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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 (CI) 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 CI 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. 

K e y w o r d s: explosion auto-hydrolysis, cellulose, lignin, microcrystalline cellulose, and silicon dioxide.
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One of the characteristic features of the pres-
ent time is the numerous attempts to integrate 
the plant biomass into the power engineering and 
raw material sector of the economy [1]. The un-
pretentiousness of many crops to weather condi-

tions, broad options for selection, significant en-
ergy indices, and a wide range of chemical com-
position are factors that allow the plant biomass 
to be considered as a potential source of alterna-
tive energy and raw materials. In many world 
countries, especially in the equatorial zone, plant 
biomass is currently one of the main sources of 
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-
phous silicon dioxide [2—6]. The rice husk mainly 
consists of lignin, cellulose, hemicellulose, SiO2, 
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-
s ad vantages, the most common use of rice husk is 
power generation (combustion).

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 L.) [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 nondest ruc-
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
Corn cob 

[16]
Switch grass 

[17]

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 13.8
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

Plant raw material

Explosion auto-hydrolysis

Product of auto-hydrolysis

Hot-water extraction

Filtration Mono-
and oligosugars,

low-molecular lignin
Solid residue

Organic solvent pulping

Filtration Filtrate
(acid liquor waste)

Cellulose

Concentrating

Vat residure

Water precipitation

Lignin filtration

Table 2
Chemical Composition of Rice Husk Ash

Chemical 
element 

Content, % wt. Substance Content, % wt.

O 51.477 ± 0.812
Mg   2.146 ± 0.298 MgO 3.559
Si 42.982 ± 0.719 SiO2 91.953
S   0.172 ± 0.006 SO2 0.344
K   1.944 ± 0.056 K2O 2.342
Ca   1.143 ± 0.028 CaO 1.599
Fe   0.061 ± 0.001 Fe2O3 0.087
Cu            11 ± 1 × 10–6 CuO 14 × 10–6

Zn              5 ± 1 × 10–6 ZnO 57 × 10–6

Table 3
Composition of Resulting Raw Material
after Explosion Auto-Hydrolysis, %wt.*

Corn cob 
[16]

Switchgrass 
[17]

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 °С, 
run time: 15 min. ** Hemicellulose and proteins totally.

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, а) 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 

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 mm2/s2 in accordance 
with the method described in [21].

The MCC supramolecular structure was ana-
lyzed using diffractometer MiniFlex 300/600 in 
ra diation of copper anode with nickel filter in 
the ini tial beam. To carry out X-ray experiments, 
the stu died materials in the form of fine powders 
were pla ced in cuvettes having a thickness of 
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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 60о 
with a step 0.02о. The diffraction patterns of cel-
lulose samples (Fig. 3) have maximums within 
the range of angles 2θ: 14—16°; 22—23°; 34—35° 
corresponding to reflection of the planes 10-1, 
101; 002; 040 of cellulose lattice, respectively. 

The peaks within the range 2θ = 15—16° are cau-
sed by diffraction of X rays from the planes 10-1 
and 101 of cellulose І lattice. The peak reflex in-
tensity within 2θ = 22—23° corresponds to the 
plane 002 of natural cellulose І lattice. Diffrac-
tion pattern of amorphous scattering of cellulose 
has a typical diffusion character with maximum 
2θ = 18.5—19°.

Fig. 2. MCC obtained from corn cobs (а), switchgrass (Panicum virgatum L.) (b), and rice husk (c)

а b c

Fig. 3. X-ray diffraction curves of cellulose obtained from corn cobs (1, 2) and switchgrass (3, 4) 
in different ways: 1, 3 — oxidative hydrolysis method without pretreatment; 2, 4 — oxidative 

hydrolysis after explosion auto-hydrolysis
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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 cha racterizes 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 increa ses as lingo-hy-
drocarbon complex is removed [23]. Changes in 

Fig. 4. IR spectra of MCC obtained from corn cobs (1, 2) and switchgrass (3, 4) in different ways: 
1, 3 — oxidative hydrolysis method without pretreatment; 2, 4 — oxidative hydrolysis after 

explosion auto-hydrolysis
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Table 4
Effect of Explosion Auto-Hydrolysis on MCC Yield and Structural Characteristics

Raw material

Auto-hydrolysis parameters One-stage delignification of biomass

t, °C P, MPa τ, min
Lignin content, 

% wt. 
MCC yield, % CI

Polymerization 
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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CI was calculated by the Jelowicz me thod modi-
fied by the Segal method [23—27].

CI of obtained MCC samples varies within 0.7—
0.81 (Table 4), which is close to the values for both 
sulfate and sulfite cellulose from timber (0.65—
0.68) and from cotton (0.8) [24].

The IR spectra of cellulose from corn cobs (Fig. 
4, curves 1, 2) and switchgrass (Fig. 4, curves 3, 
4), as compared with data [28], have typical ab-
sorption band (AB) within 3000—3600, 2700—
3000, 1300—1500, 1000—1200 cm–1, which cor-
respond to the stretching vibrations of -ОН and 
-СН, -СН2 groups and the deformation and stret-
ching vibrations of СО and С-О-С of cellulose 
ring, respectively [29]. The adsorbed water mani-
fests itself in absorption band within 1630—
1640 cm–1 [30]. The absence of AB at 1511.28 cm–1, 
which is typical for aromatic skeletal stretching 

Table 5
Ash Residue of Rice Husk

after Explosion Auto-Hydrolysis

Chemical 
element

Content, wt. % Compound
Content,

wt. %

O 51.966 ± 0.299
Mg   1.348 ± 0.298 MgO 2.235

Si   0.256 ± 0.066 Al2O3 8 × 10–6

S 43.599 ± 0.267 SiO2 93.273

K   0.141 ± 0.004 SO2 0.283

Ca   0.375 ± 0.033 K2O 0.452

Fe   0.640 ± 0.019 CaO 0.895

Fe   1.590 ± 0.011 Fe2O3 2.274

Fe         70 ± 3 × 10–6 Ni2O3 98 × 10–6

Cu       122 ± 4 × 10–6 CuO 153 × 10–6

Zn   0.060 ± 0.001 ZnO 0.074

а b

e f
Fig.5. Macro- (a, b, e, f) and micro-photographs (c, d) of original (а, c) and treated by explosion auto-hydrolysis (c, d) rice 

husk and its ash (e, f) before (e) and after (f) of thermobaric treatment

c

d
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vibrations, confirms a decrease in the lignin content 
in the products. The absorption band at 900 cm–1 

characterizes the asymmetric antiphase vibrati-
ons, as well as the vibrations of С1 atoms and four 
neighboring atoms of β-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-1). 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, а, 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 c, 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 
a result 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
solvent pulping, hours

Yield to input
ratio, %

Actual
to theoretical yield 

ratio, %

Polymerization
degree

Product composition, %

Cellulose Lignin Ash (SiO2)

4 57 99 577.5 69 0 31 (99.98)

Fig. 6. X-ray diffraction curves of original rice husk (1) 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)
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Rice husk

Extraction of SiO2 in glass reactor with a stirrer,
a thermometer, and a backflow condenser. Hydro-module 

10. 1 n NaOH solution; temperature 90 °C; duration:
1 hour; rotation speed: 1000 rpm

Filtrate (SiO2 lignin)

Filtration, drying in muffle 
chamber at 575 °C

Settling of SiO2
by concentrated acid

up to pH = 3.1

Filtration in 0.5 l Buchner 
funnel and in 1 l Bunsen flask

Desilicated husk

Cellulose
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Table 7
Ash Content in Filtrate

Chemical 
element

Content, wt. % Compound
Content,

wt. %

O 47.858 ± 1.032
Mg   1.153 ± 0.289 MgO 1.912
Si 40.773 ± 0.810 SiO2 87.227
S   0.394 ± 0.011 SO2 0.787
Cl   8.825 ± 0.177 Cl 8.825
K   0.769 ± 0.044 K2O 0.926
Fe   0.202 ± 0.005 Fe2O3 0.288
Ni         19 ± 2 × 10–6 Ni2O3 27 × 10–6

Cu       107 ± 4 × 10–6 CuO 134 × 10–6

Zn        53 ± 2 × 10–6 ZnO 66 × 10–6

Table 8
Effect of Time of Husk Treatment without Silicon

Oxide on MCC Yield and Structural Properties

Time of organic 
solvent pulping, 

hours

One-stage delignification of biomass

MCC yield, % CI
Polymerization 

degree

1 62.7 0.77 560.5

2 60 0.73 565.0
3 61 0.79 569.0

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 рН and steam 
baric effects. This can influence coloration of rice 
husk after the explosion auto-hydrolysis (Fig. 5, f) 
as compared with the ash of original raw material 
(Fig. 5, e).

The basic properties of cellulose obtained from 
rice husk by the organic solvent pulping method 
(Fig. 2, c), 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 2θ = 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 SiO2 separation is made 
in accordance with the scheme shown in Fig. 7.

The rice husk obtained in this way (Fig. 7, 1) 
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 

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. 

Fig. 8. Dependence of changes in the content of main compo-
nents of rice husk on treatment time
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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-

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 μm, which 
corresponds to the requirements for MCC fibers 
(up to 400 μm) [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).

2-Θ, deg.

Fig. 9. X-ray diffraction curves of cellulose obtained from si-
licon-free rice husk depending on treatment time: 1 — 1 hour; 

2 — 2 ho urs; 3 — 3 hours
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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-

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 
in creases. Unfortunately, for the time being, there 
are no data on the obtainment of vanillin from 
plant lignocellulosic biomass characterized in 
Tab le 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 
ob tained 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 

Table 10
Composition of Inorganic Part Extracted from Ash 

Residue of Rice Husk

Formula Content, wt. % Content, wt. %

SiO2 99.994 99.994
Fe2O3 56 × 10–6 50 × 10–6

ZnO —   5 × 10–6

Table 9
Yield of Aldehyde Alcohols from Oxidation

of Lignins of Various Origins by Molecular Oxygen

Raw
material

Conditions Yield, % (wt., lignin)

Tempera-
ture, °С

Partial 
pressure 
О2, MPa

Vanillin
4-hydroxy-
benzalde-

hyde

Hydrolytic 
lignin

170 0.9 2.84 0.05

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
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mat ter). 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.
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project «The Development of Technological Solu-
tion for Integrated Treatment of Agrowastes» (con-
tract No. 8/1і-16) in 2016.
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ПЕРЕРОБКА РОСЛИННИХ ВІДХОДІВ 
РІЗНОГО ПОХОДЖЕННЯ

Вступ. Біомаса переважно застосовується як енергетичне джерело, тоді як вона є цінною хімічною сировиною. На 
сьогодні виділено 20 базових сполук, які можна отримати із рослинної біомаси та яких достатньо для виготовлення 
широкого асортименту продукції хімічної промисловості.

Проблематика. Незважаючи на значний потенціал рослинних відходів для промисловості, в Україні роботам у 
цьому напрямку приділяється недостатньо уваги.

Мета. Cтворення ефективного технологічного рішення, яке забезпечить комплексну практично безвідходну пере-
робку відходів рослинного походження з одержанням ліквідних продуктів.

Матеріали й методи. В дослідженні використано метод органо-сольветної варки, метод вибухового автогідролізу, 
гетерогенного каталізу, низку аналітичних методів (технічний, елементний, структурний аналіз).

Результати. Показано, що обробка рослинної сировини в умовах автогідролізу дозволяє зруйнувати вихідну ком-
пактну, міцну структуру та розкласти її на індивідуальні складові. Для мікрокристалічної целюлози (МКЦ) відбува-
ється зростання загальної конверсії на 6—18 % із високим індексом кристалічності (ІК) — 0,81. Встановлено, що при 
лужній обробці рисової лузги спостерігається «екстракція» неорганічної складової та зменшення її вмісту, а також 
часткова делігніфікація з одночасним збільшенням вмісту целюлози. Методом органо-сольветної варки лузги, з якої 
попередньо видалено кремнієві сполуки, виділено максимальну кількість МКЦ (100 % від теоретично можливого), з 
ІК 0,77, ступенем полімеризації 560,5 та чистотою 99,3 %. Разом з тим одержано зразок діоксиду кремнію, з вмістом 
SiO2 не менше 99,99 %.

Висновки. Наведено спосіб одержання целюлози з відходів рослинництва методом органо-сольвентної варки та 
встановлено вплив процесу попередньої обробки лігноцелюлозної біомаси на фізико-хімічні характеристики одер-
жаної целюлози.

К л ю ч о в і  с л о в а: вибуховий автогідроліз, целюлоза, лігнін, мікрокристалічна целюлоза, діоксид кремнію.
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ПЕРЕРАБОТКА РАСТИТЕЛЬНЫХ ОТХОДОВ РАЗЛИЧНОГО ПРОИСХОЖДЕНИЯ

Введение. Биомасса в большинстве случаев используется как энергетический источник, тогда как она является 
ценным химическим сырьем. На сегодня выделено 20 базовых соединений, полученных из растительного сырья и 
которых достаточно для изготовления большого ассортимента химической продукции.

Проблематика. Не смотря на существенный потенциал растительных отходов для промышленности, в Украине 
работам в этом направлении уделяется недостаточно внимания.
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Цель. Создание эффективного технологического решения, которое обеспечит комплексную практически безот-
ходную переработку отходов растительного происхождения с получением ликвидных продуктов.

Материалы и методы. В исследовании использован метод органо-сольвентной варки, метод взрывного автогид-
ролиза, гетерогенного катализа, ряд аналитических методов (технический, элементный, структурный анализ).

Результаты. Показано, что обработка растительного сырья в условиях автогидролиза позволяет разрушить 
исходную компактную, крепкую структуру и разделить ее на индивидуальные составляющие. Для микрокристал-
лической целлюлозы (МКЦ) происходит увеличение общей конверсии на 6—18 % с высоким индексом кристаллич-
ности (ИК) — 0,81. Установлено, что при щелочной обработке рисовой шелухи наблюдается «экстракция» неоргани-
ческой составляющей и уменьшение ее содержания, а также частичная делигнификация с одновременным увеличе-
нием содержания целлюлозы. Методом органо-сольветной варки из предварительно очищенной от соединений 
кремния шелухи выделено максимальное количество МКЦ (100 % от теоретически возможного), с ИК 0,77, степенью 
полимеризации 560,5 и чистотой 99,3 %. Вместе с тем, получено образцы диоксида кремния с содержанием SiO2 не 
меньше 99,99 .

Выводы. Приведен способ получения целлюлозы из растительных отходов методом органо-сольвентной варки 
и установлено влияние процесса предварительной обработки лигноцеллюлозной биомассы на физико-химические 
характеристики полученной целлюлозы.

Ключевые слова : взрывной автогидролиз, целлюлоза, лигнин, микрокристаллическая целлюлоза, диоксид 
кремния.




