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Performansli Inorganik Pigmentler
High-Performance Inorganic Pigments for Improved Paints and

Coatings

Boya ve kaplama Ureticileri; daha zorlu Griin spesifikas-
yonlarini karsilama, artan yasal gereklilikler, lojistik ve
Uretim sorunlar ve sirdirilebilirlik hedeflerine ulasma
konusunda zorluklarla karsi karsiya kaliyorlar. Kompleks
inorganik Renk Pigmentleri (CICP) olarak bilinen pigment
sinifi bu sorunlari ele alir, boya ve kaplama Ureticilerinin
Ozel uygulamalar icin farklilastirlmis Grinler gelistirmesi-
ne, Uretmesine ve pazarlamasina olanak tanir.

Boyar madde kategori sistemleri bircok farkl sekilde si-
niflandirilabilir. Pigmentler genel olarak iki sinifa ayrilir;
organik ve inorganik. Organik pigmentler, cesitli parlak
kromatik renkler saglarlar ancak dogasi geregi kisith isi
stabilitesi, kimyasal direng, orttctlik ve genel dayanikli-
liga sahiptir. inorganik pigmentler; daha yiiksek stabilite,
dayanikhlik ve érttcllik saglar ancak organik pigment-
lerden daha az kromatik renk cesitliligine sahiptir.

CICP'ler, organik pigmentlere rakip olan parlak renkleri-
ni ve standart inorganik pigmentlerin dayanikhligini bir
araya getirerek bu performans farkini ortadan kaldirir.
CICP’'lerin avantajlan “CICP"deki terimlerle aciklanabilir.
Kompleks: Birden fazla metalin 800°C'den yuksek isida
finnlanip tek oksit yapisi icinde var olmasindan ibaret-
tirler.

inorganik: Bozunabilecek herhangi bir organik fonksiyo-
nel gruba sahip olmayip dogada bulunan bir ‘seramik’
olarak da dustnilebilirler.

Renk: Titanyum dioksit veya diger dolgu maddeleri gibi
beyaz degildirler. Renk izlenimi vermek icin 1sigin dalga
boylarini secici olarak emerler.

Pigment: Bir boyarmaddenin yapacagi gibi organik ¢6-
zlcUler veya recineler icinde ¢ézinmeyen ayrik, inert
parcaciklardir.

Ornegin, demir oksit veya krom oksit gibi tek bir oksit
yerine CICP'ler demir ve krom oksitlerin karistirilmasi ve
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Paints and coatings producers face challenges in
meeting more demanding product specifications, in-
creasing regulatory requirements, logistics and pro-
duction issues, and attaining sustainability targets. A
class of pigments known as Complex Inorganic Color
Pigments (CICPs) address these issues and allow paints
and coatings producers to develop, produce, and
market differentiated products for specialty applica-
tions. Colorant classification systems can be broken
down many different ways. Pigments fall broadly into
two classifications; organic and inorganic. In general,
the organic pigments provide bright chromatic colors
with variable, but inherently limited heat-stability,
chemical resistance, opacity, and overall durability.
Inorganic pigments provide higher stability, durabil-
ity, and opacity- but with a smaller range of less chro-
matic colors than the organic pigments.

The CICPs bridge that performance difference with
the durability of standard inorganic pigments while
having bright colors that rival the organic pigment
offerings. Many of the advantages of the CICPs can
be explained by the terms in “CICP".

Complex refers to that they are not based on single
oxides, but are multiple metals in a single oxide struc-
ture and are locked in place during high-temperature
calcination in a kiln at usually over 800°C.

Inorganic since they do not have any organic func-
tional groups that can degrade. They can also be
thought of a ‘ceramic’ in nature.

Color because they are not white like titanium dioxide
or other fillers. They selectively absorb wavelengths
of light to give the impression of color.

Pigment as opposed to dye. They are discrete, inert
particles that will not dissolve in organic solvents or
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ardindan bunlari yaklasik 1000°C'de kalsine edilmesiyle
olusturulur. Bu sicakliklarda metal iyonlar rastgele ha-
reket ederler, artik demir ve kromun fiziksel bir karisimi
degildirler. Farkl renk ve diger 6zelliklere sahip yeni bir
kimyasal bilesiktir. Bu durumda, rengi siyah olan ve Cl
Pigment Brown 29 olarak da bilinen bir Demir Krom(lll)
pigmentidir. Bu pigment sinifi ayni zamanda baska 6zel-
liklere sahip bir renk pigmentinin de sinifidir. PBr29 pig-
mentleri koyu renklidir ancak gtines isiginin yakin kizi-
I6tesi dalga boylarini yansitir. Bu sayede glineste kalan
koyu renkli malzemeler daha serin kalir. Bu 6rnek, ylksek
performansli pigmentlerde CICP’lerin rengi ve islevinin
nasil bir araya getirildiginin iyi bir 6rnegidir.

inorganik kimya, yiiksek sicaklikta kalsinasyon ve kont-
rolli isleme ile bu pigmentlere kimyagerlerin ve renk ar-
genin bir pigmentte arzu ettikleri 6zelliklerin verilmesini
saglar. Kalsinasyon adimi sirasinda, pigmentler tama-
men oksitlenir ve renk degistirmemeleri veya bozulma-
malari igin inert hale getirilir. Pigmentlerin ylksek sicak-
liklardaki 1s1 stabilitesi, onlara genel stabilite ile birlikte
finnda karlenen sistemler igin iyi bir stabilite ve yiksek is
kaplamalarinda dayaniklilik saglar. Bu stabilite pigment-
lerin solvente, asitlere ve bazlara karsi inert olmasina ka-
dar uzanir. Ayrica, FDA gida ile temas uygulamalari gibi
hassas uygulamalar icin bir dizi regtlasyonlari gecmele-
rini de saglar. Pigmentler, UV 1sigina maruz kaldiginda
genellikle recineyi ve alt tabakalari giinesin zararli etki-
lerinden korumak icin 1s1g1 iyi bir sekilde absorbe etme
Ozelligine sahiptirler. Sogurulan UV 1sigi, recinelere ve
organik malzemelere saldirabilen yikici serbest radikaller
olarak degil, 1s1 olarak dagilir. Firndan cikan malzeme
genellikle blytk parcaciklar halinde sinterlenirken, kap-
lamalar icin olan CICP’ler ortalama 0,5 ile 1,5 mikron ara-
sinda bir parcacik boyutuna sahip olacak sekilde islenir.
Bu kullanish ve kontrolli parcacik boyutlarinin yani sira
pigmentlerin yizey alani, dusik recine talebi ve ylksek
parlaklik icin nispeten dusiik ve yeterlidir.

Parlak, kromatik renkler CICP’lerin bir giiclyken, yakin
kizilétesinde (700-2500 nm) gorindr dalga boylarinin
(400-700 nm) otesindeki isikla etkilesimleri onlara mal-
zemelerin strdurlebilirligini artiran 6zellikler kazandirir.
GUnes enerjisinin sadece yarisi spektrumun goranr kis-
mindadir. Son derece zararli UV (295-400 nm) igindeki
birkag yizde disinda, glines enerjisinin diger kabaca ya-
rist gorinmez IR (Infrared Reflectance — Kizilétesi Yansi-
ma) spektrumundadir. Estetik acidan hos koyu renkler
icin tim siyah pigmentler gorindrde 1s1g1 sogurur ve
standart pigmentler IR'de 151g1 sogurmaya devam ederek
siyah renklerin giines altinda i1sinmasina neden olurlar.

resins like a dye colorant would.

For example, instead of a single oxide like iron ox-
ide or chromium oxide, CICPs would be made by in-
timately mixing the iron and chromium oxides, and
then calcining them at about 1000C. At these tem-
peratures the metal ions move randomly and are no
longer a physical mixture of iron and chromium, but
are a new chemical compound with distinct color and
other properties. In this case an Iron Chromium(lli)
pigment that is black in color and known as Cl Pig-
ment Brown 29. This pigment class is also an ex-
ample of a color pigment that has other properties.
PBr29 pigments are dark in color, but reflect the near
infrared wavelengths of sunlight- so dark materials
left in the sun stay cooler. This an example of how
CICPs bring together color and function into high-
performance pigments.

The inorganic chemistry, high-temperature calcina-
tion and controlled processing give these pigments
properties that chemists and paint formulators desire
in a pigment. During the calcination step, the pig-
ments are fully oxidized and made inert so that they
won't change color or degrade. The pigments heat
stability at high temperatures gives them good stabil-
ity in oven-cured systems and durability in high heat
coatings, along with general stability. This stability
extends to the pigments being inert to acids and bas-
es, and solvent attack. The stability also makes them
pass a number of regulatory requirements for sensi-
tive applications like FDA food contact applications.
When exposed to UV light, the pigments generally
have good absorption properties to protect resin and
substrates from the damaging effects of the sun. The
UV light that is absorbed is dissipated as heat and not
as destructive free radicals that can attack resins and
organic materials. While the material off the kiln has
usually been sintered into large particles, CICPs for
coatings are processed to have an average particle
size between 0.5 and 1.5 microns for most pigments.
Along with these useful and controlled particle sizes,
the surface area of the pigments is relatively low for
low resin-demand, and high gloss.

While bright, chromatic colors are a strength of the
CICPs, their interaction with light beyond the visible
wavelengths (400-700nm) in the near infrared (700-
2500nm) give them properties that improve mate-
rials sustainability. Only half of the sun’s energy is
in the visible part of the spectrum. Outside of a few
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Bazi CICP siyah pigmentler, 6zellikle Demir Krom(lll) Ok-
sit (Cl Pigment Brown 29), siyah renk icin gorinir olani
sogururlar ancak gérinmez olan IR'de giines enetjisini
yansitirlar. Karbon siyahi gibi standart bir siyah, yalnizca
%5'lik bir TSR (Total Solar Reflectance — Toplam Glines
Yansimasi)'a sahipken bir CICP IR Siyahi, glines enerjisi-
nin %25-30'unu (TSR) yansitacaktir. Bu, IR Siyah malze-
melerin standart siyah malzemelerden daha serin kala-
cagl anlamina gelir. Beyaz bir malzeme her zaman en
serinlik veren olacaktir ancak bircok uygulama icin daha
koyu renkler tercih edilir. Cati kaplamalari gibi yapi Grin-
lerinde kullanildiginda, IR Siyah pigmentler yonetmelik-
leri diizenleyenler ve eneriji sirketleri tarafindan yalnizca
sogutma igin kullanilan toplam enerjiyi azaltmakla kal-
maylip ayni zamanda sicak 6gleden sonralar en ylksek
enerji talebini azaltmak igin de bir strateji olarak kabul
edildi. (Enerji kullanimini sabit tutmanin anahtari)

IR Siyah teknolojisinin temeli olan Cl Pigment Brown 29,
kimyasinin yani sira titanyum, kobalt ve bir dizi baska
metal oksit bazli cok cesitli CICP Grlnlere sahiptir. Bu
Urdn, en bilinen ve en etkili Griinlerden biridir.

Kobalt Mavileri ve Yesilleri

Kobalt Altiminat mavisi (Cl Pigment Blue 28), sanatgila-
rin renk paletlerinde iyi bilinen ancak bir dizi farkli kap-
lama sisteminde kullanimi bulunan parlak kirmizi gélgeli
bir mavidir. Kobalt Krom(lll) Aliminat (Cl Pigment Blue
36), yiksek renk tonu mukavemeti ve mikemmel hava
kosullarina dayanikli yesil gélgeli mavilerdir. Lacivertten
turkuaz tonlarina kadar genis bir renk yelpazesine sahip-
tirler. Kobalt Titanat yesilleri (CI Pigment 50), standart
krom oksitler (Cl Pigment Green 17) yeterince kromatik
olmadiklarinda kullanilabilen parlak yesil tonlardir. Ko-
balt yesillerini bir miktar lityum ile kanstirarak turkuaz bir
ton Uretilebilinir.

Titanat Sarilar ve Kahverengiler

Bu pigmentler ‘katkili’ veya modifiye titanyum dioksit
olarak dustnulebilir. Kalsinasyon asamasina farkli me-
tallerin dahil edilmesi ile farkl renkler Uretilebilir. Ni-
kel Antimon Titanat (ClI Pigmenti Yellow 53) , Bizmut
Vanadat'tan (Cl Pigment Sari 184) daha az kromatik
olan ancak daha yuksek 1si stabilitesine ve mikemmel
bir hava kosullar dayanikliigina sahip olan yesil bir sar
tondur. Chromium(lll) Antimon Titanate (Cl Brown 24
Pigmenti), hava kosullarina karsi mikemmel dayaniklli-
ga ve yuksek orttcilige sahip kirmizi tonlu bir sanidir. Ve
Manganez Antimon Titanat (Cl Pigment Sari 164) isiya
karsi dayanikl ve demir icermeyen koyu kahverengi bir
pigmenttir.
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percent in the highly damaging UV (295-400nm),
the other roughly half of the sun’s energy is in the
invisible IR spectrum. All black pigments absorb
in the visible for dark aesthetically pleasing colors,
and standard pigments continue to absorb in the IR,
contributing to the reason why black colors get hot
under the sun. Some CICP black pigments, specifi-
cally the Iron Chromium(lll) Oxide (Cl Pigment Brown
29), absorb in the visible for the black color, but in
the invisible IR, they reflect away the sun’s energy.
While a standard black, like carbon black, has a Total
Solar Reflectance (TSR) of only 5%, a CICP IR Black
will reflect 25-30% (TSR) of the sun’s energy. This
means that IR Black materials will stay cooler than
standard black materials. A white material will always
be the coolest, but for many applications, there is a
preference for darker colors. When used in building
products like roof coatings, the advantage of IR Black
pigments has been acknowledged by regulatory and
energy companies as one strategy to reduce not just
overall energy used for cooling, but reducing peak
energy demand in hot afternoons- a key to keeping
energy grids stable.

Besides the Cl Pigment Brown 29 pigment chemistry
that is the basis for the IR Black technology, there are
a wide range of CICPs based on titanium, cobalt, and
a number of other metal oxides. Some of the best
known and most impactful follow.

Cobalt Blues and Greens

Cobalt Aluminate blue (Cl Pigment Blue 28) is a bright
red-shade blue that is well known from artist color
palettes, but finds use in a number of different coat-
ings systems. The Cobalt Chromium(lll) Aluminate (C/
Pigment Blue 36) are green-shade blues with high tint
strength and excellent weatherability. They come in
a wide range of colors from navy blue to teal shades.
The Cobalt Titanate greens (Cl Pigment 50) are bright
green shades that find use when standard chromium
oxide (Cl Pigment Green 17) isn’t chromatic enough.
By modifying the cobalt greens with some lithium, a
turquoise shade can be produced.

Titanate Yellows and Browns

These pigments can be thought of as ‘doped’ or
modified titanium dioxide. By the inclusion of dif-
ferent metals in the calcination step, different colors
can be produced. A Nickel Antimony Titanate (C/
Pigment Yellow 53) is a green shade of yellow that
is less chromatic than Bismuth Vanadate (Cl Pigment
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CICP Siyah Pigmentler

IR Siyah pigmentlerin yani sira, bircok siyah CICP pig-
ment mevcuttur. Bakir Kromit (Cl Pigment Siyah 28) pig-
mentleri, yUksek performansh ylksek sicaklik standardi
ve yuksek dayanikliliga sahip kaplamalarda son nokta-
dir. Manganez Ferrit (Cl Pigment Black 26) pigmentleri,
600°C'ye kadar stabildirler ve krom icermezler. Krom(lll)
Demir Nikel (CI Pigment Black 30) pigmenleriyse cam
emaye uygulamalari icin ¢ok yuksek sicakliga dayanikli
siyahlardir.

Yellow 184), but with higher heat stability and ex-
cellent weathering. The Chromium(lll) Antimony Ti-
tanate (Cl Pigment Brown 24) is a red-shade yellow
with excellent weathering and high-opacity. And by
making a Manganese Antimony Titanate (Cl Pigment
Yellow 164) a heat stable and iron-free dark brown
pigment can be made.

NTP Sari ve RTZ Turuncu

iki yeni CICP sinifi olan, NTP (Niobium Tin Pyrochlore)
sarilan ve RTZ (Rutile Tin Zinc) turuncularn yiksek per-
formansli pigmentlerdir. NTP Sarilan (Cl Pigment Yel-
low 227) ve RTZ Turuncular (Cl Pigment Yellow 216),
titanat sarilari gibi standart CICP'lerden daha parlak ve
daha kromatiktirler. Yuksek performansh organik sari
pigmentlerin tonlarina yaklasirlar ve Krom Sarilari (Cl
Pigment Yellow 34) yerine kullanilabilirler.

CICP’lerin Kaplamalarda Kullanimlari

CICP'ler renkleri, orttculikleri ve inertlikleri nedeniyle
cok cesitli kaplama sistemlerinde kullanilabilirler. Ozel-
likleri, onlar cok cesitli uygulamalarda kullanimlari igin
ayrica uygun hale getirir.

Endustriyel ve otomotiv uygulamalar gibi yiiksek sicakli-
ga dayanikli kaplamalarda kullanilabilirler. Genel olarak
Cl Black 28 ve Cl Black 26 pigmentleri, formulasyonlarin
hicbir sekilde krom icermedigi otomotiv uygulamalarin-
da kullanilir. Kobalt mavileri ve yesilleri, titanat sarilariyla
birlikte diger organik veya inorganik pigmentler basarisiz
oldugunda hayatta kalan kromatik renkler saglarlar.

Altiminyum/celik bobin ve ekstriizyon kaplamalar, 6zel-
likle beyazli organik pigment tonlarnyla karsilastirildi-
ginda hem proses sirasindaki problemler hem de hava
kosullarina karsi renk stabiliteleri nedeniyle CICP'lerin
onemli bir kullanim alanidir. CICP’ler ayrica 40 yil garan-
tili floropolimer recine bazli boya sistemleri icin renkler
saglarlar.

CICP Black Pigments

Besides IR Black pigments, a number of black CICP
pigments are available. The Copper Chromite (Cl Pig-
ment Black 28) pigments are the standard for high-
performance elevated-temperature and ultimate
in high-durability coatings. The Manganese Ferrite
(CI Pigment Black 26) pigments are stable to 600C
and are chromium free. The Chrome(lll) Iron Nickel
(ClI Pigment Black 30) are high-temperature stable
blacks for glass enamel applications.

NTP Yellow and RTZ Orange

Two newer classes of CICPs are the NTP (Niobium Tin
Pyrochlore) Yellow and the RTZ (Rutile Tin Zinc) high
performance pigments. The NTP Yellow (Cl Pigment
Yellow 227) and the RTZ Orange (Cl Pigment Yellow
216) are brighter and more chromatic than standard
CICPs like the titanate yellows. They approach the
shades of high-performance organic yellow pig-
ments and make excellent replacements for Chrome
Yellow (CI Pigment Yellow 34).

Uses of CICPs in Coatings

Due to the color, opacity, and inertness of the CICPs,
they can be used in a wide range of coatings sys-
tems. Their properties make them especially suited
for use in a number of systems.

High-temperature coatings used in industrial and au-
tomotive applications. The Cl Pigment Black 28 pig-
ments in general and the Cl Pigment Black 26 is a

Turkcoat
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Anahtar pigmentlerse sunlardir:

e Cl Pigment Black 28 - Renk tonlarindaki iyi renk
kontrolu ile son derece dayanikli,

e Cl Pigment Brown 29 - Yapi Urlnlerinde kullanim
icin CICP IR Siyahi,

e Cl Pigment Blue 28 & Blue 36 - Uzun sureli kararliiga
sahip parlak, kromatik maviler,

e Cl Pigment Brown 24 ve Yellow 53 - Stabil sar pastel
tonlar igin kullanilan Titanat sarilar,

e Cl Pigment Green 50 - Krom oksit yesilinden daha
parlak ve daha kromatik olan essiz pigmentlerdir.

Ntp Sarnisi Ve Rtz Turuncusu - imza Binalar ve Vurgu-
lar icin Parlak Renkler

Toz boyalarda; aliminyum/celik bobin ve ekstriizyon
kaplamalarindaki gibi yiksek isiya dayanikli pigmentler
kullanilabilir. CICP’ler; en son nesil, cok dayanikli, AAMA
2605 sertifikali kaplamalarda uzun émurli renkler igin
kullanilabilir. Organik sari pigmentler bozuldugu ve renk
degistirdigi halde Cl Brown 24 ve Cl Yellow 53 Pigment-
leri 1stya dayanikh kirmizi tonlu ve yesil tonlu sarilar sag-
lar.

CICP pigment sinifinin performansini genisletmek icin ya-
pilan arastirmalar devam etmektedir. Yonetmeliklerdeki
kaygilan gidermek, surdurdlebilirligi artirmak ve genel
olarak yuksek dayanikliiga sahip renk alanini artirarak
renkleri iyilestirmek icin yeni striimler gelistirilmektedir.
CICP'ler her uygulama icin en uygun pigment olmaya-
bilir ancak diger tim secenekler basarisiz oldugunda,
pigment performansinda veya ek islevsellik en st di-
zeyde gerekli oldugunda, boya ve kaplama kimyagerleri
ve renk argenin tezgahlarinda bulundurmalarn gereken
kritik Granlerdir.
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used in automotive applications where formulations
don’t contain chromium in any form. The cobalt blue
and greens, along with the titanate yellows provide
chromatic colors that survive when other organic or
inorganic pigments fail.

Coil and extrusion coatings are a major use of CICPs
due to their color stability both in processing and
also in weathering especially compared to organic
pigment tints with white. CICPs provide the color for
the fluoropolymer systems that have 40 year war-
rantees. The key pigments are:

* (Il Pigment Black 28- Highly durable with good
control of color in tints,

* (I Pigment Brown 29- The CICP IR Black for use
in building products,

* (Il Pigment Blue 28 & Blue 36- Bright chromatic
blues with long term stability,

* (Il Pigment Brown 24 and Yellow 53: Titanate
yellows used in masstone of for stable yellow
pastel tints,

* (Il Pigment Green 50: Brighter and more chro-
matic than chromium oxide green, for branding
colors.

The Ntp Yellow and Rtz Orange- Bright Colors for
Signature Buildings and Accents

Powder coatings can use the same pigments as high-
heat along with coil and extrusion coatings applica-
tions. CICPs can be used in the latest generations of
highly durable AMMA 2605 coatings for durable col-
or. The Cl Pigment Brown 24 and Cl Pigment Yellow
53 provide heat-stable red-shade and green-shade
yellows when organic yellow pigments degrade and
change color.

There continues to be research done in expand-
ing the performance of the CICP class of pigments.
Improved versions are being developed to address
regulatory concerns, increase sustainability, and im-
prove colors increasing the overall highly-durable
color-space. CICPs may not be the most appropriate
pigment for every application, but they are a critical
tool for paint and coatings chemists and formulators
to have on their bench for when all other options
have failed and the ultimate in pigment performance
or added functionality are required.




