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Abstract - The composition and derivation conditions impact on the rheological behavior of polyamide nanocomposite was researched. The dependence of the nanocomposite flow curves on the channel length, flow velocity, channel geometry parameters and the concentration of the modified filler was determined. It was found that modifying polyamide 6 has a positive effect on the rheological properties, making it possible to regulate the technological and operational characteristics.
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Introduction
In previous work [1], the montmorillonite was modified with polyvinylpyrrolidone in solution by the application of an ultrasonic field. The montmorillonite-polyvinylpyrrolidone blend (MPB), obtained in the form of a finely dispersed powder with a component ratio of 1:5 [2, 3], was used to prepare polyamide 6-based nanocomposites. Such composites possess quite unique properties, which is primarily caused by the complexity and peculiarity of the structure [4]. Polymers are characterized by a wide range of physical, mechanical and rheological characteristics, which significantly depends on many factors, in particular: structural parameters, temperature, duration and frequency or velocity of loading, pressure, type of tense, heat treatment, nature of the environment, etc. The type of changes is also influenced by flow rate, channel geometric parameters, nature of melt, etc. [5].
Therefore, studying the fluidity of polymers makes it possible to evaluate the suitability and processing conditions of polymers in a wide range of shear rates.
Purpose of the research
The aim of this work was the investigation of the rheological properties of modified polyamide 6 based nanocomposites in a wide range of parameter changes.
Materials and methods of research
The main materials used in the research were the following:

Polyamide PA6-210/310 with MFI 230/2.16 = 19 g/10 min, melting point 488 K, density ρ20 = 1.12 g/cm3, relative viscosity 2.68 was used in the research. Prior to use, the PA-6 was vacuum dried at 363K for 2 hours.
The montmorillonite-polyvinylpyrrolidone blend (МРB), derived from a solution in the ultrasonic field [2, 3] with a ratio of MMT:PVP = 1:5, was used as a modifier for polyamide. The flow curves were taken according to ISO 1133-76 [6].
Research results and discussion

The flow curves (dependencies between shear stress ( and shear rate () were recorded using the constant pressure viscometer at a constant temperature of 230 °C, but at different loads and capillary length to diameter ratios (l/d). To plot the flow curves, it was calculated:
· shear rate in the capillary:
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where: r – capillary radius, m; Qi – material flow rate, m3/s; hi – piston descent speed determined for each load, m/s.
· shear stress:
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where: L – capillary length; Pi – the piston pressure on material; Pip (inlet pressure) – pressure required to ensure flow through the capillary with a length of Li; j – capillary index.
· effective viscosity:
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On the basis of the data obtained, the graphs of the dependencies (=f (
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) were plotted in logarithmic coordinates.

The flow curve was divided into intervals. The n value, which is inversely proportional to the tangent of the angle of inclination to the curve, was determined for each interval. The calculated velocities were assigned the corresponding values ​​of shear stress, on the basis of which the flow curves were constructed in true coordinates. The viscosity coefficient k was detected via extrapolation to the value (=0 with the further determination of the segment length which is cut off on the ordinate axis.
The pressure created by the piston on the material is being calculated as follows:

[image: image7.wmf]2

40

D

G

і

і

Р

×

×

=

p

      , (Pa)
where: P - the piston pressure, n/m2; G - the mass of the load, kg; D - the diameter of the piston of the device, m (0.0095 m). Thereby, at a load the G = 0.750 kg (  P1= 0.11 MPa; G = 2.16 kg (  P2 = 0.31 MPa; G = 5.0 kg ( P3 = 0.71 MPa.

The next step was to determine the (Q) volumetric flow rate of the material for different l/d ratios. The volumetric flow rate was calculated using the formula:
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where: m is the mass of the flowing material (kg); t is the flow time (s); ( is the material density under test (kg/m3). The calculated volumetric flow rates for different l/d ratios are given below in Table 1.

Table 1

 Dependence of volumetric flow rate on load and l/d ratio

for PA-6 and its complex with MPB

	Material
	L/d ratio
	Q(10-2, m3/s

	
	
	G=0,750 кг
	G = 2,16 кг
	G = 5,0 кг

	PA - 6
	3.4
	0.69
	2.08
	7.5

	
	9.2
	0.2
	0.89
	2.3

	PA-6+10% MPB
	3.4
	1.04
	3.7
	5.2

	
	9.2
	0.48
	0.33
	3.5


On the basis of the calculated indicators, we draw a graph of the (Q) volumetric flow rate on the (P) pressure dependence for different l/d ratios.

Applying the obtained dependencies (Figure 1), we select several values ​​of Q: Q1, Q2, etc. and find the appropriate values ​​of P: P1, P2, etc., in accordance to the  Q  flow  rates  and  plot  the  (Р=
(( l/d ) dependence (Figure 2).
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Figure 1. Dependence of the volumetric flow rate of PA-6 and of its 
composition on the pressure at different l/d ratios: 1 – l/d = 3.4; 2 – l/d= 9.2
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Figure 2. Dependence of ((Р) pressure loss on (l/d) ratio

Extrapolating the obtained dependence to the pressure drop zero value, we obtain the inlet correction given in the relative lengths of the channel. Inlet correction ( =1.2.
For each selected value of Q, the shear stress (, the shear rate 
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 in the capillary as well the effective viscosity  (ef  are being calculated (Table 2).
Table 2
Shear stress, shear rate and effective viscosity of the compositions
	Q (10-2, m3/s
	(  , Pa
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	(ef  , Pa(s

	1.2
	0.028
	0.013
	2.15

	2.5
	0.033
	0.027
	1.22

	3.5
	0.034
	0.038
	1.26


As we can see, as the volume of material consumed increases, the shear stress and shear rate also increase, but not significantly. Simultaneously, the effective viscosity of the compositions decreases as the shear rate increases.
Conclusions
Studies cunducted of the rheological behaviour of polyamide composites have made it possible to evaluate their suitability for processing over a wide range of shear rates.

It was determined that nanocomposite based on polyamide 6 modified with a montmorillonite-polyvinylpyrrolidone blend is characterized by the processability inherent in thermoplastics, and therefore is suitable for the manufacture of structural products by injection molding.
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