Guido Canti,
Eurotecnica, Italy,
outlines melamine’s
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material with improved
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acoustic dampening
for industrial safety
applications.

n modern industries, the term ‘advanced materials’

increasingly refers not only to substances with

superior mechanical or thermal properties, but also

' to materials capable of delivering multiple

performance functions at once: fire safety, thermal
control, acoustic damping, low weight, processability,
durability, and regulatory compliance. In this context,
melamine-based materials have emerged as particularly
valuable. Whether in the form of melamine resin foams,
melamine nonwovens, or melamine-derived
flame-retardant additives, melamine occupies a
distinctive place at the intersection of safety engineering
and insulation technology.

Melamine is best known in the chemical industry as a
nitrogen-rich heterocyclic compound used in the
production of thermosetting resins, laminates, adhesives,
coatings, and moulding compounds. Yet its importance
in safety and insulation applications comes from a more
specific set of derivative technologies. The first is
melamine resin foam, a lightweight, open-cell, thermoset
material combining sound absorption, thermal insulation,
and inherent flame resistance. The second is a family of
melamine-based flame retardants, such as melamine
polyphosphate and related systems, widely used in
coatings and polymer formulations where fire
performance is critical. These two application domains
make melamine highly relevant to sectors such as HVAC,
industrial equipment, and steel fire protection.



Why melamine matters in

safety-critical design

The growing use of melamine-based materials is tied to a central
challenge in engineering design: conventional insulation materials
often perform well in one area but poorly in another. Mineral wool
may provide acceptable thermal and acoustic performance but
can create handling and cleanliness concerns in certain
applications. Polyurethane and polyethylene foams may be
lightweight and easy to shape, yet their fire behaviour can require
additional flame-retardant treatment. Heavy insulation solutions
increase structural loads and may be unsuitable for some of the
lightweight equipment that can be used in fertilizer production
and handling processes. Melamine-based materials are attractive
because they can combine low density, high temperature
resistance, acoustic damping, and strong fire behaviour in

one platform.

From a safety perspective, this multifunctionality is particularly
important. Modern regulations increasingly require materials to
satisfy not only thermal and mechanical criteria, but also
reaction-to-fire, smoke, toxicity, durability, and environmental
requirements. In public buildings, rolling stock, aircraft cabins,
industrial enclosures, and HVAC systems, materials are judged not
solely by their insulating performance, but by how they behave
when exposed to ignition, elevated temperature, or prolonged
service. Melamine derivatives answer this requirement because
many are inherently flame resistant rather than merely surface
treated. That distinction is important: safety performance built
into the structure of the material is generally more robust over the
life-cycle of the component.

Melamine resin foam: structure and
functional advantages
Melamine foam is produced from melamine-formaldehyde resin
and forms a highly crosslinked open-cell thermoset network after
foaming and curing. This microstructure is central to its
performance. The open cells create pathways for the dissipation of
acoustic energy, while the low-density structure reduces weight
and limits conductive heat transfer. At the same time, the
thermoset resin network contributes to the foam’s dimensional
stability and fire resistance. Melamine foam can be considered as a
flexible open-cell material combining sound absorption, flame
resistance, low weight, and thermal insulation across construction,
HVAC, and industrial applications.

Commercial technical data confirm this profile. A published
datasheet for melamine foam reports typical density around
9 kg/m?, thermal conductivity of about 0.035 W/m«K at 10°C,

maximum long-term use temperatures up to 150°C for

20 000 hrs and 200°C for 1000 hrs, together with fire
classifications including DIN 4102 B1, UL 94 V-0/HF], and further
compliance pathways depending on grade and application.
These values help explain why melamine foam is often selected
where high performance must be achieved with a minimal
mass penalty.

Another related development is melamine nonwoven
technology, where thermoset melt-blown melamine fibres are
used to create thin, lightweight insulation media. One technical
datasheet reports continuous thermal stability up to 240°C,
thermal conductivity around 0.029 W/m-K, and a limiting oxygen
index (LOI) of 32%, indicating strong inherent resistance to
burning. The same source highlights use in construction,
protective textiles, and filtration, broadening the application
range beyond classic foam blocks or sheets, and providing a
function for melamine beyond its use as a fertilizer.

Fire behaviour: an inherent

performance benefit

One of the most compelling reasons for using melamine-based
materials in advanced insulation is their favourable fire
behaviour. Unlike several commodity polymer foams that
soften, melt, or propagate flame unless modified, melamine
foam is typically presented as inherently flame resistant without
the addition of flame-retardant additives. This feature is highly
relevant in specifications for technical enclosures, where
combustible load and smoke development are major

design constraints.

The material’s nitrogen-rich structure contributes to this
performance. During thermal exposure, melamine-based
systems tend to promote char formation, release inert species,
and reduce flame propagation. In practical terms, this means
that melamine foam can maintain serviceability in environments
where elevated temperatures or accidental fire exposure must
be considered. Technical sources emphasise that it retains useful
physical properties over a broad temperature range and avoids
the flame-spread behaviour often associated with lower-cost
thermoplastic foams.

This does not mean that melamine products should be
treated as universal substitutes for all fire-protection materials.
Material selection still depends on thickness, substrate,
geometry, ventilation conditions, smoke requirements, and local
codes. However, as a design principle, melamine offers engineers
a valuable advantage: the same material layer can contribute to
insulation, acoustic treatment, and improved reaction-to-fire

Figure 1. SEM image of melamine foam showing its interconnected open-cell structure responsible for acoustic absorption

and low thermal conductivity. Source: Kang et al., CC BY 4.0.
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performance simultaneously. That is a major benefit in
space-constrained systems such as air ducts, rolling stock interiors,
and prefabricated panels.

Thermal insulation performance in practice
In insulation engineering, thermal conductivity is only part of the
story. Real-world performance depends on operating temperature,

Figure 2. Melamine powder used as precursor for
high-performance resins and foams.

Figure 3. Example of intumescent fire protection system
used to seal penetrations and protect structures.

Figure 4. Open-cell melamine foam panels.

airflow, humidity, installation quality, and the need to combine
energy efficiency with other design constraints. Melamine foam is
not always the lowest-conductivity insulation on the market, but it
provides a compelling performance-to-weight-to-safety ratio. A
thermal conductivity near 0.035 W/m-K places it in a technically
relevant range for many industrial and architectural applications,
especially where lightweight installation and high-temperature
tolerance matter.

Its use is particularly strong in HVAC and air-conditioning
technology, where materials must often fit into narrow cavities
and operate near fans, ducts, compressors, or heat-generating
components. Industrial producers specifically highlight the use of
melamine foam for HVAC thermal insulation and room acoustics.
In this segment, the foam's open-cell structure can also help damp
noise, reducing the need for separate acoustic treatment layers.

High-temperature resistance is another differentiator.
Conventional polymeric insulating foams may degrade or deform
at temperatures where thermoset melamine materials remain
stable. This makes melamine suitable for technical housings,
appliance insulation, and selected industrial panels exposed to
higher service temperatures. The capability to maintain physical
properties over time, rather than delivering only short-term
laboratory values, is especially important in engineered systems
with long operating lives.

Acoustic insulation and noise control

One of the defining strengths of melamine foam is its acoustic
behaviour. The open-cell network acts as an effective sound
absorber, especially in the medium and high frequency range.
Professional installers identify melamine foam as a solution for
acoustic ceilings, offices, restaurants, meeting rooms, aircraft
cabins, and transport applications. Technical data further state that
the material demonstrates excellent sound adsorption, particularly
in medium and high frequencies, with room for engineering
adjustments through system design when lower-frequency
absorption is needed.

This is significant because many projects now require a
combination of thermal efficiency and acoustic comfort. Building
envelopes, industrial machine rooms, public terminals, rolling stock,
and electric mobility platforms all place higher value on quiet
operation. Noise reduction is no longer merely a comfort issue; in
many sectors it supports workplace safety, user well-being,
product quality, and compliance with environmental or
occupational standards. By combining insulation and acoustic
treatment in one material, melamine foam helps simplify system
design and reduce assembly complexity.

Beyond foam: melamine in flame-retardant
coatings

Melamine’s importance in safety engineering extends beyond
foam insulation. It also plays a crucial role in intumescent and
flame-retardant coating systems, especially those used to protect
structural steel and combustible substrates. In such systems,
melamine or melamine derivatives act as a blowing agent,

char promoter, or synergistic flame-retardant component,
contributing to the formation of an expanded protective layer
during fire exposure.

A 2022 study on structural steel coatings showed that
melamine polyphosphate (MPP), used together with piperazine
pyrophosphate, improved thermal stability, residue formation,
water resistance, and thermal isolation performance compared
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Figure 5. Melamine duct insulation systems.

with a more traditional intumescent system. The backside
equilibrium temperature of the protected steel panel was
significantly reduced, and the coating formed a denser, more
coherent char layer. This is a practical example of how melamine
chemistry contributes not only to ‘reaction-to-fire’ performance in
soft insulation, but also to the active fire protection of
load-bearing structures.

A 2024 study on industrial reactive coatings for steel building
structures again underscored melamine’s role in intumescent
formulations, identifying ratios of key ingredients such as
ammonium polyphosphate, melamine, and pentaerythritol as
decisive for achieving fire resistance up to and beyond R120,
depending on binder selection and thickness. For the design
community, the lesson is clear: melamine is not just a passive
material in insulation products; it is a chemically functional building
block in advanced fire-protection technologies.

Application fields

For industrial machinery, melamine foam can line enclosures and
housings to attenuate noise while also reducing heat loss and
supporting safer fire behaviour. In steel construction,
melamine-based reactive coatings address a different but equally
critical need: preserving structural integrity under fire conditions
long enough for evacuation and emergency response. The breadth
of these uses illustrates a wider trend in engineering materials — the
move from single-purpose products toward integrated
multifunctional systems.

Limits and engineering considerations
Despite its advantages, melamine is not a universal solution. Its
open-cell structure, although excellent for sound absorption, may
not suit every moisture or contamination environment unless the
material is modified or protected. Mechanical strength is generally
lower than that of rigid structural foams, so designers must avoid
using melamine foam where load-bearing capacity is required
unless it is part of a composite assembly. Performance also
depends heavily on product grade, density, thickness, surface
treatment, and installation method.

Cost can also be a consideration. Melamine foam is often
chosen for performance-critical applications rather than as the
cheapest insulating medium. In other words, its value is strongest
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where there is a premium on weight savings, fire performance,
acoustic control, and high-temperature capability at the same
time. This makes careful life-cycle evaluation important. In many
projects, the reduction in system complexity, lower installation
mass, and improved safety performance can justify the higher
material cost.

The future of melamine

Looking ahead, melamine-based technologies appear well aligned
with several long-term industrial trends: safer low-smoke materials,
lighter transportation systems, more energy-efficient buildings, and
integrated thermal-acoustic design. Manufacturers are continuing
to expand product portfolios, including darker architectural grades,
eco-balanced variants, nonwovens, and specialty formulations
adapted for mobility and industrial use. At the same time, research
on melamine-derived flame retardants and intumescent systems is
improving durability, water resistance, and char quality —all central
issues for real service conditions rather than purely

laboratory performance.

The broader significance of melamine lies in its ability to
support performance convergence. In the past, engineers often
had to select one material for thermal insulation, another for
acoustic attenuation, and a third for fire management.
Melamine-based systems reduce that fragmentation. They help
designers build lighter, safer, quieter systems with fewer layers and
fewer compromises. That is precisely why melamine remains
relevant in advanced safety and insulation applications — not
because it is a niche specialty chemical, but because it addresses
several of the most pressing demands of contemporary
engineering at the same time.

Conclusions

Melamine has evolved far beyond its traditional image as a resin
intermediate. In today’s advanced materials landscape, it is a key
enabler of high-performance insulation, fire safety, and acoustic
engineering. Melamine foam offers a technically attractive
combination of low weight, thermal insulation, sound absorption,
and inherent flame resistance. Melamine-based additives and
polyphosphate systems play an equally important role in
intumescent coatings and fire-protection formulations. Together,
these technologies make melamine an essential material family for
modern applications where safety cannot be divorced from
efficiency, comfort, and design integration.

In a world of tighter regulations, higher expectations, and more
demanding operating environments, materials that do several
things well are no longer optional — they are necessary. Melamine is
one of the clearest examples of this shift. For engineers, specifiers,
and industrial designers, it remains a material worth understanding
not only as a chemical commodity, but as a strategic component
in the next generation of advanced safety and insulation systems.

The growing global demand for high-performance
melamine-based materials requires the production of melamine
crystals with consistently high-quality standards. Euromel®,
produced in plants designed and engineered by Eurotecnica,
represents a benchmark in this respect.

With a portfolio of 33 melamine plants of progressively
increasing capacity and more than 1.6 million tpy of licensed
production capacity, Eurotecnica occupies a strong position in the
industry. To date, cumulative production of Euromel® melamine
has exceeded 10 million t, demonstrating the robustness and
widespread adoption of the technology. WF



