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At present the biggest specific gravity in total volume of the polymer production
occurs on thermoplastical polymers and composite materials on its base [1-5].
Thermoplasts differ from thermoreactive polymer binders with less duration of
technological cycle by the second recast, increased viscosity destruction and less
sensibility to the damage and also unlimited expiration date. Choosing the
thermoplasts with different chemical structure and stated elasticity module and
deformability, changing type and filler content can greatly expand branded range of
the composites materials: range of application — deformational-constructional, high
endurance, high module, fireproof, chemical and waterproof, electrotechnical,
frictionproof, etc.; recast — founding under pressure, extrusion, pultrusion, vacuum-
and pneumoforming, covering, pressure stamping, melting etc. [6-8].

More than 50% of general volume of thermoplast production belongs to large-
capacity polymers of general purpose (polyethylen, polyvinilchloride, polystirol), the
rest one belongs to the construction plastic (polyethylene, aliphatic polyamides,
polyesters, polyurethanes, polymethylacrylates, polycarbonates) and polymers with
peculiar physical and specific properties [9-11]. Upper temperature of a longstanding
exploitation of large-capacity polymers is situated lower 373K, and we can slightly
increase this temperature by modification. Upper temperature of a longstanding
exploitation about 423K has just some members of constructional plastics, such as
polycarbonate, unsaturated polyesters, cross-linked poly urethanes, polyamides
[9, 10].

It is known that modern machines and aparatus work in rather intensive
exploitation regimes (at high speeds and loads), at that such tendency is indicative for
as new areas of technics, as for the traditional branch of industry such as automobile
manufacturing, agricultural engineering industry, production of household appliances
and medical equipment [12-15]. That’s why for improving main exploitation
characteristics of thermoplastic binders with the purpose of increasing their term of
working capacity in an exploitation hard mode, approach of reinforcing them by
discrete fibrous filler is frequently used.
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We should refer aramide fiber terlon to perspective reinforcing fillers of the
polymer matrices. This organic fiber can be operated in a wide temperature interval
(from 23 to 548K), and has high resistance to repeated deformation, chemical
endurance, low thermal shrinkage and a range of other valuable properties [16]. With
the purpose to create new polymer compositional materials, thermoplastic binders
(complex aromatic polyesters polyarylate and polycarbonate, polyether pentaplast)
were reinforced by terlon fiber in amount of 5-35 mass % [17-19].

The results of complex research of main thermophysical, physical and mechanical
characteristics of developed polymer composites show us that they significantly
depend on polymer binder nature, as discontinuous fibers content. In particular, it is
established that organoplastics based on polyarylate (1.64 kJ/kg - K) have the
maximum average heat capacity at the temperatures 298-498K, and organoplastics
based on pentaplast (1.40 kJ/kg - K) have minimum one (fig. 1). Temperature curves
of specific heat capacity of researched organoplastics have analogous character: at the
temperatures 298-398K we can see linear enhance of heat capacity; in the
organoplastics transition area from glass into high elastic state (423-473 K) is shown
its intensive growth, after which sharp decreasing is happened. High values of heat
conduction coefficient have organoplastics based on pentaplast (0.43-0.47 W/m - K)
and polycarbonate (0.33-0.39 W/m - K), at the same time organoplastics based on
polyarylate is in a range of 0.29-0.33 W/m - K [20] (fig. 1).

Considering that the polyarylate refers to heat resistant polymer matrices, rather
regular is the fact that organoplastics on its base also have the highest heat resistance
according to VICat in comparison with other researched polyesters (table 1).

It also takes notice the fact that all developed organoplastics have lower
temperature coefficient of linear thermal expansion in comparison with polyesters (in
average in 4-6 times).

Table 1. Influence of terlon content on heat resistance
according to polyester VICat

Polyester binders Terlon content, mass %
— 5 15 25
Polyaryate 473 475 AT7 483
Polycarbonate 425 427 431 435
Pentaplast 427 430 437 440
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Figure 1. Temperature dependence of specific heat capacity (a)
and heat conduction coefficient (b) of organoplastics based on pentaplast (1),
polyarylate (2) and polycarbonate (3)

The study of the process of thermal-oxidative degradation of the developed
polymer composite materials indicates that the nature of the polymer matrix
significantly affects the thermal stability of the organoplastics. Polymer composite
materials based on a more heat-resistant polyester binder (aromatic polyester
polyarylate) is characterized by higher heat resistance compared to organoplastics
based on pentaplast. So, according to the data of thermogravimetric analysis, the
temperature corresponding to a 20% weight loss of samples from based on polyarylate
Is 141-126 degrees higher than for organoplastics based on pentaplas (fig. 2).

The study of dynamic characteristics is important when choosing materials for parts
operating under conditions of intense dynamic loads, because the latter cause
mechanical degradation of polymers, which affects their structure and physical and
mechanical properties. In our case, the reinforcement of polyarylate and polycarbo-
nate with terlon fiber increases the dynamic modulus of elasticity of the organo-plastics.
The maximum values of this indicator are typical for polymer composites
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Figure 2. Effect of terlon fiber content on heat resistance
organoplastics based on polyarylate (1) and pentaplast (2)

containing 35 mas. % organic fibre. For the specified organoplastics based on
polyarylate and polycarbonate, the dynamic modulus of elasticity is higher than that of
binders by 3 and 2.4 times, respectively [21].

Organoplastics based on pentaplast has high physical and mechanical indices:
tensile strength at compression for them increase on 26-124 MPa in comparison with
base polymers, while it increases on 5-69 MPa for organoplastics based on poly-
carbonate. Significant (on 70 MPa) enhance of flintiness according to Brinell was
established for organoplastics based on pentaplast; the enhance was just 26 MPa for
organoplastics based on polyarylate (fig. 3c).

Pentaplast based organoplastics have high Brinell hardness values, which for
organoplastics with the maximum content organic fibre is almost 2 times higher
compared to polyarylate (fig. 3c). The compressive strength of organoplastics based
on pentaplast increases by 1.2-2 times compared to the binder. As for organoplastics
based on polycarbonate, their compressive strength increases with an increase in the
amount of organic fibre, reaching values of 107-171 MPa versus 102 MPa for the
binder.

As a result of faulty adhesive bonds of fibrous filler with the polymer matrix,
reinforcing of base polyester by discrete organoplastics don’t let create plastics with
high impact resistance. However, considering the fact that polycarbonate refers to the
amount of the most shockproof thermoplastic matrices, the samples made from it has
the highest shockproof in comparison with other polyesters (95-20 kJ/m?).

As a result of faulty adhesive bonds of fibrous filler with the polymer matrix,
reinforcing of base polyester by discrete organic fiber don’t let create plastics with high
Impact resistance. However, considering the fact that polycarbonate refers to the
amount of the most shockproof thermoplastic matrices, the samples made from it has
the highest shockproof in comparison with other polyesters (96-60 kJ/m?). An increase
in the degree of reinforcement of polymer composites polyarylate and pentaplast leads
to a decrease in their impact strength: for organoplastics based on polyarylate — 62-18
kJ/m?; for organoplastics based on pentaplast — 92-40 kJ/m? (fig. 3b).

699



TECHNICAL SCIENCES
MULTIDISCIPLINARY ACADEMIC RESEARCH, INNOVATION AND RESULTS

p, glem?
1,35
1 120 a, kJ/m?
-/'/./
2
1,25 // 80
2
40
1
1,15 0
C, mas. %
C, mas. %
a b
Hs, MPa
250
Figure 3. Effect of terlon fiber content on 200 ?
density (a), impact strength (Ic_)) and Brinell
hardness (c) on organoplastics based on 1
0w, e
polyarylate (1) and pentaplast (2)
50
5 15 C. mas. % 25 35
C

So, on the basis of the conducted studies, it was found that OP based on PAR are
distinguished by high thermal and heat resistance, have high dynamic performance;
organoplastics based on polycarbonate have maximum impact resistance, high
coefficient of thermal conductivity and heat resistance according to Vicat;
organoplastics based on pentaplast have high physical and mechanical properties
(Brinell hardness and compressive strength) and the lowest specific heat capacity
among all studied polymer composites.

In general, the reinforcement of polyester binders polyarylate, polycarbonate and
pentaplast with aramid fiber terlon improves the main performance characteristics of
the organoplastics, which makes it possible to use the developed composites for the
manufacture of structural products [22-24].
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