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РЕФЕРАТ

Есеп 102 беттен,6 кестеден, 7 суреттен, 63 сілтемеден, 3 қосымшадан тұрады.

АДСОРБЕНТ, БЕЛСЕНДІРІЛГЕН КӨМІР, АҒЫНДЫ СУЛАР, МҰНАЙ ҚАЛДЫҚТАРЫ, КҮРІШ ҚАУЫЗЫ МЕН САБАНЫ
Зерттеу нысаны күріш қалдықтары (сабан, қауыз), мұнай шламдары болып табылады. 
Жұмыс мақсаты – өндірістік  ағынды  суларды  тазалауға арналған   экологиялық  қауіпсіз  және  пайдалы  екіншілік  өнім – адсорбенттер алудың жоғары бәсекелі өңдеу технологиясын жасау.
Жұмыс барысында зерттеу тақырыбы бойынша әдеби мәліметтер қаралып зерттеу бағыты бойынша жақын технологиялар табылды. Қатты және сұйық қалдықтарды өңдеудің және екіншілік өнімдерді қайта пайдаланудың инновациялық технологиясы  жасалды. Екіншілік экологиялық таза өнімдер – аралас қалдықтардан алынған жаңа адсорбенттер  өндірістік ағынды суларды ауыр металдар  мен органикалық заттардан   тазалауға сыналды.
Төменгі сортты  ауылшаруашылығының қатты қалдықтары мен сұйық мұнай қалдықтарынан алынатын кеуекті көміртекті материалдар алу үшін  физика-химиялық  шарттар кешені жасалды. Адсорбенттің  морфологиясының, құрылымы мен қасиеттерінің,  температура мен  бірге өңдеуге тәуелділігі бағаланды. Со-термолизді қолданып, қалдықтарды  біріктіре өңдеуде микро- және наноқұрылым түзетін көміртекті қаңқаның құрылымдық-химиялық трансформациясының  тәжірибелік  моделі  жасалды. Модельдер қазақстандық шикізат көздері – Қызылорда облысының төменгі сортты  қатты және  сұйық қалдықтары  (күріш сабаны, қауызы және техногенді мұнай  қалдықтары ) қоспасынан жасалды.
Ағынды суларды  тиімді  рециркуляциялауға бағытталған, қатты және сұйық қалдықтардың қоспасынан алынатын  жаңа адсорбенттермен  өндірістік ағынды суларды ауыр металдар  мен органикалық заттардан   тазалау бойынша  зерттеу жұмыстары жүргізілді.


ESSAY

The report contains 102 pages, 6 tables, 7 figures, 63 sources, 3 appendices.

ADSORBENT, ACTIVATED COAL, WASTE WATER, OIL WASTE, RICE HULL AND STRAW
The objects of research are rice waste (straw and husk), oil sludge.
The aim of the work is to develop a highly competitive technology for processing solid and liquid waste into environmentally safe and useful secondary products - adsorbents for industrial wastewater treatment.
A literary search was carried out and the closest technologies in the direction of research were identified. An innovative technology has been developed for the recovery of liquid and solid waste and the reuse of secondary products. Secondary environmentally friendly products - new adsorbents from mixed waste have been studied for the purification of industrial wastewater from heavy metals and organic substances.
A complex of physicochemical approaches has been developed for the production of porous carbon materials from mixed low-grade agricultural solid waste and liquid oil waste. The dependence of the morphology, structure, and properties of the adsorbent on the temperature and time of joint treatment was estimated.
Experimental models of the structural and chemical transformation of the carbon frame with the formation of micro- and nanostructures during the joint processing of waste using co-thermolysis have been developed. Models have been developed for mixtures of low-grade solid and liquid waste (rice straw and husk, and man-made oil waste) from Kazakhstani sources in the Kyzylorda region.
Research work has been carried out to purify industrial wastewater from heavy metals and organic pollution with new adsorbents from mixed solid and liquid waste, aimed at efficient wastewater recycling.
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INTRODUCTION

Based on the results of the research work, two interim reports were prepared:
1. An innovative approach to the joint processing of solid and liquid waste into adsorbents for wastewater treatment. Inventory number –0218RK00485.
2 An innovative approach to the co-processing of solid and liquid waste into adsorbents for wastewater treatment. Inventory number –0219RK01141.
Activated carbon is used in many processes in chemical technology. Waste gas and waste water treatment is mainly based on adsorption by activated carbon. Only activated carbon can meet the ever-increasing requirements for the purity of our drinking water. The successful development of modern adsorption technology is largely facilitated by the constant improvement in the quality of this product, due to the improvement of its production methods. In a number of processes, the industrial use of activated carbon became possible only after the development of appropriate reactivation methods.
Development of a highly competitive technology for processing technogenic raw materials - solid and liquid wastes into environmentally friendly and useful secondary products - adsorbents for cleaning industrial effluents from heavy metals and organic pollutants in order to implement the tasks of waste management and sustainable development of the Republic of Kazakhstan.
To develop an innovative technology for waste processing, it is assumed that the processes of restructuring the carbon framework with the formation of carbon micro- and nanostructures occur due to joint heat treatment of mixtures of solid and liquid organic waste. Currently, this area is the most promising from the point of view of processing natural raw materials and commercialization of secondary products. However, successful implementation for the disposal of various types of waste requires innovative technical developments for the joint processing of waste mixtures to ensure efficient recovery and creation of useful secondary products for their reuse.
Based on the approaches of cluster nanophysics and structural-chemical transformation of the carbon framework, which is associated with the formation of micro- and nanostructures; the process of joint thermolysis of technogenic carbon-containing solid and liquid wastes (such as oil waste and low-value raw materials from rice straw with the addition of high-value raw materials - rice husks with a high content of heteroatoms), will allow us to develop an innovative technology for the recovery of mixed waste, as well as to create promising porous secondary products, unparalleled synthesis by other methods of waste treatment.
The literature comprehensively considered and presented in detail the currently existing methods of thermal processing of carbon-containing raw materials, which include pyrolysis, gasification, combustion [1-3]. The most promising method from the currently existing ones - co-thermolysis, when multicomponent mixtures or composites of different in nature organic materials are used for the thermolysis process in order to obtain synergism of thermolysis of components and, accordingly, to improve the yield and selectivity of secondary liquid or solid foods. It has been shown that the practical application of co-thermolysis is one of the most promising directions in the processing of natural and technogenic raw materials. Specific examples of the processes of co-pyrolysis, co-gasification and co-liquefaction are given in order to obtain valuable solid, gaseous or liquid secondary products: in metallurgy when producing anisotropic coke, in the fuel and energy complex for producing energy and fuel gases, in the chemical industry when obtaining liquid hydrocarbons and additives to liquid fuel [4-10].
In addition, despite some progress in the field of understanding the structure of a carbon sorbent (individual works [11–15], including reviews [16, 17] devoted to this topic, are found in the literature), at the present stage of development of science there is an acute this area. The limited number of such studies is associated with the complexity and uniqueness of the equipment that allows such studies.
One of the areas of research aimed at developing the processes of co-carbonization and the formation of micro- and nanostructures (carbon sorbents) is based on the use of composites as starting materials - mixtures of solid and liquid organic materials, including waste, as well as the use of raw materials with binders, catalyst additives, etc. pre-chemically modified raw materials. At the moment, this direction seems to be the most promising from the point of view of the processing of natural raw materials, waste disposal and the involvement of environmentally friendly secondary products in the economic circulation, however, for its successful implementation, it is necessary to solve a number of problems associated with identifying the structure of the obtained sorbents and managing the process of forming micro- and nanostructures during structural and chemical transformations of the carbon frame.



MAIN PART OF THE R&D REPORT

1 The current state of the processing of agricultural waste

1.1 Raw materials, production and characteristics of activated carbon

Activated carbon is a carbon-rich solid with unique characteristics, including favorable porous structure, high surface functionality and the ability to exchange more cations [18]. These properties are mainly associated with the type of raw material and the method of production [19]. Commonly used raw materials for activated carbons are agricultural and wood waste, sewage sludge, plastic waste, microalgae, coal, waste tires and manure [20]. The first type is the most widely used raw material for the production of activated carbon due to its ecologically clean nature, renewability and availability as a result of agricultural activities and forest environment [4]. It is the most important source of lignocellulosic biomass, which mainly consists of cellulose, hemicellulose, and lignin [21].
Many technologies have been used to produce activated carbon, such as gasification, hydrothermal carbonization, and thermolysis [22]. During thermolysis, raw materials are thermally decomposed into chemical components in an environment with a limited oxygen content [23]. Depending on the heating rate, thermolysis processes are divided into slow and fast. The slow process is effectively used for the production of activated carbon [24]. However, the yield and characteristics of activated carbon obtained under certain thermolysis variables usually depend on the properties of the feedstock [25]. For example, activated carbon obtained from manure contains more ash, high pH, ​​low carbon content, and a lower calorific value than those obtained from agricultural waste. Meanwhile, plant-based activated carbons have a relatively higher porosity and a lower ability to exchange cations [26]. Thus, to overcome the disadvantages of activated carbons made from different single raw materials, a new thermolysis technology has been developed in terms of co-thermolysis.
Co-thermolysis is a process in which two or more raw materials are processed in one operating system of conventional thermolysis [27]. Thus, it can effectively combine the favorable properties of the feedstock and improve the characteristics of activated carbon [28]. In this context, co-pyrolysis of plant waste after adding pinecone shows activated carbon with high yield and high quality in terms of low ash content, high carbon content, high porosity characteristics compared to plant waste [29]. The improved quality of the mixed raw material of activated carbon is also associated with a high adsorption capacity in relation to various pollutants in comparison with the individual activated carbon of the raw material [30,31]. According to published studies, the most studied pollutants are synthetic dyes and heavy metals, followed by phenols, pharmaceuticals, pesticides and other substances [32].
In addition to the main advantage of co-thermolysis, which is the conversion of solid waste and by-products into valuable products [33], this process plays an important role in reducing the amount of waste, since various mixed wastes are used as raw materials [25]. It can also solve the problems associated with the fact that solid waste is usually in the form of mixtures that are not easily separated into their components [34]. Normal thermolysis of individual waste into activated carbon is discussed in detail in many reviews [4,19,20,21]. Co-thermolysis of mixed waste was also considered [20,35,36]. However, these reviews of co-thermolysis mainly focused on bio-oil. Thus, this review includes the co-thermolysis of various mixed starting materials into activated carbon. The influence of co-thermolysis variables on the yield and physicochemical characteristics of activated carbon is discussed. In addition, the use of activated carbon as an adsorbent for the treatment of organic and inorganic pollutants has also been included.
Assessment of the physicochemical characteristics of activated carbon is of great importance for determining their potential use in industry and the environment [23]. For example, activated carbon with a large amount of ash and lower carbon content is not applicable as an energy source, and activated carbon with low porosity and weak adsorption capacity is not suitable for improving soil and attracting pollutants [24]. In comparison with the standard characteristics of raw materials, in the specific case of activated carbon, the characteristics of the surface and pores, as well as the electrical and chemical properties, acquire key properties [25].
The pore properties of activated carbon in terms of surface area, along with the total volume and average pore size, have a significant effect on the characteristics of activated carbons as adsorbents or catalysts [26]. An adsorbent with a large surface area usually has excellent characteristics due to the abundance of active sites for adsorption processes [37]. However, a large surface area with very small pores can impede the passage of large molecules. In this case, important factors to be determined, in addition to surface area, are total pore volume and average pore size [38]. Pores 50 nm, 2-50 nm, and 2 nm are defined as macropores, mesopores and micropores, respectively [39]. The properties of pores can be estimated from the adsorption of N2 using the Brunauer-Emmett-Teller (BET) theory [40]. The final or elemental composition of activated carbon mainly includes carbon, hydrogen, oxygen, nitrogen and sulfur [41]. The molar ratios of these elements in terms of (O - N) / C or O / C and H / C determine the polarity and aromaticity of activated carbon, respectively [42]. Low H / C content indicates high aromaticity or high carbonation. The low O / C ratio reflects high hydrophobicity and low polarity. Hydrophobic activated carbon is highly attractive to insoluble contaminants [6]. The low O / C and H / C ratio also confirms the more stable activated carbon. The O / C ratio of 0.2 indicates a high stability of activated carbon with a half-life of 1000 years [30]. The final analysis is carried out using an elemental analyzer [43].
The approximate composition of activated carbon includes ash, associated carbon, volatiles, and moisture [44]. Ash content is the amount of solid residue left after complete combustion of the sample [45]. A large amount of ash is usually unfavorable due to the presence of more minerals, which can block the pores of the activated carbon and reduce the number of active sites [31]. The carbon that exists in activated carbon after the release of volatiles is identified as bonded carbon. A high content of fixed carbon indicates a high degree of carbonation and a low content of volatiles [28]. Most preliminary analyzes are performed on a dry basis due to the complete removal of moisture during pyrolysis.
There are two calorific values, namely the lower calorific value (LHV) and the higher calorific value (HHV) [32]. HHV activated carbon is usually detected with a bomb calorimeter [26]. The pH of activated carbon is a key property that significantly affects the quality of activated carbon [33]. A high pH value indicates a high degree of carbonation [28]. The pH of activated carbon obtained from various raw materials usually exceeds 7, which indicates the basic nature of activated carbon [34]. Cation exchange capacity (CEC) is a measure of the ability to exchange cations with organic or inorganic substances.Activated carbons with high CEC values ​​exhibit significant cation exchange [25]. The CEC value can be determined by the number of naturally occurring cations (for example, Ca, Na, K, Mg) associated with negative surface charges [28]. Electrical conductivity (EC) gives an idea of ​​the content of soluble salt in the structure of activated carbon [35]. The calorific value is the amount of energy produced when the sample is completely burned. Activated carbon with a high C / H ratio and low ash content has a high heating value [36].There are two calorific values, namely the lower calorific value (LHV) and the higher calorific value (HHV) [32]. HHV activated carbon is usually determined with a bomb calorimeter [26]. Morphological analysis using a scanning electron microscope (SEM) is another characteristic of the structure of activated carbon. SEM 2 M.J. Ahmed, B.H. Hameed / JournalofCleanerProduction 265 images show activated charcoal surfaces and clarify pore development [31]. In addition, functional groups on the surface of activated carbon can be identified using Fourier transform infrared spectroscopy (FTIR) [23]. Surface functional groups mainly include oxygen, nitrogen, hydrogen, halogen, etc., among which oxygen and nitrogen groups have a significant effect on the adsorption properties of activated carbon [27].
The mass content or yield of activated carbon is the mass ratio of the activated carbon product to the feedstock [37]. Raw materials with high moisture give a product with a low yield, therefore they are unfavorable raw materials for activated carbon. Meanwhile, raw materials with a large amount of ash give a large yield [38]. Lignocellulose feedstock with a high lignin content demonstrates a high yield of activated carbon and low volatiles [24]. The yield and physical and chemical properties of activated carbon mainly depend on the type of raw material and the production method.

1.2 Carrying out the process of co-thermolysis

The term pyrolysis is mainly defined as a thermochemical process in which raw materials are thermally decomposed in an inert atmosphere or in an atmosphere with a low oxygen content to form activated carbon, bio oil and non-condensable gases [46]. Pyrolysis can be classified as slow or fast. The fast process mainly produces bio-oil with biochar as a by-product at a high heating rate above 300 C / s and a short residence time of less than 10 s. Meanwhile, the slow process yields activated carbon as the main product with low bio-oil yield at a low heating rate and relatively long residence time [47].Thus, slow pyrolysis is the most useful process for producing activated carbons with high yields. However, in the ordinary pyrolysis of individual raw materials, activated carbon exhibits weakness in some properties [48]. To overcome these disadvantages and produce activated carbon with improved properties, co-thermolysis has been adopted. The co-thermolysis process processes binary or multicomponent mixtures of raw materials. The operating system is almost the same as that of regular pyrolysis. The process mainly takes place in a closed reactor at moderate temperatures and a limited amount of oxygen [11].Compared to conventional pyrolysis, co-pyrolysis is recognized as an efficiently developed process for producing improved activated carbon [49]. The high efficiency of co-thermolysis is primarily associated with the synergistic effect that occurs as a result of the interaction between the feedstock. The synergistic effect is classified as positive or negative [17].A positive synergistic effect exists when the interaction between two or more raw materials gives an overall value that exceeds the sum of the values ​​calculated for the individual raw materials. This leads either to an increase in the yield and quality of activated carbon, or to deterioration of any properties of the mixed raw material or a derivative of activated carbon [22]. The synergistic effect of co-pyrolysis mainly depends on the type of feedstock, the mixture ratio, pyrolysis temperature and residence time. Compared to conventional pyrolysis, co-thermolysis has a specific and important variable in terms of the mixing ratio. Table 2 summarizes the yield and physicochemical properties of activated carbons obtained by co-pyrolysis of various mixed starting materials.According to this table, the co-thermolysis process can improve the yield and quality of activated carbons. For example, the yield, surface area, calorific value and ash content of activated carbons obtained by co-thermolysis are 1.38, 43.36, 1.16 and 0.49 times higher than those of activated carbons obtained by a conventional pyrolysis process.
Huang et al. [45] tested the co-pyrolysis of sawdust (SD) / rice straw (RS) and sewage sludge (SS) on activated carbon. Co-pyrolysis conditions: mass ratio SS: SD / RS 1: 1 by mass, 500 ° C, 60 min, 20 ° C / min and N2 flow rate 0.2 L / min. The yields of activated carbons SS, SS-RS and SS-SD were 65%, 54% and 53% at 500 ° C and 73%, 69% and 62% at 400 ° C, respectively. The use of RS / SD clearly reduces the yield of activated carbon, which may be due to the low ash content in the RS / SD feed [50]. Compared to RS, the addition of SD showed a relatively high reduction in SS char yield due to the lower SD ash content (0.1%) compared to 14.5% for RS (Table 1).

Table 1 – Yields and physicochemical characteristics of activated carbon obtained by joint thermolysis of various mixed starting materials
	Feedstock
	Co-pyrolysisconditions
	Yield %
	Porecharacteristics
	Proximateanalysis
	Ultimateanalysis(%)
	Othersproperties

	
	
	
	SBET
m2
/g
	Vt
cm3
/g
	dp
nm
	
	
	

	1
	2
	3
	4
	5
	6
	7
	8
	9

	Cottonstalks-Sewage
sludge
	9:1 w/w, 2 h, 650 C, 0.5 L/
min N2
	32,5
	33,0
	0,071
	
	A 30.99, VM 53.07,
FC 15.94
	C 54.88, H 2.20, N 1.12
	pH 9.0, CEC
22.5 cmol/kg

	Ricestraw-Sewage
sludge
	1:1 w/w, 1 h, 500 C, 0.2 L/
min N2
	53,3
	6,60
	0,057
	17,8
	A 55.70, VM 41.70,
FC 2.60
	C 29.6, H 1.50,
N 2.70
	pH 7.0, EC 45.0 mS/cm

	Sawdust-Sewagesludge
	1:1 w/w, 1 h, 500 C, 0.2 L/
min N2
	55,0
	3,90
	0,033
	14,1
	A 35.50, VM 60.10,
FC 4.40
	C 45.6, H 2.50, N 2.60
	pH 7.4, EC 65.0 mS/cm

	Ricestraw-polypropylene

	4:6 w/w, 4 h, 550 C, 1 L/min N2
	
	27,5
	
	
	
	C 57.9, H 2.10, O 7.43, N
0.54
	pH 11.1, CEC 321
meq/100 g

	Ricestraw
	0:1 w/w, 4 h, 550 C, 1 L/min N2
	
	16,4
	
	
	
	C 55.8, H 2.88, O 13.1, N
2.02
	pH 9.12, CEC 77.5
meq/100 g

	Pinecones-Vegetablewastes
	1:1 w/w, 2 h, 500 C, 7 C/
min
	33,8
	50,3
	0,322
	54,6
	A 18.06, VM 10.33,
FC 70.53
	C 67.8, H 2.19, O 7.87, N
3.00
	pH 10.39, EC
0.045 dS/m

	Vegetablewastes
	0:1 w/w, 2 h, 500 C, 7 C/
min
	29,2
	1,16
	0,242
	22,8
	A 36.67, VM 12.43,
FC 50.17
	C 48.21, H 1.99, O
10.85, N 3.49
	pH 11.23, EC
0.121 dS/m

	Sewagesludge-Willow
	6:4 w/w, 3 h, 700 C,
10 C/min
	36,2
	104,1
	0,115
	4,94
	A 50.9
	C 46.2, H 0.62, O 0.21, N
2.09
	pH 12.5, EC 8.5 mS/
cm



Continuation of table 1
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Sewagesludge
	1:0 w/w, 3 h, 700 C,
10 C/min
	44,4
	89,2
	0,138
	6,19
	A 71.4
	C 24.5, H 0.29, O 1.71, N
2.10
	pH 12.4, EC 9.0 mS/
cm

	Woodenwaste-Sewagesludge

	1:3 w/w, 0.25 h, 800 C,0.2 L/min
	35,8
	119,5
	
	3,58
	A 73.9, VM 0.60, FC
25.4
	C 25.7, H 0.12, O 0.15, S
0.02
	

	Sewagesludge
	0:1 w/w, 0.25 h, 800 C,0.2 L/min
	61,0
	41,3
	
	10,9
	A 88.84, VM 0.51, FC
10.65
	C 10.83, H 0.20, O 0.08,
S 0.04
	

	BamboosawdustSewagesludge

	1:1 w/w, 1 h, 600 C, 1 L/
min N2
	41,0
	8,49
	
	
	A 61.9

	C 30.2, H 1.16, N 1.76, S
0.51
	рН 11,6

	Sewagesludge
	0:1 w/w, 1 h, 600 C, 1 L/min N2
	53,1
	5,99
	
	
	A 74.0
	C 19.9, H 0.71, N 2.04, S
0.87
	рН 11,7

	Ricehusk-Polyethylene
	2:8 w/w, 0.58 h, 390 C
	
	5,10
	0,009
	7,47
	A 47.3
	C 57.6, H 2.6,
O 4.6, S 0.04
	

	Pinewood-
Polypropylene

	7:3 w/w, 600 C, 0.83 h,
0.05 L/min
	16,5
	
	
	
	M 1.27, VM 5.31, A
1.60
	C 91.57, H 2.44, O 3.16,
S 0.13
	HHV 34.12 Mj/kg

	Rubbertires-plastic
wastes

	1:1 w/w, 0.25 h, 420 C,
5 C/min
	18,0
	23,7
	0,246
	24,6
	M 1.03, VM 38.5, FC
52.7
	C 82.0, H 5.7,
O 1.77, S 1.35
	

	Pine cones-Pine needles-  Pinebark
	1:1 w/w, 4 h, 600 C
	22,9
	202,2
	0,188
	
	
	C 81.60, H 2.84, O
12.47, N 3.0
	pH 8.71

	Pineneedles
	1:0 w/w, 4 h, 600 C
	19,1
	189,6
	0,141
	
	
	C 84.25, H 3.28, O 9.50,
N 2.91
	pH 9.84

	Pinesawdust-Sewagesludge
	1:1 w/w, 0.25 h, 800 C,
40 C/min
	
	168,3
	0,157
	3,73
	A 46.0, VM 5.64, FC
48.36
	C 35.87, H 1.66, O
13.89, N 2.06
	

	Bituminouscoal-Cornstover
	1:1 w/w, 1 h, 600 C,
10 C/min
	
	40,3
	0,036
	
	A 13.5, VM 18.4, FC
68.1
	
	

	Bituminouscoal-Wheatstraw
	1:3 w/w, 0.5 h, 950 C,
10 C/min
	
	43,2
	0,081
	12,6
	
	
	

	Bituminouscoal


	1:0 w/w, 0.5 h, 950 C,
10 C/min
	
	12,9
	0,026
	15,6
	
	
	

	Microalgae-Polyethylene
	1:3 w/w, 0.5 h, 600 C,
0.15 L/min
	4,0
	
	
	
	VM 19.43, FC 41.83,
A 38.75
	C 50.45, H 1.32, O 3.38,
N 5.91
	LHV 18.11 Mj/kg



Continuation of table 1
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Microalgae
	1:0 w/w, 0.5 h, 600 C,
0.15 l/min
	19,5
	
	
	
	VM 13.44, FC 55.10,
A 31.47
	C 54.41, H 1.73, O 5.77,
N 6.53
	LHV 19.51Mj/kg

	Seaweed-Rice husk-Pine
sawdust

	7:3 w/w, 1 h, 500 C,
0.05 L/min N2
	28,0
	4,02
	0,005
	4,94
	A 40.0
	C 44.43, H 2.15, O 50.6,
S 1.66
	pH 10.33, HHV 18.51 Mj/kg

	Seaweed
	1:0 w/w, 1 h, 500 C,
0.05 L/min N2
	31,0
	1,05
	0,004
	16,3
	А 46,6
	C 37.89, H 1.88, O 57.0,
S 2.03
	pH 10.36, HHV 15.91Mj/kg

	Rapestraw-Phosphaterock

	1:2 w/w, 2 h, 500 C,
10 C/min
	
	31,6
	
	16,2
	А 61,0
	C 51.8, H 1.36, O 22.2, N
0.30
	pH 10.8

	Rapestraw
	1:0 w/w, 2 h, 500 C,
10 C/min
	
	13,5
	
	14,1
	А 32,1
	C 47.7, H 2.60, O 20.9, N
0.60
	pH 10.3



The pore characteristics of the activated carbons SS, SS-RS and SS-SD were 7.1, 6.6 and 3.9 m2 / g; 0.0639, 0.0566 and 0.0333 cm3 / g; and 20.0, 17.8 and 14.1 nm, respectively. The use of the RS mixture slightly reduced the pore properties of activated carbon in comparison with the SD mixture. This may be due to the highly volatile (99.2%) SD compared to 84.2% for RS. The average pore size is from 2.0 to 50 nm, which confirms the presence of mesoporous activated carbons [51]. The final analysis showed a high carbon content in the SS-SD or SS-RS biochar, which indicates a high degree of co-thermolysis [52]. The closest analysis showed that the amount of ash apparently decreased due to the use of RS / SD, which improved the quality of the activated carbon. The use of RS / SD had little effect on the EC and pH values ​​of the activated carbon.

1.3 The use of activated carbon as an adsorbent

Synthetic dyes, metals, phenols, drugs, pesticides and others have contaminated water systems to a large extent. These contaminants can adversely affect animal and human health [53]. Adsorption is widely used to treat these pollutants because of its high efficiency, simplicity, low cost, and environmental friendliness. Co-thermolysis activated carbon is effectively used for the adsorption of various contaminants due to its favorable characteristics, such as relatively more developed pores, high cation exchange capacity and enriched surface functional groups. The maximum adsorption capacity of activated carbons obtained from mixed raw materials in relation to various organic and inorganic contaminants under the best adsorption conditions are shown in Table 2.

Table 2 – The maximum adsorption capacity of the feedstock allows mixing the derived activated carbon with various organic and inorganic pollutants
	Raw materials
	Adsorption conditions
	Adsorbate
	qmax (мг / г)
	Isotherm
	Kinetic

	1
	2
	3
	4
	5
	6

	Spentmushroom-S. Japonica
	1 g/L, 24 h, 30 C, pH 6, 150 rpm, 50e4000 mg/L
	Crystalviolet
	610.1
	Freundlich
R2 = 0,946
	PFO
R2 1⁄4 0.981
SSE 1⁄4 8.12

	Spentmushroom
	1 g/L, 24 h, 30 C, pH 6, 150 rpm, 50e4000 mg/L
	Crystalviolet
	282.9
	Langmuir
R2 1⁄4 0.759
	PSO
R2 1⁄4 0.932
SSE 1⁄4 4.65

	Teawaste-Sewagesludge
	10 g/L, 24 h, 45 C, pH 7, 50e150 mg/L
	Methyleneblue
	19.38
	Langmuir
R2 1⁄4 0.993
	PSO
R2 1⁄4 0.997

	Ricehusk-Sewagesludge
	0.1 g, 24 h, 25 C, pH 6e7,
150 rpm, 50e300 mg/L
	Direct red Acid orange React blue
Methyleneblue

	59.71

42.12

38.46

22.59
	Freundlich
R2 1⁄4 0.975
Langmuir
R2 1⁄4 0.994
Freundlich
R2 1⁄4 0.986
Langmuir
R2 1⁄4 0.943
Freundlich
R2 1⁄4 0.979
	PSO
R2 1⁄4 0.998

	Pinesawdust-Sewagesludge
	1 g/L, 4 h, 30 C, 190 rpm,
20e50 mg/L
	Methyleneblue
	14.24
	Langmuir
R2 1⁄4 0.943
Freundlich
R2 1⁄4 0.979
	PSO
R2 1⁄4 0.999

	Ricehusk-Polyethylene
	1 g/L, 24 h, 25 C, pH 5, 150 rpm, 10e250 mg/L
	Chromium
	2.52
	Sips
R2 1⁄4 0.956
	PSO
R2 1⁄4 0.959




Continuation of table 2
	Teawaste-Sewagesludge
	4 g/L, 24 h, 45 C, pH 6, 180 rpm, 10e80 mg/L
	Cadmium
	20.0
	Langmuir
R2 1⁄4 0.958
	PSO
R2 1⁄4 0.999

	Rapestraw-Phosphaterock
	5 g/L, 24 h, 25 C, pH 5, 220 rpm, 0e5 mmol/L
	Lead
	51.03
	Freundlich
R2 1⁄4 0.943
	

	Rapestraw
	5 g/L, 24 h, 25 C, pH 5, 220 rpm, 0e5 mmol/L
	Lead
	46.93
	Langmuir
R2 1⁄4 0.938
	

	Hazelnutshell-Sewagesludge
	1.25 g/L, 24 h, 25 C, 110 rpm, 0e100 mg/L
	Copper
	43.54
	Langmuir
R2 1⁄4 0.999
	PSO
R2 1⁄4 0.999

	Ricestraw-Polypropylene
	5e2500 g/L, 12 h, 25 C, pH 5e5.5, 100e200 mg/L
	Lead
	84.4
	Langmuir 
	

	Ricestraw
	5e2500 g/L, 12 h, 25 C, pH 5e5.5, 100e200 mg/L
	Lead
	62.1
	Langmuir
	

	Cornstraw-Sawdust
	0.25 g/L, 24 h, 25 C, 15e55 mg/L
	Atrazine
	17.51
	Freundlich
R2 1⁄4 0.996
	PFO
R2 1⁄4 0.961

	Wheathusk-Papersludge
	4 g/L, 2 h, 60 C, pH 2
	2,4-Dichlorophenol  
	37.51
	Langmuir
R2 1⁄4 0.990
Freundlich
R2 1⁄4 0.998
	PSO
R2 1⁄4 0.996

	Fishwaste-Sewagesludge
	5 g/L, 5 h, 30 C, 100 rpm,
1e100 mg/L
	Carbamazepine
	37.2
	Sips
R2 1⁄4 0.999
SSE 1⁄4 1.380
	

	Sewagesludge
	5 g/L, 5 h, 30 C, 100 rpm,
1e100 mg/L
	Carbamazepine
	18.1
	Sips
R2 1⁄4 0.996
SSE 1⁄4 0.974
	



Wastewater from the textile, paint and varnish, paper and cosmetics industries is a major source of synthetic dye contamination. Dyes can adversely affect the aquatic environment due to their carcinogenic and mutagenic nature. Synthetic dyes are mainly soluble in water and are little dispersive or non-ionic. Water-soluble dyes are classified into anionic or acidic dyes and cationic or basic dyes. Crystal violet and methylene blue are examples of cationic dyes. Meanwhile, methyl orange and Congo red are anionic dyes.Meanwhile, methyl orange and Congo red are anionic dyes. The most studied dye is methylene blue. Several studies have shown effective removal of various dyes by adsorption on a mixed feedstock with activated carbon [54] tested the adsorption properties of a cationic crystal violet (CV) dye on SKBC activated carbon obtained from the combined thermolysis of seaweed KE (marine biomass) and the used mushroom substrate SMS ( land biomass). Freundlich's model analyzed well the CV adsorption on SKBC with an R2 value of 0.946 compared to Langmuir's model with an R2 value of 0.812. The Freundlich parameter, KF, was 124.5 (mg / g) (L / mg) 1 / n, and the 1 / n value was 0.181. This indicates multiple adsorption on the non-uniform SKBC surface.According to the Langmuir model results, the maximum monolayer adsorption qL was 610.1 mg / g for SKBC compared to 282.9 mg / g for SMSBC (activated carbon from waste mushroom substrate). SKBC's performance was 2.2 times that of SMSBC. The RL values ​​were in the range of 0e1, which confirmed favorable sorption. According to kinetic data, CV adsorption reached equilibrium after 720 min for all activated carbons except KBC. The pseudo first order (PFO) model showed better kinetic data analysis of CV with an R2 of 0.981 and an SSE of 8.118% versus an R2 of 0.969 and an SSE of 16.49% for a pseudo second order (PSO) model. Thus, the kinetics of PPO plays a dominant role, which may indicate physical adsorption (Godinho et al., 2017) [55].The results within the partial kinetic model confirmed the existence of another stage of rate control, such as film diffusion, in addition to porosity diffusion. An increase in pH from 2 to 8 increased qe from 50 mg / g to a maximum value of 750 mg / g, then decreased to 625 mg / g at pH 11.74. This result was due to the competition between H ions and cationic CV molecules for the adsorption sites of activated carbons at lower pH [56]. The decrease in qe at pH 11.74 was probably due to the aggregation of the dye with the formation of large molecules, which prevented their passage through the pores of the activated carbons.
The isotherm data for the adsorption of methylene blue (MB) dye on activated carbons obtained as a result of the combined thermolysis of tea waste (TW) and sewage sludge (SS) (Fan et al., 2016) [57] were well described by Langmuir (R2 = 0.991-0 ). .996) and Freundlich (R2 = 0.813-0.975) compared to Temkin and DR. Thus, the adsorption of MBs on a mixture of SS and TW activated carbons was mainly performed as a monolayer coating. According to the Langmuir model, the qL values ​​were 12.58, 13.74, and 19.38 mg / g at 25, 35, and 45 ° C, reflecting the endothermic nature [58]. The 1 / n (0.075e0.173) values ​​were 0.5, confirming favorable adsorption. Equilibrium was reached after 24 hours with an adsorbed amount of 8.5 mg / g for the MB sample with an initial concentration of 100 mg / L at 25 ° C.These kinetics were well described by the PSO model with an R2 of 0.99. The PSO kinetic model describes surface adsorption together with film and pore diffusion. According to the PSO model, the qe, cal values ​​were 5.04, 8.94 and 9.88 mg / g, and the k2 values ​​were 0.031, 0.003 and 0.002 g / mg.min for the MB input amounts of 50, 100 and 150 mg / L. ... The Elovich model (R2 0.800e0.995) also showed good agreement with the observed results. Thus, the adsorption of MB was identified by the processes of diffusion and adsorption. An increase in pH from 3 to 12 increased the adsorbed amount from 7.75 to 10 mg / g for the MB sample with an initial concentration of 100 mg / L at 25 ° C. This indicated that the alkaline environment enhanced the MB treatment and showed that electrostatic attraction occurred between SS þ TW activated carbons and MB at high pH.The initial concentration of the dye and the dosage of activated carbon had a significant effect on the adsorption capacity and removal rate, depending on the adsorption temperature and pH of the solution. The mechanism between MB and SS þ TW activated carbons includes electrostatic interaction, ion exchange, surface complex formation, physical adsorption, and others. It has also been reported that the Freundlich and Langmuir models were successfully applied to analyze the adsorption of methylene blue (MB), reactive blue 19 (RB), acid orange II (AO), and direct red 4BS (DR) on activated carbons from rice hulls [16]. The adsorption data for all dyes were in good agreement with the Langmuir model with R2 0.99 and the Freundlich model with R2 ˃ 0.96 relative to the D-R and Temkin models.This could indicate that single layer adsorption was not the only control step. The qL values calculated by the Langmuir equation for DR, AO, RB and MB on SRHB were 59.77, 42.12, 38.46 and 22.59 mg / g, respectively. The RL values for the four dyes ranged from 0 to 1, which indicates favorable adsorption [13]. The adsorption kinetics of all dyes is well analyzed using the PSO model, with an R2 of 0.997 and very low deviation between qe, cal and qe, exp compared to the PFO and Elovich models.
This confirmed that chemisorption of dyes on SRHB can be a rate control step [12]. The intraparticle model plot of all dyes shows several regions, showing that the adsorption rate can be limited by film diffusion and surface adsorption. Moreover, a relatively good analysis of the Elovich model with 0.868 ˂ R2 ˂ 0.957 indicated the existence of a heterogeneous diffusion step [58]. Kinetic data for all dyes showed that adsorption increased sharply during the first 240 minutes and then gradually became stable until equilibrium was reached after 24 hours.The order of the effect of the variables on the capacity of the colorants was as follows: concentration at the inlet ˃ pH ˃ temperature. The results confirmed that electrostatic mechanisms dominate mainly in the adsorption of MB, AO and DR on SRHB. However, intermolecular force or physical adsorption controlled the RB adsorption. The mechanisms of adsorption of dyes on SRHB were complex, including surface involvement, electrostatic attraction, and functional group interactions.

1.4 Perspectives and applications

Co-thermolysis of blended feedstocks to activated carbons has been included in several studies because of the importance of this process in improving the quality of activated carbon, reducing waste and preventing environmental problems associated with waste. The importance of this area is also explained by the use of activated carbons as adsorbents for the purification of organic and inorganic pollutants. However, other work is still required by testing the effect of other co-thermolysis variables, such as feed particle size, heating rate and nitrogen gas flow rate, on the yield and quality of activated carbon, conducting additional studies on activated carbons obtained from co-thermolysis. -thermolysis of more than two raw materials, comparison of the quality of activated carbons obtained by joint thermolysis of mixed raw materials with the quality of activated carbon obtained by mixing separate activated carbons under the same conditions, study of the adsorption purification of real waste water on activated carbons, the use of activated carbon in as a catalyst or soil improvement, and studying the regenerative capacity of activated carbons.



2 Co-processing of rice waste and oil sludge into adsorbents

2.1Co-thermolysis of rice husks and straw with oil sludge

Rice husks and straw were crushed to a powder in a laboratory mill.
Co-thermolysis of rice husk and oil sludge in ratios of 9: 1, 8: 2, 7: 3, 6: 4, 5: 5 was carried out in a tubular furnace made of stainless steel 250 mm high and 25 mm in inner diameter at a temperature of 500 ° C and activation carbonizate with water vapor at a temperature of 800 ° C.
Co-thermolysis of a mixture of rice straw and oil sludge was carried out in a tubular furnace made of stainless steel with a height of 250 mm and an inner diameter of 25 mm. A mixture of 9 g of rice straw and 1 g of oil sludge is placed in the furnace, carbonization was carried out at temperatures of 350-500 ° C. Then a vessel is connected from the bottom of the tube furnace to supply water steam at a temperature of 750-900 ° C.
The properties of the obtained activated carbons (adsorption activity with respect to iodine, total pore volume with respect to water, mass fraction of moisture, bulk density) were determined according to a well-known method [60–63].
Joint processing of rice husk of oil sludge was carried out according to the general method: a mixture of rice husks and oil sludge in various ratios (Table 3) is placed in a tubular furnace, sealed and carbonization is carried out at a rate of temperature rise of 10 ° C per minute to 500 ° C and kept at this temperature for 100 minutes. Then, from the bottom of the tubular furnace, a vessel is connected for supplying water steam at a rate of 2: 1 per carbonizate mass. The activation is carried out at a temperature of 800 ° C. The physical and chemical parameters of the obtained activated carbon are shown in Table 3.

Table 3 - Joint processing of rice husks and oil sludge
	Indicator name 
	Results of experimental studies

	Mass ratio of rice husk and oil sludge
	9:1
	8:2
	7:3
	6:4
	5:5

	Carbonizate yield, wt%
	42,7
	40,6
	36,8
	33,7
	33,0

	Activated carbon output, wt%
	35
	32,4
	29,4
	26,6
	26,2

	Iodineadsorptionactivity,%
	46,99
	43,18
	38,10
	31,75
	26,67

	Total pore volume by water, cm3 / g
	1,41
	1,38
	1,31
	1,28
	1,20

	Moisturecontent, %
	4,1
	4,5
	4,9
	5,1
	5,3

	Bulkdensity, g / dm3
	201,4
	207,9
	211,3
	213,2
	220,8



Co-thermolysis of a mixture of rice straw and oil sludge was carried out at a temperature rise rate of 10 ° C per minute to the required temperature (350-500 ° C) and kept at these temperatures for 50-150 min. The yield of carbonizate during co-thermolysis under various conditions is 27.9-32.5%. The activation of the carbonizate was carried out with water vapor with a water flow rate per carbonizate mass of 1-4: 1 at temperatures of 750-900 ° C. The output of activated carbon is 20.0-29.0% of the mass of the taken mixture of straw and oil sludge.
The optimal condition for obtaining activated carbon by co-thermolysis of rice straw and oil sludge is a carbonization temperature of 500 ° C with a duration of 100 minutes, activation of a carbonizate at a temperature of 850 ° C and with a water: carbonizate ratio of 2: 1. The adsorption activity for iodine of the activated carbon obtained in this way is 94.03% (Table 4).

Table 4 – Co-thermolysis of rice straw and oil sludge
	Indicator name
	Results of experimental studies

	Carbonization temperature, ºС
	500
	350
	400
	450
	500
	500
	500
	500
	500
	500
	500

	Duration of carbonation, min
	100
	100
	100
	100
	100
	100
	50
	150
	100
	100
	100

	Carbonizate yield, wt%
	31,1
	32,5
	31,6
	30,8
	31,1
	31,1
	31,6
	27,9
	31,1
	31,1
	31,1

	Activation temperature of carbonizate, ºС
	850
	800
	800
	800
	750
	900
	850
	850
	850
	850
	850

	Water: carbonizedratio
	2:1
	2:1
	2:1
	2:1
	2:1
	2:1
	2:1
	2:1
	3:1
	4:1
	1:1

	Activated carbon output, wt%
	22,1
	25,2
	24,6
	27,3
	28,3
	24,0
	22,4
	20,0
	25,3
	25,0
	29,0

	Iodineadsorptionactivity,%
	94,03
	60,97
	51,84
	49,29
	73,34
	92,71
	45,58
	42,24
	31,75
	35,56
	30,47

	Total pore volume by water, cm3/g
	2,12
	1,43
	1,99
	0,98
	1,93
	1,35
	0,94
	1,51
	1,09
	1,13
	2,20

	Moisturecontent, %
	0,06
	0,52
	0,85
	0,41
	0,58
	1,26
	7,20
	0,32
	1,68
	1,09
	2,33

	Bulkdensity, g/dm3
	144,7
	154,0
	142,4
	141,9
	143,2
	168,0
	167,3
	149,9
	117,7
	124,3
	114,9


According to the results of experimental studies, the product obtained during the joint processing of rice husks and oil sludge in a ratio of 9: 1 corresponds to activated carbon of the DAK brand (GOST 6217-74. Crushed active charcoal).
The resulting product from the combined processing of rice straw and oil sludge in a ratio of 9: 1, at a carbonization temperature of 500 ° C for a duration of 100 minutes, at an activation temperature of 850 ° C in a ratio of water: carbonizate = 2: 1 (the most optimal), corresponds to activated carbons of the BAU-MF brand, BAU-A and BAU-Az (GOST 6217-74. Crushed active wood coal).

2.2 Study of the adsorption properties of the obtained sorbents

The adsorption process was studied in periodic experiments for individual metals. For the study, we used activated carbon obtained with a straw: oil sludge ratio of 9: 1 (the most optimal). The process was carried out at room temperature (25 ± 1 ° C), with a fixed loading of activated carbon of 4 g / L and a change in the metal concentration in the range (Figure 1):
- 50-1000 mg / l Cr3 +;
- from 50 to 1000 mg / l Co2 +.
[image: ]
Figure 1 - A set (50-1000 ppm) of aqueous model solutions (10 ml) of CrCl3 with an adsorbent (0.4 g / l)

Metal salts that are mainly used in various industrial processes such as CrCl3 • 6H2O and Co (CH3COO) 2 • 4H2O.
When the adsorption process was completed, the solutions were filtered through 0.6 µm membrane filters to avoid the influence of small particles of the adsorbent during optical measurements (Figure 2); the equilibrium concentrations of metals were measured by ultraviolet spectrophotometry using a UV-VIS 1800 device from Shimadzu (Japan).
[image: ]
Figure 2 - The process of filtration of solutions through membranes 0.6 μm

The adsorption capacity of the sorbent (qeql) can be expressed in terms of the amount of Men + adsorbed per unit mass of the sorbent, i.e. absorption (mg / g) is given as follows:

(1)
whereСinit- initial concentration, Сeql is the equilibrium concentration of Men+ in the solution (mg / l) and m is the sorbent dose (g / l).
The adsorption efficiency of the system (Rem%), indicated by the percentage of Men+ removed relative to the initial amount, i.e. Rem in%, is determined

(2)
The selection of experimental data on adsorption was carried out by several known isothermal models.
Isothermal adsorption models used for analysis.
Langmuir isotherm. The model assumes a monolayer coating and constant binding energy between the surface and the adsorbate:

(3)
whereqmax is the maximum adsorption capacity (monolayer coating), i.e. mmol of adsorbate per (g) of adsorbent; KL is the Langmuir isotherm constant if the enthalpy of adsorption does not depend on the coating.
To calculate the basic parameters of the Langmuir isotherm model, a linear form is required. It is assumed that linearizing the Langmuir model (equation 1 / qeqlvs 1 / Ceql) will give a straight line with an intercept of 1 / qmax:

(4)
Freundlich isotherm:
For the particular case of heterogeneous surface energies, in which the energy term (KF) changes depending on the surface coverage, the Freundlich model is used:

(5)
where KF is the equilibrium constant of the Freundlich equation associated with the adsorption capacity 1 / nF, is a parameter associated with the strength of the adsorbent-adsorbate interaction, which is associated with the efficiency of adsorption.
Similarly, for the Langmuir model, the linear form of the Freundlich isotherm is used to calculate the main parameters.
However, when only a portion of the adsorption data is correlated for subsequent use in a specific adsorption application, without the need to extrapolate to other adsorbates or to a significantly different temperature range, it is more appropriate to obtain a less general but more accurate representation of adsorption equilibria. For this purpose, the Sips and Thoth isothermal models are used.
As a model of adsorption, we used the nonlinear model of the Sips isotherm (Freundlich-Langmuir) to obtain a more accurate representation of the parameters of adsorption equilibria:

(6)
whereqs is the adsorption capacity of the adsorbent, Ks is the equilibrium constant, and n is the heterogeneity. The parameter n characterizes the interaction of the adsorbate and the adsorbent, and its value increases with the heterogeneity of the system. It should be noted that for n = 1, Eq. (3) becomes a Langmuir-type equation. Alternatively, for Ceql or Ks approaching 0, this isotherm is reduced to the famous Freundlich isotherm.
The Thoth isotherm is an empirical model that has been developed to provide improved fit over traditional Langmuir isotherm modeling. This is often useful for describing heterogeneous systems. Thoth's isotherm model approaches the Henry region at infinite dilution:

(7)
The adsorption measurements of Men + on the produced activated carbon were carried out at a fixed load (4 g / L) of the adsorbent, aimed at determining the equilibrium conditions of the adsorption process (Figures 3-4).
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Figure 3 - The efficiency of adsorption (Rem%) of Cr3 + (left) and Co2 + (right) on the obtained adsorbent with a fixed loading of the adsorbent (~ 4 g / l) after 1 week

As can be seen (Figure 6), the adsorption efficiency (Rem%) decreases with increasing concentration at a constant load of activated carbon, which is consistent with theory (equation 2).
The experimental isotherms shown in Figure 7 are type I adsorption isotherms. Moreover, all systems were in equilibrium after 7 days of adsorption.
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Figure 4 - Experimental adsorption isotherms of Cr3 + and Co2 + on the obtained activated carbon with a fixed loading of the adsorbent (~ 4 g / L) after 1 week of equilibration

Adsorption isotherms were analyzed by fitting experimental data using Langmuir, Freundlich, Sips and Thoth isotherm models. The residual sum of squares algorithm was used to fit the experimental isotherm in a non-linear approach using the AMPL programming language. This method does not transform the datasets and therefore no distortions are generated in the original error distribution. The fitting results are shown in Figure 5 and Table 5.
	
	


Figure 5 - Graphs of experimental adsorption isotherms on activated carbon with a fixed loading of adsorbent (~ 4 g / l) after 1 week of equilibration; solid lines correspond to fittings with different isothermal models.

As seen from the Freundlich model, the model poorly described the resulting adsorption curves due to its complex behavior in the studied concentration range.
However, the two-parameter linear / nonlinear Langmuir and three-parameter models of the Sips and Thoth isotherms are in adequate agreement with the experimental results. The maximum adsorption capacities obtained using the nonlinear form of the Langmuir and Sips models are the same for all metals, and the values ​​obtained by the Thoth model differ from these values ​​(Table 5).

Table 5 - Isotherm constant of two and three-parameter models for the adsorption of Men + on activated carbon
	Isothermmodel
	Constant
	Cr3+
	Co2+

	Langmuir
	qs(mg / g)
	59,7
	64,1

	
	b(L / g)
	0,12
	0,1

	
	ΔG (кДж/моль)
	-5,4
	-5,7

	Sips
	qs(mg /g)
	59,5
	70

	
	Ks(L/g)
	0,12
	0,05

	
	ns
	1
	1

	
	ΔG (кДж/моль)
	-5,4
	-7,5

	Tot
	qs(mg /g)
	61,2
	66,8

	
	KT(L/g)
	0,24
	0,26

	
	nT
	0,74
	0,74

	Freundlich
	KF(L/g)
	0,12
	0,12

	
	nF
	1
	1



Thus, for the next discussion, the description results obtained using the Langmuir and Sips models were selected. In addition, it should be noted that the calculated parameter n in the Sips model is 1, therefore, the Sips transformation into a simpler Langmuir equation. The parameter b and KS, which are equilibrium constants, do not vary significantly between models for all metals (Table 9).
To better understand the equilibrium of the systems under study, the Gibbs free energy was chosen for the Men + adsorption isotherms. For this purpose, the calculations used the equilibrium constants (Ks band) obtained by the Langmuir and Sips method. The change in the standard Gibbs free energy ΔG was calculated using the Wanta-Hoff equation:


where K is the apparent equilibrium constant, T is the temperature in Kelvin, and R is the gas constant (8.314 J / mol • K).
As can be seen (Table 9), all ΔG values are negative, which indicates spontaneous adsorption in nature. There was also a slight change in the ΔG values (from -5.7 to -7.5 kJ / mol for the Langmuir and Sips models for Co), whereas for Cr, both models showed a ΔG of -5.4 kJ / mol), which are appropriately correspond to the calculated qs values, so the lowest energy value corresponds to the highest qs value.
We can also conclude that 7 days is enough for the onset of adsorption equilibrium.

2.3 Application of the obtained adsorbents for wastewater treatment

The resulting adsorbent was used for cleaning the sewage runoff in Kyzylorda. For the study, we used activated carbon obtained with a straw: oil sludge ratio of 9: 1 (the most optimal). Samples of sewage water were taken at the biological treatment plant after the entire treatment stage (filtration from coarse particles, biological treatment). Photos of the biological treatment plant in Kyzylorda are shown in Figure 6.
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Figure 6 - Biological treatment plant in Kyzylorda
Waste sewage water was purified using the obtained adsorbent, Figure 7 shows photographs of sewage water before and after purification with the obtained activated carbon (Figure 7). Sewage water was analyzed for 8 types of indicators, after cleaning with the obtained adsorbent, these indicators were examined. The data are shown in Table 6.

Table 6 - Physicochemical parameters of sewage water before activated carbon treatment
	Thenameofindicators
	ND designation
testmethods
	Normon ND
	The actual
values before cleaning
	The actual
values after clearing

	Color, degrees, nomore
	GOST 3351
	20
	520,2
	430,4

	Hydrogen exponent (pH)
	Measured with a pH meter
	7,2
	8,6
	8,6

	Aluminum, mg / dm3
	GOST18165
	0,5
	26,903
	4,7

	Nitrite, mg / dm3
	GOST 18826
	3
	0,4
	0,3

	Polyphosphates, mg / dm3
	GOST 18309
	3,5
	0,5
	0,3

	Orthophosphates
	GOST 18309
	3,5
	0,6
	0,4

	Manganese, mg / dm3
	GOST 4974
	0,05
	0,03
	absent

	Total mineralization, mg / dm3
	GOST 18164
	1000,0
	2
	1
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	A – before cleaning
	B – after cleaning


Figure 7 – Sewage waste water

From table 6 it can be seen that after cleaning, such physical indicators as color and dry residue are improved, there is a decrease in such chemical indicators as ions of calcium, aluminum, manganese, nitrites, polyphosphates, orthophosphates. For the rest of the indicators, no changes were observed.

CONCLUSION

Based on the results of the research, the following conclusions were made:
1. The scientific and technical literature on the research topic has been analyzed, which made it possible to establish the strengths and weaknesses of the currently existing methods of producing activated carbon. Despite some progress in the field of ideas about the structure of a carbon sorbent, at the present stage of development of science there is an acute shortage of knowledge in the field of joint processing of liquid and solid organic waste into adsorbents;	2. Thermolysis of rice husks and straw was carried out in order to obtain a carbon sorbent. The properties of the products obtained have been studied, and according to their results, it can be judged that the activated carbon obtained from agricultural waste is in no way inferior in quality to charcoal;
3. Co-thermolysis of rice husk and straw with oil sludge was carried out, optimal conditions and composition were found. According to the results of the studies, it was found that the adsorbent obtained by co-thermolysis of rice straw and oil sludge in a ratio of 9: 1 corresponds to the best sorption and other indicators for activated carbons;
4. Activated carbon obtained under optimal conditions was tested for adsorption capacity. The first evaluative tests of the obtained sample of activated carbon for the adsorption of heavy metals (Cr3 + and Co2 +) have been carried out, according to the test results, it can be judged that the obtained activated carbon has high adsorption characteristics;
5. Also, the obtained activated carbon was tested for the treatment of sewage waste water after the biological treatment plant in Kyzylorda. It was found that after cleaning, such physical indicators as color and dry residue improve, there is a decrease in such chemical indicators as ions of calcium, aluminum, manganese, nitrites, polyphosphates, orthophosphates.
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3. Name of work, terms of their implementation and results
	Task code, stage
	Name of work under the Agreement and the main stages of its implementation
	Period of execution
	ExpectedResult

	
	
	start
	end
	

	1
	Development of innovative technology for the processing of mixtures of solid and liquid waste from national repositories for recovery and reuse
	February
2018 y.
	Until November 1, 2018 y.
	An innovative technology will be developed to recycle mixtures of solid and liquid waste from national repositories for recovery and reuse

	1.1
	Creation of a plan for the implementation of the development of a highly competitive technology for processing national natural and technogenic raw materials. Collection and provision of information on the current state of the art in the field of raw materials processing technologies based on the best approaches / developments, including those approved and tested within the EU environmental programs.
	February
 2018 y.
	March
2018 y
	A plan for the implementation of the development of a highly competitive technology for processing national natural and man-made raw materials will be created. Information on the current state of the art in the field of raw material processing technologies will be collected and provided on the basis of the best development approaches, including those approved and tested within the EU environmental programs.

	1.2
	Preparation and provision of information on the national resources of natural and man-made raw materials, on the sources of liquid oil waste and waste of solid biomass of the rice stalk in the Kyzylorda region, in terms of sources of nature, availability / need for disposal / processing.
	April 2018 y.
	May
2018 y.
	Information will be prepared and provided on national resources of natural and man-made raw materials, on the sources of liquid oil waste and waste of solid biomass of rice stem in the Kyzylorda region, in terms of sources / nature, availability / need for disposal / processing.

	1.3
	Co-thermolysis of organic waste mixtures to obtain solid, porous, valuable secondary products in three different modes: direct activation by high-temperature steam (850 ° C); activation through a stage of low-temperature (350 ° C) or high-temperature carbonization (700 ° C), with additions of rice husk with a high mineral content and a Si / C ratio.
	May
2018 y.
	November 1, 2018y.
	Co-thermolysis of organic waste mixtures will be carried out to obtain solid, porous, valuable secondary products in three different modes: direct activation by high-temperature steam (850 ° C); activation through a stage of low-temperature (350 ° C) or high-temperature carbonization (700 ° C), with additions of rice husk with a high mineral content and a Si / C ratio. 2 articles will be published in peer-reviewed Russian scientific journals with a non-zero impact factor. An application will be filed for a patent of the RK for a utility model.

	1
	Development of innovative technology for the processing of mixtures of solid and liquid waste from national repositories for recovery and reuse.
	January 2019 y.
	August 2019 y.
	An innovative technology will be developed to recycle mixtures of solid and liquid waste from national repositories for recovery and reuse. The conditions for carrying out carbonation and activation processes will be optimized.

	1.4
	Development of design parameters for waste disposal, implementation of valorization, re-polymerization, re-association and polycondensation reactions between components in a composite system.
	January 2019 y.
	May
2019 y.
	Design parameters for waste disposal will be developed, valorization of re-polymerization, re-association and polycondensation reactions between components in the composite system will be carried out.

	1.5
	Joint processing of a mixture of wastes, study of the synergistic effects of reference structural fragments of components of a mixture of solid and liquid carbon-containing waste, occurring during co-thermolysis.
	June
2019 y.
	August
2019 y.
	Joint processing of a mixture of waste will be carried out, synergistic effects of reference structural fragments of components of a mixture of solid and liquid carbon-containing waste, occurring during co-thermolysis, will be investigated.

	2
	Вторичные продукты – разработка и характеристика новых адсорбентов из смесей отходов с использованием физико- химических методов анализа
	September 2019 y.
	Until November 1, 2019 y.
	New adsorbents from waste mixtures will be developed and characterized using physicochemical methods of analysis

	2.1
	Investigation of the formation of micro- and nanoclusters during the transformation of carbon matrices of raw organic materials using an integrated approach to the analysis of solid porous substances using various diagnostic methods, such as time-of-flight mass spectrometry with laser ionization, scanning electron microscope, photoelectron and Auger spectroscopy, and solid state NMR spectroscopy.
	September 2019 y.
	Until November 1, 2019 y.
	The formation of micro- and nanoclusters during the transformation of carbon matrices of raw organic materials will be investigated using an integrated approach to the analysis of solid porous substances using various diagnostic methods, such as time-of-flight mass spectrometry with laser ionization, scanning electron microscope, photoelectron and Auger spectroscopy. as well as solid state NMR spectroscopy. 2 articles will be published in peer-reviewed foreign scientific journals, indexed in the Web of Science or Scopus databases with a non-zero impact factor and a patent of the Republic of Kazakhstan will be obtained

	2
	Secondary products - development and characterization of new adsorbents from waste mixtures using physicochemical methods of analysis
	January 2020 y.
	June
2020 y.
	New adsorbents from waste mixtures using physicochemical methods of analysis will be developed and characterized. The sorption properties of the obtained sorbents will be investigated in various models. Two articles will be published in peer-reviewed foreign and domestic scientific journals with a non-zero impact factor.

	2.2
	Development of a new approach to changing the activity of adsorbents. The use of a component of additional mixtures (rice stalk) to create the necessary morphology of nanoparticles, mesoporous structures and control their surface texture, the nature of sorption centers, their strength, surface charge to ensure the ability to bind pollutants not only physically, but also chemically.
	January 2020 y.
	March
2020 y.
	New approaches will be developed to change the activity of adsorbents. Components of additional mixtures (rice stalk) will be used to create the necessary morphology of nanoparticles, mesoporous structures and control their surface texture, the nature of sorption centers, their strength, surface charge to ensure the ability to bind pollutants not only physically, but also chemically.


	2.3
	Creation of adsorbents that can have both a wider spectrum of activity and high selectivity in relation to specific pollutants.
	April 2020 y.
	June
2020 y.
	Adsorbents will be created that can have both a wider spectrum of activity and high selectivity in relation to specific pollutants.

	3
	Preparation of a technical recommendation on the joint processing of oil waste and rice stalk with new nanocomposite adsorbents. Obtaining a patent of the Republic of Kazakhstan for the developed technology.
	May
2020 y.
	July
2020 y.
	A technical recommendation will be prepared on the joint processing of oil waste and rice stalk with new nanocomposite adsorbents.

	4
	Study of the kinetics and thermodynamics of the adsorption of heavy metals and organic compounds from the liquid phase on the surface of porous nanomaterials in model solutions
	June
2020 y.
	August
2020 y.
	The kinetics and thermodynamics of adsorption of heavy metals and organic compounds from the liquid phase on the surface of porous nanomaterials in model solutions will be studied.
Data will be examined to optimize process conditions

	5
	Obtaining data on the development of a technical recommendation for a new product (new adsorbent from a mixture of solid and liquid waste) for industrial wastewater treatment
	September 2020 y.
	November 1, 2020 y.
	Based on the data obtained, technical recommendations will be developed for a new product (a new adsorbent made from a mixture of solid and liquid waste) for industrial wastewater treatment.
  1 article will be published in peer-reviewed foreign scientific journals, indexed in the Web of Science or Scopus databases with a non-zero impact factor and a patent of the RK will be obtained.
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 List of published works based on research results for 2018:

Articlesinmagazines:
1. Omarov Ye., Zhapparbergenov R.U., Turmanov R.A., Syzdykbayev M.I., Saduakaskyzy K., Appazov N.O. Obtaining palladium nanoparticles and their application as catalyst in hydrogenation of vegetable oil // Химический журнал Казахстана. – 2018. – №1(61). – С.128-132.(english).
2. Bainazarova S.R., Diyarova B.M., Lygina O., Shuragaziyeva A.T., Tapalova A.S., Zhusupova L.A., Appazov N.O. Processing of rice wastes into activated carbon // Химический журнал Казахстана. – 2018. – №4(64).(english).
3. АппазовН.О., ЖусупбекУ.А., ТурмановР.А., ЛюбчикС.Б., ЛюбчикА.И., ЛюбчикС.И., ЛыгинаО.С., БайназароваС.Р., БазарбаевБ.М. Способполученияактивированногоугляизрисовойсоломыишелухи. Заявление о выдаче патента РК на полезную модель №2018/0404.2 от 07.06.2018 г. (russian).




List of published works based on research results for2019:
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Experimental Data	0	0	0	23	87.000000000000014	166.83333333333471	262.83333333333337	360	567	753.3333333333336	12.315270935960594	24.271844660194191	37.406483790523694	43.811881188118107	52.722772277228231	56.456820016141997	58.129084967320246	59.553349875930444	57.248157248157867	60.016220600161994	Sibs	0	0	0	23	87.000000000000014	166.83333333333471	262.83333333333337	360	567	753.3333333333336	12.315270935960594	24.271844660194191	37.406483790523694	43.339800000000004	54.170400000000001	56.603000000000002	57.633100000000013	58.129300000000313	58.627800000000001	58.844899999999996	Toth	0	0	0	23	87.000000000000014	166.83333333333471	262.83333333333337	360	567	753.3333333333336	12.315270935960594	24.271844660194191	37.406483790523694	43.680600000000005	53.455200000000005	56.226500000000364	57.5899	58.320600000000006	59.134600000000006	59.527700000000003	Langmuir	0	0	0	23	87.000000000000014	166.83333333333471	262.83333333333337	360	567	753.3333333333336	12.315270935960594	24.271844660194191	37.406483790523694	43.289900000000003	54.230500000000013	56.694600000000001	57.738800000000012	58.242000000000012	58.747600000000006	58.967800000000004	Freundlich	0	0	0	23	87.000000000000014	166.83333333333471	262.83333333333337	360	567	753.3333333333336	0	0	0	2.8091999999999997	10.626100000000001	20.376899999999999	32.102200000000003	43.97	69.252799999999979	92.011399999999995	[CrIII], ppm

qeql, mg/g



Experimental Data	0	0	0	0	69	162.99999999999997	270	357	525	729	12.5	24.330900243309006	36.855036855036744	49.504950495049194	58.333333333333336	58.374384236453196	56.930693069306344	59.852216748768477	67.733990147783189	66.097560975609767	Sibs	0	0	0	0	69	162.99999999999997	270	357	525	729	12.5	24.330900243309006	36.855036855036744	49.504950495049194	54.269700000000213	62.349699999999999	65.172399999999158	66.286500000000004	67.431200000000885	68.130799999999979	Toth	0	0	0	0	69	162.99999999999997	270	357	525	729	12.5	24.330900243309006	36.855036855036744	49.504950495049194	55.677400000000006	59.186700000000002	61.208200000000012	62.313200000000002	63.8215	65.088700000000003	Langmuir	0	0	0	0	69	162.99999999999997	270	357	525	729	12.5	24.330900243309006	36.855036855036744	49.504950495049194	56.261000000000003	60.527700000000003	61.893100000000011	62.415900000000001	62.943800000000003	63.262000000000263	Freundlich	0	0	0	0	69	162.99999999999997	270	357	525	729	0	0	0	0	8.3502500000000008	19.725899999999989	32.674900000000001	43.203500000000012	63.534500000000001	88.222200000000001	[CoII], ppm

qeql, mg/g
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Integrated Green Chemical
Approach to the Medicinal Plant
Carpobrotus edulis Processing

Sergiy Lyubchyk!*, Olesia Shapovalova, Olena Lygina', Maria Conceigao Oliveira(®?,
Nurbol Appazov?, Andriy Lyubchyk*, Adilia Januario Charmier®, Svetlana Lyubchik'* &
Armando J. L. Pombeiro?

Many plants have medicinal properties due to substances known as phytochemicals. To utilize these
plants in practice, numerous procedures, such as extraction, isolation and characterization methods
and toxicology and bioactivity studies, must be designed and implemented. Integrated approach to
process Carpobrotus edulis, a weed medicinal plant widely spread in Portugal, was developed into a
closed loop of two processes: microwave assisted extraction (MAE) and activation (MAA), to produce
both phytochemicals and biochar. The use of MAE for phytochemical extraction was shown to be more
energy efficient than conventional Soxhlet extraction: the process time was decreased by 7-8 times,
and the energy efficiency was increased by up to 97%. The yield of the extracts is of 27%. Qualitative
and quantita identification/characterization of the phytochemicals were performed by LC-MS
and phytochemical screening assays. The results clearly indicated that Carpobrotus edulis is rich by
flavonoids (up to 24%). The use of MAA to process the residual biomass could shorten the activation
time, resulting in reduced energy consumption. Biochar with a high yield of 65% (on a biomass basis)
and a well-developed texture (surface area of 68.9 m?/g; total pore volume of 0.10 cm®/g; micropore
volume of 0.07 cm®/g) is obtained.

For thousands of years, humans have used plant sources to fight illnesses. Initially, plants were used to brew herbal
teas and to make a variety of infusions. To date, a number of different techniques have been developed for the
efficient purification, separation and characterization of individual compounds and their mixtures, which have
avariety of useful biologically active properties, such as antiviral, antioxidant, and antibacterial properties. The
European phytochemical and plant extract market is estimated to grow from $833.7 million in 2014 to $1.25 bil-
lion by 2019, driven by the increasing health awareness of consumers in the region'.

According to the World Health Organization (WHO), nearly 20,000 medicinal plants exist in 91 countries’.
Furthermore, all countries have at least one medicinal plant that grows like a weed and does not require special
care.

The wild-growing plant Carpobrotus edulis (C. edulis) is a fast-growing weed with pronounced medicinal
potential® that flourishes along coastal areas in many parts of the world*, such as the Mediterranean, South Africa,
North and South America, Australia, etc. C. edulis leaf juice, a non-destructive use of the plant, is well known for
its wide range of antifungal and antibacterial external applications’, such as the treatment of diarrhoea, eczema,
tuberculosis, throat and mouth infections; soothing itching caused by spider and tick bites; and the treatment of
wounds and burns®*, These effects are due to the presence of bioactive compounds—phytochemicals—in the
juice. However, the phytochemical composition varies depending on the location of the natural source of the
plant, causing differences in bioactivity among samples of the same species of plant from different regions®!*.
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Quantitative phytochemical analysis of C. edulis extracts has revealed a high percentage of phytochemicals
from the phenolic family (up to 50-60%); this family is well known and widely used because of its strong antiox-
idant properties and high biological activities'%.

To utilize such biologically active compounds in practice, several procedures must be conducted, namely,
extraction, isolation, characterization and/or phytochemical screening, toxicological evaluation, extended testing
of in vitro and in vivo bioactivity, etc."”.

Another problem is that none of the currently known and used plant processing techniques meet all the
requirements of economics, safety and scalability. The primary challenges in the economically viable commercial
production of phytochemicals lie in the high feedstock cost, the high extraction cost of valuable bioactive com-
pounds, their relatively low yield, and the consequently high content of residual waste biomass'***.

The use of abundant weed plants (called low-value feedstocks) could help to overcome some of the mentioned
limitations. However, while the technical feasibility of phytochemical extraction from weed plants has been
demonstrated'®"’, there have still been few advances in the economic feasibility of phytochemical production
from weed plants due to the low yield of the target valuable products (1-15%) and the large amount of residual
waste biomass (up to 99%) to be disposed'”.

Therefore, in the present study, a widely distributed plant along the coastal zone of Portugal, C. edulis, was cho-
sen as a renewable low-cost feedstock for advanced processing development. First, there is a need for additional
research into the extraction of valuable phytochemicals from Portuguese sources of this weed plant. Second,
based on our preliminary techno-economic estimations, it is also expected that the introduction of additional
recovery pathways for the biomass waste (solid residue) obtained after extraction will help meet the requirements
of economic feasibility for phytochemical extraction from weed plants'®-*. The development of a biomass utiliza-
tion pathway accompanying the extraction process will lead to an almost “zero-waste” full-chain network of val-
uable products (both primary (phytochemicals) and secondary (biochar)), which could be applicable to a variety
of low-value feedstocks and thus aid in the creation of economically feasible weed plant processing schemes for
practical usage in the future'**.

Therefore, the main aim of the present work is to develop a feasible lab-scale scheme for medicinal weed
plant processing. To achieve this aim, the proposed advanced C. edulis processing scheme is designed to be an
integrated closed loop consisting of two green processes: (i) microwave-assisted extraction (MAE) to produce
phytochemicals (with an emphasis on the flavonoid sub-family) and (ii) microwave-assisted activation (MAA) to
produce bio-fertilizer from the residual biomass (waste after extraction).

The overall work is also designed to comply with green chemistry principles®, namely, with the following
five: preventing waste, safer chemicals and products, safer solvents and reaction conditions, increasing energy
efficiency and renewable stocks. Furthermore, the work is based on a chemical engineering approach, in which
chemical processes are designed to convert raw materials into valuable products for further practical usage.

Results and Discussion

Quantitative characterization of the extracts. A number of solvents/solvent mixtures, such as H,0,
MeOH, EtOH and EtOH/H,O with different ratio, were studied for the extraction of the phytochemicals from
C. edulis using MAE. The conditions of the extraction were optimized to maximize the yield of the phenolic
compound family, with an emphasis on the flavonoid sub-family; this yield was determined quantitatively using
phytochemical screening assays, as described in experimental part 2.3.2. Data are presented in Table 1.

The EtOH/H,O extract exhibited the highest yield of targeted phenolics (up to 21-22%) and flavonoids (16—
18%). While, phytochemicals yields were similar in a case of different ratio (30%, 50% and 70%) of the EtOH/H,O
solvent. Therefore, to address the green chemistry principle on safer solvents and auxiliaries for further optimi-
zation of MAE conditions, the solvent with maximum water content, i.e. EtOH (30%)/H20 (70%) was chosen.

The optimization conditions for MAE was carried out in a stepwise manner for ratio of raw material/solvent
(1/5,1/10, or 1/15 (m/v)); time (15, 20, 25, 30, 35, 40, 45 or 50 min); temperature (70, 80, 90, or 100°C); and num-
ber of repeats of the extraction process (1,2, 3, 4, 5, or 6 times).

Based on the data from the phytochemical screening assays, the following optimal conditions for the MAE
process were determined: solvent - mixture of EtOH (30%) and H,O (70%); ratio of raw material/solvent -1/15
(m/v); extraction time —40 min; and temperature —70°C.

Quantitative phytochemical analysis using phytochemical screening assays was also performed for the extracts
obtained through Soxhlet extraction. The conditions for Soxhlet extraction were adjusted based on the optimal
conditions obtained for MAE, namely, the optimal solvent [mixture of EtOH (30%)/H,0 (70%)] and optimal
ratio of material/solvent [1/15 (m/v)].

Using the same optimization procedure (i.c., based on the yield of the target phytochemicals), the following
optimal conditions for Soxhlet extraction were determined (Table 2): extraction time — 260 min; and temperature
—86°C.

The optimal conditions for MAE were compared with optimal conditions for Soxhlet extraction in terms of
energy efficiency (Table 3) [energy consumption required to produce the same amount of the target phytochem-
icals using the same optimal solvent time and initial ratio of materials]. The energy consumption was calculated
according to Eq. (1), taking into account the power rating of the device (either microwave oven or Soxhlet) (in
kW) multiplied by the operation time (in hours) required to produce the target phytochemicals.

Comparison of the results confirmed that the energy consumption required to deliver the target phytochemi-
cals at the desired yield by Soxhlet extraction was 32 times higher than that for the MAE process. This difference
means that the energy efficiency of MAE is 97% greater than that of the Soxhlet extraction process.

Qualitative characterization of the extracts. The results of LC-MS analysis of the EtOH (30%)/H20
70%) extract obtained under optimal conditions of MAE are presented in Fig. 1.
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SOLVENT

H,0 1495051 15.06-£0.11
McOH 19.83+0.81 15404018
EtOH 2057+£0.23 15294019
EtOH(70)/H,0(30) 22344095 17.89+0.32
ELOH(50)/H,0(50) 21.89£1.72 16.62=0.55
EtOH(30)/H,0(70) 22304149 17.8540.47
RATIO of RAW MATERTAL/SOLVENT [m/v]

1.05 10294039 7674034
110 14.91£0.43 10154016
115 2230149 17.8540.47
TIME of EXTRACTION [min]

15 2230£1.49 17.85+0.47
20 22924042 18744038
25 2330£0.82 2076078
30 23.53£0.88 21314032
35 2412£159 22774065
40 2441053 23.16+0.46
45 24284023 23014099
50 24454097 23.09+0.41
TEMPERATURE of EXTRACTION [C]

70 24412053 23.16=0.46
80 2476£075 22.67+1.02
90 2318£0.65 21352037
100 23445044 23934094
NUMBER of EXTRACTIONS [number of operation cycles]
1 24414053 23.16+0.46
2 9014059 7.96+0.37
3 335+071 2702035
4 161+0.15 1124034
5 048009 021014
6 016004 0.000.00

Table 1. Optimization of the conditions for MAE in terms of the yield of phenolics and flavonoids detected
using phytochemical screening assays.

SOLVENT
EtOH (30)/H,0 (70) | 27674110 [ 23614154
RATIO of RAW MATERTAL/SOLVENT [m/v]

1:15 [2767 110 [23614154
TIME of EXTRACTION [min]

100 14.07£0.66 1356033
150 2249£1.07 20.80+0.44
260 27.67£1.10 23614154
TEMPERATURE of EXTRACTION [°C]

86 [2767410 [23614154

Table 2. Optimization of the conditions for Soxhlet extraction in terms of the phenolics and flavonoids
detected using phytochemical screening assays.

Soxhlet 27.67+1.10 23.61+1.54 86 | 260 1.084
MAE 2441£0.53 23.16£0.46 70 |40 0.033

Table 3. Comparison of the extracts obtained under optimal conditions in terms of energy consumption
required to obtain the optimal yield of phenolics and flavonoids.
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Figure 1. HPLC-HRMS base peak chromatogram acquired in ESI negative mode for the aqueous extract of C.
edulis obtained by MAE. Peak numbers refer to Table 4.

Composition of phenolic compounds.  The C. edulis extract fingerprint was obtained by HPLC-DAD. The chro-
matographic profile indicated the separation of 30 main compounds that, based on the observed UV absorption
maxima, fall into two subclasses of phenolic compounds. The main group of peaks appearing between 12 and
25min exhibit absorbance maxima at approximately 278-280 nm, suggesting the presence of flavan-3-ols and
proanthocyanidins (PAs), whereas the cleven peaks eluting between 26 and 37 min present UV-Vis absorption
maxima at approximately 268 and 350 nm, revealing flavonol structures containing an O-glycan part in their skel-
eton. Figure 1 shows the base peak chromatogram obtained by LC-ESI(-)/QTOFMS analysis of C. edulis extract
prepared by MAE. The 30 compounds were identified on the basis of their accurate m/z values as deprotonated
molecules [M-H]~ and MS/MS spectra. Polyphenol identification and peak assignment were also based on com-
parison with similar published data. Table 4 presents the retention times, molecular formulas, exact and accurate
[M-H]~ (m/z) values, and main MS? product ions for each compound.

Peaks 1, 2 and 3 (Rt=2.4, 5.5 and 8.0 min) with deprotonated molecules at m/z 191.0197, 315. 0724 and
329.0867 were attributed to phenolic acid derivatives based on their accurate MS and MS? data.

Peaks 8 and 11 (Rt=13.2 and 15.8 min) displayed an ion with m/z 465.1047 in the negative ESI mass spectra,
which produced product ions in the MS? spectra with m/z 303.0482 due to the loss of 162, indicating the pres-
ence of a glucose residue linked to a taxifolin aglycone. Compounds 8 and 11 were fully identified based on their
accurate mass measurements as taxifolin-O-glucoside isomers.

The thirteen peaks (4, 5, 6,7, 9, 10,12, 13, 14, 15, 16, 17, 18 and 19) observed in the ESI (-) base peak chro-
matogram (Fig. 1) were identified as flavan-3-ols and PAs, a class of oligomers of catechins and their enantiomers.
The compounds were tentatively assigned based on accurate mass measurement data and by comparison with
published data®**".

Peaks 4, 5,and 6 (Rt=9.1, 9.4 and 11.6) were attributed to catechin-O-glycoside derivatives based on the MS*
spectra, which displayed an ion with m/z 289.0723 attributed to deprotonated catechin, resulting from the loss
of one or two hexose residues. Compounds 4 and 6 were identified as catechin-O-glucoside isomers, whereas
compound 5 was attributed to a catechin-O-diglucoside.

Peaks 7 and 12 (Rt =12.6 and 16.6 min) produced deprotonated molecules with m/z 577.1358 in the MS
spectra, which yielded peaks at m1/z 425.0886, 407.0772 and 289.0722 as the most abundant fragment ions in the
MS? spectra. The loss of 152u via a retro Diels-Alder reaction indicates a fragmentation pattern characteristic of
proanthocyanidin dimers of the type (epi)catechin-(epi)catechin. Compounds 7 and 12 were assigned as B-type
procyanidins.

Peaks 9 and 13 at Rt 13.6 and 17.5 min, respectively, which had deprotonated molecules with accurate m/z
289.0745 and 289.0718, were assigned to (+)-catechin and (—)-epicatechin.

Peaks 10 and 16 (Rt=15.1 and 20.2 min) were attributed to B-type procyanidin trimers based on their depro-
tonated molecules at m/z 865.2011 and 865.1998, respectively, and their main fragment ions at m/z 577.1352,
289.0719 and 287.0564.

Peaks 14 and 18 (Rt=19.0 and 23.4 min), yielding doubly charged species [M-H]*" in their MS spectra with
accurate m/z 720.1585 and 720.1591, respectively, were identified as b-type procyanidin pentamers. The main
fragmentation pathway in the MS? spectra corresponds to a pair of two monocharged species: one at /2 289.0720
(base peak) assigned to a deprotonated (epi)catechin, and the other at m/z 1152.2520, which corresponds to a
deprotonated molecule of a b-type procyanidin tetramer.

Peaks 15 and 19 (Rt=19.3 and 24.8 min) were also attributed to doubly charged species based on the isotopic
distribution observed for the deprotonated molecules [M-H]*~ with m1/z 864.1918. Compounds 15 and 19 were
identified by accurate mass measurements as b-type procyanidin hexamers.

Peak 17 at Rt=22.0min presented a signal at m/z 1153.2631 in the MS spectrum, which yielded main product
ions with 11/z 983.2058, 865.1919, 577.1204 and 287.0564 in the MS* spectrum, suggesting a species composed of
4 (epi)catechin units. Based on the accurate data, compound 17 was identified as a b-type procyanidin tetramer.

Peaks 20-30 shown in Fig. 1 at higher retention times were attributed to O-methylated flavonol derivatives
based on their accurate MS and MS? fragmentation behaviour under ESI negative ion mode analysis.

Peaks 20, 21, and 22 (Rt=26.4, 26.8 and 27.2min) exhibited deprotonated molecules with m/z 769.2201,
639.1565 and 799.2306, which gave peaks at 1/z 315.0574, 331.0448 and 345.0606 in the MS? spectra, respectively,
attributed to the aglycone ions (Y,)~. The first and last peaks result from the loss of 454 u (146 u + 308 u), indi-
cating that the glycoside part contains two deoxyhexoses (146 u) and one hexose (162 u) units. Intense signals at
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A TG
Rt Mo e 1 Error | MS® main fragments
Peak | (min) | Proposed compound ME Obs.m/z | Cal.m/z_| (ppm) | m/z
1 2.4 Quinic acid C;H,.0¢ 191.0198 191.0197 [ —03 173.0098; 111.0090
2 |55 | Protocatechuic acid-O-glucoside CuH, 0, | 3150724 | 3150711 | —40 | 152.0116;108.0226
3 8.0 Vanillic acid-ghicoside C Hj 30, | 329.0867 329.0877 |30 249.0613; 167.0350
1 |o1 Catechin-O-glucoside CuH,0, 4511247 | 4511246 | —03 | 289.0723;173.9560
5 9.4 Catechin-di-O-glucoside C,;H;,0,, | 6131780 613.1763 —.7 451.1250; 289.0722
6 |116 | Catechin-O-glucoside isomer C,H.,,0, | 4511257 | 4511246 | —0.3 | 289.0723;245.0821
7 126 | B-type procyanidin dimer CoH.O,. |577.1358 | 577.1341 | —29 | 407.0779;289.0722
3 132 | Taxifolin-glucoside C,H..Op. | 4651043 | 465.1027 | —33 | 303.0482
9 136 | (+)-catechin CLH,LO, |289.0745 | 2890706 | -13 | —
695.1409; 577.1359
10 [151 | B-type procyanidin trimer CLH,0,, [ 8652011 | 8651975 |—41 |407.0777;289.0722
287.0564
1l |158 | Taxifolin-glucoside isomer C.H.0,. | 4651050 | 4651027 | -5.0 | 303.0438
12 |166 |B-type procyanidin dimer CuH,Op 5774358 | 5770341 | =27 | 3070777:3300879
13 175 (-)-epicatechin C;H,,0, |289.0718 289.0706 —42 245.0827
14 |190 | B-type procyanidin pentamer CH.Oy, | 7201585 | 7201579 | —0.8 | (289.0720 + 1152.2520)
v . i (575.1191+ 1154.2621)
15 [193 | B-type procyanidin hexamer CubriOs [ 8641918 | 86a1896 | 25 | 0l P 0™ 00
695.1409; 577.1352
16 [202 | B-type procyanidin trimer CoH,0,, [ 8651998 | 8651975 |—27 | 407.0776;289.0719
287.0564
983.2058; 865.1991
17 220 B-type procyanidin letramer CHsy0,4 | 1153.2631 1153.2608 | —2.0 577.1351;575.1204
413.0886; 287.0577
18 234 B-type procyanidin pentamer C:Hi 05 | 72015910 | 720.1579 § & ] (289.0720 4 1152.2408)
o i @ i (575.1191 + 1154.2652)
19 |248 | B-type procyanidin hexamer Culn Oy | 8641921) | B6atsss | —29 | G700 1SS0
55 |3 : : 5 1or | o5 | 6231635315057
20 |264 |Isorhamnetin-3-O-rutinoside -rhamnoside GHAO, | 7692001 | 7692197 |—05 | 3308353 5075
493.0975; 373.0574
21 268 Laricitrin-3-O-rutinose Cy,H;;0,, | 639.1565 639.1555 =38 331.0448; 330.0386
3150150
- - » " 635.1620; 345.0606
22 72 Syringetin-3-O-rutinoside-rhamnoside CsH,0,, | 799.2306 799.2291 —18 344.0541; 3290503
E o = N 623.1619; 315.0503
23 |281 | Isorhamnetin-3-O- rutinoside- pentoside Cull0y | 7552041 | 7552020 | L6 | §13000 0000
i 477.1000; 357.0600
2 -0- 5 2 i ;
24 291 Tsorhamnetin-O-rutinoside C;sH;.0,, | 623.1625 623.1607 29 315.0500; 314.0437
w . - 1 | o3 a7ae3as.0815
Syringetin-3-O-rutinoside-pentoside G0y 7852162 7852146 | 21 | §33 TG00
i o 2 - - 345.0605; 344.0543
25 296 Syringetin-3-O-rutinoside 653.1721 653.1712 12 3290304
4 357.0613; 315.0504
26 2 Isorhamnetin-O-rutinoside 623.1618 623.1607 | —1.7 314.0432; 299.0198
387.0729; 345.0609
27 33 Syringetin-O-rutinoside CyH;,0,, | 653.1717 653.1712 0.7 344.0539; 330.0375
3290302
% & 345.0598; 344.0541
28 |336 | Syringetin-O-glucoside CuHo0p 5071046 [507133 | 26 | J058
20 [351 | Phloretin-glucoside CuH,0p, | 4351296 | 4351286 | —22 | 276.0396;167.0347
799.2117; 785.2147
30 |358 ingetin-O-rutinoside-glucuronyl-pentoside | C,,H,0,, [ 9612637 | 9612608 |—3.0 |767.2034; 3450611
344.0541

Table 4. HPLC-HRMS/MS identification of phenolic compounds in the EtOH(30)/H,0(70) extract of C.
edulis. MF, molecular formula of the proposed compound; Rt (min), retention time in minutes; [M-H]”/
[M-H]*® Obs. m/z and Cal. m/z, accurate measured mass and exact mass for the monocharged and doubly
charged deprotonated molecules.

m/z314.0439, 330.0386 and 344.0541 were also observed, assigned to (Y, H)*; the presence of these radical ions
indicates O-di-glycoside derivatives®®. The MS? spectrum also displayed signals at /2 299.0208, 315.0150 and
329.0603, arising from the fragmentation of the aglycone part. The loss of 16 u suggests an O-methylated flavonol
with methoxyl groups attached to ring B. Based on literature data®, compounds 20, 21 and 22 were assigned to
isorhamnetin-3-O-rutinoside-rhamnoside, laricitrin-3-O-rutinose and syringetin-3-O-rutinoside-rhamnoside,
respectively.
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Figure 2. Effect of temperature on 7 yield and A surface area of the resulting biochar at a fixed irradiation time
of 10 min and constant microwave power of 600 W.

Peak 23 (Rt=28.1 min) showed a deprotonated molecule at 171/z 755.2041 and MS? fragments at 111/ 315.0500
and 314.0437, corresponding to the isorhamnetin aglycone ion (Y,)~ and its radical ion (Y, "H) ™, respectively.
A peak at m/z 623.1619 (—132 u) confirmed the presence of a pentose residue on the sugar moiety. Based on the
accurate mass measurements, compound 23 was attributed to isorhamnetin-3-O-rutinose-pentoside.

As shown in Table 4, two compounds coeluted in peak 24 at a retention time of 29.1 min. The MS spectrum
displayed two peaks at m/z 785.2162 and 623.1625, which generated product ions at m/z 345.0615 and 315.0500
in the MS® analysis, assigned to syringetin and isorhamnetin aglycones, respectively. The MS? spectra of both
Pprecursor ions also presented characteristic abundant radical ions (Y, H)~* (/2 344.0548 and 314.0436, respec-
tively), confirming the presence of O-di-glycosides. Peak 24 was also attributed to two O-methylated flavonols,
syringetin-3-O-rutinoside-pentoside and isorhamnetin-3-O-rutinoside.

The base peak chromatogram also showed peaks 25, 26,27 and 28 (Rt=29.6, 31.2,32.2 and 33.6 min), yield-
ing deprotonated molecules at m/z 653.1721, 623.1618, 653.1717 and 507.1146, respectively. Precursor ions at
m/z 653.1721 and 507.1146 fragmented into syringetin aglycone at m/z 345.0609, whereas the precursor ion at
m/z623.1618 lost 308y, leading to m/z 315.0504, which corresponds to isorhamnetin aglycone. Based on these
accurate data, compounds 25, 27 and 28 were assigned to syringetin-O-glycoside derivatives: compounds 25 and
27 were attributed to syringetin-O-rutinoside isomers, 26 was assigned to an isorhamnetin-O-rutinoside isomer,
and 28 was assigned to syringetin-O-glucoside.

Peak 29 at Rt = 35.1 min exhibited a deprotonated molecule at #1/z 435.1296 in the MS spectrum, which frag-
mented into two abundant ions at m/z 276.0396 (loss of 162u) and 167.0347. Based on the accurate mass meas-
urements, compound 29 was identified as a dihydrochalcone derivative, phloretin-glucoside.

Peak 30 at Rt=35.8 min had a deprotonated molecule at #m/z 961.2617, which presented the charac-
teristic ion of syringetin aglycone at m/z 345.0611 in the MS? spectrum. The MS? spectrum also showed
two peaks at m/z 799.2117 and 767.2038, corresponding to the loss of 162 and 176 u, respectively, indi-
cating the presence of hexoses and glucuronyl moieties in its skeleton®’. Compound 30 was identified as
syringetin-rutinoside-glucuronyl-pentoside based on reported data.

The obtained results for the C. edulis extracts clearly indicated that this natural widely distributed weed and
medicinal plant is rich in B-type procyanidin oligomers, dihydroquercetin derivatives and O-methylated flavonol
derivatives. From thirty separated peaks, three correspond to the three pure compounds from phenolic acids fam-
ily and other twenty-seven peaks are related to seven different flavonoids compounds known as chemopreventive
agents in cancer therapy and strong inhibitors of free radical formation®'.

Biomass MAA. biochar properties. The main objective of this part of work was elaboration of the
Microwave Assisted Activation (MAA) process to proceed with the residual biomass to address the resulted solid
product -biochar.

The effect of the microwave operational parameters, including temperature (200-350°C) and irradiation time
(5-30min), at a constant power of 600 W on the biochar yield and its textural characteristics, such as the BET
surface area, total pore volume, pore size distribution, and the point of zero charge (PZC value), were investigated
to optimize MAA conditions.

Effect of temperature.  Figure 2 presents the effect of temperature on biochar yield (open squares) and specific
surface area (filled triangles) after MAA biomass processing. In the temperature range deployed (200-350°C),
the yield of biochar was maximum at 250-300°C and then decreased with further increases in temperature. The
surface area of the resulting biochar product continuously increased with temperature and ranged from 54 to
72m?*/g under the chosen experimental conditions. At high temperatures of >350°C, over gasification most likely
occurs, resulting in reduced surface area/porosity with progressively decreasing carbon yield™.

Therefore, it can be concluded that MAA can be applied as a thermal biomass processing technique to produce
abiochar product with high quality and high yield (ca. 60-65%) at a relatively low temperature (approximately
250 - 300°C) in a short activation time (10 min), while in the case of conventional thermal biomass processing
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Figure 3. Effect of irradiation time on 7 yield and A surface area of the resulting biochar at a fixed irradiation
temperature of 250 °C and constant microwave power of 600 W.

(pyrolysis or/and gasification), heating at a higher temperature and longer activation time is required to obtain
similar results™.

Effect of microwave irradiation time.  Microwave irradiation time is another factor affecting the biochar yield and
properties. The effect of irradiation time in the range of 5-30min on the yield and surface characteristics of the
bio-fertilizer was investigated at a constant microwave input power of 600 W and a temperature of 250 °C (Fig. 3).

Generally, both measured parameters (biochar yield and surface area) increased with time, exhibiting max-
imum values at an irradiation time of 10 min. Beyond this limit, the surface area parameters slightly decreased
(from 72 to 58 m*/g), while a sharp decrease in biochar yield from 65 to 26% was observed as the irradiation time
was prolonged from 10 to 30 min. The experimental results confirmed that microwave heating could shorten the
activation time and, remarkably, produce a high-quality biochar.

The results implied that the optimal irradiation time (ca. 10-15min) at the optimal temperature of 250 °C
promoted thermal energy, which was applied in the activation process and enhanced the surface area (up to ca.
70 mg*/g) and internal porosity (up to 0.10cm’/g) of the resulting biochar while producing a high product yield
of 60-65%.

Therefore, the optimal conditions of the MAA process were evaluated to process waste biomass after phyto-
chemical extraction from C. edulis. The conditions are as follows: irradiation time of 10-15min, temperature in a
range of 250-300°C, and constant input microwave power of 600 W. Beyond these conditions, further microwave
treatment might produce local overheating, which would considerably increase carbon burn-off, thus destroying
the pore/surface texture and yield of the resulting biochar. At low microwave power levels, an irradiation time
lower than 5 min and/or a temperature lower than 200 °C, no activation was observed; i.e., microwave irradiation
had no effect on the surface area and total porosity of the product.

The detailed textural and surface characteristics of the biochar obtained under optimal MAA conditions are
summarized in Table 5. The surface area was 68.9 m?/g; the total pore volume was 0.10 cm?®/g, 0.07 cm®/g of which
was the micropore volume; and the fixed carbon content was 64.9 wt %, expressed on a dry, ash-free C. edulis
feedstock weight basis. The biochar PZC of 6.9 is neutral, reflecting the fact that the low temperature of the MAA
process (approximately 250 °C) allowed partial retention of the acidic functional groups on the biochar surface,
thus enabling the effective use of the resulting biochar as bio-fertilizer for both acidic and basic types of soil.

The results are compared with biochar properties from the literature in Table 5, obtained from differ-
ent plant-derived biomass sources using various thermal methods, including MAA. The properties of the
bio-fertilizer product obtained by applying the MAA process to waste biomass are considerably different from
those of products obtained from both slow and fast pyrolysis of biomass residues. Despite the low pyrolysis tem-
perature, MAA preferentially generated biochar with the highest fixed carbon content (Table 5, MAA processe:
and [present work]), yielding 40-65 wt % biochar. The same tendency is evident for low-temperature slow pyrol-
ysis conditions™, where the fixed carbon content of the resulting biochar is still high (ca. 22%) in comparison
with that obtained under high-temperature fast pyrolysis of biomass™.

The surface area and total porosity of the MAA biochar are higher than those obtained by slow pyrolysis in
a similar temperature range above 250°C, while the values are lower than those obtained with the use of fast
high-temperature pyrolysis or microwave activation processes using chemical or physical activating agents to
produce activated carbon®.

Several researchers have compared microwave pyrolysis with conventional pyrolysis and identified consid-
erable differences between the thermal methods™ %, which were attributed to the activation process of biomass
under microwave irradiation assisted by activation agents or fast and slow pyrolysis. However, to the best of our
knowledge, only a few studies have reported microwave biochar production and direct comparisons of the prop-
erties of biochar obtained by conventional pyrolysis and MAA.

Total mass balance. The total mass balance for the C. edulis processing method was estimated on a dry
matter (water-free) basis with respect to the leaf mass (i.e., after pre-drying), which was considered to be 100%.
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Technical characteristics
f;:;;;]m/MA A/biomass slock [present 6490 Q47 51 32
Biochar/MAA/Straw pellets™ 43,00 — 67 39
Biochar/slow pyrolysis/wood™ 22,54 16.8" - 12
Biochar/fast pyrolysis/rice straw™* 1521 — — 10.1
sutue | TP aropre [ Bt
S ey volume, em’lg | G e
Textural characteristics
f[il:\dchﬂu/MAAlbiomass stock [present [ gy Wit i ”
Biochar/MAA/willow chips™ 3.87 — = 23
Biochar/slow pyrolysis/willow chips® | 1.14 = = =
Biochar/slow pyrolysis/wood " 23 — = 67
Biochar/fast pyrolysis/rice straw* 105 — — —
Activated carbon/MAA /corn cob™ 507 032 0.26 —

Table 5. Comparison of the technical and textural characteristics of the as-reccived biochar and biochar
products from the literature. Values expressed on a “ dry, ash-free feedstock weight basis; “as-received biochar
basis; “*dry, ash-free biochar basis; ““dry biochar basis.

[ WEED PLANT PROCESSING b
Carpobrotus Edulis

Mass Balance

Figure 4. Total mass balance for the developed integrated plant material treatment process.

The total mass balance data for the C. edulis processing method are presented in Fig. 4 for the developed inte-
grated process consisting of two green pathways: (i) MAE, to produce phytochemicals (with an emphasis on the
flavonoid sub-family) and (ii) MAA, to produce bio-fertilizer from the residual biomass (waste after extraction).

Conclusions

The work accomplished the design of two processes, the MAE of C. edulis, a natural weed plant, and MAA, to
process the biomass waste after extraction, which were integrated into a single process. The result delivers two
green products, phytochemicals (with a dry extract yield of 27%) and bio-fertilizer (with a yield of 47% on a dry
C. edulis basis or 65% on a biomass weight basis). The use of MAE for phytochemical extraction from C. edulis
was shown to be more energy efficient than conventional Soxhlet extraction: the process time was decreased by
7-8 times, and the energy efficiency was increased by up to 97%.

The results of HPLC-DAD-ESI-HRMS analysis of the aqueous extracts clearly indicated that C. edulis is rich
in members of the flavonoid sub-family; namely, 7 of the 10 obtained pure compounds are flavonoids with strong
antioxidant, anti-inflammatory, antiradical and antibacterial activities.

‘The experimental results showed that applying the MAA process to biomass (waste after phytochemical
extraction from C. edulis) could shorten the activation time, resulting in reduced energy consumption, and
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produce a high-quality biochar. The optimal conditions for the MAA process were determined: an irradiation
time of 10-15 min and temperature range from 250-300°C at a constant input microwave power of 600 W.

Biochar with a high yield of 65% (on a biomass basis) and a well-developed texture (surface area of 68.9 m*/g;
total pore volume of 0.10 cm*/g; micropore volume of 0.07 cm*/g; fixed carbon content of 64.9 wt %; neutral
PHPZC of 6.9) was obtained. From this point of view, the obtained bio-fertilizer and its properties are comparable
to analogues in the literature for both acidic and basic soil fertilization.

Methods

Materials.  Plant material. ~ C. edulis, a plant that is naturally widespread in Portugal, was chosen as a renew-
able feedstock for phytochemical production. Fresh leaves of C. edulis plants were collected in the coastal zone
of central Portugal (38°36'58.4"N, 9°13'01.8"W). The plants were authenticated by a gardening centre (Centro
de Jardinagem da Sobreda) in Setubal, Portugal. The collected material was air-dried at room temperature for 25
days, then homogenized by grinding to a fine powder and stored in airtight bottles.

Solvents used for the extraction step. A number of solvents and solvent mixtures were studied for the extraction
of phytochemicals from C. edulis. In consideration of the green principle of safer solvents and noting that the
application of microwave energy to highly flammable organic solvents may cause hazards, based on the literature,
the following solvents were chosen as the most useful for this type of application: H,0, MeOH, EtOH, mixture
EtOH (70%)/H,0 (30%), EtOH (50%)/H,0 (50%) and EtOH (30%)/H,0 (70%).

Standards and reagents used for phytochemical screening assays.  The chemicals and solvents used for the phy-
tochemical screening assays were supplied by Sigma Aldrich (Steinheim, Germany) and were of analytical grade
(A.R.) and/or reagent grade (R.G.). The materials included a mixture of phosphomolybdate and phosphotung-
state (Folin-Ciocalteu phenol reagent); gallic acid (C;H,(OH);COOH); quercetin (3,3’,4’,5,6-pentahydroxy
flavone); rutin trihydrate (C,;H;,0,¢-3H,0, quercetin-3-rutinoside trihydrate); Na,CO;; Al,O5; CH;COONa;
NaNO,; AICl; and 1N NaOH.

The materials used for the analysis of phytochemicals in extracts, HPLC-grade methanol (99.9%), acetoni-
trile (99.9%) and water solution containing 0.1% (v/v) formic acid, were supplied by Sigma-Aldrich (Steinheim,
Germany).

Experimental procedures.  Microwave-assisted extraction (MAE). MAE was carried out using a micro-
‘wave synthesis reactor (Monowave 300, Anton Paar GmbH, Austria). For the extraction, a dry crushed sample
was placed in a G30 borosilicate glass vial and placed in an oven. To avoid overheating of the sample, internal
temperature control was used. Namely, the “heating over time” heating mode was chosen, where the heating
time from room temperature to the required temperature in the range of 70-100 °C was fixed at 3.5 min. The best
solvent type for MAE was evaluated on yield of phenolics and flavonoids detected quantitatively in given extracts
using phytochemical screening assays. The optimization conditions for MAE were carried out for the best solvent
type in a stepwise manner for the ratio of raw material/solvent (1/5, 1/10, or 1/15 (m/v)); time (15, 20, 25, 30, 35,
40, 45 or 50 min); temperature (70, 80, 90, or 100°C); and number of repeats of the extraction process (1,2, 3, 4,
5, or 6 times). All MAE runs were performed at a constant power of 50 W. The optimized conditions resulting in
the highest extract yield using MAE were compared with the well-known and widely used conventional method
of Soxhlet extraction in terms of energy efficiency.

Soxhlet extraction. Soxhlet extraction was performed using a Soxhlet apparatus (Sigma Aldrich, Steinheim,
Germany) with an extractor capacity of 200 ml, a flask capacity of 300 ml, and a maximum operating power of
250 W. For the extraction, 10g of dry crushed sample was placed into the extractor in cellulose extraction thim-
bles. Optimization of the conditions for the Soxhlet extraction was performed considering the number of oper-
ation cycles (thus, different operation times and energy consumption values) required to obtain the same degree
of product (extract) yield, while the solvent type and ratio of raw material/solvent were the same as those under
the optimized conditions for MAE.

The results were compared with the MAE technique in terms of the energy consumption required to produce
the same amount of extract using the same optimal type of solvent reagent and initial ratio of materials.

Microwave-assisted activation (MAA). MAA without the usage of any of the conventional activation agents
(chemicals, CO, or steam gases) in the atmosphere of the exhaust gas was used to process the biomass remaining
after extraction with the aim of producing biochar—a valuable secondary product. After pre-drying at 110+ 5°C
for 24h, the biomass samples (solid residue after extraction) were subjected to MAA using a modified lab-scale
cavity-type microwave oven (Milestone, Italy) with continuous output power and an operating microwave fre-
quency of 2.45 GHz (wavelength 12.2 cm). The MAA process was carried out under a constant power of 600 W.
The effect of operational parameters, namely, temperature (200-350°C) and irradiation time (5-30min), on the
biochar yield and physical characteristics was investigated. Samples (100 g of pre-dried biomass) were placed in
a ceramic crucible into the microwave oven cavity and heated at an average rate of 10°C/min until the selected
temperature of carbonization (200, 250, 300 or 350°C) was achieved. Then, the temperature was held for different
times (5-30min). Finally, the carbonized biomass (biochar) was cooled to room temperature under N, flow and
kept in a desiccator until physical characterization. The yield was calculated as the ratio of the dry weight of the
resultant biochar to the weight of the raw pre-dried biomass precursor. The resulting biochar characteristics were
compared with the available values from the literature.
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Figure 5. Identification of the flavonoid ions and ions created due to glycosidic bond cleavages (adapted
from”).

Analytical methods. LC-MS analysis. The EtOH(30)/H,0(70) of C. edulis obtained by MAE were
analysed by high-performance liquid chromatography coupled to a diode array detector (HPLC-DAD)
using an Ultimate 3000 SD (Thermo Scientific) and by HPLC coupled to high-resolution mass spectrometry
(HPLC-HRMS) on an Ultimate 3000 RSL Cnano system (Thermo Scientific) interfaced with a quadrupole
time-of-flight (QTOF) Impact IT mass spectrometer equipped with an electrospray source (Bruker, Daltoniks).
Chromatography separation was carried out on a Kinetics 5 um C18 100 A column (150 mm x 4.60 mm) or on
a Kinetics 1.7um C18 100 A LC column (150 x 2.1 mm) (Phenomenex, USA) at a constant temperature of 35°C
and flow rates of 0.300 mL min ! and 0.150 mL min ", respectively. The mobile phase consisted of 0.1% (v/v)
formic acid in water (A) and 0.1% (v/v) formic acid in acetonitrile (B). The elution conditions were as follows: 5%
B for 2min; 5 to 30% B for 30 min; 30 to 100% B for 13 min; 100% B for 3 min; 100 to 5% 2 min; and finally, 5% B
for 10 min.

The mass spectrometer was operated in ESI negative ion mode at high resolution. The optimized parame-
ters were as follows: ion spray voltage, 2.5kV; end plate offset, -500 V; nebulizer gas (N,), 2.8 bar; dry gas (N,),
8Lmin""; dry heater, 200 °C. Internal calibration was performed in high-precision calibration (HPC) mode with
a solution of 10mM sodium formate, which was introduced to the ion source via a 20 L loop at the beginning of
each analysis using a six-port valve. Sample analysis was performed by data-dependent acquisition (auto MSMS
mode) in a m/z range of 50-1500 with a rate of 3 Hz and by a dynamic method with a fixed cycle time of 3 5. Data
were processed using Data Analysis 4.1 software (Bruker Daltonics).

Identification of flavonoid glycosides. detection of fragmentation pathways. To denote the various fragment ions
obtained by LC-MS analysis of the C. edulis extract, the nomenclature for flavonoid fragmentations proposed by
Claeys and that for carbohydrate fragmentations proposed by Domon and Costello*” and subsequently expanded
by Li and Claeys* were adopted and used (Fig. 5). The labels /A~ and /B~ have been applied to define the pri-
mary fragment ions containing intact A and B rings, respectively, and the superscripts i and J indicate the number
of broken C-ring bonds. The labels Y, “and /X, denote glycoside flavonoids. The rupture of glycosidic bonds
accompanied by hydrogen transfer gives rise to ions of Y, ~ type, whereas */X,~ indicates ions formed by multiple
cleavages involving the i,] bonds of carbohydrate units, where the subscript  indicates the number of interglyco-
sidic bonds from aglycone.

Phytochemical screening assays. Phytochemical screening assays were performed to detect the total phenolic
compound and flavonoid sub-family contents in the extract samples. A UV-Vis GBC 918 spectrometer was used
to detect the target phytochemicals.

Total phenol determination.  The total phenolic compounds were determined using Folin-Ciocalteu reagent™.
Plant extract (100, 0.01%), Folin-Ciocalteu reagent (50011) and sodium carbonate (2ml, 2%) were thoroughly
mixed and kept at room temperature for 30 min before measurements. The total phenolic concentration was
determined by the absorbance at 720 nm using gallic acid as a standard at 10 to 200 pg/ml. y=0.1572 x - 0.147,
with R*=0.988.

Total flavonoid determination. Flavonoids were determined using the aluminium chloride colorimetric
method*. A total of 250l of plant extract (0.01%) was mixed with 75 pl of NaNO,, 150l of AICI, (10%), 500 pl
of NaOH (1N) and 2.5ml of distilled water. The mixture was held at room temperature for 5 min, after which the
absorbance of the mixture was measured at 510 nm. The calibration curve was prepared using quercetin solutions
at 10 to 120g/ml. y=0.2832 x - 0.263, with R*= 0.986.

Surface and texture characterization. The biochar was characterized by elemental and proximate analyses using
an automatic CHNS-O elemental analyser and a Flash EATM 1112.

The porosity and surface parameters of the biochar samples were measured by means of low-temperature
nitrogen adsorption isotherms at 77K collected using a BET accelerated surface area and porosimetry analyser
(Micromeritics ASAP 2010). Prior to adsorption testing, the samples were outgassed at 240 °C for 24h under a
pressure of 10 Pa.
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The specific surface area was calculated using the BET equation*!. The Dubinin-Radushkevich*’ and
Barrett-Joyner-Halenda (BJH)** methods were applied to determine the micro- and mesopore volumes, respec-
tively. The biochar point of zero charge (PZC) was obtained by acid-base titration*.

Energy consumption calculation. The energy consumption (E) in kilowatt-hours (kWh) for a single
extraction run is equal to the power P in watts (W) multiplied by the number of hours of extraction device usage
(1,) per extraction process and divided by 1000 watts per kilowatt, according to Eq. (1):

iy = Pwy X 00/ 100000y (1)

Total mass balance evaluation. The total mass balance for the integrated processing scheme was esti-
mated via calculation of the yield of the primary valuable product—phytochemicals, from the extraction pro-
cess—and the secondary valuable product—biochar, from biomass processing. Emphasis was also given to the
estimation of the yield and mass balance of the flavonoid sub-family of phytochemical products extracted from C.
edulis. The exact conservation law was used in the analysis of the system.

The moisture content of the C. edulis leaf mass was calculated by measuring the mass while “wet” (fresh leaves)
and that after drying and using Eq. (2):

My — My
9%Moisture = 10—
My 2)

however, further calculations were performed on a dry matter (water-free) basis, i.e., with respect to the C Edulis
leaf mass after pre-drying, which was considered to be 100%.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding
author on reasonable request.

Received: 20 February 2019; Accepted: 1 November 2019;
Published online: 03 December 2019

References
1. Research and Markets. Europe phytochemicals and plant extracts market by applications - analysis and forecast to 2019. http://www.
researchandmarkets.com/research/x6lww9/europe (2015)
‘World Health Organisation (WHO), World Conservation Union (TUCN) & World Wide Fund for Nature (WWF). Guidelines on the
Conservation of Medicinal Plants. (WHO/TUCN/WWF, 1993).
3. Vila, M. et al. Widespread resistance of Mediterranean island ecosystems to the establishment of three alien species. Divers. Distrib.
14, 839-851 (2008).
Schierenbeck, K. A, Symonds, V. V., Gallagher, K. G. & Bell, ]. Genetic variation and phylogeographic analyses of two species of
Carpobrotus and their hybrids in California. Mol. Ecol. 14, 539-547 (2005).
Tamilselvan, N, Thirumalai, T, Shyamala, P. & David, E. A review on some poisonous plants and their medicinal values. Journal of
Acute Discase 3, 85-89 (2014
Martins, A. ef al. Antibacterial properties of compounds isolated from Carpobrotus edulis. Int. J. Antimicrob. Agents 37, 438-444
(2011)
van der Watt, E. & Pretorius, J. C. Purification and identification of active antibacterial components in Carpobrotus edulis L. ].
Ethnopharmacol. 76, 87-91 (2001),

. Martins, M. et al. Inhibition of the Carpobrotus edulis methanol extract on the growth of phagocytosed multidrug-resistant
Mycobacterium tuberculosis and methicillin-resistant Stuphylococcus awreus. Fitoterapia 76, 96-99 (2005).
9. Xu, Z & Howard, L. R. Analysis of antioxidant-rich phytochemicals (John Wiley & Sons, 2012)

10. Wolfender, J. L., Eugster, P. ], Bohni, N. & Cucndet, M. Advanced methods for natural product drug discovery in the ficld of
nutraceuticals. Chimia (Aarau) 63, 400-406 (2011)

11. Boyer,J. & Liu, R. H. Apple phytochemicals and their health benefits. Nutr. J. 3, 5-5 (2004)

12. Omoruyi, B. E,, Bradley, G. & Afolayan, A. J. Antioxidant and phytochemical properties of Carpobrotus edulis (L) bolus leaf used for
the management of common infections in HIV/AIDS patients in Eastern Cape Province. BMC Complement. Altern. Med. 12, 215
(2012).

13. Sasidharan, S, Chen, Y., Saravanan, D, Sundram, K. M. & Latha, L. Y. Extraction, isolation and characterization of bioactive
compounds from plants’ extracts. Afr. J. Tradit. Complement. Altern. Med. 8, 1-10 (2011)

14. Gang, D. R. Phytochemicals, plant growth, and the envirowment (Springer Science & Business Media, 2012).

15. Balandrin, M. F, Klocke, J. A, Wartele, E. S. & Bollinger, W. H. Natural plant chemicals: sources of industrial and medicinal
materials. Science 228, 1154-1160 (1985).

16. Azmir, ]. et al. Techniques for extraction of bioactive compounds from plant materials: a review. J. Food. Eng. 117, 426-436 (2013).

17. Azwanida, N. A review on the extraction methods use in medicinal plants, principle, strength and limitation. Med. Aromat. Plants
4,2167-0412.1000196 (2015)

18. Moncada, ], Tamayo, J. A. & Cardona, C. A. Techno-economic and environmental assessment of essential oil extraction from
Oregano (Origanum vulgare) and Rosemary (Rosmarinus officinalis) in Colombia. J. Clean. Prod. 112, 172-181 (2016).

19. Harker, K. N. & O'Donovan, ]. T. Recent weed control, weed management, and integrated weed management. Weed Technol. 27,
1-11 (2013).

20. Koay, G. E. L, Chuah, T.-G. & Choong, T. 8. Y. Economic feasibility assessment of one and two stages dry fractionation of palm
kernel oil. Ind. Crops Prod. 49, 437-444 (2013).

21. Strezov, V. & Evans, T. J. Biomass processing technologies (CRC Press, 2014).

22. Kan, T, Strezov, V. & Evans, T ]. Lignocellulosic biomass pyrolysis: a review of product properties and effects of pyrolysis parameters.
Renewable and Sustainable Energy Reviews 57, 1126-1140 (2016)

23. Anastas, P. T. & Warner, J. C. Green chemistry: theory and practice (Oxford University Press, 1998).

24. Rothwell, ]. A. ef al. Phenol-Explorer 3.6: a major update of the Phenol-Explorer database to incorporate data on the effects of food
processing on polyphenol content. Database. https://doi.org/10.1093/database/bat070 (2015).

Y

~

N

~

o

SCIENTIFICREPORTS|

(2019) 9:18171 | https://doi.org/10.1038/541598-019-53817-8




image40.jpeg
www.nature.com/scientificreports/

25. Lin, L. Z,, Sun, ], Chen, P, Monagas, M. J. & Harnly, ]. M. UHPLC-PDA-ESI/HRMS" profiling method to identify and quantify
oligomeric proanthocyanidins in plant products. J. Agric. Food Chem. 62, 9387-9400 (2014).

26. Sun, B., Leandro, M. C,, de Freitas, V. & Spranger, M. I. Fractionation of red wine polyphenols by solid-phase extraction and liquid
chromatography. J. Chromatogr. A 1128, 27-38 (2006)

27. Rockenbach, I. 1. et al. Characterization of flavan-3-ols in seeds of grape pomace by CE, HPLC-DAD-MSn and LC-ESI-FTICR-MS.
Food Res. Int. 48, 848-855 (2012).

28. Vukics, V. & Guttman, A. Structural characterization of flavonoid glycosides by multi-stage mass spectrometry. Mass Spectrom. Rev.
29, 1-16 (2010)

29. Cai, W, Gu, X. & TaNG, J. Extraction, purification, and characterisation of the flavonoids from Opuntia milpa alta skin. Czech J.
Food Sci. 28,108-116 (2010).

30. Fu, F. & Wang, H. L. Metabolomics reveals consistency of the shoot system in Medicago truncatula by HPLC-UV-ESI-MS/MS. Int.
J. Food Sci. Technol. 50,2183-2192 (2015).

31. Menaa, F. & Tréton, C. H. Polyphenols in chronic diseases and their mechanisms of action in Polyphenols in human health and
disease (eds Watson, R. R, Precdy, V. R., & Zibadi, S.) 819-830 (Elsevier/Academic Press, 2014).

32. Masek, O. ef al. Microwave and slow pyrolysis biochar—Comparison of physical and functional properties. J. Anal. Appl. Pyrolysis
100, 41-48 (2013).

33. Ronsse, F, van Hecke, S, Dickinson, D. & Prins, W. Production and characterization of slow pyrolysis biochar: influence of feedstock
type and pyrolysis conditions. Glob. Change Biol. Bioenergy 5, 104-115 (2013).

34. Wannapeera, ]., Worasuwannarak, N. & Pipatmanomai, S. Product yiclds and characteristics of rice husk, rice straw and corncob
during fast pyrolysis in a drop-tube/fixed-bed reactor. Songklanakarin Journal of Science & Technology 30,393-404 (2008)

35. Elsayed, M. & Zalat, O. Factor affecting microwave assisted preparation of activated carbon from local raw materials. International
Letters of Chemistry, Physics and Astronomy 47,15-23 (2015)

36. Brown, T. R, Wright, M. M. & Brown, R_C. Estimaling profitability of two biochar production scenarios: slow pyrolysis vs fast
pyrolysis. Biofirel. Bioprod. Biorefin. 5, 54-68 (2011).

37. Domon, B. & Costello, C. E. A systematic nomenclature for carbohydrate fragmentations in FAB-MS/MS spectra of glycoconjugates.
Glycoconj. J. 5, 397-409 (1988).

38. Li, Q. M. & Claeys, M. Characterization and differentiation of diglycosyl flavonoids by positive ion fast atom bombardment and
tandem mass spectrometry. Biol Mass Spectrom 23, 406-416 (1994).

39. Madaan, R., Bansal, G., Kumar, S. & Sharma, A. Estimation of Total Phenols and Flavonoids in Extracts of Actaea spicata Roots and
Antioxidant Activity Studies. Indian . Pharm. Sci. 73, 666-669 (2011).

40. Chang, C.-C., Yang, M.-H., Wen, H.-M. & Chern, ].-C. Estimation of total flavonoid content in propolis by two complementary
colorimetric methods. J. Food Drug Anal. 10,178-182 (2002).

41. Brunauer, S., Emmett, P. H. & Teller, E. Adsorption of gases in multimolecular layers. J. Am. Chem. Soc. 60,309-319 (1938),

42. Dubinin, M. M. & Radushkevich, L. V. Equation of the characteristic curve of activated charcoal. Proc. Acad. Sci. USSR Phys. Chem.

Sect. 55,331 (1947).

Barrett, E. P, Joyner, L. G. & Halenda, P. P. The determination of pore volume and area distributions in porous substances. L.

Computations from nitrogen isotherms. J. Am. Chem. Soc. 73,373-380 (1951).

44. Sontheimer, H., Crittenden, |. C. & Summers, R. S. Activated carbon for water treatment. (DVGW-Forschungsstelle, 1988).

45. http://www.co.org/proChects/Good-Hygiene-Practices/cnt/cnt_sp/sec_3/docs_3.2/Determine%20m%20c.pdf.

&

Author contributions

Ser.L., A.Ch.and S.I. conceived of the presented idea. A.P. realized general supervision of the work. Ser.L., M.C.,
N.A,AL,ACh,SL,and AP. conceived and planned the experiments. Ser.L., O.Sh., O.L, M.C, A.L. and
A.C.h. carried out the experiments. Ser.L., O.Sh,, M.C,N.A, AL, and A.Ch. contributed to the interpretation
of the results. Ser.L. and S.L. took the lead in writing the manuscript with support from A L. and M.C. All authors
provided critical feedback and helped shape the research, analysis and manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to Sergiy L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2019

SCIENTIFICREPORTS|

(2019) 9:18171 | https://doi.org/10.1038/541598-019-53817-8




image41.jpeg
Communications
ChemistrySelect

doi.org/10.1002/s1ct.202003353

Chemistry
Europe

European Chernical
Socisties Publishing

Organic & Supramolecular Chemistry

2-(Het)aryl-N-phosphorylpyrrolidines via Cyclization of
Phosphorus Acid Amides: A Regioselective Approach

Andrey V. Smolobochkin,®' Rakhymzhan A. Turmanov,”® Dinara S. Abdullaeva,"”

Almir S. Gazizov,*™ Julia K. Voronina,' ¢ Nurbol
Alexander R. Burilov,” and Michail A. Pudovik®

A first successful synthesis of 2-(het)aryl-N-phosphorylpyrroli-
dines is reported starting from readily available N-(4,4-dieth-
oxybutyl)lamides of P(V) acids. A range of phenols and
hydroxyl-substituted O-heterocycles may be employed into the
reaction furnishing N-phosphorylated 2-(het)arylpyrrolidines
with up to 90% yield. The developed method permits a
presence of sensitive to phosphorylation hydroxy groups and
provides the easy and regioselective entry to target com-
pounds.

Pyrrolidine core is widespread in natural products"? and

synthetic drugs.”! Phosphorus-containing pyrrolidine deriva-
tives are of a special interest due to their various biological®
and catalytic®™” properties. Among them, (pyrrolidin-1-yl)
phosphoramidates are proposed for hepatitis C,'" malaria and
tuberculosis''? treatment, possess anti-HIV'*'® and anti-
tumor”™® activity. Additionally, they employed as chiral ligands
in various asymmetric reactions. Examples are metal-catalyzed
stereoselective reduction of ketones,"*” ketimines?"! and
alkenes,**¥ various cycloadditions,”*** addition of boronic
acids®” and organotrifluoroborates®’ to alkenes, asymmetric
ruthenium-catalyzed metallo-ene reaction™ and Suzuki-
Miyaura coupling.*!

[a] Dr. A. V. Smolobochkin, R. A. Turmanov, Dr. A. S. Gazizov, D. N. Buzyurova,
Prof. Dr. A. R. Burilov, Prof. Dr. M. A. Pudovik

Arbuzov Institute of Organic and Physical Chemistry, FRC Kazan Scientific
Center, Russian Academy of Sciences, 4

20088, Arbuzova str., 8, Kazan, Russian Federation

E-mail: agazizov@iopc.ru

R. A. Turmanov

Kazan National Research Technological University

420015, Karl Marx str., 68, Kazan, Russian Federation

[b]

[c] D.s. Abdullaeva
Kazan Federal University
420008, Kremlyovskaya str., 18, Kazan, Russian Federation
[d] J. K. Voronina
N.S. Kurnakov Institute of General and Inorganic Chemistry, RAS
31 Leninsky Av., 119991 Moscow, Russian Federation
[e] 1 K. Voronina
G.V. Plekhanov Russian University of Economics
36 Stremyanny Per., Moscow 117997, Russian Federation
[fl N.O. Appazov
Korkyt Ata Kyzylorda State University
120014, Aiteke bike str., 29A, Kyzylorda, Republic of Kazakhstan
Supporting information for this article is available on the WWW under

https://doi.org/10.1002/51ct.202003353

ChemistrySelect 2020, 5, 12045-12050 Wiley Online Library

12045

0. Appazov,” Daina N. Buzyurova,”

In spite of this, the number of approaches to (pyrrolidin-1-
yhphosphoramidates is quite limited, as demonstrated in our
recent review.”” The formation of a P-N bond is usually
achieved via phosphorylation of N-unsubstituted pyrrolidines
by P(V) acid chlorides, which is a general method of synthesis
of phosphoramidates. The Atherton-Todd reaction”* represents
a variation of this approach. All of these reactions rely on
replacement of leaving group with NH-nucleophile, i.e. pyrroli-
dine derivative, and thus may be classified as a well-known
nucleophilic substitution at phosphorus atom. However, the
difficulty of precisely controlling the regioselectivity in the
presence of other groups capable of phosphorylation (hydroxyl,
amino etc) is an intrinsic and general problem with this
approach. Moreover, the lability of P-N bond towards
hydrolysis makes a separation of target compounds from
byproducts a difficult or sometimes even impossible task.

A reaction of P(V) acid amides with carbonyl compounds
represents an entirely another strategy of N-substituted
phosphoramidates synthesis. In this case, an amidic nitrogen of
phosphoramidate acts as a NH-nucleophile and substitution
occurs on electrophilic carbon, while leaving adjacent
phosphorus atom intact. This approach is widely used for a
synthesis of acyclic phosphoramidates. Typical examples are
the Mannich-type reaction of primary phosphoramidates with
aldehydes and organozinc reagents“®*” or sulfonic acids*® and
closely related reaction of trifluorodiazoethane with phosphinyl
imines.* Another example is aza-Baylis-Hillman reaction of
diphenylphosphinamide with arylaldehydes and methyl vinyl
ketone reported by Shi and Zhao."”

However, only a limited number of N-phosphorylated
heterocycles were obtained in this way. Galvez and Diaz-de-
Villegas have described the intramolecular aza-Prins reaction of
diphenyl but-3-en-1-ylphosphoramidate resulting in azabicyclo
[3.2.1]octane derivatives.*” Two research groups reported the
preparation of N-phosphoryltetrahydroisoquinolines via the
Pictet-Spengler reaction of phenethylphosphoramidates.“**"
The synthesis of tetrahydropyridine via transient formation of
N-phosphorylated ~ 5-aminopentanal  derivative is  also
noteworthy.* Similarly, palladium-catalyzed deprotection of
3,3-dibenzyloxypropylphosphoramidate results in
bered 1,3,2-oxazaphosphinane 2-oxide by spontaneous cycliza-
of 3-oxopropyl  phosphoramidate'*!
(Scheme 1, A). The only example of 2-ethoxypyrrolidine deriva-
tive synthesis and subsequent Lewis acid-catalyzed substitution
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Scheme 1. A) Some known examples of N-phosphorylated heterocycles synthesis via cyclization of phosphoramidates; B) Regioselective one-pot approach to

2-(hydroxy(het)aryl)-N-phopshorylpyrrolidines.

of ethoxy group with allyltrimethylsilane was reported by
Hiemstra and coworkers in 2004.4%

Based on this data and our previous efforts on 2-substituted
pyrrolidines synthesis, ! we anticipated that a similar reac-
tion of N-(4,4-diethoxybutyl)amides of P(V) acids with electron-
rich (het)aryl nucleophiles would afford N-phosphorylated 2-
(het)aryl-substituted pyrrolidine derivatives via intermediate 2-
ethoxypyrrolidine formation. Notably, the presence of phos-
phorylation-sensitive groups in a nucleophile should not
interfere with the reaction, thus allowing regioselective syn-
thesis of hitherto unknown N-phosphorylpyrrolidines possess-
ing hydroxyl(het)aryl moiety (Scheme 1, B).

Thus, herein we report the first successful one-pot synthesis
of 2-(het)aryl-N-phosphorylpyrrolidines via acid-catalyzed intra-
molecular Mannich-type cyclization of N-(4,4-diethoxybutyl)
amides of P(V) acids. The proposed approach well tolerates
sensitive to phosphorylation hydroxy groups and provides the
easy and regioselective entry to target compounds. Addition-
ally, it features advantages of easily available reagents, mild
reaction conditions and simple work-up procedure.

We initiated our studies with the synthesis of starting N-
(4,4-diethoxybutyl)amides of P(V) acids 1 via the reaction of
appropriate P(V) acid chlorides with 4,4-diethoxybutan-1-amine
in Scheme 2. Alkyl, aryl, alkoxy and aryloxy
substituents at phosphorus atom worked well, providing
compounds 1a-e in 84-97% yield. Interestingly, the diethyl
(4,4-diethoxybutyl)phosphoramidate 1e underwent spontane-
ous cyclization upon storage affording equimolar mixture of
ethanol and 2-ethoxypyrrolidine derivative 2. The pyrrolidine
ring closure was unequivocally confirmed by side-to-side
comparison of NMR spectra of freshly prepared compound 1e
and the same sample after 2 weeks. The most characteristic
change is the appearance of partially overlapped multiplets
corresponding to magnetically non-equivalent methylene pro-
tons in the latter spectrum, as well as downfield shift of

as shown
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Scheme 2. Synthesis of starting phosphoramidates 1 and 2-ethoxypyrrolidine
- 3

methyne proton signal (see Supplementary Information, Fig-
ure 521). Notably, the similar spontaneous cyclization of BINOL-
based N-(4,4-diethoxybutyl)phosphoramidate was also ob-
served by Hiemstra et al* The cyclization of amide 1e could
be completely reversed upon heating the obtained mixture of
2-ethoxypyrrolidine 2 and ethanol at 80°C for 1 hour.

We became curious about the reasons for such an easy
cyclization of the compound 1e compared to other obtaned P
(V) acids amides. Thus, the plausible mechanism for the acid-
catalyzed intramolecular cyclization of amides 1 was proposed
(Scheme 3). Then, geometries of key intermediates B and C
were optimized for phosphoramidate 1e and phosphinamide
1b’ (R=Et), which was used as model compound instead of
phosphinamide 1b (R=CH,CH,Cl). All calculations were per-
formed at B3LYP/6-311+ +G(2d,p) theory level using the

© 2020 Wiley-VCH GmbH
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Scheme 3. Plausible mechanism of N-(4,4-diethoxybutyl)amides 1 cyclization

Gaussian 16 package.™ All geometry optimizations were

followed by frequency calculations at the same level of theory
in order to check that optimized structures really correspond to
true minima. Obtained energies of the intermediates B, C
relative to reagents and products are given in Table 1.

As seen from the above data, intermediates B are only
slightly higher in energy (~2 kcal/mol) than starting amides 1e
and 1b". Interestingly, quantum chemistry calculations suggest
a strong interaction of oxygen atom lone pair with positively
charged carbon atom and a formation of a seven-membered

Table 1. Relative energies (kcal/mol) of intermediates for the cyclization of
N-(4,4-diethoxybutyl)amides 1eb’ (B3LYP/6-311 + + G(2d,p), Gaussian 16).

R 1+H B+ EtOH C+EtOH 2+H™ +EtOH
EtO (e) 282 4.80 5.65 0
Et (b) 0.78 2.89 1161 0

C, +0.480

Figure 1. Hirshfeld charges of compound 1e as obtained from quantum
chemistry calculations (B3LYP/6-311 + + G(2d,p), Gaussian 16)

ChemistrySelect 2020, 5, 12045-12050 Wiley Online Library
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1,3,2-oxazaphosphepan ring during reaction. Additionally,
performed Hirshfeld charges calculation also indicate that a
positive charge is localized on phosphorus atom mostly (Fig-
ure 1). Thus, the abovementioned low difference in energy may
be attributed to this interaction which stabilizes intermediates
B.

At the same time, the energy of the intermediate C-b’ is
almost 4-fold higher than energy of intermediate B-b’, whereas
for intermediates C-e and B-e the difference in energy is only
~ 1 kcal/mol. According to the Hammond's postulate, these
energy values can be closely approximated to energies of
corresponding transition states. In agreement with the Eyring
equation, 1 kcal/mol difference in activation energy results in
almost 6-fold difference in reaction rates at room temperature.
Thus, obtained results suggest that a cyclization of amide 1e
should proceed much faster compared to amide 1b’, which is
indeed the case.

Next, we studied the interaction of obtained N-(4,4-dieth-
oxybutyllamides 1 with aromatic nucleophiles using bis(2-
chloroethyl)-substituted amide 1b and benzo[d][1,3]dioxol-5-ol
(sesamol) as model compounds. The model compounds were
chosen based on a hydrolytic stability of amide 1b and high
nucleophilicity of sesamol. Pleasingly, the reaction proceeded
smoothly and resulted in N-phosphorylpyrrolidine 3a. Con-
ditions previously found to be the optimal for the cyclization of
N—(4,4-diethoxybutyl)ureas,”” i.e. 1 equivalent of trifluoroacetic
acid in chloroform solution at room temperature, provided the
target compound in 80% yield and thus were not further
optimized.

Then we explored N-(44-diethoxybutyllamides 1 and C-
nucleophiles scope using various phenols and hydroxyl-sub-
stituted O-heterocycles. The obtained results are summarized
in Table 2. Sesamol, 4-chlororesorcinol and 2-naphthol reacted
smoothly, providing N-phosphorylpyrrolidines 3a,l,p, 3hk and
3bm in 47-86% isolated yield. The exception was the
compound 3i, which was obtained with 30% yield only.
Reactions with O-heterocyclic nucleophiles proceeded similarly.
Thus, 4-hydroxy-6-methylpyran-2-one afforded compounds
3dn in 62% and 35% yield, accordingly. Reactions of its
benzoannelated analog, 4-hydroxychromen-2-one, resulted in
pyrrolidines 3ef,j in somewhat higher yields (40-90%). Addi-
tionally, non-heterocyclic 2-hydroxynaphthtoquinone was em-
ployed into the reaction, which also gave appropriate N-
phopshorylpyrrolidine 3c. The reaction of 2-methylresorcinol
possessing two reactive sites led to a diastereometric mixture of
disubstituted products with dr=1:1 according to *'P NMR
data. After several attempts, we succeeded at the isolation of
the compound 30 as a single R,S-diastereomer with 35 % yield.
Overall, no direct correlations between a nucleophile structure
and a yield of a N-phosphorylpyrrolidines 3 could be observed.

The influence of substituents at the phosphorus atom,
however, is more pronounced. Thus, the 2-(6-hydroxybenzo[d]
[1,3]dioxol-5-yl)pyrrolidine 3a possessing 2-chloroethyl sub-
stituent was obtained in 80% yield, whereas in case of its
counterparts 3i, 31 and 3p with phenoxy, o-tolyloxy and
ethoxy groups at the phosphorus atom the yields were 30%
(3i), 56% (31) and 68% (3p). The similar trend was observed

© 2020 Wiley-VCH GmbH
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Table 2. Synthesis of N-phosphoryl-2-(het)arylpyrrolidines 3.°! ‘

OEt (Het)Ar—H (Het)Ar
O NH_~_J__ TFACHC, \O
R OEt N
Ry rt, 12h b
1a-d R 3

3d
Cl 62%

N

R P4 =

3a j Cl ’> 3b &
80% ClI cl— 86% 80% cl

OH
O N
PhO™ ‘oph
|
_ o)
Q
30% RN - kg OH
PhO”™ “oph 90% 61% Ar0" “oar ' 3
OH OAr e OH O 56%
. ArO-P-N o o
| OO HO 1 <
O=I|3—OAr \_OH O=P-OAr 0
OAr o__ Q oar 3 0 N
3m 3n N-P-OAr R S-30 68% :p\’
47% Me  35% OAr  35% EtO” “oEt

o o OH O:{
P m S0 s e
H 29% O N 43% e

0”0 o H

fal Isolated yield is given

for 2-(2-hydroxynaphthalen-1-yl)pyrrolidines 3b and 3m (86%  hydroxy-2-oxochromen-3-yl)pyrrolidines 3ef (77% and 40%).
vs 47%), 2-(4-hydroxy-6-methyl-2-oxopyran-3-yl)pyrrolidines ~ The compound 3j, which was obtained in 90% vyield, falls out
3d and 3n (62% and 35%, accordingly), as well as 2-(4- of this row, however. Nonetheless, the above data suggests
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that phosphinamide 1b possessing 2-chloroethyl substituents
tends to provide higher isolated yields of target compounds in
most cases.

We attribute this to higher hydrolytic stability of P-N bond
in amino(dialkyl)phosphoryl group than in amino(diaryloxy)-
and amino(dialkyloxy)phosphoryl groups. Notably, when reac-
tions of diethyl (4,4-diethoxybutyl)phosphoramidate 1e with 4-
hydroxychromen-2-one and 2-hydroxynaphthtoquinone were
carried out, the phosphorylated pyrrolidines were formed
almost quantitatively according to *PNMR spectra of the
reaction mixture. However, only hydrolysis products 3q,r were
isolated with 29 % and 43 % yield after reaction workup.

Notably, the reaction of other nucleophiles such as benzene
or naphthalene did not lead to expected 2-arylpyrrolidines.
Appropriate N-phosphoryl-2-ethoxypyrrolidines 2 were ob-
served in the reaction mixture instead, which were hydrolyzed
to 2-ethoxypytrrolidine upon isolation. This is undoubtedly due
to the lower nucleophilicity of these aromatics, which prevents
their further reaction with 2-ethoxypyrrolidines 2. The similar
results were observed by us earlier for the N-(4,4-diethoxybutyl)
ureas and N-(4,4-diethoxybutyl)sulfonylamides.*!

Attempts to employ a triflic acid catalyst as described by
Klumpp with coworkers for N-(4,4-diethoxybutylureas®” and
aminoacetals®® also failed and no cyclization products were
observed in the reaction mixtures. This may be attributed to
the protonation of amidophosphoryl moiety by superacid,*
which lowers the nucleophilicity of the nitrogen atom and
hinders the cyclization.

The reaction with indole and pyrrole also did not furnish
the desired 2-substituted pyrrolidines, which is probably due to
instability of both starting heterocycles and reaction products
in the strongly acidic media. Considering all of the above, the
reaction scope is limited to electron-rich (hetero)aromatics,
which are stable in the presence of acids.

The structure of the compounds 3h,i,0 was additionally
confirmed by x-ray crystallography. X-ray investigations of
compounds3 h,i and 3o revealed that the bond lengths,
valence and torsion angles in molecules of the studied
compound have values that are within standard for each type
of chemical bond (see Supporting Information, Figure S1). The
non-rigid five-membered cycles in all compounds are in the
conformation of an envelope with an deviation from the plane
of the C2 atoms at —0.2460(17)A, —0.2544(19)A and —0.241(8)
A and 0.222(8)A in 3i,3h, and 30 respectively. The yield of C2a
and C2b atoms in compound 30 is inverted due to the
different configuration of the chiral C1a and C1b atoms.

The crystal packing of all compounds is determined by
hydrogen bonds, but the motif of the latter is different in all
cases (see Supporting Information, Figure S2). It is classic
centrosymmetric dimer in which the hydroxyl groups act as
donors and the oxygen of P=O group acts as acceptor of
hydrogen bonds in compound 3i. In compound 3h it is also
the centrosymmetric dimer, but with a different configuration
due to the presence of the solvate DMSO molecules in the
crystal. Dimers are bonded in chains by the CH---xt interactions
in both crystals. In this case acceptors of H-bonds are P=0 and
S=0 groups. And crystal of the 30 consists of spiral chains
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formed by hydrogen bonds between molecules bound by
screw axis 2, In all cases, the crystal packing is an infinite chain
connected to each other by weak van der Waals interactions.

In conclusion, an efficient method for the synthesis of
various 2-(het)aryl-N-phosphorylpyrrolidines was developed for
the first time using easily accessible N-(4,4-diethoxybutyl)
amides of P(V) acids and electron-rich (het)aryl nucleophiles as
starting materials and an inexpensive trifluoroacetic acid as
catalyst. A series of hitherto unknown and hardly available by
known methods N-phosphorylated 2-(hydroxyl(het)aryl)pyrroli-
dines were obtained in regioselective and one-pot manner.

Supporting Information Summary

The full experimental details and characterization data for all
synthesized compounds, x-ray data and copies of NMR spectra.
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lNposedeH co-mepmonu3 pucosoll wernyxu u Conombl ¢ HehmeuwiiaMom ¢ Uesbio ro-
JyHeHUs WUPOKO npumeHsieMoeo adcopberHma — akmueuposaHHoz2o yens. Kap6oHusayuro
npogodurnu 8 mpy64amoli neyu, Uu320moeneHHol U3 Hepxasetouweli cmanu npu memnepamype
500°C u akmusayur KkapboHuU3ama ocywecmensnu 8o0sIHbIM NapoM Npu memnepamype
800°C. UsyqeHo enusiHUe COOMHOWEHUS UCXOOHbIX KOMITOHEHMOB8 CbIpbs (Werlyxa / cornoma:-
Hegbmewnam) Ha ceolicmea npodykma. OnmumarnbHbIM COOmHoleHUeM Ofs Co-mepMonu3a
wenyxa: Hegpmewnam siensemcs 9:1 (o macce), coomeemcmeeHHo. OnmumMarnbHbIM YCo-
8UeM MOoITy4eHUs1 aKmu8UPO8aHHOZ0 yarsi CO-mepMOIU3OM PUCcO8oLi COoMbI U Heghmeuwinama
s8nsiemcs memnepamypa kapboHusayuu 500°C ¢ npodomkumernisHocmbio 100 MUH., akmu-
sayuu kapboHusama npu memnepamype 850°C u npu coomHoweHuu 8oda: kKapboHuU3am =
2:1. U3yyeHbl makue nokazamenu, kak adcopbyloHHasi akmueHocmb 1o o0y, cyMmapHbil
o6bem rnop no sode, maccosast oM enaau U HacbkinHasa nromHocms. Mukpocmpykmypb!
MOsTyHeHHbIX aKmUBUPOBaHHbIX yenel udyyanu Ha CKaHUPYIOWEM pacmposoM NEKMPOHHOM
Mukpockone. AKmusuposaHHbIl y2oib, Nony4YyeHHbIU coemecmHol nepepabomkoli pucogol
wenyxu u Heghmeuwiniama 8 coomHouieHUsx 9:1, coomeemcmeyem akmugupo8aHHOMY yaiio
mapku JAK. lNonyyeHHsil npodykm Ha ocHose pucogoll conoMbl U Heghmetunama coomsem-
cmayem akmusupoeaHHbIM yenam Mapku BAY-M®, BAY-A u BAY-Ay,.

KJTIOYEBBIE CJIOBA: akmuguposaHHbIll y2orb, pucosas wernyxa, pucosasi conoma,
Hegbmewinam, co-mepmonus, kapboHU3ayus, akmusayusi KapboHusama.
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2Kasak yNnTThIK Kbl3aap negarorukansik yHUBEPCUTETI,
KasakcTtaH Pecny6nukackl, 050000, Anmartbl k., AliTeke 61 kewweci, 99

KeH KondaHbinamsiH adcopbeHm — 6enceHoipinaeH Kemip any MakcambiHOa Kypill Kaybi-
3bl MeH cabaHbiH MyHall winambiMeH co-mepmonu3oey ypoici xypeisindi. Kap6oHusayus 500°C
memnepamypada momsiknalimsiH 6onamman xacanfaH mymikmi newme Xypeisindi, kapboHu-
3ammsi 6enceHdipy cy bybimeH 800°C memnepamypada icke acbipbindbl. LLiukisammsiH 6acman-
Kbl KOMMIOHEHMMepi kKambIHacbiHbIH (Kypiw Kaybi3bl / cabaHbi:MyHall wiiambl) eHiM KacuemiHe
acepi 3epmmendi. Co-mepmonusdey Hamuxeci 6olbiHWwa oHmaliibl KambsiHac Kypil Kaybi3bl:
MyHall wnambl = 9:1 (Maccacs! 6olibIHwa) 6onbin mabbinadsl. Kypiw cabaHbl MeH MyHall wna-
MbIH cO-mepmonu3dey apkbinbl anyObiH oHmalinel xardalibl: kapboHu3ayusnay memnepamypacsl
500°C yzakmbinbirsl 100 MuH, kapboHusammsi 6enceHdipy 850°C, cy: kapboHu3am kambiHacbl 2:1
60onbin mabbinadsl. Mod 6olibiHwa adcopbuyusnsik 6enceHdinik, cy 6olibiHwa Xanmnbsl Keyekmep
Kenemi, cyObiH MaccarblK yneci xeHe yHmakmbl mbifbi3dblk mopizdi kepcemkiwumep 3epmmendi.
AnbiHraH 6encerdipineeH kemipnepdiH MUKPOKYPbLINbIMbI CKaHepneywi pacmpibl 3/1eKMpPoHOb!
MUKpockon kemezimeH 3epmmendi. Kypiw kaybiabl MeH MyHall wnamsl 9:1 kambiHacma 6ipae eHOey
apkbinbl anbiHFaH benceHdipineeH kemip [JAK mapkacbiHa calikec kenedi. Kypiw cabaHbl MeH mMyHali
winambiH eHOey apKbinbl anbiHFaH eHiM BAY-M®, EAY-A xaHe BAY-Ay mapkansi 6enceHdipineeH
Kemipnepee calikec keneoi.

TYWUIH CO3EP: 6encendipinzeH keMip, Kypil Kaybiabl, Kypiw cabaHbl, MyHall wnamsl,
co-mepmonu3, kapboHuzauusi, kapboHuzammbi 6enceHaipy.
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Co-thermolysis of rice husk and straw with oil sludge was carried out in order to obtain a
widely used adsorbent — activated carbon. Carbonization was carried out in a tubular furnace
made of stainless steel at a temperature of 500°C and the activation of carbonization was carried
out with water vapor at a temperature of 800°C. The influence of the ratio of the initial components
of the raw material (husk / straw:oil sludge) on the properties of the product was studied. The
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optimal ratio for co-thermolysis of the husk: oil sludge is 9:1 (by weight), respectively. The optimal
condition for the production of activated carbon by co-thermolysis of rice straw and oil sludge is a
carbonization temperature of 500°C with a duration of 100 min, activation of the carbonizate at a
temperature of 850°C and with a ratio of water:carbonizate = 2:1. Indices such as iodine adsorption
activity, total pore volume in water, mass fraction of moisture, and bulk density were studied. The
microstructures of the obtained activated carbons were studied on a scanning scanning electron
microscope. Activated carbon obtained by the joint processing of rice husk and oil sludge in a ratio
of 9:1 corresponds to activated carbon brand DAK. The resulting product based on rice straw and
oil sludge corresponds to the activated carbons BAU-MF, BAU-A and BAU-Ats.

KEY WORDS: activated carbon, rice husk, rice straw, oil sludge, co-thermolysis, carbonization,
activating of carbonizate.

Ke BO3TyXa M Ta30B, B 00€CIBEYNBAHNN U OYUCTKE KUAKOCTEH H PaCTBOPOB, B
BOJIOTIOATOTOBKE, B KAYECTBE KaTaIM3aTOPOB W HOCHTEIeH KaTaln3aropos, B
MeJUIHE, B TaOaTHOM MPOM3BOJICTBE U T. 1. [1].

BaxkHEHIINM CBIPhEM JUTS TOTYYEHHS aKTHBHOTO YITIs SIBISIIOTCS: ApeBecuHa (B
BHJIC OMMIIOK), APCBECHBIH yromb, Topd, TopdsiHOl KoKe, KaMEHHbIC U Gypblc Yy, a
TaKXKE MOIYKOKC OypbIX yricit. 3BecTHBI cnocoOb! MOMy4eHIs aKTHBUPOBAHHOTO YIIIst
13 QPYKTOBBIX KOCTOUCK, CKOPITYIIBI OPEXOB, CCNBCKOX03sHCTBCHHBIX OTXO/I0B, OTXO/I0B
OyMa)KHOTO IIPOM3BOJICTBA, MyCOPa, OCAIKOB CTOYHBIX BOJL, M3HOIICHHBIX PC3UHOBBIX 110~
KPBIIIEK, OTXO0B HPOU3BOACTBA CHHTETUYECKHUX [IOJIMMEPOB U T. JI., KOTOPBIE HE HALIINA
MIMPOKOTO TPOMBIIIIEHHOTO IpUMeHeHus [ 1-5].

H3BeCTHBI CITOCOOB! MOMYYeHHs aKTHBIPOBAHHOTO YT M3 PACTUTENBHBIX OTXOMOB,
B JACTHOCTH W3 OTXOJI0B TIMEHS (IIeTyXa i HEKOHIHIIMOHHOE 3€PHO) U M3 COIIOMBI parica
[6, 7]. AwTops! [8, 9] B HCCTEIOBAHMAX UCTIONH30BATH KyKYpPy3HbIE TOYATKH B Ka9eCTRE
CBIPBS AT IIPOM3BOJICTRA AKTHBUPOBAHHOTO YIIsl. AKTHBAIIUIO HPOBOAMIH C HCIONB30-
BaHHCEM JAHOKCHJA yIeposa npu temneparypax 800-900°C, Bpemenn axtuBaimun 20—-120
MHH. U cTelicHH obkura 1-71%.

Wmetorcst paboThI 10 MONTYYCHHIO BEICOKOTIOPHCTOrO aKTHBHOT'O YIIISL H3 PHCOBO#
LICITYXH, KOTOPBIH UMCCT CCIICKTUBHYHO COPOLIMOHHYIO aKTUBHOCTb Ha MOHBI cBUHIA [ 10,
11]. UmeroTest cBeneH s, 4TO COBMECTHASI TIepepaboTKa PUCOBOM LICITYXH C HonuTeTpad-
TOP3THIEHOM MOKA3BIBAET BEICOKYIO TOPUCTYIO CTPYKTYpY [3].

ABropamu [ 12] momyden akTHBHPOBAHHLIH YTOIbL W3 PUCOBOH MIETyXH, KapOOHH3a-
LU0 TIPOBOIAT Iipu Temneparype 500—700°C c Boriepxkoit 100—120 MUH., aKTHBAIIUIO
OCYMIECTRISIOT TpH TeMneparype 780—800°C npu pacxone BoasHoro mapa 2,0-2,5 xr
Ha | Kr KapGOHU3HPOBAHHOTO MPOAYKTa. AJICOPOIMOHHAS aKTHRHOCT 110 101y aKTHRH-
POBAHHOTO YIS, TONYYCHHOTO JaHHBIM CIoco0oM, cocTasmser 20—-25%. Hegocratkom
JTAHHOTO CHOC00a SBIACTCS HU3Kas aicOPOLHOHHAsS aKTHBHOCTb.

AKTHBHPOBaHHBIC YIIIH TTOMYYCHBI H3 PUCOBOH LICTYXH ITyTEM aKTHBALMH C TOMOLIBI0
tochoproit kucnorst [13—16], a Taxke OIXyUCH aKTUBUPOBAHHBINA Yrolb U3 PUCOBOI
MIEITyXH METOOM aKTHBALHMHU ¢ (HOCHOPHOH KHCIOTOH B OHOCTaUIHOM IIpouecce [17].

PaHee HaM¥ OB TOJTYYEH aKTHBHPOBAHHEIH YTOIb H3 PHCOBO COTOMBI U HICITYXH
[18], a Takke coBMecTHOI epepaboTKO PUCOBOIT MIETYXH U COIOMON ¢ HedTellIaMoM
[19-21]. U3 pucoBoii mIemryxu mory4en aMophHbIit AHOKCH]T KPEMHHST BHICOKOH THCTOTEHI
B YCIIOBHSIX CBEPXBBICOKOUACTOTHOTO 00ImydeHus [22].

n KTI/IBI/IpOBaHHBIﬁ YTOJIb HAXOAUT HNIMPOKOEC MPAKTUIECCKOC IPUMCECHECHHUE B OUUCT-
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Hedremnam npexcrapisiet coboit SMylnbCHIO HEQTEMPOLYKTOB B BOJE, CTAOII3H-
POBaHHYO TBEPAIOH (ha30l, COCTOAIMX B OCHOBHOM M3 TREPJIBIX MECUaHbIX, TTHHNUCTHIX
YaCTHI, YACTHI] THAPOKCHIOB METATIOB, KapOOHATOB MIENOTHO3EMENBHEIX, CYTBOUI0B
XKeresa, HIEMEHTapHOH cephbl. PaspaboTanHas pecypcocOeperaronias TEXHOJIOTH TpaHy-
JMPORAHHOTO TTOPHCTOTO TEMIIOM3O0ISAIIMORHOTO MaTepHaa THITA «KKePaM3HT), OCHOBAHHASL
Ha pAIlMOHATEHOM HCIOIb30BaHHH HEKOHIUIHOHHOTO IPHPOIHOTO CHIPEST H OTXOTOB
He(dTe00bIUN, TO3BOISICT OTKA3aThCs OT JJOPOTOCTOSMICH SHEProBEIACIsIEMON 100aBKI
YIS, He()TH, CHH3UTh SHEPro3aTpaTkl Ha CYIIKY U oOxXur m3aenuii Ha 25-30%. Apropamu
YCTaHOBIIEHO, YTO ITPOLECC TOPEHMsT HedTellaMa B COCTaBE KOHITIOMEPATHON cMeCH
MI03BOJISICT MOBBICHTH TEMIICPATyPy BHYTPH IICYH U YCKOPUTH POIIECC BCITYIUBAHHS Ke-
paMHIecKoi MaccHl 3a CYeT BBRITOPaHNs acalsTeHoB, Macel, cMoisl [23]. B pesymsrare
HCCIIeI0BaHUI aBTOPHI pa3pabarbIBaId HOBBIC IIPeNapaThl i OYUCTKH 3arpsI3HEHHBIX
HE(TBIO OYB B YCIOBHSX KapKoro KiuMara [24].

TIpu mpoBefeHUN co-TepMOIN3a UCTIONB3YFOTCS MHOTOKOMITOHEHTHBIE CMECH HITH
KOMITO3MTHI, Pa3JINYHBIX 110 CBOCH IPUPOJIC OPraHUUECKIX MaTEPHAIIOB C LIEITBIO TTOITY-
YEHNS CHHEpru3Ma TepPMONN3a KOMIOHEHTOR M, COOTBETCTBEHHO, YIyUINEeHNs BRIX0a 1
CeJIEKTHBHOCTH BTOPUYHEIX MPOAYKTOB. [Ipoueccs! co-kapOoHU3aiu cMecel TeXHo-
TEHHOTO CBIPbsl H IPUPOAHBIX YIIEPOJHBIX MATEPHAIIOB C LENBIO MOTYICHUS TBEPABIX
TTOPUCTHIX COPOEHTOR — OTHOCUTEITLHO HOBAS M MAJTOW3ydeHHAas 00IacTh TPHMEHEHNs
CO-TepMOJIM3a K 3a1adaM MepepadoTKH OPraHUYEeCKOTO CHIPBS.

TIpoBencn ananus HedTemmnamos ¢ pesepByapoB Kymkons AO «IlerpoKasaxcran
Kymkoms Pecopemsy, 6azupyrometics Ha Tepputopin KerssumopamHCKo obmacTn.

W3ydenue yrieBogopoaHOTO cOCTaBa HedTellIaMa IIPOBOAUIHN C TIOMOILBIO Ta30BOTO
xpomaro-macc criekrpomerpa Agilent 7890A/5975C (CIIA).

Xpomarorpahuiecknii aHaIu3 MPOBeIeH COIIacHO METOANKe, IPHBEIEHHON B paboTe
[25]. YenoBust xpomaTorpadhupoBaHus IPU aHAIN3E YIIICBOAOPOAOB, BEIICICHHEIX U3
HedTenIaMa, IPUBETEHEI B madnuye 1.

Tabnuya 1 - Ycnosusi xpomaTtorpadMpoBaHusA Npu aHanu3e yrreBoA0poAoB,
BblfieNeHHbIX U3 HedpTelunama

Mokasartenu Ycnosus xpomartorpadupoBaHus
noaBwxHas dasa (ra3 HocuTenb) renuii
Temneparypa ucnapurens 350°C
cBpoc notoka (Split) 30:1
TEMMepaTypa TEPMOCTaTa KOINOHKU:

Havano - 70°C

nogbem TemnepaTypbl- 4°C B MUHYTY

KOHeLl- 290°C

BpeMs yaepxaHusi Npu 3Toi TeMneparype - 30 MUH

obllee BpeMsi aHanusa 85 MUH

PEXUM UOHU3ALMU MacC-OEeTEKTopa METOA0M 3MEeKTPOHHOrO yaapa

KanunnsipHas xpomartorpaduyeckas KonoHka HP-5MS

ONMHA KOMOHKU 30m

BHYTPEHHUI JuameTp 0,25 Mm

Heronpuktiasihasa avmetunnonucunokcad (95%),
MeTundgenunnonucunokcad (5%)
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VrneBogopomHbIH cocTas NpoObl NpHBEICH B mabnuye 2.

Tabnuya 2 — MpynnoBou cocTae yrneBoAopoAoR No pesynkrataMm
XpomMaTo-Macc CNeKTPpoMeTpUYeckoro aHanmsa

KonuuectBeHHOe conepxaHue, Macc. %
pynnb! yrneBoAopoAoR, coaepXaluuxcs B
HedTewname Hedhrewnam c pezepByapoB Kymkons
AO «lMeTpoKasaxctaH Kymkons Pecopcus»

MapaduHbl 46,38
HekoHaeHcUpoBaHHble LuKnonapaguHbl 27,71
KoHpeHcupoBaHHble LuknonapaguHbl ¢ 2 845

KonbLamu :

KoHpeHcupoBaHHble LuknonapaduHbl ¢ 3 6.92

KonbLiamu ’

BeH3zonbl 2,74

HadpreHo6eH30nbI 0,10
[uHadTeHo6eH30nb! 0,10

HadpranuHbi 3,66

AueHadTeHb! 2,96

DdeHaHTpeHb! 0,98

Pesynbrarsl HCCIIEIOBAaHMS PEOJIOTHYECKHX CBOMCTB He()TelIaMa IPUBEICHBI B
mabnuye 3.

Tabnuya 3 — Peonoruyeckue cBoicTBa HediTelunama

MokasaTtenu
HaumeHoBaHue nokasaTtenen HedbTewnam c pesepeyapor Kymkonb
AO «[leTtpoKasaxcTtaHKymkonsPecopcus»

MnotHocTk, kr / M® npu 20°C 836,4

®pakumoHHbIN cocTas, % 06.

200°C 11

300°C 39

350°C 54

Maccoeas gons cepbl, % 0,024

Tennota cropaHua, KK / r 44,987

CopaepxaHue MexaHu4eckux npumecen, % 0,027

CogaepxaHue XNnopucTbIx conem, Mr/ am® 28,46

PurcoBast memyxa # colloMa OBUIM W3MENTBUEHBI O TTOPOLTKOBOTO COCTOSHHS Ha
1abopaTopHO MeTbHHUIIE.

Co-TepMoIIH3 PUCOBOI IIETyXH U HedTelliaMa B cooTHoIeHuIx 9:1, 8:2, 7:3, 6:4,
5:5 npoBoanIH B TpyOUaTOl MeUH, N3rOTORICHHOM 13 HEPXKAaBCHOLICH CTaln BEICOTO 250
MM U BHYTPCHHHM AHaMETpoM 25 MM nipu Temreparype 500°C u akTuBauuei kapooHn3ara
BOJUTHBIM napoM nipu Temneparype 800°C.

B 11eus moMemaroT cMech U3 9 T pHCOBOi cooMsl U 1 T HedTenniaMa (ONTUMAIBHOE
COOTHOLIEHHE contacHo pabote [19]), kapOoHM3aMIO TPOBOIMIN IPH TEMIIEPATypax
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350-500°C. 3areM B HIDKHEH 4acTH TpyOUaTOH MU MOAKIIOYAETCS COCYI UIs MOAauH
napa BojsI ipu TeMneparype 750-900°C.

TToBepXHOCTE MONYYEeHHEIX aKTHBHPOBAHHEIX YITIeH H3ydaan Ha pacTPOBOM CKaHH-
pyromeM 3IeKTpoHHOM MUKpockorie JSM-6510 LV dupmsr JEOL (Snonus).

CBoiicTBa MOTyYeHHBIX aKTHBUPOBAHHBIX yIUIei (a1copOUMOHHas aKTHBHOCTB IO
Hoty, CyMMapHBIi 00BEM TIOp 0 BOJIE, MACCORAsT OIS BIArH, HACKITHAS TIIIOTHOCTD)
OTIPENIETISITH IT0 U3BECTHOM MeToanke [26—29].

CoBMecTHY0 MepepaboTKy pUCcOBOIl IENyXH U HedTelaMa MPOBOMITHI Mo obIei
METOJIMKE: B TPYOUaTyIO Teyb MOMEILANN CMECh PHCOBOM HICTYXH M HedTelIama B pas-
JINYHBIX COOTHOIICHUAX (mabnuya 4), FepMETU3UPOBAITN M OCYIICCTBIAIN KapOOHU3ALIHIO
€O CKOpOCTHIO NogbeMa TeMiieparypsl 10°C B MuHyTy 10 500°C 1 BBIAEPKHBAIN 1IPU
sToii Temneparype 100 MuH. 3aTeM B HIKHEH YacTH TPYOUATOH [EUH MOIKIIFOYAIN COCY
JUIS TOAYH Mapa BOAEI ¢ pacxomoM 2:1 Ha Maccy KapOoHH3aTa. AKTHBALHIO TIPOBOIHIN
mpu Temmeparype 800°C.

DU3NKO-XUMHYECKHE MOKA3aTeNH MOTyYeHHOTO aKTUBHPOBAHHOTO YIIIs TOKAa3aHEI
B mabnuye 4.

Tabnuya 4 — CoBMecTHas nepepaboTka pUCOBOW Lenyxu U HedpTelunama

HaumeHoBaHue nokasaTens Pe3ynbraThl aKcnepUuMeHTanbHbIX UCclefoBaHUN
MaccoBoe COOTHOLLEHWE PUCOBOW 91 82 73 64 5.5
wenyxv 1 Hedrelwnama
Bbixoa kapboHusara, macc. % 42,7 40,6 36,8 33,7 33,0
BbIXO,El,OaKTMBMpOBaHHOFO yrns, 35 324 294 26,6 26.2
macc. %

EcOpClMonias kRO e 46,99 43,18 38,10 31,75 | 26,67
nony, %

gz;w/mraprm obbem nop no Bofe, 1,41 1,38 1,31 1,28 1,20
MaccoBas fons snaru, % 4,1 4,5 4,9 5 53
HacbkinHas NnoTHoCTb, 1/ gm® 201,4 207,9 21,8 213,2 220,8

Co-TepMOITH3 CMECH PHCOBOH COJIOMEI M He(hTelIaMa ITPOBOIHIIN CO CKOPOCTHIO
noasema temreparypsl 10°C B MEHHYTY 10 HeoGxoauMoit remmneparypst (350-500°C)
1 BBIICPKHUBAIM NIPU JaHHBIX Temreparypax 50—150 mun. Brixon kapb6oHu3ara npu
CO-TEPMOJIN3E B PA3IIMYHBIX YCIOBHSIX cocTaBui 27,9-32,5%. AxkTuBaiuio kapOoHHu3aTa
IIPOBOAWIIN NIApaMU BOJBI C PACXOIaMHU BOJBI Ha Maccy KapOonnsara 1—4:1 npu temme-
partypax 750-900°C. Brixox akTUBHpOBaHHOTO yrist cocTaBua 20,0-29,0% oT Macchl
B3ATOH cMecH COTOMBI U HeTelnama.

OnTUMalbHBEIM YCIOBUEM HOIydeHHs aKTHBHPOBAHHOTO YIS CO-TEPMOIU30M PH-
COBOI1 COJIOMBI M HedTenIamMa sBIsIeTcs TeMreparypa Kapoonn3sanuu 500°C ¢ mpomon-
KUTENBHOCTHI0 100 MHH., akTHBAIMK KapOoHU3aTa MpH Temneparype 850°C u mp# coot-
HOIICHWUH Bofia:Kap6oHu3ar = 2:1. AncopOunoHHas akTHBHOCTE 110 HOZy, MONy4EHHOTO
TaKUM COCOOOM aKTHBHPOBAHHOTO yIIIsL, cocTaBiseT 94,03% (mabnuya 5).

Beixon u GU3HKO-XHMHYECKHE TapaMeTPhl TOTyYCHHOTO aKTHBUPOBAHHOTO YIIIs
cM. B mabnuye 5.

HE®Tb U A3 & 2020. 3-4 (117-118) 175




image54.jpeg
KO 1

Tabnuya 5 — Co-TepMon13 pUCOBOM CONOMbI U HediTelunama

HaumeHoBaHue
nokasarens
Temnepatypa
kap6oHusauuu, (500 [350 |400 |450 |500 |500 |500 [500 |500 |500 |500
RC
MpogomxuTens-
HOCTb kapbonu- |100 (100 |100 |100 [100 |100 |50 150 100 |100 |[100
3auuu, MUH
Bbixog kap6oHu-
3ara, macc. %
Temnepatypa
akTMBauuu kap- (850 |800 (800 |800 |[750 (900 |850 |[850 (850 |850 (850
60oHu3ara, °C
CooTHolueHue
BoAa:KapboHu- | 2:1 2:1 2 24 2 2:1 24 2 eel 4:1 e
3ar

Bbixon aktusu-
poBaHHoro yrns, (22,1 (252 |24,6 (27,3 (28,3 |24,0 |22,4 |20,0 (253 |25,0 |29,0
macc. %
AncopbunoHHas
akTuBHOCTbL Mo | 94,03 | 60,97 | 51,84 | 49,29 |73,34 | 92,71 | 45,58 | 42,24 | 31,75 | 35,56 | 30,47
nogy, %
CymMMmapHbIia
obkemnopno (2,12 (1,43 |1,99 |0,98 |193 |1,35 [0,94 |1,51 [1,09 [1,13 |2,20
Boge, cM® /1
MaccoBas gons
Bnaru, %
HacbinHas nnot-
HOCTb, I / oMm®

Pesyana'rbl JKCnepuMeHTanbHbIX uccnepoBaHUmn

31,1 |32,5 (31,6 (30,8 (31,1 |31,1 |31,6 |27,9 |31,1 [31,1 (31,1

0,06 052 085 |041 |058 (126 (7,20 0,32 (1,68 [1,09 (2,33

144,7 | 154,0 | 142,41 141,9|143,2|168,0 | 167,3 | 149,9 | 117,7 | 124,3 | 114,9

MukpohoTorpadui akTHBHPOBaHHBIX YTIeH IPUBEIeHE! Ha pucyHkax | 1 2, Tae
MOKHO YBHAETH Pa3BUTYIO MOPHCTYIO CTPYKTYPY TOTYyIEHHBIX COPOSHTOB.

* PTA T
PucyHok 1- MukpodoTorpadmsa PucyHok 2 — MukpodoTorpadus
aKTUBUPOBAHHOIO YrNs, NoNy4YeHHOro aKTUBUPOBAHHOIO YIS, MOny4YeHHOro
U3 PMCOBOM LUENYXM U HedbTelwnama CO-TEPMONU30M PUCOBOI CONOMbI

1 HedpTewnama
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ITo pe3ynbraTaM SKCIIEpHMEHTAIBHBIX HCCICA0BAHUH, TOTYYCHHBIH TIPOLYKT MPH
COBMECTHOH NepepaboTKe PUCOBOH IIETyXH U HeTellaMa B COOTHOLIEHHX 9:1 co-
OTBETCTBYeT akTHBUpoBaHHOMY yrimio Mapku JIAK (TOCT 6217-74. Yrons akTUBHEII
JIpeBeCHBIN TpoOienslit). TTomydeHHbIH TPOIYKT PH COBMECTHOM MepepaboTKe pUCOBOH
COJIOMEI ¥ HedTelutaMa B cooTHomenusx 9: 1, mpu teMmeparype kapoomnuzamuu 500°C ¢
TTPONOIKUTENBHOCTRIO 100 MUH., Tipu Temneparype akTuBaimu 850°C B COOTHOIIEHHH
Bofia:kapOoHu3ar = 2:1 (caMblif ONTHMAITHBIN) COOTBETCTBYET AKTHBHPOBAHHBIM YIIISTM
Mapku BAY-M®, BAV-A u BAY-An (I'OCT 6217-74. Yrone akTHBHBII1 IpeBeCHBIH
IpoOTIeHBIH).

Hcnonb3oBaHne NpeazaracMbIx CHOCOOOB MONYYCHUs! aKTHBUPOBAHHOTO YIUIs, 1O
CPaBHCHHIO C U3BCCTHBIM CIIOCOOOM, 00eCIICUNBACT BEICOKYFO aJCOPOLIHOHHYIO aKTHB-
HOCTb U B Ka4eCTBE ChIPbsI IPE/UIaraeTcsl MCI0Ib30BaTh PUCOBYIO LICIYXY H COJIIOMY C
HedTemraMoM. Pe3yasTaTsl HecleTOBaHHH MO3BOJSIIOT PAMOHAIBEHO HCTIONB30BATh
TIPHPOAHEBIE PECYPCHI K UMEIOT IPUPOI00XPAHHOE 3HATEHHE.

Paboma svinoanena npu noodepoicke Konumema nayxu MOH PK 3a cuem cpanmo-
6020 Qunancuposanus AP05134356. @
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TTonesnas MoeIb OTHOCHTEA K COCOOaM MOMYdeHHs
COpOEHTOB, B YACTHOCTH CHIMKATHBIX a/ICOPOEHTOR st
OYHCTKH TPHPOIHBIX M CTOYHBIX BOJA B PasIHYHBIX
OTpAcNAX MPOMEIILICHHOCTH. B pesynbTare cMemeHus
HCTOYHUKOR OKCHJa MeTalla, B KauecTBE KOTOPOTO
UCTIONB3YIOT XNOPW KalblWs, OKCHIA KPEMHUsS, B
KauecTBE KOTOPOTO WCTIONB3YIOT CHIIMKAT HATPHUA TPH
CIIE)[le"[I/IX Y\H)JYSithIX COOTHOIIEHUSIX UCXOJHBIX
KOMITOHEHTOB B Tiepecdere Ha okcuasl Si0»/Ca0 — 8,0-
10,0, ¢ ToCAeAYIOUMM  BBIEICHUEM  TIOIYTPOLYKTA
ocaenvem npu pH 6-7, TPOMBIBKH, (WILTpalWH,
NpoKanku B TedeHMe 15 MHH B ycIOBMSX
CBEPXBBICOKOYACTOTHOTO OGIYYCHHs, BpeMs Mpolecca
cokpamaercs 10 45 MHH, a MOTydaeMblii aacopOeHT
HO3BOIAET MPOM3BOAUTE OYHCTKY BOXBI OT KaTHOHOB
TSKCTBIX MCTATITOB.

H3BecTen cnocob NOTyueHHs CHIHKaTHOTO copbeHTa
W3 OTXONOB OOPHOTO TIPOW3BOACTRA, CONEpKalIie
JMTUIpAT cynbdaTa Kabluus W aMOpQHBI KpeMHeseM,
CMEUIWBAIOT TIPH KOMHATHOH TeMITeparype ¢ pacTeBopoM
menoun. TIporecc BeAyT B YCIOBUSX HENPEPHIBHOTO
TEPEMEIIHBAHNS MCXOIHBIX KOMIIOHEHTOB B TedeHue |-
3 4. OOpasyrommiica TPOAYKT CHHTE3a MPOMBIBAIOT
BOJIOH, HarpeToit 10 60-70°C, GQUILTPYIOT U CyLIAT MpH
TeMnepatype 85°C B TeyeHMe HecKOJIbKHX dacoB. U3
(unbTpaTa B KauecTBE MOGOYHOrO MPOAYKTA BBHIAEISIOT
cynb(ar METOYHOr0 MEeTalla, HaTpHS HIH Kalud, B
3aBHCHMOCTH OT MCMOJIB3yEMOTo THApOKeHaa (SApycosa
C.b.,, Topanenxo ILC., I'pusanosa O.B. Ilarenr PO
Ne25501188.  Cnoco  monmydeHws — CHIMKaTHOTO
copbenra. Odum. 6romr. — 10.05.2015. -Nel3).

Hexocrarkamu  janHoro  crocoda
JUTHTEITRHOCTE TIEPEMENIMBAHMIS U CYIITKH.

HauGonee Gnu3KuM 10 TEXHHYECKOH CYIIHOCTH H
JOCTHTAEMOMY Pe3ybTaTy K 3asBIIcMOMY ABIACTCS
criocob noinydenus cuimkodocdarHoro aucopbenta,
BRJIKOYAIONIMIA cMelleHHe HCTOYHHKOB OKCHIA MeTalla,
OKcHMIa KpeMmHus, okchpa  Qocdopa, BbIIENCHHE
nonynpoxykra 1pu pH 6-7, huneTpaumio, IPoMBIBKY U
HpOKanKy. B KadecTBe MCTOYHHKA OKCHIA MeTauia
MCTIONB3YIOT XJIOPHJL KalbIMA, OKCHJAAa KPEMHHA —
CHIIMKAT HaTpus, okcuia Qocdopa — aurujapodpocdar
KaIblMsi MIM MAardds OPH  CIEAYIONIHX MOISPHBIX
COOTHOIIEHHAX HCXOAHBIX KOMIOHEHTOB B Ilepecuere
Ha OKCHJIBL

Si0,/Ca0 8,0-10,0;

P,05/Ca0 mm MgO 2,5-3,0;

P,05/8i0, 0,3-0,5 (dxycundexor V. K., JKakurosa
T.V., Ceizgsikbaes M.U., KaiisiHOaeBa P.A. TlaTeHT Ha
n300peTeHne Ne23867. Crioco® TONydeHHs
cunkoochaTHoro ancopbenta. TIpomprm.
cobcrrernoCcTh, Odur. Gromn. — 15.11.2012. -Nel1).

Hexocrarkamu — janHoro  cnocoba  sBIAIOTCS
JUIHTEIIBHOCTE nporecca " NpUMEHEHHE
urupodocd)aToB KaNbIUs WM MATHHA.

3ajaua IONE3HOH MOJEIH COCTOMT B pa3paloTke
crocoba TONydeHusi CHIMKATHOTO ajacopOeHTa Juist
OYHCTKH IIPUPOIHBIX M CTOYHBIX BOJ OT KATHOHOB
TSOKCIBIX  MeTammoB.  TeXHHYeckuii  pesynbTar
3aKIKYACTCS B COKPALICHHH BPEMEHH Ipolecca H
KOJIMYecTBa cramuii cnocoda nonydenns. Texaudeckuii
pe3ynbTaT  JIOCTUTACTCS  CTOCOOOM,  BKITHOHAOIINM
CMCITICHUE MCTOYHNKOB OKCHJa McTalla, B KayecTBe

SIBJIAETCA

2

KOTOPOTO  MCTONB3YIOT — XNMOPUA  KalblHsA, OKCHIA
KPEMHHUS, B Ka4eCTBE KOTOPOTO HCMONL3YIOT CHIHKAT
HaTpUa TpPH CIETYIOUMX MONSPHBIX COOTHOIICHHAX
MCXOJIHBIX KOMIMOHEHTOB B TIEPECUCTE Ha  OKCHIBL
Si0,/Ca0 — 8,0-10,0, ¢ mocnenyromMuM BhIAETECHUEM
TIONYNpoiyKTa ocaxaenneM 1pu pH 6-7, npomeisky,
tunbTparo, TIPOKAITKY B YCITOBHAX
CBEPXBBICOKOYACTOTHOTO 00JiydeHnst B Teuenne 15
wmuH,  CyUIeCTBEHHBIM  OTIIMHMEM  TIPEAJIaraeMoro
crocoba  OT  MPOTOTHITA  ABIAETCS  NPUMEHEeHne
CBEPXBBICOKOYACTOTHOTO OBITYYeHUs LTS TPOKAIIKH.

TIpumep 1. K 100 r 2%-Horo pacTBopa cHIMKaTa
Hatpusd, Aodasasior 100 r 10%-ro pacTBopa XIopHaa
KAJbIlHA, 9TO COOTBETCTBYET CNEAYIONIEMY MOIIPHOMY
COOTHOIIEHHIO HCXOJHBIX KOMIOHEHTORB B TlepecyeTe Ha
okeuael: Si02/CaO - 8,0-10,0. 3ateM moTydaeMsrit
TIONYNPOIYKT BBIAENAIOT ocakaenueM mpu pH 6,8,
0CaJIOK OTQWILTPOBKIBAIOT Ha BOpOHKe BroxHepa JIo
CHITTYHe-BIAKHOTO COCTOSHUSA, TIPOMBIBAIOT BOJOW 1TpH
Temrieparype 60-70°C w npokanuBaior B tedenue 15
MHH B MWKPOBONIHOBOI mewn mpu 2450 Mlu. B
pesyabTate 06pazyeTcs KpUCTAUTHICCKIH CHINKATHBIIT
ancopbent. B MK-criekTpe momydeHHOro afacopOeHTa
TI0 CPaBHEHHIO C MCXOQHOM cMechlo He HabmojaloTcs
nonockl mormowenus B oonactu 3400 u 1630 cm™', uto
CBHJIETETBCTBYET O CHHKEHHH CTPYKTYPHO CBS3aHHO
BOJIBI, KOTOPBIH CHUXKAET PACTBOPHMOCTD MOIYHIEHHOTO
npoxykTa. IToTydeHHBIH amcopOeHT HccleloBamM Ha
QGEKTHBHOCTH OYHCTKH BOJLI coAepxkaiiero 12 mr/r
katHOHOB Fe™, i 3Toro aacopBIMOHHYI0 KOIOHKY
JuiaverpoM 10 MM Hanomumai 10 T IIOIy9eHHBIM
aJICOpOEHTOM W Yepe3 Hero nporyckanu pabouuii
pactBop. AncopGent mokaszan 100% 3¢pdexTuBHOCTE
npu ounctke 1 5 copbara, nanbHeiiuiee yBenHueHue
ofbeMa copbaTa CHHAAET COPOUMOHHYH) aKTHBHOCT,
TaK LpH JalbHeifmeM nobasneHnn 100 ma copbara
nocie copfUMH B pacTBope cojepikaHue HoHos Fe'
cocTaBIgeT 2 MIr/i, nanbHeimee jgoGaeieHHe copbata
CHMXaeT COpOLHMOHHYI AKTHBHOCTH  IOJYYEHHOrO
azgcopOenTa U coctaBmsier 10 Mr/n. Takum obpasowm,
nonydennbiii axcopdent npu macce 10 r nokaswiBaer
100% copOUMOHHYI0 aKTHBHOCTL JUIs KaTHOHOB Fe™
npu  KoHHeHTparmM 12 wmr/r (opu copbumm 1 1
pacTBopa).

Hcrnonp30Banne MpeLIaraeMoro crocoba nomydeHus
CHIIMKATHOTO aJcOpOEHTa 10 CPABHEHUIO C W3BECTHBIM
CII0cOGOM 0GECIIETHBACT CIICAYIOMIEE IPEHMYIICCTBO:

1. He npumensiores anruapohochaTsl Kalbius Wi
MAarHus;

2. TIpumceHerRHE CBEPXBBICOKOYACTOTHOTO
o0JIydeHHs,  KOTOpPOe  I03BOISET
COKPATHTh TPOJIOIKHTENLHOCTE MPOLECca W ABIAETCA
(QGEKTHBHEIM B HYKOHOMHYECKOM H JHEPreTHIeCKOM
TIaHe;

3. PesynbraThl 3KCHEPUMEHTANLHEIX HCCIIEI0BAHUM
TIO3BOISIOT PALMOHAIBLHO HKCIIONB30BATh  IIPHPOIHbIE
PECYPCHI H MMEIOT PUPOIO0XPAHHOE 3HAYEHHE.

3HAYUTENBHO

DOPMYJIA IOJIE3ZHOH MOJEIH

Crioco6 TIONTYYEHUS  CUITUKATHOTO 8,"((‘/0()68“1'&
BKITIOHAKOUINH CMCIICHHE UCTOUHIKOB OKCHIA METaIlTa,
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B KayccTBE KOTOPOTO HCMOTB3YIOT XINOPHA KalblMd,
OKCHJIa KpEMHHSA, B Ka4UECTBE KOTOPOTO HCHOIB3YIOT
CHIMKAT  HaTpHs MOpPH  CHEAYIOUMMX  MOJAPHBIX
COOTHOIEHAAX HCXOHBIX KOMMOHEHTOB B MEpecyeTe
Ha okcuael Si0»/CaO — 8,0-10,0, ¢ mocmenyromumM
BBIZICICHHEM TONTYNIPOyKTa ocaxkaennem npu pH 6-7,
TIPOMBIBKH, (UIBTPALNH, TPOKAIKH, OMIUYAIOUUNIC

53

TeM, 4TO MPOKATKY TPOBOAAT B Tedenue 15 mun B
YCIIOBHAX CBEPXBBLICOKOYACTOTHOTO Oﬁﬂy‘{EHHX. BpeMa
Tpoliecca coKpalllaeTcss 10 45 MUH, a IoIydaeMblit
aZICOPOCHT MO3BONACT MPOU3BOJMTE OUHMCTKY BOJIBI OT
katyoHoB Fe'3.

Beperka ®. Conakora
Koppexrop I'. Kocarosa
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KommniexcHast mepepaboTka pHCOBBIX 0TXO0/0B ¢ HedTel1aMoM
Integrated processing of rice waste with oil sludge

H. M. Axbutexos', H. O. Anna3zos', 5. M. Basapﬁaea',
B. M. )Imlposaz, A.T. l].lyparamena], C.A. K‘a}mcap',
P. Y )Kannapﬁepreﬂosl

N. L Akylbekovl, N. O. Appazovl, B.M. Bazarbayevl, B. M. Diyarovaz,
A.T. Shuragaziyeval, S. A. Kanzhar', R. U. Zhapparbergenov'

]Kbl%mopduHc‘Kuﬁ 2ocyoapcmeenublil yhugepcumem um. Kopxeim Ama,
2. Kvisvinopoa, Kazaxcman, e-mail: nurgali_089(@mail.ru
Kasaxcruil HayuoHansHbitl JceHcKutl nedazoeuteckuil YHUBepcumem,
2. Anmamul, Kasaxcman

]KorkytAta Kyzylorda State University, Kyzylorda, Kazakhstan, e-mail:
nurgali_089@mail.ru
“Kazakh State Women’s Teacher Training University, Almaty, Kazakhstan

Annomayusn. Ilposeden co-mepmonus puco6oll Weayxu u coaoMou ¢
Hemewnamom ¢ yeaplo ROIYHeHUs WUPOKONPUMEHSEM020 adcopbenma —
akmuguposannslil yeois. Hzyuenst maxkue nokazamen, Kaxk docopoyuonias
AKMUBHOCTL NO o0y, CYMMAPHbIL 00BeM Nop no 600e, MACCo8ds OO0
gnacu U HACLINHASL  NAOMHOCMb.  Mukpocmpykmypel  NOLyYeHHbIX
AKMUBUPOBAHHBIX Yenell U3yUanu Ha CKAHUPYIOWeM Ppacmposom 31eKmpoH-
HOM MUKPOCKON.

Abstract. Co-thermolysis of rice husk and straw with oil sludge was
carried out in order to obtain a widely used adsorbent — activated carbon.
Indices such as iodine adsorption activity, total pore volume in water, mass
fraction of moisture, and bulk density were studied. The microstructures of
the obtained activated carbons were studied on a scanning scanning
electron microscope.

Knrouegvle cnoea: axmusupoSaHHwlll y2olb, pucosas wlenyxd,
pucosas conomd, Hemewnam, co-mepmoius, KapOOHuzayus, aKmueayus
Kapbonuzama.

Keywords: activated carbon, rice husk, rice straw, oil sludge, co-
thermolysis, carbonization, activating of carbonizate.




image64.jpeg
AKTHUBHUPOBAaHHEIN Yrollb HAXOIWT IIMPOKOE NMPAKTHYECKOe IPUMEHEHHE
B OYHCTKE BO3/lyXa M T'a30B, B 00CCUBCUHBAHMN M OUYMCTKH KHIKOCTCH M pac-
TBOPOB, B BOJOTIOATOTOBKE, B KAYCCTBE KaTATM3aTOPOB W HOCHTEIICH KaTaln3a-
TOPOB, B MCTUIIMHE, B TA0AYHOM IPOU3BOJCTBE U T.1. [1].

BaxHeHWmmM CHIphEM JUIS TMOTYYSHHS aKTHBHOTO YTIIS, SBIISIOTCS:
IpeBecHHa (B BUIE OIHUIIOK), IPEBECHBIH yronb, Topd, TOpsHON KOKC, Ka-
MEHHBIE B OyphIe YIIIH, a TakxKe HMOIYKOKC OyphIx yrieil. 13BecTHSI crioco-
OBI TTOJTy9YeHUsT aKTUBHPOBAHHOTO YTIISl 3 (PYKTOBBIX KOCTOUEK, CKOPITYITBI
OpEXOB, CENbCKOX03HCTBEHHBIX OTXOAOB, OTXOJ0B OYMaXKHOTO TIPOU3BO-
CTBa, MycOpa, OCaJKOB CTOYHBIX BOJ, W3HOIIEHHBIX PE3MHOBBIX MOKPEIIIEK,
OTXOJIOB ITPOMU3BOJCTBA CUHTETHUECKUX MOJIMMEPOB U T.J., KOTOphIE HE Ha-
LA ITHPOKOTO IPOMBILUICHHOTO IpuMenenus [ 1-5].

U3BecTHBI  CMOCOOBI  TONYyYEHMS aKTUBUPOBAHHOIO  yIiisd W3
PacTUTENBHBIX OTXOAOB, B YAaCTHOCTH M3 OTXOJOB s4YMeHs (IIemyxa W
HEKOHIMLHOHHOE 3€pHO) W M3 CoJoMBI parca [6, 7]. ABrtopel [8, 9] B
HCCIE0BaHUAX MCHOIB30BANN KYKypYy3HBbIE TOYaTKH B KAYECTBE CHIPhS JUIS
IPON3BOJICTBA AKTHMBHPOBAHHOIO YIiis. AKTHBALMIO HPOBOIMIM €
HCTIONB30BaHHEM AHOKCHAA yriepoia Mpu TemiepaTypax 800-900 °C,
BpeMenu aktuBaiyn 20—120 muH 1 crenenu ooskura 1-71%.

Mmerorest paboTHI 110 TIOJIYYCHHIO BHICOKOIIOPHCTOTO aKTHBHOTO YIiist
W3 PHCOBOH IICIYXW, KOTOPBII MMECT CCICKTHBHYIO COPOIMOHHYIO
aKTUBHOCTH Ha MOHBI cBHHLA [ 10, 11]. IMetoTcs cBeiIeHUs, YTO COBMECTHAS
nepepabOTKa PHCOBOM IIETYXH C HONHTETPAQTOPITHICHOM IOKA3BIBAET
BEICOKYIO TTOPUCTYIO CTPYKTYPY [3].

ABTtopami [12] nomydeH akTUBUPOBAHHBIH YTOIb U3 PUCOBOM IICITYXH,
KapOOHU3AIUI0 TIPOBOIAT TipH Temmeparype 500-700°C ¢ Beimepsxkkoi 100-
120 ™MuH, aKTHBAMIO OCYUIECTBISIOT TpH Temmepatrype 780-800°C mpu
pacxoze BoxsHoro mapa 2,0-2,5 kr Ha | Kr kKapOOHU3HPOBAHHOTO TIPOLYKTA.
AICOpOIMOHHAS aKTHBHOCTD TI0 HOy aKTHBHPOBAHHOTO YTIIST ITOJTYYEHHOTO
JIAaHHBIM criocoboM coctariser 20-25%. HemocrarkoMm maHHOro crioco6a
SIBIISIETCS] HU3Kasl aICOPOLHOHHAS aKTHBHOCTE.

AKTHBHUPOBAaHHBIE YITM, TONTYYEHB W3 PHUCOBOM MIENyXH MyTeM
aKTHBALMK ¢ ToMolIbio dochopHoil kucnorol [13-16], a Takxke nmonyden
aKTHBUPOBAHHBIH YTONb W3 DPHCOBOH IHETyXH METOJAOM aKTHBAlWH C
thochopHOI KUCTIOTOM B 0HOCTaAHITHOM Ipotiecce [17].

Panee Hamm OBbIT TONyYeH aKTMBUPOBAHHBIH Yroib W3 PHUCOBOM
comombl W mienyxu [18], a Takke cOBMECTHOH mnepepabOTKOH pPHCOBOM
wenyxu 1 Hedrenama [19].

TIpn TpoBeICHUH CO-TEPMOIIN3a HCIIONB3YIOTCS MHOTOKOMIIOHCHT-
HBIC CMCCH WIIH KOMIIO3UTHI, Pa3IHYHBIX M0 CBOCH MPHPOIC OPTraHHYCCKUX
MaTEpHaloB C HEIbI0 MONYyYCHHUS] CHHEPTH3Ma TepMONI3a KOMIIOHCHTOB H,




image65.jpeg
COOTBETCTBCHHO, YIIY4UICHHUs BbIXOJa U CEJICKTHMBHOCTU BTOPUYHBIX IIPO-
AYKTOB. HpOHCCCLI CO-KapﬁOHHSaHHH cMecel TeXHOICHHOTO ChIPbA U IIpHU-
POIHBIX YTIICPOJHBIX MATCPUATIOB C HCIBIO MOITYUCHUA TBCPIABIX TMMOPUCTBIX
COp6CHTOB OTHOCHUTCIILHO HOBasd U MaJlOHU3YyUCHHas 061acTh IIPUMCHCHUA
CO-TEPMOJIM3a K 3aJla4aM HCpCpa60TKI/I OPraHU4Y€CKOTO ChIPhA.

OKCITEPUMEHTAJIbHAA YACTb

Pucosast menyxa u comoma Oblla W3MeTbUEHa JI0 MOPOIIKOBOTO CO-
CTOSTHHS Ha 1a00PaTOPHOH MEITBHHUIIE.

Co-TepMOIIHU3 PHCOBOI MIENYXH U HeTeILIaMa B COOTHOIICHMSX 9:1,
8:2, 7:3, 6:4, 5:5 npoBoawiu B TpyOUATOM IeYH, H3TOTOBIEHHOMN U3 Hepxka-
BEIONIEH CcTanu BHICOTOM 250 MM U BHYTPEHHHM JAHAMETPOM 25 MM TIpH
temrepatrype 500°C u akTHBannei kapOOHH3aTa BOISHEIM TTIApOM TIPH TEM-
nepatype 800°C.

Co-TepMoOIIM3 CMECH PHUCOBOH COOMBI M He()TelIaMa MPOBOIMIN B
TpyOuUaTO# MeYn, M3rOTOBJICHHOW W3 HEPIKABEIOIIEH CTanu BEICOTOH 250 MM
W BHYTPEHHUM AuameTpoM 25 MM. B neub momemaror cMech U3 9 r puco-
BOi conombl ¥ 1 T Hedreumama (ONTUMaIbHOE COOTHOLIEHHE COTTACHO
pabore [19]), kapboHM3aUMIO NpPOBOAMIHN MpU Temmepatypax 350-500°C.
3arteM ¢ HIDKHEH 4acTu TpyOUaTON 11eun II0AKIII0YAeTCs COCyl JUls 101a4un
napa Bozsl mpu Temmnepatype 750-900°C.

TToBepXHOCTh MOMYYEHHBIX AKTHBUPOBAHHBIX yIIIeH H3ydyalld Ha pac-
TPOBOM CKaHHPYIOIIEM 3ICKTPOHHOM MHKpockorne JSM-6510 LV ¢upmbt
JEOL (SInonus).

CBOWCTBa MOYYCHHBIX aKTUBUPOBAHHEIX yTIeH (aJcopOnnoHHAs aK-
TUBHOCTH TT0 0]y, CyMMapHBIit 06beM HOp 110 BOJIE, MaccoBast JI0JIs BIIATH,
HacBITTHAs TUIOTHOCTR) OTPEIeIISIIN 10 U3BeCTHOHM MeToauke [20-23].

PE3VJIbTATBI U OBCYXXJIEHUE

CoBMecTHasi 11epepaboTka PHCOBOM ILIENYyXH M HedTeluama
HPOBOJUIH 10 061Iell METOAMKE: B TPyOUATYIO TeUb MOMEMAIOT CMeCh PH-
COBOW WICITyXH M HedTCIUIaMa B pa3lHUHBIX cooTHOmeHusX (Tabmuma 1),
TEPMETH3UPYIOT ¥ OCYIIECTRISIOT KapOOHW3AIMIO0 CO CKOPOCTRIO TTOIheMa
temmneparypsl 10°C B munyTy 10 500°C U BRIZEPKUBAIOT NPH STOM TeMIe-
parype 100 mun. 3arem ¢ HIKHEH yacTH TPyOUATO# Meud MOIKITIOYAETCS
cocyJ] JUTs TIoJlauM 1apa BOJBI ¢ pacxogoM 2:1 Ha Maccy KapOoHH3aTa. AK-
TUBAIMIO NPOBOAST Ipu TemuepaType 800°C.

Ou3MKo-XMMUYECKHE TOKa3aTeNu TIOTyYEHHOr0 aKTUBHPOBAHHOTO
yriis nokasansl B Tabuuue 1.
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Ta6suna 1 — CoBMecTHas mepepadoTKa PHCOBOM TIETYyXH U

HedTemmama
Haumenoranue "
PesynbTaThl 3KCIIEpUMEHTANBHBIX HCCIACAOBAHMIT
110Ka3aTesst
MaccoBoe cooTHOIIEHHE
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Co-TepMOIHM3 CMECH PUCOBOH COJIOMBI M HeTenuiama MpoBOAMIN
CO CKOPOCTBIO TogbeMa Temrepatypsl 10°C B MHHYTY 10 HeoOXOIUMOM
temneparypsl (350-500°C) u BEIAECpKUBAIK IIPH JaHHBIX TeMIeparypax 50-
150 MuH. Brixosx kapOoHH3aTa TIPH CO-TEPMOJH3E B PA3ITHYHBIX YCIOBUSIX
coctariseT 27,9-32,5%. AKTHBaIMIO KapOOHH3aTa TIPOBOIIIH TTApaMH BO-
IBI C PACXOJaMH BOABI Ha Maccy KapOoHm3ata 1-4:1 mpu TeMmmeparypax
750-900°C. Beixox axtuBHpoBaHHOTO yris coctaBisator 20,0-29,0% ot
MaccChl B3SITOH CMECH COJIOMBI M HedTelIama.

ONTUMAaNBHLIM YCIIOBHEM TIONYHYEeHUs] aKTHBHPOBAHHOTO YTIISI CO-
TEPMOJIU30M PHCOBOH COJOMBI M HeTeIIIaMa ABISETCS TeMIepaTypa Kap-
oormsanuu 500°C ¢ mpomomkuTeabHOCTEI0 100 MUH, akTUBAUK KapOoOHU-
3ara npu teMmneparype 850°C u pu COOTHOLICHHH Bojia:kapboHusar = 2:1.
AncopOIioHHas aKTHBHOCTh 10 oy TMOIY4ECHHOTO TaKUM CIOCOOOM ak-
TUBUPOBaHHOTO yriist cocrapuser 94,03% (Tabmuua 2).

Beixox u  (QU3MKO-XMMHYECKWE  TapaMeTpel  TONYy4EHHOTo
AKTUBHPOBAHHOTO YTIIs TOKa3aHbI B TAOIHIIE 2.
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Ta6muma 2 — Co-TepMoJIu3 pHCOBOH c0JIOMBI U HedTenmIamMa
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PucyHok 1 — Mukpodororpaduis akTHBUPOBAHHOTO YIIIsl TIOJY4eHHOM 13
PHCOBOIT ICITyXH " HcthcmnaMa

PHcyHOK 2— MHKpod)OTorparbe aKTI/IBI/l‘pOBaHHOFO YTIIs1 TTOJTy9YEHHOM co-
TepPMOJIN30M PUCOBOH COJIOMBI U HedTelTama

Tlo pesynpraTaM 5KCIICPUMCHTAIBHBIX HCCICHOBAHHIH, 110JY4CHHBIH
MIPOIYKT TIPH COBMCCTHOM TIepepaboTKe PHCOBOH MICTyXHW W HeTenlaMa B
COOTHOIICHHUSIX 9:1 COOTBETCTBYET aKTUBHpOBaHHOMY yrimo Mapku JTAK
(F'OCT 6217-74. Yronb akTUBHBIH OpeBecHEBIH npoOcHsi). TTomydcHHEI
TIPOIYKT TIPH COBMECTHOI TepepaboTKe pHCOBOI CONOMEI W HedTelIaMa B
cooTHoeHusx 9:1, mpu Temmeparype kapoorusarn 500°C ¢ mpoKomKu-
TenbHOCTRIO 100 MuH, mpu Temmneparype akTuBauu §50°C B COOTHOIEHUH
Bojla:KapOoHu3ar = 2:1 (camblif ONTHMaIbHBIN), COOTBETCTBYET aKTHBHUPO-
BaHHEIM YTIsM Mapkn BAY-M®, BAV-A u BAV-Au (I'OCT 6217-74.
VYToIb aKTUBHBI JPEBECHEIH IPOOIEHEIH).

HMcnoms30BaHne MpejlaraéMeIX CIocOO0B MOTYYEHNsT aKTHBHUPOBAH-
HOTO YIJISl IO CPaBHEHUIO C M3BECTHBIM CIIOCOOOM 00ECIeYMBAET BLICOKYIO
a7cOpOLMONHYIO aKTHBHOCTb U B Ka4ECTBE CHIPhS NMPEATaraeTcs UCHoNb30-
BaThb PHCOBYIO LIETYXY M COJIOMY C He(remnamoM. PesynbTaThl Hccneno-
BaHUH MO3BOJIOT PAalMOHATBHO MCIONB30BaTh TPHUPOAHBIC PECYpChl U
HUMEIOT NMPUPOI0OXPAHHOE 3HAUCHHUE.

Pa6ora BeimonHena npu noxpaepxkke Komurera nayku MOH PK 3a
cdeT rpaHToBoro duHaHcupoBanus AP05134356.
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3HavYeHHe reHeTHYeCKoro odpa3oBaHusl NPH NMOAT0TOBKe
0aKa1aBpoB B By3e

The importance of genetic education in preparation
bachelors in high school

B. B. AnnekceeB
V.V. Alekseev

DI'EOY BO «Yysawckuil 20cy0apcmeeHHbill Neda2o2utecKull YHUeepcu-
mem um. U. A. Hxoenesarn, Yeboxcapul, Poccus
1. Yakovlev Chuvash State Pedagogical University, Cheboksary, Russia
e-mail: kafbot@yandex.ru

Annomayun. Paccmompeno 3nauenue npenodasanusi OUCYUNTUHbL
npedmemnoi noozomosxku «l'enemuxa» npu peanusayuu OIIOII BO
44.03.05 Ieoazocuueckoe obpazosanue (¢ 08YyMs NPOGUASIMU NOOZOMOBKU)
npoghunu «buonozus u xumus», «buonocus u 2eocpaghusny ¢ YI'TTV um. M.A1.
Arosnesa 6 pamrax Gopmuposanus npo@heccuoHaIbHbIX KOMNEMeHYULL.

Abstract. The article considers the importance of teaching the sub-
Ject discipline "Genetics" in the implementation of the Higher Education
Program of Higher Education 44.03.05 Pedagogical education (with two
training profiles) profiles "Biology and Chemistry", "Biology and Geogra-
phy" at ChPPU named after AND 1. Yakovleva in the framework of the for-
mation of professional competencies.

Kniwuesnte cnosa: zenemuxa, obpaszosamenvhwiii npoyecc, bakanas-
Pbl, NPOGecCUOHATbHIE KOMNEMEHYULU.

Keywords: genetics, educational process, bachelors, professional
competencies.

B YCIoBUA MOACPHHU3ALMH CUCTEMBI BBICILIETO 06pa305aum, a TaKXKe
pa3pa60TKn Oﬁpa3OBaT€III>HI>IX TIporpaMm € y4€TOM KOMIICTEHTHOCTHOI'O I10/1-
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BBEJIEHUE

AKTI/IBH])OBaHHbIﬁ Yrojib HaxOAUT MNPUMEHEHHE BO MHOIMX Ipoueccax XUMHUYECKOH
TexHojorun. Ouncrka OTXOAAIMX Ta30B M CTOYHBIX BOA OCHOBAaHA TIJIaBHBIM 06p830M Ha
ancopOLMH  aKTHBHPOBAHHBIM  yrieM. TOJNbKO — aKTUBHPOBAHHBIA  Yrojib  MO3BOJISIET
YAOBJIETBOPUTL TMOCTOAHHO BO3pacTaroLne TpCGOBaHI/ISI K YHCTOTE HaLIEH MUThEBOMH BOJBIL.
VenewHoMy pPasBUTHIO COBPEMEHHOI anCOpOLMOHHON TEXHMKM B 3HAYUTENBHON CTENeHH
CHOCOGCTB}’B’T MOCTOAAHHOE TIOBBILIIEHUEKA4YECTBA 3TOrO MPOAYKTa, 06yCJ’IOBJ’I€HHOB
YCOBEpPIICHCTBOBAHHEM CIOCOOOB €ro MpOHM3BOACTBA. B psiie MpOLECCOB MPOMBILIIEHHOE
NIPUMEHECHHE AKTUPOBAHHOT'O yris cTajno BO3MOXHBIM  TOJIBKO nocie paSpa{)OTKl/l
COOTBETCTBYIOLIIUX METOAOB PEAKTUBALIMU.

Pa3pa6o‘r1<a BbICOKOHKypeHTHOﬁ TEXHOJIOTHH nepepa60'r1<u TEXHOTC€HHOI'O CbhIpbS —
TBEPABIX U XXUJKUX OTXOJI0B B OKOJOIrHYE€CKU Oe30macHble U MOJIE3HbIE BTOPUYHBIC IPOAYKTHI —
aﬂCOpGCHTLI JUI OYUCTKU NPOMBIIJIEHHBIX CTOKOB OT TSDKEJIBIX METaJIOB U OPTaHU4YECKUX
3arpsi3HATENEH C LENbl0 pealn3allid 3aj4ad YINpaBlIeHUs OTXOAAaMH M 3a7ad yCTOHYMBOIO
passutus PecnyOnukn Kasaxcran.

Jlnsi pa3paboOTKH MHHOBALMOHHOW TEXHOJIOTMH MepepaboTKH OTXOZOB, MPEANOJaraeTcs
YTO MPOLECCHI MEPECTPONHKU YIIEPOJHOTO Kapkaca ¢ 0Opa3oBaHHEM YIIEPOAHBIX MHKDO- M
HAHOCTPYKTYP TPOTEKAIOT 33 CHET COBMECTHON TepMUYECKOH 0OpaboTKM cMeceill TBEPIAbIX U
JKUIKUX OpPTaHU4E€CKUX OTXOO0B. B HACTOsALEE BpEMs 3Ta obnacth siBsieTcst HamboJsiee
MEPCHEKTHBHONW C TOYKH 3pEeHMsi MepepaboTKU MPUPOJHOrO ChIPbs M KOMMEPLMAIH3ALUH
BTOPHUYHBIX TIPOAYKTOB. OZ[HaKO ycneumHas pealusanuus Ajs yTUIW3alWd pasHOro TUla
0TX0/10B, TpeOyeT MHHOBALMOHHBIX TEXHMYECKMX pPa3pabOTOK MO COBMECTHOM mepepaboTke
cMeceil OTXOmOB Juisi obecrieueHusi 5()(HEKTHBHOTO M3BIEUEHHS] M CO3MAHHs IOJE3HbIX
BTOPHUYHBIX MPOAYKTOB JUISt KX MTOBTOPHOTO UCITOJIb30BAHUS.

Ha ocHOBe mMOAXOMOB  KJIACTEPHOII HAHOPU3MKM M CTPYKTYPHO-XHMHYECKOI
TpaHc(hOpMaLMK  YIJIEPOJHOrO Kapkaca, CBSI3bIBAIOLIErocs C OOpa3sOBaHHEM MHKPO- M
HAHOCTPYKTYP; IMPOLECC COBMECTHOIO TEPMOJIN3a TEXHOTCHHBIX YIJIEPOACOAEPKALINX TBEPABIX
M KUJIKHX OTXONOB (TAaKMX KaK He(TEOTXOIbl H HH3KOLIEHHOE ChIPbe M3 PUCOBOI COJIOMBI C
}106&BK&MI/I BBICOKOLIEHHOT'O  ChIpbA  — pHCOBOﬁ meayxXxd C BbICOKUM COIAEPXKaHUEM
FeTepOaTOMOB), TIO3BOJIUT HaM pa3pa6o‘ra'n> HWHHOBALITMOHHYIO TEXHOJIOTHKO BOCCTaHOBJICHHS
CMEIIAHHBIX OTXOMOB, a TaKXe MJid CO3aHUsA MNEPCHEKTUBHBIX TMOPUCTBIX BTOPUYHBIX

MPOYKTOB, HE HMEIOLINX aHAJIOTOB CHHTE3a APYTHMH Criocobamu 00paboTKu OTXOMIOB.
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1 TTonyueHue akTHBUPOBAHHOTO YIJIsl CO-TEPMOTH30M

KapOonmsawuio pHCOBOH IueAyXH M COJOMBI TNPOBOAMIM B TpyOuaToil meun,
W3rOTOBJICHHON U3 HepKaBeroLlel cTau ¢ BbICOTON 250 MM M BHYTPEHHUM AHAMETPOM 25 MM
npu Temrepatype S00°C u aktiBauueii kapOoHH3aTa BOASHBIM napoMm rpu temmneparype 800°C.

HOBCPXHOCT]) TIOJIy4€HHBIX AKTHBHBIX yrneﬁ CHUMaJII Ha pPacTPOBOM CKaHUPYIOLIEM
31eKTPOHHOM Mukpockone JSM-6510 LV ¢upmer JEOL (Anonus).

B TpyOuaryio meub M3rOTOBIEHHYIO M3 HepXKaBelolleil craanm BHICOTOH 250 MM u
BHYTPEHHUM JIMaMeTPoM 25 MM nomemaroT 10 ' Chpbs, TepPMETU3UPYIOT M OCYLIECTBISIOT
KapOOHM3ALMIO CO CKOPOCTbIO moxgbema Temmepatypbl 10°C B muHyty a0 500°C u
BBIIEPXKUBAIOT IPH 3710l Temnepartype 100 mun. Beixoa kapbonusara npu o6paboTke wmemyxu 1
CONOMBI, cOCcTaBisitOT 44% 1 37%, COOTBETCTBEHHO. 3aTeM C HIDKHEH 4acTH TpyOudaToil medun
TONIKJIOYAETCsl COCY/l JUlsl TIOJAa4yd Tapa BOABI C pacxomoM 2:1 Ha maccy kapOoHu3ara.
AKTHBALMIO MPOBOAAT NpH Temrepatype 800°C, BbIXOA aKTHBUPOBAHHOIO yriisi cocTanseT 27%
1 29%, OT MacChl B3SITOM LIETYXH H COJIOMbI, COOTBETCTBEHHO.

CBOICTBA TOJIyYCHHBIX AKTHBHBIX YIJieil ONpeNeneHbl CIeAYIOLMME  CrocobaMH:
afcopOLMOHHAs aKTHBHOCTB 110 H0/ly — THTPUMETPUYECKHM METOJIOM, CyMMapHEIi 06beM nop
0 BOJE — 3aMOJIHEHHEM 0P BOJIO U y/aneHHeM H30bITKa BOZIBI C MOBEPXHOCTH HCCIIEAyeMOro
06])83].[21 MyTEM OTCaCbIBaHMs1, MacCOBas A0JIA BJIard — BbICYLIMBAHUEM HABECKU 10 MOCTOSIHHOM
MacCChbl, HACBIMHAs MJIOTHOCTh — BECOBBIM METOZIOM. HaHHbIC TIPUBENICHBI B Taﬁnnue 1.

Tabnuua 1 — CBoiicTBa aKTHBUPOBAHHBIX YIJIEH MOJNYYEHHBIX U3 PUCOBOM LIENYXH 1

COJIOMbI

AxTuBupoBaHHbiii | AncopbunonHas | CymmapHblit Maccopast nons | Haceimnas

yromab AKTUBHOCTb o Oﬁ’beM Mop 1O | BJIAry, % TIJIOTHOCTD,
ony,% BOZE, CM'/T /o’

meayxa 51 1,57 3,6 236,1

cojoma 64 1,63 3,6 181,3

ITo pe3ynbTaTaM NpOBENEHHBIX HCCIENOBAHUIT aKTUBHPOBAHHBIH YroJib, MOJYYEHHbIH U3
PHCOBOIl IIENyXH COOTBETCTBYET JPEBECHOMY aKTUBHpOBaHHOMYy yrmo Mmapkun JIAK,
AKTUBHPOBAHHBIIl Yroib, MOJYYEHHBIH W3 PHUCOBOW COJIOMBI COOTBETCTBYeT Mapkn BAY-A,
KOTOpBIE NPeaHa3HAYeHbI 171 aACOPOLHU U3 KUAKHX CPE.

Takum 00pa3oM, ObUIM MOJy4eHbI AKTUBHbIE YIJIH M3 PUCOBOH IIEIYXH U COJIOMBL
OnpeneneHbl CBONWCTBA MOJY4eHHbIX MPOAYKTOB. I10 OmpeneneHHbIM CBOHCTBAM, MOJyYeHHbIE

COPOEHTBI MOTYT 3aMEHUTH APEBECHbIH AKTHBHPOBAHHBIH YTOJb.
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2 Co-TepMoJu3 PHCOBOIL IeNyXH 1 HedTelIamMa

Honyquer AKTHBUPOBAHHOI'O yIJIsi U3 pHCOBOﬁ meayxu 1 He(])Temnama NpOBOAUIIN TIO
obmeii Meroauke: B TPyOuaTyro Medb MOMELIAIOT CMEChPHCOBOH LIemyXH u Hedreluiama B
pasnauyHbIX cooTHomenusx (Tabmuua 1), repMETH3UPYIOT U OCYLIECTBIISIOT KapOOHH3ALMIO CO
CKOpPOCTBIO moabema TemmnepaTypsl 10°C B muHyTy mo 500°C M BeIAEPXKMBAIOT HpU 3TOH
Temnepatype 100 mun. 3ateM ¢ HipKHeil yacTH TpyOuaToil meun MOAKIIOYAETCS COCYHA ANs
nojaun mapa BOAbl ¢ pacxomom 2:1 Ha maccy kapOoHM3aTa. AKTHBALHMIO MPOBOIAT MPH
Temnepatype 800°C. PU3NKO-XMMHYECKHE TOKA3aTeH MOJYYEHHOrO aKTHBUPOBAHHOTO YIJIsi
NoKa3aHbl B Tabmuue 2.

Tabnuua 2 — CoBmecTHas nepepaboTka puCOBOii eayxu u Hedreriama

HaumeHoBaHue mokasarenst Pe3ynbTaThl 9KCIEPUMEHTAIBHBIX HCCIIEIOBAHMIH
MaccoBoe  COOTHOLIEHHE 9:1 8:2 7:3 6:4 5.5
pucoBoit HIeNTyXH u

HedTemiama

Brixon kapOoHusara, 42,7 40,6 36,8 33,7 33,0
mac.%

BbIxonx  akTHBHPOBAHHOTO 35 32,4 29,4 26,6 26,2
yruist, Mac.%

AncopbuuoHHas 46,99 43,18 38,10 31,75 26,67
AKTHBHOCTb 110 fioay, %

CyMmMapHblii 00beM mop 1o 1,41 1,38 1,31 1,28 1,20
BOzte, CM /T

MaccoBsast gosst Bjaru, %o 4.1 4.5 4.9 5,1 5,3
Hacr;InHaﬂ TUIOTHOCTb, 201,4 207,9 211,3 213,2 220,8
r/am

MukpodoTorpadus akTHBUPOBAHHOTO YIiis NMpHBEACHA HA PUCYHKE |, HA HEM MOXHO

YBHJIETb PA3BUTYIO MOPHCTYIO CTPYKTYPY NMOJYYEHHOTO COpOeHTa.

Blow, oo

Pucynok 1 — Mukpogororpadust akTHBHPOBAHHOTO YIJIs OJyYEHHOH U3 PUCOBOI LICTyXH 1

HedTermama
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ITo pesymbraTaM OKCHEPUMEHTAJBHBIX MHCCIENOBAHMI, MOJNYYEHHBbI TNPOAYKT NpH
COBMECTHOI nepepaboTke PUCOBOH LeyXH U HedTelama B COOTHOLIGHHsX 9:1 COOTBETCTBYeT
aktuBupoBaHHomy yrmo Mapku JJAK (IOCT 6217-74. VYronab akTHBHbIH JPEBECHBII
IpoOJIeHBbIit).

Hcnonp3oBaHne MpPEANaraeMoro Crocoda mojyuyeHns aKTHBUPOBAHHOTO yIisl IO
CPaBHEHHIO C U3BECTHBIM CHOCOOOM 00ECIeUMBACTBLICOKYIO a[COPOLHOHHYI0 aKTUBHOCTh U B
Ka4ecTBe ChIPbsl IPEIUIaraeTcsi HCIOJB30BaTh PUCOBYIO Ienyxy u Hedreruiam. Pesynbrars!
UCCIIEIOBAHNI MO3BOJISIOT PALMOHAJIBLHO HCHOJB30BAaTh HPUPOJHBIE PECYPChl U HMEIOT

NPUPONOOXPAHHOE SHAYEHHUE.

3 Co-TepMon3 PHCOBOI CONOMBI 1 HedTemIama

Co-TepMoi3 cMeCH PUCOBOIT CONOMBI U He(TelIaMa IPOBOAHIIHN CO CKOPOCTBIO NOAbEMa
Temnepatypel 10°C B MuHyTY 110 HeoOxoxumoii Temneparypst (350-500°C) u Bbiaep:KUBaIH IPU
naHHBIX Temmeparypax 50-150 mun. Beixoa kapOoHM3aTa HPH CO-TEPMOJH3E B PasIHUHBIX
ycioBusX coctaBisier 27,9-32,5%. AkTHBaLMIO KapOOHM3aTa MNPOBOJHMIM IMAPaMH BOIBI C
pacxomamu BoAbl Ha Maccy kapOonmsata 1-4:1 mpu Ttemmepatypax 750-900°C. Beixox
AKTUBHPOBAHHOrO yriisi coctaBisitoT 20,0-29,0% OT Macchl B3ATOH CMECH COJIOMBI ¥
HedTernama.

OnTUMaIbHEIM YCIOBHEM TOJYYeHHs aKTUBUPOBAHHOTO YIVISI CO-TEPMOJM30M DHCOBOM
coJioMbl U HedTelama siBisieTcs: Temreparypa kapbonuszamuu 500°C ¢ npoaOIKUTENBHOCTBIO
100 wmun, aktuBauuu KapOoHmsata npu Temrepatype 850°C M TpU  COOTHOLIEHUH
Boza:kapOoHms3aT = 2:1. AncopOLUMOHHAs aKTUBHOCTb 10 HOIY MOJy4EHHOTO TaKUM CIOCOGOM
AKTUBUPOBAHHOTO yriis coctapisieT 94,03% (Tabmuma 2).

Beixon U (QU3MKO-XMMHYECKHE MapaMeTphbl IIOJy4YeHHOrO AaKTUBUPOBAHHOIO I
HoKa3aHbl B TaOyuIe 3.

Tabnuua 3 — Co-TepMoJIn3 PUCOBOI COJIOMBI I HeTeLTaMa

HaunmeHoBanune PesybTaThl HKCIEPUMEHTAIBHBIX HCCIEI0BAHUI

rokasareJst

Temnepartypa 500 350 400 450 500 500 500 500 500 500 500
kapbonusauny, °C

TIpomomxkurensrocts | 100 | 100 | 100 | 100 | 100 | 100 | 50 150 | 100 | 100 | 100
KapOOHU3ALNH, MUH

Beixox kapbonmsara, | 31,1 | 32,5 | 31,6 |30,8 |31,1 |31,1 31,6 |279 |31,1 |31 |31,
mac.%

Temmeparypa 850 |[800 |[800 |800 |750 |900 (850 |850 |850 |850 |850
AKTHBALMH
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kapbonusara, °C

CooTHoLIeHHe
BOJa:KapOOHH3aT

2:1

2:1

2

2:1

231

2:1

2:1

3:1

4:1

41

Boixon
AKTUBHPOBAHHOTO
yriisi, Mac.%

22,1

25,2

24,6

24,0

22,4

20,0

25,0

29,0

AncopbunonHas
AKTUBHOCTD TI0 fofy,
%

94,03

60,97

51,84

4929

92,71

45,58

4224

31,75

35,56

30,47

CymmapHeiit  00bem
op 10 BOJIE, oM/t

2,12

>

1,43

B

1,99

0,98

>

1,35

5

0,94

1,51

5

1,09

5

1,13

>

2,20

5

Maccosas JIoJst
Biaru, %

0,06

>

0,52

0,85

0,41

1,26

5

7,20

0,32

>

1,68

1,09

>

2,33

5

Hacpinnas
IIOTHOCT, T/M°

144,7

154,0

142,4

141,9

168,0

167.3

149,9

117,7

124,3

114,9

MMKqu)OTOI’pad)MS[ AKTUBUPOBAHHOIO YIJId NPUBEACHA Ha PHUCYHKE 2, Ha HEM MOXKHO

YBUIETb PA3BUTYIO IOPUCTYIO CTPYKTYPY MONYHEHHOTO COpPOEHTA.

e
Pucyrok 2 — Mukpogororpadust akTHBHPOBAHHOTO YIJIsi MOJy4eHHOMH CO-TEePMOJIM30M PHCOBOIT

COJIOMBI U He(b'reu.maMa

Ilo pesynpraTaM OKCHEPUMEHTAJbHBIX MCCIEOBAHHH, IOJNYYEHHbIH MPOAYKT MPH
COBMECTHOH mepepaboTke PHUCOBOIT cONOMBI M HedrelwiamMa B COOTHOEHWsX 9:1, mpu
Temmneparype kapOoHusaumu 500°C ¢ npoposmkurenbHOCTBIO 100 MHH, TpH Temrieparype
aktuauuu 850°C B cooTHowmleHHu Boja:kapOoHm3ar = 2:1 (camblii ONTHMANbHBbIIL),
COOTBETCTBYET aKTUBHPOBAHHBIM yriiaM Mapku BAY-M®, BAY-A u BAY-An ('OCT 6217-74.

Vrosb akTHBHBIH APEBECHDII APOOIEHBDIIT).
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