CinbcpkorocnofapcbKi MalmHu

2020 '45 Agricultural machines

THE IMPROVED TECHNOLOGY OF BIOMASS PROCESSING
TO OBTAIN PRODUCTS OF VARIOUS APPLICATIONS

S. Yaheliuk?, V. Didukh?, G. Boyko?

1L utsk National Technical University, Lutsk, Ukraine
2Kherson National Technical University, Kherson, Ukraine

AGRICULTURAL MACHINES

A
C

CUTbCHKOTOCTIOJIAPCBKI MALLIMHH

Key words:

biomass,

textile flax,

linseed flax,

biomass processing
technology,

fuel briquettes and rolls

Article history:
Received 12.08.2020
Accepted 15.10.2020

Corresponding author:
cler2010@gmail.com

ABSTRACT

The article is devoted to processing technologies for
biomass, formed during flax harvesting. These
technologies take into account the fiber potential of
stems to obtain products of various applications. The
best area in Ukraine to use the classical technologies
of flax harvesting and processing is Western
Polissya. However, due to the crisis that lasts for two
decades the Ukrainian Flax Industry requires radical
changes of the existing approaches. Nowadays the
classical technologies are inefficient, energy-
consuming and in many cases result in a poor-quality
fiber. The proposed ways to overcome the crisis are
the gradual introduction of linseed flax into the
Western Polissya crop rotation and the revival of
Textile Flax production. Based of modern research
analyzing the world’s and the Ukrainian flax market
status, it can be confirmed that the revival of flax
production depends on the integrated use of all
components of linseed flax and textile flax. The
experiments have proved that the varieties of linseed
flax growing in the Western Polissya have a length
that allows the stems to be processed into a fiber.
However, the biomass windrows are remained in the
field during a machine harvesting. They have a
considerable size and do not turn into a retted straw
for a long time. Therefore, it is difficult to obtain
fiber in the traditional way. The manufacturers
recycle flax stems by burning. A similar situation is
observed in the case of the harvesting and processing
of the other crops (sunflower, corn, hemp and etc.)
Raw biomass is utilized by burning. Burning plant
biomass in the field pollutes and destroys the soil. Air
pollution with combustion products also occurs. This
is a modern ecological problem of agricultural
production in the Ukraine and in the world.
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AHOTANIA

Cmamms  npucesaueHa MeXHONO2IAM — nepepoOKu
biomacu, sKa ymeoproemuscsi nio 4ac 30upanisl 1bOHy.
L[i mexnonoeii ypaxogyoms 6010KHUCMUL NOMEHYiaT
cmebna O OMPUMAHHA — NPOOYKYIL  pi3HO2O
npusnayenns. Haikpawuii 6 Yxpaini pecion 0ns
3aCmMOCY8antsl KNACUYHUX MeXHON02il 30upanHs ma
nepepobku nvony — 3axione Iloniccs. O0nak, uepes
Kpusy, sika mpusac 08a Oecsamunimms, YKpaincoke
JIbOHAPCMBO BUMAAE KAPOUHANLHUX 3MIH ICHYIOUUX
nioxoois. Ha  cboeooni  knacuuni — mexnonocii
Heehexmueni, enepeocmHi I 8 6azamvox BUNAOKAX
npuseoo0ams 00 OMPUMAHHA HESAKICHO20 BONOKHA.
3anpononosanumu wAXAMU NOOONAHHA KPUSU €
nocmynoee  8npo8aodCenHs. JIbOHY — ONiUHO20 8
cigosminy 3axionoeo Iloniccs ma  nooiceasienis
supobHuymea nvony-ooseynysa. Ha ochosi cyyachux
00Cni0dHCeHb, WO AHATI3VIOMb CIMAH C8IM08020 ma
VKPATHCLKO20 PUHKY JbOHY, MOXMCHA CMBEPONHCYBAMU,
WO NONCBAGNEHHS BUPOOHUYMEA TbOHY 3ANEHCUMD
8I0 KOMNILEKCHO20 8UKOPUCTNAHHSL 6CIX KOMHOHEHMIG
JILOHY OnitiHo20 ma nboHy-0062ynys. Excnepumenmu
dosenu, wo copmu  JIbOHY  ONilHO20, WO
supowyromecss  y  3axionomy [lonicci, maioms
0080fCUHY, KA 0036019€ hepepobaamu cmebna Ha
sonoxno. OOHaK, nio wac 36upanus ypoxcaio biomaca
3AMUWAEMbCA HA NOJE, 8UPOOHUKU i CHATIOIOMY.
Hooibna cumyayis  cnocmepicacmovcst  nio  uac
30upanns i nepepoOKU THUUX CLTbCLKO20CNO0APCLKUX
KYI6myp (COHAUHUKA, KYKYPYO3U, KOHONENb Mowo).
Cnamosanna 6iomacu pociun y nori 3a6pyoHioe
nasxonuwne cepedoguwye. Ile cyuacna exonoeiuna
npoodnema CitbCbK020CHOOAPCHKO20 SUPOOHUYMEA 8
Yxpaini ma ceimi.
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Introduction and Problem Statement

Theoretical and experimental research of flax raw materials properties
was held by many authors in different years and conditions [1-4]. Properties
of flax stems and deformations in them caused by machine are examined in
the “Plant material mechanics” research by G. Hajlis [4]. The processing of
stems must begin immediately after cleaning the seed part in accordance
with the fiber maturity state and the environmental conditions [5]. Some
researchers proposed methods and systems of quality control of bast raw
material [6].

Commercial applications include fiber, paper manufacturing, horse
bedding and pelletizing leftover flax or other plants materials for bioenergy
— but none of these options offer maximum value to the farmer. Farmers are
burning plant straw [7]. The solution of problems of safe use and utilization
of a flax stem part is connected with development of technologies of
processing of flax straw for reception of production having industrial
functional value.

“Fiber extraction from oleaginous flax for technical textile applications:
influence of pre-processing parameters on fiber extraction vyield, size
distribution and mechanical properties” by Pierre Ouagne shows that the
individual fiber length of oleaginous flax (between 3 and 6 cm) is
comparable to that of the scutched textile flax fibers. This makes them
suitable for the production of carded aligned fiber yarns for technical
textiles. These results demonstrate the interest and the potential added value
of harvesting the stems for technical fiber applications [8]. The properties of
flax fiber and textiles have also been studied [9, 10].

If the quality of the stem part of the flax does not allow us to obtain a
qualitative fiber, then one of the ways out is the manufacture of pressed fuel
briquettes by means of frozen sapropel. The scientists of Lutsk National
Technical University conducted the research on the production of fuel
materials in the form of briquettes by using frozen lacustrine sapropel as a
binder. As a result of study, the energy potential of the samples and the time
of their combustion were obtained [11]. However, the production of the fuel
briquettes is a labor-consuming process. It is possible only in stationary
conditions.

Another option is the manufacture of fuel materials in the form of
packages or rolls [12]. The production of rolls for combustion directly in the
field will allow the use flax stems that are not suitable in the textile
industry. The development of flax production is possible due to the
justification of environmentally safe technologies to process flax plant stand
based on its classification properties and the combination of operations of
harvesting and processing the flax stems.
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The results of the research allowed us to offer technologies that
efficiently combine the processes of harvesting and the stem part of the flax
crop processing. These technologies satisfy the modern requirements of
environmental regulatory documents.

The Goal of the Study is to improve the quality and environmental
safety of flax and other plant stems processing thanks to the development of
technologies with a maximum using of the raw material potential.

Materials and Methods

The research was carried out in laboratory conditions and in production;
standard and specially designed devices were used. The research is used
straw of flax varieties: Lirina, Soniechny, Gladiator, Glinum from Western
Ukraine. The average height of plants was ranged from 55 cm to 98 cm. The
test methods are in accordance to the standards [13, 14], etc.

Results and Discussion

In the study [15] a classification of flax stems (straw) is suggested. It
allows us to choose an efficient technology to process the stems or biomass
at the stage of flax harvesting. A concept model of technologies for
processing flax stem is substantiated based on the developed classification
[15, 16]. According to the concept model [15], the choice of a processing
technology variant depends upon the length of the stem, the ripeness phase,
the bast content and the type of the flax. When the length of textile flax is
0.75-0.95 m and higher in the phase of early yellow ripeness, it is harvested
by pulling apparatus. If the length and phase of the flax stem ripeness are
sufficient to obtain fiber of a proper quality, it is offered to use the
technology of the stem primary processing directly within the field
conditions with a subsequent processing at a flax mill (Fig. 1).
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Fig. 1 — Technology of the flax stem primary processing,
when length and phase of the flax stem ripeness are sufficient
to obtain fiber of a proper quality

154



CisibCbKOrocnogapcbKi MalmHu 2020 *45 Agricultural machines

If the length of the flax stem (regardless of the type) is less than
acceptable for processing into fiber, the proposed technology allows the
biomass to be turned into the small-sized fuel rolls (SFR) (Fig. 2).

The Length of the
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Fig. 2 —Technology of the flax stem primary processing,
when length and bast content of the flax stems are not sufficient to obtain
fiber of a proper quality

The research suggests the technological operations sequence for stems
with a height of less than 50 cm regardless of the type of flax at the full
ripeness phase or with bast content less than 15%, that includes stems
cutting with a seed release, destruction of the biomass to reduce the elastic
forces and twisting it in the SFRs of a given diameter. Therefore, the
improved combine harvester is able to perform all technologic operations,
besides SFRs transportation.

When the length of stems is 0.5-0.75 m in the phase of early yellow
ripeness, flax is harvested for the production of short undirected fiber or
fuel briquettes. We offer the technology to produce a fibrous material from
linseed flax that is suitable for use in the textile industry. The technology is
based on changing the sequence of operations for the flax harvesting taking
into account the phase of its ripeness (Fig. 3).

The proposed biomass processing technology is based on theoretical
studies [16]. For successful application of the used biomass processing
technology special device should be used. That are must be devices for the
biomass destruction or grinding and making of SFRs with a further
possibility to install these devices onto a combine harvester are determined.
In order to make SFRs out of flax biomass a five-roller compaction chamber
of variable volume is offered. The advantage of the press chamber is that at
the initial twisting stage there is a minimum of free space between the
rollers. It allows us to begin the roll making process right at the rollers first
turning.
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Fig. 3 — The technology processing of stems to obtain seeds, technical fiber
and fuel briquettes

This provides an increase in the efficiency of harvesting technology,
while taking into account the characteristics of flax or other plant stems.

Experimental studies as to the technologic properties and the quality
indicators of stems, biomass, fibers and solid fuel materials made of
biomass were carried out. Thus, they permitted to establish efficient
operation modes of the proposed means for harvesting and processing the
flax stem parts. The possibility to obtain short non-oriented fibers and solid
fuel materials from both linseed flax and textile flax has been
experimentally confirmed.

Conclusions

Based on a carried out set of studies the prepositions to create
innovation technologies and equipment was developed. As a result, these
technologies and equipment efficiently combine the processes of the flax
crop stems harvesting and processing, as well as enable to offer a produce
of diverse functional application.

The propositions should be made to agricultural producers on harvesting
technologies that enable at the same time to process the flax stems as well
as the flax biomass. These proposals are based on the flax stems
classification features.

Also, it was proposed to obtain a similar fiber material from linseed flax
by changing the sequence of operations for linseed flax harvesting, taking
into account the phase of its ripeness.
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