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Table 2. Approximate Dates of First Use of Various Pigments and Dyes

Prehistoric—Natural earth pigments 1550—Cochineal
Red iron oxide 1704—Iron blue
Yellow iron oxide 1800—Chrome yellow
Chalk white 1828—Ultramarine blue
Carbon and bone black 1835—Zinc oxide
4000 B.c.—Malachite, green mineral 1850—Zinc yellow
Azurite, blue mineral Cadmium yellow
Cinabar, red mineral 1856—Perkins mauve
2000 B.c.—Egyptian blue (first 1875—Para red
synthetic pigment) 1895—Lithol red
400 B.c.—Litharge, red lead, white Indigo (synthetic)
lead 1905—Toluidine red
Madder red (natural) 1910—Lithopone
Indigo blue (natural) 1918—Titanium pigments
A.D. 900—Vermillion 1935—Phthalocyanine blue
Voosleds Jgaa
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Fig. 2. Visible Spectrum: Color and Wavelength, in mu

Color and wavelength in mu
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Table S. Refractive Index of Some Paint Materials

Non-opaque Opaque _

R.I1 Pigments RIL White Pigments R.L
Air 1.00 Whiting 1.58 White lead 2.09
Water 1.33 Silica 1.55 Zinc oxide 2.08
Oils 1.48 MgCO, 1.57 Zinc sulfide 2.37

Resins 1.55 Talc 1.49 Titanium dioxide
Anatase 2.55
Rutile 272
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Fig. 15. Shows optimum pigment volume concentration for maximum contrast ratio in
films 1 mil thick.
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Table 7. Geweral Range of Pigment Size

Average Diameter,

Type Pigment inu
Carbon blacks 0.01-0.025
Furnace blacks 0.03-0.090
Chemical pigments 0.10-1.000
Earth pigments 1.00-25.000
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FIGURE 4.1 — An impervious coating serves as 2n ioert bar-
rier to protect the surface. (SOURCE: Munger, C. G.. Kirk-
Otbmer: Encyclopedia of Chemical Technology. Coatings,
Resistant, 3rd Ed., Vol. 6, John Wiley & Sons, New York.
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TABLE 4.2 — Functional Summary of the Component
of a Coating System

Specific Gereral
Coat Main Function Requirement Reguirements
Primer Adhesion
intermediate Tr ne

Topcoa:
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FIGURE 4.3 — In inhibirive coatings, moisture penetrates
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interface. (SOURCE: Munger. C. G., Kirk-Othmer: Ency-
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‘——~— Break in Coating to Steel Surface

Moisture Allows Zinc to lonize
Cathodically Protecting Steel

Tight Adhesion Prevents Coating Unaercut

{
I
B
v

2nd Organic Topcoa
‘ 1st Organic Topcoat

" inorganic Zinc Permanent Primer.

FIGURE 4.5 — An inorganic zinc primer reacts to protect
the steel substrate at breaks in the alkali-resistant topcoat.
(SOURCE: Munger. C. G., Kirk-Othmer: Encyclopedia of
Chemical Technology, Coatings, Resistant, 3rd Ed., Vol. 6,
John Wiley & Sons, New York, NY, PP- 456-57, 1979.)
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TABLE 12.1 — Evaluation

of Coating Systems

Intermediate

Chemical Resistance

(Chiefly Splash & Spiilage)

Tar Epoxv

Low Chemical
Resistance
{General Purpose
Products)

Oil, Linseed

Alkva

Exterior Latex
Procuc:s

Silicone ¢ Masonry
Water Repeilent)

High-Temperature
Coatings

Silicones

Special Products

Zinc-F.ch Coatings
‘Organic)

Zinc-Rich Coatings
iInorganic}

_——

(SOURCE: NACE, Course #3.
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&Jtstanding
Advantages

Water Resistance
Chemucal Resistance
High Film Buiid

Ease of Application
Minimum Surtace
Preparation

. Flexibiiiry

Exceilent Adhesion

Lase or Appiication
Surface Preparation
Low Cost

Good One Coat Hiding
Duraaiiity

. Gloss Retention

Water Recucible
Nonflammable
Ease of Application
Blister Resistance

. Coloriess

Invisible

Y,

. Eifective for 10 Years

Prevents Stamning

Air-Drv Tack-Free
‘Some Formuiations}
Service Temperature
up 1o 1000 F
Interior or Exterior
Service

Tolerant of Surface
Preparation

. Hign-Temp. Tolerance

High Fiim Buiid

. Abrasion Resistance

Primer and Finish Coat

Soivent Resistance
High-Temp. Toierance
Hign Film Buiid
Abrasion Resistance

Primer and Finish Coar

O

O A

Qe b Liad

[N

I

Lo

3

[

Chief
Limitations

Bleeding

Ex:. Coior Retention
Ext. Gloss Retention
Two Package

Por Lire

Dark Colors

30w D"‘-
. Soit Fiim
Low Chemicai
Resisiance

Poor Soiven:
Resistancs

Wazer Resistance
Abrasion Resistance

. Chemical Resisiance

Water Resistance

Tresze-Thaw
Limuations
Heat Resistance

Not for Use on
Limestone

Use Oniv on New
Masonry

High Cost

Low Fim Buiid
Limited Soivent
Resistance
Limited Chemical
Resistance

. Soivent Resistance

2. High Cost

Poor Aad or Alkaii
Resistance

. Crniticai of Surtace
Preparation

High Coar

Poor Acd and Alkaii
Resistance

Corrosion Prevention nv Coatings, Houston, TX_,

[

1o

[

Lo

Typical
Applications

Crude Qi Tank
Lining

. Sewage Disposai

Plants
Pipe Lining or
Exterior Coating

Wooden Buildings
Exterior}

Meral Surfaces
Exterior)

Tank Extericrs

. Structural Merai

Macninery

. Plant Equipment

Interior or Exzerior.
Wocd or Metal

srior Wood
£ or Concrete
Stucco & Masonry
Exzerior Meraj

New Brisk. Mortar,
Sandstone, & Poyred
Concrete

n-Temperature
Stacks

Botiers & Boiler
Breecnes

. Exnaust Lines.

Maniiods & Mutflers

Rust Inhibitive
Poimer

Exterior Equinment
n Perroleum and
Chemicai Plants
High-Temop. Stacks

Soivent Tank Lining
Exterior Equipmen
in Petrnieun and
Chemical Plants
High-Temp. Stacks

07



TABLE 12.1 — Evaluation of Coating Systems

High Chemical
Resistance
(Immersion or

Splash & Spillage)

Converted Epoxv

Epoxv Poivester

Maisture-Curec
Poivureinane

Vinyi

Intermediate
Chemica! Resistance

{Chiefly Splash & Spillage)

Chemica Kesisiance
Latex

Chiorinated Rubber

Epoxv Ester

Prienolics
104 Modified
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e
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Outstanding
Advantages

. Alkali Resistance

Abrasion Resisiance
Recoatabiiny
Surface Maoisture
Tolerance

Adhesior.

Solven: Resistance

. Water Resisiance

. Abrasion Resistance

Stain Resistance
Acig Resistance

Ex. Gioss Rewenuior
Water Resistance
Hign Fiim Buiic
Ex:. Coior Retention

Acid Resistance

. Aprasior Resistance

Singie-Package
Converted Coating
Water Resistance

Acic Resistance

Ex:. Coior Retention
Ex:. Gioss Retenuion

. Warer Resisiance

Cnemical Resistance
Ex:. Coior Retention
Ext. Gloss Retenuern
Ease of Appilcanon
Water Ciean-up
Nonflammabie
Suriace Preparation

. Cnemical Resistance

Water Resmuance
(immersion;
Aorasion Resisiance

Chermica! Resistance
Aborasion Resistance
Surface Preparation
Ease of Application
Water Resistance

Warer Resistance
Acid Resistance
Abrasion Resistance
Hardness

Eas= of Application

La 12

T

W L 3

o
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13 e (Y

LY 1D e

et

b b L3 RD s
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Chief
Limitations

Two Package

Por Life
Yeliowing
Exterior Chalking
Exterior Fading
Applv over 30 F

Two Package

Pou Life

Alkali Resistance
Applv over 50 F
Lirmnuted Fiexibiiity

Package Stapiliny
after Opening

. Yeliowing

Exterior Chalking
Exterior Fading
Recoataoilin
Adhesion te Mea!

Sprav Application
Oni_\'

Low Sonds

Low Fiash Poin:
Carefui Surface
Preparation

Hea: Resistance

Abrasion Resisiance
Appiication
Temperarure

Hea: Resisiance

Soiven: Resistance
Hear Resistance

Ext. Gicss Retenuion
Exi. Color Retention
Film Buiid

Yeliowing
Recoatabilitv
(intercoar Adhesion.
Exierior Fading
Exterior Chalring

Corrosion Prevention by Protective Coatings
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Typical
Applications

Chemica! Plants

Qi Refineries

Tank Lining

Fioor Finisn

Marine Applicauons
Machnery

Paper Milis

Water & Sewage Piants

Wall Finisn

Macr
Kitchens & Baxeries

inerv Finish

Fivor Finish
Tank Lining
Machinery

Textiie Milis

Tank Linings
Chemica: Pians
Qi Refinenes

ne Applications

Machinery
Porapie Water Tanks

. Storage Tanks

Chemica! Pian:
Equipment

QL Refineries

Marine Superstruciure

Chenuca’ Plants
Water Immersion
Machinery

Fioor Finish

- Genera: Inenior

Piant Use
Fioor Fimnisk

Primers

Marine Appiications

. Fioer Finishes

Water & Sewagr
Plans
Machiners
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Ccating Separates
Cieaniv from

Adhesion the Subsirate

Failure T X

FIGURE 9.1 — Adhesive failure of a coating.

Coating Breaks
Withir ltsel!

ang ngt at

tne Sunstrate

FIGURE 9.2 — Cohesive failure of a coating.

-— Coating Removal
Separates

the Substrate

Substrate

FIGURE 9.3 — Adhesion failure of the substrate.
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FIGURE 9.6 — Polar or secondary valence bonding of an
hydroxylated coating to a metal substrate. (SOURCE: Cor-
rosion and the Preparation of Metallic Surfaces for Painting,
Unit 26, Federation Series on Paint Technology, Federation
of Societies for Paint Technology, Philadelphia, PA, 1978.)
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FIGURE 9.5 — Chemical adhesion of an epoxy coating to a
metal substrate. (SOURCE: Corrosion and the Preparation of
Metallic Surfaces for Painting. Unit 26. Federation Series on
Paint Technology. Federation of Secieties for Paint Tech-
nology. Philadelphia. PA. 1978.)
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FIGURE 9.7 — An increase in surface area was achieved by
increasing the roughness and anchor partern of the surface.
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Monomolecular Film
of Coating witn
Bonding Sites
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Wolsg 7 p Metal Oxide
_Molecules O Scale Meial Reactive
Contamination YN

Coating anc Metai
Reaclive Sites insulaied
=

by Surface Impuritie

FIGURE 9.8 — An unprepared and lightly contaminated
surface which prevents the full effect of either chemica’ or
polar bonding. (SOURCE: Carrosion and the Preparation of
Metaliic Surfaces for Painting. Unit 26, Federation Series on
Paint Technology. Federauon of Societies for Paint Tech-
nology. Philadelphia. PA. 1978.)
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Monomolecular Ccating Fiim

with Chemical or Poiar Sites

Attached to Corresponding
Metal Reactive Sites

Polar Boncs Abrasive Blasted
Metal Surface

Metai Reactive
Sites

FIGURE 9.9 — An abrasive-blasted surface which shows
how the polar areas on a coating molecule are attracted and
become attached to corresponding reactive sites on the clean
metal substrate. (SOURCE: Corrosion and the Preparation of
Metailic Surfaces for Painting, Unit 26, Federation Series on
Paint Technology, Federation of Societies for Paint Tech-
nology, Philadelphia, PA, 1978.)
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FIGURE 9.10 — Corrasion at scribes in the same coating
(3-coat vinyl system) applied over sandblasted steel (left),
rusted steel {middle), and intact mill scale (right), exposed for
9 years in a marine environment.
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