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Research subject: Due to the drought and lack of water resources,
many efforts have been made to store water properly recently. Using
of multilayer polyethylene tanks is an efficient measure in order to
solve this problem and it has received considerable attention. Proper
manufacturing conditions will greatly improve the strength of these
tanks and their applications.

Research approach: In this study, the effect of cooling process on the
final properties of polyethylene tanks prepared by rotational molding
method is investigated. Three different cooling methods comprised of
cooling with water, cooling by air, and quiescent cooling is selected and
their mechanical and thermal properties were investigated.

Main results: The results of the tensile test show that as the tank
is cooled faster, the elongation at break will be higher. It is also
demonstrated that the air cooling method results in the lower
elongation at break. The results of the thermal properties show that
higher cooling rate creates thicker crystals in the fragment which
requires higher energy to overcome these thick crystals. According
to the results of the thermal properties and using the softening
temperature test it is found that by increasing the cooling rate, the
softening temperature will be increased as well which will improve
the application of the tank in high temperature conditions. Melt flow
rate and density tests are also performed to confirm the results of
mechanical and thermal properties, respectively. Charpy impact test
is performed at ambient temperature to confirm mechanical behavior
induced by crystal structure. All in all, cooling by water performs better
than other methods in terms of mechanical and thermal properties.
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Figure 1 Stress-Strain curves for three different ways of cooling
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Table 1 Results of tensile test
Cooling method Properties Value Unit
Tensile Strength 20 MPa
Water Cooled
Elongation @ Break 371 %
Tensile Strength 20 MPa
Quiescent cooled
Elongation @ Break 301 %
Tensile Strength 20 MPa
Air Cooled
Elongation @ Break 232 %
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Table 2 Melt flow index of raw material and samples

Name Properties Value Unit

Raw Material | Melt Flow Index (2.16 Kg & °190C) | 4.03 g/10min

Water Cooled | Melt Flow Index (2.16 Kg & °190C) | 3.97 g/10min

Quiescent

cooled Melt Flow Index (2.16 Kg & °190C) | 3.88 g/10min

Air Cooled Melt Flow Index (2.16 Kg & °190C) | 3.53 g/10min

s ool (a5l @S ¥ Jgor
Table 3 Results of Impact strength test

Cooling method Properties Value Unit

Water Cooled 22 Kj/m?

) Charpy Impact Strength A

Quiescent cooled (notched , @ 23°C) 20 Kj/m

Air Cooled 19 Kj/m?
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Figure 2 Heat Flow-Temperature curve in the temperature range of 80 to 1802C
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Table 4 Results of DSC test

Cooling method Properties Value Unit
Melt Temperature 135 =C
Water Cooled
Enthalpy 50.9 /g
Melt Temperature 138 °C
Quiescent cooled
Enthalpy 34.2 /g
Melt Temperature 133 °C
Air Cooled
Enthalpy 37.8 /g
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Table 5 Softening temperature Vicat of samples

Cooling method Properties Value Unit
Water Cooled Density 0.944 g/cm?3
Quiescent cooled Density 0.932 g/cm?
Air Cooled Density 0.939 g/cm?3
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