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	Learning Objective: 
1. Define Heat Resistant paints.
2. Describe the temperature ranges for requirement of heat resistant coatings
3. Explain the concept of working of heat resistant coatings 
	Diagram/ Picture

[image: Pin by Laura Turner on DIY | Appliance makeover, Spray paint furniture,  Kitchen projects]
        Fig 1: Heat Resistant coating on burner stand
                               



          Fig 2: Heat Resistant Paint on Vehicle exhaust pipe  

	Key Questions

1. Formulate the heat resistant silicone coatings
2. Formulate the heat resistant Non-Silicon coating up to 3000C
3. Describe the properties & applications of heat 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
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	Explanation of Concept:

“metal objects/parts/structure/equipment used  during operation or processing where tremendous heat is generated are bound to deteriorate rapidly. The metal together with continuous expansion, contraction together with formation of tough oxide layer on it  shows sign of  reduction in strength  as well as durability. The metals can be protected from these problems by applying coating of heat resistant paint.” 

(Cont. on Next Pages)
	Key Definitions/ Formulas

Heat Resistant Paint: “A special paint (or enamel) for use in the temperature range between about 250°F and 750°F (approx. 120°C and 400°C).”



	  
	
	

	
	Applications of heat resistant paint:
1. Boilers
2. Fire places 
3. Grills
4.Klins 
5. Ovens
6.  Steam Pipes
         7. Stoves
         8. Chimneys 

	Link to YouTube/ OER/ video



	Heat resistance Paint:
Introduction:
Industrial application such as Chimneys, Automobile silencers, Boilers, Exhausts where normal operating temperature exceeds above 300-400 OC, at this high temperature general industrial paints does not stands satisfactory and needs a special development of paint which can sustain this high temperature successfully. In the market scenario presently, silicone-based heat resistant paints are available up to 600 - 700 OC, but their cost is too high. The silicone structure is stable to oxidation, although it is susceptible to some rearrangement at elevated temperatures. The epoxy resin offers the advantages of mechanical toughness and adhesion while the silicone component provides the coating with its hardness properties. Silicone resin is blended with epoxy and MF resin at various compositions having pigmentation like aluminium paste and TiO2. Paint is characterized for Heat resistances by heat stability. 
Heat-resistant coatings are required to withstand the elevated temperatures and corrosive environments found on equipment such as boilers, economizers, exhaust manifolds, and steam piping. Many conventional coatings (e.g. Polyesters, alkyds, etc.) are not tolerant of high temperatures and will fail if applied to boiler, exhaust or steam-piping surfaces.
Heat-resistant coatings are often based on an inorganic silicone resins and aluminum pigments that require heat activation to chemically cure and harden the coating for service use. Historically, these coatings did not cure at room temperature. They remained tacky and did not dry to the touch, causing premature failures. The U.S. Navy has modified these coatings to allow room temperature application and cure by adding acrylic resin to the chemistry. This formulation reduces the coating’s VOC content and more important, allows the coating to skin over and not feels gummy, even though the silicone resin is not fully cured. The coating will still harden when exposed to high temperatures.
Chimneys are also in need of heat resistant paint. In addition to making your chimney look more attractive, heat resistant paint will also keep your chimney from dangerously overheating, which could potentially create a major safety issue. The same principal applies to kilns; many kilns are painted with heat resistant paint in order to keep these in good working condition for as long as possible. Steam pipes are painted with heat resistant paint to allow them a longer life and keep them from becoming corroded or rusted as well.
A vehicle’s exhaust system and its transmission system are subjected to extremely high temps during the course of daily operations. Regular paint will quickly erode, thus leaving the parts unprotected and subjected to potential deterioration. Heat resistant paint will protect these vital parts, thus preserving the functionality of the vehicle for a longer period of time.
[image: ]
Silicone–oxygen and silicon–carbon bonds are particularly stable, and this has a beneficial influence on the behaviour of the semi-organic silicone resins, so that they are exceptionally resistant to thermal decomposition and oxidation. Pure silicone surface coatings are available for special application where very high heat resistance properties are required.

Formulation:
Heat resistance Paint based on silicon resin:
	Sr. No
	Ingredients
	Wt %

	1
	Silicon resin
	58

	2
	Fumed Silica
	02

	3
	Nanosized mixed calcium iron oxide
	52

	4
	Butyl glycol
	02

	5
	Xylene
	13

	
	Total

	100



Heat resistant Paint based on Polysiloxanes:
Polysiloxanes themselves can be heat resistant up to 300°C depending on the specific composition. With coatings based on polysiloxane resins, heat resistance up to 650°C can be achieved. How does that work? At temperatures above 160–180°C all siloxanes release their organic groups, mainly methyl or phenyl as we have seen before. Other organic groups will be released faster and already at lower temperatures. This decomposition of the Si–C bond is a very slow process at temperatures below 300°C (it may last years until completed) and is significantly accelerated when the temperature gets into the range of 400°C. At that temperature it is just a question of minutes or a few hours until all organic groups are released. Particularly in the presence of oxygen, the Si–C bond will be replaced by Si–O–Si. Contrary to the above siloxane bond (recall that we speak about siloxane when we have the Si–O–Si bond and organic groups attached to the Si), we now get a silicate, similar to the structure of quartz. During the decomposition of the organic groups, we get very reactive groups that are able not just to form the silicate but also to a certain extent to react with inorganic pigments and/or fillers. The best reactions with fillers and the best heat resistance will be achieved with aluminium pigments (flakes), micaceous iron oxide and mica. This combination of decomposed polysiloxane, i.e. reactive silicate and the inorganic fillers, forms films that are heat resistant to 650°C. Because of differences in the coefficient of temperature expansion of the metal substrate and the silicate-based coating, the film thickness is limited. Depending on the kind of resin, the kind of substrate and the substrate preparation, the film thickness should not exceed 30 μm in the case of one-layer systems and 80 μm in the case of two-layer systems.	

Heat resistant polysiloxane coating:
Topcoat micaceous iron oxide; long-term thermal stability approx. 650°C

	Sr. No
	Ingredients
	Wt %

	1
	Polysiloxane resin solution, 50%
	26.1

	2
	Micaceous iron oxide
	54.4

	3
	Bentone 38, 7.5%
	6.6

	4
	1-Methoxy propyl acetate-2
	7.4

	5
	Xylene
	7.5

	
	Total
	100



Composition: 
Binder 13.1
pigments 51.2
additives 0.5
solvents 35.2

Heat resistant polysiloxane coating; 
Aluminium bronze topcoats; long-term thermal stability approx. 600°C

	Sr. No
	Ingredients
	Wt %

	1
	Polysiloxane resin solution, 50%
	16.6

	2
	Aluminium bronze
	33.4

	3
	Bentone 38, 7.5%
	3.2

	4
	1-Methoxy propyl acetate-2
	23.4

	5
	Xylene
	23.4

	
	Total
	100



Composition: 
Binder 8.3
pigments 21.7
additives 0.2
solvents 69.8



Applications:
Heat resistant paint is a special paint that is designed to withstand high temperatures. These paints can resist heat, flames, grease, rust and smoke, which make them ideal for specific applications. Some varieties of heat resistant paint last at temperatures as high as about 600° C. Some of the common applications of heat resistant paint are listed below.
1 – Boilers
A boiler is a device that heats water or other liquids and then emanates steam and heat that is used for different applications. Boilers reach extremely high temperatures, which is why heat resistant paint is a must for these devices.
2 – Fireplaces
Fireplaces add warmth and comfort to any surrounding. Today, an increasing number of designs stress on appearance as well. Heat resistant paint that can withstand high temperatures and flames from the fireplace add to the beauty of the appliance and also lasts much longer than other paints.
3 – Grills
Grills and fire pits are popular for outdoor cooking whenever the weather permits. Heat resistant paint is required for these appliances because the surfaces are constantly exposed to naked flames, char, and smoke. High quality heat resistant paint will last for many years without peeling, flaking, or disintegrating.
4 – Kilns
Kilns are used in industrial settings for several applications such as drying, baking and curing goods. Oftentimes, the temperature reaches several hundred degrees. For longer lasting coverage and protection, heat resistant paint is used in these appliances.
5 – Ovens
Ovens, both commercial and residential, are designed to withstand very high temperatures. This is more applicable for appliances that have grilling and broiling settings. As a result, heat resistant paint is best suited for ovens and cooking ranges.
6 – Steam Pipes
Steam pipes are used in heating systems and similar applications, wherein they transmit steam. To make the pipes last longer and protect them from rust and corrosion, heat resistant paint is used.
7 – Stoves
Stoves that burn wood, charcoal or other forms of fuel, are appliances that are used for cooking or for heating purposes. Similar in use are furnaces that are used to provide heat in living spaces. Heat resistant paint will protect the appliance and stand up to fumes, smoke, heat and flames for a long time.
8 – Chimneys
Chimneys are subject to very high temperatures over extended periods of time. Heat resistant paint, in addition to protecting the surface, also reduces the chances of fires due to overheating. They are highly essential in improving chimney safety.
[image: Chimneys Heat Resistant Paint Manufacturer, Supplier, Exporter]
9 – Fans
Fans in industrial and residential applications can heat up when operated continuously. Heat resistant paint, when coated on the appliance will prevent the formation of rust and protect the surface from grease formation and moisture.
10 – Vehicle Transmissions and Exhaust Systems
Exhaust systems and vehicle transmissions reach very high temperatures during operation. Ordinary paints will wear out in no time and deteriorate the operational capability of the vehicle. Heat resistant paint resists the heat and lasts much longer.
[image: Auto Mufflers & Exhaust Systems Repair Services | Angie's List]


	Key Take away from this LO:

The Metal objects requiring coating above 3000C, can be protected using Heat resistant coating/Paint. The paint is based on Silion/Polysiloxane coating. The pigments used can be only metallic pigments like Stainless steel, Aluminium, copper or black Iron Oxide. The applied coating is tested for Quenching and Non-Quenching tests to assess the adhesion, flexibility & other mechanical & thermal resistance properties of the coatings.
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