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Abstract  The aim of our work was to investigate the possibility of obtaining marketable products (fibrous and microcrystalline cellulose, cellulose acetate, lignosulfonates, oxyaldehydes, fertilizers and primings, etc.) from renewable lignocellulosic raw materials.
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Introduction
Historically, biomass has been widely used primarily as an energy source. It is also a valuable chemical raw material for the production of almost all petrochemical synthesis products. To date, 20 basic compounds have been identified, which are sufficient for the manufacture of almost the entire range of chemical industry products and which can be obtained from plant biomass [1,2]. Ultimately, the current state of fossil fuels has emphasized the future development of the chemical industry market, which is predominantly focused on plant biomass. The attention paid in recent decades to renewables is reflected in many scientific reports [3-11]. 
Therefore, considering that Ukraine is an agrarian country, it is expedient to find ways to obtain marketable products from lignocellulosic raw materials and its waste.
Materials and methods 
The lignocellulosic raw materials selected were its waste, as well as industrial crops, namely tree crowns (poplar, oak, birch, linden, chestnut, maple), green waste from mowing lawn grass and forbs, fallen leaves (poplar, oak, birch, linden, chestnut, maple), agricultural waste (wheat, barley, rye, oat, rapeseed, soybean straw, corn and sunflower stalks, rice husks, corn cobs) and industrial crops (giant miscanthus, sugar and Chinese miscanthus, sugar sorghum, switchgrass, flax and hemp). The contents of cellulose, hemicellulose, lignin and other chemical components in lignocellulosic raw materials were determined by standard chemical analysis, described earlier [12,13]. All chemical analysis was carried out twice allowing calculating the mean values and standard deviations, which do not exceed 5 %. The inorganic components were determined using Expert 3L XRF (INAM, Ukraine). The phase identification of the products was examined under X-ray diffraction (XRD) using the MiniFlex 300/600 diffractometer (Rigaku, Japan). The diffraction patterns were recorded using Cu-Kα radiation (λ = 0.15418 nm), the operating voltage of 40 kV and a current of 15 mA. XRD pattern of samples was obtained in the 2θ range between 2o and 80o with a step of 0.02o. FTIR analysis of the obtained products was performed using IRAffinity-1S FTIR spectrometer (Shimadzu, Japan) equipped with a Quest ATR Diamond GS-10800X (Specac, UK) within the wavenumber range of 4000 to 400 cm-1. The porous properties of the products were studied using N2 adsorption at −195.8 °C on the specific surface area and porosity analyser Nova 1200e (Quantachrome, USA). Prior to analysis, 0.23-0.24 g of sample was degassed at 120 °C for 3 h to remove previously adsorbed gases and dead space by vacuum pump to cool down the sample at room temperature. NovaWin 11.04 software was used to calculate the parameters of the porous structure, namely, the specific surface area of SBET (multipoint BET method in the range of p/p0 0.03–0.65); the specific surface area without taking into account micropores St and the volume of micropores Vtmicro - by the t-method (Vα-Smicro - alpha-S method), as well as the specific surface area of micropores - by the formula Stmicro = SBET - St; some of these parameters were also calculated by the DFT method, as was the pore size distribution using selected models. The surface morphology was investigated with atomic force microscope (AFM) NT-206 (Company with double liability “Microtestmachines”, Belarus) equipped with standard sonde CSC37 and rigidity of console 0.3-0.6 N/m. The scan was run in a contact static mode at 10 mcm/s with a step of 0.3 nm. Samples (4 mg) after grinding for 10 min (only for powders) stirred in ethyl alcohol (5 ml) for 15 min. The resulting suspension (0.25 ml) was applied to quartz glass and dried at 50 oC to a constant weight. Then the scan was performed on AFM. The scanning electron microscopy (SEM) images were taken using Zeiss Evo-10 (Carl Zeiss Microscopy, USA) microscope working at 20.0 kV. Thermogravimetric analysis (TGA) and differential scanning calorimetric analysis (DSC) were performed with a PT1600 TG-DTA/DSC (STA Simultaneous Thermal Analysis, LINSEIS Messgeräte GmbH, Germany). The samples (13.0 ± 0.1 mg) were collected in a standard corundum pan. The scan was run at 5 °C/min under a flow of air. The mass change was measured from 15.8 to 100 °C. The sample was analysed three times.
Results
Chemical analysis of tree crowning waste (poplar, oak, birch, linden, chestnut, maple), green waste from mowing lawn grass and forbs, fallen leaves (poplar, oak, birch, linden, chestnut, maple), agricultural waste (wheat, barley, rye, oat, rapeseed, soybean straw, corn and sunflower stalks, rice husks, corn cobs) and industrial crops (giant miscanthus, sugar and Chinese miscanthus, sugar sorghum, switchgrass, flax and hemp) was carried out. The results of the research are presented in Table.
Table 1
Composition of lignocellulosic biomass, % mass in a.d.m.
	Raw material
	Ash
	Pitches and fats
	Water-soluble substances
	Cellulose
	Hemi- cellulose
	Lignin
	Other

	Hemp hurd
	2.7
	0.7
	3.8
	48.4
	25.8
	20.9
	0.4

	Hemp fiber
	1.5
	0.8
	5.3
	85.3
	6.3
	2.1
	0.2

	Flax
	5.4
	1.9
	8.75
	48.0
	27.1
	14.06
	0.19

	Switchgrass
	5.4
	2.0
	7.7
	46.7
	23.0
	13.8
	1.4

	Wheat straw
	6.5
	1.2
	14.5
	46.5
	12.9
	24.6
	0.3

	Rye straw
	6.2
	1.8
	7.7
	46.1
	15.5
	28.8
	0.1

	Rape straw
	8.0
	0.9
	3.0
	43.7
	16.7
	35.5
	0.2

	Barley straw
	7.6
	1.2
	7,2
	50.0
	24.2
	17.1
	0.3

	Oats straw
	7.1
	2.1
	16.1
	40.2
	10.0
	31.2
	0.4

	Corn straw
	9.0
	1.5
	19.8
	36,9
	11.9
	29.7
	0.2

	Sunflower straw
	14.7
	2.5
	16.1
	27.5
	10.3
	43.5
	0.1

	Soybean straw
	4.4
	0.9
	4.0
	46.9
	11.6
	36.3
	0.3

	Rice husk
	18.2
	0.3
	8.2
	39.7
	13.3
	20.2
	0.1

	Corn cobs
	1.5
	0.5
	4.2
	43.2
	26.4
	23.4
	0.8

	Poplar branches
	6.73
	5.12
	22.57
	23.24
	21.06
	20.85
	0.43

	Oak branches
	6.94
	4.00
	21.07
	21.71
	16.35
	29.41
	0.52

	Birch branches
	5.79
	8.73
	18.42
	16.95
	27.87
	21.65
	0.59

	Linden branches
	11.14
	5.35
	22.81
	20.67
	19.85
	20.00
	0.18

	Chestnut branches
	9.98
	3.29
	17.96
	18.95
	25.81
	24.00
	0.34

	Maple branches
	9.01
	4.73
	17.97
	19.43
	28.73
	20.36
	0.20

	Poplar leaves
	14.94
	5.33
	11.70
	25.71
	16.74
	25.76
	0.62

	Oak leaves
	8.44
	9.82
	17.61
	16.77
	21.88
	25.30
	1.01

	Birch leaves
	31.17
	14.71
	8.67
	21.88
	15.38
	12.58
	0.20

	Linden leaves
	18.53
	5.68
	4.68
	25.65
	24.37
	21.60
	0.54

	Chestnut leaves
	14.07
	7.44
	8.08
	21.97
	24.89
	23.90
	0.70

	Maple leaves
	13.14
	9.44
	10.98
	19.74
	31.84
	14.62
	0.24

	Lawn grass
	17.53
	5.99
	16.02
	21.12
	23.22
	17.06
	0.11

	Roadside grass
	31.63
	6.00
	13.76
	16.88
	23.23
	10.25
	0.15

	Giant miscanthus
	2.80
	0.29
	13.01
	44.71
	25.31
	13.77
	0.12

	Sugar sorghum
	8.54
	0.64
	30.75
	31.16
	19.84
	9.03
	0.09



It has been established that the waste is characterized by a high content of water-soluble substances and hemicelluloses, which makes them attractive for further processing by bacteria. The works [14,15] show the possibility of obtaining biobutanol from agricultural waste, switchgrass, and green waste from mowing lawn grass and forbs.
Lignocellulosic biomass with high lignin content is a promising raw material for thermolysis to biochar and activated carbon [16-19].
At the same time, technical crops are more attractive for obtaining cellulose, which is currently a pressing issue for our country. Organo-solvent cooking of flax straw, hemp, switchgrass, and soybean straw was carried out [20-23]. The obtained cellulose materials were studied by modern physicochemical methods: low-temperature nitrogen adsorption-desorption, XRD, XRF, FTIR-ATR, AFM, SEM, TGA, and DSC. It was established that the highest yields of fibrous cellulose and MCC ≥90% were achieved when processing technical hemp fibre of the Glesiya variety. Such products were characterized by a low content of inorganic components (0.5 and 0.2%, respectively) and lignin (1.6 and 0.8%, respectively). In terms of their physicochemical characteristics, they are not inferior to world analogues.
From lignin, which was isolated from the cooking liquor to obtain cellulose products or after hydrolysis of the biomass itself, it is possible, in addition to carbon materials, as mentioned above, to obtain sodium and potassium lignosulfonate. The latter was used to obtain fertilizers that have successfully passed field tests [16,24]. Sodium lignosulfonate is widely used as a binder for metallurgy. In addition, lignin is a promising raw material for obtaining oxyaldehydes, as well as high-octane additives to fuels [25-27].
Based on the obtained cellulose products, cellulose acetate was obtained, which in its characteristics is similar to industrial samples, which was confirmed by the FTIR and TGA methods. Thus, the carried out studies showed the possibility of widespread use of lignocellulosic raw materials to obtain a lot of value-added products that are currently imported from abroad.

Conclusions
Thus, we have considered possible directions for the conversion of various lignocellulosic raw materials into marketable products, which can be summarized in Fig. 1.
Fig.1. Scheme of biomass processing directions
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