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Abstract. The paper proposes the method of determining the relaxation
constants of the material included in the nonlinear equation of
Maxwell-Gurevich. We performed the processing of relaxation curves of
recycled polyvinylchloride (PVC) at different temperatures and investigated
the effect of temperature on the value of the relaxation parameters. For each
parameter, we have chosen empirical formula describing its dependence on
temperature.
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1 Introduction

For polymers of mesh and linear structure, the connection between the creep strain and stress
is set by nonlinear equation of Maxwell-Gurevich [1]. In the case of a uniaxial stress state, it

has the form [2]:
og’ _f " 0
o n’

where £* — highly elastic deformation, f *_ Stress function, n* — relaxation viscosity.
The stress function and relaxation viscosity are calculated as follows:
f*
% * % %
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Here o —stress, » — high elasticity modulus, T, — the initial relaxation viscosity, /7

— velocity module.
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2 Solution of Problem

We consider the method for determining the rheological parameters using the relaxation
curves and establish the dependences of each parameter on the temperature on the example of
recycled PVC. The results of tests on the stress relaxation of the PVC at a relative
deformation € = 3%, taken from [3], are given in table 1.

The total deformation €, which in the process of relaxation remains constant, is the sum of
the elastic and highly elastic deformation:

_o t
W e, ®
E
where E — instantaneous modulus of elasticity.

Since in the initial moment of time there is no highly elastic deformation, then we can

immediately find the value of E:

E=0(0)/¢. )
TABLE 1. CHANGE OF STRESSES IN TIME AT DIFFERENT TEMPERATURES
t, min 0 3 6 15 30 45 60 90 120 180
20°C | 444 | 408 39.8 38.8 38 37.7 373 36.9 36.4 35.6
30°C | 434 | 36.7 35.7 343 33 322 31.9 30.8 30.3 29.2
g/’[ 40°C | 393 | 329 31.4 29 27 259 249 23.8 22.7 213
Pa 50°C | 364 | 205 18.8 16.5 | 14.7 13.9 13 12.5 11.9 11.1
60°C | 334 | 154 | 134 10.6 | 8.61 | 7.63 6.95 | 6.02 542 5.05
70 °C | 234 | 5.06 4.05 2.84 | 248 2.16 2 1.85 1.58 1.31
If we know the modulus of elasticity, we can determine the highly elastic deformation at
each time:
o’
€ (t) =g— ( ) 5)
E
Differentiating (5) with respect to time, we get:
0" 10dc
o __10o (6)
ot E ot
Next, the function o(f) must be numerically differentiated with respect to ¢, to find the
value
. oe”
¢ ot

at any moment of time. To do this, we use the method of undetermined coefficients.
At the end of relaxation process, the growth rate of highly elastic deformation is equal to

zero. Using this condition we can obtain the value of

Vg = *=0:>f*=G—Ew8*=OZ>EOO=Z(—OO). @)
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If we know the value of E,, , we can find at any given time values of f *

and T]* =f */ Ve . Then we take a logarithm of expression for N in Q)

f*

f*
Inn* =In nge m =lnnﬂ6—§. (8)

Expression (8) shows that the value of y =1In n* must be linearly dependent on

f*

the value of X =

,l.e.

y=ax+b, where a:—l/m*,bzlnna.

Having multiple values of In T]* , corresponding to different values of|f *‘ , We can

obtain coefficients @ and b by the method of least squares, and then find the velocity modulus

m  and the initial relaxation viscosity 1 .

3 Results and Discussion

From the tests on stress relaxation, we can define all the parameters in the equation of
Maxwell-Gurevich. The results of processing of experimental data are summarized in table
2.

TABLE 2. ELASTIC AND RELAXATION PARAMETERS OF THE RECYCLED PVC
AT DIFFERENT TEMPERATURES

T, °C 20 30 40 50 60 70
E, MPa 1480 | 1450 1310 1210 1110 780
E., MPa 5990 | 2975 1550 532 198 46.3
m*, MPa 12.6 12.1 13.9 11.2 11.8 7.76
* -5 .
Mo 1077, MPa-min 9.06 5.17 2.81 0.891 0.48 0.256

Graphs of change of the elastic modulus £, high elasticity modulus E., initial relaxation

viscosity T]; and the velocity modulus m* depending on the temperature are represented

respectively in Figures 1-4.
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Fig. 3. Dependence of the initial relaxation modulus on temperature
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Figures 1 — 3 show that the elastic modulus, high elasticity modulus and the initial
relaxation viscosity of PVC are highly dependent on temperature. The dashed lines in each
graph show the approximate curves. The dependence of elastic modulus on temperature is of
the form:

E(T)=-0.2393T2 +8.3357T +14026, [MPa]., E(T) = ©)

where T — temperature in degrees centigrade.
Dependence of high elasticity modulus on temperature can be approximated as follows:

E,(T)=-0.0575T> +11.095T% —732T +16618, [MPa]. (10)

The relationship between the initial relaxation viscosity and temperature is accurately
approximated by an exponential dependence:

no(T) = 44.78-10° exp(—0.0757"), [MPa- min]. (1)

It is necessary to note that for polymers PMMA and EDT dependences of the initial
relaxation viscosity on temperature are also exponential [4].



MATEC Web of Conferences 67, 06059 (2016) DOI: 10.1051/matecconf/20166706059
SMAE 2016

The magnitude of the velocity modulus at a temperature from 20 to 60 degrees is
approximately constant and at 70 degrees slightly decreases. It is proposed to approximate

m” (T) by a linear function:

m" (T)=—0.0794T +15.134,[MPa]. (12)
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Fig. 5. Theoretical and experimental
relaxation curves

The solid lines on Figure 5 show relaxation curves calculated on the basis of the
Maxwell-Gurevich law and dependencies (9) — (12). The triangular markers correspond to
the experimental values of the stress. At 7= 20 C, 30 'C and 60 ‘C agreement with the
experimental data is very good, at the rest values of temperature - is satisfactory.

4 Conclusions

Determination of the viscoelastic properties of materials is a primary and a very important
component in the design of structures made of polymers and composite materials based on
polymers. The paper presents a simple method of determining the characteristics using the
experimental data on the stress relaxation at various temperatures. Usage as a physical law of
Maxwell-Gurevich equation (generalized equation of Maxwell) is due to the numerous
studies of authors in the field of analysis of polymeric structures in the different modes [5 -
10].
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