Coating Defects and Failures
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Unit Goal

· To be able to predict, correct and avoid coating defects and failures.
Unit Objectives

· Topics included in this section are:
· Coating Film Integrity

· Coating Failure Methods

· Coating Film Defects

Glossary Terms in this Unit
· Blistering
· Dry Spray

· Fish Eyes

· Orange Peel

· Overspray

· Solvent Popping
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Coating Film Integrity
The integrity of a coating film is based on how effective the dry film protects the underlying surface.  Coating film integrity is controlled by the effectiveness of several critical factors.  

These factors are listed below; several have been discussed in previous units.  It is important to understand that each of the critical factors of coating integrity is not only the reason why coatings work but also why coatings can prematurely fail. 

Critical Factors of Coating Integrity
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Surface preparation, wetting, adhesion, cohesion and permeability are all factors of coating integrity.  Surface preparation is a critical process that is needed to properly prepare a surface so that there is strong chemical and mechanical bonding between the surface and the coating.  

Wetting allows the coating to be able to flow out and level over the surface as a liquid.  
The chemical and mechanical bonding between the coating and the substrate must be strong enough that the coating film remains on the substrate for an extended period of time which relates to the discussion of adhesion.  

Cohesive strength prevents cracking or splitting within a single film of coating.  Permeability relates to the fact that all coatings are vulnerable to the diffusion of damaging agents. This may include water or chemicals that pass through the coating to the substrate.  

It is inevitable that the integrity of the protective shield of a coating will weaken over time due to the internal and external stress exerted upon the film.  As a result, the coating film may undergo adhesion problems between the layers of coating and the surface, cohesion within each layer of coating, poor resistance to weathering and the passage of corrosive agents that can cause damage to the substrate.  When the critical factors begin to fail, the coating film will ultimately break down with damaging consequences that are expensive to repair and dangerous to equipment operators and passengers.

The critical factors of coating integrity depend upon proper surface preparation, coating preparation and application.  Every time a problem or defect occurs during the coating process, it weakens the integrity of the coating film.  A simple mistake like adding too much catalyst or continuing to use a coating beyond its pot life can result in defects that weaken the integrity of the coating film and cause it to prematurely fail to protect the surface.  When unexpected coating problems occur in the coating film, it is easy to blame the problem on a bad batch of coating.  However, further analysis of coating failures often show that in most cases, the cause of failure is due to the conditions in which the coating was used. 

Liquid coatings are predictable in that they will always obey the laws of chemistry; meaning with all variables remaining constant, a liquid coating will always perform exactly the same.  Problems occur when coatings are used in conditions that are not compatible with the coatings properties.  Under the wrong conditions, coating films can result in both coating defects in appearance and coating failures which result in a breakdown in the protective properties.  

Common Causes of Coating Defects and Failures
The first common cause is poor operating conditions.  The operating conditions of the facility consist of the type and condition of equipment, atmospheric conditions such as humidity and temperature, purity of compressed air and cleanliness of the spray booth.  No matter how skilled the technicians are at preparing and applying coatings, if poor operating conditions exist, the coating is set up to experience defects and possibly premature failure. Technicians typically have little control over the conditions but lack of knowledge can compound the challenges of coating application under poor conditions.  
Inadequate surface preparation is also a common cause of defects and failures in coating.  This happens when the technician fails to properly prepare the surface to receive the coating.  This includes the removal of all old coatings or contaminants from the surface in addition to mechanical and chemical processes to enhance the surface adhesion.  Surface preparation problems typically occur due to lack of knowledge or the technician inadequately performing the necessary steps.

Incorrect coating preparation can cause defects and failures but can be avoided when the technician selects the correct materials and mixes those materials at the correct proportion for application.  Coating preparation problems typically occur due to lack of knowledge or behavior- choosing to inadequately perform the appropriate steps.

The final cause of defects and failures we will discuss is the misapplication of the coating.  Failure to accurately and consistently achieve the target mil thickness range can result in coating film problems and defects.  Misapplication of the coating typically occurs due to lack of knowledge, skill, fatigue or behavior.

There are several main categories of coating film failures and many types of defects that may appear as a result of causes listed previously.  Some of these defects are immediately noticeable while the film is still wet, others are not apparent until the coating completely cures and some coating defects may go unnoticed until the integrity of the coating film is beyond repair.

Coating Failure Methods

Wetting Failure
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An important application property of a liquid coating is that it must be able to evenly spread over a substrate. As you can see in this picture, if the liquid coating does not flow out in a continuous wet film over the substrate, the integrity of the coating will be very weak. This will cause problems with adhesion, cohesion and the permeability of corrosive agents.  This is a major problem that can be immediately detected as the liquid coating is applied onto the surface.  If this defect is visible during application, do not continue to apply additional coatings.  Before proceeding, identify the cause of the problem and the steps that should be taken to prevent it from happening again.  

Common Causes of Wetting Failures

Poor Operating Conditions 

· Extreme high or low temperatures 

Inadequate Surface Preparations

· Results in contaminates left on the surface that can prevent the coating from adequately wetting the substrate  

Incorrect Coating Preparation

· Viscosity of coating is too high, preventing coating from proper flow and leveling

Adhesion Failure

If the bonding properties between the surface and the coating are weak, the coating can be easily removed from the surface.  These pictures show poor adhesion between a dry coating film and a steel substrate.  Adhesive failure is a major problem that is difficult to detect until the dry coating film begins to chip or peel off the surface.  Therefore, it is important to always properly prepare the surface and the coating so good adhesion can be achieved.  

Common Causes of Adhesion Failures

Poor Operating Conditions

· Application of coatings when substrate or coating temperature is too cold
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Application of coatings when the outside or spray booth temperature and or humidity are either too high or too low
Inadequate Surface Preparation

· Contaminates left on the surface can prevent good adhesion between the coating and the surface
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Incorrect Coating Preparation
· Use of coating materials that have exceeded their shelf life

· Use of coating materials or thinners not compatible with each other

· Use of coating material not compatible with the substrate

· Components are not properly mixed
· Ignoring required induction time, pot life or recoat window
Misapplication of Coating

· Under or over application of coating
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If a single layer of coating lacks the properties to create strong bonds to itself, the result could be cracking and a weakening of the coating’s integrity.  These pictures show cracking in the dry film caused by poor cohesion. This problem cannot be easily detected in the wet film during application so it is important to understand cohesion failure’s common causes so that it can be prevented.
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Common Causes of Cohesion Failures

Cohesion failures can be caused by incorrect coating preparation or the misapplication of the coating.  Incorrect coating preparation occurs when technicians use materials that have expired or exceeded their shelf life or when coating components are not mixed uniformly.  The misapplication of coating can result in high film build which will cause high levels of stress on the coating. 

Permeability Failure

If the coating does achieve effective wetting, adhesion and cohesive properties, it is still important that it must act as a barrier to protect the surface from the passage of oxygen, salts and water.  These and other contaminates can eventually damage the surface.  When thermosetting coatings effectively cross-link, they create a more durable film that allows less space for contaminates to pass through the coating to the surface.  If problems occur and a complete cross-link is not achieved, the result is increased size of the microscopic gaps in the coating for contaminates to pass through.  These gaps in the coating can be seen with a microscope but are not visible by eyesight alone.  

Common Causes of Permeability Failures
Incorrect coating preparation results in using coating materials that have expired or exceeded their shelf life.  The combined mixture of resins and pigments in the coating are not mixed at the correct ratio and there is insufficient binder to seal off the microscopic voids between the pigment particles.
Coating Film Defects

Inconsistent Coating Thickness
Variations in stand off distance, spray gun angle, overlapping of spray passes and spray gun adjustments will affect a film build’s consistency.  Insufficient mil build resulting from inconsistencies in the coating film’s thickness will lack the coverage to adequately protect the surface from corrosive agents.  Areas with excessive mil build will create higher stress levels possibly leading to cohesion failure.  
Common Causes of Inconsistent Coating Thickness

The misapplication of the coating can result in the following results:

· Insufficient spray pass overlap

· Excessive spray pass overlap

· Inconsistent spray speed (too fast or slow)

· Inconsistent stand off distance (too far or near)

· Inconsistent spray gun settings

· Inconsistent spray gun triggering
Excessive Coating Thickness 

Exceeding the thickness specifications listed in the coating’s PDS does not mean that the coating will offer greater protection to the substrate.  It does mean that greater costs are incurred because more coating is used than what is specified.  Also, thicker coating films will generate more internal stress that could result in cohesion failure and cracking of the dry film.  It is difficult for the untrained eye to identify where too much coating has been applied until the coating begins to sag and possibly even run down the surface (pictured above).  Excessive coating can cause blistering, cracking and sags/runs in the coating film.    

Common Causes of Over Application
Incorrect Coating Preparation

· Too much or wrong thinner/reducer used

· Improper mixing ratio

· The viscosity of the coating too low or too high

· Temperature of the coating too cold or too hot

Misapplication of the Coating

· Insufficient dry time between coats
· Low atomizing air pressure
· Spray gun too close to the substrate
· Spraying speed too slow
· Fluid delivery too high

Blistering
Blistering are bubbles that appear due to the lifting of coating film off the substrate.  There are many different causes of blistering.  Some forms of blistering can be detected right away during application while other forms will not appear until long after the coating has cured. 

Common Causes of Blistering
Poor Operating Conditions
· Contamination of the substrate or surface by oil, dirt or moisture in air lines can enter coating as it is applied. 

· Using moisture-cure coatings when humidity exceeds 80 percent can generate bubbling in the coating.

Inadequate Surface Preparation 

· Contaminates remaining on the surface can prevent good adhesion between the coating and the surface.

Incorrect Coating Preparation

· Using a fast drying thinner not compatible with the coating can lead to solvent evaporation so quick that air and moisture become trapped in or under the coating.

· Insufficient dry time between multiple layers of coating

Misapplication of the Coating

· Excessive wet film thickness

Insufficient Coating Thickness

Failure to apply coating at the correct mil thickness can result in a coating failure.  As previously mentioned, insufficient mil build will lack the coverage to adequately protect the surface from corrosive agents.  The picture on the right shows a coated part on which the topcoat does not even cover the underlying coating.  This is an extreme example that is clearly visible.  In most coating application situations, it is much more difficult to determine if the coating has been applied thick enough.  It is good practice to spray a test panel and check the wet mil thickness before spraying coating on the primary part.  

Common Causes of Under-Application
Incorrect Coating Preparation
· Over reduction of a coating
Misapplication of the Coating

· Stand off distance too great

· Spraying too fast

· Fluid delivery too low

· Poor plan of attack, failure to coat an area

· Excessive amount of atomizing air pressure

Overspray

Overspray occurs when atomized coating droplets from a neighboring operation land on an unintended coated surface.  This defect, as shown in this picture, affects the visual appearance but may not effect the protective properties of the coating.

Common Causes of Overspray
Poor Operating Conditions
· Application of coating in close proximity to other surfaces
Misapplication of the Coating

· Excessive amount of atomizing air pressure

· Fluid delivery too high
· Fan pattern too large

· Improper sequence or technique used to coat the part

· Stand off distance too great
Dry Spray 

Dry spray results in a dull, rough textured appearance on the surface.  This defect occurs when an excessive amount of solvent evaporates before the coating reaches the surface.  Dry spray can prevent the coating from effectively wetting the surface and ultimately weaken adhesion.  Dry spray is a defect that could eventually cause a coating to fail. 

Common Causes of Dry Spray
Poor Operating Conditions

· Use of a dirty spray gun

· High temperature

Inadequate Surface Preparation 

· Contaminates left on the surface can prevent the coating from adequately wetting the substrate.

Incorrect Coating Preparation

· Use of a thinning solvent that is of poor quality or not compatible with the coating

Misapplication of the Coating

· Stand off distance too great

· Excessive amount of atomizing air pressure

· Fan pattern too large

· Spraying too fast

· Coating application over a flashed off coating

Solvent Popping
This coating defect can be seen as the top layer of coating starts to dry thereby trapping solvents, air or moisture.  The trapped materials force their way through the top layer creating tiny holes in the coating film. 

Common Causes of Solvent Popping
Poor Operating Conditions
· Contamination of air lines - oil or moisture in air lines can enter coating as it is applied and cause pinholing.

Inadequate Surface Preparation 

· Moisture in the coating film

· Moisture on surface can pass through the wet film.

Incorrect Coating Preparation

· Non-compatible thinners that evaporate either too quick or too slow

Misapplication of the Coating

· If coating is applied too thick, slower drying solvents evaporate and pass through the top layers

· Excessive amount of atomizing air pressure

· Recoating before solvents have fully evaporated out of the preceding layer of coating


Cratering (Fish Eyes)

Small crater-like openings appear in the coating film as a result of this coating film defect.  Cratering, or fish eyes as it is also called, typically becomes visible shortly after application.    

Common Causes of Cratering
Poor Operating Conditions 

· Moisture in air lines can enter coating as it is applied.

Inadequate Surface Preparation
· Contaminates such as silicone, oils, dirt, hydraulic fuels or wax or old coating on the substrate

Misapplication of the Coating

· Over application of coating

Orange Peel
Orange peel is another coating defect that typically occurs because of insufficient coating atomization.  This defect is visible during application. 
Common Causes of Orange Peeling
Incorrect Coating Preparation
· Use of coatings that have exceeded their pot life
· Coating viscosity too thick

· Coating too cold

· Incorrect mixing ratio

Misapplication of the Coating 

· Insufficient atomization 

· Fluid delivery too high
Unit Summary
· What are the five critical factors of coating integrity?  

· What are the most common causes of coating defects and failures?

· How to identify the cause of coating failure.
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