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PREFACE 

 

Powder coating use has grown steadily in recent years and the materials and application 

technology have evolved to meet the demand and to open up new markets. Development 

of new methods for the manufacture of materials and better control of application are 

steadily improving the process. Traditional challenges are being studied and the industry 

is continuing to make progress to meet them.  

 

This journal is designed to help the applicator keep pace with industry. The information 

included in this original document is a summation of known technology and process 

issues that affect powder coater's. It is intended that this manual provide the fundamental 

information needed to operate a powder coating system and manage the process for 

efficiency and profit.   

 

The focus of the journal is the practical issues that affect all coaters. The basics of how to 

use the equipment, what to expect from the materials and process, what options are 

available for powder coating systems and methods of dealing with powder coating as a 

business. 

 

In order to keep the information current and reflect future changes in technology, frequent 

updates will be made to this journal. These changes will reflect new advances in 

materials, technology and process.  
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CHAPTER 1 - POWDER MATERIALS 

   

Powder coatings are finely ground plastic particles consisting of resin, crosslinker in 

thermoset powders, pigments & extenders, and various flow additives and fillers to 

achieve specific properties. When they are heated, these plastic particles melt to form a 

continuous film, typically a very durable and chemical resistant film. 

 

Powder coatings are applied as a dry material and they contain very little, if any, Volatile 

Organic Compounds (VOC).  The raw material is literally a powder, mixed dry, extruded, 

and ground into the final material. An environmentally safe coating that can provide a 

variety of high quality finishes makes powder a popular alternative in the ecologically 

sensitive climate that we live in today.  

 

Powder materials may be thermoplastic or thermoset. Thermoplastic powders do not 

chemically react in a cure phase. They are typically used for functional applications and 

applied in thick films thick films, typically 6 - 12 mils. They are used for a wide range of 

applications that require a tough finish with impact resistance and/or chemical resistance.  

 

Thermoset powder coatings are applied and then cured in an oven at a certain temperature 

for a certain time. The cure process will cause a chemical crosslinking to take place, 

changing the powder into a continuous film that will not remelt. Thermoset powders are 

used for a variety of functional and decorative applications and usually applied in thinner 

films, typically in a film thickness of 1.5 to 4 mils.  

 

Powders can be formulated to meet a variety of appearance or performance 

characteristics.  This would include the film thickness, gloss, texture, color, and 

performance (hardness, chemical resistance, U.V. Resistance, high temperature 

resistance, etc.) of the coating. Powders are available with very smooth finishes, 

hammertones, wrinkles, and metallics.  

 

A typical thermoset powder will have a resin as the primary film forming component, 

several pigments for color, flow aids, and a cure agent. The dry ingredients are blended at 

high speed to create a homogenous mixture and then fed into an extruder for melt mixing. 

The taffy-like extrudate is cooled and chipped. The chips are ground to a very specific 

particle size distribution and packaged for shipment.   

 

The particle size is important to the performance and appearance of the coating. Particle 

size can affect the application and appearance characteristics of the coating. This will be 

discussed later in this chapter. 
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Powder Manufacturing Process 

Figure 1-1 

 

1. Thermoplastic Powders 

There are three primary resins used in thermoplastic powders, vinyls, nylons and 

polyesters. These materials are used for some food contact applications, playground 

equipment, shopping carts, hospital shelving and other applications. Few of the 

thermoplastics have the broad range of appearance properties, performance properties and 

stability that are required in applications that use thermoset powders.  Some typical 

properties of the different resins are listed in the chart below.  

 

Physical & Coating Properties of Thermoplastic Powders  
PROPERTY VINYLS NYLONS  POLYESTER 

Primer Required Yes Yes No 

Melting Point oF  266 - 302 367 320 - 338 

Typical Pre/Post Heat  oF   544/446 590/482 572/482 

Specific Gravity, G/CM3 1.20 - 1.35 1.01 - 1.15 1.30 - 1.40 

Adhesiona  G - E E E 

Surface Appearance Smooth Smooth Slight Peel 

Gloss, 60o  40 -90 20 - 95 60 - 95 

Pencil Hardness HB - 2H B B - H 

Flexibilityb  Pass Pass Pass 

Impact Resistance E E G - E 

Salt Spray Resistance G E G 

Weathering G G E 

Humidity E E G 

  Acidc  E F G 

  Alkalic E E G 

  Solventc    F E F 

  E - Excellent  G - Good  F - Fair  P - Poor 

aWith Primer Where Indicated 

bNo Cracking, 1/8 Inch Diameter Mandrel Bend 

cInorganic, Dilute 

From the ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY                                                                      

Volume 19, Third Edition 
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Thermoplastic powders are typically high molecular weight materials that require high 

temperature to melt and flow. They are commonly applied by fluidized bed application 

and the parts are both pre-heated and post-heated.  

 

Most of the thermoplastic powder coatings have marginal adhesion properties so that the 

substrate must be blasted and primed prior to application. 

 

Polyvinyl Chloride (PVC)   

Polyvinyl chloride powder coatings provide good durability, chemical and water 

resistance and they can be formulated for FDA approved applications such as frozen food 

shelving and dishwasher baskets.  The finish is somewhat soft, glossy and flexible. It has 

good resistance to water and detergent at high temperatures for long periods of time.  

 

Polyolefins   

Polyethylene produces soft and waxy films. Polypropylene powder has much in common 

with the plastic surface of solid polypropylene.  Like most thermoplastic powders, they 

are durable and resistant to many chemicals and detergents. Some solvents and detergents 

can break them down quickly.  

 

In addition to the toughness and chemical resistance common to other thermoplastics, 

polyethylene is an excellent electrical insulator.  It also is used to coat laboratory 

equipment because the surface is very cleanable. 

 

Nylon   

Nylon resins (polyamides) produce powders that are tough, smooth, chemical and solvent 

resistant, and very abrasion resistant. Most of the time a nylon powder will require a 

primer to achieve the adhesion level needed for higher performance applications. Nylons 

can be formulated for food contact applications, they make an excellent coating for 

shelving and they are also widely used on bearing surfaces to prevent breakdown from 

mechanical abrasion. Some nylons are also used for outdoor applications such as light 

fixtures or seating. 

 

Polyester 

Polyester-based thermoplastic powder materials have better than average adhesion 

properties and good UV resistance characteristics. However, they are somewhat more 

difficult to apply than nylon materials and not as resistant to abrasion or solvent. 

Polyesters are used on some outdoor applications such as patio furniture due to   good 

outdoor durability characteristics.   

 

Poly(Vinylidene  Fluoride) ï PVDF 

PVDF based coating materials have excellent weathering characteristics. They also have 

excellent resistance to chemicals with the exception of hydrocarbon solvents. They are 

used to coat piping and valves used in chemical process industries. Usually, a chromate 

primer is recommended. 
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2. Thermoset Powders 

Thermosetting powders are much more widely used than thermoplastics. They are 

primarily composed of relatively high molecular weight solid resins and a crosslinker. 

Thermoset powders are used for a wide variety of decorative and protective applications.  

They are applied by the electrostatic spray process, heated to the necessary temperature 

and cured. 

 

The primary resins used in the formulation of thermosetting powders are: 

-- Epoxy 

-- Polyester 

-- Acrylic 

 

These primary resins are used with different crosslinkers to produce a variety of powder 

materials. Many crosslinkers, or cure agents, are used in powder coatings, including 

amines, anhydrides, melamines, and blocked or non-blocked isocyanates. Some materials 

also use more than one resin in hybrid formulas. 

 

When a thermoset powder is applied and subjected to heat it will melt, flow and 

chemically crosslink to form a finished film. The chemical reaction in the cure cycle 

creates a polymer network that provides excellent resistance to coating breakdown. A 

thermoset powder that has cured and crosslinked will not melt and flow again if subjected 

to heat a second time.   

 

Epoxy  

Epoxy powders were the first commercially available thermoset materials and they are the 

most commonly used of the thermosetting powders today.  They are available in a wide 

range of formulations for thick film functional applications and thin film decorative 

applications. They provide excellent toughness, chemical resistance, corrosion resistance 

and flexibility. The primary drawback with epoxies is that they will chalk when subjected 

to UV radiation. For this reason they are rarely used for outdoor applications. 

 

Functional Epoxy Powder Applications  

Functional epoxies are commonly used for electrical insulation and corrosion protection. 

Some typical applications for functional epoxies are electric motors, alternators and 

electrical control junction boxes, taking advantage of its insulating properties.  Because 

functional epoxies also have very good chemical resistance, they are used in a variety of 

applications where corrosion resistance is required, such as piping, under the hood 

automobile components and concrete "rebar." 

 

Decorative Epoxy Powder Applications 

Epoxies are often used for decorative applications. They can be formulated to provide a 

variety of glosses, colors and textures and applied in relatively thin films of 0.5 to 3 mil, 

still providing the toughness and durability of the functional coatings. Typical 

applications include metal office furniture, shelving, interior car parts, and toys. 
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Epoxy Polyester Hybrids  

Epoxy - Polyester "Hybrids", like the name implies, combine epoxy resins with polyester 

resins to form a powder with most of the same properties as epoxies. Although some 

hybrids are less resistant to chemicals and solvents, they are tough, flexible and 

competitively priced. 

 

Hybrids are likely to be used in many of the same applications as epoxies. In addition to 

the slight improvement in weatherability, the polyester resin sometimes provides some 

improvement in charging characteristics for electrostatic application. 

 

Polyester Powder  

Polyester resins are used to formulate urethane polyesters and polyester triglycidyl 

isocyanurate (TGIC) materials. 

 

Urethane Polyesters    

Urethane cured polyester powders have excellent resistance to outdoor environments, 

toughness and very good appearance characteristics at 1 to 2 mil film thickness. A 

smooth, thin film that resists weathering and physical abuse makes the urethane 

polyesters a popular finish for high quality products.  

 

It is common to block the crosslinker in urethane polyesters with Ů-caprolactam. To begin 

the crosslinking process, the material must reach a temperature above the blocking agent 

threshold. With Ů-caprolactam, un-blocking occurs at approximately 360ºF (182ºC). 

Therefore, temperatures must be higher than 360ºF to start the melt phase of the cure 

cycle. 

 

Powders containing Ů-cap are usually sensitive to films thicker than 3 mils. Thicker films 

with these urethanes may lose some of their mechanical properties and they may exhibit 

outgassing effects due to Ů-caprolactam evolution. 

 

They are used for exterior applications such as patio furniture, automotive wheels and 

trim, lawnmowers and a wide range of other products requiring high quality, decorative 

finishes comparable to wet coatings.  

 

Polyester TGIC   

Polyester TGIC coatings use the epoxy functional crosslinker triglycidyl isocyanurate 

(TGIC). TGICôs have very good adhesion characteristics, corrosion resistance and  

exterior durability. They can typically be cured at lower temperatures than urethanes 

and/or have shorter cure cycles. In the cure cycle, they have good overbake characteristics 

and they are less sensitive to outgassing. They also provide good edge coverage and 

tough, thick films (3 - 5 mil/75-100 micron) due to the inherent higher melt viscosity of 

the non-blocked TGIC crosslinker. They have equal corrosion resistance to urethane 

polyesters but they are somewhat less resistant to chemicals. Some typical applications 

are automotive wheels, air conditioners, lawn furniture, and air conditioner cabinets. 
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The triglycidyl isocyanurate has raised some health concerns, particularly in Europe. 

Toxicology of the raw ingredients and various tests of volatiles released during curing 

have demonstrated that these materials do not pose significant health hazards as long as 

they are handled properly. However, individuals with sensitive lung conditions may have 

problems with low levels of exposure. Some individuals have also exhibited skin 

sensitivety to these materials. If an individual shows symptons of sensitivety to these 

materials they should not continue to work with or around them. For most people, the 

levels of exposure are very low and there is no significant health risk. 
 

Ovens must be properly ventilated to prevent gases from escaping and building up within 

the building. It is possible to develop toxic decomposition products during curing, 

especially if the oven temperature is extremely high. Exhaust from the oven should be 

equal too or greater than 2.2 ft
3
/min. for every pound of powder put through the oven. 

   

Acrylic Powders   

Like the polyesters, acrylics give excellent exterior durability. Common acrylic-based 

materials include urethane acrylics (hydroxyl functional resins), acrylic hybrids (acid 

functional resins) and glycidyl methacrylate acrylics (GMA) (epoxy functional resins). 

 

Urethane acrylics require cure temperatures of 360ºF (182ºC). Like urethane polyesters, 

they may exhibit problems with outgassing at thicker films (3 mils/75 micron. They offer 

excellent thin film appearance, good chemical resistance and hard films. Flexibility and 

impact resistance is usually poor. 

 

GMA acrylics can be cure in less time or lower temperatures than the urethane acrylics 

and they also can provide superior weathering characteristics. They make excellent clear 

coats over brass or chrome due to their exceptional clarity. Like the urethane acrylics, 

flexibility is somewhat limited. They can be applied in films greater than 3 mils (75 

micron) without the risk of outgassing that is characteristic with the urethanes. GMA 

acrylics are typically not compatible with other resins and are run in systems that are 

isolated from other powders. 

   

Acrylic hybrids combine the acrylic resin with an epoxy binder. They are somewhat better 

than a polyester/epoxy hybrid but still not considered acceptable for outdoor use. The 

mechanical properties that are characteristic in epoxies are a benefit of these materials 

and they have much better flexibility than other acrylics. 

      

Because of their good appearance, tough surface, exceptional weatherability, and 

excellent electrostatic application characteristics, acrylics are frequently used for 

applications on products that have very high quality standards. Appliances, automobiles 

and other products that require durability and long life in a harsh environment are good 

candidates for acrylic powder coatings. Typical applications include automotive wheels, 

plumbing fixtures and vending machines. 
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Research has been conducted to determine the suitability of acrylic powder coating as a 

clear coat on automotive bodies. While the United States automobile manufacturers 

continue to evaluate this application, one European manufacturer is using it in production.  

 

3. Coating Comparison 

The decision on what powder to use depends on the specific appearance and performance 

requirements of the end product. The end user must determine what specific properties 

they want in the coating and communicate that to the formulator. 

 

When selecting a powder, several variables must be considered. 

-- Cost of the powder (applied) 

-- Performance characteristics 

-- Application characteristics 

-- Appearance 

 

The proper coating is a balance of these variables.  Coating manufacturers can help the 

applicator in the selection process.  Given a particular specification, they can often 

formulate a powder to meet a specific application at a reasonable cost, particularly if the 

volume is high. 

 

The comparison charts below show some of the performance properties and typical uses 

of the various resins. 

 

EPOXY 
Property    Range  

Hardness (pencil)  HB - 7H 

Impact Resistance (in.-lbs) 60 - 160 

Gloss (60 deg. meter) 3 - 100+  

Color All colors, clear and textures 

Salt Spray 1,000 hrs.  

Condensing Humidity 1,000 hrs.  

Cure range (Typ. 2 mil (0.05mm) film - time 

at Metal temp.) 
3 min. @ 450o F (232oC) to 

25 min @ 250o F (121oC) 

 

EPOXY HYBRIDS  
Property    Range  

Hardness (pencil)  HB - 2H 

Impact Resistance (in.-lbs) 60 - 160 

Gloss (60 deg. meter) 10 - 100+  

Color All colors, clear and textures 

Salt Spray 1,000 hrs. minimum 

Condensing Humidity 1,000 hrs. minimum 

Cure range (Typ. 2 mil (0.05mm) film - time 

at Metal temp.) 
10 min. @ 400o F (204oC) to 

25 min @ 300o F (149oC) 
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URETHANE POLYESTER  
Property    Range  

Hardness (pencil)  HB - 4H 

Impact Resistance (in.-lbs) 60 - 160 

Gloss (60 deg. meter) 15 - 95  

Color All colors, clear and textures 

Salt Spray 1,000 hrs. 

Condensing Humidity 1,000 hrs. 

Cure range (Typ. 2 mil (0.05mm) film - time 

at Metal temperature) 
10 min. @ 400o F (204oC) to 

25 min @ 320o F (160oC) 

 

TGIC  
Property    Range  

Hardness (pencil)  HB - 4H 

Impact Resistance (in.-lbs) 60 - 160 

Gloss (60 deg. meter) 20 - 90  

Color All colors, clear and textures 

Salt Spray 1,000 hrs. minimum 

Condensing Humidity 1,000 hrs. minimum 

Cure range (Typ. 2 mil (0.05mm) film - time 

at Metal temp.) 
10 min. @ 400o F (204oC) to 

30 min @ 300o F (149oC) 

 

 

ACRYLICS  
Property    Range  

Hardness (pencil)  H - 4H 

Impact Resistance (in.-lbs) Excellent, 40 - 100 

Gloss (60 deg. meter) 10 - 90  

Color All colors, clear and textures 
Salt Spray 1,000 hrs. minimum 

Condensing Humidity 1,000 hrs. minimum 

Cure range (Typ. 2 mil (0.05mm) film - time at 

Metal temp.) 
10 min. @ 400o F (204oC) to 

25 min @ 350o F (177oC) 

Note: Performance properties depend on proper pretreatment, application, & cure. 

 

4. Coating Selection  

The first step in the coating selection process is to define your finished product 

requirements.  With a specification, a manufacturer can work with a coating supplier to 

get just the right coating formulated for their specific need. 

 

In selecting a thermosetting powder type from a powder coating supplier, it is advised 

that the following thoughts be kept in focus throughout the selection process and during 

negotiation with suppliers. 

 

The key selection factors are: 

* Demonstrated film performance 

* Demonstrated application characteristics 

* Cost performance balance  
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Testing of performance issues is important. For example, if the product will be used 

outdoors, resistance to UV light and outdoor weatherability should be tested. The 

exposure chart below shows the results of testing for comparative gloss retention of 

different powder formulations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                         

 

The properties of any particular powder will vary even if they are the same chemistry. 

Formulators can produce materials to meet specific needs. Below is a summary of the key 

properties of each generic type of thermosetting powder as discussed. 

 
Epoxy: Tough 

 Chemically resistant 

 Poor exterior durability (chalking) 

  

Hybrid: Decorative film performance similar to epoxies 

 Some UV and overbake advantages 

Not exterior durable 

  

Polyester Urethane: Exterior durable 

Thin film powder coating 

  
Polyester TGIC Exterior durable 

Good edge coverage 

Thicker films are no problem 

  
Acrylic: Excellent weatherability 

Excellent appearance 

Good-fair impact resistance 
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5. Powder Storage   

Powder storage areas should be reasonably cool, dry and free of air borne contaminates. 

Some powders are more stable in storage than others, so it is important to know which 

materials are most sensitive and what conditions are required to keep them in good 

condition. 

 

Heat   

Most powders will withstand a certain amount of exposure to heat in storage. 

Temperatures of 100 - 120ºF (38 ï 46ºC) usually will not hurt the material.  If the 

temperature is greater than this, several physical changes may take place.  The powder 

can sinter, pack, or clump in the container.  Tall containers or boxes stacked high can add 

to this problem because of the weight of the powder on itself. Boxes should not be 

stacked more than 3 high. Usually this clumping can be eliminated by passing the powder 

through a screen or sieve but this is very labor intensive. 

 

Powders with low temperature curing mechanisms may undergo a chemical change when 

exposed to excessive heat.  Once this happens, the powder will lose its original flow 

characteristics and must be scrapped.  Most powders are formulated with blocking agents 

that prevent curing below  200ºF (93ºC), so this is not usually a problem. 

 

Humidity  

Powder will absorb moisture if the air in the storage area is above 60% relative humidity. 

This will cause it to clump together, resist fluidization and flow poorly. In most cases, the 

clumping can be eliminated by a combination of stirring and fluidizing for a few minutes. 

Still, it is better to store powder at a range of 40 to 60% RH. 

 

If powder is stored in a controlled environment within these parameters, it will normally 

remain stable for at least one year. Storage in a controlled environment will provide more 

consistent behavior of the powder during application. 

   

To avoid problems with powder materials, storage areas should be controlled as follows: 

 Control temperature to 80F (27ºC) or less. 

 Control the relative humidity between 40 and 60% RH.  

 Rotate stored powder so that it is not kept in storage for extended periods of time. 

First in, first out. 

 Avoid leaving containers of powder open on the shop floor where the powder can 

easily pick up moisture and dirt. 

 Precondition the powder before spraying by fluidizing it for a few minutes prior to 

application. 

 

Like many of the recommendations in this book, these precautions are not absolutely 

necessary to the application of powder.  However, following them will produce the best 

possible results with the least possible labor. Proper storage and a little patience to 

achieve correct fluidization will help contribute to consistent results. 
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6. Powder Particle Size 

The size of the powder particle can have an influence on the behavior of the material in 

the delivery system, the charging system and the final film characteristics. The original  

grind size is determined by the manufacturer to provide certain deposition and appearance 

characteristics. The powder coater must understand the role of particle size in the 

electrostatic process and maintain a consistent blend when reclaimed powder is used. 

 

The consistency of powder flow from the gun begins in the feed hopper. Steady, uniform 

fluidization is required to achieve a consistent flow through the pumps and out of the gun. 

As the concentration of fine particles increases the powder coating material will begin to 

clump together and resist fluidization. Finer particles fill the voids between the larger 

particles and force the operator to use higher air pressure.  

 

The air entering the fluidized bed will follow the path of least resistance and higher 

pressure will often cause geysering. The surface of the fluidized powder is inconsistent 

with large bubbles and dead spots. This condition will cause the air to surge and deliver 

inconsistent amounts of powder to the pick-up tube. If the condition is not too severe the 

operator may continue to spray but the parts will have uneven film thickness and possibly 

surface blemishes. If the condition is severe the gun will spit a large volume of powder 

onto the surface and leave a blotchy mound of powder. 

 

Higher delivery pressures may also be needed to move the compacted powder through the 

hose. This higher pressure will cause excessive impact fusion at contact points throughout 

the delivery system, particularly in bends of the hose or around the deflector tip. Higher 

delivery pressures will also result in higher velocity, which can reduce powder transfer 

efficiency. Higher pressure will also cause more grinding action as the powder travels 

through the system, breaking down the powder and adding still more fines. 

 

Finer particles have more surface area per given weight than larger particles so they tend 

to pick up more moisture. The higher moisture content contributes to clumping.   

There are physical and chemical properties of powder materials that can affect the transfer 

efficiency. If a powder seems to perform below the level of the other powders run on the 

same line the powder supplier should be consulted to see if it can be altered so that it will 

charge more efficiently. 

 

The range and concentration of particle size can also affect transfer efficiency. Smaller 

particles carry more charge per unit weight and become self limiting at thinner films. 

Since back-ionization occurs at the self limiting point, a higher concentration of fine 

particles will contribute to surface disruptions at thinner films.  

 

Smaller particles also have less mass and are more likely to be influenced by the air flows 

and weaker electrostatic lines. Larger particles are more likely to have straight line 

motion and be affected by strong electrostatic force lines or gravity. This particle size 

related behavior has an impact on electrostatic wrap and penetration of faraday cage 

areas.  
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The electrostatic field lines generated from the corona gun will tend to concentrate on the 

external edges and bend around to the back of the part. Since the finer particles tend to be 

more influenced by the weaker field lines that connect to the back of the part they will 

contribute more to wrap.   

 

The fines also deposit on the edges more readily and become self-limiting at thinner 

films, making it more difficult to penetrate Faraday areas when there is a high 

concentration of finer particles. Larger particles, since they are slower to self limit and 

have truer straight line motion, are more successful in penetrating inside corners. 

 

When film builds are drifting lower and penetration is becoming more difficult the 

powder particle size blend may have too many fines.  

 

Smaller powder particles are easily influenced by air flows in the application area and 

more likely to drift away from containment. Since uncontained powder is a dirt source the 

finer particles can be a contributor to dirt rejects. 

 

Because of the ability to collect over-spray for reuse, some operators are not overly 

concerned about first pass transfer efficiency. However, recycling of powder has a 

negative impact on the material. It alters the classification of the particle size, it degrades 

application performance, contamination may be added to the reclaimed material and some 

over-spray will need to be scrapped. Good practices in application must be designed to 

provide high first pass transfer efficiency to reduce over-spray. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Particle Size Distribution, Virgin vs. Cyclone Recovered Powder 

Figure 1-2 
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Particle Size Distribution, Cartridge Hopper 

Figure 1-3 

 

Reclaimed powder is mixed with virgin powder in a consistent volume for consistent 

performance. It is important to maintain a consistent ratio of virgin to reclaim powder for 

the best possible transfer efficiency. Experience with a given powder will help to 

determine what the ratio should be. A sensible starting point is 50/50. If the deposition is 

good than 50/50 is a good ratio of virgin to reclaim. If the deposition is worse than the 

virgin material it may be necessary to reduce the volume of reclaim in the blend. 

 

Film characteristics, such as thickness and smoothness, are also affected by the grind size. 

In general, an overall coarser blend will build a thicker film and a finer grind will provide 

a thinner film.  

 

Film smoothness is partly dependent on an even distribution of various sized powder 

particles. Larger particles take longer to melt and they may not completely level out 

during the cure cycle. If a grind is too coarse it may cause excessive texture called orange 

peel. An excess of fines will cause the film to reach the self limiting point faster and start 

back ionization, resulting in ñelectrostatic orange peel.ò  

 

Particle Size Measurement 

Because of the impact that particle size has on coating process it is important to be able to 

accurately measure the grind size for specification of a material and for adjustments to the 

coating operation. Many coaters do not have this capability and must rely on the coating 
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supplier to perform the test for them. Understanding the measuring process and the how 

the data is organized and analyzed can help a coater develop process control measures. 

The grinding operation in powder manufacturing produces particles of varying size and 

shape. This collection of particles is called the particle size distribution. A sample of the 

virgin material is used to determine the particle size distribution as received.  

 

Collection of the sample should consider the natural separation that can take place in the 

container. Coarser particles tend to migrate to the top while the finer particles settle at the 

bottom. In order for the sample to be a true representation of the bulk material it should 

be taken from a level somewhere in the center of the container. The scoop that is used for 

the sample should be metal rather than plastic to help avoid frictional charging and the 

relative humidity should be between 40 to 60%. These measures will help provide a truly 

representative sample. 

 

In order to compare the reclaimed powder to the virgin material or a mix of the two to the 

virgin material, a sample is compared to the original bulk powder as received. The results 

are used to construct a graph, a table or a statistical summary for comparison. 

 

There are several methods by which particle size distribution can be measured. Different 

methods measure different attributes so it is difficult to compare results from two 

different methods. Optical methods that are used may not always be completely accurate 

but they are useful for comparing relative particle size differences. 

 

Summary 

It is important to understand the influence of powder particle size on the application of 

the coating. The particle size from the manufacturer will be altered by the application 

process and these changes must be managed to provide consistent results. Effective 

communication of particle size data can help define the best powder and provide 

information for process control. 

 

7. Safety & Environmental Issues 

The materials and processes used for powder coating are quite safe when used according 

to manufacturers recommendations and standards established by the industry and the 

Powder Coating Institute (PCI). Much of the time the over-spray is recovered so that there 

is very little waste. What must be scrapped is usually not considered a hazardous waste. 

However, there are certain rules that must be considered in order to design and operate 

the system so that accidents are not likely to occur and no one is exposed to a health 

hazard. Although most powder materials contain little or no ingredients that are harmful 

to humans it is important understand the nature of each product and use it properly. 

 

Health Hazards of Powder Coating Materials 

The United States Occupational Safety & Health Administration (OSHA) Hazard 

Communication Standard 29 CFR 1910.1200 requires chemical manufacturers to evaluate 

chemicals produced to determine if they are hazardous. Manufacturers review 
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chemical substances to determine if they are carcinogenic, toxic, an irritant, dangerous to 

human organs, flammable, explosive, or reactive. This information is available to workers 

in the Material Safety Data Sheets (MSDS) that are supplied with the material.  

 

All powder coating materials are finely ground particulate. Any particulate has the 

potential to cause irritation if inhaled or deposited on the skin, however, powder materials 

have a long history of minimal irritation of other adverse effects.  

 

Such materials are classified by the American Conference of Governmental Hygienists 

(ACGIH) as ñparticles not otherwise classifiedò (PNOC). PNOCôs have a Threshold 

Limit Value (TLV) of 10mg/m
3
, a level established for nuisance particulates. 

 

Resins 

The major component of a powder coating material is the resin. These solid resins are not 

currently defined by OSHA as Health Hazards.  

 

Pigments 

Some of the pigments or other ingredients in the powder materials have their own TLV,s 

or Permissible Exposure Levels (PEL). These materials are considered hazardous and will 

be listed on the MSDS. Typical materials in this category that may appear on the MSDS 

are: 

 Titanium Dioxide 

 Barytes 

 Calcium Silicate 

 Calcium Carbonate 

 Magnesium Aluminum Silicate 

 Mica 

 Iron Oxide 

 

A few materials are considered more hazardous than others, such as silica. Crystalline 

Silica in high concentrations can lead to lung problems. Materials such as crystalline 

silica will be listed in the MSDS and the container will carry a label warning that it is a 

potential carcinogen. Silica is a common ingredient in high-temperature resistant powder 

coating materials. 

  

Because these pigments, including silica, are compounded in a resinous matrix, they are 

encapsulated and therefore are unlikely to pose the same kind of risk in a powder coating 

material that they would in the raw state.  

 

Curing Agents 

The crosslinking agent in a powder material is chemically reactive and it is usually 

present at reportable levels. Some of these materials can be irritants to the skin, eyes and 

respiratory tract. If they are present in the powder material they will be listed on the 

MSDS. Polymeric blocked diisocyanate curing agents used in polyester formulas may 

cause irritation to lungs or skin in some individuals. 
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Additives 

A variety of additives are used at low levels in powder materials to affect flow, 

smoothness, reactivity, gloss, texture and other characteristics. Some of these materials 

are skin and eye irritants and must be reported when present at 1% or greater.   

 

In general, most of the ingredients in powder materials are non-hazardous by the OSHA 

definition. The degree of hazard associated with the handling of and application of 

powder is low. However, powder particles are abrasive and they can cause irritation to the 

skin and eyes. Inhalation may also cause irritation to the lungs or throat. Exposure should 

be limited by the use of protective clothing and equipment.  

 

Respiratory Protection 

In operations where operators are handling or spraying powder outside of the spray booth, 

a disposable dust mask is usually acceptable for respiratory protection. If the dust levels 

are higher than the TLV, half masks with cartridge filters should be used. For very high 

concentrations of powder or operation inside the spray booth, masks with fresh air supply 

may be appropriate or required. 

 

Personal Hygiene 

To limit the exposure to the skin, clothing and eyewear can be used to cover as much of 

the body as possible. If gloves are worn during application, they should be specially 

designed for electrostatic application so that the operator is not isolated from ground. 

Powder should not be blown off of the skin with compressed air because it can force 

abrasive particles into the skin and eyes. Washing with soap and water is recommended 

for removal of powder from the skin. Good housekeeping should be practiced to reduce 

accumulation of powder in the area and reduce exposure.  

    

Material Safety Data Sheets (MSDS) 

The OSHA Hazard Communication Standard (HCS) requires that health hazards and 

physical hazards of products be identified and communicated to those who use them by 

use of a MSDS. The format of the MSDS is not standardized but the information that it 

must provide is. An MSDS must contain information about hazardous materials 

contained in the product, how it can affect the worker, safeguards for handling the 

product and emergency procedures in the event of exposure. All powder materials have 

MSDS available and companies must make these documents available to the workers.   

 

Physical Hazards  

The primary hazard associated with powder materials is that they are finely ground 

particulates. Any finely divided organic material can form explosive mixtures with air 

under certain conditions. If the powder is concentrated in the air at a level above the 

Lower Explosive Level (LEL) it has the potential to ignite or explode. In the application 

area powder can ignite and cause a fire. Automatic systems are safeguarded by fire 

detection system that will shut down  the operation if there is an ignition source present. 

If the fire spreads into a cyclone or a secondary cartridge collector it can explode. 

Enclosed vessels in powder recovery systems are required to have blast gates and 

explosion relief to safeguard the operator. 
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Powder recovery systems are designed with enough air flow to maintain a safe 

concentration of powder in the air stream. If guns are added to the system the air flow 

should be re-evaluated. When cartridges become worn to a point where they cause an 

excessive pressure drop, they should be replaced. 

 

Sources of Ignition 

Fire or explosion is not a threat if there is no source of ignition. It goes without saying 

that cigarettes or matches should be used around the powder application area. And 

manufacturing operations that could produce sparks should be far removed from the 

application area.  

   

The most likely source for ignition is an arc in the powder booth. Arcs can occur from 

defective equipment. A break in the voltage path may cause an arc to a nearby ground. 

However, a more common source for an arc is the presence of a conductor that is isolated 

from ground. This could be the parts being sprayed, the rack or any other metal object in 

the spray area that is not grounded. Isolated from earth ground, the object becomes a 

capacitor, storing up current until the potential is strong enough to arc to ground. When it 

arcs there is a risk of ignition.   

 

The way to eliminate this risk is to be committed to good grounding practices. Everything 

in the area must be grounded through connection to a ground stake in the earth. The 

ground through the conveyor to the parts must be confirmed on a regular basis. Ground 

checks must be a regular occurrence.  

 

Rack maintenance is a key issue in the safe operation of the system. Contacts must be 

clean so that they do not create resistance to ground greater than 1 megohm. The 

frequency of rack stripping varies but in all cases it must be frequent enough to avoid loss 

of ground. Enough racks must be available so that some can always be spared for 

stripping. Broken contacts should be repaired regularly. Racks that are cycled with empty 

hooks need to stripped before they are used again. 

 

8. Powder Application Processes 

Powder materials are applied by dip method and by spray. Dip methods include fluidized 

bed and electrostatic fluidized bed. Spray application uses voltage or friction for 

electrostatic charging of the powder particles. 

 

Fluidized Bed Powder Application Process  

Thermoplastic materials are usually applied by the fluidized bed dip process. For 

fluidized bed application, the part is cleaned, many times primed and then preheated to 

500-700º F (189 - 265ºC) in a preheat oven. The hot part is dipped into the fluidized bed 

and then put into a post heat oven for final curing at around 350-500º F (177-260ºC).  

 

The clean part is preheated and then immersed into the fluidized bed. Powder adheres and 

builds on the hot metal surface. The temperature of the part and the length of time the part 

is in the fluidized powder bed determine coating thickness on the part. 
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The fluidized bed has an upper compartment for storage and fluidization of the powder 

and a lower plenum where compressed air is introduced through a porous membrane that 

separates the fluidization compartment from the inlet plenum. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fluidized Bed  

Figure 1-4 

 

Proper fluidization is governed by the correct air pressure and even distribution of air 

through the fluid tile, creating a lifting effect and agitation of the powder.  Clean, dry air 

is essential to avoid fouling of the fluid tile. When the powder is properly fluidized the 

surface will be uniformly active, similar in appearance to water at a low boil.  

 

The fluidized bed is constructed with smooth walls with a minimum of seams and no 

protrusions or weld slag.  The fluid bed tile can be any of a variety of porous materials, 

such as sintered bronze or vion, of sufficient strength to provide support for the powder.  

The container is grounded to provide a release of static charge created by the friction of 

the powder when it is fluidized.  A ventilation system is installed to contain any powder 

that becomes airborne around the tank top. 

 

The pretreatment and oven requirements for fluidized bed dip powder application are 

determined by the specific part size, shape and volume, the specific powder material and 

the end use requirements. 

 

Most of the thermoplastic powders require a primer, applied by dip or spray. 

 

The part must be agitated while in the fluid bed to release air pockets and remove excess 

powder during withdrawal. 

 

Electrostatic Spray Application 

Electrostatic spray application of powder is the most common application method.  A 

powder system for electrostatic spray application requires a pretreatment system, dry off 

oven, application system, powder booth with recovery system, a cure oven and conveyor. 
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The part is cleaned, dried, cooled to a maximum of 110ºF (42ºC), the coating is applied, it 

is cured at the required temperature for the required time and cooled to approximately 

110ºF before unloading. 

 

The two primary components of the electrostatic spray process are the charging system 

and the powder delivery system. The charging system generates a corona of free ions at 

the powder gun tip.  Powder is pumped through the gun by the delivery system and out of 

the gun tip using compressed air.  As the powder passes through the electrostatic field, it 

picks up a negative charge and is attracted to a grounded substrate. 

 
 

 

 

 

 

 

 

 

 

 

 

 

Electrostatic Spray Process         

Figure 1-5 

 

Most of the powders that are applied by electrostatic spray are thermoset powder 

materials that must be exposed to a certain temperature for a certain time to cure. In a 

heated cure oven, a thermoset powder melts and chemically crosslinks, becoming a fully 

cured film, completing the process.  
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CHAPTER 2 - PART PREPARATION PROCESSES & EQUIPMENT 
 

Raw metals have surface characteristics that can cause poor adhesion, surface defects, and 

premature corrosion if they are coated without and part preparation. Prior to the 

application of a powder coating, the metal must be cleaned and treated to provide good 

adhesion, appearance and corrosion resistance.  

  

Powder coating a metal part provides the necessary appearance and performance 

qualities. The finished film acts as a physical barrier to moisture. If the coating is 

damaged and bare metal is exposed, corrosion can form and spread. Pretreatment not only 

provides a better bond of the coating to the part, it also helps to prevent the undercoat 

creepage of corrosion, adding value to the product and extending its useful life.  

 

The term pretreatment refers to the mechanical or chemical surface treatment for a 

manufactured product. The part surface, or substrate, needs to be clean and prepared for 

the application of a coating. Pretreatment may be as simple as a solvent wipe or it may be 

a multi-stage spray washer that cleans the part and applies a conversion coating for good 

paint adhesion and performance. The level of pretreatment employed is directly related to 

the appearance and performance requirements of the product in the field. 

 

The powder coating will not hide defects and the performance of coating is directly 

related to the condition of the substrate. Application of the coating over a contaminant 

will prevent the coating from forming a tight bond to the substrate and if the contaminant 

lifts off, so will the coating. Dirt particles will not dissolve or be hidden by the coating. 

To ensure good appearance and adhesion, the part must be clean. 

  

In addition to cleaning, a conversion coating is often used to passivate the surface prior to 

powder application. With the exception of some precious metals like silver, gold and 

platinum, metals react with air to form an oxide layer on their surface. Water molecules 

are tightly held to this oxide layer. This is not a good surface condition for bonding. 

 

There are a number of options to the type and extent of the pretreatment process used.  In 

determining which process is required for a particular situation, one must consider the 

performance requirements of the final part, the coating being applied, the type of 

substrates being coated and the different types of pretreatment available. A knowledge of 

metal surfaces and the condition of their surfaces prior to coating is essential. 

 

1. Substrates 

Each class of metals has its own unique surface characteristics that will affect the 

performance of an applied powder finish. These characteristics include the solid 

properties of the base metal itself and also the many surface attributes that are determined 

by the chemical composition and processes used in the manufacture of the metal.  

 

These surface attributes consist primarily of a mixture of the oxides, hydrates, and salts of 

the metallic elements which make up the metal composition and very little of the metal 

itself. In addition to these natural constituents, a number of contaminants are present.  
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Typical Metal Surface Constituents 

Figure 2-1 

 

For example, on steel these would include surface carbons, oils, lubricants, metal fines, 

non-metallic surface inclusions, rolled-in scale, large surface carbides, dirt, corrosion 

products, and by-products of bacterial action, mildews and other fungal deposits. Zinc 

surfaces will have oils, lubricants, corrosion products, metal fines, dust, dirt, and other 

extraneous soils. Aluminum will be similar to zinc but also include heavy deposits of 

aluminum oxide. The aluminum oxide is not considered a classic contaminant in itself but 

it may interfere with the removal of other contaminants. 

 

There is no universal part preparation method that can be used to deal with all of the 

different metals and their respective surface contaminants and be effective in all cases. 

An understanding of the different metals, their typical surface characteristics and the 

different treatment methods is very important to the powder coater.   

  

Steel 

Steel is an alloy of iron and carbon with small amounts of other elements. The steel 

manufacturing process can be varied to produce steels with different properties and 

gauges. Heavy gauges of steel are typically hot-rolled steel. Hot-rolling is the first step in 

the development of steel slab. It produces a surface that carries a layer of mill scale that is 

developed after the steel is rolled, during the cooling process. The scale is relatively 

adherent to the metal surface beneath it but it is often cracked and loosened during the 

manufacturing process. Application of powder over HRS surfaces that have not had the 

scale removed is very likely to result in adhesion failure. Complete and reliable removal 

of mill scale requires acid pickling or mechanical cleaning.  

 

Welded areas on HRS may cause further problems with adhesion failure and application. 

The welding process leaves a rough surface with dried-on compounds, oils and stains that 

can interfere with application and adhesion. Welded areas should be mechanically 

cleaned by wire brush or blasting to remove contamination that will resist chemical 

cleaning.  

 

 

 

Other Compounds 

Carbon Deposits 

Salts  Water/moisture 

Metal Oxides & Hydroxides 

Hydrates  
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Cold rolled steel (CRS) is a further reduction in the process that produces steel  

in thinner gauges (0.005 to 0.080 inches or 0.0127 to 0.20 centimeters thick) and has a 

finer microstructure than hot-rolled steel. It has the same basic elements as the HRS but 

not the mill scale and heavy carbon smut. CRS sheets will normally have light oil on the 

surface to act as a rust inhibitor but it is relatively clean and free of oxides. Chemical 

cleaning can be a very satisfactory way to prepare CRS for powder coating. 

 

Some products, such as automotive panels and wheels, are manufactured from high 

strength-low alloy steels (HSLA). HSLA steels have small amounts of alloying elements 

included in their composition to provide better strength-to weight ratios. HSLA will 

normally respond well to the same treatment methods as other carbon steels and oxidation 

can be removed by grit blasting. Blasting to a near-white or white metal clean surface 

may produce some ñshadowing,ôô due to the nature of the oxides on the surface. 

Typically, this is not a problem and coating adhesion is good over these surfaces. Some 

HSLA materials contain silicone, which can accumulate as oxides on the surface and 

interfere with subsequent cleaning and conversion coating processes.  

  

Stainless Steel  

Stainless steel is relatively free of the iron hydrates that are a common component on the 

surface of regular grades of carbon steel. SS should be cleaned to remove the surface oils 

and dirt from manufacturing and handling. Many stainless steel products do not have a 

protective coating because they are not sensitive to ordinary atmospheric conditions.  

 

The passive oxide layer on stainless steel is relatively inert to alkaline cleaners and other 

chemical products that are commonly used on carbon steel. Normal cleaning will remove 

lose soils but it will not create a surface that is receptive to iron phosphating. Acid 

etchants or mechanical abrasion processes are sometimes used to remove the oxide layer 

and create a slightly roughed surface. These processes help promote adhesion but they do 

not provide any additional resistance to moisture penetration.  

 

Galvanized Steel  

Zinc coating of steel to produce galvanized steel can be produced by hot-dipping the steel 

into a molten bath of zinc or by electrolytic application in an ionic zinc solution. 

Galvanized materials are used to provide an additional layer of corrosion protection. The 

performance properties of the galvanized product produced by hot-dip or electrolytic 

process are not much different. However, the surface chemical properties do have some 

significant differences. 

 

Hot-dipped galvanized steel has a spangled appearance, which is determined by the 

specific chemical composition of the molten zinc bath and the cooling process used for 

solidification of the coating. The coating has a layered structure that includes a thin layer 

of alloyed iron-zinc coating adjacent to the steel interface with a layer of zinc coating 

proper on the outer surface. Various elemental impurities or additives may tend to 

segregate to the grain boundaries of the spangles because of their limited solubility in the 

solidifying matrix, while other elements, such as aluminum, tend to diffuse into the entire 

surface of the zinc coating. 
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Hot-dipped galvanized coatings can be used to produce galvannealed coatings by 

sustaining the alloying reaction. The coating is applied at a predetermined thickness and 

the steel and coating are held at temperatures where the diffusion of iron is very rapid. 

Diffusion continues until complete alloying has occurred. Galvannealed coatings have a 

matte gray color and low gloss compared to the bright silvery look of the non-alloyed zinc 

coatings. Galvannealed coatings can provide better adhesion for organic coatings without 

a phosphate treatment than the free zinc coatings. 

 

Zinc coatings applied to steel electrolytically in zinc ion solutions can provide the same 

corrosion protection and hot-dipped zinc coatings but they are very different in 

composition and structure. Electrogalvanized steel is comparatively free of the minor 

impurities that are common to the hot-dipped zinc coatings. In the electrogalvanizing 

process, there is no need for the metallic element additives that are used to control the 

behavior of the hot-dipped bath and the spangle size and pattern of the coating. 

Electrolytic zinc coatings are relatively uniform in composition without the thermally 

induced diffusions of iron that produce alloy layers in the hot-dipped process. Coating 

deposition occurs from sulfate or chloride saline solutions so it is possible to have some 

minor inclusions of these salts in voids of the coating if the surface is improperly rinsed 

but good control of the rinse process will normally eliminate this problem. Also, since 

there is no re-crystallation from the molten state, there is no variation of the spangle.    

 

Aluminum  

Pure aluminum (99.5% Al) has low density, high ductility and low strength. Aluminum 

can be alloyed to produce metals with many of the desirable characteristics of the pure 

metal and added properties from the alloy for strength. Aluminum is commonly alloyed 

with one or more of the elements of copper, manganese, magnesium, silicon, nickel, tin, 

and zinc as major constituents and chromium, iron, nickel, silicon, and titanium as minor 

constituents or normal impurities. Since some alloys may have less corrosion resistance 

than the pure metal, they are sometimes clad with pure aluminum or another alloy with 

better corrosion resistance. The various alloys may respond differently to cleaning and 

treating. 

 

Aluminum alloys are classified into two general types; those which are strain-hardenable 

and those which are hardenable by heat treatment. These two types are pre-determined by 

their elemental compositions and how these compositions react to mechanical stress and 

temperature. Cold working or heat treating of aluminum alloys will develop a more 

homogenous surface texture and distribution of the various metal elements than the 

original wrought aluminum. Heat treating of aluminum alloys can affect the chemical 

responses of their surfaces and the receptivity to cleaning and chemical treatment. For 

example, a manganese alloy will tend to collect manganese oxides on the surface, in 

addition to the normal aluminum oxides. 

 

These cold worked or heat treated aluminum alloys will generally have better corrosion 

resistance than the softer and more heterogeneous wrought material. The raw ingot will 

have larger, more segregated inclusions while on the treated alloy these particulate 

intermetallics will be more uniform and less likely to develop corrosion cells. 
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Manganese, lead, zinc, and titanium have less effect on the corrosion resistance of 

aluminum alloys than magnesium, iron, silicon, and copper. Different chemical surface 

characteristics of the alloy will react differently to certain types of exposure. For example, 

magnesium will retard corrosion if exposed to saline chloride but promote corrosion 

when exposed to alkalinity. 
 

Aluminum alloys are identified by a series of numbers. Different series of alloys will 

react differently to chemical treatment. The 1000 series products have the least amount of 

alloying impurities. These products are readily treated by chemical process and have 

excellent corrosion resistance. The 2000 series uses copper as the major alloying element 

to add strength to the metal. They may not always respond to chemical treatment. Since 

each of the different series will have somewhat different properties, it is wise to know 

what basic elements are used in the raw material and how they affect pretreatment.     
         

Metal Probable Surface Contaminants Typical Treatment Process 

Hot Rolled Steel  

 

Mill scale, oxidation, carbon 

smut, grease, oil, dust & dirt 

Blasting, alkaline cleaning, iron phosphate  

Cold Rolled Steel   

 

Rust inhibitors, oil, smut, dust & 

dirt  

Alkaline cleaning, iron phosphate 

Stainless Steel  

 

Shop dirt, oils, passive oxide layer Blast or acid etch to remove oxide layer, 

alkaline clean & rinse 

Galvanized Steel 

 

Shop dirt, oils from handling Alkaline clean & iron or zinc phosphate 

Extruded Aluminum 

 

Oxide layer, shop dirt & oil from 

handling 

Alkaline clean & iron phosphate; for added 

corrosion resistance, chromate treat 

Cast Aluminum 

 

Die release compounds, shop dirt 

& oil  

Blast or polish to remove die release, alkaline 

clean & iron phosphate  

Zinc Die Cast 

 

Die release compounds, shop dirt 

& oil  

Blast or polish to remove die release, alkaline 

clean & iron phosphate  

 

Table 1 ï Metal Cleaning Processes 
 

2. Cleaning Processes 

The list of metals and their features explains how raw materials have natural surface 

conditions that interfere with coating adhesion and performance. In the process of being 

stored, handled and worked they will pick up additional some contamination on their 

surface. On metals, some of the probable contaminants are oily soils including petroleum 

products, animal fat, or vegetable oils, deposited during manufacturing operations for rust 

protection, drawing, machining and forming. There may also be heavy duty drawing 

compounds and lubrication greases or waxes and some solid soils such as carbon, 

graphite smuts, metal shavings, polishing products, metal oxides, welding scale, die 

release products, and red or white oxidation. Removal of soils prior to powder coating is 

essential to the successful life of the product. It affects the initial adhesion and the 

ultimate performance in the field. 
 

Soils that are present on metal parts can be removed by a variety of mechanical and 

chemical methods. What method should be used in a given situation is determined by the 

part to be coated (size, configuration, material), the type of soil to be removed (dust, wax, 

oil, salt crystals, etc.) and the performance requirements of the finished product. 
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Mechanical Cleaning 

Soils may be organic substances such as oil or they may be inorganic materials such as 

mineral type rust inhibitors. Both types of soils can sometimes be effectively removed by 

mechanically abrading the surface. Mechanical methods, including wire brushing, 

abrasive blasting, grinding and sanding are used to smooth as well as clean surfaces. 

Mechanical cleaning using a hand held tool involves considerable labor. Automated 

processes include vibratory polishing and blasting. Mechanical cleaning is sometimes the 

only way to remove excessive dirt, rust or scale. 
 

Abrasive Blasting 

Blasting with a suitable media can remove dirt, mill scale, rust or previous coatings from 

a substrate, providing a surface profile that gives good coating adhesion. The blast media 

will vary dependent on the surface to be blasted and the quality requirements of the 

blasted product. Typically used media includes sand, steel shot, grit and glass bead. The 

media is delivered to the part surface at high velocity to impact the soils and cut them 

away from the metal surface. 

  

The blasting equipment used to deliver the media may be air-blast or turbine-blast. Hand 

held air-blast systems are very dependent on the concentration of the operator and quality 

may vary. Blast cabinets are often suction-feed systems that draw particles into the spray 

gun by induced vacuum and accelerate the media it with a metered stream of compressed 

air. There are also pressure-blast systems that use a pressurized vessel to deliver the 

media. Pressure systems are capable of higher nozzle velocity that can provide much 

faster cleaning of the surface than a suction system.  

 

Blast cabinetsô function similar to any booth designed for containment of oversprayed 

material. Negative pressure within the cabinet is maintained with a fan that draws air into 

the enclosure through a suitable filter. Typically, this exhaust system will use a cyclone 

separator to remove the dust and fine particles from the air stream and recover the media 

for reuse. The scrap material that is separated out of the airstream is collected for disposal 

in a container attached to a dust collector. This scrap material should contain a small 

percentage of the heavier, reusable media to indicate that the fan pull is sufficient to 

prevent the build-up of fines in the recovered blast media. A vibratory screener can be 

added to the process to further refine the recovered material and maintain consistent 

particle size. 

 

Turbine-blast systems use high-speed turbine wheel with blades. The media is metered to 

the center of the wheel where it is fed onto the blades, which sling it the particles at the 

surface being blasted. These systems are more energy efficient than air-blast systems 

because they do not use compressed air for delivery.         

 

Abrasive blasting is most often used for preparation of metal surfaces of heavy structural 

parts, particularly HRS weldments. It is a very good way of removing the encrustations 

and carbonized oils that are characteristic of this type of product. 
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Blasting operations can be manual or automated and they can be installed as part of a 

conveyorized powder coating system or as a batch process. The blasting device may be a 

nozzle type or a centrifugal wheel type. As previously stated, nozzle blast systems require 

compressed air for delivery of the media while a wheel system uses centrifugal force. 

Even though the compressed air is an added cost, it may be necessary to direct nozzles 

into hard to reach areas of a part. The blast area must be enclosed to contain the blast 

media and dust.   

 

In addition to cleaning, a blasted surface can create a very good anchor pattern for a 

coating. Different blast media can be used to vary the profile created on the metal surface. 

Less aggressive media will remove most soils without cutting too deeply in the metal and 

leaving a visible texture on the metal surface. More aggressive media can be used to cut 

stubborn encrustations, such as red oxides, but it will leave more texture on the surface. 

 

A blast system does not require as much space as a spray washer that uses chemical 

cleaning and it does not generate any wastewater. For these reasons, mechanical cleaning 

may be the only treatment required for finishes where initial paint adhesion is required. 

However, mechanical cleaning alone will not provide undercoat corrosion resistance or 

extend the life of the finished product. 

 

Blast cleaning standards depend on the quality requirements of the surface. Published 

documents clearly define quality grades of blast-cleaned steel surfaces. Pictorial standards 

were originally developed by the Swedish Corrosion Committee and later adopted by the 

Steel Structures Painting Council (SSPC) and other organizations. The principal four 

grades of blasting endorsed by the SSPC are: 

White Metal Blast: Removal of all visible rust, mill scale, paint, and foreign matter. Used 

for conditions where corrosion resistance is very important and the environment is highly 

corrosive.  

Near White Metal Blast: Blast cleaning until at least 95% of all surface area is free of all 

visible residues. Used for harsh environments where product is exposed to heavy usage.   

Commercial Blast: Blast cleaning until at least two-thirds of the surface is free of all 

visible residues. For applications where tightly adhering contaminants are allowable on 

the surface; for products with lower quality standards and non-corrosive environments. 

Brush-off Cleaning: Blast cleaning of all except tightly adhering residues of mill scale, 

rust, and old coatings, exposing numerous evenly distributed flecks of underlying metal. 

Acceptable in non-corrosive environments where long-term coating life is not expected.  

 

The Swedish Standards Association (SIS) includes very good equivalents of these 

standards. The British Standards Institute (BSI) also includes very close equivalents of 

the first three of these standards. The National Association of Corrosion Engineers 

(NACE) has also developed a set of encapsulated steel coupons that simulate the four 

degrees of cleanliness.  
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Degree of Cleanliness SSPC Standard NACE Standard 

White metal blast SSPC-SP 5 NACE No. 1 

Near white metal blast SSPC-SP 10 NACE No. 2 

Commercial blast SSPC-SP 6 NACE No. 3 

Brush of blast SSPC-SP 7 NACE No. 4 

 (For additional information on blast cleaning standards: Plaster, H.J., Blast Cleaning & 

Allied Processes, Vols. I and II, Industrial Newspapers Ltd., London, 1973 and  

Fuchs, F.J.,  ñAbrasive Blasting Systems,ò Metal Finishing Guidebook & Directory, Vol. 

95, No. 5A, Metal Finishing, Hackensack, N.J., 1997, p49) 

  

Table 2ï Metal Blast Standards 

 

The texture of a blasted surface will vary with different media. The film thickness of the 

coating over a blasted surface must be thick enough to cover the peaks and valleys of the 

pattern created by the abrasion, typically around 1 mil above the peaks of the pattern. 

  

Blast Media 

In selecting a specific media it is helpful to understand some of the materials used and 

how they compare. Blast media can be made of natural material such as silica, sand, 

mineral sand, flint, garnet, zircon, and other mineral products. It can be made of some 

natural byproducts such as walnut shell or corncob. And it can be manufactured of a 

variety of metal and non-metal compositions such as steel, iron, aluminum oxide, silicon 

carbide, plastic, wheat starch, and glass bead.   

 

In selecting a media, the comparative features that are the most important size of the 

product, how well it will cut, how well it will recycle and how much it cost. It is also 

important to know if there are any health and safety issues, such as lung problems 

associated with silica, and if the media will leave by-products on the surface, such as oils 

from walnut shells. The chart below shows some common blast media and their 

comparative characteristics.  

 
Material  Mesh 

size 

(US) 

Shape Density 

Lb/ft
3
 

Mohs 

(hardness) 

Friability 

(breakdown 

factor) 

Init. 

Cost 

No. of 

Cycles 

Per 

Use 

Cost 

Silica sand 6-270  100 5.0-6.0 High Low 1 Med 

Mineral slag 8-80  85-112 7.0-7.5 High Med. 1-2 Med 

Steel grit 10-325  230 8.0 Low High 200+ Med 

Steel shot 8-200  280 8.0 Low High 200+ Low 

Aluminum oxide 12-325  125 8.0-9.0 Med. High 6-8 Med 

Glass bead 10-400  85-90 5.5 Med. Med. 8-10 Low 

Plastic 12-80  45-60 3.0-4.0 Low/med. High 8-10 Med 

Wheat starch 12-50  90 2.8-3.0 High High 10-12 High 

Corn cob 8-40  35-40 2.0-4.5 Med. Low 4-5 Low 

  Angular             Spherical  

 

Table 3 - Comparison of Blast Media 
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In addition to the comparative issues listed in the table above, it is a good idea to test 

different media to have a visual idea of the effect that they will have on the part.  

 

Hard grit media such as aluminum oxide will cut faster and deeper than soft, angular 

media such as plastic or agricultural grit. Mineral, ceramic, or metallic grit media are used 

in air-blast systems. Iron and steel media are more often used in turbine-blast equipment.  

 

Materials that are more prone to fracture, reflected in the chart by friability, are not good 

materials for recycling. Recirculation of these materials will produce wide variations in 

the surface condition. 

 

Ultrasonic Cleaning 

Ultrasonic cleaning combines the chemical cleaning capability of a detergent or solvent 

solution with the mechanical action of ultrasonic waves. Transducers located at the 

bottom or sides of the cleaning solution tank generate the ultrasonic waves. The 

ultrasonic energy causes a cavitation process to take place at the part surface. The 

agitation of the solution at the part surface creates a scrubbing action that lifts and 

removes soils from the surface. 

 

Ultrasonic cleaning is used in small systems with a series of immersion tanks. The 

equipment is fairly expensive but it can enhance the level of cleaning on parts that require 

special processing. It is often used to process brass parts prior to application of a 

clearcoat. The ultrasonic waves to help remove soils that are hard to get out of the porous 

surface of the brass. 

 

Parts that are dipped into an ultrasonic cleaner should provide good access to all surfaces 

to allow the cavitation to work. If parts are grouped to tightly together the process will not 

be effective. 

 

Vibratory or Tumbling Cleaning Methods 

Vibratory systems use an abrasive media in a cleaning solution to remove burrs, rough 

edges and surface contamination. They are very useful to prepare castings for coating. 

They will remove the roughness and dried-on compounds that are often present on a cast 

surface. It is usually a good idea to alkaline clean and phosphate parts after the vibratory 

polishing so that and residual cleaning compound is removed before coating. 

 

Chemical Cleaning 

The first step in the chemical pretreatment process is the removal of oils, dirt, and other 

soils that will interfere with the development of a good quality phosphate coating, good 

coating adhesion, or cause surface defects. Chemical cleaning can be accomplished by 

subjecting a part to an aqueous spray or dip cleaner. The cleaner may be alkaline, acidic, 

neutral, solvent, or emulsion. The particular cleaner used will depend on the soils to be 

removed, the size and type of part, the type of coating to be applied, and the substrate 

material.  
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The mechanisms for cleaning processes are generally recognized to include 

solubilization, saponification, emulsification, sequestration and deflocculation. In each of 

these processes the action requires surface wetting of the metal by the cleaning solution.  

 

Solubilization, the dissolving of soils into solution, can occur when the soils have very 

similar polarity and chemical affinity for the cleaning media.  

Emulsification, the suspension of soils in solution, requires that the soils dispersible in 

the cleaning media.  

Saponification, turning the soils into soap, applies specifically to those soils that contain 

carboxylic acid and ester functionality that can react with alkaline cleaning media. 

Sequestration involves the deactivation of metallic ions in the soil to prevent them from 

interfering with the detergent action of the cleaner.  

Deflocculation is a process that breaks up large particles of aggregate soils into a finely 

divided material that is held in suspension in the solution to prevent redeposition on the 

part surface. The last two processes generally operate in conjunction with the first three 

processes mentioned. 

 

While alkaline cleaners are the most common, there are also acid cleaners and emulsion 

cleaners used for industrial applications. The cleaner selected must have the ability to 

remove a wide variety of soils, prevent redeposition, provide cleaning even when 

contaminated, provide foam control, be easily rinsed and be cost effective.   

 

Proper cleaning of some parts may require a combination of spray and immersion stages. 

The spray stage combines the chemical properties of the cleaner with the mechanical 

impingement of the solution applied under pressure. Immersion penetrates areas of the 

part that may be inaccessible to the spray.  

 

Spray or immersion processes can be used in manual batch operations or in automated 

systems with overhead conveyor. Batch systems will use a hand-held spray wand or small 

dip tanks. Conveyorized systems will use an in-line spray washer that has the proper 

number of stages. Batch systems are suitable for smaller volumes with less stringent 

quality standards. The list below shows some of the types of hand held systems and how 

they compare. Larger volumes or products with demanding quality standards will 

probably require a spray washer.    

 

Spray Wand Phosphatizing - Best suited for large bulky parts where dip tanks or 

conveyor systems would require more space and cost.  

Steam Cleaning ï For small volume of heavily soiled parts. Melts grease. 

High Pressure Hot Water ï Best for cleaning large bulky parts; should have 4-5 GPM, 

1,000 PSI plus heat capacity at the nozzle of 160-200º F (71-93º C).  

 

Cleaners may be classified according to their pH, a reference to the measurement of the 

relative alkalinity or acidity. pH is a measure of the ratio of hydrogen ions in solution to 

the number of hydroxyl ions in solution. If there are more hydrogen ions the solution will 

be acidic, if there are more hydroxyl ions the solution will be alkaline.  
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On the pH scale, pure water is neutral and has a pH of 7. A pH of 0 to 7 is acidic and 7 to 

14 is alkaline. Caustic soda has a pH of 13 or 14 while hydrochloric acid has a pH of less 

than 1.   

 

Cleaner pH varies with different products and substrate materials. Cleaner pH will 

typically range from 4.5 to 10.5. 

 

 * alkaline cleaners -mild, pH 9 - 10.5   

   -medium, pH 10.5 - 11.5 

   -high, pH >11.5 

* neutral cleaners -pH 6.5 - 9 

* acid cleaners   -pH 1.0 - 5.5 

  

Alkaline Cl eaning  

Alkaline cleaners are the most common method of soil removal for metal preparation 

prior to the application of powder coating. Cleaners based on sodium hydroxide (caustic) 

are very economical well were cleaning by saponification is desirable. Caustic cleaning 

media are highly reactive on non-ferrous surfaces and they can cause over-etching on  

aluminum and zinc surfaces, possibly creating smut and adding zinc to the solution.  

Caustic cleaning residues are also difficult to rinse away, especially if the solution 

temperature is in the high range. 

 

Alkali silicates are excellent for cleaners that are used on non-ferrous surfaces. Silicates 

can provide good cleaning with minimal chemical attack and they do a good job of soil 

emulsification. They are a little more costly than alkalis and not easily rinsed. 

 

Synthetic detergents and surfactants offer many variations in composition. In some cases 

they cost a little more than alkalis but they provide a longer bath life which offsets the 

higher raw material cost. With good performance, easier handling and disposal, and 

superior effectiveness over a wider array of metals, these products are a good solution for 

many systems. 

  

Typically, a mild alkaline cleaner (pH of 9 to 10) will provide better soil removal and 

longer bath life than a high caustic solution. Residues of alkali salts will kill the free acid, 

drop out metal salts and kill the phosphate bath.. A mild alkaline cleaner, prior to the 

phosphate stage, will aid in the formation of a more uniform, dense phosphate coating, 

leading to better paint adhesion and corrosion protection.  

 

If the cleaning is not adequate, it is usually better to increase the time in the cleaner rather 

than the concentration. Two mild alkaline cleaner stages are better than one high caustic 

stage. Mild alkaline cleaners are good for multiple metals and they can be run at a wide 

variety of temperatures. A higher pH cleaner may be necessary on occasion for very 

difficult soils. 

 

 

 



Any copy, reproduction or unauthorized distribution of this material without written consent from The Powder Coating Institute is strictly prohibited.   

 

 

 

  An alkaline cleaner is typically comprised of: 

 

 alkaline base 

 surfactant / detergent package 

 additives for 

defoaming 

minimizing attack on substrates 

coupling agents 

 water conditioners 

 

Alkaline Cleaner Component Functions   

Silicates - (sodium metalicate, sodium orthosilicate) High alkalinity, good saponifier and 

dispersant, softens water by precipitation, inhibits dissolution of zinc and aluminum. May 

leave a whitish residue on parts in not properly rinsed. 

Phosphates - (trisodium phosphate, sodium tripolyphosphate, tetrasodium 

pyrophosphate, disomium phosphate) Softens water alkalinity, improves rinsing, 

saponifier. 

Carbonates - (sodium carbonate, sodium bicarbonate) Alkalinity, good buffering. 

Hydroxides - (sodium hydroxide, potassium hydroxide) High alkalinity, saponifier. 

Nitrites  - (sodium nitrite) Minimizes oxidation of metal due to cleaner drying. 

Chelants - (versene) Softens water, changes form of precipitation. 

Surfactants - Provide water/oil solubility. Enables cleaners to work more efficiently by 

reducing surface tension at the metal surface. Also, prevents part from drying between 

stages or the spray washer. 

Defoamers - Control foam. 

Inhibitors  - Minimize attack on metal. 

 

The alkaline cleaner is added to water (typically 2 - 10%) and applied hot. Solutions of 

this type have low surface tension, which means they can easily penetrate beneath and 

between dirt particles. In addition, the soap or detergent present can often combine with 

dirt, oil or grease and emulsify them in water to remove them from the surface of the part. 

When used with pressure spray or mechanical scrubbing, hot alkaline cleaning for 1-2 

minutes is a very effective cleaning method. 

 

Surfactants used for cleaners are usually anionic or nonionic, poly-addition products of 

ethylene oxide and/or propylene oxide with alcoholôs, amines and phenols. Sometimes 

the surfactants used in dip cleaners are sulfonates. 

 

The purpose of the surfactants is to break oil and grease from the surface of the parts and 

emulsify it in the solution. Oils will rise to the surface when the circulation pump is 

turned off and they can be removed by skimming or overflowing. 

 

A typical spray cleaner stage in a washer is 60 to 90 seconds, while a dip stage may be 

anywhere from 3 - 5 minutes with temperatures ranging from 120 to 180º F (49 to 82º
 
C). 
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Times, temperatures and cleaner concentration vary depending on the cleaner used and 

the condition of the substrate. 

 

The rinse stage following the cleaner is ambient tap water to remove any residual alkaline 

cleaner or loosened soil. Rinse stages are overflowed with fresh water as parts are 

processed. 

 

Cleaning and rinsing alone prior to painting is sufficient as a stand alone pretreatment in a 

limited number of  situations. As with mechanical cleaning, it will provide initial 

adhesion only and offers no long-term protection. 

 

When cleaning prior to conversion coating, it is important to consider how the cleaner 

and its effect on the substrate may interfere with the formation and deposition of the 

conversion coating. Will the cleaner drag-out adversely affect the conversion coating 

solution?  Will the cleaner alter the surface (etching, smutting, etc.)? In a pretreatment 

process, the cleaner should not be viewed as a separate process but as an integral part of 

the total pretreatment process that can effect the quality of the conversion coating. 

 

Cleaner Performance Factors 

Over time, the soils that are removed from the parts will build up in the cleaner solution. 

Solid particles will settle to the bottom of the tank as sludge and oils, grease and some 

floating debris will float on the top of the solution. There is a limit to the amount of 

contamination that a cleaner bath can tolerate before it will cease to clean and need to be 

dumped and recharged. Overflowing the solution can help to reduce the accumulation of 

floating debris but solids can still cause a problem and overflowing the solution will 

create a need for more chemical. Oil skimming and sludge removal can extend the life of 

the cleaner. Techniques for this are explained in the discussion on washer design. 

 

Control Parameters 

The parameters for process control of a cleaning solution are process time, chemical 

concentration, temperature, spray pressure, drain time, and the volume of contaminants in 

the solution. These are the items that must be monitored, recorded, and maintained within 

proper ranges in order to achieve predictable cleaning performance. The following set of 

charts shows how some of these control items can affect performance. 
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Temperature vs. Corrosion Resistance 
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Figure 2-2 
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Cleaning Time vs. Corrosion Performance 

Figure 2-3 
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Cleaning Solution Life vs. Corrosion Performance 

Figure 2-4 

 

There are many variables that affect the length of time that a solution will remain 

effective, such as the number of shifts, the volume of metal processed, the type of metal 

processed, and the types of soils removed. This chart shows a typical relationship 

between time and performance. 
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Cleaner Alkalinity vs. Cost 

Figure 2-5 
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Acidic Cleaning 

Acidic cleaning is based on attack of the metal surface by sulfuric, hydrochloric, nitric, 

phosphoric, hydrofluoric, fluorboric, or chromic acids and the various acid salts of these 

acids. They generally include a surfactant package, metal ion sequestrants, alcoholic 

solvents, and an inhibitor to prevent excess attack of the metal. They can be useful for 

removal of light oxides, organic residues, persistent salts and other soils that are readily 

dissolved in acid. 

  

Because of the fact that acids are corrosive and therefore more difficult to pump and 

handle, and because in some cases they are inferior to alkaline cleaners on organic soils, 

they are much less commonly used. For metals that are prone to hydrogen embrittlement, 

such as alloy steels  and high-carbon grades of steel, acid cleaning is not an option. Acids 

can also react with some metals to form insoluble byproducts that interfere with 

subsequent processes. 

 

In a three-stage washer, the first stage combines the cleaning and iron phosphating. These 

solutions will typically be made up of phosphoric acid, a wetting agent, and an activator. 

 

Acid solutions may also be used to remove scale or oxides in pickling solutions. These 

solutions are relatively strong mineral acid solutions, using sulfuric, hydrochloric, 

phosphoric and nitric acid. This type of solution can be useful for removal of stubborn 

inorganic contamination. One particularly good use is the removal of laser cut scale. 

Laser cutting of steel will form an oxide layer that is resistant to alkaline cleaning.     

Pickling rates increase with higher acid concentration and higher temperature. Excess 

concentration should be avoided because of the corrosive nature of the solution and the 

risk of an overly aggressive attack on the metal. 
 

3. Phosphating 

Phosphating, or conversion coating, is the application of an iron or zinc phosphate 

coating to the substrate. Conversion coating can be a very critical part of the pretreatment 

process, adding significantly to the performance of the finished coating. A phosphate 

coating converts the metal substrate to a uniform, inert surface, which improves bonding, 

minimizes the spread of oxidation if the coating is scratched and improves the overall 

corrosion resistance of the final part. 

 

A conversion coating can be iron, zinc, polycrystalline, chromate, or manganese 

phosphate film. They are developed on both ferrous (iron based) and non-ferrous surfaces 

(zinc, aluminum, terne and manganese). Parts are subjected to an acidic bath and a 

chemical conversion forms a complete film on the part surface, changing the chemical 

and physical nature of the metal surface.    
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Iron Phosphate  

Iron phosphate is the thinnest of phosphate films. In the application process, an iron oxide 

base is developed, followed by a flat or amorphous metal phosphate topcoat. The treated 

metal surface will typically have a gray to blue iridescent or blue-gold iridescent color, 

depending on the coating weight and the base metal. A typical iron phosphate consists of: 

 

 phosphate acid base 

 accelerators/oxidizers 

 surfactant package (optional) 

 

In an iron phosphate solution, the metal surface is etched, releasing some iron into the 

bath. When metal ions are etched from the part surface, the surface becomes positively 

charged. The metal ions in the bath are converted to iron phosphate, negatively charged. 

A pH rise occurs at the interface of the solution and the part, causing the iron phosphate 

ions to deposit an amorphous coating on the metal surface.  

 

The acid salt content, type and amount of accelerator, and the type and amount of acid 

etchants varies from one compound to another. These compositions are all moderately 

acidic. Although crystal site activators are not typically required prior to application of 

iron phosphate coatings, formulations commonly contain oxidizers and/or accelerators. 

The oxidizers, such as nitrite or chlorate, act to initiate attack on ferrous parts, providing 

the iron for the iron phosphate coating. Accelerators, such as molybdate or vanadate, 

provide active sites for iron phosphate deposition. Choice of oxidizer or accelerator in a 

particular product may affect the performance or appearance of the final coating.  

 

In a three-stage iron phosphate treatment process, the cleaning and coating are combined 

by incorporation of a detergent surfactant package in the iron phosphate solution. A 

source of fluoride ions may be added if aluminum is also being processed to increase the 

etching effect on the oxide surface of the aluminum. 

 

Iron phosphate coatings can be applied by hand wiping, with a hand-held spray wand, 

immersion, or a spray washer. The number and type of process stages is directly 

dependent on finished part requirements. A cleaner/coater combination followed by a 

rinse is the typical minimum chemical cleaning and phosphating process used. The 

addition of stages in the process can provide enhanced performance. 

 

The most effective and commonly used method is a multi-stage spray washer. Spray 

washers are built with as few as two stages and as many as eight. 

 Two Stage:  clean/coat, rinse 

 Three Stage:  clean/coat, rinse, rinse/seal 

 Four Stage:  clean/coat, rinse, rinse/seal, DI rinse* 

 Five Stage:  clean, rinse, phosphate, rinse, rinse/seal 

 Six Stage:   clean, rinse, phosphate, rinse, rinse/seal, DI rinse 

 Seven Stage:  clean, clean, rinse, phosphate, rinse, rinse/seal, DI rinse 

 Eight Stage:  clean, rinse, clean, rinse, phos., rinse, rinse/seal, DI rinse 

*Deionized water; water that has been filtered to remove negative and positive ions. 
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Phosphate Coating Weight 

Iron phosphate is measured in mg/ft2, or grams per square meter. Coating weights vary 

with the different levels of pretreatment. The quality of paint adhesion and corrosion 

resistance will be affected by the phosphate coating weight. The chart below shows 

typical results of additional steps in the process. 

 

Stages   Two   Three   Four   Five     

Metals Treated Steel  Steel  Steel  Steel 

     Zinc  Zinc  Zinc 

     Aluminum Aluminum Aluminum   

Soils Removed Average Average  Moderate  Heavy  

   Soils  Soils  Soils  Soils 

Degree of Cleaning Light  Light  Moderate Heavy to 

       to Heavy Extra Heavy 

Coating Weights  

MG/FT2  25  25  25-45  25-90  

G/M
2
   0.27  0.27  0.27-0.49 0.27-0.97 

Paint Adhesion OK  Good  Good  Excellent 

Corrosion Resistance Low  Acceptable Acceptable Good 

 

Table 4 ï Pretreatment Quality From Spray Washers 

 

To determine the coating weight, test panels should be run through the washer with all of 

the process variables under control. After a clean, fresh panel is run through the washer, it 

should be removed and tested with the procedure described below. Clean cotton or 

surgical gloves should be worn to avoid contamination of the sample with skin oils. 

 

Determine the square feet of the panel. 

1. Weigh the panel, correct to three places (.000), and record the first weight. 

2. Immerse the panel in 10 % chromic acid (CrO3) in water by weight @ 160º F (71º C) 

for 10 minutes.  

3. Rinse with tap water or D.I. Water if it is available. 

4. Weigh the part again correct to three places and record the second weight. 

 

Then complete the formula:   1
st
 wt. in grams - 2

nd  
wt. in grams x 1000 = mg./sq. ft. 

     Area in square foot 

 

 

    1
st
 wt. in grams ï 2

nd
  wt. in grams  = grams/sq. m   

     Area in square meters 

 

Iron Phosphate Controls 

In addition to the number of process stages, the factors that will affect the weight of an 

iron phosphate coating are, time, temperature, concentration, acid consumed (pH), the 

condition of the substrate and the spray pressure.  
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Time in Process - The more time that the chemistry has to work, the more work it will 

do. The process must be long enough to allow the chemistry to form to a uniform coating 

on the surface. 

 

Temperature of the Solution - Soils become more reactive in a heated solution and the 

chemicals become more aggressive. 

 

Concentration - A higher concentration of chemical will provide more total acid, more 

accelerators and it can provide more coating weight. 

 

Acid Consumed - A higher pH will give less acid and less coating, while a lower pH will 

give better cleaning and more acid. More acid gives more pickling, providing heavier 

coatings. Excessive acid can cause too much pickling and the excess acid can dissolve the 

phosphate coating. The pH that works best for iron phosphate is between 3.5 and 6.0, 

with most running around 5.0. If the pH is too high (above 6), the parts will not get 

enough coating weight and they may flash rust. If the pH is too low (below 3.5), the parts 

will be cleaned and pickled but they will not have any phosphate coating. 

 

The ñbluenessò of the phosphate coating is related to the coating weight. An iridescent 

blue indicates a coating weight of 30-35 mg/sq.ft. As the coating weights go up the color 

will change from blue to blue-gray to gold.  

 

The graphs shown below show the relationship of each of these control factors to the 

phosphate coating weight.  
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Figure 2-9 

 

It is also important to maintain consistent control of these variables. Alkaline solutions 

can be carried into the phosphate solution and cause a rise in pH, or the operators may not 

make the adjustments to the solution often enough to maintain consistency. This can 

cause the coating to be spotty in some areas and flash rusting can occur. Solutions should 

be monitored frequently (3 times per shift) to make sure that they are in good condition. 

 

ZINC  PHOSPHATE 

Zinc phosphate is a non-metallic, crystalline coating that chemically adheres to the 

substrate. Zinc coatings are extremely adherent, they provide a uniform coating with 

improved coating  adhesion properties, better coating in recessed areas and better 

corrosion resistance. A typical zinc phosphate consists of: 

 

 phosphoric acid base 

 accelerators 

 zinc salts 

 

Zinc phosphate comes from the solution itself, not from the part surface like an iron 

phosphate coating. Crystals begin forming at anodic sites on the part surface and stop 

forming when they hit another crystal. The more origination sites the better the density of 

the coating. For powder coating, it is best to keep the and densely packed. Powder does 

not stay in the flow stage for very long. Larger phosphate crystals may not allow the 

powder material to completely wet the surface and a capillary layer may form under the 

coating. Moisture will penetrate the coating and cause corrosion that will lift the coating 

from the surface.  
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Unlike the iron phosphate, a zinc phosphate can not clean and coat simultaneously in a 

three-stage process, a separate cleaning stage is required. 

 

Activating (Prior to Zinc Phosphate)     

When zinc phosphating, the metal surface is activated by an additive in the cleaner bath 

or in a conditioning rinse prior to phosphating. Conditioners are mild alkaline 

suspensions of specialized active titanium salts that adhere to steel, zinc and aluminum 

surfaces. The conditioner will set up a network of uniform acceptor sites for zinc crystals 

to deposit. This will increase the number of zinc phosphate crystals, decrease the size of 

these crystals and generally improve the quality of the zinc phosphate coating. The small 

crystal size will be more uniform and lower weight, helping to promote adhesion, control 

the cost of phosphating, and generating less sludge.  

 

Proper pH range, concentration, temperature and bath life are shown in the following 

series of figures.  
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Conditioner Temperature vs. Corrosion Performance 

Figure 2-12 
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Conditioner Age vs. Corrosion Performance 

Figure 2-13 

 

The crystal size of the phosphate coating has an impact on paint bonding capacity and 

corrosion resistance. A large crystal structure is more porous, has poorer corrosion 

resistance, and requires more paint to achieve a complete film. A fine-grained, tight, 

uniform coating  will provide the best performance. The conditioner in the rinse 

preceding the phosphate stage can assist the development of this fine-grained phosphate 

coating.    

 

Adding oxidants such as nitrate, chlorate, or nitrite controls the rate of coating formation. 

The proportion of these various ingredients can control the coating weight and phosphate 

crystal size. Fluorides are added if aluminum must be processed. 

 

The reactions at the surface of the part during phosphating are: 

1. Pickling attack on the metal and oxidation of hydrogen to water 

2. Increase of the pH at the interface of the metal and the phosphate solution 

3. Over-saturation of the film with coat forming substances 

4. Nucleation on the metal 

5. Growth of phosphate coating 

6. Oxidation and precipitation of iron as sludge   
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The composition of the bath, the temperature, exposure time and the previous cleaning 

process will affect the phosphate composition and crystalline phase.  

 

Zinc and polycrystalline phosphate solutions do require more careful attention to produce 

consistent high quality results. Additions of zinc phosphate and nitrite accelerator to the 

bath to maintain the proper concentration should be made by automatic feed pumps to 

ensure good quality and minimum chemical consumption. The improper concentration of 

these materials that results from bulk adds will produce coatings that are soft, too heavy, 

and create excessive sludge. If the materials are allowed to run too low, the coating will 

be coarse and spotty, resulting in poor adhesion and corrosion resistance.  

 

Like other pretreatment processes, time temperature and concentration (total acid, free 

acid, accelerator and fluoride) will affect the outcome.  

 

Zinc phosphate is the preferred conversion coating used by the automobile industry 

because of the superior corrosion resistance. The coating is firmly attached to the metal 

by ionic bonding, the porous crystalline structure provides an extended surface for paint 

bonding, and if the paint surface is scratched, the inorganic coating protects against 

corrosion "creepage." 

 

A zinc phosphate solution will continually produce sludge through oxidation of soluble 

iron to an insoluble state that precipitates. A sludge removal system must be used to 

provide constant removal of this sludge. 

 

The rinse stage following the phosphate should be ambient tap water. Phosphate salts are 

more soluble in cold water. The overflow volume should be sufficient to keep the rinse 

clean and reasonably cool. 

 

Comparison of Iron Phosphate to Zinc Phosphate 

From an environmental standpoint, iron phosphate is preferred because it does not 

generate large quantities of heavy metals that require waste treatment. In some 

municipalities, an iron phosphate solution can be neutralized and released to drain. Some 

coaters have waste treatment for iron phosphate and many coating facilities choose to 

have it waste hauled by a licensed hauler.  

 

Zinc is listed by the United States Environmental Protection Agency (USEPA) in the 

Resource Recovery and Reclamation Act (RCRA) as a hazardous substance that is 

subject to waste regulations. It must be treated prior to discharge and the sludge must be 

waste hauled. 

 

In terms of performance, zinc phosphate with a chrome sealer will typically provide far 

superior corrosion resistance. Iron phosphate is satisfactory for almost all indoor 

applications where corrosion resistance is not critical. Zinc is required for outdoor 

product with superior corrosion resistance requirements. Almost all automotive-

specifications call for zinc phosphate.  
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The following table compares the two phosphate processes in more detail. 

 Iron Phosphate Zinc Phosphate 

Avg. Coating Weights 15 to 90 mg/ft
2 

0.16 to 0.97 g/m
2
 

50 to 500 mg/ft
2 

0.54 to 5.4 g/m
2
 

Surface Structure Amorphous (requires less 

powder to cover) 

Crystalline (requires more 

powder to cover) 

Coating Adhesion Very good (normally will 

not fracture, even if the 

metal is bent) 

Very good to 

excellent(crystalline layer 

may fracture if the metal is 

bent) 

Salt Spray Resistance (5%) 200 to 500 hrs. 600 to 1000 hrs. 

Cost in US Dollars Average $4.00 to $8.00 per 

gal. (one product)  

3 to 4 components needed  

a. zinc phos. $8.00/gal 

b. accelerator $8.00/gal 

c. activator $7.00/lb 

d. pH adjust $3-5.00/gal 

Sludge Formation Moderate Heavy 

Solution Life Very good Very good 

Control of Solution Very easy to control, 1 or 2 

tests, 1 product 

Difficult to control, 3 to 4 

tests, products must be 

balanced, pre-conditioning 

stage must be controlled 

Equipment Same as other spray washer 

stages 

Tanks should be stainless 

steel, sludge separation 

equipment is needed 

Maintenance Minimal Higher (sludge handling) 

 

Table 5 ï Comparison of Iron & Zinc Phosphate 

       

When deciding between zinc and iron phosphate, the end use of the product is the most 

important factor. For indoor use in non-corrosive environments, iron will work well and it 

has several economic and environmental advantages. Zinc will provide the undercoat 

protection needed for the more demanding product used outdoors or in highly corrosive 

environments. The quality of the cleaner and the finish coat must also be considered. Part 

of the attraction of powder coating is the durability of the film. Good cleaning and high 

quality powder may allow the use of a less resistant conversion coating.  
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4. Rinsing 

Proper rinsing between process stages is essential to successful pretreatment. Poor rinsing 

will leave residues on the part surface that will interfere with the remaining processes. If 

the alkaline cleaner is not thoroughly rinsed off, it will carry over into the phosphate 

solution and cause excessive chemical use or poor performance. If the final rinse is 

inadequate, salts can be left on the part surface and interfere with paint bonding and 

corrosion resistance. 

 

The rinse following the cleaner should have an aggressive spray pressure to assure 

removal of all residual alkaline cleaner and soils. The overflow rate is adjusted to keep a 

degree of alkalinity which helps to avoid flash rust, reduces the precipitation, and ensures 

more complete rinsing of soaps, fats, oils, grease and surfactants. Some carry-over heat 

will warm the rinse water, which will improve solubility.  

 

The rinse following the phosphate stage is run at lower pressure than the cleaner rinse to 

avoid too much disturbance of the freshly deposited phosphate coating. A degree of 

acidity aids in the removal of unreacted heavy metal phosphate salts. Cooler water may 

shock off some sludge and stop the reaction between the solution and the metal for 

reduced streaking. Slight acidity on the surface protects the activity and stability of the 

final seal rinse. 

 

Both rinses should be overflowed at a rate that will keep them clean enough to do the job, 

somewhere between 3 and 10 gallons per minute (11.4 to 38 liters per minute). They 

should be dumped frequently to get rid of any accumulation of contaminants. To avoid 

excessive carry-over of the chemicals into the rinse water, be sure that the parts and racks 

are positioned for good drainage and the washer sections are not too close together.  

 

Rinse water in the final rinse should be kept below 300 parts per million (PPM) hardness. 

PPM can be measured with a Total Dissolved Solids (TDS) meter that will indicate the 

pounds of a substance dissolved in 1,000,000 pounds of water, or, 120,000 US gallons. 

One PPM is equal to one milligram per liter (MG/L). 

 

Water impurities can ruin all of the hard work of the coating process and shorten the 

useful life of the product. Particulate in the water consumes fluoride and produces scale. 

Organics can produce scale, sludge, foam, and surface defects. Hardness in the water is 

the chief source of scale, it can kick out soaps and form water spots that will show 

through the paint or cause adhesion failure. Clean rinse water will help avoid these 

problems and reduce maintenance requirements to the washer nozzles and plumbing.  

 

Fresh water can be added directly into the rinse tank or through a riser located after the 

recirculating rinse stage. The added dilution ratio of the residual recirculating rinse water 

combined with the flushing action of the spray reduces the chemical residues to a point 

near zero. The fresh water riser increases the efficiency of the rinse by a factor of 400 +, 

using the same quantity of fresh water. 
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Pasivating Rinse/Seal  

Proper final rinsing is critical to the success of the coating. Poor rinse water quality can 

easily lead to adhesion failure or rapid corrosion in the field. Water rinsing only removes 

the active chemicals (acid) left on the metal surface. Unreacted chemicals left on the 

surface can cause corrosive conditions under the finish coating. The rinse seal neutralizes 

any residual water-soluble salts to prevent humidity blistering and removes any unrinsed 

phosphating solution residue. It stabilizes the surface pH to prevent alkaline undercutting 

and leaves the surface slightly acidic, sealing voids in the coating.  A pH of 4.0 to 5.5 

eliminates carbonates in the water and prevents the possible precipitation of metal 

hydroxides. The final rinse water should be kept below 100 parts per million (combined) 

of chlorides and sulfates. 

 

Historically, these rinses were dilute chromic acid solutions in water. Intense ecological 

pressure has driven a demand for non-chrome rinses that will provide the same corrosion 

protection and some of them perform quite well. In many cases, a non-chrome rinse is 

most effective and a specific substrate but not as effective for a broad range of substrates. 

However, in cases where the product does not need and exception level of corrosion 

resistance, the non-chrome seal rinse is the best choice. Chromic rinses still provide the 

best results over a broad variety of parts and operating conditions, especially with zinc 

phosphate. On products that require exceptional corrosion resistance the chromic rinse is 

still superior.   

 

Humidity testing can be used to determine the overall quality of the pretreatment process. 

Massive adhesion failures in humidity test are often the result of a poor final rinse. 

General blistering can also show problems related to final rinse water quality. Many times 

an early failure in salt spray testing is the result of poor final rinse. In salt spray the rinse 

can be identified as the cause of adhesion failure when the failure occurs early in the cycle 

without significant corrosion on exposed surfaces.  

 

Reverse Osmosis or Deionized Water Rinse 

The rinse/seal is frequently followed by a deionized water (DI) rinse to remove any 

accumulation of the seal rinse or phosphate, which might impair coating adhesion or 

performance. DI water system filters the positive and negative ions from the water to 

create pure water with not mineral content.  

 

Phosphate residue on the metal surfaces can cause uneven coating film deposition and 

adhesion problems. DI rinsing will eliminate mineral spotting, corrosive salts, mineral 

humidity blisters and organic particulate that can cause surface defects.  

 

The DI rinse includes a recirculated spray zone followed by a fresh DI halo in the exit 

vestibule. The DI water in the recirculation tank should not exceed 50 micromhos 

conductivity and the fresh DI make-up water supplied by the halo should not exceed 10 

micromhos. 

 



Any copy, reproduction or unauthorized distribution of this material without written consent from The Powder Coating Institute is strictly prohibited.   

 

Reverse osmosis (RO) purifies water by using pressure to force it through a membrane, 

which will not pass dissolved salts. RO is only slightly less effective than deionization 

and the equipment is typically less expensive to purchase and maintain. 

 

Typical Spray Washer Processes 

The 3-stage iron phosphate washer is commonly used for applications that do not treat 

heavily soiled parts. The 3-stage iron phosphate process combines the cleaning and 

phosphating steps in a single stage, reducing pretreatment costs and requiring less space. 

Cleaner solutions are usually alkaline while the phosphate solutions are acidic. The 3-

stage washer must compromise the two processes, producing less than perfect results. 

Much better cleaning and phosphating is accomplished when these processes are separate 

with rinses in between. Separating the cleaning and phosphating allows the processes to 

be adjusted for maximum benefit of each process. The result is much more complete 

cleaning and a more uniform and complete phosphate coating. Some typical stages of 

process for spray washers are shown below. 
 

Some Typical Spray Washer Configurations 

Three State Iron Phosphate 

 Stage 1 - Clean/Phosphate  - 90 seconds @ 160o F (71o C) 

 Stage 2 - Rinse    - 30 seconds @ Ambient 

 Stage 3 - Rinse/Seal  - 30 seconds @ 120o F (49o C) 

 

Five Stage Iron Phosphate 

 Stage 1 - Alkaline Cleaner - 90 seconds @ 160o F (71o C)  

 Stage 2 - Rinse    - 60 seconds @ Ambient 

 Stage 3 - Iron Phosphate  - 60 seconds @ 140o F (60o C) 

 Stage 4 - Rinse    - 30 seconds @ Ambient 

 Stage 5 - Rinse/Seal  - 30 seconds @ 120o F (49o C) 

 

Seven Stage Zinc Phosphate 

 Stage 1 - Alkaline Cleaner - 90 seconds @ 160o F (71o C) 

 Stage 2 - Rinse    - 30 seconds @ 110
0 
- 120

0
 F (43-49

0 
C) 

 Stage 3 - Activating Rinse - 30 seconds @ Ambient 

 Stage 4 - Zinc Phosphate - 60 seconds @ 140o F (60o C) 

 Stage 5 - Rinse    - 30 seconds @ Ambient 

 Stage 6 - Chromic Seal  - 30 seconds @ 120o F (49o C) 

 Stage 7 - D.I. Rinse  - 30 seconds @ Ambient (Recirculated) 

   With a fresh D.I. halo in the exit vestibule. 

 

Eight Stage Iron Phosphating - Dip Spray 

 Stage 1 - Immersion clean - 2 minutes @ 150o F (66o C)  

 Stage 2 - Spray clean  - 1 minute @ 100-150o F (38-66o C)  

 Stage 3 - Spray rinse  - 1.5 minutes @ 100-150o F (38-66o C)  

 Stage 4 - Immersion rinse - 0.5 minutes @ 140o F (60o C)  

 Stage 5 - Immersion phosphate - 2 minutes @ 140o F (60o C)  

 Stage 6 - Immersion rinse - 0.5 minute @ 140o F (60o C)  

 Stage 7 - Spray chromic rinse - 1.5 minutes @ 100-150o F (38-66o C)  

 Stage 8 - Deionized-water rinse - 0.5 minute @ Ambient 
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Dip vs. Spray Methods  

Many cleaning and surface conversion methods can be used with either dip or spray 

techniques. Each of these methods has advantages and limitations. 
 

Dipping has the advantage of reaching recesses and other areas of the parts, which might 

not be accessible to spray. Pockets of trapped air, however, can cause problems for 

dipping methods. They can prevent the entry of cleaning solution into recesses and, in 

extreme cases, make it impossible to submerge a part. Good temperature control is 

usually easier with dip methods because a single large volume of liquid is involved. Heat 

is lost more quickly when warm liquids are sprayed in cooler air. 
 

An important point to remember: in a dip process, any residue that remains on the surface 

of the cleaning solution or rinse solution will be redeposited on the part as it is withdrawn 

from the dip tank. To help prevent this, a spray rinse is recommended.  
 

Spray methods are able to use the impingement energy of the spray to help dislodge dirt 

and sprayed liquid can often be directed into recesses that contain trapped-air pockets. 

Spray techniques may also use small volumes of liquid, which may be an advantage. 

Spray nozzles must be properly maintained to perform correctly and avoid clogging or 

other problems that will lead to a poor spray pattern and reduce effectiveness of the 

process.  
 

Both dip and spray methods require pumps for circulation, filters and related plumbing. 

Both require close monitoring of temperatures and chemical concentrations and both are 

subject to gradual or sudden contamination. 
 

In some cases, a combination of dip and spray is required to provide the complete 

cleaning of the part. Car bodies are frequently pretreated this way. 
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5. Washer Design 

The exact number, type and sequence of treatment stages for the washer is determined by 

the quality requirements with input from the chemical supplier and equipment 

manufacturer. The desired level of quality for the end product must be expressed as a 

specification. (UV Resistance, Salt Spray Hours, etc.) The specification is then used to 

determine what pretreatment method will be used.  

 

Washer Components 

The basic components of the washer are tanks, pumps, spray nozzles and a tunnel to 

contain the process.  Heaters, valves, gauges, etc. are added for control.  The solution is 

circulated from a tank by the pump, through the nozzles and onto the parts, then returned 

to the tank, or, the part is submerged into the tank. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Spray Washer Components 

Figure 2 -14 

 

An understanding of the pretreatment system, materials, design and controls is very 

important to the finishing system operator.  
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Solution Tanks 

The solution tank for a spray stage will usually be approximately the same length as the 

process zone. The process zone is determined by multiplying the required process time by 

the design conveyor line speed. In width, the tank will extend beyond the tunnel from 30 

to 40" as required for the tank access lids and pump mounting plate. The tanks should be 

between 36 and 42" in depth to allow for the depth of the pump and enough space to keep 

the pump up off the floor. 

 

Solution tank sizes are based on the ratio of their capacity in gallons to the theoretical 

gallons of solution pumped per minute.  It is recommended that this ratio be three times 

the pump capacity. These volumes are actual solution volumes and allowance must be 

made for heating coil displacement when an internal heat exchanger is used. 

 

As previously stated, the tank should extend outside the housing far enough to allow for a 

screen chamber, overflow, and pump well.  The tank extension should be fitted with 

hinged, vapor-tight covers with lifting handles to provide operator access to the solution.  

Where the covers are too large for easy operation, sheaves, steel cables and 

counterweights should be used (Figure 2-15).  Each tank should be equipped with a flush 

mounted drain and a removable clean out door on the face for heavy maintenance.  

 

 Sheave 

 

 

 

 Counterweight  

 

   Cable 

 

  Tank Lid 

 

 

 

 

 

 

Tank Lid With Counterweight & Pulley  

Figure 2 ï 15 

 

Pump screens should be installed to isolate the pump inlet from gross particulate that 

could be passed to the nozzle and cause plugging. Guide plates and bars should be 

installed for double screening at the pump well.  A single pocket for two screens should 

be provided so that a cleaned screen can always be slipped in back of the screen still in 

place. The surface area of the screen should be a minimum of one square foot per 100 

GPM of solution pumped. Screen area larger than this ratio will not require cleaning as 

often.  
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Pump Screens  

Figure 2 - 16 

 

Pump screens for the phosphate tanks should be Type 304, 18-8 stainless steel wire, 18 

gauge, 6 mesh, with edges framed and stiffened by bent strips made of 16 gauge 18-8 

stainless steel sheet metal and spot welded as required. All other process tank screens can 

be made of 16 gauge galvanized steel wire but stainless steel is preferred.  The tops of the 

screens should rest against the side of the overflow gutter and should be below the 

solution operating level so the tanks can be overflowed into gutters without screen 

interference.  The screen handles should extend above the solution level. This screen 

arrangement allows the operator to remove and clean one screen at a time during 

operation without exposing the pump to unfiltered solution. 

 

The tank bottom should be sloped, 1" of drop per  5'-0" of tank width, towards the drain 

and clean out door, with proper structural support underneath. 

 

Drainage Spaces 

The drain space is the distance from the center of the last spray pipe in one group of 

sprays to the center of the front spray pipe of the next zone. Sufficient space must be 

allowed between spray zones to guard against mixing of solutions by over spray or 

drainage from work being processed. 

 

Drain times, are determined by the shape and size of the parts and the manner in which 

they drain.  In all cases, drain time should be kept as short as possible to prevent drying of 

work between spray zones.  The length of drain zone is determined by drain time and 

conveyor speed.  Usually the drain time will be 30 to 60 seconds.  

 

The drain zone must be long enough so that a part or rack of parts is never entering a 

process stage while the tail of the part is still in the previous stage.  For example, if the 

parts to be run are 10'-0" long and the line speed is 8 FPM, a 60 second drain zone would 

be 8'-0,ò allowing the part to extend into two stages at the same time. This would produce 

an unacceptable amount of cross contamination. However, when the drain zone is 

extended beyond 60 seconds, misting nozzles should be installed in the drain zone to 

prevent the part from drying. If the part dries out between stages the surface may begin to 

react with moisture and oxygen to form flash rust. One riser can be mounted in the drain 

area with a set of misting nozzles that deliver a low volume of fresh water. This helps to 

rinse the part and keep it from drying out and flash rusting.   
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The length of inlet and exit vestibules for the conveyor should be long enough to prevent 

vapor roll out or excessive dripping from exiting parts. Since the parts will still be 

dripping as they exit the washer, it is a very good idea to install a drain trench directly 

under the conveyor for a few feet to prevent water accumulation on the floor.   

 

The drain deck should be sloped with 70% of its length angled back to the spray zone 

being exited and 30% of its length angled to the next spray zone. 

 

 

 

 

  

   

         

 

 

Drain Zones  

Figure 2 - 17 

 

Tank & Housing Materi als 

The solution tank and the washer housing should be made of sheets and assembled as all 

welded construction complete with all necessary structural steel stiffener members and 

support steel.  Bolted and gasketed construction is not recommended because it is almost 

impossible to avoid  leaks.   

 

With mild steel construction, the cleaner tank and rinse tanks are generally made of 1/4" 

thick plate, while zinc phosphate solution tanks are made of at least 3/8" plate.   

The housing shrouds, conveyor splash guards, drip shields and vestibule ends, including 

floors, should be constructed of not less than #10 gauge sheet steel, and floor plates in 

drain spaces or over open tanks should be of 3/16" steel plate. The zinc phosphate 

treatment zone housing 3/16" steel plate. All necessary angles, structural steel shapes, or 

flanged edge sheets for housing reinforcement and conveyor support should be provided 

throughout the equipment. If stainless steel is used, all materials can be one gauge lighter. 

 

Stainless steel, either type 316 or type 304, has always been recommended for D.I. 

Water Rinse, chrome rinses, and Zinc Phosphate. Recently, there is increasing 

interest in using stainless steel in other parts of the washer. Cleaner stages, tunnels, 

conveyor shrouds, and whole washers are being built of stainless steel.  

  

The washer is less likely to contaminate work in progress, it is corrosion resistant, and 

another important advantage is easier maintenance.  The surface remains smooth and 

does not flake or chip like mild steel, so screens stay cleaner, solutions stay cleaner 

longer and nozzles do not plug as easily.  Long term repairs or replacement of shrouds, 

profiles, and screens is eliminated. Also, with some companies there is increasing 

emphasis on clean, high quality, appearance, and the stainless steel surface provides a 

this. 

Washer 
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Tank 
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Door 

70%       30% Solution 

Tank 

Tunnel 

Access 

Door 



Any copy, reproduction or unauthorized distribution of this material without written consent from The Powder Coating Institute is strictly prohibited.   

 

Building a washer of stainless steel will add a lot of cost.  There are many variables, 

such as washer size, total project size and how much of the washer is stainless steel; 

the tunnel, drain decks, tanks, plumbing or the whole machine.  A complete stainless 

steel washer will add 40% to 60% to the cost.  Also, welding dissimilar metals can 

produce galvanic corrosion,  so the mixing of SS and MS can be a problem. 

 

Another alternative material to mild steel is composite fiberglass.  It offers excellent 

corrosion resistance and a very cleanable surface with good appearance. The fiberglass 

material is molded in sections and fastened together. Some early versions of composite 

washers were prone to leak but more recent designs have resolved the problems that 

caused this and they are typically a very sound method of construction. Field visits or 

other research is recommended to see the methods of construction and confirm that the 

design is leak proof.  

 

Another material that can be used for washer construction is polypropylene. It can be 

welded to provide a leak proof washer and the tunnel will allow some light to penetrate to 

the interior. The tanks will typically be 3/4" thick material, providing some insulating 

capacity. Like SS or fiberglass, the polypropylene surface will not corrode. The tunnels 

and walls are reinforced with steel to avoid sagging or stress fractures. 

 

An expanded metal or fiberglass walkway should be provided throughout the length of 

the washer with suitable structural support.  It should be as wide as possible to protect 

workers from stepping off the edge and to keep parts from falling into the tanks. It should 

cover the drain decks as well as the area over the tanks so that there is little danger of 

slipping inside the washer during maintenance work.  

 

The tank drain connections should be large enough for rapid draining.  In normal 

installations, a 2" overflow gutter drain and a 3" tank drain from the sump in the tank 

bottom are standard practice.  The tank drain should be flush mounted or split nipple and 

fitted with a valve close to the tank.  The overflow gutter drain line should be connected 

to the tank drain line outside the drain valve. 

 

           Overflow 

        Drain Valve    

 

   Tank Drain 

                           

Tank Drain and Overflow 

Figure 2 - 18 

 

Zinc Phosphate Tank 

Zinc phosphate solutions are corrosive and they generate a lot more sludge than an iron 

phosphate solution. Because of this, it is necessary to use thicker material or stainless 

steel in the zinc tank, and provisions must be made for sludge removal. 
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The zinc tank bottom form should be designed to provide for easy removal of sludge  

through a permanent suction line to the transfer pump, or through a suction hose and 

sweeper type hand tool. Heating coils and pumps should be kept well above the tank 

bottom. 
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Floor Pit 

 

 

Zinc Phosphate Tank 

Figure 2 - 19 

 

Sludge Removal Tank 

Zinc phosphate solutions will generate sludge that must be removed. A sludge settling 

tank should be located on a structural steel frame convenient to the zinc phosphate 

solution tank. The tanks are connected with piping and a transfer pump for periodic 

transfer of sludged solution from the process tank to the settling tank. 

 

The sludge settling tank may be square or round and should have a sloped bottom, of  

approximately 30 degrees from the vertical.  Tank capacity should be at least 1/3 the 

working volume of the zinc phosphate solution tank. 

 

The settling tank should have a safety overflow line back to the phosphating solution tank 

and a valved draw-off line located in each cone section and connected into the overflow 

line for returning the clear solution to the solution tank.  The draw-off should be located 

so that approximately 40 gallons of solution can be held in the cone bottom below the 

draw off line. 

 

The bottom of the cone should be fitted with a 4" dump valve for sludge removal.  The 

tank should be elevated high enough above the floor level to allow a barrel or suitable 

container to be placed under the dump valve for sludge removal, and also to provide for 

gravity return of the clear solution to the phosphate solution tank. 

 

Access Doors, Ladders & Lighting 

Doors are built into the housing walls between the spray zones to provide access for 

maintenance workers or operators to view the spray zones while in operation. The area 

around the tunnel access door is one of  the first places to rust so the door should be 

constructed with a vapor tight fit and rugged hinges and latches. 
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Solutions will drip off the bottom of the door when it is opened. To prevent the drips 

from running down the outside of the washer and corroding it, a drip trough should be 

attached to the tunnel under the door with a few small holes to allow the solution to run 

back into the washer.  

 

Steel ladders, at each access door, and at the ends of the housing, can be installed for easy 

access to the inside of the washer. The best design includes a platform and a dock light to 

illuminate the washer interior.  

 

 

                     Tunnel 
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Access Door With Service Platform & Dock Light 

Figure 2 - 20 

 

Equipment Exhaust System 

In the ceilings of the end vestibules, sheet metal vent stacks are installed to exhaust 

outside of the building, causing room air to flow into the ends of the machine and up the 

stacks and preventing equipment vapors from escaping into the room.  A drip shield is  

installed under the stack to prevent condensation from the stack from dripping on the 

work.  

 

              Tunnel Exhaust Stacks  

 

 

Drip Pan 

 

 
 

Tunnel Exhaust 

Figure 2 - 21 

 

Conveyor Splash Guard 

A splash guard should be installed around the monorail track, trolleys, and chain for the 

full length of the machine, to prevent the spray from reaching conveyor parts, mixing 

with lubricating grease and oil and then falling on cleaned and processed surfaces of the 

work going through the system.  
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Conveyor Splash Guard  

Figure 2 - 22 

 

Water vapor around the washer roof  can cause rapid corrosion of the conveyor splash 

guard and conveyor rail. It is a good idea to construct the shroud and the conveyor rail 

inside the washer of type 304 stainless steel.  

  

Some washers are built with the rail mounted outside of the washer with a slot in the 

washer roof for the hanger. This helps prevent moisture from removing chain lubricant 

and reduces chain rust. If the washer is made of stainless steel this is good construction. If 

it is made of mild steel the vapors that escape the conveyor slot will condense on the 

washer roof and cause severe rust to occur. 

     

Pumps  

Solution pumps are typically standard side suction, centrifugal type, with open impeller 

and with double bearing shaft supports for direct connection to the drive motor. Pumps 

with enclosed type impeller are sometimes used, but experience, especially in handling 

phosphate solutions, indicates that this type of pump requires more maintenance and does 

not maintain volume delivery and head pressure as well as the open impeller type pump.  

Barrel mounting type pumps are recommended for dependable performance and ease of 

maintenance.  Horizontally mounted pumps are not recommended. 

 

Solution pumps for cleaner and all rinses, except a chromic acid rinse, can be of all iron 

construction unless otherwise specified.  Zinc phosphate solution pumps should be of 

non-corrosive materials, preferably type 304 stainless steel. Pump sizing is based on 

pumping solutions at the specified temperatures for the particular solution with normal 

allowance for head losses in piping, fitting and valving arrangements.  

 

Piping 

Standard weight steel pipe and cast iron fittings can be used throughout the washer for all 

equipment piping. Schedule 80 CPVC is also excellent for washer interior plumbing but 

there is some concern where heated solutions will be run. Temperatures in excess of  

140º
 
F (60º C) can cause CPVC to sag. Stainless steel is acceptable for any stage but may 

be cost prohibitive.  

 

Zinc phosphate solutions, chrome rinses and DI or  RO water should have type 304 

stainless steel or schedule 80 CPVC. 
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Directional turns should be held to a minimum in all piping to reduce line pressure losses 

as much as possible. Piping is sized to deliver the required amounts of solution and to 

maintain recommended pressures at the nozzles. 

 

The spray headers should be supplied near the centers of the manifold, feeding both ways 

rather than from one end and they should be of the same size pipe full length, with no 

reduction in size for volume delivery control. 

 

Top headers and drop spray pipes are typically preferred.  When bottom headers and 

vertical spray pipes are used, the bottom headers should have valved ends so the lines can 

be thoroughly flushed.  The installation should be made for easy removal for cleaning. 

In the phosphate spray zone, a transition fitting should be installed directly on top of the 

pump discharge, to make the pipe line to the headers at least one pipe size larger than the 

pump discharge pipe size. 

 

Risers 

The risers are mounted vertically in the spray zones, supplied from a header, with nozzles 

that spray onto the work in progress. Typically, risers will be installed on 12" horizontal 

centers with a stagger pattern of nozzles on 12" vertical centers. As the conveyor 

increases in speed it is possible to increase the spacing of the risers.  The following table 

gives a guide for spacing of the risers at various line speeds. 

 

                     Conveyor Speed                        Tap Spacing in Headers 

                               FPM                                                (approx.) 

                   ==============                     ================= 

                                3-10                                                     12" 

                              10-13                                                     14" 

                              13-16                                                     15" 

                              16-20                                                     17" 

                                 24                                                       18" 

 

Table 6 ï Riser Spacing 

 

Nozzles 

Glass reinforced polypropylene, clamp-on type nozzles are recommended. They are easier 

to clean, change and adjust than threaded steel nozzles. 

 

In most cleaner and rinse stages a 50-50 flat spray nozzle is best.  Nozzle sizes, such as 

50-50, refer to the GPM of output and fan spray angle at 40 PSI. A 50-50 nozzle will 

spray 5.0 GPM at a 50
0
 spray angle at 40 PSI.  The output and spray angle will change at 

lower pressures.  

 

Nozzles are mounted in a staggered pattern to provide good impingement on the entire 

work surface. Fan spray patterns should be adjusted on a 10
0
 angle from vertical.  
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         Risers      Nozzle @ 10 Degree Angle 

Nozzle Pattern 

Figure 2 - 23 

 

Nozzles near the end of the process stage should be adjusted in slightly to help prevent 

carry over into another stage. 

 

 

 

 

  Spray Pattern 

 

       Risers 

 

Top View of Washer Tunnel and Risers 

 

Nozzles Adjustment 

Figure 2 - 24  

 

In the phosphate section a hollow cone type nozzle should be used.  A flooding type 

nozzle should be used in a final D.I. halo rinse and most chromic final rinses where high 

impact pressure can remove coating.   

 

Typical Nozzle Volume and Pressures: 

Cleaner and Rinses, 4 to 5 GPM at 15 to 20 PSI 

Iron Phosphate,  2.8 GPM at 10 to 15 PSI  

Zinc Phosphate, 5.0 GPM at 10 PSI 

Misting Nozzles (for wetting in drain zones), flooding type, 0.5 GPM at 10 PSI. 

 

Note:  It is good practice to connect the last riser in a rinse stage to a fresh water supply 

and use it as make up water for improved rinsing. A flow meter and valve attached to the 

inlet provides very accurate control of the overflow rate. 

 

12ò 
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Water Conservation 

It is very important to minimize water consumption, especially if waste treatment is 

necessary. Even if water is comparatively inexpensive for an operation now, chances 

are this will not always be the case and it makes sense to conserve water and 

chemicals. Several methods of water conservation can be incorporated into your 

washer. 

 

Counterflow of the rinse stages from the last rinse back toward the preceding stages is 

one popular way of saving water.  The proper way to do this is to attach a pipe from 

the discharge of the final rinse, plumb it to the preceding  stage and connect it to a pair 

of risers with nozzles that have a very low flow rate, 0.3 to 0.5 GPM   

 

This set of risers will spray the parts as they exit the process stage, providing extra 

rinsing, and the overflow will drain to the process tank as make up.  Fresh water will 

be introduced to the final rinse to make up for this overflow to the preceding stage. 

The make up pipe and the counterflow pipe should be equipped with a flow meter and 

manual ball valve to regulate the volume. This counterflow method makes the final 

rinse the cleanest water and reuses overflowed water. The chemical supplier can 

suggest the proper stages to overflow and what volume.  

 

 

 

 

 

 

Counterflow Rinses 

Figure 2 -25 

 

Another method of conserving both water and chemical is an oil skimmer in the 

cleaner stage.  Oil skimmers are available at a relatively low cost and they can 

significantly increase the life of the cleaner bath. Belt type oil skimmers do not 

perform very well in pretreatment solutions. A circulating system that separates the oil 

and returns the solution back to the tank can work very well. The skimmer tank is 

small, around 500 gallons and sits right next to the solution tank.    

 

 

 

 

 

 

 

 

 

Circulating Oil Skimmer  

Figure 2 - 26 
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Another thing that can reduce the life of the cleaner bath is a build-up of solids in the 

solution. To keep the volume of solids in the cleaner tank to a minimum, a bag filter 

can be used. Bag filters can be installed in the discharge line coming from the solution 

circulating pump or they can be installed with a separate circulating pump. The  

circulating pump pulls the solution out, passes it through the filter to remove the solids 

and returns it to the tank.  

 

Solids will settle on the floor in the form of sludge. The outlet to the bag filter may not 

have sufficient force to pull from the entire tank floor. The most effective way to 

remove solids from the tank is to use a separate circulating pump and a flushing 

arrangement. In this arrangement, a series of pipes is located near the floor of the tank 

with a series of nozzles or eductors mounted along their length. Solids are flushed 

along the floor of the tank towards an the outlet by the rows of eductors. This provides 

more complete removal of solids from the tank. The piping and pump will add cost to 

the installation and it may not be practical for lower line speeds (under 15 FPM) with 

smaller tank volumes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bag Filter Circulation System 

Figure 2 - 27 

 

The size of the filter media should not be below 200 micron. Very small particulate will 

quickly load the filter and plug it up. Dual bag filters are often used to make the system 

more efficient with less frequent cleaning. The first filter is around 500 micron and the 

second is around 200 micron. In this way the first filter can remove the grosser sized 

particulate and the second filter can catch the finer particles. Valves are installed on each 

side of each filter so that they can be isolated from the flow and cleaned without turning 

the pump off.   

 

 

 

 

Circulating  Pump 

Outlet to Pump 

Flushing 

Nozzles Bag 

Filters 
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Gauges 

Gauges should be attached to the discharge pipe of the solution circulating pump leading 

to the manifold to allow monitoring and adjustment of the pump pressure and the solution 

temperature. A high quality, liquid filled, pressure gauge should be used for long life and 

accurate output. A valve is installed in the discharge pipe to control pressure.   

 

Solution Heating 

The heating of a solution is one way to enhance performance. Solutions are generally 

heated by steam coils or by an internal heat exchanger with a gas burner. With any system 

of solution heating, automatic heat control must be provided. 

 

It is important to use an efficient design and to maintain it in good working condition to 

avoid excessive operating cost and ensure the correct temperature. To be sure that the 

heat exchanger is properly maintained, heating surfaces should be designed and installed 

to allow access for cleaning of the tanks and heating surfaces. 

 

Many commercially available heat exchangers are poorly suited to perform efficiently in a 

spray washer solution. Steam coils or immersion tubes of a very specific design should be 

used to provide the performance required. 

 

Immersion Tubes  

Immersion tubes should be serpentine tube bundles with manufactured long radius weld 

elbows and returns for maximum energy efficiency. This will provide the best possible 

efficiency and lowest maintenance. Heat exchangers with sharp corners or mitered joints 

will not perform as well and they will wear out much sooner.  

 
 

Six Pass Immersion Tube Bundle 

Figure 2 - 28 

 

The gas burner fires into one end of the tube and the gases exhaust from the other end. 

Some manufacturers run the exhaust pipe from the immersion tube inside the washer 

tunnel. This will prematurely rust the surrounding area, adversely affect the pretreatment 

process and cause damage to CPVC plumbing. The correct design is to run the exhaust 

pipe outside of the tunnel and insulate it to avoid danger to personnel. 

Side View 

Top View End View 
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Steam Coils 

Steam coils can provide efficient heating of a chemical solution. Steam from an 

existing plant boiler with excess capacity is cost effective. For new installations the 

addition of a high-pressure boiler is too expensive to be cost justified.  

 

External Heat Exchanger 

An alternative to an immersion tube or steam coil for solution heating is a plate and frame 

heat exchanger, mounted externally, leaving the inside of the tank free of obstructions.  

This device uses steam heat and is typically more expensive than a gas fired burner 

because of the need for a small, low pressure, boiler as a heat source.  It is efficient to 

operate and makes the solution tanks easier to clean because there is nothing inside them.  

 

 

 

 

 

 

 

 

 

        

 

 

Plate and Frame Heat Exchanger  

Figure 2 - 29 

 

High Velocity Blow-off 

If the part has pockets that trap moisture, it may be necessary to set up a high-velocity 

blow-off. The blow-off will remove the heavy moisture and sheer the water out, making 

sure that there are no phosphate residues. They also make it easier for the dry-off oven to 

do a complete and economical job of drying. The blow-off should have a fan discharging 

into ductwork on both sides of the conveyor with a filtered inlet. The discharge velocity is 

typically around 3,000 feet per minute (915 meters/minute). This type of blower 

arrangement is more efficient and less expensive than compressed air. 

 

Some distance (at least one foot or 30 centimeters) should be left between the washer exit 

and the blow-off so that their respective air flows work independently. 

Solution Tank Heat Exchanger Boiler 
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High Velocity Blow Off  

Figure 2 ï 30 

 

6. Maintenance & Control 

To ensure proper operation and consistent quality, a pretreatment washer must be 

carefully maintained, mechanically and chemically. A regular maintenance schedule 

should be established, including daily, weekly, monthly and annual tasks. 

 

Mechanical Maintenance  

Nozzles - Nozzles can become worn, plugged or misaligned. Any of these conditions will 

reduce their effectiveness. Nozzles should be inspected daily to confirm proper spray 

patterns. Worn nozzles will not produce a finely atomized spray pattern and should be 

replaced. Plugged nozzles will not spray at all and should be removed and cleaned by 

removal of obvious debris and soaking in a descaling solution.  

 

Risers - The inside of the spray risers will develop scale over a period of time and restrict 

flow of solutions. The inside diameter should be inspected regularly and end caps 

removed to drain debris. The frequency for inspection and cleaning can be 

determined by observing the condition of the bottom nozzles; if the bottom nozzles plug 

frequently, the risers probably have excess scale build up. Scale build up will restrict the 

flow of the process solutions, reducing the volume, which will affect the pressure and 

performance of the sprayed solution.  

 

 

Conveyor 

Blower 

Discharge Slots 
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The daily inspection check list shown is an example of maintenance control device. 

 

Daily preventive maintenance checklist 

 

1. Name_____________________________________Date________________Time______________ 

 

2. Line Speed (fpm or meters/min. )______________  

 

3. Washer Hour Meter (total hours)_______________________ 

 

4. Nozzle Inspection by Stage: 

 

stage                 nozzle type   number changed   

one             

two             

three             

four             

five             

 

Note overall nozzle condition and measure nozzle wear:________________________________________ 

_____________________________________________________________________________________

_____________________________________________________________________________________ 

 

Note condition of riser sections:____________________________________________________________ 

_____________________________________________________________________________________

_____________________________________________________________________________________ 

 

5. Filter screens:  

Stage:   one  two  three     four      five   

Inspected            

Cleaned:            

 

6. Water feed system: Level OK_____________ Adjustments made:______________________________  

_____________________________________________________________________________________ 

 

7. Settings:  

Stage   one  two  three     four     five  

PSI:             

Temp.:             

 

Daily Inspection Check List 

Figure 2 - 31 
 

Heat Exchangers - Internal heat exchangers such as immersion tubes or steam coils will 

build scale on their surfaces. A scale build up of  1/32 "  can reduce heating efficiency by 

2%. Lime scale deposits conduct only 3 % of the amount of heat as an equivalent 

thickness and area of steel. The heat exchangers should be inspected monthly and 

descaled periodically.  

 

Gas fired burners should be serviced twice a year as part of a preventive maintenance 

contract with a suitable service contractor. The burner inlet filters will provide a 

minimum of one month service in harsh conditions. They should be washed or replaced 

on a regular basis.    
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Plate and frame heat exchangers are external to the tank but they still require cleaning. 

The cleaner stage should be flushed with a chelated acid during off hours and the 

phosphate should be flushed with a chelated caustic. 

 

Descaling - Scale removal using mechanical methods is difficult, time consuming and 

usually does not clean down to base metal. If the scale is not completely removed, it will 

quickly reform over the old deposit. 

 

Chemical removal methods are less difficult and faster. Actual time to descale will vary 

dependent on the size of the system but usually can be completed in 4 to 8 hours. 

 

Acid descaling solutions are effective for removing lime scale and rust but they are not 

very effective at removing oily soils or product residues. Usually it will be necessary to 

thoroughly flush out the system with a hot (140-160º F/60 ï 71º C ) alkaline type of 

material to remove the oils and grease that build up in the washer.  

 

Once the system is degreased, rinsed and drained, the plumbing should be inspected to 

see if any parts are in need of repair or adjustment. Heavy deposits should be chipped 

away and the sludge should be removed from the bottom of the tank by flushing with a 

hose or shoveling. 

 

Pretesting the descaling material on a small sample will help to determine the correct 

material and concentration. Usually, lime scale and rust will form carbon dioxide in an 

acid solution. Some types of scale, such as those formed by iron phosphates or 

combination cleaner/phosphates, may produce little or no reaction by exposure to acid 

based descalers. In cases where pretesting an acid solution does not produce satisfactory 

results, an alkaline solution should be tested. 

 

In general, the descaling product will be opposite in pH to the process solution that is 

being removed. Descaling should typically be done once every six months to one year. 

 

Regular service reports should be kept that document the condition of the washer, 

including the nozzles, operating temperature, pressures, general appearance, conveyor and 

washer interior condition, etc. Monitoring the washer condition with this report will give 

the operator the information necessary to schedule the maintenance in advance. 

 

Any existing leaks in the washer will be enlarged when the descale solution is run 

through the system. 

 

Descaling Procedure 

1. While the solution is hot, remove as much free oil as possible by overflowing or use 

of an automatic skimmer.  

2. Drain the solution from the tank. 

3. Flush sludge and solids to drain. 

4. Refill the tank with water. 
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5. Add a high caustic, high chelate alkaline descaler to reach 4-6 oz./gal. 

6. Heat and circulate the solution for 1-2 hours at the highest possible heat.  A low foam 

detergent may be added at 0.5-1.0 % by volume to help displace oils. 

7. Allow the solution to remain static for 20-30 minutes. 

8. Overflow to displace surface oils or use an automatic skimmer to remove oils.  

9. Drain the solution from the tank. (treat the solution if necessary or drain to a holding 

tank. 

10. Flush sludge to drain. 

11. Remove the nozzles. 

12. Fill the tank 2/3 full with fresh cold water. 

13. Add 10 % by volume, inhibited descaling acid (muriatic). To minimize fuming in the 

plant , use a low volume chemical hand pump with the discharge line immersed 

below the solution level in the tank. 

14. Circulate and heat the solution to 1200 F (49
0
 C) for 1-2 hours.  

15. Drain the solution from the tank. (neutralize the solution prior to discharge) 

16. Flush sludge from the tank bottom. 

17. Inspect the nozzles, clean by soaking in a descale solution, repair or replace as 

necessary and re-install them in the washer. 

18. Refill the tank with fresh water and heat. 

19. Add 0.1 - 1.0 % by volume of proprietary type phosphate. Circulate washer for 5 - 10 

minutes. 

20. Drain the tank and rinse sludge from bottom. 

21. Fill the tank to operating level. 

22. Charge the tank with the appropriate processing chemical product. 

   

Pump Screens - Pump screens should be removed daily and rinsed with high pressure.  

 

Water Feed System - Water replenishment systems should be checked daily to make 

sure that valves are functioning properly and that there are no leaks. 

 

Tunnel Exhaust Fans - The washer tunnel exhaust fans are there to prevent vapor roll-

out. The exhaust fan belts and blades should be checked for wear monthly. If vapor roll-

out is a problem, and the fans are in good working condition, the problem could be 

competing plant air flows or improper exhaust volume or design. The washer 

manufacturer should be consulted before making any changes in the exhaust design. 

 

Controls - Thermocouples, temperature gauges and pressure gauges should be calibrated 

at least once a year. 

 

Pumps - Pumps should be greased as recommended by the manufacturer and inspected 

monthly for vibration, leaks, or overheating. 

 

Conveyor - The rail and shroud inside the washer should be inspected monthly for wear. 
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Chemical Maintenance & Titration  

Successful pretreatment depends on control of the process. The factors that affect the 

performance of a spray washer are the amount of exposure time, the pressure at which the 

solution is sprayed, the concentration of the chemical in the solution, and the temperature 

of the solution. 

  

To achieve the desired level of quality that the pretreatment system was designed for, the 

chemistry of the washer must be carefully monitored, recorded, and maintained. Specific 

ranges of operation must be established and controlled. The specific variables to be 

controlled are process time (line speed), temperature, chemical concentration, pH, and 

total dissolved solids.  

 

Titration is the test process used to check the chemical concentration of a solution. Acid 

base titration is based on the fact that it will take a certain amount of an acid with a 

known concentration to neutralize a sample of an alkaline cleaner and a certain amount of 

an alkaline solution to neutralize a sample of an acid solution. 

 

A solution called an indicator is added to the solution sample prior to titrating. The 

indicator is usually an organic liquid such as phenolphthalein that will cause the sample 

to change color when it is neutralized.       

 

Cleaner Stages -  Check the chemical concentration, temperature and pressure at the start 

of a shift, middle and end. Record all information and make adjustments as needed. 

 

Rinses -  Check the total dissolved solids and conductivity three times a shift. The TDS 

and pH should not be allowed to rise very much over the initial raw water readings. 

Adjustment of the overflow volume will help to control the rinse water quality. Also, 

tanks should be drained and cleaned on a regular basis as necessary. The tank dump 

schedule and overflow rates are related. If a comparatively low volume of water is 

overflowed, say 1.5 GPM, the rinses may need to be dumped as frequently as once a day. 

If the overflow rate is 5 to 7 GPM, the rinses can be typically be dumped once a week. In 

cases where maintenance of the water quality is critical, softened water can be helpful. 

Automated rinse control based on conductivity is also possible. The key is to maintain 

good quality rinse water with low TDS and near neutral pH. 

 

TDS 

TDS can be measured with many different meters, such as a Myron L Model 532 MI 

dissolved solids meter, or a Markson Conductivity/TDS pocket tester, measuring how 

conductive a water sample is in units of micromhos (µMho). Pure water, such as distilled 

water, conducts electricity very poorly and so it will give a dissolved solids or 

conductivity reading close to 0 micromho. 

 

Ionic matter, such as acids, alkalis, water hardness, or salts, will make the water much 

more conductive and the dissolved solids reading will rise. The more dissolved matter in 

the solution, the more conductive it becomes. 
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In industrial applications, conductivity may be measured for one of three reasons; 

1. To measure the purity of the raw incoming water or softened water and the suitability 

of that water for a given pretreatment purpose. 

2. To measure the level of contamination of a rinse water solution. When conductivity 

rises above a certain level, the tank is usually overflowed or dumped and recharged. 

3. To determine the concentration of a chemical added to the water for a certain process. 

The chemical may be added until a certain level of conductivity is reached. 

To measure the conductivity of a sample solution, make sure that the meter is calibrated 

(daily) as described below: 

 

1. Rinse the TDS meter cell cup 3 times with distilled water. 

2. Rinse the TDS meter cell cup with the conductivity standardization solution and then 

fill it with standardization solution to at least 1/4" above the upper electrode. 

3. Select the appropriate meter range for the standardization solution used. 

4. Push button to read conductivity. 

5. If the conductivity reading does not match the conductivity standardization solution 

conductivity, + 1 %, remove the bottom of the conductivity meter and adjust the 

calibration control as necessary. 

Replace the meter battery if the conductivity reading of the meter is less than full scale 

when the calibration control is adjusted to its maximum setting. 

 

After calibration, follow the procedure as listed below: 

 

1. Rinse the cell cup three times with the solution to be measured. 

2. Fill the cell cup to at least 1/4" above the upper electrode. 

3. Select the anticipated conductivity range using the four position switch at the front of 

the meter: 10 for µMho, 100 for conductivity between 50 and 500, and 1000 for 

conductivity between 500 and 5000. 

4. Push the button to read the meter. 

5. Multiply the reading by the range setting number (10, 100 or 1000) to get the final 

value in micromhos. 

  

If the conductivity of your solution is above 5000 you must dilute the solution with 

distilled water before measuring and then multiply the resulting reading by the dilution 

factor as shown below. 
 

Conductivity of diluted sample   x    ml of diluted sample    =    Conductivity of original 

solution 
 

The Myron L Model 532 MI TDS meter is temperature compensated for solution samples 

between 50 and 160º F. If the solution to be tested is outside of this range, it should be 

warmed or cooled as necessary before testing. 

 

 

 

 



Any copy, reproduction or unauthorized distribution of this material without written consent from The Powder Coating Institute is strictly prohibited.   

 

 
 

                  3000 PPM  

                (3920 ÕӞmhos)  

             

          

            

 

           

          
  1500 PPM 

       Micromhos                          (2070 ÕӞmhos) 

    (Microsiemens)          

     Conductivity    1500              1000 PPM 

        (µmhos)              (1414 ÕӞmhos) 
        1000  
            500ppm 
                      (733 ÕӞmhos) 
                 300 PPM  
             (447 ÕӞmhos)     
 

        0 500      1000   1500    2000   2500   3000 

 

          Parts Per Million/TDS 

 

Conversion Chart for Conductivity/TDS 

Figure 2 - 32 

 

Temperature 

The temperature of the solution can be determined with a thermometer such as the Tel 

Tru Model GT 100B thermometer in degrees Fahrenheit. The thermometer must be 

immersed past the groove on the lower portion of the stem in order to get accurate 

readings. To convert degrees Fahrenheit to degrees Celsius, use the following formula: 
 

 ( ºF - 32) x 5 =  ºC 

    9   

 

pH Measurement 

pH is a measurement of the relative acidity or alkalinity of a solution. 7 is considered 

neutral, acidic solutions are below 7, and alkaline solutions are above 7. The pH can be 

measured with a pH meter such as the Markson Model 88, a pocket type pH meter, or pH 

paper. Measurement of the pH provides a numerical value to relative acidity or alkalinity, 

an important feature in the controlling the performance of a solution.  

 

For a solution to perform as designed, the desired pH must be known and the solution 

must be controlled. To illustrate the point, consider the manufacturing of jelly. In order to 

jell the fruit, the mixture must be slightly acidic. At a pH below 2.6, the mixture will not 

jell; at 2.6, a white precipitate forms and the jelly unmarketable; at 2.8, there is a 

separation of water droplets from the mixture; at 3.1, the mixture will produce a jelly  
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with maximum stiffness; a pH of 3.2 will produce medium stiffness, and at a pH of 3.3 

the jelly will be thin. Above a pH of 3.5, the mixture will not jell at all!  

So within a few tenths of pH unit, the mixture will go from ñno jellò to maximum 

stiffness and back again to no jell. This clearly illustrates the importance of tight control 

of the pH of a solution.  

 

There are a broad range of acids, from sulfuric acid that can dissolve metal to boric acid 

which can be used as an eye wash. They all produce hydrogen ions (H
+
) in solution. The 

measure of acidity is the numerical value of the Hydrogen ion concentration. Expressed in 

chemical terms, the numerical values for Hydrogen ion concentrations  are usually 

extremely small fractions such as 1/10,000,000. The pH scale was developed to avoid the 

use of such inconvenient numbers. The pH scale is defined mathematically as the 

negative logarithm of the Hydrogen ion concentration or the power to which 10 must be 

raised to equal the Hydrogen ion concentration. The name pH comes from the power of 

Hydrogen. This mathematical transaction provides us with a convenient scale from 0 for 

an acid solution of unit strength to 7 for a neutral solution of pure water. 

 

Alkalis owe their alkalinity to the Hydroxyl ions (OH
-
) which they produce in solution.  

Alkalinity can be measured on the same pH scale as acidity, from 7 to 14.  

 

Simply put, any number below 7.0 is an acid and for each whole number of decline, you 

increase the intensity of (H
+
 ion concentration) the acid by a factor of 10X. Any number 

above 7.0 is considered alkaline and for each whole number increase, you increase the 

intensity of (OH
-
 ion concentration) the alkaline by a factor of 10X. In a solution with the 

same number of H
+
 ions and OH

-
 ions are present, the pH is 7.0.  

 

    acid increase (H
+
)           alkalinity increase (OH

-
) 

 

 

             

                    

                      

 

  

 

 

   

 

cola soft drinks           milk              pine sol cleaner      

mineral acids       orange juice     water         sodium hydroxide 

 

Table 7 - The pH Scale 

 

Water from the tap may be a little on the alkaline side due to the addition of caustic soda 

lye to make the water ñfit to drink.ò Proper measurement and adjustment of the water is 

 O       1      2       3       4      5       6      7       8       9     10     11    12     13     14 

Zinc Phosphate Paint Strip 

Iron Phosphate 

Neutral 

Cleaners 

Mild Alkaline Cleaners 

Strong Alkaline Cleaners 
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essential to the pretreatment process. To ensure that the measurement is accurate, the 

meter must be properly calibrated.  

 

Calibration by the single point method is described below. 

  

1. Connect the pH electrode to the instrument and remove the protective cap from the 

electrode. 

2. Rinse the pH electrode with distilled water and immerse it in pH buffer 7.00.* 

3. Turn on the instrument by setting the three position rocker switch to the ON position. 

4. Set the TEMPERATURE control to that of the pH buffer (use a Tel Tru GT 100R or 

other suitable thermometer to obtain the pH buffer temperature). 

5. Adjust the STANDARDIZE control to read the buffer value corresponding to the 

buffer temperature. Refer to Table 1 below for these buffer values. 

6. Remove the pH electrode from the pH buffer solution. Rinse the electrode with 

distilled water. 

The pH meter is now calibrated and ready for use. 

 

The temperature control knob on the pH meter must be set to the temperature of the 

solution that the pH probe is in.  

 

The pH electrode must not be allowed to dry off. When not in use, the electrode should be 

soaked in pH buffer solution. The electrode should not be used in solutions above 140º F 

(60º C) and it should be protected from freezing. The electrode should be rinsed with 

distilled water before being transferred from the test solution to the buffer solution and it 

should be shaken off to reduce solution contamination whenever it is transferred from one 

solution to another. 

 

If a coating has formed on the electrode tip, try to remove it by stirring briskly in a 

detergent solution or by spraying with a squirt bottle. If this does not work and the meter 

responds slowly or improperly, the glass bulb can be gently cleaned with a soft brush. If it 

still does not work properly, replace the bulb or meter. 

 

pH buffer solutions should be checked periodically by comparing their pH to the pH of 

fresh buffer solution. Replace the solution when a pH difference of 0.1 or greater is 

measured. 

 

Titrations and Alkalinity  

Titrations must be performed regularly, even for operations that use automatic chemical 

addition pumps. The items that are routinely read include free alkalinity, total alkalinity, 

relative alkalinity, total acid, and acid consumed. 

 

The pH scale is logarithmic and the intervals are exponential. pH = -log [H+]. 

 

 

 

 
0                               7            14  

     

acidic basic 
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Free alkalinity is the active alkalinity, which supplies the power for cleaning. It is the 

range from the operating pH of the bath to pH = 8.3. It is used to control concentration. 

 

 

 

 

 

 

 

Free alkalinity is found by titration of a 100 ml sample volume with an acid titrant of 1.0 

normality using phenolphthalein (P-12) indicator. The color change is from pink to clear. 

The number of mls. Of titrant required to reach the endpoint is the free alkalinity value in 

points (1 ml = 1pt.). By equating points of free alkalinity to concentration all alkaline 

cleaners can be controlled by free alkalinity points.  

 

Total alkalinity is the range from the operating pH of the bath to pH = 3.5. 

 

 

 

 

 

 

 

 

Total alkalinity is found by taking a 100 ml sample and adding indicator ñEò. Titrate the 

sample with solution #1 until color changes from blue to green. The number of mls. 

Required to reach the endpoint is the total alkalinity value in points (1 ml = 1pt.). 

 

Relative alkalinity is defined as: 

 

Free alk. (FA)       10,000 

Total alk. (TA) 
X
     Y  

 

Where Y = pre-determined factor which will vary from product to product. 

 

For a fresh bath the relative alkalinity will always equal 100. When the relative alkalinity 

reaches 60 it may be time to dump and recharge the bath. 

     

 

 

 

 

 

 

Free Alkalinity 

Operating pH 8.3 7.0 

3.5 7.0 
Operating pH 

Total Alkalinity 
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Example:  F-753 

  Y = 50 

 

Initial Charge ï  

 

FA = 5 pts. 

TA = 10 pts. 

 

Relative Alkalinity =    5  x 10,000  = 100 

10 50   

 

After 3 months ï  

 

FA = 5 pts. 

TA = 18 pts. 

 

Relative Alkalinity =   5 x 10,000  = 55 

18 50 

 

This calculation does not consider depletion of chelates, sequestrants or surfactants, only 

alkalinity. 

 

Phosphate Stage - A standard for the coating weight should be established and routinely 

monitored. The proper chemical concentration, pH (or acidity level) and temperature 

should be established at the start of the shift, the middle of the shift, and the end of the 

shift, to maintain the balance necessary to provide the desired coating weight. Because all 

phosphate products and vendors have there own unique blends, be sure to follow the 

guidelines provided by your chemical supplier and maintain the bath at their 

recommended concentrations to achieve optimum results.     

 

Total Acid ï Phosphatizing Solutions 

 

Total acid is defined as the range from the operating pH of the bath to pH = 8.3. Total 

acidity can be used to control the concentration of the phosphatizing chemicals in the 

bath. 

 

 

 

 

 

 

 

 

 

Operating pH 

Total Acid 

7.0 8.3 
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Total acid is found by taking a 100 ml sample and adding indicator P-12. Titrate the 

sample with solution #2 until a light pink color appears. The number of mls. Required to 

reach the endpoint is the total acid value in pints (1 ml = 1 pt).  

 

Acid Consumed  

Acid consumed is the range from the operating pH of the acid bath to pH =3.5. 

 

 

 

 

 

 

 

 

 

 

Acid consumed is found by taking a 100 ml sample and adding indicator ñEò. Titrate the 

sample with solution #1 until the color changes from blue to green. The number of mls. 

required to reach the endpoint is the acid consumed value in points (1 ml = 1 pt.). The 

points of acid consumed can then be equated to pH values and used to control the pH of 

phosphatizing baths. As the points of acid consumed increases so does the pH. (i.e. as the 

pH rises so will the amount of solution #1 needed to reach the endpoint). 

 

Titration  Sample Size Indicator  Titrant  Endpoint 

Free Alkalinity 100 ml P-12 Solution #1 Pink to Clear 

Total Alkalinity 100 ml E Solution #1 Blue to Green 

Total Acid 100 ml P-12 Solution #2 Clear to Pink 

Acid Consumed 100 ml E Solution #1 Blue to Green 

 

Table 9 - Titration of Alkaline Cleaners & Phosphate Baths 

 

Seal Rinse - Like tap water rinses, the variables to be controlled are pH and conductivity. 

The chemical vendor dictates the standard for pH level and the standard for conductivity 

level is the raw water plus any additional conductivity added by the seal rinse solution. 

These variables should be monitored along with the other rinses, three times a day. 

 

DI Rinse - The conductivity of the DI water should be monitored to be sure that it 

conforms to the standards earlier mentioned, 50 micromhos for recirculated DI water and 

10 micromhos for fresh. Manufacturer guidelines should be followed for maintenance of 

the DI generation system.     

 

 

 

 

 

Acid Consumed 

3.5 4.5 (operating pH) 
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Summary - The more carefully a pretreatment system is monitored and adjusted, the 

more consistent the results. Many finishing systems have some automatic monitoring and 

adjustment systems. This could be as simple as timed metering pumps or it could be as 

complex as complete PLC control. Automated addition of alkaline cleaning chemicals 

can often be achieved through feed equipment monitoring solution conductivity. While 

automated addition of chemicals is better from the standpoint of process control, the 

automatic controls must be checked to be sure that they are performing properly. There is 

no substitute for regular titration. 

 

7. Parts Drying After the Washer 

When a part has been power washed in preparation for powder coating it must be dried 

thoroughly before the coating is applied. The dry off oven is an enclosure with an 

entrance and exit that has heated air circulating through a supply duct and returning to the 

fan to be recirculated. The basic components are the insulated walls, supply duct, and 

burner box  (fan and heat source). 

 

 

 

 

 

 

 

 

 

 

 

  

 

Dry Off Oven With Recirculating Fan 

Figure 2-33 

 

The dry off oven can use air as well as heat to dry the part. Air blown directly onto the 

parts will help blow off moisture and it will accelerate the temperature rise of the 

substrate. When heated air is directed onto the parts, drying is faster and it can be done at 

lower temperatures.   

 

The discharge velocity may be around 2,000 feet per minute (FPM) so some care must be 

taken to make sure that parts are not blown off of the racks. Air velocity can be adjusted 

by opening or closing the size of the discharge cones or slots. 

 

Single pass ovens will have duct on each side of the product.  In multiple pass ovens, duct 

must be run down the middle to make sure that all surfaces of the part are impinged by 

the discharge air from the duct. 

 

End View Elevation View 
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Discharge 
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Single & Multiple Pass Dry-Off Oven 

Figure 2-34 

 

The length of the oven is determined by the process time.  The part should be in the oven 

for 5 to 10 minutes.  The length of conveyor in the oven should be the process time 

multiplied by the line speed.  If the oven is more than one pass, the oven size must allow 

clearance on the ends for the part swing through the turns. 

 

Materials 

The oven interior skin should be aluminized steel because it has superior heat resistance 

over galvanized or CRS. The outside oven skin can be galvanized, aluminized or painted 

CRS.  The steel should be 20 gauge thickness.  All of the oven trim should be the same 

metal as the skin. 

 

Insulation 

The insulation should be 4# density mineral wool or equivalent fiberglass and the 

thickness should be 1" for every 100ºF (2.5 centimeters for every 37.8º C) or fraction of 

100ºF.  If an oven has a maximum rating in excess of 500º
 
F (260º C), the oven panel 

should be 6" thick (15.24 centimeters thick). The roof and walls should be the same panel 

thickness but the floor may be plain concrete, aluminized skin or insulated oven panel.  

Elevated ovens must have an insulated floor. Floor mounted ovens should be insulated to 

prevent significant heat loss through the floor. 

    Plan View 

Single Pass Oven 

    Plan View 

Two Pass Oven 
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Duct Design  

The duct should be made of 16-20 gauge aluminized steel. As previously stated, duct in a 

dry off oven should be installed on both product side walls and arranged to blow the hot 

air across the parts with a discharge velocity of 2,000 to 3,000 FPM (610 MPM to 915 

MPM). This will break up the moisture into thin sheets so that it can be easily evaporated. 

In a multiple pass oven the supply duct must be on both sides of the product throughout  

the oven.  Heated air alone relies on all of the moisture reaching boiling point; it will take 

longer to dry a part, it will take higher temperatures, and it can leave waterspots on the 

part. Also, some phosphate coatings can be damaged at temperatures above 300ºF  

(149º C).   

 

The benefits of using air impingement to help dry parts are; 

 energy savings 

 no damage to phosphate coating 

 faster dry time 

 faster cool-down after drying 

 less floor space required.  
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CHAPTER  3 - POWDER APPLICATION EQUIPMENT 

 

1. Fluidized Bed Application 

Early in the history of powder coatings, thermoplastic materials were applied by the 

fluidized bed dip process. The fluidized bed is a container that holds the powder material 

with an air chamber at the bottom referred to as an inlet plenum. The container and the 

plenum are separated by a membrane that is porous enough for air to pass through but not 

porous enough for solids to pass through. Compressed air is introduced into the plenum 

and up through the fluidizing membrane. As the compressed air passes up through the 

container, the powder particles are suspended in the airstream. In this suspended state, 

referred to as fluidization, the powder/air mixture behaves somewhat like a liquid. 

 

 

 

 

 

 

 

 

 

 

 

Fluidization of Powder 

Figure 3- 1 
 

Fluidized bed application is accomplished by preheating a metal part and dipping it into 

the fluidized bed of powder. The powder material will fuse upon contact with the hot 

part, creating a thick continuous film (10 - 20 mils) on the metal surface. In cases where 

the part does not have sufficient mass to completely fuse the powder, the part will be put 

through a short post-cure cycle, typically 3-5 minutes at 400 to 500º F (204 to 260º C). 
 

Electrostatic Fluidized Bed Coating 

Electrostatic fluidized bed application uses the same fluidizing technique and the 

conventional fluidized bed dip process but with much less powder depth in the bed. An 

electrostatic charging media is placed inside the bed so that the powder material becomes 

charged as the fluidizing air lifts it up. Charged particles of powder move upward and 

form a cloud of charged powder above the fluid bed. When a grounded part is passed 

through the charged cloud the particles will be attracted to its surface. The parts are not 

preheated as they are for the conventional fluidized bed dip process.  
 

2. Electrostatic Spray Application 

Electrostatic spray application uses a fluidized bed as a feed hopper to hold the powder 

and fluidize it so that it can be pumped to the tip of a spray gun using compressed air for 

transport from the feed hopper to the gun tip. The spray gun is designed to impart an 

electrostatic charge to the powder material and direct it toward a grounded workpiece.  

This process makes it possible to apply much thinner coatings with a wide variety of 

decorative and protective features. 
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The electrostatic charge can be imparted with voltage, called corona charging, or by 

frictional contact with the inside of the gun barrel, called tribo charging. 

 

In a corona charging system, a voltage source generates current through a voltage cable 

that carries it to the powder gun tip.  Powder is pumped through the gun and out of the 

gun tip using compressed air.  As the powder passes through the electrostatic field at the4 

gun tip, it picks up a charge and is attracted to a grounded substrate.  The part is then 

conveyed into an oven for curing of the powder.  In the cure oven, the powder melts and 

cross-links to a hard film to complete the process. 

 

Electrostatic spray application of powder is the most common application method. The 

parts to be coated are cleaned, dried, and cooled, the coating is applied and cured at the 

required temperature for the required time and then cooled for removal from the line.  
  

                   Powder Booth  Recovery System 
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     Control 
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         Air  
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Electrostatic Spray Application Process 

Figure 3-2 

 

An electrostatic spray application system includes a delivery system and a charging 

system. The basic pieces of equipment that make up a single application unit are: 

 The feed hopper  

 The powder spray gun 

 The electrostatic power source 

 The controls 

 

These components are connected by hoses and cables and all the necessary regulators and 

fittings to complete the package. 

 

The powder path through the system will abrade surfaces and may impact fuse and cause 

restriction to flow. The wear parts in the venturi pump and gun barrel should be checked 

frequently and replaced when the amount of wear is causes flow problems. Hoses should 

be kept as short as is practical to avoid loops of hose that will restrict flow and contribute 

to impact fusion.  
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Powder Coating Spray Application Unit 

Figure 3-3 

 

The Powder Delivery System 

The powder delivery system uses compressed air to ñfluidizeò the powder, transport it to 

the gun tip and create a suitable spray pattern. The components of the delivery system 

include the pick-up tube, the venturi pump, the powder supply hose and the pneumatic 

controls that are used to adjust compressed air pressure.  

 

Fluidization is the mixing of compressed air with the powder in the feed hopper. This 

helps to break up the powder particles, remove moisture from the powder, and provide a 

lightweight consistency that is easy to transport.  

 

When powder is properly fluidized the material rises in the hopper and the surface 

appears to be moving like water at a low boil. If the fluid air pressure is too high, the 

powder cloud inside the hopper raises and makes it hard to see the surface. If the pressure 

is too low, small bubbles and geysers appear at irregular locations on the powder surface 

while the rest of the surface looks fairly still.   

 

If the fluidization pressure is too low it will cause the powder flow rate to surge and 

require higher pump pressure to deliver powder from the feed hopper. If the fluidization 

pressure is too high, it will cause inconsistent spray patterns and pressurization of the feed 

hopper. Powder will migrate out of the top of the feed hopper and cover the area with 

potential contaminates. Powder may be separated by particle size and create 

inconsistencies in the finish coat. 
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The feed hopper has a porous tile that separates the small air plenum at the bottom from 

the main body of the container. The compressed air is introduced into this plenum and 

circulates up through the powder in the container, suspending the powder particles in a 

state that resembles a liquid. The powder feed hopper must be vented when the powder is 

fluidized to reduce pressure build-up in the hopper. 

 

 

 

 

 

 

 

 

 

 

 

 

Feed Hopper 

Figure 3-4 

 

The pumping device, called a venturi, uses compressed air to lift powder from the feed 

hopper and deliver it through a hose to the powder gun.  The compressed air is passed 

through the venturi pump, creating a siphoning effect.  The resulting vacuum pulls the 

powder up and entrains it in the delivery air. 

 

A second dose of compressed air is added to the delivery air to further atomize the 

powder and provide the transport velocity needed to carry the powder through the hose to 

the gun. These two airflows are balanced to provide a consistent flow of powder without 

surging or spitting. In addition to the fluidizing pressure and the balance of the flow and 

atomizing controls, the venturi pump plays a major role in providing an even flow of 

powder to the gun. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Venturi  

Figure 3-5 
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Powder pumps used to supply powder from the feed hopper to the spray guns should be 

inspected and cleaned regularly.  Parts in the powder path will wear due to the abrasive 

nature of the powder. Worn parts will result in poor powder flow, increased impact fusion 

and more maintenance problems.  Worn parts should be replaced to avoid these problems. 

 

The fluidizing air breaks up the powder in the feed hopper to make it easier for the 

venturi pump to lift.  Proper fluidization will also affect the continuous, even flow of 

powder to one or several guns. The volume of powder in the feed hopper will also affect 

consistent flow. If the hopper runs low on powder the compressed air-to-powder ratio is 

changed and the powder flow will have more velocity and less material. 

 

Powder feed hoppers are available in a variety of sizes and designs depending on the 

system requirements and the manufacturer. Manual guns require a small volume of 

powder and can be fed by anything from a siphon cup up to a 250 lb. feed hopper. Manual 

guns are often fed straight from the box or from a 50 lb. feed hopper.  

 

Box feed units use gravity and mechanical agitation to get the powder up the feed tube. 

Box feed units help reduce the time required for color change.  

 

Some powders do not flow as well directly from the box as they will from a fluidized bed 

feed hopper, particularly materials with low specific gravity or materials that have been 

stored in humid conditions. 

 
Box Feed Unit 

Figure 3-6 
 

The chief advantage of these units is quick color change. There is no feed hopper to clean, 

the boxes are switched when a new color is introduced. The pick-up tube, venturi block, 

hose, air cap and fittings are blown off with compressed air and the color change is 

complete. This can be accomplished in 5 to 15 minutes. 
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Box feed units can be a real asset for coating lines that run a lot of short runs and make 

frequent color changes. When box feed systems are used it is still useful to have a feed 

hopper that can be used to handle the occasional powder material that does not pick up 

well from the box.  

 

Sets of automatic guns require a larger volume of powder and therefore a larger feed 

hopper. A typical range of size for automatic installations is 150 to 250 lbs. These large 

feed hoppers are not really designed to be color changed. Large feed hoppers are typically 

dedicated to a single color.  

 

Some systems that use automatic application equipment may not always wish to recover 

all of their colors. There are situations where short runs of various colors do not generate 

enough overspray to justify the equipment or labor needed to reclaim the overspray for 

reuse.  

 

Large feed hoppers are very difficult to color change and dedicated feed hoppers are not 

always cost justified. In systems that run automatic equipment and do not reclaim the 

overspray for reuse it is a smart idea to have a pair of smaller hoppers, say 80 lbs. each, 

that are more easily color changed.   
 

Powder Sieve  

Sieving devices are frequently used in conjunction with automatic system feed hoppers to 

screen out dirt, clumps of powder or other contaminates, prior to spraying. There are 

vibratory and rotary sieves used for this purpose.  

 

Rotary sieves are often mounted directly to the top of the feed hopper and the powder is 

passed through it from the recovery system. Powder is fed into the rotary sieve from an 

accumulator. A motor driven impeller feeds the powder into a cylinder. Air currents cause 

the powder to pass through a screen in the cylinder. Foreign material passes through the 

cylinder to the end and into a scrap receptacle. 
 

Reclaimed powder should always being sieved to remove dirt from the material.  

Automatic systems that are run without a sieve will collect fuzz and other dirt that can 

impede the flow of powder, cause surface defects and collect around the electrode, 

interfering with charging efficiency. 
 

Since manual systems do not use a sieve to help break up the powder and remove dirt, it 

is a wise idea to introduce the powder to the feed hopper through a screen. A piece of 

stainless steel hardware screen works well for this purpose. A screen mounted on top of 

the feed hopper can remove large chunks of powder that occasionally come in the box 

and it will help to break up clumps that may interfere with the flow of the powder. 
 

Compressed Air Supply    

The air used to fluidize a powder feed hopper and provide flow to the guns must be clean 

and dry.  Oil, moisture or rust scale in the compressed air supply can contaminate the 

powder and block airflow through the porous membrane or regulators. 
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A rotary or a reciprocating compressor is satisfactory for powder coating systems. The 

reciprocating compressor is the most common but the rotary unit is typically less 

expensive, quieter and easier to install.  The separators in the rotary unit capture a 

lubricant that is used for sealing and cooling and they must be cleaned regularly to avoid 

carry-over into the air system.  
 

Powder coating requires the compressed air supply to be at +38ºF dew point or lower 

with less than 0.1 PPM of oil and no particulate greater than 0.3 microns in size.  A 

typical powder coating compressed air supply system will include the following items, 

listed in order; 

 the compressor 

 an aftercooler  

 a separator 

 a receiver 

 a moisture eliminating pre-filter 

 an air dryer 

 a final filter  

Moisture or contamination in the air supply will create surface defects, make it harder to 

get the powder to flow, and damage the spray equipment.  

 

The Charging System 

Powder without a charge is like dust, it will float and land in an inconsistent pattern. In 

order to apply the powder over a specific surface in a uniform pattern, a charge is 

supplied to the material. The powder particles are passed through a charging field by the 

delivery system to impart an electrostatic charge. The electrostatically charged powder 

material is attracted to a grounded substrate. 

 

Electrostatic Spray Guns 

The function of the powder spray gun is to shape and direct the flow of the powder, help 

to control the spray pattern shape and size, and impart an electrostatic charge to the 

powder. There are a wide variety of spray guns available, manual and automatic, with 

different methods of supplying a charge. The two common types of spray guns used are 

corona charging guns and tribo charging guns. 

 

Corona Charging  

Corona charging systems are the most widely used type of electrostatic spray equipment. 

Corona equipment uses voltage to supply a charge to the powder particles. 

 

Powder is pumped from the feed hopper through a hose to the tip of the spray gun by the 

delivery system. A charging electrode at the gun tip is connected to a high voltage 

generator. The generator can be located inside the control panel and connected to the 

electrode by a high voltage cable or it can be located inside the gun barrel. High voltage 

multipliers that are inside the gun barrel are connected to the control panel by a low 

voltage cable. 
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When a corona-charging gun is triggered it will create a sharply non-uniform electric field 

between the gun tip and a nearby grounded object. Field lines will develop between the 

sharp tip of the gun electrode and the surface of a grounded part.   

 

Free electrons or ions are always present in the air. If these free ions pass through the 

strong electric field at the gun tip, they will begin to move along the field lines and get 

accelerated by the field force. As electrons accelerate along the field lines they will 

collide with air molecules.  

 

When the combination of applied voltage and electrode geometry creates an electric field 

in excess of the breakdown strength of air, a corona discharge is generated. The impact of 

the free ions on the air molecule will be strong enough to split it, forming two secondary 

negative ions and one positive ion. The secondary electrons will get accelerated in the 

electric field and repeat the process of splitting air molecules to form more free ions. The 

resulting negative ions will accelerate along the field lines to the part while the left over 

positive ions will accelerate along the field lines in the opposite direction, toward the gun 

electrode. The space between the spray gun and the grounded part becomes filled with 

millions of free electrons and positive ions.   

 

The grounded, conductive parts provide a receiving electrode to form an electrostatic 

field between the gun and the part. As powder particles pass through this corona, they 

become charged, usually with negative ions, and follow the electric field and the air 

currents to the earth grounded workpiece. As air brings the particles within a few 

centimeters of the part, Coulombic attraction pulls the particles toward the part surface 

and causes them to adhere there until some other force interferes or they are cured by the 

introduction of heat or radiant energy.  

 

The ability to take a charge is most strongly affected by the field strength, the powder 

particle size and shape, and the time that the particle spends in the charge area. The 

electric force will push the particle towards the grounded substrate. Air resistance, 

aerodynamic force, and gravity can pull the particle away from the part. The airstream 

will deliver the particle to the part but if the particle is not charged or the field strength is 

not sufficient the particle will be carried away from the part by these other forces.   

 

The polarity of the charging electrode can be either positive or negative. A negative 

charge is generally preferred because ions can be generated in greater number with less 

arcing. 

 

The factors that affect corona charging are the gun-to-target distance, the velocity of the 

powder, the electrode and nozzle configuration and the presence of a well grounded part 

to act as a receiving electrode.  
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Corona Charging Powder Gun 

Figure 3-7 

 

Electrostatic field lines develop between the gun electrode and the grounded part and 

connect to the part at right angles. These field lines are more concentrated at sharp points, 

sometimes resulting in higher deposition on edges of the part surface. A great number of 

free ions are present in the space between the gun and the part. Powder particles exit the 

gun and capture some of the ions in the area and become charged. Many of the ions 

remain free. The charged powder and the remaining free ions travel along the field lines 

towards the grounded part. This combination of charged powder particles and free ions 

has a cumulative potential that is often referred to as ñspace charge.ò In a corona charging 

system, the electric field near the part surface is comprised of the fields created by the 

discharge electrode of the gun and the space charge. This two fields combine to provide 

efficient deposition of the powder material on the grounded part. 

 

Faraday Cage Effect 

Large flat surfaces provide a perfect target for the strong electric fields created by the 

corona charging system. The same forces that provide efficient deposition on larger flat 

surfaces can create some problems on parts with more complex geometries. This creates 

the phenomenon known as Faraday cage effect, named for Mr. Michael Faraday who 

conducted many experiments of static electricity. Faraday areas are inside corners and 

recesses that are resistant to powder deposition.  

 

The electrostatic lines of force will tend to concentrate on the on the edges of the recess 

because there is less resistance to electrical forces than there is inside the recess. Powder 

will build rapidly on the edges, following the field lines, and much less powder will drift 

into the recesses.  

 

As the powder preferentially builds on the sharp edges and prominent ground points it 

produces an image field on the part surface and begins to become self-limiting. In 
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addition, the conductive surface of the part shields the inside corners from the 

electrostatic field produced by the gun. Also, the air carrying the powder tends to swirl 

inside the Faraday cage area, sweeping powder away. This combination of forces makes 

coating of recesses one of the more difficult challenges faced by the powder coater. The 

only force that contributes to deposition inside the recess is the field created by the space 

charge of the powder particles that are delivered by the air stream inside the recess. 

 

Since the field lines from the discharge electrode will follow the path of least resistance 

to the leading edges of the recess, there is rapid development of field strength in those 

areas. This will generate some positive ions, which will reduce the charge strength of 

those particles that pass the edges and continue into the recess. When this happens the 

cumulative space charge of particles that pass the leading edges of the Faraday area is not 

sufficient to cause powder to be attracted to the metal surface. This problem is directly 

related to the build up of free ions at the part surface. 

  

 

 

 

 

 

 

 

 

 

 

Faraday Cage Effect 

Figure 3-8 
 

The trouble with inside corner penetration is much more difficult in situations where the 

part is poorly grounded. Many coaters do not check the ground of the part on regular 

basis. Ground checks should be a routine part of the daily operation of powder system.   

 

Most corona guns provide a negative charge. The powder particle enters the gun in a 

neutral condition and the free ions present in the corona field add additional electrons to 

the powder particle. Following the nature of matter, the particles are attracted to a ground 

source to discharge these electrons and regain neutrality. This is what causes the powder 

to cling to the workpiece. 
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The phases in the charging sequence of a negative charging corona gun are: 
 high voltage is supplied to the electrode at the gun tip 

 the concentrated voltage creates an electric field 

 the electric field causes ionization of the air 

 the ionized air generates a corona  

 the corona emits electrons 

 the electrons collect on oxygen molecules to form negative ions 

 these ions follow field lines established by the voltage discharge 

 the powder particles distort the field around them 

 the distorted field lines direct the ions to the powder particles 

 as the ions collide with the powder particles the electrons are transferred, providing a negative charge 

to the particles.  

 

The success of the process is dependent on many variables. Charging is most strongly 

affected by field strength, particle size and shape, and the time that the particle spends in 

the charging area. An individual powder particle has very little mass. Some particles do 

not charge and some are influenced by airflow and other forces. But many of the particles 

will charge and seek ground. For good transfer efficiency, it is essential that the target 

part be the most prominent ground in the discharge area.   

 

Most powder materials are strong dielectrics. Once they are charged, the charge will not 

bleed off quickly. As the powder particles reach the grounded surface, they induce a 

charge of equal value and opposite polarity on the inside of the metal. Electrons inside the 

metal will vacate the area, leaving a positive charge that attracts the negatively charged 

powder material. This charge in the metal is commonly called ñmirror charge.ò The 

opposite charges attract each other and hold the powder particle to the metal surface. 

They also generate another electric field between them. A larger powder particle with 

higher charge will contribute to a stronger electric field between itself and the surface part 

surface.     

 

Larger powder particles typically build more charge than smaller particles. As they build 

up on the surface they may create resistance to the deposition of smaller particles with a 

weaker charge. This is one of the factors that can contribute to ñorange peel,ò the slightly 

textured look of a thick powder film after curing. This will be particularly apparent if the 

powder does not stay in the flow cycle long enough to help the film level out.          

 

Back Ionization 

As powder is applied to the surface of the metal, the strength of the electric field inside 

the layer of material will increase. As the number of charged particles increases on the 

surface, the negative charge in the powder film and the positive ñmirror charge ò inside 

the metal increase, causing an increase in the strength of the electric field inside the layer 

of powder coating.  As the application of powder continues, the strength of the electric 

field may build to a point where it will begin to ionize the air trapped between the powder 

particles. This will cause an effect very similar to the corona field at the gun tip. Stray 

electrons will accelerate in the electric field and split air molecules, generating a large 

number of negative electrons and positive ions. The negative electrons will tend to attract 

to the positive ground, while the positive ions will try to make their way out of the 

powder film, towards the negative electrode at the gun tip.  



Any copy, reproduction or unauthorized distribution of this material without written consent from The Powder Coating Institute is strictly prohibited.   

 

This intense build up of an electric field at the surface of the part creates small sparks that 

shoot up through the powder layer. This phenomenon is commonly referred to as back 

ionization. This repelling force forms micro craters on the powder surface, commonly 

referred to as ñstars.ò Also, as the positive ions travel along the force lines toward the gun 

electrode, they collide with negatively charged powder particles, neutralizing them, 

contributing to the self limiting characteristics of electrostatic application and reducing 

transfer efficiency. This process is illustrated below. 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Backionization 

Figure 3-9 

 

In picture number 1 the powder begins to deposit on the grounded surface. In picture 

number 2 the material thickness on the surface increases and so does the cumulative 

charge of the powder layer and the resulting mirror charge. This increase in these two 

charges will increase the strength of the electric field in between the powder layer and the 

metal surface.  

 

As the powder continues to build on the surface the strength of the electric field inside the 

powder-coating layer will eventually become high enough to ionize air trapped between 

powder particles. When the air begins to ionize it will create the same atmosphere as the 

corona discharge from the gun tip, accelerating stray electrons in the electric field, 

splitting air molecules, and creating additional negative and positive ions. Because 

opposites attract, the negative ions will rush toward the relatively positive charge on the 

part surface and the positive ions will begin to move out of the powder layer toward the 

gunôs negative electrode as shown in picture number 3. This intensive flow of ions within 

the powder layer will cause streamers to develop in the freshly applied powder coating. 

These streamers are like tiny bolts of lightning shooting up through the coating. The 

streamers carry positive ions out through the coating layer, causing disruption of the 

surface and neutralizing negatively charged particles. This intense disruption in the 

coating surface is called Back Ionization. 
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The forces associated with back ionization can drastically reduce transfer efficiency, 

contribute to orange peel, and create ñstarring,ò small craters in the coating surface. 

 

A large number of free ions are present in the air between the gun and the part. Before the 

powder begins to develop on the surface there is low resistance to electrical conductivity 

and the path to ground is unobstructed. As the powder builds and insulates the surface it 

will create resistance to ground. Free ions travel along the field lines and as they arrive at 

the surface they can contribute to rapid backionization and difficulty with application into 

Faraday cage areas.  

 

Electrostatic Wrap 

As powder approaches the grounded part along the field lines, a portion of the material 

will be attracted to the back surface from a force that is commonly referred to as 

electrostatic wrap. 

 

The ñwrapò in a particular situation will depend on the charging efficiency and the 

airflow characteristics of the booth and the delivery equipment. Booth airflows must not 

be so aggressive that they interfere with electrostatic deposition and gun flows must not 

have enough velocity to blow powder past the part. 

 

 
Electrostatic Wrap 

Figure 3-10 

 

External & Internal Charging  

As previously mentioned, the high voltage can be supplied from an external source 

through a high voltage cable or increased inside the gun barrel by a multiplier.  

 

External Charging Gun 

With an external charging gun, an electrostatic charge of 30 - 100 kV is generated by a 

high voltage stack located in the control panel and delivered through a high voltage cable 

to the electrode at the gun tip. The electrostatic charge on the electrode is usually negative 

polarity and can be regulated in the level of kilo voltage by the electrostatic power source.    
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The level of electrostatic charge used depends on the shape of part and the powder being 

sprayed. Generally, surfaces that do not have much Faraday area (recesses and inside 

corners) should be coated at the highest possible voltage with the lowest possible airflow. 

Faraday areas will usually coat more successfully with lower voltage. The lower voltage 

reduces the tendency for repelling of powder particles in the inside corners. 

 

All powders do not behave the same when subjected to electrostatic charge. For example, 

a typical polyester or polyester/epoxy hybrid may charge better than epoxy. Therefore, it 

may be necessary to reduce voltage or flow rates to control the film build or reduce 

backionization with some powders. Particle size and distribution of the powder particle 

size range also affect thickness of the powder film. 

 

Position of the spray gun, length of spray time, level of electrostatic charge and velocity 

and volume of the powder can control the film thickness. 

 

Integral Power Source   

With this type of gun the voltage is stepped up inside the gun barrel.  A low volt signal is 

supplied to the gun from a DC power supply in the control panel through a low voltage 

cable to an oscillator.  The signal from the oscillator is increased by a high voltage 

transformer to approximately 10 kV. This signal is stepped up to a range of 80 to 100 kV 

by the cascade multiplier in the barrel of the gun up. A blocking resistor in the gun barrel 

prevents discharge of stored energy in a single surge to provide safe operation and avoid 

surface defects. 

 

 

 
Integral Power Supply Corona Gun  

Figure 3-11 
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Counter Electrode 

A corona spray gun  develops lines of force that extend from the charging electrode to the 

target part. The lines of force will influence the path of the powder and the resulting 

deposition. The lines of force tend to ñconnectò to the part at points that are easiest for 

voltage to travel. On parts with irregular geometry, the lines of force will concentrate on 

the most prominent surfaces and avoid tight recesses or inside corners, the Faraday cage 

effect.      

 

Corona guns can be adjusted to overcome Faraday cage areas but it is one of the most 

frequent issues that challenges powder coaters. 

 

One option in application technology that helps to reduce the impact of Faraday areas is a 

counter-electrode. This type of spray gun has an ionizing electrode and a counter-

electrode. Most of the ions produced by the ionizing electrode are pulled to the counter-

electrode, directing the lines of force away from the part. With no concentrated lines of 

force connecting to the part, the ability to penetrate into inside corners is improved.     

 

 

 

 

 

 

 

 

 

 

 

 

The Counter-Electrode Spray Gun 

Figure 3-12 

 

The counter-electrode gun can produce consistent films and good penetration without 

excess thickness on complex shapes.   

 

The voltage for this gun is set at 35 to 40 kV and the useful current is 80 µA. Flow rates 

are generally low to ensure good charging, given the relatively short exposure to the 

corona field. As a result, the counter-electrode gun is best suited to lower volume 

applications where there is a need for penetration of Faraday areas while controlling 

thickness on flatter surfaces. Large amount of surface area would require more guns than 

standard corona charging devices designed for higher output. 

 

It is essential that the charging electrode be kept clean with all corona guns to be sure that 

the ion field is effectively charging the powder. With the counter-electrode gun it is 

important to keep both electrodes clean. 
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Tr ibo Charging  

Another device that can help to deal with Faraday cage effect is the tribo-charging gun. In 

a tribo-charging gun, the powder particles are charged by frictional contact with the 

material inside the gun body. A powder and air mixture enters the gun and passes through 

a tubular section that is made of a material that is known to be a good acceptor of 

electrons, such as Teflon.  As the powder particles collide with the walls of the tube, they 

pick up a positive charge by giving up electrons to the tube, causing the tube to become 

negatively charged. The negative charge is then passed from the gun barrel to ground 

through a cable.   

 

The powder material must be a formula that is a good electron donor, such as nylon or 

epoxy. Not all powder materials can be used effectively in a tribo-charging gun. In 

addition to the powder chemistry, tribo guns are more sensitive to particle size than 

corona guns. Generally, larger particles will be more effective in a tribo gun. Powder 

material suppliers can work with the applicator to make sure that the material is suitable 

for tribo application. 

 

 
 

Tribo Charging Spray Gun 

Figure 3-13 

      

A tribo system can assist in the penetration of Faraday areas because the positive charge 

is generated by friction and does not have the field lines that are present with a corona 

charge. With no discharge of high voltage, like that used with the corona gun, there is no 

build up of free ions on the surface to interfere with coating deposition.    

 

Because the tribo gun does not create a highly ionized surface on the part it is very useful 

for blank coating operations. Corona charging in operations using a belt to convey blank 

sheets of steel will create a highly ionized electrical field in the belt and cause disruption 

of the application process from backionization.   

 

Another advantage of the tribo gun is the ability to recoat parts without backionization. 

Because the surface does not receive a large number of free ions, it is not as hard to get 

the second coat to adhere. Again, there is no backionization, so the coating can cover 

without the interfering forces of a voltage charging system. 
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The tribo charging method can help to achieve uniform coverage and a smooth film over 

a surface with angles. In applications where very deep penetration is required the tribo 

gun can provide good coverage without building excessive film on the outer edges.  

 

One limiting factor is the powder material. Materials must be compatible with frictional 

charging. Some stock materials may not work in a tribo charging spray gun. A high 

content of fines in the powder material will cause application problems. The compressed 

air supply must be reduced to around 20º F dew point.   

 

Powder Bells 

The powder bell is fashioned with some of the same principals as rotary atomizers made 

for the application of liquid coatings.   

 

The powder bell is mounted in a horizontal position on a stationary or reciprocating gun 

mount. A turbine rotates a bell shaped disc at the gun tip. Powder is delivered to the bell 

by compressed air. The centrifugal force of the rotating bell ejects the powder in an even 

pattern from small holes or slots around the edge of the disc. The charging electrode is 

disk or needle shaped and located at the gun tip. The corona field and charging method is 

the same as a standard air spray gun. The pattern and velocity can be controlled by the 

rotational speed of the bell and a ñshapingò air supply. 

 

The bell can deliver a large volume of powder over a large surface area with a high level 

of charging efficiency. Large surfaces without significant Faraday areas can be coated 

with excellent film thickness control and high first pass transfer efficiency (FPTE).   

 

 
Powder Bell 

Figure 3-14 
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The pattern of powder delivered from the bell is broader than a typical spray gun and 

more concentrated around the edges than in the center. In systems where gun triggering is 

used the bell may not be as efficient as a spray gun because of this large spray pattern. 

The bell needs to be triggered before the part arrives and remain triggered until the part 

passes. Since the bell pattern may be as much as 18ò wide a lot of overspray is generated 

during the lead into the spray zone and the lag out of the spray zone.      
 

Determining the Application Package  

Choosing the right application package will depend on the nature of the task. The corona 

gun, tribo gun, the bell, and the disc are all tools that can meet certain requirements. No 

single tool is perfect for every powder application.  

 

A corona-charging gun offers more methods of adjustment for differences in part size and 

geometry. Air flow patterns, powder volume, velocity, and voltage level can be adjusted 

to accommodate different parts and powders. This gives the operator a lot of flexibility in 

controlling film thickness, dealing with Faraday cage and other process variables that are 

common in production facilities. The use of discharge voltage creates field lines and a 

highly ionized electrical field that can cause a variety of application challenges.  

 

Generally, a tribo system will work best in situations where there is not a lot of variety of 

parts and powders. With a tribo gun, the powder volume can be adjusted and the gun to 

target distance can be adjusted. The best application for tribo guns is one where there is 

li ttle or no need for adjustment. One powder and a fairly consistent mix of parts can be 

run very effectively with a tribo gun. Used with the correct powder material, the tribo gun 

can be very effective. Testing should be conducted to be sure that the powder material is 

compatible with this positive charging device. 

 

Most powder operations in North America use the corona-charging gun to take advantage 

of the flexibility of voltage control and ability to spray any thermoset powder effectively. 

In Europe more tribo spray guns are used to take advantage of the penetration 

characteristics.  

 

The powder bell is well suited to high volume lines with a lot of surface. It would be great 

for shelving for example but not very good for picture frames where there is a lot of 

empty area and very little surface. An air spray gun will likely provide better penetration 

into Faraday cage areas than a bell. 

 

The disc is a specialized piece of equipment for product that is densely hung and long in 

the vertical dimension with very little thickness. Aluminum extrusions, large batches of 

small parts and wire goods are good examples. 

 

Any purchase of powder application equipment should involve testing, particularly when 

the equipment will be automatic. Testing can be used to compare manufacturers and the 

to try out and compare different tools. Processes can be tested, proven, documented, and 

used to assist with start-up when the installation is ready for production.     
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3. Application System Automation 

Many powder systems are equipped with manual application equipment only. With an 

average sized product opening, say 30ò wide by 54ò high, two manual operators should 

be able to keep up at a 6 feet per minute (1.8 meters/minute) conveyor line speed. As the 

volume of product to be coated increases, either in the size of the work package, line 

speed or both, automatic application equipment becomes necessary. 

 

In addition to the ability to handle more volume, automation can provide some 

advantages in reduced labor and improved efficiency. Automatic guns can cover 80 to 

100% of the parts. Manual operators may be needed to cover the remaining bare areas and 

they can also serve as inspectors. In some cases, the parts are fully covered with 

automatic guns and there is no need for manual reinforcement. 

 

Many automated systems use fixed position gun mounts but in many cases, gun movers 

and part recognition systems can be used to improve efficiency and reduce waste. In most 

cases, it will require more automatic guns to coat a given vertical work area with fixed 

guns than it will if the guns are moved up and down. Also, gun movement will help to 

prevent the development of excess ionization on the part surface.  

 

The equipment supplier will help to determine the precise package that is best in each 

situation. The need for automation will depend on the volume of product to be coated, the 

expectations and goals of the applicator and budget for the project.  

 

Gun Movers 

Machines that provide a straight up and down motion are called oscillators or 

reciprocators. An oscillator is typically a crank arm and flywheel design that can provide 

a vertical stroke of 6 to 24ò (15 to 61 centimeters). A reciprocator is a more complex 

device with a reversing or reciprocating drive and adjustment from 16 to 144ò (41 to 366 

centimeters). Stroke speed is also adjustable. With both devices, guns can be mounted in 

a straight vertical line, a horizontal line or a combination of both, depending on the needs 

of the operation. 
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Reciprocator  

Figure 3-16 

Radial Oscillator 

A radial oscillator uses two vertical bars, one that moves up and down with the drive and 

one that is stationary. The gun body is mounted on both bars so that as the one bar moves 

it produces an arcing motion.  
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Radial Oscillator 

Figure 3-17 

 

The arcing motion has its advantages and disadvantages. At the top of the stroke, the gun 

is aimed slightly up where it can help to coat the bottom of the part and at the bottom of 

the stroke, the gun is aimed down, helping to cover the top of the part. The gun to target 

distance changes as the unit moves and this can cause some inconsistencies in film build.  

 

Radial gun movers are relatively inexpensive and they can be very effective. Like the 

reciprocator, the radial oscillator does increase the vertical area that one gun can cover.  

 

Multi -Axis Machines 

A multi-axis machine, commonly called an XYZ machine, moves the parts in more than 

one direction. In addition to the vertical movement of a reciprocator, they also move in 

direction of conveyor travel, and in and out. This provides a lot of flexibility to coat 

complex shapes and maximize system efficiency.     
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Multi -Axis Gun Mover 

Figure 3-18 

 

Robots 

The advantages of using a robot are replacement of manual labor and more consistent, 

repeatable application. It is also capable of making adjustments in voltage and flow rates 

in the middle of the spray operation through the controlling PLC. There are hydraulic and 

electric robots used for coating. The hydraulic robot is less expensive but the electric is 

preferred because it is smoother, more accurate, faster, and requires less maintenance.  

 

Gun Triggering 

In addition to the gun movers, it has become increasingly common to use automatic gun 

triggering. A photo-eye or bank of photo-eyes is mounted on a stand on one side of the 

conveyor, in line with reflectors on the other side of the conveyor. As parts pass through 

the photo-eyes, they break the beam of light to the reflector and send a signal to a 

microprocessor to provide part size information. An encoder is used to sense conveyor 

movement and provides information on part position for timing of gun triggering. The 

output from the microprocessor controls what guns come on and when.   

 

 

 


