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Fig. 4. Tensile stress at break curve variations depending on the number of random
glass fiber layers in UPR matrix and catalyst content: a) -1%, b) - 1.5%, ¢) - 2%

It should be noted that the time period between sample preparation and
testing varied, as samples containing 1% peroxide were aged for a longer pe-
riod (about 4 months) compared to samples containing 1.5% and 2% (approx-
imately 1 month).

This allowed the first samples a better chance of complete curing relative-
ly, which explains why the test results of samples with 1% peroxide content
were better than those with 1.5% content. On the other hand, the test results of
samples with 2% peroxide content showed a clear and significant decrease in
tensile stress values at break. The reason for this is that an excess of peroxide
contributes to the formation of shape defects, such as microcracks, which act
as stress concentrators in the sample structure, leading to a decrease in tensile
stress values at break.

In order to eliminate the influence of time discrepancy on test results, the
experiment was repeated in accordance with the manufacturer’s recommenda-
tions at a 1.5% peroxide content with subsequent heat treatment immediately
after production.

Accelerating the polymerization of unsaturated polyester resin mixtures is
possible regardless of the proportions of the materials involved by preparing
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the final product in a thermal environment, as is the case when thermosetting
paint materials are used to speed up the curing of car paint layers, a process that
is carried out at a temperature of around 60°C. Therefore, this process can be
accelerated using the following heat treatment methodology:

1. The heat treatment temperature is set at 60°C, recommended by many
studies [4].

2. Heat treatment durations in hours: 2, 24, 48, and 72.

The tensile strength tests conducted on the samples clearly demonstrated the
effectiveness of the chosen heat treatment method based on the property under
study, and the results presented in Fig. 5 prove its enhancement.
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Fig. 5. Change in tensile strength at break of samples made of unsaturated polyester
resin reinforced with fiberglass, with a 1.5% initiator content after: a) - 2 hours of heat
treatment, b) - after 24 hours of heat treatment, c¢) - after 48 hours of heat treatment,
d) - after 72 hours of heat treatment

In addition, the results of heat treatment showed a significant improvement
in tensile strength at break, with the best results obtained after 48 hours of
treatment. This indicates incomplete curing of the material at a 1.5% peroxide
content and the need for further research to achieve complete curing.

The experimental study demonstrated a clear improvement that can be
achieved by heat treating the samples at a temperature of 60°C for 48 hours.



472 Siberian Journal of Life Sciences and Agriculture, Vol. 17, Ne6-2, 2025

The reason for this is that such a temperature regime promotes the activation of
free radical formation in the mixture, as the cold curing process requires more
time to complete, and mechanical processing is needed to accelerate it.
However, it cannot be certain that the chosen heat treatment regime ensures
complete curing of the product and that the improvement in strength properties
obtained from the treatment enhances the structural properties of the unsatu-
rated polyester mixture and makes it more resistant to tensile stress. Finding
the most suitable heat treatment regime remains an open field for scientific re-
search, as researchers always strive to find a processing system that provides
the best strength performance according to the composition of the mixture used.

Conclusion

1. The curing behavior of unsaturated polyester depends strongly on the ini-
tiator and accelerator concentrations, as well as on the thermal regime applied.

2. An initiator content of 1.5 % MEKP combined with post-curing at 60 °C
for 48 h yields the highest tensile strength, indicating near-complete polymer-
ization.

3. Excess initiator (2 %) or prolonged heating (72 h) results in microstruc-
tural defects and brittleness, reducing mechanical strength.

4. Controlled heat treatment enhances mechanical performance, but over-ex-
posure leads to thermal degradation.

5. Optimizing the curing process is essential for improving the durability
and reliability of soil tiller blade made from fiberglass-reinforced unsaturated
polyester composites.

Recommendations

* Conduct microstructural (SEM) and DSC analyses to monitor crosslink
density and degradation onset.

* Evaluate fatigue and environmental aging to simulate real operating con-
ditions of soil tiller blade s.

* Develop a kinetic model describing the relationship between temperature,
initiator content, and mechanical strength.
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