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	Learning Objective: 
1. Define the term water dispersed polymer.
2. Define the term top Coat
3. Explain the necessity of topcoat
4. Describe the types of topcoats available in automotive coating. 
	Diagram/ Picture




        Fig 1: Application water dispersible base coat
 
                               



 Fig 2: Automotive base coat & Base coat + Top Coat 

	Key Questions

1. Explain formulating principles of water dispersed base coat
2. Explain limitations of water based base coat 
3. Explain advantages & limitations of Clear coat/top coat
4. Formulate suitable automotive top coat
	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:
“The demand for low organic solvent, solvent emission norms together with need for environment friendly coatings are pushing demand for development of water base coating system. The system has been successfully developed and tested for automotive base coat, however due to some application limitations associated with these base coats particularly with use of water solvent has proved to be detrimental  for growth and acceptance in industry.

Similarly the coat which is termed as Top Coat, significantly add ashthetic & protective value to underlying coats and increase life of substrate manifolds .” 
(Cont. on Next Pages)

	Key Definitions/ Formulas

Water dispersed Polymer:  A dispersion polymer (also called resin, binder, latex and emulsion) is a Polymer where the solid portion is a stable dispersion in a carrying solvent. ... Although not strictly true solution polymers are often synonymous with solvent borne coatings whereas dispersion polymers are synonymous with water borne systems.

TopCoat/Clear Coat: Top coating is a transparent or translucent coat of paint applied over the underlying material as a sealer. In a paint system, the topcoat provides a resinous seal over the intermediate coats and the primer. ... Top coating is used to provide: Resistant seals for coating systems


	  
	
	

	
	Water dispersible base coat:
1.No strong organic solvent is required
2. system is environment friendly.
3. No fire hazards 
4. Smooth & uniform film of good aesthetics, can be produced
5. Film is equally mechanical 7 chemical resistant like solvent born top coat 

Top Coat/Clear Coat:
1. Final coat applied on automobile
2. Unpigmented clear lacquer 
3.  Can be applied with conventional spray application 
4. To Provide excellent glossy finish
5. [bookmark: _GoBack]Add to mechanical, chemical & protective value of underlying coats & substrate

	Link to YouTube/ OER/ video



	 Water based thermosetting  topcoats -  water thinned enamels  currently in use are based on acrylic Polymers similar to those used in the solvent thinned type  except that the percentage of hydroxyl containing monomer is lower and that of acid (carboxyl) monomer considerably higher.  the carboxyl group reacted with solubilizing amines (Triethylamine and dimethylethanolamine are examples) to obtained water solubility or dispersibility, the cross-linking resin is naturally of the Hexamethoxymethylmelamine type. 
                   Two basic types of polymers have been developed used either individually or in blends to achieve optimum balance of application and performance properties water-soluble Polymers and water dispersed polymers.

 Water Soluble Polymers - these are usually in the form of amine salts the Polymers form clear true solutions in water containing 20 to 30% of water miscible organic solvent blend such as ethylene glycol monobutyl ether or butanol. Their rheological and performance characteristics depend on 
a) Type of amine
b) Type of solution copolymer 
c) Non volatile content
d) Type of organic solvent. 

The preparation of typical copolymer is shown in the following formula. The equipment required includes an efficient stirrer, condenser and monomer addition facilities.

Formula for water soluble acrylic polymer for Automotive top coats:-

	Isopropanol
	12.2

	Ethylene Glycol Monobutyl Ether
	3.5

	Heat to reflux and add the following

	Methyl Methanoacrylate 
	9.0

	Methyl acrylate 
	22.2

	Hydroxy Propyl Methacrylate
	6.2

	Acrylic Acid
	1.0

	Catalyst
	0.2

	Reflux for 3-4 hours until desired molecular wt. is achieved then add

	Ethylene Glycol monobutyl ether
	10.0

	Remove low boiling distillate cool to 100-1100C and add the following maintain stirring

	Dimethylaminoethanol
	1.3



Copolymers such as those in surface coating have the disadvantages of high-water retention during drying with a tendency to sag and or solvent boil. High amine content imparts odour, weakens humidity performance and often adversely affect stability.
 
Water Dispersed Polymers - These are prepared using similar monomer composing of the water-soluble Polymers but with much reduced organic solvent levels and with significantly higher molecular weights. The latter property contributes greatly to improved mechanical properties durability and the achievement of High application solids with less tendency to solvent boil.     
    The physical state of the dispersion system allows faster water evaporation during application and curing but causes greater difficulty with flow, gloss and pigmentation. For this reason most of the practical formulations are based on blends of water soluble and water dispersed polymers.

     In these water based compositions the pigment is normally dispersed in a melamine resin and extended with a water soluble acrylic polymer. A typical formula of this type is shown below. Further acrylic polymer additions are made to give the required pigment: Binder ratio


	Formula for a typical acrylic dispersion topcoat

	TiO2
	22.0

	Deionized water
	42.0

	Dimethyl Amino Ethanol
	1.0

	Anti Foam Additive
	As per requirement

	Ethylene Glycol monobutyl Ether
	5.0

	Melamine Resin
	15

	Water Soluble Acrylic Co- polymer (50%NV)
	15

	
	100%



 ( Mix for 20 to 30 minute and disperse to less than 5 µm in a sand mill maintain pH at 7.8 to 8.5)

Application Characteristics of water based finishes – 
The evaporation characteristics of waterborne paints are dominated by the fact that water has a single boiling point, high latent heat of evaporation and is very dependent on the ambient relative humidity. In addition, water differs from most other solvents in that it readily forms azeotropes with many other solvents that can alter its volatility. This characteristic reduce the application and flexibility of such finishes in conventional Automotive facilities designed for solvent based system unless substantial investment is made count temperature to humidity and air flow movement in spray booth and Pre baking stages.

Conventional Thermoplastic Acrylic Top coats –

Thermoplastic Automotive top coats currently based on acrylic resins are almost exclusively used by car manufacturers in the USA The formulations of these finishes referred to as lacquers is a much more rigorous exercise than that of thermosetting enamels because their overcoat performance depends not only on the composition of the lacquers but also on the undercoating system.
        Thus whilst in the progressive development of acrylic enamel from the earlier alkyd enamels the undercoating system remained basically the same the advent of acrylic lacquers necessitated the development of specific undercoats for such critical properties as adhesion, solvent pick up on recoating and cracking in the field.
 
Basic Formulating Principles – 

Acrylic lacquers consist essentially of four main constituents 

· Acrylic Polymers 
· Cellulosic modifiers 
· Plasticizers 
· Solvents

          Their types and preparations determine the performance and processing properties of lacquers in any given Automotive plant.

· Acrylic Polymers - This is the basic ingredient in acrylic lacquers and constitutes 50% or more of the vehicle system. The acrylic resin is usually produced by free radical polymerization of methyl metha acrylate with or without small percentage (5- 30% ) of other acrylates or mythacrylates in solution, to an average molecular weight of 100000 Significantly higher molecular weights improved durability and mechanical properties but reduce application solids and smoothness of the film and affect processing in general; on the other hand low-molecular-weight adversely affect durability and overall performance.

· Cellulosic modifiers -   This is invariably cellulose Acetate butyrate and normally is used in the range of 15 to 25% on vehicle solids to improve the application properties particular of metallics without sacrificing the performance and appearance.

· Plasticizers -   This is used at 15 to 25% depending on the composition of the acrylic polymer and can be of the monomeric types such as butyl benzene phthalate or polymeric oil or an oil free polyester type. It contributes to the gloss on reflow, gloss retention on exposure and cold crack performance and solvent craze on rectification .

· Solvents - The high molecular weight of the acrylic polymer and diversity of ingredients demands a solvent blend to impart High solvency compatibility and application properties without adversely affecting durability on fully cured and low baked repair films. A typical solvent balance is shown in the following formula 


	Solvent Type
	       Examples
	Parts by Mass

	Aromatic
	Toluene,Xylene
	40

	Ketones
	Acetone, methyl ethyl Ketone
	30

	Glycol Ethers and Esters
	Ethylene Glycol monoethyl ether acetate
	30






The typical formula for metallic thermoplastic acrylic lacquer top coat is shown below

	Aluminium Pigment Paste (60% NV)
	1.6

	Acrylic Resin (90:10, methyl methacrylate:Butyl Acrylate)
(40% NV in Toluene)
	43.0

	Cellulose Acetate Butyrate
	4.4

	Plasticizers (oil free polyester)
	8.2

	Acetone
	10.0

	MEK
	12.0

	Xylene
	3.0

	Ethylene Glyco Monoethyl Ether Acetate
	17.8

	
	100%


 
Processing Parameters – 
Acrylic lacquers are normally reduced to low application viscosities (16 to 18 sec., ford cup -4) with a blended thinner from 80-100 % reduction by volume and applied at relative Li Hai fluid flow (800 to 1200 ml /min) 

To take advantage of the reflow properties of acrylic lacquer the film is first Baked at 80-100 degree centigrade for 10 to 15 minutes to achieve a working film hardness at room temperature (3-4 knoops) film imperfections are wet sanded(P1000- P12000 paper) and subsequently baked at 150 to 160 degree centigrade for 30 minutes the film reflow eliminating the standing marks and producing high gloss and smoothness.  


	Key Take away from this LO:
Water base Topcoat are the future of coating industries. The limitations associated with use of water as solvent need to be rectified, once its achieved water dispersible base coat have the potential to replace existing organic solvent base base coat. 
Similarly, at present different types of topcoat/clear coats are being applied for automotive finishes. There is definitely scope for development of low solvent, high solid topcoat system without compromising application properties.
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