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H3yueno enusanue cmeneHu usMenbyeHUs 4ACMUY PACHMUMEILHOZ0 CbIPbA NPU JleK-
mpopaspaoHomM IKCMpAzUpoBaAHUU HA KAYeCcmeo NoJy4eHHbIX IKcmpakmos. Kajxcowiii paspao npu
INEKMPOPA3PAOHOM IKCIMPALUPOSAHUU CROCOOCMEYEm UIMENbYEHUI0 YACHUYEK CbIPbi, YMO NOO-
maeepicoaemcesa 2panyioMempuiecKkum anaiu3om. Kpynuocme uacmuy coipvsa 0013icna 6bims noo
KOHmpOeM, MaK KaK npu 4pe3mepHoOM UMenbyeHuu IKCHPAKmyl NOAYYAIOMCA MymHble, mpyoHO
oceemasnemvle u naoxo gunvmpyemvie. Ilpeonosrcena KOHCMPYKUUA IKCMPAKUUOHHOT KaMepPbl, 6
KOmMOpOIi 3a3eMAEHHbLI 3/1eKMPOO 6bINOIHEH 6 6ude Nephopupoeannoil nIAACMUHbL, HA3bIEAEMOTL
JLOMHCHBIM OHOM, C ONMUMAILHLIMU PA3MEPOM OMEEPCHMUN U UX NJIOMHOCHbI0, YO NO36014€m
ycmpanums nepeusmeibiueHue YAcmuieK UCX00H020 Cblpbi, KOMOpoe HPUGOOUm K NOJIyYEHUI0
MYMHBIX U mpPyoOHo Qunvmpyemvix evimsaicek. IlockonvKy sxcmpazuposanue colpva ocyuiecmens-
emcs npu onpeoeyieHHOM COOMHOWEeRUU (ha3 meepooe-HcuoKocmy, mo 00vem Kamepvl om cuma 00
OHA CYWLECIEEHHO20 IUAHUA HA KUHEMUKY CAMO020 NPOyecca IKCMmpAaupoeaHus He OKa3vléaem,
NOCKONbKY NPEeOHA3HAYeH 01 cOOpa Menvyauuux 4acmuy 00padomanno20 colpvs, macca KOmo-
pvix ne npeeviiuaem 15-16% om 3azpysicaemoii maccol colpba. Ycmpoiicmeo IKCMPAKYUOHHOU Ka-
Mepbl, 3a cuem 6blCOKOL mypOYIeHMHOCIMU 1 UHMEHCUBHO20 NEPEeMEUIUGARUA CYCNEH3UU N0 Oeii-
cmeuem Kasumayuu u yOapHulX 60JH, UHULUUDYEMBIX PA3PAOOM 6 HCUOKOCHU, NO360]14em yod-
JAMb U3 padoueit 30Hbl KAMEPbL MEIKUE YACMUYKY CbIPbsa pasmepom menee 1 mm. Peyromamor uc-
C1e006aHUA NOKA3bIBAIOM, YMO IKCHMPAKUUA UENe6blX KOMNOHEHINO0E U3 PA3IUYHOZ0 CbIPbA NpU
HOMOWU KAMEDBL C JIOHCHBIM OHOM NO3607A€M. CYWLECINEEHHO COKPAMUMb COOEPICAHUE 8 IKC-
mpakme menvuanmux yacmuyiex coeipvs. Obnezuaemces punvmposanue IKCmMpaKma, COKpauiaemcs
epemsa (unbmposanus, 3HAUUMENbHO CHUNCACMCA 6€POAMHOCIb NOMYMHEHUA PACMEOpa U3-3a
636ecu, UMmMoO NOGvlUiAEm Kayecmeo IKCmpaKmd. IKcnepumenmasbHble UCCIe008AHUA pa3pado-
MAHHOU 1eKMPOPA3PAOHOLL KAMEPDL C JIOHCHBIM OHOM, NPOBEOCHHbIE C PAZIUYHBIMU 6UOAMU PAC-
MUmMenbHO20 CHIPbA, NOOMEEPHCOArOM IPPHeKMUeHOCMb IKCMPAZUPOBAHUSA 8 KaMeEpPe NPeOl0IHceH-
HOUl KOHCMPYKUWUU.
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The influence of the degree of grinding of the particles of growing raw materials during

electric discharge extraction on the quality of the obtained extracts was studied. Each discharge
during electro-discharge extraction contributes to the grinding of a part of the raw material,
which is confirmed by granulometric analysis. The particle size of the raw material should be
controlled, since excessive grinding of the extracts results in cloudy, difficult to clarify and poorly
filtered. The design of the extraction chamber is proposed, in which the grounded electrode is
made in the form of a perforated plate, called a false bottom, with the optimal size of the holes
and their density, which eliminates the over-grinding of the raw material particles, which leads to
the production of turbid and difficult-to-filter extracts. Since the extraction of raw materials is
carried out at a certain ratio of solid-liquid phases, the volume of the chamber from the sieve to
the bottom does not significantly affect the kinetics of the extraction process itself, since it is in-
tended for collecting the smallest particles of processed raw materials, the mass of which does not
exceed 15-16% of the loaded mass of raw materials. The device of the extraction chamber, due to
the high turbulence and intensive mixing of the suspension under the action of cavitation and
shock waves initiated by the discharge in the liquid, allows you to remove small particles of raw
materials less than 1 mm in size from the working area of the chamber. The results of the study
show that the extraction of target components from various raw materials using a chamber with a
false bottom can significantly reduce the content of the smallest particles of raw materials in the
extract. It facilitates the filtration of the extract, reduces the filtration time, significantly reduces
the likelihood of turbidity of the solution due to suspension, which improves the quality of the ex-
tract. Experimental studies of the developed electric discharge chamber with a false bottom, con-
ducted with various types of plant raw materials, confirm the effectiveness of extraction in the
chamber of the proposed design.

Key words: electric discharge, extraction, electric discharge chamber, grinding, particle size analysis,
perforated electrode, false bottom

INTRODUCTION Increasing the energy efficiency of the pro-

It is known that the effect of electric dis-
charges allows to significantly intensify the process of
extraction of target components from various starting
materials, including from plant raw materials [1-7]. It
is also known that the quality of the obtained extracts
is significantly affected by the degree of grinding of
the plant material particles, including during electric
discharge extraction [5-8].

ChemChemTech. 2021. V. 64. N 6

cess of extracting various components from vegeta-
ble, fibrous and other types of raw materials under the
influence of ultrasonic and pulsed electric fields is an
urgent task. Of scientific novelty and practical interest
is the improvement of the design of extraction devices
and the operating parameters of the intensified extrac-
tion processes with high quality of the target products,
the established relationship between the action of
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electric discharges and the granulometric composition
of the growing raw materials.

The aim of the work is to study the effect of
the degree of grinding of plant raw materials during
electric discharge extraction on the quality of extracts.

The tasks and methods of the study were de-
termined on the basis of the analysis of the mecha-
nism of the effect of electric discharges in the liquid
phase during extraction. The object of the study was
the process of electric discharge extraction from vege-
table raw materials.

An electric discharge in a liquid at the initial
stage of development is accompanied by the nuclea-
tion and collapse of cavitation bubbles. The compres-
sion-rarefaction waves formed in this process lead to
the grinding of the particles of the processed material.
In the final stage of the discharge, when the channel
bridges the interelectrode gap, a sudden increase in
the channel temperature occurs and a vapor-gas cavity
is formed [3, 5-9].

Pulsations of the vapor-gas cavity create a
hydrodynamic environment in the volume, which
provides a sudden change in pressure and high turbu-
lence of the suspension movement in the working
chamber. This serves as a source of grinding of the
solid phase and activates internal diffusion processes
when extracting plant raw materials from the cell and
intercellular space. Probably, due to high-frequency
oscillations and high turbulence of the liquid flow in
the mouths of the capillaries, the mass transfer rate
will increase [6].

To increase the rate of extraction of the target
components from the organic raw material, it is pre-
crushed in order to increase the initial surface of the
particles interacting with the extracting liquid.

This is a fairly energy-intensive process, since
the raw materials are elastic-plastic materials, stored
in conditions with a certain humidity and its grinding
is carried out in a wet state. When dehydrated, the raw
material becomes brittle and can easily be turned into
powder, which will further complicate the extraction
process. In electric discharge extraction, each dis-
charge contributes to the grinding of raw material par-
ticles, which is confirmed by granulometric analysis.
The particle size of the raw material should be con-
trolled, since excessive grinding results in cloudy ex-
tracts, difficult to clarify and poorly filtered [9-16].

RESULTS AND THEIR DISCUSSION

Fig. 1 shows the device of the extraction
chamber for electro-discharge extraction of target
components from the initial plant raw materials, de-
veloped at the Pyatigorsk Medical and Pharmaceutical
Institute.
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Fig. 1. Extraction chamber for electric discharge extraction 1 —high-
voltage electrode; 2-extractor cover; 3-polyethylene body of the
extraction chamber; 4-grounded electrode; 5-raw materials in the
extraction process; 6-extractant
Puc. 1. DKxcTpakiyoHHas KaMepa AT dJIEKTPOPa3psITHOTO HKC-
TparupoBaHUs 1- BBICOKOBOJILTHBIA DJICKTPOA; 2— KpPBIIIIKa 3KC-
TPaKTOPa; 3 — HOJIMITUIICHOBBII KOPITYC SKCTPAKLIMOHHON Kamepbl; 4 —
3a3eMJICHHBI I QJIEKTPO I, 5— CBIpBE B IPOLECCE DKCTparupoBa-
HUA; 6 — SKCTpareHT

Numerous studies have shown that the disad-
vantages of this device of the electric discharge
chamber are the over-grinding of raw material parti-
cles as they are extracted, since the smallest particles
are not removed from the core of the chamber, as a
result of which the extracts are cloudy and difficult to
filter [5-10].

The authors developed the design of the ex-
traction chamber, which allows to eliminate this
drawback. For this purpose, the grounded electrode is
made in the form of a perforated plate, hereinafter
referred to as a false bottom with a hole size of 1 mm
and a hole density of 16 pieces/cm® The electrode is
installed at a distance of 3 cm from the bottom of the
extraction chamber.

The false bottom extraction chamber is shown
in Fig. 2.
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Fig. 2. Extraction chamber for electric discharge extraction with a
false bottom 1 — high-voltage electrode; 2 — extraction chamber
cover; 3 — extraction chamber body; 4 — perforated ground elec-
trode - false bottom; 5 — raw material particles less than 1 mm in

size; 6 — feedstock; 7 — extractant

Puc. 2. DxcTpakioHHast kamepa AJ1s JIEeKTPOpas3psiAHOTO SKCTParupo-
BaHWSI C JIOKHBIM JTHOM | — BBICOKOBOJIBTHBIH JIEKTPOT; 2 — KPBIIIIKA
3KCTpaKLIPIOHHOﬁ KaM€EphbI; 3-— KopIryC SKCTpaKHI/IOHHOﬁ KaMEpBhI;

4 — nephopupOBaHHBIN 3a3eMJICHHBIN 2JIEKTPOJI - JIOJKHOE JTHO;
5 — vacTnyku CbIpbA pasME€pOM MEHEE 1 MM; 6 — HUCXOOJHOC ChbI-

pbe; 7 — DKCTpareHT
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Since the extraction of raw materials is car-
ried out with a solid-liquid phase ratio of 1: 10-1:15,
the volume of the chamber, from the sieve to the bot-
tom, does not significantly affect the kinetics of the
extraction process itself, since it is designed to collect
the smallest particles of the processed raw materials,
the mass of which does not exceed 15-16% of the to-
tal loaded mass of raw materials.

Such a device of the extraction chamber, due
to the high turbulence and intensive mixing of the
suspension under the action of cavitation and shock
waves initiated by the discharge in the liquid, allows
you to remove raw material particles of less than
1 mm in size from the working area of the chamber.
This, in the end, facilitates the subsequent filtration of
the extract and reduces the time for its implementa-
tion, significantly reduces the possibility of turbidity
of the solution due to suspension, which improves the
quality of the extract.

Tables 1-4 show the data that substantiate the
proposed design of the extraction chamber with a
false bottom. The extraction was carried out from the
fruits of Sophora japonica in the chamber shown in
Fig. 1 and in the chamber shown in Fig. 2, with the
same working parameters. The number of discharges,
the mass of raw materials, and the phase ratio were
the same.

Before extraction, the size of the feedstock
was analyzed. Then the raw material was loaded into
the extraction chamber at a certain ratio with the ex-
tractant and extracted under the action of electric dis-
charges. After the extraction process was completed,
the raw materials were dried and subjected to granu-
lometric analysis, the results of which are presented in
Table 1.

The results of the granulometric analysis
show that the number of particles with a size of less
than 1 mm increased from 2.75% (in the initial state)
to 15.44% after a series of discharges, i.e. by
5.6 times. And since the extraction processes are car-
ried out three times with a change of extractant in
each batch, the number of tiny particles in the extrac-
tion chamber will increase many times, which ulti-
mately leads to additional costs for filtering and clari-
fying the extract.

From the same batch of plant raw materials, a
sample was taken and placed in an extraction chamber
for electric discharge extraction with a false bottom.
The results of the study are shown in Table 2.

As follows from the table. 2 the total number
of particles of 0.5 and 1.0 mm in size after extraction
in the chamber with a false bottom decreased by more
than 7 times.

In the next series of experiments for the ex-
traction were taken roots of scorzonera Spanish. The

ChemChemTech. 2021. V. 64. N 6

V.T. Kazub, M.K. Kosheleva, S.P. Rudobashta

fineness of the scorzoner root crops after electric dis-
charge extraction in the extraction chamber Fig. 1, is
shown in Table 3.

Table 1

Change in the content of small particles of japanese
sophora in the raw material after extraction in the ex-
traction chamber for electric discharge extraction
Tabauya 1. N3MeHeHue coep:KAHUS MEJIKUX YACTHIL
CO(bOp])I SINOHCKOI B CbIPpbE MOCJIC IKCTPAKIIUU B IKC-
TPAKIHOHHOH KaMepe VIS JJIEKTPOPA3PSAJIHOro dKCTpa-

THpPOBaHus
Diameter of | Particle content in the | Particle content in
the screw raw material before |the raw material after
hole, d, mm | extraction, Ado, % extraction, A d, %
0.50 1.24 6.29
1.00 1.51 9.16
2.00 17.51 27.83
3.50 65.22 49.34
3.75 14.52 7.38
Table 2

Change in the content of small particles of japanese
sophora in the raw material after extraction in the ex-
traction chamber for electric discharge extraction with

a false bottom

Tabnuya 2. IsmeneHnue coep:KaHUsI MEeJIKHX YaCTHI
co(opbI ANOHCKOH B ChIPbe MOCJIe IKCTPAKIMHU B IKC-
TPAKIHOHHON KaMepe VISl 3JIEKTPOPa3PsAIHOro JKCTpa-
THUPOBAHMUS € JIOKHBIM THOM

Diameter of | Particle content in the | Particle content in
the screw raw material before |the raw material after
hole extraction extraction
d, mm Ady, % Ad, %
0.50 1.24 0.22
1.00 1.51 0.17
2.00 17.51 24.79
3.50 65.22 67.31
3.75 14.52 7.52
Table 3

Change in the content of small particles of spanish scor-
zoner root crops in the raw material after extraction in
the extraction chamber for electro-discharge extraction

(a sieve was added with a cell size of 1.25 mm)
Taoauya 3. U3MeHeHHe cOAePKAHUSA MEJIKHX YaCTHIY
KOPHEIIOI0B CKOPLIOHEPA HCIIAHCKOI0 B ChIPbeE Iocj1e
IKCTPAKIMH B IKCTPAKIUOHHON Kamepe 115 JIeKTPO-
Pa3psIHOro IKCTPArupoBaHus (106aBJIeHO CUTO
¢ pa3mepom sueiiku 1,25 mm)

Diameter of | Particle contentin | Particle content in
the screw hole | the raw material be- |the raw material after

d, mm fore extraction Ady, %| Extraction Ad, %

0.50 2.50 4,50

1.00 4,50 19.17

1.25 10.50 18.83

2.00 10.83 20.83

3.50 64.17 32.50

3.75 7.50 4.17
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The results show that the total content of par-
ticles smaller than 1 mm increased from 7% to
23.67%, i.e. increased by 3.38 times.

The change in the size of the scorzoner root
crops after elec-tror-row extraction in the extraction
chamber with a "false bottom™ is shown in Table 4.

Table 4

Change in the content of small particles of the spanish
scorzoner root crops in the raw material after extrac-

tion in the extraction chamber for electro-discharge

extraction with a false bottom

Tabauya 4. I3MeHeHHe coepP:KAHUS MEJIKUX YACTHUIL
KOPHEMJIOA0B CKOPIOHEPAa MCITAHCKOI'0 B ChIPLE I0CJI€
IKCTPAaKIMH B 3KCTpaKHHOHHOﬁ KaMepe MJIsd 3JIeKTPo-

Pa3pAIHOro SJXCTparupoBaHus € JIO’)KHBIM THOM

Diameter of | Particle contentin | Particle content in
the screw the raw material the raw material
hole before extraction after extraction
d, mm Ado, % Ad, %
0.50 2.50 0.51
1.00 4,50 3.17
1.25 10.50 23.92
2.00 10.83 26.34
3.50 64,17 41.89
3.75 7.50 4,17

The data in Table 4 show that the extraction
of the target components from the root crops of the
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scorzoner using a chamber with a false bottom reduc-
es the content of the smallest particles of raw materi-
als in the extract by more than 5.6 times.

The intensification and increase of the energy
resource efficiency of the extraction process of vari-
ous components from plant, fiber and other raw mate-
rials under the influence of physical fields, including
pulsed electric fields, as can be seen from publica-
tions and review materials presented in journals and
proceedings of international conferences, is modern
and promising [16-18]. Research and development of
mathematical models of the extraction process and
methods of its calculation are carried out. An im-
portant direction is to improve the designs and operat-
ing parameters that allow us to improve the quality of
the target products [17-20].

CONCLUSIONS

The studied electric discharge chamber with a
false bottom allows to remove from the working area,
due to high turbulence and intensive mixing of the
suspension under the action of cavitation and shock
waves initiated by the discharge, raw material parti-
cles with a size of less than 1 mm, which consequent-
ly eliminates turbidity of the extract due to over-
grinding, lightens and reduces the time for filtration,
resulting in an increase in the quality of the extract.
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