalent to 

the absence of these metals. The lack of reflections may be a consequence of too small sizes of 

the crystallites introduced. The presence of Nb and Ru onto the SBA-16 type silica is confirmed 

by TEM images. 

Low-temperature N2 adsorption/desorption measurements 

The low-temperature nitrogen adsorption/desorption is used for characterization of 

porous materials. On the basis of the isotherms obtained it is possible to determine the surface 

area, pore volume, pore diameter and pore size distribution. Figure 2 presents the low-

temperature nitrogen adsorption/desorption isotherms for all samples obtained. The shape of 

isotherms is characteristic of all mesoporous materials and is labelled as IVa according to 

IUPAC classification [32, 33]. The isotherms showed one hysteresis loop. For the samples SBA-
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16/Ru, SBA-16/Pd and SBA-16/Pt the hysteresis loop was of similar size, which indicated 

similar total pore volume, and appeared in the relative pressure range p/p0=0.45-0.7. 
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Figure 2.Isotherms of the SBA-16 mesoporous silica containing different metal atoms. 

Table 1 presents the textural parameters of the materials studied. All silicas are 

characterized by relatively large surface areas (BET). The largest surface area of 920 m2/g was 

found for SBA-16/Nb, while the smallest for SBA-16/Pt (704 m2/g). The other textural 

parameters of the silica samples that is pore volume of over 0.5 cm3/gand average pore size 

varied from6.3 to 7.4 nm, were very similar. The generally similar textural parameters of all 
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silicas mean that incipient wetness impregnation had practically no effect on the quality of the 

silicas (structure and textural properties).  

Table 1. Structure and textural properties of all catalysts. 

Catalysts 

Surface area (BET) 

[m2/g] 

Total pore volume 

[cm3/g] 

Pore size (BJH ads.) 

[nm] 

SBA-16/Nb 920 0.6 7.4 

SBA-16/Ru 769 0.6 6.3 

SBA-16/Pd 743 0.5 6.4 

SBA-16/Pt 704 0.5 6.3 

 

TEM images 

The TEM images provided the information on the degree of structural ordering and the 

presence of transition metals in the samples. As follows from the TEM images presented in 

Table 2, all synthesized samples show high structural ordering, which has been also indicated by 

XRD results. The dark points visible in the TEM images are the evidence of transition metal 

presence in the samples, which confirms the effectiveness of incipient wetness impregnation 

method. The introduced transition metals show good dispersion and their clusters have similar 

sizes within a given sample.  

Table 2. TEM images of the SBA-16 silica containing various transition metal atoms 

(a-Pt, b-Pd, c-Ru, d-Nb). ACCEPTED M
ANUSCRIP

T



  

  

 

The results of the SEM-EDX analysis show homogeneous distribution of the introduced metal. 

The metal content was presented in Table S1 (see Figure S1 and Table S1 in supporting 

information). Thermal stability of the samples were described in supporting information. All the 

materials are stable at the temperature applied for HDO. 

 

The results of phenol HDO reaction 

It is known from literature that phenol molecules under elevated pressure and temperatures (the 

conditions typical of hydrodeoxygenation) undergo different transformations, e.g. hydrogenation, 

dehydration, demethoxylation, demethylation and methylation [34, 35].The type of reaction 

20 nm 

20 nm 

20 nm 
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products depends not only on the reaction conditions but also on the type of catalyst used. By 

chromatographic methods the following products of HDO of phenol: cyclohexene, 1-

methoxycyclohexene, cyclohexanol, 1-methoxy-2-hexene and 2,4-dimethylhexane were 

identified. The products labelled as “other” are the undesirable products of phenol addition, 

mainly naphthalene derivatives. Figure 4 presents a scheme illustrating the possible 

transformations of phenol molecules in the process performed. On the basis of the identified 

products of HDO reaction of phenol, we proposed two pathways of transformations (Fig. 4). 

According to the first pathway, at first the aromatic ring is hydrogenated, which leads to 

cyclohexanol formation, then cyclohexanol is dehydrated to cyclohexene. The second pathway 

leads to 1-methoxycyclohexene as a result of partial hydrogenation of the aromatic ring and 

attachment of a methyl group to the oxygen atom. Then, the C-C is broken, the cyclic character 

is lost and 1-methoxy-2-hexene is produced. Finally, after demethoxylation and attachment of 

two methyl groups, 2,4-dimethylhexane is obtained. It is important to stress that such mechanism 

can be observed only in the case of Brønsted acid sites. It has been largely recognized that the 

transmethylation reaction is induced by a proton that dissociates from the acid site and launches an 

electrophilic attack on the reactant [34]. The domination of this pathway may be related to the 

character of transition metal and acidity of the support used as the energy needed for 

hydrogenation of aromatic ring is lower than that needed to break the bond between the carbon 

atom from the aromatic ring. 
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Figure 4. Scheme of the possible routes of phenol hydrodeoxygenation. 

 

It is interesting to note that kinetic profiling revealed ring hydrogenation as the dominant 

pathway during the first hour of reaction. Afterwards, slower C=C hydrogenation versus C=O 

hydrogenation occurs. Further kinetic studies are currently underway to elucidate the rate-

determining step in phenol HDO, in addition to the impact of metal loading, and the selection of 

phenolic substrate (e.g. guaiacol), in order to optimize the yield of products and establish the 

generic applicability of supported SBA-16 in biooil HDO. 

Figures 5-8 illustrate the phenol conversion depending on the catalyst and reaction conditions 

applied.  Tables 3-6 present the reaction products and selectivities of their formation.  
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Figure 5. Conversion of phenol over SBA-16/Nb catalyst under different conditions. 

 

Table 3. Product distribution for phenol HDO over SBA-16/Nb catalyst under different 

conditions. 

Catalyst 
Temperature 

[°C] 

Pressure 

[MPa] 

Selectivity [%] 
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SBA-16/Nb 90 

2.5 0.0 11.6 0.0 83.1 0.0 5.3 

4 0.0 9.9 0.0 83.3 0.0 6.7 

6 0.0 11.1 0.0 82.8 0.0 6.1 
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 As follows from Figure 5, the sample of SBA-16 impregnated with niobium is little 

active in HDO of phenol. The maximum phenol conversion was 6% for the process run at 130°C 

and hydrogen pressure of 6 MPa. At such a small conversion, besides the chemical compounds 

obtained as a result of phenol addition (denoted as other), two products were observed:  1-

methoxycyclohexene (maximum selectivity of 12%) and 1-methoxy-2-hexene (maximum 

selectivity of 94%) which was the main product. No formation of cyclohexene, cyclohexanol or  

2,4-dimethylhexane was detected. On the basis of the products of HDO reaction of phenol it can 

be inferred that the second pathway of transformations was realized. The increase in temperature 

and hydrogen pressure had no (or a little) effect on the process.  

 

110 

2.5 0.0 7.8 0.0 92.2 0.0 0.0 

4 0.0 6.0 0.0 94.0 0.0 0.0 

6 0.0 12.0 0.0 71.3 0.0 16.7 

 

130 

2.5 0.0 11.5 0.0 78.9 0.0 9.6 

4 0.0 10.3 0.0 83.7 0.0 6.0 

6 0.0 8.2 0.0 81.6 0.0 10.2 
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Figure 6. Conversion of phenol over SBA-16/Ru catalyst. 

Table 4. Product distribution for phenol HDO over SBA-16/Ru catalyst under different 

conditions. 
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Temperature 
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SBA-16/Ru 

90 

2.5 2.3 9.5 22.7 26.1 37.5 1.9 

4 1.1 16.6 32.0 6.7 43.6 0.0 

6 0.6 1.9 10.4 24.9 62.2 0.00 
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When the HDO of phenol is catalyzed by SBA-16/Ru, at all temperatures and pressures 

applied, the main reaction product was 2,4-dimethylhexane. With increasing temperature and 

hydrogen pressure, the conversion of phenol increased (Fig. 6). Full phenol conversion was 

obtained for the reaction performed at 110°C and hydrogen pressure of 6 MPa and adversary all 

reactions carried out at 130°C.When the reaction was performed at 90°C, besides the main 

product of 2,4-dimethylhexane relatively large amounts of cyclohexanol (maximum selectivity 

32%)and 1-methoxy-2-hexene (maximum selectivity 26.1%) were formed. At a temperature by 

20°C higher, the catalyst was selective towards the main product and cyclohexanol (maximum 

selectivity 38.3%).At 130°C, the formation of 2,4-dimethylhexane was observed with almost  

94% selectivity.  

 

110 

2.5 1.0 0.7 38.3 3.4 56.4 0.2 

4 0.9 0.7 22.9 2.6 72.8 0.1 

6 0.9 0.4 3.8 0.2 94.7 0.0 

 

130 

2.5 2.5 0.3 3.2 0.0 93.9 0.1 

4 1.4 0.7 3.9 2.6 90.9 0.5 

6 1.5 0.2 3.9 0.4 93.9 0.1 
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Figure 7. Conversion of phenol over SBA-16/Pd catalyst. 

 

Table 5. Product distribution for phenol HDO over SBA-16/Pd catalyst under different 

conditions. 

Catalyst 
Temperature 
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Selectivity [%] 
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SBA-16/Pd 90 

2.5 0.2 1.4 4.1 33.7 51.3 9.3 

4 0.8 0.5 2.9 0.0 73.8 22.0 

6 0.5 0.5 2.4 0.1 76.6 19.9 
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The palladium catalyst was even more active in HDO of phenol than the ruthenium one, 

as illustrated in Fig. 7. The main reaction product was 2,4-dimethylhexane, similarly as in the 

presence of SBA-16/Ru. Over the palladium catalyst in all temperature and hydrogen pressure 

variants 100% of phenol conversion was obtained. No significant influence of temperature and 

hydrogen pressure on the course of the process was noted. The catalytic system applied led to 

formation of phenol addition products (labelled as “other”) in the amounts reaching almost 27% 

at the expense of smaller amounts of 2,4-dimethylhexane.  

 

110 

2.5 1.0 1.0 4.4 0.0 67.0 26.6 

4 1.2 0.2 2.8 0.0 75.1 20.7 

6 1.0 0.9 3.9 0.2 72.5 21.5 

 

130 

2.5 1.5 0.5 2.7 2.6 81.8 10.9 

4 1.6 0.5 3.2 2.8 68.2 23.7 

6 1.9 0.5 2.9 1.3 83.7 9.7 
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Figure 8. Conversion of phenol over SBA-16/Pt catalyst. 

Table 6. Product distribution for phenol HDO over SBA-16/Pt catalyst under different 

conditions. 
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SBA-16/Pt 90 

2.5 17.4 1.3 4.7 0.0 76.6 0.0 

4 20.9 0.8 3.2 0.0 75.1 0.0 

6 20.4 0.8 4.1 0.0 74.6 0.1 
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Fig. 6 presents the results of the reaction catalyzed by SBA-16/Pt. The main product was 

also 2,4-dimethylhexane. In the presence of this catalyst some considerable amounts of  

cyclohexene were formed, for the reaction at 90°C and at hydrogen pressure of 4 MPa, the 

selectivity to cyclohexene was 21%. Thanks to the use of platinum as the active phase of the 

catalyst, a high degree of phenol deoxygenation and hydrogenation was achieved. In almost all 

temperature and pressure variants 100% phenol conversion was obtained. Similarly as in the 

presence of palladium catalyst, no effect of temperature and hydrogen pressure on the course of 

the process was noted.  

 To summarize, all the catalysts were active in the HDO of phenol and the most active 

catalysts were those containing Pd and Pt. It is worthy to stress that for those catalysts methyl 

group transfer and C-C bond cleavage were predominant. Contrary to that are numerous 

investigations, where HDO of phenol undergoes two main parallel routes with products 

presented in Table 7. The first route is direct deoxygenation (DDO) that leads to formation of 

benzene by the cleavage of C-O bond. The second is hydrogenation in which the aromatic ring is 

hydrogenated to cyclohexanol. Subsequent hydrogenation of benzene or deoxygenation of 

 

110 

2.5 17.3 0.8 3.7 0.0 77.4 0.8 

4 19.9 0.6 3.6 0.1 75.6 0.2 

6 19.3 0.7 3.2 0.0 76.6 0.2 

 

130 

2.5 17.3 0.2 3.8 0.1 78.4 0.2 

4 12.7 1.0 5.2 0.1 80.7 0.3 

6 10.2 0.4 5.0 0.2 84.2 0.0 
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cyclohexanol follows, leading to the formation of cyclohexane. In our case the main reaction 

product was an aliphatic hydrocarbon (not an aromatic hydrocarbon) and higher phenol 

conversion rates were obtained under milder temperature and pressure conditions. 

 

Table 7. Reaction conditions, phenol conversion and product distribution for phenol HDO over 

different catalysts (literature data) 

Catalyst 
Temperature 

[°C] 

H2 

pressure 

[MPa] 

Main product 
Selectivity 

[%] 

Conversion 

[%] 
Lit. 

SiO2/Pd 
300 0.1 

cyclohexanone 91.6 15.8 
[35] 

Nb2O5/Pd benzene 80.2 6.6 

Al2O3/Pd 300 0.1 cyclohexanone 84.1 7.5 [36] 

MCM-41/Pd 280 1 cyclohexane 63.0 80.0 [37] 

Mo2C/TiO2 350 2.5 benzene 90.0 65.0 [38] 

Ni/HZSM-5 200 5 cyclohexanone 44.0 9.0 [39] 

 

 

Conclusions 

The results of our experiment comprising the synthesis, physicochemical characterization 

and catalytic application of ordered mesoporous silica as supports of transition metals, permit 

drawing the following conclusions.  

1. All synthesized materials are characterized by good textural and structural 

parameters, which has been established on the basis of XRD, TEM and low-

temperature N2sorption measurements, SEM/EDX, XPS measurements, TG analysis 

and H2-TPR. 
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2. All synthesized materials are active in hydrodeoxygenation of phenol.  

3. The type of metal on the surface of the silica support has direct impact on the degree 

of phenol conversion, type and amount of the reaction products.  The activity of the 

catalysts obtained in HDO of phenol increases in the following order SBA-16/Nb < 

SBA-16/Ru < SBA-16/Pd < SBA-16/Pt. 

4. The main product of the reaction, irrespectively of the reaction conditions was the 

branched hydrocarbon 2,4-dimethylhexane, characterized by the H/C ratio greater 

than that of phenol and with no oxygen in its structure.  

5. The values of temperatures and pressures applied had impact on the degree of phenol 

conversion only when the reaction was performed over the catalyst SBA-16/Ru. 

6. The values of temperatures and pressures applied had impact on the type and amounts 

of the reaction products in the presence of all catalysts applied.  
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