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3.2 Black/Brown

3.2.1 Carbon Black, Other Non-Selective Black

Carbon black, bone black (10% carbon black + 84% calcium phosphate), copper chromite black
(CuCr2O4), and synthetic iron oxide black (Fe3O4 magnetite) (B01 - B04) are weakly scattering
pigments with strong absorption across the entire solar spectrum. Carbon black B01 is the most
strongly absorbing, but all four are “hot” pigments.

Most non-selective blacks are metallic in nature, with free electrons permitting many different
allowed electronic transitions and therefore broad absorption spectra. Carbon black is a semi-metal
that has many free electrons, but not as many as present in highly conductive metals. Both the
iron oxide (magnetite) and copper chromite blacks are (electrically conducting) metals.

3.2.2 Chromium Iron Oxide Selective Black

Chromium iron oxide selective blacks (B05 - B11) are mixed metal oxides (chromium green-black
hematite, chromium green-black hematite modified, chromium iron oxide, or chromium iron nickel
black spinel) formulated to have NIR reflectance significantly higher than carbon and other non-
selective blacks. Some, such as chromium green-black hematite B06, appear more brown than
black. While these pigments have good scattering in the NIR, with a backscattering coefficient
at 1000 nm about half that of TiO2 white, they are also quite absorbing (K ≈ 50 mm−1) in the
short NIR. These pigments are visibly hiding (opaque to visible radiation) and NIR transmitting,
so use of a white background improves their NIR reflectances without significantly changing their
appearances.

Pure chromium oxide green (Cr2O3), pigment green 17, has the hematite crystal structure and
will be discussed further together with other green pigments. When some of the chromium atoms
are replaced by iron, a dark brownish black with the same crystal structure is obtained—i.e., a
traditional cool black pigment (e.g., B06-B11; B05 differs because it contains nickel and has a spinel
structure). It is sometimes designated as Cr-Fe hematite [13] or chromium green-black hematite
[14], and has been used to formulate infrared-reflective vinyl siding since about 1984 [15]. A number
of modern recipes for modified versions of this basic cool black incorporate minor amounts of a
variety of other metal oxides. One example is the use of a mixture of 93.5 g of chromium oxide,
0.94 g of iron oxide, 2.38 g of aluminum oxide, and 1.88 g of titanium oxide [16]. The mixture
is calcined at about 1100◦C to form hematite-structure crystallites of the resulting mixed metal
oxide.

3.2.3 Organic Selective Black

Perylene black (B12) is a weakly scattering, dyelike organic pigment that absorbs strongly in the
visible and very weakly in the NIR. Its sharp absorption decrease at 700 nm gives this pigment
a jet black appearance and an exceptionally high NIR reflectance (0.85) when applied over white.
Perylene pigments exhibit excellent lightfastness and weatherfastness, but their basic compound
(dianhydride of tetracarboxylic acid) may or may not be fast to alkali; references [4] and [2] disagree
on the latter point.
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3.2.4 Iron Oxide Brown

Iron oxide browns (B13 - B15) such as burnt sienna, raw sienna, and raw umber exhibit strong
absorption in part of the visible spectrum and low absorption in the NIR. These can provide
effective cool brown coatings if given a white background, though this will make some (e.g., burnt
sienna B13) appear reddish. These browns are “natural” and can be expected to contain various
impurities.

3.2.5 Other Brown

Other browns characterized (B16 - B21) include iron titanium (Fe-Ti) brown spinel, manganese
antimony titanium buff rutile, and zinc iron chromite brown spinel. These mixed-metal oxides
have strong absorption in most or all of the visible spectrum, plus weak absorption and modest
scattering in the NIR. A white undercoating improves the NIR reflectance of all browns, but brings
out red tones in iron titanium brown spinels B16 and B17.

The cool Fe-Ti browns (B16 - B18) have spinel crystal structure and basic formula Fe2TiO4

[14, 17]. Despite the presence of Fe2+ ions, the infrared absorption of this material is weak. (In
many materials, the Fe2+ ion is associated with infrared absorption [18, 19]; see also our data for
Fe3O4. The current data demonstrate that the absorption spectra also depend on the environment
of the Fe2+ ion.) We also note that while B17 and B18 are nominally the same material, the details
of the absorption are different.

We have not yet characterized a synthetic iron oxide hydrate brown (e.g., FeOOH).
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