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ABSTRACT

In the distant past, painters, scribes, dyers, and other artists have always created
different forms of art with pigments. The beginning of pigment usage goes back to
early human societies. Pigments are important from an aesthetic point of view,
highlighting the differentiation of objects and influencing human thoughts and
feelings. Moreover, the identification of traditional pigments is essential for
conservation, restoration, historical interpretation of artworks, and understanding the
evolution of art. Therefore, this research aims to provide comprehensive knowledge of
traditional pigments, in which, in this report, two pigments, including white lead and
red lead, have been discussed. Actually, in this research, by collecting the studies of
other researchers and examining the current knowledge of this field to evaluate and
categorize these pigments from the point of view of their structure, applications,
degradation, evolution throughout history, production process furthermore the
methods of synthesis, identification in different artworks and identification methods
have been discussed. Accordingly, this study paves the way for future studies on
historical samples composed of these compounds.
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% Fresco-secco

4 Flesh tones

Hydrocerussite: 3Pb + 2C + 20, + H,— 2PhCO;+Pb (OH) , )
-1699.8 A fG°/KJ mol-1; -566.6 AfG°/nPb/KJ mol Pb -1

HYDROCERUSSITE

Pb3(OH)2(C03)2+ CO, — 3PbCO; (Cerussite) + H,0 (1) ()
Pby(OH)(COs), + CO5%(aq) — 3PbCO; (cerussite) + 20H ) )
Phs (OH)2(CO9) + 2H" — 3Pb% + 2CO.* + 2H,0 )

300-400°C

Pb3(CO3)2(OH)2 —_) *3Pb0O + 2CO, + H,0O )
2PbCO3+Pb(OH), + 2H,S —2PbS (galena) +2CO, + 6H,0 *)
2PbCO3+Pb(OH), + 3H,S — 3PbS (galena) + 2CO,+ 4H,0 )

2PbCO3*Pb(OH),+ H,0, — 2PbCO; (cerussite) + PbO, ()
(plattnerite) + H,O

2PbCO;+Pb(OH), + 3H,0,— 3PhO; (plattnerite) + 2H,CO; + 2H,0 )
4Pb(C03)'2Pb(OH)2+ 02 — 2Pb304 (red Iead) + 2Hzo + 4C02 )
2PbCO3+Pb(OH), + 3/,0 , —3PbO, (plattnerite) + 2CO, + H,0 (1)
2PbCO4+Pb (OH), + 20, — 3PbO;, (plattnerite) + 2CO, + 2H,0 Y
5[2PbCO;+Pb(OH),] + Ca(OH), — 3[PbsO(OH)»(COs); Ov)
(plumbonacrite)] + CaCO; +3H,0

[2PbCO;+Pb(OH)] + 2Ca(OH), — 3PbO+H,0 + 2CaCO3+2H,0  (\f)
2[2PbC03‘Pb(OH)2] + Ca(OH) —> PbsO(OH)z(CO3)3 \0)
(plumbonacrite) + a-PbO (litharge) + CaCOs + 2H,0

Cerussite: Pb + C +3/,0 , > PbCO;3 0%
-1315.5 A fG°/KJmol-1; -1315.5 A fG°/nPb/KJ mol Pb-1

CERUSSITE
3PbCO; + H,O — Pb (OH),#(PbCO3), (hydrocerussite) + CO, )
PbCO3 + H,0, — Pboz (plattnerite) + H2C03 OA)
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Table 1: Lead white used in artworks.

Lead white in artworks Ref

The palette of Impressionist and post-lmpressionist Puerto Rican artists [34]

The red guitar painting of Picasso from the early 20th century [35]

Female nude paintings of Liu Kang’s [36]

Polychrome sculptures of medieval Italian monuments [37]

Salvador Mundi painting, painted by Leonardo da Vinci [38]

Roman Egyptian funerary portrait [29]

A 15th-century Mallorcan altarpiece from the Oratorio de Santa Ana in Alctdia, Spain [39]

Two large-dimension Bartolomé Esteban Murillo paintings [40]

A nineteenth-century painting at the national theatre of Costa Rica [41]

Medieval hispano Muslim wood painting [42]

Traditional oil paintings (17th—19th centuries) [23]

Painting named exit from the theater attributed to Honoré Daumier [43]

The seven remaining paintings from the first altarpiece of Goa Cathedral, attributed to Garcia Fernandes (act. 1514-1565) [44]
Coating and coating pigments on ancient Chinese papers [45]

Several artworks painted by Peter Paul Rubens, Anthony VVan Dyck, Rembrandt Van Rijn, Peter Breughel [28]
Pigmented mural paint at lowry Pueblo great house in southwest Colorado [46]
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(c) Blankened lead white
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(a) Galena (PbS)
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Figure 1: Raman spectra of (a) mineral galena (PbS), (b) lead white (2PbCO3-Pb(OH),), and (c) blackened lead white following their reaction with H,S.
The spectra were collected using 632.8 nm excitation and 350 pW [33].
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Figure 2: Crystallographic structure of minium (Pbs;O,) represented as (a) a 3D-view of the unit cell and (b) a projection on the (001) plane [68].
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Figure 3: The production of minium starting from lead sheets and acetic acid [28].
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Table 2: Applicaton of Red lead in artworks.

Red lead in artworks Ref

Figurative wall painting in Poudeh village (central Iran) [59]

10th century Slavonic manuscript [69]

In many, mural paintings of mediaeval churches through Europe [70]

Four Transylvanian icons belong to beginning of the 18th century [71]

Van Gogh wheat field with crows painting [66]

Two Nasrid polychrome wooden ceilings from the Alhambra [42]

Painted figurines of the Tang Dynasty from the Astana tombs [72]

Wall paintings in Samye temple, Tibet [73]

Polychrome wooden statue from the Holy Church of ltria, Italy [74]

Red lead endsheets in rare books from the Fung Ping Shan library at the university of Hong Kong [75]
Mural painting of Zandieh in Shiraz [4]

Physiochemical characterization of coptic Jesus christ icon, church of Saint Mercurius [76]
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Figure 4: Raman spectra of red lead commercial powder collected with laser power (a) 95.6x10° W/em?, (b) 95.6 x10* W/cm?, (c) 2.8x10° W/ecm?) with a
633 nm laser [68].
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Figure 5: Polarized light microscopy images of rounded and * Tabular to chunky
subspherulitic particles of red lead, Above: PPL, Below: XPL [62]. 5Fume red lead
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Figure 6: Mechanism of photochemical degradation of red lead as proposed by (a) Zhou et al. (2012) and (b) Vanmeert et al. (2015) [28].
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