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	Learning Objective: 
1. Define the role of automotive Surfacer.
2. Define the role of automotive Base Coat
3. Explain the necessity of surfacer coat
4. Describe the types of Base coats available in automotive coating. 
	Diagram/ Picture




        Fig 1: Application & Sanding of Spray primer
 
                               



          Fig 2: Application of automotive base coat 

	Key Questions

1. Explain formulating principles of Surface
2. Write formulation of automotive base coat.
3. Justify the role of Ingredients used in suitable formulation of surfacer & base 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:

“After ED process 9application of Primer) next coming automotive coat is surfacer. The surfacer is having the P/B ratio in between that of enamel & primer. This surfacer prepare base for next coming coat i.e. Base Coat, which is responsible to optical, mechanical & other resistance properties.

Similarly the coat which is visualise to us on any automobile is called as base coat. The shades of this base coat are available in Solid as well as in metallic colours The coating is applied at fine film thickness still maintaining all mechanical, chemical & weather resistance properties. ” 

(Cont. on Next Pages)
	Key Definitions/ Formulas

Surfacer:  Surfacer is an easy sanding paint used to fill surface irregularities. It plays an important role in automotive coating systems.

Base Coat: The base coat is applied after the primer coat. This coat contains the visual properties of colour and effects, and is usually the one referred to as the paint. Base coat used in automotive applications is commonly divided into three categories: solid, metallic, and pearlescent pigments.



	  
	
	

	
	Function of Surfacer:
1.To hide imperfections of primer & different body parts of automobile
2. To prepare base in terms of colour, film uniformity for base coat
3. To provide adhesion between primer & base coat. 
4.Provide mechanical & chip resistance
5. To support UV resistance, weather resistance 
6.  To maintain flexibility & adhesion etc.
Function of Base Coat:
1. To provide Colour/Shade
2. To provide Mechanical, Chemical & weather résistance for entire coating system.
3.  To maintain highest level of flexibility & adhesion 
4. To Provide chip resistance

	Link to YouTube/ OER/ video



	Surfacer/Fillers- the function of the surface layer of either in the automotive coating system is as below 
1.To provide a foundation for the subsequent top Coat 
2.To permit rectification of metal and primer imperfections mainly for aesthetic reasons 
3. To supplement the mechanical and corrosion performance properties at the overall system. 
   These properties are normally achieved at an average dry film thickness of 20- 30 micron in curing cycle of 20 to 30 minutes at 150- 1700C depending on composition. 
  Specific characteristics properties of surfaces or Filler are good filling ,easy sanding ,good flow ,compatible in performance with the primer and Top coats ,good humidity and corrosion performers and good overall adhesion. 
   Although the current surfacer /fillers are solvent-based but the development of the water based surfacer/fillers are on the way. 
   
Solvent Based Surfacer/Fillers- the pigmentation of this type consists of a combination of hiding pigments such as carbon black, Titanium dioxide ,iron oxide and extenders suggest barytes, clay and talcs and Anticorrosive pigments such as chromate and leads are not used due to their toxicity and allergy problems due to dusting during sanding operation. 
     In this system the traditional epoxy Ester types are gradually replaced by oil-free polyesters to improve weathering and particularly resistance to chalking. Since with the introduction of metallic top coats the transparency and low thickness of this coatings permits sunlight to reach the surfacer /Filler causing a type of deterioration that weakens topcoat adhesion resulting in massive film failure referred to as sheet for defemination. 
  For a given pigmentation and vehicle system the level of pigmentation varies considerably depending on such factors as a glass, filling sanding properties and whether the top coat is of thermosetting or thermoplastic systems the pigment Coat.

Surfacer/ Filler is relatively low (Pigment :Binder ratio 1-2:1) whilst in thermoplastic coating it is higher typically (3-4:1) for specific adhesion and performance requirements. Now the recent trend in surfacer/ filler is towards lower pigment contents, higher application solid and improved flow.
  A representative a formula for thermosetting surfacer/filler it shown below.
Water borne Dip Primers / Spray Surfacers – 
Products of this type are usually based on high acid number vehicles of the same chemical structures as used in their solvent thinned counter parts and pigmented on similar lines. The high number of acid groups normally obtained through incorporation of maleic anhydride is reacted with amins to import water solubility, water miscible solvents such as ethylene glycol monobutyl ether are normally used up to 20 to 30% to facilitate solubilisation and to improve flow and wetting of metal substrate .
   Cross-linking is affected or assisted through water soluble Mela mine resin of hexamethoxy methyl melamine types and or metallic driers.  Waterborne dipping primers exhibit the same limitations in DP characteristics and performance as their solvent-based counterparts. Their application is therefore Limited and generally have been superseded by the electrodeposition process. Their problem areas are 
a) limited application latitude in conventional spray booth facilities although not to the extent of water based top coats.
b) they are not easily adaptable to electrostatic application facility currently in use in most Automotive plants, however they exhibit inherently very good flow hold out and balance of performance properties

Formula for light Grey non sanding Surfacer/filler (Thermosetting Type)

	Sr.No
	Ingredients
	%

	1
	Carbon Black
	0.1

	2
	TiO2 (R)
	3.8

	3
	China Clay
	3.4

	4
	Barytes
	23.9

	5
	Epoxy esters (50% NV)
	42.0

	6
	Melamine Formaldehyde (60% NV)
	0.5

	7
	Urea- Formaldehyde (60% NV)
	3.5

	8
	Aromatic Solvent
	22.2

	9
	Flow Control Agent
	0.2

	
	Total
	100%



AUTOMOTIVE TOPCOATS- 
There are two major Technologies that serve the automotive industry namely thermosetting enamels and thermoplastic acrylic lacquer top coats.
   General makers which is the largest manufacturers of cars uses acrylic lacquers for bath solid and metallic colours while Japanese and most of the European manufacturers uses thermosetting enamels. 

Thermosetting Top Coats -
Alkyd Types-  A typical alkyd Automotive finish is based on non drying alkyd resin cross linked with 25 to 35% butylated melamine formaldehyde resin and cured at 120 to 130 degree centigrade for 20 to 30 minutes. Some developments in technology over the past few years have taken place to improve the durability and which are as below. 
1.Substitution of the dibasic acid employed in the alkyd resin component from ortho phthalic to isophthalic acid. 
2. Use of Trimethyloethane or propane in place of glycerol or glycol. 
3. use of selected fatty acids (myristic/Pelargonic )as partial or total replacement for the basic coconut oil fatty acid component. 
          The alkyd type finishes exhibit good durability in solid paste colours ,adequate in dark solid colours (Reds and Blues) and unacceptable in metallic finish particularly in Australian and USA field conditions. 
          Sometimes nitrocellulose is incorporated in alkyd formulation to reduce the curing temperature to 80-100 degree centigrade and improve application and processes, properties such as repair work .However such modifications adversely affect durability and as such they have found limited applications in mass-produced application. 

Conventional Acrylic Types- Acrylic Topcoats are based on acrylic copolymers cross linked with butylated or isobutylated melamine formaldehyde in the ratio of 60:40 or 80:20 depending on the desired balance of properties such as durability, flexibility ,intercoat adhesion and chemical resistance. Typical acrylic copolymers comprise
 1. Styrene between 20 &40% 
 2.  An acrylic copolymers (40%-60%) based on blend of Hard (methyl methacrylate, butyl methacrylate) and soft (butyl acrylate, 2- ethylhexylacrylate) monomers, forms the backbone of the acrylic resin.
3. A hydroxy monomer (10-30%) such as hydroxy propyl methacrylate or hydroxyethylacrylate, to provide the cross linking sites with melamine components. 

The effect of those components are shown in following table

	
	Monomer
	Effect on polymer Properties

	Considering that the molecule of such an acrylic copolymer is relatively low (10000-25000), It’s performance Properties and durability’s requirements for an automotive finish largely depend on the degree and mode of cross linking during stoving, normally in the region of 1300C t 1400C for 20-30 minutes


	Methyl Methacrylate
	
Hardness

	
	Styrene
	

	
	Vinyl toluene
	

	
	Acrylnitrile
	

	
	Butyl Acrylate
	Flexibility

	
	Ethyl Acrylate
	

	
	2-Ethylhexyl methacrylate
	

	
	Acrylamide
	

	
	Acrylamide
	

Cross Linking Sites

	
	Butoxymethyl Acrylamide
	

	
	Hydroxy Alkyl acrylates
	

	
	Glycidyl Acrylate
	

	
	Acrylic Acid
	
Curing Acceleration

	
	Methacrylic Acid
	

	
	Maleic Anhydried
	




The representative formulae for acrylic copolymers are shown in following Formulae

	Formulae 1
	Formulae 2

	Styrene
	12.0
	Styrene
	21.0

	Methacrylate
	8.0
	Ethyl Acrylate
	5.0

	Butyl acrylate
	12.0
	2- Ethylhexyl Acrylate
	13.0

	HydroxyPropyl methacrylate
	9.0
	HydroxyPropyl methacrylate
	10.0

	Acrylic acid
	8.0
	Acrylic Acid
	1.0

	Xylene
	1.0
	Xylene
	50.0

	
	100%
	
	100%

	NVM
	50% by mass
	NVM
	50% by mass

	Viscosity (Gardner Holdt)
	x-y
	Viscosity (Gardner Holdt)
	x-y



The following table shows the effect of varying the styrene and acrylate levels

	Effect of increased styrene levels
	Effect of increased acrylate levels

	Cost reduces
	Flexibility increases

	Hardness increases
	Durability Increases

	Chemical Resistance increases
	

	Solubility in solvent increases
	

	Compatibility with amino resin decreases 
	




Base Coat System -Clear on basecoat technology originated in Germany sometimes ago and has developed upto and through the 1970’s to the products now in use. It is widely used by European and Japanese automotive manufacturers in metallic colours to impact characteristic high Gloss, depth and chemical resistance.
           The process involves the application of highly pigmented base coat to a film thickness of 15-20µ. To provide coverage and colour, air flashed for 2-3 minutes, followed by a clear coat to an average film thickness of 30-40 µm . The composite system is baked for 30 minutes at 1300C, similar to conventional acrylic enamel Top coats.

Formula for typical thermosetting acrylic top coat is given below
	Ingredients
	Parts by weight
	Instruction

	TiO2  (R)
	17.5
	Premix and Disperse to less than 5 µm

	Butylated Melamine Formaldehyde (60% NV)
	4.2
	

	Xylene
	3.0
	

	Butylated Melamine Formaldehyde (60% NV)
	3.0
	Premix and add continue dispersion 30-60

	Acrylic Co polymers (50%NV)
	3.0
	

	Toluene
	2.0
	

	Xylene
	3.0
	Wash Out

	Butylated Melamine Formaldehyde (60% NV)
	10.3
	

	Acrylic Copolymers*
	45.0
	

	High Boiling Aromatic Solvent
	3.0
	

	Flow Control Additive
	0.2
	

	Flow Control Solvents 
(aromatic/esters/ethers)
	5.3
	

	
	100%
	


	NVM
	50 + 1% by mass

	Viscosity
	30-34 sec ford cup 4

	Pigment: Binder Ratio
	0.5:1

	Acrylic : MF Ratio
	70:30

	Application Thinner
	Xylene/Toluene/Boiling Aromatic Solvents

	Application Viscosity
	17-20 sec. ford cup 4










The current technology involves two types of basecoat
a) High Solids thermosetting acrylic melamine -formaldehyde system and
b) Low solids Polyester system cross linked with melamine formaldehyde 
   All acrylic thermosetting clearcoats are employed for optimum durability. Both Basecoats and clearcoats are suitably modified for application control and performance.
The air flash time between the exterior coats and base coat and clear coat can vary between 3 and 6 minutes and that between exterior clear coats up to 3 minutes.

	Key Take away from this LO:

[bookmark: _GoBack]Surfacer applied after ED primer provides the smooth & uniformity in the sense providing uniform, colour, removal of Imperfections between substrate, primer and different body parts. The surfacer is then wet sanded to provide base for next coming colour coat/base coat. This base coat is responsible to maintain decorative, aesthetic & protective characteristics of entire coating system. The base coat is spray applied to main highest level of smoothness 7 glossy finish.
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