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16.1 Vitreous Enamel Coatings

Nature of Vitreous Enamels

A vitreous enamel coating is, as the name implies, a coating of a glassy
substance which has been fused onto the basis metal to give a tightly adherent
hard finish resistant to many abrasive and corrosive materials. The purpose
of modern vitreous enamels is twofold, i.e. to confer corrosion protection
to the metal substrate and at the same time to provide permanent colour,
gloss and other aesthetic values.

Most of the corrosion resistance, and indeed other properties of the finish,
are determined by the composition of the vitreous enameller's raw material
frit, although other factors can influence them to a minor degree. Frit, for
application to sheet and cast iron, is essentially a complex alkali-metal
alumino borosilicate and is prepared by smelting together at temperatures
between 1 100 and 1 45O0C an intimate mixture of refractory materials such
as silica, titania, felspar, china clay, etc. with fluxes exemplified by borax,
sodium silicofluoride and the nitrates and carbonates of lithium, sodium and
potassium. The smelting continues until all the solid matter has interreacted
to form a molten mass, but unlike true glass this liquid does contain a degree
of bubbles. At this stage the melt is quenched rapidly by either pouring into
water or between water-cooled steel rollers to form 'frit' or 'flake'.

Frit may be milled dry or wet. The long established dry process is used for
cast iron baths and for chemical plant. Vitreous enamel application by a dry
electrostatic method is being used on an increasing scale. In these cases, the
frit is milled alone, or with inorganic colouring or refractory additives. This
is achieved in cylinders using balls of porcelain, steatite or more dense
alumina, or with pebbles of flint, to produce a fine powder of predetermined
size.

In the more common wet process the frit is milled with water, colloidal
clay, opacifier, colouring oxide, refractory and various electrolytes in a ball
mill to a closely controlled fineness or coarseness.

Typical frit and mill formulae are given in Table 16.1. Frits are tailor-
made for each application so that the most desired properties are at their
maximum in each case and thus the formulae presented must be regarded as
examples of general composition.



Table 16.1 Typical enamel frit compositions (%) and a mill addition

Na2O
K2O
Li2O
CaO
BaO
CaF2
Na2SiF6
Al2O3
B2O3
SiO2
TiO2
CoO
NiO
MnO
Sb2O5

Chemical
plant

15-8

1-2

3-4

2-9
0-9

60-0
15-8

100-0

Sheet-iron
(groundcoats)

17-5

6-0

5-0
20-0
50-0

0-4
0-5
0-6

100-0

21-8

5-5

9-0
18-2
44-0

0-3
0-6
0-6

100-0

16-0

5-5
4-0

1-0
25-0
47-0

0-5
0-5
0-5

100-0

Sheet iron
(white)

7-0
5-0
1-0

5-5
2-5

15-0
46-0
18-0

100-0

Sheet iron
(acid resist-
ant black)

16-0

1-0
3-0
6-0
2-0
2-0
1-0
7-0

53-0
8-0
0-4
0-6

100-0

Cast iron
(semi-

opaque)

17-5
3-0

2-0

4-5
7-5

43-5
13-5

8-5

100-0

Sheet iron white mill addition
Frit 100 "
Water 35-40
Titania 1
Clay 2-5 • Grind to fineness of 1 g residue on 200 mesh sieve (50 ml sample)
Bentonite 0-3
Sodium nitrite 0-05
Potassium carbonate 0 - 1 ^

Metal and Metal Preparation

To obtain a defect-free finish it is essential that the basis metal is of the cor-
rect composition and suitably cleaned.

Cast Iron

For cast iron enamelling the so-called grey iron is preferred. Its composition
varies somewhat depending upon type and thickness of casting, but falls
within the following limits: 3 -25-3 -60% total C, 2-80-3-20% graphitic C,
2-25-3-00% Si, 0-45-0-65% Mn, 0-60-0-95% P and 0-05-0-10% S.

The standard method of cleaning cast iron for enamelling is by grit or shot
blasting which may be preceded by an annealing operation.

Steel

Two general types of sheet steel are in current use, viz. cold-rolled mild steel
and decarburised steel. A typical analysis for cold-rolled steel is O- 1% C,
0-5% Mn and 0-04% S. It can be obtained in regular, deep drawing or
extra-deep drawing grades. This type of steel is normally used with a ground-
coat including cobalt and nickel, as shown in Table 16.1.



Decarburised steel is a mild steel that has undergone a heat treatment in
a controlled atmosphere to reduce the carbon content to about O • 005 %. This
type of steel can be used for white or coloured enamel direct to steel.

Sheet steel is normally prepared for application of enamel by a sequence
of operations including thorough degreasing, acid pickling and neutralisa-
tion. A nickel dip stage is often included to deposit a thin, porous layer of
nickel applied at about 1 g/m2, especially when conventional groundcoat is
not used (see Section 13.7).

Enamel Bonding

For effective performance the enamel must be firmly bonded to the under-
lying metal and this bond must persist during usage. The bond is formed by
the molten enamel flowing into the 'pits' in the metal, i.e. mechanical adhe-
sion, and by solution of the metal in the glass, i.e. chemical adhesion. The
coefficient of thermal expansion of the enamel in relation to the cast iron or
sheet steel and enamel setting temperature determines the stress set up in the
coating. As enamel, like glass, is strongest under compression, its thermal
expansion should be slightly less than the metal.

Enamel Application and Fusion

Vitreous enamel is normally applied to the prepared metal or over a ground-
coat by spraying or dipping. Alternative wet techniques are used, of which
the most common has been electrostatic wet spraying. Electrophoretic
deposition from the slurry has been found to be highly suitable for some
components.

On sheet iron a groundcoat, including cobalt and nickel, is generally used,
but for mass production (e.g. cookers) use of decarbonised steel and direct
application of colours is more common. This involves a more complex steel
pretreatment.

After drying the applied slurry, the enamel is fused onto sheet steel at
about 800-85O0C for about 4-5 min. For cast iron a longer time and lower
temperature are normal.

The old dry process enamelling of cast iron (baths etc.) is no longer widely
used. The method consisted of sieving finely powdered frit onto the
preheated casting and inserting the casting back into a furnace at about
90O0C to produce the smooth finish.

In recent years increasing use has been made by many manufacturers, who
require a limited range of colours, of the electrostatic application of a dry
powder spray. Dry electrostatic finishes are fused at temperatures in the same
range as conventional ones.

Properties of Enamel Coatings Affecting Corrosion

Mechanical Properties

This group includes such items as surface hardness, i.e. scratch and abrasion
resistance, adhesion and resistance to chipping, crazing and impact. All of



these and other properties depend upon the adhesion between the vitreous
enamel layer and the metal being good and remaining so.

There is no single test that will give a quantitative assessment of adhesion,
and those which have been proposed all cause destruction of the test piece.
It has already been stated that this property is dependent upon mechanical
and chemical bonds between the enamel and the metal. One must, however,
also consider the stresses set up at the interface and within the glass itself
during cooling after fusion or after a delayed length of time.

The coefficient of thermal expansion is primarily determined by the frit
composition, although mill additions can have a minor influence. As a
general rule, superior acid and thermal shock resistance obtain with low
expansion enamel, and the skill of the frit manufacturer is to obtain good
resistance and also to maintain a sufficiently high expansion to prevent
distortion of the component (pressing or casting). Several workers have pro-
duced a set of factors for expansion in relation to the enamel oxides that
constitute the frit, which provides a guide to the frit producer. However, as
these factors are derived from a study of relatively simple glasses smelted to
homogeneity it must be emphasised that they are only a guide. The effect of
substituting certain oxides for others in a standard titanium superopaque
enamel is given in Table 16.2. The use of a nickel dip improves adhesion by
minimising iron oxide formation, but it should be noted that some iron oxide
formation is necessary to produce enamel/metal adhesion. In the com-
monest methods of testing for adherence to sheet iron, the coated metal is
distorted by bending, twisting or impact under a falling weight. In the worst
cases the enamel is removed leaving the metal bright and shiny, but in all
others a dark coloured coating remains with slivers of fractured enamel
adhering to a greater or lesser degree. With cast iron enamelling it is not
possible to distort the metal and in this case an assessment of adhesion is
obtained by dropping a weight on to the enamel surface and examining for
fractures. Erroneous results can obtain in that often thicker enamel coatings
appear to be better bonded and resistant to impact, whereas in fact the con-
verse is true. Providing the bond is adequate this test really gives an indica-
tion of the strength of the enamel itself.

Table 16.2 Effect of frit ingredients on enamel
expansion

Constituent varied

Increase alkali metal
Replace Na2 O by Li2O
Replace Na2O by K2O
Increase fluorine
Increase B2O3
Replace SiO2 by TiO2
Increase TiO2

Replace SiO2 by Al2O3

Introduce P2O5

Introduce BaO
Increase SiQ2

Expansion change

Increase
Increase
Decrease
Decrease
Decrease
Increase
Slight increase
Slight increase
Slight increase
Increase
Decrease



According to Andrews1 a typical sheet iron groundcoat has a tensile
strength of about 10 kg/mm2. In small cross section, however, the tensile
strength of glass is improved and fine threads, e.g. as in glass fibre, are quite
strong. Enamels under compression are 15-20 times stronger than an equal
thickness under tension.

The hardness of an enamel surface is an important property for such items
as enamelled sink units, domestic appliances, washing machine tubs which
have to withstand the abrasive action of buttons, etc. On Moh's scale most
enamels have a hardness of up to 6 (orthoclase). There are two types of hard-
ness of importance to users of enamel, viz. surface and subsurface. The
former is more important for domestic uses when one considers the scratch-
ing action of cutlery, pans, etc. whereas subsurface hardness is the prime
factor in prolonging the life of enamelled scoops, buckets, etc. in such
applications as elevators or conveyors of coal and other minerals.

Of the several methods of measuring this property those specified by the
Porcelain Enamel Institute and the Institute of Vitreous Enamellers are the
best known and most reliable. They both consist of abrading a weighed
enamel panel with a standard silica or other abrasive suspended in water and
kept moving on an oscillating table with stainless steel balls. The loss in
weight is measured periodically and a graph of time versus weight loss
indicates both the surface and subsurface abrasion resistance. Pedder2 has
quoted relative weight loss figures for different types of enamel and they are
shown in Table 16.3.

Fine bubbles uniformly distributed throughout the coat improve elasticity
and thus mill additions and under and over firing influence this property. The
greatest effect on elasticity is enamel thickness and most developments are
aimed at obtaining a satisfactory finish with minimum thickness.

Appen et al. have produced factors for calculating the elastic properties of
enamel.

Table 16.3 Comparison of abrasion resistance of
different enamels*

Types of enamel

Acid resisting titania based
Acid resisting non-titania
Antimony white cover coat
High refractory enamel
Plate glass

A verage loss in
weight (g)^

56 x IQ-4

342 x 10~4

582 x . r4

129 x 10~4

70 X ID'4

* Table after Pedder2.
!Overall figure for tests under standardised conditions for each grade of
enamel.

Thermal Properties

These properties are made use of in many applications ranging from
domestic cookers to linings which must withstand the heat from jet engines.
There is simple heat resistance, i.e. the ability of the enamel to protect the



underlying metal from prolonged heat and also thermal shock resistance,
which is the ability to resist sudden changes in temperature without failure
occurring in the coating. These thermal properties depend upon the relative
coefficient of thermal expansion of enamel and metal, enamel setting point,
adhesion, enamel thickness and geometry of the shape to which the finish is
applied.

It is obvious that the adhesion must be good in order to prevent rupture
at the enamel/metal interface during heating and cooling. Thick coatings are
liable to spall when subjected to thermal change due to differential strain set
up within the enamel layer itself, caused by the poor heat conductivity of the
glass. Thus again thin coatings are desirable.

Compressive forces on enamel applied to a convex surface are less than
when a concave surface is coated, and it is therefore apparent that the
sharper the radius of the metal the weaker the enamel applied to it will be.
This fact is also relevant to mechanical damage.

Thermal shock resistance is important for gas cooker pan supports and
hotplates where spillage is liable to occur, but in oven interiors heat
resistance is more relevant.

The softening point of conventional cast and sheet iron enamels is about
50O0C, but special compositions are obtainable which operate successfully
at 60O0C. Other more specialised enamels withstand service conditions rang-
ing from being in excess of dull red heat, e.g. as obtained in fire backs, to
those capable of enduring short exposure to temperatures of around
1 00O0C, e.g. in jet tubes, after burners, etc.

Chemical Resistance

That examples of glass and glazes manufactured many centuries ago still
exist is an indication of the good resistance of such ceramics to abrasion,
acids, alkalis, atmosphere, etc.

In this section, chemical resistance will be divided into three parts, viz.
acid, alkali (including detergents) and water (including atmosphere).
Normally an enamel is formulated to withstand one of the corrosive agents
more specifically than another, although vitreous enamel as a general finish
has good 'all round' resistance, with a few exceptions such as hydrofluoric
acid and fused or hot concentrated solutions of caustic soda or potash.

Acid resistance This property is best appreciated when the glass structure
is understood. Most enamel frits are complex alkali metal borosilicates and
can be visualised as a network of SiO4 tetrahedra and BO3 triangular con-
figurations containing alkali metals such as lithium, sodium and potassium
or alkaline earth metals, especially calcium and barium, in the network
interstices.

Fused silica may be regarded as the ultimate from the acid resistance
aspect but because of its high softening point and low thermal expansion it
cannot be applied to a metal in the usual manner. Rupturing or distorting
this almost regular SiO4 lattice makes the structure more fluid. Thus to
reduce its softening point B2O3 is introduced whereby some of the Si-O
bonds are broken and an irregular network of



is formed. Further distortion of the network is obtained by introducing
alkali and alkaline earth metals into the lattice. If fluorine is included in the
frit, more bonds are broken; in this case an oxygen atom (—O—) linking two
silicon or boron atoms is replaced by a fluorine atom (F-) which being
monovalent cannot joint two Si or B atoms, hence causing bond rupture. A
study of the relevant phase diagrams and eutectics proves useful in for-
mulating low firing enamels.

Thus all frit ingredients act as either network formers or modifiers and
with the principal exception of silica, titania and zirconia, all cause a diminu-
tion in acid resistance. The reacting acid causes an exchange between metal
ions in the network modifier of the glass and hydrogen ions from the acid.
This naturally occurs at the enamel surface, but as the etching or leaching
reaction proceeds, a resulting thin layer of silica-rich material inhibits fur-
ther reaction. Thus acid attack is dependent upon enamel composition and
pH, with time and temperature playing a part. Sodium oxide and boric acid
are both leached out by acid attack, and it has been found that the
Na2OXB2O3 ratio is constant for any one enamel and is dependent upon
enamel composition.

An increase in titania content of the frit acts in a similar way to increasing
silica in enhancing acid resistance with the added advantage that the coe-
fficient of expansion is also raised slightly and the glass viscosity not
increased as much as by the equivalent SiO2 increment. This only applies to
the titania remaining in solution in the glass and does not necessarily hold
when the frit is supersaturated with TiO2, which occurs with the modern
opaque sheet iron covercoats when some of the pigment recrystallises and
causes opacification on cooling from the firing process.

In formulating holloware enamels the degree of acid resistance required
is less than for chemical plant, e.g. reaction vessels, and consequently the
RO2 (SiO2 and TiO2) is lower thus permitting increased quantities of fluxes
to be incorporated which confer improved 'workability'. Furthermore, they
can be fired at lower temperatures and have superior chip resistance. Con-
versely, chemical plant enamels are higher in silica and dissolved titania and
require harder firing. An example of such an enamel is shown in Table 16.1.

The acid resistance called for on domestic appliances varies with the par-
ticular component, e.g. the oven interior of a gas cooker necessitates a higher
resistance than the outside sides — the former being at least Class A using 2%
sulphuric acid while the latter can have a lower grading based on the less
aggressive citric acid tests. These tests are detailed in BS 1344:Part 3 (ISO
8290) and BS 1344: Part 2 (ISO 2722), respectively.

The enamel mill addition, degree of firing and furnace atmosphere all
affect acid resistance. An increase in clay and alkaline electrolyte detracts
from this property and underfiring also has an adverse effect. The use of
organic suspending agents is thus preferable to clays, from this aspect, but

and



other factors must also be considered. Similarly the replacement of 1% mill-
ing clay by !4 % of the more colloidal bentonite is beneficial. Large additions
of quartz at the mill improve heat resistance and, provided the firing
temperature is increased to dissolve a sufficient quantity of this silica in the
glass, the acid resistance is also enhanced.

In the glass-bottle industry the bottles can be cooled in a dilute SO2XSO3
atmosphere to increase chemical resistance. A similar effect has been noted
with vitreous enamel. It has been postulated that a thin layer of —OH groups
or -OH-H2O (hydronium) ions is adsorbed on the surface of a fired
enamel. These ions are transformed into -OSO2 or -OSO3 in the presence
of oxides of sulphur which are more resistant to further acid attack. It is
known that the acid resistance of a recently fired enamel improves on ageing,
probably due to the enamel reaction with SO2XSO3 in the atmosphere and
it is quite common for the grading to improve from Class A to Class AA
(BS 1344).

In enamels for chemical plant such as autoclaves it is not only the degree
of acid resistance which is important but also the freedom of the finish from
minute flaws detectable by high frequency spark testing or chemical
methods. The chemical methods depend upon a colour change when the
reagent such as ammonium thiocyanate reacts with the iron exposed at the
bottom of the pinhole or flaw in the finish. Alternatively, an electric cell can
be formed via the exposed iron in the flaw and detected chemically.

In general, strong mineral acids are more severe in their attack on enamel
than weak organic acids. Vargin3 has stated that the severity of action of
organic acids on enamel increases with the increase in the dissociation cons-
tant of the acid. Temperature plays a major part in acid resistance, the nearer
the boiling point the greater the rate of attack. It is more significant than acid
concentration.

It is recognised that vitreous enamel possesses good acid resistance, but an
exception occurs with hydrofluoric acid. This is due to the relative ease of
reaction between this acid and the silica (which is the largest constituent in
the frit) to form silicon tetrafluoride. This reaction is made use of in some
'de-enamelling' plants.

Alkali and detergent resistance The usual method of de-enamelling sheet
iron is by immersion in fused or hot strong aqueous solutions of caustic soda
when the silica network is broken down to form sodium silicate. However,
in spite of this fact, enamels are capable of withstanding detergents and mild
alkalis and this finish is often used very successfully in washing machines,
baths, sink units, etc. where alkaline conditions prevail. Such enamels are
usually higher in alumina than acid-resisting enamels and often contain zir-
conia in the frit. Other elements which aid alkali resistance are barium,
calcium, lead and zinc' and their function in this context is to increase the
bond with the essentially silica network and form insoluble silicates which
act as a protective coating slowing down the formation of soluble sodium
silicate. The necessity for alkali resistance is relatively limited when com-
pared with detergent resistance and it has been shown that whilst these two
properties are similar, a finish resistant to one is not necessarily as resistant
to the other.

The Institute of Vitreous Enamellers produced a report on detergent



resistance in 19595 and the following facts are taken from it:

1. Semi-opaque acid-resistant titania enamels and alkali-resistant frit
generally have good detergent resistance whereas non-acid-resistant sign
enamels and Al2O3/B2O3/P2O5-based finishes have poor resistance.

2. Initially, detergent attack is accompanied by a deposit on the enamel
surface which can be abraded off resulting in an apparently unaffected
glossy appearance. This contrasts with acid attack when a progressive
weight loss occurs and original gloss cannot be restored once it has been
lost or diminished. After more prolonged detergent attack it is not
possible to restore the original high gloss.

3. The rate of attack is very dependent upon temperature, that at boiling
being several times greater than that at room temperature.

4. An increase in milling clay has a marked effect on improving this
property.

5. Increased detergent concentration, coarser grinding of the frit and non-
standard firing all cause minor deterioration in resistance.

In the design of an enamel for a washing machine tub, detergent resistance
alone is not sufficient and the enamel must also be capable of withstanding
the possible abrasive action of buttons, zip fasteners, etc.

Resistance to water and atmosphere These properties are of particular
importance in enamelled signs, architectural panels, cooking utensils and
hospital ware subjected to repeated sterilisation. That such enamelled signs
as 'Stephen's Inks', etc. are still in existence and in good condition after many
years outside exposure coupled with the fact that the use of vitreous enamel
as a finish for architectural panels is growing are ready pointers to the good
water and atmospheric resistance of enamel. Enamelled hospital utensils
such as kidney bowls score over organic finishes because of their ease of
sterilisation and also because they are less accommodating to germs,
bacteria, etc. on account of their lower electrostatic type attraction for such
microbes.

The action of water on enamel is in many ways similar to that of acids in
that the network modifier is the weak link and through hydrolysis can be
removed from the glass system resulting in loss of gloss and a porous surface.
As with acids and alkalis, the attack on the glass by water can be continued
in extreme cases, by an attack on the inorganic colouring matter initially
liberated or made more active. In an enclosed system the soluble salts first
leached out from the enamel by water become in turn the corrosive element
and further attack is dependent upon the pH of such a salt, or, for example,
on the Na20/B2O3 ratio.

The introduction of divalent calcium and barium oxides into frits in
preference to monovalent sodium and potassium generally increases water
resistance. Furthermore, oxides of tetravalent and pentavalent metals have
a favourable effect on the resistance of glasses and enamels to water. The
influence of B2O3 and fluorine in the frit upon chemical resistance is varia-
ble and is dependent upon the content of them and the balance of the frit
constituents, but they usually cause a diminution in resistance. In general,
mill-added clay, silica and opacifier increase water resistance provided the
firing or fusing of the enamel is at the optimum.



As is expected, atmospheric resistance is related to water and the acid
formed from CO2, SO2, SO3, etc. The action of ultraviolet light has no
apparent effect on vitreous enamel unlike the case with organic finishes.

There is good correlation between atmospheric resistance and acid
resistance, and this fact is helpful to manufacturers of architectural panels
who can easily and quickly determine the latter property and not have to
carry out lengthy exposures to the relatively unpolluted air. An exception,
however, occurs with reds and yellows where a strict correlation is not always
true, and in these cases a test based upon exposure to a saturated copper
sulphate solution under illumination by a white fluorescent light has been
advocated.

In the main the comments recorded in this section apply to enamels fused
onto sheet and cast iron. Enamel is, however, applied to aluminium,
stainless steel, copper and noble metals on account of its aesthetic value and
also to confer durability to the base metal. With low melting point metals
such as aluminium it is obvious that superb resistance to chemicals is not so
feasible as if iron was the base. Nevertheless, such metals are vitreous
enamelled in growing quantities and sold, indicating that the range of colour
and durability obtained is superior to that possible with alternative finishes.

It can justly be claimed that a vitreous enamel coating applied to sheet or
cast iron (or indeed any other metal) will confer to the basic shape colour,
gloss, texture and a high degree of resistance to corrosive influences.

N. S. C. MILLAR
C. WILSON
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16.2 Thermoplastics

Introduction

There has been considerable growth in the use of thermoplastics as
corrosion-resistant coatings in the last 30 years. In the 1950s a few hundred
tons per year were being applied by techniques such as fluid-bed coating,
plastisol dipping and solution spraying. Since then a large number of other
metal finishing technologies have been introduced, including coil coating and
extrusion coating. The current tonnage of thermoplastics used in Europe
must by now be some tens of thousands of tons.

Thermoplastics which are used for corrosion protection can be applied in
coatings as thin as 0.025 mm by solution techniques and in excess of 5 mm
by extrusion or plastisol dipping. They are used where environmental
resistance, chemical resistance, abrasion resistance, sound deadening or
cushioning are required. They are used in those market areas that necessitate
metallic mechanical strength plus thermoplastic corrosion resistance.

Substrate Preparation

Whatever application method is used, the maximum corrosion resistance can
only be achieved if the metal work is properly prepared. This preparation
consists of dressing, blasting and conversion coating.

Dressing Sharp edges must be removed. Thermoplastics have a greater coe-
fficient of thermal expansion than metals. They therefore shrink onto the
metal and if sharp edges are present then these will cut through the coating
and become exposed. These exposed edges will start to corrode and this will
inevitably result in underfilm creep corrosion.

Welds should be continuous and porous-free and dressed to remove lumps
and weld spatter.

Degreasing Mild steel is generally given a temporary protective coating of
oil which must be removed. This is done in a vapour degrease tank using
chlorinated solvents such as 1,1,1-trichloroethane or trichloroethylene.
Alternatively, an aqueous alkaline degreasing solution can be used. It is
beneficial to use the former prior to grit blasting and the latter prior to con-
version coating.



Shot or grit blasting Blasting is used to remove rust and to increase the sur-
face area and hence increase apparent adhesion. A variety of abrasives is
available, including chilled iron grit and aluminium oxide. The selected
abrasive is fired under pressure at the metal work to create the desired result.

Conversion coating Conversion coatings are chemical solutions which
react with the metal surface to create a corrosion-resistant layer onto which
the coating can bond. For mild steel iron phosphate is used to attain good
adhesion, but it does not give the underfilm corrosion resistance which
can be obtained using zinc phosphate. Zinc coatings can be treated with
either zinc phosphate or chrornate. Aluminium is usually treated with
chromate2'3.

Application Methods

The application methods will be categorised by the physical form of the ther-
moplastic, e.g. liquid, powder, granule.

Liquid Application Methods

Spraying Thermoplastics solutions such as those based on p.v.c./p.v.a.
copolymers may be applied by conventional paint spraying equipment.
Because they are thermoplastic they do not require heat to crosslink them,
but they may require some heat to evaporate off the solvents.

When the solubility of the thermoplastic is poor at room temperature it
may be possible to produce a dispersion in a mixture of diluents and latent
solvents. This dispersion may be applied by conventional paint spray equip-
ment. The coated item is placed in an oven where the diluents evaporate off.
The latent solvents then dissolve the thermoplastic and evaporate from this
solution at a controlled rate, thus producing a continuous film. P.V.F., and
p.v.d.f. and p.t.f.c.e. coatings are produced from dispersions of this type.

Solvent-free p.v.c. plastisol may be spray applied. P.V.C. spray coatings
are currently used extensively by the automotive industry for undersealing
of vehicles to prevent corrosion. The plastisol, being resilient, is not cracked
or abraded by stone chippings. P.V.C. plastisols have a high viscosity com-
pared with solution and other dispersion systems. Therefore, they have to be
applied by airless spray or air-assisted airless spray equipment. P.V.C.
coatings must be heated to produce a solid tough coating on cooling. The
reasons for this are discussed later in the materials section.

Dipping P.V.C. plastisols are used for corrosion protection of pipes, tanks
etc. against aqueous chemicals and slurries at temperatures up to 6O0C. They
are used for the coating of plating jigs to prevent the jigs from being plated
and also to prevent corrosion caused by the various acid etching solutions
used in the plating process.

The coating technique starts by applying a solvent-based adhesive on to
a previously pretreated metal substrate. The item is then preheated to
200-25O0C, the exact time and temperature depending on the metal
thickness. It is then dipped in the plastisol which partly gels owing to the



heat radiating from the item. It is then raised out of the plastisol and placed
in an oven for final gelation, when, its optimum physical properties and full
chemical resistance will be attained.

Coil coating Coil coating is the technique of depositing a film of liquid on
to a continuously moving thin steel or aluminium sheet. The sheet is uncoiled
from a roll at the start of the process and recoiled at the end. The coils are
then cut to length and formed into the required shape.

During the process the sheet will pass through pretreatment tanks. It is
coated with adhesive primers and top coats. Stoving is usually necessary
after application of each coat. When p.v.c. is applied at thicknesses in excess
of 100/^m the coating can be embossed to produce a variety of textured
finishes, for example a leather grain effect. The coil coating industry in
Europe is using about 50 0001 of paint per year. This figure includes a signi-
ficant quantity (between 5 000-10 0001) of p.v.c. applied as plastisol and
some p.v.d.f. applied from a dispersion.

P.V.C. is used extensively in the building industry for external cladding
and internal partitions. It is used because it has excellent weathering proper-
ties and will protect the substrate against corrosion for periods in excess of
10 years. When it is applied at a thicknesses of about 200 /im it can withstand
the hard handling techniques often associated with building sites.

P.V.D.F. is used where very high UV resistance is required, e.g. external
building cladding in tropical countries.

Powder Application Methods

Thermoplastics can be produced in the form of a powder by grinding
extrusion-compounded granules. The grinding can be carried out at ambient
temperature when rotating blade or rotating disc mills are used. Alter-
natively, those thermoplastics which are heat sensitive or very tough at
ambient temperature may be cryogenically ground on a pin-disc mill. Which-
ever technique is employed, the correct particle size distribution is obtained
either by the use of an air classifier or by conventional screen mesh sieving.

Fluidised bed The fluidised bed consists of two boxes on top of one
another. The top and larger one contains the powder, and the lower one is
separated from it by metal mesh and a semipermeable membrane. Air is
pumped under pressure into the lower compartment and then diffuses
through the membrane and through the powder. The powder particles are
lifted and separated by the air. This results in a considerable reduction in the
bulk density so that the item to be coated can easily be submerged in the
powder.

The pretreated metalwork to be coated is heated in an oven to a
temperature of between 260 and 36O0C, depending on the metal thicknesses
and the coating to be applied. It is then withdrawn from the oven and dipped
into the fluidised powder. Here the fine powder particles are blown onto the
hot metal where they melt. After a few seconds (5-1Os is normal), the item
is removed from the powder and the unfused outer particles are allowed to
fuse. Then either the item is allowed to air cool or it is water quenched. The
cooling method can affect crystal structure and hence surface finish and



physical properties. If there is insufficient heat content in the metal further
heating may be necessary to fuse the coating fully and produce an acceptable
surface finish.

The fluidised bed coating technique is used extensively for wirework items
such as dish drainer racks, vegetable racks, office trays etc. The technique is
also widely used for street furniture e.g. metal lampposts, signposts and
balustrading, and for metal office furniture and domestic garden furniture.
It also provides chemical corrosion resistance on valves, pipes, couplings etc.

Plastics used for fluidised bed powder coatings include polyethylene,
p.v.c., nylon, p.v.f.2, p.e.c.t.f.e. and a variety of polyolefins and their
copolymers.

Electrostatic powder spraying In the electrostatic powder spraying process
plastic powder is blown under pressure from a hopper through a gun. The
gun has a barrel 15-45 cm long and 3-5 cm in diameter. At the end of the
gun is a charged point. The charge is between 10 and 20 kv and may be
positive or negative. The powder picks up the charge and is attracted to the
pretreated metal object which is earthed. The item is then placed in an oven
to fuse the powder into a smooth coating. The powder particle size should
be 20-75 ̂ m. Particles smaller than 20 ̂ m are too light to be transported by
the compressed air and form a charged cloud through which further powder
does not pass easily. If particles are too large, the charge-to-mass ratio is too
low and the particles tend to fall before reaching the earthed metal item.

Most thermoplastics are not suitable for spraying because they are too
tough. If they were brittle enough to be economically ground to the required
fine particle size the physical properties of the coating would be poor. Also,
for optimum charge retention the volume resistivity of the powder should be
at least 10~13. Most thermoplastics fall below this. However, Nylon 11
powders are available for general use and p.v.c. powders are used for coating
continuous galvanised wire mesh for fencing.

Guns have been developed that generate the electrostatic charge by friction
rather than by electric high voltage. These are the turbo-electric guns. Their
advantage over the electric type is safety. Their disadvantage is lack of
control.

Flame spraying In flame spraying applications the pretreated items should
be heated by passing the flame gently over the metal surface. A skin
temperature of 60-10O0C is usually sufficient. This ensures that the molten
droplets will flow out and fuse together to give a smooth finish with good
adhesion to the substrate. The powder is then blown through a very hot
flame, melts and is deposited as molten droplets onto the item to be coated.
The gases used to produce the flame should not produce an oxidising
atmosphere since this will dramatically reduce the physical and chemical
resistant properties of any thermoplastic applied.

The particle size of the powder should be 150-300 /*m. If the particles are
too big they will not completely melt and a poor surface finish will result. The
flame will inevitably cause some degradation to the surface of the particles.
Since the surface area to mass ratio increases as the particle size decreases,
very fine particles should be avoided.

The process is not widely used in factories but has found a niche in coating
large external structures, e.g. large security gates. It can also be used for the



repair of coatings which have suffered on-site damage.
The major concern with this technique is that the polymer will be degraded

by the very high temperatures employed. In addition, the process is very
operator dependant. To become, more acceptable, a great deal more work
needs to be done in equipment design and material technology.

Cascade coating The cascade coating technique is used extensively for the
external coating of metal pipes with polyethylene to convey natural gas
throughout Europe. There are several ways of using this technique but in all
cases the pipe is evenly heated to a surface temperature of 250-35O0C.
Powder is then poured from above, 'cascaded', onto the rotating pipe.
A second heating operation may be necessary to completely fuse the
powder.

There are two common variants of the coating method. In the first, the
complete length of pipe is heated either in an oven or over a bank of gas
burners. The pipe is then moved to an area where the powder is cascaded on
to the rotating pipe from a hopper which extends the full length of the pipe.
The excess powder is collected in a trough below and recirculated to the
hopper. In the second method the pipe rotates and moves laterally through
a bank of gas burners or an induction heater, then through a continuous, but
narrow, cascade of powder. The cascade comes from a hopper which is at
right angles to the direction of movement of the pipe. The pipe continues to
travel through a second bank of gas burners where complete fusion of the
powder takes place.

The coating is applied to protect the steel from corrosion due to the acid
or alkaline condition of the soil surrounding the pipe in service. Usually, the
process requires three layers. First, an epoxy powder is applied to achieve
adhesion to the pretreated metal and therefore resistance to cathodic
disbondment. Second, a 'tie' layer of polyolefin copolymer is applied and
third a thick layer of polyethylene is cascaded, which in effect protects the
epoxy from physical damage.

Rotational lining The rotational lining technique is derived from the rota-
tional moulding technique, the mould being replaced by the item to be
coated. The technique may be used for coating the inside of all kinds of
cylinders and has found particular favour among the makers of fire
extinguishers. A special self-adhesive stress crack-resistant grade of polyo-
lefin is used in the majority of water-based fire extinguishers in the UK.

The rotational lining technique consists of pouring a predetermined
weight of polymer powder into the preheated cylinder. The cylinder is then
rotated in two perpendicular axis while the outside of the cylinder is heated.
The heat may be from direct radiant burners or the complete rig may be posi-
tioned in an oven. The item must be rotated during the cooling cycle to pre-
vent sagging. To reduce the possibility of polymer degradation and to
optimise cycle time, it is essential that the powder is heated to the minimum
temperature that will ensure the production of a porous-free, uniformally
thick, coating inside the cylinder.

Miscellaneous powder coating methods Apart from the coating techniques
described briefly above, the jobbing or custom coater has a whole armoury
of other methods which are more or less related to those described above.



Channelling This technique is used for coating the inside of a pipe. The
pipe, which is continuously rotated, is heated over a bank of heaters stret-
ching the length of the pipe. The required amount of thermoplastic powder
is weighed and put into a metal channel. The channel is then put inside the
pipe, inverted to empty it, and withdrawn. The skill is in removing the
channel without badly scoring the coated surface. When full fusion of
the powder has occurred, the heat is turned oif and the pipe continues to
rotate until the coating has solidified.

Flock spraying This technique is used where electrostatic spraying is
inappopriate, e.g. where thick coatings are required. The pretreated metal
is heated and the powder is blown onto the workpiece from a flocking gun
which is similar to a conventional wet paint gun but with no needle and with
the nozzle 1-2.5 cm in diameter. The metal should be preheated to a
temperature sufficient to fuse the powder without further heating, but occa-
sionally it may be necessary to apply a naked flame over the surface to ensure
a good finish. This technique can be used for coating the flange ends of pipes
which have been lined by channelling.

Granular Application Methods

The two major plastics processing techniques of extrusion and injection
moulding are used for coating metals.

Extrusion In very simple terms the extruder is a heated cylinder containing
a rotating screw. There is a hopper at one end to supply the plastic granules
and a die at the other through which the molten polymer is extruded. The
technique is widely used for producing garden hose, automotive trim, win-
dow profiles, plastic films etc. But it is also used for the corrosion protection
of metal tube, rod and wire. Fencing wire is coated in PVC using this techni-
que. The wire may then be woven into chainlink mesh fencing. However,
there is normally no adhesion between the coating and the wire. Adhesion
can be achieved if the fluidised bed process is used.

Injection moulding The injection moulder is a machine which first melts a
thermoplastic and then injects that molten polymer into a mould. Such items
as baskets, bowls, bins, telephones and electronic housings are produced by
this technique. It can be used for lining valves. In this case the valve would
be used as part of the mould. Very thick coatings are produced which give
chemical resistance to the valve. At the same time, the metal valve housing
will protect the valve from mechanical damage.

The polymers used for this process include polyethylene, polypropylene
and p.v.d.f.

Materials

Liquids

PVC/PVA copolymer solutions Polyvinyl chloride/polyvinyl acetate
copolymers can be readily dissolved in blends of aromatic hydrocarbon,



ketone and ester solvents to produce solution vinyls. Terpolymers containing
acid groups can be blended with the copolymer to enhance adhesion to metal
substrates. Plasticisers can be added to improve flexibility and conventional
p.v.c. stabilisers are used where thermal or UV resistance is required.

They are applied by wet paint spray techniques and have the advantage,
over other paint systems, of long-term flexibility. Conventional alkyd
systems may have an initial degree of flexibility, but within 12 months out-
side become rigid and then crack due to thermal expansion and contraction
of the substrate. This phenomenon is less likely to occur with a well for-
mulated vinyl solution.

P.V.D.F. Polyvinylidene fluoride (p.v.d.f. or p.v.f.2) dispersions are
applied by the coil-coating process. They are blends of p.v.d.f. resin and
acrylic. The combination produces a system which has excellent weather-
ability and which can be bonded via an adhesive primer to a galvanised steel
or aluminium substrate.

They are used where prolonged exposure to high UV resistance is required,
such as prestige building cladding in tropical and sub-tropical climates.

P.V.C. plastisols P.V.C. plastisols are liquids which contain little or no
solvent/diluent. They consist of a blend of polyvinyl chloride (p.v.c.) resins,
plasticisers, stabilisers, viscosity depressants, pigments and sometimes
fillers.

Whatever application method is used, there is always a heating step. When
p.v.c. plastisol is heated to over 10O0C the p.v.c. resin which is suspended
in plasticiser stabiliser etc. starts to dissolve in the plasticisers. When solution
is complete the system is cooled to room temperature and a solid
homogeneous coating results.

The thermal and UV resistance will depend on the stabiliser systems used.
The hardness of the coating will depend on the amount and type of plasticiser
used. Correct selection of the plasticiser can permit the use of the plastisols
at high or low temperatures, provide fire resistance or oil resistance.
Plastisols can be produced in a range of gloss levels from 80 units down to
10 gloss units.

The application method used depends on the intended use of the item.
Spraying is used by the automotive industry to underseal the substructure of
vehicles to provide corrosion resistance. Plastisol coatings are tough enough
to resist mechanical damage from stones and other objects thrown up from
roads. Coil coating is used to coat galvanised steel sheet. The building con-
struction industry uses this for the exterior cladding and roofing of buildings.
Lifetimes of 15 years and more can be expected before first maintenance.
Internal partitioning is produced by the same process. Shelving and elec-
tronic equipment housing are also produced from coil coated steels.

Dipping is used to apply coatings of 1-6 mm thick to pipes, tanks, vessels,
etc. in a wide range of uses:

1. water cooling pipework in power stations;
2. pipes, tanks, extraction hoods and ducting in the chemical industry for

many acid, alkaline and neutral solutions up to 6O0C;
3. pipework in the water section of oil/water separation plants on offshore

oil platforms;



4. hoppers and stillages to reduce noise and damage to components in the
engineering industry.

Powders

Polyethylene Polyethylene is one of the lowest cost thermoplastic
materials. Hence when looking for a coating or lining it is generally con-
sidered first.

Three types of polyethylene are available:

1. Low density polyethylene produced by a high-pressure high-tempera-
ture reaction process. This creates a molecule with a high degree of ran-
dom branching. Thus crystallinity and hence density are low.

2. High density polyethylene produced by a low-pressure low-temperature
process involving Ziegler-Natta catalysts. This creates low levels of
branching and hence a high degree of crystallinity.

3. Linear low density polyethylene is also produced by the low-pressure
low-temperature Ziegler-Natta catalyst route. Other monomers are
incorporated such as butene or octene, which disrupt the crystallinity
and reduce density.

All polyethylenes are soft, flexible and resistant to acids and alkalis up to
6O0C. They retain this flexibility down to -4O0C. Hence they have good
resistance to impact even at low temperatures. However, unless correctly for-
mulated they can suffer from environmental stress cracking (ESC), poor
adhesion and UV degradation. ESC is the phenomenon which occurs when
a thermoplastic is put under stress, e.g. bent, in a particular environment and
prematurely cracks or crazes. Alcohol and detergent are examples of agents
that can cause ESC in polyethylenes.

Fluidised bed coating Unmodified polyethylenes are used for coating wire-
work items such as vegetable racks, record racks etc. Light stabilised grades
are used for coating garden wirework such as compost bins or hanging
baskets. Highly modified systems containing adhesion promoters are used
for chemical resistant applications such as coating pipes, valves, etc.

Polyolefin copolymers Although there is a wide variety of these available,
the only one currently commercially available as a compounded powder is
saponified EVA. This is reported to have good weatherability and will not
suffer from ESC. One major advantage this coating has is that it can be
applied by the fluidised bed process at low temperatures and this offers
the possibility of coating temperature-sensitive metals such as galvanised
steel.

Polyolefin alloys Plascoat Systems Ltd. has developed a range of poly-
olefin alloys in its Performance Polymer Alloy (PPA) range. The exact com-
positions of these are secret. These products have been tailor-made to meet
the needs of specific markets, e.g.

(a) Lining the inside of aqueous-based fire extinguishers. This requires a
coating material which will adhere to the inside of the fire extinguisher.
It is applied by a rotational lining technique and must not melt and sag



during the curing of the epoxy powder paint used on the outside. Fur-
thermore, it must not suffer from stress cracking in service.

(b) The lining of hot water cylinders. This requires a coating which will
adhere well to metal. It must have good resistance to water at 8O0C
and be largely impermeable to water to prevent corrosion of the metal
substrate.

(c) Coating of bus-bars. The coating must have excellent electrical
resistance. It must be capable of being applied at thicknesses of up to
2 mm. In this case there is no adhesion so that the coating can easily
be stripped off to allow contacts to be made after installation if
necessary.

P.V.C. P.V.C. powders are blends of p.v.c. resin, plasticisers, stabilisers
and pigments. The plasticisers soften the coating and increase impact
strength. The amount normally used in p.v.c. powder creates a coating with
a Shore A hardness of 80-90 units. With this level of hardness the coating
will be resistant to impact damage down to -50C and at the same time will
not be so soft as to significantly affect resistance to impact penetration at
higher temperatures.

The stabilisers are selected to give adequate thermal stability during pro-
cessing and excellent UV resistance in service. Correct plasticiser selection
can decrease the water permeability of the coating and increase the long-term
adhesion and hence corrosion resistance. The pigments are present to give
aesthetic appeal, but they must be correctly selected for optimum resistance
to the effects of weathering.

After metal pretreatment it is essential that a suitably formulated adhesive
primer is used, because p.v.c. does not itself adhere to metals.

Fluidised coating In the UK p.v.c. powders are widely used for coating
street furniture and fencing posts. Street furniture includes road signposts
and brackets, lampposts, balustrading and seating. In the UK and the rest
of Europe p.v.c. coatings are used for welded wire mesh used for fencing.
In the USA p.v.c. (vinyl) is a general coating material and is used for coating,
for example, dishwasher baskets.

Electrostatic spraying PVC can be applied by the electrostatic process to
continuous galvanised wire mesh.

Nylon 11 Nylon 11 is a hard abrasion-resistant, scuff-resistant coating.
When correctly formulated and applied, it can be used for exterior applica-
tion. It has good resistance to solvents and to a range of alkalis and salt solu-
tions up to 8O0C. If water quenched, the coating has excellent impact
strength. However, Nylon 11 is crystalline and pull-back from sharp
edges can be a problem. It is therefore essential that metal work is well
radiused.

Nylon 11 is applied using a fluidised bed process to a wide variety of
substrates including metal chair frames, door furniture and wire dishwasher
baskets. It can also be applied by electrostatic spraying, but generally only
where the application is decorative and where the metal work is thin, i.e. less
than 0.2mm.

P.V.D.F. Polyvinylidene difluoride is a coating which offers resistance to



Table 16.4 Properties of thermoplastic powder coatings

P. V.D.F.Nylonp.y.c.Polyolefin PPA 65 alloysPolyolefin copolymerPolyethyleneProperty

1.78

51
99

Excellent

Excellent
Excellent
Fair

1.04
4.5
40
98

33
Good

Poor
Good
Good

1.26
1.7
17
85

50
Excellent

Good
Fair
Poor

1.03
1.32
13
95

210
Poor

Good
Good
Poor

0.33

13
95

Good

Fair
Good
Poor

0.93
2
10.3
70

415
Poor*

Fair
Fair
Poor

(g/cm3)
(J)
(MPa)
(Shore A)
(mg/1 000 cycles)

Relative density
Impact strength
Tensile strength
Hardness
Abrasion Taber

(H 18 load 50Og)
External weathering
Chemical resistance

Acid
Alkali
Solvent



chemicals up to 9O0C. It is more resistant to stronger acids and alkalis than
the above-mentioned coating materials. It is also a hard abrasion-resistant
coating.

It is applied using a fluidised bed process, generally in two coats. A
precompounded blend of p.v.d.f., corrosion-inhibitive pigments and
adhesive components is applied first, followed by a top coat of pure p.v.d.f.
The primer coat protects the metal and the top coat protects the primer coat
from attack by the chemicals.

The properties of the thermoplastic powder coatings are summarised in
Table 16.4.

Granules

The range of thermoplastic materials that can be extruded or injection
moulded is too large and varied for coverage in this book.

W. G. O'DONNELL



16.3 Temporary Protect!ves

Definition

Many metal articles have to be transported and stored, sometimes for long
periods, and are then used with their working surfaces in the bare state.
Unless these surfaces are protected between manufacture and use, most of
them will rust and corrode due to the effect of humidity or atmospheric pollu-
tion. The materials used for such protection are called temporary protectives
as they provide protection primarily for the transportation and storage
period. The significance of the term temporary lies not in the duration of the
efficacy of the protective, but in the fact that it can easily be removed, so that
the protected surfaces, can if necessary, be restored to their original state.
They provide a water and oxygen-resistant barrier by reason of their
blanketing effect and/or because of the presence of naturally occurring or
added inhibitors which form an adsorbed layer on the metal surface.

Types of Temporary Protectives

There are many temporary protectives on the market and it would be
impracticable to describe them individually. However, they may be
classified according to the type of film formed, i.e. soft film, hard film and
oil film; the soft film may be further sub-divided into solvent-deposited thin
film, hot-dip thick film, smearing and slushing types. All these types are
removable with common petroleum solvents. There are also strippable
types based on plastics (deposited by hot dipping or from solvents) or
rubber latex (deposited from emulsions); these do not adhere to the metal
surfaces and are removed by peeling. In addition there are volatile corrosion
inhibitors (V.C.I.) consisting of substances, the vapour from which inhibits
corrosion of ferrous metals.

Soft-film Materials

Those deposited in the cold from a solvent usually consist of lanolin or
petrolatum mixtures in such solvents as white spirit or coal tar naphtha. The
film is thinner than other soft films deposited by different methods.



Materials applied by dipping the article to be protected in the hot molten
material are usually based on petrolatum. Corrosion prevention depends
largely on the barrier provided by the film, but for improved protection, cor-
rosion inhibitors are added. The film may be relatively hard and waxy or
quite soft like pharmaceutical petroleum jelly.

The smearing types of material are usually lubricating grease composi-
tions, i.e. blends of soaps and lubricating oil, but may be mixtures contain-
ing petrolatum, oil, lanolin or fatty material. They are softer than the
hot-dip materials to permit cold application by smearing.

The slushing compounds are a variant of the smearing types, and possess
some flow properties at room temperature so that brush marks produced
during application are reduced. Some materials contain solvent, so that they
are free-flowing as applied, but stiffen when the solvent evaporates.

Hard-film Materials

These were developed to facilitate handling after treatment and to avoid con-
tamination of adjacent components. The films are deposited in the cold and
should be tough and neither sticky nor brittle. The deposited films may be
plasticised resins, bitumens, etc. which are varied according to the subsidiary
properties required, such as transparency and colour. The solvents used vary
according to the solubility of the ingredients, drying time requirements,
flammability and permissible toxicity in given circumstances. As with the
soft-film solvent-deposited materials, the surface coverage is large, and for
this reason, and because they can be applied at room temperature, hard and
soft-film solvent-deposited protectives are widely used.

Oil-type Materials

These are usually mineral oils of medium or low viscosity, which contain
specific corrosion inhibitors and anti-oxidants. In spite of the relatively low
protective properties of the fluid films, which are not nearly so great as those
of the previously described solid films, these materials have an established
field of use on the internal surfaces of tanks and assembled mechanisms, and
where solid material or solvent cannot be tolerated.

Strippable Coatings

The most important of these to date are those applied by hot dipping. Many
are based on ethyl cellulose and the dipping temperature is comparatively
high (about 19O0C). They rely mainly on the thickness (« 2mm) and
toughness of the coatings for their extremely good protective properties, and
they have the added advantage of giving protection against mechanical
damage so that little added packaging is required for transport. Re-use of the
material is frequently possible. The disadvantages are the necessity for
special dipping tanks and cost; this latter may, however, be offset by saving
in packaging materials.



The strippable films deposited from solvents in the cold are much thinner
(« 0.05-0.25 mm) than those from the hot-dip materials, and their protec-
tive properties are not nearly so good. A possible difficulty which must be
watched for is the development of brittleness on ageing and consequent
difficulty of stripping. Latex films containing inhibitors such as sodium ben-
zoate have been found to deteriorate under tropical conditions, but may
have a use in more temperate climates.

Special Modifications of the Aforementioned Types

These have been developed for special uses. For example, since petroleum-
based materials harm natural rubber, a grease based on castor oil and lead
stearate is available for use on the steel parts of rubber bushes, engine moun-
tings, hydraulic equipment components, etc. (but not on copper or cadmium
alloys). Some soft-film solvent-deposited materials have water-displacing
properties and are designed for use on surfaces which cannot be dried pro-
perly, e.g. water-spaces of internal combustion engines and the cylinders or
valve chests of steam engines.

A recent application of this type of fluid is assistance in the removal of
ingested salt spray from jet aircraft compressors and the neutralisation of
corrosive effects. Other types of water-displacing fluids are claimed to have
fingerprint neutralising properties or to be suitable for use on electrical
equipment. Some oil-type materials serve temporarily as engine lubricants
and contain suitable inhibitors to combat the corrosive products of combus-
tion encountered in gasoline engines.

Volatile corrosion inhibitors (see also Section 17.1) are a special type
of protective, which when present as a vapour inhibit the rusting of ferrous
metals. They are generally used as an impregnant or coating on paper or syn-
thetic film; as a powder, either loose or in a porous container; or in
the form of a 5% w/v solution in non-aqueous solution (e.g. methylated
spirits) with application by either swab or spray. Their effectiveness in
preventing corrosion depends not only upon the inherent activity of the
material but also upon their volatility and rate of release from the supporting
medium. Being volatile, some form of enclosure is necessary for continued
effectiveness whether it is the closing of orifices with bungs or overwraps
when protecting internal surfaces, or by sealing the outer container for other
packed stores. Volatile corrosion inhibitors should be used with caution in
the presence of non-ferrous metals which may be attacked, particularly in
the presence of free water. Care should also be taken with painted surfaces
and with some plastics and other organic materials which may become
discoloured or damaged.

The types of temporary protectives in general use are given in Table 16.5.

General Scope of the Materials

Temporary protectives against corrosion should be used only where removal
is subsequently necessary for the fitting or the working of surfaces to which
they are applied.



Table 16.5 Types of temporary protectives in general use

Type of
protective

Solvent-deposited
hard film

(a) ordinary grade

(b) water-displacing
grade

Solvent-deposited
soft film

(a) ordinary grade

(b) water-displacing
grade

Hot-dipping soft
film

Smearing

Typical ingredients*

(a) Plasticised bitumens,
plasticised resins,
white spirit, coal
tar naphtha,
chlorinated solvents

(b) As (a) above
together with water-
displacing agents

(a) Lanolin, petrolatum,
with and without
specific corrosion
inhibitors and
anti-oxidants,
white spirit, coal
tar naphtha,
chlorinated solvents

(b) As (a) above
together with water-
displacing agents

Petrolatum, lanolin,
with and without
specific corrosion
inhibitors

Metallic soap and
mineral oil, soft
petrolatum, lanolin
(castor oil/lead
stearate for rubber-
containing components)

Method of
application

Dipping
spraying,
brushing

Dipping,
spraying,
brushing

Dipping in
molten material

Smearing,
brushing

Properties of film

Solid, thin, tough,
non-sticky,
removable by
wiping with solvent

Solid, thin, greasy,
removable by
wiping with solvent

Solid, thick, waxy
or greasy,
removable by
wiping with solvent
or immersing in
hot oil
Solid, thick, greasy,
removable by
wiping with solvent

These coatings are designed to protect packaged engineering materials
against corrosion due to a humid atmosphere, in both rural and general
industrial conditions, during transit and storage in temperate and tropical
climates. Where conditions are severe, extra packaging may be required or,
in the case of thick soft-film materials, extra thicknesses may be applied. The
coatings are also often used to protect unpackaged spares during shelf
storage.

In normal thicknesses, temporary protectives are unsuitable for outdoor
exposure and they should be protected against gross liquid water by cover-
ings or wrappings. The petrolatum-based thick-film material and some
greases, however, will give adequate protection outdoors if they are applied
extra thickly. Protection cannot be expected if the surfaces remain in contact
with waterlogged packing material.

Corrosion preventives should be applied to surfaces which are clean and
dry or corrosion may well continue beneath the coating. Materials with



Type of
protective

Slushing

Oil

Strippable
(a) hot-dipping

grade

(b) cold applied
grade

Volatile corrosion
inhibitor (V.C.I.)

Table 16.5 (continued)

Typical ingredients*

Metallic soap and
mineral oil, oil-softened
petrolatum, lanolin,
small amounts of
solvent
Mineral oil, specific
corrosion inhibitors
and anti-oxidants

(a) Ethyl cellulose,
cellulose acetate
butyrate, mineral
oil, plasticiser,
resins, stabilisers

(b) Vinyl copolymer
resins, plasticisers,
stabilisers-
flammable or non-
flammable solvents

Organic amino salts
(e.g. dicyclohexylamine
nitrite, cyclohexylamine
carbonate)

Method of
application

Smearing,
brushing

Dipping
rinsing,
spraying

(a) Dipping in
molten
material

(b) Spraying,
dipping

From solution
by spraying, as
a powder by
sprinkling, by
wrapping with
V. C. I. -impregnat-
ed
paper

Properties of film

As for smearing
protective

Liquid, thin, oily

(a) Solid, tough,
non-adherent,
often leaves oily
film with
lubricating
properties; film
removed by
stripping

(b) Solid, tough,
non-adherent
film, removed
by stripping

Adsorbed, non-
visible film

•Some details of typical compositions, where these are available, are given in Petroleum, Oils and Lubricants (POL) and Allied
Products. Defence Guide DG-12, Section IV, Ministry of Defence, H.M.S.O., London (1968).

special properties such as water displacement or the ability to neutralise
fingerprints should not be used in place of drying and clean handling, but
only where the application demands it.

Causes of Failure

It practice it is usually difficult to establish the reasons for failure as a number
of factors may be simultaneously responsible, such as (a) application of the
protective to dirty surfaces, (b) carelessness in application, (c) inherent
inadequacy of the material, (d) exposure to unreasonably severe conditions,
(e) inevitable difficulties in application. Point (c) includes inadequacy not only
in protective properties but, in the case of the hard-film materials, in certain
physical properties, e.g. the film may become brittle and flake when handled,
may remain too sticky and become contaminated with dirt or adhere to the



wrapping paper more strongly than to the surface to be protected, may age
to form an insoluble material and become difficult to remove, or may not
remain flexible and adherent at low temperatures. Point (d) includes, for
example, the use of soft-film materials in hot conditions at temperatures too
near to their melting point. As regards (e), it may be difficult to avoid thin
places in the film arising from contact with other surfaces during the process
of application, drying-off of the solvent, or cooling; when such thinning
occurs, good surface-active properties are advantageous. In this connection,
it may be pointed out that scraping in transit and stacking, and local thinning
due to grit, dirt, etc. are common; it follows therefore that shelf storage of
unpacked items should be avoided if possible.

General Comments on Application

Application by dipping gives the most complete film, is the most economical
in material, and is usually the quickest for large quantities of articles. This
method should be chosen whenever possible. Spraying is the next best.
Brushing and hand-smearing should be adopted only when dipping or spray-
ing is not feasible.

During the dipping process, articles with recesses should be rotated in the
bath so that air can escape. Dipping baths should be kept covered when not
in use to prevent contamination, and, in the case of solvent-containing
materials, to prevent concentration by evaporation of the solvent, as this
would lead to excessive film thicknesses and long drying times. The composi-
tion of a bath of solvent-containing material should be checked periodically.
Unaided evaporation of the solvent from solvent-deposited films is usual,
but the process can be speeded up by blowing air over the articles or by gentle
warming; the heating, however, should not be excessive.

During hot-dipping in petrolatum-based materials, film thickness can be
varied by altering the temperature of dipping and the duration of immersion.
The petrolatum will first chill on to a cold article put in the bath, the solid
coating bridging small crevices. This may give sufficient protection, but it
may be desirable for the article to attain the temperature of the bath so that
the molten petrolatum will penetrate into all the crevices, e.g. between the
ball and race of a rolling bearing. The article may then be withdrawn,
allowed to cool and given a quick dip to build up the film thickness.

Choice of Temporary Protective

Hard-film protectives can be applied to most types of single articles and are
especially suitable in mass-production systems. They should not be applied
to assemblies because the hard film is liable to cement mating surfaces
together and considerable difficulty may arise in the removal of the protec-
tive film. This type of protective should be removed before the article is put
into use.

The soft-film solvent-deposited type can be used broadly for the same pur-
poses as the hard-film type. A grease-resistant wrapping is required as an
inner wrapping (as for all soft-film types) in packaging. Grades of this



material, consisting essentially of lanolin in a solvent, have been found to
give better protection to packaged articles than some of the best available
hard-film materials, and are to be preferred for articles with very high preci-
sion surfaces. The film is usually dispersable in lubricating oil and it is
therefore not so important to remove it from surfaces when an article comes
into use except when it has become contaminated with grit and dirt.

The thick soft films produced by hot dipping are suitable for highly
finished as well as normal machined surfaces. Grades with drop-points
substantially higher than 5O0C are preferable for tropical storage as other-
wise marked softening and possible thinning of the protective film is likely
to occur. These films can be applied to many types of assemblies, the chief
exceptions being assemblies with inaccessible interiors that cannot readily be
blanked-off and fine mechanisms where any residue might interfere with the
free movement of parts or their subsequent lubrication with low viscosity oil.
These films can also be used on parts which might be affected by the solvent
from the thin or soft film protectives, but they should not be applied to items
having plastics or leather components.

Greases are usually applied by brush or smearing; the brush must be
sufficiently stiff to give intimate contact with the surface yet not so stiff as to
leave deep brush marks. Greases should not be melted and therefore cannot
be applied by dipping or spraying; also, no attempt should be made to
dissolve them in a solvent for application. They are particularly useful where
only part of the surface of the item requires protection, because of the ease
of application by cold smearing. They can be used in this way also in con-
junction with solvent-deposited protectives for assemblies of a low degree of
complexity, by coating screw threads and filling clearance spaces before dip-
ping the article in the solvent-containing protective. Grease films can be
made thick enough to give the desired level of protection. Wrapping is
desirable to protect the very soft film. Removal before use is chiefly for the
purpose of removing grit and dirt.

The slushing material finds its most useful application on big machinery
requiring protection of large areas during storage or during intervals of
idleness in machine shops. The effect of dust and dirt contamination should
therefore be considered an important factor in assessing the quality of these
materials.

The lower protective quality of oil-type materials largely restricts their
use on internal surfaces of, for example, internal combustion engine
cylinders, and gear-box and back-axle assemblies of motor vehicles. Such
materials are widely used to fulfil the simultaneous function of a protective
and a lubricating oil; e.g. in sewing machines the protective can also serve
as a lubricant during its initial period of use. The functions of corrosion
inhibitor and hydraulic oil are also often combined. Oil-type materials are
also used on small nuts, screws and washers which cannot easily be protected
by solid-film materials; in this case protection must be reinforced by good
packaging.

The hot-dip strippable coating is applicable when a high standard of pro-
tection from corrosion and mechanical damage is required, as on gauges and
tools which so often have their working surfaces facing outwards.
Assemblies must have orifices plugged so that molten material cannot
penetrate during the dipping.



Volatile corrosion inhibitors are particularly useful when oil, grease
or other adherent films are unsuitable. They should be used in conjunc-
tion with a primary wrap which should form as close an approach to a
hermetically-sealed pack as possible. They are widely used to provide
protection to precision tools, moulds and dies, and also on a larger scale to
car body components.

General Remarks

The listing of so many types of protective might indicate some complication
in use. It should, however, be realised that the materials are to some extent
interchangeable, and in most works it is seldom necessary to have more than
two or three materials. It is emphasised that protection should be given by
the manufacturer of the article as soon as possible after its fabrication; if
stocks have to be held in a part-finished state, protection should also be given
during this period. This is important for cast iron because corrosion once
started is difficult to stop. If the conditions at the receiver's works or depot
are particularly severe, the maker's protective processes should be appro-
priately supplemented.

The bibliography given below is classified according to the aspect of the
subject mainly dealt with, but some references, of course, deal with several
aspects. In addition there is a considerable body of patent literature concern-
ing specific inhibitors.

Recent Developments

Strippable coatings based on such resins as vinyl, acrylic and polyethylene
are finding increasing favour for applying to finished products to protect
them during transit, the coating being left on the product until it reaches the
dealers showroom or, in some cases, the consumer. These coatings offer
excellent temporary protection against moisture, chemicals and weathering
and some stand up well to such fabricating techniques as bending and deep
forming. The coatings are easy to apply and some remove simply by piercing
the film and peeling it off, others by washing away by applying an alkaline
solution or solvent.

The toxicity of lead-containing greases has led to alternative products
being used for the protection of components where the product is likely to
come in contact with rubber. Of those products considered silicone-based
greases have been found to be particularly suitable and their application to
hydraulic equipment components such as brake cylinders, where they can
provide internal protection against corrosion both during transit and use,
has been found particularly beneficial.

Corrosion-inhibited petroleum-based waxes deposited from solvent are
finding application in both the automotive and aircraft industries for the
supplementary protection of hollow sections of the finished product. These
waxes are applied by airless or air-assisted pressure-feed spraying techniques



to clean and dry, but often painted, surfaces to provide increased protection
against corrosion dur to humid and corrosive atmospheres during both
transit and use.

T. N. TATE
D. R. A. SWYNNERTON
E. W. BEALE
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