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	Learning Objective: 
1. Define the term Fire resistant coatings
2. Define the term fire retardant coatings
3. Explain the term Intumescent Coating
4. Describe the types of Base coats available in automotive coating. 
	Diagram/ Picture
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        Fig 1: An Intumescent Coating (A)
 
                            [image: Intumescent Paint for Steel Ireland - Coatings & Contractors | Coatings.ie]   


          Fig 2: An Intumescent Coatings (B) 

	Key Questions

1. Explain Non-Intumescent Coatings
2. Write formulation of as Intumescent Coatings
3. Describe the test method for testing fire resistant coatings
	Concept Map
Use insert smart art to draw a neat concept map – also connect the topic to other topics – so student realises why this LO is important


	

	
	Explanation of Concept:

“A fire-retardant coating is used to slow down or stop the spread of fire or reduce its intensity. This is commonly accomplished by chemical reactions that reduce the flammability of fuels or delay their combustion. Fire retardants may also cool the fuel through physical action or endothermic chemical reactions. Fire retardants are available as powder, to be mixed with water, as fire-fighting foams and fire-retardant gels. Fire retardants are also available as coatings or sprays to be applied to an object. ” 

(Cont. on Next Pages)
	Key Definitions/ Formulas

Fire retardant coating:  Fire retardant coating are mainly involved for reaction-to-fire to retard or inhibit the combustion of flammable materials (wood, foam, textile fabrics, electric cables, and fiber reinforced composites)

Fire Resistant Coatings: Fire resistant coatings or fire protective coating for resistance-to-fire to protect the non-flammable materials 

Intumescent Coatings: An intumescent paint is a coating which reacts to heat by swelling in a controlled manner to many times its original thickness to produce a carbonaceous char, formed by a large number of small bubbles, which acts as an insulating layer to protect the substrate

Non-Intumescent Coatings: Non-intumescent coatings are basically decorative, architectural coatings that contain flame retardant additives designed to reduce the rate of flame spread and smoke development of combustible substrates. They are rated as Class A, B or C based on the ability to not contribute to fire and smoke.


	  
	
	

	
	The Advantages Of Fire Resistant Paint/Coatings:
· 1. High-Level Fire Protection. [We know that fire hazards come in different shapes and sizes, and the level of fire protection gained makes sure improved health and safety whether you are using flame resistant paints secretly or openly.]
· 2. Appropriate for Almost Every Surface. ...
· 3. Intended for Easy Application.
 
	Link to YouTube/ OER/ video



	
Conventional Paints:
Non-flame-retardant coatings usually give a low flame spread rating over asbestos-cement board, steel, or cement block. When the coatings are tested over wood and other flammable materials, flame spread ratings similar to those of the substrate are obtained. The fire-retardant effectiveness of paints is highly dependent on the spreading rate or thickness of the coating as well as the composition. When conventional paints are applied at the heavy rate common for fire-retardant coatings, they give flame spread indices comparable to those of fire-retardant paints. For example, coating of latex and flat alkyd paints applied to tempered hardboard at an effective spreading rate of 250 ft2/gal reduced the flame spread index of the uncoated substrate by factors of 3 and 5, respectively.

Fire-Retardant Paints:

Fire-retardant coatings are particularly useful in marine applications. Ships are painted repeatedly to maintain maximum corrosion protection. As the layers of paint build, they pose a fire hazard even though the substrate is steel. In the event of fire, the paint may catch fire, melt, drip, and cause severe injury and damage to the vessel. Coatings are therefore formulated that do not sustain combustion; they should not spread the flame by rapid combustion nor contribute a significant amount of fuel to the fire.

[image: ]
Polyvinyl chloride containing 57% by weight chlorine is self-extinguishing. However, it is not a good vehicle for a flame-retardant coating because of its high melting point. This can be lowered substantially by copolymerization with other vinyl monomers such as vinyl acetate. To make these copolymers useful, addition of plasticizers and coalescing solvents is often necessary to give suitable application and performance properties. These additions dilute the overall concentration of chlorine thereby reducing the flame retardancy.
Fire-retardant coatings are based primarily on chlorinated alkyds, alumina trihydrate, or a combination of chlorinated paraffins and antimony trioxide. Table 1 and Table 2 give typical formulations. Flame spread test results depend both on the substrate and the thickness of the film.

TABLE 1
Formulation for a Fire-Retardant Latex Paint

	Sr. No
	Ingredients
	Parts by Weight

	1
	[bookmark: _GoBack]Polyvinyl acetate-Polyvinyl Chloride copolymer emulsion
(55% solids)
	20

	2
	Chlorinated paraffin
	5

	3
	Antimony oxide
	11

	4
	Titanium dioxide
	22

	5
	Mica
	09

	6
	Thickeners, etc
	03

	7
	Water
	30



TABLE 2
Formulation for an Alkyd-Based Paint

	Sr. No
	Ingredients
	Parts by Weight

	1
	Long oil alkyd
	22

	2
	Chlorinated paraffin
	07

	3
	Antimony oxide
	06

	4
	Titanium dioxide
	29

	5
	Micronized Talc
	07

	6
	Whiting
	11

	7
	White spirit drier, etc
	18



Fire-Retardation Mechanism:

The combustion of gaseous fuel is believed to proceed by a free radical mechanism:
[image: ]

The H, OH, and O radicals are chain carriers and take part in a number of reactions in the flame zone. The function of halogen containing compounds as flame retardants has been explained by the radical trap theory and takes place in the gas phase. In the foregoing reactions, liberated HCI or HBr competes for the radical species that are critical for flame propagation:
[image: ]

The active chain carriers are replaced with the much less active halogen radical, slowing the rate of energy production and helping flame extinguishments.
Antimony oxide is known as a flame-retardant synergist when used in combination with halogen compounds. Volatile antimony oxyhalide (SbOX) and/or antimony trihalide (SbX3) form in the condensed phase and transport the halogen into the gas phase.
Phosphorus compounds are also used as primary flame retardants. The flame-retardant mechanism for phosphorus compounds varies with the type of compound, the polymer, and the combustion conditions. For example, some phosphorus compounds decompose to phosphoric acids and polyphosphates.
A viscous surface glass forms and shields the substrate from the flame. If the phosphoric acid reacts with the polymer (e.g., to form a phosphate ester), subsequent decomposition results in a dense surface char. The coatings that form serve as a physical barrier to heat transfer from the flame to the substrate and to diffusion of gases; in other words, the substrate is isolated from heat, flame, and oxygen.

This is the mechanism for fire-resistive intumescent coatings discussed below.
Triaryl phosphate esters are thermally stable, high boiling (>350°C) materials. They can volatilize without significant decomposition into the flame zone, where they decompose. Flame inhibition reactions, similar to the halogen radical trap theory, have been proposed.

[image: ]
Alumina trihydrate (ATH) or magnesium hydroxide inhibits ignition by absorption of heat due to decomposition, releasing large volumes of water of hydration (>30%).
Fire-Resistive Intumescent Coatings
Intumescent paints and mastics swell and char when exposed to heat and flame, giving a carbonaceous foam that insulates the substrate from heat, air, and fire. This may delay the onset of combustion of a wood or plastic substrate or delay the heat buildup and tensile loss of structural steel. In the latter case, thick coatings or mastics are used. These coatings are considered to be fire resistive and significantly more effective than fire-retardant coatings. The former offer protection to the substrate. Intumescent coatings require three basic ingredients: a carbonific or carbon producer such as pentaerythritol or other polyol, an acid releasing agent such as a phosphate, and a spumific or gas producer such as melamine.
Polyols such as starch and dipentaerythritol (less water sensitive) are carbonifics. Other acid producers and their temperatures of decomposition are ammonium polyphosphate (215°C), monoammonium phosphate (417°C), and melamine phosphate (300°C); spumifics include urea (130°C), dicyandiamide (210°C), and melamine (300°C).
[image: Intumescent Fire Protection Painting for Steel]

When the coating or mastic is heated, the decomposing phosphate forms phosphoric acid. This esterifies the hydroxyl groups of the polyol, which subsequently decomposes, forming water and a carbonaceous char, regenerating the phosphoric acid. As the char forms, the paint binder softens and the spumific decomposes, liberating non-flammable gases. These gases expand the softened binder into a foam. A rigid carbonaceous foam is formed as charring of both carbonific and binder resin is completed.

Table 3 and Table 4 give examples of intumescent systems.

When used as a thick mastic coating on structural steel, such materials can prevent the steel from reaching the failure point for 3 hours, as indicated in Table 5 unique intumescent coating containing no water-sensitive polyols is composed of p ,p ′-oxybis (benzenesulfonamide) in a vinyl chloride–vinylidene chloride copolymer binder. The addition of melamine pyrophosphate improves the homogeneity of the system. Di-pentaerythriol can also be added to improve the homogeneity.

TABLE 3 : Formulation for a Typical Intumescent Emulsion Paint

	Sr. No
	Ingredients
	Parts by Weight

	1
	Polyvinyl acetate latex
	18

	2
	Ammonium polyphosphate
	22

	3
	Pentaerythritol
	12

	4
	Starch
	03

	5
	Dicyandiamide
	16

	6
	Titanium dioxide
	04

	7
	Water
	25



TABLE 4: Formulation for a Typical Intumescent Solvent–Thinner Paint

	Sr. No
	Ingredients
	Parts by Weight

	1
	Vinyl toluene–butadiene copolymer
	07

	2
	Ammonium polyphosphate
	28

	3
	Dipentaerythritol
	08

	4
	Melamine
	09

	5
	Chlorinated paraffin
	09

	6
	Titanium dioxide
	06

	7
	Mineral spirits
	33



TABLE 5: Ratings on Steel Column: 

	Sr. No
	Coating Thickness (in)
	Rating (h)

	1
	0.31
	1

	2
	0.39
	1.5

	3
	0.58
	2

	4
	0.78
	2.5

	5
	0.97
	3



Pitt-Char (PPG Industries) coating is a two-component epoxy-polyamide produce designed for structural steel. This intumescent epoxy coating requires no reinforcement and provides up to 3 hours of fire protection.

Miscellaneous Coatings:
Magnesium oxychloride mastics will protect steel by releasing large quantities of water upon heating and by relatively high temperature calcining (500˚C). This material can be painted or sprayed and can be used in exterior applications.
Polystyrene foam block can be protected against fire for specified time periods. Building plastics containing gypsum and perlite and an expanded vermiculite, Portland cement, and limestone coating are particularly effective in protecting polystyrene foam block against the heat of a simulated mine fire. For an insight into potential methods of flame retarding polyurethane and epoxy coatings, an analogy with plastic flame retardants can be made. The most common way to achieve flame-retardant polyurethanes is by the addition of halogen, phosphorus, chlorophosphate, or chlorophosphonate compounds.
Reactive halogen and phosphorus diols have also been used. Epoxy resins are generally flame retarded using the reactive tetrabromobisphenol A. Use of phosphorus–halogen compounds has been reported.


Ref: Coating Technology Handbook, Third Edition @ 2006 by Taylor & Francis Group, LLC


	Key Take away from this LO:

Many useful assets in domestic, public or Industrial sector can be protected by use of fire-retardant coatings. The Millions and Billions of rupees can be saved at the cost of fraction of those assets value by applying fire retardant coatings. More Important things that precious lives of so many skilled & unskilled workforces can also be saved using fire retardant coatings.
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