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Materials

ABSTRACT

Purpose: of this paper is analysis the the influence of annealing on dynamical mechanical properties of 
composites PA6 with fiberglass.
Design/methodology/approach: Polamide 6 thermoplastic polymer of trade name Tarnamid T-27 produced by 
Zakłady Azotowe S.A. in Tarnów (Poland) was used for examinations. E glass fibre, made of non-alkaline boron 
– aluminium – silicon glass of alkaline oxides content less than 1%, was used for polyamide 6 reinforcement. 
Polyamide and its composites filled with 10, 30 and 50% of glass fibre were tested. Dynamical mechanical 
properties of composite matrix were testes for comparative reasons. In order to examine the influence of annealing 
on mechanical dynamical properties a part of samples were annealed in the air at temperature 170°C. In the test 
the annealing rate was 0.015°C/s, time 900s per 1mm thickness and the cooling rate 0.01°C/s. Before examinations 
test specimens were conditioned at 23±20C temperature and 50±5% relative humidity, during 16 h. Test specimens 
were bent at the frequency 1 Hz and 10 Hz, in the range of temperature from – 100°C to 200°C, at a heating rate  
5 deg/min. Deformation amplitude was 16µm. Dynamical properties of polyamide and glass fibre filled composites 
were examined by the DMTA general – purpose apertures for dynamical tests (Polymer Laboratories).
Findings: DMTA method was used to determine the influence of a fiberglass content on dynamical properties 
of polyamide composites. The effect of annealing on the plastic properties was also described.
Research limitations/implications: DMTA method was used to determine the influence of a talc content on 
dynamical properties of polyamide 6 composites in the future.
Practical implications: The results of experiments will allow to determine the recommendations referring to the 
optimization of processing conditions, and as a result of this polymer will have high mechanical properties
Originality/value: Measurements of dynamical properties are a general – purpose method of examinations of 
material behaviour under dynamical sinusoidal load.
Keywords: Engineering polymers; Properties; Mechanical properties; DMTA methods 

1. Introduction 
Many composites having a polymer matrix are obtained by 

physical modification. The aim of polymer physical modification 
is receiving its determined properties, mainly physical ones, by 
filler adding to the plastic state polymer. Obtaining required 
properties of the composite depends not only on the type of a used 
filler but also its content, shape and adhesion on the boundary of 
the polymer and filler [2,4,6-8]. 

The change of some physicomechanical properties can also be 
obtained by heat treatment. Most often used heat treatment 
process is annealing which is carried out in liquid or gas medium. 

It is recommended that reaching the annealing temperature 
should be slow from 0.008 0C/s to 0.033 0C/s. The annealing time 
depends on the thickness of the annealed element and should be 
900 s per 1 mm of specimen thickness. The cooling rate should 
also be small ranging from 0.008 0C/s to 0.033 0C/s. It was stated 
that the biggest changes in the plastic during occurred annealing 
in the maximum second recrystallization temperature (for 
polyamide – about 170 0C). Annealing causes the increase of 
crystalline phase fracture by about 20% and at the same time 
decrease of amorphous phase fraction and also the increase of 
spherulite dimensions. The discussed changes have the significant 
influence on physicomechanical properties of the plastic [2,3]. 

Determing the influence of the fibre glass content on 
dynamical mechanical properties of the polyamide 6 composites 
was the aim of the presented paper. The effect of annealing on the 
plastic properties was also described.  

Polyamide 6 composites with the fibre glass show the 
viscoelastic field characteristic. Deformation for such materials 
depends not only on stress but on load time as well. Viscoelastic 
properties of these polymers appear in, among other things, that 
when the specimen undergoes the sinusoidal vibration, changing 
in time, the arising stress � shows the phase displacement � of 00

< � < 900 in compare to the deformation. We can assume that the 
deformation is changing according to the following dependence : 

)tsin(0 ������   (1) 
where : 

0� - deformation amplitude, 
� - angular frequency. 

Thus the stress will be : 
)tsin(0 ��������  (2) 

where : 
� - phase displacement angle. 

The lengths of the vibration period is equivalent to the 
time of stress action in statistical tests. Stress consist of two stress 
components described by the formulas [4]: 
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- )tsin(E 0 ������ in the phase with deformation, 
- )tsin(E 0 ��������� phase displaced. 

Young modulus E determined by the method of specimen 
loading with sinusoidal variable vibration is complex modulus E*.

EEE* �����   (4) 

It consist of two components : real E’ (conservative modulus), 
occurring according to the deformation phase and imaginary one 
E’’ (loss modulus), displaced of some angle. Instead of loss 
modulus E’’ the tangent of mechanical loss angle � is often given 
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In case of Hooke’s ideal elastic materials E’’=0, and of 
Newton’s ideal viscous materials E’=0. In general for plastic 
E’’<E’ [11,14,15,16,17]. 

DMTA method was used to determine the influence of a glass 
fibre content on dynamical properties of polyamide composites. 
Using this equipment, dynamical properties of polyamide composites 
in relation to the temperature and frequency were determined. 

2. Materials, apparatus and methods of 
tests

Polamide 6 thermoplastic polymer of trade name Tarnamid T-
27 produced by Zak�ady Azotowe S.A. in Tarnów (Poland) was 
used for examinations. E glass fibre, made of non-alkaline boron 
– aluminium – silicon glass of alkaline oxides content less than 
1%, was used for polyamide 6 reinforcement.

Polyamide and its composites filled with 10, 30 and 50% of 
glass fibre were tested. 

Dynamical mechanical properties of composite matrix were 
testes for comparative reasons. In order to examine the influence 
of annealing on mechanical dynamical properties a part of 
samples were annealed in the air at temperature 1700C. In the test 
the annealing rate was 0.015 0C/s, time 900s per 1mm thickness 
and the cooling rate 0.01 0C/s.

Before examinations test specimens were conditioned at 
23�20C temperature and 50�5% relative humidity, during 16 h 

Cubicoid test specimens of dimensions according to [5] were 
tested. 
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Test specimens were bent at the frequency 1 Hz and 10 Hz, in 
the range of temperature from – 1000C to 2000C, at a heating rate 
5 deg/min. Deformation amplitude was 16�m.

Dynamical properties of polyamide and glass fibre filled 
composites were examined by the DMTA general – purpose 
apertures for dynamical tests (Polymer Laboratories). 
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3. Investigation results and discussion 

The relationship between the real modulus E’ and the 
temperature and filler content, at the frequency 1 and 10 Hz, is 
shown in Fig. 1. The change of real modulus value runs for the 
frequency of 10 Hz is represented by the blue line and for 1 Hz by 
the green line. 

In Fig. 1. the change of a real number E’ in relation to the 
frequency is also shown. Measurements made at 1 Hz frequency 
proved that E’(T) relationships are similar to the results noticed at 
10 Hz frequency. Values of E’(T) are only a little lower. 
In the range of elastic deformation (Fig. 1, range A), for all 
polyamide 6 composites, there is no influence of the temperature 
on the modulus. In this range the value of E’ modulus is
109.4�109.6 N/m2. The annealed polyamide composites show the 
value of conservative modulus ranging from 109.51 to 109.65. Glass 
transition (Fig. 1, range B) is the most evident for polyamide 6. 
For this material the biggest decrease of the real number E’ in 
relation to the temperature was observed.  

In this range the least decrease of the real number was for the 
composite of maximum glass fibre content. The annealed  

polyamide 6 fibre glass composites are temperature less 
sensitive in the range of glass transition. It is especially visible for 
the composite with 50% fibre glass content (Fig. 2).  

Polyamide 6 after the heat treatment shows the increase in E’ 
value of about 10%. For polyamide 6 composites the glass 
transition range is much more evident, especially at 50% glass 
fibre content. 

Fig. 1. Values of a real number E’ in relation to the temperature T, 
frequency and glass fibre filler content : 1 – polyamide 6, 2 – 
polyamide 6 + 10%, 3 – polyamide 6 + 30%, 4 – polyamide 6 + 50%. 
A – elastic deformation range, B – glass transition range, C – 
viscoelastic deformation range, D – plastic transition range. 

Polymer ability for such deformation mainly depends on a 
glass fibre content and the higher glass fibre content the lower 

ability for deformation. In this range values of E’ modulus for 
polyamide 6 decreased of about 1600 MPa and for 50% glass 
fibre filled polyamide decreased of only about 800 MPa. 

The influence of the heat treatment annealing appears with the 
increasing E’ values. The value of the conservative modulus for 
polyamide 6 in the discussed range of deformations decreases by 
1400 MPa and for composite with 50% fibre glass content 
decrease by 600 MPa. 

Similar relationships in the range of plastic transition (Fig.1, 
range D) are for all tested composites. The biggest decrease of the real 
number in relation to the temperature was noticed for polyamide 6 
and the least one for 50% glass fibre filled polyamide. 

Fig. 3 shows the relationship between the loss tangent and the 
temperature. Glass fibre adding causes gradual decrease of tg�(T) 
values for polyamide composites. 

It can be stated that the higher filler content the lower tg� value 
and the similar dependence is for maximum values. Authors of papers 
[1,2,6,8,9,10] stated that the degree of crystallinity of polymer have 
an essential effect on maximum values of tg�(T) curve and the bigger 
degree of crystallinity the higher maximum of tg�(t) curve. 

Fig. 2. Values of a real number E’ in relation to the temperature T 
and glass fibre filler content : 1 – polyamide 6,  2 – polyamide 6 + 
10%, 3 – polyamide 6 + 30%, 4 – polyamide 6 + 50%. A – elastic 
deformation range, B – glass transition range, C – viscoelastic 
deformation range, D – plastic transition range. 

When the degree of crystallinity decreases the loss tangent 
change is similar to the one for amorphous polymer. 

Annealing of polyamide 6 and its composites with fibre glass 
causes the change of crystallite dimensions as well as the 
modification of their internal structure including the increase in the 
crystalline phase fraction. Polyamide 6 and its composites with fibre 
glass after annealing are characterised with higher values of tg�(T) 
(Fig.4). 

3.  Investigation results and 
discussion

Fig. 3. Values of a loss tangent tg� in relation to the temperature 
T, 10 Hz frequancy and glass fibre content before annealing: 1 – 
polyamide 6, 2 – polyamide 6 + 10%, 3 – polyamide 6 + 30%,   4 
– polyamide 6 + 50%. A – elastic deformation range, B – glass 
transition range,  C – viscoelastic deformation range, D – plastic 
transition range 

Fig. 4. Values of a loss tangent tg� in relation to the temperature 
T, 10 Hz frequancy and glass fibre content after annealing : 1 – 
polyamide 6, 2 – polyamide 6 + 10%, 3 – polyamide 6 + 30%,    4 
– polyamide 6 + 50%. A – elastic deformation range, B – glass 
transition range, C – viscoelastic deformation range, D – plastic 
transition range 

4. Conclusions 
Measurements of dynamical properties are a general – 

purpose method of examinations of material behaviour under 
dynamical sinusoidal load. The increase in glass fibre content did 

not cause essential changes of the form of relationship between 
modulus of complex number E*, loss tangent tg� and the 
temperature.  

These was only the decrease in a real number E’ and a loss 
tangent tg�. Polymers of a loss tangent in the range tg��0.1 are 
materials of a big ability to vibration damping [1,6,12,13]. 

The decrease of a loss tangent with the increase of glass fibre 
content testifies damping properties of examined composites. 

For the matrix the loss tangent was about 0.19, but after its 
filling with 50% glass fibre it decreased to 0.1. 
When the glass fibre content increases then a real number, 
responsible for energy accumulation and restoring during 
successive deformation cycles, increases and values of a loss 
modulus, connected with energy dissipation, decreases. 

The increase in filler fibre glass content and the heat treatment 
didn’t cause the significant change in the dependence of the 
conservative modulus E’ and the mechanical loss tangent tg� vs 
temperature. The increase in the storage modulus E* value and the 
decrease in mechanical loss tangent tg� was observed. 

Polyamide 6 and its fibre glass filled composites after 
annealing show both the increase in conservative modulus and the 
mechanical loss tangent coefficient.  

Polyamide 6 composites after annealing show 15% increase in 
the value of the mechanical loss tangent.  
The heat treatment in the from of annealing additionally causes 
increase the conservative modulus value. 
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