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The second edition of our book has again found a favourable reception worldwide,
triggering even a reprint of that edition some time ago. We are therefore pleased
to present the third edition, again as a comprehensively reviewed and updated ver-
sion. Due to the friendly acceptance of the former editions, principle and basic con-
cepts of the book have not been changed.

Although Willy Herbst has resigned from work on this new edition, we were
able to win three experts on the applications of organic pigments as new coauthors
to help continue maintaining the expected standard of Industrial Organic Pigments.

Together with Heinfred Ohleier, Gerhard Wilker and Rainer Winter of Clariant
Deutschland GmbH, we thoroughly reviewed and updated all parts of the book and
included many pigments newly launched into the market since the second edition,
with all properties and applications which were available to us.

Again, we are grateful for comments, advice and additions from colleagues from
chemical companies, especially from Clariant, Ciba Specialty Chemicals and
Engelhard USA. Furthermore, we express our gratitude to the publishing team of
Wiley-VCH, in particular to Karin Sora, who, as always, accompanied our work
with great devotion.

Kelkheim and Frankfurt K. Hunger, H. Ohleier, G. Wilker, R. Winter
January 2004
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The current trend in the manufacture and use of organic pigments is a steady in-
crease, the present worldwide consumption being estimated as 160000 tons, with
an equivalent value of about 3 billion dollars.

As a result of the favorable reception of the first edition of this book, we de-
cided to maintain its structure and conception to the greatest possible extent in this
new edition. Thus, we have tried to include comprehensively all organic pigments
available on the market. The book has been thoroughly reviewed and carefully
updated with regard to production, properties, test methods, application, chemical
formulas, and the list of commercially available organic pigments. We have consid-
ered all the information accessible to us about pigments newly launched on the
market as well as additional information about pigments described in the previous
edition. The list of commercially available pigments was further supplemented by
more C.I. Formula numbers and CAS numbers. Section 1.6.1 (Coloristic Proper-
ties) has been kindly revised by Dr. Glaser, DPP pigments (3.5) and quinophtha-
lone pigments (3.9) are now included in Chapter 3. The index was completely re-
vised and considerably extended by a great many additional terms.

For several reasons, ranges of pigments have been rationalized in recent years,
causing a withdrawal of a considerable number of pigments from the market. The
rationale behind the removal of these pigments, when known to us, is given. Since
these brands will still be used for some years, for example in automotive repair
finishes, we have continued to describe their properties in the new edition.

The introduction of newly developed, especially high-performance pigments,
may take a considerable period of time. Owing to the outdoors weathering tests
required, the extensive and comprehensive testing procedures of very lightfast and
weatherfast pigments for automotive finishes or certain plastics applications may
last two years or even longer. Because of the dependence of lightfastness and wea-
therfastness on the entire application media, correspondingly comprehensive test-
ing procedures have to be performed by the pigment manufacturer, i.e., the paint
company or plastics processor. For this reason, high-performance pigments may
often take several years to reach the market.

We thank the management and several colleagues of the Division Specialty
Chemicals of Hoechst AG for supporting us again by providing relevant informa-
tion and scientific sources. Furthermore, we express our gratitude to colleagues at
Ciba-Geigy AG in Basel for assistance, which greatly helped to improve our
knowledge of DPP pigments. We are grateful to several colleagues from other
companies for their advice and suggestions.
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The cooperation with our publisher, WILEY-VCH, was again a pleasure for us,
and we thank Ms. K. Sora and Ms. C. Grossl in particular for their devotion to
making this book a successful one.

Hofheim and Kelkheim W. Herbst, K. Hunger
April 1997
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Organic pigments - the increasingly most important group of organic colorants
worldwide - have never yet been treated comprehensively with respect to their
industrial significance and their application properties. In this book we have tried
to give an account of the chemistry, the properties, and applications of all commer-
cially produced organic pigments.

This book is intended for all those who are interested in organic pigments,
especially chemists, engineers, application technicians, colorists, and laboratory as-
sistants throughout the pigments industry and in universities and technical colleges.
We have specifically avoided an in-depth discussion of the underlying scientific 
and theoretical framework, but there are references to the pertinent literature.

The initial part is devoted to chemical and physical characterization of pig-
ments and discusses important terminology connected with pigment application.
This is followed by three chapters describing the chemistry and synthesis, the prop-
erties and application of individual pigments. In these chapters pigments are clas-
sified according to their chemical structure and listed by their Colour Index Name
instead of their trade name. The Colour Index, published by the Society of Dyers
and Colourists, lists all those pigments and dyes which have been registered by the
pigment and dye manufacturers. The products are listed by their Colour Index
(C.I.) Generic Name, followed by a Constitution Number, provided the chemical
structure has been published. An example is C.I. Pigment Yellow 1, 11680. The last
chapter discusses questions of ecology and toxicology. The literature references
listed at the end of each dual-numbered subchapter have been limited to a selec-
tion covering the most important topics. The appendix shows general structural
equations for the syntheses of individual groups of pigments and lists all pigments
mentioned in this book, including the respective CAS (Chemical Abstracts Service)
registry numbers.

The technical and fastness properties of different pigments have been assessed
by unified, usually standardized test methods. Lightfastness measurements, how-
ever, had to be carried out by comparison to the Blue Scale - despite serious ob-
jections which are explained in the text. This was the only technique which made it
possible to list comparative values for all pigments described in this book.

After careful deliberation we have reluctantly refrained from listing data on
pigment economics. Reliable data on organic pigments have only been published
in a few countries. Moreover, many of the other data turned out to be either con-
tradictory or so incomplete that it was impossible to elicit reliable information 
from them.
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We are pleased to present here the English version of our book, which is an
update of the German edition of 1987, supplemented by all appropriate and newly
published data. Also included are those commercial organic pigments which have
recently been introduced to the market.

We would like to thank Mrs. Barbara Hoeksema for her work in translating 
this book.

We would like to express our gratitude to the management of the Fine Chemi-
cals and Colors Division of Hoechst AG for their support and for making the
scientific and technical resources available to us. We would also like to thank the
numerous colleagues, both at other companies - especially at BASF AG and at
Ciba/Geigy AG - and in-house colleagues, who through their stimulation, critique,
and suggestions supported us considerably. We would like to express our particular
gratitude to Dr. F. Glaser, who wrote Chapter 1.6.1.

Our appreciation is also extended to our families and friends, without whose
consideration and patience it would not have been possible to write this book.

It is a pleasure to express our gratitude to the VCH publishing company who
helped us greatly through their stimulation and their compliance with many of our
wishes.

Frankfurt-Höchst W. Herbst, K. Hunger
December 1992
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1.1 Definition: Pigments–Dyes

Colorants are classified as either pigments or dyes. Pigments are inorganic or or-
ganic, colored, white or black materials which are practically insoluble in the
medium in which they are incorporated. Dyes, unlike pigments, do dissolve dur-
ing their application and in the process lose their crystal or particulate structure.
It is thus by physical characteristics rather than by chemical composition that pig-
ments are differentiated from dyes [1]. In fact, both are frequently similar as far as
the basic chemical composition goes, and one structural skeleton may function ei-
ther as a dye or as a pigment.

In many cases the general chemical structure of dyes and pigments is the same.
The necessary insolubility for pigments can be achieved by avoiding solubilizing
groups in the molecule or by forming insoluble organic structures. Carboxylic and
especially sulfonic acid functional groups lend themselves to the formation of in-
soluble metal salts (lakes); formation of metal complex compounds without solu-
bilizing groups and finally suitable substitution may decrease the solubility of the
parent structure (e.g., carbonamide groups).

Pigments of many classes may be practically insoluble in one particular
medium, yet dissolve to some extent in another. Partial solubility of the pigment
is a function of application medium and processing conditions, especially of the
processing temperature. Important application properties of pigments and/or pig-
mented systems, such as tinctorial strength, migration, recrystallization, heat sta-
bility, lightfastness and weatherability, are often determined by the portion of pig-
ment that dissolves to a minor degree in the vehicle in which it is applied.

Monoazo yellow pigments of the Hansa Yellow type (e.g., P.Y.1, P.Y.3; Sec.
2.3.4) may serve as an example. Their solubility in air-dried alkyd resin systems is
so negligible that they are considered insoluble; which explains their frequent use
in such media. Since their solubility increases with increasing temperature, they mi-
grate considerably in vehicles such as various oven-dried varnish systems or in plas-
tics. This results in bleeding or blooming (Sec. 1.6.3). Strong migratory tendencies
preclude their use in such high temperature applications. Even slight temperature
changes in the course of pigment incorporation into its application medium may
often determine the commercial fate of a pigment. Moreover, the inherent tincto-
rial properties of a product in a particular vehicle system are sometimes compro-
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mised by difficulties such as recrystallization, which arises through a certain solu-
bility of the pigment in its medium.

Under certain circumstances, it may even be advantageous to have a pigment
dissolved to some degree in its binder system in order to improve certain applica-
tion properties such as tinctorial strength and rheological behavior. Such condi-
tions arise when special amine-treated diarylide yellow pigments are incorporated
in toluene-based publication gravure inks (Sec. 1.8.1.2). In toluene, up to 5% of
the amine-treated pigment may be either dissolved or dispersed to a nearly molec-
ular level. This improves the tinctorial strength and decreases the viscosity, which
in turn enhances the rheology of the pigmented ink. The performance of a colorant
in its role as a commercial pigment is therefore defined by its interaction with the
application medium under the conditions that govern its application.

1.1.1 Organic–Inorganic Pigments

In some application areas, inorganic pigments are also used to an appreciable ex-
tent, frequently in combination with organic pigments. A comparison of the re-
spective application properties of inorganic versus organic pigments shows some
fundamentally important differences between the two families.

Most inorganic pigments are extremely weatherfast (Sec. 1.6.6) and many ex-
hibit excellent hiding power (Sec. 1.6.1.3). Their rheology is usually an advantage
(Sec. 1.6.8), being superior to that of most organic pigments under comparable con-
ditions. In white reductions, however, many inorganic pigments have much less
strength than organic pigments. With the exception of Molybdate Red, Chrome
Yellow, and cadmium-based pigments, inorganic pigments provide dull shades.
Since there are only relatively few inorganic types, the spectral range that is ac-
cessible by inorganic pigments alone is very limited. Many hues cannot be pro-
duced in this manner.

Inorganic pigments not only exhibit coloristic limitations but also frequently
present application problems. Ultramarine Blue, for instance, is not fast to acid;
while Prussian Blue must not be exposed to alkalis. Such limitations preclude the
application of especially Prussian Blue in paints that are to be applied to a basic
substrate (e.g., exterior house paints). In the red range of the spectrum, iron oxide
red pigments produce weak hues of comparatively little brilliance. Molybdate
Reds and Chrome Yellows lend themselves to a host of applications but are nev-
ertheless sensitive to acids and light. There are stabilized versions of such pigments
which claim improved lightfastness and acid resistance. These products also claim
to be chemically fast to hydrogen sulfide, which affects the brightness of a coating
through sulfide formation. However, if the particle surfaces of such types are dam-
aged in the course of the dispersion process, the above-mentioned deficiencies are
apparent at the damaged site.

Poor tinctorial strength and lack of brilliance restricts the use of inorganic pig-
ments in printing inks. There are areas of application, however, where it is hardly,
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if at all, possible to replace the inorganic species by an organic pigment. The ce-
ramics industry, for example, requires extreme heat stability, which precludes the
use of organic compounds. Thus, the organic and inorganic classes of pigments are
generally considered complementary rather than competitive.

Reference for Section 1.1

[1] DIN 55 943: Farbmittel, Begriffe. ISO 4618-1-1984 (TC 35): Paints and varnishes–Vocabulary,
Part 1: General terms.

1.2 Historical

The history of pigment application dates back to prehistoric cave paintings, which
give evidence of the use of ocher, hematite, brown iron ore, and other mineral-
based pigments more than 30,000 years ago. Cinnabar, azurite, malachite, and lapis
lazuli have been traced back to the third millenium BC in China and Egypt. With
Prussian Blue in 1704 the first inorganic pigment was synthesized. It was not until
a century later that Thenard produced his Cobalt Blue. Ever increasing expertise
and technology led to the production of Chrome Yellow, Cadmium Yellow, sev-
eral synthetic iron oxides covering parts of the ranges of yellow, red, and black
hues; Chrome Oxide Green, and Ultramarine.

Important twentieth-century developments include the addition of Molybdate
Red to the series of inorganic synthetic coloring matters in 1936; Titan Yellow fol-
lowed in 1960.

Currently newly developed inorganic pigments were introduced to the market:
– bismuth-molybdenum-vanadium oxide pigments for lead-free formulation
– cerium sulphide pigments which can be used as a replacement for cadmium

sulphide pigments

The beginning of organic pigment application dates to antiquity. It is certain
that the art of using plant and animal “pigments” to extend the spectral range of
available inorganic colorants by a selection of more brillant shades had been prac-
tised thousands of years ago. However, for solubility reasons, most of these organic
colors would now be classified as dyes rather than pigments. Even in antiquity, they
were used not only for dyeing textiles but also, due to their ability to adsorb on min-
eral based substrate such as chalk and china clay, were used for solvent resistant
coatings for decorative purposes. These materials later came to be known as lakes
or toners. For thousands of years, derivatives of the flavone and anthraquinone se-
ries have been the major source of natural colors for such applications.
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The beginning of the era of scientific chemistry was marked by the synthesis of
large numbers of dyes for textile related purposes. Some of these were also applied
to inorganic substrates by adsorption, for use as pigment toners. The commercially
available soluble sodium salts of acid dyes were rendered insoluble, an essential
property of pigments, by reacting them with the water soluble salts of calcium, bar-
ium or lead to form lakes. Basic dyes (commercially available as chlorides or as
other water-soluble salts), on the other hand, were treated with tannin or antimony
potassium tartrate to yield insoluble colorants, that is, pigments. Some of the early
commercially important lakes, such as Lake Red C (Pigment Red 53:1) and Lithol
Rubine (Pigment Red 57:1), released on to the market in 1902 and 1903, respec-
tively, are still commercially important products (Sec. 2.7).

Entering the market in the late nineteenth century, the first water insoluble pig-
ments that did not contain acidic or basic groups were the red �-naphthol pigments
(Para Red P.R.1, 1885). Falling into the same chemical class are Toluidine Red
(P.R.3, 1905) and Dinitroaniline Orange (P.O.5, 1907), two members of this class
of pigments which still enjoy commercial importance today. In 1909, Hansa Yel-
low (P.Y.1) was introduced to the market as the first monoazo yellow pigment. The
first red Naphthol AS pigments followed in 1912, and the first commercial pioneers
of the diarylide yellow pigment range, some of which had been patented as early
as 1911, appeared in 1935. Phthalocyanine blue pigments also appeared in 1935,
followed by phthalocyanine green pigments a couple of years later [1]. The rapid
advances in pigment chemistry led to such important classes of pigments as disazo
condensation pigments in 1954, quinacridones in 1955, azo pigments of the benz-
imidazolone series in 1960, the isoindolinone pigments in 1964 [2], and the dike-
topyrrolo pyrrole pigments in 1986.

References for Section 1.2

[1] G. Geissler, DEFAZET Dtsch. Farben Z. 31 (1977) 152–156.
[2] H. MacDonald Smith, Am. Ink Maker 55 (1977) 6.

1.3 Classification of Organic Pigments

Publications have over the course of the years proposed several classification sys-
tems for organic pigments. Basically, it seems appropriate to adopt a classification
system by grouping pigments either by chemical constitution or by coloristic prop-
erties. Strict separation of the two classification systems is not very practical, be-
cause the categories tend to overlap; however, for the purposes of this book it is
useful to list pigments according to chemical constitution.

1.3 Classification of Organic Pigments4



A rough distinction can be made between azo and nonazo pigments; the latter
are also known as polycyclic pigments. The commercially important group of azo
pigments can be further classified according to structural characteristics, such as
by the number of azo groups or by the type of diazo or coupling component. Poly-
cyclic pigments, on the other hand, may be identified by the number and the type
of rings that constitute the aromatic structure.

1.3.1 Azo Pigments

Azo pigments, subdivided into the monoazo and disazo pigments, have the azo
group (UNuNU) in common. The synthesis of azo pigments is economically at-
tractive, because the standard sequence of diazonium salt formation and subse-
quent reaction with a wide choice of coupling components allows access to a wide
range of products.

1.3.1.1 Monoazo Yellow and Orange Pigments

Monoazo yellow pigments that are obtained by coupling a diazonium salt with ace-
toacetic arylides as coupling components cover the spectral range between green-
ish and medium yellow; while coupling with 1-arylpyrazolones-5 affords reddish
yellow to orange shades.

All members of this pigment family share good lightfastness, combined with
poor solvent and migration resistance. These properties define and limit their ap-
plication. Monoazo yellow pigments are used extensively in air-dried alkyd resin
and in emulsion paints, and certain inks used in flexo and screen printing. Other
applications are in letterpress and offset inks, as well as in office articles.

1.3.1.2 Disazo Pigments

There is a dual classification system based on differences in the starting materials.
The first and most important group includes compounds whose synthesis involves
the coupling of di- and tetra-substituted diaminodiphenyls as diazonium salts with
acetoacetic arylides (diarylide yellows) or pyrazolones (disazo pyrazolones) as cou-
pling components. The second group, bisacetoacetic arylide pigments, are obtained
by diazotization of aromatic amines, followed by coupling onto bisacetoacetic ary-
lides.

The color potential of disazo pigments covers the color range from very green-
ish yellow to reddish yellow and orange and red. Most show poorer lightfastness
and weatherfastness; but better solvent and migration fastness than monoazo yel-
low and orange pigments. Their main applications are in printing inks and plastics,
and to a lesser extent in coatings.
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1.3.1.3 �-Naphthol Pigments

�-Naphthol pigments provide colors in the range from orange to medium red. The
typical coupling reaction with �-naphthol as a coupling component yields such
well-known pigments as Toluidine Red and Dinitroaniline Orange. Their com-
mercial application in paints requires good lightfastness. Solvent resistance, mi-
gration fastness and lightfastness are comparable to the monoazo yellow pigments.

1.3.1.4 Naphthol AS Pigments (Naphthol Reds)

These pigments are obtained by coupling substituted aryl diazonium salts with ary-
lides of 2-hydroxy-3-naphthoic acid (2-hydroxy-3-naphthoic acid anilide p Naph-
tol AS). They provide a broad range of colors from yellowish and medium red to
bordeaux, carmine, brown, and violet; their solvent fastness and migration resist-
ance are only marginal. Naphthol AS pigments are used mainly in printing inks and
paints.

1.3.1.5 Azo Pigment Lakes (Salt Type Pigments)

In Europe pigments of this type are known as “toners”, but since this term is dif-
ferently used elsewhere we refer to them as “lakes” throughout this book, although
a chemically correct description would be “salt type pigments”.

Historically, “lakes” refered to the first type of synthetic organic pigments
made from water soluble dyes by precipitation onto alumina hydrate (aluminium
hydroxide).

These pigments are formed by precipitating a monazo compound which con-
tains sulfo and/or carboxy groups. The coupling component in the reaction may
vary: �-naphthol lakes are derived from 2-naphthol, BONA pigment lakes use 2-
hydroxy-3-naphthoic acid (Beta-Oxy-Naphthoic Acid); and Naphthol AS pigment
lakes contain anilides of 2-hydroxy-3-naphthoic acid as a coupling component.
Lakes may also be prepared from naphthalenesulfonic acids. Lake Red C is one
of the commercially significant �-naphthol lakes. Limited lightfastness, which
ranks far behind the non-laked �-naphthol counterparts, along with a tendency to
migrate largely restricts their use mainly to the printing inks field.

Most BONA lake pigments provide an extra site for salt formation. Apart from
the usual substituents, the diazo components of almost all BONA lake pigments
contain a sulfonic acid function. Two acid substituents are thus available to form
insoluble salts, which is the form in which these pigments are commercially avail-
able. Metal cations such as calcium, strontium, barium, magnesium, or manganese
combine with the organic anion to produce shades between medium red and bluish
red. Their use in printing inks exceeds their increasing use in plastics and paints.

The organic acid group of Naphthol AS pigment lakes is part of the diazo com-
ponent; a second site for salt formation can be provided by the coupling compo-
nent. The plastics industry is the main user of such lakes.
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Naphthalenesulfonic acid lake pigments are based on naphthalenesulfonic acid
as a coupling component; introduction of an additional SO3H function as part of
the diazo component is possible.

1.3.1.6 Benzimidazolone Pigments

Benzimidazolone pigments feature the benzimidazolone structure, introduced as
part of the coupling component. The pigments that are obtained by coupling onto
5-acetoacetylaminobenzimidazolone cover the spectrum from greenish yellow to
orange; while 5-(2b-hydroxy-3b-naphthoylamino)-benzimidazolone as a coupling
component affords products that range from medium red to carmine, maroon, bor-
deaux, and brown shades. Pigment performance, including lightfastness and
weatherability, is generally excellent. Pigments that satisfy the specifications of the
automobile industry are used to an appreciable extent in automotive finishes. Ben-
zimidazolone pigments are also used extensively to color plastics and high grade
printing inks.

1.3.1.7 Disazo Condensation Pigments

These pigments can formally be viewed as resulting from the condensation of two
carboxylic monoazo components with one aromatic diamine. The resulting high
molecular weight pigments show good solvent and migration resistance and gen-
erally provide good heat stability and lightfastness. Their main markets are in the
plastics field and in spin dyeing. The spectral range of disazo condensation pig-
ments extends from greenish yellow to orange and bluish red or brown.

1.3.1.8 Metal Complex Pigments

Only a few azo metal complexes are available as pigments. Most of these are very
lightfast and weatherfast. The chelating metal is usually nickel, and less com-
monly, cobalt or iron(II).

The azo group (UNuNU) may be replaced by the analogous (UCHuNU)
moiety to form an azomethine complex pigment, usually with copper as a chelat-
ing metal. The number of commercially available products in this group is also re-
stricted. They typically afford yellow shades. Those species that provide the re-
quired lightfastness and weather resistance are used in automotive finishes and
other industrial coatings.

1.3.1.9 Isoindolinone and Isoindoline Pigments

Although of comparatively good light- and weatherfastness, solvent and migration
resistance, only a few members of the isoindolinone and isoindoline families are
commercially available as pigments. Chemically classified as heterocyclic azome-
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thines, these pigments produce greenish to reddish yellow hues. Isoindolinone pig-
ments are preferably supplied for the pigmentation of plastics and high grade coat-
ings.

1.3.2 Polycyclic Pigments

Pigments with condensed aromatic or heterocyclic ring systems are known as poly-
cyclic pigments. The several pigment classes that fall into this category do not re-
flect their actual commercial importance; only few are produced in large volume.
Their chief characteristics are good light- and weatherfastness and good solvent
and migration resistance; but, apart from the phthalocyanine pigments, they are
also more costly than azo pigments.

1.3.2.1 Phthalocyanine Pigments

Phthalocyanine pigments are derived from the phthalocyanine structure, a tetraaza
tetrabenzoporphine. Although this basic molecule can chelate with a large variety
of metals under various coordination conditions, today only the copper(II) com-
plexes are of practical importance as pigments. Excellent general chemical and
physical properties, combined with good economy, make them the largest fraction
of organic pigments in the market today. Copper phthalocyanine blue exists in sev-
eral crystalline modifications. Commercial varieties include the reddish blue alpha
form, as stabilized and nonstabilized pigments; the greenish blue beta modifica-
tion; and, as yet less important, the intense reddish blue epsilon modification.
Bluish to yellowish shades of green pigments may be produced by introduction of
chlorine or bromine atoms into the phthalocyanine molecule.

1.3.2.2 Quinacridone Pigments

The quinacridone structure is a linear system of five anellated rings. These pig-
ments perform largely like phthalocyanine pigments. Outstanding light- and
weatherfastness, resistance to solvents and migration resistance justify the some-
what higher market price in applications for high grade industrial coatings, such as
automotive finishes, for plastics, and special printing inks. Unsubstituted trans-
quinacridone pigments are commercially available in a reddish violet beta and a
red gamma crystal modification. One of the more important substituted pigments
is the 2,9-dimethyl derivative, which affords a clean bluish red shade in combina-
tion with excellent fastness properties. Solid solutions of unsubstituted and differ-
ently substituted quinacridones and blends with quinacridone quinone resulting in
reddish to yellowish orange pigments are commercially available; while 3,10-
dichloroquinacridone as yet enjoys only limited success as a pigment.
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1.3.2.3 Perylene and Perinone Pigments

Perylene pigments include the dianhydride and diimide of perylene tetracarboxylic
acid along with derivatives of the diimide; while perinone pigments are derived
from naphthalene tetracarboxylic acid.

Commercially available types provide good to excellent lightfastness and
weatherability; some of them, however, darken upon weathering. A number of
them have excellent heat stability, which renders them suitable for spin dyeing.
They are also used to color polyolefins which are processed at high temperatures.
The list of applications includes high grade industrial coatings, such as automotive
finishes; and, to a lesser degree, special printing inks for purposes such as metal
decoration and poster printing.

1.3.2.4 Diketopyrrolo–Pyrrole (DPP) Pigments

The basic skeleton of this newly developed group of pigments consists of two anel-
lated five-membered rings each of which contains a carbonamide moiety in the
ring.

This class of pigments has as yet some commercially used representatives, one
of them with great importance in the market. In full shades and white reductions,
the pigments afford shades in the color range from orange to medium and bluish
reds. The pigments are used primarily in high grade industrial coatings, including
automotive finishes and in plastics because of their excellent lightfastness and
weatherfastness as well as their good heat stability.

1.3.2.5 Thioindigo Pigments

4,4b,7,7b-Tetrachlorothioindigo with a reddish violet shade reigns supreme as a pig-
ment among the derivatives of this indigo. It can be used for bordeaux shades in au-
tomotive refinishes. Thioindigo pigments are generally used in industrial coatings
and plastics for their good lightfastness and weatherfastness in deeper shades.

1.3.3 Anthraquinone Pigments

Apart from some nonclassified pigments such as Indanthrone Blue (P.131.60), the
anthraquinone pigments, which are structurally or synthetically derived from the
anthraquinone molecule, can be divided into the following four groups of poly-
cyclic pigments.
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1.3.3.1 Anthrapyrimidine Pigments

The commercially leading member of this class, Anthrapyrimidine Yellow in very
light white reductions affords a greenish to medium yellow with excellent weath-
erfastness. It lends itself primarily to application in industrial coatings such as au-
tomotive metallic finishes or to modify the shades of automotive finishes.

1.3.3.2 Flavanthrone Pigments

Flavanthrone Yellow, the only commercially used flavanthrone, is a moderately
brilliant reddish yellow. Excellent lightfastness and weatherfastness, combined
with good solvent and migration resistance, make this pigment an attractive sup-
plement to Anthrapyrimidine Yellow, mainly in the automotive finish industry.

1.3.3.3 Pyranthrone Pigments

Commercial attention focuses on the derivatives of the pyranthrone molecule at a
varying level of halogenation. Most are orange; but others exhibit a dull medium
to bluish red shade. Due to their good weatherfastness pyranthrone pigments are
used for high grade industrial finishes.

1.3.3.4 Anthanthrone Pigments

Dibromoanthanthrone is the only commercial pigment within this group. Quali-
ties such as outstanding light- and weatherfastness justify the relatively high cost
for application in high grade industrial coatings such as automotive finishes. The
transparent pigment provides shades of scarlet for metallic finishes.

1.3.4 Dioxazine Pigments

The dioxazine molecule is derived from triphenodioxazine, a linear system of five
anellated rings. Apart from Pigment Violet 37, the commercially most represen-
tative one is Pigment Violet 23, an extremely lightfast and weatherfast compound
with good to excellent solvent and migration resistance. Applications include the
pigmentation of coatings, plastics, printing inks, and for spin dyeing. Apart from
producing violet shades, the pigment also lends itself to the shading of phthalo-
cyanine blue pigments in colorations, particularly in coatings. It is also used to tone
the light yellowish shade of titanium dioxide in whites and in shading carbon
blacks that have a brownish cast.
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