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century B.C., preserved in the Royal Library of 
Ashurbanipal (r. 668–about 627 B.C.), the last 
great king of the Neo-Assyrian Empire.3 

During the following centuries, glass-related 
written sources increased considerably, along 
with the development of the European glass in-
dustry.4 Some of these sources are based on their 
authors’ personal knowledge, while others pre-
sent transcriptions of previous works, commen-
tary, and even alterations of earlier texts. With 
the industrialization of glass production in the 
19th century, a new form of recipe book—called 
the batch book—was introduced. Such volumes 
are notebooks, usually handwritten by the fac-
tory owners or those in charge of the production 
and passed down through generations. Some of 
these batch books were carefully preserved, 
while others have been smudged with use.5

HISTORICAL written sources on grisaille 
cover texts from different periods and 
typologies. The most descriptive ones 

are treatises and recipe books, which contain 
practical information about artistic techniques, 
including instructions for the preparation of ma-
terials. The less descriptive ones, such as diaries, 
account books, guild regulations, trade records, 
and contracts, do not usually cover the technical 
aspects of production, but they are very valuable 
in understanding the socioeconomic context of 
a particular region and period in relation to an 
artistic movement.1

Technical recipes for the preparation of raw 
materials and the production of the glass 
go back to the earliest times of glassmaking.2 
The first description of glass production is con-
tained in the Assyrian clay tablets of the seventh 
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FIG. 1. Schematic representation of a cross section of grisaille 
before and after firing.

While most of the historical written sources 
concentrate on glass production, some also de-
scribe decoration techniques such as carving, 
painting with enamels, yellow silver staining, 
sanguine red, and grisaille.6 

Grisaille, or Schwarzlot in German, was the 
first paint to be applied on stained glass panels. 
It became common in Europe during the 12th 
century, although the oldest known fragments 
painted with it are earlier than that.7 The oldest 
glasses with grisaille show the figure of Christ, 
such as the Christ Pantocrator on a sixth-century 
fragment housed in the Museo Nazionale di 
Ra venna (Italy)8 and the head of Christ, dated 
to the 11th century, in the Musée de l’Oeuvre 
Notre-Dame in Strasbourg, France.9

The production of this paint involves the 
mixing of metal oxides, normally iron and/or 
copper, with ground lead glass. This mixture is 
applied to the glass panel with an agent such as 
gum arabic. After firing at 650°–700°C, a thin 
layer of colorless glass with embedded dark 
metal oxides is obtained, as shown in Figure 1.10 

Grisaille is usually dark in color and em-
ployed in creating contours (with a thick line, 
grisaille à contourner) and shadows (with a thin 
and watery layer, grisaille à modeler), as seen in 
Figure 2. It is generally applied to the indoor 
surface of the stained glass panel to protect it 
from atmospheric weathering (e.g., rain, wind, 
and pollution).11 
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FIG. 2. Reproduction of grisaille painting technique, based 
on a detail of the Archangel Raphael window in the chapel 
dedicated to Saint Ferdinand in the church of Notre-Dame 

de la Compassion in Paris, France. (Detail: Kwan Tse)

The study of ancient glass technology based 
on historical written sources has been growing 
in recent years.12 These works focus mainly on 
translations and interpretations of recipes from 
earlier treatises, but rarely explore the evolution 
of a painting material through those sources. 
Some previous studies have investigated the 
evo lution of blue enamel paint13 and sanguine 
paint.14 With regard to grisaille, Isabelle Baudoin 

has compiled and translated some recipes and 
offered a few comments on their development.15 
The main objective of our research was identi-
fying, interpreting, and comparing different gri-
saille recipes found in European written sources 
to trace the evolution of this painting material 
over the centuries. This work offers new insights 
into the grisaille employed in creating stained 
glass windows.

12. Caen [note 1]; Lautier and Sandron [note 6]; Marco 
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Portugal,” Nuclear Instruments and Methods in Physics Re-
search, Section B, v. 269, no. 20, 2011, pp. 2383–2388; Hjal-
mar Fors, Lawrence M. Principe, and H. Otto Sibum, “From 
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a Tool for Historians of Science,” Ambix, v. 63, no. 2, 2016, 
pp. 85–97; David J. Govantes-Edwards, Chloë N. Duckworth, 

and Ricardo Córdoba, “Recipes and Experimentation? The 
Transmission of Glassmaking Techniques in Medieval Iberia,” 
Journal of Medieval Iberian Studies, v. 8, no. 2, 2016, pp. 176–
195.

13. Caen [note 1]; A[ndreia] Machado and M[árcia] Vilari-
gues, “Cobalt Blue – Reproduction and Characterisation of Blue 
Enamel Recipes from The Handmaid to the Arts by Robert 
Dossie,” Glass Technology: European Journal of Glass Science 
and Technology, Part A, v. 57, no. 4, 2016, pp. 131–140. 

14. Ângela Santos and Márcia Vilarigues, “Sanguine Paint: 
Production, Characterization, and Adhesion to the Glass 
Substrate,” Studies in Conservation, v. 64, issue 4, 2019, pp. 
221–239.

15. Isabelle Baudoin, “A propos de la fabrication des gri-
sailles: Choix de textes des origines au XIXe siècle,” Science 
et Technologie de la Conservation et de la Restauration des 
Oeuvres d’Art et du Patrimoine, no. 2, 1991, pp. 6–22.
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METHODOLOGY

For this project, 46 historical written sources 
dating from the sixth to 20th centuries were 
consulted. Figure 3 presents a list of the written 
sources related to glass production, with a sche-
matic representing the relationships between 
them. Whenever possible, original sources in the 
original languages were considered, but in some 
cases, when the original source is no longer ex-
tant, transcriptions and translations were used. 

Following the selection and critical analysis of 
the written sources, texts with recipes for gri-
saille were identified. Only the original recipes of 
each source, and not copies from earlier sources, 
were analyzed. These recipes were transcribed, 

and the various raw materials were identified, 
interpreted, and compared. 

RESULTS

Historical Written Sources 

The chronological and geographical distribu-
tion of the written sources consulted in this in-
vestigation is presented in Figure 4. The sources 
are dated from the medieval to modern periods 
(see Figure 4a), and it is clear that, from the 
14th century onward, particularly during the 
17th and 18th centuries, a larger number of 
written sources about the production of glass 
and stained glass panels is available. This can be 

Döbringer, “Rezeptsammlung” 
14th c. (1389) 

Pisa, “Secreti per lavorar li vetri 
secondo la dottrina de Maestro 

Antonio da Pisa,” 14th c. 

Cennini, “Il libro dell’arte,” 
14th c. (1390) 

Manuscript of Florence, 14th c. 

Benedetto Ubriachi, 14th c. 

“Liber diversarum arcium,” 
14th c.  

“Kunstbuch,” 15th c. 

“Segreti per colori” (Bologna 
manuscript), 15th c. 

Anonymous manuscript, Florence, 
15th c. (1443) 

Francesco Formica, 15th c. 

“Ricettario anonimo del ‘500,” 
16th c. (1560)  

Vasari, Le vite de’ più eccellenti 
pittori, scultori e architettori, 

16th c. (1550)

Biringucci, De la pirotechnia, 
16th c. (1540)  

Ricette per fare vetri colorati e 
smalti d’ogni sorte, havute in 

Murano, 16th c. (1536) 

Secreti diversi (Marciana 
manuscript), 16th c. (1503–1527) 

Agricola, De re metallica, 16th 
c. (1556)

Greitzer, “Verständlicher Bericht 
und Lehre. . . ,” 16th c. (1565)  

Eraclius, “De coloribus et artibus 
romanorum,” 10th–13th c. 

“Compositiones ad tingenda 
musiva” (Lucca manuscript), 6th–8th c. 

“Mappae clavicula,” 9th c. 

Theophilus, “De diversis artibus: 
Diversarum artium schedula,”  

12th c. (1110) 

Manuscript of monk from Żagań, 
15th c. 

Le Vieil, L’Art de la peinture sur verre et de la vitrerie, 
18th c. (1774) 

Bertrand, Descriptions des arts et métiers: L’Art de la 
peinture sur verre, 18th c. (1781)  

Paul Bosc d’Antic, 18th c. (1758–1780) 

Neri, L’arte vetraria, 17th c. (1612) 

Lebrun, “Recueil des essaies des merveilles de la 
peinture” (Brussels manuscript), 17th c. (1635)  

Darduin, “Copie de tutti li secreti de smalti cavate dalli 
Libri, et altre carte della buona mem[oria],” 17th c. (1644) 

Brunoro, “Libro de’ segreti cavato da molti mastri di 
cristali et da altri homeni literati,” 17th c. (1645)  

Merret, The Art of Glass, 17th c. (1662) 

Félibien, Des principes de l’architecture, de la sculpture, 
de la peinture et  des autres arts qui en dependent,

17th c. (1676) 

Kunckel, Ars Vitraria Experimentalis, 17th c. (1679) 

Blancourt, De l’art de la verrerie, 17th c. (1697) 

Sánchez Martínez, “Tratado del secreto de pintar a 
fuego las vidrieras de colores,” 18th c. (1718)  

Encyclopédie, Diderot and d’Alembert (Art du 
verre: Fabrication des glaces), 18th c. (1751)  

Holbach, Art de la verrerie de Neri, Merret et Kunckel, 
18th c. (1752) 

Dossie, The Handmaid to the Arts, 18th c. (1758) 

Reboulleau and Magnier, Nouveau manuel complet
de la peinture sur verre, sur porcelaine & sur émail, 

19th c. (1825) 

Benjamin Scholz, 19th c. (1820) 

Factory Superintendent Kirn, 19th c. (1831–1837) 

Bontemps, Guide du verrier, 19th c. (1868) 

“Arcano Castro e Oliveira,” 20th c. 

Wolf, Le Travail et le façonnage décoratif du verre,
20th c. (1932)  

“Arcano Gaivotas,” 20th c. 

“Arcanos Marinha Grande,” 18th c. 

Copy/Translation 

Grisaille recipes 

“Memoria de las colores para pintar sobre vidrio,” 17th c. 

FIG. 3. Historical written sources (sixth–20th centuries) focusing on glass technology, 
with schematic representation of the relationships between them 

(following Joost Caen [note 1]). Texts with grisaille recipes appear in blue.
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attributed to an increase of interest in the subject 
during the Middle Ages, as well as the develop-
ment of the printing press.16 In addition, most 
of the ancient sources treated general subjects 
such as medicine, painting, metallurgy, dyes, 
and glass. Beginning in the 17th century, how-
ever, the sources concentrated exclusively on 
glass technology.

All of the written sources consulted originated 
in Europe (see Figure 4b). About one-third of 
the texts came from Italy, and the next highest 
numbers came from central Europe and France, 
which is perhaps not surprising because these 
regions were the principal European producers 
of glass.17 

Historical Written Sources That Refer 
to Grisaille

Twenty-one of the 46 historical written 
sources included references to grisaille. They are 
listed in Table 1, and the interactions between 
them are represented in Figure 3.

These sources demonstrate their authors’ in-
terest in preserving the grisaille technique, with 
30 original recipes being found consistently 
through the centuries. 

The earliest known recipe for grisaille can be 
found in the manuscript by Eraclius titled “De 
coloribus et artibus romanorum,” which is di-
vided into three parts describing traditional craft 
practices, the first two parts dating from the 
10th century and the third part from the 13th 

century.18 “De diversis artibus” by Theophi lus 
(12th century), which also describes a grisaille 
recipe, is divided into three books treating paint-
ing, glass, and metalwork, and is the earliest 
known source to address the production of 
stained glass windows.19 “Secreti per lavorar li 
vetri secondo la dottrina de Maestro Antonio da 
Pisa” (14th century), which is dedicated exclu-
sively to the art of stained glass, describes the 
various production steps (from the initial draw-
ing to the final window), and also contains a 
grisaille recipe.20

Cennino Cennini’s “Il libro dell’arte” (1390) 
is a practical manual describing the author’s 
own knowledge and abilities as a painter, and 
presenting instructions for drawing, painting, 
and gilding on glass, but it also refers to gri-
saille. In the chapter titled “Come si lavorano 
in vetro, finestre,” Cennini discusses the way in 

16. Virginia Chieffo Raguin with Mary Clerkin Higgins, The 
History of Stained Glass: The Art of Light Medieval to Con-
temporary, London: Thames & Hudson, 2008, pp. 56–111; 
James C. Moran, “The Development of the Printing Press,” 
Journal / Royal Society for the Encouragement of Arts, Manufac-
tures and Commerce, v. 119, no. 5177, [1971?], pp. 281–293.

17. Whitehouse [note 4].
18. Clarke [note 1]; Moretti and Hreglich [note 2]; Merrifield 

[Table 1, note 1].
19. Hawthorne and Smith [note 6]; Theophilus, An Essay 

[note 6].
20. Lautier and Sandron [note 6]; Marco Verità, “Commento 

tecnico al Trattato di Antonio da Pisa,” in Vetrate: Arte e re-
stauro. Dal trattato di Antonio da Pisa alle nuove tecnologie di 
restauro, ed. Gianantanio Mecozzi, Milan: Silvana Editoriale, 
1991, pp. 87–104.

FIG. 4. Chronology (a) and provenance (b) of European 
historical written sources on glass.
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TABLE 1

Historical Written Sources in which Grisaille Is Mentioned

Date Author Original Title Country*
Original 

Language
Location of the Original / 

Oldest Copy of the Manuscript

Original No. / Chapter / 
 Folium for Grisaille 

Recipe(s) Consulted Source

10th–13th c. Eraclius “De coloribus et artibus romanorum” (Italy) Latin British Museum, London (U.K.) Chap. XLIX Merrifield1

12th c. (1110) Theophilus “De diversis artibus” (Germany) Latin Austrian National Library (Vienna) Chap. XIX Theophilus [note 6]

14th c. Antonio da Pisa “Secreti per lavorar li vetri secondo la 
dottrina de Maestro Antonio da Pisa”

(Italy) Italian Sacro Convento Library, Assisi (Italy) f.2r Lautier and Sandron 
[note 6]

14th c. (1390) Cennino Cennini “Il libro dell’arte” (Italy) Italian Laurentian Library, Florence (Italy) Chap. CLLXXI Cennino Cennini2 

15th c. Monk from Żagań — (Poland) Latin Wrocław University Library (Poland) f.68r Lautier and Sandron 
[note 6] 

15th c. Francesco Formica — (Italy) Italian Intronati Library, Siena (Italy) f.40v Ibid.

15th c. 
(after 1461)

Anonymous “Kunstbuch” (Germany) German State Library of Nuremberg (Germany) f.47v Ibid. 

16th c. 
(1503–1527)

Anonymous “Secreti diversi” (Marciana manuscript) (Italy) Italian Library of San Marco, Venice (Italy) 325 Merrifield1

16th c. (1550) Giorgio Vasari Le vite de’ più eccellenti pittori, scultori, 
e architettori

(Italy) Italian — Chap. Guglielmo 
da Marcilla

Lives3 

16th c. (1565) Christophe 
Greitzer

“Verständlicher Bericht und Lehre der Schönen 
Kunst des Glasmalens und Brennens, sammt . . .”

(Germany) German Library of Trier (Germany) Chaps. B, C, D Arendt4

17th c. (1635) Pierre Lebrun “Recueil des essaies des merveilles de la 
peinture . . .” (Brussels manuscript 1635)

(Belgium) French Public Library of Brussels (Belgium) Chap. IV Merrifield1

17th c. (1676) André Félibien Des principes de l’architecture, de la sculpture, 
de la peinture et des autres arts qui en dependent

France French — Chap. XXI Félibien5

17th c. (1679) Johannes Kunckel Ars Vitraria Experimentalis (Germany) German — II Part, Chaps. 
XXXVI–XL

Kunckel6

17th c. (1697) Haudicquer 
de Blancourt

De l’art de la verrerie France French — Chap. CCIV Haudicquer de 
Blancourt7

17th c. Anonymous “Memoria de las colores para pintar sobre vidrio” Spain Spanish National Library of Spain (Madrid) — “Memoria”8

18th c. (1752) Baron d’Holbach Art de la verrerie de Neri, Merret 
et Kunckel

France French — II Part, Chaps. 
XXXVI–XL

Holbach9

18th c. (1774) Pierre Le Vieil L’Art de la peinture sur verre et de la vitrerie France French — II Part, Chap. III Le Vieil10

* Countries in parentheses did not exist at the time when the original sources were written.
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Date Author Original Title Country*
Original 
Language

Location of the Original / 
Oldest Copy of the Manuscript

Original No. / Chapter / 
 Folium for Grisaille 

Recipe(s) Consulted Source

10th–13th c. Eraclius “De coloribus et artibus romanorum” (Italy) Latin British Museum, London (U.K.) Chap. XLIX Merrifield1

12th c. (1110) Theophilus “De diversis artibus” (Germany) Latin Austrian National Library (Vienna) Chap. XIX Theophilus [note 6]

14th c. Antonio da Pisa “Secreti per lavorar li vetri secondo la 
dottrina de Maestro Antonio da Pisa”

(Italy) Italian Sacro Convento Library, Assisi (Italy) f.2r Lautier and Sandron 
[note 6]

14th c. (1390) Cennino Cennini “Il libro dell’arte” (Italy) Italian Laurentian Library, Florence (Italy) Chap. CLLXXI Cennino Cennini2 

15th c. Monk from Żagań — (Poland) Latin Wrocław University Library (Poland) f.68r Lautier and Sandron 
[note 6] 

15th c. Francesco Formica — (Italy) Italian Intronati Library, Siena (Italy) f.40v Ibid.

15th c. 
(after 1461)

Anonymous “Kunstbuch” (Germany) German State Library of Nuremberg (Germany) f.47v Ibid. 

16th c. 
(1503–1527)

Anonymous “Secreti diversi” (Marciana manuscript) (Italy) Italian Library of San Marco, Venice (Italy) 325 Merrifield1

16th c. (1550) Giorgio Vasari Le vite de’ più eccellenti pittori, scultori, 
e architettori

(Italy) Italian — Chap. Guglielmo 
da Marcilla

Lives3 

16th c. (1565) Christophe 
Greitzer

“Verständlicher Bericht und Lehre der Schönen 
Kunst des Glasmalens und Brennens, sammt . . .”

(Germany) German Library of Trier (Germany) Chaps. B, C, D Arendt4

17th c. (1635) Pierre Lebrun “Recueil des essaies des merveilles de la 
peinture . . .” (Brussels manuscript 1635)

(Belgium) French Public Library of Brussels (Belgium) Chap. IV Merrifield1

17th c. (1676) André Félibien Des principes de l’architecture, de la sculpture, 
de la peinture et des autres arts qui en dependent

France French — Chap. XXI Félibien5

17th c. (1679) Johannes Kunckel Ars Vitraria Experimentalis (Germany) German — II Part, Chaps. 
XXXVI–XL

Kunckel6

17th c. (1697) Haudicquer 
de Blancourt

De l’art de la verrerie France French — Chap. CCIV Haudicquer de 
Blancourt7

17th c. Anonymous “Memoria de las colores para pintar sobre vidrio” Spain Spanish National Library of Spain (Madrid) — “Memoria”8

18th c. (1752) Baron d’Holbach Art de la verrerie de Neri, Merret 
et Kunckel

France French — II Part, Chaps. 
XXXVI–XL

Holbach9

18th c. (1774) Pierre Le Vieil L’Art de la peinture sur verre et de la vitrerie France French — II Part, Chap. III Le Vieil10
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which the painter must partner with the glazier 
in working on the glass panel, and describes a 
paint used for outlines and shadows as “lima-
tura di rame ben macinato” (filings of copper),21 
which agrees with the definition of grisaille. 

In the 15th century, grisaille was discussed 
in three different works. Two of them, an unti-
tled manuscript by Francesco Formica and the 
anony mous “Kunstbuch” housed in the State 
Library of Nuremberg (Germany), are general 
writings that cover such subjects as medicine, 
mathematics, textile handicraft, and glass pro-
duction.22 The third work is an untitled manu-
script by a monk from Żagań (Poland), which 

is based on the previous treatises of Theophilus 
and Antonio da Pisa.23 

We found several 16th-century manuscripts 
that refer to grisaille. “Secreti diversi,” which 
was also known as the Marciana manuscript 
and is in the collection of the Library of San 
Marco in Venice (Italy), was written to be used 
in daily life in a monastery, and it therefore 

21. Cennino Cennini [Table 1, note 2].
22. Lautier and Sandron [note 6].
23. Karine Boulanger, “Les Traités médiévaux de peinture 

sur verre,” Bibliothèque de l’Ecole des Chartres, v. 162, no. 1, 
2004, pp. 9–33.

Date Author Original Title Country*
Original 

Language
Location of the Original / 

Oldest Copy of the Manuscript

Original No. / Chapter / 
 Folium for Grisaille 

Recipe(s) Consulted Source

18th c. (1781) J. E. Bertrand Descriptions des arts et métiers: L’Art de la 
peinture sur verre 

(Switzerland) French — II Part, Chap. III Bertrand11 

18th c. (1718) Francisco Sánchez 
Martínez

“Tratado del secreto de pintar a fuego las 
vidrieras de colores”

Spain Spanish Cathedral Library, Toledo (Spain) Chap. 3 Sánchez 
Martínez12

19th c. (1825) Reboulleau 
and Magnier

Nouveau manuel complet de la peinture 
sur verre, sur porcelaine & sur émail

France French — Chap.VI Reboulleau 
and Magnier13

19th c. (1868) Georges Bontemps Guide du verrier France French — Book VII, Chap. I Bontemps14

1.  Mary P. Merrifield, Original Treatises on the Arts of Painting, New York: Dover Publications, 1999. 
2.  Cennino Cennini: Il libro dell’arte, ed. Fabio Frezzatto, Vicenza: Neri Pozza, 2003.
3.   Lives of the Most Eminent Painters, Sculptors, and Architects, translated from the Italian of Giorgio Vasari, 

with notes and illustrations chiefly selected from various commentators by Mrs. Jonathan Foster, v. 1, London: Bohn, 1855.
4.   Charles Arendt, “Analyse d’un manuscrit de 1565, conservé à la bibliothèque de Trèves, traitant de la technique de la peinture 

sur verre,” Annales de La Fédération Archéologique & Historique de Belgique, v. 2, 1904, pp. 1–5.
5.   André Félibien, Des principes de l’architecture, de la sculpture, de la peinture, et des autres arts qui en dépendent, 

Paris: Jean-Baptiste Colgnard, 1676.
6.  Johannes Kunckel, Ars Vitraria Experimentalis, Frankfurt/Leipzig: Christoph Günthern, 1679.
7.  Jean Haudicquer de Blancourt, De l’art de la verrerie, Paris: Jean Jombert, 1697.
8.  “Memoria de las colores para pintar sobre vidrio,” in “Papeles varios [Manuscrito],” Biblioteca Nacional de España, Madrid.
9.  Paul Henri Thiry, Baron d’Holbach, Art de la verrerie de Neri, Merret et Kunckel, Paris: Durand and Pissot, 1752.

10.  Pierre Le Vieil, L’Art de la peinture sur verre et de la vitrerie, Paris: De l’Imprimerie de L. F. Delatour, 1774.
11.   Jean Elie Bertrand, L’Art de la peinture sur verre, in Descriptions des arts et métiers, v. 13, Neuchatel: De l’Imprimerie 

de la Société Typographique, 1781.  
12.   “Documentos inéditos: Tratado del secreto de pintar a fuego las vidrieras de colores de esta Sta. Igla. primada 

de Toledo – Por Francisco Sánchez Martínez – 1718,” Toletum: Boletín de la Real Academia de Bellas Artes y Ciencias 
Históricas de Toledo, nos. 28/29, 1926.

13.   M. E. F. Reboulleau and M.-Désiré Magnier, Nouveau manuel complet de la peinture sur verre sur porcelaine & sur émail, 
Paris: Encyclopédique de Roret, 1825.

14.   Georges Bontemps, Guide du verrier: Traité historique et pratique de la fabrication des verres, cristaux, vitraux, 
Paris: Librairie du Dictionnaire des Arts et Manufactures, 1868.

TABLE 1 (Cont.)
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commented on various subjects, including med-
icine, chemistry, painting, and gilding.24 By con-
trast, Giorgio Vasari’s Le vite de’ più eccellenti 
pittori, scultori e architettori concentrated on 
glass and other artistic techniques.25 Among the 
other manuscripts dating from the 16th century 
is “Verständlicher Bericht und Lehre der Schö-
nen Kunst des Glasmalens und brennens, sammt 
vielen dazu dienenden Vorsichtsmaszregeln und 
Unterweisungen mit gründlicher Erklärung” by 
Christophe Greitzer (1565), which is preserved 
in a library in Trier (Germany). It explains only 
the preparation of paints for glass.26 

In the 17th century, interest in glassmaking 
technology increased, resulting in the publica-
tion of several written sources (see Figure 3). 
One of the most important texts of that time is 
Ars Vitraria Experimentalis, dating from 1679, 
by the German Johannes Kunckel.27 It includes 
a transcription of L’arte vetraria by Antonio 
Neri, with Kunckel adding a second part to the 
text, based on his own experiments with glass 
production, including some grisaille recipes. 
Kunckel’s work was also transcribed, translat-
ed, and commented on in subsequent works.28 
Other manuscripts containing grisaille recipes 
are “Recueil des essaies des merveilles de la 
peinture . . .” (1635) by Pierre Lebrun, which 
focuses on painting in general but includes a 
chapter about painting on glass;29 Des principes 

de l’architecture, de la sculpture, de la peinture 
et des autres arts qui en dependent (1676) by 
André Félibien, which is divided into three 
books about architecture, sculpture, and paint-
ing, the last of these including a chapter on 
stained glass;30 De l’art de la verrerie (1697) by 
Haudicquer de Blancourt, which presents 12 
books on glass, from a discussion of the origins 
of glass to its production;31 and “Memoria de 
las colores para pintar sobre vidrio,” a small 
work with some recipes for making colors to be 
painted on glass. The last of these was found 
inside a manuscript titled “Papeles varios,” 
which is preserved in the National Library of 
Spain in Madrid.32 

Despite the decline in the use of stained glass, 
important books describing the production of 
stained glass windows emerged in the 18th cen-
tury.33 One of the most important works from 
that period is Art de la verrerie de Neri, Merret 

Date Author Original Title Country*
Original 
Language

Location of the Original / 
Oldest Copy of the Manuscript

Original No. / Chapter / 
 Folium for Grisaille 

Recipe(s) Consulted Source

18th c. (1781) J. E. Bertrand Descriptions des arts et métiers: L’Art de la 
peinture sur verre 

(Switzerland) French — II Part, Chap. III Bertrand11 

18th c. (1718) Francisco Sánchez 
Martínez

“Tratado del secreto de pintar a fuego las 
vidrieras de colores”

Spain Spanish Cathedral Library, Toledo (Spain) Chap. 3 Sánchez 
Martínez12

19th c. (1825) Reboulleau 
and Magnier

Nouveau manuel complet de la peinture 
sur verre, sur porcelaine & sur émail

France French — Chap.VI Reboulleau 
and Magnier13

19th c. (1868) Georges Bontemps Guide du verrier France French — Book VII, Chap. I Bontemps14

24. Merrifield [Table 1, note 1].
25. Lives [Table 1, note 3].
26. Baudoin [note 15]; Arendt [Table 1, note 4].
27. Kunckel [Table 1, note 6].
28. Holbach [Table 1, note 9]; Le Vieil [Table 1, note 10].
29. Merrifield [Table 1, note 1].
30. Félibien [Table 1, note 5].
31. Blancourt [Table 1, note 7].
32. “Memoria” [Table 1, note 8].
33. Raguin [note 16].



80

et Kunckel, written by Baron d’Holbach.34 The 
author translated and transcribed previous 
works from Neri, Merret, and Kunckel, without 
including new recipes. Another important ex-
ample from that period is L’Art de la peinture 
sur verre et de la vitrerie, dating from 1774 and 
written by Pierre Le Vieil.35 This work, divided 
into three volumes, focuses on stained glass 
painting techniques. The first volume describes 
glass painting from a historical point of view, 
with reference to the most important stained 
glass works and painters. The second volume 
presents a more technical and practical expla-
nation, adding to the knowledge of previous 
authors (Neri, Merret, Félibien, Kunckel, Blan-
court, Holbach, and Robert Dossie) insights 
from the Le Vieil family’s experiences as glass-
makers. The third volume is dedicated to the 
production of lanterns. In the second volume, 
there are recipes for grisaille, but they are trans-
lations from Kunckel’s work. 

During the production of the stained glass 
panels for the Primate Cathedral of Saint Mary 
of Toledo (Spain), the glazier Francisco Sánchez 
Martínez wrote a small treatise called “Tratado 
del secreto de pintar a fuego las vidrieras de 
colores de esta Santa Iglesia Primada de Toledo” 
(1718), in which he described the methodology 
employed for the fabrication of the painted 
stained glass windows, including the materials 
for painting.36

Newly written sources appeared in the 19th 
century, when there was a renewed interest in 
stained glass production and comprehensive 
restorations were made of historical stained 
glass panels from the most important European 
cathedrals.37 The key sources from that period 

are Nouveau manuel complet de la peinture sur 
verre, sur porcelaine & sur émail by M.-E. F. 
Reboulleau and M.-Désiré Magnier (1825), 
which is divided into four volumes focusing on 
painting on glass, painting on porcelain, enamel-
ing on metals, and general notes supplementing 
the other volumes;38 and Guide du verrier (1868) 
by Georges Bontemps, the most descriptive and 
detailed compendium concerning glass produc-
tion of its time. Both of these documents con-
tain recipes for grisaille.39 

To summarize, the written sources consulted 
by the authors concentrated on glass technol-
ogy, and decorative techniques, when they were 
included, were in the form of brief chapters. 
Nevertheless, grisaille recipes are present in the 
most important texts from all of the periods, re-
flecting the interest in preserving this painting 
technique (see Figure 3 and Table 1).

ANALYSES OF THE GRISAILLE RECIPES 

The grisaille recipes identified in the historical 
written sources were transcribed and critically 
interpreted for the identification of the raw ma-
terials, except the ones in the works of Cennino 
Cennini (14th century) and Giorgio Vasari (16th 
century), which did not provide a detailed reci-
pe but mentioned the technique and some of 
the raw materials. For the interpretation of the 
recipes, it is necessary to take into account sev-
eral considerations, including the fact that the 
same material can have different names, depend-
ing on the language and the production center, 
and that some errors and misspellings were 
made (by different authors) in translating and 
transcribing the recipes.40 In addition, the recipes 

34. Holbach [Table 1, note 9].
35. Le Vieil [Table 1, note 10].
36. Sánchez Martínez [Table 1, note 12]; A. La Iglesia, M. C. 

Lopez de Azcona, and F. Mingarro Martin, “El ‘Tratado del 
secreto de pintar a fuego las vidrieras de colores’ de F. Sánchez 
Martínez, 1718,” Boletin de la Sociedad Española de Cerámica 
y Vidrio, v. 33, no. 6, 1994, pp. 327–331, http://boletines.secv 
.es/upload/199433327.pdf (accessed September 29, 2018).

37. O[livier] Schalm and others, “Enamels in Stained Glass 
Windows: Preparation, Chemical Composition, Microstructure 

and Causes of Deterioration,” Spectrochimica Acta, Part B: 
Atomic Spectroscopy, v. 64, no. 8, 2009, pp. 812–820.

38. Reboulleau and Magnier [Table 1, note 13].
39. Bontemps [Table 1, note 14]; Georges Bontemps, Bon-

temps on Glass Making: The Guide du verrier of Georges 
Bontemps, trans. Michael Cable, Sheffield, U.K.: Society of Glass 
Technology, 2008.

40. Moretti and Hreglich [note 2]; Palomar, Diaz Hidalgo, 
and Vilarigues [note 2].
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were written in the vernacular of their day, 
which is no longer in use.

Following the interpretation of the grisaille 
recipes, the raw materials used in their produc-
tion were classified as coloring agents, base 

glass es, vehicles, and other materials. The in-
terpretation of the raw materials is shown in 
Table 2.

TABLE 2

Raw Materials Identified in the Grisaille Recipes 
(Excluding Direct Copies from Previous Works)

Author Chronology Coloring Agents Base Glass Vehicle/Medium
Other 

Materials Source Consulted

Eraclius 10th–13th c. Iron filings Jewish glass 
(lead glass)

— Sapphire Merrifield [Table 1, note 1]

Theophilus 12th c. Burned beaten 
copper

Green glass Wine/urine Greek sapphire Theophilus [note 6]

Antonio 
da Pisa

14th c. Copper battitures Paternostri 
(yellow)

— — Vetrate [note 20]; Lautier 
and Sandron [note 6]

Monk from 
Żagań

15th c. Copper battitures Green glass Wine, urine, 
pure water

— Lautier and Sandron 
[note 6]

Francesco 
Formica

15th c. Copper filings Paternostri 
(yellow)

Pure water (l’acqua 
chiara)/egg white 

— Ibid.

Anonymous 
(Nuremberg)

15th c. Copper ashes Paternostri 
(green)

Pure water (lautern 
Wasser)/gum water 
(Wasser gummy)

— Ibid.

Anonymous 
(Marciana)

16th c. Iron filings — Gum water Burned lead 
or tin

Merrifield [Table 1, note 1]

Christophe 
Greitzer

16th c. Iron filings Schmelz Glaß Gum arabic — Arendt [Table 1, note 4]

Iron battitures 
and copper filings

Ground yellow 
glass

—

Pierre 
Lebrun

17th c. Iron escailles Clearest rocaille Urine Merrifield [Table 1, note 1]

André 
Félibien

17th c. Iron escailles and 
burned copper 

Rocaille Gum arabic Félibien [Table 1, note 5]

Johannes 
Kunckel

17th c. Iron and copper filings

Iron filings

Copper filings

Iron filings

Copper and iron filings

Copper filings

Copper and iron filings

Copper and iron filings

Copper and iron filings

Copper and iron filings

Copper filings

Iron filings and manganese

Manganese

Schmelz Glaß 

Jett Körner 

Jett Körner

Jett Körner

Schmelz Glaß

Schmelz Glaß

Weiß Glaß

Blei-Glaß

—

Jett Körner

Schmelz Glaß

Weiß Glaß

Weiß Glaß or 
Schmelz Glaß

—

—

— 

—

—

—

—

—

—

—

Wine

Vinegar with water

Vinegar, wine, water

—

Antimony

Antimony

—

—

Antimony

—

Antimony

Lead, antimony, 
lead white

Lead ashes

Antimony

—

Kunckel [Table 1, note 6]

Holbach [Table 1, note 9]

Le Vieil [Table 1, note 10]
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Coloring Agents

The coloring agents are compounds respon-
sible for the coloration of the grisaille. The au-
thors used different terms—such as battitures, 
escailles, and filings to refer to the burned pieces 
of iron and/or copper that fall from the anvil 
during the blacksmithing. These metals can be 
used individually or in combination. The color-
ing agents were the same until the 19th century, 
when the recipes began to refer to the use of 
pigments (e.g., hematite and umber), as in the 
work of Georges Bontemps. The use of hema-
tite as a coloring agent had previously been 
proposed by Giorgio Vasari in the 16th century, 
when he called it lapis amotica.41 Manganese 
also appears as a coloring agent in two recipes 
from Kunckel’s work (17th century), found in 
chapters LX (“Noch eine dergleichen schöne 
Schwärtze”) and LXI (“Braun auf Glaß zu ma-
chen”) (see Table 2). These recipes, similar to 
those that include black enamel, could have re-
sulted from the author’s attempt to substitute 
manganese oxide for iron and copper grains.

Base Glass

The base glass is responsible for the adhesion 
of the grisaille to the glass substrate after firing 
and, together with the coloring agents, it is the 

most common raw material in the recipes (see 
Table 2). Table 3 presents the different base 
glasses used for the production of grisaille and 
includes information on the respective recipes, 
where these were provided by the authors. It 
also lists the authors who made use of these 
base glasses in their recipes for grisaille. 

 Jewish glass, Rocaille, Pasta, Fondant A, 
Schmelz Glaß, Weiß Glaß, and Blei-Glaß are 
base glasses with recipes in the same treatises 
that contain grisaille recipes (see Table 3). Ro-
caille, Pasta, and Fondant A consist mainly of 
silica with a high lead content. The main differ-
ences between them are the proportion of lead 
oxide to silica, which varied from 1.5 to 3, and 
a change in the source of lead in the 19th cen-
tury, when calcined lead was replaced by mini-
um, which is normally found in nature and 
used as a pigment in illuminated manuscripts 
and paintings.42 

Jewish glass, Pasta, and Fondant A were 
mentioned only in their original source, while 
Rocaille appeared for the first time in Pierre 
Lebrun’s 17th-century manuscript, “Recueil des 

TABLE 2 (Cont.)

41. Lives [Table 1, note 3].
42. Nicholas Eastaugh and others, The Pigment Compendi-

um: A Dictionary of Historical Pigments, Oxford, U.K.: Else-
vier Butterworth-Heinemann, 2004.

Author Chronology Coloring Agents Base Glass Vehicle/Medium
Other 

Materials Source Consulted

Haudicquer 
de Blancourt

17th c. Iron escailles or scoria 
(iron filings) and burned 
copper

Rocaille — — Blancourt [Table 1, note 7]

Anonymous 17th c. Burned copper 
and scoria 

Black enamel Gum arabic — “Memoria” 
[Table 1, note 8]

Francisco 
Sánchez 
Martínez

18th c. Iron and/or copper filings Pasta (made with 
river stones and 
lead)

— Burned lead 
and tin

Sánchez Martínez 
[Table 1, note 12]

Reboulleau 
and Magnier

19th c. Black iron oxide/burned 
iron trioxide (red or 
violet)

Rocaille — — Reboulleau and Magnier 
[Table 1, note 13]

Georges 
Bontemps

19th c. Burned earth umber

Fer oligiste (hematic)

Fondant A

Fondant A

—

—

—

—

Bontemps [Table 1, note 14]
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Glass
Author(s) Who Used It 
for Grisaille Production

Source of Base Glass 
Recipe

Chapter 
Number Raw Materials Consulted Source

Jewish glass 
(lead glass)

Eraclius “De coloribus et 
artibus romanorum”

VIII [271] Burned lead, sand (2:1)
For green glass: brass 
filings 

Merrifield 
[Table 1, note 1]

Green glass Theophilus;
monk from Żagań 

— — — —

Paternostri Antonio da Pisa
Francesco Formica
“Kunstbuch” manuscript

Bologna manuscript 272 Lead, tin Ibid.

Yellow glass Christophe Greitzer Bologna manuscript 273 Paternostri glass, 
minium, sand (4:5:1)

Ibid.

Rocaille Pierre Lebrun
André Félibien 
Haudicquer de Blancourt 
Reboulleau and Magnier

Des principes de 
l’architecture, de la 
sculpture, de la 
peinture et des autres 
arts qui en dependent 

Chap. XXI Lead, sand (3:1)
For green glass, change 
proportion (1:3)

Félibien 
[Table 1, note 5]

Schmelz Glaß Christophe Greitzer, 
Johannes Kunckel

Ars Vitraria 
Experimentalis

Part I, 
Chap. 93 

Burned lead and tin, 
crystal frit (1:1) and 
8 oz. purified potash

Kunckel 
[Table 1, note 6] 

Jett Körner Johannes Kunckel — — — —

Weiß Glaß Johannes Kunckel Ars Vitraria 
Experimentalis

Part I, 
Chap. 54
Chap. 55

Crystal frit, burned lead 
and tin (3:1) and 0.5 oz. 
manganese

Ibid.

Blei-Glaß Johannes Kunckel Ars Vitraria 
Experimentalis

Part I, 
Chap. 63

Burned lead, frit 
(crystal/rochetta) (15:12)

Ibid.

Black enamel “Memoria de las colores 
para pintar sobre vidrio” 

— — — —

Pasta Francisco Sánchez 
Martínez

“Tratado del secreto 
de pintar a fuego las 
vidrieras de colores”

— Minium, river pebbles 
(3:2)

Sánchez Martínez 
[Table 1, note 12]

Fondant A Georges Bontemps Guide du verrier — Minium, silica (5:2) Bontemps 
[Table 1, note 14]

TABLE 3

Base Glasses Used in Grisaille Recipes and Their Recipes (When They Are Found)

43. Merrifield [Table 1, note 1].
44. Félibien [Table 1, note 5].
45. Santos and Vilarigues [note 14].
46. Antonio Neri [note 6].

essaies des merveilles de la peinture. . . .”43 How-
ever, the first recipe containing Rocaille is found 
in André Félibien’s work,44 dating from 41 years 
later. This glass was used until the 19th century, 
not only in grisaille but also in sanguine paint.45 

The other three glasses (Schmelz Glaß, Weiß 
Glaß, and Blei-Glaß) are mentioned in the work 
of Kunckel (1679), and Schmelz Glaß is also 

noted by Christophe Greitzer; however, recipes 
including these glasses are first found in Antonio 
Neri’s L’arte vetraria (1612),46 which Kunckel 
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translated and commented on in the first part of 
his 1679 manuscript.47 

Schmelz Glaß, described in chapter 93 (“Die 
materia aus welcher alle Schmelzgläser oder 
Smaltem bereitet/werden”) of Kunckel’s Ars Vi-
traria Experimentalis, is a recipe for the pro-
duction of a base glass for enamels made by a 
mixture of burned lead and tin, a crystal frit pre-
viously explained in the same source, and puri-
fied potash. Weiß Glaß (white glass) can refer 
to different types of white glasses, but Kunckel 
presented two recipes for a glass with a milky 
color that he called Milch-Farbe. According to 
these recipes, the recipe for Weiß Glaß is not 
much different from that of Schmelz Glaß, but 
it adds a small amount of manganese. Finally, 
Blei-Glaß (lead glass) is described in chapter 
63 (“Wie man das Blei-Glas machen soll”) of 
Kunckel’s Ars Vitraria Experimentalis. It is made 
with a mixture of burned lead and frit (crystal 
frit or rochetta frit), employed with a recipe 
very similar to the two previously mentioned. 
However, in Kunckel’s notes on this recipe, he 
stated that this glass is not easy to work or use.

Kunckel also mentions a glass called Jett 
Körner but does not present a recipe for it. The 
18th-century French translations by Holbach 
(1752)48 and Le Vieil (1774) 49 refer to this glass 
as rocaille. 

Lead oxide is used in most of the grisaille 
recipes because it permits the melting tempera-
ture of the base glass to be reduced.50 This is es-
sential because grisailles must be melted at a low 
temperature to avoid deformation of the glass 

47. Kunckel [Table 1, note 6].
48. Holbach [Table 1, note 9].
49. Le Vieil [Table 1, note 10].
50. José María Fernández Navarro, El Vidrio, 3rd edn., Tex-

tos Universitários, v. 6, Madrid: CSIC : Sociedad Española de 
Cerâmica y Vidrio, 2003.

51. R[ossella] Arletti, C. Fiori, and M. Vandini, “A Study of 
Glass Tesserae from Mosaics in the Monasteries of Daphni and 
Hosios Loukas (Greece),” Archaeometry, v. 52, pt. 5, October 
2010, pp. 796–815.

52. Merrifield [Table 1, note 1].
53. Ian Freestone, “Theophilus and the Composition of Me-

dieval Glass,” in Materials Issues in Art and Archaeology III, 

substrates to which they are applied. It is there-
fore safe to assume that the rest of the glasses 
that are not found in the same treatises that 
present recipes for grisaille (see Table 3) were 
lead-silica glasses with a high lead content. 

The only mention of “green glass” in the 
recipes of Theophilus and the monk from 
Żagań (see Table 3) appears in chapter 12, titled 
“Various Colors of Non-Translucent Glass,” of 
Theophilus’s work. It includes mosaic glasses, 
but mosaic green glass is normally not enriched 
with lead.51 On the other hand, Eraclius, in his 
recipe for Jewish glass used in grisaille, added a 
note saying, “But if you wish to make it appear 
green, take brass filings, and put as much as 
you think proper into the lead glass.”52 Some 
archaeological glass objects from that period 
are of a copper-based emerald-green color with 
a high content of lead silicate,53 which could be 
the same green glass found in the recipes con-
tained in the manuscripts of Theophilus and the 
monk from Żagań.

Recipes for paternostri and yellow glasses are 
found in the anonymous 15th-century manu-
script “Secreti per colore,” which is also known 
as the Bologna manuscript. Both of these reci-
pes pertain to a glass composed of sand, lead 
oxide, and tin oxide, in which only the quanti-
ties of the lead and tin oxides vary. According 
to the manuscript, yellow glass was used for 
painting and paternostri were employed in the 
production of glass beads, mainly for rosaries. 
These beads could have been used as a base 
glass. The recipe for paternostri seems to be 

Materials Research Society Symposium Proceedings, v. 267, 
January 2011, 1992, pp. 739–745, www.researchgate.net/publi 
cation/274322580_Theophilus_and_the_Composition_of_Me 
dieval_Glass (accessed September 28, 2018); N[oemí] Carmona 
and others, “Islamic Glasses from Al-Andalus: Characterisation 
of Materials from a Murcian Workshop (12th Century AD, 
Spain),” Journal of Cultural Heritage, v. 10, no. 3, 2009, pp. 
439–445; idem, “Study of Chromophores of Islamic Glasses 
from Al-Andalus (Murcia, Spain),” in Lasers in the Conserva-
tion of Artworks, Proceedings of the International Conference 
Lacona VII, Madrid, Spain, 17–21 September 2007, ed. Marta 
Castillejo and others, Boca Raton, Florida: CRC Press, 2008, 
pp. 73–78.
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incomplete in the Bologna manuscript because 
it refers to the use of a mixture of lead and tin 
without the sand, an essential element for the 
production of glass. Modern comments on the 
work of Antonio da Pisa agree that the paterno-
stri employed in grisaille are a silica-lead matrix 
glass with tin.54 

Finally, the use of ground black enamel as a 
base glass is referred to only in the anonymous 
17th-century manuscript “Memoria de las co-
lores para pintar sobre vidrio.” This manuscript 
does not describe the recipe for black enamel. 
However, in the recipes for black enamel from 
Neri’s L’arte vetraria, published in the same 
century (1612), it can be observed that the glass 
employed for the production of this enamel con-
sists mainly of lead, silica, and tin.55 

Vehicle 

The vehicle provides the plasticity necessary 
for the application of the glass-based paint to 
the glass substrate. Most of the recipes do not 
refer to this material, but those that do list com-
mon vehicles used in painting, such as urine, 
wine, vinegar, gum arabic, and water (see Table 
2). All of these vehicles are organic materials 
that would have been carbonized during the fir-
ing process and thus absent in the final product.

Other Materials

This category presents a great number of 
compounds that can influence the final grisaille 
(see Table 2).

Sapphire, a variety of the mineral corundum, 
an aluminum oxide,56 could be considered a 
stabilizer of grisaille because aluminum oxide 
can act as a network former, and antimony, 
probably in the form of antimony oxide, can act 
as a fining agent for removing bubbles.57 Both 
compounds, however, are white pigments58 
that can be added to grisaille to make the color 
uniform or to opacify it. In the case of lead 
ashes, which are understood to be burned lead 
that forms lead oxide, and blanc de céruse, a 
lead carbonate, these can help to lower the 

melting temperature of the grisaille, as can be 
seen in the low-lead base glass employed in the 
recipe of Francisco Sánchez Martínez (1718) 
(see Table 3). 

Very little information is found in the histori-
cal texts regarding the firing process of grisaille. 
Some sources describe the kilns that were used, 
as well as the way in which the painted glass 
panels were placed inside them.59 Although the 
temperature of the firing process is never de-
scribed, it is clear that the authors understood 
that the temperature had to be low enough to 
avoid deformation of the panels.

CONCLUSIONS

Forty-six European historical written sources 
related to glass production were reviewed, but 
just 21 of them mention grisaille paints. Thirty 
original recipes were identified and interpreted. 
Raw materials were classified according to their 
role in grisaille painting to clarify their develop-
ment and use in the production technology. 

The making of grisaille did not change sig-
nificantly over the centuries. In the case of the 
coloring agents, there was a shift from burned 
metals to iron pigments and ochers in the more 
modern treatises. As for the base glass, all of 
the recipes used lead-silica glasses, regardless of 
their chronology and provenance, even when 
calcined lead was replaced by minium in the 
19th century. 

These changes can be related to the accessi-
bility of raw materials employed by the glaziers. 
During the Middle Ages, it seems to have been 
easier for a glazier to purchase iron and copper 

54. Paola Monacchia and Marco Verità, “Biblioteca Del 
Sacro Convento, Ms. 692,” in Vetrate: Arte e restauro [note 
20], pp. 55–69.

55. Antonio Neri [note 6].
56. Eastaugh and others [note 42]; Julie Kerr Casper, Min-

erals: Gifts from the Earth, Natural Resources, New York: In-
fobase Pub., 2007.

57. Navarro [note 50].
58. Eastaugh and others [note 42].
59. Merrifield [Table 1, note 1]; Theophilus, On Divers Arts 

[note 6]; Lautier and Sandron [note 6].
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scoria directly from a blacksmith, but in modern 
times, the development of commercial artistic 
materials favored the use of ochers, iron, and 
lead pigments. These artistic products were also 
more homogeneous, which enhanced control of 
the final color of the grisaille.
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Term Definition

Filings, battitures, escailles  Burned pieces of iron or copper that are produced when 
these metals are hammered.60

Paternostri  Glass beads made from a silica-based glass and lead oxide.61

Rocaille, Jett Körner  Type of lead glass used in the production of different glass-
based paints.

Schmelz Glaß  Type of glass that serves as a base glass for the production 
of enamels. The original formula is from Antonio Neri’s 
L’arte vetraria (1612).62

Blei-Glaß Translated literally as lead glass.
Weiß Glaß Translated literally as white glass.
Scoria  Less pure part of a metal that is separated during the 

smelting process.63

Pasta  Type of glass used in the production of grisaille. Described 
in “Tratado del secreto de pintar a fuego las vidrieras de 
colores de esta Sta. Igla. primada de Toledo” by Francisco 
Sánchez Martínez (1718).64

Fondant A  Type of glass used in the production of grisaille. Described 
in Guide du verrier by George Bontemps (1868).65

Vehicle  Organic liquid material that gives plasticity to powder 
paints so that they can be used for painting.

60. Schalm [note 7]; Denis Diderot and Jean Le Rond d’Alem-
bert, Encyclopédie, ou dictionnaire raisonné des sciences, des 
arts et des métiers, Paris: Chez Briasson, 1751.

61. Monacchia and Verità [note 54].
62. Antonio Neri [note 6].
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63. Diderot and d’Alembert [note 60]; “Scoria,” English 
Oxford Living Dictionaries, Oxford University Press, at https:// 
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65. Bontemps [Table 1, note 14].


