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A Review on Morphology, Chemical and Physical Structure
of Polyurethane Foam Coatings
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Abstract

Today, more than 75 percent of total polyurethane consumption in the world is in the form of foam, and a significant proportion of these
foams are used in coatings in various industries. The production and consumption of these types of coatings have a growing trend due to
reasonable price, making lightweight structures, excellent adhesion to substrates, quick and easy curing at ambient temperatures, high
durability, ability to cut and form into various types and shapes, their ease of application, optimal mechanical properties such as high
resilience, compressive strength and etc. Polyurethane foam coatings are used in building and transportation industries as thermal and
acoustic insulation coatings, flooring, wall buffers in community halls, and so on. Two reactions of gelation and blowing carried out
simultaneously in foam admixture. The final properties of foams depend entirely on the structure, stability and geometry of the foam cells
which are function of the relative rate of these two reactions. So controlling of reaction rates in the direction of the optimal final product
are essential. The controlling factors of these two reactions include of temperature, the presence of an amine or organic-metal catalyst
and isocyanate index. The most important factor determining the properties of polyurethane foam is its cellular structure. In this review
study, comprehensive information was collected about the role of materials, chemical reactions during foam formation, physical and
chemical structure of cells and the factors affecting the final properties of cellular coatings.

Keywords

Foam coatings, Thermal & insulation, Flexible and rigid polyurethane foams, Urea-urethane segmented copolymer, Micro-phase
separation
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! polyurethane (PU)

2 polystyrene (PS)

% Polyethylene (PE)

* Polypropylene (PP)

® Poly(vinyl chloride) (PVC)
® Polycarbonate (PC)

" Foam

® Rigid Polyurethane Foam(RPF)
? Flexible Foam

0 Film

1 Sheet

12 Elastomer

1% Coatings

1 Adhesive

15 Emulsion
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10 Catalyst

1 Blowing agent

12 Cross linkers

¥ Surfactants

14 Chain extender

%5 Fire Retardants(FR)

8 UV stabilizers

7 polycarbonate Polyols

18 poly Caprolactam Polyols

1% solvent, abrasion, and cut resistance
2 Aromatic

2 Aliphatic

22 cycloaliphatic

2 polymeric methylene diphenylene diisocyanate
2 Toluene diisocyanate

% physical blowing agents

% chemical gas-production reaction
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! carbamide

2 Zaunbercher& Barth

S Hill

* Dupont

°1.G. Farben

& Chloro Fluoro Carbons

" Blowing agents

8 Produced by back-filling Thermoplastic skin with semi-rigid
foam

® SPF
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% Self-supporting

10 Silicone oils

1 polydimethylsiloxane(PDMS)

12 polyoxyalkylene block copolymers
3 Nonylphenol ethoxylates

14 Gelation reaction

15 Blowng reaction

16 Organometallic Catalysts

Y7 Dibutyltin dilaurate (DBTDL)

'8 Dibutyl tin diacetate

° Dibutyl tin diacetate

20 1 4-diazabicyclo[2.2.2]octane (DABCO)
2 Dimethylethanolamine (DMEA)
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* Hydrochlorofluorocarbons (HCFCs)

2 Hydrofluorocarbons (HFCs)

3 perfluorinated hydrocarbons (PFCs)

* Hydrofluorocarbon ethers (HFEs)

® C5-hydrocarbons

® Halogen-containing azeotropes

" Halogen-free azeotropes

8 Methylene chloride-hydrocarbon blends
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2 Dimethylcyclohexylamine (DMCHA)
*TEA

4 Colorants

5 UV stabilizers

& Flame retardants

" Plasticizers

8 Cell-openers

® Anti-static agents

10 Bacteriostats
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10 Open cell polyurethane foam
1 Closed cell polyethylene foam
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! Elwell & Ryan

2 Allophanates

% Biurets

* Dimerization

® Uretidione or dimer
® Isocyanurate or timer
" Cyclotrimerization

8 Carbodiimides

® Rigid PU foam
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! Polyhedra

2 pentagonal dodecahedron

® Microphase separated morphologies
* Urethaneurea

® Leibler

® Hard segments

" Elastomeric “springs

8 Short “rigid units
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" Bregman point

8 Rossmy

® Nanophases

10 Nanostructures

11 |_ength distribution of the hard segments
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! To inherent immiscibility
2 Flory& Huggins

® Hildebrand

4 Solubility Parameter

® Urea Microdomains

® Elwell
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® Distinct structural anisotropy
® Wilkes

" Tangential orientation

8 Radial arrangement
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! «“Monodentate” or “single” intermolecular hydrogen bonding
2 «Bidentate” or “dual” hydrogen bonding

% Spherulitic texture
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! Urea aggregates

2 petrovic

% Reversible deformation
4 Stadler
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