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Anti-Corrosive Pigments

pigment is an inorganic or organic
solid in a state of fine subdivi-

sion (average particle size less than one
micron), which, either alone or in con-
junction with a suitable film forming
composition, has the ability to hide and
colour a surface when spread on it in
thin layers. Pigments are mainly em-

ployed in the manufacture of paints and

printing inks, though they are also -used
for various other purposes, e.g. rein-
forcing of rubber, delustering of rayon,
glazing of ceramics, etc. Certain pig-
ments, besides their characteristic col-
our and opacity, may also show other
specific properties such as fluorescence,
luminescence, toxicity and corrosion-
inhibition.  Also, in some cases, these
secondary characteristics may be of
greater usefulness, while the colour and
opacity are of minor importance. Anti-
corrosive pigments belong to this special
category, and when used as paints with
an appropriate binder, have the ability
to inhibit, or at least suppress, the coi-
rosion of metal surfaces over which they
are applied in thin layers.

The term corrosion is applied for the
wastage or deterioration of metals by
chemical processes and may thus be dis-
tinguished from erosion which denotes

a wearing away by mechanical agencies.

Corrosion may occur either as a direct
chemical, or as an electro-chemical at-
tack. Mutual contact of metal with cer-
tain chemicals or exposure to humid en-
vironment affords conditions for direct
chemical attack. - Atmospheric corrosion
is enhanced if atmosphere is fouled with
gases such as carbon dioxide, sulphur di-
oxide, oxides of nitrogen, acidic fumes
and suspended particles of electrolytes.

Electro-chemical corrosion occurs when-
a metal, which occupies a position higher-

corrodes
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than hydrogen in the
series, is immersed In water.
and extent of corrosion is dependent on

eléctromotive
Ihe rate

the type and amount of other ions in .

solution. The corrosion can be purely

chemical, as in the presence of hydrogen .

ions and dissolved oxygen, or galvanic,
when another metal lower in eleciro-

motive series is in electrical contact with

the first.

It is obvious therefore, that in order

to prevent’ or minimise corrosion, moi-

sture and oxygen are to be excluded

way is to have a thin layer of a protect-
ive coat. However, as such protective
coats, barring a few exceptions, ate still
permeable to water and air, it is essen-

_from the metal surface, and the best .

tial to maintain alkaline conditions at

the interface.
vanic circuit is likely to be formed, then
either there should be an intervening in-
sulating layer or alternately the metal
surface should be rendered cathodic.

In view of the widespread use of iron
and its alloys for structural purposes,

agricultural implements, industrial equip-

ments, etc., protection of iron and steel
from corrosion has acquired consider-
able significance. In recent years alu-
minium and its alloys have also become
prominent, not ‘only because of iieir use
in air-craft construction but uiso be-
cause of their use in automobile parts,

Furthermore, if 2 gal-.

chemical plant, domestic ware, etc. Iron-

and its alloys are best protectzd by
having a layer of metal which is electro-
positive to it, e.g. zinc. applied by way
of dipping, spraying or electronlating.
As galvanised or zinc coated iron also
with the formation of zinc
oxide, it is essential that either the iron,
as such, or after galvanising, is given a
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protective ¢oat which ~could “be conven-
iemtly replaced at infrefuent intervals:
Unlixe iron, aluminium and its alloys do
not require a protective coating »f metal,
as a layer of aluminium oxide is tormed
on the surface which prevents or at least
suppresses further coirosion. However,
in order to maintain the decorative effect
of aluminium surfaces, it is desirable
" that they are also given an appropriaie
protective coating. Obviously, by using
specific iron or aluminium alloys it
should be possible to have a minimumni -
amount of corrosion ; but such special
alloys are costlier than the parent metal
and "their usual alloys, thus making it
nécessaty to ‘protect ~‘these -Common
metals-and alloys against corrosion by
the application of protective coats.

“Of 'the” many methods of protecting
metal “surfaces,” painting is perhaps the
most important. A paint is essentially ‘2"
dispersion of a pigment, or mixture of
pigments, in a suitable film- forming
medium, whose flow characteristics have
been adjusted to. meet the specific
method of application. As none of the
paint compositions are completely im-
permeable’ to moisture and air, more
than one coat of paint is necessary in
order to protect metal surfaces against
corrosion. The first coat of a paint to

be applied should have not only good

adhesion to the metal surface but should
also possess anticorrosive properties, i.e.
maintain alkalinity at the interface. Be-
sides, it should offer a suitable surface
to take on the next coat of paint, -'[he
second. and possibly a third. coat
should be non-reactive and of low per-
meability in order to impart’ maximum
durability. The combined paint film, in
addition, should have a coefficient of &x--
pansion which is of the same order as
that of the metal substrate in order to
maintain film continuity with chantes in
environmental temperature conditious.
The elastic properties of the paint film
should also be unaffected to any avore-
ciable extent by variation in humidity. '

‘mild anodic

The first coat of paint applied to 4 metal
surface is” termed primer and is usually
of an anticorrosive composition,

*The choice of the appropriate ‘med-

_1lum® to give tough, elastic, adherent and -

durable film is of the utmost import-
ance. Numerous film forming counposi-
tions are in use, each one having some
outstanding  characteristics.  [owever,
drying oils, . both raw and heat treated,
oil varnishes, alkyd resins, ‘chlorinate
rabber are some of the more imporiant
binders used in- anti-corrosive composi-
tions. The vatious film forming com-
positions may also contain added sol-
vents which evaporate after application.
While the importance of binder cannot
be overlooked, the determining factor is
the pigment, which should be so chosen
as to obtain maximum performance with

‘the particular medium.

Anticorrosive pigments can be divid-
¢d into four grouns namely, (i) basic
pigments, (ii) chromate pigments, (iii)
metallic pigments and (iv) miscellanenus
pigments. - '

Basic Pignient_s-:

The anticorrosive effect of basic pig-
ments is associated with the soap forma-
tion by reaction with a saponifiable com-
ponent of.the medium and- also with
their alkaline nature, which make them
inhibitors. -Among these
pigments red lead deserves pride of a
place. Red lead' is a pigment of ancient
origih and it has a long record
of successful application "in anti-
corrosive formulations. - It is manu-
factured by direct oxidation of metallic
lead with air. In the older furnace pro-
cess -lead is oxidised- first to massicot,
(PbO), which is further oxidised to red
lead (Pb,O,) in a subsequent operation.
In the modern fume process vapourised
lead is oxidised directly in a current of
air to form red lead. Fume red lead
has finer particle size and is superior to



furnace red lend in keeping qualities.
Red lead contains 72-95% Pb,0O, and
5-28% PbO. Pb,0O, acts as an oxidis-
ing ‘agent and keeps the superiicial
oxide film in gocd repair, whereas PbO
acts as a mild anodic inhibitor due to
its alkaline nature. ‘The formation of
lead soap in a paint helps in making
the film tougher and resistant to water.

Red lead is used in conjunction with
raw linseed oil and boiled oil with per-
haps a small quantity of turpentine to
impart ease of brushing. The usual

grades of red lead, however, set to a hard

mass when the dispersion ‘in oil is stored
for any length of time. Nou-setling
grades of red lead are however avail-
able which do not suffer from such a
defect. These grades contain very little
free litharge. Because of the high den-

sity of red lead and also its poor spread-
ing or covering power and difficulty of
brushing, red lead is generally extended
with other pigments. Preference is given-
to fibrous extenders like asbesiine or
laminar pigments like mica and talc,
though ordinary- pigments like barytes
or iron oxide can also be employed.
However, red lead should form ai least
50% of the total pigments in order to
maintain useful anti-corrosive properties.
Also to compensate for the absence of
free litharge in non-setting red lead, it
is customary to employ small propor-
tions of white lead or zinc oxide. Red
lead is unique in that its performance
is .best with linseed oil medium, though
it can also be used with phenol—form-
aldehyde—tung oil varnishes  or plasti-
cised chlorinated rubber; its use how-
ever, is restrlcted only to iron and its
alloys.

Other’ basic lead pigments used in ‘anti-
corrosive compositions are basic carbon-
ate white lead (BCWL), basic sulphate
white lead (BSWL).and blue fead.

- BCWL, [2PbCO,, Pb(OH),]. is pre-
pared by the action of .carbon dioxide,

¢

61 .

' I3
moisture and acetic acid on metallic

" lead at 50-70°C. In recent years it has

been " manufactured by electrolytic
methods. BSWL, [PbO.2PbSO,], is pre-
pared by partial oxidation of vapourtis-
ed -galena in a current of air. Blue. lead
contains a mixture of basic sulphate,
sulphite and Sulphlde of lead, and some
carbon. It is manufactured by oxidis-
ing galena in the presence of carbonace.
ous materials. Its bluish-grey colour
is due to lead sulphide and carbon.
Among these -three pigments basic car-
bonate and sulphate have only mild in-
hibitive properties, but blue lead posses-
ses cofrosion inhibitive properties and

under certain conditions ‘(water immer--

sion) this pigment shows performance
superior; to that of red lead.

Of the recent developments in basic
anti-corrosive pigments lead cyanamide?,
(PbCN,) and orthoplumbates «f alkaline
earth metals are of importance.  Lead
cyanamide® is industrially prepared by
leaching calcium cyanamide with water
and treating the resulting extract with
lead nitrate or acetate solution. The

. product obtained at this stage is further

treated with hydrogen peroxide tc ox-
idise other lead compounds such as lead
sulphide, lead carbide, etc., which -are
formed due to the impurities in com-
mercial calcium cyanamide. Lead cyan-
amide is yellow in colour and it has
lower density, better can-stability and
higher covering power than that of red
lead. It reacts with free fatty acids of the
medium to a greater extent and at a more
rapid rate than red lead. It has been
suggested that inhibition® of cerrosion
by lead cyanamide is due to the forma-
tion of (NH,),CO, and" Pb(OH), ; the
former renders the medium alkaline,
while the latter is absorbed on the sur-
face of iron. Tt neutralises sulphur
compounds’ which often form on metal
surfaces and eliminates traces of .water
by reacting with it to form ammonia
which in turn enhances the corrosion in-
hibitive properties of the coating. Even

/'.
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extended lead cyanamide pigment is
suberior to similarly extended red lead
pigment. Lead cyamamide paints can be
based on linseed oil, alkyd resins, chlor-
inated rubber and polyvinyl resias ; but
maximum corrosion inhibitive effect is
obtained by the use of linseed oil and
boiled oil. The excelient elasticity of the
paint film counterbalances
swelling characteristics, thus maintain-
ing the anti-corrosive effect. Lead cyan-
amide paint is used for steel-frame
superstructure, in mining and metal-
lurgical industries, chemical indusiries
and for painting cars and ships.

Red lead may be looked upon as lead
salt of orthoplumbic acid. Aikaline
earth orthoplumbates are prepared on
the basis that replacement of plumbous
radical by alkaline earth radical will
help in conservation of lead, without im-
pairing their corrosion inhibitive pio-
perties. They are more basic than red
lead, but only anhydrous orthoplumb-
ates are of pigmentary interest, as
hydrated compounds are too reactive for
use in paints,

Alkaline earth orthoplumbates® are
prepared by heating alkaline earth metal
oxides or carbonates with lead mon-
oxide in air under controlled conditions.
These plumbates are water insoluble and
easily dispersible in oil to form a stable
paint of high opacity. Among these the
calcium salt is the most used because of
its pale buff colour and low specific
gravity. Though calcium plumbate con-
tains the highest proportion of lead its
low specific gravity always keeps the total
lead in the paint at a minimum. Cal-
cium plumbate, because of its powerful
rust inhibitive properties and toughening
effect on the paint film, can be used with
large amounts of extenders. It can be
used in tinted paints and does not affect
the shade of alkali sensitive pigments.
These pigments can be conveniently used
with drying oils, though plasticised
chlorinated rubber and long oil alkyd

its higher -
. anti-corrosive pigment as it has got a

varnishes are to be preferred. They
have the advantage over red lead from
the point of ,view of superior can-stabil-
ity, greater covering power and case of
application. Like red lead they can be
employed only for iron and its alloys
but not for aluminium.

Zinc oxide is sometimes used as an

weak anodic inhibitive power and the
ability to neutralise acidity of the med-
ium. However, its anti-corrosive proper-
ties are of a very low order and as the
film in oil media lacks toughness it is

tarely employed by itself.

Chromate Pigments:

Chromate pigments are powerful cor-
rosion inhibitors as they reander metal
surfaces passive to further oxidation. The
mechanism® by which corrosion inhibi-
tion occurs is not completely understood,
but it has been suggested that ferrous
ions formed at the surface combine with
the chromate ions to give a ferric-
chromic hydroxide-chromate complex
which completely seals the surface from
further attacks by oxygen and moisture.
It is obvious that chromate pigments
must be capable of ionisation under con-

_ditions of use.

- Pure lead chromate (PbCrO,) nas very

little inhibitive action, though in the
presence of basic pigments like zinc
oxide or white lead improved perfor-
mance may be obtained. Basic lead
chromates (PbO.PbCrO,) on tle other
hand are slightly more effective but
owing to their insolubility in water their
corrosion inhibitive action is not of a
high order. Superior performance is
obtained with the chromates of gioup 11
metals of the periodic table.

Zinc chromate is perhaps the best
known pigment of this group. Zinc chro-
mate (4Zn0.K,0.4Cr0Q,.3H,0) is prepar-
ed by the action of potassium dichromate



on zinc oxide coataining small percent-
age of zinc sulphate. As the pigment
is slightly soluble in water, it is not
possible to wash it free from sulphate
ions, the presence of which is undesii-
able in anti-corrosive compositions.
. Zinc chromate readily gives out caromaie
ions in contact with water and nence it
is more effective. - Its slight solviility
however, is a disadvantage in that the
paint film becomes weaker in corrosion
inhibiting action. It is, therefore, neces-
sary to employ a medium which gives
a compact film with superior water
resistance. Drying oils cannot therefore
be employed but oil modified alkyd
varnishes of low acid value have been
found to be eminently satisfactory.

Zinc  tetrahydroxy chromate,
[ZnCr0O,.4Zn(0OH),], as against the usual
zinc chromate, overcomes some of the
defects. The pigment is readily pre-
pared from a soluble zinc salt and
alkaline sodium chromate. It is much
cheaper than zinc chromate and has the
advantage that it can be employed with
drying oils, though superior performance
is obtained with alkyd varnishes. The
pigmented composition also antains
its effectiveness for much longer periods.

Primers based on zinc chrome can be
employed on all metal surfaces though
they are particularly suited for light
metals and their alloys, Furthermore,
they are eminently suitable for use in
mass production techniques. Thzy are
also the basis of the presently erployed
“wash primers ” which are being em-
ployed widely not only in aircraft paint-
ing but also in other fields.

Barium-potassium-chromate
[BaK,(Cr0O,),]** is another chromate
pigment which is prepared by reacting
together = potassium  bichromate and
barium carbonate in a rotary kiln at
- 550°C. Tt contains least amounts of sul-
phate and chloride impurities whose
présence enhances corrosion, This pig-

.63

ment i8 best employed with varnishgs
based on synthetic resins such as phe-
nolics,” alkyds, alkyd-modified chlori-
pated rtubber and coumarone-indene.
The performance of this pigment on fer-
rous metals is better under atmosphe-
ric conditions. For aluminium and p.ag-
nesium metals the pigment shows equal

“verformance both for atmospheric ex-

posure and water immersion -services.
The paint film has good hardness, high
tensile strength, elongation, flexibility
and impact resistance.

Metallic Pigments:

Though various lead compounds have
been used in paints from the eailiest
times, the use of metallic lead®! is of
relatively recent date. Electrolytically
lead is on the border line and may be
slightly anodic or cathodic to iron
depending upon circumstances. Lead
forms a protective coat on its surface
and thus becomes passive to the action
of corrosive agents. Though metallic
lead is very heavy it.does not settle to a
hard cake in the container. It is pre-
pared by flaking selected atomised lead
in a steel ball mill with stearic acid as
a lubricant. Pigmentary metallic lead
has low oil absorption and forms a very
impervious film of high lead content. Tt
gives satisfactory performance when used
with raw linseed oil or polymerised oil.
This paint is used exclusively for paint-
ing iron surfaces. The metallic lead is
not used much because of its high
weight and cost; but under severe con-
ditions it surpasses most other pig-
ments.

The use of zinc dust for corrosion

prevention depends on its specific posi-

tion in electromotive series with respect
to iron, Zinc dust is prepared by cool-
ing vapourised metallic zinc in an inert
atmosohere. Tn the protection of iron,
zinc121314  is sacrificed, as it is the
anode in the galvanic cell formed dur-
ing corrosion. Zinc is also a deoxyge-
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sating agent and thus inhibits ¢orrosion
by reacting with any dissolved oxygen.
The vpresence of zinc oxide that is
formed on the surface of zinc dust
particles neutralises the acidic portion

of the vehicle. The electro-chemical pro-

perties of zinc are so effective that a
~bare iron area in the vicinity of zinc can
remain uncorroded just as that under the
coat of-zinc dust. Like other metals zinc
liberates hydrogen by reaction with
acids,
for zinc dust paints should be of low
acidity, The usual binder used for zinc
dust paint consists of a mixture of raw
and boiled linseed oil.
styrene is used sometimes to ubtain a
higher proportion of zinc.
~paints are used mainly over iron surfaces,
but recently it has been used for coat-

mg copper and its alloys to avmd sfain-

ing eﬁects

In recent years aluminium ‘pigient
has been used for anti-cofrosive pur-
poses. It.is prepared by beating small
pieces of sheet aluminium in a combi-
nation of light and heavy stamp mills

in the presence of stearic acid us lubri-.

cant. The protection of metal by alu-
miniom paint is purely physical in
nature, Because of its “leafing” char-
~acter, flaky particles of ‘metallic alumi-
nium** tend to lie in a plane parallel to
the metal surface, and thus produce
smooth and compact coating, which dis-
courages lodgement of dirt particles
and provides a very intricate passage
for any corrosive agent making iis way
to the metal surface.
sesdes good reflectivity for electromag-
netic waves and thus protects the bmd
er in the paint film from ultra-violet
light whieh is chemically active and
infra-red radiations which result in a
rise of temperature. In choosing a
medium for aluminium paint care must
be taken to preserve the leafing charact-
er of the aluminium flakes. Raw lin-
seed oil and boiled oils do not permit
“leafing.” Varnish media hav: been

and therefore, “the medium used”

Plasticised poly-

“Zinc dust .

Aluminium pos- -

found suitable for. this purpose. The
medium should have low acid value and
should not contain lead driers which
destroy “leafing.” Varnishes based on
ester gum, phenolics, alkyds and chlo-
rinated rubber have been used in differ-

" ent types of applications, though couma-

rone-indene resins will be preferred.
Aluminium paint is best used as a top
coat because of its superior physical
properties. - Aluminium paint is used for
iron and its alloys and also as top coat
over zinc chrome primers on aluminium
surfaces.

Aluminium bronzes also give good
physmal protection to metal but their
use is restricted for .top coats only
because of their strongly cathodic action
to iron.

Aluminium-silicon . alloy*®  (87.13)
has also been suggested as a rust ,nhl-
bitive pigment. -

Miscellaneous Pigments:

.Red oxide of iron (Fe,O,) is used
invariably in anti-corrosive paints. it is
prepared by pulverising naturally occur-
ring red ochre or synthetically by calci-
nation of by-product ferrous sulphate in
a rotary kiln. It can be obtained in
varying shades by co-precipitating fer-
rous hydroxide and calcivm sulpbate
and calcining the precipitate so ob-
tained. It neither inhibits nor prowmotes
corrosion, but is used in anti-corrosive
paints because of its ability to_cegrade
actinic light which is the main and pot-
ent cause for paint destruction. Red -
oxide is added to anti-corrosive pigments
to cheapen them and to improve some
of their physical properties. The mica-
ceous oxide of iron occurs in the form
of fine flakes and is used to improve
brushability and covering power of the
usual anti-corrosive pigments.

Graphite'® is also used in anti-corros-
ive paints. Many controversial state-



ments have been made over the use of
graphite. Natural graphite, either co.rse
or finely ground, always promoies
corrosion. On the other hand, it has
been proved that graphite in colloidal
form does reduce corrosion. Graphite
particles have hexagonal plate—like
structure and they tend to be parallel
- to the painted surface and constitute a
sheath more like true plating which helps
in “running off ” rain water. [he col-
loidal nature of graphite improves the
brushing qualities ‘of red lead painis.
Other pigments having leaf-like struc-
ture are mica and aluminium ;
graphite has an advantage over alumi-
nium in being chemically unreactive and
over mica in being opaque to light.
Since graphite is unreactive it cin be
used in a variety of media. The red lead
primer and graphite top coat gives an
excellent protection against corrosion.

“Silear,”*” a pure silicon carbide,
quartz-like material, has been used in

anti-corrosive compositions. *It is chem- .

ically inert and has got good covering
power. The paint containing 60 parts
of Silear and 40 parts of red lead gives
35% more covering than a composition
containing 60 parts of barytes and 40
parts of red lead. B

Carbon'® activated with ammonia has
been tried as a corrosion inhibiting pig-
ment. Ammonia adsorbed on the carbon
particles makes penetrating water alka-
line, thereby suppressing corrosion. Full
details, however, are no. available.

Surface preparation:

It is not generally realised that even
the best anti-corrosive primer can show
poor performance if it is applied on a
surface that has not been made recept-
ive to it ; also the primer should be cot-
rectly applied under favourable environ-
mental condition. Both chemical and
mechanical methods are employed for

getting surface ready for painting, the
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of the article, its location and whethef
post-baging is employed or not. For
stractural steel work onty the mecha-
nical methods are applicaole.

As it is essential to get a compact and
adherent film of a prumer, the methed of
application is of considerable import-
ance. In air-drying compositions, brush-
ing by a skilled pamter employing a
paint containing little or no volatiles
give by far the most compact film.
However, care must be taken to see that
paint is applied under conditions of faily

Jow humidity “or else the surface Jayer

of moisture may be entrapped undes-
neath the paint film, thereby enhancing
corrosion.

In view of the large amount of cons-
tructional work going on in the couniry
at present, anti-corrosive pigments aud
paints have acquired considerable sig-
nificance. For structural steel work red
lead in linseed oil primer, followed by
two coats of micaceous oxide of iron
in oil, is the preferred method of pro-
tection. However, in view of the fact
that the availability of red lead is
dependent on imported lead the use of
alternate pigments should be invest-
igated, Of the many pigments which
could be manufactured from indigenous
raw  materials  potassium-barium-
chromate appears to be the most promis-
ing. In view of the insuofficient amount
of information on the use of potassium-
barium-chromate as a primer under
tropical conditions, it is necessary to
carry out large-scale field experiments to
evaluate its performance. As the country
is more than self-sufficient in linseed oil,
actually exporting a large surplus, the
use of other binders need only be con-
sidered if it is necessary in the national
interest.
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