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OPTIMIZATION OF THE DECORTICATION STEMS OF RETTED STRAW OF BAST
CROPS DEPENDING ON THEIR MOISTURE

The paper contains the results of theoretical and experimental studies aimed at determining the effect of moisture
content of retted straw stems on the quality of their mechanical processing in the process of decortication and subsequent
scutching for clearing a fibrous part of the stems from wood - shives. To achieve the main goal, mathematical planning of the
experiment on identifying the optimal values of moisture content of the stems of bast crops for their mechanical processing
has been conducted, which resulted in a high degree of fiber clearing from shives ranging between 1.83 to 4.53 % with full
strength retention of the fiber.
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A.C. TIXOCOB, 10.B. BEPE3OBCHKUI, T.O. KY3bMIHA, C.B. ITY TIHIIEBA

XepcoHCHKHIT HaIllOHAIBHUI TeXHIYHHI yHiBepcHUTeT, XepcoH, YkpaiHa

ONTUMIBAIIIA MPOLECY JEKOPTUKAIL CTEBEJI TPECTHU JYB'STHUX KYJbTYP 3AJIEXAKHO BIJ IX
BOJIOT'OCTI

Ilpedcmassaena poboma micmume pe3ynbmamu MeopemuvHuUX ma eKcnepuMeHmaabHux 00C/AI0XHCeHb CNPSIMOBAHUX HA
onmumisayito MexaHiYHUX npoyecie nepepobku AY6’'sHUX Kyabmyp 6 3aJjexcHocmi 8id eoso0zocmi cmebes, sKi nodarombvcs Ha
dekopmukayito i nodasbwe minaHHs 04151 OYUUWEHHS 80/10KHUCMOI yacmuHu cmeben 8i0 depesuHu — Kocmpuyi. Bkazyembcsi Ha me, wo
MoJepHi3ayist N/151H020 8UPOGHUYMEA NOBUHHA NPOXOOUMU Yepe3 3ACMOCY8AHMSl CYYACHUX MeXHO/102IYHUX pPO3PO6OK | 06/1A0HAHHS
06po6KU A5IHOT cuposuHu. /]as1 docsizHeHHs OCHO8HOI Memu po6omu nposedeHo MamemamuyHe NJAAHy8aHHS eKCnepuMeHmy 3 8Us8/€HHS
ONMUMAIbHUX 3HAYEHb 80/1020CMi cmebea /Y6’ sTHUX KyAbmyp 0451 iX MeXaHIYHO20 06p06eHHs, 30 AKUX 00epiCYEMbCs 8UCOKA CMYNiHb
oyuweHHs 80410kHa 8i0 kocmpu 8i0 1,83-4,53 % npu nosHomy 36epexceHHi MiyHOCMi 8010KHA.

Bosozicmb cmebea Ay6’ssHUX KyAbmyp € HAUBAXC/AUBIWIOW MEXHO/A02IYHOI XapaKmepucmuko, 0CKibKu 8id emicmy gos02u y
cmebaax 3asexcums ix 36epieanHs, 6ion02i4HUll npoyec po3cMuU/AdHHs HA nosai nid 4ac nepemeopeHHs1 cmebes CoA0MU 8 mpecmy U
MexaHIYHUll npoyec 8udijieHHs1 80/10KHA 8i0 depesHoi yacmuHu cmebea. Tak, OCHOBHI Xapakmepucmuku sikocmi /1y6’siHUX 80/10KOH nicas
MeXaHIYHO20 06p06.1eHHs cmebea — 8Micm KOCmMpU Y 80/10KHI | MiYyHIcmb 1i020 HanpsimMy 3a/excums 8id nep8uHHOI 801020cmi cmeben, sKi
nodaromucsi Ha nepepobky. Tomy & daHill pobomi nocmas/seHo 3a80AHHS BUSHAYUMU ONMUMANLHI 3HAYEHHS 801020cmi mpecmu Ay6 THUX
Ky/1bmyp 0151 00epHCAHHs1 8UCOKOI sikocmi 06po6.1eHHs1 cmebes Ha 0eKopmuKamopax 8 npoyeci M’amms [ minaHHs HQ MINAAbHUX MAWUHAX
0415 pi3HUX munie ma copmig Ay6’aHUX KyaAbmyp i 160Hy-0082yHYsi copmis «[nadiamopy», «EcmaHby, AboHY oailiHo20 copmie «IliedenHa
Hiuy, «/lebrom» ma mexHiyHuUx koHoneab copmy «H0CO-31».

Y pesyaemami ananisy enausy eosozocmi mpecmu y6’SHUX KYJAbmyp JAbOHY O0/ilIHO20, MeXHIYHUX KOHONeab HA SIKiCMb
00epicaHo20 80/10KHA 8CMAHOB/AEHA YiMKa 3a1eiCHicmb PI3UKo-MeXaHIYHUX XAPaKmepucmuk 80/10KHA: 8i0COMK08020 8UX00y 80/10KHA
CUpylo, po3pusHo20 HABAHMAJCEHHS] 80/1I0KHA ma emicmy kocmpu 8i0 8os1020cmi cmebes, siKi n00aiombubcst Ha MexaHiuHy 06pobKy. Yum
MeHwa 8o/02icmb cmebes neped MexaHiyHOW 06pO6KOl, MUM 8UWA SKICMb 00epicy8aHo20 8010KHA I cmyniHb 1020 ovuuwjeHHs 8i0
Kocmpu.

Katouosi cnosa: emicm 80102u, 1y6 'siHi KyAbmypu, cmeb.a, Ab0H 0AIlHUL, MexXHIvYHI KoHoNI, cupeyb, dekopmuKayis, minaHHs,
MIiYyHicmb.

Introduction

The moisture content of the bast crop stems is the most important technological characteristic, as their
storage, a biological process of laying out in the field during the transformation of straw stems into the retted straw
and the mechanical process of fiber separation from the woody part of the stems depend on moisture content in the
stems. Thus, the main characteristics of the quality of bast fibers after mechanical processing of the stems such as,
the content of shives in the fiber and its strength directly depend on the primary moisture content of the stems that
are sent to be processed. Therefore, it is important to establish the optimal moisture values of the bast crop stems for
obtaining high-quality fiber with the lowest content of shives and high strength after mechanical processing of the
stems in decorticators during breaking and scutching on scutching machines.

In previous scientific papers (Tikhosov A.S., et. al 2019) standardized moisture parameters by which the
stems of bast crops of flax, oil flax, technical hemp should be processed using the technologies of storage, a
biological process of obtaining retted straw, and mechanical processing of the stems for obtaining the fiber have
been identified. But the normalized values of moisture content of straw, retted straw, and bast crops fiber, which are
given in the relevant standards DSTU 4149: 2003, DSTU 8422: 2015, and TUU 01.1-05480298-002.2018 do not
correspond to the optimal values of a moisture content depending on the type and variety of bast crops and require
systematic control of moisture content at each stage of technological processes of bast stems processing. At present,
modern moisture and temperature sensors (Arduino-ua.com) which can be successfully used in automated control of
moisture content of bast-fiber stems based on the RaspberryPl B + microcomputer have been developed (Petin V.A,
2015). The application of the moisture control system based on the RaspberryPl B + microcomputer in the
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technological process of obtaining retted straw by laying out fiber flax stems in the field is shown in the work of
A.S. Tikhosov. (Tikhosov A.S., et. al. 2017). But the influence of moisture content on the quality of mechanical
processing of bast crop stems from the process of decortication and scutching is not revealed in this paper.

Therefore, the task of this paper is to establish the effect of moisture content of bast-fiber stems on the
quality of processing the stems in decorticators in the process of breaking and scutching on scutching machines for
different types and varieties of bast crops such as fiber flax “Gladiator” and “Esman”, oil flax “Pivdennanich”,
“Debut” and technical hemp “YUSO-31” intending to determine the optimal values of moisture content for
obtaining a high quality of mechanical processing of the stems.

Materials and methods

For conducting systematic experimental studies, the retted straw biologically obtained in the field in the
process of laying out the straw stems of different varieties of oil flax “Pivdennanich”, “Debut”, fiber flax
“Gladiator” and “Esman”, and technical hemp “YUSO-31" was used. The maturation process of the retted straw was
monitored using the installed sensors SU-21NTI21 in the field, moisture content and temperature were fed to the
server of the microcomputer RASPBERRY PI B + (Tikhosov A.S. et.al., 2017). As a result of automated control of
the biological process, the retted straw with standardized indices of separation of 3.6—4.0 units was obtained.
Hereinafter, the retted straw stems were decorted in the breaking machine. The initial moisture content of the retted
straw, which was processed in the breaking machine, was 8%. Then, after artificial moistening, the moisture content
of the stems varied from 8.0 to 22%. After decortication of the retted straw stems the fiber - raw fiber was obtained.
The quality of the fiber was evaluated by physical and mechanical parameters of the raw fiber, such as fiber yield,
breaking load (strength), and the content of shives, by DSTU 5015: 2008 “Flax fiber, short”. Technical conditions,
GOST 9993-2014 “Hemp short”. Specifications U 01.1-05480298-002: 2018 “Oil flax fiber”, GOST 23087-78
“Short hemp for export”. Technical conditions, DSTU 8422: 2015 “Hemp retted straw”. Technical conditions
according to standard methods.

The fiber yield was determined by weighing the retted straw stems (Ct) before mechanical processing in
the decorticator or scutching machines, and the fiber (CB) obtained after mechanical processing:

B:%IOO% (1)

m

Breaking load (strength) of raw fiber after decortication and fiber after complete clearing in the process of
scutching was determined by breaking the fiber samples on the tensile-testing machine JIKB-60.

The content of shives was determined by weighing the shive (Ck), which was isolated from the fiber and
the resulting amount of shives was attributed to the primary weight of the raw fiber (Cs) after decortication or fiber
weight (Cs) after additional cleaning on scutching machines:

CK

K =—"%100% 2

m

The results of the effect of moisture of the bast crop stems on the quality of retted straw processing after
decortication are shown in table 1. (Beresovsky Yu.V., et.al., 2016)

Table 1
The effect of moisture content of the retted straw on the quality of obtained raw fiber after

decortication of stems on a breaking machine

Types of bast-fiber retted straw Moisture content of retted straw, Yield of raw fiber after Breaking load, Content of

% decortication, % daN shives, %
8,0 26,15 17,87 36,90
Oil flax “Pivdennanich” 15,0 21,34 16,53 39,26
22,0 17,69 13,93 41,04
8,0 26,21 18,46 36,87
Oil flax “Debut” 15,0 21,42 17,39 39,25
22,0 17,74 14,31 41,01
8,0 27,87 23,28 36,03
Fiber flax “Gladiator” 15,0 23,85 22,54 38,02
22,0 19,63 19,72 40,04
8,0 27,96 24,35 35,96
Fiber flax “Esman” 15,0 23,91 23,61 37,94
22,0 19,78 19,97 39,98
8,0 26,92 27,31 36,50
Industrial hemp “YUSO-31” 15,0 22,47 26,79 38,73
22,0 18,59 23,84 40,62
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After breaking the retted straw stems of the studied varieties of bast crops listed in table 1, and their
decortication, raw fiber, and shives were obtained. Subsequently, raw fiber was processed on a scutching machine of
the SMT machine for additional cleaning of it from shives. The results of the influence of moisture content on the
yield of fiber and shives after the process of scutching are shown in table 2.

Table 2
The effect of moisture content of decorticated raw material on the efficiency of mechanical
processing of fiber in the process of scutching

Types of bast fibre raw Moisture content of retted straw, Fibre yield, % Content of shives, %
material %

8,0 16,45 2,19
) s - 14,0 16,57 2,27
Oil Flax “Pivdennanich 18.0 16.74 3.03
21,0 16,86 3,73
8,0 20,01 2,16
14,1 20,14 2,24

Oil Flax “Debut” : : :
1 Hax ~hcbu 18,0 20,23 3,01
21,0 20,34 3,69
8,0 28,18 1,83
14,0 28,30 1,96

Fiber Flax “Gladiator” : - .
iber Flax “Gladiator 18.0 2841 3.48
21,0 28,52 3,85
8,0 29,21 1,86
. “ . 14,1 29,33 1,99
Fiber Flax “Esman 18.0 20.45 3.53
21,0 29,57 3,91
8,0 27,98 2,05
) . . 14,0 28,11 2,24
Industrial Hemp “YUSO-31 18.0 28.35 3.75
21,0 28,48 4,28

Analysis and generalization of results

According to Table 1, diagrams of the dependence of the yield of raw fiber (Fig. 1), breaking load (Fig. 2),
and the content of shives (Fig. 3) on a moisture content of the stems of retted straw after decortication have been

constructed.
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Fig. 1. Dependence of the yield of raw fiber on moisture content of the retted straw stems after decortication
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Fig. 2. Dependence of the breaking load of raw fiber on moisture conten to the retted straw stems after decortications

From the above diagrams it is clear that the increased yield of raw fiber is obtained at low moisture of
retted straw stems for all types of bast crops of oil flax, fiber flax and technical hemp and the studied varieties —
Pivdennanich, Debut, Gladiator, Esman, YUSO-31. The analysis of Fig.1 makes it possible to conclude that
reducing the moisture content of the retted straw stems from 22 % to 8 % can increase the yield of the raw fiber
from 17.69 to 27.87 % after decortication, while the content of shive in the fiber reduces from 41.04 to 35,96 %
(Fig. 3), and the breaking load of the fiber in processing stems with low moisture content of 8 % has increased
indices (Fig. 2).

After processing of the raw fiber on a scutching machine, the content of retted straw in the fiber (Table 1)
is significantly reduced from 4.28 % to 1.83 %. The lowest values of the retted straw are contained in the fiber
obtained from the raw fiber with the lowest values of moisture content (Table 2).
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Fig. 3. Dependence of the content of shives in fiber on moisture content of the retted straw stems after decortications

The fiber yield after additional cleaning on the scutching machines doesn’t depend on the moisture of the
raw fiber (Table 2), and the content of shives in the acceptable fiber with reduced moisture content in the raw fiber
is significantly reduced (Table 2). So, for a type of flax oil "Pivdennanich" at the decrease in the moisture content of
the raw fiber from 21-8 %, the content of shives decreases from 3,73 to 2,19 %, and for the fiber of technical hemp
at the same decrease of moisture content of the raw fiber, the content of shives decreases from 4.28 to 2.05 %, i.e.
almost twice, and the fiber yield remains at the same level of 27.98 - 28.48 %.

Resultsand discussion

To determine the optimal values of moisture content of bast crop retted straw, which must be used for high-
quality mechanical processing of the stems, a complete factorial experiment on determining the mathematical
dependence of raw fiber yield, breaking load, and the shive content in the fiber after decortication using the
innovative technologies on the moisture content of the bast crop stems, which are fed to mechanical processing
using the innovative technologies has been conducted in this paper. (Beresovsky Yu.V., et.al., 2020). The stems of
technical hemp of YUSO-31 type were taken as an example for a complete factorial experiment. Levels and
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intervals of the variation of factors of mechanical processing of technical hemp stem in the process of decortication
are given in table 3. (Putintseva S.V., et.al., 2017)

Table 3

Levels and intervals of the variation of the factors of mechanical processing of the retted straw stems of
technical hemp of YUSO-31 type in the decorticator

Factors Variation Levels Interval of
-1,68 -1 0 +1 +1,68 variation
Urgt pressure on 1 linear cm of the stem layer in a 8.12 8.8 9.8 10.8 11.48 1.0
pair of breaker rollers, (x;)
Moisture content of raw materials, (X) 7,96 10 13 16 18,04 3,0
Separability of retted straw stems, (X3) 2,64 4,0 6,0 8,0 9,36 2,0

The initial parameters of this experiment corresponded to the physical and mechanical characteristics of the
obtained fiber after mechanical processing: fiber yield (yi), breaking load (y2), and the content of shives(ys). The
independent input parameters such as the unit pressure in a pair of breaker rollers of the decorticator (x;), moisture
content of the stems (x2) and separability (x3) are shown in Table 3.

The results of a complete factorial experiment are shown on the graph of the dependence of the fiber yield
yion the unit pressure of the rollers in the decorticator (xi), moisture content of the retted straw stems(x») and the

degree of retted straw aging (x3), and described by mathematical dependence:

y, =22.76+2.37x, +0.72x, —1.02x> —0.79x% — 0.57x3 3)

V1. %00
25

B Valueyi, % atx: = 16%
B Valuev:, % atx: = 13%

B Value vi, % at x2 = 10%

118
i X3, 0a. (v))

Fig. 4. Dependence of the yield of raw fiber y; on the unit pressure of the rollers in the decorticator (x;), moisture content of the raw
material (x;) and the degree of retted straw aging (x;)

The obtained mathematical dependence confirms the hypothesis that reducing the moisture content of
retted straw stems improves the quality of mechanical processing and increases the fiber yield. The optimal value of
moisture content is the values that are in the range of 8-11 %. The mathematical dependence of the breaking load
(y2) on the unit pressure of the rollers in the decorticator (x;), a moisture content of retted straw stems (x2),and the

degree of retted straw aging (x3) have also been obtained:

y, =18,02-0,60x, —0,27x, —0,23x, —0,62x> —0,34x> —0,18x2 @)

Y2, aef (y)

W Value vz, % oaH at x: = 16%
® Value vz, % oaH at x> = 13%
B Value vz, % oaH at x: = 10%

1.8 10

X1 aaffiea (xi) X3, on. (xs)

Fig. 5. Dependence of the breaking load (y;) on the unit pressure of the rollers in the decorticator (x;), moisture content of the raw
material (x;) and the degree of retted straw aging (x3)
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BicHuk XmeabHUYbK020 HayioHa1bHO20 yHigepcumemy, Ne6, 2020 (291)




Technical sciences ISSN 2307-5732

From the obtained dependence (4) and the graph (Fig. 5), it is clear that the breaking load of the fiber in the
process of decortication remains unchanged as moisture content is reduced, which makes it possible to confirm that
the fiber strength is preserved with increasing the fiber yield and reducing the moisture content of the stems fed to
mechanical processing.

The third mathematical dependence of the content of shives in the fiber after mechanical processing of the
retted straw stems (y2) on the unit pressure of the rollers in the decorticator (x1), moisture content of the retted straw
stems (x;), and the degree of retted straw aging (x,), is described by equation (5):

y, =71,77-0,81x, —0,25x, +0,33x” +0,28x2 +0,20x? 5)

and is presented on the graph (Fig. 6).

¥3, % (ys)

D

B Value ys, % at x: = 16%
W Value ys, % at x2 = 13%

W Value vs, % at x: = 10%

10
X1, mafiom (x:) X3, o (x:)

Fig. 6. Dependence of the shive content, K,% (ys) on the unit pressure of the rollers in the decorticator (x;), moisture content of the raw
material (x,) and the degree of retted straw aging (x;)

From the obtained data of equation (5) and graphical dependence (Fig. 6), it is clear that the increased
moisture content of stems of hemp retted straws for their mechanical processing has a negative effect on the process
of shive extraction from the fiber. With an increased moisture content of the stems the content of shives in the fiber
increases, so to clean the fiber from shives it is necessary to maintain the lowest values of moisture of the retted
straw stems, which is subject to mechanical processing at 8-10%. (Kuzmina T.O., et.al., 2020).

On the basis of the obtained regression dependences, 3-5 on the example of retted straw stems of technical
hemp of YUSO-31 type a control program for the mechanical processing of retted straw stems of bast crops with
constant control of moisture content of stems will be developed in the future, which will be fed to decortication at
certain values of the unit pressure of a stem layer in a pair of breaker rollers and separability of retted straw.

Summary

As a result of the analysis of the influence of moisture content of bast crops retted straws of oil flax
"Pivdennanich" and "Debut", fiber flax “Gladiator” and “Esman”, technical hemp “YUSO-31” on the quality of the
obtained fiber, a clear dependence of physical and mechanical characteristics of the fiber such as, percentage of the
yield of raw fiber, breaking load of the fiber and the content of shives on the moisture content of the stems that are
fed to mechanical processing: the lower the moisture content of the stems before mechanical processing, the higher
the quality of the fiber and the degree of its cleaning from shives. It is established that the increase in moisture
content in the stems of bast crops straw above 10% leads to a loss of quality of the obtained fiber by 11% and its
consumer value. (Tikhosov A.S., et.al., 2020).
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