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Description

In severe sea conditions, traditional shipbuilding faces an engineering dilemma:
balancing anti-collision reinforcement, lightweight design, and absolute unsinkability.

Rigid Closed-Cell Polyurethane Foam serves as the core structural sandwich material to
resolve this pain point.
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Microstructural Architecture: The Fundamental Distinction Between Open-Cell and Closed-
Cell

The fundamental difference between open-cell and closed-cell polyurethane foams lies in
the cellular geometry formed during the polymerization and foaming processes.

Open-Cell Foam: The cell walls rupture during foaming, creating an interconnected
network of channels. Gas escapes easily, and liquids can readily infiltrate via capillary
action. This structure is soft, highly permeable, and possesses extremely low
compressive strength.

Closed-Cell Foam: More than 90% to 95% of the cells remain entirely intact and
enclosed. Each cell acts as a miniature, sealed "balloon" encapsulating low-thermal-
conductivity blowing agent gas. This continuous polymer matrix completely blocks fluid
migration pathways, thereby imparting exceptional structural rigidity to the material.

Core Engineering and Technical Advantages
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Outstanding Water Resistance and Hydrolysis Resistance: Because the cell structure is
completely sealed, the material inherently forms a natural waterproof barrier. Even if the
outer skin of a structural component suffers damage or perforation under high pressure
or harsh working conditions, water penetration is strictly localized to the ruptured
surface cells. Water can never infiltrate the undamaged inner core via capillary action. In
diving engineering, offshore energy infrastructure, and marine environments, this
superior fluid isolation ensures that components maintain stable buoyancy during long-
term exposure to hydrostatic pressure.

Extreme Thermal Insulation Performance: The blowing agent gas trapped within the
intact cells exhibits extremely low thermal conductivity. This mechanism significantly
restricts heat transfer via conduction and convection, maintaining a long-term, stable
internal temperature for cold storage, industrial piping, and strictly temperature-
controlled automated equipment environments.

Critical Industrial Application Scenarios

In marine and offshore infrastructure, this material is widely utilized in subsea buoyancy
modules, cable protection systems, and hull cavity filling. It ensures permanent
buoyancy, tightly seals internal cavities under high-pressure seawater environments, and
exhibits exceptional resistance to hydrolysis.

Conclusion

Rigid closed-cell polyurethane foam is a highly predictable engineering structural
material. Its unique closed-cell geometry delivers reliable compressive load-bearing
capacity, minimal water absorption, and significant structural reinforcement. For
industrial components subjected to long-term mechanical stress, fluid contact, or
extreme temperature differentials, it provides a highly reliable solution for core
lightweighting and rigidity enhancement. Dependable vessel buoyancy and the thermal
efficiency of onboard cold rooms are both guaranteed by filling the hull cavities with
polyurethane foam.
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