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Abstract 

For many important oxidation reactions in the industry, it is important to 

prepare high-active, reusable heterogeneous catalysts that are 

environmentally friendly. In this regard, one of the most modern, basic 

and actual approaches are the use of metal-containing carbon nanotubes 

as catalysts for liquid phase aerobic oxidation of hydrocarbons. In the 

present work, the catalyst was synthesized by the sol-gel method by 

adsorption of nano-TiO2 into the Multi-Walled Carbon Nanotube 

(synthesized by steam phase by chemical deposition, purified and studied 

by NMR, EDX, and X-ray analysis techniques) and and applied for the 

cumene oxidation.  To optimize the process the condition parameters, 

including temperature, catalyst volume and reaction time were studied. 

The results show that the prepared TiO2@MWCNT sample has an active 

catalytic effect in the aerobic oxidation reaction of cumene in the liquid 

phase with the production of a number of products such as acetophenone, 

1-hydroxycumene, cumene-hydroperoxide, dibenzyl and others. At the 

beginning of the reaction, the catalyst radically breaks down the 

hydroperoxide to form additional active particles in the system, thereby 

increasing the rate of the reaction. Over reaction time, the reaction rate  

substantially drops presumably under the influence of the reaction 

products. The catalyst exhibits higher activity at temperatures above 

80°C. The reaction product was analyzed by mass chromatography to 

determine the oxidation products in the reaction obtained after the 

reaction. This study also provides indications how such type of Multi-

Walled Carbon Nanotube catalysts can be properly used in oxidation 

reactions 

Keywords:multi-walled carbon nanotubes, CVD device, catalyst, cumene, kinetic 

parameters 

Introduction 
Specific surface area, high porous structure of carbon nanomaterials, stability in acid-base 

environment and high temperature, ability to be easily modified, relatively low cost, etc. such 

features have enabled them to be widely used in catalysis. From the environmental point of view, 

it has been shown that nanocarbon materials that have been processed and lost their quality can 
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be an alternative to conventional metal oxide catalysts for a more durable petrochemical 

production process [1,2]. Existing industrial processes are often carried out through homogenous 

catalysts that cannot be reused. It is clear from this point of view that it is very important to 

prepare high-active, reusable heterogeneous catalysts for oxidation reactions [3]. Recently, 

metal-based nanocarbon catalysts have been used for several important chemical processes, such 

as oxidative dehydrogenation of aromatic hydrocarbons [4], methane decomposition [3], as well 

as epoxidation, cross-coupling, and photocatalytic reactions [5]. During these processes, metal 

particles (Fe, Ni, Co, Pd, Pt, Ag, Au, etc.) and their compounds were deposited on the surface or 

in the inner cavities of the carbon nanotubes [6]. 

Our laboratory investigates the effects of multi-walled carbon nanoparticles (MWCNT) 

on the chains of aerobic and peroxide oxidation of hydrocarbons in this area. It should be noted 

that the MWCNT, which acts as a heterogeneous catalyst in these processes, can be used 5-6 

times without losing its catalytic activity. Thus, at low temperatures, the liquid phase of the 

cumene has been investigated in detail in the process of aerobic oxidation [7]. Researchers have 

carefully studied several reaction parameters, including temperature, oxygen flow rate, reaction 

time, and catalyst composition, and have shown the active catalytic role of MWCNT in the 

oxidation reaction of the cumene. At optimum conditions, the reaction was 88.1% selectivity 

with 24.1% conversion. 

Recently carbon nanoparticles have been used as catalysts for alkanes' oxidizing 

dehydrogenation reactions [8], catalytic oxidation in moist air [9], and oxidation of aldehydes 

[10]. It has been shown that, the catalytic activity of MWCNT in the oxidative dehydrogenation 

reaction of butene-1 to butadiene is much higher and more stable than that of activated carbon 

and iron oxide [8]. 

Although the effects of iron on the catalytic properties of CNTs have been described for 

the first time by oxidation of cyclohexane, information about the oxidation reactions systems of 

other hydrocarbons is still poorly understood [11]. One such example is the use of iron-

containing carbon nanotubes as heterogeneous catalysts for selective oxidation of ethylbenzene 

to acetophene [12]. The results of the study show that iron nanoclusters, which constitute 

approximately 17% of the CNTs effectively increase their catalytic properties. In addition, the 

authors observed that Fe-containing CNTs also play a catalytic role in other processes of 

oxidation [11] such as hydrogenation [13] and decomposition of ammonia [14].  

Looking at the literature, we can see that carbon nanotubes are not just a catalyst for 

metal storage [15-16], but also as examples of non-metallic catalysts. Thus, the study [17] 

provided detailed information on the catalytic activity of nitrogen-containing CNTs in the 

knoevenagel condensation reaction. It has been shown that these nitrogen-containing carbon 

nanotubes have a catalytic role and can be used as solid-based catalysts. Nitrogen atoms cause a 

more positive load on adjacent carbon atoms, thus facilitating oxygen release. These materials 

provide new opportunities for solid-based catalysts. Similar activity can be seen in phosphorus 

[18], boron [19] and sulfur-activated carbon materials [20]. Other recent research on CNTs and 

their functionality has been mentioned in the article [21]. 
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After a thorough review of the aforementioned literature, there are still some challenges, 

although preliminary results and improvements in the synthesis and application of carbon-based 

catalysts are still present. Thus, high demand for high-carbon carbon catalysts, inadequate 

clarification of the catalyst mechanism for further catalytic activity improvement, 

implementation issues on an industrial scale and economic efficiency, maintaining high catalytic 

activity during recycling, the development of new forms of environmentally friendly and more 

durable nanocarbon-linked catalytic systems still remains unresolved. 

In this article, we have investigated the functionality of MWCNTs with nano-TiO2 

obtained by thermocatalytic pyrolysis of cyclohexane, initiated the study of catalytic activity in 

the oxidation reaction of cumene. Nano-TiO2 is the catalyst for the transport of MWCNTs. 

In general, there are many catalyst supports in the literature: activated carbon, Al2O3, 

TiO2, SiO2, CeO2, MgO and more recently, carbon nanostructures (CNTs, CNFs, CSs) [22]. 

Traditionally, Al2O3 and SiO2 are the most commonly used supports. Because they have a high 

surface area. However, the biggest disadvantage of these supports is the fact that a strong metal 

is a support mix and it is difficult to separate them. These compounds can be separated at very 

high temperatures and are not considered suitable for strong metal catalysts [23]. One of the 

ways to overcome this problem is to use weak interaction, such as carbon nanotubes. This is due 

to their unique features listed below [24]:  

 The surface of the carbon nanotubes is resistant to both acid and base environment. 

 High temperature structure is stable. 

 The pores structure can be changed. 

 The chemical properties of the surface can be altered to test polarity and hydrophobicity. 

 The active phase can be easily separated from carbon nanotube support (when the active 

phase is a precious metal). 

 Carbon nanoparticle supports are usually cheaper than other conventional catalysts. 

On the basis of the above, the article provides information on how MWCNTs which 

previously modified with nano-TiO2,behave in the aerobic oxidation reactions of hydrocarbons 

in the liquid phase. 

Experimental part 

As mentioned above, catalyst preparation was carried out during the initial phase of the 

study. For this purpose, nano-TiO2 (anatase) was first solubilized in ethyl alcohol and waited for 

30 minutes on an ultrasound device. Then the carbon nanoparticles were added to the 

aforementioned mixture. It is important to note that the CNTs used in this study are multi-walled 

carbon nanotubes synthesized from thermochemical pyrolysis of cyclohexane. More information 

on synthesis is mentioned in our previous article [25]. The resulting mixture was stirred in an 

ultrasound machine for 1 hour, with most of the alcohol evaporating. At a later stage, the mixture 

was heated and dried in an oven at 120°C to be completely free of alcohol. Finally a complete 

catalyst was obtained. The structure of the obtained TiO2@MWCNT catalyst sample was studied 

by X-ray analysis (Fig. 1).  
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Fig. 1. Analysis of  TiO2@MWCNT catalysts on X-ray diffraction which synthesized from 

cyclohexane by chemical vapor deposition (CVD179) and modified with nano-TiO2 

(anatase). (X-ray diffraction was performed on D2 Phaser automatic powder 

diffractometer manufactured by Bruker (Germany). The X-ray diffraction sample was 

obtained as follows: CuKα - radiation, Ni-filter, 5≤20≤75. (X-ray diffractometer 

BrukerD2)) 

The catalyst activity of the catalyst sample prepared during the second phase of the study 

was studied in the model oxidation reaction of the cumene ((alpha, Aeasar), purity rate -99%). 

The oxidation process was carried out in laboratory conditions, in a gasometric device, and at 

that time 10cm
3
 was used as standard. The experiments were carried out at two temperatures 

(60°C, 80°C), with the use of 10 mg of azobisisobutyronitrile (AIBN) as an injection to initiate 

the oxidation process at these temperatures. The reaction mixture was incorporated  into a 30-40 

cm
3
 coil and placed in a gasometric device system using a slip as shown in Figure 2. The 

reaction rate was measured by the volumetric method based on the amount of air oxygen 

absorbed. The experiment begins with the reaction vessel incorporating a preheated thermostat 

into the container, whereby the vessel is stirred at about 3-7 cycles per second for better diffusion 

of air oxygen into the reaction mixture. The rate of oxidation reaction was measured by the 

absorption of oxygen by the air, based on the level of fluid in the burette. 

 

 

 

 



N.A. ABDURAHMANOVA 

www.ppor.az 
272 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Schematic description of the device used to measure oxygen consumption at constant 

pressure (gazometric device) 

Results and Discussion 

Thus, the activity of the catalyst TiO2@MWCNT synthesized in the model oxidation 

reaction of the cumene was investigated. The results show that TiO2@MWCNT has an active 

catalytic effect on the aerobic oxidation reaction in the liquid phase by the purchase of a number 

of valuable products. The catalyst decomposes the hydroperoxide by the free radical method. In 

other words, under the influence of the catalyst, additional active centers are formed in the 

system and there is an increase in velocity at the beginning of the reaction. Increase reaction time 

[approximately 20–40 min. (5 mg/60-80°C) /10 min. (20 mg/80°C)] oxidation products are 

slower than the reaction rate. It is important to note that the higher activity of the catalyst during 

oxidation occurred at 80°C (Fig. 3).  
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Fig. 3. Kinetic dependence of oxygen absorption in the liquid phase aerobic oxidation reaction of 

cumene  the presence of catalyst TiO2@MWCNT(anatase) 
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The reaction product was analyzed by mass chromatography to determine oxidation 

products in the reaction obtained after reaction. The results are shown in Tab. 1 (data are only 

available for products with more than 2% content).  

Table 1. Analysis of cumene oxidation products by mass chromatography                                                

(Sample A1 - 5 mg TiO2@MWCNT (60°C); B2 sample - 10 mg TiO2@MWCNT 

(60°C)) 

Conclusions 

1. It has been established that nano-TiO2@MWCNT has an active influence on the 

decomposition of hydroperoxides at temperatures of only 80°C and higher. 

2. Nano-TiO2@MWCNT has a strong  catalytic effect on the reaction of cumene oxidation  in 

the liquid phase to moderate thermometers, leading to the acquisition of a number of 

valuable products. 

3. The results obtained suggest that nano-TiO2@MWCNT can be used as an active catalyst for 

aerobic oxidation of hydrocarbons and additional research is underway to determine the 

optimal composition of the catalyst and the conditions of its use in the reaction. 
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