MASTERSEAL 345 – thermal endurance
1. Summary
The decomposition kinetic of the Ethylene vinyl acetate copolymer (EVA) which is used in
MASTERSEAL® 345 has been investigated by thermogravimetry according to ASTM E 1641-04. Based
on the Arrhenius theory1 an Activation Energy of Ea=172. kJ/mol and a frequency factor of A = 8.74 *
1013 min-1 were determined and comply with known values from the literature.2 The decomposition rate
constant at room temperature was calculated: The half life of EVA is 71*109 years at 20°C. Within an
observation time period of 10 years as executed by Schulze and Killermann3 no change in performance
or morphology can be observed.

2. Introduction
MASTERSEAL® 345 is a polymer based membrane for waterproofing purpose being used in tunnel
applications. It consists of ethylene vinylacetate copolymer (EVA) as major ingredient with non-reactive
fillers. The polymer gives the waterproofing characteristic as well as the mechanical performances like
tensile strain, tensile strength and adherence. To evaluate the lifetime of the polymer, the main
decomposition mechanism has to be specified. For decomposition the following mechanisms are known:
1. UV-light in combination with rain
2. hydrolysis (Polyesters)
3. bacteria in humus soil
4. oxygen in combination with heat (100 °C)
5. thermal ageing
In tunnel environment, the only relevant decomposition mechanism for EVA is by thermal ageing. All
other mechanisms can be neglected for different reasons: UV-light is simply not present, hydrolysis can
be chemically excludes and is a minor factor for side branches, bacteria are nonviable in an cementious
environment and oxygen in combination with heat is a combustion mechanism highly dependent on the
oxygen concentration.
In general lifetimes of polymer products are supposed to be in the range of at least several years up to
centuries. Durability studies of redispersible EVA’s were executed in the past. Long-term performance of
polymer-modified mortars in outdoor and indoor exposure was examined by Schulze and Killermann.
Over a 10-year period the EVA copolymer gave stable adhesive, flexural and compressive strength.
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According to scanning electron microscopy (SEM), the morphology of the polymer in the mortars does
not change over the 10-year period.3
In the present study the stability of the EVA copolymer being used in MASTERSEAL® 345 is
investigated. Therefore the ASTM E 1641-04 is used for evaluation of the decomposition activation
energy and the frequency factor as key kinetic parameter by thermogravimetry. 4,5,6 These parameters
can be used with the Arrhenius method7 for a lifetime prediction at room temperature.

3. Experimental part
All experiments, analysis and calculations were executed in compliance with ASTM E1641-04
“Decomposition kinetics by Thermogravimetry”. The kinetic constants were monitored between 10% and
40% conversion.

3.1 Devices
Thermogravimetric device TGA/SDTA 851e from Mettler Toledo
Built-in balance and sample robot
STARe Software
Nitrogen gas bomb
Alu oxide crucibles 70 ȝL with cap

3.2 Method
Start temperature: 25 °C
End temperature: 1000 °C
Heating rates: 20 °C/min, 10 °C/min, 5 °C/min

3.3 Procedure
20-30 mg of the powdery polymer was measured in a flow of nitrogen. Four samples at each heating
rate. The results were plotted in a temperature vs. mass of the sample in percent diagram.
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Fig 1: TGA weight loss. Non decomposed sample is 100 %.

3.4 Analysis
The heat rate temperatures at the loss of 10, 15, 20, 25, 30 and 40 percent of mass were determined for
each sample at several heating rates as shown in Fig 2 exemplarily.

Fig 2: TGA weight loss at different heating rates. Evaluation 80 % decomposition temperature values.

The reciprocals of absolute temperature at the loss in Kelvin were each plotted against the logarithmic of
the heating rate and gave the diagrams.

Fig 3: Arrhenius plot for the conversion of 20 %
With the slopes of each line and the formula described in ASTM E1641-04, the activation energies and
the frequency factors can be calculated following the Arrhenius theory with the equation:
ln(k) = -Ea / R*T + ln(A)
k decomposition rate constant in min-1
Ea Activation energy in kJ/mol
R Gas constant
T Absolute temperature in K
A Frequency factor in min-1
The determination of the activation energy and the frequency factor took place by thermogravimetry
according to ASTM E 1641-04.

4. Results and Discussion

Table 1: Activation energy, frequency factor and rate constants
Table 1 gives an overview of activation energies and frequency factors having been evaluated at
different conversion rates. Frequency factors of first order decomposition mechanism, as assumed by
ASTM E 1641, are generally in a range of 1015-1012 min-1. The mean frequency factor A of 8.6*1013 and
the A of 4.2*1014 evaluated by Dubova et al.2 are in compliance with the theory. The activation energy Ea
>150kJ/mole indicates a thermal stable chemical compound. It has to be mentioned for a better
understanding that the error of Ea and A are not independent and the comparison of those values is
difficult, especially if we compare the results at different conversion rates. Therefore following the
Arrhenius theory the decomposition rate constants at 200 °C and 20 °C were calculated. The rate
constants at 200 °C are in the same order of magnitude an differ maximum by a factor of 5, which is
fairly well. Mean value and literature value just differ by 30 % which is a perfect error range for rate
constants. The results presented here confirm the EVA activation energy and frequency factor known
from the literature. As the decomposition rate constant found with the MASTERSEAL® 345 EVA is
higher, the following considerations are based on the results of this study.
The calculation of k at 20 °C gives 18.6 * 10-18 min-1. This is a very small value and indicates the stability of
EVA.
The half life of a compound is calculated by:

The half life t1/2 of EVA is 71*109 years, this is twenty times more stable than the 238Uranium isotope. Or
to have a more descriptive picture of the MASTERSEAL® 345 thermal endurance: To get a
decomposition of 1mg out of 1 ton material we would have to wait 102 years. This is not measurable in a
reasonable timescale, but explains the previous mentioned results of Schulze and Killermann3 who
exposed the EVA modified mortars over a period of ten years to different indoor and outdoor conditions
neither finding a change in the morphology of the polymer nor observing changes in adhesive, flexural or
compressive strength of the mortars.

