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Abstract

The temperature dependence of the product yield on the conversion of the hexane air mixture on the surface of the Al2O3 
catalyst placed in the mini-flow reactor was studied. Transformation processes were studied comparatively on oxygen-mod-
ified and unmodified catalysts under the influence of surface radiation, and spectroscopic and gas-liquid chromatographic 
analyzes of the resulting products were performed.
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Introduction

The study of the kinetic interaction of the conversion of hexane to organic oxide products in the low temperature range in the 
atmosphere with the combined use of radiation technologies and nano-catalysts is of great importance in practice. The application 
of radiation to oxidation processes saves energy, time and achieves high yields [1, 2].

Energy saving requires the creation of new high-quality systems for the production of fuel from organic raw materials. Under the 
influence of ionizing radiation, it is possible to break various energetic chemical bonds on hydrocarbons of any molecular structure 
on the surface of nano-catalysts, to create new structural molecules by creating an unlimited number and variety of free radicals. 
Unlike classical methods, the application of radiation technologies can change the molecular structure of petroleum products and 
selectively change the quality of the product [1,3].

The study of the kinetic regularities of the conversion of hexane to organic oxide products in the low temperature range in the air 
environment with the combined use of radiation technologies and nano-catalysts is of great importance in practice [4-10].

After a long time, nanotechnology has picked up consideration as the oxidation form of vehicle catalyst framework for the up-
coming era due to a few reasons. As shown, the transport segment could be a source of all discussed contaminations due to the 
utilization of fossil fills [11-13].

Investigation of oxidation processes on the surface of the nanoheterogeneous catalyst modified by the gamma radiation has de-
mand for implementation. The emerged anion centers, influence of hole centers in radiolysis-catalytic transitions, and the working 
mechanism of these process are today’s actual challenge [14]. 

Metal nanoparticles are widely used in heterogeneous catalysis due to their high reactivity. One of their main features is the large 
number of atoms on the surface due to the small size of the particles. These surface atoms are active atoms for catalysis [15-27].

In spite of the number of investigations dealing with decomposition of water in the presence of different catalysts under effect of 
ionizing rays, there are fewer studies devoted to this process in the presence of nanoparticles [28].  One option for reducing the 
air pollution caused by the transport sector is the change to alternative reserves like one of nano-catalysts, like more economically 
available of production. The research results show that the nano Al2O3+CuO has a wide range in comparison with other catalysts 
using in the catalyst system. Interest in scientific-research works conducted in the field of radiation chemical conversion of water 
and hydrocarbons on the surface of nanocatalyst is increasing recently [29].

Polysaccharides are complex macromolecules long regarded as energetic storage resources or as components of plant and fungal 
cell walls. They have also been described as plant mucilages or microbial exopolysaccharides. The development of glycosciences 
has led to a partial and difficult deciphering of their other biological functions in living organisms. The objectives of glycobio-
chemistry and glycobiology are currently to correlate some structural features of polysaccharides with some biological responses 
in the producing organisms or in another one. In this context, the literature focusing on bioactive polysaccharides has increased 
exponentially during the last two decades, being sometimes very optimistic for some new applications of bioactive polysaccharides, 
notably in the medical field. Therefore, this review aims to examine bioactive polysaccharide, taking a critical look of the different 
biological activities reported by authors and the reality of the market. It focuses also on the chemical, biochemical, enzymatic, and 
physical modifications of these biopolymers to optimize their potential as bioactive agents [30-33].

Catalytic conversion of hexane in air on the surface of nano-Al2O3 catalyst, obtaining oxide products in liquid and gas phases was 
set as the main goal.
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Experimental 

Preparation of the samples: Initially, 10 g of Al2O3 catalyst is drawn at room temperature and filled into 30 ml ampoules. The finished 
samples are irradiated by processing in an air flow medium for τ = 50 hours in a Co-60 isotope unit with a capacity of P = 0.5 kGy / h.

In the laboratory, the mini-flow device shown in Figure 1 is assembled and initially tested.

The Hexane air mixture was taken in a ratio of 1:20. Air is injected into the system in the amount of Vliq.hex = 2.65 ml/hour and hexane 
and Vair = 9.7 liters / hour. The internal temperature of the reactor is regulated by thermostats in the range ∆T = 380 ÷ 420oC. Liquid 
products leaving the system are cooled and stored in liquid traps and gas products in gas traps.  

As a result obtained concentration of H2 was analyzed on the chromatograph “Gazachrome - 3101”, and other hydrocarbon gases in the 
gas phase were analyzed on the device “Svet - 101”. The sensitivity of the device to H2 is K = 8.6*1013 molecules / (cm3* mm). Quantity 
of hydrocarbons in liquid phase GC-450, Varian, USA, Column: 15mm x 0.25 mm ID x 0.25 um CP-Sil 5CB (100% dimethylpolysi-
loxane), Carrier gas Nitrogen (constant pressure 15.0 psi), Injector: 300°C , 1177 Split / Splitlessn, Split ON at 0.75min, Split Ratio - 20, 
Autosampler: CP-8410 Option, injection volume - 1 μL liquid - in the gas analyzer, while functional changes in structural changes 
Infrared (IR), ultraviolet (UV) λ= 200 ÷ 800nm-UV-Visible, Cary-50 Varian) spectrometers according to absorption spectra [9-11].

The amount of active centers formed on the surface of the catalyst and the amount of elements concentrated in them were studied 
using an electron microscope brand SEM (Scanning Electron Microscope, Zeiss, SIGMA / VP). The main purpose of the initial mod-
ification of the catalyst surface was to test the high activity of the selected catalyst in the conversion processes, the radiation resistance 
of the resulting centers and the longevity of reuse.

Results and Discussion

The conversion of hexane air mixture on the catalyst surface inside the mini reactor was studied. The process has been compared 
for two cases. In the first case, the surface is not modified, in the second case, the initially modified Al2O3 catalysts are used under 
the influence of radiation in the air at room temperature. Figure 2 shows the volume dependence of the volume of the hexane-air 

Figure 1: Working diagram of a mini flow reactor
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mixture entering for both cases and the volume of products formed in the gas (Thermal processes (gas),Thermal processes (liquid)), 
Radiation-thermal processes (gas) and Radiation-thermal processes (liquid)) liquid phases leaving the reactor with the internal 
temperature of the reactor and the material balance.

As can be seen from Figure 2, for both cases, the volume of excess liquid and gas products formed by the temperature varies linearly. 
If the amount of liquid product from the reactor, which is a non-modified catalyst, decreases by 9.5-12.5%, the amount of gas prod-
ucts will increase by 36-120%, while in modified catalysts the liquid phase will decrease by 18-20% and the gas phase will increase 
by 41-131%. Figures 3 and 4 show the temperature dependence of the CO and CO2 gas concentrations of the hexane air mixture on 
the surface of the Al2O3 catalyst at the temperature of the mini-flow reactor.

Figure 2: Balance of dependence of incoming and converted products on the internal temperature of the reactor

Figure 3: Dependence of reaction temperature of CO2 gas formed from hexane air 

mixture on the surface of Al2O3 catalyst in mini flow reactor
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As can be seen from the figure, the amount of both gases is formed at a maximum of T = 400oC, thus increasing to CO-41 and CO2-
55%. Figure 5-9 shows the dependence of the hydrocarbon (Σ (C1-C5)) gases and their oxide compounds on the surface of the Al2O3 
catalyst on the surface temperature of the mini-flow reactor.

Figure 4: Dependence of the reaction temperature of CO gas formed from a mixture 

of hexane air on the surface of the catalyst Al2O3 in a mini-flow reactor

Figure 5: Dependence of the reaction temperature of CH4 gas formed from a mixture 

of hexane air on the surface of the catalyst Al2O3 in a mini-flow reactor
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Figure 6: Dependence of reaction temperature of C2H4 gas formed from hexane 

air mixture on the surface of Al2O3 catalyst in mini flow reactor

Figure 7: Dependence of the reaction temperature of ΣC3 gas compounds formed from 

a mixture of hexane air on the surface of the catalyst Al2O3 in a mini-flow reactor



J Nanosci Nanotechnol Appl                                7

                                                                               Volume 6 | Issue 1
 
ScholArena | www.scholarena.com

                    

Figure 8: Dependence of the reaction temperature of ΣC4 gas compounds formed from a 

mixture of hexane air on the surface of the catalyst Al2O3 in a mini-flow reactor

Figure 9: Dependence of reaction temperature of ΣC5 gas compounds formed from 

hexane air mixture on the surface of Al2O3 catalyst in mini flow reactor
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From the kinetic dependence curves of the gases collected in the system, it can be seen that the amount of gases formed by the con-
version of n-hexane exposed to radiation on the catalyst surface increases depending on the dose of absorbed radiation.

Thus, the formation of hydrocarbon gases other than hydrogen and propane gases was less than that of pure hexane, which is an 
indicator of the formation of heavy hydrocarbons in the liquid phase. In addition to the redecomposition of large-molecular-weight 
hydrocarbons that have been exposed to radiation for a long time, the share of gaseous products in the radiation-chemical emission 
has little effect on the total emission.

Changes in the amount of oxide products of hydrocarbons in the liquid phase and the occurrence of isomerization and oxidation can 
be observed with the results obtained from the gas-liquid chromatograph. Under the influence of gamma rays at room temperature, 
the hexane-air ratio changes on the surface of nano-Al2O3 and the share of newly formed products changes. The initial radiation in 
the atmosphere creates additional anion centers on the surface of the nanocatalyst, which accelerates the conversion of hexane and 
increases the rate of conversion. Initially modified catalysts under the influence of surface radiation have a higher activity, and the 
rate of conversion on its surface is 14–20% higher than that of others. 

As can be seen from Figures 5-9, a comparison of combustible gases in all temperature ranges shows that the process of gas formation 
in oxygen-modified catalysts under the influence of surface radiation has a higher yield and is many times higher than that of con-
ventional catalysts (see Table 1). This can be explained by the surface activity of nanocatalysts in the system and the efficient transfer 
of absorbed energy to the system.

Figure 10 shows the Arrenius dependence of the liquid products formed on the surface of the modified and unmodified catalyst. 
Structural changes in the products of the liquid phase were studied by the results of infrared (IR), ultraviolet (UV) spectra and an-
alyzes obtained from the liquid-gas chromatograph. As can be seen from the general results of the analysis, the liquid yield and its 
quantity in the modified catalysts under the influence of radiation in the surface air environment are more than 2 times higher than 
in the ordinary catalyst. 

According to gas-gas chromatograph analysis, 22 liquid products are formed in superficially modified products, and 19 in con-
ventional catalysts. The LnV 1 / T dependence of the total volume output of products in the liquid phase under thermal and radia-
tion-thermal effects is shown in Figure 10. As can be seen from the IR spectrum of products formed in the liquid phase, the function-
al group C=O formed at a wavelength of ν= 3038 nm-1  is an indicator of the formation of ketone and aldehyde compounds. Changes 
in the amount of hydrocarbon gases in the liquid phase of the system, the formation of -O-H groups of isomerization and oxidation 
processes are the main indicators of incomplete oxidation processes.

Table 1: Growth rate of gas formation in oxygen-modified catalysts

N
Gas product and its
name of oxide compounds

Volume increase, V(RT)/V(T), T=380oC

1 CH4 1,96
2 CO2 1,54
3 CO 1,42
4 C2H4 1,99
5 ΣC3 4,00
6 ΣC4 2,45
7 ΣC5 1,97
8 ΣC6 0,65
9 ΣC7 2,26
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The obtained Arrenius curves show that the volume output of oxidation products is higher due to the additional anion centers 
formed on the surface of the oxygen-modified Al2O3 catalyst under the influence of surface radiation, and they have a lower activa-
tion energy ∆Ein≤11.27kCol./mol. ET = 17.796 for thermal processes and Ert = 6.53 kCol./mol for radiation-thermal processes. The 
change in the amount of oxide products of hydrocarbons in the liquid phase, the occurrence of the conversion/oxidation process 
was also observed with the results obtained from the gas-liquid chromatograph, and the difference in different temperature ranges 
is shown in Figure 10. Changes in the hexane-oxygen ratio on the surface of nano Al2O3 under the influence of gamma rays and a 
comparison of the amount of newly formed products show that the yield is higher in modified catalysts.

Brief mechanism of processes occurring on the surface of the catalyst

SEM image The surface image of Al2O3  catalyst is shown in Figure 11 in white on the surface with a diameter of ~ 6 nm. Large white 
spots appear in the form of a trio of intertwined fractals and a large number of fibers.

Figure 10: 1000/T Arrenius dependence of LnV on liquid products formed on the surface of modified and unmodified catalysts
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Figure 11: Surface images of the nano-catalyst under the influence of radiation in air (a) and 

spectra of element composition (b) (T = 80oC, D = 10kGy) (T = 80oC, D = 8kGy)

The catalyst samples were irradiated at different absorption doses, and as can be seen from the obtained images, the location, size and 
elemental composition of the active anion centers formed on the surface were studied depending on the absorption dose of gamma 
rays. It was found that the number of paramagnetic centers on the surface increases depending on the amount of absorbed dose. 

Initially, the surface of the catalyst in the oxygen medium is modified under the influence of gamma rays. The dependence of the 
change in the amount of O atom on the surface of the catalyst on the surface of the catalyst at different absorption doses in an oxygen 
environment is given in Figure 12. ∆T = 24 ÷ 80oC, the dependence of the amount on the surface of nano-Al2O3 catalysts [O] -% - 
mass fraction on the absorbed dose shows that the proportion (mass) of atomic oxygen formed on the surface increases linearly in 
the range D=0÷20kGy of the absorbed dose. 

As a result, the process of formation of a layer of mono oxide on the surface begins [9-12]. At higher intervals, the process of stabi-
lization or vice versa occurs regardless of radiation.
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Figure 12: Dependence of the amount on the surface of nano-Al2O3 catalysts [O] -% - mass fraction on the absorbed dose (T = 80oC)

Surface oxygen-modified catalysts create electron-hole centers on the surface and in volume depending on the dose absorbed when 
irradiated with gamma rays. As the size of the catalyst decreases, defects in volume, ie in the valence and conductivity zones, migrate 
more easily to the surface. As a result, additional energy (in the amount of valence band energy) is transferred to the surface, which 
ionizes the oxygen molecules adsorbed on the surface, increasing the concentration of anion centers ( ) at the catalyst-gas mixture 
boundary (see Figure 12 and formula 1). As a result, the oxidation-reduction reactions that can occur on the surface of the catalyst 
are accelerated due to the additional anion centers formed at the boundary. In the next step, the - anions formed on the surface 
are released by combining the electrons leaving the valence zone with the hole centers on the surface of the catalyst, which are finally 
desorbed from the catalyst surface as an electron-neutral molecule [10,12]. The general short mechanism of the initial oxidation stage 
of hexane on the catalyst surface can be shown in this way.

                              (1)

                (2)

                                  (3)

+ OOH+                             (5)

OOH C , CO və O                               (6)

2

As can be seen, reactions (1,2) indicate the initial stage of oxidation reactions, reactions (3,4) to the formation of short-chain radi-
cals, reactions (5, 6) to the formation of oxide products, and reaction (7) to the formation of oxide products. According to the short 
mechanism proposed above, it can be said that due to the proposed mechanism, the oxidation of hexane at room temperature, the 
conversion of hexa to oxide products in the gas and liquid phases occurs at low temperatures.

Thus, while the size of the catalysts decreases, the volume defects in nanosizes easily migrate to the surface, and additional defects 
appear on the catalyst surface, which accelerates the process of energy transfer and conversion to the system. Electrons formed on the 
surface migrate to the environment and accelerate additional transformations. Radiation plays a key role in the occurrence of surface 
defects, adsorption, and decomposition processes in catalytic reactions and, as a result, increases the yield of the final product. Ex-
cess electron density formed in radiation defects migrates from the surface to the adsorbents, thereby weakening the intramolecular 
chemical bonds of the adsorbent and accelerating the decomposition processes.
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Innovation

a. Modification of the catalyst surface with the application of radiation technologies.
b. Study of the effect of radiation on the conversion of light hydrocarbon fraction.

Conclusion

In a mini-flow reactor, the temperature dependence of the yield of gaseous and liquid products from the oxidation of a mixture of 
hexane: air on the surface of an initially modified Al2O3 catalyst with oxygen under the influence of radiation was studied in the 
range of ∆T=380÷420oC. It was found that as the temperature of the catalyst surface increases, the yield on liquid products increases 
by 14%, and the yield on gas products increases by 20%. Due to the additional anion centers (O-ads) formed on the surface of the 
oxygen-modified Al2O3 catalyst under the influence of radiation, the volume output of oxidation products is higher and has a lower 
activation energy (∆Ein = 11.27 kCol / mol.).
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