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POWDER COATING 101

Introduction

Powder coatings is a great industry. Powder has ran through our veins for over 16
years, it is not new to us and we have literally done every single job associated with
this industry with the exception of the raw material side. Our contributors have
formulated, manufactured, developed, managed, troubleshoot, applied and
consulted. Powder can make you laugh and it can make you cry. This manual is
targeted at the person who wants to do it right. The person who is tired of getting
rejects and field failures on their parts. Where applicable, shortcuts and money
saving tips are incorporated. However, at no time do we cut out safety or quality.
These are the traits of a successful manufacturer. If you want to do it cheap and
don’t care about safety or quality, then we suggest you read no further. We wish
you good luck.

Over the years we have seen entrepreneurs with barely enough money for rent
and a powder gun become millionaires and seen millionaires with huge facilities go
bankrupt. Where you end up is directly proportional to how seriously (and at
times - unserious) you take this business.

Regardless of your current skill level in the industry, you will find this manual will
serve your needs. From the novice hobby coater to the OEM applying millions
of pounds annually, this manual has valuable information for you.

Powder Coating can fall into the following categories:

- Powder coating for hobby
- Powder coating job shop
- Powder coating for an OEM

Eventually we end up crossing into each category. Every single powder coating
line at one time or another is used for hobby, or 'government’ work. Job shops
may end up making certain parts for sale which they sell outright becoming
OEM"s. OEM's may have excess line capacity which they end up using to do job
shop work.

Research is imperative when deciding which industry you will serve with powder
coating. Find your niche, do quality work at a reasonable price and you will be
successful. Some areas which are hot right now include refinishing wheels, coating
temperature sensitive parts such as wood or plastic and doing OEM work
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What is Powder Coating?

Although powder coating has been used for over 30 years, it has
only been over the past decade that powder has hit mainstream use
in industry, hobbies and art.

suspended in a liquid medium: such as, solvent or water, powder is applied
in its dry form, finer than ground pepper, courser than flour, directly to the
surface to be coated.

P owder Coating is basically a dry paint. Instead of being dissolved or

Each powder particle contains resin, pigments, modifiers, extenders and if it is a
reactive system, a curing agent. Most powder coatings are reactive and contain
curing agents.

The term for these reactive powder coatings is: Thermoset
The term for the non-reactive powder coatings is: Thermoplastic

Ingredients used in the manufacture of powder coatings.
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Why should we use Powder Coatings?
Powder Coating offers a number of significant advantages:

* Absence of solvents

* Applied in one coat - high standard of finish with good edge coverage
* Few rejects

* Resistant to chipping, scratching, abrasion and bending

* Easy to apply

* Cleaner working conditions

* Virtually no atmospheric pollution, very little or 0% VOC!
* Safety in use and on storage, low fire hazard

* Insurance premiums may be lower

* No viscosity adjustments

* Savings in overall costs possible

Powder coatings are electrostatically applied to parts using either a fluidized bed or
electrostatic spray. The part to be powder coated is grounded and the powder is
charged, this attracts the powder to the part, much like a magnet attracts steel.

This charge holds the powder to the part and the part is then cured (baked) in an
oven. A typical cure cycle would be 15 minutes at 380 F. Cure cycles always refer
to the amount of time the part is at the temperature specified, not how long it is in
the oven

Due to the significant advances in formulating, manufacturing and application
technologies over the past 15 years powder is used in many areas previously not
thought possible.

Powder coatings are daily applied in shops ranging from custom job shops to the
world's largest manufactures. Metal, plastic, wood, composite and glass substrates
can be coated provided the part does not deteriorate or distort at the cure
temperature of the powder. Current low temperature technology allows for cure
in the 250F range.

Office Furniture, General Metals, Engine Parts, Light Fixtures, Industrial Shelving,
Computer Cases, Toolboxes, Medical Equipment, Barbeque and Gas Girills,
Appliances, Ceramic bottles, Ceramic flash/instrument bulbs, Ceramic roofing tile,
Wooden toilet seats, Kitchen cabinets, Home-office furniture, Outdoor grill tables,
Children’s furniture and many other items can be successfully powder coated.
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How are Powder Coatings Made?

Powder coatings are manufactured using an extruder, or compounder, which melt
mixes the raw materials together. This mixed material is then flattened and cooled
and then subsequently ground down to the appropriate particle size for
application.

This is an example of an extruder used in the manufacture of powder coatings.
This particular one is manufactured by APV.

This is an exambfe ofa gﬁnd‘er used in the manufacture of powder coatings.
This particular one is manufactured by PPS in England.
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Powder Coating Types: Thermoset Powder Coating

Thermosetting powders are primarily composed of relatively high molecular
weight solid resins and a crosslinker. The primary resins used in the formulation
of thermosetting powder are:

* Epoxy
* Polyester
* Acrylic

These primary resins are used with different crosslinkers to produce a variety of
powder coatings. There are many crosslinkers used in powder coatings, including
amines, anhydrides, melamines, and blocked or non-blocked isocyanates. Some
formulations also use more than one resin in hybrid formulations.

When a thermoset powder is applied and subjected to heat it will melt, flow and
chemically crosslink to form a finished film. Chemical reactions during the curing
cycle create a polymer network which provides excellent resistance to coating
breakdown. Once cured and crosslinked, this polymer network will not melt and
flow again if heat is applied.

Powder Coating Chemistry: Thermoplastic Powder Coating

Thermoplastic Powders do not chemically crosslink upon application of heat, but
melt and flow over the part in the oven. As the part cools, after exiting the oven,
the film hardens, but will remelt upon application of sufficient heat. The primary
types of thermoplastic powders are:

* Polyethylene

* Polypropylene

* Nylon

* Polyvinyl Chloride

* Polyester

* Polyvinyledene flurides/fluorcarbons

Thermoplastic powder coatings are based on thermoplastic resins of high
molecular weight. The properties of these coatings are dependent on the basic
properties of the resin. These tough and resistant resins tend to be difficult, as
well as expensive, to grind to the very fine particles necessary for the spray
application and fusing of thin films. These systems are used more as thicker
coatings of many mils thickness and are applied mainly by fluidized bed technique.
Most powder coaters do not apply these.
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Thermoset Powder Coating Types: Epoxy Powder Coatings

The epoxy family of powder coatings is the most prominent type of thermosetting
powder in use today. The listing of available epoxy formulations is quiet extensive
because of the wide formulating latitude that exists. These materials, as is all
thermoset powder coatings, consist of resins, crosslinker or hardener, reinforcing
fillers, pigments, processing aids, flow agents and other modifiers. A change in the
type or the amount of any one of these constituents can noticeably change the
properties and performance characteristics of the final product.

Epoxy powder coatings are generally custom formulated to the specific decorative
and performance requirements of a given end use. Unfortunately, the epoxy resin
based powder coatings have two major deficiencies - they discolor if overbaked
and chalk on exterior exposure.

Typical Applications include: Fire Extinguishers, Toys, Mixers & Blenders, Oil
Filters, Shelving, Dryer Drums, Fertilizer Spreaders, Refrigerator Racks,
Microwave Ovens, Primers, Tools, Kitchen Furniture.

Thermoset Powder Coating Types: Epoxy Hybrid Powder Coatings

This group of powder coatings could be considered part of the epoxy family
except that the high percentage of polyester (or Acrylic) utilized (often in excess of
half of the resin) makes that classification misleading. Property wise, however,
these hybrid coatings are more closely akin to epoxies than polyesters, with a few
notable exceptions. They show similar flexibility in terms of impact and bend
resistance, but are slightly softer in pencil hardness - H to 3H being characteristic.
Their corrosion resistance is comparable to epoxies in many cases, but their
resistance to solvents and alkali is generally inferior.

A major advantage of these hybrids, due to the influence of the polyester or acrylic
component, is a higher resistance to overbake yellowing in the cure oven. This
also translates to improved weatherablilty. These systems will begin to chalk
almost as fast as an epoxy, but the deterioration is slower and the discoloration less
severe. These systems also have excellent electrostatic spray characteristics with
high transfer efficiency and penetrate well into corners and recesses.

Typical Applications include: same end use as epoxies, especially if a slight
improvement in heat stability or weathering is required.
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Thermoset Powder Coating Types: Polyester Powder Coatings
Polyester powder coatings can be broken down in three groups:

Polyester Urethane: Hydroxyl functional resin cured with a blocked Isocyanurate
Polyester TGIC: Carboxyl functional resin cured with Triglycidyl Isocyanureate

Polyester TGIC Free: Carboxyl functional resin cured either with
Tetramethoxymethyl Glycoluril or with Beta-
hydroxyalkylamide

All three types of Polyester powder coatings have very good exterior weathering
properties and are generally used for outdoor applications.

Thermoset Powder Coating Types: Polyester Urethane Powder
Coatings

The primary type which has been in use for the past number of years is a urethane
cured polyester powder which is comparable chemically to the exterior quality
urethane paints which have been used on aircraft, buses, trucks and railroad cars
for the past 17+ years.

Coatings of this type combine outstanding thin film appearance and toughness
with excellent weathering properties. They are true competitors to high quality
liquid paints, exhibiting superior chip, mar and scuff resistance at 1.5 mils
thickness. Adhesion to properly prepared ferrous and nonferrous metals is
excellent, providing long term resistance to humidity and salt spray.

These formulations must reach a temperature of at least 360 F before crosslinking
can occur. This is due to the fact that the curing agent is blocked with e-
Caprolactam to prevent cure at ambient temperatures. These powders are
sensitive to films thicker than 3 mills due to the fact that the e-Caprolactam
evolution can cause outgassing at thicker films.

Thermoset Powder Coating Types: Polyester TGIC Powder
Coatings

This type of polyester is based upon technology developed in Europe. These
products can best be described as more exterior durable cousins of the epoxy
polyester hybrids - the difference being that instead of using a conventional epoxy
resin to co-react with the polyester, a very low molecular weigh glycidal or epoxy
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functional, curing agent is used.

Overbake color stability, as with epoxy polyesters, is also excellent. Their adhesion
and corrosion resistant properties are comparable to the urethane cured polyester,
but their resistance to chemicals and solvents is lower. A significant advantage is
the fact that these can typically be cured at lower temperatures, for shorter periods
than urethane or TGIC Free systems. Cure cycles as low as 6 minutes at 300 F are
attainable. TGIC formulations also provide good overbake and outgassing
characteristics making them friendly to apply.

The higher melt viscosity of the TGIC crosslinker also results in good edge
coverage and tough thick films, but also results in a slight orange peel effect.

Thermoset Powder Coating Types: Polyester TGIC Free Powder
Coatings

These formulations were developed in response to industry concerns regarding the
possible side effects from overexposure to the curative Triglycidyl Isocyanurate.
These exhibit similar performance and application properties as TGIC
formulations do.

With TGIC Free formulations it is possible to develop the much desired ‘wrinkle'
texture effect. An increased resistance to film discoloration and yellowing of the
coating is realized with these formulations.

Example of a toolbox coated with a wrinkle powder coating. Kennedy Mnfg.
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Thermoset Powder Coating Types: Acrylic Powder Coatings

Acrylic formulations give excellent exterior durability. There are two
classifications of acrylic formulations. Urethane Acrylic and GMA Acrylic.

Thermoset Powder Coating Types: Urethane Acrylic
These formulations are similar in properties to Polyester Urethane products,
offering excellent thin film appearance, good chemical resistance and hard durable

films. The flexibility and impact of these is very poor due to the high crosslink
density of the cured film.

Thermoset Powder Coating Types: GMA Acrylics
These are also similar in properties to Polyester Urethane products. They make
excellent clear coats over brass and chrome, being ideal for bath fixtures and
automotive wheels. These however also exhibit poor flexibility and more
importantly are highly incompatible with all other powder chemistries. This
requires the manufacturers and users to utilize isolated systems to prevent cross

contamination.

Comparison of Properties

Chemistry Epoxy Hybrid Polyester Acrylic |Polyester TGIC
Urethane & TGIC Free
Property

Pencil Hardness HB - 7H HB - 3H HB - 4H H - 4H HB - 4H

Impact Resistance

(in- 1bs) 40 - 160+ 40-160 | 40- 160+ 40 - 100 40 - 160+

Gloss

(60 Degree Meter) 3-100+ 10 - 100+ 5-95 10- 90 10-95

Condensing

Humidity 1,000 hrs. 1,000+ hrs. | 1,000 hrs. | 1,000+ hrs.| 1,000+ hrs.

Salt Spray 1,000 hrs. 1,000+ hrs. | 1,000 hrs. | 1,000+ hrs.| 1,000+ hrs.

Cure Range 3 min @ 450F - 10 min @ 400F -|{10 min @ 400F -{10 min @ 400F -{ 10 min @ 400F -
25 min @ 250F 25min @ 300F |20 min @ 360F |25min @ 350F | 30 min @ 300F

These products are available in al color shades and avariety of tex

ures.
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Comparison of Properties continued

Generic Typical Typical Relative
Powder Properties Applications Cost
Very good chemical Yr\i:tnzf;f;r; \'?:Sﬂ ators 1
i resistance ' ;
H ybr id Office Furniture, Shelving (least expensive)
E;?g;ﬁg;i‘e;é:im% Metal Furniture, Auto
. Parts, Microwave Ovens,
Epoxy Poor exterior color/gloss Shelving, Appliances 2
refention _
\G/;(;ig?oe;n%cealcr:; (s:talance Automotive Wheels, Light
Pol yester S properties & exterior color EﬁgeﬁAbWe Ground 3
gloss retention ontainers
) Very good chemical Oven Parts, Washing
Acr y| IC resistance Machines, Aluminum 4 ]
Poor flexibility Extrusions (most expensive)

-10 -
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Powder Coating Health & Safety

Powder Coating is inherently significantly safer to use than
solvent borne paints. However there are some points to keep in
mind.

alternative to traditional solvent borne paints. This is due to the fact

these are 100% solids, with little or no VOC's. Powder coatings

contain polymers, curing agents, pigments and fillers which, like any
industrial chemical, require safe operator handling procedures and conditions.

P owder coatings are a significantly safer and environmentally friendly

Some powder formulations may contain heavy metals such as lead, mercury,
cadmium and chromium. The handling of materials containing such elements
is controlled by OSHA regulations.

Powder Coatings should be handled in a manner such as to minimize both
skin contact and respiratory exposure consistent with particular Material Safety
Data Sheet (MSDS) recommendations.

The opening of, discharging of powder from, and handling of empty
containers such as boxes and bags often presents the greatest worker exposure,
even with well-designed systems. Engineering practices, personal protective
equipment and good personal hygiene should be used to limit these exposures.
In a well-designed spray operation, there should be negligible exposure of
operating employees to dust.

Powder coatings, because of their fine particle size and frequently large
percentage of TiO2 will absorb moisture (hydroscopic) and oil readily. If
powder is left in contact with the skin for an extended period, it will tend to
dry out the skin. To prevent this, gloves and clean clothing should be worn by

-11 -
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POWDER COATING 101

the workers. Operators of manual electrostatic guns must be grounded.

To prevent carrying powder away from work, cloths should be changed prior
to leaving the workplace. If powder does get on the skin, it should be washed
off at the earliest convenient time and at least by the end of the day. Some
workers may show skin reactions to powder. These individuals must be
especially careful to wash frequently. The practice of washing the skin with
organic solvents is an unsafe practice that should be forbidden.

Cleaning with soap and water is the appropriate hygienic practice.
General Powder Coatings Health and Safety Points:
*Be sure to review the MSDS for your specific products.

Extinguishing Media: Use carbon dioxide, dry chemical or foam.

Conditions to Avoid: Excessive heat and direct sunlight

Materials to Avoid: Strong oxidizing agents.

Hazardous Decomposition or Byproducts: Thermal decomposition may yield
carbon dioxide, carbon monoxide, smoke and various toxic fumes.

Inhalation Health Risks: Potential respiratory tract irritant.

Skin and Eye Contact Health Risks: Potential skin irritant, may dry out skin.
Sensitive individuals should use a barrier lotion and avoid prolonged skin
contact. Eye contact may be abrasive, therefore contact lens use is not
recommended or use safety goggles.

Steps to be taken in case material is spilled: Wear appropriate protective
clothing and respirator to prevent overexposure. Sweep up material taking
care not to generate airborne dust. Collect into closable containers for proper
disposal. Prevent runoff to storm sewers and ditches leading to natural
waterways.

Waste Disposal: Dispose in accordance to local, state and federal regulations.

Precautions to be taken in Handling and Storage: Protect containers from
physical damage.

Store in a cool (~75F), dry area out of direct sunlight. Avoid eye and
prolonged skin contact.

-12 -
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Avoid breathing dusts during application. Wash thoroughly after handling.

Respiratory Protection: Use NIOSH approved respirator with a dust/mist
cartridge if needed. Selection of respiratory protection depends on the
contaminant type, form and concentration. Select in accordance with OSHA
1910.134 and good industrial hygiene practice.

Ventilation: Provide adequate general or local exhaust ventilation in volume
and pattern to remove decomposition products during baking, welding or
flame cutting of parts powder coated.

Sprinklers and fire detection equipment is required in the powder booth in
many states. This is always a wise practice. Even non-flammable powder
coatings, when in an atomized state (powder and air mixture) can support a
fire if exposed to an ignition source. A stray spark between an ungrounded
part and gun could be an ignition source. If a fire is detected and the supply of
powder is shut of, the fire from the guns will stop.

Please review OSHA CFR 1910.107(h)(12) as well as NFPA 33, Standard for
Spray Application

For specific information on compliance issues related to your powder coating
operation, consult your local agencies governing fire, plant safety and
environmental requirements.

You may also wish to reference the following:

NFPA 33 Standard for Spray Application using Flammable or Combustible
Materials

NFPA 68 Guide for Venting of Deflagrations

NFPA 69 Explosion Prevention Systems

ANSI Z9.3 Spray Finishing Operations - Safety Code for Design,
Construction & Ventilation.

U.F.C. Part V Article 45

-13 -
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Powder Coating Pretreatment

The key to successful powder coating is starting with a clean
part. To maximize the benefits of powder coating and reduce
field failures, the use of these pointers is highly recommended..

it comes to adhesion, corrosion resistance and impact resistance. To
maximize those characteristics, however, requires effective
pretreatment.

P owder Coating unquestionably offers excellent physical qualities when

In order to get the powder coating to adhere to the substrate, the metal must
be prepared so that the full quality of the powder coated finish can be
achieved. Proper pretreatment enhances the end result of the powder coating
finish.

The pretreatment process is comprised of essentially two units of operation:

Cleaning and Phosphatizing (or conversion coating).

)

Thisisa parthwhich is too dirty to be properly powder coated.

- 14 -
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The Importance of Cleaning

Cleaning is the most important step in the pretreatment process.

The performance of the conversion coating and ultimately the powder coated
finished product, will only be as good as the cleaning in this first unit of
operation. In order for conversion coatings to adhere to the metal surface, all
impurities must be removed from the surface of the substrate. Soils such as
cutting fluids, drawing compounds, rust inhibitors, grease and oil, shop soil
and common everyday dirt must be cleaned from the metal. In fact, the
degree of cleanliness required for powder coating is higher than that required
for liquid coatings.

With liquid coating, if a small amount of oil, such as a fingerprint, is present on
the substrate, liquid coating can pick that oil up, emulsify it and bring it into
the paint coating itself without inhibiting adhesion. Powder coating, without a
thorough cleaning, will plate right on top of the soil and subsequently lose
adhesion.

Remember:

Without a complete cleaning, conversion coatings will not perform:
Without proper conversion coating, the powder coating will lose
performance.

The factors of a good cleaning system can be memorized with the acronym:
W.A.T.C.H.

Water Action Time Chemical Heat

After only aweek on test the right panel (no
pretreat) is already showing signs of corrosion (rust).
The panel on theright is pretreated with an Iron
Phosphate. After 1000 hrs on test the powder on the
right came of in sheets. The panel on the left did not
change.

-15 -
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The Fundamentals of Cleaning

The labor constraints of mechanical cleaning: sand blasting, shot blasting, air
blasting or even wire brush have rendered the approach virtually non-existent
in the modern powder coating operation.

Chemical cleaning is without a doubt the most popular approach.
Three Chemicals are used:

Alkalines
Acids
Solvents

Alkalines are the most popular. They are the most versatile and most widely
used.

Acids in general are limited to soils that can be cleaned with an acid, mainly
corrosion and scale. Acids tend to perform poorly on heavier oils and greases.

Solvents, on the other hand, are very good for oils and greases, but not much
more. They are limited in their efficiency in that they will not touch corrosion
and scale. The use of solvents also raises a number of environmental and
occupational safety concerns. Most importantly for purposes of this
discussion, the degree of cleanliness involved with a solvent cleaner is not
suited for powder coating.

Effective cleaning involves careful consideration of these issues:
* Substrate

* Soil

* Cleaning System

* Waste Treatment System

* QOccupational Safety
*Environmental Concerns

Common Chemical Cleaning Systems:
The chemical cleaning system can be performed three ways:

1. immersion or soak tank, 2. spray wash, or 3. pressure wand.

Basically all receptacles to hold and dispense chemicals to the surface of the substrate.

-16 -
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Hand washing obviously represents the most basic approach to cleaning. Itis
extremely labor intensive and labor sensitive. The cleaning will only be as
good as the person doing the job. Hand washing is not recommended prior to
powder coatings. Soil is moved around, but never completely off, the surface
of the substrate. This technique provides such inadequate cleaning that we do
not recommend that it be employed prior to coating of any sort.

The next most fundamental system would be immersion or soak tank cleaning.
This represents a step up from hand washing in which parts are immersed in a
heated solution which helps to emulsify and remove the soils. An immersion
system allows the handling of parts larger than those which can easily be hung
on a conveyor system through a spray washer.

There is no impingement (physical scrubbing action) involved in an immersion
system. The cleaning action is much like dipping dishes into soapy sink water
and then simply rinsing them off. This type of approach would not provide
proper cleaning without some physical scrubbing or spray working to remove
dirt particles. Occasionally some systems will feature agitation that provides
some impingement, but there is nothing in this approach, except the
chemicals, that aids in the cleaning action.

Immersion is ideal, however, for cleaning strangely configured parts where the
physical spray cleaner is unable to reach every area of the substrate surface due
to limitations posed by the configuration. In an immersion system the part is
completely submerged ensuring, absent an air pocket, that the cleaning
chemical is covering the entire surface.

Immersion tanks are easily contaminated. Soil is always in suspension or in
contact with the part being cleaned. To a certain degree this also happens in a
spray washer, but spray washers are generally overflowed such that oil and
grease soils are skimmed off at a constant rate and only the particles settle out
to the bottom of the tank and are not being recirculated.

Pressure wand or nozzle washing is a hand spray system of pressure washers
not unlike those found in the do-it-yourself carwash. Pressure wand washing
offers the impingement, heat and chemicals important to good cleaning. It is a
less than desirable approach because, like hand washing, it is operator
intensive. If the operator performs well and reaches every area of the surface;
the part will be clean. To miss just a spot puts the ultimate performance of the
coated product in jeopardy.

-17 -
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Operator using a pressure wand to clean a part.

The most popular, all around system is spray washing. A power spray washer
system offers all the factors of good cleaning. Spray washers hold the
chemical in a tank from which cleaner is sprayed onto the metal. This
approach provides the combination of impingement with the cleaning
properties of the chemical to expedite the cleaning process. The important
contact "Time" component of the W.A.T.C.H System is controlled in this
approach ensuring the spray reaches the surface for exactly the same amount
of time on each part.

When temperature is involved, the cleaning action is enhanced all the more.

Spray washers can be of any size, and can be configured in a customized
manner to suit a variety of pretreatment requirements. One limitation to spray
washing can be water quality which, when substandard, can impede the
efficiency of the cleaning.

Examplé of a 5 stage washer system

Conversion Coating

The next step in the pretreatment process is conversion coating. A conversion
coating is used on a metal substrate to provide adhesion and corrosion
resistance.

There are three basic types of conversion coatings:

* Iron Phosphatizing
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* Zinc Phosphatizing
* Chromic Conversion Coating

Iron Phosphatizing:

Iron phosphatizing is the easiest, most commonly used conversion coating for
powder coated products. Iron phosphate coating can be used on steel,
aluminum, zinc and galvanized. It leaves an amorphous rather than a
crystalline coating. Iron phosphate coating converts the surface of steel to an
iron phosphate type coating which will increase adhesion and decrease
corrosion under the coating. Iron phosphatizing is easy to use and to
maintain.

It is also less expensive, safe and easier to dispose of.

Zinc Phosphatizing

After iron phosphatizing, the most versatile and popular system with powder
coating would be zinc phosphatizing. It achieves the quality performance
expected from powder coating. Zinc phosphatizing not only converts the
surface of the substrate, but also overlays a crystalline structure. It actually
grows a zinc phosphate crystal on the surface of the metal.

Under the examination of an electron microscope, iron phosphate coating
appears smooth while zinc phosphate coating leaves an intricate matrix to
which the powder coating can adhere. This gives the metal a heavier coating
than iron which in turn also offers superior corrosion resistance. The same
substrates pretreated with iron phosphate coating can be pretreated with zinc
phosphate coating.

Zinc phosphatizing is harder to maintain and there are more critical controls.
Zinc is less tolerant to changes in time, temperature, concentration and pH. It
Is more expensive. Zinc phosphatizing requires a higher capital expense in
that tanks have to be stainless steel or acid resistant. The zinc content also
renders it more difficult to dispose.

Where absolute maximum corrosion resistance is required, zinc phosphatizing
would be our recommended approach. Even though powder coatings exhibit
very high corrosion resistance as opposed to conventional liquid coatings, the
zinc phosphate will further improve upon those corrosion resistance
characteristics. Products which require long service life or which must endure
the torture of harsh environmental or atmospheric conditions are probably
best pretreated with a zinc phosphate coating.
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How to Phosphatize

Iron phosphate coating can be applied in all three chemical cleaning systems
(1. immersion or soak tank, 2. spray wash, or 3. pressure wand.)

The cleaning and conversion coating is typically accomplished in stages.
There can be as few as two stages.

1- Clean & Conversion Coat
2- Rinse

Three Stages

1-Clean & Conversion Coat
2-Rinse

3- Seal

Or a five stage system:

1-Clean

2-Rinse
3-Conversion Coat
4- Rinse

5- Seal

Additional stages can be used in custom-designed systems.
Zinc phosphatizing must be done in a five stage operation.

In pretreating powder coated products, we recommend the use of a five stage
system in which the cleaning stage is separated from the phosphatizing stage.
The overwhelming importance of a thorough cleaning prior to powder coating
has lead us to conclude that a five stage system works best.

Rinsing: |Sealing

While cleaning and phosphatizing are the principle units of operation in the
pretreatment process, the importance of thorough rinsing cannot be
overlooked. It is very important that the rinse stages be kept clean to avoid
recontamination of the parts. Any chemical remaining on the part becomes a
soil which must be removed prior to proceeding to the next stage of the
system.

The rinsing stage cannot be overlooked.
There are two types of final rinses: chromated and non-chromated. The
chromated final rinse has always been known as the standard of the industry,
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but it has come under increasing scrutiny from the environmental and
occupational safety regulators. The trend is away from chrome to safer, non-
chromated rinses.

Without an absolutely clean part, conversion coating will not perform to the
extent that offers the subsequently powder coated parts to realize optimum
adhesion and corrosion resistance.

A commitment to thorough cleaning is key to maximize powder coating
performance
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Powder Coating Application

How does it stick? The application of the powder coating is a
fairly straightforward part of the process, yet it has the greatest
effect on the finished appearance of the coating.

grounded part into the powder paint, or by fluidizing (mixing powder

P owder Coating is basically applied either by dipping a heated or
with air) the powder and then spraying it to a heated or grounded part.

Powder Coatings Application: Application Equipment
Powder coatings are applied using one of three standard methods:

- Fluidized Bed
- Electrostatic spray, Corona charge
- Electrostatic spray, Tribo charge.

Fluidized Bed

In this process, the combination of the fluidized bed and electrostatic
electrodes create a cloud of charged powder particles above the powder bed.
As in any fluidized bed, the powder material is fluidized by introducing
compressed air through a porous membrane into the powder bed. Depth of
powder material in the bed is usually 2" to 4" (50 mm to 101 MM)

Electrostatic charged electrodes, are so located in the powder bed as to charge
the air used to fluidize when high voltage DC potential is applied to them.
lonizing this air results in electrostatically charged powder particles, having
relatively identical high electrical charges

These particles thus repel each other and move upward. Having different
electrical potentials, the powder particles and the parts to be coated or
grounded, produce an electrical field of attraction. Basically, only the
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electrostatic field produced in this process is used to apply the powder material
to the parts being coated. In contrast to electrostatic spray methods, little air is
used to control the volume and velocity of the powder material.

The electrostatic fluidized bed is ideally suited to substrates that have a
relatively small vertical dimension, such as flat sheets, expanded metal, wire
mesh, screen, cable, tubing and small parts on a conveyorized line. The
electrostatic fluidized bed offers the advantage of being able to coat some
objects such as flat sheets on one side only as opposed to the conventional
fluidized bed that requires dipping of the entire part. The electrostatic
fluidized bed includes an integral control panel and utilizes the same powder
supply unit as the manual electrostatic spray system.

The preheating of parts is not necessary with this method. The electrical
forces -- positive to negative -- will cause the deposition of the powder on the
surface whether that surface is hot or cold. Preheated parts used with
electrostatics will result in a thicker coating than otherwise.

. \_.\

Typical fluidizing hopper used for applying powder coatings. Fluidizing hoppers can be as
small as 1 Ib or over 1000 Ibs.
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Electrostatic Powder Spray Coating

To apply powder coating materials with the electrostatic powder spray process,
five basic pieces of equipment are needed:

. The powder feeder unit. Feed Hopper.

. The electrostatic spray gun. Corona or Tribo.

. The electrostatic voltage source. For Corona only.

. A powder recovery unit. Reclaim and/or Filter module.
. The spray booth.

g~ wPN e

In the operation of an electrostatic powder spray system, powder is supplied to
the spray gun from a feeder unit, where the powder is stored for use. Powder
is siphoned, or pumped from the feeder unit through powder feed hose to the
spray guns. Spray guns direct the powder toward the part to be sprayed in the
form of a diffused cloud. Propelling force is provided both by air used to
transport the powder from the feeder unit to the spray gun, and by the
electrostatic charge imparted to the powder at the gun. This electrostatic
charge is generated in any of the following methods: Internal Corona, Remote
Corona and Tribo.

Electrostatic Powder Spray Coating, Corona Gun.

There are two types of corona guns.
Internally charged (Low Voltage) Corona gun
Remotely charged (High Voltage) Corona guns

Each type comes in negative or positive polarity, although corona charging
generally uses negative polarity at the electrode. This is because negative
polarity produces more ions and is less prone to arcing. Positive charging guns
are mostly used in tribo touch up applications and with some thermoset
materials.

This very high voltage potential at the electrode requires a power supply rated
between 30,000 and 100,000 volts. This creates an field of electrical attraction
between the gun and the grounded part. The particles stick to the part much
like a magnet to steel, creating a layer of powder on the part. Over spray, or
powder not adhering to the part, is collected for re-use. In the collector unit,
powder is separated from the conveying airflow.

.24 -



POWDER COATING 101

Typical Corona powder gun.

Collected powder is then recycled, either automatically or manually, back to
the feeder unit to be resprayed. Air is passed through a filter media device into
a clean air plenum and then through a final or absolute filter back into the
plant environment as clean air. The coated part is then carried from the
application area and subjected to heat, which results in the flowout and curing
of the powder material.

L

- pinch valve, holds air seal and powder in..

- Sieve, screens out lint, clumps and contamination
- Hopper, holds powder until needed by guns.

- Blower, pulls air through system.

- Final filter to keep returned air clean.

- Kv, power supply and gun control unit.

Kv

1
2
3
Note: The powder will spray without voltage, but will not 4
adhere without it, unless the part is preheated to over 160F 5

6

Electrostatic Powder Spray Coating,

Electrostatic powder spray guns function to shape and direct the flow of
powder as supplied from the feed hopper; control the pattern size, shape and
density of powder, as it is emitted from the spray gun; impart the electrostatic
charge to the powder being sprayed, and control the deposition of powder on
parts being sprayed through gun position, pattern shape and electrostatic
levels.

The charging electrode we mentioned earlier is located at the front of the spray
gun. When the powder passes by the electrode, it picks up a charge - which is
variable, and deposits on the part

The thickness of this deposition can be controlled by position of the spray
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gun, length of spray time, level of electrostatic charge and velocity of the
powder flow from gun to part, part aperture, etc. Thickness of the applied
powder to the part also can be controlled by affected characteristics inherent
to the powder being sprayed; such as particle size, shape, type of powder
material and distribution of the powder particle size range.

These factors are all covered in out troubleshooting guide.

Electrostatic Powder Spray Coating, Corona Gun.

The two types of Corona guns are very similar. The difference is where the
high voltage power supply is located. The cable between gun control and gun
will therefore be of low voltage (internal) or high voltage (remote).

Corona gun technology has evolved greatly over the past ten years and two
advances are becoming prevalent throughout the industry.

Automatic Current Control: Allows for automatic adjustment of gun voltage
to maintain the gun current and field strength between the gun and part at an
optimum level. This allows for more uniformity in the coating since the gun
logic compensates for operator and part configuration variations as well as
faraday cage effect problems.

Free-lon Collectors: Is a device which extracts free ions from the space
between a gun and a part, drawing them to a grounded collector electrode
behind the gun tip. An inexpensive retrofit to existing equipment, these also
permit for greater uniformity and greatly improved faraday cage penetration
abilities.

Powder coating booth with corona guns. Note the perfect powder cloud.
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Wagner corona gun control panel system

Corona spray gun

Electrostatic Powder Spray Coating, Tribo Gun.

The word tribo is derived from the Greek word tribune, meaning to rub or
produce friction. With tribo charging the powder is charged by means of
special materials(such as Teflon) which by stealing electrons from the powder
particles impart a positive charge on the powder as it flows, and rubs, through
the gun.

Tribo guns have no internal or remote power supply. This means no
electrostatic field is created, virtually eliminating the faraday cage effect,
making this the ideal approach for use in coating intricate parts such as
detailed automotive rims and heatsinks.
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These formulations are much more dependent upon the formulation and
particle size as well as environment than corona powders are. High humidity
or extremely dry environments can affect the amount of charge imparted upon
the powder.

Tribo spray gun

Electrostatic effectiveness: For all powder applications

The effectiveness of any of these types of powder spray guns is not totally
dependent on the gun alone. Characteristics of the powder material also affect
the transfer efficiencies realized in the process. The powder particles must, of
course, be capable of accepting the electrostatic charge imparted by the spray
gun. A compromise between high conductivity and low conductivity is
necessary, to ensure both acceptance of the electrostatic charge and adhesion
to the part sprayed.

The nature of the particle material likewise has an influence upon the
possibility of it obtaining a maximum charge. The particle must first be able to
accept the maximum charge as it passes through the ion cloud. The degree of
acceptance is directly related to the electrical conductivity of the particle.

The charge upon the particle likewise has great influence upon the manner in
which the material collects upon the surface and the rate at which the film of
material builds. A charged layer accumulates upon the surface with the
material and has the effect of building a force which opposes further
deposition.

The rate of film growth must be related to other factors such as the velocity at
which the charged powder is projected toward the surface, the distance of the
gun from the surface, the particle size, the time of exposure of the surface in
the spray, the voltage on the gun and the quantity of powder being delivered
from the gun.

Increasing the voltage applied to the spray gun while keeping other factors
constant will result in more film being collected on the part in equal exposure
times. The rate at which powder collects on the part at the beginning of the
exposure increases as the voltage increases. As exposure increases, the
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accumulation rate tends to become the same for all voltages, when using a
corona discharge gun. Generally, as the distance from the gun outlet increases,
the film accumulated on the part in a given time decreases. Film accumulation
is much more rapid initially when the distance is small.

The effects of the air velocity gradient at the part upon the deposition of
powder are similar to those of distance from the gun. As the air velocity
increases, the accumulation in a given time decreases.

The ultimate film thickness obtained is independent of the rate of powder
delivery in the absence of air velocity gradient interference. The rate of film
build which occurs initially is approximately proportional to quantity of
powder delivered per unit of time at a constant voltage. As spraying time
increases, the effect of powder output on the rate of film growth becomes less
pronounced.

The initial rate of growth of the film thickness is approximately proportional
to the particle size; the rate of growth depends upon the particle size over a
wide range of spraying time, and the limiting value of the film thickness is
greater with smaller sized powders.

By proper understanding of the manner in which these variables generally
influence the deposition of the material, an applicator can take into
consideration characteristics of equipment, methods and materials which will
result in a satisfactory application

Operation Conditions

For electrostatic spray guns to function properly and safely, the following
conditions should be maintained:

- Fixed powder spray guns must be adequately grounded at their points of
support, if metallic, to reduce the possibility of static charge buildup on the
gun and the possible discharge of this static charge to a part or component in
the spray area.

- Manual powder spray gun operators must be adequately grounded (usually
through the gun handle) to prevent buildup of a static charge on the operator's
body during spray operations.

-Powder spray gun parts which come into physical contact with moving
powder must be inspected and cleaned on a regular basis. Parts which contact
powder during the movement of powder are prone to wear (especially if the
powder material is abrasive) at high velocity and form impact fusion. Worn

- 29 -



POWDER COATING 101

parts result in poor control of powder flow, accentuated impact fusion and
more frequent cleaning is required. If a part is worn, it should be replaced

- Electrostatic spray guns, manual and automatic, should be checked
periodically to determine the level of electrostatic charge being imparted to the
powder material being sprayed. The lack of, or decrease in, expected
electrostatic charge indicates a problem in the electrostatic system and should
be corrected as soon as possible. Troubleshooting guides should be utilized
when inspecting or repairing any component within the electrostatic system to
reduce the possibility of electric shock.

LY
Operator checking the output voltage of corona guns

- When using fixed or automatic powder spray guns, interlocks should be
provided which will rapidly de-energize the high-voltage elements involved
with electrostatic spray under any of the following conditions: stoppage of
ventilating fans or failure of ventilating equipment from any cause; stoppage of
conveyor carrying goods through the electrostatic spray, upon trigger from
spark detection modules in booth, and other conditions as prescribed by
regulatory agencies.

Spark detection system used in Nordson booths.
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Yes, Powder booths can go up in flames despite the lack of solvents used.
With no detection modules the fire will burn fast with terrible results. We
know of a few of these fires over the past few years, one at a customer who
disabled their detection system.

Powder Booth

A powder booth is an enclosed cabin designed to allow parts to pass through
each end and contain the electrostatic powder process. These booths are
designed to accommodate automatic and manual equipment based on the
system parameters. These booths are made of several different materials;
steel, (painted or stainless), polypropylene, or thin polyethylene.

Powder booths are sized by two air flow requirements. The first requirement
is containment air. In order to collect the over sprayed powder particles, the
powder booth is designed to provide 110-120 lineal feet per minute (Ifpm) air
flow across all the openings A properly designed booth will have laminar air
flow throughout the cabin without interrupting the powder coating process.
The second design criteria for air flow requirements is based on safety. Each
powder is rated with a lower explosion limit (LEL) measured in oz/ft. The
powder booth must be designed with enough safety ventilation air flow not to
exceed 50% of the LEL limit. This powder concentration level is determined
by the number of guns and nominal powder output per gun.

Every type of booth designed for powder applications is designed with a
recovery system. The recovery system is used for two main reasons:

1- to provide the necessary containment and safety air.
2- to recover the oversprayed powder.

Most systems sold in the U.S. have two filter sections. The primary filter is
used to separate the oversprayed powder from the air from reclaim. The
secondary or final filter to keep the working environment free of powder
particles.

-31 -


STM
Highlight

STM
Highlight

STM
Highlight


POWDER COATING 101

There are three main types of recovery systems available in the market today:

Conventional
Filter Belt
Cartridge

Conventional Powder Booth

Cartridge type Powder Booth: lontech

Powder Booth: Conventional Recovery Systems

The original powder booth was designed with a cyclone as the main
component with a recovery system. The overspray powder is drawn to the
bottom of the booth by airflow and gravitational forces. This air flow is
generated by a blower that creates a vacuum on the system through a series of
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ductwork. The ductwork from the booth is connected to a cyclone. The
cyclone in a conventional system is used as the primary means of powder
separation.

The powder and air mixture enters the cyclone at a typical velocity of 60 feet
per second. The shape of the cyclone causes the mixture to swirl with the
powder particles dropping out the bottom. The relatively clean air passes out
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The 'reclaim’ air is used to vacuum the powder off the filter belt for reuse.
This low volume, high vacuum air is generated by the reclaim exhauster.

The pick up head is a ling slotted tube that extends across the entire width of
the belt. The powder is conveyed through a connecting hose to the reclaim
cart.

The cycart contains filters for secondary powder separation in the filter belt
booth. The powder that collects on the filters is back pulsed and released into
the rotary feeder. The rotary feeder is used to regulate the amount of powder
flow into the sieve and maintain the vacuum in the cycart.

Fresh powder is fed into the system in a similar fashion. The fresh feed
exhauster draws the material from the powder container into a spate cycart
assembly. This powder is also back pulsed into a rotary feeder. The reclaimed
and fresh powder is mixed through a Y diverter into a sieve. The sieve filters
the powder and provides a consistent mixture of powder particles to the
hopper.

The recovery concept in a multicolor filter belt booth is very similar to the
single system.

In a multicolor system, the pick-up head vacuums the powder from the filter
belt and transfers it through a connecting hose to a high efficiency mini-
cyclone. The main purpose of the mini-Tj 348 TTT T T T0.096 Tc 0.396r.
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The collector and blower assembly are mounted directly to the booth without
any ducting. Any powder not deposited on the work piece is drawn to the
filter cartridges by the exhaust fan. The air that is drawn through the cartridge
filters is then exhausted through a set of final filters for secondary separation
and returned to the working area. The powder collected on the filters is back
pulsed through an alternating sequence that drops the particles to the bottom
of the collector. A fluidizing section in the base of the collector allows the
powder to be transferred back to the reclaim canister. It is then filtered
through a sieve before being fed back into the hopper. Fresh powder is either
fed into the collector through a chute or loaded directly into the hopper.

Powder Fines

Fines are the tiniest particles of powder in a batch. A given batch of powder
may contain about 10% fines. If precautions are not taken, the concentration
of fines in a powder booth can increase. Because of their light weight, fines
tend to be difficult to handle. Normal charged particles are readily attracted to
the grounded part. If a batch of powder contains a high concentration of
fines, the powder tends to deposit light amounts of film. In addition, fines
tend to go through collection cartridges and final filters causing reclaim
problems. As a precautionary, good practice method, the reclaimed powder
should be mixed 1:1 to assure consistent product application characteristics.

Maintaining high transfer efficiency is another protective measure used to hold
down the buildup of fines. Because of their poor electrostatic attraction, a
high percentage of overspray tends to consist of fines. Thus, minimizing
overspray holds down the fines buildup. High transfer efficiency is maintained
through proper equipment use, high quality powder coatings and trained
applicators.

Heating Applications In Powder Coatings

The requirements of the particular application must be thoroughly studied and
these matched with the capabilities and design principles of available ovens.
Such a thorough investigation of all aspects of the heating components of a
powder finishing line is critical to achieving an efficient, effective and
satisfactory operation which will produce a high quality product
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Preheating

Parts on their way to the coating application area are preheated where required
to dry off any moisture remaining from previous cleaning or conditioning
steps. Such heating must only be adequate to accomplish this simple function.
Temperatures -at most - can be in the range of 190 F (88C) and can be
attained with any number of available ovens. Ventilation of the area is of little
significance and only time dryness relationship is of importance.

Preheating also is needed to raise the temperature of parts which are to be
coated by processes requiring that the powder fuse on the part upon contact.
This requires the establishment of a temperature time coating cycle so that
coating thickness can be reproduced. The hotter the part, the more the
amount of material adhered before the temperature falls below the fusion
point. The temperature time curve for such ovens must be known and
reproducible. Generally such ovens need not be ventilated beyond that
required bye safety considerations. These conditions can easily be met by any
number of commercial ovens.

Parts generally preheated for application reasons are items such as: glass
bottles, plastic pens, MDF, certain woods and sometimes castings.

Postheating - Product Cure

Post heating operations on a powder finishing line are perhaps the most
critical. They are used to melt, flow and cure the powder which has been
applied to the part at ambient temperature as with the use of the use of the
electrostatic spraying process. This application of heat has to be very carefully
controlled because temperature-fluidity characteristics of a particular powder
are peculiar to that powder and it is this relationship that determines how the
flow of the material will take place as the temperature is raise. Most materials
cross link and become more viscous with the time at a given temperature so
this, for thermosetting materials further complicates the control.

The final properties of the coating can only be acquired uniformly over the
part if parts of the coating are treated in thermally equivalent conditions. The
post heat ovens for this reason again must be of high quality and be equipped
with adequate controls to insure reproducibility.
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Postheating - Process Considerations

Many elements and variables must be considered and studied when selecting
ovens for the powder coating line. Of utmost importance are:

* Product. Size, Configuration, Mass, Temperature limitations.
* Conveyor. Method, Product holder, Line speeds.
* Powder. Formulation type, Thickness, Cure profile, Color, Gloss, Cure test.

All parameters should be defined and communicated to equipment and
powder suppliers involved to insure that an integrated system and successful
installation are achieved

Postheating - Hot Air, Gas or Electric Convection Cure

Convection heating uses a medium such as air to transfer heat from the energy
source to the product. Many convection systems use a fired source (gas flame
or steam) which provides heated air circulation in the oven chamber. Using a
combustion chamber, the oven atmosphere can contain combustion products,
solvent vapors, and possibly traces of unburned fuel. Other convection ovens
utilize electric low-intensity infrared elements (calrods, resistance emitters) to
provide a clean, safe method of convection heating.

The time required to bring the powder deposited on a part to its cure
temperature is largely a function of the mass of the part and the rate at which
the part accept heat using convection heating. Large metal objects may require
from 30 minutes to 60 minutes or more to reach the desired cure temperature,
while smaller parts can be brought o temperature much more rapidly. This
heat absorption by the part is a waste of heat energy as far as powder curing is
concerned.

But considering all of the process requirements, such as part configuration,
products with varying size and dimension and processes where products of
similar configuration cannot be batched. This may be the most flexible and
efficient method of curing.

The temperature response time of a large convection oven is not particularly
rapid, often taking up to an hour or more for the oven to reach operating
temperature. They require considerable floor space and routine cleaning if
good finishes at high production rates are to be obtained. Despite these
limitations, convection ovens are currently the most popular for industrial
painting curing. Energy and operating costs however are often high and users
should be aware of alternative methods for their production lines.

- 37 -



POWDER COATING 101

Postheating - Infrared Radiation

Short, Medium and Long wave, high-intensity infrared heating utilizes
electrical energy to provide a direct, radiant method of heating. Infrared is
transmitted directly from emitter to product via electromagnetic waves
traveling at the speed of light (186,000 miles per second).

Different from convection heating, high intensity infrared requires no medium
to be heated for heat transfer to take place. Heated energy is transferred
quickly, cleanly, and efficiently typically tungsten quartz infrared lamps. These
can be electric or gas fired. High intensity infrared can have fast temperature-
time response. Curing ovens using this method of radiation heating are
compact in size and can be zoned to match exact product configuration and
size. Oven start-up times of 10-15 minutes or less are common. Savings in
energy, space and time can be realized with high intensity infrared.

Infrared radiation is best used with products of consistent shape produced on
dedicated lines in large volume. A direct line of sight, heater to object surface
is needed for proper powder cure and cure is affected by object distance.
Rotating the coated product during the infrared cure for round to cylindrical
shape product produces uniform heating with consistent cure results. Reflow
and cure times rang from 10 seconds to 120 seconds using high intensity
infrared.

* Infrared also permits for horizontal and vertical zone control for varying
part profiles.

* It is possible to shut off, or turn down, zones to save energy.

* Infrared is 3 times more efficient on average than convection.

Typical IR panel. Many of these are typically grouped together

Postheating - Ultraviolet Light & Electron Beam

UV cure relies on the penetration of UV light through the coating while EB
uses accelerated electrons that can penetrate even pigmented coatings.

This supplied energy causes a rapid chemical and physical change brought on
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by the energies agitation, or excitement, of photo initiators formulated into the
product.

This technology is very dependant upon line of sight cure and end uses with
three-dimensional parts is limited. In fact, worldwide use of this technology is
limited to a handful of companies.

A UV powder paint line is suited to powder coating of heat sensitive
materials. A typical cure range would be 2-3 minutes at 175F to 230F.

Oven Exhaust Issues

Gas convection cure ovens and some dry off ovens are exhausted to remove
raw fuel, byproducts of combustion and any emissions from the coating
materials. The coating materials may include compounds which are emitted by
design, as well as decomposition byproducts from fallen powder or parts. By
necessity, ovens designed to cure conventional solvent borne coatings must
have much higher exhaust rates to remove hazardous solvents from the oven
and work atmosphere. The removal of combustion byproducts is critically
important to prevent yellowing or darkening of light colors.

General guidelines for powder cure ovens are:

* Three air turnovers per hour for non-appearance parts.

* Four to Six air turnovers per hour for dark colors.

* Six to Eight air turnovers per hour for clear coatings.

* Eight to Twelve air turnovers per hour for light colors and appearance parts.
Certain situations may require higher exhaust rates:

* Curing solvent borne or Ecoat in the same oven with powder. The
byproducts of these can interfere with powder cure or produce yellowing in
light colors.

* Curing multiple powder chemistries in the same oven environment can
produce gloss reduction and even wrinkling in a smooth coating.

* Combination cure and dry-off ovens. High exhaust rates required to remove
water vapor.

* Contaminated make up air (plant air) used rather than fresh outside air.
The number of air turns in an oven is the rate at which fresh air replaces the

initial air volume by the oven blower. The exhaust requirements can vary
greatly with oven design.
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Indirect burners represent far less of a problem with combustion gases than
direct fired burners. The air turns for direct fired ovens should be higher.

If the oven is under exhausted over a period of time contaminants such as
nitrous oxides and sulfur dioxide may build up to produce a condition known
as a fouled oven. In these cases some coaters place buckets of liquid
Ammonium Hydroxide or solid Ammonium Salts at the oven exit and
entrance at shutdown to assist in neutralizing these acidic materials.
Additionally, cleaning and servicing the burners may be necessary.

The formula for determining Oven turns is:

Oven Turns = Make up air exchange Rate/Oven \Volume.

Oven Residue

Many powder coating ovens have an oven fuzz which builds up in and around
the cool zones such as the vestibule at the oven opening and around the
exhaust fan.

This material is generally made up of:

* Low molecular weight resins

* Flattening agents

* Blocking agents

* Degassing agents

* Decomposition products from the resin

The cause of the build up is generally caused by poor oven design or poor
maintenance. This oven residue should be cleaned out by vacuuming or
washing with a power spray washer.

Other factors which may contribute are:

* Frequent line stops with a full load in the oven.

* Excessive oven temperatures

* Uneven heat in the oven resulting in hot and cool zones. This can result
from baffling, the placement of a cooling tunnel or poor insulation on exterior
facing walls.
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Hazards associated with these residues are:

* Flammability
* Inhalation by workers
* Contamination of the finished part.

Note, even though not all residues represent fire hazards they should be
treated as such.

Our thoughts on ovens:

Build my own or buy professional?

Let me begin by saying that there is a serious threat of fires, explosions,
personal harm and/or death with an unsafe oven installation. It is imperative
that installers, operators, maintenance personnel and managers recognize these
threats and act accordingly. Over the past 15 years | have seen three
installations go up in smoke due to unsafe ovens and one person needlessly
died.

You want to build an oven? Can you install and do you understand the
following safety devices?

Motor Overloads, Fan Proving Air Cells, Purge Timers, Powered Exhaust,
Deviation Control Programming, Guards for Moving Parts, Explosion Relief
Doors/Hatches

High Limit Control, Door Switches, Safety Shutoff Valve, High/Low Gas
Pressure Switch

Combustion Safeguard System

Sure, for a hobby powder coater go ahead and buy an old oven for your parts.
You could even build your own oven using low-watt density Incoloy (or
similar) sheathed heaters - remember to follow UL guidelines and ensure your
heater loads are broken into circuits no higher than 48 amps each, use 16
gauge aluminized steel for the interior shell (aluminized is important for
reflectance). Insulate your oven with 3-5 inches of 6 # mineral wool and top
off the outer frame with heavy duty structural steel. You can purchase prefab
oven panels from Rapid Industrial Finishing 1-800-536-3461, they are online at
www.RapidEngineering.com. Make sure you take into account NFPA 86,
which requires that all fuel-fired and/or class A process ovens are equipped to
provide adequate explosion relief (1ft sq/15 ft cubed oven volume).

Can you design in explosion venting latches on the doors along with an
explosion venting panel in the roof of the unit?
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the oven. However, even these ovens can have air issues unless you have first
hand knowledge of the baffle design and air flow requirements of your
particular oven configuration.

Contact JohnsonGas at 800-553-5422 or Lanemark www.Lanemark.com
for quality prebuilt burner boxes.

Example of oven construction

W This is a prefabricated oven burner
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Gas or Electric (convection and IR),

Gas is significantly less expensive to operate than electric (for both convection
and IR ovens). A significant portion of electric energy costs for ovens derive
from the monthly demand charges imposed on energy consumed during
periods of high demand. For purposes of comparison, analyze the energy costs
of an electric system with a demand capacity of 392 kW and a 300 kW average
usage level operating eight hours a day, 22 days per month. With these figures,
estimated monthly electrical energy cost is $7,168.24 - of which almost 60%
was attributable to demand charges.

Compare these operating costs with those of a 1.6 million BTU/hr. gas
system. With the same usage per month, gas charges are estimated at
$1,047.55. The significant savings were possible because there are no utility
demand charges for gas usage. Thus, energy-related operating costs for the
proposed larger system were estimated at about $6 per hour vs. almost $41 per
hour for the previous system.

Are you going to run your oven during the day (when demand charges are
high) or only on third shift?

Oven Efficiency.

Oven efficiency is the ratio of the heat input into the product vs. the energy
consumed by the oven. Electric radiant elements typically have a radiant
efficiency (the ratio of radiant energy emitted vs. energy consumed) of 60 to
90%. Gas burners typically have radiant efficiencies of 40% to 60%. In each
case, the remainder of the energy input (that which is not converted directly to
radiation) becomes heated air within the oven.

Engineers design ovens to use this heated air to provide additional heat to the
product and offset losses that typically occur through the exhaust and
enclosure. The moving air improves overall oven efficiency, ameliorating the
inherent radiant inefficiency of gas (when compared to electric). The additional
convection heating system supplements the preheated air, helping to heat the
poles more rapidly and uniformly than is possible with radiant heating alone.

What about UV and Electron Beam?

UV powders have been available for about 10 years. In fact | was one of the
original formulators of UV coatings as they exist today back in the early 1990's.
The first successful UV application of powder coatings was by Baldor USA for
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their electric motors. UV is still however in it's infancy due to the high costs
of the curing equipment and powder coatings. It is however an excellent
choice for highly heat sensitive substrates such as preassembled parts such as
shocks and electric motors as well as for plastics. You can cure a UV powder
in as little as one minute!

The following comparison shows how dramatically curing time can be reduced
by moving from convection to infrared and finally to UV curing for a free
radical 100% UV solids operation. In one particular analysis, the cost reduction
from converting from 100% heating to 100% UV solids resulted in a savings
of over $250,000 per year on electric energy. - ($/ft2)

What about Temperature and Energy?

It has been documented (Powder Coating, October 1996, p. 33) that within a
commercially applicable cure oven temperature range of between 284F (140C)
and 410F (210C) the energy consumption increases by an average of about 6%
for every 18F (10C) temperature increase:

Temperature: Energy Consumption Increase (%)
284F (140C)  0.0%
302F (150C) 6.0%
320F (160C) 12.1%
338F (170C) 19.1%
356F (180C) 26.2%
374F (190C) 33.8%
392F (200C) 41.9%
410F (210C) 50.4%

284F (140C) was chosen in this example as the baseline temperature, however,
any given temperature can be used as baseline. Many powder coatings are
capable of curing at this temperature, make sure you specify this temperature
with your supplier!

Mathematically, energy consumption changes can be expressed as:

Cure Oven Energy Consumption Change in % = 100 x (1.0033(+
Temperature Change in Fahrenheit) - 1)

Notes:
* Temperature changes can be positive (temperature increase), or negative
(temperature decrease).
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* Resulting values from the equations shown above are estimates. Oven
design, insulation, air flow, and other factors may change the 6% figure for an
18F (10C) temperature increase somewhat. However, these equations offer a
reasonable assessment for energy consumption changes related to oven
temperature changes.

Application Conditions:
We have reviewed earlier that powder coatings are:

- Hydroscopic (tend to absorb moisture easily)
- Sensitive to heat and hot environments.
- Are fine particles and inhalation exposure should be minimized.

Some points to keep in mind:

1. Control temperature. Recommend 80F 27C or less. Remember that
powder requires minimal storage space. For example, a semi-tractor-trailer-
sized area can accommaodate 40,000 Ibs of powder which is approximately
equal to 15,000 gallons of liquid paint.

2. Efficiently rotate the stored powder to minimize inventory time, so that
powder is never stored for a period exceeding the manufacturer's
recommendation.

3. Avoid having open packages of powder on shop floor to preclude possible
moisture absorption and the high risk of contamination

4. Precondition powder prior to spray application by providing
preconditioning fluidization as is available on some automatic systems or by
adding virgin (unused) powder through reclaim system. These techniques will
break up the powder if minor agglomeration has occurred in the package or
during storage.

5. Maximize powder transfer efficiency in the booth to avoid the problems
associated with the recycling of large quantities of powder.

6. Minimize the amount of the powder coating material held on the shop floor
if temperature and humidity of application areas are not controlled.
Excess Heat

Powders must maintain their particle size to allow proper handling and
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application. Most thermosetting powders are formulated to withstand certain
amount of exposure to heat in storage. This will vary according to types and
formulation, but can be estimated at 100 - 120F.

When these critical temperatures are exceeded for any length of time, one or
all of the following physical changes may happen. The powder can sinter,
pack and Zor clump in the container. Pressure of powder weighing on itself,
(i.e., large tall containers, can accelerate packing and clumping of the powder
toward the bottom of the container).

Unless exposure to the heat has been excessive and over an extended period of
time, powder which has experienced such changes can usually be broken up
and rejuvenated by passing it through a coarse (~ 60 mesh) screen.

Powders with very fast or low-temperature curing mechanisms may undergo a
chemical change as a result of exposure to excess heat. These powders may
partially react or "B stage”. Even though these powders may be broken up,
they will not produce the same flow and appearance characteristics as
unexposed powders. These powders will have and will irreversibly retain
restricted flow even to the point of a dry textured appearance after curing.
Protect from Humidity, Water and Contamination

Water and powder do not mix when the intent is to spray as a dry powder.
Exposure to excessive humidity can cause the powder to absorb either surface
or build moisture. This causes poor handling such as poor fluidization, poor
gun feeding which can lead to gun spitting and eventually blockage. High
moisture content will certainly result in poor electrostatic behavior which can
result in changed or reduced transfer efficiency and in extreme conditions will
affect the appearance and performance of the baked coating film.

Because powder coating is a dry coating process, contamination by dust or
other powders cannot be removed by filtering as in liquid paint. It is
imperative, therefore that all containers are closed and protected from plant
contaminants such as airborne cardboard carton fibers, packing materials,
grinding dusts, aerosol sprays, etc.
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Powder Coating Quality Control

Powder coating can look like it is completely cured, yet still be
unable to provide the complete physical properties it is capable
of. Use of Quality Control testing is a key part of your
Process

uality control is an often misunderstood part of the coating process.
In order to ensure that your customer is getting the best properties
from the powder job, it is important to conduct test which verify the
degree of cure of the paint.

Evaluating finished film properties and specifications

Your customer has specific ideas of what the powder coating process will do
for their parts. It is imperative you test some fraction of your powder coated
parts to ensure you will meet or exceed these expectations.

Powder coatings obtain their full physical and chemical properties only when
completely cured at the proper temperature for enough time. Use of these
tests will help ensure you are shipping parts which conform to your customers
or your internal specifications.

When determining what powder to use, make sure you supplier understands
exactly what your needs are. These tests are similar to what your suppliers do
and are based on industry recognized procedures.

In this chapter we cover the main tests most customers require:
Gloss, Color, Impacts, Thickness, Hardness, Flexibility, Cure and Adhesion
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SPECULAR GLOSS

B ¢

SCOPE: To measure the specular gloss of nonmetallic powder coatings.
EQUIPMENT:

1) Gardner Micro (or equivalent) Glossmeter
2) Properly coated surface

PROCEDURE:

1) Prepare panel or substrate according to supplier recommendations

2) Place room temperature panel on a flat surface.

3) Remove the gloss meter from its protective holder and place in a vertical
and level position on top of the surface.

4) Press the "Mode" button until the proper sample mode is displayed. Use
the 60 angle as the default mode, unless otherwise specified by the customer
(20 and 85 angles are available). Press the "Operate™ button and wait for the
result to display.

RESULTS: Report the specular gloss indicated on the gloss meter digital
readout.
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DIRECT/REVERSE IMPACT

Example of a failure

Example of a Pass

SCOPE:To determine the impact resistance of a powder coating applied to a
substrate.

EQUIPMENT:
1) Variable Height Impact Tester
2) Properly coated surface

PROCEDURE:

1) Prepare panel or substrate according to supplier recommendations

2) Allow panel or substrate to cool to room temperature.

3) Place the panel on the table provided at the bottom of the variable height
tester beneath the rounded impact surface.

4) If direct impact is to be checked, the panel should be placed on the table
with the coated surface up. Place the coated surface down for reverse impact.
5) Raise cylinder weights to top and allow to drop freely.

6) Continue to drop cylinder weights at lesser heights until an impact is made
that does not crack the coating.

RESULTS: Report the results in inch-pounds. To determine the inch-pounds
the following equation applies: height in inches multiplied by cylinder weight
in pounds equals inch-pounds. The weight of the cylinder is 4 pounds and
inches are indicated on the impact tester.
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VISUAL COLOR
SCOPE: To determine the visual color as defined by the quality specifications.

EQUIPMENT:

1) MacBeth Light Booth

2) Properly coated panel or substrate
3) Known standard

PROCEDURE:

1) Prepare panel or substrate according to supplier recommendations

2) Allow panel or substrate to cool to room temperature.

3) Select the proper light condition to review the color by activating the
buttons on the light booth that corresponds with the desired light condition.
4) Review the known standard next to the trial panel at arms length away in the
light booth at various angles to ensure color consistency per reviewers color
knowledge.

RESULTS: Report the results as pass or fail.
NOTES: The proper light sources depend on the customers requirements.
Daylight is for exterior, Incandescent and Fluorescent is for interior.
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DRY FILM THICKNESS

SCOPE: To measure the dry film thickness of a nonmagnetic coating applied
over a metallic (ferrous or aluminum) substrate.

EQUIPMENT:

1) Properly coated surface
2) Dry Film Thickness Gauge

PROCEDURE:

1) Prepare panel or substrate according to supplier recommendations.

2) Place room temperature panel on a flat surface.

3) Place film thickness gauge probe in a vertical and level position on top of
the surface. (see notes)

RESULTS: Report the thickness reading indicated on the film thickness gauge
in mils.

NOTES: For the handheld PosiTector 6000, the probe is located at the
bottom of the unit and the entire device should be held upright and flat on the
test panel. The Fisherscope MMS unit includes a wire remote probe, which
should be pressed downward onto the test panel.
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FILM HARDNESS BY PENCIL TEST

SCOPE: To determine the film hardness of the coating on a substrate in
terms pencil leads of known hardness.

EQUIPMENT:
1) Properly coated surface
2) Calibrated wood pencils or drawing leads meeting the following scale of
hardness:
4B-3B-2B-B-HB-F-H-2H-3H-4H

Softer Harder
3) Abrasive paper
4) Mechanical Lead Holder, for drawing leads if used.

PROCEDURE:

1) Prepare panel or substrate according to supplier recommendations.

2) Place room temperature panel on a flat surface.

3) Rub the lead against the abrasive paper at an angle of 900 to the paper until
a flat, smooth surface is obtained.

4) Starting with the hardest lead, hold the pencil or lead holder firmly with the
lead against the film at a 450 angle and push away from the operator.

5) Repeat the process down the hardness scale until a pencil is found that will
not scratch (surface mar) or gouge (expose substrate) the coating.

RESULTS: Report the hardest pencil that will not scratch or gouge the
coating. Unless specified as a "gouge™ test by the customer, it is assumed that
the "scratch™ hardness will be reported.
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MANDREL BENT TEST (FLEXIBILITY)

SCOPE: This method determines the resistance to cracking (flexibility) of
organic coatings on the substrate

EQUIPMENT:

1) 1/8 Inch Bend Conical Mandrel Tester
2) Properly coated panel

PROCEDURE:

1) Prepare panel or substrate according to supplier recommendations.

2) Allow panel to cool to room temperature.

3) Slip the panel between the mandrel and the drawbar with the finish side
towards the drawbar.

4) Rigidly clamp the specimen in a vertical position adjacent to the mandrel by
placing the long edge behind the clamping bar in such a manner that the panel
is always set up to the narrow end of the mandrel.

5) Move the lever through about 1800 bend at uniform velocity to bend the
specimen approximatel