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PROCESSING OF VEGETABLE WASTE OF DIFFERENT ORIGIN
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Introduction. Biomass is primarily used as energy source, however, it is a valuable chemical raw material. As of today,
there are about 20 basic compounds that are sufficient to provide a wide range of chemical products can be obtained from
vegetable raw materials.

Problem Statement. Despite a huge capacity of vegetable waste recycling for the industrial needs, so far research in this
area has received a little attention in Ukraine.

Purpose. To create an effective technological solution that ensures a comprehensive, waste-free processing of vegetable
waste to produce marketable products.

Materials and Methods. The methods of organic solvent pulping, explosion autohydrolysis, heterogeneous catalysis, and
numerous analytical techniques (technical, elemental, structural analysis) have been used for the study.

Results. The auto-hydrolysis treatment of plant material has been shown to enable destroying the original compact and
strong structure into individual components. For microcrystalline cellulose (MCC), total conversion increases by 6—18%
with a high crystallinity index (Cl) of 0.81. As a result of alkaline treatment of rice husks, the inorganic component has been
established to be «extracted» and to decrease in content. This is accompanied by partial delignification and a simultaneous
increase in the content of cellulose. Using the method of organic solvent pulping of silica-free husk, the maximum amount
of MCC (100% theoretically possible yield) with a Cl of 0.77, a polymerization of 560.5, and a purity of 99.3% has been
extracted. Silicon dioxide with a purity of, at least, 99.99% has been obtained.

Conclusions. A way for obtaining cellulose from vegetable waste by the organic solvate pulping method has been
described and the effect of pretreatment of lignocellulosic biomass on the physical and chemical properties of obtained
cellulose has been established.

Keywords: explosion auto-hydrolysis, cellulose, lignin, microcrystalline cellulose, and silicon dioxide.

One of the characteristic features of the pres- | tions, broad options for selection, significant en-
ent time is the numerous attempts to integrate | ergy indices, and a wide range of chemical com-
the plant biomass into the power engineering and | position are factors that allow the plant biomass
raw material sector of the economy [1]. The un- | to be considered as a potential source of alterna-
pretentiousness of many crops to weather condi- | tive energy and raw materials. In many world

countries, especially in the equatorial zone, plant
©EIEQCEI?\JE?\((%EYSIE&\?E?&Qﬁﬁ?§:ﬁﬁRIN, VvV, biomass is cqrrently one of the main‘ sources of
and KASHKOVSKY, V.1, 2018 energy (that is produced, mostly, by simple com-
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bustion) [1], and in general its share in the energy
balance varies from 3 to 35%. However, global fo-
cus on plant energy resources, in our opinion,
does not make sense. The development of the raw
material direction is much more promising due to
a high content of carbohydrates in the form of
cellulose, hemicellulose, lignin, pentosans, starch,
saccharides, and pectin, which enables a relative-
ly cheap obtainment of a number of highly mar-
ketable products widely used in food, medical,
perfume, and chemical industries. Every year, the
agro-industrial complex produces a significant
amount of lignocellulose waste unused or dispo-
sed without any pretreatment, which leads to a sig-
nificant environmental pollution. However, they
can be converted into valuable raw materials, in
particular, cellulose, mono- and oligosaccharides,
and various biologically active substances [2].

Unlike other crops, the rice production waste
(straw and floral husk) is known to have a high
concentration of silicon that is part of the plant in
the phase of full maturity, in the form of amor-
phoussilicon dioxide [2—6]. The rice husk mainly
consists of lignin, cellulose, hemicellulose, SiO,,
and a small amount of metal oxides [7—10].

The silicon origin in the rice husk has been
studied many times, with the majority of resear-
chers believing that silicon is accumulated in the
plant as mono-silicic acid that is transported to
the outer surface of plant tissue. Here, it concen-
trates as a result of evaporation and as a result of
polymerization transforms into cellulose-siliceous
membrane [11].

Due to the lack of nutrients and the negative im-
pact on the health of bovine animals caused by the
complexity of digestive processes, the use of husk as
a feed, despite its low cost, is not feasible [12].

However, rice husk can be used to obtain a num-
ber of organic and inorganic products, including
silicon compounds: dioxide, carbide, nitride, tet-
rachloride, pure silicon, silicates, as well as car-
bon, xylenes, polysaccharides, furfural, cellulose,
etc. [3—5, 13—15]. However, today, in spite of di-
sadvantages, the most common use of rice husk is
power generation (combustion).
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THE RESULTS AND THEIR DISCUSSION

The research aim is to create an efficient tech-
nological solution that enables integrated almost
waste free treatment of residual plant material for
obtaining highly marketable products.

Rice husk, corn cob [16], and switchgrass herb
(Panicum virgatum 1..) [17] are used as raw mate-
rial for lignocellulose. The chemical composition
of studied biomass as determined by the methods
described in [16, 17] is given in Table 1.

The main distinctive feature of rice husk as com-
pared with other lignocellulosic biomass is a high
content of inorganic component. The nondestruc-
tive energy-dispersive X-ray fluorescent analysis
of rice ash using precise analyzer Expert 3L has
shown that main inorganic component is silicon
dioxide (Table 2), which agrees with literature
data [2—6]. Hence, rice husk unlike corn cob and
switchgrass, is a valuable source of not only natu-
ral polymers but also amorphous silicon dioxide.

The next stage is separation of raw material
into individual components.

Previously, the efficiency of explosion auto-hyd-
rolysis has been proven for separation of corn cob
[16] and switchgrass [17] into certain compo-
nents. Therefore, the products of explosion self-
hydrolysis of selected agricultural waste have been

Table 1
Composition of Original Raw Material
for Further Research, % wt.

Rice husk CO[TGTOb SW1tlc1};?rass
Cellulose 39.7 43.2 46.7
Hemicellulose 13.3 % 26.4 23.0
Hot water soluble 8.2 4.2 7.7
Klason lignin 20.2 23.4 138
Wax and fats 0.3 0.5 2.0
Ash 18.2 1.5 5.4
Other 0.1 0.8 1.4
Total 100.0 100.0 100.0

* Hemicellulose and proteins totally.
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Fig. 1. Scheme of fractionati-

on of lignocellulosic biomass Lignin filtration

fractionated (Table 3) according to the scheme
given in Fig. 1.

The organic solvent pulping that underlies the
method for obtaining microcrystalline cellulose
(MCC) has been described in [1, 18, 19]. Cellu-
lose with the properties as shown in Table 4 has
been extracted from corn cobs (Fig. 2, a) and
switchgrass (Fig. 2, b).

The MCC yield has been established to in-
crease in the case of explosion auto-hydrolysis as
pretreatment for obtaining the ultimate product
(Table 4). The content of residual lignin in the
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obtained MCC samples were determined by the
standard method [20]. MCC polymerization de-
gree was defined based on GOST 9105-74 using a
capillary viscometer of VPZh-3 type with a con-
stant velocity of 0.01665 mm?/s? in accordance
with the method described in [21].

The MCC supramolecular structure was ana-
lyzed using diffractometer MiniFlex 300/600 in
radiation of copper anode with nickel filter in
the initial beam. To carry out X-ray experiments,
the studied materials in the form of fine powders
were placed in cuvettes having a thickness of

Table 2
Chemical Composition of Rice Husk Ash
(jlce;nclrclil Content, % wt. Substance | Content, % wt.
0} 51.477 +0.812
Mg 2.146 +0.298 MgO 3.559
Si 42982 +0.719 SiO, 91.953
S 0.172 £ 0.006 SO, 0.344
K 1.944 + 0.056 K,0 2.342
Ca 1.143 £ 0.028 CaO 1.599
Fe 0.061 £ 0.001 Fe,O, 0.087
Cu 11£1x10° CuO 14 x 1076
Zn 5£1x10° ZnO 57 x 1076
Table 3

Composition of Resulting Raw Material
after Explosion Auto-Hydrolysis, %wt.*

Co[r1116<]:0b Sw1t[i};?rdss Rice husk

Cellulose 50.8 53.4 44.2
Hemicellulose 1.7 3.8 1.5 **
Hot water soluble 28.5 23.8 13.6
Klason lignin 16.6 10.9 20.3
Wax and fats 0.5 2.0 0.3

Ash 1.5 5.0 20.0
Other 0.4 1.1 0.1

Total 100.0 100.0 100.0

* Conditions of explosion auto-hydrolysis: temperature: 220 °C,
run time: 15 min. ** Hemicellulose and proteins totally.
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Fig. 2. MCC obtained from corn cobs (a), switchgrass (Panicum virgatum L.) (b), and rice husk (¢)
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Fig. 3. X-ray diffraction curves of cellulose obtained from corn cobs (7, 2) and switchgrass (3, 4)
in different ways: 7, 3 — oxidative hydrolysis method without pretreatment; 2, 4 — oxidative
hydrolysis after explosion auto-hydrolysis

0.2—0.3 mm. The scattered intensity was record-
ed in the mode of step scanning of scintillation
detector within the range of angles from 5 to 60°
with a step 0.02°. The diffraction patterns of cel-
lulose samples (Fig. 3) have maximums within
the range of angles 20: 14—16°; 22—23°; 34—35°
corresponding to reflection of the planes 10-1,
101; 002; 040 of cellulose lattice, respectively.

ISSN 2409-9066. Sci. innov. 2018, 14(2)

The peaks within the range 20 = 15—16° are cau-
sed by diffraction of X rays from the planes 10-1
and 101 of cellulose T lattice. The peak reflex in-
tensity within 20 = 22—23° corresponds to the
plane 002 of natural cellulose I lattice. Diffrac-
tion pattern of amorphous scattering of cellulose
has a typical diffusion character with maximum
20 =18.5—19".
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Fig. 4. IR spectra of MCC obtained from corn cobs (7, 2) and switchgrass (3, 4) in different ways:
1, 3 — oxidative hydrolysis method without pretreatment; 2, 4 — oxidative hydrolysis after
explosion auto-hydrolysis

To characterize the cellulose structure, the
term «crystalline index» (CI) has been intro-
duced and several methods for its determination
have been developed [22]. CI measured by X-
ray study characterizes the share of regularly
packed molecules altogether causing the appear-
ance of Bragg reflections on diffraction pattern.
The chaotically oriented molecules scatter radi-

ation by diffusion mechanism. Basically, the re-
flex 002 parameters can be an indicator of struc-
tural state of cellulose crystalline part in the
case of equatorial diffraction. An increase in CI
corresponds to a decrease in lignin and amor-
phous component content. The relative content
of crystalline component increases as lingo-hy-
drocarbon complex is removed [23]. Changes in

Table 4
Effect of Explosion Auto-Hydrolysis on MCC Yield and Structural Characteristics
Auto-hydrolysis parameters One-stage delignification of biomass
Raw material i o

t.°C P, MPa < min ngmon wﬁtent, MCC yield, % C1 Polymerization
% wt. degree
Switchgrass — - — 1.2 40.2 0.74 577.5
220 3.0 15 0.9 42.5 0.81 569.0
Corn cob — — — 1.1 38.7 0.77 569.0
3.0 15 1.0 49.8 0.78 560.5
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Fig.5. Macro- (a, b, e, f) and micro-photographs (¢, d) of original (a, ¢) and treated by explosion auto-hydrolysis (¢, d) rice
husk and its ash (e, /) before (¢) and after (f) of thermobaric treatment

CI was calculated by the Jelowicz method modi- Table 5
fied by the Segal method [23—27]. Ash Residue of Rice Husk

CI of obtained MCC samples varies within 0.7— after Explosion Auto-Hydrolysis
0.81 (Table 4), which is close to the values forboth | | . Content,
sulfate and sulfite cellulose from timber (0.65— clement Content, wt.% | Compound|  “1 "o,
0.68) and from cotton (0.8) [24].

The IR spectra of cellulose from corn cobs (Fig. O 51.966 + 0.299
4, curves 1, 2) and switchgrass (Fig. 4, curves 3, Mg 1.348 +0.298 MgO 2.235
4), as compared with data [28], have typical ab- Si 0.256 + 0.066 ALO, | 8x10°
sorption band (AB) within 3000—3600, 2700— S 43.599 + 0.267 Sio, 93.273
3000, 1300—1500, 1000—1200 cm!, which cor- K 0.141 + 0.004 SO, 0.283
respond to the stretching vibrations of -OH and Ca 0.375 + 0.033 K,0O 0.452
-CH, -CH, groups and the deformation and stret- Fe 0.640 + 0019 CaO 0.895
ghmg v1brat}ons of CO and C-O-C of celluloge Fe 1590 + 0.011 Fe,0, 9974
ring, rf:spect}vely [29]. The adsorbeq water mani- Fe 20£3x10° | NLO. | 98x 10
fests itself in absorption band within 1630— c 199+ 4% 106 c 203 153 % 109
1640 cm™" [30]. The absence of AB at 1511.28 cm™, " N "
which is typical for aromatic skeletal stretching Zn 0.060 = 0.001 Zn0 0.074

ISSN 2409-9066. Sci. innov. 2018, 14(2) 53
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Fig. 6. X-ray diffraction curves of original rice husk (7) and cellulose extracted from it (2)
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Fig. 7. Scheme of silicon desalinization and photographs of
obtained rice husk (a) and filtrate (b)

vibrations, confirms a decrease in the lignin content
in the products. The absorption band at 900 cm™!

characterizes the asymmetric antiphase vibrati-
ons, as well as the vibrations of C1 atoms and four
neighboring atoms of B-glycoside structures. This
band is called the amorphy band [31]. In IR spec-
tra (Fig. 4) of obtained samples, there are no typ-
ical AB of phenyl propane units of lignin (1605—
1593, 1515-1495, 1470—1460 cm™). This testifies
to deep oxidative transformations of phenolic
structures and effective diffusion of delignifica-
tion products into the solution under experiment
conditions [28].

Rice husk, like the other plants studied as men-
tioned before, has shown essential morphological
changes visible to the naked eye after explosion
auto-hydrolysis (Fig. 5, a, b). The process is ac-
companied not only with husk fragmenting visi-
ble in SEM pictures (obtained with the use of
scanning electronic microscope EVO MA-10 by
Carl Zeiss) (Fig. 5 ¢, d), but also with destruction
of the outer layer of husk epidermis (Fig. 5, d),
which manifests itself as cracks, segregations, and
lacunas. In addition, after the explosion auto-hy-
drolysis, rice husk changes its color (Fig. 5, b) as
aresult of change in the composition of main com-
ponents of lignocellulosic biomass (Tables 1, 2).

Table 6
Composition of Cellulose Obtained by Organic Solvent Pulping
Time of organic Yield to input Actga] . Polymerization Product composition, %
| Ining. h 0. % to theoretical yield 4
solvent pulping, hours ratio, %o ratio, % egree Cellulose Lignin Ash (Si0,)
4 57 99 577.5 69 0 31 (99.98)
54 ISSN 2409-9066. Sci. innov. 2018, 14(2)
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A slight increase in the amount of inorganic com-
ponents is reported as well (Table 5). An increase
in iron content and appearance of nickel and alu-
minum become noticeable, which is likely ex-
plained by corrosion caused by low pH and steam
baric effects. This can influence coloration of rice
husk after the explosion auto-hydrolysis (Fig. 5, )
as compared with the ash of original raw material
(Fig. 5, ¢).

The basic properties of cellulose obtained from
rice husk by the organic solvent pulping method
(Fig. 2, ¢), are given in Table 6.

Table 6 shows that in the case of organic sol-
vent pulping, rice husk is almost fully delignified.
Due to this, bleached cellulose that for the third
part consists of inorganic component, namely, of
silicon dioxide, has been obtained. This silicon
dioxide manifests itself in X-ray structure studies
of obtained material (Fig. 6).

The diffraction pattern (Fig. 6, curve 2) of ex-
tracted cellulose shows that it has an amorphous
structure and contains amorphous silicon diox-
ide, which is confirmed by a characteristic peak
within 20 = 22.5° observed in the diffraction pat-
tern of original raw material (Fig. 6, curve 1) [32].

Hence, the use of rice husk for obtaining micro-
crystalline cellulose is not feasible, since the ulti-
mate product is highly amorphous because of a
large share (about 30% (wt.)) of inorganic compo-
nent, silicon dioxide. Therefore, for obtaining cel-
lulose it is necessary firstly to separate this sub-
stance from rice husk. The SiO, separation is made
in accordance with the scheme shown in Fig. 7.

The rice husk obtained in this way (Fig. 7, 7)
contains 62.63% cellulose (wt., absolutely dry
matter), 16.71% lignin (wt., absolutely dry mat-
ter), and 1.6% ash residue (wt., absolutely dry
matter), while the content of ash residue in the
original raw material reached 18% (wt. absolute-
ly dry matter) (Table 1).

A decrease in the content of last two compo-
nents as compared with cellulose means that as a
result of alkali treatment both silicon dioxide and
lignin are removed from the raw material. This can
be confirmed by the very appearance of deposition

ISSN 2409-9066. Sci. innov. 2018, 14(2)
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Fig. 8. Dependence of changes in the content of main compo-
nents of rice husk on treatment time

obtained after desalinization and treatment with
acid (Fig. 7, 2). Its ash content, 10% (wt., abso-
lutely dry matter), means that it contains not only
inorganic (Table 7), but also other components.

Table 7
Ash Content in Filtrate
Celll:ilellclil Content, wt. % Compound CSVI:?,/I:t’
O 47.858 +1.032
Mg 1.153 £0.289 MgO 1.912
Si 40.773 £ 0.810 SiO, 87.227
S 0.394 £ 0.011 SO, 0.787
Cl 8.825 +0.177 Cl 8.825
K 0.769 + 0.044 K,O 0.926
Fe 0.202 £ 0.005 Fe,O, 0.288
Ni 19+2x10%  Ni,O, 27 x 1076
Cu 107 £ 4 x10°6 CuO 134 x 106
Zn 53+2x10° ZnO 66 x 106
Table 8

Effect of Time of Husk Treatment without Silicon
Oxide on MCC Yield and Structural Properties

Time of organic One-stage delignification of biomass
solvent pulping, Pol it
hours MCC yield, % CI ° yg;egrrléj ton
62.7 0.77 560.5
2 60 0.73 565.0
3 61 0.79 569.0
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Fig. 9. X-ray diffraction curves of cellulose obtained from si-
licon-free rice husk depending on treatment time: 7 — 1 hour;
2 — 2 hours; 3 — 3 hours

Since, as mentioned before, the alkaline leach-
ing of silicon dioxide results in partial delignifica-
tion and removal of inorganic components, the
possibility of speeding up the obtainment of mi-
crocrystalline cellulose at the expense of reduc-
tion in time of organic solvent pulping has been
studied. Cellulose treatment time has been estab-
lished to influence not only the composition of
cellulose obtained, but also its yield (Fig. 8, Table
8). In 1 hour after the treatment, a rapid decrease
in in the content of lignin and inorganic compo-

EHT = 30.00 kV/
WD =14.5 mm
Mag = 502 X

Signal A = SE1 Date :18 Mar 2016
Photo No. =179 Time :16:15:41
System Vacuum = 7.15e-006 mbar

nents. Further treatment does not result in any
significant changes (Fig. 8). The polymerization
degree of cellulose obtained has been determined
(Table 8). It is as much as twice higher as com-
pared with the required value for microcrystal-
line cellulose of vegetable origin (200—-300) [33].
However, this is not the only criterion of cellu-
lose crystallinity, therefore additional physical
and chemical studies have been done.

The supramolecular structure of MCC ob-
tained from rice husk has been established using
the method of X-ray diffraction analysis (Fig. 9).

The CI of MCC obtained samples is estimated
as 0.73-0.79 (Table 8), which, as mentioned
above, is in good agreement with the data for
commercial samples [24].

Using SEM the morphological properties of fi-
bers of obtained cellulose (Fig. 10) have been
studied. The treatment time has been established
to change the structure of fibers inessentially.
Their average length is about 200-300 um, which
corresponds to the requirements for MCC fibers
(up to 400 um) [33].

In this research, a cellulose product has been
obtained from rice husk pretreated for removal of
silicon dioxide using a simplified method. The
product may be referred to microcrystalline cel-
lulose by two (CI and fiber length) of three pa-
rameters (except for polymerization degree).

Signal A = SE1 Date :18 Mar 2016
Photo No. = 189 Time :17:11:24
System Vacuum = 6.68e-006 mbar

EHT =30.00 kV
WD =15.0 mm
Mag= 502X

a

b

Fig. 10. SEM images of MCC extracted from silicon-free rice husk with different treatment time: 7 — 1 hour; 2 — 3 hour

56

ISSN 2409-9066. Sci. innov. 2018, 14(2)



Processing of Vegetable Waste of Different Origin

Table 9
Yield of Aldehyde Alcohols from Oxidation
of Lignins of Various Origins by Molecular Oxygen

Conditions Yield, % (wt., lignin)
Raw .
material Tempera- Partial - 4-hydroxy-
ture. °C pressure | Vanillin | benzalde-
’ 0,, MPa hyde
Hydrolytic 170 0.9 2.84 0.05
lignin
Switchgrass 0.3 0.48 0.45
0.9 3.25 0.03
Corn cobs 0.3 1.05 1.46
0.9 4.84 0.36
Rice husk 0.3 3.59 0.99
0.9 10.68 0.003
Table 10
Composition of Inorganic Part Extracted from Ash
Residue of Rice Husk
Formula Content, wt. % Content, wt. %
Si0o, 99.994 99.994
Fe,O, 56 x 10°¢ 50 x 106
ZnO — 5x10°6

According to literature data, the oxidation of
lignins of herbal plants is accompanied with the
creation of the most hard-to-separate blend of
the three aldehydes — vanillin, syringaldehyde,
and para-hydroxybenzaldehyde, with a small to-
tal yield (3—24%) [34]. The effect of oxidation on
lignin as original lignin-containing matter has been
studied on corn cobs, switchgrass, rice husk, and
hydrolytic lignin using the method described in
[35, 36]. The obtained results are given in Table 9.

The effect of molecular oxygen on the yield of
vanillin and 4-hydroxybenzaldehyde has been
proven. There have been no data on the effect of
oxidizer concentration on the formation of the
latter. Table 9 shows, as partial pressure of oxy-
gen increases trice, the yield of vanillin grows
3-6 times, depending on lignin-containing mate-
rial. This is explained by different group composi-

ISSN 2409-9066. Sci. innov. 2018, 14(2)

o7

tion of lignins, which is in good agreement with
literature data [35, 36]. At the same time, the
yield of 4-hydroxybenzaldehyde drops, which li-
kely is a result of higher selectivity of vanillin for-
mation as partial pressure of molecular oxygen
increases. Unfortunately, for the time being, there
are no data on the obtainment of vanillin from
plant lignocellulosic biomass characterized in
Table 9 by reagent methods. The yield of vanillin
for oxidation of aspen by molecular oxygen at a
partial pressure of 0.2 MPa for 60 min amounts to
2.66% (per lignin) [37], which is close to the yield
from the oxidation of rice husk (Table 9).

High-purity silicon dioxide having the proper-
ties shown in Table 10 has been obtained from in-
organic part of rice husk the composition of which
is given in Table 2, using the method described in
[38]. The XRD analysis has shown that the ob-
tained powdered silicon dioxide consists of 100%
amorphous phase.

CONCLUSIONS

A method for obtaining cellulose from non-
woody raw materials (corn cobs, switchgrass, rice
husk) by organic solvent pulping has been stud-
ied. The effect of pretreatment of lignocellulosic
biomass on physical and chemical properties of
obtained cellulose has been established. Using
the method of four-hour organic solvent pulping
a cellulose with a crystallinity index of 0.74 and
0.77, respectively, and a polymerization degree of
569.0 and 577.5, respectively, has been obtained
from corn cobs and switchgrass. The yield is 90
and 86% of the possible in theory, respectively.
The treatment of raw plant material in auto-hy-
drolysis conditions has been shown to enable di-
viding the original compact strong structure into
individual components that after further treat-
ment give ultimate products with a yield signifi-
cantly higher than in the case of the classical tre-
atment. For cellulose, the total conversion grows
by 6—18% with a high CI of 0.81 (switchgrass).
In the case of alkali treatment of rice husk, the
inorganic component is extracted, with its share
dropping from 18 to 1.6% (wt., absolutely dry
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matter). Also, partial delignification has been ob-
served as lignin content decreases from 20.2 to
16.7% (wt., absolutely dry matter). At the same
time, cellulose content increases from about 40 to
63% (wt., absolutely dry matter), which enables
obtaining microcrystalline cellulose with a yield
of 100% of the possible in theory, a crystallinity
index of 0.77, a polymerization degree of 560.5,
and a purity of 99.3%, (lignin content is less than
0.2% (wt., absolutely dry matter); ash content is
less than 0.5% (wt., absolutely dry matter)) after
1 hour of organic solvent pulping. The aldehyde
yield has been studied for various types of ligno-
cellulosic biomass. The highest yield of vanillin

has been shown to be reached by rice husk oxida-
tion with air oxygen at an oxidizer partial pres-
sure of 0.9 MPa. The inverse dependence of 4-hy-
droxybenzaldehyde yield on the amount of oxi-
dizer has been established. High-purity silicon
dioxide has been obtained. Its content makes up,
at least, 99.99%, which has been confirmed by
various advanced methods for physical and chem-
ical analysis.

The research has been financially supported by
the NAS of Ukraine within the framework of R&D
project «The Development of Technological Solu-
tion for Integrated Treatment of Agrowastes» (con-
tract No. 8/1i-16) in 2016.
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IMEPEPOBKA POC/IMHHUX BIAXO/IB
PISHOTI'O ITIOXO’KEHHA

Beryn. biomaca epeBaskHO 3aCTOCOBYETBCS SIK eHEpreTUYHE JIPKEPeJIo, TO/Ii sIK BOHA € I[IHHOT0 XiMiYHOIO cupoBuHOI0. Ha
cbhoroziii BuizeHo 20 6a30BUX CIOMYK, SIKI MOJKHA OTPUMATH i3 POCIUHHOT GIOMACH Ta SIKUX JOCTATHLO JIJISI BUTOTOBJICHHS
ITIPOKOTO ACOPTUMEHTY TIPOLYKITii XIMITHOI IIPOMUCJIOBOCTI.

IIpoGaemaTuka. HesBaxkarouu Ha 3HAYHUIL ITOTEHI[iaJ POCIUHHUX BiAXOMIB UIs1 IPOMUCIOBOCTI, B YKpaini poboTam y
1IbOMY HAIIPSMKY TIPU/IIISETBCS HEAOCTATHBO YBATH.

Mera. CrBopenHs e(eKTUBHOTO TEXHOJIOTTUHOTO PillleHHS], sIKe 3a0€311e4NTh KOMILIEKCHY IPAaKTUYHO GE3BiIX0HY Tiepe-
POOKY BiZIXOiB POCIMHHOTO MOXOZKEHHS 3 OJIePsKaHHIAM JIKBITHUX TPOLYKTIB.

Marepiamm it MeToau. B mociKer i BUKOPUCTAHO METO/ OPTAaHO-COTBBETHOI BAPKH, METO/I BUOYXOBOTO aBTOTIZPOJII3Y,
reTeporeHHoro KaTasisy, HU3Ky aHaJIiTHYHUX METO/IB (TeXHIYHN, eJleMeHTHUI, CTPYKTYpPHUI aHai3).

Pesyabraru. [Tokaszano, 1o 06podKa pocInHHOT CHPOBHHH B YMOBAX aBTOTIAPOJIi3Y [03BOJISIE 3pYHHYBATH BUXIIHY KOM-
[AKTHY, MilIHY CTPYKTYPY Ta PO3KJIACTH 11 Ha IHAWBIAyaabHi ckiianoBi. st mikpokpucraniunoi nemonosu (MKIL) Binbysa-
€THCST 3POCTAHHST 3araibHOT KouBepcii na 6—18 % i3 Bucokum ingexcom kpucramaiunocti (IK) — 0,81. Beranosieno, 1o mpu
JIYIKHIA 06p0o0ILi PECOBOT JIY3TH CITOCTEPITAEThCST «EKCTPAKILisA» HEOPraHiuHOI CKJIa0BOI Ta 3MEHIIEHHS il BMICTY, a TaKOXK
JacTKOBa ACTirHi(iKallis 3 OMHOYACHUM 301IBIIECHHAM BMICTY TIETI0I031. MeTOI0M OPTaHo-COIbBETHOI BAPKH JIY3TH, 3 SIKO
MOTIEPEIHBO BUIAJIEHO KPEMHIEBI CIIOJIYKH, BU/IJIeHO MakcuMasibHy Kisbkicts MKIT (100 % Bix TeopeTnaHO MOKIMBOTO), 3
IK 0,77, crymenem mosimepusarttii 560,5 ta unctoroo 99,3 %. PazoMm 3 THM 071epsKaHO 3pa30K AIOKCUILY KPEMHIIO, 3 BMiCTOM
SiO, He menrtire 99,99 %.

Bucnosku. Hasezieno crioci6 ogepskains Hei0I031 3 BiXOAIB POCTMHHUIITBA METOAOM OPraHo-COJbBEHTHOI BapKU Ta
BCTAHOBJIEHO BILJIMB TIPOIECY MOMEPeaHboi 00pPOOKH JIrHOIEM0I03HO1 HioMacu Ha (Di3uKo-XiMiuHI XapaKTepPUCTUKH Oep-
JKAHOI 11eJTI0JI03H.

Knwouoei cioea: BUOYXOBUii aBTOTIAPOJII3, LEJH0JI03], JITHIH, MIKPOKPUCTAIUHA 1[eJIF0JI03, IOKCH] KPEMHITO.
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INEPEPABOTKA PACTUTEJIbHBIX OTXOAOB PAS/INYHOTIO [TIPONCXOXAEHNA

Beeaenne. briomacca B GOJIBITMHCTBE CIyYaeB UCIIOIB3YETCSI KAK 9HEPTeTHIECKII HCTOYHIK, TOT/IA KAK OHA SIBJISIETCST
LIEHHBIM XUMUYeCKUM chipbeM. Ha ceroaus soiaesneno 20 6a30BbIX COAMHEHNH, MOJTYYEHHBIX U3 PACTUTEIBHOTO ChIPbS U
KOTOPBIX IOCTATOYHO JIUISI H3TOTOBJIEHNS GOJIBIIOTO aCCOPTUMEHTA XUMIYECKON POJLYKIINH.

IIpoGaemaTuka. He cMOTpPst Ha CyIIECTBEHHBI IIOTEHIMAI PACTUTEIbHBIX OTXO/0B JIJIsI IPOMBIIIJIEHHOCTH, B YKpauHe
paboTaM B 3TOM HAIIPABJIEHUU YIIEJISIETCSI HEJOCTATOYHO BHUMAHUSI.
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Iemns. Cospanne 9hHEKTUBHOIO TEXHOJIOTMYECKOTO PEIIeH s, KOTOPOe 00eCeYnT KOMILIEKCHY IO IPAKTUYECKH Ge30T-
XOJIHYIO TIepepabOoTKY OTXOA0B PACTUTEILHOTO IPOUCXOKICHUS C TIOJIYYeHUEM JUKBUIHBIX IPOLYKTOB.

Marepuasisl ¥ MeTo/IbI. B 1cciie/oBaHM UCTIOIb30BAH METO/L OPraHO-COJIBBEHTHON BAPKU, METO/] B3PbIBHOTO aBTOTH/I-
POJIN3a, TeTEPOTeHHOT0 KaTaINn3a, P/ AHATUTUIECKUX METO/IOB (TeXHIYEeCKUT, 27IeMEHTHDI, CTPYKTYPHBbII aHAJIN3).

Pesyasrarel. [lokazano, 4o 06paboTKa PACTUTETBHOTO ChIPbsi B YCJIOBHUSIX aBTOTUPOJIN3A MO3BOJISIET PA3PYIIUTD
VCXOJHYIO0 KOMITAKTHYIO, KPENKYIO CTPYKTYPY M Pa3/esUTh ee Ha MHANBUIYAJIbHbBIE COCTABJSIONIHE. /[T MUKPOKPHCTAI-
smaeckoit mesmono3sr (MKIL) mponcxoanT yBemndenue obimeit konsepcun Ha 6—18 % ¢ BHICOKMM MHAEKCOM KPUCTAILIITY-
Hoctu (MK) — 0,81. YeraHoBiieHO, UTO [IPU IEJI0UHOM 06paboTKe PUCOBOIL LIeTy X1 HAOIIOAAETCS «IKCTPAKIMSI> HEOPraHU-
YeCKOI COCTABJIAIONICH 1 YMEHBIIICHUE ee COJIEPKAHU, a TAKKe YaCTUYHAs JIeJTUTHI(UKALNS ¢ O/IHOBPEMEHHBIM YBeJIye-
HUEM COJIePIKAHUS IeJITI0N03bl. MeTo/IoOM OpraHo-coJIbBETHON BapKU U3 TPEIBAPUTENBLHO OYUIEHHON OT COeIMHEHUN
KPEeMHWUSI eTyXH BblesieHo MakcuMasibHoe komdecTBo MKIL (100 % ot Teopetndecku Boamosxkuoro), ¢ MK 0,77, crenenbio
noymMepusari 560,5 i urcroroit 99,3 %. Bmecte ¢ Tem, oryderno o6pasIiel IMOKCHAA KpeMHNS ¢ cofiep:kannem SiO, me
MenbIe 99,99 .

BeiBoabl. [IpuBeziet criocod MoIyYeHust 1eLTI0I03bl U3 PACTUTEIbHBIX OTXOA0B METOA0M OPraHO-COJIbBEHTHON BapKu
U YCTAHOBJICHO BJIMSIHUE MPOLECCa TIPEABAPUTEIbHOM 00pabOTKU JIMTHOIEIIIJI03HOM O1oMacehl Ha (QPU3UKO-XUMUIECKIE
XapaKTEePUCTUKU TTOJIYIEHHO I1eJITI0T03bI.

Kniwouesvie cnosa: BSprBHOﬁ ABTOTU/POJINS, MEJJII0J03a, JIUTHUH, MUKPOKPUCTAJIJIMYECKAS [EJIJII01034a, JUOKCU/L
KpEeMHU:A.
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