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Pre-Industrial Western Printing Inks, C.1450-1850

Elizabeth Savage and Linda Stiber Morenus

It is often assumed that all printing inks are the same: black, inert, and stable over centuries.
However, the ingredients in their recipes (or, as measurements were standardised in the 18th
century, the components in their formulation) have varied enormously since their invention
in the mid-1400s. This chapter offers a starting point for understanding the kind of pre-
industrial oil-based printing inks that were commonly used for printing texts, images, music,
and other kinds of content, mainly on paper and parchment supports, in a printing press, first
in Western Europe and Central and Eastern Europe, areas under European colonial control,
and other areas as the printing press spread. (Block-printing in Europe and relief printing in
Asia conventionally uses a water-based ink.) This study begins with the invention of
printing ink c¢.1450, when Johannes Gutenberg (d. 1468) created black printing ink for his
first publications, and red printing ink c.1455 for the Gutenberg Bible. It ends with
transformation of its production due to industrialisation and the development of synthetic
constituents around 1850. Relief, intaglio, and planographic (i.e. lithographic) printing inks
had different pathways to industrialisation, but 1850 is a broadly indicative turning point
because this timespan largely overlaps with the handpress period, c¢.1450-1830. Given the
paucity of literature on this topic, it is believed that this chapter is the most substantial

survey of the materiality of pre-industrial printing inks to date.

This study briefly touches on industrial printing inks, their rapid advances in chemistry,
large scale invention of synthetic colourants, and development of industrial components and
formulation processes after c¢.1850. It is relevant that the state of research on early industrial

printing inks, 1850-1900, will be advanced by a PhD project by Ian Dooley, supervised by



Elizabeth Savage, from October 2022. In future, research would be valuable into the
materiality and conservation of later industrial printing inks, printing inks c.1920-1950
(when their raw materials still tended to be manufactured primarily for other industries)
(Clayton 1993, 140), printing inks for duplication methods in the 20th century, ink jet, and
digital printing. This text does not address writing inks (see Chapter 11.11); inks and pastes
for exclusively manual approaches to printing, such as block-printing on paper and textiles;
workarounds for printing precious metals, for example applying gold leaf to a printed
binder; or different media required for other approaches to printing on paper and parchment,

for example pigmented liquid gelatine for Woodburytype.

The chapter begins with a survey of the remarkably brief literature, including early
published references to the production of printing inks. As archival references to printing ink
manufacture are even rarer, often vague by modern standards, and presumably indicative of
information that circulated within a very limited audience, they are omitted here. It then lays
out differences in the printing ink required for the three main categories of printing used in
this period: relief, intaglio, and planographic. Much about the colourants and composition of
printing inks has been based on assumption and comparison to continuing practice. This
chapter supplies material evidence obtained from the instrumental analysis of printing inks
to establish what is known to have been used in at least some printing inks within the scope
of this study. Based on those data, it next summarises ways in which printing inks can
change over time due to their colourants and binders, and cause associated change to their
supports. Chapter 25.6 offers ways to address these changes with conservation treatment and

guidance for storing and exhibiting objects with printing ink.

The Literature on Historical Printing Inks



Adrian Johns wrote in his study of early modern European inks that “ink is all but invisible
in history” (Johns 2010, 103). Relatively little has been published on the history of ink in
general, but much of that research focuses on water-based iron gall writing ink, not oil-based

printing ink.

Archival Documentation

Early printers would have had an incentive to protect their trade secrets for this new media,
and little archival documentation of printing ink has survived from the first centuries after its
invention. It is not known how the inks were produced. Technical analysis has not been
undertaken to determine how these ingredients map onto the inkfilms in publications by the
printers or presses who noted information about their printing inks, and it cannot be assumed

that those ingredients are representative of their, or others’, recipes.

For relief, the first known references are from the 1480s: a “shopping list” of ink-related
materials bought by the Ripoli press in 1481 (Fineschi 1781, 49: linseed oil, turpentine,
Greek pitch, black pitch, marcasite, vermilion, rosin, hard and liquid varnish, nutgalls,
vitriol, shellac) and a note by the printer Peter Drach about vermilion c¢.1486 (Geldner 1964,
84). Ink manufacturers developed in the 1500s. In the 1560s, the Plantin press in Antwerp
bought ready-made strong (dur) and weak (faible) black relief printing ink by the ton from
local firms (“ancriers” or “faiseurs dancre”), for example 1,300 Ib. from Giullaume van
Esche (or Jsche) in 1563—66. The firm purchased vermilion pigment from other suppliers,
to be made into ink as needed because it dried so quickly that it could not be stored for long
(Voet 1969, vol 1, 48-50). Plantin was one of the largest presses in Europe at that time, so it
is not necessarily representative; some commercial printers produced their own ink, or

aspects of it, through the 20th century (Gaskell 1974, 126).



For intaglio, the earliest recipe is from the early 1500s (Stijnman 2012, 268, note 132).
Recipes would have been highly variable, as intaglio ink production was a cottage industry
at this time; at least, in Paris in 1566, engravers’ wives produced their own ink
(BimbenetPrivat and Le Bars 1994), and pre-made boiled oil for intaglio ink could be
purchased only from the 18th century (Griffiths 2016, 33). Innovations in printing ink seem
to have remained a closely guarded trade secret. Jacques Savary des Brilons (1657-1716),
Inspector General of the Manufactures for the King of France, wrote of intaglio ink-making
in his (posthumous) dictionary of commerce that “there are not but two or three workers in
Paris who know how to prepare this ink; they make a great mystery of their manner” (Savary

des Bruslons 1726, vol. 2, col. 417).

Art technological source research has therefore focused on related materials. This includes
“inks” for manually printing or stamping (Oltrogge 2015); some could have been used in
recipes for oil-based printing inks for presswork. Also, research into contemporary oil paint
can have relevance. It has been suggested at least since the late 19th century that Gutenberg
adapted the newly refined media of oil paint (for example, De Vinne 1876, 533); a
generation before the Gutenberg Bible, in the 1430s, Jan van Eyck had achieved renown for

refining (not inventing) oil paint with a binder of heat-bodied linseed oil.

Published Sources

Much that is known about historical printing inks derives from continuing practice and a
small number of well-known sources, especially the earliest publications on printing ink:
Joseph Moxon (1627-1691) on relief printing inks (Moxon 1683, vol 1., 75-88: “Of Inck”
and vol. 2, 328-331: “Of Printing Red, or other Colours with Black), Abraham Bosse

(c.1604—1676) on intaglio in 1645 (Bosse 1645, 66—69 (black), 71-72 (colours)), André-



Frangois le Breton (1708-79) in Diderot’s Encyclopédie (le Breton 1755, vol. 5, 633-34),
and Jean Michel Papillon (1698—1776) on colour relief inks (Papillon 1766, esp. vol. 2, 346—
50). Rare departures include advertisements or privilege or patent applications for
innovations. They tend to represent exceptions rather than the rule, for example William
Savage (1770—-1843) promoted his novel replacement of boiled oil with copaiba balsam, an
oleoresin from the trunk of Copaifera langsdorffii trees that were then found primarily in

Brazilian rainforests (Savage 1832, 118-20).

Much research also relies on the sole dedicated study, Colin Bloy’s history of relief printing
inks to 1850 (Bloy 1967), and three brief historical surveys: the first dedicated published
history of printing inks (Savage 1832), a historical introduction to manufacture in the 1920s
(Wiborg 1926), and a 42-page pamphlet (Klaetsch 1940). Otherwise, the literature on the
history of pre-industrial printing inks consists largely of well informed, brief texts that call
for further research. Typical examples are Earl Fischer’s 1947 address to the Bibliographical
Society at Virginia, which is very brief (14 pages) and difficult to access (copies were
distributed, but it was not published) and Steve Hoskin’s historical chapter in his book on
printmaking inks, which has room for brief discussions for the 13 kinds of techniques over
the 500 years to its publication; each of the three techniques that fall during the scope of the

current chapter are allocated about three paragraphs (Fischer 1947; Hoskins 2004, 13-29).

New Research and Technical Analysis

Their claims are largely unchallenged because few instrumental analyses of printing inks
have been undertaken, despite the ground-breaking cyclotron and proton milliprobe analyses
of the black and red printing inks of the Gutenberg Bible led by Richard Schwab in the

1980s (Schwab et al. 1983; Cahill et al. 1984; Schwab et al. 1985, 1986, 1987). In the last



decade, Bloy’s study has started to be supplanted in part by the first wave of instrumental
analyses of colour printing inks (Walsh 2003; Price et al. 2015; Stiber Morenus et al. 2015;
Lepape 2018a, 2018b). They build on recent historical research into the manufacture of
black inks (Dachus-Hamm 1992); inks for relief (Stiber Morenus 2015; Stiber Morenus
2018; Stiber Morenus 2023); intaglio (Stijnman 2012, 267-87; see, for example, smaller
studies such as Stijnman 2016, 84-85); lithography (Twyman 2013, 525-40); and methods
of colour inking (Stijnman and Savage 2015). Research in Printing Colour 1700-1830, a
forthcoming volume edited by Margaret Morgan Grasselli and Elizabeth Savage, will
address approaches to inking (Savage 2023) and the results of instrumental analysis of 18th-
century intaglio printing inks (Christoforou, van der Mullen, and Gonzalez 2023; Palandri
2023). Besides the text of the Gutenberg Bible, these analyses have focused on art-
historically significant images that were printed in colour. The findings are believed to be
applicable to other sites of colour printing in letterpress books, for example two-colour title
pages in black and red, blue, or another colour; devotional imagery in certain liturgical texts;

and printers’ devices and colophons.

Kinds of Printing Inks

Three kinds of printing were in use before ¢.1850: relief, intaglio, and planographic (i.e.
lithography). Each required ink with distinct characteristics. All involved three categories of
ingredients or, later, components: (1) the binding medium or vehicle that “carries,” (2) the
colourant. The medium must be oil-based to form a film on metal printing surfaces,
including metal type—water beads on metal-—and sufficiently viscous for the pressure of the
press. Linseed oil was common. It was boiled to yield varnish, so the terms “oil” and

“varnish” can be used interchangeably in historical documents. Printing ink’s properties can



be adjusted with (3) additives, for example soap, rosin, or driers, also called siccatives (to
expedite drying from days to seconds). Some pigments can also alter the characteristics or
behaviour of the ink, so they can also serve as additives or reduce the need for other
additives. Cost could be a factor: the longer the linseed oil is boiled, the “stiffer,” “stronger,”
and better the ink, and the thinner the inkfilm on the printing surface—but boiling reduces
the oil’s volume. Less oil is required than for a “soft” or “weak” ink, which is easier to work
and could be used with less colourant, but the impression might not be as clear and the oil

could leach outwards into a “halo” around the inkfilm.

Technique-specific colourants are outlined below, but some pigments were used across all
three. For example, Prussian blue, the first substantially stable blue that is suitable for a
printing ink, became common (especially in translucent printing inks) soon after it was first
synthesised in 1704. Chrome yellow (lead chromate) became common after its invention in

1797; the various tones result from differences in particle size.

Printing inks were often characterised by viscosity. More viscous inks, for example with oil
that was boiled for longer or with an additive like rosin, were “strong” or “hard.” “Soft” or
“weak” inks were less viscous. The terms, or variants, are found throughout the historical
record on printing inks for all three categories of printing. The earliest published reference is

Moxon’s clarification of their different functions for letterpress printing:

But if no /nck were on the Inck-block before, then he lays new Inck on the Inck-
block: Wherefore he considers what Work he Works on: whether it be small or great
Letter: If it be small Letter, or curious Work, the /nck must be Strong he Works with:
But if it be great Letter or slight Work, he makes Soft Inck serve, at least mingles but
a little Hard Inck with it.//If the Inck be too Hard, as sometimes in very frosty

Weather it will be, then, though his Work be curious, yet he must Rub a in a little



Soft Inck to soften it; because it will not else Destribute well upon the Balls ... [and]

pull and tear the Grain off the Skin [of the inking balls].

(Moxon 1683, vol. 2, 314—15; emphasis original)

Relief

In relief, the ink sits on top of the printing surface, often cast metal type or woodblocks, and
a common press is used to evenly distribute pressure across a large, rectangular surface. The
pigment is finely ground into the medium, with a dense concentration. Lamp black or carbon
black were most common for black. Carbon black pigment is made by burning organic
material, usually plants or animal bones. The absence of phosphorous, which would be
present in ivory or bone black, indicates the carbon black is a result of burning plants or soot
(also referred to as lamp black). They are slow drying, so additives including driers or

siccatives are needed. Other pigments are detailed below.

The binding media is often boiled oil, unlike the heat-bodied oil used for oil paints. This is
because the ink must be highly viscoelastic to achieve the necessary thixotropy. That is, it
must be both so rigid and so plastic that it behaves like a solid under normal atmospheric
pressure but a liquid under the pressure of the press. A heavily inked impression might be
surrounded by a raised ridge of ink squash: the inkfilm should be even across the impression
(behaving as a liquid where squeezed between the printing surface and the platen of the
printing press), and squash can form when printing ink is squeezed out and surpasses the
edge of the printing surface (behaving as a solid). If the ink were not sufficiently viscous, it

might bleed or even squirt out and ruin the impression.
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Intaglio

In intaglio, the ink is pushed into the grooves of the printing surface, often a heated copper
plate. Plates could be worked in linear techniques such as etching and engraving (often with
much deeper, larger grooves), tonal processes such as mezzotint (with much shallower,
smaller grooves) or aquatint, or a combination. Excess ink is wiped off the surface of the
plate, and a rolling press is used to concentrate a higher amount of pressure along the edge

of a cylinder.

The ink must be less viscous than for relief so that it can be easily wiped into the grooves of
the plate, and the excess then easily wiped off. Lamp black is so fine that it streaks when
wiped. The standard black pigments for intaglio, vine and ivory blacks, had larger particle
sizes and could be made by burning ivory, bone, woods, kernels, and wine lees (Stijnman
2012, 270-74). Frankfurt black was recommended as the best black for intaglio as early as

1645 by Bosse (Stijnman 2012, 272—74, Griffiths 2016, 32; Kern et al. 2020).

Common additives included toners (especially blue, which makes the ink appear darker;
indigo was first recorded in 1699, Prussian blue slightly later) and conditioners (egg white to
darken the ink and give more body is recorded in 1616) (Stijnman 2012, 274). Given the
need for fluidity, dryers are not attested before 1800, although Prussian blue can have a
siccative effect when used as a toner (Stijnman 2012, 274). In addition, the inkfilm should
dry slightly more slowly than for relief, since applying and then wiping ink from the plate
can take some time—especially if ink effects, such as plate tone, are used—and it should not

dry on the heated plate during inking.

Tonal processes tend to have shallower grooves in the plate, so varnish could be added to
thin the boiled oil to produce a less viscous ink. Varnish can migrate to the verso and darken

over time, potentially creating a greenish or brownish appearance of the inkfilm—especially
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if lamp black or carbon black are used, as they are slow drying and therefore allow the
varnish to migrate over a longer period (Stijnman 2012, 270-71). Excess oil, under-burned
oil, or ink that is otherwise too “thin” (in the printers’ term) can migrate outwards from the
inkfilm, leading to an “aureole” or “halo” around the inkfilm that can itself discolour over

time (Griffiths 2016, 33).

Planographic

In planographic printing, such as lithography, the ink is thin, paste-like, and intensely
pigmented. Hand lithography requires a more viscous ink than modern offset lithography
(Antreasian and Adams 1971, 302). The ink is applied to a flush printing surface (such as a
lithographic stone), adhering to areas previously impregnated with grease, and various press
structures were used during this period. The intensity of the inkfilm depends on the grease
deposited on the stone or plate. Alois Senefelder, who invented lithography in 1798, wrote
in 1818 that his first lithographic ink contained only “wax, soap, and lamp black”, and his

later ink

rests still on the same principle: ink of wax, soap, etc., then gum, aqua fortis or
another acid of which none has an advantage over the others, further oil varnish and
lamp black,—these are, ever and in the same manner, the chief elements of
stoneprinting as they were then. Not the slightest thing has been changed, improved,

or invented in the fundamental principle.

(Senefelder 1818, 8, 21)

As the stone was dampened before being inked for each impression, additives that repel

damp, including wax and tallow, could be added to counter the water solubility of other
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ingredients or components in the printing ink (Twyman 2013, 525). Lithographic ink
factories were established from the 1840s—the Parisian manufacturer Lorilleux & Cie
advertised the first steam-powered grinding machines for pigments for lithographic inks in
1838 (Lorilleux & Cie 1838)—but printers largely still produced their own inks through the

1850s.

The binding medium was largely the same as that for relief printing, boiled linseed oil. The
viscosity could vary according to need: greater viscosity was required for crayon work than
pen-and-ink drawing or engraving designs on stone, as did projects printed in warmer
weather and black (rather than colour) printing inks (Twyman 2013, 526). This “stronger

varnish” could be produced by boiling the oil for longer or adding rosin.

Michael Twyman found that advertisements of the early manufactories list colourants by
price (Twyman 2013, 525-27), which likely also gives insight into the colourants that were
presumably used by individual producers. The following sources are reproduced in that
landmark book on chromolithography. An early Parisian manufacturer, Frangois Rohart,
previously of Lemercier, Bénard & Cie, sold ground and non-ground colours advertised as
carmine, vermilion carmine, vermilion, yellow, extra fine green, sky blue, dark blue, violet,
ultramarine, lead white, extra fine lamp black (Rohart 1845). An advertisement for a Leipzig
manufacturer, E. T. F. Gleitsmann, priced colours for lithographic inks as more expensive
than those for letterpress, with a list for litho inks including “Parisian carmine,” carmine
lake, vermilion, vermilion-carmine (Zinnobercarmin), Cremnitz white (lead white), Paris
blue (Prussian blue), light and dark mineral blue, ultramarine, light and dark chrome yellow,
orange, red-brown, dark brown, gold-brown, gold ochre, and two grades of lamp black (Russ
and Lampenruss), followed by three kinds of black, for lithographically printing engraving,

penwork, and crayon work (Gleitsman 1849 reproduced in Twyman 2013, 526, no. 453).
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Approaches to Inking

Printing inks can be applied to the type, block, plate, or stone in any number of ways.
Monochrome is the most common. Relief printing inks were applied with ink balls until the
early 1800s, when composition rollers (named after a mix, or composition, of materials—
including molasses) were invented to provide a seamless construction. Another method
involves applying many colours of ink to a single surface, so that all colours print at once,
roughly like a monoprint today. It is often called selective inking or a la poupée (“with the
rag-doll”; an anachronistic term that originally referred to the use of rolled rags in a style
developed in the Netherlands at the turn of the 18th century, but which is often generalised
to apply to this approach in other styles and time periods). Trichromatic printing involves
optical mixing, creating the visual effect of many colours by layering three translucent
inkfilms in the printing primaries, specifically developed hues of blue, red, and yellow, in a
similar principle to today’s CMYK. Dusting can involve sprinkling a material over a sticky
printed surface, similar to flocking in wallpapers; it is notorious for the horrific health issues
suffered by the printers who dusted imitation gold on the “golden” issue of The Sun to mark

Victoria’s inauguration as Queen of the United Kingdom in 1838.

Findings from Technical Examination and Instrumental Analysis

A vast range of pigments are attested in the printed historical record. They overlap with, but
do not necessarily correspond exactly to, those that were named in contemporary
documentation or that would be anticipated by researchers today. This section lays out the

kinds of colourants that have been identified in printing inks. The groups that have been
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most subject to analysis have been very early black printing inks for letterpress, in the
Gutenberg Bible of ¢.1455; multicolour woodcuts of the 16th and 17th centuries in Italy and
Northern Europe (including chiaroscuro woodcuts, a style that often emulates wash
drawing); trichomatic intaglios of the early 18th century, by and after Jacob Christoff Le

Blon (1667—1741); and early chromolithography.

The 15th Century: Gutenberg’s Printing Inks

The black printing inks in several copies of Gutenberg’s 42-line Bible of c.1455 were
subject to instrumental analysis in the early 1980s, using techniques including proton
milliprobe analysis and particle-induced X-ray emission (PIXE). The results revealed high
copper-tolead ratios uncharacteristic of other incunabula tested, including works printed by
Sixtus Riessinger (Rome, 1468), Peter Schoffer (Mainz, 1471), and Anton Koberger
(Nuremberg, 1478 and 1493) (Schwab et al. 1983, 310-12). The high levels of copper and
lead might be responsible for the unique glittering effect of Gutenberg’s black printing inks
(Schwab et al. 1985, 389). These ratios changed with each new mixture of ink, sometimes
“radically”, enabling researchers to propose a complex chronology for the printing of folia
of the Bible (Schwab et al. 1985, 189; see also Schwab et al. 1983; Cahill et al. 1984;
Schwab et al. 1986, 1987). The findings corroborate the chronology of production as
initially indicated by watermark and typographical analysis at the turn of the 20th century
(Needham 1985a, 1985b; for example, see Schwenke 1900, pp. 51ff ). The analysis also

revealed high levels of calcium in the paper (Schwab et al. 1985, 392).

Five rubrics printed in red ink in the copy at the Doheny Library, University of Southern
California, Los Angeles, were also analysed with the proton milliprobe technique (Schwab

et al. 1985). Those specimens of Gutenberg’s red printing ink contained mercury, consistent
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with vermilion pigment, but no lead and only traces of copper. The team therefore refined
their hypothesis to suggest that high levels of copper and lead in the black ink were not part
of Gutenberg’s “oil base,” but his black pigment(s): perhaps he did not use lamp black, but
instead heated a copper oxide and a lead oxide until they turned black and deep purple,

respectively (Schwab et al. 1985, 389).

Analysis of a larger group of 15th-century specimens might indicate whether Gutenberg’s
ink recipe was a well-guarded secret or also used or adapted by his “followers”, that is, his
former employee Peter Schoffer (c.1425—c.1503), who was engaged by his financier Johann
Fust (c.1400-1466) soon after Fust sued Gutenberg, and seized his printing equipment
(“Werk der Biicher”, work of the book), and ended Gutenberg’s printing career in November
1455 (Helmasperger 1455). This was just months after Gutenberg showed samples of the
unfinished Bible at the Frankfurt book fair. The outcome is well known to historians through
an archival document known as the Helmasperger Notarial Instrument, but it is also
significant to ink historians because the “work of the book” presumably included the recipes,
materials, and tools to produce printing ink. As the timing suggests that Fust rather than
Gutenberg likely completed the run of the 42-line Bible, and as the black printing ink across
copies of the 42-line Bible is characterised by that unique sparkle (even in folios printed at
the end of the run), the printing inks described above might be more accurately described as

both Gutenberg’s and Fust’s.

The 16th—17th Centuries: Colour Printing Inks for Chiaroscuro and Other Colour

Woodcuts

The 16™ to 17th-century Italian and northern European colour woodcuts (especially

chiaroscuro woodcuts, which are in a style that uses multiple tone blocks to imitate wash
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drawing, and including those printed inside books) were printed in two to six different
colour inks usually composed of pigment mixtures. Many of these pigments have been
characterised through technical examination and instrumental analysis, including carbon
black, calcium carbonate, lead white, ochers, vermilion, indigo, copper-based pigments,
orpiment, organic red, yellow, and green colourants, hematite red, minium (red lead), and
umber (Russell 2013; Stiber Morenus et al. 2015; Price et al. 2015; Lepape 2018a; Lepape
2018b). While the degree of pigment refinement varied from ink to ink, printmakers were
using commonly available materials to produce chiaroscuro woodcuts. The majority of
findings described below were first published in Stiber Morenus et al. 2015, unless

otherwise stated.

Indigo is frequently identified, in keeping with artistic practices of the period. Indigo was
popular with Renaissance oil painters because it could be ground into an extremely fine
powder and easily dispersed in oil, and furthermore had strong tinting power. As such, it
was considered an economical pigment. These properties also met the performance
requirements for printing ink. However, because indigo blue printing inks can discolour to
grey, they were problematic from their first attestation in 1457 (Ikeda 2015). Indigo is
identified in blue inks as well as green, which are mixtures with yellow pigments determined
to be ochers, orpiment, or organic yellow (unripe buckthorn berries or weld). Other green
inks were found to contain green colourants such as copper-based pigments, ochers, or

organic sap green, made from ripe buckthorn berries.

Violet inks were analysed in Italian chiaroscuro woodcuts that comprise hematite red, lead
white, and organic red pigments, which Joanna Russell identified in an impression produced
c.1540s by Niccolo Vicentino, after Perino del Vaga, Christ Healing the Paralytic (London,

British Museum, 1860, 0414.84) (Russell 2013).
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During the early 16th century, Italian painters used organic red lake pigments prepared from
brazilwood and scale insects (kermes, cochineal, and lac) (Kirby and White 1996, 64—65;
Berrie 2009); in Venice, pigments including brazilwood lake were employed (Hochmann
2016). In northern Europe, dyestuffs prepared from madder were often used instead (Kirby
and White 1996). Consistent with this market trend, madder was identified in a chiaroscuro
woodcut by the Flemish printmaker Frans Floris I (1519-1570) (Lepape 2018a; Lepape

2018b, see Céres, 222).

The 18th Century: Trichomatic Intaglio Printing Inks

The introduction of three-colour printing by Jakob Christoff Le Blon in the 1720s relied on
optical mixing, or the overprinting of translucent colourants to achieve a vast range of hues.
He developed translucent colour printing inks, using innovative methods to prepare
colourants, combing them in novel ways, and then preparing inks in specially adapted
processes linked to each hue (Stijnman 2020, vol. 1, Ixxvi—Ixxxi: “Ink Recipes”). Technical
examination and instrumental analysis of an impression of Louis XV by Le Blon revealed a
primary triad of an organic red (probably cochineal, also referred to as carmine), an organic
yellow (perhaps unripe buckthorn berries, also referred to as stil-de-grain), and Prussian
blue, with white areas composed of lead white, extended with calcium (Walsh 2003, 24-25,
notes 9—10). Le Blon also recommended the use of ochre and vermilion (Walsh 2003, note
11; de Montdorge 1756, 40, 116, 117). His student and later rival, Jacques Fabien Gautier,
later Gautier-d’ Agoty, proposed pigments including ochre, stil-de-grain yellow, vermilion,
indigo, and transparent ivory black (Gautier 1749, 26). Recent, larger studies of 18th-
century, “full-colour” intaglio prints confirm some of these colourants, in line with the

different palettes that Le Blon and his followers proposed and/or used for specific purposes
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(Christoforou, van der Mullen, and Gonzalez 2023).

The Early 19th Century: Printing inks for Lithography and Chromolithography

Soon after the invention of lithography, full-colour intaglio printmaking gave way to
chromolithographic prints and posters. Like trichomatic mezzotints, they relied on optical
mixing produced by the superimposition of translucent printing inks in a specific order.
However, they could involve large numbers of colours. Up through the mid-19th century it
was common for lithographic printers to mull their own colour inks from pigments
purchased from colourmen. Ready-made colour inks seem to have been regarded as an
exception until specialist suppliers began to offer colour inks in the 1860s (Twyman 2013,
525-27). Colourants identified in lithographs of this period include vermilion, red lead,

chrome yellow, and Prussian blue (Centeno, Lladé Buisan, and Ropret 2006).

Since the discovery of the first aniline dyestuff mauve in 1856, many thousands of aniline
and azo dyes were prepared into lake pigments. Printing ink formulations increasingly
incorporated these synthetic, coal-tar derived pigments (Centeno, Lladé Buisan, and Ropret
2006). Coal tar colourants are made from the benzoid derivatives produced by the
distillation of bituminous coal. Red and yellow azo dyes are identified in addition to chrome
yellow, and Prussian blue on nine late 19thto early 20th-century lithographic posters
(Centeno, Llad6 Buisan, and Ropret 2006; Karnes 2009). Trade catalogues overwhelmingly
cite azo inks due to their low cost, brilliance, tinting strength, translucency, and relative

stability to light.

Change of Printing Inks over Time
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Study of 16™- to 17th-century chiaroscuro woodcuts, 18th-century full-colour intaglio prints,
and 19" to 20th-century lithographic inks confirms a broad use of colourants that have a
propensity to alter due to inherent instability or when exposed to light and/or pollutants.
Lack of permanence can lead to misunderstandings about the palette, state, chronology of
production, and even the authenticity of prints that contain them. This section describes
some of the degradation that has been observed or may occur in printing inks as they age. It
begins by highlighting the impermanence of pigments, which are the primary drivers of
deterioration. The pigments are listed in a roughly historical chronology. Then, it addresses
the degradation of the binder and paper. Parchment and textile are less common substrates,

so they are not addressed here.

Carbon Black

Historically, lamp black was the preferred carbon-based pigment for letterpress printing
(Bloy 1967, 42—47; Stijnman 2012, 271). In a chiaroscuro woodcut, the darkest block, which
often holds the linear portion of the design, is typically printed in black or grey ink
containing carbon-based black. As stated above, the carbon black found in the chiaroscuro
woodcuts analysed is plant or soot based. If poorly processed, lamp black can contain traces
of tar or added tannin constituents, which may migrate away from the inked areas and/or
induce acid catalysed deterioration of the paper support. These compounds are likely to
impart a brownish cast to an ink as well as discolour the paper support (Bloy 1967, 42; Van
Eikema Hommes 1998, 115 and note 121). Bone or ivory black is made by charring bone or
ivory in closed retorts. Its particles are coarser and more irregular in shape and size than

lamp black (Gettens and Stout 1966, 99).
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Lead White/Lead Carbonate

White printing ink was rare during the Renaissance and Baroque periods, given the
difficulties of formulating a workable white ink (Griffiths 1991; Stijnman 1992). The French
intaglio printmaker Louis-Marin Bonnet (1736-93) was the first to master reliable white ink,
which he used to create the effect of white chalk on coloured paper in the chalk and pastel

mannecrs.

Lead white was more often added to alter the hue of other colours. Historical preparations of
hand-manufactured lead white were a mixed product of basic and neutral lead carbonate,
possibly some lead oxide—and if the product were improperly washed—basic lead acetate
and finely divided lead metal (Tumosa and Mecklenburg 2005). Lead white is known to
discolour to a grey or pinkish-brown hue by reacting with the air pollutant hydrogen sulfide
or other sulfurous compounds, forming lead sulfide (Daniels and Thickett 1992; Smith,
Derbyshire, and Clark 2002; Franceschi, Costa, and Franceschi 2011; Museum of Fine Arts
2020) as well as oxidising to plattnerite (Eastaugh et al. 2008, 307). Lead white-containing
inks formulated with a low binder-to-pigment ratio are particularly vulnerable to

discolouration.

In some 16th-century chiaroscuro woodcuts, the inks appear greyed around the perimeter of
the sheets. This phenomenon also has been documented in oil paintings on paper by Joseph
Mallord William Turner (1775-1851), most severely where the priming has a low
proportion of oil binder (Norville-Day and Townsend 1992). This pattern of degradation can
be explained by the fact that air-borne pollutants interact first with the perimeter of a paper
object when it is stored in a stack, such as when it is housed on a page of a collector’s album

or in a window-mount within a box.
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Vermilion/Cinnabar/Red Mercury Sulfide

The natural mercury sulfide mineral is called cinnabar, whilst vermilion is the synthetic form
of the pigment. It blackens irreversibly to meta-cinnabar through light-induced, surface
degradation that involves chlorine, chlorinated compounds, or other halogens (Grout and
Burnstock 2000; Spring and Grout 2002; Keune and Boon 2005; Radepont et al. 2011;
Radepont 2013). Chlorine ions may be present in native vermilion, but also can abound in
dirt and other pollutants (Spring and Grout 2002). It has been demonstrated that the pigment
changes more rapidly in linseed oil than watercolour and tempera because light penetrates
most deeply into an oil-bound layer (Feller 1967, 107; Grout and Burnstock 2000, 17). The
precise mechanism of deterioration and its by-products are not yet clearly understood.
Because vermilion varies in colour from red/reddish-orange to darker varieties, it is difficult
to ascertain, either optically or spectrophotometrically, whether a dark vermilion is in its
original or darkened state (Feller 1967, 103—-04). Moreover, if in the early stages of
deterioration, it might be impossible to discern the darkening of vermilion visually. A
conclusively discoloured pigment appears black or grey (Spring and Grout 2002, 59).
Vermilion is understood to be the most common red for letterpress texts, followed by red
lead. It is a rule of thumb that vermilion was used for higher-value texts, such as liturgical
books, and red lead more for “cheaper” texts, for example ephemeral almanacks printed in
the 16th and 17th centuries in northern Europe. However, they could be used in

combination, and there are exceptions to every rule.

Minium/Red Lead

Red lead (lead tetroxide) has been synthetically prepared by roasting lead white (4800 C)

since before the 5th century BCE. Light exposure over time causes the formation of black or
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deep brown lead dioxide (plattnerite), sometimes with a silvery sheen. Acetic acid or nitric

acid also reacts with red lead to form lead dioxide (Gettens and Stout 1966, 152-54).

Verdigris/Copper Acetate

Verdigris degrades over time, and advanced deterioration can be characterised by
microfissures in the ink layer and yellow to brown discolouration. The discolouration is
related to the pigment interaction with the oil and potentially resin-containing binder.
Copper ions can complex with fatty and resinic acids in an oleoresinous medium, resulting
in the formation of copper carboxylates and soaps (Groen 1975; Van Eikema Hommes 1998,
110-11; Gunn et al. 2002). The copper ion in verdigris can also catalyse the oxidative
degradation of cellulose, which is accelerated in high humidity and light. Consequent
deterioration of the paper is manifested as yellow-brown haloes around the printed ink edges
or discolouration on the paper verso coincidental to the ink. In extreme instances, the
mechanical strength of the paper is compromised, causing fine breaks in the sheet (Henniges

et al. 2006).

Verdigris containing inks would have displayed a more bluish-green hue when freshly
printed and the transition to brownish green significantly alters the aesthetic appearance
(Woudhuysen-Keller 1995). This discolouration has caused misunderstandings. Multicolour
figurative woodcuts that served as frontispieces in books printed by Erhard Ratdolt (1442—
1528) in Augsburg in the 1490s are among the best known and most studied colour prints of
the 15th century. What is often described as a brown ink was surely a copper green that has
browned. This is indicated by the characteristic brown hue, damage to the paper visible on
the verso, and contextual clues within the image: logically a bishop would be standing on

green grass with emeralds on his mitre, not dead grass with brown gemstones. The
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mischaracterisation of discolouration for distinct palettes, or even states, could have
significant implications for the attribution or dating of loose impressions (which might have
removed from books or issued as single-sheet prints), as well as for a catalogue raisonné of

the images or bibliography of the books in which they appeared.

Orpiment

Orpiment is a light-sensitive inorganic pigment that undergoes photo-oxidation to form
translucent or white arsenic oxides (FitzHugh 2012, 51; Museum of Fine Arts 2020).
Conversion of orpiment to white arsenic trioxide also can occur in the presence of ozone, a
common atmospheric pollutant (Whitmore and Cass 1998). When mixed with another more
lightstable colourant, as the orpiment degrades the other colourant will visually dominate,
thereby changing the colour and tone of the inks. The behaviour of oil-bound orpiment
under environmental conditions typical for the display and storage of works on paper

warrants further study (Dubois et al. 2001).

Indigo

The fading of indigo to grey in oil paintings is thoroughly characterised by Margriet Van
Eikema Hommes in Changing Pictures: Discolouration in 15th—17th-Century Oil Paintings
(Van Eikema Hommes 2004; see also Van Eikema Hommes 2005). Through artificial light
aging experiments on reconstructions of indigo paint films, Van Eikema Hommes
demonstrates that during the drying of oil, aldehydes are formed by the oxidation of
polyunsaturated fatty acids. These reaction products can then take part in the oxidation of

indigo, which leads to fading. Moreover, Van Eikema Hommes’ study shows that the fading
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of indigo paint reconstructions is accelerated when the paint is extended with lead white.
The higher the ratio of lead white to indigo, the greater is indigo’s susceptibility to fading. In
Johannes Verspronck’s Portrait of a Girl Dressed in Blue (1641), the colour has faded more
in the lighter indigo passages than in the darker, as compared with paint protected by the
frame; Van Eikema Hommes demonstrates experimentally that the light stability of indigo
paint is determined by the pigment purity, or indigotin concentration (Van Eikema Hommes

2004, 91).

In addition to fading, colour change can also occur since indigo is a natural product that may
contain widely different types and percentages of organic and inorganic impurities. At the
time of manufacture, the colourant could be adulterated with various materials that might
discolour over time, including ashes, soot, sand, blue wool and silk, starch, resin, and rust
(Van Eikema Hommes 2004, 100). Thus, the degradation phenomena of blue ink containing

indigo can alter the colour harmonies of a print to varying degrees.

Green and Yellow Organic Colourants

A possible source for green organic colourants used in the 16th to 18th centuries is sap
green, produced from ripe buckthorn (Rhamnus cathartica) berry juice and an alkali.
Buckthorn berries, also known as Persian berries, could produce a yellow colourant if
extracted before ripening. Traditionally, these flavonoid-based green and yellow dyes were
precipitated onto an inorganic substrate such as calcium carbonate (chalk), resulting in a lake
pigment. Sap green has poor light-fastness. Similarly, research on the light-induced colour
changes in yellow, flavonoid-based, lake pigments shows that unripe buckthorn berries and
weld bound in linseed oil fade in artificial daylight; they fade slightly less if the light is

filtered of ultraviolet radiation below 400 nm. The loss of yellowness is accompanied by an
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increase in redness. Moreover, light-fastness increases with colourant concentration
(Saunders and Kirby 1994). Mixtures of yellow, flavonoid-based colourants with a more
light-stable blue colourant (e.g. indigo) could result in a shift toward a bluer and/or perhaps
redder hue. Gamboge yellow is a gum resin that is partially soluble in alcohol and some
other organic solvents. It is alkali sensitive, discolouring to red upon contact over time. It
also can be darkened by exposure to ammonia fumes and is faded by light exposure (Gettens

and Stout 1966, 114—15; Book and Paper Group 2022).

Red Organic Colourants

In two chiaroscuro woodcut impressions of Niccolo Vicentino’s (active ¢.1510-1550) Christ
Healing the Paralytic that were printed in a palette of violet inks, (see British Museum,
1860, 0414.84 and Davison Art Center, Wesleyan University, 1992.26.1), in which the
darkest block is printed in a very dark violet, not black), the medium and dark violets appear
discoloured yellowbrown when compared to another, third impression (see Museum of Fine
Arts, Boston, 64.1037), presumably because of the instability of the organic red pigments
identified in the impressions (Russell 2013). These red lake pigments when bound in linseed
oil, fade in daylight, and increase in yellowness during fading. Of the red lake pigments
studied by David Saunders and Jo Kirby (kermes, cochineal, lac, brazilwood, madder), those
derived from scale insect or brazilwood dyestuffs are more fugitive than those derived from

madder (Saunders and Kirby 1994).

Prussian Blue/Ferri-ammonium-ferrocyanide

Prussian blue was first synthesised in Berlin in 1704. The preparation was kept secret until
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John Woodward published it in 1724 (Woodward 1724), and the recipe became well known
throughout Europe. The particles are so finely divided that it has almost the characteristic of
a dye (Gettens and Stout 1966, 149-51). It is alkali sensitive and may turn brown upon
contact over time. It fades in strong light, however the depth of blue will return after brief

storage in the dark (Book and Paper Group 2022).

Chrome Yellow/Lead Chromate

As a pigment chrome yellow dates from the beginning of the 19th century. It is prevalent in
chromolithography inks, especially for posters. The pigment acquires a green tone when
mixed with colours of organic origin or exposed to alkalis, by reduction to chromic oxide.
The pigment has excellent light fastness (Gettens and Stout 1966, 106—07). Chrome yellow
darkens to dark brown or grey on reaction with hydrogen sulfide in polluted air. In the 19th

century it was often mixed with Prussian blue to produce a green (Book and Paper Group

2022).

Coal-tar Colours/Aniline and Azo

Many aniline and azo dyes prepared into lake pigments lack permanence (Gettens and Stout
1966, 108). Analysis of three early 20th-century red lithographic inks identified Hansa Red,
a monoazo-toluidine red pigment, and barium lithol red. Fibre optic micro-scale
spectroscopy indicated that the toluidine reds are fairly lightfast, while the lithol red

demonstrated fading behaviour (Karnes 2009, 134).



27

Chemically Interactive Colourants

Discolouration of chiaroscuro woodcut inks can be caused by chemical interaction between
certain colourants that are admixed within one ink or between colourants in adjacent or
superimposed ink layers. Pigments containing sulfur such as vermilion, ultramarine,
orpiment or realgar can react with those containing copper including verdigris and azurite, or
those containing lead, such as lead white and lead-tin yellow (Van Eikema Hommes 1998,
114-15). As early as the 14th century, verdigris had a bad reputation for contaminating other

colours (Woudhuysen-Keller 1995).

Binder

Linseed oil, walnut oil, and resins share a tendency to become brittle and yellowed with age.
Storage in darkness and humidity increase discolouration (Gettens and Stout 1966, 46). In a
British Museum study, sample papers prepared with coatings of linseed and poppy seed oil,
and the oils mixed with Venice turpentine or mastic resin, had discoloured more under
conditions of dark-humid oven ageing (50% RH; 55° C), as compared to dark-dry oven
aging (70° C) and light ageing (in a Microscal light fastness tester). Though the light aged
samples appeared brighter they were the most brittle (Kosek and Green 1992). The major
aging processes are polymerisation, hydrolysis, oxidation, and soap formation if reactive
metal ions are present (such as lead white or red lead pigment) (Erhardt, Tumosa, and
Mecklenburg 2005; van den Berg 2002). Degradation leads to the formation of carboxylic
acids. The associated increase of acidity is confirmed by titration studies (van der Weerd,

van Loon, and Boon 2005).

Breakdown of coloured ink can lead to blanching caused by the swelling of the oil binder in
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water or water vapour. This kind of blanching results in a dull whitish, foggy appearance.
Water may take days to diffuse through pure oil medium, but it can channel along poorly
bound, flocculated pigment particles within a film in minutes (Michalski 1990). Other
potential mechanisms, such as free fatty acid migration to the ink surface and subsequent
oxidation, or the formation of lead soaps in oil, remain incompletely understood (Koller and

Burmester 1990; Higgitt, Spring, and Saunders 2003; Cotte et al. 2007).

Paper Support

Oxidised and acidic oil/resin binder in ink may interact with the paper support, causing
discolouration and embrittlement of the sheet. The aforementioned British Museum study
also monitored the evolution of peroxides which drive cellulose oxidation. In the study’s
sample papers, peroxides continued to be generated after 85 days of ageing, though at a
diminishing rate as ageing advanced (Kosek and Green 1992, 101). After 52 days of ageing,
the samples were tested for organic acid content. Due to their volatility, organic acids had
been lost from the heat aged samples but not entirely from those that were light aged. Should
the paper support be discoloured by the synergistic action of peroxides and organic acids,
the optical appearance of the inks will be altered by the colour of the underlying sheet. The
thicker and more uniform the ink film, the less paper discolouration is a factor in the

perceived hue of a given ink.
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