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1. INTRODUCTION

This aims to summarize the influence of processing
parameters, raw material composition, and environmental
factors on the mechanical and physical properties of
polyurethane foam (PUF), with a focus on tailoring foam for
industrial applications. Polyurethane (PU) was first
synthesized in 1849 by Wurtz and however, it was not until
1937 that Otto Bayer made a significant breakthrough by
synthesizing PUs from the reaction of a polyester diol and a
diisocyanate. [1] This marked the beginning of the modern PU
industry, as it introduced a new class of polymerization
reaction called polyaddition as shown in figure 1. Initially
considered useless, PU quickly gained recognition for its
versatility and found applications in a wide range of
industries. PU is a foam material that can be either soft or
rigid, depending on its raw materials. Polyol and isocyanate
are the main materials used to make polyurethane foam (PUF).
PUF has mechanical properties such as high tensile strength,
elasticity, and the ability to recover its shape after
compression. The density of PU can be adjusted by varying its
composition. This property measures the foam's ability to
return to its original thickness after being compressed.
Physical properties include adjustable density, porosity,
excellent thermal insulation due to low thermal conductivity,
sound absorption, biocompatibility, and flammability [1], [2].

A. Influence of Mold Temperature on Polyurethane Foam
Properties
The temperature of the mold used in the production of PUF
has a significant impact on the properties of the final product.
Specifically, mold temperature affects the rate of reaction, cell
structure, density, and mechanical properties of the foam [1].
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Fig. 1. Isocyanate and polyol reaction
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Mold temperature influences the speed at which heat is
removed from the reaction, as well as the molding time. This
heat removal rate, in turn, affects the polymerization and
microphase separation phases of foam formation [1], [2].

Lower mold temperatures tend to produce anisotropic cell
content with a more uniform size, resulting in stiffer foam.
This anisotropic cell content is characterized by cells that are
elongated in the direction of foam rise.[2] Conversely, at
higher mold temperatures, PUF develop a more isotropic
structure with spherical cells, greater variation in cell size, and
thicker cell walls. As mold temperature increases, the
viscosity of the foaming chemicals also increases, making it
difficult for them to fill the mold completely. This can lead to
the formation of voids, reducing the density of the foam as
shown in figure 2 [1], [3].

The change in cell structure caused by different mold
temperatures directly influences the mechanical properties of
PUF. Generally, increasing the mold temperature leads to a
decrease in mechanical strength, including compressive,
tensile, and shear strength, as well as elastic modulus. This
decrease in mechanical properties is likely due to the larger
cell size and thicker cell walls associated with higher mold
temperatures.[1], [3].

B. Influence of Ambient Temperature on Polyurethane
Foam Properties

The ambient temperature during the service life of PUF
significantly affects its mechanical properties. As ambient
temperature increases, the compressive strength of PUF
generally decreases. This decrease in strength is attributed to
a loss of stiffness and modulus at higher temperatures, which
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Fig. 2. Mold temperature vs density chart
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can be attributed to the increased mobility of the polymer
chains. Conversely, lower temperatures tend to enhance the
mechanical properties of PUF. Decreasing temperatures result
in increased modulus and yield strength, accompanied by an
increase in elastic strain, a shortened yield step, and decreased
plastic deformation [1], [4]. The impact of temperature on the
fracture properties of PUF is also an important consideration
for industrial applications. Lower temperatures typically
result in an increase in fracture toughness, regardless of foam
density and loading direction. This increase in toughness can
be attributed to the reduced mobility of the polymer chains at
lower temperatures, making it more difficult for cracks to
propagate. Conversely, higher temperatures can increase the
risk of brittle fracture in PUF, particularly when subjected to
impact loads [1], [5].

C. Influence of Raw Material Ratios on Polyurethane Foam
Properties

The properties of PUF are also highly dependent on the
ratios of the raw materials used in its production. The most
critical ratio is the isocyanate index, which represents the
molar ratio of isocyanate to polyol as 10:4 to 10:6.[6] A higher
isocyanate index generally leads to increased crosslinking in
the polymer network, resulting in a more rigid foam with
higher strength but reduced flexibility. Conversely, a lower
isocyanate index produces a more flexible foam with lower
tensile strength [1], [5], [7], [8]. The concentration of the
blowing agent is another crucial factor that affects the density
and cell structure of PUF. Increasing the blowing agent
concentration generally results in a lower-density foam with
larger cell sizes. However, an excessive blowing agent can
lead to foam collapse, especially at higher temperatures, as the
blowing agent vaporizes too rapidly [9].

Other additives, such as surfactants and catalysts, also play
important roles in determining the final properties of PUF.
Surfactants are used to stabilize the foam during the rising
process, while catalysts control the reaction rate and influence
the cell structure.[6] The selection and concentration of these
additives must be carefully optimized to achieve the desired
foam properties for specific applications [7], [8]. It is
important to note that adjusting the composition ratios of the
raw materials can have complex interactions with the
processing temperature. For example, a higher blowing agent
concentration, while resulting in a lower density foam, may
require a lower processing temperature to prevent premature
vaporization and foam collapse. Therefore, a comprehensive
understanding of the interplay between composition ratios and
processing conditions is crucial for tailoring the properties of
PUF for specific industrial applications for example flexible
PUF for Mattresses and Bedding, Furniture Cushions,
Packaging and Rigid PUF for Building Insulation,
Refrigerator Insulation [1],[6],[9].

D. Influence of Temporal Factors on Polyurethane Foam
Formation

The temporal characteristics of PUF formation,
specifically reaction time, foaming time, creaming, and
gelling time, significantly influence the final foam structure
and properties.[1],[8] These interrelated factors, driven by
complex chemical kinetics and physical transformations,
dictate the balance between polymerization, gas generation,
and cell development. Creaming marks the initial stage of
foam formation, indicating the onset of the reaction between
isocyanate and polyol. The mixture begins to thicken as the
viscosity increases, driven by the growing polymer chains.[1]

Foaming time encompasses the entire process from the initial
mixing to the point when the foam reaches its maximum
height. Within this timeframe, gelling time marks the
transition from a liquid to a gel-like state as the polymer
network forms, significantly impacting cell stability and foam
expansion.

The interplay between these temporal factors is crucial for
controlling foam properties. A fast reaction time often leads to
rapid gelling and a short foaming time, potentially resulting in
smaller, closed cells and a denser foam structure. This can be
observed in formulations utilizing highly reactive catalysts,
where the gelling reaction outpaces the blowing reaction,
limiting cell expansion.[1], [6] Conversely, slower reactions
can result in larger cells, a more open structure, and a lower
density foam.

II. CONCLUSION

Polyurethane foam (PUF) properties are strongly
influenced by a combination of processing conditions, raw
material composition, and environmental factors. Mold
temperature plays a critical role in determining the foam’s cell
structure, density, and mechanical performance, while
ambient temperature affects its service-life behavior and
fracture characteristics. The ratios of isocyanate, polyol, and
blowing agents, along with the type and concentration of
additives such as surfactants and catalysts, are key in tailoring
foam rigidity, flexibility, and overall performance. Temporal
factors, including reaction, foaming, creaming, and gelling
times, further influence the microstructure and density of the
final foam. A comprehensive understanding of these
interrelated parameters allows manufacturers to engineer PUF
with specific mechanical and physical properties suited for a
wide range of applications, from flexible foams in bedding,
seating and furniture to rigid foams in thermal insulation and
separation layering.

REFERENCES

[1] J. Wang, C. Zhang, Y. Deng, and P. Zhang, “A Review of Research on
the Effect of Temperature on the Properties of Polyurethane Foams,”
Polymers, vol. 14, no. 21, Oct. 2022.

[2] R.B. Mohan, B.J. O’Toole, J. Malpica, D. W. Hatchett, G. Kodippili,
and J. M. Kinyanjui, “Effects of Processing Temperature on ReCrete
Polyurethane Foam,” Journal of Cellular Plastics, Jul. 2008.

[3] A. M. Abdul-Rani, N. Hopkinson, and P. M. Dickens, “Analysing the
effect of Mold Temperature on Foam Density and Foam Surface
Texture,” Cellular Polymers, vol. 23, no. 6, pp. 387—402, Nov. 2004.

[4] N. Xiang, X. Zhang, M. Zheng, R. Xu, and Y. Yan, “Investigation of
tensile behavior and molecular structure of the thermoplastic
polyurethane sheets injection molded at different mold temperatures,”
J of Applied Polymer Sci, vol. 138, no. 38, Oct. 2021.

[5] N. V. Gama, A. Ferreira, and A. Barros-Timmons, “Polyurethane
Foams: Past, Present, and Future,” Materials, vol. 11, no. 10, Sep.
2018.

[6] M. F. Sonnenschein, Polyurethanes: Science, Technology, Markets,
and Trends, 1st ed. Wiley, 2021.

[7]1 . Lefebvre, M. Le Bras, B. Bastin, R. Paleja, and R. Delobel, “Flexible
Polyurethane Foams: Flammability,” Journal of Fire Sciences, vol. 21,
no. 5, Sep. 2003.

[8] C. Kuranchie, A. Yaya, F. Aboagye-Antwi, and Y. D. Bensah,
“Synthesis and Morphology of Flexible Polyurethane Foams
Containing Neem Oil and Clove Powder,” International Journal of
Polymer Science, vol. 2024, pp. 1-14, Jan. 2024.

[9] V. K. Gupta and D. V. Khakhar, “Formation of integral skin
polyurethane foams,” Polymer Engineering & Sci, vol. 39, no. 1, pp.
164176, Jan. 1999.

ERUS2025 - Page 31



