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РЕФЕРАТ
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Зерттеу нысаны  биологиялық белсенді қосылыстардың экологиялық таза синтезі үшін табиғи полисахаридтерге негізделген полимерлі-силикатты композиттер (ПСК) және наноқұрылымды катализаторлар болып табылады.


Жұмыстың мақсаты гидрлеу және тотығу процестері үшін алынған полисахаридтер негізінде құрамында полисахарид бар композиттер мен палладий, хром катализаторларын жасау, коммерциялық және бөлініп алынған полисахаридтер негізінде және өсімдік қалдықтарын өңдеудің барлық сатыларында хром мен палладий катализаторларында тотығу мен гидрлеуді салыстырмалы талдау жүргізу.


Қолданылған әдістер. Алға қойылған міндеттерді шешу үшін әртүрлі физикалық-химиялық зерттеу әдістері қолданылды (ИҚС, СЭM, ЖЭM және т.б.). Эстрификация дәрежесін және уронидті компонентті анықтау үшін титриметриялық әдіс қолданылды. Гидрлеу және тотығу реакцияларының өнімі хроматографиялық талдау әдісімен зерттелді.


Алынған нәтижелер. ПСК және бөлініп алынған полисахаридтерге негізделген палладий мен хром катализаторлары жасалды. Физико-химиялық талдау әдістерінің мәліметтері каталитикалық жүйенің пайда болуын көрсетеді. Жасалынған катализаторлар циклогексанның тотығуы және фенилацетиленді гидрлеу реакцияларында белсенділік пен селективтілікті көрсетті. Құрамында коммерциялық және бөлініп алынған полисахаридтері бар катализаторлардағы гидрлеу және тотығу туралы деректерді салыстырмалы талдау, бөлінген полимерлер негізінде катализаторларды қолданудың болашағын көрсетті. Кәсіпорын қалдықтарын өңдеудің барлық кезеңдеріне кешенді талдау жүргізілді.

Ұсынылып отырған жұмыстың жаңашылдығы «жасыл» химия талаптарына жауап беретін жағдайларда гидрлеу және тотығу процестері үшін жаңа полисахарид-силикат композиттері мен катализаторларын жасауда және полисахаридтерді өсімдік материалдарынан бөліп алу әдісін жетілдіруде жатыр.

Сонымен, синтезделген полисахаридті-силикатты композиттер жаңа органикалық-бейорганикалық гибридті материалдарды өндіруге және олардың негізінде гидрлеу мен тотығудың тиімді катализаторларын жасауға келешегі зор болып табылады.
SUMMURY
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The object of research is polymer-silicate composites (PSCs) and nanostructured catalysts based on natural polysaccharides for the environmentally friendly synthesis of biologically active compounds.

The aim of the work is to develop polysaccharide-containing composites and palladium, chromium catalysts based on the obtained polysaccharides for hydrogenation and oxidation processes, to conduct a comparative analysis of oxidation and hydrogenation on chromium and palladium catalysts based on commercial and obtained polysaccharides and for all stages of processing plant growing waste. 

Used methods. To solve these problems, various physical and chemical research methods were used (IRS, SEM, TEM, etc.). The titrimetric method was used to determine the degree of esterification and the percentage of uronide component. The products of the hydrogenation and oxidation reactions were studied by chromatographic analysis.

The obtained results. PSCs and palladium and chromium catalysts based on obtained polysaccharides were developed. Data from physical and chemical analysis methods indicate the formation of a catalytic system. The developed catalysts showed activity and selectivity in the reactions of cyclohexane oxidation and hydrogenation of phenylacetylene. A comparative analysis of data on hydrogenation and oxidation on catalysts containing commercial and obtained polysaccharides has shown the prospects for using catalysts based on obtained polymers. A comprehensive analysis of all stages of crop growing waste processing was carried out.

The novelty of the solutions included in the proposed work consists in the development of new polysaccharide-silicate composites and catalysts for hydrogenation and oxidation processes under conditions that meet the requirements of "green" chemistry and in improving the method for obtaining polysaccharides from plant raw materials.

Thus, the synthesized polysaccharide-silicate composites are promising for obtaining new organo-inorganic hybrid materials and creating effective hydrogenation and oxidation catalysts based on them.
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SYMBOLS AND ABBREVIATIONS
BT – bentonite 

PSC – polysaccharide-silicate composites

PC – pectin
PSHD  – mixture of polysaccharides
HEC – 2-hydroxyethyl cellulose
CH – cyclohexane
CHN – cyclohexanone
CHL – cyclohexanol
КМC – carboxymethyl cellulose
2-NP – 2-nitrophenol
МWO – microwave oven
МW – microwave
W – reaction rate, mol/s;

τ – reaction time, min;

S – selectivity;

T – temperature, °С;

P – pressure, atm;

IR – infrared spectroscopy
PMC – polymer-metal complex

TEM – transmission electron microscopy

SEM – scanning electron microscopy
KA-oil – a mixture of cyclohexanone and cyclohexanol
INTRODUCTION

Polysaccharides are a "green" alternative to synthetic polymers due to the biocompatibility, stability and environmental friendliness of biomaterials. 

Growing concern about the environment and the need to replace synthetic polymers in this time accelerated the development of polysaccharide-based composites, since polysaccharides exhibit unique properties such as renewable, affordable, biodegradable, cheap, non-carcinogenic, etc. [1-3]. In addition, polysaccharides are more stable than other biopolymers, such as lipids and proteins, since they do not undergo irreversible denaturation when heated [4]. Most polysaccharides are derived from plants and consist of monosaccharide units linked by glycosidic bonds. They are usually non-toxic and biocompatible, due to their structural similarity to glycosaminoglycans [4]. Having various properties, low, linear or branched structure, intermediate and high molecular weight, polysaccharides proved to be a promising matrix for "green" environmentally friendly production [5]. 

In connection with the above, the development of new hybrid composites based on natural polysaccharides is relevant.

In this work, we propose to apply the ability of polysaccharides to form complexes with metals for the construction of "green" catalysts for redox reactions. 

The purpose of this work is to develop polysaccharide-containing composites and palladium, chromium catalysts based on the obtained polysaccharides for hydrogenation and oxidation processes, to conduct a comparative analysis of oxidation and hydrogenation on chromium and palladium catalysts based on commercial and obtained polysaccharides, to conduct a comprehensive analysis of the results and at all stages of processing plant growing waste.  

To achieve the above goal, the following tasks were set: 

- synthesis of PSCs and palladium catalysts based on the obtained polysaccharides and their testing in hydrogenation,
- synthesis of PSCs and chromium catalysts based on the obtained polysaccharides and their testing in oxidation,
- comparative analysis of the results of hydrogenation and oxidation on optimal catalysts obtained on the basis of commercial and obtained polysaccharides, 

- Detailed analysis of the results for all stages of processing crop growing waste into possible valuable.

The novelty in the proposed work consists in the development of polysaccharide-silicate composites and catalysts for hydrogenation and oxidation processes under mild conditions that meet the requirements of "green" chemistry, in excluding high-temperature stages of calcination and reduction in the preparation of polysaccharide-containing catalysts, and in improving the method for obtaining polysaccharides from plant raw materials.

The research work was carried out under the grant funding program for the priority direction of science development:

1. Rational use of natural resources, including water resources, geology, processing, new materials and technologies, safe products and structures. Applied scientific research: 

1.11 New multi-purpose materials based on natural raw materials and man-made waste. Interim reports on the research topic for 2018 – № 0218RK00178, for 2019 – № 0219RK00812 were prepared and submitted.

1 Synthesis of PSC and palladium, chromium catalysts based on the obtained polysaccharides. Testing of catalysts in the process of hydrogenation and oxidation
Renewable and biodegradable organic polymers, biopolymers, and especially polysaccharides are widely used in various industries, such as pharmaceuticals, biomedical products, cosmetics, and food, as well as as fibers and building blocks in many engineering materials [5-9] (figure 1).
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Figure 1 – Potential applications of polysaccharide-based composites

Polysaccharides are renewable, often biodegradable, usually non-toxic and have a wide structural diversity, providing a wide range of properties and applications.

Modern synthetic methods for obtaining block copolymers containing polysaccharides are considered in [10]. Various applications of this class of block copolymers - as supports for drug delivery, hydrogels for local drug delivery, and surfactants/interfacial agents for interface stabilization, including in polysaccharide/synthetic polymer mixtures - are discussed. 

The review [1] will report on the potential of polysaccharide-based composites. The crucial role of the matrix as a continuous phase in the composite material is shown. In the course of the literature analysis of recent years, it has been found that more attention is paid to the use of polysaccharide-based matrices due to their stability in relation to the ecosystem in comparison with polymers of petroleum origin. Various types of polysaccharides were used as a matrix for composite materials. Among the most common polysaccharides studied: a) cellulose, b) chitosan, C) pectin, d) seaweed derivatives (alginate, carrageenan), e) starch.

Polysaccharides have many advantages (the ability to reduce environmental pollution and they are attributed to sustainable green production) and face certain disadvantages, listed in figure 2. These problems must be overcome in order to improve the properties for the desired application. And today the most common approach is to include fillers in the matrix to produce a composite.
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Figure 2 – Polysaccharide-based composites with organic and inorganic fillers [11, 12]

The use of polysaccharides obtained from natural sources in metal complex catalysis is the focus of a number of studies [5]. Although these molecules appear to be attractive materials, their full potential for use in heterogeneous catalysis is not yet fully understood.  Due to their unique structure and functional groups, polysaccharides were used as supports for metal catalysts. In the last decade, more and more attention has been paid to obtaining catalysts for organic reactions based on polysaccharides with or without support modification, including starch [13, 14], cellulose and hemicellulose [13, 15-17], chitosan [18-20], guar gum [21, 22], carrageenans [23, 24], lignin [25, 26]. In addition, these polysaccharides were also used as catalysts themselves. For example, carrageenans with anionic sulfate groups in their structure were used as heterogeneous Lewis acid catalysts [23, 24]. Finally, polysaccharide matrices were also used as supports of palladium nanoparticles for various catalytic transformations [27-29].

In [5], a new technology was developed for producing palladium catalysts based on polysaccharides by immobilizing palladium phosphine complexes on various renewable polysaccharides. Developed by PdCl2(TPPTS)2 catalysts applied to various polysaccharides were tested in the Suzuki reaction and compared with a homogeneous catalyst. Synthesized polysaccharide-containing palladium catalysts showed higher activity than homogeneous analogues.

Another work by these authors [6] presents results on the preparation of hydrogels based on polysaccharides and their use as catalysts for the Suzuki reaction. It was found that water retained in the polysaccharide hydrogel accelerated the reaction, and thus heterogeneous catalysts showed greater activity than the homogeneous reaction

[30] presents results on the production and catalytic characteristics of nickel nanoparticles stabilized with carboxymethylcellulose (CMC-Ni) and bacterial cellulose (CMC-Ni-BC). Ni nanoparticles were prepared by mixing aqueous solutions of nickel chloride and CMC with a reducing agent followed by rapid microwave treatment. The catalytic efficiency of CMC-Ni-BC was evaluated in the reduction reactions of anionic 2-nitrophenol (2-NP) and the cationic dye methylene blue with sodium borohydride. When using similar reaction conditions for 2-NP reduction, the suspension form of the CMC-Ni catalyst showed a higher reduction reaction rate constant compared to CMC-Ni-BC. Similarly, a high reaction rate constant was observed for CMC-Ni compared to CMC-Ni-BC during the methylene blue reduction reaction. 

In [31], a hybrid chitosan/poly(vinyl alcohol)/cationic Fe (III)-porphyrin (Chit/PVA-FeTMPyP) to act as a Fenton-type catalyst for the discoloration of the azo dyes methyl orange and methyl red. The Chit/PVA-FeTMPyP film was characterized using various analytical and microscopic methods, which showed that metalloporphyrin affects various properties of the hybrid film. It is shown that the hybrid film exhibits increased catalytic activity against dye discoloration in the presence of H2O2 compared to "free" FeTMPyP.

Sadjadi et al. [32] used a hybrid of the halloysite, it is the starch for immobilization of Pd and the preparation of the catalyst C-C-combinations. It was found that hybridization of galloisite and starch resulted in a synergistic effect and the resulting catalyst showed higher activity compared to galloisite-containing palladium and starch-containing palladium systems.

In [33] reported a multipurpose chitosan-halloysite – Hall@Chit. Hybrid systems Pd @ Hall-Chit-IL-Pd, where IL is an ionic liquid, were prepared for use as catalysts in the Sonogashir reaction. Comparison of the catalytic activity of the catalyst with the control catalysts Pd @ Hall, Pd @ Chit, Pd @Hall-Chit indicates the effect of IL, Chit and Hall on the catalysis. 

There is practically no work on the use of polysaccharides as stabilizers in the preparation of oxidation catalysts. There are few publications on the use of such systems in hydrogenation reactions.

In [34], composites were synthesized using a mixture of aqueous solutions of silver nitrate, hydrochloric acid, and polysaccharide of Ramaria botrytis fungi (RBPS) at 80-85°C in an aqueous medium. The developed Ag@AuCNP showed activity in the catalytic reduction reaction of 4-nitrophenol. Similar silver-gold bimetallic catalysts stabilized by another natural polymer derived from clover were obtained in [35] and were also successfully used in the hydrogenation of nitrophenol to aminophenol.

The authors [36] used a ruthenium catalyst stabilized with hydroethylcellulose (HEC) as a colloidal catalyst for the hydrogenation of α-pinene to a precursor of scented substances, cis-pinane, with a selectivity of 98%. The activity of the catalyst was maintained at ten times use.  The process took place at a hydrogen pressure of 2 MPa and a temperature of 600°C.  The authors consider micelles of ruthenium nanoparticles (6-8 nm) with HEC as a microreactor:
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Thus, a review of the current literature has shown the prospects of using polysaccharides as components of various composites and catalysts.
1.1
Synthesis of PSC and palladium catalysts based on the obtained polysaccharides and their testing in hydrogenation
According to the schedule, a series of experiments wasupports conducted to synthesize polysaccharide-containing composites and palladium catalysts based on the obtained polysaccharides. 

Polysaccharides were obtained from vegetable raw materials (sugar beet pulp, apple pulp and straw) by the method of hydrolysis with the application of microwave pretreatment. 

The 2019 report presented the results of studies on varying the parameters of hydrolysis of pre-processed raw materials, including the effect of pH, time of the process in a microwave oven, the nature of the hydrolyzing reagent on the yield and properties of the separated pectin. Hydrolysis of plant waste was carried out in a microwave oven (MWO) and in a reactor without microwave treatment. A higher yield of polysaccharide was obtained by microwave treatment.

It was found that the optimal conditions for hydrolysis of beet and apple pectins are: microwave power – 520 W, pH = 2.0 and hydrolyzing agent-citric acid for beet pectin and malic acid for apple pectin, time – 6 min.  The yield of beet pectin is 58.3%, the degree of esterification is 36.4%, and the persentage of uronide component is 59.6%. For apple pectin: the yield of polysaccharide is 35.9%, the degree of esterification is 23.8%, and the persentage of uronide component is 25.7%. The X-ray method confirmed the production of pectin from plant waste (report 2019). 

Straw hydrolysis was performed in two ways: in the MWO and in the reactor without microwave processing. 

Hydrolysis of straw in the reactor: 1 g of pretreated straw was introduced into the reactor and 100 ml of citric acid (pH – 2.0) was added and mixed for 4 hours at a temperature of 80°C. After hydrolysis, the solution was filtered and ethyl alcohol was added in a ratio of 1:1.the next day, the top layer of the solution was drained, and the precipitate was dried at room temperature. As a result of hydrolysis, 0.19 g of the product was obtained from 1 g of lignin.

Hydrolysis of straw in MWO: 1 g of pretreated straw was added to a 250 ml glass, then 100 ml of citric acid was added and kept in a microwave oven for 5 minutes. Then ethyl alcohol was added in the ratio (1:1). The next day, the top solution was drained and the precipitate was dried at room temperature. As a result, 0.9 g of the product was obtained from 1 g of lignin (report 2019).

As in the case of obtaining pectin from sugar beet pulp, a high yield of the product is obtained by hydrolysis of straw in the MWO.

In the 2018 report, according to the calendar plan, polysaccharide-silica composites (PSCs) were prepared based on commercial polysaccharides (pectin, 2-hydroxyethylcellulose (HEC) and lignin, Sigma Aldrich) and the mineral sorbent bentonite (BT). The content of polysaccharides in the composite was 5%, 10% and 20%. 
This report presents the results of the synthesis of PSCs based on pectins separated from sugar beet pulp and apple pulp, and a mixture of polysaccharides (PSНD) - products of straw hydrolysis, which are difficult to decipher due to the complexity of the composition. The content of polysaccharides in the composite was also 5%, 10% and 20%.

In the preparation of PSCs, the method of polymer adsorption on a mineral support was applied. Synthesis of polysaccharide-silica composites based on separated polysaccharides is carried out at room temperature and includes the following stages (figure 3):

- adding a polysaccharide solution to an aqueous suspension of bentonite,
- mixing of PSCs for 2 hours,
- deposition of the polymer with ethyl alcohol in the support suspension, 

- washing and drying of PSCs at room temperature,
When washing the masterbatch polymer/support with ethyl alcohol, 100% deposition of the polysaccharide on the mineral sorbent is observed.
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Figure 3 – Scheme for obtaining polysaccharide-inorganic composites
The presence of polysaccharides in the composition of the obtained composites was confirmed by IR spectroscopy data, according to which the absorption bands of asymmetric and symmetric valence vibrations (CH groups) in the region of 2950-2800 cm-1 appeared in the spectra of the composites. In addition, the spectra of composites showed a shift in the absorption bands of strain vibrations of the OH groups of polysaccharides in the region of 1450-1350 cm-1, and in the case of pectin, the absorption bands of the valence vibrations of the carbonyl and carboxyl groups in the region of 1800-1600 cm-1 were also shifted. The combination of these changes is due to the formation of hydrogen bonds between the oxygen-containing polymer groups and the functional centers of bentonite Al-OH, and indicated that the polymers are fixed on the surface of the aluminosilicate by chemisorption. The participation of the BT hydroxo groups in polymer binding is indicated by a slight shift in some bands characteristic of the OH and Al-O groups (table 1). 

A wide band in the region from 950 to 1200 cm-1 is considered to be the “fingerprint” region of carbohydrates, since this helps in identifying the main chemical groups (-С-О, С-О-С and С-С) in polysaccharides [37].

The obtained spectra of separated pectins practically do not differ from the spectra of commercial pectin [37, 38].

 Table 1 – IRS data of the studied samples

	Sample
	νОН
	νCН
	νC=O


	δСН

δОН


	νC–O–C
νC–C
νC-O
	δОН(BT)

νAl-O

	BT
	3620

3457
	-
	-
	-
	-
	1141

820

525

	Beet pectin (PCbeet)
	3429
	2933

2857
	1762
1638
	1425

1323

1248
	1124

1076

1014
	-

	Apple pectin (PCapple)
	3432
	2939

2900
	1749 

1625
	1443

1330

1238
	1151

1076

1018
	-


	PCbeet /BT 


	3620

3416
	2921

2848
	1732

1626
	1417
	BT overlaps
	1050

796

523

	PCapple /BT
	3627

3440
	2932

2860
	1736

1629
	1418
	BT overlaps
	1105

802

537

	PSHD
(the product of hydrolysis of straw)
	3500
	2919

2973
	1755

1703 

1622
	1415


	1148

1088

1057
	-

	PSHD/BT
	3622

3440


	2936

2860
	1640
	-
	BT overlaps
	1105

803

533


The IRS data of the straw hydrolysis product indicate the presence of bands characteristic of the spectra of polysaccharides (table 1, figure 4).

In the spectrum of the test sample in the region of 3500 cm-1 corresponds to the valence vibrations of free-OH groups, the absorption bands in the region of 3448 cm-1, 3286 cm-1 and 3228-1 cm- characterize the valence vibrations of hydroxyl-OH groups bound by a hydrogen bond. The bands at 1755 cm-1, 1703 cm-1, and 1622 cm-1 indicate valence vibrations of –C=O-groups. In addition, there is a wide band in the region from 950 to 1200 cm-1, characteristic of carbohydrates [37].
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Figure 4 – IR spectrum of the product obtained from straw

Thus, using IR spectroscopy, it was shown that the formation of polysaccharide-silica composites is due to the chemisorption of the polysaccharide on the surface of the aluminosilicate.

An adsorption method was used in the preparation of palladium catalysts based on PSCs.

The initial content of palladium ions was 1% of the support weight. The content of metal immobilized on the polymer-modified surface of an inorganic material was determined by changes in the concentration of metal ions in the mother liquor before and after sorption using a SF-2000 spectrophotometer. The spectrophotometer was calibrated using a series of standard solutions. Data on sorption are presented in table 2. It was found that the largest amount of metal was adsorbed on composites containing apple pectin and polysaccharide (PSCD) – a product of straw hydrolysis. The degree of fixation of palladium ions was 41.4 – 64.9%. In this case, Pd- PCapple/BT and Pd-PSCDs/BT systems with palladium content of ~ 0.5 and 0.6% were synthesized. On composites containing beet pectin, lower values of palladium ion absorption are observed (0.36-0.48%). It should be noted that with an increase in the quantitative content of polysaccharide in the composite, the sorption activity of PSCD slightly increases.

Table 2 – Sorption of palladium ions on developed PSC

	Composite
	mМе·10-3 in the initial solution, g
	mМе·10-3 in solution after sorption, g
	Degree of absorption
	Metal content in the catalyst,%

	
	
	
	mМе ·10-3, g 
	%
	

	1% Pd

	 5 % PCbeet/BT
	1.91
	1.23
	0.68
	35.8
	0.36

	 10% PCbeet/BT 
	1.91
	1.15
	0.76
	39.7
	0.39

	 20% PCbeet/BT
	1.91
	0.99
	0.92
	48.3
	0.48

	1% Pd

	 5% PCapple/BT
	1.91 
	1.12
	0.79
	41.4
	0.41

	 10% PCapple/BT 
	1.91
	0.98
	0.93
	49.0
	0.49

	 20% PCapple/BT
	1.91
	0.83
	1.08
	56.5
	0.57

	1% Pd

	5% PSCD/BT
	1.91 
	1.2
	0.71
	37.2
	0.37

	10% PSCD/BT
	1.91
	1.14
	0.77
	40.3
	0.40

	20% PSCD/BT
	1.91
	0.67
	1.24
	64.9
	0.65


Thus, depending on the nature and properties of polysaccharides, the sorption capacity of PSCs changes as follows: PSCD/BT > PCapple/BT > PCbeet/BT (table 2). Probably, the sorption activity of PSCD depends on the nature, quantity and properties (the degree of esterification, the persentage of uronide component, etc.). 

The interaction of palladium ions with the organic component of PSCs was confirmed by IR spectroscopy data. Thus, in the spectra of complete Pd-polymer/BT catalytic systems, a shift in the absorption bands of functional groups of polymers was observed, namely: in the region of 1800-1600 cm-1, valence vibrations of carbonyl and carboxyl groups (PC); in the region of 1450-1350 cm-1, deformation vibrations of -OH- and -C-OH-groups (PC). The shift of the absorption bands of valence vibrations -CH- groups, indicating a change in the conformation of polysaccharides, also indicated the interaction of palladium with biopolysaccharides and the formation of PMC on the BT surface. There is no significant shift in the absorption bands of valence and strain vibrations of OH groups, as well as the bands of valence vibrations of Al-O bentonite, which indicates that palladium ions interact with the surface of the aluminosilicate through polysaccharides (table 3). 

Table 3 – IRS data of the studied samples
	Sample
	νОН
	νCН
	νC=O


	δОН

δC-ОН
	δОН(БТ) 

νAl-O

	PCapple/BT
	3627

3440
	2932

2860
	1736

1629
	1418
	1105

802

537

	Pd-PCapple/BT
	3619

3440
	2960

2928

2860
	1752

1708

1637
	1458


	1105

799

537

	PSCD/BT
	3622

3440


	2936

2860
	1640
	-
	1105

803

533

	Pd-PSCD/BT
	3627

3440
	2928

2857
	1633
	-
	1109

807

529


SEM images also indicate the formation of palladium and chromium catalysts. Changes in the surface of polysaccharide-silica composites after the introduction of metals are observed. For example, Pd- PCapple/BT samples are presented in the form of large aggregates (figure 5). An interesting picture is observed in the case of Pd-PSCD/BT. Porous formations of a rounded structure were found.
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Figure 5 – Micrographs (SEM) of PCapple/BT (a), PSCD/BT (b), complete catalytic systems Pd- PCapple/BT (c), Pd-PSCD/BT (d)

The formation of a polymer-metal complex on the bentonite surface was confirmed by transmission electron microscopy (TEM). For example, polymer films with inclusions of palladium nanoparticles (2-10 nm) evenly distributed over the polymer matrix were detected on the Pd- PCapple/BT micrograph of the catalyst (figure 6).
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Figure 6 – Micrograph (TEM) of the Pd-PCapple/BT catalyst

The 1% Pd-PC/BT catalytic system was investigated using the XPS method. In the spectrum of the catalyst containing pectin, peaks were found corresponding to both the oxidized (337.4 eV) and reduced (335.7 eV) forms of palladium (figure 7, table 4). The presence of palladium metal in 1% of Pd-PC/BT is probably associated with its partial reduction by pectin functional groups [39].
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Figure 7 - XP-spectrum Pd 3d Pd-PC/BT

Table 4 – XPS data of Pd-PC/BT catalyst 

	Sample
	Pd0
	Pd(II)

	
	3d5/2
	3d3/2
	3d5/2
	3d3/2

	Pd- PC/BT
	335.7
	340.9
	337.4
	342.8


The presence of polymers in the composition of catalytic systems was confirmed by data from organic microanalysis of samples on CHNS/O on the element analyzer "Vario Micro cube" (table 5).

Table 5 – Elemental composition of the samples for CHNS/O

	Sample
	Elemental composition, %

	
	N
	C
	H
	S

	Apple pectin
	-
	39.10
	6.20
	-

	Pd-PCapple/BT
	-
	2.06
	1.00
	-

	Pd-PCbeet/BT
	-
	0.51
	0.70
	-

	PSCD
	-
	37.51
	3.51
	-

	Pd-PSCD/BT
	-
	1.44
	0.77
	-


Thus, the complex of physical and chemical analysis methods proved the formation of palladium and chromium catalysts fixed on polysaccharide-silica composites.

Synthesized deposited polysaccharide-containing palladium catalysts were tested in the reaction of liquid-phase hydrogenation of phenylacetylene under mild conditions.

Hydrogenation of phenylacetylene on catalysts is carried out to form styrene (1) and ethylbenzene (2):
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When studying the catalytic activity of palladium PC/BT systems, it was found that the PD- PCbeet/BT catalysts are more active than similar catalytic systems containing apple pectin (figure 8).
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Figure 8 – The rate of hydrogenation of phenylacetylene on palladium catalysts: a) 1-Pd- PCbeet/BT (5%); 2-Pd- PCbeet/BT (10%); 3-Pd- PCbeet/BT (20%); b) 1-Pd- PCapple/BT (5%); 2 - Pd - PCapple/BT (10%); 3 - Pd - PCapple/BT (20%)

Thus, the value of the hydrogenation rate of phenylacetylene (triple bond) on palladium catalysts of the Pd- PCbeet/BT composition varies within 1,6-1,7*10-6 mol/s, on Pd- PCapple/BT palladium systems – 0,7-1,4*10-6 mol/s (figure 8).  

When comparing the catalytic activity of the developed palladium catalysts based on separated pectins, it was found that the rate of hydrogenation of phenylacetylene in the presence of catalysts containing commercial pectin is ~ 1.5 times higher.

The influence of the quantitative content of pectin in the composition of catalysts based on separated pectins on their activity is shown. Thus, with an increase in the amount of apple pectin in the composition of the catalyst, the values of the hydrogenation rate increase. The selectivity is inversely related (figure 9).
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Figure 9 – Changes in the composition of the catalysate during hydrogenation of phenylacetylene in the presence of Pd- PCbeet/BT (5%) (a), Pd- PCbeet/BT (10%) (b), Pd- PCbeet/BT (20%) (c) catalysts: 1 – phenylacetylene, 2 – styrene, 3 – ethylbenzene

As the amount of polymer increases, the selectivity of the developed systems decreases. In the case of catalysts of the composition  Pd- PCbeet/BT reduces from 94,2% to 89.2%. Among Pd-PCapple/BT systems, the most selective is a catalyst with a pectin content of 10%. The selectivity of the process on these systems varies in the range of 90.2-95.1% (figure 10).
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Figure 10 – Changes in the composition of the catalysate during hydrogenation of phenylacetylene in the presence of Pd- PCapple/BT (5%) (a), Pd- PCapple/BT (10%) (b), Pd- PCapple/BT (20%) (c) catalysts: 1 – phenylacetylene, 2 – styrene, 3 – ethylbenzene

The degree of conversion of phenylacetylene on the developed Pd- PCbeet/BT catalysts increases with an increase in the amount of polymer (table 6). The highest conversion value was obtained on the catalyst with a pectin content of 20% and is 97.1%. In the case of Pd- PCapple/BT catalysts with an increase in the amount of pectin, the conversion decreases from 96.0% to 76.3%.

Thus, the developed catalytic palladium systems based on separated polysaccharides showed activity and selectivity in the reaction of liquid-phase hydrogenation of phenylacetylene under mild conditions.

Table 6 – The results of the hydrogenation of phenylacetylene
	Catalyst
	The rate of hydrogenation W*10-6, mol/s
	The selectivity to styrene, %
	Conversion, %

	
	С≡С
	С=С
	
	

	 Pd- PCbeet/BT (5%)
	1.6
	1.9
	94.2
	85.6

	Pd- PCbeet/BT (10%)
	1.4
	1.8
	89.8
	94.1

	 Pd- PCbeet/BT (20%)
	1.7
	1.9
	89.2
	97.1

	Pd- PCapple/BT (5%)
	0.7
	1.2
	90.2
	96.0

	Pd- PCapple/BT (10%)
	0.9
	1.4
	97.3
	88.1

	Pd- PCapple/BT (20%)
	1.4
	1.7
	95.1
	76.3


On PSCD-containing palladium catalysts, a significant dependence of values of rate of hydrogenation of phenylacetylene, conversion of substrate and selectivity of the amount of the polymer was not detected (figure 11, table 7). 

In all cases were obtained similar values of speed (1,2-2,0*10-6, mol/s), conversion (80,2-92,7%) and selectivity (of 93.6, 94.8 per cent).
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Figure 11 – The rate of hydrogenation of phenylacetylene on 1%Pd-PSCD/BT catalysts with different polymer content: 1 – Pd-PSCD/BT (5%); 2 – Pd-PSCD/BT (10%); 
3 – Pd-PSCD/BT (20%)

The change in the composition of the reaction mixture over time coincides with the hydrogenation rate curve (figure 12). With an increase in the polysaccharide content in the catalyst, the highest rate of hydrogenation of both triple and double bonds was obtained on a catalyst containing 20% of the polymer (table 7).
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Figure 12 – Changes in the composition of the catalysate during hydrogenation of phenylacetylene in the presence of Pd- Pd-PSCD/BT (5%) (a), Pd- Pd-PSCD/BT (10%) (b), Pd- Pd-PSCD/BT (20%) (c) catalysts: 1 – phenylacetylene, 2 – styrene, 3 – ethylbenzene

Table 7 – The results of the hydrogenation of phenylacetylene

	Catalyst
	The rate of hydrogenation W*10-6, mol/s
	The selectivity to styrene, %
	Conversion, %

	
	С≡С
	С=С
	
	

	1%Pd- PSCD/BT (5%)
	1.2
	1.4
	94.8
	80.2

	1%Pd- PSCD/BT (10%)
	2.0
	2.4
	94.4
	92.7

	1%Pd- PSCD/BT (20%)
	1.3
	1.5
	93.6
	88.7

	Note – conditions of the experience: Т=40°С, Р=1 atm, mkat=0,05 g, the solvent is ethanol.


Thus, the developed palladium catalysts attached to polysaccharide-silica catalysts were tested in the hydrogenation reaction of phenylacetylene.

1.2 Synthesis of PSC and chromium catalysts based on the obtained polysaccharides and their testing in oxidation
According to the calendar plan, polysaccharide-silica composites were developed based on polysaccharides separated from plant waste (sugar beet pulp, apple pulp, straw) with different polymer content (5%, 10%, 20%). The composites were synthesized using the method described in section 1.1 of this report.

Chromium catalysts based on PSC were synthesized by the adsorption method.

The initial content of chromium ions was 10% of the support weight. The content of metal immobilized on the polymer-modified surface of an inorganic material was determined by changes in the concentration of metal ions in the mother liquor before and after sorption using a SF-2000 spectrophotometer. The spectrophotometer was calibrated using a series of standard solutions. The data on sorption are presented in table 8. Worst of all, the metal is adsorbed on PCbeet/BT systems (table 8).
Table 8 – Sorption of chromium ions on PSCs

	Composite
	mМе·10-3 in the initial solution, g
	mМе·10-3 in solution after sorption, g
	Degree of absorption
	Metal content in the catalyst,%

	
	
	
	mМе ·10-3, g 
	%
	

	10% Cr

	 5 % PCbeet/BT
	 111.1
	75.5
	35.6
	32.0
	3.2

	 10% PCbeet/BT 
	111.1
	63.3
	47.8
	43.0
	4.3

	 20% PCbeet/BT
	111.1
	70.6
	40.5
	45.0
	4.5

	10% Cr

	 5% PCapple/BT
	 111.1
	58.8
	52,3
	47.1
	4.7

	 10% PCapple/BT 
	111.1
	57.3
	53.8
	48.2
	4.8

	 20% PCapple/BT
	111.1
	0.11
	1.80
	48.4
	4.8

	10% Cr

	5% PSCD/BT
	 111.1
	37.6
	73.5
	66.2
	6.6

	10% PSCD/BT
	111.1
	52.9
	58.2
	52.4
	5.2

	20% PSCD/BT
	111.1
	43.3
	67.8
	61.0
	6.1


As the amount of polymer in the composite increases, the sorption properties of PSCs increase. The highest sorption activity was shown by PSCD-containing composites (more than 60%).

Depending on the nature and properties of the polysaccharide, the sorption capacity of PSCs changes as follows: PSCD/BT > PCbeet/BT > PCapple/BT (table 8). Probably, the sorption capacity of PSCs depends on the nature, quantity and properties (the degree of esterification, the persentage of uronide component, etc.). 

The interaction of chromium ions was confirmed by IR spectroscopy data. A shift in the absorption bands of functional groups of polymers was detected in the spectra of complete Cr-polymer/BT catalytic systems. In the region of 1800-1600 cm-1 valence vibrations of carbonyl (PC); in the region of 1450-1350 cm-1 deformation vibrations of -OH- and -C-OH- groups (PC). The shift of the absorption bands of valence vibrations -CH groups, indicating a change in the conformation of polysaccharides, also indicated the interaction of palladium with polymers and the formation of PMCs on the BT surface. As in the case of palladium catalysts, there is no displacement of the absorption bands of valence and strain vibrations of OH groups, as well as the bands of valence vibrations of Al-O bentonite. Apparently, chromium ions interact with the surface of the aluminosilicate through polysaccharides (table 9).

Table 9 – IRS data of the studied samples

	Sample
	νОН
	νCН
	νC=O


	δОН

δC-ОН
	δОН(BT) 

νAl-O

	PCapple/BT
	3627

3440
	2932

2860
	1736

1629
	1418
	1105

802

537

	Cr- PCapple/BT
	3627

3444
	2964

2928

2860
	1704

1633
	1454
	1105

799

537

	PSCD/BT
	3622

3440


	2936

2860
	1640
	-
	1105

803

533

	Cr- PSCD/BT
	3627

3444
	2936

2864
	1633
	-
	1105

803

533


SEM images also indicate the formation of chromium catalysts. After the introduction of chromium, large film-like formations were found on composites containing apple pectin (figure 13).                                                                                                           
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a                                                                           b

Figure 13 – Micrographs (SEM) Cr- PCapple/BT (a), Cr- PSCD/BT (b)

The micrograph of the PSCD-containing chromium system shows porous formations of a rounded structure.

The TEM method shows the formation of chromium nanoparticles mainly 6-10 nm in size on the surface of a polysaccharide-silica composite (figure 14).
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Figure 14 – TEM micrographs of 7% Cr-PC/BT (5-8 nm)

The results of organic microanalysis on CHNS/O of chromium samples on the element analyzer "Vario Micro cube" are presented in table 10 and indicate the presence of polymers in the complete catalytic system.

Thus, the data of physical and chemical analysis methods confirm the formation of chromium catalysts fixed on polysaccharide-silica composites.

In order to identify the catalytic properties of the developed chromium systems, which were applied to PSCs, experiments were conducted to study their activity and selectivity in the reaction of oxidation of cyclohexane (CH) with hydrogen peroxide under mild conditions.

Table 10 – The elemental composition of the samples for CHNS/O

	Sample
	Elemental composition, %

	
	N
	C
	H
	S

	Cr- PCapple/BT
	-
	7.96
	1.05
	-

	Cr- PCbeet/BT
	-
	1.79
	0.45
	-

	PSCD – product of the hydrolysis of straw
	-
	37.51
	3.51
	-

	Cr- PSCD/BT 
	-
	6.62
	0.39
	-


According to the results of studies conducted according to the 2019 calendar plan (report 2019), the optimal parameters for cyclohexane oxidation are: process temperature – 60°C, time – 240 min, weight of the catalyst suspension – 0.03 g, ratio substrate:oxidizer – 1:3.under these conditions, the oxidation of CH was carried out on the developed chromium systems based on polysaccharides separated from plant growing waste (sugar beet pulp, apple pulp, straw). 

The oxidation of cyclohexane with hydrogen peroxide involves two parallel competing reactions: a) the catalytic oxidation of a hydrocarbon with activated oxygen to form target products; b) the stoichiometric decomposition of Н2О2 into water and inactive molecular oxygen, which exits the system as a gas:
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Thus, prior to the oxidation of cyclohexane, the catalysts were tested during the decomposition of hydrogen peroxide.  On the developed chromium catalysts, the maximum amount of О2 is released in the first 2-3 minutes (figure 15). 
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                            а)                                                                       b)

Figure 15 – The amount of oxygen released during the decomposition of hydrogen peroxide in the presence of chromium PCbeet/BT- (a) and PCapple/BT-containing (b) catalysts: 1 – Cr-PC/BT (5%); 2 – Cr-PC/BT (10%); 3 – Cr-PC/BT (20%)

Then the formation of molecular oxygen slows down. There is a uniform release of oxygen during the entire time of the experiment. The largest amount of oxygen was released in the presence of Cr- PCapple/BT catalysts and reached 48 ml. For PCbeet/BT-containing systems, the maximum value of the formed gas was 28 ml. In the presence PCapple/BT-containing catalysts with increasing amount of polymer in the composition of the catalyst, the obtaining of molecular oxygen decreases.
No significant effect of the percentage of beet pectin on the catalase activity of chromium catalysts was observed.
During the oxidation of cyclohexane, a mixture of two compounds often referred to as KA-oil in the literature is formed: cyclohexanone and cyclohexanol, which are intermediate products in the production of nylon. Thus, the KA-oil selectivity is ~100%. Only the ratio of the mixture components changes depending on the nature of the catalyst. 

According to chromatographic analysis, the results obtained correlate with the data obtained during the decomposition of hydrogen peroxide. The highest degree of conversion of cyclohexane is obtained on PCapple/BT-containing calf systems that have shown activity in the reaction of decomposition of hydrogen peroxide. The maximum value of CH conversion is observed in the presence of 10% Cr- PCapple/BT with the content of pectin 10% and reaches 22.1 per cent. Lower values of substrate conversion were obtained on systems with a pectin content of 5 and 20%. 

On PCbeet/BT-containing chromium catalysts obtained lower values of CH conversion (0,6-4,81%). However, in the presence of Cr- PCbeet/BT catalyst, the highest selectivity of the process for ketone is observed and reaches 73.4%. To reduce the selectivity of the cyclohexanone process, Cr-PCbeet/BT systems are arranged as follows: Cr- PCbeet/BT (20%) > Cr- PCbeet/BT (10%) > Cr- PCbeet/BT (5%).

Table 11 – Cyclohexane oxidation on chromium catalysts with different polysaccharide content

	Catalyst
	Product yield, %
	Conversion, %
	Sketone, 

%
	SКА-oil

	
	CHN
	CHL
	
	
	

	Cr- PCbeet/BT (5%)
	0.32
	0.31
	0.63
	50.8
	100

	Cr- PCbeet/BT (10%)
	1.10
	0.56
	1.66
	66.3
	100

	  Cr- PCbeet/BT (20%)
	3.53
	1.28
	4.81
	73.4
	100

	Cr- PCapple/BT (5%)
	2.39
	1.60
	3.99
	59.9
	100

	Cr- PCapple/BT (10%)
	12.83
	8.23
	21.06
	60.9
	100

	 Cr- PCapple/BT (20%)
	8.54
	4.65
	13.19
	64.7
	100

	Note - conditions of the experience: [Н2О2] = 0,31·102 mol/l, CH3CN – 5 ml, mcat = 0,03g, Т=60 ºС, Р = 1 atm, 240 min.


On PSCD-containing chromium catalysts, there is a similar dependence as in the case of PCapple/BT-containing systems. As the amount of polymer in the catalyst increases, the volume of oxygen released during the decomposition of hydrogen peroxide increases. The greatest amount of oxygen is released in the first 20 minutes. Then the process slows down. The maximum gas value is reached in the presence of a catalyst containing 20% polysaccharide and reaches 62% (figure 16).
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Figure 16 – The amount of oxygen released during the decomposition of hydrogen peroxide in the presence of chromium PSCD/BT-containing catalysts: 1 - Cr- PSCD/BT (5%); 2 - 10%Cr- PSCD/BT (10%); 3 - Cr- PSCD/BT (20%)

However, an inverse relationship is observed with cyclohexane oxidation (table 12). The highest conversion of the substrate was obtained on a catalyst with a 5% PSCD content. The values of substrate conversion vary in the range of 21.2-29.2%. the Selectivity of the process for cyclohexanone on synthesized chromium catalysts has close values of 72.6-76.7%.

Table 12 – Oxidation of cyclohexane on chromium catalysts with different PSCD content

	Catalyst
	Product yield, %
	Conversion, %
	Sketone, 

%
	SКА-oil

	
	CHN
	CHL
	
	
	

	Cr-PSCD/BT (5%)
	22.4
	6.8
	29.2
	76.7
	100

	Cr-PSCD/BT (10%)
	15.4
	5.8
	21.2
	72.6
	100

	  Cr-PSCD/BT (20%)
	19.4
	5.7
	25.1
	77.3
	100

	Note - conditions of the experience: [Н2О2] = 0,31·102 mol/l, CH3CN – 5 ml, mcat = 0,03g, Т=60 ºС, Р = 1 atm, 240 min.


1.3
Сomparative analysis of hydrogenation and oxidation results on optimal catalysts based on commercial and obtained polysaccharides
This section presents data on the comparative analysis of the results of hydrogenation and oxidation on optimal catalysts obtained on the basis of commercial (Sigma Aldrich) and separated polysaccharides (sugar beet pulp, apple pulp, straw).

Hydrogenation.

A 2018 report described the preparation of polysaccharide-containing palladium catalysts based on commercial polysaccharides – pectin (PC), 2-hydroxyethylcellulose (cellulose derivative – HEC) and lignin, which were tested in the hydrogenation reaction of phenylacetylene under mild conditions. Lignin-containing palladium composites were inactive. HEC-and PC-stabilized palladium systems showed high activity in the process.

Among palladium catalysts based on separated pectin, 1% Pd- PCbeet/BT (5%) and PCapple/BT (20%) catalysts are the most active and selective (table 13).

Table 13 – The results of the hydrogenation of phenylacetylene on the best catalysts, obtained on the basis of commercial and separated polysaccharides

	Catalyst
	The rate of hydrogenation W*10-6, mol/s
	The selectivity to styrene, %
	Conversion, %

	
	С≡С
	С=С
	
	

	Beet pectin

	1%Pd-PC/BT (5%)
	1.6
	1.9
	94.2
	85.6

	1% Pd-PC/BT (10%)
	1.4
	1.8
	89.8
	94.1

	1% Pd-PC/BT (20%)
	1.7
	1.9
	89.2
	97.1

	Apple pectin

	1% Pd-PC/BT (5%)
	0.7
	1.2
	90.2
	96.0

	1% Pd-PC/BT (10%)
	0.9
	1.4
	97.3
	88.1

	1% Pd-PC/BT (20%)
	1.4
	1.7
	95.1
	76.3


	Commercial pectin (data from the 2018 report)

	1% Pd-PC/BT (5%)
	2.9
	2.5
	87.2
	92.8

	1% Pd-PC/BT (10%)
	4.8
	5.1
	88.9
	92.2

	1% Pd-PC/BT (20%)
	2.5
	2.7
	88.6
	92.5

	Note - conditions of the experience: Т=40°С, Р=1 atm, mcat=0,05g, the solvent is ethanol.


In the case of palladium systems based on commercial pectin, the most active and selective is 1% Pd-PC/BT with a polysaccharide content of 10%.

It should be noted that in the presence of palladium catalysts separated from apple pulp, a higher selectivity of the process for styrene is observed compared to systems containing commercial pectin – 90.2-97.3% versus 87.2-88.9% (figure 17). However, the rate of hydrogenation of catalysts based on separated polysaccharides is inferior to catalytic systems based on commercial pectin.

The rate of hydrogenation of the triple bond on palladium catalysts containing commercial pectin varies within 2,5-4,8*10-6 mol / s, on palladium PCapple/BT- and PCbeet/BT-containing systems –0,7-1,4*10-6 mol / s and 1,4-1,6*10-6 mol / s, respectively.
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Table 17 – Change in the selectivity of styrene during the hydrogenation reaction of phenylacetylene on the developed catalysts

Thus, based on the conducted research, it follows that the optimal activity of catalysts are catalytic systems based on commercial polysaccharide. In terms of selectivity, palladium catalysts prepared on the basis of separated apple and beet pectins are optimal.

Oxidation.

Comparative data on the study of the catalytic properties of the developed chromium catalysts prepared on the basis of commercial and separated polysaccharides are presented in table 14. 

The highest yield of products is obtained on chrome catalysts containing apple pectin and commercial pectin, and is 21.1% and 23.9%, respectively. The lowest values of cyclohexane conversion are observed on chromium catalysts prepared on the basis of beet pectin and varies in the range of 0.6-4.8%. The highest selectivity values for cyclohexanone were obtained in the presence of chromium systems based on commercial pectin

Thus, the developed chromium catalysts based on commercial and obtaining polysaccharides were active in the reaction of partial oxidation of cyclohexane with hydrogen peroxide. It should be noted that the synthesized catalysts based on apple pectin are practically not inferior in the yield of reaction products from similar catalysts based on commercial pectin.

Table 14 – The results of the oxidation of cyclohexane on catalysts developed calf

	Catalyst
	Product yield, %
	Conversion, %
	Sketone, 

%
	SКА-oil

	
	CHN
	CHL
	
	
	

	Beet pectin

	10%Cr-BT/pectin (5%)
	0.32
	0.31
	0.63
	50.8
	100

	10%Cr-BT/pectin (10%)
	1.10
	0.56
	1.66
	66.3
	100

	  10%Cr-BT/pectin (20%)
	3.53
	1.28
	4.81
	73.4
	100

	Apple pectin

	10%Cr-BT/pectin (5%)
	2,39
	1,60
	3.99
	59.9
	100

	10%Cr-BT/pectin (10%)
	12,83
	8,23
	21.06
	60.9
	100

	 10%Cr-BT/pectin (20%)
	8,54
	4,65
	13.19
	64.7
	100

	Commercial apple-citrus pectin

	10%Cr-BT/pectin (5%)
	6.30
	3.20
	9.50
	66.3
	100

	10%Cr-BT/pectin (10%)
	10.00
	4.10
	14.10
	70.9
	100

	 10%Cr-BT/pectin (20%)
	16.00
	6.40
	23.90
	73.2
	100

	Note - conditions of the experience: [Н2О2] = 0,31·102 mol/l, CH3CN – 5 ml, mcat = 0,03g, Т=60 ºС, Р = 1 atm, 240 min.


1.4 Detailed analysis of the results for all stages of processing crop growing waste into possible valuable 
The main stages of processing plant waste (sugar beet pulp, apple pulp, straw) to obtain polysaccharides with the subsequent prospect of their use as catalysts are:

- preparation of raw materials for the hydrolysis process (preliminary processing of pulp),
- hydrolysis of pretreated raw materials,
- the use of synthesized polyaccharide-containing catalysts,
-prospects of research results in the development of topics.

1. Preparation of raw materials for the hydrolysis process.
According to the 2019 calendar plan (2019 report), the technological parameters of the preliminary processing of plant raw materials (sugar beet pulp, apple pulp, straw) were varied and the optimal conditions for pre-processing were determined.

The study  was carried out to vary the power of microwave processing, the time of the pretreatment of pulp.

The optimum yield of pectin   obtained from pulp processed in a microwave oven (MWO) for 5 minutes at a heating power of 520 mW. The hydrolysis of the original "untreated" pulp was carried out with the significantly lower  yield of pectin (34.1% versus 45.3%), the degree of esterification and the percentage of  the uronide component (Table 15, Figure 18).
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Figure 18 - Results of hydrolysis of sugar beet pulp
Thus, from 1 g of beet pulp pretreated in MWO for 5 minutes and 520 W of beet pulp, 0.453 g of pectin was separated, which corresponds to 45.3% of the output of pectin. 0.341 g of pectin was separated from 1 g of untreated pulp, which corresponds to 34.1% of the yield of pectin (figure).

Straw pretreatment was carried out by extrusion, during which the straw is saccharified [40, 41]. The resulting extrudate was then used in hydrolysis to obtain polysaccharides. 

2. Hydrolysis of the pre-processed raw materials (sugar beet pulp and apple pulp).
The process  was carried out based on the  method desribed in  [38].

Comparative characteristics of pectins obtained from various types of materials are presented in table 15. The highest yield of pectin was obtained from beet pulp.

The degree of esterification and the percentage of  uronid component,  the synthesized pectins  was less that these values of the  commercial apple pulp - 20.6% and 36.5% versus 31.8% and 40.1%, respectively.

In order to increase the yield of pectin, experiments were carried out to optimize the hydrolysis process. Hydrolysis was carried out using microwave pretreatment. The main parameters of the process, such as the time and power of the treatment, the nature of the hydrolyzing agent, and the pH of the medium were varied.  It was found that the optimal conditions for the hydrolysis of sugar beet pulp was 520 W power  of  MWO, pH = 2.0 and the hydrolyzing agent - citric acid. Duration of the  hydrolysis was  6 minutes. 
Table 15 - Comparative characteristics of synthesized pectins with commercial pectin

	Pectin from
	Pectin yield, %
	Degree of esterification , %
	Percentage of  uronid component, %

	 Apple pulp  
	28.0
	20.1
	33.4

	Apple pulp synthesized in MWO  
	35.9
	23.8
	25.7

	Beet root pulp
	34.1
	20.6
	36.5

	Beet root pulp synthesized in MWO 
	58.3
	36,4
	59.6

	Commercial apple pectin 
	-
	31.8
	40.1


The optimal parameters for the hydrolysis of apple pulp were: microwave power - 520 W, pH = 2.0 and hydrolyzing agent - apple or citric acid, time - 6 minutes. The yield of apple pectin  using apple acid  was 35.9%, the degree of esterification - 23.8%, the percentage of  uronid component  - 25.7%. In the case of using citric acid, a lower pectin yield of 28.0% was observed. However, higher values ​​were obtained for the degree of esterification - 36.2% and the share of the uronid component - 39.6%. In the case of carrying out hydrolysis in MWO,  higher yields of polysaccharide were obtained (Table 15) , and with an increase in the hydrolized portion of beet pulp to 5 g, the yield of pectin was even higher than in the experiment with 1 g of pulp and amounted to 69.4%.

Straw hydrolysis was carried out in two ways: in a MWO and in a reactor without microwave treatment.

As a result of hydrolysis in the reactor, 0.19 g of product consisting of the polysaccharide  was obtained from 1 g of lignin. The product yield was 19.0%.
When hydrolysis was carried out in a microwave oven, 0.56 g of product was separated from 1 g of lignin, which was 56% yield.  Optimal parameters of hydrolysis were: microwave power - 520 W, pH = 2.0 and hydrolyzing agent was citric acid, reaction  time - 9 minutes.

Based on the studies carried out, it has been shown that the hydrolysis process in the MWO lead to  significant shortening the reaction time to 6-9 minutes. The yields of polysaccharides increased by 1.2-1.7 times. The studies were aimed at optimizing the ongoing  processing plant raw materials: reducing the time of hydrolysis, minimizing environmental harm, the use of non-toxic reagents such as apple and citric acids.

3. The use of synthesized polyaccharide-containing catalysts.
In previous studies, methods have been developed for the preparation of pectin-montmorillonite composites that have shown activity as enterosorbents [42–43].

This project has demonstrated the possibilities of using polysaccharides synthesized by  the developed  method as components of environmentally friendly catalysts for hydrogenation and oxidation. The catalysts were prepared by sequential adsorption of pectin on Kazakhstan bentonite with further fixation of metal salts   on modified support (Pd for hydrogenation catalysts and Cr - for oxidation catalysts). The process was carried out under ambient conditions with water as solvents. No high temperature steps of calcination and reduction were applied. Thus, the procedure met the  requirements of  the principles of green chemistry.

Both palladium catalysts, in which synthesized apple and beet pectin were used as nanoparticle stabilizers, exhibited high catalytic activity comparable to the system containing commercial pectin. It should be noted that the selectivity for styrene in the hydrogenation of phenylacetylene in the system with apple pectin reached 95.1%, while the selectivity for commercial pectin was minimal. These results correlate with a change in the degree of esterification of the obtained pectins (Table 16), which is associated with the ability to complexation  of  palladium with pectin, since the complexing properties of pectin substances depend on the content of free carboxyl groups, i.e. the degree of esterification. At a low value of the degree of esterification, the number of carboxyl groups is higher, and, consequently, the ability to complex formation is higher [44].
Table 16 - Results of phenylacetylene hydrogenation of palladium catalysts stabilized with synthesized and commercial pectin of various characteristics

	Pectin component

of the  palladium catalyst

1%Pd-Pec/BT
	Hydrogenation  rate

W*10-6, mol/s
	Conversion, %


	Selectivity

to styrene, %
	Percentage

of uronid  component, %
	Degree of

esterification %

	
	С≡С
	С=С
	
	
	
	

	 Synthesized apple pectin
	1.4
	1.7
	76.3
	95.1
	33.4
	20.1

	Synthesized beet root pectin
	1.7
	1.9
	97.1
	89.2
	36.5
	20.6

	Commercial apple pectin
	2.5
	2.7
	92.5
	88.6
	40.1
	31.8

	Notes - Reaction conditions: T = 40°C, P = 1 atm, mcat = 0.05 g, solvent - ethanol.


4. Prospects for research results in the development of topics.
The world's leading manufacturers of pectins have their own closed technologies based on scientific achievements, which are the intellectual property of manufacturing firms. In the CIS countries, pectin is usually produced using outdated Soviet technologies [45-47]. The methodology developed within the framework of the project is very promising, in many respects it is consistent with new trends in "green" chemistry and scientific publications on the subject. The use of renewable sources of raster farming, as well as a method that excludes the use of mineral acids, carried out in a short period of time, thanks to the use of microwave processing, can form the basis of our own Kazakhstani technology for the production of pectin, the raw material for which is plant waste grown in large quantities in Kazakhstan ( sugar beets and apples). Pectin is widely used in many branches of science and technology, medicine, food industry and, as shown in our studies, can be used as enterosorbents and components of "green" catalysts.
Conclusion
During the reporting period to solve the tasks set in accordance with the 2018 calendar plan:

- polysaccharide-silica composites based on commercial polysaccharides (pectin, HEC, and lignin) with different amounts of polymer (5%, 10%, and 20%) were obtained by the adsorption method. A viscometric study found that the degree of pectin and HEC adsorption varies between 81.7 and 94.6%. In the case of lignin, a lower degree of fixation is observed – 22.6-64.6%. The presence of polysaccharides in the resulting composites was confirmed by IR spectroscopy and SEM data. The XPS method shows structural changes in the resulting composites during their formation.   

- the study of the sorption capacity of synthesized composites with respect to palladium ions revealed that PC-containing composites have a high sorption activity. There is a 100% fixation of palladium ions on the PC/BT surface, regardless of the amount of pectin. HEC and lignin-containing systems showed less activity. IRS data indicate the interaction of palladium ions with the surface of composites.

- the sorption capacity of synthesized PSCs to chromium ions was determined by the spectrophotometric method. Regardless of the nature of the polymer and their amount, 70-80% sorption activity was obtained in the composites. The results of IRS indicate chemisorption between the components of the catalytic system. The SEM method shows surface changes in composites after the introduction of chromium ions.

- the optimal catalyst for hydrogenation of phenylacetylene is a palladium HEC/BT catalyst with a HEC content of 9%, whose selectivity for styrene was 92% with 96.4% substrate conversion. The highest catalytic activity in the reaction of liquid-phase oxidation of cyclohexane was shown by a 7% chromium PC/BT catalyst with a pectin content of 18%, in the presence of which the conversion is 12.1%.

During the reporting period to solve the tasks set in accordance with the 2019 calendar plan:

- as a result of the experimental study of the dependence of the yield of the products (KA-oil) liquid-phase oxidation of cyclohexane with hydrogen peroxide temperature, time, mass of sample of catalyst and the ratio CH:Н2О2 in the presence of the optimum 7%, the pectin-stabilized chromium catalyst revealed that for oxidation of CH by 7% Cr-PC/BT are optimum process temperature – 60°C, time – 240 min, weight of catalyst – 0.03 g, the ratio of the substrate:oxidizing is 1:3. The CH conversion is 23.9%, the selectivity by ketone is 73.2%, according to KA-Oil ~ 100%.

- when conducting comparative studies to determine the optimal conditions for pretreatment of beet pulp, it was shown that processing sugar beet pulp in MWS before hydrolysis leads to an increase in pectin yield. When varying the technological parameters (power and time of microwave processing), the optimal conditions for pre-preparation of beet pulp for the hydrolysis process using microwave processing were determined: the power of microwave processing is 520 W, the time of microwave processing is 5 min. Increasing the power and time of microwave processing leads to a decrease in the yield of pectin. Under optimal conditions, the pectin yield was 0.453 g of pectin, which corresponds to 45.3% of the pectin yield.

- in the course of testing the parameters of hydrolysis of pre-processed raw materials, the optimal conditions for hydrolysis of sugar beet pulp were determined: microwave processing power – 520 W, pH = 2.0 and hydrolyzing agent-citric acid, time – 6 min.  The yield of pectin is 58.3%, the degree of esterification is 36.4%, and the percentage of uronide component is 59.6%.  IR spectroscopy confirmed the production of pectin from sugar beet pulp. By the method of straw hydrolysis, products that can be correlated with polysaccharides were obtained in the MWS. The IRS data indicate that the spectra of the obtained products correspond to the polysaccharide spectra. Further research on product identification is planned.

- as a result of experiments conducted to obtain an enlarged batch of 5 g of beet pulp, 3.47 g of pectin was obtained, which corresponds to 69.4% pectin yield, while the degree of esterification was 44.9%, and the percentage of uronide component was 64.8%.

- by varying the reaction conditions for the hydrogenation of phenylacetylene (mass of catalyst, the amount of substrate, nature of solvent) was identified as the optimal parameters for the hydrogenation of the polysaccharide-stabilized palladium catalysts: a charge of catalyst 0.05 g, substrate concentration is 0.18 mol/l, solvent – ethanol, for HEC-stable catalysts – water. TEM data indicate the formation of active phase nanoparticles with a size of 4-10 nm. The presence of a polymer in the catalyst contributes to the formation of a dispersed active phase.

During the reporting period to solve the tasks set in accordance with the 2020 calendar plan:

- the synthesis of polysaccharide-silicate composites (PSCs) based on polysaccharides obtained from waste vegetable raw materials (sugar beet pulp, apple pulp, straw) with different amounts of polymer (5, 10 and 20%) and palladium catalysts based on them has been developed. Using IR spectroscopy, it was shown that the formation of polysaccharide-silicate composites is due to the chemisorption of the polysaccharide on the surface of the aluminosilicate. When palladium ions were fixed on the surface of PSCs, it was found that the largest amount of metal was adsorbed on composites containing apple pectin and a mixture of polysacharides (PSHD) – a product of straw hydrolysis. The degree of fixation of palladium ions on PSCs was 41.4-64.9%. Pd-PCbeet/BT, Pd-PCapple/BT, and Pd- PSHD/BT systems with palladium content of ~ 0.4, 0.5, and 0.6% were synthesized. SEM images indicate the formation of palladium catalysts. There are changes in the surface of polysaccharide-silicate composites after the introduction of metals. Polymer films with inclusions of palladium nanoparticles (2-10 nm), evenly distributed over the polymer matrix, were detected on the TEM Pd- PCapple/BT micrograph of the catalyst. Data from organic microanalysis of samples on CHNS/O indicate the presence of polymers in the composition of palladium catalytic systems;

- synthesized palladium catalysts attached to PSCs were tested in the hydrogenation reaction of phenylacetylene under mild conditions. It is established that the selectivity of the developed systems changes with increasing amount of polymer. Among pectin-containing palladium catalysts, the highest selectivity was shown by Pd-PCapple/BT with a pectin content of 10% and reaches 97.3%. Among PSHD-containing palladium catalysts, Pd- PSHD/BT with a polysaccharide content of 10% is optimal, in the presence of which the selectivity was 94.4%. PCbeet/BT-containing palladium catalysts showed low activity and selectivity;

- synthesized polysaccharide-silica composites based on polysaccharides obtained from plant waste (sugar beet pulp, apple pulp, straw) and chromium catalysts based on them. The content of polysaccharides in the composites was 5%, 10%, and 20%. Depending on the nature of polysaccharide sorption capacity of PSC is changed as follows: PSHD/BT > PCbeet/BT > PCapple/BT. Data from physical and chemical analysis methods confirm the formation of chromium catalysts fixed on polysaccharide-silicate composites;

- the catalytic properties of the developed chromium catalysts in the reaction of partial oxidation of cyclohexane with hydrogen peroxide under mild conditions are studied. When studying the effect of the nature of pectin on the activity and selectivity of polysaccharide-containing palladium catalysts in the reaction of liquid-phase oxidation of cyclohexane with hydrogen peroxide, the highest yield of reaction products was obtained on PCapple/BT-containing systems. The maximum value of the degree of conversion of CH and the selectivity by ketone is observed in the presence PSHD-containing chromium catalysts;

- a comparative analysis of the results of hydrogenation and oxidation on optimal catalysts obtained on the basis of commercial and obtained polysaccharides. Based on the results obtained, it was shown that the active catalysts in the hydrogenation reaction of phenylacetylene are palladium systems based on a commercial polysaccharide. In terms of selectivity, palladium catalysts prepared on the basis of obtained apple and beet pectins are optimal. The maximum yield of products obtained on chromium catalysts containing apple pectin and commercial pectin is 21.1% and 23.9%, respectively. The lowest values of cyclohexane conversion are observed on chromium catalysts prepared on the basis of beet pectin and varies in the range of 0.6-4.8%. The highest selectivity values for cyclohexanone were obtained in the presence of chromium systems based on commercial pectin;

- a comprehensive analysis of the results for all stages of processing plant waste into possible valuable products was carried out. Experimental work was carried out to optimize the processes of processing plant waste (sugar beet pulp, apple pulp, straw). The use of microwave processing increased the yield of polysaccharides and reduced the hydrolysis time. In the course of varying the nature of the hydrolyzing agent, it was found that citric and malic acids are optimal. The highest yield of pectin was obtained from sugar beet pulp and is 58.3%, the degree of esterification is 36.4%, and the percentage of uronide component is 59.6%. The IR spectra of the obtained pectins are identical with commercial ones and indicate the production of pectin from sugar beet pulp and apple pulp. 

Thus, research was carried out to improve the method of obtaining of polysaccharides from plant raw materials for further preparation of nanostructured "green" catalysts based on them for environmentally friendly hydrogenation and oxygenation processes. Taking into account the principles of green chemistry, it became possible to use environmentally friendly organic acids (citric, malic) as a hydrolyzing agent.

According to the results of the research conducted in the reporting period (2018-2020), 2 utility model patents were obtained, 5 articles in peer-reviewed foreign publications with a non-zero impact factor - "Periódico Tchê Química" (Cite Score Scopus percentile is 72%), "Reaction Kinetics, Mechanisms and Catalysis" (WoS: Q4, Scopus percentile is 37%), "Kinetics and Catalysis" (WoS: Q4, Scopus percentile is 43%), "Theoretical and Experimental Chemistry" (WoS: Q4, Scopus percentile is 29%), 1 monograph, 3 articles in a peer-reviewed domestic publication recommended by CCESS – "News of the Academy of sciences of the Republic of Kazakhstan" and 16 abstracts in international and regional conferences: "The 8th Tokyo Conference on Advanced Catalytic Science and Technology" (Yokohama, Japan), "18th IUPAC International Symposium on MacroMolecular Complexes (Moscow, Russia), Uzbek-Kazakh Symposium "Modern problems of polymer science" (Tashkent, Uzbekistan), "8th International Symposium on Specialty Polymers" (Karaganda, Kazakhstan), etc were published.
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APPENDIX B
The calendar plan 
1 «D.V. Sokolskiy Institute of fuel, catalysis and electrochemistry» JSC
1.1 Priority: 1. 1. Rational use of natural, including water resources, geology, processing, new materials and technologies, safe products and constructions.
1.2 On the sub-priority: Applied researches: 1.11 New multipurpose materials based on natural raw materials and industry-related waste.
1.3 On the topic: №AP05133114 «Development of improved processes for obtaining polysaccharides from crop residues and design of nanocomposites and nanocatalysts on their basis for "green" syntheses of biologically active substances». 
1.4 The total amount of the project is 24 160 000 (twenty four million one hundred sixty thousand) tenge, including with a breakdown by years, for the performance of work in accordance with paragraph 3:
- for 2018 - in the amount of 8 000 000 (eight million) tenge;
- for 2019 - in the amount of 8 072 000 (eight million seventy two) tenge;
- for 2020 - in the amount of 8 088 000 (eight million eighty eight) tenge.
2. Characteristics of scientific and technical products on qualification characteristics and economic indicators

2.1 Work direction: Environmental catalysis, polymer chemistry.

2.2 Application field: Chemistry.

2.3 The final result: 
- for 2018: Polysaccharide-silicate composites (PSС) and Pd, Cr nanocatalysts using commercial polysaccharides will be obtained and the sorption capacity of PSС for Pd and Cr ions will be determined. Work will be carried out to prepare raw materials for the hydrolysis process. Polysaccharide-containing catalysts based on commercial polysaccharides in hydrogenation and oxidation will be tested.
- for 2019: Optimal conditions for pulp hydrolysis (SBP), extraction of polysaccharides will be determined and the technological parameters of pretreatment of SBP will be varied, optimal conditions for pretreatment are selected and enlarged batches of polysaccharides are selected. The conditions for carrying out the processes of hydrogenation and oxidation on the obtained optimal catalysts will be varied. 2 articles will be submitted for publication, including 1 article in a peer-reviewed foreign scientific publication indexed in the Web of Science or Scopus databases with a non-zero impact factor and 1 article in a peer-reviewed domestic scientific publication with a non-zero impact factor.
- for 2020: Polysaccharide-silicate composites and palladium, chromium catalysts based on the obtained polysaccharides will be synthesized, investigated in hydrogenation and oxidation. A comprehensive analysis of the results of all stages of processing crop growing waste into possible valuable products will be carried out. 2 articles will be submitted for publication, including 1 article in a peer-reviewed foreign scientific publication indexed in the Web of Science or Scopus databases with a non-zero impact factor and 1 article in a peer-reviewed foreign scientific publication with a non-zero impact factor. 
1 utility model patent application will be filed. 
2.4 Patentability: Patentable.

2.5 Scientific and technical level (novelty): The novelty of the project lies in the development of polysaccharide-silicate composites and catalysts for hydrogenation and oxidation processes under mild conditions, which meets the requirements of "green" chemistry, excluding high-temperature stages of calcination and reduction in the preparation of polysaccharide-containing catalysts: the process is carried out at room temperature from aqueous solutions components.
2.6 The use of scientific and technical products is carried out by: Customer

2.7 Type of use of the result of scientific and (or) scientific and technical activity: The research results will be published in priority journals in Kazakhstan, Russia and far abroad, as well as discussed at prestigious international conferences on this topic. The results of the scientific and scientific-technical activities of the project are determined by the possibility of creating new types of polymer-inorganic composite materials that can be used in various fields of science and technology, including as catalysts.
	Cipher of the task and stage
	The name of works under the Contract and the main stages of its implementation
	Period of execution
	Expected Result

	
	
	beginning
	ending
	

	1

	For processing:

Analysis of the literature on the production of polysaccharides from crop drowing waste.

For nanocomposites and catalysts:

Receiving

polysaccharide-silicate composites (PSC) and Pd and

Cr nanocatalysts using commercial polysaccharides.

	January 2018 
	to November 1, 2018
	On processing:

A search and analysis of literature on the production of polysaccharides from plant raw materials will be conducted.

For nanocomposites and catalysts: PSC and Pd, Cr nanocatalysts will be produced using commercial polysaccharides.

	1.1

	Processing.

Search and analysis of literature on modern methods of  polysaccharides obtaining from crop growing waste.

Nanocomposites

Getting the PCS.
	January 2018
	March 2018
	Processing.

Based on the results of the literature analysis, a strategy for processing pulp (SBP) will be selected.

Nanocomposites

PCS will be obtained.

	1.2
	Nanocomposites, catalysts: Determination of the sorption capacity of synthesized PCS to Pd ions.
	April 2018
	June 2018
	Nanocomposites, catalysts:
The sorption capacity of UCS to Pd ions will be determined.

	1.3
	Processing:
Preparation of raw materials for the hydrolysis process.

Nanocomposites, catalysts:
Determination of the sorption capacity of synthesized PCS to

Cr ions.
	July 2018
	September
2018
	Processing:
Work will be carried out to prepare raw materials for the hydrolysis process. Nanocomposites, catalysts:
The sorption capacity of PCS to Cr ions will be determined.

	1.4
	Nanocomposites, catalysts:

Testing of polysaccharide-containing catalysts based on commercial polysaccharides in hydrogenation and oxidation.
	October 2018
	to November 1, 2018
	Nanocomposites, catalysts:
Polysaccharide-containing catalysts based on commercial polysaccharides in hydrogenation and oxidation will be tested.

	2 
	Processing:
The variation of the conditions of the hydrolysis of  pulp (SBP) and extraction of the polysaccharides.

Catalysts:
Variation of conditions for hydrogenation and oxidation processes on the obtained optimal catalysts.
	January 2019
	to November 1, 2019
	Processing:
Optimal conditions for pulp (SBP) hydrolysis and polysaccharide extraction will be determined. Catalysts.

Conditions for conducting hydrogenation and oxidation processes on the obtained optimal catalysts will be varied.

	2.1
	Catalysis:

Determination of oxidation conditions on the best polysaccharide-containing Cr catalyst.
	January 2019
	March 2019
	Catalysis: optimal

oxidation parameters will be determined on the best polysaccharide-containing Cr catalyst.

	2.2
	Processing:
Variation of technological parameters of  SBP  pre-treatment. Selection of optimal preprocessing conditions.
	April 2019
	June 2019
	Processing.

The technological parameters of the  SBP  pretreatment will be varied and the optimal pretreatment conditions will be selected.

	2.3
	Processing:
Variation of hydrolysis parameters of pre-processed raw materials.
	July 2019
	September
2019
	Processing:
Optimal conditions for hydrolysis of pre-processed raw materials will be determined.

	2.4
	Processing.

Separation of a large stores of polysaccharides.

Catalysis: Determination of conditions for hydrogenation on the best Pd catalyst.
	October 2019
	to November 1, 2019
	Processing:
A large stores of polysaccharides will be  separated.
Catalysis: Optimal

hydrogenation conditions will be determined on the best Pd catalyst. 2 articles will be submitted to the press, including 1 article to a peer-reviewed foreign scientific publication indexed in the Web of Science or Scopus databases with a non-zero impact factor and 1 article to a peer-reviewed domestic publication with a non-zero impact factor.

	3
	Synthesis of PCS and palladium and chromium catalysts based on the obtained polysaccharides.

Testing of catalysts in the hydrogenation and oxidation.
	January 2020
	to November 1, 2020
	PCS and palladium and chromium catalysts based on the polysaccharides obtained will be synthesized, and hydrogenation and oxidation will be investigated.

	3.1
	Synthesis of PCS and palladium catalysts based on the obtained polysaccharides and their testing in hydrogenation.
	January 2020
	March 202
	PCS and palladium catalysts will be synthesized and tested in hydrogenation.

	3.2
	Synthesis of UCS and chromium catalysts based on the obtained polysaccharides and their testing in oxidation.
	April 2020
	June 2020
	PCS and chromium catalysts based on the obtained polysaccharides will be synthesized and tested in oxidation.

	3.3
	Comparative analysis of hydrogenation and oxidation results using optimal catalysts based on commercial and separated polysaccharides
	July 2020
	September
2020
	A comparative analysis of the results of hydrogenation and oxidation on optimal catalysts based on commercial and separated polysaccharides will be performed.

	3.4
	Detailed analysis of the results for all stages of processing crop growing waste into possible valuable.
	October 2020
	to November 1, 2020
	Detailed analysis of the results for all stages of processing crop growing waste into possible valuable will be performed. 2 articles will be submitted to the press, including 1 article to a peer-reviewed foreign scientific publication indexed in the Web of Science or Scopus databases with a non-zero impact factor and 1 article to a peer-reviewed  foreign publication with a non-zero impact factor.


From the customer:                                                                  From the performer:
Chairman of                                                                             General Director of                                                                                                       

«Committee of Science of the Ministry of                              «D.V.Sokolskiy Institute of Fuel,
Education and Science of the RK» GI                                    Catalisys and Electrochemistry» JSC
_______________ Abdrasilov B.S.                                       _______________ Zhurinov M. 
stamp                                                                                      stamp
Reviewed by: 
Project supervisor
___________ Zharmagambetova A.K.

                                          stamp

[image: image37]

[image: image38]
[image: image39.png]1.3 |Mepepadorka: Viions | Cenabps | [lepepaGorka:
TloaroToBKa Chipbs K nmpoueccy 2018 r. | 2018r. |Byayr mpoBeseHel paboTEI o
THAPONH3A. TMOArOTOBKE CIPBA. K MPOLECCY
HaHoKOMNO3uTEI, KATANH3ATOPb: rugponusa. HaHOKOMIO3MTSL.
Onpenenehue CopoLHOHHOR Katanusatopsi. ByseT onpesenea
CTIOCOBHOCTH CHHTE3HPOBAHHEIX COpOIHOHHAs CTOCOBHOCTS CHHTE-
TICK x noawm Cr. suposanmbix TICK k Hoam Cr.
T4 | HlaHOKOMIOSHTEL KaTanMsaTopel: | OKTaops | [0 | HaHOKOMMO3TEL. KaTann3aTopLL:
TecTupoBanHe noucaxapi- 2018r. |1 Hosbps | BymyT npoTecTHpoBansI
COZIepKALINX KATAIH3ATOPOB Ha 2018 r. |nonmcaxapua-conepKalie
OCHOBE KOMMEpHECKHX KATATH3ATOPbI HA OCHOBE
NOHCAXaPHIIOB B THAPHPOBAHHH H KOMMEPYECKHX [10/HCAXapH/IOB B
OKHCTIEHHH. TUAPMPOBAHMM 1 OKHCIEHUH.
2019 roa
2 | Mepepadorka: Siupaps Tlo |Iepepaborka:
BapbHposatue ycroswii ruaponusa |2019T. |1 HoaGpa | ByayT OnpeseiieHbl ONTHMAbHEIC
sxoma (OKMC) 1 9KeTpaKuHs 2019r. | yonosus riapomusa xkoma OKMC),
107IHCaXaPUIOB. SKCTPAKIMH NOHCAXaPHAOB.
Karanusatopet. Bapspoaie Karanusatopet. Byayt
yCi0BHi NPOBEZICHHS NPOLIECCOB BapLMPOBAHBI YC/IOBHA NIPOBEEHHs
THAPUPOBAHWSA M OKHC/ICHH Ha TPOLECCOB THAPHPOBAHHA H
NONYYEHHBIX ONTAMATBHBIX OKHC/ICHNS Ha TIOTYHCHHBIX
KATa7M3aTopax. ONTHMA/ILHBIX KATATH3ATOPAX.
2.0 | Katamus: Sasaps | Mapt Katanns:
Onpenenense ycnosuii nposeachue |2019 . |2019r. | ByayT onpenesiens: onTimarbibie
OKHCJICHHS Ha IyHIlieM napaMeTphl OKHCICHHs
nonvcaxapu- cofiepaaitem Cr Ha TyHILeM HoUCaXapUA-
KaTanusatope. coneprartem Cr KaTau3arope.
22 | Mepepaborka Anpens |Hions | [lepepaGotia:
BapeupoBanue Texsonormueckux 2019, (20191, | Byzet nposenieHo Bapsposaiiie
HapaMeTpoB NpeABAPHTENBHON TEXHONOTHUECKHX NIaPAMETPOB
o6paboriu KMC. BriGop npenBapUTeLHOH 06paBoTKH
ONTHMATBHBIX YCTOBH JKMC 1 BLIGpaHb! ONTHMATbHBIE
npeno6patoTKH. yeTI0BHt npe06paBoTKH.
23 [epepaGotka: Hrone Centa0pp | [lepepaGorka:
BapbipoBaiiie NapameTpos 2019r. [2019r. | ByIyT ompenienensi OnTHMATbHbIE
FHApOTH3A MPeA06paBOTAHHOrO YCn0BHA THAPOHM3A
chipb. T1pe06paGOTAHHOTO ChIpbA.
24 TepepaGorka: Oxta6ps Ho TlepepaGorka:
Beitenenue ykpynenoi naprii | 2019T. |1HosGpa | BymyT BbleneHs! yKpYNHEHHBIC
o/MCAXaPHIOB. 2019r. | napThm NONMCAXapHIOE.
Karanus: Onpeziestenue yciosuit Karanus; ByayT onpezieneHs!
npoBeleHHe  THIPHPOBAHHA — Ha ONTHMaIbHBle YCTIOBHs THAPHPO-

ayuuwiew Pd katansatope.

Batus Ha nyummen Pd katanisatope.
ByayT ofaHb! B neaTh 2 CTATbH, B
TOM 4Hc/Ie | CTaThsl B peLieH3upY-
emoe 3apyBexHoe HayuHOE
M3nakie, HHZEKCHpyeMoe B 6asax
nanubix Web of Science win
SCOpUS ¢ HEHYIEBLIM HMIAKT-
cpaxTopom 1 | cTated B
PeLIEH3UPYEMOE OTEUECTBEHHOE
HAYHHOE HITAHHE C HEHY/IEBbIM
AMNaKT-GaKTOpoM .

37






[image: image40]
APPENDIX C
[image: image41.png]“J1.B.COKOJIbCKHUM aTeinnars dKAHAPMALIA, . “D.V.SOKOLSKY INSTITUTE of
KATAJIN3 xone JIEKTPOXUMUS FUEL, CATALYSIS &
UHCTUTYTbI” AKUMOHEPJIIK KOFAMbBI : ELECTROCHEMISTRY” JOINT

STOCK COMPANY
Kasakcran Pecry6inkace, AO “Mucrutyr Torusa, Karanisa u Dnextpoxumun umenn J1.B. The Republic of
050010, Anmats! K., Coxkonsekoro" (MTKD) Pecry6iuka Kasaxcran, 050010, r. Anmarsi, YL Kazakhstan, 050010,
J. Konaes kemeci, 142 M. Kynaesa, 142 Tel: +7 (727) 291 58 08, Fax: +7 (727) 291 57 22 Almaty, D. Kunaev str.,
www.ifce.kz 142

BBIIIMCKA U3 ITPOTOKOJIA Ne 6 ot «15» okTsiOps 2020r.
paciupennoro 3acenanus Y4yenoro Cosera AO «MTKD um. JI.B. Coko/bcKOro»

IMPUCYTCTBOBAJIM:

Ilpeacenarenr Yuenoro Cosera akazemux HAH PK M.K. XypuHos;

3am. npencenarenst Yuenoro CoBera K.X.H. A.3.AGUITbMarKaHoB;

Yuenslii cekperaps k.x.H. A.C. XKymakanosa

Yienw! Yuenoro Cosera: akanemuk HAH PK Hamupos H.K., akanemuk HAH PK A.B. Baewios,
AOKTOpa Hayk, mpodeccopa: H.A. 3akapuna, A.K. XKapmaramGerosa, A.T. Macenoga, I' K.
bumumbaesa, B. Tykrun, M.B.[leprayesa, C.A.Tynraraposa, kaHAUAATHI Hayk: III.C.Utkynosa,b.X.
Xycaun, A.P. Bponckuit, A.H.Hedenos, D.Tanraros u 21 coTpyaHHUKOB. Beero 16 wienos Cosera u3 17.

IIOBECTKA JIHSI:

3acmymmBanue ordetoB 3a 2020 rom o NPOBEICHHBIX HAYYHO-HUCCIIEN0BATENBCKUX paboTax
BLIMOMHACMBIX B paMKaX TOCYJAapCTBEHHOTO 3aKa3a Ha pPEAIM3aLMIO HAYYHBIX M (WIH) HAy4YHO-
TEXHUYECKHX MPOEKTOB MO GrO/KeTHOH mporpamme 217 «PasuTue Haykm», noanporpamme 102
«I'paHTOBOE (PMHAHCHPOBAHWE HAYYHBIX HCCIELOBAHMID, cneurduke 156 «Omnara KOHCAITHHIOBBIX
YCIIYT M UCCJIEOBAHUNY

I1O BOITPOCY:

8) CJIYIIAJIM: 3akio4uTeNbHBIH OTYET PyKOBOXUTENS npoekTa, A.X.H., npod. AK.
JKapmaram6eroBoii 3a 2020r. o Teme: AP05133114 «Pa3paboTka yCOBEpINEHCTBOBAHHBIX MPOLECCOB
TIOJTy4CHUSA U3 PACTHUTE/IbHBIX OTXOIOB MOJIMCAXapHIOB W CO3JaHHWE HA MX OCHOBE HAHOKOMIIO3HMTOB M
HaHOKATAIW3aTOPOB /ISl «3€JICHBIX» CUHTE30B OHOJIOrHUECcKH aKTUBHBIX BELLECTB).

10 MpHOpHTETY: «PalunoHanbHOE HCTOIB30BaHKE MPUPOIHBIX, B TOM YHCJE BOIHBIX pecypcoB,
TeoJIorus, nepepaboTKa, HOBbIE MATEPUAIIBI U TEXHOJIOTHH, Ge30MacHble H3eIns | KOHCTPYKLIHH»

B ofcyxpaenun oTYera NpMHATM yuacTHE K.X.H., A.CKymakaHoBa, n.X.H., npodeccop
A,T.Macenosa, k.x.H., LI1.C. UtkynoBa.

INOCTAHOBHJIM: 3akmouuTeNbHbIA OTYET PYKOBOAMTENISl TpPOEKTa, A.X.H., mpod. A.K.
JKapmaramberoBoit 3a 2020r. mo Teme: AP05133114 «Pa3paboTka yCcOBEpIIEHCTBOBAHHBIX MPOLIECCOB
MOTy4€HHs U3 PACTHTE/bHBIX OTXOAOB MOJMCAXapHIOB U CO3JaHHE HA MX OCHOBE HAHOKOMIO3HTOB M
HAHOKATATM3ATOPOB AT «3€EHBIX)» CHHTE30B GHONOrMYECKH aKTHBHBIX BELLECTB» MO MPHOPHTETY:
«PauuoHanbHOe MCIIONB30BaHHE MPUPOIHBIX, B TOM YHMCJE BOIHBIX pecypcos, reosorus, nepepaborka,
HOBbIE ~ MaTepHalbl W  TeXHONOTHHM, Ge30nacHble M3NENMS W KOHCTPYKUMH»  yTBEPAHTb.
3arianupoBanHblif Ha 2020 ron Bce 3amaHus KaJICHIApHOT'0 IJIaHa BBINIOJHEHBI B IIOJIHOM OOBEME.
CunresupoBaner TICK W nannanueBele, XpomoBble KaTajlnu3aTopbl Ha OCHOBE MOJyYEHHBIX
TOMCaxapuiIoB, IPOBE/ICHO TECTHPOBAHUE CHHTE3HPOBAHHBIX KATATM3aTOPOB B MPOLIECCE THAPHPOBAHUH
M Okucnenus. IIpoBeseH CpaBHHMTENbHBIA aHAIN3 pPe3yJbTATOB TMAPHPOBAHMS M OKHMCICHHS Ha
ONTHMAJILHBIX KAaTaIH3aTOPaX, MOMyYeHHBIX HA OCHOBE KOMMEPUYECKHMX M BBIIENEHHBIX MOJIHCAXaPH/IOB.
IIpoBenen BcecTOPOHHMIA aHANIM3 PE3yIIBTATOB I10 BCEM CTAIUAM nepepaboTKH OTXOJ0B PaCTEHHEBOACTBA
B BO3MOJXKHBI€ LIEHHBIE MTPOIYKTHI.

[lo uroram uccnenoanuit mo mpoekry 3a 2020 . OrmyONMKOBaHbl 5 CTaTbM: 4 CTaThd B
3apyOexHBIX HAYYHbIX H3JAHUSX ¢ HeHyIeBbiM UD, MHIEKCHpYeMbIX B 6asze aHHBIX Scopus; 1 cTaThs B
OTEUYECTBCHHOM Hay4HOM M3[IaHMM C HeHyJieBbIM D M MojTyyeH NaTeHT Ha Mone3Hyko Mozens. 3a 2018-
2020rr omy6aMKOBaHbI 8 CTaThbU: 5 CTaTbH B 3apyOeKHBIX HayuHBIX H3[AHHSX C HeHyJeBbiM WU,
WHICKCHPYeMBbIX B 6ase JaHHBIX Scopus; 3 CTAaTbU B OTEYECTBEHHOM HAYYHOM HM3NAHHH C HEHYJIeBBIM
U, uznana 1 monorpadus, nOﬂy‘{eHLIrg),H&T@ﬂa\l:fl TMOJIE3HYIO MOJIEJIb.
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