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Unit Goal

· To understand the components and life cycle of basic coatings.  
Unit Objectives

· Topics pertaining to basic coatings knowledge include:
· Finishing Materials

· Coating Life Cycle

· Coating Ingredients

Glossary Terms in this Unit
· Additive

· Adhesion

· Coatings

· Cohesion

· Compatibility

· Corrosion

· Cross-linking

· Multiple component

· Pigment

· Primer 

· Product data sheet

· Resin 
· Single component

· Solids content

· Solvent

· Solvency power

· Surface tension

· Thermoplastic

· Thermosetting 
· Topcoat

· Toxicity

· Viscosity

· Volatility
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Finishing Materials
Coatings are categorized as a type of modern finishing material that is more advanced than traditional paints.  The word paint is loosely used to represent all types of finishing materials.  Like most types of paints, a coating is applied in liquid form onto a substrate and then dries to become a solid film.  As a result, the finishing material may provide decorative, protective or other less obvious, yet important functions. 
Unlike traditional types of finishing materials that primarily serve the purpose of providing color and decoration to a surface, a coating is better characterized by how it can protect the surface for an extended period of time.  In simple terms, coatings can be viewed as a shield that protects a surface from damaging elements such as moisture, temperature, sunlight, salt, chemicals, abrasion and various other elements. 

Finishing materials cover various sorts of structures, vehicles and virtually every commercial product.  Take a minute or two to look around and think about all of the coated objects that you encounter in everyday life.  The list is endless and each of those objects could be coated with a different type of finishing material.  If you have ever been shopping for paint, you have certainly seen the vast quantity of materials available to choose from.  With so many different types of finishing materials, it is crucial to understand that not all finishing materials are created equal.  
Advances in coating technology have resulted in the development of high performance protective coatings formulated to meet specific requirements and conditions.  A deeper look into the world of protective coatings identifies the precise science, costs and challenges that are involved.  
Coatings are designed to protect against the most extreme environments on land, air and sea.  In addition to color or surface decoration, high performance protective coatings may be formulated to provide the functions listed below: 
· Corrosion protection

· Life cycle durability 

· Temperature extremes

· Weathering 

· Chemical resistance 

· Impact resistance

· Camouflage

· Anti-radar detection 

· Lightning strike protection

· Reduce susceptibility to icing
The list above shows that high performance protective coatings are expected to achieve many important functions.  One of the most significant functions is the protection against corrosion.  Corrosion is the deterioration of essential properties of a material when exposure to particular environments occurs.  When metal structures are exposed to the environment, they are likely to rust and wear away over time.  The rate at which a metal corrodes depends greatly on the environment it is exposed to and the quality of corrosion prevention.  Metals that are exposed to marine atmospheres, moisture, tropical temperatures or industrial chemical atmospheres have the greatest rate of corrosion.  
Corrosion is a serious problem that can cause severe damage that jeopardizes expensive equipment and the lives of the operators and passengers.  Preventive maintenance is critical to the protection of aircraft, missiles and support equipment.  When properly used, coatings can be one of the most important methods of preventive maintenance.    However, the effectiveness of the coating is dependent on the knowledge and skill of the technician who prepares and applies the coating.
Coating Life Cycle 
Coatings must successfully go through several phases before they ultimately dry. Coatings are formulated by a manufacturer, stored as a liquid in a container, prepared for application by a technician and applied by a spray technician.  
When prepared and applied properly, the coating flows out over the surface as a wet film and then cures to a solid dry film.  This changeover from a wet liquid to a solid dry film seems simple, but there is much more to this process than what meets the eye.  From the time the coating container is opened to the time the coating dries, there are numerous problems that can occur.  To prevent these problems both the manufacturer and technician have critical responsibilities. 
Coating manufacturers have the responsibility to formulate coatings that are usable and ultimately work properly.  The usability of a coating is very important because the chemical and physical properties can differ between different types of coatings.  To enhance the effectiveness of how a coating is used, manufacturers develop product data sheets which contain information about how the technician can effectively use the coating.  

Technicians have the responsibility to handle, mix and apply coatings according to the manufacturer’s product data sheets.  The technical and practical coatings information presented in this unit will serve as a useful starting point to understand how coatings can be most effectively used. 
Formulation Phase

To learn more about coating formulation, this section covers the main ingredients that are combined to make most coatings.  The primary coating ingredients include: resins, solvents, pigments and additives.  Within each of these components is a variety of choices, as well as an endless assortment of combinations.  
The chemical composition can differ considerably from one coating to the next depending on the type and ratio of ingredients.  Each and every difference in the formulation of ingredients can mean that the coating needs to be stored, mixed and applied to exact specifications to achieve the desired results.  Incorrectly using a coating can be wasteful, expensive, time consuming and dangerous.  Usually, the only way a technician can know the exact specifications is to read and understand the manufacturer’s product data sheet.
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The general procedure for coating component formulation is as follows:
1. Coating manufacturers select the type and quantity of ingredients necessary to formulate a coating to meet customer’s needs. 

2. The resin component starts as a solid material. 

3. Solvents are added to dissolve the resin, changing it from a solid to a liquid; often called the vehicle binder. 

4. Finely ground pigments are then dispersed into the vehicle binder.
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A combination of volatile or non-volatile special purpose additives are added. 
Coating Ingredients – Resins

Resins are the natural or synthetic materials which are soluble in organic solvents and capable of binding and providing strong bonds between the non-volatile coating components and the substrate.  
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In simple terms, the resin is the glue which holds the pigments and non-volatile additives in place to form the dry coating film.  Resins are non-volatile and do not evaporate from the coating.  They are temporarily dissolved while the coating is liquid but as the coating dries, the resins harden and become the primary film-forming agent that binds the other non-volatile components to the substrate.  
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There are many different types of resins available to use in the formulation of coatings and each has different contributions to the life cycle and functionality of a coating.  Coatings are typically named after their primary resin system because it most significantly characterizes the coating’s properties and behavior.
Basic Resin Information
The representation of the following container depicts the resin component prior to adding the other components.
The primary resin types are acrylic, polyester, urethane and epoxy; each has their own advantages and disadvantages.  

The functions of the resin are for coating performance, adhesion, durability, hardness and curing.  Imagine the importance of a coating ‘protective shield’ covering an aircraft that is flying through freezing temperatures in a hail storm thousands of feet above ground and moments later landing in Arizona with temperatures exceeding one hundred degrees. The durability, chemical resistance and moisture resistance of the urethane and epoxy resin systems is necessary to protect an aircraft from these extreme conditions.
Coating Ingredients - Solvents

A solvent is defined as a volatile substance, usually a liquid that can dissolve film- forming agents physically without chemical reactions. 
[image: image9.png]


In liquid coatings, the volatile solvents are the vehicle that enables the non-volatile film-forming components to be effectively transferred as a liquid onto the substrate. 

To accomplish this function, the solvent must dissolve the resins, which means the solvents convert the resins into a liquid solution for application.  Once the non-volatile film- forming materials are on the substrate, the solvent’s functions are complete and the solvents should be removed as quickly and completely as possible (i.e. evaporation).
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Solvent Characteristics
Solvents can be categorized by four unique characteristics: solvency power, volatility, toxicity and compatibility.  The solvency power refers to the ability of the solvent to dissolve the resins.  A solvent’s volatility is the time is takes for the solvent to evaporate.  The toxicity of a solvent relates to the potential danger the solvent poses to human health and the environment.

The solvents must be able to be used with the mixture without harmful chemical reaction. Compatibility between resins and solvents determines how well the solvent dissolves the resin and how effectively the solvent evaporates from the wet film allowing the resins to dry to form a hardened solid film.  
Basic Solvent Information
There are three classifications in which solvents are placed: hydrocarbon which includes aliphatic and aromatic; oxygenated with involves alcohols, ketones, glycol ethers and acetates; and water.  The functions for a solvent are to dissolve resin, coat vehicle, improve flow properties, improve wet film properties and regulate film formation.

The rate of solvent evaporation can have a major influence on the properties of the coating.  Most coating formulations do not rely on just one solvent but instead use a blend of solvents to achieve optimum properties.  The type and quantity of solvents used in a coating are selected to coordinate with each other to achieve the desired properties. Evaporation properties of a coating are controlled by the volatility of the combination of solvents in that coating. 

Highly volatile solvents evaporate very fast, typically before the coating even wets the surface.  Medium volatile solvents remain in the coating long enough to wet the surface and release air bubbles and other unwanted gases.  Low volatile solvents remain in the coating long enough to influence flow and smoothness of the dry film.
The selection of high, medium and low evaporating solvents is necessary for the coating to achieve optimal wet film properties.  If the solvent evaporates too quickly, the coating may have a textured ‘orange peel’ look.  If the solvent evaporates too slowly, the coating may flow too easily and begin to drip down the surface.  
The solvent component plays a critical role in the storage, preparation, application and wet film phases. Once the wet film has been applied, solvents have served their purpose and they are no longer desirable in the coating so the solvent vapors evaporate from the coating and are dispersed into the air. 

The solvent vapors in the air may contain compounds that can cause environmental or health concerns.  These concerns have resulted from the Volatile Organic Compounds (VOC) and/or Hazardous Air Pollutants (HAP) that are contained in some types of solvents.  For example, some coatings contain isocyanate resins which will be discussed later.  These resins can be dangerous if personnel are exposed to them without the proper PPE.

Coating Ingredients- Pigments

A pigment is defined as any organic or inorganic solid particle that is not soluble in the vehicle binder.
The coating’s color is its most noticeable characteristic.  The component that provides color is the pigment.  Modern coating formulations combine multiple types of pigments into a coating to enhance the properties of the coating.
Basic Pigment Information
Functions of the pigment are to provide color, improve durability, improve bonding, improve weathering, filling properties, corrosion protection and hiding.  

Pigment Classification

Coating manufacturers select specific types and quantities of pigments so the coating will meet the specifications of the customer.  The most common types of pigments used in protective coatings are classified as prime, functional and extender.  
Prime pigments provide color, opacity and resistance to ultraviolet light.  

Functional pigments provide specifically engineered properties to the coating.  One of the most important properties of a functional pigment is the resistance of corrosion.  These pigments can serve as a corrosion barrier to delay moisture from reaching the surface or corrosion inhibitor pigments that are dissolved by moisture that has penetrated the coating film. The dissolved pigment reacts with the metal substrate to create a film that helps protect the metal substrate from corrosion. 

Extender pigments enhance the physical properties to the coating film, such as film strength and overall durability.  Extender pigments are used to provide durability, abrasion and chemical resistance. 
Coating Ingredients-Additives

Additives are special purpose ingredients added to a coating to improve performance.  Additives are added in small amounts, typically less then one percent of the total volume, but they can provide many useful functions.  

While the coating is stored in the can, additives reduce the tendency for pigments to settle to the bottom.  When applied, additives enhance the ability to flow to achieve a smooth surface.  During film hardening, additives can accelerate cure time, prevent pigments from flowing to the surface and increase resistance to ultraviolet light.
Basic Additive Information
There are four additive types: driers, thixotropes, antiskinning and flow agents.  The driers add to the coating to speed up the drying process.  Thixotropes improve the flow and settling properties while antiskinning prevents a layer of skin from forming.  The flow agents improve the coating flow and spreading.  

Storage Phase

The storage phase consists of the coating being stored in a container or separate containers prior to use.  Unit 5 will cover coating preparation in more detail.
The coating’s condition during the storage phase: 
1. The coating is liquid. 
2. Resins have been dissolved by the solvents.
3. The pigments and additives are dispersed in the coating.
Coatings are typically packaged in 1-quart, 1-gallon, 5-gallon or 55-gallon containers.  While some coatings can have all the components packaged and stored in a single container others must be packaged in separate containers due to the reactivity of the components.  
It is important that all coating components remain usable for as long as possible while packaged in the container.  Shelf life is the length of time from the date of manufacture that a coating will remain usable when stored in its original container. 
Coatings are packaged to have a long enough shelf life to make up for the time that elapses from manufacturing, storage and use.  If the shelf life expires or the coating is incorrectly handled or stored, the liquid coating may harden and become unusable.
Coatings should be stored according to OSHA safety directions and manufacturer instructions. This includes a designated area that is well ventilated, temperature controlled and has safety measures in place to prevent fire hazards or dangerous explosions.  
If coatings are stored appropriately, they should remain in a usable condition for one or two years depending on chemical stability.
Manufacturers usually recommend storing their coatings at temperatures above 40 degrees and below 85 degrees Fahrenheit.  Coating storage outside of this temperature range can cause changes in both viscosity and shelf life.  Time elapsed from the date of manufacture printed on the container should be compared to the shelf life to assure the coating has not expired.  
Consequences of exceeding the shelf life include: gelling, changes in viscosity, formation of lumps, pigment settling, and color and liquid separation.  If the coating has exceeded its shelf life and still appears to be usable with none of the mentioned problems, it should still be thoroughly tested and approved before use.

If a job does not require the entire container of coating, you can reseal the lid and return it to storage.  However, since the container has been opened and exposed to the environment, its shelf life will be shortened and it should be used on the next job instead of opening a new can.

Single Component
Single component coatings are packaged with all the ingredients in one air-tight container.  In the coatings industry, single component products are commonly referred to as “shake and shoot”. This means they do not require extensive preparation before application. 
Single component coatings are easier to use for the technician because on-site mixing of multiple components is not necessary. However, some single component coatings do require on-site mixing with a thinning solvent to reduce coating viscosity.  Even though single component products are less complicated to use when compared to multiple component products, there are still many opportunities for error if procedures are not followed. 

The shelf life of a single component coating should always be checked before use to make sure that the coating has not expired.  The shelf life of a coating can usually be found on the container label and product data sheet.  If a coating exceeds its shelf life, it may show signs of irregularities in color, viscosity and liquid separation. 
Multiple Component
Multiple component coatings or 2K coatings are packaged with the ingredients separated into several containers because the components are very reactive.  If all of the ingredients were packaged in one container, they would chemically react during storage and the coating would harden in the container. 

The separate containers must be mixed together according to the manufacturer’s procedures before application.  It is critical that the content of these containers be accurately mixed together as instructed by the manufacturer.  
Once the components have been mixed, the coating only remains usable for a set period of time.  The pot life of a multiple component coating is the length of time that it remains usable after the multiple components have been mixed together.
Coating Preparation Phase
All coatings require some preparation prior to application.  The preparation of some coatings is more complex than others.  However, the importance of properly preparing all coatings is critical to the usability and overall effectiveness.  
Spray technicians should possess coating knowledge and have the skills necessary to correctly measure the correct ratio of a mixture, accurately pour materials, mix thoroughly and control the quality of the liquid coating materials prior to application.  
The coating condition during the preparation phase:

1. The coating remains liquid. The solvent component has dissolved the resins, dispersed pigments and film forming additives.

2. The pigments may have settled on the bottom of the container.

3. Solvents will begin to evaporate as soon as the container lid is removed.

Coating Properties

Understanding the basic properties that coatings exhibit as a liquid is helpful in identifying how to effectively prepare a coating for application.  This includes the properties that control how readily the coating can flow out and allow building of an acceptable film thickness. 

Viscosity is a coating material’s resistance to flow.  For example, a gooey substance such as maple syrup has a high viscosity and flows very slowly, while water has a low viscosity and flows more quickly.  
It is important that a coating’s viscosity is low enough so that it can be easily applied, yet high enough so that it will not drip or slide off the surface.  If a coating’s viscosity is too high, the coating will flow much slower making application difficult.  If the viscosity of a coating is too low, the coating will be so thin that it flows too easily and is susceptible to the wet film sags or runs.  
The optimal viscosity occurs when the coating flows slowly and uniformly, spreading evenly over the substrate.  The coating manufacturer should provide the optimal viscosity range in the coating’s product data sheet. 
The percentage of film forming materials present in the coating is identified as the solids.  Solids content of a coating represents the non-volatile resins and pigments that remain in the coating film once the solvents evaporate.  
The higher the solids content in a coating, the more the coating’s binder will build on the substrate.  For example, if you have one gallon of coating and the solids content is 50 percent, the remaining 50 percent of the coating vehicle consists of solvents that will evaporate as the coating dries.  
This means that of the original gallon, only half of the coating will actually turn into the dry coating film.  The other half of the gallon will evaporate into the air and not contribute to the final dry coating film.  In recent years, the coatings industry has been shifting from low to high solids coatings.

    

Atmospheric Conditions
Environmental conditions and improper handling of coating materials can alter their properties and cause problems during application and curing.  Once the lid is removed from the container, materials inside become exposed to potentially degrading conditions, many of which are not immediately noticeable.  The most significant environmental conditions are temperature and humidity.

It is important to allow materials to come to room temperature before use as most coatings are best used at this temperature.  For example, if the coating temperature is below room temperature, the viscosity will be higher than optimal and the coating will have difficulties flowing out over the surface.  If the coating temperature is higher than room temperature, the viscosity will be lower than optimal and the coating will flow out too easily, increasing the susceptibility of sags and runs. 
When using a single component moisture-cure coating, the relative humidity will control the time it takes for the coating to cure.  The rate of cure is humidity dependent.  Once the cure cycle starts, the viscosity of the coating will increase depending on the humidity in the air.  Low humidity will result in prolonged cure cycle while high humidity will cause the coating to cure more rapidly.  For example, if humidity is less than 30 percent, the coating may not adequately cure.  If humidity is above 80 percent, the coating may cure too fast causing solvents to be trapped in the film.  

Wet Film Phase / Application Phase
This section discusses basic information regarding the coating application sequence and the film properties that are necessary for the wet coating to be sprayed onto the substrate as a mist, flow out evenly and bond to the substrate.  The coating’s condition during the application phase occurs as follows:
1. The coating wets the substrate. 

2. The coating flows out.

3.   Volatile components evaporate.

4. The coating begins to dry.

Wetting

Wet film properties are important because they enable the coating to wet and flow over the substrate.  The primary wetting mechanisms are surface tension and viscosity.  These mechanisms determine how effectively the coating will flow and spread over the substrate.  If these mechanisms are not properly achieved, the coating will prematurely fail.  

The surface tension of a coating will affect how well the coating will flow out over a surface.  If the surface tension of a coating is higher then the surface tension of the substrate the coating will just bead up on the surface and not flow out as needed.  This will lead to an uneven finish and poor quality.  When the surface tension of a coating is appropriate, the coating will flow out and fill in the peaks and valleys of the surface.  This will result in a smooth, even finish.
To achieve the optimal surface wetting properties, the surface tension of the coating must be lower then the surface tension of the substrate.  
Typically, coatings are designed to have a low enough surface tension to effectively wet specific substrates.  However, the optimal wetting outcome can only be achieved if surface preparation has been effectively performed.  This is very important because oils, grease, fuels and other substrate contaminants can significantly lower the surface tension of the substrate so that the coating will have difficulties flowing out evenly over the surface (See Unit 1).  
Adhesion
Once a liquid coating has effectively wetted the substrate, it must then remain on the surface for an extended period of time.  The mechanism that makes this possible is a bonding process called adhesion. 
Long-term coating effectiveness is dependent on the quality of adhesion.  Poor adhesion will cause the coating to be easily peeled, chipped or rubbed off the substrate.  As the coating comes off, the substrate will be vulnerable to the damaging effects of moisture, salt, chemicals, sunlight and various other elements.  Undetected adhesion failures on metal substrates can lead to corrosion problems that are damaging, expensive to repair and potentially dangerous.

Cohesion
Cohesion is an important wet film mechanism that enables one layer of coating to bond to itself.  The factors that have the greatest impact on cohesive strength include the pigment-to-resin ratio, molecular weight of the binder and the cross-link density of the binder.  

It is not that important for technicians to understand the exact chemical forces that bond a coating together.  What is more important to understand is that a coating manufacturer selects the appropriate types and quantities of pigment and resin components to create a usable and effective coating. 
Failing to correctly mix multiple components or re-disperse settled pigments from single component coatings can change the chemical properties of that coating and negatively affect the coatings cohesive strength. 

Sequence of Coating Types
Protective coatings are typically combined in subsequent layers of film with each layer providing important functions to the final coating film.

The most common coating layers are primer and topcoat. These layers of coatings are combined as a compatible system because one layer by itself can not provide all of the required functions.  
Materials in a system are compatible because they can be used together without unwanted chemical reactions.  Not all coatings are compatible.  This is why it is extremely important not to mix and match primers and topcoats that are not part of a compatible coating system.  
Using non-compatible coatings may result in poor bonding between the layers or other deficiencies that will prevent the coating system from protecting the substrate.
Primer
The first layer of a coating system must bond well to both the substrate and subsequent layers of coating.  Coating manufacturers develop primer coatings with strong bonding properties to be used as the first layer of a coating system.  Primer coatings also provide good corrosion protection for the substrate.  Primers may contain toxic metals, such as chrome or lead, as components that may impact the health of the painter.
If the primer coating is not used and the topcoat is applied directly over the substrate the topcoat may not stick to the surface. A disadvantage of most primer coatings are that they easily fade and degrade when directly exposed to the ultraviolet rays from the sun.  As a result, primers are not suitable as topcoats due to poor weathering and physical durability.  For these reasons primers require the protection of a topcoat. 

Topcoat
The function of the topcoat is quite different from the primer.  Topcoats are designed to provide aesthetic properties in addition to aiding the primer with mechanical and technological properties of the coating system. 
Topcoats are typically designed to be tough and durable to protect previous layers of coating and the substrate from chipping and scratching, weathering from sunlight exposure, and exposure to chemicals.  Topcoats can have a glossy finish to reflect sunlight so that the surface is easily detected, or a dull finish that is difficult to detect. 

Curing Phase

This section discusses basic information regarding the curing of thermoplastic and thermosetting coatings. 
The coating’s condition during the curing phase:
1. Solvents evaporate in thermoplastic and thermosetting coatings.

2. Resins cross-link in thermosetting coatings. 

3. Resins bind the pigments and non-evaporating additives to the surface.
The film formation process of a coating is controlled by curing mechanisms that transform the liquid coating into a solid protective film.  The two primary classifications of coating films are thermoplastic and thermosetting and these films are achieved through different curing mechanisms.  Curing is a process that causes the coating to harden by a physical or chemical reaction.  As a technician, it is important to identify and understand what causes a particular coating to cure.  Even if the film may look and feel dry to the touch, it may not be fully cured for several days or possibly weeks.

Both thermoplastic and thermosetting films require an initial phase of solvent evaporation.  During this phase, volatile solvents evaporate from the wet coating into the air, causing coating films to transform from a wet film to a dry film. 
Thermoplastic films are formed after the first phase of solvent evaporation.  There is no chemical change or reactivity involved; simply the liquid resin hardens as the solvents evaporate.  
Thermosetting films can withstand higher temperatures and have better chemical resistance.  The reason for this increased durability is that thermosetting coatings undergo a second phase where the coating chemically cures.  
This chemical curing process is called cross-linking, which is a chemical reaction that hardens or cures the coatings by creating strong links between the resin molecules and provides the coating with its final resistance properties.

The cross-linking reaction of thermosetting coatings requires either moisture, oxygen or a second chemical to achieve the desired transformation from a liquid to a durable cross-linked solid film.  As soon as the resins begin to react, the coating will start to chemically change.  The reaction will cause the coating to increase its viscosity over time.  If mixed and not sprayed within acceptable time limits, the liquid will start to cure or set up and become difficult or impossible to spray through a spray gun. 

The illustrations below depict molecular chains of the film forming material. Picture A represents the molecular structure of thermoplastic coating films. Notice that the individual chains are not interconnected with each other. 

Picture B represents the molecular structure of thermosetting coating films. You can see how the molecular chains from picture A to B have chemically changed. The molecular chains have cross-linked to form a much more durable chemical and heat resistant coating film. 

The cross-linking process joins the resin molecules together transforming the coating film from small individual resin molecules into large three-dimensional resin molecules.  If the cross-linked coating is correctly applied, it is possible that all of the resin molecules will cross-link together forming one large macromolecule.

Imagine that before the cross-linking process starts, the resins are shaped like individual pieces of rope.  As the resins begin to chemically cross-link, the individual pieces of rope begin to intertwine and form a three-dimensional web.  
The more cross-linking that occurs in the coating, the smaller the openings are in the web, making it more difficult for contaminants to filter through the coating to the surface.  After effective cross-linking, the coating completely changes from many resin molecules (individual pieces of rope) into an extremely interconnected set of molecules (three-dimensional webbing of rope). 
Thermosetting Cross-Linking Reactions
There are two categories of reactive systems that result in thermoplastic films. The first is the atmospherically reactive system and it is based on single component coatings that react and begin to cross-link when the container lid is removed and the coating is exposed to the atmosphere.  

Some atmospherically reactive systems react with oxygen and others react with moisture in the air.  The oxidation is used to attain maximum chemical and moisture resistance properties.  The coating must react with oxygen from the air to cross-link and fully cure.  To attain maximum chemical and moisture resistance properties, the coating must react with moisture from the air to cross-link and fully cure.  

The second category is the chemically converting system which is used in multiple component coatings that react and begin to cross-link once the components are mixed together.  Over a set period of time, the components are chemically converted into the desired coating. The cross-linking is triggered by mixing multiple containers of materials into the same container.  

Dry Film Phase 

This is the final coating phase that may serve an aesthetic, functional or protective purpose.  The question at hand is how effective and how long can the coating perform these functions.  The answer depends on the knowledge and skill of the technicians involved in the preparation of the substrate, the coating and the quality of application.
The coating’s condition during the dry film phase:
1. All solvents have evaporated.
2. Resins have hardened, binding the pigments and non-evaporating additives to the surface.
The coating will continue to protect the surface as long as it maintains strong adhesion to the surface or preceding layer, strong cohesion within each layer and the correct thickness of coating has been consistently applied.  Incorrectly handling and improper application of coatings will most often degrade the quality of the dry coating resulting in coating failures that are damaging, expensive to repair and potentially dangerous.



Unit Summary

· Coatings can be viewed as a shield that protects a substrate from damaging elements. 

· Coatings have a life cycle that begins with raw material formulation and ends at the final dry film.  

· Main components of coatings include: pigments, resins, solvents and additives.
· Coatings are stored in different types of containers to prevent unwanted chemical reactions. 

· Coating viscosity and percent solids are important concepts to understand during coating preparation.
· Mechanisms of wet film include wetting, adhesion and cohesion. Protective coatings are typically combined in subsequent layers of film - the primer and topcoat and each has a distinct function. 

· There are two primary classification of coating films - thermoplastic and thermosetting.  















Manufacturer formulating coatings.
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Water is an example of a solvent.











Color pigments are available in a variety of colors. 
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Picture B: Thermosetting.








Picture A: Thermoplastic. 
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