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Abstract
The article discusses the process of obtaining@iBmaterial from
a thermoplastic by blowing methods, and also prewiad method for
calculating the average diametdr and lengthl; of elementary
fibers. According to the presented calculationse thverage
elementary fibers' diameter valde depends on the airflow speed
from the blow head in the fiber formation zone. Treater the air
velocity V,, the smaller the diameter of the elementary fib@ére
elementary fibers' length If depends on their di@me; and
variable angley of the blowing head diffuser. The smaller the
diameter of the elementary fibedsand the larger the variable angle
y, the smaller the length of the elementary fibétsy = 0 degrees,
the fiber is obtained, with an increase in the apgthe fiber length
becomes fixed. The average elementary fibers' d&mak varies
depending on the speed of the airflow flowing fréime blowing
head in the fiber formation zone. The greater theeocity V,, the
smaller the diameter of the elementary fibers. Tgcrepancy
abetween the calculating results of the averager fih@meter with
their real values does not exceed 13%, which, daogrto the
process complexity, can be considered satisfacidrg. elementary
fibers' length If depends on the elementary fibéi@meterd; and a
variable angle.. The smaller the diameter of the elementary fibers
dr and the larger the variable anglethe smaller the length of the
elementary fibers. At = 0 deg, the infinite length fiber is obtained,
aand with an increase in the anglehe fiber length becomes fixed.

Keywords

recycled thermoplastic raw materials; vertical ahdrizontal
method of blowing a melting jet; fiber formationethodology for
calculating the average diameter and length of eteary fibers.
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Introduction and Basic Information

Among the promising technologies for the productiof the fibrous materials from secondary
thermoplastics, one can attribute the blowing meithloe essence of which is to inflate the thermstdastream
jet flowing from the melting unit with a stream cdmpressed air. In this case, the melting unitlwaf any
type, for example, hydrostatic or extrusion (SWatst al., 2015; Sviatskii et al., 2018).

The technological process for producing fibrous eriats by the blowing method from recycled
thermoplastics consists of stages (Fig. 1).

At the first stage, the preparation of feedstockamied out. Primary or secondary granular PETenst as
well as flexes (flakes) obtained after the crustohgsed plastic containers, can be used as thenaerial for
the production of the fibrous materials (Sentyaleival., 2014; Sentyakov et al., 2016). Judging by t
experience of obtaining such products by vertidaing method, the use of flexes as a feedstochkifsgntly
reduces the production cost. The preparation offéleestock is following: - it is careful sortingedause it
should exclude the presence of metal or otheratefra objects that could lead to an equipment nmalfion; -
raw materials drying in order to remove moistuafrit, which can lead to a noticeable decreaskarfihished
product quality.

Worldwide growth in polymer waste ranges from 51 annually. In 2018, according to the European
Statistical Agency (Eurostat), polymer waste amedrib almost 30 million tons. In the structure ofypneric
wastes, 34% are polyethylene wastes; 30% PET; 1BR; 8% - Polystyrene and other materials. Of tital t
amount of polymer waste, up to 50% is plastic pgti@g containers made of PET materials [2].

Processing of polymer waste into secondary raw maddéewhich can be used as a new resource basageis
of the most dynamically developing areas.

Obtaining thermally-bonded products from polymeric
fibrous materials of fibrous sorbent products

g

Preparation of feedstock in a
drying chamber

< L

Raw material meltingina —
melting unit

4 -

The implementation of the fiber formation process - obtaining
molten polymer jet and blowing it with an airstream, the fibers
deposition on the conveyor

J L J L

—> Dry granules ¢
fleks PE

Molten material jet

Adjusting the distance Heating fibers by
between the blowing head and airflow before the
the conveyor conveyor

Calendering canvas
on the conveyor

L

Finished thermobonded product made of polymer fibrous
material in the continuous canvasform on a moving conveyor

Fig. 1. Thetechnological scheme of obtaining thermally-bonded products from polymeric fibrous materials
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Literature review

The nomenclature of manufactured structural anttlimgi materials is currently quite extensive. A aege
place in it is occupied by fibrous materials fromnaral and synthetic raw, which are widely used in
engineering, construction, heat power, and lighustry (Baranov et al., 2017). The use of such rizd$eas
various composite materials production basis andabents for environment purification from oil and
products pollution is promising (Yim et al., 2018).

Of dual interest to the national economy are filsrmaterials products based on recycled synthetic The
point of such dual interest is that the use of ¢ty raw materials can significantly reduce thet afsthe
finished products, and the extraction of such raatemals from the environment can solve one of the
environmental problems — to prevent environmentéllion with synthetic household and industrialstea

Processing of polymer wastes into fibrous mateiigldifficult due to the lack of an appropriate déwf
wastes sorting and treatment that are not homogesnio chemical composition and contain inclusiolms.
addition, as a rule, the waste has a lower molecutaght compared to standard primary thermoplastie
materials. As a result, secondary thermoplastie® lzalower melt viscosity and melting point, as Ives low
mechanical characteristics that do not allow the afsclassical (spunbond) technologies for the petidn of
the fibrous materials.

Methodology

In the second stage, it is necessary to meet #dsfeck and get a molten material stream with fkeng
parameters: the primary diametrical size and thaiflow rate.

To implement this stage, equipment for processiugous plastic materials is used - a screw extrotdex
melting unit with the molten material outflow undéive influence of hydrostatic pressure in the fayfna
cylinder with external electric heating elements.

The screw extruder has a complicated shape (Bermd.,e2013; Buransky et al., 2013). At presentsit
possible to use modern production technologies agchaxis machining (Kovac and Peterka, 2014; fgket
al., 2012), CAD/CAM/CNC and IT technology (Nemethat., 2019), and modern cutting tools (Peterka and
Pokorny, 2014), mostly coated (Chaus et al., 20ttBproduce a screw extruder. These technologisarera
high match of complex shape (Vopat et al., 2014) dimensional accuracy (Peterka et al.,, 2008) and
satisfactory roughness of the machined surface(lRet2004; Vopat et al., 2015).

In the third stage, it is necessary to implemest fiber formation process, acting on the moltenemat
stream with a compressed air stream, to obtainexiéamy staple fibers with an average diameter of..1050
microns and a length of 50 to 500 mm.

At the fourth stage, it is necessary to performghaliminary formation of a given geometric shagehe
product. Regardless of what geometric shape tlighfd product will have (flat napkins, pillows dregts), the
primary product for their further formation is anvas. Such a canvas is a non-woven fibrous praduehich
elementary staple fibers intertwined with each othee held together by natural cohesion forcescrbss-
section, the canvas can be made with a thickne26 td 100 mm and a width of 500 to 1200 mm. Thevaa is
formed during the deposition of elementary stajilers emerging from the blowing head on the conwéogit,
so its length is not fixed (Smirnov et al., 201&ke€ticova et al., 2017).

The fifth, final stage of the technological schefoe producing thermally-bonded products involves th
thermal treatment of the primary canvas formed f@lementary polymer fibers, and as shown in Fifpag
three embodiments.

The first option of the final stage is to reduce tistance from the fiberizing device to the reirejv
conveyor when the elementary fibers moving togettién the airflow have not yet entered the solichgh In
this case, the fibers' thermal bonding occurs duthéir adhesion to each other. The number of suctded
fibers, the strength, and the conditional densftthe resulting product is inversely proportionalthe distance
indicated above. To ensure the stability of thasfiad product properties across the conveyor wiiths
necessary that the blowing head of the fiberiziagick oscillates in the horizontal plane. When enpénting
this option, it will be necessary to stabilize tgrounding space temperature (Bako and Bozek,)2016

The second option of the final stage is heatindfithers, for example, with an electric hairdryermaintain
the temperature of the elementary fibers at théninétg of their deposition process on a conveyoselto the
melting temperature. When using PET fiber to obtharmally-bonded products, the airflow temperatrtng
on the primary canvas should be in the range 22850 °C. In this case, it is necessary to ensuitonm
temperature distribution across the canvas width,eikample, using several hairdryers placed atstmae
distance along the nozzle width or one hair drijat performs transverse vibrations using a specgdhanism
with an amplitude equal to the width of the canvas.

The third version of the final stage is the caleidpprocess implementation. In this case, the arim
canvas is passed between two cylindrical rolleratdte to a temperature close to the polymer melting
temperature. In this case, on the canvas surfaiepossible to obtain a thin layer of elementiivgrs that are
soldered together, increasing the strength of sudiermally bonded product. It is possible to makeh an

16



Vladislav SVIATSKII et al. / Acta Montanistica Slaga, Volume 25 (2020), Number 1, 14-23

option with one calendering roller - in this casges thermal bonding of the fibers will occur only one surface
of the canvas deposited on the conveyor. Naturedigyvas strength is reduced. However, it becomssilgle to
use it, for example, for oil products sorption frtime surface of the water. Then its conditionalsitgrshould be
less.

Materials and methods

In the course of research and development worlketeldp a technology for manufacturing products from
fibrous materials based on secondary PET, a bléagram of the machines and assemblies interactiam w
developed (Fig. 2), which contains two technologmachines: M1 - a machine for the production &f fibrous
materials based on secondary raw materials witlydrolstatic melting unit type and M2 - a machine tioe
production of the fibrous materials based on seapnthw materials with an extrusion melting unjey

In the secondary raw materials preparation, moghefunits that make up the M1 and M2 machines are
universal - they can be used in other similar maehifor processing secondary synthetic raw maser&ich
universal aggregates are aggregates for the feddgteparation: A1l - aggregate for feedstock dngshA12 -
unit for drying the source and granular raw matgyiAl3 - unit for granulating raw materials; Al4init for the
dosed supply of source and granular raw materigthi® functioning of these units is accompanied by th
following processes: P11 - the process of secon@avymaterials crushing- in the considered techyploused
plastic bottles of polyethylene terephthalate vtita fleks formation no larger than 5 mm; P12 - skeondary
raw materials drying process before granulatioricivimay be preceded by the process of cleaninglt&ned
flexes from paper and other foreign inclusions; P1Be process of granulating raw materials, whgmot
elementary and includes the processes of meltegedl in an extruder, the formation and cooling eystem of
molten raw materials jets with their subsequensloing and the formation of the granules with a digenof 1.5
... 2mm and a length of 3 . 4 mm; P14 - the ravtenis (granules) drying process before meltingetmove
moisture, the presence of which significantly resfuthe quality of the finished products (Bozek Bidhrciova,
2013; Bozek and Pokorny, 2014). Note that the mesef the A13 aggregate for granulating the femdsts
not a prerequisite for the operability of the MIdavi2 machines - not granules, but flexes can be aseraw
materials. However, the quality of the products admange for the worse due to difficulties in theltme
homogenization process.

Synthetic fiber materials production based on recycled materials

A A

A12

EEE
EEB

M-1 i M-2
Machine with hydrostatic type Machine with an extrusion type
melting unit melting unit

I
!

A4l

A31 A32

4
\

A61

Fig. 2. The structural diagram of machinery and equipment interaction that implements the production of the fibrous materials by blowing
from thermoplastics, including secondary ones.
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In the production of the fibrous materials, notaadregates and the corresponding processes irimeadiil
and M2 are completely interchangeable (Yankov, 2006e main structural difference between the maehi
M1 and M2 is due to the fact that they use fundaaigndifferent melting units, respectively, in tfiest - the
hydrostatic type melting unit A21, and in the saterthe extrusion type melting unit A22. They atfitfer in
jet-forming units: in a machine M1 - a jet-formingit A31 of vertical design, and in a machine M2 jet-
forming unit A32 of horizontal design. Accordinglthe processes that determine the functioning ettef
these units are different: P21 - the process ofingetaw materials in a hydrostatic type meltingtuR22 - the
process of melting raw materials in an extrudeetypelting unit and P31 - the formation process oftem raw
materials jet during vertical flow, P32 - the foitioa process of molten raw materials jets during hbrizontal
flow.

The following three machines units under considenatealizing the production of products from fibeo
materials based on secondary thermoplastic rawrrakste@re also interchangeable and can be useihitas
machines not only developed by the authors M1 a@d bt also in other possible options, these adt and
P41 - aggregates and processes fiber formation.aksllP51 - aggregates and processes of canvastifimma
A61 and P61 - aggregates and processes of theondiry.

When designing industrial equipment for the fibronaterial production from thermoplastics by blowing
method, the task is to determine the geometricearetgy parameters of the technological processhatwihe
production of fibrous materials with specified qtyalndicators is provided (Domnina and Repko, 2014nd,
first of all, the production of fibrous materialstivthe required average diametkrand lengtH; of elementary
fibers.

In the vertical-blowing method (Fig. 3), the proeed converting a molten thermoplastic, flowing ofita
melting unit under hydrostatic pressure, into &fits based on the assumption that the airflow igeee in the
blowing head with an annular nozzle has a doulks siretching the melt jet due to surface frictfonces and
its separation. According to the first hypothestue to aerodynamic forces in turbulent flow, adowg to the
second hypothesis - due to the surface frictiomesr Downstream of the airflow, the further movemein
elementary fibers occurs under the influence diulent airflow, in which, as a result of coolingtfibers, the
temperature decreases below the melting pointeofrtaterial, and the fiber formation process stops.

In the extrusion-blowing method (Fig. 4), the prexef obtaining elementary fibers from thermopéasti
during horizontal blowing involves the melting atndnsportation of the feedstock by extrusion. s ttase, the
melting stream from the die extends horizontallyeRo gravity, the melting stream assumes a shaped in
the vertical plane and also increases by 15 ... #b%he transverse direction due to a decreaséanflow
velocity, and then, due to the viscous flowing estaf the melt, the jet diameter gradually decreadasair
stream flowing out of the blowing head slotted rezaffects the melting stream in the plastic stzdee,
deforming it, as a result of which it bends, sthe; and bursts into elementary fibers due to thiace friction
forces. Further movement of elementary fibers accomder the influence of turbulent airflow, as suteof their
cooling, the process of fiber formation stops.

Fig.3. The design scheme for determining the average diameter d; Fig.4. The design scheme for determining the average diameter d
and length |; of elementary fibersfor the vertical -blowing method and length I; of elementary fibersfor the extrusion-blowing method

A theoretical study of the melt flow process showrFigures 3 and 4 showed that the nature of the
melting flow depends on many factors that affeetdbality of the resulting fiber, and is a function

dely = (V. V, V) 1)
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whereVy is the melt flow speed through the die, 'ﬁn.‘s!p — the airflow speed at the blowing head outles-m.
LV — the fiber moving speed at the moment of separath.§'.

The design scheme for producing fibrous materialthmy vertical blowing of a molten thermoplastic jet
flowing out under hydrostatic pressure is showrFig. 3. A stream of molten thermoplastic flows oditthe
melting unit, then this stream enters into intaoactvith a stream of compressed air flowing outha blowing
head. The diameter of a single filament, whichderfed by the interaction of an airstream with a temol
material stream, can be determined using the aahtiequation:

Q=Q

We determine the volumetric flow rate of the mettip sectiond andll, whereQ, is the flow rate at the die
section, and Qis the flow rate in the stretch zone until theljetaks off by shear.

n.dZ

Q =V, 4“ , )
ﬂd2

QII :Vf 4f ) 3)

whereV, is the melt flow rate through the die, t.¥; - fiber speed at the moment of separation; ndg-
the die diameter, nt; - average diameter of elementary fibers, m.

The fiber velocity at the moment of separatigpdepends on the average speed of the aiflpflowing out
of the blowing head. It can be assumed that ther filelocity V; will be less than the airflow velocity,; this
decrease can be taken into account by the coeffikie

V, =V K, @

We take the melting jet flow rate in two sectionpi@ toQ, = Q,;, and the coefficienk; <1 depends on
the forces required to burst a solid jet of molteatterial, as well as on the geometric shape obking head
nozzle and the conditions for the formation of éhementary fibers. Then the continuity equation loarwritten
as:

: rdf
Vy 2 =V, K, 2 (5)

Therefore, from equation (5), one can determinestamentary fiber average diameter:

/ V
d, = d_d
f VK, d (6)

Since the fiber velocity depends on the airfloweshdrom the formula (6) we can deduce the coeffiti

K.
_ Vyds
LoV, d?

()

The airflow velocityV, in the elementary fibers formation zone in theabtw head was investigated and
determined in workpieces.
The flow rate of the melt from the melting ukfif can be determined by the formula:

G
V, =—— 8
=55 ®

wherep, is the molten PET material density, &€ 1300 kg / m) S is the die area, which is determined

’ S=m; /4

b , n; G - volumetric capacity of the melting unit, kg.sThe methodology for determining the
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volumetric productivity of a hydrostatic type malii unit is presented in the workpiece (Qazizada and
Pivariové, 2018).
The results of calculating the coefficiditare presented in Table 1.

Table 1 - Results of calculating the fiber diameter de and the coefficient K,

The blowing head characteristics The melting ulnéracteristics Characteristics calculation results
Po, kPa V,, m/s @ m Vg, m/s dm Vi, m/s K
0,0025 0,014 0,000094 32,4 0,4
50 81
0,0035 0,017 0,000140 32,4 0,4
0,0025 0,014 0,000024 144 0,90
100 163
0,0035 0,017 0,000038 144 0,90
0,0025 0,014 0,000017 254.8 0,98
150 258
0,0035 0,017 0,000028 254.8 0,98

In addition to pulling the filament from the polymeaelt and changing its diameter due to the airflow
the blowing head, there is also a separation feggedue to which elementary fibers are formid,

P4 (tg)y)
Fo = xSfT, ©)

whereC, is the thread drag coefficient;, - the average airflow rate at the outlet of thewdhg head annular

gap, m.g; Sis the elementary fiber areamvhich is defined as:S a dflf : pt - gas density, kg / intgy is a
variable angle that affects the polymer fiber fotioraalong the length If.

Knowing the separation forde,,, we write down the strength conditions of thisnedmitary thread (Elbakian
et al., 2018).

According to the first hypothesis, the separatibelementary fibers occurs due to aerodynamic finea
turbulent flow, where the tensile stress is defiasdthe ratio of the separation foreg to the cross-sectional
area of the elementary fiber (Kalentev et al., 2017

4F
— sp
g, = ﬂdf . (10)

Thus, substituting equation (9) into (10), we obtidie general structure of the formula:
2
_4Cx|fpvav(tgy) ( )
= . 11
p
2,

At the moment of elementary fibers separation,témsile stress of the thread must be greater waileq

>[o,]

g .
to the allowable stress: ? . Formula 11 explains how to calculate the elenrgrftber lengthl;:

_ [Jp]sz )
- . 1
7 ac V2 (tgy) (42

From formula (12) it follows that the larger thbdr diameted;, the more the fiber lengthincreases with an
increase in airflow/,, at the exit from the blowing head annular gap.

To determine the fiber length If we take the tensiirength at the time of elementary fibers sepmardtom
polyethylene terephthalatg = 49 ... 59 MPa; thread drag coeffici&@t= 0,026. In (Elbakian et al., 2018) were
investigated seven diffusers designs with an ghgi®; 3; 5; 8; 10; 12; 14 deg.
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Results of research

The calculations results of fiber length If depewgon a variable angheand fiber diameted; are presented
in Table 2.

From the calculations, it is seen that at an apgled deg. an infinite polymer monofilament is fornéut
the larger the angtg the polymer fibers in the process of blowing theith air become of a fixed length

As a result of field tests of the fibrous matedhtaining process using secondary polyethylengkthalate,
it was shown that when the melt expires with a terafuret = 270 + 280 ° C through a die with a diametedpf
= 0,0025 m and airflow affects the resulting molaafient in the blow head working areaPgt= 50 kPa, fibrous
material is formed with an average diametdrom 0,000080 to 0,000107 m and a lenigfhom 0,1 to 0,5 m at
an angley = 12 degrees. Ady= 0,0035 m, an angle of= 12 deg andP, = 50 kPa, the average fiber diameder
was from 0,000097 to 0.000128 m and a lerigfrom 0,3 to 0,7 m. After increasing the air pressin the
blowing head td®, = 100 kPa, the average fiber diameterdyat 0,0025 mgd; from 0,000010 to 0,000027 m; at
dy = 0,0035 m, respectivelyk is from 0,000015 to 0,000034 m. In the case ofléisé two options, the fiber
lengthl; was from 0,004 to 0,1 m at an angke 12 degrees.

Detailed experimental studies of the blowing heéth an annular converging nozzle and the proce$bef
formation are presented in workpieces (Straka.ef@ll4).

Table 2 - The calculations results of fiber length I

Po, kPa ¢ m vy, deg Fiber length,Im d, m Fiber lengths) m

0 Thread goes t® o)
1 1,902 4.101
3 0,664 1,374

50 9.4x10 > 0382 1.4x10° 0821
8 0,236 0,506
10 0,186 0,406
12 0,156 0,336
14 0,133 0,281
0 0 0
1 0,0319 0,0533
3 0,0102 0,0178

100 2.4x10 > 0.0061 3.8x10° 00106
8 0,0038 0,0066
10 0,0030 0,0052
12 0,0025 0,0043
14 0,0021 0,0037
0 0 0
1 0,0060 0,0166
3 0,0021 0,0056
5 0,0012 0,0033

150 0.000017 0,000028
8 0,00077 0,0021
10 0,00061 0,0016
12 0,00051 0,0014
14 0,00043 0,0012

Conclusion

Despite its low efficiency (compared to materiatlaaw material recycling), the energy recovery lafspc
waste is the only suitable recovery method for iglontaminated plastic packaging (agriculture,staorction)
and for hardly separable plastic waste (multilagkstic packaging and foils) (Zhang et al., 201)r the
second potential group of plastic waste, for wanest the possibilities of material recycling aimited due to
their volume. For example, in the US, there is alddukg of used tires per capita every year; inEhg it is
about 7 kg. Advantages of energy recycling compé&vedaterial recycling:
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Waste reduction up to 90%

harmful substances reduction (controlled detoxiiorg

the possibility of further use of inorganic fract®

Possibility of recovery of contaminated and heauibyptaminated plastic waste

the possibility of effective recovery of waste tltainnot be recovered through a material or raw madte
recycling.

The choice of the best plastic waste recycling gsscdepends on several factors. In addition toriahte
characteristics (chemical composition, degree aftammination, the content of inorganic impuritieggcee of
degradation) and economic indicators (costs of matddentification, cleaning, sorting), the posiies of
their further application in practice and the eamimental impact must be carefully considered.

Thus, the above structural diagram of the techricédg-omplex for machines and units interactiont tha
implements the double principle of producing fibsamaterials from thermoplastics, which allows swdvthe
problems of their improvement and creating newglestaking into account the peculiarities of thectioning
of these processes, and the synthesis of new necfanthis purpose (Molenda, 2019).

Also, the article presents methods for calculating average diametek and lengthl; of the fiber when
producing fibrous materials by the vertical-blowimgthod.
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