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THERMOPLASTICS RECYCLING PROCESSING TECHNOLOGY
FOR MECHANICAL ENGINEERING

A. A. RISKULQV, A. S. IBADULLAEV, Kh. I. NURMETOV,
Tashkent State Transport University, Uzbekistan

Plastics, the materials based on polymers, are capable of acquiring a specified form on heating under
pressure and maintaining it after cooling. Depending on the designation and conditions of operation plas-
tics can contain auxiliary materials: filling compounds, plasticizers, stabilizers, pigments, lubricants, etc.

Manufacture of plastics which was born in the middle of the 19th century has been developing at a high
rate since the late 1930s. In the early 1990s, the world’s production of plastics was as high as 102 m
tons/year, being increased by 52% in the period between 1980-1990’s. At present, the role of polymers in
life activity of humans is so great that standards of living can be assessed by the levels of application of
these materials. In 1995, the average consumption of plastics per capita in the world was 19.7 kg and in
different countries, it varied from 200 g (Pakistan) to nearly 200 kg (Belgium). In the late 1990, the pro-
duction of plastics in Belarus amounted to 58 kg/ man per year.

Depending on the temperature of forming of plastics the latter are subdivided into thermoplastics and
reactoplastics, with the bases being composed of thermoplastic and thermoreactive polymers [1].

Up until the beginning of the 20" century, the methods for polymer processing into goods imitated the
known methods for processing such materials as clay and soft metals (casting, pressing, forming), and it
was not until the middle of the 20" century that novel technologic methods for molding of plastics ap-
peared which are based on application of polymer specific properties: pneumatic-and vacuum molding,
calendering, etc. Now target methods and techniques for processing of plastics may number into the doz-
ens.

High specific strength, corrosion resistance, thermal and electrical conduction as well as a combination
of other advantages of metallic materials cannot completely meet requirements of experts in development
of brand new technical equipment and technologies. Moreover, developers and technologists have to take
into consideration depletion of raw stocks of traditional machine-building materials and increased power
inputs and efforts related to their exploration, output, and transportation and processing [1].

Therefore the key problems of up-to-date material science cover development of structural materials
using new types of raw materials, more integral application of traditional and secondary resources and op-
timization of material structures so as to impart them a complex of unusual and, often, contradictory prop-
erties. A topical orientation in solution of these problems is development of machine-building materials
based on synthetic natural and artificial binding materials. Plastics, rubbers, wood plastics and ceramic ma-
terials are among the most common and promising materials.
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In choosing the technology for plastics processing we can use the following classifcation based on the
physical state of a polymer material in shaping the good or molding [2]:

1) polymers in a viscous-flow state are processed by extrusion, high-pressure casting, pressing;

2) film and laminary intermediates in high elastic state are processed by vacuum molding, warm form-
ing, drawing;

3) hard polymers manifesting inducing high elasticity are treated by forming at room temperature, roll-
Ing;

4) polymer solutions and dispersion are applied in manufacture of films by flowing, forming of casings
by dipping of a form, rotational forming of castings from plastisols (pastes based on PVC and plasticizer),
application of polymer powder coverings;

5) sintering of pressed powder intermediates (pressings) from reactoplasts of thermal plastics with high
viscosity in a viscous-flow state (fluoroplasts).

Thermal plastics goods can often be manufactured by several different methods. The choice of pro-
cessing method for every specific product is governed by a diversity of factors, with the most important
ones being the following:

— design;

—technological property of a polymer material;

— operation conditions of a product, and the resulting requirements for them ( surface quality, dimen-
sional accuracy, the presence of accessories, threadings, etc);

— anticipated product replication;

— economic and ecologic factors (cost of equipment and accessories, their productivity and durability,
labor inputs, qualification of workers, amount of material wastes, possibility of after-processing, etc.).

Thermoplastics are processed into goods with technologic equipment, the operational principle being
based on the property of a thermoplastic material being reversibly converted into a viscous-flow state. The
following methods for thermoplastic processing received industrial application: extrusion, high-pressure
casting, compression forming, sintering and mechanical treatment [3].

Extrusion (squeezing—out) is a process of manufacturing of goods of required forms and dimensions or
elongated profile semi-processed products by heating of polymer granules (granulate) and forcing the pol-
ymer mass that is in a viscous-flow state through the forming aperture of extruder head (Figure 1, a).
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Figure 1 — Methods for plastics processing:
a — extrusion (squeezing out); b — high-pressure casting (injection); ¢ — compression forming;
1 - granulate; 2 — heater; 3 — screw conveyer; 4 — melt; 5 — extruded profile; 6 — head; 7 — piston (plunger); 8 — casting form;
9 — cast product (pressing); 10 — plug; 11 — matrix
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The main part of a special extruder for squeezing out of melt is a screw (screw conveyer). Thermo-
plastic as granules or powder 1 comes from a feed hopper into a heated cylinder 4 where it is moved by a
rotating screw 3. The material is tightened and under the action of heat coming from a heating element 2 is
converted into a thick-flow state. Thereafter it is continuously forced through a calibration instrument
(head) 6 as profile 5.

Flat (sheets), profile (profile (angles, channels) and voluminous (tubes) goods are formed depending on
the form of the aperture in the head. By balooning of the squeezed tube hose stock with the help of air,
films of various thickness and length are obtained. To increase strength and decrease thickness of the
films, the hose is subjected to one-or two-axis orientation. Special design of heads with extrusion nozzles
supplied by a great number of low diameter apertures makes it possible to extrude filaments and fibers.
The melt-spinning technology allows for extrusion of fiber with subsequent gravitation drawing and
strengthening. The melt-blowing method (spraying of polymer melt by a gas flow) is used for production of
fibrous unwoven fabrics with various porosity and density.

Extrusion is one of the most productive methods for processing of thermal plastics. Aggregates with
the productivity as high as 10 t/h are created with a great degree of technologic process automatization.
Extrusion is used to produce polymer tubes with a 1.5-m diameter and films of 25-m width. A new promis-
ing equipment, reactors-extruders, is developed. The processes of melting and polymerization are com-
bined in such instruments. The first specimens of such equipment of 50 kg/h productivity were used for
manufacture of polymethylmethacrylate articles.

High-pressure casting is executed with the help of special machines with a plunger and screw injection
device (Figure 1, b). Processing of thermoplastics by high-pressure casting is based on heating of the mate-
rial to a viscous-flow state, its replacement under pressure to a mold and subsequent cooling of the cast
providing for stability of its shape. A thermoplastic polymer 1 as granules enters a feed hopper to a cylin-
drical cavity of an injection machine where the predetermined temperature is maintained. A piston or a
plunger 7 which is periodically set into motion squeezes the polymer mass into a divided cooled mold 8
where the end product 9 is being molded. Modern casting machines can mold production weighing in the
range from a fraction of a gram to 100 kg.

The high-pressure casting is used to produce a high production mix of items for constructional, antifric-
tion and general purposes. The equity of the method is a high accuracy and quality of the goods, Applica-
tion of multicavity molds, preliminary heating of raw materials and the high degree of process automatiza-
tion (completely automated lines have been developed which are operated by a computer) allow for
attainment of high efficiency of equipment application.

Thermoplastics as sheets or films are processed by compression molding. The essence of the method is
in forming of a polymer intermediate as a sheet or a film with the help of compressed air (pneumofor-
mation) or vacuum (vacuum-formation). Compression molding is used for manufacture of large-sized
items of a complex configuration: parts of automobiles, casts for television-and radio equipment, hulls of
boats, etc [3].

Sintering is used for processing of thermal plastics with high melting points and great viscosities of the
melts (fluoroplasts, high-filled polyolefines). The traditional technology of sintering includes operations of
component mixing, pressing of the mixtures in a mold, sintering of the pressing and cooling of the product.
The products are sintered at a temperature of 5...10 °C in excess of the melting point of the basic thermo-
plastic. A protective gas medium (nitrogen, carbon dioxide) is used for prevention of product oxidation.

Reactoplasts are processed into goods by pressing, compression molding, centrifugal molding and
winding. The most common method for processing of reactoplasts is pressing: direct (compression), cast-
ing (transferring), rotor and continuous profile pressing (extrusion pressing).

General operations for pressing of all types are loading of the press composition into a form, its transi-
tion to a viscous-flow state, shaping the blank under pressure, fixation of the product form by formation of
a cross-linked structure of the material under pressure and temperature and cooling of the product. In di-
rect, casting and rotor pressings, the products are implemented and the form is fixed in a closed volume, a
tool’s molding cavity (Figure 1, c¢). Large-sized products are molded by extrusion pressing during continu-
ous process of plunger pressing combined with heating of the powder composition. The process is com-
pleted by squeezing of the product through a nozzle.

The technologic process of manufacturing from a special type of polymer raw materials named press
materials includes the following main operations: preparation of materials and their dosing, pressing of

287



tablets, preliminary heating of tableted material, its loading into a molding tool, closing the molding tool,
premolding, exposure to pressure, disclosure of the molding tool and withdrawing of the product, cleaning
of the molding tool and preparation to the subsequent cycle of molding [4].

The initial thermoreactive press-powder which has passed through input control is tableted to decrease
the volume of the press mass and increase the accuracy of its dosage. To reduce the duration of material
exposure to pressure, preliminary heating of the tablets is carried out at the temperature of reactoplast
cross-linking. During heating the binding product is partially cross-linked and the adsorbed low-molecular-
weight products are removed. The heating is implemented with IR-heaters or RF current. After closure of
the heated matrix and plug of the loaded molding tool, the press material undergoes cross-linking of the
polymer binding agent. These are generally polycondensation processes accompanied by release of water
and gases. The latter stipulate the porosity of the product, worsening its properties. To remove low-
molecular-weight substances from the molding tool, 2 or 3 premoldings are carried out: lifting of the plug for
a short time followed by a rapid closure of the molding tool. The premolding duration amounts to 1-5s.

The most prolonged operation of the molding technological cycle is high temperature exposure of the
molding tool to pressure which is required for complete hardening of thermoreactive press material. To
remove residual strains occurring during molding, the parts are thermally processed.

Transfer molding includes similar technological operations. The constructive feature of the molding
tools applied for this method implementation, it the presence of a special loading chamber (precombustion
chamber) from which polymer material in a viscous-flow state is squeezed into tool’s molding cavity.
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K BOITPOCY UCHOJIB30BAHUS BE3YTIJIEPOJHOI'O TOIIJIUBA JJIS1 IOBBILLEHUS
SKOJIOI'MYECKOM BE3OITACHOCTH JU3EJEN TEIJIOBO30B

A. JI. POCJIAIKOB, JI. C. KYPMAHOBA, B. A. UBAHOB, H. . KPFOKOBA, A. A. MYHUIIIKHHA
Camapcrutl eocyoapcmeeHnblil yhusepcumem nymet coooujenus, Poccutickas ®edepayus

Cornacao Ctpareruu noirocpodnoro passutusi Poccuiickoit @enepartuu 10 2050 roga st sKeIe3Ho-
JIOPOYKHOTO TPAHCIIOPTa MPEIOJIAraeTcsi CHIKEHUE YPOBHsI BRIOPOCOB MApHUKOBBIX I'a30B ¢ 3,9 T Ha TOH-
HO-KHJIOMETp 10 3,2 T Ha ToOHHO-KmioMeTp. [Ipobraema cHmkeHMs BEIOpoca B aTMocepy MapHUKOBBIX Ta-
30B TECHO CBsi3aHa C MPOOJIEMON YyIy4IIeHUs IOKa3aTelied TOIUTMBHOW SKOHOMWUYHOCTH JIBHTaTelei,
KOTOPYIO MOYKHO JIOCTHYb KOHBEPTAIMEH MU3eIbHOTO JIBUrATE/sl B OMOAM3EIb IyTeM PUMEHEHHs Oe3yr-
JIEPOJTHOTO TOILINBA, TAKOTO Kak aMmMHak [1, 2].

[Ipu nepeBoae Au3eneli TEIUIOBO30B Ha PabOTy ¢ UCTIOIH30BAHHEM AlbTEPHATUBHOIO TOTUIMBA BO3HU-
KaeT HeOOXOAMMOCTh CO3JIaHUSl WM MOJCPHH3AIMKM CHUCTEMBI IMOJa4YM JBYX TOIUIMB M ONTHMHU3AIMU €€
paboThI, a Takke oOecreueHre HaEKHOT0, CBOCBPEMEHHOTO U YCTOMYUBOrO BOCIUIAMEHEHHS TOILUIMBA U
HaAEKHOW pabOTHI TOIUIMBHEIX HACOCOB M (DOPCYHOK [3].

HauGonee 3HaYMMBIMU TOKCUYHBIMH KOMIIOHEHTaMH OTPaOOTABIIMX T'a30B JTU3ENCH TEILIOBO30B SB-
nst0TCs OKCHITBI a30Ta NOy, KOTOPBIE MPEJICTABISIFOT 0COOYI0 ONACHOCTh JuTs aTMocdepsl, umetot 11 kiace
OITACHOCTH, BHICOKUW B CPaBHEHHHM C MOHOOKCHIAMH YTIEpOJa, JIMHOCTEIO H yrieBomopoaamu (I'OCT
33754-2016).

KoMruteke MeponpusTuil 1Mo CHIKEHUIO BPEAHBIX BHIOPOCOB B OTPa0OTABIIMX ra3ax U IMOBBIIICHHIO
9KOJIOTMYECKOW 0E30MMacHOCTH BKJIIOYAET B CeOsl TPU OCHOBHBIC T'PYIIIBI TaKWe, KakK: KOHCTPYKTHBHBIC,
AKCIUTyaTallMOHHBIE M XUMHUKO-TEXHOJIOTUYECKHUE [4].
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