
investigation into the various parameters at; feet m g  the application 
of clear ttiermo set ting pcwdcrs by electrostatic spraying ont * 
decorated tinplate and its ability to withstand tooling deform­

ation without any noticeable breakdown.
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a pilot spraying and curing unit.
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A B S T R A C T

The report is intended to provide a survey of electrostatic 
powder coating principle, the parameters involved and how it 
car. be used to give a protective and decorative thin surface 
film on printed tinplate, which would in turn withstand a 
tooling deformation.

Phenomena associated with electrostatic powder coating are 
examined and the principle applications of the process to 
film production are described.

In addition to an investigation of the conventional type process 
currently used in industry, new developments are discussed.

The application is the hardware range components produced by (/up 10). 
Metal Box S.A. Limited, wi.-ch would compete favourably with 
plastic products, serving the same market because of a durable, 
corrosion resistant, scratch free sru*face.

This survc. will form the grounding work for further investig-
'

Assumptions and limitations of the work have been based on 
available local and overseas data and estimates of accuracy of 
numerical result.-, have been reccrdod as - b t .
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INTRODUCTION

The rapid growth of the powaer coatjng industry during the 
decade can be attributed in part to the availability of j-irprovi-i 
coating materials and coating equipment.

A growing recognition of the need for better communication ot require 
ments and problenis among equipment manufacturers, powaer suppliers 
and users has undoubtedly enhanced progress.

One might question the need tc dig into details of the electrostatics 
jji—as—much—as irany pcwder coating applications can be handled read̂ l_. 
with available equiprient aid materials and wit), little expertise 
on the part of the operator.

Ihis, indeed is one of the recognised advantages of powder coating. 
However, there are many pxoter.tia* applications for pcwaer sprayirg 
wherein problems arise because sane of the requirements are not easily 
met.

Although a few of these requirements are generally recognised, it is 
prooably fair to say that many aspects of powder coating remains 
poorly understood.

Part of this report discusses the variois influences which affect the 
quality of tne powder coating and refers to measurement techniques 
that are in the analysis of pcwuer coating problems.

In sore instances the need for further research to clarify observed 
behaviour is indicated.



1. METAL BuX APPLICATL?;

Electrostatic powder coating has emerged to give demonstrably 
better mechanical, chemical and corrosion protection than the 
usual coatings. The use of this coating to the yiardwore 
range of our products would ensure a homogeneous plastic surface 
coating, exhibiting the endurance characteristics wtiich have long 
been desired by the consumer.

Ihe overall process can be divided into three broad categur^eo 
namely

1. Printing of tinplate
2. Powder coating of printed tinplate
3. Tooling of coated tinplate to form the end component, 

in principle the above stages involve

a) Tinplate is produced by required size either by in house coil
shearing or by direct size- order frcxn Iscor.

b) Sized sheets are put through the printing process for 
decoration purposes.

c) Decorated sheets are then poKkr coated vitli Cj.ear powder to
product a certain number off components per sheet.

e) Componentj are stored in stock and lata transported for dispatch,
packeu .'. c ntainers.

Potential market . ; n  t: would lie approximately 70* on flat surface 
components sue! t and soup plates. Itc process would off' -
stock flexi. ility arxi : avings on long runs arc lieavy volume 
production and it would minimise the damage of the component s during 
manufactur ann transportation. (7pp. 7)



MARKETING CONSTEERATIO1

Powder coating on metal substrate generates the possibility of 
metal hardware carpeting with plastics. The consumer is ex­
pected to feel a greater appeal than at present.

Two factors are very important for a decisive marketing strategy
- quality of product
- price of product

This means that we are looking at a high performance coating and 
we are referring to an applied film where presence greatly enhance ; 
the function and usefulness of the coated product.

Amongst the characteristics a high performance coating should possess
■

sticks’ products, good thermal stability and good mechanical stability 
such as adhesion, toughness and flexibility. Needless to say there 
is no single coating, even forgetting cost, which possesses all of 
these virtues to the nth degree. Each high performance coating
.s Limited to a particular area of usefulness.

.s up to tilt researcher to analyse a potential customer's need 
in, t e. -rt, recarmchd and quote an acceptable coating. This 
proctss must ultimate y be supported by carpet tive price and
roc met ion reliability.

■w • r> ■ ha:: not. taken tix? shar*. of tiie market that seme of the
predict erth< less, it has grown

t , , t technology.- has irproved and it is proving to be not
facto. O'jatmi method for a growing list of applications. 

. owder coat in; shoulc be studied carefully by all finisliers and its 
; imitati' a. well ai capab: Lities listed for each potential 
Application. ..upplier shou. 3 evaluate the market carefully and 
realistica’. * r..> how ;t fits into each ooq^any' s plans for
* h- f Jtui'. .



For many years, the value of powder coating has evolved through its
solvent free application. A rapidly growing consideration for powder
is in the sphere of corrosion protection and reduction of resource
recycling through higher quality protection frcm hostile environ-
nents. The consumer gains in many ways and it is our opinion
that consumers will become more insistent that product service life
be improved. The substantial replacement of metal ccnponents by
plastics will continue to gain, but it seems practical to us to
bring out the advantages of both metal and plastic by utilizing
metal's structural strength and enhancing the resistance to the
challenges of the environment through the use of functional plastic 
coatings.



PROJECT DEVELOPMENT

3.1. Objective

In January 1981 the project objective was established as 'to 
inprove the quality of tinplate surface coating in the hardware 
range having in mind that the resistance to wear which the 
usual wet lacquers offer to tinplate lacks the endurance 
characteristics which are desirable by the customers.'

3.2. Procedure

3.2.1. Stage 1

a) Investigations into the market of electrostatic 
powder coating equipment.

b) Discussions with technical representatives fror 
this market.

c) Discussions or. performance and limitations of 
existing equipment.

d) Discussions on pcwdt r characteristics and plastic 
layer forrmticn.

e) Visit to established powder coating plants.

3.2.2. Stage IT

a) Considerations of equipment and set up co^t of 
a pilot plant.

b) Discussions detailing forecasts of sales.
c) Obtain samples for evaluation with sales department.

3.2.3. Stage III

Justification of new development for volume production.



A sunrury of progress was issued every month listing the various 
activities performed towards the ccrpletion of tne project. Sore 
of these can be referred to in the Appendix. (Arjp. 8)

Finally we had reached the stage where a pilot plant was desire- 
able for different reasons such as -

aj
b)
c)

Acquiring knowledge of the process of powder coating 
Ttesting the process as an In-house exercise
Obtaining sarples for evaluation under own conditions 
and acceptability tests. (App. 9)

Eventually in our conclusions we developed optimistic, pessimistic 
and probable outcones for each of the powders used.

Also, as in the marathon analogy a number of today's powder 
producers are clearly ahead of the pack. we h a w  carefully 
avoided discussing thick film , thermoplastic powders, because of 
time arc because everything is so different about them.

io simarise our renvar<s -

Thin ribn, thermosetting powder coatings should be viewed 
critically for what they are and what they will become.
They are superb new industrial coatings, but they have 
limitations. As such, thin film powders will emerge 
only as a big, specialty-coatings business.

Ttie truth is that powder coating is a very exciting 
tec.uivloc,̂  where it is applicable. In seme ways powder 
coating is more exciting today that it was five years 
ago because much more is known about it.

2- By a 4-3 margin, powder has been judged to be more* 
expensive than a corresponding liquid coating. No 
attempt was made in the survey to determine whether total 
cost of equipment amortization, materials, was being 
considered or whether only material cost was judged.



The manufacturer v,ho has a huge investment in his present 
finishing system arid may not be aide to justify scrapping it 
unless he has to expand or unless he is forced to powder 
for other reasons. Powder marketing suffers front some­
thing that has nothing to do with technology. It involves 
corporate financial planning, retim on investment, interest 
rates and other factors.

Suppliers point out that if one envisions a future of 
higher priced solvents and higher production of powders, 
the relative costs of powder and liquid coating materials 
should tilt in favour of powder.

It is fair to note in discussing cost and economic 
justification that ccnpanies usually find it difficult 
to predict what powder coating will mean in terms of 
production rates, reject rates, the possibility of post 
finish machining the use of less skilled operators, less 
care in packaging and handling, less damage in the field 
and better customer satisfaction.

Instead, cost justification tends to centre about that 
which car be easily quantified: the cost of the coating
material the cost of the equipment and its amortization, 
tiie cost of energy to run the new system versus the 
energy to run the old system and direct labour costs.

Progress with powders continues in the metal can industry 
with emphasis on taste fre- resistant linings for beer 
and beverac^ tin fret' steel containers.

The chances oi successfully developing ultra thin powder 
films which will meet the hi i speed application and 
interior linir : resistant properties is still unknown.
We presume, though, powder has at least an equal chance 
with water based linings.
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4. TEP1 'NOLOCY

Many specific terms have been used in this report for referring to 
various individual entities. An attempt has been made to define 
as many as possible where applicable and describe in broader terms 
existing manufacturing procedures.

4.1. Package

A pa eke case is normally 100 tinplate sheets of any one
particular ordered size.

4.2. Stillage

A stillage is a multi package unit consisting of a convenient 
number of packages. The maximum mass of stillage is 1 800 kg.

4.3. Thickness

Thickness is expressed in multiples of ",01mm.

4.4. Temper

Temper is the degret of hardness or stiffness imported to the 
steel base by chemical means and temper rolling and is designated 
by the prefix 'T1 follc**2d by a number eg. "2.

4.5. Coating Miss

Coating mass is expressed as grams per square metre and represents 
the total tin coating per square metre of tinplate.
'E' designates equally coated faces.
'D' designates differential coating, that is a sheet having one 
surface more heavily coated than the opposite.

4.6. Tinplate

Lew carbon mild steel sheet coated on both sides with a very thin 
film of tin. The tincoating is applied by a process of 
electrodeposition.
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A continuous coil of steel is cold rolled to the required thickness 
and subsequently tinned by passing it through an electrodepositing 
process. The tinplate is supplied either in coil form or cut into 
specified size sheets. Relatively lev coating weights are used. 
This characteristic is not fundamental but demonstrates the ability 
cf the process to distribute a coating evenly over the surface of 
the base plate. By the nature of the electro deposition process 
it is possible to produce differentially coated tinplate which 
is tinplate having a heavier tin coating on one surface than on 
the other. Electro tinning is a continuous process whereby 
the strip is passed as a continuous strand through all the 
operations 01 the tinning process. . The mild steel basis of 
tinplate is very ductile an 1 can bv bent, drawn and folded into 
complicated shapes and is available in a range of tempers or 
stiffnesses. The tin coating follows to a remarkable degree 
the movement of the steel base and peeling of the coating frcn 
the base is almost unknown.

Steel igots are reduced tc strip (which is then cut to sheets) 
by the COLD RIIXXTHCN process. The continuous cold reduction 
process gives flat sheets the uniform gauge with a smooth surface 
and good corrosion resistance.

Temper Cl.mfication 

T1

T2
T3
T4
T5

T6

Fields of Use

Soft steel for deep 
drawing.
Shallow draws
General Purpose
General Purpose
Stiffness is 
required.
Great stiffness is 
required

Examples 

Drawn cans and components

Shallow drawn components 
Can ends and bodies 
Can ends and bodies 
Large diameter components

Beer can ends

i

4
>D
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Steel which has been "cold rolled" is stiff and brittle. It 
is then "annealed" to a dead soft state. To get the required 
stiffness for can manufacture the steel is then "tenper rolled. 
Here the steel is reduced in thickness by approximstely 1&% to 
final, thickness with correct tenper and surface finish. Temper 
is measured in numbers eg. T3 or T4, which correspond to a 
hardness test, usually a Rockwell Tester.

MANUFACTURING process stages

5.1. Incoming Raw Material

This is the Iscor electrolytic tinplate. It is produced on a 
Halogen tvpe tinning line frcm cold reduced, continuous or oetc.i 
annealed tenper rolled blackplate coils.

The steel base is normally MR tjpe steel which is a low carbon 
rimming quality. Periodical elements such as nickel, chrcrruum 
and phosphorous are maintained at a lew level and copper is 
controlled to 0 ,2 0 ? maximum.
Temper rolling imparts the desired finish and degree of stiffness 
and hardness to the steel base and is designated by the prefix - 
followed by a nunber.

Ihe steel base is coated with ccntncrcially pure tin. T h e  
coating m s s  is expressed as grams/m2 and represents the total
tin coating per square metre of tinplate.

E designates equally coated faces
D designates differential coating

5.2. Sheet Sizes

Maximum tinplate size l09Qm x 95(.iim. hunimum tinplate size 
460 x 64am. Minimum increments of 2im only are acceptable. 
When both dimensions are less than 95Crrm the greater dimension 
will be considered as the width for pricing purposes only.
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Mass Thickness Conversion

Thickness in nm Nomnai Mass Kg/lCOn^

0,19 149,15
0,21 164,85
0,22 172,70
0,23 180,55
0,25 196,25
0,26 204,10
0,28 219,80
0,30 235,50
0,31 . 243,35
0,33 259,05
0,35 274,75
0,38 298,30

Detenrunation of Thickness

a) Except when determining the variation within a sheet,
thickness is determined by vcighing a whole sheet 
measuring the area and applying the formula tnickness 
(rrm) = Mass (g)__________________

Actual area (cm') x 0,785 
The trass of the sheet is determined to a precision of 2g 
and the diirvnsions of the sheet are measured to a precision 
of 0,5mm. The thickness is stated to the nearest 0,00lrrm.

b) For determining the variat ion of tirickness within an 
individual sheet, the thickness of each of the specimens 
is determined by weighing the specimen, measuring the 
area and applying the previous formula.
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5.4. Tincoatinq

Electrolytic tinplate is supplied with various tin coatings to suit 
the end use of the tinplate. The coatings are expressed as grams 
per square metre or by use of code letters as shown below.

TABLE 2
Coating Mass
g/m2 Code Applications

2,8 EF Suitable for paint containers, oil 
containers, general line purposes
where strict anti corrosive 
properties are not required.

5,6 El Used for bottle tops, ends and 
lacquered/lithographed bodies. 
Suitable for containers where low 
to mild corrosion resistance is 
required

11,2 E2 Suitable for unlacquered containers 
where mild corrosion resistance is 
required.

16,8 E3 Suitable for milk product containers 
where mild corrosion resistance is 
required

22,4 E4 Suitable for certain unlacquered 
containers in substitution for hot 
dipped tinplate where a medium high 
corror'on resistance is required.

30,2 E5 Heaviest tinooating available.

NOTE :

E4 is marked with parallel lines, 76nin apart on one surface for 
easy identification. Differentially coated tinplate is 
Electrolytic tinplate having a different coating mass on each 
side and is available in various combinations.
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5.5. Tolerances

5.5.1. Thickness

value of the arithmetic mean should not deviate fran 
the minimal thickness.

a) By more than 1 2,5% for a consignment of more than 
20 000 sheets.

b) By more than 1 4% for a consignment of 1 500 up to 
and including 20 0 0 0 sheets.

c) By more than - 6 % - 4% for a consignment of 100 up 
but not including 1 500 sheets.

5.5.2. Nominal Thickness of Individual Sheets

No sheets among those selected and measured should 
deviate from the nominal thickness by more than - 8,5%.

5.0. Size Dimensions

5.6.1. Pete miration of Linear Dimensions

The measurements should be made on a sanple sheet being 
laid on a flat surface. The measurement of length and 
width to the nearest 0 , 3rrm should be made across the 
centre of the sheet.

5.6.2. Tolerances on Linear I •

Each sheet in the sample should be of not less than the
ordered dimensions. Normally no sheet should exceed 
either dimensions by more than -smm and in no circumstances 
should a sheet exceed the ordered dimension by more than 
5rm.

5.6.3. Sheared Sheets

Camber is the deviation of a side edge from a straight
line touching both ends of the side and is limited to
1,5mm per metre.



- 13 -

5.6.4. Out of Square

TViis is the deviation of an end edge front a straight 
line, which is placed at right angles to the side of 
the plate, touching one comer and extending to the 
opposite side. The amount of deviation is limited 
to dtrtn per 90ttnn.

5.7. Classification

Finished tinplate sheets are sorted and classified as follows

1. Unassorted

a) Within size tolerances
b) Free front pin holes
c) ' Line inspected'only

Du-e._ i_iw tinplate sheets are removed and primes and 
seconds accepted as a mixed lot.

Note :

Prunes are tinplate sheets which are free from defects 
readily visible to the unaided eye. Seconds are 
tinplate sheets which may be slightly or partly defective 
but which are useable or partly useable.
Seconds should not exceed 151> of a complete order.

5.8. Packing

Tinplate sheets are packed in multipackage stillages mounted on 
woooe.. platforms or pallets on two or three runners depending 
on the size of the plate. The tinplate sheets are protected 
with chipboard, waterproof paper, angle brackets and edge 
protectors and secured by means of steel strapping.
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MANUFACTURING OPERATIONS

6.1. Cutting

Hie first general step to be considered in the- fabrication of 
a container is the cutting up of the printed or plain sheets 
into strips or blanks. Strips are required generally for 
the press component production and the blanks for the built 
up body production. In most factories there are two 
general methods of carrying out this cutting up :

a) by guillotines
b) by slitting ..^chines

The guillotine is the oldest of the two methods and there are 
two types of guillotines -
a) a power treadle operated guillotine
b) a foot operated with a spring return

The machines are generally fitted with side, back and front 
guides or location stops. These register guides are often 
special in character to suit the work to be cut.

The slitting is carried out in two stages with sets of rotary 
gang cutting knives, the second stage feed line being set at 
right angles to and lowzr than the first.

The gauging mechanism is designed to co-incide with thv on the 
printing and lacquering machines.

Assuming that the cutting up of the sheets can be regarded 
as a general operation the basic operations remain nam:ly 
(not necessarily in this order)
a) notching
b) rolling or forming
c) production of hooks for side seams
d) homing or closing of side seams
e) flanging
6) end seaming
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6.1.1. Notching
The notching operation is that hich removes material 
from the body blank corners to ensure that the material 
in the locked side seams does not extend the full 
length of the blank so that subsequent operations of 
flanging, seaming, curling and others can be carried 
out. One of the main influences in deciding the notch 
size is that of the contents the container has to carry.

6.1.2. Rolling or Foming

This is the operation to produc3 the cylindrical form.
As a separate operation, it is usually carried out in 
some form of power operated pinch rolls. The body 
blanks are fed between tv rolls and then deflected by a 
third roll or deflector blade. A roll is preferable 
so as to reduce abrasion on the blanks. It will be 
found at times that it is at this stage of manufacture 
that any variation in the quality of the plate will 
invariably shew up as the blanks will vary in shape.

6.1.3. Automatic Side Sear.in;

The automatic side locker combines the two operations 
of edging and herming.

This nachine may be regarded as one of the most ingenious 
in the line machinery range. One of the greatest 
virtues of these machines is their universal character 
permitting a very wide range of work to be done on 
them with little or no adjustment. The diameter range 
starts from a minimum just a little larger than the 
diameter of the machine mandrel, and the maximum length 
handled is the working length of the forming blades.
There is a limitation on the thicki.ess of metal that 
can be handled.



The operations of bending up of the hooks, hooking 
together and accurate horn inn of the seam are 
carried out in a single sequence.

6.1.4. Flanging

Irrespective of whether the flanges are required at 
one end or both ends, the general methods are the same. 
Hie sc methods are rotary flanging in which the flange 
is filled up, or pressure flanging where the flange is
pressed in by discs.

6.1.5. Seaming and Curling

Containers requiring 'he top end curled and the not tom 
seamed on can be dealt with in the standard type of 
searer with both operations carried out simultaneously. 
bodies may be curled either -

a) Inwardly
b) Outwardly
The outward body curl is recessed to maintain a flush, 
external, result and isolates the raw cut edge from the 
contents. Inward curls are bigger in their diameter 
and provide a good "lead" for lidding up.

A BRIEF HISTORY OF PRINTING

A recent discovery in Korea revealed that printing was invented as far 
bad;as the 6th Century A.D. A Buddhist scroll was found, measuring 
aixout twenty feet in length, and printed from twelve wooden blocks 
the imrage being Chine characters cut in relief.

The date of the first image of moveable types for printing cannot be 
fixed, but is is known that the Chinese employed such types centuries 
before anyone in Europe.



John Guttenberg was the first European to conceive the idea of moveable 
types and put it into practice. This occurred in the middle of the 15th 
oentury A.D. All these printing processes were of the relief type, 
generally known as letterpress.

Lithography

The lithoc-aphic process was invented in 1796 by Alois Senefelder an 
Austrian whose actual profession was that of actor and playwright. 
Employment in the threatre was scarce in those days, but sane of 
Senefelder's plays proved so successful that he decided to have them 
printed. Difficulties in meeting a deadline set by his bookseller 
determined him to beoune his own printer. He experimented with 
copper plate engraving but finding this laborious and expensive he 
turned to limestone. His early attempts to engrave limestone were 
unsuccessful, but by chance he discovered the chemical means of 
printing trcm the perfectly plain surface of the stone. Today, iretal 
has replaced limestone exclusively. Lithographic offset printing is 
the process used by our company for sheet metal decoration. Robert 
Barclay patented the first press for this purpose in Ehgland, in the 
year la o, but three years prior to this another Englishman, H.E.V.
Bor ben was reputed to have brought the idea frcm France. Printing 
techniques are constantly changing, the most significant innovation 
being the use of shallow relief type printing plate. Rapid strides 
have been made to meet the quality of print obtainable frcm conventional 
lithographic and letterpress plates. This plate has in effect 
combined the two major printing processes - letterpress and lithographs 
and through this plate a merging of both processes with a ccnrm name 
will oe usee to produce the bulk of the world's printing.

7.1. Li thogriphic Dr inti r> :

Name derived from the Greek - Lithos = stone
Graphic= written

Hence when Senetelder wrote on stone the word lithography was
bom.
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The main difference between this process and other printing 
processes is that water plays an important part. A part 
which can determine whether it be good printing or bad. The 
process is a planographic one. The printing and the non­
printing areas of the surface are on the same plane and the 
action which causes the printing areas to accept ink and the 
non-printing areas to remain free of ink is a chemical one, 
dependent on the well known repulsion between oil and water. 
Certain acids arc used to form compounds on the plate - an 
oily acid for the ink attracting compound and a water acid 
for the water attracting compound.

Order of Procedure

Sketch
Reproduction
Platemaking
Sizing and Coating of metal
Printing
Varnishing

7.1.1. Sketch

Most sketches are designed in our own studios but many 
ar' supplied by the customer. Before ccrmencing work 
the sketch is inspected and the number of colours 
needed to reproduce the design is decided. There are 
usually 4 - 6  colours on a coated base.

7.1.2. Reproduction

The sketch is placed on the copy b-aid in front or the 
camera lens and with the use of colour fibres the 
various colours required are colour separated on to 
the negatives .
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7.1.3. Filters

Blue for yellow absorbs blue, reflects green, red and 
yellow. Green for red absorbs green, reflects red 
blue ard nvagenta. Red for blue absorbs red reflects
blue green and cyan .

The camera operator can make variations from the three
main colours during exposure and developing. Each
colour must be at a different screen angle, otherwise 
all colours would oe superimposed.

Wrong screen angles give mosaic patterns. After the 
colour separation the negatives are retouched, this gives 
the retoucher t ".e opportunity of correcting the 
negative in it tone value. From the negative a camera 
screen positv e is made. The retoucher can reduce the 
size of the dot by a process known as dot etching. The 
size of the dot varies the degree of colour strength.

7.1.4. Plater, iking

From the film made in the reproduction the machine and 
proofing plates are made.

Exposures are made - the number being determined by the 
size of the original and the size of tinplate.

7.1.5. Printing

All :noci i t . machines are fully automatic. The tinplate 
is loaded into an automatic feeder and travels through 
the printing machine.

The principle parts of a printing machine are:
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1. Feeder
2. Registration mechanism
3. Damper action
4. Inking
5. Cylinders - 1st plate, 2nd blanket, 3rd impression

7.1.6. Delivery

Very careful attention has to be given to the setting of 
the various mechanisms. The sheets mst follow each 
other in perfect timing, the inking and dairping rollers 
musi be properly set and the pressures between cylinders 
mist conform to specifications.

The operations carried out on the coating machines follow 
a set pattern. Viscosity is checked, stoving times and 
tenp.ratures are carefully checked.

7.1.7. FOediny

If the fe ■’der is set correctly, and also that the metal 
is within certain limits, good real star work is obtained. 
~he functicn of the feeder is to deliver one sheet at 
a time from the pile t the run in,which in turn, takes 
the sheet to the registering mechanism.

7.1.8. Darping

Ttie setting of dampers to give gust sufficient moisture 
to keep tix> plate clean is a very important operation.
TOo little water will result in the plate catching, 
that is taking colour on the non printing area. Too 
much water will gradually break down the printing area 
and destroy the inage, especially on the fine work. It 
will also be picked up by the inking rollers and mix with 
the ink. This upsets the feed of ink to the plate and 
the only remedy is to wash up and start again.
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7.1.9. 4.nkb

Synthetic inks are mostly used today. The word 
synthetic sinply means that instead of the various 
pigments being mixed with linseed oil they are now 
mixed with resins. Resin set inks are more highly 
concentrated and have greater improved drying qualities. 
A good impression is obtained with a much thinner film 
which also makes a good contribution for easier tooling 
in the manufacturing departments.

7.1.10. Inking

The objective is a good roll out. The mechanism allows 
for a variable supply of ink to the ink drum. The 
distribution by one set of rollers and the feeding of 
the plate by another set. The supply cf ink from the 
duct is controlled by a ratchet and pawl action.

With the correct setting of the rollers, especially 
the inkers, the required ink filk is obtained.

7.1.11. Print in::

The actual printing is from three cylinders, plate, 
blanket and impression. The plate is first rolled 
by the dampers to supply the moisture; the inking 
rollers follow, leaving a fresh film of ink on the 
image. The plate then comes in contact with the 
blanket, transfers the image to the blanket, which in 
turn offsets the image on to the metal.

7.1.12. Stoving

The machines are fitted with travelling ovens, either 
gas, or oil fired. The principle is that the hot 
air is kept in constant circulation and the printed 
sheets on the move.
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This obviates the possibility of burning.

The ovens are thermostatically controlled and all the 
variations in temperatures are nade by use of the 
controls. Ovens used in the metal decorating industry 
can be considered to have four major functions.

1. To raise the temperature of printing sheets of 
tinplate to a specified baking temperature in t!ie 
shortest possible time.

2. To exhaust the volatiles driven off fran the 
decorative materials applied to the sheets.

3. To maintain the sheets at the specified temperatures 
for a given time.

4. TO cool the sheets to a temperature low enough to 
permit handling, automatic stacking and re-running 
of the sheets. All conveyor type ovens are similar 
in as nuch that individual tinplate sheets are 
carried by a roller chain conveyor through a tunnel 
formed by insulated metal panels which enclose the 
baking section. Wickets or sheet supports are 
permanently attached to the conveyor chains and hold 
the sheets in a vertical position as they travel through 
the baking and cooling sections. The conveyor
chains are continuous and travel around sprockets at 
the front and rear of the oven.In the oven itself 
the chains are supported on tracks which must be in 
absolute true alignment, otherwise excessive wear 
and rough running would result, which in seme severe 
cases would give rise to marking off the decoration.
The piten of a conveyor chain usually determines 
the spacing of the wickets attached.
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7.1.13. VarnishmL, anu Coatrr.:

Althougn this operation is outside the lithographic 
process it is a very important part of our business.
The varnish has a three fold purpose; it gives a 
finish to the decoration, acts as a protective coat 
against the atinospitere and handling, and assists in 
the manufacturing. Viscosity and film weight checks 
are taken out at intervals. This also applies to 
size, base coatings and lacquers.

7.1.14. Lacquers

a) Reasons for Use of Lacquers

1. Internally ; to reduce interaction between metal
of container and pack.

2. Externally : To prevent atmosphere corrosion.

b) Essential Properties - Internal

1. Ability to form a resistant film after stoving.
2. Ability to withstand forming operation without

excessive carnage.
3. Ability to withstand heat of soldering without 

excessive damage or scorching.
4. Comparative freedom from flavour.
5. Freedom frcm toxic elements.
6. Ability to withstand contact with food under

conditions of processing.

c) External

1. Ability to withstand forming operations without
excessive damage.

2. Ability to withstand all commercial processing 
conditions a m  to resist mechanical damage during 
processing.
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8. DEVELOPMENT BACKGROUND

At the camencement of this development, ME technical department was 
provided with an indication of the range of products which should be 
powder coated.

As a large percentage of the products were round built up ccr. ,, ...̂ rs 
and were consequently alsmost inpossible to powder coat in the 
finished state we opted to develop a system which would withstand 
the metal deformation normally encountered in can making. A great 
de^l of development work has been carried out with encouraging results.

However, if we are to convert this success into a production realit 
further development work will be required.
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9. Rî PORT OK UP TQ DATE RESULTS

A pilot plant has been built comprising a single electrostatic spray
gun una powder feed system, electrostatic grounding and an infra red
curing system. All components of the system are working well and a
sound 'understanding of the theory and operating principles has been 
achieved.

Joint work with powder suppliers has resulted in a clear powder being 
available which will withstand, without breakdown the defornation 
cotrmon in hardware manufacture.

Problems still exist on the curing side as tolerances have to be 
established which will eliminate discolouration of designs resulting 
from the difrerent absorption characteristics of various colours.
Ihis aspect of different absorption characteristics for different 
colours has been seriously considered and we have recently decided 
to try and induce radiant heat on the underside of the substrate 
whose colour characterisitics are identical or of one colour and 
ink film, thickness.

Not all the results have been positive. Input from further research 
new indicates that an additional characterisitic that of air flow 
through the over, would he helpful. Solvent removal in the initial 
stages of the oven could be greatly enhanced with the addition of 
more air volume and velocity at the oven’s initial stage. This 
air movement was not felt necessary in the original oven design.

The control systems as they presently exist provide heatinc energy 
strictly based on line speed and a variable intensity required for 
a particular stock. In all cases this control has been proved to 
be more than adequate. With the advent of high quality optical 
pyrometers an additional feedback loop can easily be added to the 
control scheme1. This feedback is based on she It temperature 
at the oven exit.

By adding control based on temperature a more realistic power level 
is set for the actual line conditions.

A proposal to provide this input into the control scheme is 
presently being considered.
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10. RESEARCH AND DEVELOPMENT

10.1. Objective of Res* ar_

The objective of this paper is threefold.

a) to reviv the basic phenomena associated with powder
coating.

b) To describe the main applications of powder coating.

c) To describe sane of the ways in which recent research
has provided information which may facilitate control 
of the quality of polymer coatings using electrostatic 
powder coating and examine their ability to act as a 
protective film who-, sprayed onto decorated tinplate 
and then i rmed into shaped products.

10.2. Scope of Developrv-i

To promote knowlecge, stimulate research, generate standards,
definitions, specifications and recommended practices for the
development of physical, chemical and electrical methods of
testing powder coating materials and curing same.

10.3. Analysis of Each I’msv

Phase I Definitioia and literature
Phase II Physical properties of powder coating materials

Phase III Applications and film formation properties of
powder coatings.

Phase IV Physical properties of powder coating films.

Phase V Safety



- 27-

11. DEFINITIONS

11.1. Powrer

A coating powder is a finely divided organic polymer of a thermo­
plastic or thermosetting type which may or may not contain 
pigments, fillers and additives remaining finely divided during 
storage under suitable conditions.

11.2. Powder Coatings

A protective and/or decorative coating formed by the application 
of a finely divided poly meric material with or without pigment 
to a substrate and fused into a continuous film by the application 
of heat.

11.3. Historic Factor.;

The idea of termosetting powder coatings originated prior to 
i960 when Shell laboratories in Deljt Holland and co-incidentally 
Libert Freres, a relatively obscure paint company in Ghent,
Belgium were looking at new products. *

Libert Freres saw the. potential of epoxy powder and began 
deveiopmnt, compounding the expoxy resin into a cormercially 
acceptable paint alternative. In 1965 Libert Freres started 
marketing epo>ry powder under the trade name Qxyplast and have 
watched acceptance grow at a phenomenal rate. the end of
1971 licensees and distributors had been established in 30 
countries, with manufacturing plants in U.K., Japan, Canada 
R.S.A., Australia, New Zealand, Spam an. Finlann. Tin 
choice of epox>- material for the coating was most fortuitous 
since the properties arc sc phenomenal t_ at at long last 
industry had a coating which would do almost everything witlioit 
the inherent di advantager> of the solvents in present pamts.
Wlien industry began to us, the materials dry, many more 
adv'antages ware discovered making the process even more 
attractive.



-  28 -

11 • 4 • Pcwders

Powder coating is the process of melting polymeric powders 
to form a continuous film over the substrate usually metal.
The powders may be composec of thermosetting or thermoplastic 
polymers.

Thermosetting powders are those which cross link or polymerise 
when stoved to a non convertible film. Thermoplastic powders 
on the other hand, merely f cw into a continuous film and will
re-flow on heating.

Thermoplastic Powders

P.V.C.
C.A.B.
Nylon I 
Nylon 6 
P.V.C.
Polypropylene

The mr-set tin j Powders

Epoxy- 
Pol yester 
Acrylic 
Epoxy/C.A.B.
Epoxy/Polyester 
Polyurethane

We are going to concern ourselves with thermosetting powders only, 
because those are the nearest to the conventional sieving enamals 
used in the bulk of the finishing industry.

There are at the present time within the fields ô. thermosetting 
powders four basic types of resin systems to be considered 
without delving too deeply into the ramifications of mixed 
monomers and they are
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Epoxy, polyester, polyurethane and acrylic.

A brief discussion about these main systems would initiate 
an attempt to place then in sane sort of perspective for the 
intentive pcwder user.

11.4,1. Discussion on Pawiers

Powder is not a paint or coating until the coated item 
emerges from the curing oven. Prior to baking it is 
a finely pulverized plastic composition. Consequently
the manufacturer of powder coatings is more closely 
related to plastics processing than paint manufacturing. 
This unique feature , pe nt from plastic equipment has had 
a major impact on the properties and overall quality 
of powder coating resins.

The resins needed for powx r coatings are quite different 
from those used in paints. Whilst paints require low 
viscosity, lew molecular wight resins which are 
soluble or miscible with solvents and or water,

Powd- r coatings r*-quire resins wnich are solid at roar, 
temperatures but tnen melt sliarply to a low viscosity 
for both ease of processing and the achievement of smooth 
high gloss finishes. Powder coatings therefore start 
with resins which, by paint standards are well along 
in their cure. In addition, the molecular v^ight 
and polymer structure must be tightly controlled so that 
the melt temperature and melt viscosity are within very 
narrow limits to ensure processability through melt 
mixing equipment.

Powder coatings are now available in a broad range of 
generic groupings.
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Generic classification is used as a convenient guide 
to the various powder coatings in use today, but 
is not an exact defining parameter. Powder coatings 
similar to liquid coatings are custom formulated to 
meet specific end use requirements. Additives, 
modifiers and resin blends arc used to achieve the 
balance of properties needed for certain applications. 
Therefore, within each generic group properties can 
and do vary widely.

Quite often more than one generic type of powder 
coating can be custom formulated to meet these needs.
Hie final choice must be arrived at through co-operation 
and compromise between the powder supplier and the user.

11.4.2. Thermosetting Powder Coatings

a) Epox- • Resin Based

The epoxy family of powder coatings is the most 
pror rnvn typ of thermosetting powder in use today. 
This listing of available epoxy formulations is 
quite extensive because of the wide formulating 
latitude that exist1" These materials consist 
of epcxy resins, catalyst system, re-inforcing 
fillers, pigments processing aids, flow agents 
and other modif u ; s. A change in the type or 
the amount of any one of these constituents can 
noticeably change the properties and performance 
characterisitic ; of tin product. Epoxy powders 
art used for both functional and thin film 
decorative applications. The functional epoxies 
an. in use in a wide variety of corrosion protection 
applications. While many formulations offer about 
the same resistance, certain formulations are 
better suited for specific conditions due to 
differences in toughness, flexibility, inpact
resistance, vapour permeability and temperature 
stability.
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The particular application defines which of the 
many variations best meets the overall require­
ments. There are a broad number of functional 
epoxy powder coating types available, generally 
classified as :

Filled - Rigid
Unfilled - Flexible
Normal cure - Semi flexible
Fast cure - Normal cut through
Ultra fast cure - High cut through
Normal flow - Normal edge coverage
High flow - High edge coverage

There are several classifications as to particle size 
for the application method -

1. Fluidized bed grade v200 - 300 micrometers)
2. Electrostatic powder grade (25 - 250 micrometers)

Typical applications are -
Automobile a l t -  : stive.
Watt hour meters 
Printed circuit boards 
Battery cases 
Bus bars
Gas distribution pipes 
Irrigation pipes

11.4.3. Thin Film Decorative Epoxies

-i designating tin: group of epoxy powder coat ings 
as decorative it is not meant to infer that the 
protective qualities are in any way reduced, but 
only that the initial and lasting decorative 
qualities of the finish are a nujor consideration.
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The Inherent toughness, corrosion resistance, flex­
ibility and adhesion of the epoxy family coupled 
with the control of gloss, flow texture and colour 
make them ideal for many decorative applications 
in the 25 - 75 microns film thickness range.* Epoxy 
powder coatings are generally custom formulated to 
the specific decorative and performance requirements 
of a given end use.

With the latitude now available the formulation has 
control over :

Environmental P r i m e s  - such as salt spray resistance 
chemical and solvro* resistance, temperature stability 
thermal shock and humidity resistance.

Decorative Properties - such as exact match of colour 
gloss and texture with batch to batch uniformity.

Mechanical Properties - such as hardness flexibility, 
impact,chip and scuff resistance.

Customer Plant Condition! - such as cure time, edge 
coverage and film thickness.

Typical Apr: ications

Fire extinguishers, microwave ovens, class bottles 
office furniture.

11.4.4. Epoxy Polyester Hybrid

This group of powder coatings would be considered part 
of the epoxy family except that the high percentage of 
polyester utilized makes that classification misleading.
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Property wise, however, these hybrid coatings are more 
closely akin to epoxies than polyesters with a few 
notable exceptions. They show similar flexibility 
in terms of iirpact and bend resistance, but are 
slightly softer in pencil hardness, H-3H being 
characteristic.

Their corrosion resistance is coirparable to epoxies 
in many cases, but their resistance to solvents and 
alkali is generally inferior.

A major advantage of these hybrids due to the influence * 
of the polyester component is a high resistance to 
overbake yellowing in the cure oven. This also 
translates to ii.proved weatherability : these solvents 
will begin to chalk almost as fast as an epoxy but 
after that, the deterioration is slower and the dis­
colouration less severe. Another advantage of the 
epoxy polyester pcwo . coatings is extremely good 
electrostatic spray characteristics. They hav 
excellent transfer efficiency and penetrate well into 
corners and recesses.

Economically they are comparable to epoxies and therefore 
are used where a slight improvement in application 
efficiency heat stability and weathering are required.

11.4.5. Polyester Resin Based and Acrylics

The polyester powder coatings combine outstanding thin 
film appearance and touch: ss with excellent weathering 
properties. They are true competitors to high quality 
liquid paints, exhibiting superior chip and scuff 
resistance at 35 microns thickness . *
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Typical applications are :-

Fluorescent light fixtures 
Patio furniture 
Fence fittings 
Chrome wheels and trim 
Transformer cases
The acrylics have never really achieved significant 
commercial success.
They demonstrate good electrostatic spray properties 
making the application of low film thickness realistic
and controllable.



POWDER APPLICATION METHODS

There are three primary methods of applying powder coatings, 
electrostatic spray, fluidized bed and electrostatic fluidized 
bed. The best process for a particular application depends 
on a number of factors; such as - 
purpose of the coating
coating thickness and thickness tolerance 
size and shape of the parts to be coated 
rate of production 
material handling techniques
TaLle 3 presents a generalised picture of the processes and their 
applicability to various types of parts and industries.
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12.1. Electrostatic S

It can be seen frcn the table that the electrostatic spray 
process is tlie most versatile and flexible application process. 
The basic electrostatic spray process employs spray guns to apply 
powder to the part. The guns nay be manual or automatic.
Pcwder is delivered to the guns through flexible tubing from a 
supply hopper.

At the guns the powder is charged electrostatically, usually with 
a negative charge of from CO to 100 KV. The guns also establish 
an electrostatic ficl1 between themselves and the workpiece. The 
vorkpiece is at ground potential. The like charged particles 
repel one another but are attracted, to the grounded workpiece.
Build up of powder on the workpiece is controlled by the number 
and arrangement of the guns, their powder output and spray pattern 
and the speed of the conveyor carrying the parts. Film thickness 
can be monitored at tie desired level by adjustment of these 
factors and the electrostatic charge put on tie powder. Sprayed 
parts are carried directly to a bake oven where the powder 
acre ring to the part melts, flows and fuses to the surface, forming 
a continuous tier.noset film. Deposition efficiency depends 
greatly upon the configuration of the parts, but from 40% to 60% 
is normal in many applications (figure quoted by users).

However, the overspray is not lost. Several techniques are used 
to reclaim the oversprayed powder for re-use and material 
utilisation can approach 100'.

Air exhausted iron, an electrostatic spray powder booth serves 
three functions.

1. It maintains the powder air concentration below the
minimum explosible concentration of the powder.

2. Flowing into the booth through its several openings 
it keeps powder from drifting outside the booth.

3. It begins the powder recovery process.
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A recently introduced variation of the filter belt is the filter 
drum. In this case, the filter fabric is mounted on a perforated 
cylindrical drum which rotates in the bottom of the spray booth. 
The principle of the operation is the same. The filter removes 
the powder from the exhaust air stream nd a vacuum head removes 
the powder from the rotating filter medium.

2.2. Autonatic Rec~.cle Equipment

There are two basic systems for recycling cf the oversprayed 
powaer based on the type of collection system used. When 
a filter belt is used, the oversprayed powder is vacuumed off 
the beit and transported to a cyclone cartridge collector. Fran 
there it is gravity fed into a sieve through a rotary valve.
From the sieve it is gravity fed into the powder feeder. The 
virgin material is also vacuumed out of the powder '-urn and 
pimped into the sari, gun feeder. The second system uses 
venturi pumps to transport the powder from the bottom of a 
cartridge collector or cyclone to a vibrating sieve which 
gravity feeds into the gun feeder. These same punps will Purrp 
pcv. it - out of a urum in' j the sieve and mix the virgin powder 
with the reclaimed powder before it enters the gun feeder.

. 3. Flu id. sod Ek u

The fluiuised bed was the original technig.'e used to apply 
powder coatings more than twenty years ago. Powder in the bed 
is kept in a constant state of suspension by means of conpressed 
air introduced from a plenum beneath the bed. The parts to be 
coated are preheated and then passed through the bed of suspended 
particles. Those particles oaring into contact with the heated 
surfaces partially melt and adhare.

The fluidised bed is probably the simplest method of powder 
coating. No recovery' system is required as the powder not 
deposited on the part remains in the bed. However, it is 
difficult to produce films thinner than 200 microns.



Thus the fluidisea bed is limited primarily to applying coatings 
that are protective or functional.

. Electrostatic Fluid Bed

A variation of the conventional fluid bed employs electrodes 
in the bed to charge the suspended particles. Parts to be 
coated are grounded and are carried over the top of the bed.
The charged particles a^e attracted upwards to the grounded 
par^s. One of the difficulties with this system esoeciallv 
with parts having a significant vertical dimension is uneven 
thickness of the coating. Film thickness tends to be greater 
at the bottom than at the top.

However, the vlectr static fluid bed is widely used to coat thin 
paiv-s such as tubing, wire and wore screening which can be 
carried across the bao continously. As in the conventional
fluid bed no recovery- system is necessary.



13. SYSTEM DESIGN

m e  extent 0f E,Jrfaa! Hgtreaoent for a powder mating line depends 
op n tX substrate, the- tj-pe of pcxeder used and the nature of the 
application. The essential requirement is that the surface be clean 
iree of dirt, oil grease, oxide coatings and other contaminants. Grit 
olasting may be used when relatively thick films, 125 microns or more 
are appned as protective or functional coatings. Phosphating is 
normally required for optimum results with thinner coatings, "pre- 
treatment is usually followed by a dry off oven and then the parts 
are usually allowed to cool down to ambient temperature before 
entering the powder application section. Thermosetting powders do 
not require a liquid primer. Most thermoplastic powders do.

NOTE :

Within our own Company two options avail ;

1. To powder coat the decorated tinplate.

1. to powder coat sized or white coated tinplate and then store
this quantity and print the stock according to orders issued.

In case (1) no pre-treatment waild be required since the tinplate 
would be coming off a dry-off oven. In case (2) tost probably 
pre-treatment would be required in order to alleviate any problems 
that would be generated from storage conditions.



- 41 -

14. CURING

Pcwder coating lines and ovens require no flush off space. Ihe
coated part proceeds imredlately from the spray boot), to the bake
ov-en. Oven temperatures and curing tires depend on the part and 
the powder.

As powder contains few volatiles, the parts need not be brought to 
temperature gradually but can tx? subjected to high heat iimediatery. 
Thus a powder oven can usually be smaller than an oven used to bake 
a liquia paint. Curing temperatures are usually higher than for 
liquid paint systems. However, low temperature cure powders are 
beginning to appear on the market place. Coating powder seldom 
contains more than 2% volatile organic compounds, compared to at 
least 20* and frequently 70% for liquid paints.*

Thus over, exhaust rates can be lower than with rest liquid coatings
As fluid!sed bed application systems are relatively straight forward
and simple, w  will concern ourselves primarily with electrostatic 

'

'

system plus the equipment and controls required to charge the powder 
and spray it un the parts. Generally the electrostatic spray 
equipment, spray guns and reel; r cat rswill be of standard design.
The major consideration is to select the best equipment for the 
application. Powder coating spray booths are almost completely 
enclosed. Openings are provided only for guns, for entry and
• c. the pa: t, for hangers and for potier recovery. Maximum 
enclosure improves powder recovery efficiency and system cleanliness.

Spray guns can be positioned or. both sides of a powder coating booth. 
Also in an automatic system, touch up can be accomplished in the 
same booth. Thus only one booth is required for the entire job. 
Tests are necessary to determine the optimum design of an automatic 
system. The primary object of the tests is to determine the number 
of guns to be used, their position and spray patterns and the extent 
and rate of reciprocation and the optimum conveyor speed. Usually 
it is better to use several guns at moderate output rather than to 
force high output from a few guns. Lower output promotes higher 
deposition efficiency and reduces overspray.



Individual control of voltage, air pressure and powder feed rate to 
each gun provides maximum flexibility in designing a system for 
optimum results and economical powder consunpticr,. A narrow jet 
is usually used to penetrate holes and recesses. Lover voltage nay 
aj.sc be desirable for recesses and optimum voltage may vary among 
guns coating various portions of the surface.

Broad fan patterns are better for coating large flat areas. The
general configuration cf tne spray booth is determined by the size
of the parts, the speed of the xmveyor, the number cf guns and
their arrangement. Slots for reciprocating guns should be sealed
with a flexible membrane to prevent powder from escaping from the
boodi ana also to minimise air flow into the booth through the 
openings.

/Air rushing through these openings can disturb the spray pattern 
and reduce deposition efficiency. Both sidewalls should be smooth 
and free- of projections or ridges on which powder could collect.



CCMPARISCK OF E/S /VJD FLUIDISEn BED TECHNIQUES

rhe advantages and disadvantages of both techniques as mentioned below 
are of utmost practical importance A general idea is given of 
which process should be used in any special case. No doubt a general 
answer is not possible because both techniques do not sufficiently 
overlap. The most important points were collected during several 
discussions with nure than 'ifteen consumers.

15.1. Advantages of E/S Compared to F.B.

Thinner coatings possible (less than 100 microns).
Tiiinner substrate: can be used (even metal foils)
One surface coating possible.
Snail amounts of powier are sufficient to initiate 
spraying.
ICMir oven temperatures, which means less expense.
Coating costs per square metre are lower.

15.2. Disadvantages of E/S Compared to F.B.

Thin coatings are not always desirable.
Recollecting system, necessary, otherwise high powder 
losses.
Lang-., coating cycle.
Difficulties coating corners (Faraday cage)
Equipment more expensive.
increased danger of dust explosion due to finer grain 
size.
Production changes requires longer preparation.

1.
2 .

3.
4.
5.
6.

7.

1.
2 .
3.
4.

5.
6.



PO^ilZF -  RAW ’̂ lATTPTV.

Powder is a product in which the various particles are distinct from 
each other and which must stay so to permit application. It is 
a product which is HETEROGENEOUS, which means that the various 
particles whilst being of the same kind, differ in their size 
and shape. Now, in the case of an electrostatic application of 
powder, the various phenomena which occur (electrical charge, action 
of the transport air current, contact with the materials forming the 
equipment) take place at the level of the elementary particle, and 
not on the powder as a whole. On the other hand, the product to 
be applied is an organic product whose characteristics are affected 
by the surrounding conditions. In particular, it melts when the 
temperature is raised and forms clogs when placed in a humid atmosphere

This product is generally very insulating. It can be electrically
charged by rubbing, and keeps a great part of its charge even hi
contact with an earthed metallic wall. One must distinguish the
elements not specific to powder application (manometers, transformers
resistances, transistors, electro valves), for which the equipment
manuiacturer should give his best care in the choice, and the elements
specific to powder application(spraying nozzles, dosing and transport
devices) for which a thorough study is necessary in th.ir conception 
and realisation.

Tne reliability of such system incorporating so many variables is a 
function of the compulsory control of the interactions between the 
product to be applied and the various elements of the equipments 
operating under the surrounding conditions of the application.

16-1. Powder Preparation

Powuers intended for application by electrostatic spray are 
usually prepared by melt compounding together all of the 
ingredients in the formula and then grinding the final homogeneous 
mixture to a fine powder. The processing of such a powder is 
shown in the following block diagram
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Injmis process all the Ingredients for the formula, resin 
pigments, plastic, zers, stabilizers etc are mbred together 
until reasonably homogeneous . The mixed ingredients are 
fed to an extruder. Here the resin is nelted and 
intimately mixed with »he other ingredients to produce a 
uniform cxznpound that is then extended. This is cooled and 
chopper, into small pieces cm the dicer and these are then 
ground in a suitable mill to the particle size needed for 
sproy application. The value of this technique as opposed

^  blendL-»3 "ethod often used to manufacture vinyl 
pawners lor fluid bed application lies in hanogeneity of the 
PCMaer. Since all ingredients are bcund together in eadh 
particle, there is no opportunity for segregation of ingredients 
-o occur. m  cases where pigment is used it is completely 
spersec and its colourant and hiding characteristics are 

ueve.opec to the utmost. Overspray frequently can be 
collected and re-used with only a sisple screening to remove 
large aggregates. The grinding operation is easily 
=>- r, . ; with brittle low molecular weight resins such as
epoxies. when higher molecular weight resins are employed 
sucn as vinyls, polyethylene etc an ordinary hamer mill will
«  mediate. These polymers are too tough to te s^tter^d in 
ux nuix at roori temperature.

vo.r iw they are coo leu to a very lc*m- temperature they can 
be readily ground.
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Gryogenic grinding has been under active study for sane years
now. After intensive effort a cryogenic pulverising system
has been developed which meets the requirements of low
operating cost, low capital investment, safety and flexibility.
Extensive use is made of polyurethane foam insulation to
minimise frost formation and maximise liquid nitrogen efficiency 
by reducing heat losses.

16.2. Shelf Stability of Powders

fhis is a major criteria for powders. Package stability can 
be characterised in several different ways.

16.2.1. Sinter :r,q

This is the mechanical properties of the powder to 
agglomerate and fuse under conditions of heat and 
pressure. The molecular weight and the gloss 
transition temperature of the basic resin are the 
controlling factors here.

Materials can be so poor that they will form a 
solid block under some storage conditions.

16.2.2. B-Staqing

This is the chemical property of the material to 
cross link, in the powder form, under conditions 
o* heat. It is a gradual change in which the 
texture of the applied coating can be observed to 
increase as the B-staging progresses. The 
pcv/der will eventually turn inert leaving a totally 
unfused film.

The controlling factor is the resin/curing agent 
combination. If the system is made too reactive 
problems in this area result. This is the major 
deferent to lew.temperature fast-cure materials.
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16.2.3. Moisture

Certain resin/curing agent combinations form a 
hygroscopic compound. In these compounds, water 
is readily attracted and can :

a) negatively affect charge acceptance and 
transfer efficiency.

b) free acid from the curing agent which initiates 
B - staging.

c) negatively arfect free powder flow properties.
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1 / * THIN FILM APPLICATION

^  = - r
coipanies working in this area have concentrated on tj'°

r ^ n t  tests. «  have demonstrate , , feaslL. Uty of obtainino

nuid energy pulverizers are able to reduce the particle size of

T "  fiVC mlCranS ^  llpact^  in a stream of

:  '

Bus is an effective technique that can be used in the laboratory 
ma, no. oe applicable to many ccraercial installations. In

:  = , - = = —  

% : : =  r „ ~
pebole m l  led to an average size of 15 microns (maximum size 40 
microns) have shown seme promise but because of the comparatively

512e' appearance ^  fiBn continuity at low 
^  thicknesses ware not as good as that found in jet milled



Another approach being investigated to prepare ultra thin
film powder coatings involves by-passing the extrusion step
altogether and grinding the raw materials directly in a
jet null. Powders prepared in this manner have given
encouraging properties, but an extensive evaluation of the
finished powder in terms of particle segregation and powder
stability will be required before this approach could became 
commercial.



* F O i T - r i v Y r ^ O N  P R O R T

Ihe first epoxy resin pcvders were intended for use as heavy duty 
coatings providing a high degree of chemical and abrasion resistance 
in films of 200 - 250 microns. Very little attention was paid to 
appearance and gloss provided the film was free fran pin holes 
and tightly adherent. However, the chief uses of powder coatings 
are in fact in decorative applications in films of only up to 60 
microns where film appearance is at least as important as chemical 
resistance. Formulation for decorative purposes gives rise to 
problems which are considerably different from those found with 
stoving paints containing solvent.

Figure shows the course of the processes which occur when an epoxy 
powder is stoved in an oven at 200°C. It is a scan fran a 
cificrential scanning calorimeter in which the sample is heated fran 
roar, tanperature to 200 C at a rate of 64 °C per minute and then held 
at 20C°C (Research Inc U.S.A. provision).

.tovemerts or the trace in a positive direction represent endothermic 
readings and movements in a negative direction exothermic reactions. 
At point A the system is absorbing heat strongly as the resin melts 
ani the powder begins to form a coherent film. When point B is 
reached the systan begins to exotherm as the resin and curing agent 
r^act and this exotherm reaches a peak at point C. Thereafter 
cure continues until the trace becomes horizontal or the stoving 
cycle ends at point D. Thus the total film formation including 
coalescence,substrate wetting and flew out has to take place in 
the period between A when the resin melts and C when the system 
gels. Film iormaticri is substantially complete by the time the 
article reaches the nominal stoving temperature.

However, this is not the conplete story since flow is also dependent 
on the viscosity of the system while it remains molten. This is 
illustrate^ in Figure 2 where lines of equal viscosity are shown 
against time and temperature.
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Here it can be seen that a balance must be stuck betveen a low rate 
of heating which gives a long period in the molten state but always 
at a high viscosity and a high rate of heating which provides a lew 
viscosity but only for a short period.

For preference the bend width of heating rates in which adequate 
flow is obtained should be as wide as possible to allow for 
differences in oven loading. It is against this background of 
constraints dictated by the process of application that we can 
consider problems of formulating for specific applications.



Here it can be seen that a balance must be stuck betwen a lew rate 
of heating which gives a long period in the molten state but always 
at a high viscosity and a high rate of heating which provides a lew 
viscosity but only for a short period.

For preference the bend width of heating rates in which adequate 
flow is obtained should be as wide as possible to allow for 
differences in oven loading. It is against this background of 
constraints dictated by the process of application that we can
consider problems of formulating for specific applications.
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19. FACTORS AFFECT DIG POWDER CH

Cost is one of the most important considerations and the erphasis 
here should be on total cost. It is not a.ways apparent that there 
is a difference between the price per Kg of a powder and the applied 
cost. If might well be that a slightly more expensive powder will 
give a better return in terms of improved coverage and flow at. 
lower film thicknesses. Equally, it is not worth choosing the
relatively more expensive powder types for an application which does 
not require the highest decorative appearance and outdoor durability.

Although the range of finishes in all the main thermosetting powders 
has been extended and improved ix?yono all recognition in the last 
few years, the epoxies still offer the widest choice of decorative 
effect. Naturally, when considering the range of powaer available 
the properties of the cured film must be well deuined in order t^ 
select the most suitable material.

19.1. Physical Properties

Flexibility - bend test
Adhesion - cross hatch

19.2. Chevqqal Pr .p rties

Solvent resistance
Salt spray and humidity resistance
Water soak
Resistance to c'nemicals 
Stain resistance

19.3. Outdoor Durability

Corrosion resistance 
Chalking
Fading, loss of gloss

Resistance to
damage
Resistance to

Scratch and impact test

heat Non y1' . lewing
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9.4. Curing Requirements

Tanperat-urc, time, fuel, convection, radiant, induction curing.

Powder Curing Schedule Curing Schedule

Standard cure epoxy 180°C for 10 - 12 nuns
Low cure 130°C for - 20 nuns
ast cure 18C°C for 5 nuns
:yester 190°C for 8 - 1 0 nuns
. 'urethane 190°C for 10 - IB nuns
-r 1 ic 200° C for 15 - 20 ruins
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20. CURING OF PO.CER CQAl’INor

Having selected arid applied a suitable pcwier, it must x 
cured, preferably before vibration or air impingement cau 
or ccxitaxrdnation frcrn foreign materials.

Unfortunately tlxe technology for accorplishmg this is not a: .
recognised as are the other steps ixx the selection and app 
of pcvjders.

On a simplified basis, the cure cycle requires rapid heat g 
fuse the particles to one anotiier, and to the product it e: .
This can b£ acccrg lisixed by pre-heating the oart to fixing .
ture before the powder is applied, or by post-neat ai a ' 
application, or a combination of both.

While the post-heat method is rice conventional, pi 
advantages for heavy rass products, and usually re. 
energy.



RADIATION CUKMJ
Abstract

Radiation curing technology- brought nex life to the coating and 
ink industries due to the energy crisis and strict rules and regula­
tions for air pollution.

A technique was developed in the last decade kno/n as radiation 
curing. This section of the study will compare the advantages and 
disadvantges of electron beam, ultraviolet and infrared curing 
systems against conventional air dry or baking systems. The role
of oligorers, monomers, photo initiators or photosensitizers are 
discussed.

Film properties such as stability, colour of cured films and hand­
ling are considered.

Lntrodurtion

Energy, ecology and environmental ccnsickirations brought the 
opportunity : or innox-ation and deve 1 opnent of a new curing technicue 
to ease these crises.

When this new technique, known as radiatior, curing, is applied is 
the coating or ink industries, it is generally referred to as EB, 
tt and IR curing. Oie can dofme radiation curing as "the of 
radiant energy/ frcr any portion of tlx? electrcraonetic spectrum 
for the curing process".

The mechanism and cure rate of radiation induced reaction 
on the intensity of the incident radiation, the absorbance level 
of the energy acceptors and quantum yield. The penetration of 
radiation into a material depends on the nature and energy of the 
radiation and on the type of intersect iorts that occur between the 
absorber and radiant energy.
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21.1. Photocuralj 1 o Rosins

When a formulator designs a photocurable resin, various cxmponents
1-7must be considered '

21.1.1 01 igorers Generally are lew to medium rolecular
weight mono or multifunctional unsaturated materials.
They may include acrylated polyesters, acrdated poly- 
urethanes and acrylated epoxy ccrpounds which provide 
the primary properties of the cured filrr. such as high 
abrasion resistance, high tensile strength, elongation, 
good solvent resistance and acceptable levels of hardness 
and flexibility, and also compounds having reactive croups 
which when properly sensitised can initiate polynerisauiun 
tier, by photolysis, e.g. BF3 conplex can split by LV 
light and will cure epoxy- resin by cationic polymerisat.m

21.1.2 Reactii’e Pi1 uer.t- Usually are mono or rmltifunctional 
acrylates. These materials act as viscosity reducers and 
can vary the degree of functionality, thereby vary ing 
properties such as flexibility, hardness, toughness, 
brittleness and adhesion.

J Absorb the impinging

Radiation curing systems may also contain flow control 
agents, no n -reactive p brers of relatively lew molecular 
weight, additivies for stability, adhesion, 
agents and pigments.

Scrre organic pigments act as catalysts yielding undesired 
polymera sati n and reduction of shelf lile. Therefore, 
pigments should be chosen very carefully. Heavily pigment­
ed coatings are cured without difficulty by using electron
beam.



21.2 Advantages and Disadvantages^:I Radiation Curing Systems Over 
Conventional Curing Systems 7 "

21.2.1 Advantages

(1) Using 100% polymeric materials, radiation curing 
reduces air pollution and safety hazards are minimised 
compared to solvent based coatings and inks.

(2) Generating speeds are much faster, therefore higher 
production speeds are attainable.

(3) Space requirements needed are much less compared to 
conventional gas fired ovens.

(4) There is no degradation of the product due to excessive 
drying and heating. The equipment is kept at room 
temperature which permits the use of heat sensitive
substrates.

(5) The consumption of energy is roughly 1/5 for UV and 
1/100 for Eli ccrr̂ xired to solvent based coatings and 
ink systems.

(6) There is no solvent retention in tlx coatino, hence 
there is little possibility of pinholes in the films.

(7) There is a reduction in nunufacturmg steps, storage 
and scrap loss.

(8) EB curing systems can cure through an opaque 
material, such as in laminating foil, paper or 
plastic to another material..



21.2.2 Disadvantages

(1) Capital investment for EB curing equipment is higher 
than for conventional type systems.

(2) Finished product formulation prices are higher for 
UV and EB curing products.

(3) UV curing materials may reduce sh< * life over 
conventional curing materials.

Radiation curing process by UV and EB

..he radiation curing process forms an âctive free radical Generated 
by radiant energy which initiates free radical polymerisation.

In EB curing, high velocity electrons, when applied to the organic 
molecule, penetrate the material and form free radicals. The UV 
curing process needs a photoinitiator or photosensitiser to form 
free radicals, an electron of an organic molecule is attacked 
by the electron beam and promoted to antibonding orbitals of
high energy or is removed from the molecule. Then the molecules 
are excited or Ionised/"'*"

M — ► M  * (excitation)

M + e (ionisation)

Generally, ionised molecules are changed to the excited state 
through neutralisation and another reaction also takes place:

M* + e 
m T + M
mT + M

Usually neutralisation is preferred over the other two. Then excited 
molecules deccrrfjose to various radial species M* ----►  r . + r ^

f'T* (ne utral isation)
-► M.+ or

.mu4
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In the UV process, a free radical is induced in the following 
way: I v ^  R

R
The radical polymerisation involves the usual ion i sat ion prcpag a tion, 
and termination processes.
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21.4 Infrared

The range of IR wave lengths foms a large part of the electro­
ns gne tic spectrum including short, nedrum and long wavelengths. It
is extended fron 76Cn m to 1 m  and an energy range of 3/,6 to
28,6 x 103 Kcal/tnole. respectively. It means that shoi-t and medium
wave radiation have high energy levrels and they produce greater 
intensity while long wave radiation gives less intensity.
(Ref. Bibliography).
Therefore, short and medium wave IR imparts higher heat than long 
wave IR.

When organic molecules absorb IR radiation, atoms or groups in the 
molecule vibrate a.id rotate faster. Diese moiecular motions in 

the internal cneroy of the absorbing mass, therefore, 
physical and chemical phenomena change which lead to what we 
describe as curing.

The drying mechanic of the current IR inks is not clear but ink 
films will absorb the necessary amount of IR energy to complete 
the polymerisation reaction in the presence of catalysts.

Short wave IR, because of its penetrative power into the substrate 
produces enough heat to accelerate drying by usual oxidation phenomena. 
Long wave IR lacks such penetration and only surface dryina of ink 
is possible with very much longer dwell times.



HIGH VELOCITY OVENb

High velocity ovens offer great flexibility and considerable 
advantages in a powder coating system.

To appreciate these advantages is to understand its design and 
operation. High velocity ovens are often referred to as high 
impingement ovens indicating that air is directed at and across 
the coated cure at a comparative high velocity and in a large 
volume. This, of course, is a function of design.

Air is directed into plenum chambers and pressurised to a static 
load of approximately 100 nrn water colurm.

Depending on the product being processed, the plenum chambers can 
be located on tiie sides, top, bottom, or any combination thereof. 
These chanbers contain a pattern of air nozzles or knives from 
which the air is expelled toward the product load.

Air nozzles usually protrude into the oven enclosure but may be 
recessed or flush with the plenum walls. The heat source or 
energy in high velocity ovens may be natural gas, propane, oil, 
electric, or steam.. A large percentage of air (90%) is recirculated 
and reused, tnus injecting a high degree of economy in its operation. 
The recirculated air is passed over or through the heating media 
where it is reheated and elevated to the required temperature.

It is then directed by a high terq era tore form or goes through 
distribution ducts into the plenum chanters from which it is 
again expelled from the nozzles or air knives.

One of the outstanding advantages of high velocity is its ability 
to reduce curing cycles. Shorter curing times reflect a reduced 
floor space requirement for bakino equipment offering a considerable 
saving as cciqxired to a standard box type convection oven.

Shorter curing cycles are u direct result of the high velocity 
principle of rapid heat transfer to the product substrate metal



temperatures and not arnb lent or surface temperature must be 
considered.

High velocity air directed at the product breaks through the normal 
insulated air boundary that surrounds it and continues to "bombard" 
it with the required elevated fusing temperature. While so doing, it 
removes \:he cool insulative barrier that slews dewn the baking time 
cycle, in the standard low air movement type oven longer fusing 
cvcles are necessary due to the lengthened dwell or soak time re­
quired to bring the substrate up to the required melt, flew and 
fuse temperatures.

Other advantages of the high velocity principle are:-

(a) Less conveyor required. Because high velocity ovens are used
in a continuous flew system only the amount for the oven 
length is necessary. This is exposed to a convection type in 
which the product is serpentined back and forth or passed 
through a very long space to obtain the required "dwell" time
to permit a proper time and terrperature cycle to achieve a
cure.

(b) Reduced installation costs. Due to modular one piece construe 
tion ranging from 3 to 15 metres.

(c) Rapid oven bring up time.

(d) Precludes powder overbake, flay be inexpensively electrically 
conveyor overlooked to automatically shut the oven of. or 
turn it down to a pilot setting upon conveyor steppage.

The reverse effect of rapid head transfer which is ccxdo. down 
takes place by the recirculation of air allowing the coated 
parts to cool to a point below where overbake and degradation
can occur.
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High velocity ovens are generally designed for the specific product 
beina processed. This configuration therefore allows the oven to 
accrue the maximum benefits and economies possible resulting in 
quality, efficiency and many economies for the user.



POST HEAT SYSTEMS

Post-heating may follow partial preheat or may involve the full 
tenperature elevation indicated. In either case it is essential 
to co-ordinate heat delivery to the coated product with:

(1) Available oven exposure line
(2) Actual product or cure temperature required
(3) Mass and thermal conductivity of the product.

If convection heating is to be employed for fusing the pcwder,
high air velocities are normally required to attain needed heat 
transfer rates as it is essential to remove the cold air film 
adjascent to product surfaces following heat release. This prevents 
hazards as to drift and non-uniform cure res. ilts.

Alternatively, radiant heating can plasticise powders in less than 
one minute.

The energy level which is controllable in the oven is adjusted 
up or down to the desired cure level by confirmed measurement fran 
a radiation pyrcreter. Zone 1 of the oven thus satisfies the 
primary temperature build while Zone 2 serves to replace heat 
losses and energy conducted into the product for temperature equali­
sation. For the one who can justify an individual oven for each type 
or part to be processed, the control may be simplified but the heat 
transfer problem remains the same.

This brings up the question of suitability of existing liquid paint 
baking ovens for curing jxwdcr coatings.

In a typical coating laboratory where development work is normally 
carried out a small panels that do not present the complex heating 
problems of plant production, a circulating convection oven with 
air temperature control may be adequate for comparative studies, 
but this does not apply to ovens th * must handle large and .‘mail 
products varying from light to heavy foils.



For example a well designed oven for liquid coatings normally 
provides low heat delivery for an initial 2 or 3 minutes of product 
exposure, to assure a smooth paint film free of pinholes, blisters 
and orange peel effect. Faster heating rates may follow with 
higher air velocities to ccrplete the bake cycle.

This "low to high" sequence of heat release to the coated products 
is precisely in reverse to the "high to lew" sequence needed for 
reliable fixing of pcwders.

/. more suitable approach to the conversion of any existing paint 
oven to a powder cure oven is the simple addition of an infrared 
booster section at the load entrance, or fuel manifolds supporting 
radiant gas burners may be installed within the existing oven en­
closure.

These can be connected to the premixed fuel system originally 
used to supply the convection burner system.



/
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24. FLOW AMD CURE PROPERTIES

The transformation of the powder from a granular state to a 
cross-linked film involves subjecting the powder to various degree 
of heat treatments. These heat treatments can be both isothermal 
and non-isothermal.

It is desirable to hav*2 a deeper insight, both quantitative and 
qualitative, into tite mechanisms whereby a thermosetting pcwde: 
progresses through a molten flowing state to a cured film.

A technique to provide such insight is provided by differenti 
scanning Calorimetry (DSC) . (This technique was described anc 
provided by Research Inc., U.S.A. after discussions and trials or. 
MB's panels and powder used.) The principle of a different:
caloricetar is to measure the heat flux required ' "> maintain ar. 
equal temperature in the sarrple and a reference.

(See graph)

A topical scan of any epoxx- powder is shrvsi in figure 3. The 
vertical axis shews the differer.ee in heat flux required to maint li­
the sanple at the reference temperature. Cti the horizontal axis 
the temperature is proportional to time, depending on the heating 
rate used. In the early part of the scan the baseline is stead 
indicating that the powder is absorbing or releasing heat at th 
same rate as the reference.

The first deviation from the baseline is endothermic that is hec* 
absorbing, and is super imposed as a baseline shift. The deviation 
occurs at a temperature which is the glass transition point of the 
resin, designated by 1 ■.

A further baseline shift occurs after the point TOf which mark> 
the onset of flow. The divergence fieri the baseline occurs at 
TOc and is strongly exothermic.

After/.
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After the exotherm reaches a maximum, the output of heat decreases 
as final cure is achieved.

The scan shown was carried out on a powder at a heating rate of 
40°C/minute.

From the tenperature of the sample the time of heating can be 
calculated. The heating time in minutes is shown beneath the 
horizontal temperature axis. It can be seen that melting, flow 
and curing took place within a period of minutes. Varying the
heating rate will expand or contract this time span.

Increasing the heating rate will result in a contracting so the 
time between TOf and TOc will be reduced or the period of flow 
will be reduced. Conversely a decrease in heating rate lengthens 
the time of flow before curing starts. The longer flow time would 
tend to produce a coating with a smoother finish. The situation 
is not so simple, though, since the lower temperature associated 
with a longer flow time also means that the viscosity of the molten 
resin will be higher than if a higher heating were used. In order 
to select the optimum heating rate, one needs knowledge of the 
viscosity of the resin at various stages of the staving schedule.



MELT VISCOSITY

The meat viscosities of pcwier coatings at various temperatures 
unckr t.he irî -Luence of varying heating rates can be determined using 
the Hook. Rotovisco instrument*’.

The melt viscosities of an epoxy powder formal a t ion versus time 
for various temperatures are snown in Figure 4. Transforming this 
information to a temperature/time relation snip we obtain a contour 
map showing lines of equal viscosity, as in Figure 5? It is 
apparent tliat the heat—up rate of the oven must be such as to 
provide a compromise betv*_«en a slew rate which gives a lono period 
in the molten state, but a* a high viscosity, and a fast rate 
which provides a lew viscosity but only for a short period.

The terms of fast and slew heat-up rates can be translated into
of constant heat-up rate. 

The tast heat-up has been found to correspond to the thinner sub­
strates whilst th slow rate to a thicker substrate.
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26. INFRARED - CURT FOP. P.WDt.;:

Airoiq the inherent advantages available, tlie characteristic or fast 
heating probably ccmrs first. This fast heating is relative to a 
con\,entional convection oven. say relative to convection because 
under scrr circumstances a high velocity convection ovtn can be as 
fast as, or faster.

Infrared ovens raise surface temperatures to cure range within 
seconds, after the product enters the oven. This is the tune saving 
phase because temperature maintenance, for a specified time to 
cure a finish, is usually the same as a convection oven. Because 
infrared is fast, process time is substantially reduced permitting 
shorter ovens. SI sorter oven. - nc.tn less floor space as well as 
reduced convey rr length. Most infrared ovens are modular, or 
made up of nvny panels of the same type which more or less con­
form to product shape.

These irodules are lightv̂ sigiit sheet metal construction whic.t are 
easily suspended ĉ /ertiead releasing even more floor space. Be inc. 
modular in nature most ovens can he conveniently extended, or re­
located, should production requirements change. (App. 11)

Because1 product bring-up time is sliort, and most oven supt ± ̂.crs 
embody the mod.ilar approach, first cost is very’ competitive. A 
cocsarisen of quotations within our corpany between infrared and 
convection ovens siio/ a savings of 30' to 40? of the cost o. a 
convection oven.

No mure than a minute, or less, is required to bring the oven to 
operating temperature. This fast heat—up and cool-down can mean 
significant savings in time and tlie start of production, oi rejects 
because of over-cure should the line go down.

The infrared characteristics outlined above are related directly 
to heating with radiant energy rather than convection, or conduct­
ion, although these types of he it transfers do influence which pro­
ducts and circumstances enhance or deteriorate the radiant, heating 
mechanisTi.
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Radiant heating is direct and does not involve any intermediate 
between the heat source and the work.

In view of the heating mechanisms utilised with infrared, several 
application characteristics were predicted. First, product heating 
with infrared is a function of the urea exposed to the radiation 
and the weight of the product to be heated. Since radiant energy 
is converted to heat at tlx- surface of the product, unc-x,xosed 
port .tans are heated by conduction or convection. The he .* ing rate 
of unexposed areas is a function of the heat conductivity of the 
part, or temperature of tlx air caning into contact with the exposed 
surface. Infrared radiation is absorbed most readily at exact 
right angles to the surface of the product. \s the angle of inci­
dence becomes greater, the heating effect becomes less and less 
until the surface is parallel with radiation travel. In this case 
the heating effect is quite reduced.

The intensity of the radiant energy diminishes as the distance is 
ncreased between tlx product and the heat source and follows a 
specific rule. Given a certain hypothetical value of intensity 
of radiation 20Crr fran the source, that intensity will fall to 
1/4 the original value w? move to 40Qrr.i from the source. Most 
parts baked in any infrared oven should be approxirrutely the same 
size. If not, anall parts nay not reach proper terperature and 
conversely, larne parts nay overheat from being overexposed to the 
heater source, .f the product his hidden reinforcements or support 
pieces attached to the heated surface, the attachment interface 
conducts heat away. Extended exposure is required here to overcome 
the heat sink effect. Identical shapes made of different substances 
reach different temperatures in tlx- same oven. This is due to the 
specific heat of the substance involved. Colours also affect the 
temperature attained. For a predetermined heating cycle, black will 
attain a higher temperature than will white. In short, product 
uniformity is essential. Curing a finish involves bringing the 
entire part to the required teirqerature.



/
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There such a thing as 1 skin effect1 where the finish applied 
a;>u only a small depth of the substrate is brought to curing 
temperature. Although a highly desirable situation, it is 
sometimes difficult to attain. With most sheet plates, heat 
conductivity of the metal is so high the entire product attains 
curing temperature.

The coating on the product affects heating (an uncoated product 
heats much slower than a coated one) so it plays an important 
part in the heating process.

Take for e-cample, an applied liquid coating of approximately 40% 
to 50% solids. A portion of the infrared energy that strikes 
the coated surface passes through the liquid film. We are 
assuming that unpigmented areas of the film whicn contain only 
resin and solvent are transparent to the infrared energy. In any 
case, that portion of infrared passing through the film strikes 
the substrate and is reflected back into the film and aids in 
bringing the liquid film to temperature. As the film gains heat, 
seme of the heat is conducted to the substrate over the interface 
and the product itself beings to come up to tenperature. Tie 
paint film and the interface are soon at cure tenperature and 
the cycle concludes. Adhesive qualities of the film are 
preserved because the substrate was at the prcper temperature.

Consider the same product but with a dry thermosetting film 
applied almost 100% solids. In a cross section view, we can 
visual.st the substrate with several layers of pcwder particles 
of various sizes attached to the surface by electrostatic forces. 
Since the powder particles totally obscure the substrate, no 
infrared reaches it. As the powder film absorbs radiant energy , 
the exposed layer of powicr particles begins to plasticise and 
conduct heat to particles belew and finally to the substrate.

If circumstances are right, the substrate will gain enough heat 
through conduction to reach cure temperature about the tune the 
powder film cures and solidifies. In this instance, film 
adhesion is intact. If the hot plasticised pcwler did not stay 
in the liquid stage long enough for the substrate to cane to 
temperature, then adhesion would be very poor.
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While we could fairly accurately predict many circumstances, we
felt it v in our own best interests to verify these predictions.
We believe infrared curing with powders has excellent potential,
but is relatively uncharted. At this juncture, we probably will
not sell our finished items without some more solid test, Research 
work.



UUILINE OF BASIC PROCESS

27.1 Sccj ĵ - this outline intends to establish an understanding 
of the typical pavder coating system if the development of 
the study is to be followed.

27.2 Process - the basic arrangement in a typical ponder coating 
system is shewn in Figure 6.

d. 
f.
5.
6 .
7.
8. 
9.
10
1

1 2

8

EPS unit 
Elevator 
Area for manual 
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Sieving m/c 
Curing oven 
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Unloading area 
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a p p l i c a t i o n  
b o o t h 'N
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Figure 6

Tin. p o w d e r e d  c o a t i n g  m a t e r i a l  i s  f e d  t o  t h e  g u n  a n d  c h a r g e d  

i n  t h e  n o z z l e  r e g i o n .

T h e  c h c ir g e d  powder t h e n  m o v e s  tcwarda the earthed object 
under the- Jnfluence o f  t:ie electric field between g u n  and 
object. T h e powder is held by electrostatic forces to the 
surface c f  t h e  subtrate. T h e article is subsequently heated 
in an oven, wticre the unfused pcvrier la^r melts to give a 
continuous film. It is found that t h e  nature of tlie unfust'd 
pxowder layer has a profound effect on the properties and 
p h y s i c a l  n a t u r e  o f  t h e  fused layer. In any coating system,
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there are four distinct classifications of inportance. These 
are: conveyor, coating booth, bake oven and spray equipment.
The success of the system depends upcr. the effective integra­
tion of these ccrponents. The basic equipment for electro­
static pcvtier coating consists of a spray-gun, a pcvder 
container, a spray booth with pcwder recovery and a curing 
oven. Electrostatically charged powder io sprayed towards a 
grounded metal article. The charge is imparted at the heat 
of the electrostatic gun to the pettier where it exits at a 
very low velocity so that the electrostatic field will convey 
the powder to the article. The feed system for more pcwder 
guns is a hopper and air Venturi system.

The powder falls down into the Venturi wall to be picked 
up by the stream of air through the system. It then flows 
to the head of the gun through a hose or tubing. Air 
pressure to the venturi and the hose diameter determine the 
flowmrate.

The process for electrostatic powder coating is similar to 
that for electrostatic lacquering, the difference being that 
instead of varnish, a powder is used which is fused together 
by heat, spread and then hardened on the wrrkpiece. As no 
solvents are required in order to maintain the material in a 
liquid condition, there is very little contamination of the 
environment by this procedure.

Upon careful inspection the considerable differences between 
electrostatic wet coating and electrostatic dry coating be­
come apparent.

In the case of wet lacquering, an electric field is required 
to save lacquer, in tiiat the sprayed and electrically loaded 
lacquer rxirticles follow the lines of the field and are 
attracted to the worlcpieco, to which t1 adhere. Ihrs is 
done solely to avoid losses due to overspraying.



In the case of powder coating the electric charge of the 
sprayed powder particles is used for the adhesion of these 
particles to the workpiece. Although it is desirable that 
as many particles as possible are conducted towards the 
workpiece, it is not too important, in that the oversprayed 
particles can be easily recovered and re-used. The problem 
with regard to the Faraday screen is also minimised as those 
particles adhering to tie workpiece have a repelling effect 
on subsequent particles as soon as a certain coating thick­
ness has been obtained ensuring a sufficient coating of the 
parts which were nutially not easily accessible.

It is here that v*? find the most striking difference in 
the spraying techniques employed, namely coating of less 
accessible parts. This factor 'must be mentioned here, as the 
quantity of oversprayed material plays an Important part 
in safety techniques and as there is obviously an inverse 
relation amongst spraying efficiency, spraying evenness and 
penetrative capacity in Faraday screens.

Th-pcs of ccrqonents

We must make a basic distinction between the coating of 
cold, metallic workpieces, of pre-heated workpieces and of 
cold or pre-heated hollow pieces.

The first group can be described as classical and pure 
electrostatic powder coating. The remaining two fields 
of application must be mentioned in this context as electro­
static spraying is also used and no clear division is 
possible. The most varied field of application is the coat­
ing of workpieces with blank metallic surfaces which are 
coated at a temperature of between approximately 15°C and 
30 C. Depending cn the povrier used, a dry coating thickness 
of 30-150 microns can be achieved with grain sizes of between 
3 and 100 microns. *
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In the case of the second group, the wcrkpieces are pre-heated 
to approximately 200°C-300°C to obtain a greater coating 
tldcloiess, as the sprayed powder then immediately fuses 
onto the workpiece. In this instance an electrostatic 
applies ion is not strictly required as adherance is achieved 
through he fusino process.

However "y c  in electrostatic spraying equipment a particu­
larly even distribution is achieved within the jet itself 
and on the workpiece, which results in a very gnooth surface 
and of course a regular coating thickness. Pipes for pipe­
lines, sheeting, strips and wire grating are usually treated 
by this method. As adhesion is brought about by fusion 
non-rretalli materials can also be coated by this process.
In the UTiA this is used in narticular for class bottles to 
reduce the dancer of breakage. The last group comprises 
hollow pieces, such is tubes or containers for which a special 
coating procedure is employed.

As tlie r ray cloud inside a hollo; piece is particularly 
prone to the danger of ignition, this procedure is permitted 
only if spec:-A safetv measures are taken, such as for 
example the use of gas instead of air or a very lew powder 
spray concentration.

27.4 Powder coati- - ecu:ment and procedure

A description cf the requii'ed techniques must go hand in hand 
with the description of the procedure.

The workpiece cycle starts at the conveyor, then goes onto 
the pre-treatment procccs to the adhesive solution dryer and 
finally to the spraying chamber. At this point the workpiece 
cycle is tangential with the powder cycle, After leaving the 
powder spraying chamber tlie workpiece is transported to tlie 
dryer for hardening and then to the collection point. The 
powder cycle commences with tlie infeed of the ptvdet into tlie



pcvrier preparation equipment. Frcm here the pcvrier is trans­
ferred to the pettier dosing machine and then to tie powder 
spraying unit. ihe powder spraying unit sprays the powder 
inside the previously mentioned chamber from where any 
excess pc**3er is extracted to the pettier separator.

This recovered material is then transported back to the 
pettier preparation equipment, where it is intermixed with the 
freshly fed-in pettier.

The pettier spraying chamber consists always of a housing with 
inlet and outlet openings for the workpiece and for hand 
operated chambers there may he a large opening in front of 
which trie hand-operated coater is mounted, or only a small 
slot through with the spray gun is directed.

On the floor on :he side of the chamber are suction apertures 
through which the over sprayed pettier is sucked out together 
with the air entering the chamber through the holes mentioned 
above. Ihe floor on the chamber is usually designed in such 
a way that no powder will settle on it, but that it will be 
drawn towards the suction apertures. Such floors are either 
helper si taped, pnan shaped or fluid floors.

Fluid floors consist of a porous plastic base through which 
air is fed from beneath to avoid tiie pettier settling on its 
surface. The pettier will thus flow on the very slight slope 
towards the suction aperture.
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28. SYSTEM DESIOJ CONE ICC 2 :" 'I'' urrilil'M EQUlPfEfT UI'ILISATIW 
IN POWDER CXYVTING

In any systan for pewter coat in q there are hundreds of possible 
ccrponent and process selections. This section deals with seme of 
the considerations surroundinq these solutions.

The errphasis is placed or powder fusion rather than powder applica­
tion.

To gain perspective th ob]active of the total system's design must
lentsmust be established.

These include:

(1) Number of colours and coating types
(2) Whether decorat-ve or protective
(3) Adhesion and corrosion control characteristics
(4) Select;.,: f the specific pmtier materials to be- uso".

There can be various- overlaps between many of these parameters 
which will affect the resulting system.

Tue physic a. c-anf icruration of tiie parts plays an important role in 
the proper seh- ticn of the systan1 s ccm}xnents.

The cross son mal thickness of the parts and their area affects 
cure time, coo. ng. After establishing wiat the system is to 
accomplish, we can look at the equipment variables and the advantages
and the disadvantages of each.

There are no absolutes in this new expanding technological area. 
Looking at each stage of cl*- process individually and following the 
travel of the part through the system, an atu. will be made to 
enumerate sen of the alternatives available.
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C onvc^r

The first consideration is logistical. Is there sufficient 
production to warrant a continuous system? Seme of the determinates 
are quantity of parts processed per hour, the size of the parts, 
uniform or varied, whether the production is sporadic or con­
tinuous and \jhat the next stage of manufacture will be.

Alternatives available are: manual transfer - hand process using
racks and hand operations for lew scale production. Another
p o s s ib i l i ty  i s  the  use o f a continuous conveyor.

Assuming production w arrants . continuous convey r, considera tion  
should then be given to  the metnod of conveying, whether i t  should 
be overhead m onorail, dra - chain, " seme otiier V pe of conveyor. 
Advantages of th e  overhead manor_ i include tix  c a p a b ili ty  o f handling 
a wide range of port - tu r  • frcxr. e i tn e r  a s in g le  hoci; o r a m u ltip le  
f ix tu re .

Coatma -ind c o l le c t ; zyj . c i ' i ' t

Since there a re  many aspec ts  :f t h i s  a rea  w ell covered in  previous 
secuions, I  only need to  ind ica te  the  methods:

(1) Fluid ized bed
(2) Manual e le c t r o s ta t ic  spray
(3) Automatic electrostatic spray.

Along w ith th e  e le c t ro s ta t ic  spr i; system s, ccmes the requirem ents 
fo r the  c o lle c tio n  of the overs; - ay. Thor ire two primary methods 
fo r acco rp lish ing  th is :

(1) A cyclone and bag f i l t e r
(2) A bag filter alone



Advantages of a cyclone and bag filter is that a cyclcne may be 
more easily cleaned than a bag filter for use of separate types of 
powder or colours of powder.

Tic cyclone and bag filter has a disadvantage of particle size 
separation, which ray mean that use of the pcvder creates production 
uniformity problems. The bag filter alone results in far less 
separation, but is usually used only with one colour systan.
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28.J 'Ij'pe of Heating

TABLE 4

r— — ---------- ------
C3IARACTERI5T ICS FORCED CCNVDCTION GRAVITY CONVECTION INFRARED

Versatility Most versatile - can 
work effectively with 
variety of sizes and shapes

Limited
product
fomity

to uses where 
temperature uni- 
is not critical

Most effective on 
large flat sur­
faces. Limited 
effect on complex 
parts.

Heating uni­
formity

Can be closely con­
trolled Can be uniform 

where part geometry 
is fixed with 
respect to infra­
red generator

Economy

Spe.ce require­
ments

Dependent or purts proeesotiJ. genar ilisations are possible.

High output I-R 
generators hold 
length to miniirnxn 
if part unifomitA- 
allots

Cure tenjjerature and d-̂ ell time are again the function of the type of 
coat ing, $xirt, siiape and thickness. Tests are necessar'■ to estab­
lish the best combinations for specific pirts. (App. 12)

One additional parameter v.hich must be closely considered is the 
possibility of t)ic fx̂ xler blcv/mq from the parts when a forced 
convection oven is used. Consideration must also be given to the 
method of sealing the heat in the oven. Care in design should be 
exercised in this situation so high velocity air is not directed 
at the parts which tend to disturb the powder surface.
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Another point to consider is the possibility of using multiple 
zones with multiple medium, such as a ccnbinaticn of an infrared 
first zone for rapid beat-up, with a convection second zone to 
acccnplish U>e uniform fusion of the material, without the use of 
high velocity airflow in the entry zone followed by a convection 
holding zone.

Arrangement of ductwork in a convection oven is very important so 
high velocity is not directly discharged on the product.

Ter^ienature in the fusion oven depends on the part configuration 
and coating used.

In conclusion, the variables in any powder system are so extensive 
that individual analysis is retrained to optnrd.se econcrrd.cs and 
performance of the installation.
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28.4 I owuer Usage* and Recovery

In the- majority of cases, to obtain maxiimm production output with 
the- maximum utilisation of pcwder, three tilings are necessary:

(1) Good fixture design - properly present the object for coating
sc' that the spray cloud "sees" maximum part area with minimum 
gun movement

(2) Good grounding of object

(3) An effective jxwder recovery system.

Consideration should be given to a second electrostatic spraying 
method, namely the hot spray technique with the desire to achieve 
melt or the dry pettier at the spray station.

By pre-heating the object before applying the dry powder , several 
advantages can be noted:

(1) Any moisture that is present cn the object will be vaporised
in the pre-heat section. This moisture can be the result of
the cleaning method or moisture condensation from the atmos­
phere- .

(2) /crbome particles such as lint, dust and dirt that cause coat­
ing imperfections wi_: be minimised.

(3) The coating adhesion will be letter than with cold application 
because of better "wet. out" on the part surface.

(4) A more uniformly smooth coated surface will be obtained with 
cratering (small surface bare spots - pinholes) virtually 
eliminated.

(5) I art grounding is more easily acccnpl ished.



Disadvantages m:t•:

(1) Oversprayed finish - rcogh jiebbled finish wfiich results when 
additicnal dry powder is applied to the hot surface of an al­
ready fused and set coat m q .



STORAGE STABILITY CONSIDERATION.

Introduction - Powder coatings havt storage limitations j . ' 
any other form of industrial finishing matexinl and do d« on:-1 • 
certain changes in properties on prolonged storage.

A working knowledge of the storage -stability characteristics of 
powder coatings is, therefore, of major importance to every segment 
of the powder coatings industry.

An attempt will be made to provide an introduction to pcvd- 
stability by:

7,1(a) Defining essential terms
(b) Discussing factors influencing powder stability '
(c) Recounting seme end-users' experiences.

Storage stability can be defined as the ability of the coating 
jraterial to remain in a fully useable state and produce an accepT.ab.ie 
finish after storage over a defined period of time. In other words 
a stable powder coating is one which demonstrates the same applica­
tion and fused film performance characteristics after storage as 
when it was first r^mufactured.

When discussing the storage stability of powder coatings the subject 
should be separated into two distinct areas namely that of PHYSICAI 
STABILITY and CHEMICAL STABILITY.

Physical stability relates to both thermosetting and themoplast .c 
powders. Chemical stability pertains to thermosetting powders 
which unlike thermoplastic powders exhibit chemical reactivity cn 
baking. In order to explain these two areas fully, it is best tc 
review the properties that a pc.-xder coating has to fulfill its 
function as a surface coating material. This can be accomplished by 
referring to the graph in Figure /. On this graph the solid line 
represents the viscosity profile of a thermosetting powder coating 
from application, through melt and flew to a fully cured surface 
coating.
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29. STORAGE STABILITY CCfiSIDf̂ vJ'I (Tir.

Introducticn - Powder coatings have storage limitations just as 
anv other form of industrial finishing material and do demonstrate 
certain changes in properties on prolonged storage.

A working knowledge of the storaae stability characteristics - - 
powder coatings is, therefore, of major importance to every segment 
of the powder coatings industry.

An attempt will he made to provide an introduction to pcwier 
stability by:

(a) Defining essential terms
(b) Discussing factors influencing powder stability
(c) Recounting some end-users' experiences.

Storage stability can be defined  as the ability of the coating 
material to remain in a fully useable state and produce an acceptable 
finish after stora’- over a defined period of time. In other words
a stable powder coating is one which demonstrates the same applica­
tion and fused film performance characteristics after storage as 
when it was first nenufactured.

When discussing the storage stability of powder coatings the subject 
should be separated into two distinct areas namely that of PHlSxCAL 
STABILITY and GHUuCAL STABILITY.

Physical stability relates to both thermosetting and thermoplastic 
powders. Chemical stability pertains to thermosetting powders 
which unlike thermoplastic powders exhibit chemical reactivity on 
baking. In order to explain these two areas fully, it is best co 
review the properties that a pcwder coating has to fulfill its 
function as a surface coating material. This can be acccnplistied by 
referring to the graph in Figure 7. On this graph the solid line 
represents the viscosity profile of a thermosetting pcwder coating 
from application, through melt and flow to a fully cured sur^ave 
coating.



Solid
♦

Liquid
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The dotted line represents the viscosity profile of a thermoplastic 
potier coating.

Oi this graph, Section A represents the physical state of the free 
flowing solid particles of powder during application at the gun head. 
Section B depicts the powder melting and flowing cm the substrate 
during the baking operation.

Section C, the melted thermosetting powder film is crosslinking and 
gaining in viscosity until the non-tacky fully cured film is obtained
The thermoplastic coating (dotted line) does not show a viscosity 
increase in this secoicm as a the m op las t ic coating does not cross­
link and go solid at tenperature, but only reverts to a solid as the 
temperature is returned to ambient. If a powder coating is to be 
physically stable, it must remain as a non-tacky solid as shown by 
the horizontal line in Section A of the graph.

The iriinirrxr temperature at which the powder shows no softeming must 
be above the rraximrr. temperature that the powder will experience in 
storage at the end-user's facility.

Slight so. ening of the powder during storage causes agglomeration of 
the particles which will naturally alter the physical flow of the 
powder and the electrostatic application properties. Physical 
stability can, therefore, be defined as the ability of the powder to 
retain tha same powder properties on storage and is equally important 
to both thermosetting and thermoplastic systans alike.

Chemical storage stability pertains only to thermosetting systems and 
is concerned with the ability of the jxwder coating to exhibit the 
same film properties after storage.

Referring to Figure 7 sections B and C shew the [rwder melting to a 
1cm viscosity and tnen increasing in viscosity. At this low point 
the powder particles have melted to their fullest extent to provide a 
smooth continuous film which on further ) tea ting crosslinks to a solid
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This process as well as being ten oeraturc dependent is also time dependent. 
The time at melt has a dramatic effect on the smoothness of the film 
produced. The time taken for the jxjwder to melt to a liquid and cross­
link back to a solid is known as the gellation time of the powder. Thus, 
it can be seen that a tiiermo set ting pcwder coating has a distinct viscosity 
profile which is dependent on its chemical ccnpositicn. Any change in this 
chemical composition will clianae the viscosity profile and consequently 
change the final film appearance of the powder coating.

Thus chemical stability can be defined as the ability of the powder coating 
to maintain its chemical composition on storage in such a way as to rain- 
tain its final film properties.

An exanple of poor chemical stability would be a reduction of the gellaticn 
time on storage by chemical pre-reaction of the resin and crosslinker used 
in tJie pcwicr. This pre- reaction will cause an increase in molecular weight 
of the syster. resulting in a lessening of the viscosity drop cn melt, and 
a reduction in tlie time at mult. The ret result in respect to the film 
appearance being that of reduced flev and increased oranoe peel.



Plasticization by definition lowers the softening point of the resin 
and must, therefore, be carefully controlled in respect to physical 
stability.

Finally, the particle size distribution to which a powder coating is 
manufactured must be controlled as finer particles tend to pack more 
densely than coarser particles. Tlx? increased surface contact and 
a higher bulk density wiu. ultimately result in a greater chance of 
agglomeration.

Similarly, chemical stability of a powder is also affected by several 
environmental conditions such as terperature and time. The storage 
tercetature is o. major concern as generally the hi'ft'er the storage 
temperature tne more cuickly the pxtvder will deteriorate chemical 1 v. 
This chemical deterioration is not only temperature, but time depen­
dent, so that inventory time is of equal concern. The chemical 
stability of a powder coating system can be significantly altered by 
intelligent formulation.

bac • ‘--ruination of base resin and curinc aoent exhibits a character­
istic reaction rate, with some ccmbinations being inherently mere 
stable than others.

Most thermosetting powder coatings today are formulated to have good 
physical stability, but where special film properties are rexyuired, 
it is sometimes necessary to formulate products demonstrating limited 
shedf stability. With a correct understanding of powder storage 
stability, ccrpremises on physical and chemical stability can be made 
to enab.e the formula tor to meet sjiecific requirements not possible 
with "standard" materials.

Perhaps the most sinple and useful of accelerated testing is to place 
a small sample of powder in a sealed container at the desired expo­
sure terperaturo. Considering the temperatures to which a jx?wder 
ct'uld be exposed during transit and storage it is felt that accelerat­
ed testing at 50°C is a realistic procedure. If bulk liandling of 
pxx^ler is under consideration, weights should be added to simulate 
the pressure resulting at the bottom of the powder container.



Factors Tnfluencing Stnrac-.'

Ttie factors influencing ixjih physical and chemical stability will be 
discussed with supporting test data.

Phvsical stability of a formulated pokrier coating is affected by 
die following environmental condition:

(a) Teirperature
(b) Humidity
(c) Ccr?iaction by vibration or pressure.

The storage of powders at temperatures above 25-X)0C can cause 
softening of the mwder particles with subsequent agglomeration. This 
aggiorreration can cause spitting iron tlie electrostatic spray guns 
with oonseguential speckir»q in die fused pcwder film.

High humidity has a similar effect 01 ponder handling and applica­
tion.

Finally die degree of cr paction due to vibration can also signifi­
cantly alter the handling properties. Physical stability is also 
deziendent on the initial for ml a tier, and the parameters to .x 
considered in formulation include the following:

(a) Resin Tg (hardness)
(b) Pigmentation level
(c) I lasticizer and additive level
(d) Particle size range.

Rtisui Tg is related tc the onset of polymer softening and, therefore,
must Le in excess of die temperatures encountered during product use 
and storage. Generally, the pigmentation of a resin system improves 
physical stability, but die magnitude of this improvement is not as 
significant as those improvements acnieved by resin design.



During the evaluation tlie foilovinq tests sliCild be performed at 
spec ..lie intervTais -an the test samples:

Physical stability
(a) Caking or blocking *
(b) Application protJert res (gun properties and finished film

appearance)
(c) Changes in particle size distribution. *

Qiericu 1 stabil .ty
(a) Gel time - gloss

film continuity
(b) Coating performance - orange peel

physical tests.

To demonstrate tie eff(ct of resin Tg on phv*sicai storage, a series 
of therrosett ir-i i res ci repres- nrir. : three ueneric t.pes vtre- formula 
ed (by AECI in to clear poucv: coatuntj: . Itiese powders were evaluat 
ed for physical stability as a function of storage terrier a tore. For 
tlie tiiree pa.<;ers presented in Table S, as ti«e Tg incieased a 
definite ijr$:rovenent in physio:.! st rage stability was noted.

Table 5

ettlct or Rssr; Tg a •ir-:.siCAL ST>tbiL.iTi'

J-kijor resin Storage temperature
Tg (°C) 25° : ' 40^C " 50 C

Resin A 4h Pass (P) Fait (F) F
" B 5S P P F

C 63 P P P

Tl'ie experiment il result presented in Table 6 will serve to illustrate 
several points reiatcxi to chemical stability. The chemical stability 
properties of a "standard" eixscy pxier coating are presided as a 
furicticTi of storage time at constant t<jr^leratures. The ccnditicn of
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the samples dui inq the stoiag. war; monitored by checking gel time 
and gloss of the final f 11... Similar trends in film deterioration 
can be noted by evaluating orange peel level. Specific points to 
note are the excellent slielf stability if terperature is maintained 
less than 25°C and the failure po.Lnt decreases as storage temperature 
is decreased.

Table t

Anbient storage
------- -------------------

40°C storaac 50°C storage

Days 180°C
Gel

6C''C
Gloss Days " 

$
__
__
__

 
1

60°C
Gloss Days 180°C

Gel
60°C

Gloss

0 80 IOC 0 SO 100 0 80 100
— _ - - - — I 65 99
— - - 8 60 100 6 50 93
- - I - — 11 45 50
» - - 15 55 96 15 40 25
30 80 100 30 50 98 — - «—
90 70 99 - - w - - -

180 
i_......

65 99

- ----1
— — — —



Enu Users Experi-jr.ccs

I t  1m s b e e n  p r o v e n  t h a t  s t o r a g e  s t a b i l i t y  p r o p e r t i e s  o f  p o w d e r  

c o a t i n g s  n e e d  n o t  c a u s e  p r o b le m s  a t  e n d - u s e r s 1 f a c i l i t y  p r o v id e d  

t h a t  a  f e w  s i n p l e  p r e r : a u t ic n s  a r e  t a k e n .

A b a s i c  r e c o m m e n d a tio n  w o u ld  b e  t h a t  t h e r e  b e  e f f e c t i v e  co m m u n ica ­

t i o n  b e t w e e n  t h e  p o w d er  s e l l e r ,  t h e  e g u ir m e n t  n r n n u f a c t u r e r ,  and  

t h e  e n d - u s e r  - T h i s  o p e n  c c r r r .x n ic a t ic n  w i l l  r e s u l t  in  a b e t t e r  

u n d e r s t a n d in g  of t h e  complete system r e c j u irerant s , t h u s  a v o i d i n g

potential y: obi via areas includin : tlsose relaied to poxier stability.

Sane specific reccmencLitions are:

(a) Control temperature an the powder coating storage area at 
the end-user' s pl.ir ‘ .

(b) Efficiently rotate the stored v.jwdcr to minimise inventory 
tine, so that powder is never stored beyond the manufacturer’s 
roccrrendat ion.

(c) Minimise Ik .dun of the powder ooating mteriaJ cei shop floor 
if tcr.aerature unci humidity of application are-'is a r e  not 
controlled.

(d) Pncondition powder pri r to s. ray application by:

(i) Providing pr&-' nd it i on inn fluid! sat ion -is is available 
cn automatic system;,, or

(±1) Adding virgin powder through reclaim system.

(e ) Maximise |x>civr transfer efficiently in the b o o t h  to a v o i d  t h e  

problems associated with the recycling of large quantiexes
of powder.
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I n  c o n c .l u s i c n , p c v t ie r  c o a t i n g s  c .m  d e r r c -n s tr a te  e x c e l  l e n t  s h e l f  

s t a b i l i t y  a n d  c a n  p r o v i d e  e s s e n t i a l l y  t r o u b l e - f r e e  f i n i . s l i i n n  

o p e r a t i o n s  w hen  u s e d  i n t e l l i g e n t l y .
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• a aCTROSTATIC CONSTDD^ATi^S

E l e c t r o s t a t i c  (E /S )  c o n s i d e r a t i o n s  p l a y  a  m a jo r  r o l e  i n  t h e  p e r f o r m a n c e  

o i  E/S p ow d er s p r a y in g  s y s t e m s .  A s p o w d e r  s p r a y i n g  r e q u ir e m e n t s  

b e ccm e  m ore s o p h i s t i c a t e d ,  s o  t o o  m u st o u i k n c N /le d g c  o .  a i x  f a v t o t s  

t h a t  i n f l u e n c e  c o a t i n g  b e h a v io u r .

Much o f  t i i e  p h y s i c s  from t . i e  E /S  p r e c i p i t a t i o n  f i e l d  i s  p e r t i n e n t  - o  

E /S  u o w d cr  s p r a y i n g ,  but c a r e  must )>:: e x e r c i s e d  in i t s  adaptation, ror 
example, most of th< organic powders which perform w e l l  in E/S p o w d er  

coating applications are not easily suss iti-ble to I ' -• pit?'- ip--ation 
unless special treatment is provided to increase tneir cicetri.val 
conductivity.

Unusual problems in E S powder spraym . Will require a return tc- oaaic* 
in order to reach a so-lut i >*■. T:v. s»-ction f«as a^terpteu vO point 
out maior factors tiut offset the E/S charging of powoer p a r t i c i e s  

and their deposit! n. In sore instances a knowledge of these
•

instances additional research is required.

30.1. Abstract

•'pen  u>. n r x % of the p - u d e r  c o a t i n g  p r o c e s s  t h e r e  w e r e  

n o  t e s t  m eth od s a:: / sp-c i f i c a t i o n s  g e a r - -u s p e c i f i c a l l y  f o r  t r . i t  

new  c o a t i n g .

b-cuuso tr, rob rials, a:plication pr.o'sses and end prop- 
erties and the coat.;c: arc entirely different fror. coatings 
form e r l y  availaLi-"*, it is n*Ks- ssary to design, evaluate and 
validate many new  t> rt "t tiiod.- to assure tlic quality o. t h e s e  

coatings.

S p . - c i a l  t e s t s  for d e t e r m in in g  p a r t i c l e  s i z e , s i z e  d i s t . . i l x i t i v n  

sh a p e  arid h a n d l in g  c h a i a c t e n - t i c s  a r e  n e c e s s a r y  d u e  t o  t h e  

v e r y  f i n e  p o w d er  u s e d .
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T he i n f l u e n c e  o f  t h e s e  m a t e r i a l s  o f f s e t s  t h e  c o a t i n g  

c h a r a c t e r i s i r i c s  a n d  q u a l i t y  o f  t h e  c o a t i n g  a n d  s h o u ld  b e  

e v a l u a t e d .

A list has been drawn up, o f  s t a n d a r d  methods of test which can 
be used with minor deviations in sampling procedure, • .
speciments or procedure to obtain useful results.

The m e th o d s  i n c l u d e  t h o s e  f o r  t h e  p o w d e r  m a t e r i a l s  an d  t h e  l i r e :  i 

c o a t i n g .  T h ese  m e th o d s  ^  _ . e s c r i b e d  b r i e f l y  w i t h  t h e  s p e c i e !  

p r o c e d u r e s  b e i n g  p o i n t e d  o u t .

Specific t e s t s  h a v e  b e e n  d e v e l o p e d  f o r  p r o p e r t i e s  w h ic h  w e r e  n o t  

previously e n c o u n t e r e d  i n  c o a t i n g s  s u c h  a s  e d g e  c o v e r a g e , c u t -  

t h r o u g h  r e s i s t a n c e ,  f l o w  a b i l i t y  a n d  g e l  t i m e .

A d e s c r i p t i o n  o f  t h e  t e s t  s p e c im e n , m eth o d  o f  p r e p a r a t i o n  an d  

p r o c e d u r e  f o r  t h e s e  t e s t s  i s  g i v e r .  P r e p a r e d  f u t - ’r c  t e s t  m e m o  ■■ 

an d  s p e c i f i c a t i o n s  a r e  r e p o r t e d .

3 0 . 2 .  P r i T c r t i e s  c i  P o w d ers

P ow d er c o a t i n g s  h a x e  b e e n  u s e d  f o r  t h e  p a s t  15 o r  m ore y e a r s  t o  

c o a t  a  v a r i e t y  o f  m e t a l  p a r t s  w h ic h  r e q u i r e  s p e c i a l  p r o t e c t i o n  

and  c o u l d  n o t  b e  c o a t e d  : y  o t h e r  m e th o d s .

T he s .  c o a t  in n s  p r o v id e  f i l r  b y  i d i f f e r e n t  c h e m i s t r y  t h a n  s.x l' 

t y p e  c o a t i n g s .  S i n c e  t h e  p o w d er  c o a t i n g  m a t e r i a l s  a r e  o f  - -v  

v i n t a g e  i t  i s  e s s e n t i a l  t o  e s t a b l i s h  many new  m e th o d s  f o r  

e v a l u a t i o n  and  c o n t r o l  o f  t h e  q u a l i t y  o f  t h e  c o a t i n g  m a t e r i a . s  

an d  t i n  c o a t i n g s .  Sam e o f  t h e  p r o p e r t i e s  o f  p o w d e r s  t h a t  

a r e  im p o r t a n t  i n  o r d e r  t o  c o n t r o l  t h e  q u a l i t y  o f  t h e  n v . t e r i  

and  t h e  u n i f o r m i t y  o f  a p p l i c a t i o n  a r e

P a r t i c l e  s i z e  a n d  s h a p e  

d i s t r i b u t i o n  o f  p i a r t i c l e  s i z e s  

s p e c i f i c  g r a v i t y

a p p a r e n t  d e n s i t y  a n d  b u lk  f a c t o r



cure temporature 
irelt viscosity and flow rate 
to^erature of application and gel time 
percert edge coverage 
maisture content

sere of the physical properties that are important for the 
final coating are :

hardness and cut through resistance
inpact resistance
adhesion
mar resistance
flexibility
therral evaluation

■

obtain the pcwder necessary for coat in..

^  size and sha^ of the W i v i d  1 particles d e t e n t  the 

dutendf.es how well the povder will flow from a h . ^ r  o ramms
materials.



Angle repose (a) Angle of internal friction
(b)

F : e u r o

6
Particle size distribution 
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Figure _9



If the materials tend to stick together or fuse, the'/ form 
Into a larae lump which must be broken up beforu it can be 
handled arri usea as a coating pcwder. The shape and size 
of powder particles influences their tendency to agglomerate.
This in turn determines the minimum film thickness that can 
be applied with that particular pcwdoi.

The coating powders are supplied by electrostatic spray or 
fluid bed. The size and shape of the particles as well as 
its polar structure determines how well the material holds a 
charge durini th ■ coating process by these methods.

It is desirable that the particles be very small in the orucr 
of 10 - 100 microns', to apply a thin uniform coating by 
electrostat ic methoi :s.

The finer the powd-_r t.td.-nncr ‘n: C'Vi' in̂  tnat ceT be app^^ed 
but if the very fine particles tend to stick together thej a^ve
a thicker c iatina

Sore of these coating characteristics are new and it is necessar
tnat test methods exist to determine an . control the particle
size and shape that is obtained during the manufacture of rue
pcF̂ der to obtain the best coating characteristics. The
ability of the particles to remain as discrete particles without

'

The test metbtods that are presently being used to determine 
particle size are conventional screening through a series o^ 
decreasing size opening and determining the percentage of powder 
passed or retained on each size. (AECI Culter meter reading)

The practical limit of this method is about 400 mesh (37 microns) 
and larger. Since the * me powders tend to agglomerate
due to electrostatic fore is sometimes necessary to use
carbon black to aid the particles in going through very smâ j. 
opening screens.
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If tiie materials tend to etick together or fuse, tirey form 
into a large lump which must be broken up before it can be 
handled and used as a coating powder. The shape and size 
of powder particles influences their tendency to agglomerate.
Hus in turn determines the nuninajm film thickness that can 
be applied with tliat particular powder.

The coating powders are sup; lieu by electrostatic spray or 
fluid bed. Hie size and shape of the particles as well as
its polar structure determines how well the raterlal holds a 
charge during the coating pr:xr< ;s bv these methods.

It is desij uble that tie particles oe very : call in the order 
of 10 - loo microns, to apply a thin unifcm coating tg 
electrostatic methods,

The finer the powder th< * nner the coating tnat car be app̂ ê-. 
but if the vsr fin-, p -r ? tend to stick together t.e\ - - *’r-
a thicker coating

Stme of these coating crnracteristics are new and it is necessary 
that test methods exist to determine an ; control the purticle 
size and shape that is obtained during the manufacture of tie 
pow der to obtain tie best coating characteristicc. 
abilitn of the particles t remain as discrete particles without 
agglomerating during handling and storage must also be controlled. 
T.ie test methods that are presently being used to determine 
particle size are- conventional screening through a series vf 
decreasing size opening and determining the percentage of pewit. 
passed or retained on each size. (AEC1 Culter meter reading)

Hie practical limit of this method is about 400 mesh (3- nuxicns) 
and largei. Since the very £ ine powders tend to agglorvn ate 
due to electrostatic forces it is sometimes necessary to use 
carbon black to aid the particles in going through very small 
opening screens.



Vibratory and vacuum metlvods are usut3 to obtain more consistent 
results and to eliminate operator influence in determining 
particle sizes. But these methods are also limited tc- about 
400 mesli and larger sizes for reliable results. It lias been 
demonstrated that powders perform lietter in coating when the 
weight percent of various particle sizes has a bell shaped 
distribution curve (Figure 9 ). This means that most of the 
particles have a narrow range of sizes and that there are 
relatively few longer and smaller sizes. The sharper the 
peak, tiie more uniform size, th.e better the handling character is 
Powders having most of their ; irticles in the 50 micron size 
provide ver>' good coatings.

Determination of very fine particle sizes can be done t / 
sedimentation tests from a suspension of the powder cr by 
microscopic examination of the material. The former met hod is 
very slew and care must be- exercised in the selection of the 
liquid to prevent reaction with the powder cr influences on the 
r'suits due to polar attract.on. The latter method is limited 
due to the very snail s:r ;il size that is allowed in the field 
of a microscope. The micr.scope is also used to determine the 
s:apc- of the particles.

A magnified view of an epoxy resn. powder has siiown the fine 
particles surrounding the longer areas and tiie very fine ones 
agglomerating. * The same powder was screened and the fraction 
retained on ari 80 mesh screen showed the particle shape to be 
generally five sided. This material has shown to have good 
handling characteristics. The control of the shape must come 
from the method of grinding and classification of the sizes.
The flew or levelling ability of a pcwder has been determined 
by methods such as an inclined plane, flow of the material 
through various sized orifices, determination of rrvlt viscosity 
and change in viscosity by torque measurements during cure, 
and use of a differential scanning calorimeter (DSC). No 
standard method of determining flow has been adopted to date.
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The inclined plane flow test (figure 10 ) is being 'used 
successfully for certain materials but does not seem to 
give good results over a wide range of flows. On this 
test uniform size pellets of powder are placed on preheated 
gloss slides which are tilted after a specified time to cause 
the melted pellets to flow. The length of flow is measured 
after tl*. material cures. T>- length low through an 
orifice is determined by placing uniform powder pellets over 
various size holes in a preheated plate. The length of :lew 
through the holes is measured after cure. This method is 
highly dependent upon specific gravity and gel characteristics 
of the powder. It cannot be used for a wide range or flew 
volumes because a viscous material will not flow and thin 
film materials will separate and drop away. The determination 
of flow by melt viscosity and torque measuring methods is 
elaborate and expensive are. the resu, are not directly related 
to actual performance as a coating. The DSC equipment is 
very elaborate and requires skilled operators to obtain 
repeatable results. This device appears to provide much 
information such as melt temperature, duration of melt, gel 
tune and temperature and exothermic energy, but there is seme 
question of how to relate this data to coating characteristics.
In an attempt to provide a simplified method of determination 
of flow which would be reproducible and relatively inexpensive 
a spiral flow mould was developed (Figure 11 ) . It consists 
of a grooved lower mould half which is calibrated in millimetres 
from the centre. The upper mould half has a 25m diameter 
opening for introduction for the material and weighted plunger 
is placed on the mab rial immediately after it is introduced 
into the mould. The mould is preheated to a specified temperature 
and when the w* ighted plunger is placed on the powder the 
material flows through the spiral until it gels. Ihe amount, 
of flow is influenced by gel time viscosity thermal conductivity 
as related to specific gravity, cuie timo and tenperature.

The length of flow of this mould can be reproduced for a given 
powder and the length of flow can be related to the gel time 
and levelling characteristics of the powder.



The inclined plane flew test (figure 10 ) is being used 
sue ssfully for certain materials but does not seem to 
give good results over a wide range of flows. On this 
test uniform size pellets of powder are placed on preheated 
gloss slides which are tilted after a specified time to cause 
the melted pellets to flow. The length of flow is measured 
after the material cures. The length of flow through ar 
orifice is determined by placing uniform powder pellets over 
various size holes in a preheated plate. The length of flew 
through the holes is measured after --ure. This method is 
highly dependent upon specific gravity and gel characteristics 
of the powder. It cannot be used for a wide range of flow 
volumes because a viscous material will not flew and thin 
film materials will separate and drop away. The determination 
of flow by melt viscosity and torque measuring methods is 
elaborate and expensive and the results are not directly related 
to actual performance as a coating. The DSC equipment is 
very elaborate and requires skilled operators to obtain 
repeatable result.,. This device appears to provide much 
information such as melt temperature, duration of melt, ge^ 
time and temperature and exothermic energy, but there is some 
question of hew to relate this data to coating characteristics.
In an attempt to provide a simplified method of determination 
of flow which would be reproducible and relatively inexpensive 
a spiral flow mould was developed (Figure 11 ). It consists 
of a grooved lower mould half which is calibrated in millimetres 
from the centre. The upper mould half has a 25rrm diameter 
opening for introduction for the material and weighted plunger 
is placed or. the rroti rial immediately after it is introduced 
into the mould. The mould is preheated to a specified temperature 
and when the weighted plunger is placed on the powder the 
material ilows through the spiral nt il it gels. The amount 
of flow is influenced by gel time viscosity thermal conductivity 
as related to specific gravity, cure time and temperature.

The length of flow of this mould can be reproduced for a given 
powder and the V. ~h of flow can be related to the gel time 
and levelling characteristics of the pcwder.
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There is no known direct relationship between the flow length 
and the smoothness of coating, but, since many factors that 
influence the coating also influence vhe flow in the mould a 
relationship between the two could be estab. ished for a given 
raterial. Many metal parts cure punched or perforated leaving 
a very sharp edge. Thus, the ability to cover the edges was 
probably the foremost reason that pcwder coatings were initially 
used for electrical insulation and are important for other 
applications. Edge coverage is a property which was not 
available in liquid coatings because liquids tend to flow away 
from sharp edges. It is possible to formulate powder coatings 
which do not flow away fron very sharp edges. This is 
accomplished by the incorporation of fillers and flew control 
agents into the material and controlling the melt, viscosity 
and gel time of the coating pcwder, but it is net of particular 
interest for our application.* It should be mentioned though 
that the powder industry has had a general agreement on one 
method of test for determination of percent edge coverage.

This method consists of coating a preheated 12mm square steel 
bar having sharp edges (figure 12 ). Measurements are taken
on the bar before and after coating across the flats and across 
the diagonal at the same distance from, the end of the bar. Ihe 
edge coverage is obtained by dividing the thickness f the 
coating on tne sharp edges by the thickness on the flat surfaces.

The specifications for powders should include the maximum 
permissible amount of moisture present sinoe all very finely 
divided particles have an affinity for moisture. The presence 
of moisture in a powder may cause it to fuse together or be' %ne 
lumpy during storage. Moisture also influences the cure race 
in some powders such as epoxy resins. The amount of moisture 
pick up after manufacture must be considered also. Powders 
can pick up moisture during storage.
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STATIC ELECTRIC 1 : :

33.1. Abstract

This section has been prepared to provide a basic understanding 
of static electricity, some of the problems it causes industry 
and to discuss the Spongier lonisor.

33.2. The Product Requirement

Static charges are prevalent throughout most plants or lab­
oratories where synthetic or raw materials produce friction 
during production or where the naterial is changed from cold 
to hot or hot to cold, or is under pressure. Most materials 
are generally subject to very high electrostatic charges and 
their surfaces are soiled by dirt and impurities attracted by 
electrostatic forces.

It is important to treat the material by sane form of ionisation 
coupled with sort; form of surface cleaning. The inability to 
control static can be very expensive. Although static has 
always beer, a problem, the magnitude of this problem has 
uacreased by giant steps with tix? advent of more and more 
industrial proo ssing of plastics, synthetics and volatile 
naterials.

Costs have been increased through the expense of fire and explosion 
repairs and the attendant loss of materials and production. In 
our application wu had to look for a unique device which would 
eliminate the static from the sheets when processed in the 
horizontal node. The spongier product appeared to be clearly 
the best choice and approach for this particular problem. The 
product is expensiv in relation to alternate products, but provides 
results which can justify the expense.
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test method used to determine the percent of moisture is 
by drying the sample and determining the weight loss.

trapping bubbles are formed by moisture, 

coatings.

to determine the one best suited -or our purpo 

Some of these methods are as follows:-

B *
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•me adhesion and mar resistance of coatings are evaluated 
with scrape adhesion testers. The test consists of drawing 
a weighted anvil along tne surface with increasing loads 
until the coating is penetrated.

Other test methods that would be useful for evaluating powder 
coatings are : hiding powder, coating porosity, accelerated 
aging of powder, acceptance cf electrical charge and safety 
characteristics. At present the powder coating industry is 
going through a period of rapid changes and improvements in 
the materials available and in the equipment available for 
applying these materials. It is yust as important that the 
methods of evaluation and determination of the quality of these 
materials and coating keep pace with the rest cf the industry.
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31. ELEMENTS OF E/S POWDER COATING SYSTEM

The three major elements of an electrostatic (E/S) powder spraying 
system can be listed as :

a) powder delivery apparatus
b) powder gun
c) object to be coated

In an ideal system the coating concept is simple. Ihe pcwder delivery 
apparatus delivers powder to the pcwder gun at a constant known flew 
rate with particles well dispensed.

Uniform charging of the particles at the gun by unipolar ions causes 
them to remain dispersed as they are guided to the substrate by the 
electric field. At the substrate the charged particles form a 
deposited layer of uniform thickness, which adheres to the substrate 
by E/S attraction. The so called, 'self limiting' build up characteristic 
tends to make the deposited layer quire uniform, to provide good edge 
coating and to enhance the wrap around of pcwder on the coated object.

In actual practice, coating performance may be inadequate for E/S or 
other reasons. Definition of problems is made easier if the performance 
of each of the major elements of the- spraying system can be evaluated.

In the following discussion the E/S behaviour of particles is examined 
as they proceed through four major zcnes of interest. Powder delivery 
apparatus, charging zone, spray zone and deposit layer. The influence 
of the various system parameters on E/S performance can be assessed and 
possible sources of coating difficulties can be identified.

31.1. Powder Delivery Apparatus

The delivery of powder to a pcwder gun, under well dispersed 
conditions and at the desired flow rate, may involve problems 
other than electrostatics. Present concern, however, is about 
the triboelectric charging of the powder particles, which 
occurs in the pcwder delivery apparatus.



NOMENCLATURE

a = radius of particle
d = specific gravity of powder diirensionless
e = electrostatic charge, coulomb
j = current density in deposited layer, anp/m*
m = mass of particle, Kg
q = charge on particle, coulomb
t = time, seconds
u = mobility of ions, /volt - sec
w = irugration velocity, m/sec
A = surface area of part idem m5
C = capacitance, (farad)
Ed = electric field intensity in deposited potier, layer

volts/m
Eo = electric field intensity which is effective in charging

a particle, volts/m 
£p s electric field intensity at point (p) in spray ^onc

volts/m
F = electrostatic force on particle, Newton

= unipolar ion concentration in particle charging region
ions/m’

V = voltage, volts
W = Energy in a single spark, joule
€i =r dielectric constant of powder particle, dimensionless
eo = constant 8 , 8 5  x 1 0  - 12 fa r a d /m

r = bulk resistivity of deposited power,
time constant of particle charging, sec 

n = viscosity of air, 1,8 x 1 0  J Kg/m-sec
Microcoulct uj pE unit of charge = 10 > ( oulunx ■

KV - unit of voltage = 1000 volts
pf = unit of capacitance = 10 1‘•farad
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The present knowledge of triboelectric charging is not 
adequate to let one predict how much of this type of 
charging will take place as the particles rub along various 
surfaces in the fluidizing and transport sections of the 
apparatus. The reason for the importance of tribocharging 
as a possible problem is that its magnitude can be as large 
or larger than the magnitude of the corona charge that is 
applied by the powder gun. Polarity of tr ibocharging is 
sometimes positive and sometimes negative depending upon the 
specific pawder and delivery apparatus. Coating difficulties 
can occur if the corona charging system cannot properly re-charge 
particles that carry a large trrbocharge of opposite polarity.

In instances where the magnitude of the tribocharge is large 
and of opposite polarity to the gun potential, it is tempting 
to spray the powder with no high voltage on the pcwder gun.

This generally results in poor adhesion of the powder to the 
substrate perhaps due to non uniform powder charging. Since 
particle charge level is an important factor in E/S powder 
spraying it is useful to be able to determine its value.
With no voltage on the powder gun, the magnitude and polarity 
of the net tribocharge can be measured by the faraday pail 
technique, wherein the charged particles are collected in a 
conductive insulated container. If gun potential is not 
zero, it is necessary to collect the free ions by a suitable 
electrode such as a grounded open mesh screen, so that these 
ions do not conribute change to the Faraday pail. By 
measuring the voltage (V) of the Faraday container and the mass 
of the collected particles, the charge per unit mass (qdn) 
can be- calculated as follows:-

__q__ = CV
M M

It is convenient to convert (q'm) to charge per unit area (q/A) 
in order to compare actual cliarge levels to the 'theoretical 
saturation value!
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This is done by assurpu-n̂  spherical particles arid a.; average 
particle radius (a) and using the relationship

values of 3 - 9 Microcoulomb/m2 of tribocharge were measured
on sprayed oowders used. Corona charge levels tend to be 
in the same range. (Ref. 1 0 - 2 7  used throughout this chaper).

More sophisticated techniques can be used to measure charge 
distribution in powders and to detect the presence of both 
polarities of charge. Turner, for example, described a 
method which employs a transverse electric field to re^ v-x ̂ 
charged particles and a multiple Faraday pail unit to classify 
particles according to charge level.

31.2. Powder Gun

As the powder particles move frcrc the powder delivery system 
through the gun, they are charged by ions that flow from the 
corona electrodes to tne object to be coated.

Sere of trie ions urpinge or povder particles and are carriec 
b%’ these particles to the grounded object. The remaining 
ions flow as 'free ions' to the grounded object. This method 
of particle charging is known as field charging and div 
charge (q) on the particle can be calculated by Pauthenier s
expression.

q = 12 rr e o a'Eo _t_
ei+2 t+T

The time constant ( X  )of charging is given by T 4e0
No.e.u

Normally the concentration of unipolar ions (No) is sufficiently 
large that the crarging time constant C) is in the order of a 
few milliseconis. The factor ■̂t" "  is then approximately equal
to unity and the charging equation can be simplified to express
the saturation charge pe. unit area cn the particle as :

A
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e o  E <

e 1 + 2

For particles of a given dielectric constant (e^ it is 
evident that the niaxunum attainable charge density on the 
particle is proportional to the magnitude of the externally 
applied field (E*) at the point where charging occurs. This 
point differs for different particles in the spray. The 
magnitude of the electric field (E0)is maximum near the 
corona electrode and decreases rapidly and non linearly as 
distance increases toward the grounded object. Because the 
ions must follow the electric field lines from the gun to the 
substrate, charging d i f f ic u l t i e s  arise when seme of the particles 
are shielded by other p a r t ic le s  in the high field region.

When this occurs, the particles receive less charge because 
oi the lower value of <Ec) in charging regions remote from the 
corona electrode. This lower charging can be expected to occur 
when powder flow rate is increased, or when average particle 
size is decreasec at a given flow rate. Powder agglomerates 
charge poorly cvdnq to their low surface area to mass ratio. 
Likewise, small particles can tie charged to a higher (q/m) 
ratio tlian larger particles.

Inis can be an advantage in situations where aerodynamic forces 
assist E/S forces in deposition -
A negative polarity on the powder gun is usually superior 
because, as in most corona charging applications, this polarity 
on the active electrode offers better stability of ion flow 
and less arcing tendency than does positive polarity.

31.3. Movement of Charged iarticles in Electric Field

As the charged particles leave the powder gun and proceed 
toward the grounded substrate, the two primary forces acting 
on them are electrostatic and viscous forces.

Gravitational and inertial forces can be presumed to be small.
The E/S force (F) can be expressed as F = q Ep



-  1 0 8  -

This force causes the charged particles to move along the 
electric field lines which diverge fran the corona electrode 
to the substrate. Where electric field lines terminate on 
comers, edges and the rear surface of a grounded object, 
powder will be deposited in these locations. On locations 
where E/S forces must oppose viscous forces to cause deposition 
it is ideal to analyse the E/S problem by rererring to the 
expression for the steady state migration velocity for fiend 
dependent charging in E/S precipitation.

w = 2eP E0 E pa 
n

A higher migration velocity for particles results in more 
powder on the coated object and less overspray. in this 
situation a larger particle diameter can be advantageous.
(Ref. to bibliography).
On certain occasions the particle - guiding forces produced 
by the electric field becort a disadvantage, by creating what 
is known as the , 'Faraday Cage' effect. This effect produces 
unusual difficulties in getting powder tc deposit in deep, 
narrow, concave surfaces and crevices on objects, because the 
electric field lines do not project into the deep recesses 
and powder is not guided into these regions. Viscous forces 
can sonetunes be used to carry charged pcwder into Faraday 
cage regions, but the proper balance of forces is rather

31.4. Particle Deposition

Getting powder particles to the desired location on the 
substrate is only part of the job. These particles must 
adhere to the substrate until baking can be accomplished.
E/S forces of adhesion are derived from two sources: Charge
carried by the particles to the substrate, and free ion flow 
which further charges the deposited particles. Most organic 
coating powders have a high electrical resistivity 
( r > 1012 ohm - m ) and show a self limiting build up during 
E/S spraying. This is usually attributed to a redistribution 
of electric field lines to the substrate as particle build up 
raises the potential of the surface of the deposit.



- 109 -

The thickness of the build up is influenced by the magnitude 
of the free ion current as would be expected.

In view of the high resistivity of these particles, free ion 
currents, in passing through the deposit, develop an elect; ic 
field intensity (Ed) expressed by the equation

Ed = rj
When Ed exceeds about 6 x 10*’ volts/m, dielectric breakdown 
occurs in the deposit and the resulting ionisation is called 
'back corona.'

This ionisation produces ions of a polarity opposite to that 
of charges on the particles. These new ions neutralise the 
charges on approaching particles so that little additional 
deposition is likely to occur at sites of back corona. Back 
corona can assume several forms an., can cause severe coating 
difficulties such as cratermg under certain conditions.

It should be noted that powder resistivity is an important 
parameter mainly in the deposit layer where, for most organic 
powders, electric field Intensity is near or at the breakdown 
value.

If a powder has a resistivity sufficiently high to exhibit 
self limiting build up during E/S spraying it is probable 
that the actual value of resistivity is not critical to coating 
p e r f o r m a n c e. It is normally assumed that the object to be 
coated is conductive and grounded. This provides a path to 
ground for free ions so that the substrate will remain at 
ground potential and allow charges to be induced as the 
substrate adjacent to the powder coating. ihese induced 
charges assist in binding the charged powder to the substrate.

31.5. Adhesion

One of the purposes of E/S charging is to cause the pcwticr 
particles to adhere to the coated object by E/S attraction 
until baking is accomplished. If one calculates or measures 
the time constant of charge decay for the charged layer, however 
it is apparent that the E/S forces can exert an influence for 
only a short time (in the order of a few minutes) .
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T h e  long term adhesion of unbaked powder coatings is 
attributed to Van der Waals forces.

Much remains to be learned tliougti about adhesion phenomena 
in powder coatings.

31.6. Electrical Safety Considerations

Fire and dust explosion hazards must be guarded against 
during E/S spraying of organic powders. Two precautions
should be taken:-

a) good practice dictates that the concentration o.
powder in air be ke k t below the minimum explosive
lir.it by providing sufficient air dilution. A  good 
rule is to keep th«. p w d e r  concentration less than 
20 Kg/I ClXrv’ of ai r  (ref 1) . The second precaution 
_£ to limit the energy in possible sparks to a value 
below the rttinimur; ignition energy for the powuex disperse.:
in air.

| I  T h i s  v a l u e  will vary from one powder to another, but
the lowest value reported to date for commonly usee 
organic powders is 10 mJ. T o  obtain 10nJ of spark 
energy it is necessary for a conductive ungrounded 
object, acting as a capacitor to become charged and 
to d issipate that charge in a spark.

Thus capacitor can be part of the spray gun or its high 
voltage supply, an object in the spray booth, or even
the operation.

In view of the squared relationship between voltage 
and energy w = i CVJ

the capacitance of an unqrounded object need not be 
large at the usual values of gun voltage to store 10 

ml of energy.
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3 3 . 9 .  O p e r a t i o n

Theoretically, the objects carried into the spray booth should 
be grounded through the hangers, so that the SR ionisers are 
only needed to provide contactless earthing in cases where 
the flow of electrons in the hanger is blacked either partially 
or completely. But the SR ionisor is capable of assuring 
the grounding of the objects regardless of the condition of a 
particular hanger.

This fact opens up an entirely new approach to electrostatic 
powder coating.

The objects are introduced to the booth deliberately insulated. 
The grounding effect provided by the SR ionisor can be increased 
or decreased at will by adjusting its distance to the object.
The ail between object and ionisor which is made conductive 
by ionisation, has an electrical resistance that varies with 
this distance. Changing the distance, then, slows down or 
speeds . o the rate of removal of the electrons induced on the 
object by the spray gun.

This ffect makes it possible to coat more evenly because ideal 
powder envelopment is assured. The speed of the powder clone, 
can be matched to this conductive effect so that just the 
desired type of finish is obtained. If desired, a grounding 
monitor can be incorporated in the control unit to provide a 
continuous reading of ignition energy and to shut down the 
entire coating installation should a certain limit (normally *
5 Ml) be- exceeded. This monitoring attachment can eithex be 
installed stationary or supplied as a mobile ur.jt. Hie 
necessary SR ionisers can be mounted on in adjustable frame 
The powder supply and self monitoring are taken care of by a 
control unit in a dust proof enclosure.

SR ionisors are approved and certified for use in explosive 
gas atmospheres, thus providing a maximum of safety.



The long term adhesion of unbaked powder coatings is 
attributed to Van der Waals r arces.

Much remains to be learned though about, adhesion phenomena 
jjn powder coatings.

Electrical Safety Considerations

Fire and dust explosion hazards mast be guarded against 
durinct E/S spraying of organic powders. Two precautions 
should be taken

a) good practice dictates that the concentration o-
powder in air be ke. t belew the minimum explosive 
liT.it by providing uffic^ent air dilution. A gooa 
rale is to keep the powder concentration 1ess than 
20 Kg/1 OOCm3 of air (ref 1) . The second precaution 
is to limit the energy in possible sparks to a varae 
below the minimum ignition energy for the powder- dispersed
m  air.

Tliis value will vary from one powder to another, rut 
the lowest value reported to date for commonly used 
organic powders is '0 nd. To obtain 10nd of spark 
energy it is necessary for a conductive ungrounded 
object, acting as a capacitor to become charged and 
to dissipate that charqe in a spark.

This capacitor can be part of the spray gun or its high 
voltage supply, an object in the spray booth, or even
the operation.

In view of the squared relationship between voltage 
and energy w - } CV3

the capacitance of an ungrounded object need not be 
large at the usual values of gun voltage to store 10 
mJ of energy.



At 60 KV for example a charged capacitance of only 5,5 pf (App. 2) 
is hazardous. T\o protect against the static ignition hazard, 
all conductive surfaces and objects in and near the spray booth 
should be grounded.

Current limiting resistors should be used in the spray guns.
These resistors should be located as close to the corona 
electrode as is feasible so as to minimise surge capacitance 
in the electrode circuit.
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31.7. Back Ionisation

Back ionisation is effectively the electrical breakdown of
the powder layer resulting from the electrical field across
the layer exceeding breakdown conditions. At the onset of
this discharge, a high density of positive and negative ions
are created within the layer. For a negative charged system
t.e newly created negative ions are collected by the workpiece
. H e  the positive ions move towards the gun and discharge
rthet oncoming powder. Deposition efficiency immediately

deteriorates, leading eventually to zero deposition or self 
limiting.

Back ionisation behaves differently for negative and positive 
charge pcMaer.

For negative charging, the layer discharge is a bulk p h e n c m m o n  
W h i c h  completely penetrates the pokier layer generally leaving

3 ^  h°ie- If 0,6 fl~  characteristics are not chosen
carefully, this pin hole may persist after curing. Generally
negative charging gives smoother finish but it is prone to pin 
holing.

-1.8. rostat ic Forges

The development o f  a laser doppler a n e m o m e t e r ’ system has 
enabled precision tracking of particle trajectories under 
realistic gun/workpiece arrangements. Effects of gun air 
and ion concentration on coating behaviour have been identified 
.. controlling e a c h  variable independently. An airless gun

■
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For standard coronerical corona charged gun systems the giLi air 
predominates in conveying the pcwcier to within a few centimetres 
from the workpiece surface. Near the workpiece, electrostatic 
forces take over in directing the particles and retaining them 
on the substrate.

As a result of their greater mass and lever mobility, the larger 
particles are more responsive to electrostatic forces than the
fine.

For this reason, a certain degree of particle size separation 
occurs between the front and back force of a workpiece.

There is usually a predomn ce of larger particles on the back 
force corpared to the front.

31.9. Powder Feed Rat*

The effect of powder feed rate on coating efficiency has been 
clarified frcm extensive tests of coating efficiency vs gun 
voltage for different powder feed rates. At a feed rate of 
5 gran/sec, the maximum coating efficiency possible is about 
60*. On reducing the feed rate to the lew value of 0,2 grams/sec 
the coating efficiency can be as high as 90%. * In order to 
maintain a constant coating efficiency the powder feed rate 
must be controlled and maintained. In the ccrrcrcial systems 
available, maintenance of constant powder feed rate is not 
possible.

31.10. Areas for Further Wort

The newer types of coating systems that are now being introduced 
appear to go a long way towards improving many of the limitations 
of standard gun systems. These nc 7 generation, tunnel type 
systems overcome- the inherent low charging characteristics o^ 
old gun systems in two inportant ways.
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The powder feed rate per gun is very much reduced 
hence instantly improving charging efficiency at 
the gun.

Uncharged or oversprayed particles are offered 
additional opportunities of being charged by post 
charging electrodes situated downstiearn in the booth.



The powder feed rate per gun is very much reduced 
hence instantly improving charging efficiency at 
the gun.

Uncharged or oversprayed particles are offered 
additional opportunities of being charged by post 
charging electrodes situated downstream in the booth.



32. GUN PERFORMS>N(-'

32.1. Abstract

This section will discuss the several parameters by which 
powder gun performance is defined and their inter-relationship 
from a theoretical viewpoint. The discussion will then show 
what the practical limits on each parameter are, which are 
nost important from a user standpoint and hew variations in 
each parameter affects system design and performance in an 
actual coating system.

32.2. Discussion

Ihere has been a considerable amount of rhetoric by the 
equipment manufacturers on the performance of their powder 
spray guns, principally in the areas of transfer efficiency 
and flow rate. Since there are no standardised tescs far 
these parameters, each manufacturer has devised tests wf:.ch 
he feels are representative and will give meaningful data to 
be used in product development and ultimately in advertising.
As in. all properly designed experiments, these performance 
tests require close adherence to the test procedure to assure 
repeatability and validity of data comparisons. This means 
that the object being coated is closely controlled, a situation 
that does rot occur in a production plant. One would therefore 
have to establish the difference between field performance 
of powder equipment and laboratory testing.

The two laboratory parameters which are most often usee as 
figures of merit an :

32.2.1. Transfer Eificiency

Defined as the percentage of total powier spraytc 
which remains on the target. It is affected by powder 
flew rate, pattern, target geometry', spacing and ground 
powder chemistry, humidity and particle size, conveyor 
speed, ratio of powder to air and electrostatic voltage.
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32.2.2. Flow Rate

Defined as the weight flow of powier per unit time 
usually expressed as Kg/hr. It is affected by 
ejector pressure, air dilution of the pcvrier, feed 
tube diameter, length and routing and the chemistry 
and humidity of the powder. (App. 1,13)

In the production field things are different, however 
and the ' wo parameters that the production people are 
interes' ed in are :-

32.2.3, Production Rate

Expressed as pieces per shirt, it is a function of 
part size, method of transporting, conveyor speed and
reiect rate.

32.2.4. Cost

Ihe cost to coat one piece. Can production be met on 
one shift? What is the reject rate? How high are 
maintenance costs? How much material is lost? In the 
production environment the powder gun becomer a tool. 
Powder guns from all the major manufacturers have a 
number of cannon features. They all have variable 
voltage, means to adjust the spray pattern, variable 
powder flow, a provision for controlling the air 
dilution of the powder and all are fed fran a remote 
feeder by a flexible hose and a jet pump. There are 
as many differences as similarities, but in terror, of 
those factors which affect production and cost, all are 
similar.
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With recycling of powder the rule in large systems 
and very cerrori in small systems, transfer efficient^ 
very definitely becomes a secondary consideration 
to flow rate.

It should be noted that transfer efficiency does not 
drop off nearly as fast as flew increases so that
more powder will be deposited per unit time and the 
production rate will be up if flew is increased.
There are, however, some practical upper limits beyond 
which increased flew buys nothing.

Variables which have been encountered and dealt with 
while experimenting and their effects are listed bexcv



Effect of VariabJes on Transfer Efficiency

Variable Effect

Flow rate Increased flow generally decreases transfer efficiency

Pattern Broader patterns show high efficiency unless the pattern 
is larger than the target

Target spacing On a conveyor test widely spaced targets will show 
lower efficiency than if closely spaced.

Target Geometry Larger, flatter, more regular pars show better efficiency 
while snail highly irregular parts or parts with large 
open spaces shew lower efficiencies.

Target Ground Poor ground will reduce efficiency.

Air Dilution More diffuse pattern improves charging and improves 
efficiency.

Powder Chemistry Much date is proprietary. Powder can be 1 doctored1 
increasing condutivity and reducing efficiency.

P^er Humidity Higher moisture content reduces efficiency

Partick size Principle effect is through effects on flew rate and 
pattern. She Her particles have higher ratio of 
aerodynamic to electrostatic forces. Larger 
particles have higher ratio of inertial to electrostatic 
forces.

Conveyor Speed Sane motion reduces self limiting effects, high speeds 
create aerodynamic disturbances - also true of reciprocator:

Voltage High voltage inproves efficiency.



TABLE 8

Variable Effect

Ejector pressure Higher pressure raises flow

Air dilution More dilution air reduces flow

Feed * 1 diameter larger tube increases flow

Feed tube length longer tube decreases flow

Feed tube routing ffore bends decrease flow

Powder chemistry Flow is adversely affected by a tendency to 
agglomerate - can also be due to triboelectnc 
charging which is also affected by chemisti_ .

Powder Humrdity Higlier moisture coritent reduces fJew



33.3. Technical B a s i s  f o r  P r o d u c t  R e q u ire m e n t

Although the Spengler line of prcxlucLs includes a number of 
devices, the primary product is an ionisor bar which is usee 
to eliminate static.

Understanding it, as well as the other products, requires 
soma knowledge of the cause of the problem. Static is 
caused by the interaction of a material and the mac:... 
which processes the material. Both are composed atom, 
each consisting of a positively charged nucleus around vru 
negatively charged electrons are turning. -*-n a neutral 
state, the charges are compensated. As a result of frictiot •
pressure,changes in temperature, electrons may be added or 
become detached. The equilibrium is lost and the body shows
an electrostatic charge. A surplus of electrons creates 
negative marge and a lack of electrons creates a po_ - 
charge. Unavoidable accompaniments of the static ar_ 
magnetism, the safety hazard of shoe, and trouble. Neutral 
can only take place if the electrons are added or led away.
In the case of electrically conductive material, this ca: 
achieved by grounding the material. The neutralisation of
non conductive (dielectric) materials is, however, considerab 
more difficult and represents the greatest part of the nee... 
ionising devices.

Static is always caused by non conductive equipment arid the 
amount of the static charge is based on the dielectric content 
of the material. Synthetic materials have a high dielectr . - 
content than natural materials such as pure cotton, 
called surface changes, which are mainly generated by fricti- i 
can partially be eliminated with grounded conductors if th< 
charged bodies arc thin. Bodies which are heated and tb-... 
cooled off during the working process, however, develop a 
high static charge generated by the intermnlecular fiieiion 
vih-iHi rvinnot be sinoiv eliminated by surface contact.
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Some form of ionising device must be employed to lead off the 
charge. There are two kinds of ionising devices : active 
end passive. Active refers to the neutralisation of the 
electrostatic charge, and passive refers to the elimination 
cruy of the safety hazard of shock.

All grounded conductors for example are passive ionisors.
Active ionisers in addition produce on ionisation effect near, 
in or around the material to lead off the charge.

33.4. The Sixr.'ler (SR) Ioniser

This is the only known one in the United States which is both 
active and passive. It can be attached to nearly any static 
producing process and creates a strong concentrated electrostatic 
field aimed at the charged material. It is able to produce 
several active fields with the same equipment so that any desires 
neutralisation effect can be achieved. It is completely snocx 
proof and spark free and is strongly built to last indefinitely.

It can be built in any size and cones with a range of peripheial

33.5. sort1 of the fact ics of Ionisation

Passive ionisation is accomplished by placing grounded points 
in the immediate area of the charged materia .
Active ionisation may be accomplished by placing high voltage 
points (AC or DC) in the immediate area o* the charged material. 
This has the effect of neutralising medium voltage electrical 
charges. Unfortunately this type of device has exposed high 
tension and will cause electrical shock upon contact. Even 
with capacitive coupling, there is no assurance that the unit 
will be shock proof. Most manufacturers place this high tension 
field behind metal guards with slits, holes or open channels.
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These shields create an opposing plarity screen and in spite 
of the high voltage, they reduce the power of the neutralising 
field being emitted as veil as the distance in which it can 
be effective. These devices are not spark free. The ideal 
situation would be to have a conbination of passive and active 
ionisors making use of both qualities. This has been 
accomplished in the S.R. ionisors.

33.6. Description of the SP. Icnisor

The SR Bars provide a strong vertical and active field applied 
at grounded points, whose polarity changes with the frequency 
of the alternating current. Two high tension poles (wires 
embedded in insulating epoxy) have been moved upward and inward 
(relative to previous techniques) which results in a more 
active field with only an 18° open angle (see figure 13 ).
The system, with exception of the tungsten steel alloy ground 
pins, is embedded in insulating epoxy resin . This design 
is the basis of the SR ionising system. Another great value 
of this system is its ability, through its unique radiator 
design, to be expanded frcr, a type I (single powor bar) to a 
type TV (quadra power bar) .

As speed increases the air flew tends to bend the static field 
ir. the direction the material is running. With a single bar 
producing an ion field at the rate of 60 positive (+) and 60 
negative (-) per second, there are many situations where the 
field will completely cover the material passing through it.
For example : too far away as in Fig 13 passing at too high 
speed so that the ion fields produced per second are not 
sufficient. In addition, if the voltage is very high it will 
take a larger more pow» rful field than a single bar can produce 
with the ability to increase the number of active fields from 
I to TV (figure 14 \. So speed voltage and distance from the
web (material) determine which number SR bar to be used.
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As it can be noted in Figure 13 it is best to place the b^r 
as close as possible to the web keeping in mind the optimum 
distance is between 19nin and 40ib (ref * ) .

Frcm an operational standpoint, SR bars perform at their peak 
efficiency on 8300 volts. The transformers have several 
settings to achieve this voltage. If the voltage on the
line is to be measured it is done with all bars 'on line1
because the voltage output on the secondary side of the 
transformer increases as the length of bar attached increases 
and vice versa. Ther fore, the only true reading is with 
the whole system in operation.

Information About the SR System

1. The needles, mack of a special tungsten steel alloy,
are long lastine and maintenance free with the exception 
of periodic cleaning.

2. These needles are placed ex. 7 9,5tTtn apart and, therefore
cover the t il fiel both longi*_jdiual as we_i as 
transversal positions.

3 . The power field of the SR ionisor is approximately 8 500
volts.

4. The SR system can penetrate material up to 4 m  thick
and may, therefore, be positions: on either side o, the 
material and remove the static * mr. both side;- with a 
single bar.

5 # This system is effective at both short and long distances
from the material (up to 25am) .

6. The SR bar is rust and corrosion proof.
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7. The SR system provides an actively open end directed 
field of ionisation with an open angle of only 18°.

8. The system combines the advantages of active and passive 
ionisation.

9. The ion field produced by the SR bars neutralises the 
problem area static field by producing sufficient
positive and negative ions to match up with their
opposites with those going to ground.

33.8. Electrostatic Grounding

The objects to be coated are carried into the spray booth 
o n  a grounded conveyor chain. There an electrostatio spra: 
gun is used to coat them with powder. Even assuming the 
object is properly enveloped in powder, the following conditions 
have to be met to obtain a uniform coat.

a)

b)
c)
d)

The direction and strength of the electrostatic field 
have to be properly adjusted.
The powder feed rate must be suitably metered.
The powder cloud has to move at the right speed 
The object being 'oated has to be hung from the 
ctr.vcyor chain in such a way that it is properly grounded.

As the overhead conveyor passes continuously through the spraj 
booth, each hook receives layer after layer of pcwder, which 
means there is no longer any assurance that the objects will be
properly grounded.

If they are not the powder cloud can becone irregular and the 
coating uneven. Moreover the danger of an explosion cannot be 
ruled out. The performance proven SR ioniser is capable 
solving this grounding problem.





Function of the SR Ioni:-or

_L
8 KV

Figure 15
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3 3 . 9 . Operation

E e s

particular hanger.

H u s  fact opens up an entirely new approach to electrostatic 

powder coating.

object by the sprax gun.

control unit in a dust proof enclosure.

•  — *  -  - r t t r — r . : " " 1 *
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3 3 . 9 .  O p e r a t i o n

Theoretically, the objects carried into the spray booth should 
be grounded through the hangers, sc that the SP. ionisors ar^ 
only needed to provide contactless earthing in cases where 
the flow of electrons in the hanger is blacked eithei partially 
or completely. But the SR ionisor is capable of assuring 
the grounding of the objects regardless of the condition of a 
particular hanger.

This fact opens up an entirely new approach to electrostatic 
powder coating.

The ob ects are introduced to the booth deliberately insulated,
ihe grounding effect provided by the SR ionisor can be increased
or decreased at will by adjusting its distance to the object.
The air between object and ionisor which is made conductive 
by ionisation, has an electrical resistance that varies witch 
this distance. Changing the distance, then, slows down 01 
speeds up the rate of removal of the electrons induced on -he
object by the spray gun.

This effect makes it possible to coat more evenly because ideal 
powder envelopment is assured. The speed of the pcwoer cloua 
can be matched to this conductive effect so that just the 
desired type of finish is obtained. If desired, a grounding 
monitor can be incorporated in the control unit to provide a 
continuous reading of ignition energy and to shut down the 
entire coating installation should a certain limit (normally *
5 MJ) be exceeded. This monitoring attachment can either be 
installed stationary or supplied as a mobile unit. The 
necessary SR ionisors can be mounted on an adjustable irame 
The powder supply and self monitoring are taken care of by a 
control unit in a dust proof enclosure.

SR ionisers are approved and certified for use in explosive 
gas atmospheres, thus providing a maximum of safety.
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34. CHARGE DECAY

Powder coating by the electrostatic spraying technique involves 
corona charging of powder particles followed by transport and 
deposition of the charged particles onto an electrically grounded 
surface. As long as the deposited particles retain _ ,eir charge, 
oncoming particles will be deflected by the repulsive potential 
established by the deposited particles, and deposite in areas 
of lower potential or areas which are not yet coated.

This enhances the uniformity of particles deposition (10) , but 
reduces the deposition efficiency (11) (12). The residual charge 
on the particles also assures that the particles will remain 
deposited for sometime, thus minimising loss of powder during the 
transport of the coated substrate to the baking over . For polymers 
the rate of charge decay is influenced by the chemical ccrposition 
(13), temperature (14) and relative humidity (15). In most powder 
coating spraying facilities the temperature and relative humidity 
are not controlled. Hence if the effects of tenperature and relative 
humidity on the rate of charge decay are significant, periodical 
adjustments of the operating adjustments of the operating conditions 
of the spray guns will be required to ecrrpensate for changes in the 
ambient conditions and obtain proper particle deposition. The purpose 
of this section is to determine to what extent do the tenperature 
and relative humidity influence the rate of charge decay of powders
and what are the implications of the results with regard to the
electrostatic spraying technique.

34.1. Review of Charge Decay

For a film cf an ideal dielectric the decay of the surface 
voltage, V, which is proportional to the surface charge density 
by volume conduction is given by (16).

V = Vo exp (—t/t ) - (1)
where t is time and T is the relaxation time of the decay
process.
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This mode of charge decay was observed oy Shoshona for the 
decay of charge from rectangular polymeric sheets (13).

Several other resear criers, however, did not observe a smple 
exponential decay. (17,18,19).

From a review of the literature it appears that the mode of 
charge decay depends on the mechanism of charge transfer, the 
geometry of the sample and the initial boundary conditions 
(20) .

Tor powder coatings the decay of charge was studied recently 
by Cheever, who observed that the decay can be described by 
two exponential terms (21) . The dependence of the route of 
charge decay on temperature is given by (14)

T = To exp (E/KT) - (2) 
where E is the activation energy of the charge decay, K is 
Boltzman' s constant and T is the absolute temperature. For 
most polymers the activation energy is the range of 0,4 to 
2,7 electron - volts and is independent of temperature (22,23,24)

The effect of humidity on the rate of charge decay can be 
described by (13. 17, 25)

T = T o  exp ( - b. RH) - (3)

where RH is the relative humidity and b is a parameter which 
depends on the chemical composition of the polymer. Values 
of b, as reported by Shashona ranged from 0,004 to 0,3 for 
various polymers.

34.2. Experimental

34.2.1. Description of the Arparatus

The rate of charge decay was measured %y continuously 
nonitoring the decay in the surface voltage induced by 
the charged powder particles.
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A schematic diagram of the apparatus for charging 
a pcvder sample and measuring the decay in the surface 
voltage is shown in figure 16. The apparatus has 
two stations. In the first station the powder which 
is placed in a grounded metal cup, 25nm in diameter 
and Irnn deep, is charged by a riegative corona from a 
variable dc pcMer supply. The corona needle is 
approximately 6rm above the powder sample.

After charging the sample is moved to the second 
station where the decay in the surface voltage is 
measured by a chopper technique : a flattened fan 
blade rejpeatedly shields a pick up plate from the 
charged powder sample; this converts the d.c. 
signal to an ac signal. The chopper frequency is 
250 Hz. The capacitive current in the pick up plate 
is amplified, displayed on a meter and recorded 
calibra; .on is achieved by replacing the powder with 
a metal surface of a known d.c. voltage.

To measure the decay in surface voltage under controlled 
temperature and relative humidity the apparatus was 
placed in an enclosed chamber. The temperature in 
the chanber could be varied between 0 to 54°C with an 
accuracy of 1 0,5°C. The relative humidity could be 
varied between 12 to 90« with an accuracy of 1 3%.

Epoxy polyester and polyester powders supplied by ABC I 
v*;re used in this study.

. P r o c e d u r e

Samples were prepared by filling the cup and leveling 
the powder surface without pressurising the powder.
The sample was then placed inside the chamber and
exposed to the present conditions in the chamber for
12 hours prior to testing. (Research Inc. U.S.A. facilities).
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It) charge the powder sanple the corona voltage was 
monitored at 5KV. Too high corona voltage resulted 
in arcing and powder blow off. The corona current 
varied b. tveen 20 to BOmicroMepending on the tenpevature 
and relative humidity in the chamber. The charging 
time was approximately 0,5 seconds. This was found 
to be sufficient time to obtain saturation charge on 
the powder. After charging the sample was moved to 
the second station in about 1 second and the decay in 
the surface voltage continuously mon.tored for three 
hours. During that period the powder to the corona 
wire was disconnected since the presence of air ions 
influences the rate of charge decay.

34.3. Results and Discussions

34.3.1. Charge Decay of Various Powders

Semilographic plot of a typical decay of the surface 
voltage with time for an epoxy polyester coating is 
shewn in figure I-7 by the solid line.

Fran this decay curve it is seen that equation (1) may 
be used to describe the long term decay but not the 
initial decay.

It was found that the initial and the long term decay 
can be described by a combination of two exponential 
terms.

v = Vj exp (-t/ xI ) + i exp ( - t/[,)
The first exponential term represents a fast decay 
process which dominates the initial cliarge decay. The 
second exponential term represents a slow decay process 
which dominates the long term charge decay. The 
contribution of the fast decay process to the overall 
charge decay is determined by extrapolating to t = 0 
the slew decay process, then subtracting the extrapolated 
values from the observed values of the surface voltage.
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To charge the powder sample the corona voltage was 
monitored at 5KV. Too high corona voltage resulted 
in arcing and powder blow off. The corona current 
varied betv^en 20 to SOmicroMependbig on the temperature 
and relative humidity in the chamber. The charging 
time was approximately 0,5 seconds. This was found 
to be sufficient time to obtain saturation charge on 
the powder. After charging the sample was moved to 
the second station in about 1 second and the decay in 
the surface voltage continuously monitored for three 
hours. During that period the powder to the corona 
wire was disconnected since the presence of air ions
influences the rate of charge decay.

34.3. Results and Discussions -----------------------

34.3.1. Charge Decay of Various Powders

Serrii] ographic plot of a typical decay of the surface 
voltage with time for an epoxy polyester eating is 
shown in figure 17 by the solid line.

Fran this decay curve it is seen that equation (1) nay 
be used to describe the long term decay but not the 
initial decay.

It was found that the initial and the long term decay 
can be described by a combination of two exponential 
terms.

V = V 1 exp (-t/ p] ) + } exp ( - t/[,)
The first exponential term represents a fast decay 
process which dominates the initial charge decay. The 
second exponential term represents a slow decay process 
which dominates the long term charge decay. The 
contribution of the fast decay process to the overall 
charge decay is determined by extrapolating to t = 0 
the slew decay process, then subtracting the extrapolated 
values from the observed values of the surface voltage.

i
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This mode of charge decay was observed also by 
Cheever (22) . The same mode was also observed for 
the decay of charge from polyester powder. The 
relaxation times and the initial voltages for the
decay of charge frctn these powders are listed in
table

34.3.2. Temperature

The influence of temperature, between 0 and 50°C on 
the relaxation times of epoxy powders is shewn in 
figure 18. Line A is a plot of Tj of a pure powdered 
epoxy polyester polymer versus 1/T.

Lines B and C show, respectively the dependence of 
I , and T of a fully formulated epoxy polyester 
powder coating on temperature.

Ttse influence of temperature on I j of the pure pondered 
polymer and on that of the fully formulated powder 
costing below 25°C is not shown because , the voltage 
corresponding to the fast decay process, was too small 
to be detected with sufficient accuracy. The 
activation energies corresponding to Lines A and C are 
0,65 and 0,55 ev respectively.

In line B two activation energies are observed, be lew 
about 30°C the activation energy is 0,22 ev and above
that temperature it is 1,08 ev. Since the activation 
energy of pure polymers is independent of tenp?rature, it 
is believed that the change in the activation energy of 
the fully formulated powder with temperature is due to 
the presence of low molecular weight additives in the 
powder.
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The same temperature dependence was also observed when 
lev molecular weight additives, but not pigments were 
added to the pure polymer. As the temperature is 
increasec above approximately 35°C, a larger fraction
of tliese additives melt. Upon melting, they may 
migrate and form distinct phases of low electrical
resistivity on the surf v- and/or in the bulk of the 
particles.

The • mat ion of such phases is supported by the fact 
that the rate of charge decay at roan temperature of a 
ocwder which has been exposed to elevated temperature 
is markedly faster than that of an inexposed powder.
Bar example, at 25°C the values of T1 and T, 
of a powder which was exposed to a temperature of 50°C 
for one hour are  ̂ and 250 minutes, respectively 
ccrrared with 25 and 3300 minutes for the unexposed 
pcvder.

TYk ' temperature also influences t±ie relative values of
V1 and V, .

A semilogarithmic plot of v, A  . > v, vs temperature
is presented in figure 19. As can be seen, the
relative contribution of the fast decay process to the
total charge decay increases with temperature. Between
25 and 50°C, the relationship between V ]/V̂  +v, and
temperature is given by log ~ 4 ? a, T+ a, - (5)

1 4 2
where â  and a . arc constarits. From figure 19 
we obtain that a = 0,085°C ~1 and a., =-4,5

14 .3 .3. Relatiw- Humidity

Figure 20 shows the influence of relative humidity 
between 14 and 90% on I, (line Aland 7, (line B) 
o' a fully fon ulated epoxy - polyester powder.
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Both T, and T} decrease exponentially with
relative humidity according to equation (3).

The value of the parameter b corresponding to T, 
is 0,012 and that of b, corresponding to T2 is 
0,032.

These values are in good agreement with values reportec 
in the literature for polymers of similar chemical 
composition. Based on data reported recently by 
Cheever (22) we calculated the parameter b2, corresponding 
to trie slow decay process, to be in the range of 0,02 to 
0,04, in good agreement with the value of 0,032 found in 
this study. The influence of relative humidity on 
is shown in figure 21. As can be seen the conLrinution 
of the fast decay process to the total charge decay 
increases with relative humidity.

The functional relationship is given by :
V,

l o g   = a| (RH) + a 2 - (6)
V, + V,

where a. and a2 are constants. Based on the data in 
figure 21 we obtain that = 0,017 and a2 =-2,47

34.3.4. Charge Decay and Particle Deposition

When one is concerned with the practical significance 
of the influence of the rat of charge decay on particle 
deposition, most important is the initial rate of charge 
decay since in practice the substrate is usually coated 
within a few seconds.

The long term decay becomes important when one is 
concerned with tne electrostatic adhesion of the particles 
to the surface after spraying and prior to baking. It 
has been shown that the depositon of electr statically 
sprayed pcwaers can be assessed by the co-efficient of 
deposition b (10,28).
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This co-efficient is given by :

b = bo (1 + C4 WV2) ~1

where bo can be approximated by :

bo = C1 aV '
dZo2

In these equaticxis Cl and C4 are parameters vAich depend 
on type of equipment (26) and powder characteristics 
W is the weight of the deposited powder, a is particle 
radius as obtained from number average particle size, V 
is charging voltage, Zo is spraying distance and d 
is the deceleration of the velocity of the carrying 
air toward the surface.

Of particular interest to the present discussion on the 
influence of chemical composition, temperature and 
relative humidity on particle deposition is the parameter_iC4. The term (1 + C4 W V2) ’ is a dynamic term which 
reflects the increase in the amount of charges on the 
surface as more powder is being c posited. The value of 
C4 is influenced by the initial charge on the deposited 
particles and by the rate at which the charge is being 
dissipated. Values of Cl and C4 for epoxy, polyester 
and epoxy polyester powders are given in table 10.

As can be seen the values of Cl of these powders are 
abut the sane. This mans that under equivalent 
spraying conditions the initial deposition pattern of these 
powders will be similar (10).

Despite the difference in the initial rate of charge 
decay of the various powders tested (Table 9) there is 
no significant difference in their C4 values. These 
powders behaved similarly when sprayed under the same 
conditions.



It was also found that when the epoxypolyester powder 
was sprayed at various ambient temperatures ranging 
from 24 to 33°C and corresponding to a charge in T, 
from 27 to 14 minutes and in the relative contribution 
of V. from 6% to 12%, there was no significant change 
in the value of C4.

Similarly, variation in the relative humidity between 
45 to 63%, which correspond to a change in from 11
to 9 minutes and in the relative contribution of V-j 
from 18% to 25%, did not affect C4. These results 
suggest that when T1 is of the order of several minutes 
a charge by a factor of 3 to 4 in it would not have a 
pronounced effect on particle deposition during 
electrostatic spraying. This is not surprising if one 
considers the fact that the spraying process is 
completed within a few seconds which is not sufficient tune 
for substantial charge dissipation. Calculated results 
of the surface voltage after 15 seconds assuming initial 
surface voltage of 600 volts are shewn in table 11.

As can be seen, the charge in the surface voltage under 
various ambient conditions is quite small. Frcm the 
results of this study it is expected that seasonal 
variations in temperature and relative humidity would 
not have a pronounced effect on particle deposition of 
epoxy polyester powder. This conclusion is futher 
strengthened by the fact that during spraying the powder 
is exposed to the ambient conditions for a very short time.

Although the above study has proven the foregoing sane 
plants have claimed finding difficulties when operating 
at about 80% R.H. and specifically the one which is 
operational in the Ansul Company in America.
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Specifically, the group production manager of the 
company clainis that in the successful operation of a 
powder line humidity control is as important as 
cleanliness and at the present time, this is their 
most pressing problem. At the high R.H. they have 
found that powder is absorbing moisture and it begins 
clinging and caking. It agglomerates in the dust 
collector and will not pass through the screen in the 
vibrator screener. It hangs up in the dust collector 
and cones loose in chunks blocking the rotary valve and 
stops the return flow of the powder.

It is true though that problems of the severity 
mentioned above are a rarity and one could experience 
6 or 7 operating days a year that are that severe.

Nevertheless tueir experience is something to keep in 
mind at this stage and to try and design for a dry air 
system in our plant.



TABLE 9

Charge Decay of Powder Coatings

(30"C - 40% R.H.)

Type of Powder

Epoxy Polyester
Epoxy
Polyester

I, Min

11
3
3

I,Mm

970
370
600

Vi Volts

50
130
40

V,Volts

570
550
640

0,08

0,19
0,06

TABLE 10

Powt%r

Epoxy Polyester
Epoxy
Polyester

C 1 KV~5 sec -1 cm "I

33
31
33

TARIE 11

Surface Voltaae ^fter 15 Seconds 
(V1 > V, = 600 volts)

-2C, g'1 KV

• 2,8x10-4 
2,5x10-4 
2,7xlO-4

Ambient Conditions E^oxy Polyester Epoxy Polyester

25cC, 14% K.H. 
30°C, 14% R.H. 
40°C, 14% R.H. 
30°C, 40% R.H. 
30°C, 80% R.H.

600
599
596
597 
593

588 597

1
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35.0 SYSTEM RELIABILITY

die could refer to reliability as being the quality the installation 
has to ensure reproductivity of tlx? results for which it is started 
up and to guarantee continuous obtaining of these results.

It is one of the main qualities of an installaticnand the one which 
conditions its efficiency.

Reliability is a function of:

Conception of the installation itself

The reliability of the equipment forming the installaticn

The conaeuticn of the installation should respect the following 
criteria:

Determination on the object to be coated, nf the area to assign 
to each spraying nozzle in function of the thickness to be 
deposited and the advancement speed of the conveyor.

Careful choice of tlx? type of pettier distributor hopper in 
function of the margin on the thickness to be deposited-

Simplicity and clearness in position inn the various sprayers, 
in the movements to give these through the reciprocators.

Control of the surrounding conditions under which the various 
equipments of the installation will have to operate.

In general, reliability depends on

a) quality of elements used to manufacture the equipment.
b) the interaction of the product to be applied and the equipment

itself.
c) tlx? surrounding conditions.



35.1 Synthesis

Reliability 
of equipment

Efficiency

Product to 
be allied

Surrounding
conditions

Conception of 
installation

Reliability of 
installation

Reproductive and 
continuous results

To elaborate extensively
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3 5 . 2  R e l i a b i l i t y

Interaction betveen uhe product to be applied and the equip­
ment cares in tvo stages, one static and the other dynamic.
If ws take a chronological order to follow the way covered
by tlie ixwder particles during an electrostatic application,
we find successively:

(1) A stocking period in the distributor tank : period 
with static prevalance.

(2) A time of passing through a dosing device : dynamic 
period.

(3) A time of transport in a hose : dynamic period.

(4) A time of passing through a spraying nozzle where the 
particles collect their charge : dynamic period.

A time of "open air" transport between the spraying 
nozzle and the part to be coated : dynamic period, not 
the contact be tv Aeon the equipment and the product 
intervene, but the surrounding conditions.

(6) Deposit on the [xart to be coated, vevy siiort time 
vAiich sto[)s the particle moving, or scattering of the 
particles in the atm •sphere if Uiey are not deposited 
on the part : period with (dynamic prevalence.

(7) Trans}X)rt of the particles from tae booth to the 
powder recovery ’unit : dynamic period.

(8) Time of passing through ♦'he pcwdcr reccrveiy unit : 
dynamic period vdvm the particles are in contact, with 
tire recover/ equipment and tlic booth ventilation air.

(9) Rec/cling vdiidi sends the poxder recovered into the 
distribution : dynamic fjeriod.
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(10) Mixing of the recovered powder and the new powder : 
dynamic period where there is interaction of two 
products which can be considerably different.

Phis enumeration shews off the fact that the particle of 
pander is successively under conditions which have an 
influence on its initial characteristics. Any alteration 
carried out during one of the phases of the installation 
operating will have an effect on the following phase.

Vv"r reliability to be guaranteed, it is absolutely 
essential to be able to control the interactions between the 
product a: k: the equipment, placed under set surrounding ccn- 
diLions, during each phase of the operating, and to see that 
these interactions do not cause alterations in the main 
characteristics 01 the paint in powder form used.

I - of first mfjortance to stuch’ in a detailed wav the 
restraints ot all kinds that the particles of powder undergo 
durin̂ i an application, restraints which can alter the funda­
mental characteristics of the product, and therefore 
perturb the operating of the installations. It is not 
possible to study all the restraints in the scope of this 
account but only the ones which are particularly important.

35.2.1 i.ine of passing through the dosing device

The powder contained in tdie hopper, fluidizedor not, 
is sucked up in the venturi and then driven back 
into the transport hose. The injection air output 
speed can easily reach 800 Km/hr (222 m/s) for an 
injector with a diameter jf 2nin, operating with an 
amount of 4 m /hr. In the immediate proximity of 
the injector, a particle of powder can therefore 
reach a -ery high speed. If this particle ireets 
the walls of the dosing device, there is an energy 
clearance of  ̂eV2, e being the earth of the particle 
and of its speed at the time of the collision. This 
energy clearance is sufficient to melt the particle
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of powder on part of its surface. There can follow 
fixation of this particle of powder on the wall of 
the dosing device.

After operating time which can vary in function of 
the powders and of the dosing devices, these can be 
ccnpletely blocked up.

The powder output at the spraying nozzle is no longer 
ensured. There is no reliability. Even giving all 
the necessary cart to realising the venturi, experience 
proves that the good operating of a venturi depends on 
the characteristics of the powder : softening point
and granularetrical graph.

35.2.2. Tine of Passing Through the Spraying Nozzle

The particles of powder take their change in, or in 
the iimediate proximity of the spraying nozzles. If 
the charge taking phenomenon is well known in the case 
of more or less conductive liquids such as paints, it 
is otherwise in the case of powders generally very 
insulating and the influence of the charge on the 
quantity deposited.

However, experience has proved that the thickness 
deposited on the part to be coated, with an equal 
powder output, with < i 1 intensity and high voltage, 
for a set time, varied for a set powder epoxy resin 
based, in function of the temperature and the relative 
humidity in. the powder coating booth.

One can see the great importance of controlling the 
surrounding conditions to obtain reliability of an 
installation by electrostatic powder coating.

35.2.3. Time of Transport Between The Spraying Nozzle and the 
Substrate__________________________________________

During the journey frcm the spraying nozzle to the 
part to be coated, the particles of powder are subject 
to the action of three main forces.



(Kv) Iliqh voltaqe



a) Action of the gravity : Fl = mg
b) Action due to the current of transport air and 

tc the ventilation of the booth : r2
c) Action of the electrical field E created between 

the spraying nozzle and the part to be coated 
F3 = qE, q being the charge of the particle.

One cannot act on Fl and force F2 is very bauly known.

There is a general interest for it to be as low as 
possible. On the other hand, F3 depends on the 
electrical field E, itself a function of the high 
voltage applied to the nozzle. Experience proves 
that the more one works with high voitage, die 
higher the efficiency that is the weight deposited/ 
weight sprayed ratio and therefore the higher the 
reliability.

Conditions for Test 

Epoxy
Output at the nozzle 
Target
Speed of the conveyor 
Distance between nozzle 
and target

polyester clear pcwr - 
210 g/min
sheets of 500 y SCOvr 
2,5m/min

30CTTO
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36.0 PILOT PLATTT CLSIW

Having e:<anined tite various parameters involved in a powder coat­
ing system, we felt in a position to be able to introduce our cwn 
conception of tlie process, as applied to our hardware range ccrr 
pcnents, in the form of a pilot plant.

The following discusses tl>e activities involved in installing such 
a plant, considerations and assurq̂ ticaas made, and the construction 
of the plant.

36.1 List of parameters for laying out a powder coating line

1) Details of product t- be ooated
2) Purpose of coatino
3) Type of coating material.
4) Production rate
5) Fixturing of articles
6) Tv'pe of surface preparation
7) Coating thickness
8) Application method
9) Tpe, number and requirements of ovens
10) Powder exhaust and recovery' methods
11) Conveying mechanisn and electrostatic grounding
12) Automatic coating application devices
13) Number of colours and colour changes required
14) Cool dcwn time
15) Air replacement needs
16) Powder storage areas
17) Air requirements
18) parts loading and unloading
19) Floor space and ceiling height available
20) Parts inspection and touch-ups
21) Stripping or repair of rejects
22) Applied coating costs
23) System cost
24) Justification for system
25) OC - quality control
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36.2 Breakdown of activities involved Ln the installation of a 
powder coating line   ___

(1) Details of product to be coated (App. 11)
a )  S h e e t  s i z e s

b ) No. o f  d i f f e r e n t  s h e e t  s i z e s .  T o t a l  n o .

c )  S c h e d u l in g  f o r  p r o d u c t in n  o f  d i f f e r e n t  s i z e s

d) Adjustments needed to be rede when processing
different sheet sizes

e) Time variation in curing different sheet sizes
f) Stacking and destacking - according to thickness

or design or sheet size or type of product (tray 
big etc).

g) Time variation in spraying different sheet sizes.

(2) Purpose o f coating
a) Resistance to wear and anti-corrosion
b) Further potential considerations
c) Cost considerat ion.

(3) T,/pe of coating material
a) Powder coating
b) Different tyres of pcMier
c) Curing time - optimun
d) Film thickness - optimum
e) Deposition efficiency - particle size.

(4) Production rate
a) Exact time requirements per sheet size processed
b) Time a1locaticn/day/size
c) Change-over time
d) Spraying time - optimum

(5) Fixturing of articles
a) Feed rate synchronisation
b) Belt components
c) Stacking and destacking



(7)

(8)

(9)

(10)

(11)

(12)
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(6) lUx? of surface preparation
a) Effects an quality of spraying

Coating tluctoess
a) Effect cn curing time
b) Calculation of spraying time and voltage of gun
c) Reciprocation of guns

Application method
a) Details of electrostatic spraying equipment, no. 

of guns

Type, number and requirements of ovens
a) Selection of oven (IR, nas)
b) Length and no. of lamps, transportation method
c) Energy consumption

Powder exhaust and recover/ methods
a) Recycling
b) Belt cleaning
c) Filter bags, cyclones
d) Colour change effects

Conveying mechanism and electrostatic grounding 
a) Electrostatic earthing positioning 

Units required
Distance and lenoth effects and size effect 
Adjustment cn conveying mecliamisn for different 

sizes
Speed of conveyor - liangover - size and oven speed

b)
c)
d)

e)

Automatic coating application devices
a) Automation and electrics.
b) Supports and controls

(13) Number of colours and colour clianges required
a)
b)
c)
d)

White and clear.
Application and sequence method 
Hoppers for different colour powders 
Shielding required.

1
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(14) Cool-down time
a) Intervals before handling
b) Slacking and destacking organisation

(15) Air replacement needs
a) Filters
b) Cyclone
c) Air speed in booth — max and min reouirement.s
d) Dust concentration

(16) Powder storage areas
a) No. of hoppers - supply 1:Lae

(17) Parts loading and unloading
a) Stacking and destacking method - no damage - design
b) Sheet sizes - time calculation

(15) Floor space and ceiling height available
a) Wynberg workshop
b) Calculations as to size of equipment

(19) Parts insTjecticn and touch-ups
a) When, wticre along line, hew, hew often
b) Touch-ups required

(2< ) P i x t u r e d  a n .■ ~o :v a  r . ;  mechamisr, c l e a n - u p
•.'.V *” ' '

a) D i s c u s s i o n  w i t h  s u p p l i e r s

b) I 'lo ra a l c h e c k - u p  -  m a in t e n a n c e

(21) S t r i p p i n g  o r  r e p a i r  of r e j e c t s

a ) O b s e r v a t io n  p o i n t s

b ) S a f e t y  s t o p  -  s p r a y  b o o t h

c )  Whan -  i n t e r v a l  f o r  r e p a i r s .

(22)  A l l i e d  c o a t i n g  c o s t s

a ) P ow d er c o s t s

b ) R e c y c l i n g  c o s t s

c )  C o s t - q u a l i t y  a s  op tim u m  f i l m  t h i c k n e s s



a) Spray booth
b) Electrostatic cuns - reciprocators - hoppers
c) Conveyor system
d) Oven cost
e) Feeding system
f) Stacking and destacking
g) Operators' costs
h) Electrostatic grounding
i) Cyclone, filters, recycling equipment 
j) Compressor

(24 ) Justification for system 
a) Cost and payback

(25) Quality ccr.tr : I
a) Film thickness constant detection
b) Deposition of pcvder and curing
c) Discolouration
d) Impact tests.

Pilot plant design consideraticns

Our objectives for a new finishing method are:

(1) Reduce rejection rate (App. 7)
(2) Retain or improve our quality reputat ion

Ensure availability of capacity to satisfy possible 
future requirements.

To achieve these objectives, we clearly needed to substan­
tially look into developing our operation.

Sane work had been previously carried out by cne of our 
Development engineers in U.K., solely for the purpose of 
experimenting with a new product.



- 146 -

When JUSA decided to look into this alternative, material 
suppliers were advocating jXTkder coating as a relatively 
simple application process \/hich might meet our needs.

We began a serious evaluation of the possibilities of the powder 
coating process and rxawders as a solution to our own particu­
lar problems. Application of powder did seem amazingly 
simple. As we moved on frcm Powder Supplier's laboratory 
demonstrations to work with Equipment Suppliers' larger scale 
demonstration facilities our problems arose. There appeared 
to be vert- little knowledge or experience of powders and 
a.xlicaticns. It was new necessary to proceed cn three
fronts: (1) Development of the "best" powder for the job in 
clear colours

(2) Internal selling
(3) Design of a plant to apply powder, including 

finding somewhere to put it.

36.3.1 Powders

What wanted was fairly clear - a rich, smooth, 
clear finish, without any pronouncement of oronoe 
{eel, reproducible ix:1 tween 25 and 40 microns, usable 
in any mix of virgin and reclaim material, totally 
consistent tr.r batch to batch, consistent appearance 
on different substrates.

was a]so highl" desirable we have two suppliers 
whose materials should be capable of intermixing.

* took at least months, with many dissapointments, 
before a satisfactory powder was offered, which 
wauld offer very good all-round characteristics.
The materials currently in use satisfy our require- 
ments, with reservations on reproductivity at low 
film thickness.
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Me are continuing to seek a lower curing temperature 
material to save energy.

36.3.2 Internal selling

To ensure the success of the changes that were earning, 
we needed the co-operation and support of the shop 
floor personnel, who whilst prepared to accept the 
change, felt afraid of the unknown. To give us all 
the opportunity to find cut about the realities of 
{XTwder coating and strengthen our conviction, we 
bought a pilot installation - gun, booth, oven.
This was invaluable to everyone involved and addi­
tionally enabled us to get a "feel" of the process.

We ran the plant for about a year, during which time 
we pursued main plant design.

36.3.3 Plant desrm

Frcrt ccrpcnents, quantity required, possible jiggino 
and spraying confiourations, together with visits 
to other neople1 s p lants and pilant manu 1 acturers1 
demonstrations, w? concluded that there is a need for 
a "continuous process" type plant.

Various considerations revealed that automatic 
application was suitable. The final layout sets 
the pdant out in a straight line along one wall 
which allows the main area of the shop to be used 
for loading and unloading.
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37.0 Film1 PLATTT DESCRIPTI<T.

Going through the facility, we see that the spray gun is mounted 
onto a reciprocating pneumatic cylinder transverse to the motion 
of the substrate.

A conveyor is provided to carry simulated workpieces lying flat on 
the heat-resistant belts, below tlie front of the spray gun. This 
conveyor is equipped with an accurate variable speed control to 
alio; adjustment of the time the workpiece is exposed to the spray 
gun and tiie oven.

A spray booth is provided equi$:ped with an air outlet.

Electrostatic grounding bars nave been positioned below the conveyor 
belts so as to earth the substrate and prevent wrap-around of 
pcwder. Also sane other target configurations are used for "eyeball" 
evaluation of such Leliavioural characteristics.

A laboratory balanct is used to determine any weights required 
in this procedure.

An infrared oven is used to fuse the powder onto the sheets. The 
test procedure calls for a clear statement of the required con­
ditions under which the determin. ion is to be made. (App. 4,5)

The actual deliver; rite through the gun is confirmed by collection 
and weighing of a sanple.

Solids (non-volatile coating content are determined by weighing 
a saiqjle of tlie coating material in the condition received, balling 
it to drive off vclatiles, and then re-v*?ig)iing.

Actual voltage available at tlie spray cun is determined by measure­
ment with an electrostatic kilovolt meter.

Tlie foil to be used cn the test sticets for collection of the coating 
is weiglied very accurately and tiie weight recorded.
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The powder flow through the gun is then started and the test 
workpieces are carried in front of the gun by the conveyor.

Substrate time of exposure to the gun as measured by the stop clock 
is then recorded. By using this time and the powder delivery rate 
previously determined, the actual amount of powder delivered during 
the vaorkpiece exposure can be calculated.

The sheet is then moved on into the oven for fusing of the powder. 
After' thorough bakeout and cooling, the foils are removed from the 
workpiece, carefully folded to avoid loss of coating and again 
weighed at the analytical balance.

Transfer efficiency is calculated from the data gathered above.

Topical test results in graphic form can shew several relationships. 
We have, up to this point, found that:

Efficiency goes up as voltane is increases 
Differences do exist in tix* behaviour of different powders 
Transfer efficiency decreases as the spray gun delivery rate 

increases
Distance between spray (ran and target was varied to evaluate 
effect upon transfer efficiency. Test was conducted at tv^ 
different voltages and showed, at least for the spray gun 
and powder evaluated here, that an optimum spray distance 
exists somewhere in the range of 300 nm.

(a)
(b)
(c)





VARIABLE SPEED CONVEYOR

KI'JOB READING

11
10
9
8
7
6
5
4
3
2

VErnCITY M E V E S /MINUTE

2 , 6

2,4

2,1
1,8
1,6

1,3

1,1

0,8
0,5
0,2
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OLD SE1 UP NO OF L A M P S  IN C O R R E S P O N D I N G  
B A N K

D I R E C T I O N  OF 
S H E E T  T R A V E L

LTJ

DI M M E R S  [%J rn rn
B A N K  N O  1

L A M P S  A R R A N G E  m e  N t  P A R A L - E .  
T O  D I R E C T I O N  OF T R A V E LM A I N S

N E W  SET UP

w

B

R

L A M P  A R R A N G E M E N T  
HA S  R E M A I N E D  S A M E

1 5  L A M P S  * 1 K W

15 L A M P S  x 1 K W

19 LAMPS * 1 KW

W s  W H I T E  H A S E  
B  =  B L U E  P H A S E  
R =  R E D  P H A S E



TOTAL CAPACITY - AMPS AND KILOWATTS FOR INFRA HEATERS TO CONTROL
BANKS 1 to 4 AT TAPPINGS 4 to 10

BANK NO:1

Bank No:1 at Tapping No:4

Amps kW
Rod Phase 10 2,2
White Phase 9 1,
Blue Phase 8 1,76

TOTAL 26 ",72

Bank No: 1 at. Tapping No: 5

Amps kW
Red Phase . ,5 -,53
White Phase 9 1,98
Blue Phase 9 1,98

TOTAL 29,5 6,49

Bank No:1 at Tapping No: 6

Amps kW
Red Phase 12,5 2,75
White Phase 10 2,2
Blue Phase 10 2,2

TOTAL 32,5 7,15

Bank No:1 at Tapping No: 7

Amps kW
Red Phase 14 3,06
White Phase 11 2,42
Blue Phase 11 2,42

T0TA1 36 7,92
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t o t a l  CAPACITY - AMPS AND KILOWATTS FOR INFRA HEATERS TO CONTROL
BANKS 1 to 4 AT TAPPINGS 4 to 10 ______ _

BANK NO:1

Bank No:1 at Tapping No:4

Am- s kW
Red Phase 10 2,2
White Phase 6 1,76
Blue Phase 8 1,76

TOTAL 26 5,72

Bank No: 1 at. Tapping No: 5

Amps kW
Red Phase- 11,5 2,53
White Phase 9 1,98
Blue Phase 9 1,98

TOTAL 29,5 6,49

Bank No:l at Tapping No: 6

Amps kW
Red Phase 12,5 2,75
White Phase 10 2,2
Blue Phase 10 2,2

TOTAL 32,5 7,15

Bank No:l at Tapping No: 7

Amps kW
Red Phase 14 3,08
White Phase 11 2,42
Blue Phase 11 2,42

_ 'T'C't'ai 36 7,92

Page 2/.
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Bank N o :1 at Tapping No:9

Red Phase 
White Phase 
Blue Phase

TOTAL

Bank No:1 at Tapping No:9

Red Phase 
White Phase 
Blue Phase

TOTAL

Bank No:1 at Tapping No:l

Red Phase 
White Phase 
Blue Phase

TOTAL

BANK NO:1, 2 & 3 ARE THE SAME

Amps
14.5
11.5
11.5

37,5

Arnos
15,8
13
13

41,8

Amps
16,5
13.2
13.2

42,9
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BANK NO: 4

Bank No:4 at Tapping No:4

Red Phase 
White Phase 
Blue Phase

TOTAL

Amps
14,6
17,5
14,1

46,4

k_W
3,26 
3,85 
3,10

10,21

Bank No:4 at Tapping No:5

Red Phase 
White Phase 
Blue Phase

TOTAL

Amps
17,0
19,8
16,5

53,3

kW
3,74
4,36
3,63

11,73

Bank No:4 at Tapping No:'

Red Phase 
White Phase 
Blue Phase

TOTAL

Amps
19,0
21,8
18,5

59,2

kW
4,18
4,80
4,07

13,05

.

Bank No:4 at Tapping No:7

Red Phase 
White Phase 
Blue Phase

TOTAL

Amps
20,8
20.5 
20,2

61.5

kW
4,58
4,51
4,44

13,53

Bank No:4 at Tapping No:■

Red Phase 
White Phase 
Blue Phase

TOTAL

Ampjs
22,8
25,5
22,0

70 , 3

kW
5,016
5,610
4,840

15,466

Page 2/.
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BANK NO:4

Bank No:4 at Tapping No:4

Red Phase 
White Phase 
Blue Phase

TOTAL

Bank No:4 at Tapping No:5

Red Phase 
White Phase 
Blue Phase

TOTAL

Bank_ No: 4 at Tapp i f : No:'

Red Phase 
White Phase 
Blue Phase

TOTAL

Bank No:1 a- Tapping No:7

Red Phase 
White Phase 
Blue Phase

TOTAL

Bank No: 4 at Tapping Ncj_B

Red Phase 
White Phase- 
Blue Phase

TOTAL

Amps
14,8
17,5
14,1

46,4

Amps
17,0
19,8
16,5

53,3

Amps
19,0
21,8
18,5

59,2

Amps
20,8
20,5
20,2

61, 5

Amps
22,8
25,5
22,0

70, 3

kW
3,26
3,85
3,10

10,21

kW
3,74
4,36
3,63

11,73

kW
4,18
4,80
4,07

13,05

kW
4,58
4,51
4,44

13,53

kW

5,610
4,840

15,466

Page 2/.
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Bank No:4 at Tapping No:9

Amps kW
Red Phase 24,5 5,39
White Phase 27,5 6,05
Blue Phase 23,2 5,10

TOTAL 75,2 16,54

No:4 at Tapping No:10

Amps kW
Red Phase 24,5 5,39
White Phase 27,8 6,12
Blue Phase 23,5 5,12

TOTAL 75,8 16,68



SURFACE FINISH CONSIDERATIONS

After establishing the desired characteristics of the coating, the 
difficult challenge remaining was to attain a good surface finish, 
eliminating what is known as orange peel.

One of the challenges was trying to define surface finish. We 
minimised the psychological factors involved by limiting or con­
trolling human judgement bias as much as possible. No one factor 
controls the level of orange peel. Seme of the variables that 
affect the level are:

(a) Properties of the polymer
(b) Filler content
(c) Part icle size of the pooler
(d) Cure characteristics and tine-temp rate at which the coating

is cured
(e) Thiciness of the coating
(f) Application equipment to a snail degree
(g) Position of the coated panel during cure (degree of tilt from

horizontal).

Each oi *hese factors had to be studied, one at a time, while 
controlling all others.

One by one, an optimum number for each variable was established.

NOTE :

Numerous tests have been r:rformed to establish the effects of 
various parameters on stre tgth and appearance of curred powder 
coating films but only significant ones have been listed.

All of the standard operations referred to in chapter six have been 
performed on pcwder coated panels, to examine the performance and 
appearance of post formed conponents.
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At present we have been using decorated unvarnished sheets of 
different product destination produced at our VandeurbijIpark 
plant and powder coated at our Wynberg Workshop.

Ideally what we are looking at for the future is as; per Chapter 1 
(a continuous operation.)
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3 9 . 0  POWDER EVALUATIWS

Powder evaluation was carried out in a pilot operation set up in 
the MB laboratory at Wynberq. Many powders were sprayed, cured and 
the coatings evaluated. Most of the powders tested ware clear 
epoxies and clear epoxy-polyesters because of their availability.

Powders frcrn the same supplier were tested several times to check 
the reproducibility of their properties from batch to batch.

Reproducibility of colour, gloss and lack of orange peel were 
chechrd particularly closely. Other properties examined included: 
edge coverage, ability to withstand clamping and tooling, drilling 
from the underside and adherence of film.

The tests indicated that levelling of a pcwder coating is a function 
of particle size. The smaller the particles tlie better the flow and 
levelling.

As result, the powder required for use should be ultrafine.

The powders ultimately selected give a 46 to 52 percent 60° photo­
volt gloss. The powder must handle well in the application and 
overspray recovery equipment.

Sere powders were found to have a tendency to clog. The pcvriers 
initially selectee were epoxies capable of meeting our rather 
difficult requirements. However, powler evaluation continues as more 
and better powders beccne available.

It was found that th? thermosetting epoxy-polyester powder provided 
better colour retention and did not discolour when accidentally 
subjected to excessive heat during curing. Although the epoxy­
polyester will cost more per Kg., its lower specific gravity means 
greater coverage per Kg., and its applied cost per square metre at 
equivalent thickness may be lower than that of the epoxy.
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39.1 ■teaianJcal Properties

One of the major advantages of epoxy pcwior coatings is their 
ability to develop films with mechanical properties far 
superior to those produced by most other organic coatings. 
Typical mechanical test results obtained with epoxy powder 
applied at a film thickness of 100 microns on 0,71mm cold 
rolled steel panels (ML'I Laboratory Durban) are shown below.

Test Results

Direct Impact 10 Joules
Reverse impact 10 Joules
Flexibility No failure on conical

mandril
Scratch hardness 4 000 grams

The mechanical performance of epoxy powder coatings is 
influenced to a large extent by film thickness and stoving 
schedule. (App. 12)

a) Film Thickness

As it has been clearly demonstrated that the protection 
against corrosion using epoxy powder coatings increases 
with increasing film thickness, it woild appear logical
to apply as thick a coating as possible. Unfortunately 
as the applied film thickness is increased a point is 
reached at which any further increase in film thickness 
will result in a drop off of the mechanical properties 
of the film.

The precise stage at which this drop off begins depends 
on the object being coated, the stoving schedule used 
and on the powder itself.

It can be demonstrated by applying epoxy powder at 
various thicknesses to similar panels and then after 
stoving all the panels at the same schedule, subjecting 
them to impact and flexibility tests. (ADZI lab).
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Flexibility

Pass 6,4mm mandril 
Pass 3,2mn mandril

Pass 6,4rrcn mandril 
Pass 3,2nri mandril

Pass 6,4nm mandril 
Pass 3,2nm mandril

Pass 6,4mm mandril

Fail 3,2mn mandril

The abcn.re tests were performed on 0,71nn cold rolled steel 
panels, stoved for 10 minutes at 180°C.

On deciding therefore on the optimum film thickness to be used 
on any particular explication, both the degree of corrosion 
protection and mechanical properties required must be taken into 
consideration.

b) Staving Schedule

The staving schedule used with an epoxy powder can be 
regarded as by far the most important factor in 
determining the performance of the coating. Unlike 
conventlona1 staving enamels which remain tacky and 
cheesy, if insufficiently stoved, epoxy powder coatings 
ram in hard and brittle, exhibiting poor adhesion until 
fully cured.

The only satisfactory method of ensuring that the oven 
temperature tirre schedule is correct is to test the 
epoxy powder film for full cure. This is done by 
testing its mechanical properties.

Film Thickness 

50 - 60 microns

6 0 - 7 5  microns

145 -160 microns

195 -200 microns

Impact

Direct - Pass 
Reverse- Pass

Direct - Pass 
Reverse- Pass

Direct - Pass 
Reverse- Pass

Direct-slight 
Cracking 
Reverse- Pass
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BREAKDOWN

Powder 
Flexibility

REASONS

Tool Tolerance 
on Forming

Coating is good but 
scuffing exists

Adherence Qua!ity

I Gun
Voltage Distance

Film Thickness Curing Schedule

Too Little

Gun Spray

Too ûch

Diffused
Pattern

Change
Pattern

Particle
Size

Too big 
Little
Output Consult 

AECI
Increase Output 
Fill up Cont- 
a ner with 
Pcvder

Gun
Spray

Too
Long

Reduce 
Output or 
Increase 
Conveyor 
Speed

Too
Much

Reduce
or

Increase

Overcured

(pover, output, conveyor spec )

Undercured

(powder, conveyor speed, good flow, 
layer of powder - top cured but 
wot bottom)

Different curing requirements 
for different colours
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Impac and flexibility tests are used for this purpose, 
which give absolutely reliable and conclusive results.

Tests have shown that with a well formulated epoxy 
pcwder, there is virtually no fall off in the mechanical 
properties even with 100% overbake.

3? '• Reduction in Gloss by Blending Powders with Different Activities

When a fast curing epoxy resin based pcvder of high reactivity 
is mixed with a slower curing powder of low reactivity, and the 
resulting physical mixture is sprayed electrostatically and cured, 
two phases are in effect formed; these are a continuous phase 
attributable to the slower reacting material and a disperse phas' 
of the faster reating material. The reason for this is that 
the more reactive powder cures so rapidly that diffusion into 
the continuous phase is retarded and so the final cured film, 
has a reduced gloss.

The greater the difference in reactivity between the twa powders 
blended together the greater the reduction in gloss. This 
technique can t>: used for epoxy powder coatings with specular 
reflectances in the eggsliell to semi gloss range.

39.3 Powder Coating Materials

At this point in time seven different powder coating materials 
have been tried and tested. To date we nave limited our tests 
to two resin types, namely epoxy and polyester. Sere beautiful 
acrylic finishes have been tested but in physical properties we 
have yet to find one that will match +"he epoxys and pjolyesters. 
They appear to be more brittle and fracture lines appear on 
bend testing and impact test.

While the powder vendors we have dealt with have taken steps to 
control their product quality closely, Wv have received material 
whose particle size differs largely.
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40.0 EQUIT-MCTT EVALUATION

Almost every’ type of available electrostatic [xowder spray equipment 
was examined so that we could select that which best net our re­
quirements effectively, efficiently and reliably.

Maximum transfer efficiency was of particular concern so as to 
minimise overspray. Although overspray can be reclaimed, excessive 
recycling through the recovery system tends to degrade t>ie properties
of the virgin povrier. To determine transfer efficier.cr/, parts were 
weighed before spraying, sprav̂ ed with pxr,.der holding application 
parameters constant, and veighed after coating.

T*ie ability to apply a uniform film thickness was considered, with 
maximum uniformity sought. Of course, this is also a function of 
the powder being applied. Other f ictors examined were the ability 
to liandle powder without clogging and tlie ease of cleaning and 
maintaining the gun and related equipment. Spray guns arrangements, 
conveyor designs and transporting patterns were evaluated.

Various types of curing ovens were examined and consideration was 
given to the parameters involved. As a result of this study we 
believe we selected the best equipment which is available for our 
specific application.



ULTRA-THIN PaVDLR COATING CAPABILITIES

41.1 Abstract

Clear epoxy pcvder coatings have been developed which can 
produce continuous 15 microns pinhole-free films using 
electrostatic spray applications.

The ability to produce ultra-thin coatings permits considera­
tion of pettier coatings for applications which were pro­
hibited by the thicker coatings previously available.

The chemical resistance and mechanical integrity and appearance 
of these ultra-thin film coatings are equal or superior to 
that of the thicker coatings previously developed. Clear 
coatings permit greater latitude in post forming pre-coated 
metal.

41.2 Discussion

Clear epoxy and epccc*-polyester pettier coatings have been 
developed which will produce continuous 15 microns pinhole- 
free films using electrostatic spray applications.

Piemen ted epoxy coatings can be produced at the same thick­
ness, however, hiding powder is not adequate except in 
the high optical density coatings such as black or deep- 
toned colours. Thin films with adequate hiding and high 
gloss can be produced in the 15-35 microns coating range.

The early powder coating markets wore based upon thick coat­
ings utilising fluidized bed and produced 200 microns or 
thicker coatings. Subsequently, the thin film markets 
developed in the range of 50-75 microns, using spray guns.
The development of ultra-thin epoxy and epoxy-polyester 
ocwder coatings, to produce coatings which are pinhole-free 
in the range of 15-25 microns, is the development that is under 
discussion.



Up to this time, however, it has not been possible cn a 
production bar is to prepare these thin coatings.

Continuous pin ole-free coatings of 15-25 microns have been 
applied with c ir materials. Pigmented coatings which 
would give coi sicn res stance and hiding can be prepared 
in this range •. J' a bl 'k pigment.

However, it is necessary to go to 2035 microns to get 
adequate hiding with materials other than black vhile main­
taining ttie higher gloss.

The high hiding pi vents will produce pinhole-free coatings 
with adequate hid in s at this ranee.

The lighter colours with poorer hiding pigments usually 
require 3045, or in seme cases up to 50 microns to obtain 
adequate hiding.

We have developed coatings which are unique relative to their 
fine particle size, rjsin structure and modifying agents.

The coatings are laid down by means of an electrostatic 
spray to form a layer of irmxlcr and air which is comprised 
of an irregular temporary structure made up of powder 
particles resting cn each other with air spaces in between 
the powder particles. As heat is applied there is an initial 
pohner deformation which due to the surface tension forms 
spherical particles and consequently causes the snail 
particles to decrease forming larger void areas.

These larger voids tend to expand rapidly as the polymer 
particles tend to flow out and rise to the surface, leaving 
the material as a cantinucus film. It is necessary to con­
trol the rate of curing and the rate of flow to permit the 
air to leave the film and to give us a void free film. By 
control of the variable mentioned this is possible.



The mathematics relative to the forma, m  of thin films 
has been studied in detail by W.M. Rodgers of the Goodyear 
Tire and Rubber Company and C.C. Furms, formerly of the 
Cornell Aeronautical Research Laboratory.

They have shown that initial void content can range up to 
60% and only with an extremely wide range of particles are 
the number of voids limited.

The flow out of the particles in order to obtain a 15 microns
coating necessitates the particle sizes to be in the range 
of 18-20 microns. When this size is available, then it is 
possible to control the thickness by building up multiple 
layers one upon the other. By maintaining the proper flow 
additive the s.. can be 'used into a continuous void free 
film..

The question of the performance of these ultra-thin coatings 
has been answered b" a series of laboratory and end-use test­
ing.

A surTYiry of the types of tests performed is given in
(Appendices o and 12) .
The adhesion as tested by cross hatch is excellent. Shear 
and tension values have boot determined. The abrasion re- 
sis ten:*.. far exceeds triat of most ccmercial cross-1 inked 
coatings. The- imqact resistance exceeds 20 in Newtons 
both direct and reverse. Pencil hardness is greater than 
5H. The continuity of film is checked using a pinhole 
tester.

Formability has been shown to be excellent by the mandrel bend 
test.

Corrosion resistance has been excellent as has been solvent 
resistance to ccm.xm chemicals, such as bases, acids and 
chlorinated solver*-?. The gloss can vary depending upon tha 
composition.



It is necessary to maintain the powder dry, since moisture 
will tend to cause agglomeration and increase the thickness 
as well as causinn poor spraying and possible pinholing.
The snail particles accentuate the problem. The pcforier 
should be stored below 25°C to prevent premature curing and 

» ►. ■ during the curing operation. Normal safety
precautions used in pcwder handling as with ’wheat, flour, 
cement must be practised.
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T r a n s p o r t a t i o n  of Sheets

Initially various proposals were explored and discussed on the 
subject of possible handling mechanisms for the transportation 
of sheets such as :

1. Hanging vertically
2. Vertically transported by exercising pressure on the

sheets trim area.
3. Horizontally transported on belt conveyor

After a thorough evaluation of each, more enpriasis was placed on 
the last of the abovementioned modes of transportation. The 
final configuration is shewn on page as per photo.

42.1 Vertical Hanging

This involves the piercing in two points of t a sheets 
and their manual hanging on hooks supported by an over­
head conveyor.

Although this method did not deviate from existing 
standard procedures in poder coating applications, it 
was felt that the two extra operations of piercing and 
hanging wer<_ undesirable. A sinpler and if possible 
automatic oroccss had been envisaged from the conception 
of the project.

4 2 . 2  G r ip : /  r Edu> P r e s s u r e

The handling of t h e  s h e e t s  b y  exercising pressure on 
then' perimeter trim area was technically and financially 
checked. From a technical point of view, it was rather 
critical because of the variation in size and tire 
limitation in magnitude of the trim area by which tire 
process would be governed.
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We then had to consider the enlargement of the sheet 
in one direction only, in order to have a larger working 
and gripping area. This alternative did not affect 
the price of the raw material significantly but the 
idea was left aside on the grounds of being laborious 
to construct and expensive to install. In the writer's 
opinion, it is still very valid and worth looking at in 
final design stages.

42.3 Horizontal Conveyor

Handling the sheets on the flat, resting on conveyor 
belts of suitable nature seemed the best solution at 
least for the time being with seme restriction though 
as to the curing process selected, which had to be in 
suit of our conveying mechanism. This mode of 
processing the sheets on the flat led us to cnoose 
an infrared oven which would straddle over the belt 
conveyor and vure our product as a sequential step 
to powder coating it. This configuration gave us 
the opportunity to have a continuous process of variable 
speed for the coating and curing cycle and adjustable 
over workpiece distance.

Placement of Slieet-S

During the experimenting period, the sheets would be manually 
loaded and unloaded. At a later staae we would consider 
automatic loading and unloading, probably by using pneumatic 
arms to collect the sheets from a stacking support and place 
them on the be lt synchronica1ly.
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43. Anticorrosion and Chc.mical Resistance

In the difficult field of anti corrosion, adhesion is playing 
an important role, one should say the most determining.
Powders are not carried by a solvent which helps normally 
for the peaks and valleys. Lack of adhesion is the main 
disadvantage of powler coatings, which makes its utilisation 
on smooth substrates very delicate in particular cases.

Of course we are speakire here about the intrinsic adhesion 
of cured thermosetting powders. Surface preparation by 
chemical conversion, cr tie use of primers prior to powder 
application enhance the high perforranoe of thermoset powders.

These ocments are not pessimistic but we must admit that 
the solution of the adhesion problem in powder coatings would 
help to solve a lot of problems we have encountered and answer 
questions we will be confronted with in the near future when 
the research schedules will be directed to mere sophisticated 
developments.
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4 4 . Forming and Drawing of Tinplate

Over the years, the main research and development in press 
forming, haxe taken three directions.

1. Tests to determine properties of material which 
will indicate their press performance.

2. improve materials available, provide greater
uniformity within each grade and develop grades 
for specific types of pressing.

3. Inprove processes including tooIraking and 
setting, improving presses and press control 
and increasing knowledge of lubrication.

During pressing, tinplate is subjected to a series of cot -ilex 
deformation winch include stretching, drawing bending ar 
unbending an d  seldom is a n y  o n e  deformation mode operating 
alone.

However, whatever the deformation mode or the pressing method 
used, there art criteria for distinguishing success or failure 
of a pressing.

Success Requires

1. Absence of metal fracture (failure).
2. Absence of visible necking.
3 . S a t i s f a c t o r y  fo r m in g  to sh a p e  and retaining shape 

w it h o u t  u n d u e  s p r in g b a c k .

4. Satisfactory s u r f a c e  a f t e r  pressing. If the component 
is exposed to v ie w  in service it would require freedom 
frcm  stretcher strains and orange peel effects.

5. Freedom frcm wrinkling.
6. Freedom from undue earing.



When a pressing fractures during forming the tear is the 
visual indication that the metal has been worked beyond 
its prevailing fomabiiity limit and to make the part 
without failure what is needed is either :

1. A more formable m ,'tal or possible increased thickness 
(supply expense).

2. Different lubrication (supply and production expense).
3. Modified tooling to alter the strains imposed (production 

expense) .

In many practical cases, however, the sheet metal does not 
near, although sane points on the pressing are close to 
failure and many components are rejected for visible thinning 
or 1 necking1 where the strain has been greatest.

Whether or not a particular sheet of metal can be formed into 
a specific part without breakage depends on :

1 . Material properties
2 . The surface conditions
3. The blank size and shape
4. Lubrication
5. Press speed to blank holcar pressure
6 . Punch and die design
7. Possibly a number of other factors which are not yet

fully understood.

These are tlie parameters that are presently under close 
examination.

In order to determine their relative contribution to the failure 
modes observed, other than the ones originating from the 
properties of the powder coating itself, one would have to get 
involved into a different area altogether. At this point 
in time it has been decided to only make tentative tooling 
modifications on equi| ment available at out developmmt work­
shop, to try and alevLahe any problems encountered. Nevertheless 
sone points which a^e thought to bear significant importance
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The amount and type of deformation determines when a sheet will 
fail on pressing and therefore the practical operator is 
interested in the properties of the material which :

1. Determine the amount of deformation it c an withstand

2. Determine the geometry and metal flew of the pressing 
which determine the amount and type of deformation that 
will be required.

In technical departments concern is partly with testing procedures 
to determine as well as possible the properties of the metal when 
subject to complex deformation process and partly with 
determining tha state of complexity of the total deformation 
required in the commercial operation.

44.1 Forming Mode

Forming operations can be considered as being made up from 
various proportions of stretching and deep drawing on the basis 
that blanks are transformed through the stretching and drawing 
action of the dies to tne required shapes. Stretch forming and 
deep drawing in their ideal form can be separately identified.

44.2 Ideal Stretching

A blank is held tightly around the edge between the dies such 
that there is no movement over the die rings. As the punch 
descends, deformation occurs only ii the area of the blank over 
the die openings. Thinning occurs only in the deformed area 
under the punch nose.

44.3 Ideal Drawing

In this case- the blank holder pressure is less and will allcw 
controlled movement of the blank into the die as the punch 
descends.
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Deformation occurs mostly in the outer position of the blank 
with only a little over the punch head. In this case the 
punch load increases rapidly to a maximum value before very 
much punch travel and drawing begins at maximum load with 
the load decreasing steadily to zero when draw through occ *s.

The deformation patten of a pressing can be readily determined 
by the use of circular grid patters imprinted on the component 
before test. During deformation the circle is deformed to a 
larger circle or an ellipse and the regions of greatest 
deformation as percent engineering strain, can be determined 
from measurements of the major and minor axes of the ellipses 
e- and e respectively. When the material is subjected to 
stretching, both major and minor axes will be greater than 
the initial circle diameter, that is, there are tension-tension 
strains in the surface plane.

On the other hand, when drawing has occured the major axis 
will be greater but the minor axis will be less than the 
original circle diameter, that is there are tension conpression 
strains in the sheet plane.

Frcri measurement of the ellipse axes, it is possible to determine 
quickly the amount of d- format ioi both in relation to the direction 
of principle strain e., that is the strain parallel to the major 
axis and in relation to the minor strain, or that parallel to 
the minor axis.

From a large number of laboratory and production experiments 
initially introduced by Keeler and Goodwin and where the major 
and minor strains at different points on a pressing have been 
measured, particularly up to the point of failure, it has beer, 
found tint, when these are plotted on a graph with major strains 
as ordinate and minor strains as abscissa, the rupture points 
form a locus which separates failure areas from safe areas.

This information becomes the basis of a forming limit diagram 
(FID) .
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44.4 Wrinkling

Strain limits for local necking and fracture have been discussed 
and the tool setter has certain rules which allow him to modify 
conditions to reduce critical strain severity. One conrnon 
control factor is blank holder pressure, the reduction of which 
ray allow more flange material to fl>w into the part.

However, if the blank holder pressure is reduced too greatly 
a new defect, wrinkling, ray appear. Wrinkles ray occur in 
flange areas hie to the high compress.ve stresses or they may 
occur in unsupported stretched areas where a die cavity is 
considerably greater than the drawing punch.

44.5 Lubrication

The effects of lubricants have a number of points which must 
be considered.

1 . ease of application and film forming properties
2 . ease of removal
3. corrosion protection
4. Lubricating properties at the working strain rates

The type of lubricant, the punch speed and the blank holding 
lead all affect the frictional forces that are generated between 
the material and the tooling. Friction forces in the blank 
holder region increase the radial force required to draw the 
blank to the smaller diameter.

Friction around the drawing die radius causes a tension loss 
between that existing in the cup wall and that transmitted to 
the flange in a ranner similar to tliat observed when a belt is 
pulled over a fixed pulley.

Therefore, the die radius friction acts as a multiplying factor 
increasing the force required to deform the flange.
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45. Gel Time Procedures

A small quantity of powder is placed on the hot cure 
surface and the stop watch is started. Specimen volume _  ̂
about equivalent to that of a medium sized pea. The melted 
power is gently stirred until it begins to solidify. Stop­
watch is stopped. The gel time is the time elapsed from the 
instant the pcwdor touches the cure plate surface until it 
begins to solidify. An average of five determinations is 
recorded as the gel tine, to the nearest second. Cure plate 
was fitted with self adhesive temperature tape. Cure plate 
surface is maintained at such a temperature, so that no tin 
flow or discolouration is evident.
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Appearance of Cured Films

The phenomenon of flow has been carefully considered. In 
powder technology, melt viscosity, reactivity and special 
flow promoters are the tools to obtain good flew, whilst 
manageable curing schedules are being maintained. As can 
be expected the flew of a povder coating becomes poorer as 
the speed of cure increases, or more correctly, the faster 
the initial gelation of the powder. The proper balance 
between flow and react, v ity  had to be established for the 
application considered. The use of lover melting point 
resins is another way of increasing the flow, although 
blocking of the powur on storage can result. Extensive 
development wjrk carried out during the last four years 
by raw material suppliers and powder manufacturers has 
resulted in the production of special additives which inprove 
the flow properties of the u ltim ate  povder coating system.
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47, Ultra Thin Powder Coatings

Clear powder coatings have been developed during this Research 
period, which will produce continuous 30 microns pinhole - free 
films using electrostatic spray. They have been tested by 
being dipped into a solution of copper sulphate which corrodes 
tin coating when latter is exposed.

Thin films can be produced in the 18 - 32 microns range. This 
ability to produce ultra thin coatings permits consideration 
of powder coatings for applications which were prohibited by 
the thicker coatings.

The chemical resistance, electricdl and mecnanical integrity 
and appearance of these ult’-a thin film coatings are equal 
a m  superior to that of the thicker coatings (50 microns) 
previously developed.

It has been found that clear coatings permit greater latitude
in post forming precoated metal.
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48. The Importance of Opacity in Thin Film Coatings

It has been seen that the tine cost of a finish goes well 
beyond the cost/kg of powder. The specific gravity of 
the coating material must be taken into account and can 
have quite an effect, on the cost.

Thus the following theoretical coverage is obtainable for 
coatings of various specific gravities.

TABLE 13

Theoretical coverage of coating material at various Sp. Gr. 
(Dry Film basis) (App. 3)

Specific Gravity Coverage - rf /Kg/25 microns

1,0 40
1,1 36,4
1,2 33,3
1,3 30,8
1,4 28,6
1,5 26,7
1,6 25,0
1,7 23,5
1,8 22,2
1,9 21,0
2,0 20,0

Similarly for various film thicknesses of 20,30,35,40,45,50 
microns the following tables are constructed.

Specific Gravity

Thickness 1,0 I1-1

---
1,2

---
1,3 1,4j 1,5 1,6 1,7 1,8

■ i 1,9 2,0
20 microns Coverage

50 45,5 41,7 38,5 35,7|33,3 31,3 39,4 27,8 26,3 35
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1,0 1,1 1,2 1,3 1,4 1,5 1,6 1,6 1,8 1,9 2,0

33,3.30,3 27,8 125,71 23,yi 22,2 20,8 
-

19,6
.

18,5 17,5 16,7

1,0 1,1 1,2 1,3 1,4 1,5 1,6 1,7| 1,8 1,9 2,0

28,6 26,0 23,8 22,o|20,4 19,0;17,8Il6,8 15,9 ...-... . , . _____ _ - ..... — i . . _i15,0 14,3,

1,0 1,1, 1,2 1,3 1,4 1,5i ! 1 ! 1,6 1,7
---- r ■
1,6! 1,9: 2,0

40 microns

25 22,7 20,8 19,2;IT,8|16,7 15,6 14,7 13,9 13,2 12,5

1,0 1,1 1,2 l,3i 1,41 1,5 !_____L ... '---- .. i___J___ __ 1,6 -__ 1,7---- 1,8 1,9 2,0
45 microns

22,z 20,z 18,5 17,0 15,9|14,8!13,9|13,0 12,3 11,7 11,1

20j18,2 16,7 15,4 14,3 13,3 12,5|11,8| 11,1;10,5| 10



Figure 26gives a general relationship between specific gravity 
of the coating, film thickness and coverage in the 2 0 - 5 0  
microns thickness range. Using a straightedge, the specific 
gravity of the coating is located in the left hand scale and 
caused to intersect with the appropriate film thickness on 
the center scale at the sane specific gravity. The average 
is read on the right hand scale.

As an example three lines are drawn showing the coverage of
a) 20 microns film of a coating with specific gravity of 

2,0.
b) 30 microns film, with a specific gravity of 1,5
c) 20 microns film with a coating of a specific gravity 

1,4.

Fran this point, two other factors are taken into consideration:

1. The transfer efficiency which is the amount of material 
sprayed toward the part compared to the amount actually 
applied to the part. Transfer efficiency varies 
depending on the configuration of the article being 
coated ranging fror. a high of about 90% for flat sheets 
to about 50% for various configurations.

In the case of electrostatic powder spray it is passible 
to approach 100% total efficiency' if all powder is 
reclaimed and recycled. A figure of 95% is used here 
in cost calculations for electrostatic povners, which 
degree is realised because of only one colour application.

2. 'Ihe material oost calculation can stop at this point that 
is

Cost Rand/m3/25 microns = Cost/Kg
Coverage mj/kg x application effic.
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Hcwever, the rac is that until now, powders are 
generally applied at 50 microns or greater thickness, 
but in our case the practical application of nominal 
25 microns films by electrostatic powder spray 
techniques is imminent and fractional of 25 microns 
coatings are in the writer's opinion less than one 
year away.

4 6 .1 . Coating Procedure

In the M.B. application of powder coa* ng materials we had
various options open to us.

1. To powder oat unvarnished flat sheets before tooling, 
with clear thermosetting powders so as to protect the 
printed design.

2. Tc powder coat the underside of the sheet either by a 
clear thermosetting powder or by a colour resin powder 
which would match tb. overall appearance.

3. To powder coat the finished components.

Option thrc . presented numerous problems due to the \rariety7 of 
the existing products and consequently due to the difficulty 
one would have in handling and powder coating the different 
products. Since therefore most of our products were round 
built up, containers and were consequently almost impossible to 
pcwder coat in the finished stage we opted to develop a system 
which would withstand the metal deformation normally encountered 
in canmaking.

The decision had to be made whether wo woulu powder coat both 
sides of the sheet at the same time using a clear powder, or 
powder coat the printed side with a clear powder first and then 
the underside with a colour based resin. This coild only be 
decided once the effect of hiding power on cost and the coating 
implications were examined.
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Coating difficulties would prevail in the sense that one would 
not like the spraying of the one powder to influence the 
application and register area of the other, due to 'wrap around' 
adhesion properties of powder and if solved this problem hew 
reliable and consistent would the solution be on a full production 
basis,

48.2 Effect of Hiding Fewer on Cost

Hie hiding power of a o inq is tliat property which enables it 
to obliterate beyond recognition any background over which it 
nay be spread. At film thicknesses of 50 - 75 microns or 
greater, the hiding pcwer of the coating is generally of little 
consequence. At low film thicknesses of about 25 microns or 
less the nature of the substrate oon affect the appearance of 
the film. If the film does not have sufficient hiding power, 
it appears ' splotchy * or to vary in colour.

One way to correct the problem is to increase the thickness until 
the coating appears uniform. This will, of course, result in 
a higher material cost. Another method is to increase the 
hiding power of the coating by increasing the amount of 
opacifying pigments, decreasing the brightness or both.
Increasing the quantity of opacifying pigment results in an 
increase in specific gravity and a decrease in c —erage.
Therefore a quantitative method is required for calculating 
the tim- cost of the coating material as a function of the 
hiding pcwer.

48. 3 Measuring Hiding Pcwer

A detailed method for determining hiding power is given 
subsequently to this section. This me thou, a modification 
of procedures generally establish.u in the paint industry, is 
based on a measurement of contra ratio and the scattering 
co-efficient S of the coating. The scattering co-efficient is 
dependent on the quantity,type,particle size,and degree of 
dispession of the pigments.
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It can be determined fran the contrast ratio using the 
mathematical relationship developed by Kubelka and Munk. 
Contrast ratio can be considered as the ratio of the light 
reflected by the coating over a black substrate (Ho) to the 
light reflected by the coating over a white substrate (R*) 
At complete hiding Rb =Rw and the contrast ratio is 
unitv.

To determine contrast ratio, the test coating is applied over 
a white substrate and a black substrate at the intended end 
use thickness. The reflectance of the coating over each of 
the substrates is measured using a calorimeter vs a barrium 
sulphate or magnesium oxide control. Coating thickness is 
determined fran the weight of the coating arid its specific 
gravity rather than by direct measurement since the weight 
method is ncre accurate and the contrast ratio is sensitive 
to film thickness.

Using the contrast ratio determined and the value obtained 
for Rb, the scattering co-efficient S is found using the 
graph in figure try locating the scattering power SX and 
dividing by the film thickness.

46.4 Experimental

Two powders were prepared by AEGI at different levels of 
opacity.

Powder 'A' is similar to many powders currently being sold 
ccmercially. Powder 'B' was a high opacity material. Using 
the procedures described, the contrast ratio and coverage for 
each coating was determined and the data summarised in Table 
After reviewing the data it was found that the high opacity 
material, powder 1B* gives the same degree of opacity at 
approximately a 20% lower film thickness but the specific 
gravity is higher and the coverage only slightly better.
There is though, a much higher reflectance (90, 25% vs 83,3) 
and scattering co-efficient (4,21 vs 2,76) of powder 'E'.



- 184 -

This means that the higher opacity material can be applied at 
a lewer thickness and still give the same appearance as the 
standard material.

The significane of these data are summarised in Table 16. If 
powder 'A' and powder 'B' are corpared only on the basis of 
specific gravity and coverage, powder 'B' is about 12,5% more 
expensive bo use than powder ’A', all other tilings being equal, 
When ccrpared on the ability to hide the substrate, powder 'B' 
is 36% lewer in cost on a use basis.

43.5 Theory-

The following definitions are in order

Coating System The combination of a coating material 
aoclied to a substrate.

Hiding Power The ability of a coating system to 
obliterate beyond recognition any 
baccrround over which it is applied.

Reflectance The ratio of light diffused by a coating 
system to the light diffused by a near 
perfect diffuse reflector such as 
magnesium oxide.

Scatter ing The cumulative effect of reflection, 
diffraction and refraction from a coating 
system on the incident light.

Absorbance That part of incident light not 
scattered by a coating system.

Coverage The area which can be hidden by a coating 
system at a specified contrast ratio per 
unit weight or volume of coating material.
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The ratio of light absorbed to light scattered K/S is dependent 
upon the specific pigments and their concentration in the 
medium. Scattering efficiency of a pigment can be meaL 'ed 
according to the well known Kubelta - Monk equations

S
(1 - Roc)'
2 Roo

-  (3)

2,303 Roo . log Roo II  - RoPoo) -(4)
d 1 1 - P.200 Roo - Ro

where Roo - diffuse reflectance for the coating system at 
infinite thickness such that a further increase in thickness 
does not appreciably affect the K/S ratio.

Ro = diffuse reflectance for the coating system over a black 
substrate of which reflectance — — 0

d = film thickness

Consequently, a method is needed to measure diffuse reflectance, 
R and the scattering co-efficient S. Diffuse reflectance can be 
easily measured with an;, number of colourimeters or spectro- 
phorotTEters. To determine the scattering co-efficient, S the 
coating is applied over a white substrate (reflectance about 
80%) at sufficient thickness o hide the substrate arid over 
a black substrate (? R — •* 0) at the normal thickness range.
The reflectance is measured for each versus a near white diffuse 
reflector. The ratio of reflectance over black (Fb) to 
reflectance over white (Rw) is kncwn as the contrast ratio.
It should be noted that Rw is approximately equal to Roo and 
R , is approximately equal to Re. Using graphs derived from 
equation 4 and the measured contrast ratio, the scattering 
oc-efficient, S can be detemu.

48.6 Procedure

I n  o r d e r  t o  d e t e r m i n e  t h e  c o n t r a s t  r a t i o  a n d  subsequently t h e

s c a t t e r i n g  c o - e f f i c i e n t  t w o  t y p e s  o f  s u b s t r a t e  are required.
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The ratio of light absorbed to light scattered K/S is dependent 
upon the specific pigments and their concentration in the 
medium. Scattering efficiency of a pigment can be measured 
according to the well known Kubelta - Monk equations

K _ (1 - Roe)' - (3)
2 Roo

„ _ 2,303 Roo . log Roo (1 - RoPoo) -(4)
d ' 1 - P.2 00 Roo - Ro

where Roo = diffuse reflectance for the coating system at 
infinite thickness such that a further increase in thickness 
does not appreciably affect the K/S ratio.

Ro = diffuse reflectance for the coat, g  system over a black 
substrate of which reflectance —  0

d -- film thickness

Consequently, a method is needed to measure diffuse reflectance, 
R and the scattering co-efficient S. Diffuse reflectance can be 
easily measured with any number of colourimeters or spectro­
photometers. To determine tiie scattering co-efficient, S the 
coating is applied over a white substrate (reflectance about 
80%) at sufficient thickness to hide the substrate and over 
a black substrate (% R — — 0) at the normal thickness range.
The reflectance is measured for each versus a near white diffuse 
reflector. The ratio of -eflectance over black (%) to 
reflectance over white (Rw) is knovn as the contrast ratio.
It should be noted that Rw is approximately equal to Roo and 
Ft) is approximately equal to Ro. Using graphs derived from 
equation 4 and the measured contrast ratio, the scattering 
co-efficient, S can be determined.

Procedure

I n  o r d e r  t o  d e t e r m i n e  t h e  c o n t r a s t  r a t i o  a n d  s u b s e q u e n t l y  t h e

s c a t t e r i n g  c o - e f f i c i e n t  t w o  t y p e s  o f  s u b s t r a t e  a r e  r e q u i r e d .
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White - flat wnite gloss plate which is opaque and reflects 80% 
of a light striking the surface can be used.

Black - conventional paint test panels coating with a flat 
black lacquer (R  —  0) can be used.

For each coating system to be analysed one white panel and tiiree 
black panels are required. After the panels have been prepared 
they are weighed to the nearest milligram and the weights 
recorded. The powder coating is then applied keeping the back 
of the panel covered to allow powder deposition only on the 
front of the panel.

White Panel

Spray one panel to a depth of 100 microns or greater keepinc 
the coating as uniform as possible. Fuse the coating long 
enough to achieve full fusion and flow or the film. After 
cooling to room temperature, the panel is re-weighed and the 
coating weight determined.

Black Lacquered Panel

The three panels are carefully sprayed so that tie thickness 
of the electrostatically applied coating when fusea is in the 
normal range of 20 - 50 microns. Powder deposition on the 
back side of the panels must again be avoided. The coaled 
panel is placed in the oven and the powder is fused to the 
finished film. The panels are carefully reweighed and the 
coating weight determined.

The coating thickness can then be determined based on the 
weight and specific gravity of the film.

1 0 * x film weight _ <5)
" nurront' " surface area x specific gravity
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The reflectance is measured and recorded for each of four 
specimen' " versus barium sulphate or magnesium oxide using 
the Y tristimulus filter of a colourimeter. The contrast 
ratio (CR) is then calculated for each blacx panel using 
the following equations

CR = Ro = RB - (6)
Roo KW

After the contrast ratios for each black panel have been 
calculated, their respective scattering co-efficients can 
be determined. These can be calculated using equation 
(4) or, more easily, determined through the use of the 
same equations in the form oi a graph (See figure 2 7 )
Scales provided in Figure 27 include :

1. Reflectance over black - RB or Ro
2. Contrast ratio - CR
3. Reflectance over white - Rw or Roo
4. Scattering Powr - SX

Any co-ordinates can be used for determining the scattering
power, SX but Ro and CR will be used here. Whatever values
are used to ietemine SX, whether Ro and CR, Ro and Roo, or 
CR and Roo tie same should be used for all determinations.
Snail differences arise due to nonideal coating surface 
characteristics which can introduce an error if the same 
procedure is not followed in all cases.

Determination of the SX value is made by locating the
horizontal line representing Ro on Figure • 'and the intersection 
of that line with the calculated C.R. that point is interpolated 
using the ne?r vertical SX lines and recorded for each block 
panel. After the scattering poaar, SX has been determined 
the scattering co-efficient is easily determined as follows :
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Fran the values of Roo or Rw and S, the expected coverage 
can be calculated for specified contrast ratios. Complete 
hiding of the substrate is at CR = 0,98. Previous publications 
(2,7) provide equations relating to hiding ability as a 
function of Roo or Rw.

White panel area 
Black panel No. 1 area 
Black panel No. 2 area 
Black panel No. 3 area

5 lOOnrn2 
5 80Cmr.2 
5 SOOrrrn2 
5 8GOrTm2

TABLE 14

White Panel 
72 x 72mm

Black Panel 
(4)76 x 76mn

Black Panel 
(2)76 x 76m

Biack Panel 
(3)76 x 76m

Initial weight 40,0980 10,4146 10,5160 10,318

Weight and Coating 41,3855 10,9395 11,0822 10,875

Coating weight 1,2875 0,5253 0,5662 0,5057

Pb (Colorimeter) 80,9 80,9 81

Rw (Colorimeter) 63,4

CR (Sb/Rw) 0,970 0,970 0,971

X (microns) 7,107
2,565 2,774 2,478

calculation below
SX (Fran figure 27) 6,3 6,30 6,39

S (SX/X) 2,456 2,271 2,579

Average S = 2,435
Calculations for film thickness : Sp. Gravity = 1,383

106 (film m  in Grams)X (microns) - (Area) (Sp. gravity)
X (Black 1)-- (124,65) (0,5253) = 65,48 microns
X (Black 2)= (324,65) (0,5662) = 70,58 microns
X (Black 3)= (124,65) (0,5057) = 63,04 microns
X (White glass) (144,59) (1,2875) = 186,16 microns

I
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Surface area = 5 800 rm3 for black panels 
Surface area -• 5 000 im‘ for white glass

Using the values frcn the preceding
Rw = 83,4
Sav = 2,43
Sp.Gr = 1,383

S = SX = 6,3 = 2,43 
X 2,6

The average characteristics are then determined using Figure 28 
for C.R. = 0,98.

Coverage rate in square mecers per kilogram =9,5. Him Thickness 
t.o coverage rate is 74,95 microns.

If no consideration is given to scattering as is frequently 
the case in the powder coating trade as it is today, the 
coverage for this material based solely on specific gravity 
woild be quoted as 28 m2 /Kg at 25 microns thickness.

(x microns- 4893 ) - (8 )ref --
sp. Gr. (Coverage in nr Kg )
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FTTM THICKNESS TO COVERAGE 

AT CONTRAST RATIO = 0.98

Coverage 
MJ /Kg

Film Thickness 
Microns

6,1 163,1

7,1 139,8

8,1 122,3

9,1 108,7

10,1 97,9

11,1 89,0

12,1 81,6

13,1 75,3

14,1 69,9

15,1 65,2

16,2 61,2

17,2 57,6

18,2 54,4

19,2 51,5

20,2 49,9
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TABLE 15

DETERMINATION OF THE HIDING PCVfER OF SEVERAL DCWDEP COATIA.;^

- ------------]Powder 'A' (S 
White 

Substrate
g . i.54r

Black
Substrate

Powder 'B' 
White 

Substrate
(s.G. 1,74̂
Black

Substrate
Coating Thickness 1̂) 73 microns' 2,21-2,31' 92 microns 1,54 - 2,30
% Reflectance 83,3' 80,36-81,102 90,252 87,82 - 88,93'
Contrast ratio 0,970* 0,971*
S (5) 2,76 4 4,21 4
Coverage at C.R. = 9, 4m2 /Kg 10,2m2/Kg

0,98(&)
Thickness at C.R.= 66 microns 56 microns

0,98(7)

1. Calculated fron equation 5

2. Average of three panels

3. Data from five panels

4. Average of five panels

5. Fran figure 27

6. Fran figure 28

7. Equation 8



TABLE 16

Effect of Hiding Power on the True Cost of A Coating

Pcwder 'A' Powder 'B'

Specific gravity 
Coverage m2/kg 
Approx. selling price 
Cost/m2/25 microns 
Difference - %

1,54
25

R3,65/kg
R2,96

1,74
22,5
R3,65/kg 
R3,35 
+13*/*

ASSUME that complete hiding is necessary for powder 'A' in the 
intended application.

Coverage m2/kg 
Thickness (2)
Cost to give equivalent 
appearance 
Difference - %

9,5 
66 microns

R7,81

13,1
43 microns

R5,76
35,6%

1. Equation 2
2. Equation 11

note: :

To decide now what powder should be used (clear or pigmented) 
would be impractical.

Consideration of the whole system should apply (systemic approach)
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4 8 . 7  C o s t  o f  C o a t i n g

An average film thickness of 30 microns has been recorded
throughout the experiments using clear film powders with
average specific gravity of 1,6. For an average size sheet
of 0,5m2 we have p = m but

v
Area x thickness x density = mass
0,5 x 30 x 106 x 1,6 x 10J = mass in Kg 
m = 24 x lO3 kg/sheet powder used

At approximately P.4/kg of powder we get R0,096/sheet or 10 
cents per sheet.

Costing structure within M.B. company would determine selling 
price.

Assuming, at this stage a 5c increase due to overheads and labour 
the induced cost/sheet would amount to RC,15/sheet.

48.B Energy Consumption Analysis and Cost

Ihe following presentation calculates an energy cost/ton based 
on the line parameters given before.

* Line speed 500 sheets/hr = 50Cm/hr
* Average sheet size 0,5m2

Must be noted that sheets wculd be passing through the 
oven with the smallest dimesnion running parallel to the 
conveyor direction.

* Powder coating film thickness = 30 microns = 30 x lO6™
* Specific gravity of powder = 1,6
* Scale of simulation line to production line 1:4.
* Recorded cure time per average size sheet = 1,Imins
* Weight per sheet 2kg.
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For a production rate of 500 sheets/hr weight amounts to 1 ton/hr. 
Energy consunption as recorded approximately 43 Kw hr.

Therefore 43 Kw hr/hr = 43 Kw hr
4 ton/hr ton

electric cost of Rx/Kw hr this translates to R 4 3 x / t o n .  

Assunung an 8 hr shift at 4 3  Kwh/hr the total consumption 
amount:s to 344 Kwh/day. At a cost of approximately 1,2 cents 
for the first 300 Kwh and at 1,02/Kw for amounts consumed above 
300 Kwh the daily power cost would be approximately R405/day 
or R405 or R51

8 tens ton

which when simplified relates to Ic/sheet processed.

The comment has been made that because of the ability to drop 
the oven to an idle condition during line stoppage, no burned 
product results. Line stoppages of this sort are frequent.

The control package has shown that the continual on and off 
requirement can be accommodated by the powar controllers.
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Coating Thickness Measurement

The requirement to control the thickness of coatings grows 
at the same rate as the requirement to coat a material in 
order to enhance its appearance, improve its performance 
and change its characteristics.

As traditional materials become scarce or costly it becomes 
more economic to cover one material by another to achieve 
the required result. Because there is no truely universal 
method of measuring the thickness of coatings, various 
international, national and conpany internal specifications 
have been evolved, in an endeavour, to standardise test 
procedures and so enable good correlation to be obtained 
between producer and customer. Coating thickness test 
methods may be divided into two sections, each section then 
sub-divided into the actual technique used. Therefore 
tests may be destructive and non destructive.

Ihe major destructive tests are sub divided into microscopy 
and coul ore trie while the major non destructive techniques 
are eddy current, magnetic and beta backscatter.

49 y Measurement Accuracy and Product Variation

Coated products contain thickness variations both across each 
single product and between products, thus, measuring trie 
thickness it is necessary to know whether the figure quoted 
refers to a single product or to a product batch and in the 
case of the latter, where a product batch is large, sampling 
plans must be devised.

The classic illustration of a spread of results (or products) 
is via the Gaussian distribution.
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This curve shows that a range of thicknesses occurs either 
side of an average figure. (Cure not necessarily symetrical) 
The distribution can be separated into 'four bands' below the 
average value and four bands above. The bands are separated 
along the x-axis by a value 6 , the standard deviation.

Mathematically, it can be calculated that 68,3% of the products 
lie between - 6 ,95% between ~ 26 and 97,5% between 1 36. In 
practical terms, an average thickness value obtained frcrr. a 
product or group of products is of little use unless accompanied 
by its accuracy limits or tolerance under stated terms of 
security or confidence level.

In production of coating products it is uneconomic to produce 
to be '1 0 0: sure' that all the components satisfy a thickness 
limit, since the average figure at which the producer must aim 
his process would be disproportionately high. However, it 
the 'spread' of the process was reduced the average target 
figure is lowr.
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C O S T  S A V I N G
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A manufacturer who quotes a coating thickness of 5 microns 
- 5% is not better than one who quotes 1 15% if the first 
is given with a security of only 68,3% while the latter is
quoted for 97,5%.

Different Test Areas

Test area delineation is probably the greatest single source 
of error in testing. The larger the test area used, the 
smaller becomes the error due to area, since for a given 
test cell, distDration introduces errors in dimensions which 
becomes proportionally less as tests cell diameter increases.

Non Destructive .-learurement of Coating ThicKness

National specif ications are dividing this principle into two 
parts : the insiu'ument using magnetic fields derived from 
permanent magnets and those derived from electromagnetically 
stimulated sources. The latter method is the one now 
highly developed since the introduction of the first transistor, 
the integrated circuit and now the microprocessor. Electro­
magnetic thickness gauges are equipped with either a single 
contact tip or e twin contact type of probe and a great deal 
of discussion has taken place in the past as to the merits 
of each on e .

A popular misconception with the single pole pnbe is that it 
measures only where it touches ie at a point. Ihis is not 
true since a magnetic field 'radiates' around the point.



In general terms, the smaller the area of probe influence, 
the better is the probe design. The twin pole probe, on 
the other hand, generates a strong magnetic field between 
the tips. This field is largely unaffected by influences 
outside the small area between the probe tips.

Although one should calibrate the electromagnetic thickness 
gauge by using a sample of the uncoated iron or steel, a
technique now exists for some instruments by which the 
calibration can be confirmed and modified, without the 
existence of such a sample. This is of particular importance 
to those buying in coated components that have been processed 
by an outside company.

NOTE :

S in g l e  p o l e  p ro b e  h a s  b e e n  u s e d  th r o u g h o u t  t h i s  e x p e r im e n ta l

s t a g e  o f  p r o d u c in g  t h i n  f i l m  p o w d e r c o a t i n g s .
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the other hand, generates a strong magnetic field between 
the tips. This field is largely unaffected by influences 
outside the small area between the probe tips.

Although one should calibrate the electromagnetic thickness 
gauge by using a sample of the uncoated iron or steel, a 
technique now exists for some instruments by which the 
calibration can be confirmed and modified, without the 
existence of such a sample. This is of particular importance 
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by an outside company.
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50. Concluding Remarks

It is interesting to note that radical changes in powder 
application systems have only recently been introduced into 
commercial equipment. Coating efficiency and a true 
appreciation of back ionisation a -e now being seriously 
tackled and some of the latest equipment has been designed 
with these parameters very much in mind. In reality the 
the likelihood of a gun system being capable of giving 
100% coating efficiency must be very remote. Accepting 
this as a fact of life, then the obvious development route 
must be the optimisation of gun charging systems coupled 
with efficient reclamation of the overspray. Perhaps the 
most unpalatable carment which, nevertheless has to be made 
is the apparent reluctance of equipment manufacturers to 
adopt and innovate from some of the new ideas that have come 
from in depth research programmes. Very fundamental ideas 
are rapidly developed and commercial exploitation follows 
with equal rapidity.

This basic appreciation of fundamental research coupled with 
the ability to identify its corniercial implications appears 
to be a characteristic sadly missing in many industries. It 
goes without saying that the quality of both pure and applied 
research carried out around the world is of the highest 
standard, but the responsibility for corner cial exploitation 
liesfairly and squarely in the industrialist's court.
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50.1. Powder Recovery

Consideration has been given to the powder recovery systems 
existing in industry and the selection techniques involved 
for cyclones and dust collectors are mentioned.

However, to set up a complete pcwder coating system for 
production requirements, we would have to calculate

1. Production requirements
2. No of spraying guns to be used
3. Type of conveyor
4. Powder flow rate Kg/hr
5. Powder consumption/day

For our purpose it was good enough to establish the basic 
design of the fundamental components involved in producing 
samples, which were tested.
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51. CYCLONES

Abstract

Cyclone theory and its application to scale up iron pilot -es- 
data is discussed. A test programme on various types of 
powders used in dry electrostatic spray coating is described, 
the results reviewed and the application of scale up tecnnique 
to the tes'1 data to determine the performance of full scale 
cyclones is outlined.

The result, a complete selection of cyclones grouped by powder 
t\pe with capacities ranging from 26 to 425 m3 /min with pressure 
crops and collection efficiencies is presented in tabular 
form. Finally, cyclone features and accessories required for this 
application are described.

51.1. Introduction

The cyclone is one of the oldest most widely usea unc in i-s 
finished form one of the simplest pieces of equipment used in 
industrial processes. Ho/ever, the accurate prediction of 
its performance is a highly complex problem in the fields of 
three dimensional, two phase fluid flew and the aerod/naru<-s 
of fine particles. The first and basic principle of cyclone 
design and performance prediction is that the performance o. 
a cyclone is determined, under a particular set of operatL ̂  
conditions, solely by the geometric configuration of the cyclone. 
The second principle is that a family of cyclones is ue. itiog 
when each member of the family is geometrically proportional 
to all other members. A given manufacturer's line of 
cyclones can therefore be completely defined by a number, N 
for each cyclone comprising the family. N for each cyclone 
in the family will generally be equal or related to (1) ke\ 
cyclone dimension and is generally referred to as the cyclone
size.

Cyclone performance is defined in terms of pressure drop and 
% collection efficiency by weight. Cyclone pressure drop is
given by :



p = Pressure drop
K,= An anprical constant Including cyclone friction coefficient 

gas density and gas viscosity.
Q = Actual gas flow rate at cyclone inlet 
N  = Cyclone size

Cyclone efficiency is a complex function of:

1 . Tfte centrifugal acceleration dating on each partxcle.
2 . The shape and mass of each particle, which can be expressed 

as Stokes equivalent diameter by measuring the terminal 
velocity of each particle in still air.

3. The density and viscosity of the gas.
4 . Ttte size and configuration of the cyclone.

A simplified version of the cyclone efficiency equation is 

E = 1<0 _ e - K* (a- V  - (2 ) where

E = mass fraction collected at any particle size
K = an empirical constant containing particulate don: ,

gas density and viscosity and cyclone size.

K3 = an empirical constant
a = the centrifugal acceleration acting on each particie, 

and,
D = particle sizes in Stoke's equivalent diameters.

The acceleration, a, in equation (2) can be expressed by :

a = K. Q ~ (3) where
N5

K4 = an empirical constant for a particular family of cyclor.es.
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P = K1 Q2 " 0 )

p = Pressure drop
K,- to emprical constant Including cyclone friction coefficient 

gas density and gas viscosity.
Q = Actual gas flow rate at cyclone inlet 
N - Cyclone size

CN’dcne efficiency is a complex function of:

1 . The centrifugal acceleration acting on each particle.
2! The snape and mass of each particle, which can be expressed

as Stokes equivalent diameter by measuring the terminal
velocity of each particle in still air.

3. The density and viscosity of the gas.
4. The size and configuration of the cyclone.

A simplified version of the cyclone efficiency equation is

E = 1.0 - e ' K“ (a‘ V - (2) where

E = mass fraction collected at any particie size
K = an empirical constant containing particulate density, 

gas density and viscosity and cyclone size.

K, = an empirical constant
a = the centrifugal acceleration acting on each particle, 

and,
Dp = particle sizes in Stoke's equivalent diameters.

The acceleration, a, in equation C) can be expressed by :

a = X. Q - (3) where
N5

K4 =
an empirical constant for a particular family of cyclones.
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By substituting equation (3) in (2) , fractional efficiency is 
expressed by :

E = 1,0 - e ~K2 * K4 (Q2 - (4)
N5

Referring to equations (1) and (4), the following classical 
cyclone performance characteristics are apparent:

1. Pressure drop varies directly with the square of the
gas flow rate and inversely with the fourth power of the 
cyclone size.

2 . Efficiency increases as a function of the square of gas flow 
rate and decreases as a function of cyclone size.

3. Because the efficiency equation for any cyclone in a family 
is similar, determination of efficiency in one cyclone 
permits scale up to any other member of the same family. 
Stated another way, if in two different cyclones of the 
sane family there is the same acceleration, as given by
(3), then, in each cyclone a particle having a given 
Stoke1 s diameter will reach the same terminal velocity,
TTie difference in collection efficiency for that partis »e 
in each cyclone will vary only by difference in cyclone 
size as included in constant Ka.

Purpose and Description of Test Programme

In 1980 Fisher-Klosterman, Inc. undertook to determine the 
collection efficiency and scale up relationship in high 
efficiency cyclones on typical powders used in dry electrostatic 
sprav coating. Four comiercial powders were tested 
abbreviated as 1, 2, 3 ,  4 .

For each pcwder the test set up and test procedure were 
identical.
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