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The pigments of the Colortherm® and Bayferrox® T ranges have 
been specially modified to give them much-improved tempera-
ture resistance. They are ideal for use in coating systems, plastics 
and building materials where higher temperatures may occur. 

Of the three most important versions of iron oxide, red iron oxides 
(haematites) demonstrate the highest thermodynamic stability, 
even at elevated temperatures. In the temperature range normal-
ly encountered in paint & coatings applications their colour re-
mains practically unchanged. Chrome oxide greens are similarly 
heat stable on account of their chemical structure. 

In contrast, iron oxide yellow FeO(OH) (goethite) and iron oxide 
black Fe3O4 (magnetite) pigments can be converted to Fe2O3 
(hematite) at elevated temperatures (Figure 1):

When testing the heat stability of pigments in paint & coating 
systems it is worth noting that the binder can have a stabilizing 
effect.

In the case of the iron oxide yellow pigments the binder delays 
dehydration (splitting off of water), and in the case of the iron 
oxide black pigments the binder slows down the reaction with 
oxygen. 

The temperature resistance of a coating thus depends not only 
on the stability of the pigment itself but also on the properties of 
the entire coating system. To measure the pigment’s heat resist-
ance, it is therefore essential to carry out all trials in the complete 
original system. 

The examples in this brochure are based on a heat-stable coating 
system based on phenylmethylpolysiloxane formulated accord-
ing to a guide formulation from Evonik Tego Chemie GmbH.

Iron oxide pigments with improved temperature  
resistance for surface coating applications 
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Figure 1: The reactions of yellow- and black- iron oxides to red
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Figure 2: Color change of an iron oxide yellow pigment (goethite) in a coat-
ing system based on phenylmethylpolysiloxane

Figure 3: Schematic representation of Post-treatment FeO(OH)

Inorganic  
surface treatment Hydrophobization

FeO(OH) nucleus

Iron oxide yellow
With iron oxide yellow, there is a risk of dehydration with an as-
sociated color shift towards red at temperatures above 180 °C 
(Figure 2).

In the case of Colortherm® yellow 10 and Colortherm® yellow 
20, the first option is utilized (Figure 3). By applying an addition-
al inorganic coating to the primary particles, the surface elimi-
nation of water is delayed, consequently raising heat stability by 
around 20 °C under otherwise identical conditions (Figure 4). 

The inorganic post-treatment is strongly hydrophilic, which 
means that wetting problems may occur with non-polar coat-
ing binders or plastics. To improve the wetting properties of  

To improve the heat resistance of the yellow pigment, there are 
two options available: 
1. Delaying dehydration 
2.  Converting the iron oxide yellow pigment through a  

chemical reaction into a new inorganic yellow pigment  
with higher heat stability. 
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Figure 4: Color change of Colortherm® Yellow 10 in a coating system based 
on phenylmethylpolysiloxane at various temperatures

Colortherm® yellow 20 and avoid this problem, a process to 
increase its hydrophobicity is performed, in addition to the inor-
ganic post-treatment. 

With Colortherm® yellow 3950 and Colortherm® yellow 30, the 
second option (chemical reaction) is utilized. Iron oxide yellow 

and zinc oxide are reacted at high temperatures in a solid-state 
reaction to form a new chemical compound. 

A synthetic zinc ferrite ZnFe
2
O

4
 is formed, which differs sig-

nificantly in its heat stability from a normal iron oxide yellow 
(goethite). With zinc ferrite, there is no longer any risk of con-
version to hematite (α-Fe

2
O

3
) and the resultant color shift to red. 

At temperatures above approx. 250 °C, the shade merely be-
comes a little less saturated. With Colortherm® yellow 30 – a 
zinc ferrite with additional doping – this upper limit is raised 
even further, to around 300 °C (Figure 5).
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Figure 5: Color change of Colortherm® Yellow 30 in a coating system based 
on phenylmethylpolysiloxane at various temperatures 

Figure 6: Color shift dE*ab of Colortherm®  Yellow and Bayferrox® iron oxide 
yellow pigments in a coating system based on phenylmethylpolysiloxane at 
various temperatures

It should nevertheless be borne in mind that zinc ferrites have 
completely different absorption behavior with regard to visible 
light than standard iron oxide yellows, and therefore have a color 
shade of their own. Colortherm® yellow 3950 and Colortherm® 
yellow 30 are light brown in full shade, whereas in reduction 
with TiO2 they are reddish yellow.

In applications where higher demands are made on the heat 
stability of the pigments – for example in powder coatings or 
coil coatings – the yellow pigments of the Colortherm® range 
offer an additional advantage in terms of application reliability, 
because non stabilized yellow pigments are on the borderline 
with regard to heat stability (Figure 6).
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Figure 7: Color change of an iron oxide black pigment (magnetite) in a coat-
ing system based on phenylmethylpolysiloxane

Iron oxide black
Under oxidative conditions at temperatures above 180 °C, 
iron oxide black gradually converts to iron oxide red (hematite, 
α-Fe

2
O

3
). In terms of color, this chemical conversion can be 

identified by an increasingly brown coloration – in other words, 
a gradual shift towards red (Figure 7). 

Similar to zinc ferrite, iron oxides can be converted by means 
of a solid-state reaction with manganese oxide into a substance 
that has far greater heat stability, namely manganese ferrite. De-
pending on the way the reaction is performed, it is possible to 
produce either a black (Bayferrox® 303 T) or brown manga-
nese ferrite (Bayferrox® 645 T). 

The manganese ferrites produced in this way have a heat re-
sistance of well above 500 °C (Figure 8). Additionally, manga-
nese ferrite differs from conventional iron oxide black pigments 
(magnetite) in its flocculation behavior. 

In comparison to magnetite the manganese ferrites, produced 
via calcination, demonstrate markedly lower magnetic properties 
and have a flocculation stability similar to that of a normal haema-
tite red iron oxide. In contrast to Colortherm® yellows the man-
ganese ferrites are also heat stable when exposed to elevated 
temperatures over a prolonged period of time. 

Additional to the usual applications such as powder coatings 
and coil coatings, manganese ferrites can also be used for coat-
ings subjected to elevated temperatures for a long period. Typi-
cal examples are coatings for exhaust pipes or ovens.
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Bayferrox® 303 T

Bayferrox® 318 M
Figure 8: Color change of Bayferrox® 303 T (manganese ferrite) in a coating 
system based on phenylmethylpolysiloxane

Figure 9: Color change dE*ab of Bayferrox® 303 T (manganese ferrite) and a 
magnetite in a coating system based on phenylmethylpolysiloxane at various 
temperatures

Figure 10: Reflection of electromagnetic waves by Bayferrox® 318 M (mag-
netite) compared with Bayferrox® 303 T (manganese ferrite) as a function of 
wavelength 

Bayferrox® 303 T (manganese ferrite)

Iron oxide black (magnetite)
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Like Bayferrox® 303 T, Bayferrox® 645 T can be used at tem-
peratures above 500 °C. Unlike regular iron oxide brown pig-
ments, Bayferrox® 645 T is not a mixture of yellow, red and 
black but a single pigment. This means that separation of pig-
ments cannot occur. 

Figure 9 shows the color change delta E* ab of a regular iron oxide 
black (magnetite) compared with manganese ferrite (Bayferrox®

303 T) at various temperatures in the final coating system. 

manganese ferrite also differs from regular iron oxide black 
grades in its reflection behavior with infrared radiation (Fig-
ure 10). Whereas magnetite shows a high level of absorption 
throughout the entire wavelength range, Bayferrox® 303 T part-
ly reflects the infrared radiation and thus does not heat up as 
strongly as other black surfaces.

Bayferrox® 105 M - 180 M Red α-Fe
2
O

3
 – fundamentally heat stable because of their structure

Colortherm® Yellow 10 Yellow acicular iron oxide yellow (α-FeOOH) with inorganic post-treatment

Colortherm® Yellow 20 Yellow
acicular iron oxide yellow (α-FeOOH) with inorganic post-treatment plus additional 
hydrophobization

Colortherm® Yellow 30 Yellow synthetic zinc ferrite ZnFe
2
O

4
 – fundamentally heat stable because of their spinel structure

Colortherm® Yellow 3950 Yellow synthetic zinc ferrite ZnFe
2
O

4
 – fundamentally heat stable because of their spinel structure

Colortherm® Green GN-M Green synthetic Cr
2
O

3
 – fundamentally heat stable because of its structure

Bayferrox® 303 T Black
bluish black pigment based on manganese ferrite (Fe, mn)

2 
O

3
– fundamentally heat stable 

because of their structure

Bayferrox® 645 T Brown
brown pigment based on manganese ferrite (Fe, mn)

2
O

3
– fundamentally heat stable 

because of their structure

Colortherm® Yellow pigments and heat-stable brown and black Bayferrox® T grades for the surface coatings industry
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Health and Safety Information: Appropriate literature 

has been assembled which provides information con-

cerning the health and safety precautions that must be 

observed when handling the LANXESS products menti-

oned in this publication. For materials mentioned which 

are not LANXESS products, appropriate industrial hygi-

ene and other safety precautions recommended by their 

manufacturers should be followed. Before working with 

any of these products, you must read and become fami-

liar with the available information on their hazards, pro-

per use and handling. This cannot be overemphasized. 

Information is available in several forms, e.g., material 

safety data sheets, product information and product la-

bels. Consult your LANXESS representative in Germany 

or contact the regulatory Affairs and Product Safety 

Department of LANXESS Germany or – for business in 

the USA – the LANXESS Product Safety and regulatory 

Affairs Department in Pittsburgh, Pennsylvania.

regulatory Compliance Information: Some of the end 

uses of the products described in this publication must 

comply with applicable regulations, such as the FDA, 

Bfr, NSF, USDA, and CPSC. If you have any questions 

on the regulatory status of these products, please con-

sult your LANXESS representative in Germany or contact 

the regulatory Affairs and Product Safety Department of 

LANXESS Germany or – for business in the USA – your 

LANXESS Corporation representative, the LANXESS 

regulatory Affairs manager in Pittsburgh, Pennsylvania.

The manner in which you use and the purpose to which 

you put and utilize our products, technical assistance 

and information (whether verbal, written or by way of 

production evaluations), including any suggested for-

mulations and recommendations are beyond our con-

trol. Therefore, it is imperative that you test our products, 

technical assistance and information to determine to 

your own satisfaction whether they are suitable for your 

intended uses and applications. This application-specifi 

c analysis must at least include testing to determine 

suitability from a technical as well as health, safety, and 

environmental standpoint. Such testing has not neces-

sarily been done by us. Unless we otherwise agree in 

writing, all products are sold strictly pursuant to the 

terms of our General Conditions of Sale and Delivery. 

All information and technical assistance is given without 

guarantee and is subject to change without notice. It is 

expressly understood and agreed that you assume and 

hereby expressly release us from all liability, in tort, con-

tract or otherwise, incurred in connection with the use 

of our products, technical assistance, and information.

Any statement or recommendation not contained in this 

brochure is unauthorized and shall not bind us. Nothing 

herein shall be construed as a recommendation to use 

any product in confl ict with industrial property rights such 

as patents covering any material or its use. No license is 

implied or in fact granted under the claims of industrial pro-

perty rights such as patents.  Edition 03/2011

Bayferrox® is a registered trademark of Bayer AG, Leverkusen, Germany.

Colortherm® is a registered trademark of the LANXESS Group.


