COPYRI GHT 2000 SSPC: The Society for

I nformati on Handl i ng Servi ces,
Full document details: SSPC CHAPTER 4.3 1993

SSPC CHAPTERx4.3 93 EE 8L27940 0003585 93L MW

September 1993 (Editorial Changes)

CHAPTER 4.3

CORROSION INHIBITIVE PIGMENTS
AND
HOW THEY FUNCTION

by

Arnold J. Eickhoff

Metal corrodes because of one or more environmental
factors and gradually disappears or disintegrates through
physical and chemical processes. Corrosion is essentially
the formation of a more stable compound of metal. Most
pure metals are unstabie and tend to return to original
form.

Undoubtedly, corrosion plagued early Egyptians,
Hebrews and Greeks. There is evidence that an iron tool
was found inside the great pyramid of Khufu at Gizeh,
dated about 3100 B.C. In the Book of Judges of the Old
Testament, iron is mentioned in connection with construc-
tion of chariots. Homer’s lliad, written about 1200 B.C.,
also contains a reference to iron. A broken axle on a
chariot in 2000 B.C. was as embarrassing as a corroded
water tank in the twentieth century.

An early reference to protecting iron or steei against
corrosion is in the writings of Pliny the Elder’, written
about 1900 years ago. He describes how iron workers used
bituminous materials for varnishing iron. White lead and
fatty acid pitch also is mentioned for use as a protective
coating.

One method to prevent corrosion is to incorporate in-
hibitive pigments in the protective coating applied to
metallic substrates. Their purpose is to impart corrosion
inhibitive properties to the organic or inorganic binders or
vehicle portions of the primer coatings.

Many investigators consider only the pigment, and
not the vehicle, when they attempt to evaluate a corrosion
inhibitive pigment.

. SUGGESTED INHIBITIVE MECHANISMS

Mayne?® reported in 1954 that water was ‘“non-
corrosive after contact with paints prepared by grinding
basic pigments in linseed oil.” Immersion tests showed
lead and caicium soaps of formic acid were corrosive.
Lead and calcium soaps of azelaic and pelargonic acids
were inhibitive.

The corrosion of steel
mechanisms:

e By anodic inhibitors such as red lead, zinc

yellow, strontium chromate, etc.
e By cathodic inhibitors or cathodic polarization

is retarded by several

2000

138

e By cathodic protection e.g. zinc rich
coatings. In this instance, the metal, in form of
zinc dust in the paint film, is the anode and
sacrificially corrodes to protect steel from
rusting.

By mechanical protection, i.e. by the use of
thick (10 to 20 mils) relatively impervious films.
These films have extremely low moisture vapor
and oxygen transmission.

Appleby and Mayne* reported on the degradation
products of four red lead paints formulated with linseed
oil, oiticica oil, alkyd resin, and tung oil. The degradation
products were identified by vapor phase chromatography.
Mayne and Ramshaw?® showed azelaic acid was the prin-
cipal degradation product of linseed oil fatty acids.
Extending this to the other three vehicles (i.e. linseed oil,
alkyd resins, tung oil) suggests that their metal protective
properties may be evaluated by their ability to form lead
soaps of azelaic acid. Based on inhibitive properties,
linseed oil was best, followed by oiticica oil and finally
alkyd resin. Tung oil had the poorest inhibitive properties.
The relative amounts of degradation products were 11.9 for
linseed oil, 8.9 for oiticica oil, 3.5 for alkyd resin, and 1.1 for
tung oil. Partial immersion tests of mild steel coupons con-
firmed the analyses of the aqueous extracts. To obtain op-
timum substrate protection the protective coatings system
must be carefully evaluated considering many factors,

such as
[]

environment;

physical chemistry of pigment-vehicle combina-
tion in different environments;

chemical reactions that may occur between
pigment and the vehicle while paint is in the
container before it is used;

electrochemical reactions that occur at the
anodic and cathodic areas or interface between
the dry paint film and the steel substrate;
electrochemical reactions that take place when
coated steel substrate is exposed to high
humidity or condensed moisture (dew);
electrochemical reactions that take place when
the coated steel substrate is exposed to salt
spray (fog) e.g. in a marine or chemical environ-
ment; and
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* electrochemical reactions that take place when
coated steel substrate is immersed in fresh
water.

Misleading information can be derived from salt spray
(fog) or salt water immersion tests, when steel panels are
coated with films that are not alkali resistant. U.R. Evans
pointed out that sodium hydroxide can soften oil-modified
films and lead to their disintegration and a type of film
failure not encountered in a salt-free environment. Fan-
cutt® and Hudson tested 127 paint systems on steel im-
mersed in sea water. They confirmed Evan’s views.

Mayne’ reported that panels coated with polystyrene
and immersed in sea water for 46 days showed rust
nodules at the anodes and liquid filled blisters at the
cathode areas. Liquid in these cathodic areas was 1.1 to
1.3 normal sodium hydroxide. Mayne expressed it in sim-
ple chemical equations:
4Fe°® + 8CI- —4FeCl, + 8e- (anodic reaction)

The 8 electrons are consumed by reacting with water and
oxygen to form sodium hydroxide viz:
8e~ + 20, + 8Na*' + 4H,0—>8NaOH (cathodic reaction)

When products at the anodic and cathodic areas com-
bine in the presence of excess oxygen, the final product is
rust or Fe,0,-H,0.
4FeCl, + 8NaOH + O,~2Fe,0,-H, 0 + 8NaCl + 2H,0

With the indicated reformation of sodium chloride,
and in the presence of moisture (water), the overall reac-
tion is repeated.

The above reactions® describe the corrosion process
if salt (sodium chloride) is present. If only oxygen and
water are present (no corrosive salts) the electrochemical
dorrosion of iron (formation of rust) is as follows:

4Fe°—>4Fe'* + 8e (anodic reaction)
20, + 4H,0 + 8e—80H-" (cathodic reaction)

By combining these two reactions we obtain:
4Fe® + 20, + 4H,0—4Fe(OH), (yellow rust)

In the presence of excess oxygen, red rust forms.
4Fe(OH), + 0,~>2Fe,0,-H,0 + 2H,0

This reaction shows that water is a by-product of cor-
rosion. Once corrosion has started, it is self perpetuating,
as long as oxygen can penetrate the paint film. Thus, low
oxygen and moisture permeabilities are very important
film properties — especially if a steel surface must depend
only on mechanical or barrier protection.

Paints prevent corrosion by various mechanisms:

e Mechanical protection or thick films;
¢ Chemical inhibition; and
* Galvanic or cathodic protection.

Mechanical protection is simple: the paint film acts
as a waterproof coating or an electrical insulator between
the anodic and cathodic areas. If the surface to be pro-
tected is not completely covered with a film free of pores,
corrosion may not only continue at the exposed sections
of the steel, but also accelerate due to concentrated
anodic attack.

Paints specially prepared for application in strong
acid and alkali environments provide effective mechanical
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protection. Usually these paints rely on thick films (10 to 20
mils) and freedom from pinholes to protect the substrate.

Chemical inhibitive films are useful because they are
not as sensitive as the mechanical film to undercutting
when small breaks or pores are present. Also, moisture
permeability does not have to be as low to ensure useful
film life. The pigments in inhibitive paints act as a source
of a passivating agent.

Il. EFFECT OF PIGMENT VOLUME
CONCENTRATION

Pigment volume concentration (PVC) and critical pig-
ment volume concentration (CPVC) of anticorrosive
primers are very important. PVC is the ratio of pigment
volume to the volume of nonvolatile material, i.e. pigment
and binder present in the coating. It is usually expressed
as a percentage. CPVC is that level of pigmentation in dry
paint, where just sufficient binder is present to fill the
voids between the pigment particles. CPVC is especially
significant in flat paints.

Various film properties are greatly affected by varia-
tions in PVC. Asbeck and Van Loo® showed how for-
mulating can affect the parameters of permeability,
rusting and blistering. These authors showed there is a
minimum of rusting and blistering when PVC is slightly
less than CPVC. Eickhoff'® also demonstrated this with a
series of epoxy-polyamide primers applied to coid rolled
steel panels and exposed at tide range. The PVCs varied
from 17.5% to 42.0%. The 42% PVC primers were very
blister- and corrosion-resistant.

The evaluation of an experimental anticorrosive pig-
ment can be very misleading, even erroneous, if the primer
formulator merely substitutes the experimental pigment
for a pigment of proven performance on an equal volume
basis.

PVC and CPVC are extremely important when for-
mulating anticorrosive primers and subsequently inter-
preting their behavior in various environments.

lll. LIFE EXPECTANCY OF A PAINT FILM

How long will a paint film protect a steel substrate? A
discussion of corrosion inhibitive pigments is not com-
plete without mention of four important variables:

e Environment;

» Surface preparation;

s Composition of the pigment and vehicle; and

» Dry film thickness of the paint.
The Protective Coatings Sub-Committee of the British Iron
and Steel Research Association'' published some very in-
teresting results. Steel specimens were primed with two
coats of red lead-linseed oil and topcoated with two coats
of iron oxide-linseed oil. The panels were exposed in an in-
dustrial atmosphere (Sheffield, England). Other studies of
a similar nature have been reported by Liebman'
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Effect of Surface Preparation on Paint Life

Relative

Surface Preparation Durability
Sandblasted 10.3 years
Pickled 9.6 years
Intact Mill Scale 8.3 years
Weathered & Hand Cleaned 2.3 years

The effect of surface preparation on paint life, as
shown above, is self-evident.

IV. POLARIZATION

Polarization has been described in technical literature
for years' 1415, [n corrosion prevention its usage is be-
coming more common. Following is a very preliminary dis-
cussion of polarization. A more detailed discussion ap-
pears in references 16 and 17.

Moisture or water makes iron or steel corrode.
Hydrogen ions from the water or moisture corrode steel
and one product is hydrogen gas. Hydrogen, as bubbles,
collects on the cathodic areas of steel and acts as a
blanket to reduce corrosion. This is called polarization.

If it occurs on the cathode, it is called cathodic
polarization. Practically all water or moisture has some
dissolved oxygen. Oxygen combines with the covering of
hydrogen; the covering is destroyed; more water is formed
and polarization starts again. The result is that corrosion
continues unabated. In this case oxygen in the air acts as
a depolarizer. It is for this reason that water or moisture
with a high oxygen concentration is more corrosive.

V. CHEMICAL REACTIONS IN PAINTS

A can of liquid paint is a chemical factory. This ap-
plies to the same paint when it is spread over an area in a
thin film that changes from liquid to solid film. There are
two reaction sites between the pigment and nonvolatile
portion of the vehicle.

A. SITE ONE: REACTIONS IN THE PAINT CAN

What reactions occur between the pigment and the
nonvolatile portion of the vehicle while paint is in the can?
Regardless of the chemical reactions, they have an impor-
tant bearing on liquid properties (viscosity, drying time,
etc.) of paint in the can and the physical properties (hard-
ness, flexibility, adhesion, weather resistance) of paint
when it is spread over an area in a thin film and allowed to
dry.

During World War |l everyone was in a hurry. Due to
shortages of materials, someone developed a product
called “linseed replacement oil.” The linseed oil was heat-
polymerized. It was then blended with raw linseed oil and
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mineral spirits and used to replace raw linseed oil.

Sometimes Fed. Spec. TT-P-86, Type 1 red lead primer
had excellent viscosity stability and sometimes it would
gel in 24 hours. Sometimes if the gelled paint aged 7 to 15
days it would de-gel, revert to its original viscosity, and be
suitable for use.

After extensive laboratory studies' it was learned
that when the oil polymerizing temperature was 625 to
650°F (330-343°C), the red lead paint gelled. If the
polymerizing temperature was 575 to 585°F (302-307 °C),
package-stable red lead primers were easily obtained. The
acid number of polymerized oil was not a controlling fac-
tor. The only conclusion was that the nature of the linseed
oil polymer formed at the higher temperature was the of-
fending factor.

A study of the chemical reactions of a pigment-
vehicle combination that occurs in a closed container is
discussed by Eickhoff, et. al.”®.

It describes the effects of varying the true red lead
(Pb,0,) content of the pigment, time, temperature,
moisture, and solubility of the reaction products in the
vehicle. The study concluded that red lead pigments con-
taining 92% or more Pb,O, do not react with alkyd resin
vehicles to form lead phthalate.

B. SITE TWO: REACTION IN THE FILM

What reactions occur between pigment and the non-
volatile portion of the vehicle after paint is spread in a thin
film? It is common knowledge that when a mixture of raw
linseed oil and metallic driers is spread in a thin film and
allowed to dry, a wide variety of organic acids are formed.
These include formic, acetic, propionic, ketoxy, etc. 1t is
easy to understand how basic pigments in oxidizing oil-
modified, alkyd resins can readily affect dry film properties
of paint.

An example of paint film that becomes hard and brit-
tle when aged is a zinc chromate primer, made according
to Federal Specification TT-P-645. If a similar primer is
made with the zinc chromate replaced by an equal volume
of basic lead silicochromate, the dry paint film is tougher
and more flexible than zinc chromate pigmented film. This
is an example of a factor that should be considered when
the formulator selects a pigment-vehicle combination for a
given purpose. Other factors to consider include drying
time, color retention, and chalk resistance.

Metallic soaps formed in the dry paint film from dif-
ferent basic pigments impart different physical properties
to the dry paint film. These physical properties influence
hardness, toughness, flexibility, and adherence of paint to
the steel substrate.

O’Neill and Brett? studied reactions in paint films be-
tween the paint and the atmosphere, between the paint
and the substrate, and between the medium (binder or
vehicle) and the pigment.

They showed red lead and zinc oxide are appreciably
reactive in the dry film; iron oxide and calcium carbonate
very much less so; and anatase titanium dioxide showed
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no detectable reactivity. They also reported on the percent
metal in films of linseed oil dried on different metal
substrates. Lead, copper, cadmium and zinc substrates
have an appreciable effect on the percent metal in the
various films. Iron was considerably less and aluminum
none. If the percent metal in the dried linseed oil film was
relatively high, the drying time was shortened.

VI. SOME COMMON INHIBITIVE PIGMENTS

Characteristics of common inhibitive pigments are
discussed in alphabetical sequence (see Table 1))

A. BARIUM METABORATE

Commercially?!, this pigment is known as modified
barium metaborate. The theoretical chemical formula is:
BaB,0, H,0.

Physical Properties

The initial reaction takes place in a water slurry of litharge
and chromic acid.

H,O
2PbO + CrO

PbO-PbCrO,

In a rotary kiln unreacted lead monoxide (PbO) reacts with
the monobasic lead chromate to form tetrabasic lead
chromate.

3PbO + PbO-PbCrO,—~4PbO-PbCrO,

Temperature is increased and the tetrabasic lead
chromate reacts with silica to form monobasic lead
chromate and tri-basic iead silicate.

4(4PbO-PbCr0,) + 3Si0;~4(PbO-PbCrO,) +
3(3PbO - PbSiO,)

SpecificGravity ... ................. 3.24-3.35 Color.... ... i Orange

Pounds perSolidGallon............. 275 Specific Gravity .................... 4.10

Refractive Index. . . . .. . . ... ... . 1.55-1.60 Pounds persolidgallon ............. 34.1

Ol ABSOIPEON « oo e 20 OQil Absorption ..................... 10 to 18

Color. .o White Av. ParticleSize.................... 4.8 micrometres
Specific Surface Area ... ............ 1.3 m¥cm?
Typeof Inhibitor ................... Anodic

In 1874 Benedikt?? prepared barium metaborate
(BaO-B,0,) by fusing sodium borate and barium chloride.
Levin and McMurdie® reviewed these early studies and
confirmed the findings of Benedikt.

The modified barium metaborate? is prepared by
coating barium metaborate with silica. According to
Buckman, et. al.?!, the corrosion inhibitive properties of
modified barium metaborate are due to aikalinity and the
metaborate ion which passivates the anode in essentially
the same manner as the chromate ion.

B. BASIC LEAD SILICO-CHROMATE*'**

This pigment? is a chemical complex that results
from mixing litharge, chromic acid and silica in a water
slurry?, The filtered product is furnaced at about 600 °C and
ground to a size suitable for use in paints. The resultant
product is a mixture of two chemical compounds —
monobasic lead chromate and gamma tri-basic lead
silicate — on a silica core. X-ray and chemical analyses
show basic lead silico-chromate pigment has the following
typical composition:

Both active ingredients contribute to the corrosion in-
hibitive mechanism of basic lead silicochromate. These
active ingredients are monobasic lead chromate and gam-
ma tribasic lead silicate. Mechanical mixtures of these
two compounds plus silica have some corrosion inhibitive
properties, but they do not have as effective inhibitive
properties as the product made by calcination. Tribasic
lead silicate has definite anticorrosive properties when for-
muiated with drying oils or oleoresinous vehicles. When
formulated alone in an oleoresinous vehicle, the tribasic
lead silicate pigment is very reactive and has a very brief
package stability.

It is not fully understood why the kiln-formed tribasic
lead silicate in combination with monobasic lead
chromate is a package-stable product in many paint
vehicles. It also is more effective as an anticorrosive pig-
ment than either monobasic lead chromate or basic lead
silicate alone or a mechanical mixture of monobasic lead
chromate and tribasic lead silicate.

The kiln product, monobasic lead chromate-tribasic
lead silicate, is stable with a wide variety of coating
vehicles. This indicates the material is highly complexed.

Gamma T.ri-basic Lead Silicate .......... 25% Microscopic examination of the milled pigment reveals
Monobasic Lead Chromate ............. 29% that practically all of the sitica core surface is covered with
Silica ........ .. .. ... ... . 46% a very thin coating of basic lead chromate.
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This pigment has relatively low hiding power. For this
reason small amounts of red iron oxide (5 to 10% by
weight) are ideal for improving the hiding power. Low
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