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Abstract: Now there are a number of important scientific and technical problems of producing fibers with a specified set of 
properties and high quality indicators, process optimization and efficient processing of their applications. In this context, the aim of this 
work was the possibility of creating new self-reinforced polymer composites based on ased on aromatic polyamide phenylone reinforced with 
organic fibers.The properties of self-reinforced composites based on  aromatic phenylone are presented. It is shown that the 
optimum fiber content are 5-10 wt.% in the polymer matrix. 

Keywords: AROMATIC POLYAMIDE, ORGANIC FIBERS, ORGANOPLASTICS 

 

1. Introduction 
Composite materials have been a synonymous to technological 

progress for a long time and its prospects are doubtless. Currently, a 
large number of synthetic polymeric materials with a valuable set of 
properties are received. If the first synthetic polymers were only 
replacing natural materials, but further high-molecular compounds 
of new types which were significantly different from the natural, 
which have in some cases, specific unique properties have been 
synthesized [1]. 

Progress in many areas of technology certainly dependent on 
the production of synthetic fibers with specific properties. However, 
organic filaments as fillers for composites have been recognized 
recently [2]. But their appearance suggests an organic composites as 
the most promising and indispensable structural materials [3]. The 
use of synthetic fibers in the composite contributes to further 
development of aviation and rocket and missile engineering etc. For 
example, in aircraft applications organic composites enabled to 
reduce the mass of the aircraft on 30% [4]. 

In connection with the foregoing, the aim of this work is to 
develop a process of getting samples of self-reinforced organic 
plastics with high strength characteristics. The main stages of the 
method developed by us are as follows. Selected components are 
aromatic polyamide - phenylone C-1 and organic fiber – phenylone. 

2. Methods and subjects of investigation 

Phenylone aromatic polyamide C-1 (TS 6-05-221-101-71) was 
used as a binder; this represents finely divided pink powder with a 
bulk density of 0.2 - 0.3 g / cm3 and a specific viscosity of 0.5 % in 
dimethylformamide solution with 5 % of lithium chloride not less 
than 0.75, characterized by the following properties: density of 1.35 
g / cm 3, toughness of 20 kJ / m2, hardness of 18 HRB, the tensile 
breaking stress of 100 MPa. 

Table 1. Compound press-composition 

 

For the reinforcement of phenylone C-1 heat resistant organic 
fiber were selected from aromatic polyamides phenylone fiber (2-3 
mm long, the strength of 69 kgf / mm 2, an elongation of 15-20%, 
the elastic modulus of 900 - 1200 kgf / mm 2, density of 1.37-1.38 g 
/ cm 3).  

Press-composition of the compound: C-25P phenylone +5-15 
mass % of organic fibers (Table 1) was prepared by mixing the 

components in a rotating electromagnetic field in the presence of 
ferromagnetic particles. The tablets were charged in a mold 
preheated to 523K, heated to 593-598K and maintained at this 
temperature for 10min, 10min without pressure and under pressure 
of 30 MPa. To fix the shape of a product, the goods were cooled 
under pressure to a temperature of 523 K and pushed out of the 
mold later. 

Physical-mechanical properties: strength (σcompr.), relative 
deformation (ɛ) and elastic modulus (Е) under compression were 
determined by a device SANS (according to NSS of China GB/Т 
2569-1995) on loading 10 ton and at speed 2 mm/min. Operational 
speed range – 0,05-500 mm/min. Samples 10 mm in diameter and 
12 mm  in height were used for researches. 
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Fig.1. The distribution of fibers in a polymer matrix with filler content: 
а - 0; b - 5; c - 10; d - 15 wt.% 

Electron microscopic studies were carried out with samples of 
materials that can withstand 3 minutes in liquid nitrogen and then 
were subjected to brittle fracture. On freshly prepared fracture in 
vacuum (10-4mm.merc.st.) the carbon film of 500-700 A thick was 

Filler Content, mass. % Based Content, mass. % 
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deposited by thermal evaporation on a VUP-2K at 24. Then, a 
carbon film was deposited into a 20% solution of gelatin in water. 
After drying gelatin carbon film was frustrated with the sample 
surface. Carbon film was washed in hot distilled water from the 
gelatin, washed in alcohol and placed on a copper grid. To enhance 
the image contrast carbon film by thermal evaporation in vacuum. 
Shielding platinum at an angle 250 thus prepared film was seen in 
the electron microscope UEMV-100K at an accelerating voltage in 
the range of 75 kWt increase from 3.000 to 30.000 times. IR-
spectrum analysis was made on spectrometer VERTEX 70 
(Germany, Bruker Company). 

The microstructure of the surface and friction were studied with 
an optical microscope NEOPHOT 32 at 100 magnification. 

3. The results and their discussion  
Considering the fact that machinery is one of the main branches 

where developed organic fiber-reinforced plastics are used, in 
particular – details of movable connections. Special emphasis 
during studying of its physical-mechanical properties got 
compression strength, because this factor allows to predict load-
bearing capacity of friction knot completed with details from 
organic fiber-reinforced plastics.  

As a result of mixing the starting components, it was obtained a 
uniform distribution of the organic fiber organoplastics (fig.1). 

 
Fig.2. Physical and mechanical properties of phenylone and  
organic plastics and on its basis 

These organoplastics have high compressive strength - more 
than 200 MPa, elastic modulus at a content of 5-10 wt.% reaches 
values in excess of 3.1 GPa, and an increase of relative deformation. 
It is established that compression limit of initial aromatic polyamide 
phenylone increases directly proportional to organic fibers content 
(by 1,2 – 1,5 times). Especially significant compression strength 
improvement is observed in injection of 5-10 mass. % of organic 
fibers. As to elastic modulus, it increases only by 5-10 mass% 
percentage content, further it starts decreasing (fig.2). 

This increase can be explained by inter-compound filling effect, 
when fiber particles are placed on the boundaries of super 
moleculars in drawback sections and influence on macromolecules 
flexibleness. Nearby filler surface there is limitation of  
supermolecular structures mobility, which doesn't depend on 
polymer and filler nature. It leads to a certain change of material 
elasticity [5,6]. For phenylone globular structure with traces of 
intense destruction is characteristic. The mutual arrangement of the 
globular structures is different from the original one, which is 
characterized by denser packing. The improving of strength 
properties of organic plastics based on phenylone can be explained 
by good adhesion of the polymeric binder with the fiber and 
converting the globular structure into fibrillous one. 

Macromolecules of phenylone degrade less intensively than in 
aliphatic polyamides [7]. No significant changes at the molecular 
level are confirmed by the results of infrared spectroscopy. 
Spectrogram of base phenylone and that of wear particles are 
identical, except for a slight displacement of the absorption band in 
the frequency range 1500-1550 cm-1, which is proof of the rupture 
of hydrogen bonds. 

Analyzing the test conducted earlier [8,9], it was revealed that 
the optimum content of the fibers in the polymer matrix is: 
phenylone - 5 wt%. The results indicate the prospects for further 
research in this area and provide a basis to recommend 
organoplastics for the manufacture of construction materials. 
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Fig. 3. The structure of the starting polymer and organoplastic 
(magnification × 8000) 
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