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	Learning Objective: 
1. Formulate sample Industrial coatings
2. Mention role of Ingredients used.
3. Explain properties and applications of formulated coatings

	Diagram/ Picture



Figure-1: Overprint varnishes for (A) UV curable, (B) Water  
                  based varnish 
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Figure-2: Clear Finishes applied on Metals

	Key Questions

1. Requirement of Finishes for industrial metal goods
2. Formulation for various metal goods.
3. Role of Ingredients used in formulation
4. Properties and applications of formulated 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:
“With rapid growth of Industrial sector, demand for paint and coating has seen phenomenal increase. The new goods/jobs/articles are being designed and are introduced in the market. Almost every such items along with conventional industrial item require painting. There is need to develop tailor made formulation    for every specific type of job. This  involves critical analysis of formulating principles for that specific substrate” 
(Cont. on Next Pages)
	Key Definitions/ Formulas
Clear Finishes:  “The un pigmented coatings which can be lacquer or varnish coated on metal or any other substrate to protect and enhance its aesthetic value are termed as clear Finishes”
Pigmented Finishes:  “white or coloured coatings which are coated/applied on metals or any other substrate to decorate and protect the substrate from environment/exposure conditions as called as Pigmented Finishes” 
Overprint varnishes:  “Varnishes coated on old artifices, specific metal articles to prevent its tarnishing due to weather or surrounding conditions are called as overprint varnishes”
Polished Metals:  “The metals which are polished to excellent finish and smoothness o enhance its appearance/beauty is  called as polished Metal”
 
  


	  
	
	

	
	Types of Industrial finishes:
1. Overprint varnishes
2. Finishes for polished metals
3. Clear coatings for cans/containers for chemical resistance
4. Pigmented baking coatings for Industrial products 
	Link to YouTube/ OER/ video


	
Finishes for metal Goods: For Industrial products, finishes can be broadly classified into following two groups
1. Clear finishes for metal goods
2. White or coloured finishes for metal goods

Clear finishes for metal goods: There are three general types of Industrial applications for clear finishes on metal goods.
a. Clear finishes are based as ‘Overprint varnishes’ to Impart higher gloss and physical or chemical protection to printed coatings on toys, cans and collapsible tubes
b. Clear finishes applied to polished metals such as silver, brass and chrome plate to protect metal from tarnishing.
c. Another type of clear finish is applied to drums, tanks, pipe lines and other metal objects to protect the metal from corrosion or attack by chemicals.
Overprint finishes: The overprint finishes usually are oleo resinous varnishes, but alkyd-amino resin combinations are used when paler, colour or better chemical resistance is required. Nitrocellulose and ethyl cellulose lacquers are used when the finish must air dry rapidly. The example of oleo resinous varnishes is given below

	S.N.
	Ingredients
	% weight

	1
	Penta modified Maleic Resin
	58

	2
	Dehydrated castor oil
	8

	3
	Soyabean oil
	3

	4
	Mineral Spirit
	29

	5
	Zn napthenate (8%)
	1.5

	6
	Cobalt napthnate (6%)
	0.5

	
	Total
	100



The above varnish provides high gloss and fairly pale colour, but they do not give good resistance to water and alkali. This may be obtained by combination of 65-75% alkyd, 25-355 melamine formaldehyde resin. The alkyd should be soyabean or dehydrated castor type containing phthalic anhydride from 35-41%. This finish can be baked at 1200C for 20 minutes to 1500C for 10 minutes.
A typical hard drying ethyl cellulose lacquer would contain 100 parts of dry cellulose, 100 parts of a compatible modified rosin ester, 20-25 parts of a chemical plasticizer such as tricresyl phosphate and about 2 parts of antioxidants. The Thinner  consist 80% aromatic hydrocarbon and 20% alcohol. The thinner consist 80% aromatic hydrocarbon and 20% alcohol. The flow properties of lacquer may be adjusted some what by changing the component of the thinner. For example xylene gives better flow than toluene and butanol or Isopropanol permit more flow than ethanol.

Finishes for Polished metals: Highly polished metal objects tarnish quite rapidly when exposed to atmospheric conditions. Clear coatings are used to prevent tarnishing. The types which have been used are nitrocellulose and ethyl cellulose lacquers, alkyd-amino resins and acrylic esters resins.

The coating should have water white colour, non-reactivity with the metals, good adhesion, resistance to abrasion and attack by water & chemical fumes in the atmosphere. They should air dry rapidly to mar resistant coatings which have good durability in low thickness range. 

The solvent used should not contain traces of chemicals such as sulphur compounds or free acids that attack metals. Hence oxidative coating is unsatisfactory for these types of metals since they develop free acidity and yellowing on ageing.
Nitrocellulose lacquers based on SS nitrocellulose do not require ester solvents which are possible sources of compounds that attack metals. However, both the SS and the RS types of nitrocellulose are used. The resins for such lacquers may be the non-oxidising alkyd type with a small percentage of dioctyl or dibutyl phthalate as plasticiser. The ratio of these components on a solid basis by weight is in the range of 100 nitrocellulose, 150-300 resin, 20 plasticiser.

Lacquers containing acrylic resins have very pale colour, low reactivity and good film properties. They can be force dried at 70-800C for 30-60 minutes. Typical formulation of this type, which can be used on both metal and wood is given below.

	S.N.
	Ingredients
	% weight

	1
	Acrylic Ester
	50

	2
	Nitrocellulose RS ½ second
	35

	3
	Resinous plasticiser
	15

	
	Total
	100



Alkyd Amino resin combinations have been used for clear finishes on polished metals, but they require baking for proper curing. The short to medium oil length non-oxidising alkyds give best colour but the dehydrated castor oil alkyds produce tougher films with better adhesion. Melamine formaldehyde resins preferred over urea-formaldehyde resins because they produce harder coatings when baked at the 1200C. Higher baking temperature frequently discolours the metals. The ratio of alkyd to melamine is in the range og 50-75 alkyd and 25-30 melamine resin. High alkyd ratio gives best toughness & 

adhesion and high melamine gives best hardness and pale colour. Baking schedule ranges from 900C to 1200C and time period from 60 minutes to 30 minutes respectively. 

Clear coating for chemical Resistance: Metals are affected by the wide variety of chemicals. Chemicals from the perspiration of hands may corrode hardware and scientific instruments. Therefor they must be protected by necessary chemical resistant coatings. Strong acids and alkalis may be handled and transported safely in metal tanks and pipelines when the metal is protected by special coatings. The chemical action of products such as wine on metal container is sufficient to change the flavour of wine. Therefore coating must be applied to the container to protect wine/beverages.

Another type of tin decorating finish is applied on the inside of food containers. These coatings must withstand the processing conditions used to cook or preserve the food stuff. They must be odourless, tasteless and non-toxic. Some are based on pure and modified phenolic resin. They are baked at 1300C for 30 minutes to as high as 2200C for 5-10 minutes. 

However coatings for beer can is based on polyvinyl-chloride-acetate copolymer. Thus coating is applied over a varnish primer since tin acts as a degradation catalyst for the vinyl copolymer.    

	S.N.
	Ingredients
	% weight

	1
	PVC-acetate copolymer
	60

	2
	Dioctyl phthalate
	7

	3
	MIBK
	16

	4
	Toluene
	16

	
	Total
	100



On polished hardware the acrylic coatings are preferred because of their absence of colour, but better resistance may be obtained from phenolic or epoxy resins when colour is not important. 

White or coloured finishes for metal goods: The principal consumer durable goods in which white or coloured finishes are used are , refrigerator, washing machines, lighting fixtures, Kitchen cabinets and utensils and hospital equipment. The performance requirements and cost factors for these different types of good vary considerably. For example durability and resistance to staining are more important than cost factor for hospital equipment.  Brilliant whiteness is desirable for refrigerators while it may be sacrified in case of washing machines at the cost of better soap and alkali resistance. However in case of kitchen cabinets and utensils cost may be important factor.
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All of these requirements can be satisfied with alkyd and amino type of finishes. Somewhat faster baking time may be obtained with styrenated alkyds but at a slight sacrifice of colour, toughness and resistance to solvents.

Urea resins should be used whenever possible they are lower in cost than melamine type and give slightly better colour. However they are not as resistant to moisture and alkalies as the melamine rseins. So they should not be considered for washing machine finishes. In addition to this urea resins are more sensitive to discolouration on overbaking than melamine resins. A 50:50 mixture of urea and melamine is almost good as straight melamine for many applications.

The typical example of white baking enamel based on alkyd-amino system resin combination is given below. The Alkyd-amino ratio may be varied to meet performance requirements and baking schedule. 









	S.N.
	Ingredients
	% weight

	1
	Tio2
	30

	2
	Short oil alkyd resin (60% solids)
	35

	3
	Amino Resin (50% Solids)
	18

	4
	Xylene
	10

	5
	Butanol
	07

	
	Total
	100



In this formulation: 	Total solids-60%
			PVC 	   -22%
			Pigment binder ratio – 1:1
			Alkyd-amino resin ratio – 70:30 

The epoxy-polyamide coatings give better toughness. However these coatings are not resistant to moisture and chemicals and are not pale in colour as like alkyd-amino system. 

Finishes for metal furniture:  A considerable volume of finishing materials is used for items such as metal furniture, lockers storage and Fileing cabinets for factories and offices. The most common colours are Olive green, greys, red and browns. But wood grains finishes and hammer finishes are also used. Since the metal objects in this case are subjected to exterior conditions or corrosive environment they are not necessarily given passivating treatment.
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In the majority of cases, the first coat of paint is dipped to be sure that all parts of the objects are coated. The second coat of paint is sprayed and usually is applied only on the front side and other areas that are rarely seen. The first coat must match the colour and finish of the second coat closely. The finishes used for furniture are usually semi glossy. 

Usually the vehicle in the first coat is different from that in the second coat. Since the first coat is dipped, the vehicle must have good flow. Varnishes are good vehicle for the first coat on metal furniture. Typical formula for low cost varnish vehicle for first coat can be shown as below.
  		
	S.N.
	Ingredients
	% weight

	1
	Maleic modified Rosin ester
	62.5

	 2
	Bodied linseed oil
	13

	3
	Mineral spirit
	24.50

	
	Total
	100



The above varnish vehicle can be used for primer or first. If the finish is of air drying type, 0.75 pb, 0.05% and 0.02% mn driers can be added but for high temperature baking driers may be omitted. There are a great many possible variations in the vehicle and also in the pigmentation. Particularly vehicle based on Styrenated alkyd, short oil alkyds etc. the finish enamel is sprayed over the baked primer on the exterior surface of the objects as indicated previously. The finish is usually based on an alkyd-amino resin combination because of its fast baking time and mar resistant surface. To keep cost minimum the mineral spirit soluble type of alkyd may be used containing 32-355 phthalic anhydride and either soyabean or linseed modification. A urea formaldehyde resin which has high mineral spirit tolerance is necessary. Butanol is added for stability. A small amount of Mn drier is added to improve hardness. This enamel may be thinned with 50:50 mixtures of xylene and high boiling solvent for spray application. 

For low cost work, the enamel may be sprayed directly on clean steel for a one coat finish. Styrenated alkyds alone or with amino resins may be substituted for the alkyd-amino combination where very fast baking schedules are required.  



	Key Take away from this LO:
[bookmark: _GoBack]Clear coat as well pigmented coatings for Industrial products can be formulated
Careful selection of material is required to develop duarable coatings.
Properties and applications of developed coatings depends on formulation principles
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