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	Learning Objective: 
1. Understand the characteristics of wood and plastic substrate
2. Write types of lacquers and varnishes available for wood
3. Explain requirement of coatings for wood and plastics. 
4. Write suitable formulations of wood lacquers
5. Write suitable formulations of paints for plastics


	Diagram/ Picture
[image: ]
(a)                            (b)                                  (c) 
Figure 1: Wood Lacquers/Varnishes- (a) Shellac, (b) Oil varnish and (c) Melamine (amino) lacquer




(a)                            (b)                                   (c)          
Figure 2: Painted Plastic Parts- (a) PVC Pipes (b) ABS (Bumpers) and (c) Polyester plastic (Hangers)

	  Key Questions

1. Explain requirement of coatings for wood and plastics
2. Write suitable formulations for wood and plastics
3. Describe role of ingredients in formulations
4. Describe properties and application of paint/coatings  for wood and plastics.

	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:
“Finishes or coatings for wood and plastic requires careful formulation. The substrate have altogether different physical & chemical characteristics. The adhesion and flexibility on these objects pose major challenge. Chemist need to take into consideration the characteristics of type of wood or type of plastic material to be painted/coated  ” 

(Cont. on Next Pages)
	Key Definitions/ Formulas
French Polish-  “The Saturated Solution of Shellac (Natural resin) in white spirit/ alcohol which is applied by cotton sponge Or sponge to wood as coating is called as French polish”
Movement of Wood- “The wood on exposure to moisture or humid conditions absorbs the moisture from environment and swell. Whereas in dry atmosphere it desorb the moisture and contracts. This absorption and desorption process followed by expansion and contraction of wood is called Movement of Wood”
Mold Release Agents:  “The resinous or wax materials coated inside of mold to release processed/fabricated plastic parts from mold are called as mold release agents.”

	  
	
	

	
	Types of Wood and plastic  coatings:
1. French Polish
2. Clear lacquer for wood
3. NC Lacquer
4. Air drying alkyd/modified alkyd lacquer
5. Alkyd amino lacquer
6. 2 pack Epoxy/PU lacquer
7. PVC lacquer for plastic
8. 2 k Paint for plastics 
	Link to YouTube/ OER/ video


	
Wood finishes: The horizontal cross section of wood trunk is shown in following diagram. The outer layer is called as bark which acts as protective layer for tree. The next layer is known as phloem which carries water and supplements to the tree. The inner portion made up with circular layers/ concentric circular rings is known as ‘Xylem’. These rings indicate growth pattern of tree during winter and summer season. During winter season when ample water and supplements are available, tree grows at maximum speed. i.e growth of tree rapid. During this season formation of annular ring in xylem area is broad and porous [to carry maximum water]. However during summer season, growth rate of tree reduces. The effect can be seen in the form of forming close and dense annual ring [In xylem area]. The wood obtained from tree where portion of these winter rings [wide and porous rings] are more, wood is called as soft wood. Whereas the wood containing high proportion of summer rings [dense and compact annular rings] is called as hard wood. The soft wood although convenient for carpenter for crafting, it readily absorbs moisture when exposed to humid condition and expand, whereas during hot/summer season it desorb the moisture and contacts. The process is called movement of wood. In case of hard wood the impact of movement is minimum. 

While applying varnish, lacquer/paint finish to wood it is essential to take care that all pores and openings of wood should be filled and plugged to avoid movement of wood. This can be done by applying sealer coat to wood after preparing wood substrate for painting or application of coating. The sealer coat could of diluted varnish/ lacquer or simple drying oil added with driers and some insecticides/pesticides to prevent wood from getting attacked by termites. After this sealer coat and with rough sanding with sand paper, next coat/top coat can be applied to wood. 
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   Figure: Different structures of wood. Sections of annual ring of (A) gradual transition conifer, (B) abrupt transition conifer,                  
             (C) Ring porous hardwood, (D) diffuse porous hardwood. [Picture courtesy of Dr. Krzysztof Wicher]

The most common industrial applications for clear finishes on wood are for furniture and cabinets. The three general types of finishes for wood are based on nitrocellulose lacquers, alkyd-amino resin combinations and varnishes/lacquers. The main clear finishes are applied to the wood substrates is the traditional type materials varnish based on the natural or synthetic resin in an appropriate solvent. These materials are applied as 2 to 3 coats & allowed to air dry within 24 hrs.

Shellac lacquer: This lacquer is also known as “French Polish” The most conventional and preferred system by carpenter is of Shellac lacquer. In this lacquer shellac is dissolved in alcohol (methanol) and slight amount of pigments such as yellow oxides or red oxides are added [depending on shade/tint required]. Small amount of drying/semidrying oil is added to act as plasticizer. The finish is usually applied with help of lacquer soaked cotton cloth or using sponge. Some 3/4 coats are applied. However this system is poor in mechanical properties and very poor for water/moisture resistance.    

The suitable formulation of some of common wood lacquer/finish is given below.

Clear varnish: A simple, conventional and established clear vanish for wood is based either on the oils, modified oils or oil-modified drying alkyds. A simple formulation can be shown as below.

	S.N.
	Ingredients
	% weight

	1
	Long oil alkyd based on soyabean oil 70% solid mineral turpentine.
	85.00

	  2
	Mineral turpentine 
	12.00

	3
	24%lead Napthanate 
	2.0

	4
	6% cobalt drier
	0.5

	 5
	Methyl ethyl Ketoxime                    (10%in MTO) 
	0.5

	
	Total
	100


     

Alkyd – amino finishes (wood finish):  These are generally based on short oil nondrying oil & butylated melamine formaldehyde resin. In this type of the finish curing is effected with the help of mineral acids such as H2SO4 or HCL. Low addition of level acid of about 0.5 to 1 % acts as catalyst/curing agent. Apart from using normal solvent blend of Xylene & n- butanol, which are the true solvent for alkyd amino system. Slow evaporating solvent such as higher alcohols is added to maintain flow & leveling during spraying and drying of film. The finish is applied by spraying only to maintain smooth & glossy finish.  A small addition of cellulose nitrate can improve hardness & flexibility level of the film.

The suitable formulation for alkyd-amino wood finish is shown below,
 
	S.N.
	Ingredients
	% weight

	1
	Base:
Short oil length DCO Alkyd Resin 50% in xylene 
	
40.0

	2
	Butylated UF resin (65%) in n-Butanol
	30.0

	3
	Xylene
	10.0

	4
	Cyclohexane solvent 
	5.0

	5
	n-Butanol
	10.0

	6
	Hardner HCl in 20% n-Butanol
	5.0

	
	Total
	100




Nitrocellulose lacquers:  Nitrocellulose finishes air dry faster than those made with any other film former. Nitrocellulose finishes dry to dust free condition in a few minutes. However they may require from several hours to overnight air drying before they are hard enough to rub and polish or to pack for shipment. However at this time they are usually more print resistant to the paper or other packaging materials than finishes which dry by oxidation. The fast air drying and print resistant features of nitrocellulose lacquers make them particularly useful for finishing large, bulky objects which cannot be baked, such as wooden furniture. Fast air drying schedules reduce the space required in finishing and drying rooms for such objects. 

Nitrocellulose (NC) clear finish- This is commonly used wood lacquer in wood coating industry. The main component is the NC binder itself. NC imparts hardness superior to the hard resin such as ester gum which increases the gloss level durability & adhesion. Plasticizers such as D.B.P, or D.O.P increases flexibility & elasticity of the film. The drying time of the material is very fast & care is taken not to over spray. The film is resistant to water, common solvents (other than ketones, esters and acetates). 

Formulation for NC lacquer
	S.N.
	Ingredients
	% weight

	1
	NC cotton low viscosity
	10 - 20

	2
	Alkyd Resin (50% solids)
	40 – 30

	3
	D.B.P.
	02

	4
	MEK
	06

	5
	MIBK
	16

	6
	n-butanol
	04

	7
	IPA
	04

	8
	Toluene
	18

	
	Total
	100

	
	
	



One pack urethane alkyd:  The product is also called uralyd  (commercial example is touch wood varnish) these are prepared by the forming a mixture of mono & diglyceride.  Form drying oil & reacting a free hydroxyl group with di-isocynate groups. Which produce a MTO soluble resin & cure by the normal drying (autoxidation) process. The addition of cobalt drier to lacquer is made to yield a hard and tough film. This pone pack urethane alkyd is preferred mostly for furniture which require durable coating than oil/alkyd based, nitrocellulose of Amino based wood lacquers/varnishes.

[image: ]

However, for more tough and durable coatings with excellent glossy finish, 2 pack polyurethane finishes is applied. Area of application is like wooden floor coating, furniture required at restaurant, bar etc.

Coatings for Plastic: Plastics are bulk polymeric materials which therefor have certain similarities to Paint coatings, they can be subdivided into two main types, thermoplastic and thermosetting resins. Plastic articles and components are basically fabricated by two main methods, molding and forming.  
Thermoplastic moldings are typically produced by injection where the plastic material, made fluid by heating, is injected into a pretooled mold and allowed to set (cool), thereafter, the mold is struck and the molding is rejected. Thermosetting resin moldings require a controlled heating and pressure regimen on a molding press and once set, these resultant plastics are irreversibly hardened. Thermoplastic components can also be made forming or fabrication from sheet material.  
Paints for Plastic: The nature of the plastic material, whether it is thermoplastic or thermosetting has a specific solvent resistance and naturally this factor influences the choice of formulation which can be applied. In general thermosetting materials such as melamine, urea and phenol formaldehyde types are more resistant to most common solvents. Among thermoplastic materials nylon is resistant to most solvents, but other resins are attacked by specific classes of solvents e.g. acrylonitrile butadiene styrene (ABS), polystyrene and poly (methyl methacrylate) acrylic plastics, polyvinyl chloride (PVC) is sensitive to ketones and esters as well as aromatic hydrocarbon solvents. However alcohols and aliphatic hydrocarbons do not affect the above materials cellulose acetate plastics are attacked by ketones esters and alcohols but are resistant to aromatic hydrocarbons.
The paints applied to the thermosetting plastics are of air drying and Stoving types. However the Stoving temperature must obviously be limited to avoid the risk of discoloration of the component. The use of Stoving cured paints on thermoplastic material is limited due to nature of substrate itself.
For thermosetting plastic, surface roughening is required to remove the characteristic gloss finish obtained on striking the mold. Light sanding or wet blasting can be done for this purpose. The thermoplastic component are sensitive to solvent so coating can be formulated using solvent blend which slightly attacks [solubilizes and etches] the surface of substrate. This etching promotes paint adhesion.  
Plastics such as polystyrene, acrylic or cellulose acetate can be coated using alkyd or nitrocellulose paints with carefully selected solvent blends. Cellulose acetate plastic material is preferably coated with a paint based on cellulose acetate polymer.
The formulations of coatings for widely used industrial plastics material are given below
Polyvinyl chloride: poly (vinyl chloride) is mainly used in building, trade and application of coating is typically by brush. There is some advantage in allowing the PVC to pre weather before painting. Two pack etch primer can be used with such system and they may provide benefit of enhanced adhesion on unweathered surfaces. Lacquers and paints based on vinyl copolymers are widely used on these plastics because of their high adhesion and flexibility. The formulation for example of this type of coating is shown below.


	S.N.
	Ingredients
	% weight

	1
	TiO2
	4

	2
	Vinyl chloride-Vinyl acetate copolymer ratio 87:12
	16

	3
	Acetone
	35

	4
	Cyclohexanone
	10

	5
	Toluene 
	35

	
	Total
	100



The co-polymer of ratio 95;5 through to 87:13 can be adopted [Increasing the amount of vinyl acetate in the resin increases the range of solvents and diluents that can be used with the copolymer.
If the above system be adopted for continuous production line work, the speed of drying would be important. So in that case some substitution of cyclohexanone with a fast evaporating ketone would further accelerate drying. 

Polyesters: Surface preparation is again important to obtain good adhesion of applied coatings. Typically mold release agents have to be removed by a combination of detergent and white spirit washing. 
A range of coatings can be used on polyester plastics and these are air drying or low temperature force drying. Primers are essential in order to give adhesion to the total paint system and to fill up slightly roughened surface of plastic. If the polyesters are being used for cab body work, a two pack polyurethane primer-surfacer followed by one or more coats of an alkyd-Nitrocellulose topcoat may be used.

The typical formulations of these systems can be shown below.


	S.N.
	Ingredients
	% weight

	
	Part A
	

	1
	TiO2
	6

	2
	Talc
	18

	3
	Precipitated CaCO3
	10

	4
	Polyether Resin 
(Hydroxyl value 300 mg KOH/gm)
	32

	5
	Epoxy resin (EEW-500)
	6

	6
	Cyclohexanone
	15

	7
	MIBK
	5

	
	Part B
	

	8
	Diphenyl methane di-Isocyanate
(60% in xylene with %NCO 14)
	8

	
	Total
	100



Lacquers for Plastics: coatings based on half second butyrate have good adhesion to most plastics with the possible exception of polyethylene and phenolic. Butyrate coatings also have good resistance to migration of plasticizers. A typical lacquer for application to plastics is given below.


Formulation 1 
	S.N.
	Ingredients
	% weight

	1
	Half second Butyrate
	6

	2
	Thermoplastic acrylics Resin
	12

	3
	Vinyl copolymer Resin
	1.5

	4
	Chlorinated rubber lacquer
	1.5

	5
	MEK
	20.5

	6
	MIBK
	23.5

	7
	Ethyl alcohol
	15

	8
	Isobutyl alcohol
	5

	9
	Toluene
	15

	
	Total
	100




Formulation 2       
	S.N.
	Ingredients
	% weight

	1
	Cellulose Nitrate (low viscosity grade damped with 30% alcohol) 
	16

	2
	Short oil coconut alkyd
(50 % in xylene)
	10

	3
	Ester gum
	15

	4
	Dibutyl phthalate
	4

	5
	MEK
	6

	6
	MIBK
	16

	7
	n- Butanol
	4

	8
	IPA
	4

	9
	Toluene
	25

	
	Total
	100





	Key Take away from this LO:
Explain need to paint wood and plastic
Describe requirement of coatings for wood and plastics 
Write formulations for wood and plastic
Describe properties and applications of Wood and plastic coatings.


[bookmark: _GoBack]
image3.jpeg
b

g o oo

e part ot e





image4.jpeg




image5.png




image1.png




image2.png





