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Abstract

The dyed cotton textiles called Turkey red are a significant part of Scotland’s
cultural heritage and the legacy of its textile manufacturing industry, and were
known for their exceptional colour and fastness to light and wash fading. This
thesis is a multi-disciplinary investigation of the chemistry of these unique
textiles in the context of 19" c. Scotland using historical material re-creations
and modern analytical chemistry, situating the dyeing process in a historical
context. This research is a significant contribution toward the continued

preservation of historical Turkey red textiles.

Through a detailed, chemistry-focused examination of Turkey red methods
published in English and French between 1785-1911, the key ingredients and
steps for the process from a chemical perspective are identified (Chapter 1). The
significance, chemistry, and previous research on the role of the oil (Chapter 2)
and dye sources used (Chapter 3) are discussed to form the basis of the material
re-creations and analysis. The oil is fundamental to and characteristic of the
process, which is also noteworthy for being the first to replace a natural dye
source (madder or garancine) with a coal-tar derived analogue (synthetic
alizarin). Re-creations of dyed Turkey red, Turkey red oil, oiled calico, and
synthetic alizarin provide experiential data and reference materials to test

analyses prior to application on historical objects (Chapter 4).

The analysis of Turkey red oils by nuclear magnetic resonance (NMR)
spectroscopy and high-performance liquid chromatography with mass
spectrometry (HPLC-MS) (Chapter 5) provides information used to characterise,
for the first time, how the oil and cotton fibres bond to form the basis of the
Turkey red complex. This is studied using conservation-based diffuse reflectance
infrared Fourier transform spectroscopy (DRIFTS) and attenuated total
reflectance Fourier transform infrared spectroscopy (ATR-FTIR) and solid-state
NMR (ssNMR) on replica and 19" c. pieces of Turkey red (Chapter 6). Dyes
analysis of these samples by ultra high performance liquid chromatography with
photodiode array (UHPLC-PDA) identifies chromatographic profiles of textiles
dyed with natural or synthetic dye based on synthetic chemical markers. The

presence of pigments on printed Turkey red is confirmed by infrared
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spectroscopy and scanning electron microscope with energy-dispersive X-ray
(SEM-EDX) (Chapter 7).
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Foreword

La plus belle prérogative des sciences est d’éclairer la marche et de
perfectionner les procédés des arts.'

The greatest prerogative of the sciences is to enlighten the progress and perfect
the practices of the arts.

Pa and Ma traded for a long time. The storekeeper took down bolts and bolts
of beautiful calicoes and spread them out for Ma to finger and look at and
price. Laura and Mary looked, but must not touch. Every new colour and
pattern was prettier than the last, and there were so many of them! Laura did
not know how Ma could ever choose. Ma chose two patterns of calico to make
shirts for Pa, and a piece of brown denim to make him a jumper. Then she got
some white cloth to make sheets and underwear. Pa got enough calico to
make Ma a new apron. Ma said: ‘Oh, no, Charles, | don’t really need it.’ But
Pa laughed and said she must pick it out, or he would get her the [T]urkey red
piece with the big yellow pattern. Ma smiled and flushed pink, and she picked
out a pattern of rosebuds and leaves on a soft, fawn-coloured ground.?

Little House in the Big Woods, Laura Ingalls Wilder (1932).

Many years before | wrote this thesis, | read Little House in the Big Woods
and wondered what the Turkey red must have looked like. | did not know that
one day, | would have the opportunity to study, learn from, and re-create these
brilliant, beautiful textiles that would have made a scandalously bright apron.
Researching the blend of art and science involved in the production of these
textiles has been a pleasure and | hope the outcomes will contribute to a greater

awareness and appreciation of dyed and printed Turkey red.

! Jean Baptiste Vitalis, Cours élémentaire de teinture sur laine, soie, lin, chanvre et coton, et
sur lart d'imprimer les toiles, (Paris: Galerie Bossange Pere, 1823).

2 Laura Ingalls Wilder, Little House in the Big Woods, (New York, New York: Harper & Row,
1932), 96.

Image: University of Glasgow Archive Services, Records of United Turkey Red Co Ltd, GB248
UGD13/8/4. 1857-1863.






Preface

The continued preservation of heritage textiles is dependent on our
understanding of their material composition and physical properties.
Paradoxically, putting these objects on display for the appreciation of the public
often shortens their life due to the detrimental effects of light exposure and
fluctuations in temperature and humidity. The field of heritage conservation
science applies modern chemical principles and non-invasive or micro-analyses
to study these valuable textile artefacts. The information gained from this
research improves conservation care and display practices, helping to maintain

object integrity and preserve them for future generations.

The brilliant colour of Turkey red and how it is dyed have, for centuries,
been a point of fascination to many.' Despite research and practical
investigations extending back to the very beginnings of chemistry as a modern
field during the Enlightenment, the chemistry of this notoriously complex
process? has never been fully understood.® To obtain quality Turkey red, a dyer
needed a good deal of practical experience,” but knowledge of the process was a
jealously guarded industrial secret.” Nevertheless, it spread across Europe
through the use of spies® and the publication of texts on the process starting in
the mid-1700s,’ though it was said books alone were not enough to learn the

process.?

In addition to its remarkable hue, it was renowned for its legendary fastness

to washing, light exposure, and even bleaching.®"° Dyeing and printing Turkey

' Carruthers, “A New Process of Dyeing Turkey Red,” 123.
2 Haller, “The Chemistry and Technique of Turkey Red Dyeing,” 1417.

3 Zollinger, Color Chemistry: Syntheses, Properties, and Applications of Organic Dyes and
Pigments, 255.

“ Sansone, “Alizarin-Red and Turkey-Red Dyeing and Printing on Cotton,” 205.

> Johnston, “The Secret of Turkey Red - Technology Transfer with a Scottish Connection,” 298.

¢ Lowengard, The Creation of Color in Eighteenth-Century Europe.

7 Mémoire contenant le procédé de la teinture du coton rouge-incarnat d'Andrinople sur le coton
filé.

8 Chenciner, Madder Red: a History of Luxury and Trade, 189.

° Ure, A Dictionary of Arts, Manufactures, and Mines, 793.

"0 Arthur et al., “Seeing Red: Scotland's Exotic Textile Heritage,” 6.
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red was a major industry in the West of Scotland for about 150 years and
thousands were employed in ‘the Craft’, as the trade was known in the Vale of
Leven where many of the firms were located."” These firms, founded
independently, became part of the United Turkey Red Company, Limited (UTR)
in 1898. Their records in the Scottish Business Archive at the University of

Glasgow form a significant part of the primary source material for this research.

During the time Turkey red was dyed in Europe, from the mid-18" to early
20" c., two major technological advances were made that reduced the
production time from upwards of a month to only a few days.'>" The invention
of Turkey red oil, the first synthetic anionic surfactant,™ and synthetic alizarin,
the first naturally occurring dye to be synthetically replicated,™ vastly improved
the efficiency of the process but did not fundamentally alter its chemistry. The
development of these products and their adoption by dyers occurred around the
early 1870s, marking a transition between the ‘old’ process that used rancid
olive oil and ground madder roots to the ‘new’ one, which substituted the novel
chemical ingredients, though both produced Turkey red. To study the effects of
these new ingredients in the context of the process, this research focuses on
Turkey red dyed in the second half of the 19" c.

In addition to its connections with the field of chemistry, Turkey red was also
tied to the growth of the chemical industry' as the growing textile trade
demanded larger quantities of ingredients and more cost-effective materials.
The invention of synthetic alizarin was a significant step forward for Turkey red
dyeing, but the synthetic dyes industry would eventually undermine it as well. It
was not until the end of the 19" c. that chemists could produce a synthetic red

dye whose fastness was even comparable to Turkey red, and not until after

" Fryer, Behind the Vale, 104.
'2 Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 587.

'3 Leigh, “On the Estimation of Alizarin in Dyed Cotton Fabrics, and on an Attempt to Ascertain
the Composition of Turkey-Red and Other Alizarin Lakes,” 205.

¥ Gunstone and Padley, Lipid Technologies and Applications, 788.
> Travis, The Rainbow Makers, 164.

'6 Macfarlan, “City of Glasgow,” 165-167.
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World War | that the development of naphthol dyes began to supersede Turkey
red with production ending by 1936."

Interest in the chemistry of the process diminished significantly with the
decline in production.’™ It did not entirely vanish, however, nor did general
interest in the industry and the beautiful printed textiles preserved in
collections around the world. A 2012 project at National Museums Scotland
called Colouring the Nation explored the design, manufacture, and patterns of
printed Turkey red found in their collections.’® Exhibitions on Turkey red were
also shown at the Museum of Printed Textiles in Mulhouse?' and at the Collins
Gallery in Glasgow.? In addition, historical Turkey red can be found in the UK in
the collections of the Victoria & Albert Museum (V&A), The National Archives,
Glasgow Life, The Society of Dyers and Colourists, and the Museum of Science
and Industry. Abroad, Turkey red is preserved in the collections of the
Smithsonian, the Technical Museum of Vienna, and the Museum of Natural
History in New York City, to name a few. A recent project supported by the West
Dunbartonshire Council published a guide for a walk along the Leven with many
former sites of Turkey red works marked,? and local historians continue to

produce extensive accounts of the history of the industry.**?

Modern research on the chemistry of Turkey red addresses the colour
complex®*? but there has been no comprehensive investigation of the chemistry

of the entire process until now. The unique nature of Turkey red, which is both a

"7 Peel, “Turkey Red Dyeing in Scotland Its Heyday and Decline,” 504.
'8 Liles, The Art and Craft of Natural Dyeing: Traditional Recipes for Modern Use, 112.
"9 Nenadic and Tuckett, “Colouring the Nation.”

20 Nenadic and Tuckett, Colouring the Nation: the Turkey Red Printed Cotton Industry in
Scotland C. 1840-1940.

2! Jacqué et al., Andrinople: Le Rouge Magnifique.

22 Arthur et al., “Seeing Red: Scotland's Exotic Textile Heritage.”
2 The River Leven Heritage Trail.

24 Fryer, Behind the Vale.

2 MacKay, Bleachfields Printfields and Turkey Red.

2 Kiel, “Metaalcomplexen Van Alizarinerood.”

27 soubayrol, “Préparation et étude structurale des complexes formés entre l'aluminium et
l'alizarine: Importance de la nature du solvant et de la base utilisés sur le degré de
condensation de l‘aluminium et ’agencement moléculaire.”
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process and a product but technically not a dye? in that it exists only on cotton
fibres, complicated previous work. Historical research was limited to empirical,
extractive analytical techniques that could not effectively characterise the
complex,? which must be characterised in situ on the fibres. The development
of modern instrumental analytical tools in recent decades presents a new
opportunity to study and characterise historical Turkey red. This work will
hopefully improve our understanding of these textiles and how they can be
displayed without causing them further damage, a serious concern in the

conservation of heritage textiles.

The research in this thesis aims to improve our understanding of the

chemistry of historical Turkey red by addressing the following questions:

1. What are the essential steps and ingredients in making Turkey red and is it

possible to dye it following a historical process?

2. What is the composition of the oil used in Turkey red dyeing, and can it be

characterised on historical Turkey red through conservation-based analysis?

3. Which red dyes are present on historical Turkey red, and can they help

determine object provenance?

These questions are answered by a process-based, cross-disciplinary approach
combining an extensive review of historical publications, historical research, and
archive material with modern chemical analytical techniques. The historical
literature provides knowledge of how Turkey red was dyed, making it possible to
design conservation-based analyses to study and characterise the historical
textiles. This work contributes to the field of heritage conservation science by
improving the knowledge of these unique textiles and laying a foundation of
analytical work that will be expanded upon to gather more information about
the robustness of historical Turkey red to light exposure, a significant concern

for historical textiles. The approaches taken in this thesis are:

28 Brackman, Clues in the Calico: a Guide to Identifying and Dating Antique Quilts, 63.
2% Crookes, A Practical Handbook of Dyeing and Calico-Printing, 323-324.
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1. Review of historical literature on the process of Turkey red dyeing and
archival research of primary source material from the Turkey red industry to

gain an understanding of how it was dyed and insight from experienced dyers.

2. Review of research on the Turkey red process and related topics, such as the
components of madder and synthetic alizarin, to identify possible ways to

characterise the complex and determine provenance.

3. Re-creation of Turkey red oil, synthetic alizarin, and dyed Turkey red
following historical processes to obtain samples for testing by analytical
techniques and to determine how technical processes are transmitted through

text.

4. Non-invasive analysis of historical and replica textiles to characterise the

Turkey red complex and gather information about object provenance.

5. Analysis of dyes extracted from micro samples of replica and historical 19" c.

Turkey red to determine which components are present.
The structure of the thesis is as follows:

Chapter 1 discusses the approach of historical re-creations and the Turkey red
process based on the literature and archive material reviewed, considering how
knowledge was communicated, the significance of technological developments in
ingredients, considerations for materials and equipment in a re-creation, and a
history of the process to set a context for this work. An approach for the re-
creation of Turkey red is identified and the analytical approach for

characterising the complex in situ on historical pieces is discussed.

Chapter 2 addresses the role of oil in Turkey red dyeing, including the
composition of the oils used, historical understanding of its chemistry, how
products like Turkey red oil were made, and how this can be used to
characterise Turkey red. This is used for the experimental re-creation of Turkey

red oil and the in situ analysis of Turkey red presented in later chapters.
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Chapter 3 gives an overview of the dyes used for Turkey red, the transition from
a naturally sourced dye to a synthetic one, and how synthetic alizarin was
manufactured in the late 19" c. This lays the framework for the experimental
re-creation of synthetic alizarin and the analysis of dyes on historical textiles to
determine which components are present and whether any can be used to

establish object provenance or date of manufacture.

Chapter 4 presents the experimental re-creations of Turkey red oil, dyed Turkey
red, and synthetic alizarin with a discussion of how actually implementing a
historical process differs from simply reading it in a text. The preparation of
oiled calico samples for the in situ characterisation of the complex is also

included here.

Chapter 5 discusses the analysis of historical, replica, and modern Turkey red oil
by "H nuclear magnetic resonance spectroscopy (NMR), *C NMR, and high
performance liquid chromatography with mass spectrometry (HPLC-MS) and
proposes their composition based on these results, which helps the subsequent
investigation of how the oil and cotton fibres bond in the dyeing. This also
confirms the success of the re-creation and whether the composition of the

product has changed since the decline of the Turkey red industry.

Chapter 6 answers the how the oil and cotton bond in Turkey red dyeing through
a non-invasive in situ analysis of historical and replica samples by comparing two
techniques, attenuated total reflectance Fourier transform infrared
spectroscopy (ATR-FTIR) and diffuse reflectance infrared Fourier transform
spectroscopy (DRIFTS), with supporting results by *C ssNMR. This chapter also
investigates how aluminium ions are incorporated in the oiled cotton and the

nature of this complex by ?Al ssNMR.

Chapter 7 presents the UHPLC analytical results of dyes extracted from historical
and replica dyed fibres as well as historical and modern reference samples of
dye sources to identify components characteristic of a natural or synthetic dye
source based on the discussion in Chapter 3. The analysis of some black fibres by
UHPLC is also included. This work identifies the pigments anticipated from the

literature on yellow, green, and blue areas of printed Turkey red by FTIR
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spectroscopy and SEM-EDX, with a discussion of the fastness implications for the

dyes and pigments present.

This research improves upon our knowledge of the chemistry of the unique
Turkey red process and the historical pieces preserved in many museum and
archive collections, contributing to a better understanding of the textile legacy
of this once great Scottish industry. It also explores how industrially valuable
processes were recorded and communicated and how materials used for dyeing

can help with interpreting and dating heritage Turkey red.
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1 The Turkey red dyeing process and its history in
Scotland

This chapter discusses the approach of reconstructing historical materials
following historical methods, referred to here as historical reconstructions or re-
creations, which is used to understand the chemistry and fundamental
characteristics of the Turkey red dyeing process. The information is gathered
from historical methods reviewed for this project and the opinions, thoughts,
and research of 19" c. dyers and chemists on how the process affected the
quality of the final product. Firsthand source material comes from archive
manuscripts on Turkey red dyeing, helping to connect the publications to the
historical textiles in archive and museum collections that are studied in this
work. The conclusions from this review form the basis for the experimental re-
creation of dyed Turkey red in Section 4.3.3 and the chemical analysis of replica
and historical Turkey red in this thesis. This approach was chosen to fulfil the
aims of this project and answer the research questions outlined later in this
chapter because it provides practical insight into Turkey red dyeing, considers
previous research and experimentation on the topic, and generates replica
samples for analytical testing to ensure conservation-based testing of historical

pieces.

Historical concerns over secrecy in the industry raise the question of whether
published texts were representative of industrial practices or if authors were
withholding information vital to the process in their books and recipes. Peel,
who worked at United Turkey Red (UTR) in the mid-20"" c. (after Turkey red
production ended), explains that the highly specialised technique was protected
even within firms and ‘few inside the works themselves knew anything more
than the broad outline or general method.’ He acknowledges that methods by
Berthollet, Papillon, and Hummel were published but says ‘these accounts did
not reveal “know how” nor new developments.’' Acquiring knowledge of Turkey
red from an experienced firsthand source was not possible for this project since
production ended about 80 years ago, so the re-creation work sought to test
whether his assertion holds true. Doubtless, there are many refinements and

adjustments to the process born of experience that have been lost with time.

' Peel, “Turkey Red Dyeing in Scotland Its Heyday and Decline,” 502.
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Other sources say it was not enough to obtain a recipe for Turkey red from a
book? and that ‘practical experience is the only reliable guide’.? One aim of this
research is to explore whether it is possible to dye and characterise Turkey red
from the texts reviewed for this project, testing these assertions. Whether it is
of the same quality as 19" c. Turkey red and how this is quantified is another

question entirely.

To improve conservation and display practices for historical Turkey red, more
about its chemistry must first be determined, which in turn requires a study of
the unique dyeing process. This chapter also provides a discussion of the
properties of Turkey red according to the literature as well as a history of
Turkey red dyeing in Scotland to set a context for the historical pieces analysed

in this work.

1.1 Material reconstruction methodology

The re-creation of historical materials and processes is a useful approach that
can answer a variety of questions by filling in gaps in physical and textual
evidence. Materials re-creation from past processes is most commonly seen in
the field of experimental archaeology,*” but has also found value creating
reference samples in investigative research of historical materials by scientific
analysis and for comparative modelling studies with historical objects as a
valuable resource when object sampling is restricted.®”® Reviving the use of a
heritage object, such as restaging a scientific experiment using a historical
apparatus, lends insight into past challenges and provokes discussion about our
perceptions of history.” Assumptions may also be tested, as shown by a practical

re-creation of yarn spun from replica 12*" c. spindles, where it was found that

2 Chenciner, Madder Red: a History of Luxury and Trade, 189.

3 Sansone, “Alizarin-Red and Turkey-Red Dyeing and Printing on Cotton,” 205.

“ Carrell, “Replication and Experimental Archaeology.”

> Harding, Experiment and Design: Archaeological Studies in Honour of John Coles.

é Carlyle and Witlox, “Historically Accurate Reconstructions of Artists' Oil Painting Materials.”
’ Dik et al., “Early Production Recipes for Lead Antimonate Yellow in Italian Art.”

8 Quye, Hallett, and Carretero, “Wrought in Gold and Silk”: Preserving the Art of Historic
Tapestries.

° Eggen et al., “Reconstructing Iconic Experiments in Electrochemistry: Experiences From a
History of Science Course.”
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although archaeologists and textile historians believed heavier spindles were
associated with producing heavier yarn, in reality the spinner was the significant
variable.™ Dress historians re-make garments from historical patterns and from
fragile objects when a more robust version is needed." On a larger scale, a
historical reconstruction may serve as a visitor attraction by providing an

immersive, contextual experience, like Colonial Williamsburg.

Many factors must be considered in a historical re-creation. Authenticity, and
therefore the validity and usefulness of the results, must be evaluated alongside
the goals of the experiment. Reynolds emphasises that a true experimental
replica must have a clear aim that it fulfils, and that it uses the same materials
as the original.™ His description is a useful foundation but does not address when
material changes are unavoidable, for example health and safety constraints or
sourcing problems. Hopkins addresses a material change that affects the
aesthetic of her replica but notes aesthetics were not a factor in her questions,
thereby fulfilling Reynolds’ criteria.” In an object intended for display, the
aesthetic factor would more significant, shifting the priorities of the re-creation.
The suitability of materials for a re-creation, given changes over time in
supplies, production, environment, etc., forces a balance between the modern
and the past.™ In this research, the aim to reproduce and characterise dyed
Turkey red calico as faithfully as possible presented modern health and safety
concerns that required adaptations to the method. As in Hopkins’s work,™ these
changes are made in a way to minimise their effect on the research questions, or

else their influence is acknowledged and discussed.

Replica objects are made for a variety of reasons, possibly to stand-in for a

fragile original,' as a handling item for visitors to engage with," or, as with this

"0 Kania, “The Spinning Experiment: Influence on Yarn in Spinning with a Hand-Spindle.”
" Davidson and Hodson, “Joining Forces: the Intersection of Two Replica Garments.”
'2 Reynolds, “The Nature of Experiment in Archaeology .”

'3 Hopkins, “Using Experimental Archaeology to Answer the Unanswerable: a Case Study Using
Roman Dyeing.”

' Carlyle and Witlox, “Historically Accurate Reconstructions of Artists' Oil Painting Materials.”

> Hopkins, “Using Experimental Archaeology to Answer the Unanswerable: a Case Study Using
Roman Dyeing.”

' Morena, “Definitions of Authenticity: a Study of the Relationship Between the Reproduction
and Original Gone with the Wind Costumes at the Harry Ransom Center.”
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research, to explore the making process itself and obtain samples for analysis.
The idea of re-creating an object to learn about how it was made has existed for
more than 100 years, though previous work was often subjective and removed
from historical context.' By studying an object alongside related historical
documentation, our understanding of what it is and how it was made is enhanced
and expanded.’ The process of a re-creation is valuable itself for providing
unanticipated results not found in the textual record, and, it should be noted, a
personal experience for the experimenter(s).?” By re-creating oil paints following
historical methods, the HART (Historically Accurate Reconstructions Techniques)
project found flaws in certain paints that echoed documented complaints by
painters in the literature.?' A reconstruction of dyeing apparatus in Pompeii
identified unknown problems and missing information through practical
experimentation.? Another group found their initial attempt to re-create a
voltaic pile was unsuccessful because they neglected to read Volta’s description

of his invention, which contained valuable details on its construction.?

A reconstruction may be carried out through analysis of an original artefact
and extrapolation of a method,* or through the interpretation of historical
recipes. This research uses the latter approach, but the work is not as
straightforward as choosing a recipe and executing it. Source material must be
found, its provenance considered, and the content analysed and interpreted,
which may involve multiple sources to account for variations in practice or

incomplete methods.”* A useful representative method considers the intent

"7 Lithgow, “Sustainable Decision Making—Change in National Trust Collections Conservation.”
'8 Gold, “Reconstruction and Analysis of Bismuth Painting.”
' Carlyle and Witlox, “Historically Accurate Reconstructions of Artists' Oil Painting Materials.”

2 Eggen et al., “Reconstructing Iconic Experiments in Electrochemistry: Experiences From a
History of Science Course.”

2! Carlyle and Witlox, “Historically Accurate Reconstructions of Artists' Oil Painting Materials.”

22 Hopkins, “Using Experimental Archaeology to Answer the Unanswerable: a Case Study Using
Roman Dyeing.”

2 Eggen et al., “Reconstructing Iconic Experiments in Electrochemistry: Experiences From a
History of Science Course.”

24 Ellis, Newman, and Barsanti, “Replication of Glazed Quartzite From Kerma, Capital of Ancient
Kush (Sudan).”

2 Dik et al., “Early Production Recipes for Lead Antimonate Yellow in Italian Art.”

26 Carlyle and Witlox, “Historically Accurate Reconstructions of Artists' Oil Painting Materials.”
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behind each step over individual details,” finding a balance between
authenticity and a reasonable undertaking for the experimenter. This allows for
flexibility in practical considerations like sourcing appropriate materials and
addressing challenges. In a re-creation of lead antimonate yellow, an ambiguous
historical term that could be interpreted in multiple ways was narrowed down to
two likely modern equivalents through historical and contextual analysis.? A
detailed study of 16™ and 17™ c. bismuth-painted boxes reviewed historical texts
and analysed objects to understand their structure, comparing the results to
previous research on the items for a more complete understanding.” The
Modeling of Damage in Historic Tapestries (WODHT) project made replica
tapestry samples using traditional materials and techniques for analytical testing
that would have been unethical on the originals.’***"3 This data gathered from
these model samples, acknowledging the limitations of re-creations, provides
valuable information by proxy on historical tapestries. In this project, a
comprehensive approach evaluating methods, archival texts, objects, previous

research, and historical re-creations is applied to Turkey red textiles.

Multiple perspectives may be helpful in a historical reconstruction when
certain aspects are outwith the specialist area of the experimenter. The Pompeii
dyeing experiment, a collaboration between archaeology and engineering, found
that for archaeologists, ‘how’ the dye vat worked centred around its use in a
practical, social, and economic context whereas for the engineers ‘how’ meant
the effect of external influences on the object itself.* The project assumed
Pompeian dyers used a lead kettle because it was a cheap and malleable

material, but did not consider its potential chemical effect on the dyeing

27 Hopkins, “Reconstructing the Dyeing Industry of Pompeii Through Experimental
Archaeology:the Challenges and Rewards of a New Approach.”

2 Dik et al., “Early Production Recipes for Lead Antimonate Yellow in Italian Art.”
2 Gold, “Reconstruction and Analysis of Bismuth Painting.”

30 peggie, “The Development and Application of Analytical Methods for the Identification of Dyes
on Historical Textiles.”

3" Hacke, “Investigation Into the Nature and Ageing of Tapestry Materials.”

32 Quye, Hallett, and Carretero, “Wrought in Gold and Silk”: Preserving the Art of Historic
Tapestries.

33 Hopkins, “Using Experimental Archaeology to Answer the Unanswerable: a Case Study Using
Roman Dyeing.”



38 Chapter 1 e The Turkey red dyeing process and its history in Scotland

process until the experiment was discussed with experienced dyers.* The re-
creation and analysis of Turkey red in this project considers both the history and
chemistry of the process since one aspect alone may diminish the value of the
work—a chemist alone may take the process and re-creation out of historical
context, while a historian alone would not have the scientific expertise to
undertake an analysis. Experiencing the sights and smells of a historical process
gives the researcher a more comprehensive understanding of the work that was
done, the challenges faced, and the environment in which these items were

made.

1.1.1 Considerations for Turkey red re-creations

One of the challenges with the re-creation of synthetic alizarin and Turkey red is
the scale of the original recipes. For synthetic alizarin, some sources have no
scale but use ratios;* industrially, it was manufactured by tons in purpose-built,
largely closed systems.*® This research is conducted at a bench scale rather than
in tons, but the scaling down is considered acceptable here because the
processes were originally developed at this scale. The use of closed vessels and
high temperatures pose more of a challenge in this work. In addition to the
attendant health and safety concerns, the cost of a high-pressure reaction vessel
was prohibitive and modern techniques like microwave systems are not
consistent with historical practices. Having to use borosilicate glass makes it
possible to observe the reaction, an important part of the re-creation
experience, but does potentially affect the reaction conditions. Scale is also a
factor in the Turkey red re-creation. Due to the size of vessels available (1 and 2
L beakers), the scale of the re-creation is much smaller than what a dyer would
typically use. The intent of the re-creation is a characterisation and a successful
dyeing is prioritised over an optimised process, which has more significance on a
production scale. When taking into consideration ranges of quantities,
concentrations, etc. for ingredients in this work, an excess is favoured to avoid

an incomplete dyeing. Fewer methods were found for making Turkey red oil, so

3* Hopkins, “The Importance to Archaeology of Undertaking and Presenting Experimental
Research: a Case Study Using Dyeing in Pompeii.”

3 Caro, Graebe, and Liebermann, Improvements in Preparing Coloring Matters.

3 perkin, “The History of Alizarin and Allied Colouring Matters, and Their Production From Coal
Tar.”
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the addressing gaps for the re-creation was more challenging and involved

consulting modern source material.

Measurements are another consideration. Although today chemists use
molarity to measure concentration, in the historical literature solutions are
measured by density, using a hydrometer. Density (mass/volume) is related to
molarity (mol./volume), but is also temperature-dependent. Some texts do not
specify which hydrometer scale is used, though at low concentration the
difference may have minimal effect on the process. French authors tend to use
the Baumé (°Bé) scale while English authors use Twaddle (°Tw). These scales
can be converted to specific gravity (spg), a modern and dimensionless
expression of concentration as a ratio of the solution density to the density of
water. Twaddle is converted to specific gravity by the equation ((°Tw x 5) +
1000)/1000).* The replica work in this research uses a Twaddle hydrometer for

consistency with the literature.

Figure 1-1 Twaddle hydrometer used to measure solutions following 19th c. methods.

As discussed earlier, a few points must be addressed regarding the use of
modern materials to re-create a historical process. One concern is quality, since
reagent impurities may influence the outcome of a reaction. Modern reagents
can be obtained at a variety of purities depending on the needs of the analyst.
Although one might think standards were lower historically, chemists began to
develop analytical tests for reagent composition and purity in the 18" c.® and by
the 19" c. were aware of and able to address undesirable impurities in
purchased reagents.* Perkin describes the extensive treatments done at his

works to distil anthracene and sufficiently purify it for alizarin manufacture.®

37 Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 876.
38 szabadvary, History of Analytical Chemistry, 150.

3% Smith, “Laboratory Notes. Preparation of Pure Carbonate of Soda, Pure Carbonate of Potash,
and Absolute Alcohol..”

“0 perkin, “The History of Alizarin and Allied Colouring Matters, and Their Production From Coal
Tar.”
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For the late-19'™" c. focus of this research, reagent inconsistencies are not a
significant concern and in this work any grade of reagent purchased from a
chemical supplier was sufficiently pure to be suitable for these re-creations.
Sourcing, on the other hand, poses another challenge, since some ingredients

like rancid olive oil and bullock’s blood are no longer commonly available.

Water supply is an important concern in textile dyeing, both in terms of
volume and quality. Metals and salts dissolved in the water can influence the
dyeing process, and contaminants like iron cause discolouration in Turkey red.*
The vessels and tools used may also affect the process in a similar manner to the
water quality, such as when Papillon’s method cautions against even using iron
nails in a bucket to avoid any leeching into the dye bath.” Hopkins also
addresses the issue of water supply in a dyeing re-creation and assesses the
hardness and metal content of historical and modern sources.” To minimise any
effect from the water, the re-creations use ultrapure water when possible.
When a larger volume is required, the use of tap water is justified since this
research was conducted in the same region where United Turkey Red operated
and the softness of the water is expected to be similar, acknowledging for the

possible effect of modern treatment additives.

By reconstructing historical materials following historical methods, a better
understanding is obtained of the practices used to create historical textiles like
Turkey red, contributing to their further conservation and appreciation.
Considerations must be made while interpreting historical sources for missing
information, sourcing historically appropriate reagents and equipment, and
modern health and safety standards. These factors are addressed by a thorough
literature review of Turkey red dyeing methods and previous research on the
technique and its chemistry. For these re-creations, consideration was given to
each ingredient, step, and piece of equipment used to control for extra variables
like contamination and impurities. The work was done to be as true as possible
to the historical texts, following specifications when given and making careful

deviations (e.g. using glass vessels) when the change was not anticipated to have

“! Sansone, “Alizarin-Red and Turkey-Red Dyeing and Printing on Cotton,” 205.
42 «y. Account of the Process Followed by M. Pierre Jacques Papillon for Dyeing Turkey Red.”

“ Hopkins, “Reconstructing the Dyeing Industry of Pompeii Through Experimental
Archaeology:the Challenges and Rewards of a New Approach.”
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an impact on the outcome, though it is acknowledged any deviation has the

potential to affect the re-creation unless confirmed otherwise.

1.1.2 Survey of Turkey red methods and textiles

This research reviewed published methods and archive manuscripts for Turkey
red dyeing, and uses pieces of 19" c. Turkey red in museum and archive
collections for primary material evidence. Published methods in English and
French were studied, the earliest being a 1765 account from the French
government that was probably the first widely distributed method for the
production of Turkey red in Europe. The latest one, from 1911, shows how dyers
tried to economise the time it took to dye Turkey red as quicker, less labour-
intensive synthetic dyes took over the market in the early 20" c. Previous
commentary and analysis of Turkey red, much of it research predating the
decline of the industry in the 1930s, was also reviewed. This established what
dyers and chemists more familiar with the process had found significant and
attempted to characterise, and to gain insight into how their approaches were

and were not successful in revealing the mysteries of Turkey red.

To explore the correlation between published texts and industrial practices,
manuscripts from Turkey red dyers were sought in archive collections. One of
the aims of this research was to locate historical Turkey red objects with
corresponding notes from the dyer, but no dyeing notes were found in the UTR
collection. A ledger titled Turkey Red Dyeing Calculation Book, Lennoxbank
A.O.E 1873* (called ‘AOE dyestuffs ledger’ here) does not contain directions for
dyeing, but its entries from 1873 to 1892 list the quantities and prices of
ingredients used in Turkey red dyeing at three dye works operated by the
Archibald Orr Ewing (AOE) firm.

* Turkey Red Dyeing Calculation Book AOE Lennoxbank. UGD 13/4/1.
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.

:gure 1-2 AOE dyestufedger

University of Glasgow Archive Services, Records of United Turkey Red Co Ltd, GB248
UGD13/4/1.

This ledger makes it possible to track how ingredients were used over nearly 20
years during a period when the industry was expanding and adapting to new
technologies. In addition to the AOE dyestuffs ledger, manuscripts on the Turkey
red process from J&P Coats, Ltd. dating from the early 20" c. were found at
Paisley Central Library (Paisley, Scotland, UK).**“* The collection does not
contain any textiles and Coats was better known for thread manufacture than
Turkey red dyeing, but the documents show practices consistent with published
methods and the AOE ledger. A notebook from Foxhill Bank Print Works dated
from 1830-1840s was also found in the V&A Textiles and Fashion Collection® that

“ Brennan, Tannahill, and Percy, Turkey Red Process for Cotton Yarn. 1/9/3.
“ Tannahill, Turkey Red Dyeing. 1/9/3.

47 Collin, Turkey Red Process for Cotton Yarn. 1/9/3.

“8 Straugh, Recipe From Mr Straugh. 1/9/3.

4> Book of Dye Recipes and Samples of Printed Cotton Made by Foxhill Bank Printworks England
1830-1840s. T.8-1978.
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contains an ‘old’ process for Turkey red. This text also corroborates that

published methods did document actual industrial practices.

The historical textiles examined and analysed for this work come from a
variety of sources. Some are found in textile dyeing manuals, which do not
always record the provenance of the sample, and are referenced by the text
they are found in. The largest set is from the UTR collection at Glasgow
University, which has nine books containing samples of Turkey red (ca. 1850s-
1900) spanning the period of interest for this research. Based on the irregular
presentation of the samples (roughly cut, uneven shapes) and the frequent
occurrence of off-register prints, these volumes were likely internal records for
UTR. The sample pattern books are listed in Table 1-1 with dates ascribed based
on inscriptions and stationer’s labels in the volumes. A second collection in the
Victoria and Albert Museum (V&A) Textiles and Fashion Collection contains a
mixture of loose (as opposed to pasted in books) pieces from UTR, some
German, Swiss, and Italian handkerchiefs, a remarkable dress, and a few other
miscellaneous pieces. The analysis of these objects is discussed later in this
thesis.

Figure 1-3 Turkey red textiles mounted in a sample pattern book, 1886-1888.
University of Glasgow Archive Services, Records of United Turkey Red Co Ltd, GB248
UGD13/8/6. Image courtesy of Lesley Richmond.
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Book Date

UGD 13/8/1 | after 1867

UGD 13/8/2 | 1856-1861

UGD 13/8/3 | 1857-1858

UGD 13/8/4 | 1857-1863

UGD 13/8/5 | after 1867

UGD 13/8/6 | 1886-1888

UGD 13/8/7 | 1887

UGD 13/8/8 | 1878

UGD 13/8/9 | 1899-1902

Table 1-1 Sample pattern books from Glasgow University UTR collection.

1.2 Deconstructing the methods

This section discusses the broad conclusions from the review of historical Turkey
red methods and identifies key themes and developments. The process by which
a method was chosen for the re-creation is discussed and a proposed definition
of Turkey red is given.

1.2.1 Defining Turkey red

The initial intent was to use the Turkey red methods reviewed to generate one
all-encompassing method representative of the process. This approach was not
feasible because the quantities of ingredients were determined for a set weight
of cotton, and not all steps appear in all processes. Furthermore, technological
developments in ingredients resulted in a distinction between ‘old’ and ‘new’
processes, which is discussed further in Section 1.2.3. Many processes contain
repeated steps, or even repeated sets of steps, convoluting the order of
operations. Vitalis offers two similar methods for Turkey red; the marche en gris
has fewer repeated steps and dyed a lower-quality product than the marche en
jaune® in Figure 1-4, indicating quality was connected to a sufficient quantity of
ingredients on the fibres.

50 Vitalis, Cours élémentaire de teinture sur laine, soie, lin, chanvre et coton, et sur [’art
d’imprimer les toiles, 246.



Marche en jaune.  Translation
Débouilli. ~ Scouring.
Bains de fiente. ~ Dung baths.
Bains blancs. White baths.
Sels. Salts.
Dégraissage. Degreasing.
Engallage. Galling.
Alunage. Aluming.
Layage d’alun. Washing the alum.
Bains blancs. White baths.
Sel. Salt.
Dégraissage. Degreasing.
Engallage. Galling.
Alunage. Aluming.
Lavage d’alun. - Washing the alum.
Garangage. Maddering.
Avivage. Brightening.
Rosage. Clearing.
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Figure 1-4 The marche en jaune Turkey red process from Vitalis with translation by this
author.

A more useful means to evaluate the methods was developed based on a
description by Knecht, who says Turkey red is the result of a series of
operations—oiling, sumaching, mordanting, dyeing, and clearing.” Looking at the
broad characteristics of a process and breaking it into modules rather than the
specifics of an individual recipe made it easier to identify which steps are
fundamental to Turkey red and which appear to be at the discretion of the dyer.
The repeated steps, which become less common over time in the methods
reviewed, appear to be compensation for lower-quality ingredients or limited
experience. As dyers became familiar with the process, they would be better at

accomplishing in fewer steps what originally had taken sixteen.

The conclusion from this research is that there are five fundamental
ingredients in Turkey red dyeing— cotton, oil, aluminium, calcium, and dye.
There is a prescribed series of steps— 1) oiling, 2) mordanting, 3) dyeing, and 4)
clearing, where the dyed cotton is vigorously cleaned to remove unbound dye
components. Preparation of the cotton with oil was necessary, and when
comparing Turkey red methods to other dyeing techniques it is obvious that this

is also characteristic of Turkey red and not practiced with other colours.

> Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 588.
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The step called sumaching, which refers to the application of tannins—either
from oak galls or sumac®—is not studied in this research. Tannins are
polyphenolic compounds that contain many -OH groups and chelate with
metals.> They were known to improve the uptake of colour by attracting more
mordant,> probably by complexing with the metal salt. The use of tannins in
dyeing was not restricted to Turkey red,> and they were not always used in the
process.* Tannins probably served as a secondary mordant by attracting more
aluminium, but they are not studied in this project because the review did not
determine them to be necessary for the process and unlike the oiling, tannins

are not particular to Turkey red.

Two more notorious ingredients in the process, dung and blood from sheep
and cattle, were similarly determined to be non-essential assistants based on
inconsistencies in their use. To keep the scope of this characterisation
manageable, the research focuses on the essential aspects of Turkey red listed
above and does not include dung and blood, though they are discussed in the
literature review to provide a complete understanding of the process. Further
investigation into these intriguing and evidently beneficial ingredients is
recommended. Calcium, on the other hand, is not an ingredient in every method
but was determined to be vital to the process.” Around the late 18" c., as the
process spread across Europe, dyers became aware that if calcium was not
naturally present in the water used, then it must be added, usually in the form
of chalk,® a discovery claimed by Haussmann. Ure explains that after moving
from Rouen to Logelbach, Haussmann found his dyeing was unsuccessful due to
the decreased calcium content in the water. Avignon madder was found to

contain enough calcium to make the additive unnecessary,* which may explain

%2 Chateau, “Critical and Historical Notes Concerning the Production of Adrianople or Turkey
Red, and the Theory of This Colour,” 267.

>3 Hagerman, The Tannin Handbook.

>* Hummel, The Dyeing of Textile Fabrics, 227-232.

>> Duerr and Turnbull, Bleaching and Calico-Printing : a Practical Manual, 53.
% Sansone, “Alizarin-Red and Turkey-Red Dyeing and Printing on Cotton,” 204.

> Haussmann, “XXXII. Observations on Maddering; Together with a Simple and Certain Process
for Obtaining, with Great Beauty and Fixity, That Colour Known Under the Name of the
Turkey or Adrianople Red,” 171.

8 Hummel, The Dyeing of Textile Fabrics, 433.

> Ure, A Dictionary of Arts, Manufactures, and Mines, 791.
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why chalk is not included in every recipe. Where it was not an additive, mostly
in the form of chalk, the dyer was likely working with calciferous water that

naturally supplied sufficient calcium to the dye bath.

As with any dyeing technique, the cellulosic fibres must first be scoured of
their natural waxes and oils. Cotton is the only fibre mentioned in the literature,
though technically it would be possible to dye linen as well,* but with more
difficulty due to its more crystalline polymeric structure. The scoured fibres are
treated with oil suitable for dyeing purposes until a sufficient amount is
attached to the fibres. This step is followed by applying aluminium to the oiled
fibres, and then finally the dyeing takes place in a bath with the colorant and
calcium present. The last step, clearing, removes all excess compounds not
sufficiently bonded to the fibres. Even experienced dyers did not always produce
Turkey red of the best quality,®' so a definition based on its chemistry rather
than its fastness is appropriate. For this research, Peel’s description of Turkey
red as a combination of calcium-aluminium-alizarin lake combined with a fatty

acid on vegetable fibre® is a useful working definition.

Much of the literature claims that prior to 1810, Turkey red could only be
dyed on yarn and not cloth.®¢% A comparison of methods from before and after
that date does not reveal any marked differences to the modern reader.
Furthermore, Parliamentary records from 1786 report dyeing Turkey red ‘in the
Piece’,* meaning woven items, and a 1798 article by Pallas mentions cloth,® so
the pre-1810 divide may be less significant than implied by the literature.

Tarrant says the difference was due to difficulties oiling woven fibres compared

8 Berthollet, Elements of the Art of Dyeing, 127.

81 Schaefer, “The History of Turkey Red Dyeing,” 1412.

62 peel, “Turkey Red Dyeing in Scotland Its Heyday and Decline,” 496.
8 Bremner, The Industries of Scotland 299.

84 Jacqué et al., Andrinople: Le rouge magnifique 15.

6 Leigh, “On the Estimation of Alizarin in Dyed Cotton Fabrics, and on an Attempt to Ascertain
the Composition of Turkey-Red and Other Alizarin Lakes” 205.

¢ Great Britain House of Commons, “Journals of the House of Commons” 467.

¢ pallas, “Il. the Genuine Oriental Process for Giving to Cotton Yarn or Stuff the Fast or
Ingrained Colour, Known by the Name of Turkey Red, as Practised at Astracan” 10.
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to yarn hanks,® rather than a difference in process, a logical explanation

consistent with the findings from this research.

A laborious and time-consuming aspect of the process was that the cotton
had to be dried between nearly every step, which in Scotland was seasonal work
prior to improved indoor drying techniques. Tarrant says this development
occurred in the 1830s* while Peel writes that Scottish firms took up indoor
drying around 1841.7 A less refined method must have been available before
then, however, because directions in the 1804 publication of Papillon’s method
recommend ‘stove’ drying’* as does the 1830s-40s Foxhill Bank book.” The
origins of indoor drying aside, all the processes reviewed for this project

included drying after nearly every step, which Jenny says improves the process.”

As mentioned in the introduction, a fundamental characteristic of Turkey red
is that it is not technically a dye, but a process.” The result of this process, also
called Turkey red, is a textile product coloured by a chemical complex that does
not exist without the fibre onto which it is dyed. This means one cannot have a
bottle or packet of Turkey red, only Turkey red yarn or fabric. This has

significant implications for analytical characterisation, discussed further below.

1.2.2 Historical research and in situ analysis

This project takes into consideration the historical analytical work on the
characterisation of Turkey red, much of it being made by empirical assays that
are now long obsolete. Ultimately, chemists were unable to completely answer
how Turkey red formed because they lacked the ability for in situ analysis,
though some of their research laid the foundation for this work. These
investigations and how they influence the analyses here are discussed in the

literature reviews.

¢ Tarrant, “The Turkey Red Dyeing Industry in the Vale of Leven” 41.

% ibid., 43.

7 peel, “Turkey Red Dyeing in Scotland Its Heyday and Decline.”

"1 «y. Account of the Process Followed by M. Pierre Jacques Papillon for Dyeing Turkey Red.”

72 Book of Dye Recipes and Samples of Printed Cotton Made by Foxhill Bank Printworks England
1830-1840s. T.8-1978.

3 Jenny, “Mémoire sur la fabrications du rouge d’Andrinople,” 759.

™ Brackman, Clues in the Calico: a Guide to Identifying and Dating Antique Quilts, 63.
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Research on the chemistry of Turkey red sharply declined when the industry
shut down in the 1930s,” though some interest persisted.” A doctoral thesis by
Kiel on alizarin lake complexes from the 1960s includes analysing the lake on
Turkey red.” This is the only published in situ analysis of Turkey red, but the
focus was on the lake and did not attempt to characterise the oil. As early as
1916, Leigh observed that analyses of in vitro preparations, like studying the
lake in a test tube, were ‘purely speculative work’ that led to erroneous
conclusions. He writes ‘the lake must be analysed as it exists on the fibre.’”® His
assessment of Turkey red analysis was correct, though it was not until Kiel’s
time that analytical instruments capable of this research were developed, and
not until this project that a comprehensive analytical characterisation of Turkey
red, for the first time with a heritage conservation-based approach, has been

undertaken.

One useful analytical technique for dyes and textile research is
chromatography, which is not an in situ analysis. This technique allows the
separation of dyes extracted from a textile fibre and their identification by
comparison to reference compounds. It was not developed until the late 1930s”
and therefore does not feature in the historical research on Turkey red.
Extracting the dyes does not reveal the nature of the complex but still provides
valuable information as to whether light-sensitive compounds are present,
making the small sample required justifiable for improved conservation
practices. Certain dyes may also serve as chemical markers, which may be the
case with Turkey red (discussed further in Section 1.2.3). To date, no dyes
analysis of historical Turkey red has been published, though there have been

many studies of madder and madder-dyed textiles.?*”®""® These investigations

7> Liles, The Art and Craft of Natural Dyeing: Traditional Recipes for Modern Use, 112.
7® Haller, “Constitution of Turkey Red.”
7 Kiel, “Metaalcomplexen van Alizarinerood.”

78 Leigh, “On the Estimation of Alizarin in Dyed Cotton Fabrics, and on an Attempt to Ascertain
the Composition of Turkey-Red and Other Alizarin Lakes,” 213.

7 Stahl, “The Historical Development of the Method.”

8 Henderson, Rayner, and Blackburn, “Isolation and Extraction of Lucidin Primeveroside From
Rubia Tinctorum L. and Crystal Structure Elucidation.”

8 Mouri and Laursen, “Identification of Anthraquinone Markers for Distinguishing Rubia Species in
Madder-Dyed Textiles by HPLC.”

8 Derksen, Niederlander, and van Beek, “Analysis of Anthraquinones in Rubia Tinctorum L. by
Liquid Chromatography Coupled with Diode-Array UV and Mass Spectrometric Detection.”
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identified hydroxyanthraquinone colourants, which is expected to be the case
for Turkey red as well since madder was traditionally the dye source. This
research aims to identify dyes on Turkey red and whether any can be linked to
madder or synthetic alizarin as the dye source, possibly revealing information

about their age or provenance.

1.2.3 Technological advances and Turkey red

The methods surveyed for this project encompass the period from when the
entire process was done by hand with rancid olive oil and madder roots to an era
where the much of the dyeing was done with the aid of machinery and
manufactured ingredients replaced naturally-sourced ones. The transition
toward modern ingredients is of interest to this project because of the affect it
could have on the chemistry of the process. If these advances resulted in
chemically different artefacts, then a single conservation practice for Turkey red
may not be suitable. Technological advances in equipment permitted oven
drying and steaming the cotton, an improvement first mentioned in 1885, but
Turkey red was still dyed before their use. This indicates that while they may
have improved the efficiency of the process for the dyer, and perhaps improved
the quality of the final product, they did not fundamentally change the overall

process.

Traditionally, cotton to be dyed Turkey red was first treated with a bath of
rancid olive oil mixed with alkali and, frequently, sheep or cow dung as well.
The task involved steeping the cotton in the bath, wringing, and drying it
multiple times before carefully washing to remove excess oil that did not adhere
to the fibres. The development of Turkey red oil in the early 1870s* (castor oil
treated with sulfuric acid and neutralised) cut the oil treatment down to one
step: steeping the cotton in a bath of water and Turkey red oil, then wringing,
drying, and rinsing. In the literature, a Turkey red method using rancid olive oil
is sometimes called an ‘old’ or an emulsive oil process, while those using Turkey
red oil are a ‘new’ or sulfated oil process. The distinction was unnecessary until
the development of the ‘new’ process and it is used consistently in publications

and archive material once the two co-exist.

8 sansone, “Alizarin-Red and Turkey-Red Dyeing and Printing on Cotton.”

84 Markley, Fatty Acids: Their Chemistry, Properties, Production, and Uses, 1735.
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The other significant transition in Turkey red dyeing, synthetic alizarin, also
occurred around this time. Dyers replaced the ground madder traditionally used
in the dye bath with the more concentrated product, which lowered costs and
did not have the woody impurities of madder. Synthetic alizarin was
commercially available in 1869,% so its use in Turkey red was fairly concurrent
with the development of the ‘new’ oiling process. In terms of time saved when
dyeing, the impact of synthetic alizarin was not as significant as Turkey red oil
was, but its price and convenience compared to madder drove its increased use.
This transition implies a collection of 19" c. Turkey red may have pieces dyed
with madder and with synthetic alizarin, which, depending on the individual

molecules present, may have separate display and conservation requirements.

The general impression from the literature is that the ‘old’ and ‘new’
processes both dyed Turkey red, and that good colour could be achieved with
madder or synthetic alizarin. The research questions for this project on the
chemistry of the oil and the identification of a natural or synthetic dye source
aim to address these technological advances and whether they had an impact on
the chemistry of the process. This will also help determine whether ‘old’ and
‘new’ process Turkey red are the same chemical complex and can be treated
similarly or whether further classification of collections is needed before

treatment or display.

1.2.4 Vessels and fibre preparation

The tools used in the dyeing as well as the ingredients can influence Turkey red.
It was important that equipment like vessels be free from iron,* a condition also
applied to the alum used.¥ Iron was known to dull the red colour, so Turkey red
dyers often used copper vessels instead.® The water used for dyeing would

ideally have a low mineral content to ensure no interference in the process.®

8 Travis, “Between Broken Root and Artificial Alizarin: Textile Arts and Manufactures of
Madder,” 2.

8 «v. Account of the Process Followed by M. Pierre Jacques Papillon for Dyeing Turkey Red.”

8 Chateau, “Critical and Historical Notes Concerning the Production of Adrianople or Turkey
Red, and the Theory of This Colour.”

8 Sansone, “Alizarin-Red and Turkey-Red Dyeing and Printing on Cotton.”

% Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 58.
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Advance bleaching the cotton prior to dyeing Turkey red was generally
considered unnecessary for a successful outcome and only a good scouring was
required;’®" Knecht even says it was potentially harmful to the process.*? For
Turkey red intended to be discharge printed, lightly bleaching the fabric may
have improved the quality of the print since white areas would be revealed, so
to a point it may not have been detrimental. The effect of bleaching on the
chemistry is beyond the scope of this project. The use of bleach on Turkey red

after it is dyed, another matter, is discussed in Section 1.3.2.

1.2.5 Hummel’s process for dyeing Turkey red

To re-create dyed Turkey red for this project, one published method was chosen
that represented the fundamental characteristics of the process and had clear
directions, measurements, and ingredients specified. After weighing
considerations regarding sourcing ingredients, clarity, time, provenance of the
method, and the method itself, the Turkey red dyeing process in John James

Hummel’s The Dyeing of Textile Fabrics®” (1886) was selected.

Hummel provides methods for the ‘old’ and ‘new’ processes, both using
synthetic alizarin as the colorant, which had by this time superseded madder. To
keep the experimental work and analysis manageable, and because no rancid
olive oil like huile tournante could be sourced, only the ‘new’ process is re-
created in this work, but samples are dyed with madder and synthetic alizarin.
The details of the ‘old’ and ‘new’ processes and their chemistry are discussed

further in Chapter 2.

The credibility of the text comes from Hummel’s extensive experience in the
dyeing industry and as a Professor of Dyeing at Yorkshire College (later part of
Leeds University). His father worked as a chemist in the print works of James
Thomson at Primrose (Clitheroe, England, UK), where Turkey red was printed,*

and was well acquainted with significant figures of the textile industry like

% sansone, “Alizarin-Red and Turkey-Red Dyeing and Printing on Cotton.”
" Hummel, The Dyeing of Textile Fabrics, 85.

%2 Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 96.

% Hummel, The Dyeing of Textile Fabrics.

* Thomson, “Specification of the Patent Granted to James Thomson for a Method of Producing
Patterns on Cloth Previously Dyed Turkey Red, and Made of Cotton or Linen, or Both.”
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Daniel Koechlin, Walter Crum, John Mercer, and Frederick Steiner. Hummel’s
stepfather was John Sieber, an accomplished Swiss technical chemist with an
expertise in the application of colouring matters who succeeded Hummel senior
at Primrose. Sieber later worked at Irwell Springs, the Turkey red works of
Mercer & Greenwood, near Bacup (England, UK), so it is possible young Hummel
was familiar with the process for most of his life. Hummel studied at Zurich
Polytechnic and received a technical diploma, returning to England and taking a
job as a chemist in the James Black & Co. printworks in Alexandria (Scotland,
UK). During his time there, he began using artificial alizarin to replace madder.
After Alexandria, he was the sub-manager at Foxhill Bank Print Works in Church,
Lancashire. This works is also the origin of one of the manuscripts reviewed for
this project,” though it predates Hummel’s tenure. He worked at two more
Scottish dye works before applying to be an instructor in dyeing at Yorkshire
College in 1879. Hummel was progressive and open about sharing processes and
recipes in an industry where skill was traditionally gained through laborious

experience and practices were carefully guarded.®

Hummel’s experience, background, and reputation for sharing his methods
along with the clarity of the method itself make it a good historical process to
attempt translating into a modern method for re-creation. It contains all the
requisite features of a Turkey red process and uses ingredients that can be

obtained for this project.

1.2.6 Summary

Trying to define a process as singular and inscrutable as Turkey red through
historical publications seemed, at the outset, daunting. First, the literature
contains many cautionary statements about practical experience as the only
reliable guide,®” and that learning about the process or acquiring a recipe was
insufficient instruction to produce true Turkey red.” Learning the technique

from someone within the Turkey red industry was not an option for this project

% Book of Dye Recipes and Samples of Printed Cotton Made by Foxhill Bank Printworks England
1830-1840s. T.8-1978.

% Walker, “The Life and Influence of Professor J.J. Hummel.”
°7 sansone, “Alizarin-Red and Turkey-Red Dyeing and Printing on Cotton,” 205.

% Chenciner, Madder Red: a History of Luxury and Trade, 189.
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since production in Scotland ended about 80 years ago, so the methods and texts
were carefully deciphered and evaluated to compensate for the absence of
instruction. Developments and adaptations to the process, namely Turkey red oil
and synthetic alizarin, raised questions of whether these new ingredients yielded
a product with a different chemistry. The range of British and French sources
reviewed, written over a 150-year period, introduce a variety of practices and

ingredients in which it can be difficult to see a method to the madness.

Historical research, commentary, and analysis were also reviewed to gather
information and avoid replicating previous unsuccessful analyses, many of which
were extractive and useless to characterise a complex that exists only on the
fibre. This review was vital to gain an understanding of the process and revealed
key concerns for a successful dyeing, like the absolute necessity of sufficient oil
on the fibre. The technique became more accessible when a method was
reviewed with the questions what is the intent of this step? and what chemical
reactions could occur? in mind. This approach, coupled with an investigation into
the composition of Turkey red oil, made it possible to compare the chemistry of
the ‘old’ and ‘new’ oiling processes to determine whether they had the same

purpose and if these findings can be applied to all Turkey red.

It is unclear why, historically, acquisition of a Turkey red method did not
guarantee a successful dyeing. It may be the case that dyers were so unfamiliar
with the process, which appears to be unique in its lengthy and prescribed
preparation of the fibres, that any misunderstanding or lack of information
caused a failure. The quality of ingredients would also have had an impact on
the process, which may have discouraged an inexperienced dyer who would not
have known what to look for. Factors that affect the quality, including the
dyer’s familiarity with the process, are another fascinating aspect of Turkey red
still to be investigated. The experimental re-creation and analysis of Turkey red
dyed with Hummel’s method for this project explores whether the process can
be learned and executed without demonstration. The work generates samples
that are valuable in the characterisation of Turkey red, another goal for this
project. The historical Turkey red dyeing methods and archive texts are

summarised in an annotated bibliography in Appendix B.
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1.3 Properties of Turkey red

One cannot help but notice when reading about Turkey red the degree of
acclaim in the literature regarding its quality, durability, and colour. This
research aims to elucidate more on the chemistry of Turkey red, but an
investigation into its properties as a dyed textile is beyond the scope of this
project. These attributes of Turkey red are discussed in here to underscore the
historical significance of the textile and exactly why it was worth so much effort
to produce. Hopefully, future research will be able to expand upon the findings

from this project to quantify and explain some of its incomparable quality.

1.3.1 Brilliant colour

It was described as having ‘a lustre’ that was difficult to imitate® and the
brightest colour that could be dyed on vegetable fibres.'® Crookes says ‘Turkey-
red are very readily recognised by the peculiar fiery and deep tone of the
colour’™" and Cain writes it is ‘the most important application of the mordant
dye to cotton’.' Although there are persistent misconceptions about natural
dyes only producing muted colours, cellulosic fibres are less susceptible to
dyeing and the colour is much redder than the result of a non-Turkey red

process.

Most of the Turkey red viewed for this research has been printed, a process
discussed further in Section 1.4. The printed yellow, green, blue, black, and
white—the typical Turkey red colourway seen in the images below—are as vivid
as the red, creating the vibrant calicoes that, after more than 100 years, are

still as lovely as they were hailed to be in the 19" c.

% Berthollet and Berthollet, Elements of the Art of Dyeing and Bleaching, 326.

1% pépierre, Traité de la teinture et de U’impression des matiéres colorantes artificielles. 2me
partie, L’alizarine artificielle et ses dérivés, 40.

0" Crookes, A Practical Handbook of Dyeing and Calico-Printing, 326.

'92 Cain and Thorpe, The Synthetic Dyestuffs and the Intermediate Products From Which They
Are Derived, 36.
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Figure 1-5 19" c. floral and paisley Turkey red piece, after 1867.
University of Glasgow Archive Services, Records of United Turkey Red Co Ltd, GB248
UGD13/8/5.

Figure 1-6 19" c. peacock with flowers Turkey red motif.
Image courtesy of the V&A, T.133(23)-1976.



Chapter 1 e The Turkey red dyeing process and its history in Scotland 57

Figure 1-7 Germany Turkey red handkerchief depicting Fame distributing gymnastic honours,
ca. 1880-1899.
Image courtesy of the V&A, 1802-1899.

1.3.2 Fastness

In addition to being an attractive shade, Turkey red was known as a textile
exceptionally fast to both washing and light exposure.' It was very durable
against soaping,'™ which might be explained by the use of soap in the final step
of the dyeing process. Hofenk de Graff says Turkey red has a light fastness of
blue wool standard 5-6 (on a scale of 0-8),'® but no experimental data is
included. Peel describes Turkey red as able to tolerate boiling under pressure
with sodium carbonate or soap, rubbing on white linen without transferring
colour, and 2 %2 years of British daylight without fading.' The latter seems
unusually low considering the low average light levels in Britain and that much
of the export market for Turkey red was to India and other sunnier places'”’
speaks more for its light fastness. It is worth nothing that the origins of the

technique are likely Indian as well (see Section 1.5.1). Turkey red is consistently

'3 peel, “Turkey Red Dyeing in Scotland Its Heyday and Decline,” 502.

"% Sansone, “Alizarin-Red and Turkey-Red Dyeing and Printing on Cotton,” 205.
1% Hofenk de Graff, van Bommel, and Roelofs, The Colourful Past, 108.

1% peel, “Turkey Red Dyeing in Scotland Its Heyday and Decline,” 502.

97 Arthur et al., “Seeing Red: Scotland's Exotic Textile Heritage.”
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described as the fastest in the literature,®'® but it is not yet known how this is
quantified in modern conservation terms. The image below, of Turkey red in a
private collection that had been displayed in direct sunlight for many years,
shows that although it had remarkable fastness, it is still susceptible to damage
from light exposure. Through this research, a better understanding about the
chemistry of Turkey red improves our display practices of these unique and

remarkable textiles.

Figure 1-8 Turkey red print with some light damage, c. early 20" c.
Turkey red from R.A. Peel, printer at United Turkey Red. Private collection of Susan
Prentice.

Rub fastness, meaning the colour does not transfer with abrasion, was an
important feature of quality Turkey red."® It was also known for was its

resistance to bleaching,”" which made it attractive to Irish linen finishers

1% Cooper, A Practical Treatise on Dyeing, and Callicoe Printing: Exhibiting the Processes in the
French, German, English, and American Practice of Fixing Colours on Woollen, Cotton, Silk,
and Linen, 286.

% Ure, A Dictionary of Arts, Manufactures, and Mines, 793.
"9 Carruthers, “A New Process of Dyeing Turkey Red,” 124.

" Sansone, “Alizarin-Red and Turkey-Red Dyeing and Printing on Cotton,” 205.
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because the colour would not transfer to the white yarn while weaving, and the

red bands they wove could withstand bleaching.'"

Figure 1-9 Towel woven with Turkey red borders, ca. late 19" c.
© Julie H. Wertz, private collection.

Figure 1-10 The woven pattern on the towel borders made with plain warms and Turkey red
weft.
© Julie H. Wertz, private collection.

In the Statistical Account of Scotland, Burns writes that Turkey red yarn was

woven with unbleached cotton or linen, and that when bleached together it

"2 peel, “Turkey Red Dyeing in Scotland Its Heyday and Decline,” 502.
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‘acquires more beauty and lustre by this trying operation.’'"* There is some
discussion in the literature from the 1880s that the ‘new’ process Turkey red
was not as resistant to bleaching as that of the ‘old’,"* but this may have been a
transitional period of adaptation between the two processes' because the point
is not continually raised. The beauty of Turkey red speaks for itself, but much
remains to be answered in terms of quantifying the fastness with modern
methods. Hopefully this research will contribute to our understanding of Turkey

red so this may be further researched for the benefit of collections worldwide.

1.4 Discharge printing

The oiling required for Turkey red precludes the direct application of red areas
in printed textiles—fabric was solid Turkey red after dyeing. A technique called
discharge printing was, according to much of the literature, developed in 1811
by a Mulhouse dyer name Daniel Koechlin."® This involved selectively removing
the red through a chemical process, leaving white areas that could be printed
over with other colours. Koechlin found that by adding a weak acid, like citric or
tartaric, to the hypochlorite bleach Turkey red was normally resistant to, the
colour rapidly disappeared.'”'"® By mixing the acid in a paste, using gum, starch,
or pipe clay,"”'® the design could be applied with carved blocks and later with
cylinders. Much of the Turkey red preserved in collections is printed, leading one
to imagine that historically, most it was as well. According to Tarrant, half of
the Turkey red dyed was left plain red,”" and its relative absence in collections

is probably due to print samples having been reserved as design records.

The literature is not completely in accord on Koechlin’s contribution. In an
1824 letter to The Glasgow Mechanics’ Magazine, John Miller states he

developed a means of discharge printing in 1802 while working for Monteith,

"3 Burns, “Parish of Barony of Glasgow,” 115.

"4 Sansone, “Alizarin-Red and Turkey-Red Dyeing and Printing on Cotton.”

"> Hummel, The Dyeing of Textile Fabrics, 444.

"¢ Jacqué et al., Andrinople: Le rouge magnifique, 10.

"7 Bremner, The Industries of Scotland.

"8 Schaefer, “The History of Turkey Red Dyeing,” 1415.

"9 The Dyer and Colour Maker's Companion, 42.

20 puerr and Turnbull, Bleaching and Calico-Printing : a Practical Manual, 42-43.

2! Tarrant, “The Turkey Red Dyeing Industry in the Vale of Leven,” 45.



Chapter 1 e The Turkey red dyeing process and its history in Scotland 61

Bogle and Co."™'2 George Roger or Rogers (both are used), manager of
Monteith’s Barrowfield works, is also connected to the process for that same
year and possibly as far back as 1792, though with little evidence to support the
claim.™'% Credit for the process was evidently of enough interest that it was
disputed in early 1824'*'2712%129 and at no point is Koechlin mentioned in these
sources. Who exactly developed the discharge printing of Turkey red, or whether
it was developed independently in more than one location, may remain a

mystery but is beyond the scope of this project.

As discussed earlier, finished Turkey red was known for its resistance to
chlorine bleach, which contributed to its reputation for fastness. Printers
applied the weakly acidified paste with engraved blocks, plates, or rollers to
discharge the red dye for the desired pattern. An aqueous solution of bleaching
powder (calcium hypochlorite, Ca(ClO);) was applied and the colour removed
only where the acidic paste contacted the fabric. The historical literature says
that blue was applied by mixing Prussian blue pigment dissolved in acetic acid
with the paste. Yellow was obtained by adding a lead salt to the paste and
developing the colour with a chromium salt solution, which precipitated lead
chromate. Green was the result of overprinting yellow and blue. Black was
achieved in a few ways, sometimes by printing Prussian blue without discharging
the underlying red or by printing a black dye like logwood or aniline black over
the red.””"" Pink, the only colour that was not obtained by the discharging
process, was effectively a light red made by using less aluminium. Patterns of

pink and red, called ‘two reds’ in some of the UTR sample pattern books, were

22 Miller, “Statement Relative to the Discharging Process of Turkey Red, by Means of Presses.”
123 «On the Process for Discharging Turkey-Red.”

24 Tarrant, “The Turkey Red Dyeing Industry in the Vale of Leven,” 42.

25 Arthur et al., “Seeing Red: Scotland's Exotic Textile Heritage,” 6.

126 «Notices to Correspondents,” 1824b.

127 «“pischarging of Turkey-Red.”

128 «Notices to Correspondents,” 1824d.

129 «Notices to Correspondents,” 1824e.

130 Crookes, A Practical Handbook of Dyeing and Calico-Printing, 594-597.

3" puerr and Turnbull, Bleaching and Calico-Printing : a Practical Manual, 42-43.
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obtained by applying more aluminium mordant with a block where red was

desired.'?

Figure 1-11 Unusual Turkey red print over stitched-in thread, purpose unknown.
University of Glasgow Archive Services, Records of United Turkey Red Co Ltd, GB248
UGD13/8/5.

Printed Turkey red has a characteristic colourway of red, yellow, green,
blue, white, black, and sometimes pink. The low water solubility of Prussian
blue and lead chromate gave the printed product the same reputation for
fastness as plain Turkey red. The details of the chemistry of discharge printing
are not addressed in this thesis but may be worth further investigation in future
research. The literature and surviving textiles do not indicate that other dyes
beyond those discussed (actually pigments, save logwood) were used in Turkey
red prints, perhaps because differences in fastness would have resulted in

uneven fading.

1.5 The history of Turkey red dyeing in Scotland

This section outlines the history of Turkey red dyeing with an emphasis on the
development of the industry in Scotland as the focus of this project to provide a

context for the process being analysed.

32 Storey, “Turkey Red Prints,” 34-35.
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1.5.1 Origins and arrival in Western Europe

The exact origins of Turkey red dyeing are undocumented, though it is proposed
to have been developed in or around India."”* " This is consistent with some of
the dyeing in the kalamkari technique practiced in India, where milk (a source
fat like oil, and possibly calcium), aluminium, and madder are used. Indonesian
dyeing techniques for cotton using plant seed oil, symplocos leaves (aluminium),
and root bark from Morinda citrifolia L (source of anthraquinone dyes like
madder)'* support a south Asian origin. The dyeing was practiced in Turkey and
the Levant, where it was sold to Western Europe, hence the name.™® It is
occasionally called Adrianople red or rouge Andrinople after the modern-day

city of Edirne, formerly called Adrianopolis,’’ where the dyeing was practiced in
what is now northwest Turkey.
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Figure 1-12 Locations where Turkey red was dyed in Greece and Turkey.
Image generated in Google Maps.

European dyers recognised the demand for imported Turkey red and sought a
means to produce it independently. Spies were employed and sent to Greece
and Turkey to learn the process,™® which has been called the first case of

'3 Liles, The Art and Craft of Natural Dyeing: Traditional Recipes for Modern Use, 111.
34 Sandberg, The Red Dyes, 101.

'35 Cunningham et al., “Hanging by a Thread: Natural Metallic Mordant Processes in Traditional
Indonesian Textiles.”

136 Berthollet, Elements of the Art of Dyeing, 127.
37 Cardon, Natural Dyes: Sources, Tradition, Technology and Science, 116.

'3 | owengard, The Creation of Color in Eighteenth-Century Europe.
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industrial espionage and of globalisation.”® Regardless of whether it was the
first, it was certainly a significant landmark in the modern era as overseas trade
expanded and manufacture moved toward the Industrial Revolution. Even into
the late 19" and early 20" centuries after decades of production and countless
publications, dyers used proprietary methods and kept them strictly secret.®'
Schaefer writes that it was ‘not enough to acquire some knowledge of the

method or even to secure possession of a recipe.’'*

In 1746, French industrialists d’Haristoy and Goudard were assisted by Greek
Turkey red dyers from Smyrna in setting up Western Europe’s first Turkey red
works at Darnétal, near Rouen, and Aubenas in Languedoc. Not long after, two
more works were established in Nimes by a dyer called Eymard and in Saint-
Chamond by Charles Flachat.'
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Figure 1-13 Locations of first Western European Turkey red dye works in France.
Image generated with Google Maps.

3% Boot et al., Turkish Red & More.

'“0 Crookes, A Practical Handbook of Dyeing and Calico-Printing, 325.
! peel, “Turkey Red Dyeing in Scotland Its Heyday and Decline,” 499.
'“2 Schaefer, “The History of Turkey Red Dyeing,” 1412.

'“3 Cardon, Natural Dyes: Sources, Tradition, Technology and Science.
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Flachat, a Lyonnais businessman, went to Adrianople in 1748 and engaged the
services of a master dyer and some workers, returning to France with them
around 1756."*'* Schaefer says it was more likely the case that French dyers
had gained some knowledge of the process but were unable to drastically

improve it prior to the arrival of the experienced Greek dyers.

1.5.2 Turkey red dyeing in England

Similar tactics were employed in Britain as well. In 1753, John Wilson, a cotton
velvet and piece dyer in Ainsworth, near Manchester,' sent an agent to Smyrna
to learn the Turkey red process. Although successful, Wilson was disappointed
that it was not suited to the dyeing he did and found ‘the tediousness of so many
operations, and the exactness required, every time rendered it of no more value
to me’ than a basic madder dyeing method.” Nevertheless, he received two

prizes from the Society of Arts in 1761 and 1763 for producing Turkey red.'®

The French government published a method for Turkey red dyeing in 1765,'%
making knowledge of the process even more widely available. This, and Wilson’s
efforts, must not have been sufficient to establish production in Britain because
Parliament offered a prize for successfully dyeing Turkey red. French dyers Louis
and Abraham Borelle demonstrated their method to the Manchester Chamber of
Commerce in 1784 and were awarded a prize of £2500 in 1786. A second claim to
the prize was made in 1785 by Pierre Jacques Papillon,™®"" a Rouennais dyer
who was pre-empted by the Borelles but who would have an instrumental role

establishing the Turkey red industry in Scotland.

' Schaefer, “The History of Turkey Red Dyeing,” 1412.
> sandberg, The Red Dyes, 102.
146 Aikin, A Description of the Country From Thirty to Forty Miles Round Manchester, 164.

"7 Wilson, An Essay on Light and Colours, and What Colouring Matters Are That Dye Cotton and
Linen, 20.

'“8 | owengard, The Creation of Color in Eighteenth-Century Europe.

'“9 Mémoire contenant le procédé de la teinture du coton rouge-incarnat d’Andrinople sur le
coton filé

150 Great Britain House of Commons, “Journals of the House of Commons.”

! Tarrant, “The Turkey Red Dyeing Industry in the Vale of Leven,” 39.
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One reason the process may have been difficult to transfer, aside from its
astonishing complexity, was the different British climate. Schaefer writes that
adaptation of the Eastern method was required for dyeing in Western Europe. '
Henry Monteith reported in an 1834 survey of labour practices that Turkey red
was generally not dyed during ‘severe winter weather’,"? indicating even
ambient temperature had a consequential role. Aside from the obvious
challenges drying cotton in a cool, damp climate, relative humidity and water
quality may also have had effect. Any differences or adaptations are not
apparent from a review of the processes or the literature, implying that subtle
adaptations in handling or preparation were more likely than a complete

overhaul of the process.

The scale of the Scottish industry was much larger than Turkey red
production in England, but there were still some significant operations in the
Manchester area. Frédéric Steiner, an Alsatian dyer, purchased part of a works
at Church in 1836 from the family of Robert Peel.™ Peel was the inventor of
carding cylinders and worked with Hargreaves on the spinning jenny. The Foxhill
Bank works was founded in the late 1700s and later owned by the Peels, then
Steiner."™ Historical Turkey red from Church and Foxhill Bank is analysed as part
of this research. Primrose, James Thomson’s mill where Hummel was born, was

located nearby.

152 Schaefer, “The History of Turkey Red Dyeing,” 1408.

153 «“Factories Inquiry Commission: Supplementary Report of the Central Board of H. Maj.
Commissioners Appointed to Collect Information in the Manufacturing Districts, as to the
Employment of Children in Factories, and as to the Propriety and Means of Curtailing the
Hours of Their Labour. Part II..”

™ Jacqué et al., Andrinople: Le rouge magnifique, 55.

155 Ashmore, The Industrial Archaeology of Lancashire.
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Figure 1-14 Approximate sites of Turkey red works in Lancashire.
Image generated in Google Maps.

1.5.3 Turkey red dyeing in Scotland

John Wilson was not the only British dyer hoping to profit from Turkey red. In
1732, an association called the Red Society was founded in Glasgow. Their
minute book, in the Mitchell Library archives (Glasgow, Scotland, UK) states
their purpose was for ‘better regulating of the dying of reed linnen & Cotton

yearn madder red’."™®

156 Minutes of the Red Society. T-TH15/26.
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Figure 1-15 First page from 'Minutes of the Red Society', dated March 1732,
© Glasgow City Council: Archives T-TH15-26.

Their charter, dated 1759 and written on a large piece of parchment, mentions

the ‘Encourageing the Dying Mader Red’."”’

57 Charter of the Red Society. T-TH15/25.
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Figure 1-16 The Charter of the Red Society, dated 1739.
© Glasgow City Council: Archives T-TH-15-25.
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Figure 1-17 Inset from the Charter of the Red Society describing their purpose of improving
madder dyeing on cotton.

© Glasgow City Council: Archives T-TH-15-25.

It is not clear if a ‘proper method’ of dyeing red meant Turkey red, but it is
probably the case since it was considered the best way to obtain red on cotton

and simple madder dyeing as done on wool would have been known.

The textile industry was already established in the Glasgow area by the mid
18" ¢."® Dalquhurn, a bleaching operation, was founded west of the city in the
Vale of Leven in 1715. Pollockshaws Printfield was built in 1742 near Auldhouse
Burn in what is now the Pollockshaws area on the south side of Glasgow, later
becoming a collection of textile operations. Cotton spinning began at Rothesay
on the Isle of Bute in 1778 and not long after was practiced in other parts of

Scotland. In 1783, the New Lanark cotton mills, at the time the largest in

158 Wertz, “Turkey Red Textile Dyeing in Glasgow: a Cross-Disciplinary Investigation Into
Scotland's Bygone Industry.”
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Britain, were founded by socialist reformer Robert Owen, his father-in-law David
Dale, and Richard Arkwright, who made significant contributions to cotton
spinning." Turkey red was not dyed at New Lanark, but Dale’s involvement in

the cotton industry meant he would have a part elsewhere.

David Dale was born in 1739 and as a young man worked as a herder and a
weaver’s apprentice before becoming a travelling peddler that purchased linen
yarn spun by farmers’ wives. In Glasgow, he worked as a clerk in a drapery store
and expanded the business, importing yarn from Holland and running a shop
above the Tolbooth on High Street.” As a prominent businessman, he was
instrumental in establishing the first branch of the Royal Bank of Scotland in
Glasgow.™" He founded the Blantyre Mills, located southeast of Glasgow, for
cotton production with his partner James Monteith,'? whose family would also

figure prominently in the dyeing of Turkey red.

Another of Dale’s business partners, George Macintosh, was born in the same
year in Newmore, north of Inverness.' He made his way to Glasgow and became
a clerk at a tannery, eventually becoming the head of a shoe factory. He knew
of lichen dyeing from his Highland youth and established a cudbear dye works on
land east of Glasgow Cathedral in 1777. The site had walls ten feet high and was
operated by Highland workers, consuming 250 tons of lichen annually and
generating a noxious smell due to the urine required for the process. While in
London in 1785 he met and hired Papillon, bringing him back to Glasgow to
establish the Dalmarnock Turkey red works on the bank of the Clyde;'® the site

was located between modern-day French Street and the Rutherglen Bridge."*

159 peel, “Turkey Red Dyeing in Scotland Its Heyday and Decline,” 496-497.
"0 Eyre-Todd, History of Glasgow, 314.

16! McLaren, “David Dale, Scott Moncrieff and the Royal Bank of Scotland in Glasgow, 1783-
1806.”

62 Anderson, “Parish of Blantyre,” 322.
163 Carment, “Parish of Rosskeen,” 268.
%4 Eyre-Todd, History of Glasgow, 305.
'%5 Burns, “Parish of Barony of Glasgow,” 114.

1% peel, “Turkey Red Dyeing in Scotland Its Heyday and Decline,” 498.
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Figure 1-18 Approximate location of Dalmarnock Turkey red works, later called Barrowfield.
Image generated in Google Maps.

Dale and Macintosh published an advertisement in the Glasgow Mercury that
December for dyeing cotton yarn Turkey red at 3 s. per pound and no fewer than

60 pounds per consignment.' Macintosh’s son, Charles, made significant
contributions to the chemical industry in Scotland and was involved in the
manufacture of sugar of lead (lead acetate), an alum works at Hurlet, bleaching
powder (calcium chloride) production at St Rollox, various other chemicals, and

the invention of waterproof fabric used to make jackets still called Mackintoshes
today.

By 1787 Papillon had left Dalmarnock due to ‘his unhappy temper’ while
Macintosh continued producing and improving the Turkey red process. Papillon
was briefly attached to various dyeing enterprises, but never again found
success.'® He repeatedly petitioned the Board of Manufactures for financial
support of his failing works and in 1790 agreed to disclose his process in writing

to the Board, to be made public after 12 years, in exchange for funds. The
process was examined by eminent chemist Dr Joseph Black for validity and
sealed for the duration; the Board opened it in 1802 but with various delays it

was not published until 1804."° The method appeared in the Philosophical

67 Arthur et al., “Seeing Red: Scotland's Exotic Textile Heritage,” 6.

'8 peel, “Turkey Red Dyeing in Scotland Its Heyday and Decline,” 497.

%9 Johnston, “The Secret of Turkey Red - Technology Transfer with a Scottish Connection,” 297.
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Magazine,” though the Borelle method had already been published by Thomas
Henry of Manchester in 1790."" American chemistry professor Thomas Cooper
writes in his dyeing manual that he thought little of Papillon’s method, which
does unusually include oil of vitriol (sulfuric acid) and sal ammoniac (ammonium
chloride), calling them ‘manifestly deceptions’."> Edward Bancroft, a physician,
chemist, and double agent during the American Revolution assessed Papillon’s
method and noted these irregularities, concluding they ‘indicate a want of
chemical knowledge in M. Papillon’ and that they were included to add novelty
to the recipe.” By helping George Macintosh establish a successful Turkey red
works, Papillon made a much larger contribution to the industry than the later

dissemination of his method.

In 1792, the son of James Monteith, also called James, purchased Blantyre
Mill in its entirety from Dale'* and eventually started dyeing Turkey red there as
well, making Blantyre the only works where cotton was spun, woven, and dyed
Turkey red. Between the First and Second Statistical Account of Scotland (about
50 years), the population of the parish grew from 1040 to 3000, largely credited
to the Blantyre works."> His younger brother, Henry Monteith, took over Blantyre
in 1802"¢ and purchased Dalmarnock from Dale and Macintosh in 1805, renaming
it Barrowfield. He had established a weaving factory a few years earlier in
nearby Bridgeton and with these enterprises founded the basis of a red-and-
white discharge printed bandana empire.”” The handkerchiefs were exported
globally and came to be known as ‘Monteiths’ in some places;'”® Scottish

physician and chemist Andrew Ure published a detailed description of ‘the Great

170 «y . Account of the Process Followed by M. Pierre Jacques Papillon for Dyeing Turkey Red.”

' Henry, “Considerations Relative to the Nature of Wool, Silk, and Cotton, as Objects of the Art
of Dying; on the Various Preparations, and Mordants, Requisite for These Different
Substances; and on the Nature and Properties of Colouring Matter. Together with Some
Observations on the Theory of Dying in General, and Particularly the Turkey Red,” 380.

'"2 Cooper, A Practical Treatise on Dyeing, and Callicoe Printing: Exhibiting the Processes in the
French, German, English, and American Practice of Fixing Colours on Woollen, Cotton, Silk,
and Linen, 297.

'73 Bancroft, Experimental Researches Concerning the Philosophy of Permanent Colours, 188-
189.

7 Eyre-Todd, History of Glasgow, 312.

'> Anderson, “Parish of Blantyre,” 323-326.

'76 Tarrant, “The Turkey Red Dyeing Industry in the Vale of Leven,” 41.
"7 peel, “Turkey Red Dyeing in Scotland Its Heyday and Decline,” 499.

'78 Arthur et al., “Seeing Red: Scotland's Exotic Textile Heritage,” 6.
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Bandana Gallery’ of Monteith’s operation, which in 1824 printed 224 bandanas

every ten minutes.'”’

Figure 1-19 A traditional white polka dot patterned Turkey red handkerchief.
Man’s handkerchief or bandana sample, c. 1867-1870, Archibald Orr Ewing & Co.
Reproduced courtesy of Glasgow Museums, 1876.128.b.15.

Monteith died in 1848, incredibly wealthy from Turkey red, and after his son
and heritor retired in 1873 Barrowfield was demolished. Production at Blantyre
continued until 1904, when the firm was liquidated and acquired in 1925 as the
Livingstone Scottish National Memorial (today the David Livingstone Centre) in
honour of its famous son, the explorer and missionary who was born at the mill
and worked there in his youth. A Turkey red shirt of his worn during his time in

Africa can be seen on display in the museum.

By the early 1800s, increasing air pollution in Glasgow made it more difficult
to bleach and dry cloth outdoors, and the quality and supply of water with
increased industry on the Clyde was likely a concern as well. The Vale of Leven,
through which the River Leven flows south from Loch Lomond into the Firth of
Clyde west of Glasgow, had been identified as a good site for textile production
as far back as 1770, when William Stirling and Sons moved their operation there
and founded the Cordale calico print works.™ The Leven is fed by rainwater that

has first collected in Loch Lomond, where most of the particulates settle,

79 Ure, “Description of the Great Bandana Gallery.”

'8 Tarrant, “The Turkey Red Dyeing Industry in the Vale of Leven,” 43.
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making the river an abundant source of clear, soft water ideal for textile

production.™ More firms were soon established and the Vale became the centre

of the textile dyeing and printing industry in the West of Scotland.

1.5.4 The Scottish industry and United Turkey Red

Calico bleaching, dyeing, and printing operations on the banks of the Leven

expanded after Dalquhurn was founded in 1715. A table provided in MacKay’s

detailed history Bleachfields Printfields and Turkey Red shows the growth of the

industry.'®

Year Works Location Type

1715 Dalquhurn Renton Bleaching, later TR dyeing

1768 Levenfield Alexandria Printing

1770 Cordale Renton Printing

1772 Milton Jamestown Bleaching, then TR dyeing

1784 Levenbank Jamestown Printing, later TR dyeing

1785 Ferryfield Alexandria Bleaching, then printing

1785 Dalmonach Bonhill Printing

1790 Croftengea Alexandria Bleaching, latg r T R dyeing and
printing

1793 Bonh"ég””t‘”g Bonhill Printing

1795 Kirkland Bonhill Bleaching, then printing

838 Dillichip Bonhill Printing, then TR dyeing

Table 1-2 Bleaching, printing, and dyeing operations in the Vale of Leven.
Italicised names are works that later became part of United Turkey Red.

'8 Stewart, “Parish of Bonhill,” 445.
'82 MacKay, Bleachfields Printfields and Turkey Red, 11.
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Figure 1-20 Approximate locations of textile works in the Vale of Leven. Glasgow is to the
southeast.
Image generated in Google Maps.

The Turkey red industry became the largest employer in Dunbartonshire, the
name of the region where the firms were located. By the 1860s, acquisitions and
amalgamations had brought the various works under the ownership of five firms,
three of which were major Turkey red producers that later formed United
Turkey Red.'® These firms wielded immense economic power over the lives of
their employees. Most families had at least one member employed in the
industry™* and loyalty to a firm was maintained by jeopardising the employment
of relations if an individual expressed a desire to leave.'® Turkey red was
pervasive in the Vale, even for those not working in the industry. Describing his
childhood playing on the banks of the Leven in the early 20" c., Tom Gallacher
writes ‘We jumped back from the odd jets of steam which spurted from its banks
and were drawn to the gaping sluice gates which took giant gulps of fresh water

and spat it out—blood red.’"®

The three principal Turkey red dyers in the Vale were William Stirling & Sons,
John Orr Ewing & Co., and Archibald Orr Ewing & Co., who produced enough

'8 ibid., 14.
'8¢ Fryer, Behind the Vale, 104.

'8 Tuckett and Nenadic, “Colouring the Nation: a New in-Depth Study of the Turkey Red Pattern
Books in the National Museums Scotland,” 169.

'8 Gallacher, “The Secret of the Vale.”
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textiles to dominate the world market.” To give an idea of the scale, William
Stirling & Sons was valued at around £208,000 in the first half of 1882, the
equivalent of roughly £10 million in 21% c. currency."™ The specialisation of the
industry made it sensitive to changes in the market and in the 1890s the
government of India imposed increased tariffs to help foster growth of the
domestic textile industry, jeopardising the market share of Scottish Turkey red.
To counteract this, the firms amalgamated in October 1897 to form the United
Turkey Red Company Limited, a near monopoly under which each firm
maintained its individual trademark and operations.'® Alexander Reid & Sons of
Milngavie (between Glasgow and Loch Lomond) also joined but did not produce

Turkey red.""

Do 9))4 349 =

ORR EWING

CTA/ TE LS TITT

BEST TURKEY RED.  Yis

(LT A LR WS oL 2L RS0\ SINGAPORE & PEN.

Figure 1-21 Turkey red bale labels from UTR, late 19" c.
From left: UGD 13/7a/3/5a, UGD 13/9/4, UGD 13/5/3.

By the time United Turkey Red formed, synthetic red dyes like Paranitraniline
Red, of a lower quality than true Turkey red, were in use.’” In 1914, Naphthol
Reds had become available and were in limited use by the firm, producing better

results than Para reds.

87 Arthur et al., “Seeing Red: Scotland's Exotic Textile Heritage,” 6.
'8 private Ledger, William Stirling & Sons. UGD 13/3/1.

'8 «Currency Converter.”

%0 Tarrant, “The Turkey Red Dyeing Industry in the Vale of Leven,” 45.
9! peel, “Turkey Red Dyeing in Scotland Its Heyday and Decline,” 501.
2 Tarrant, “The Turkey Red Dyeing Industry in the Vale of Leven,” 45.
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Figure 1-22 Paranitraniline Red (left) and Naphthol Red.

The improvements in azo dyes after World War | was the final blow to Turkey
red, whose laborious and time-consuming process could not compete with the
new product and by 1936 production ceased.' The firm continued dyeing and
printing other calico products until 1961, when it was taken over by the Calico
Printers’ Association (CPA), which eventually closed the works and liquidated
the equipment. Through the CPA, surviving papers from United Turkey Red were
acquired by the University of Glasgow, the Society of Dyers and Colourists,

National Museums Scotland, and the City of Manchester.'

Since United Turkey Red was an amalgamation under which the individual
firms dyed their own Turkey red, the textiles analysed for this research may
have been produced by different firms or at different works. Only one of the
books containing Turkey red was made after 1897 (UGD 13/8/9), when United
Turkey Red formed. The AOE dyestuffs ledger clearly originates from the
Archibald Orr Ewing firm, while a sample pattern book (UGD 13/8/6) contains a
slip for Alexandria Works, linking it to John Orr Ewing & Co.

' peel, “Turkey Red Dyeing in Scotland Its Heyday and Decline,” 504.

"% Tuckett and Nenadic, “Colouring the Nation: a New in-Depth Study of the Turkey Red Pattern
Books in the National Museums Scotland,” 164.
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N ame,

Figure 1-23 Slip from the Alexandria Works found in‘ uUGD 13/8/6,“ 1886-1888.

University of Glasgow Archive Services, Records of United Turkey Red Co Ltd, GB248
UGD13/8/6.

None of the other books contain definite indications of where the samples were
dyed, nor does the analytical data identify any distinguishing features. This
thesis does not attempt to provide a full history of United Turkey Red or of
dyeing in the Vale of Leven and only aims to set a historical and geographical
context for the process and textiles discussed in this research. For further
reading on these topics, Peel’s Turkey Red Dyeing in Scotland: Its Heyday and
Decline,” Tuckett and Nenadic’s Colouring the Nation,’” MacKay’s Bleachfields
Printfields and Turkey Red,’” and Tarrant’s chapter in Scottish Textile History™®

are recommended.

1.6 Summary

The use of material reconstruction from historical processes is a valuable
approach in the characterisation of heritage objects, enabling a better
understanding of their conservation and display needs. The experience of re-
creation brings a process to life in a way that only reading about it cannot, and
allows the experimenter to test the validity of a method and how processes were
communicated. An evaluation of Turkey red methods reviewed for this project

found that while individual methods may have distinctive ingredients or follow

1% peel, “Turkey Red Dyeing in Scotland Its Heyday and Decline.”
1% Nenadic and Tuckett, “Colouring the Nation.”

%7 MacKay, Bleachfields Printfields and Turkey Red.

"% Tarrant, “The Turkey Red Dyeing Industry in the Vale of Leven.”
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slightly different steps (e.g. the ‘old’ and ‘new’ oiling processes), they share the
same essential qualities characteristic of Turkey red dyeing—cotton prepared
with oil and aluminium, then dyed in a madder or synthetic alizarin bath
containing calcium. To facilitate replicating a historical Turkey red process to
create samples for analysis, J.J. Hummel’s method in The Dyeing of Textile
Fabrics was selected for its clarity, precise measurements, and the reputation of
its author. The other methods reviewed during this research were also taken into
consideration to ensure Hummel’s method did not fail to address anything
significant. This chapter begins to answer the question for this project regarding
the essential steps of the Turkey red process, which will be tested practically in

the experimental re-creation and analysis of Turkey red later in this thesis.

In addition to the complex and unique nature of the process, the professed
fastness of Turkey red to light and wash fastness contribute to its fabled status
as a dyed textile. No other process yielded such a brilliant red on cotton, let
alone one that was touted to be durable. This research does not address these
colour and durability properties, but instead contributes to our understanding of
the chemistry of Turkey red. This opens the possibility to eventually deciphering
whether, and how, historical Turkey red is more robust to light exposure and the
intrinsic link between fastness and quality. It also offers the opportunity to

explore reviving or adapting the process as a modern craft industry.

The body of literature on the history of the Turkey red industry in Britain and
elsewhere is extensive. The summary provided in this chapter gives context for
this research and underscores the importance of Turkey red dyeing and printing
in Scotland, but only provides a brief glimpse of the complex history that the
recommended sources recount in much greater detail. The following chapters
discuss the ingredients, practices, and chemistry of the Turkey red process to

provide a framework for the re-creation and analytical work.






2 Oil and the oiling process in Turkey red dyeing

It is widely acknowledged in the historical literature that preparing the scoured
cotton with oil is crucial to the successful dyeing of Turkey red."*? Interestingly,
a review of other dyeing processes for cotton, wool, and silk indicates that no
other technique depends on oiling the fibres in the same way. Oil may
occasionally be used as a finishing agent in other processes, but the pre-
treatment of cotton with fats is characteristic of Turkey red in the mind of
anyone who is familiar with it. Descriptions of Alizarin Red, the lower-quality
and cheaper alternative to Turkey red, indicate the oil is directly responsible for
the higher quality of Turkey red,* underscoring its importance. Furthermore, it
was established in the introduction to this thesis that Turkey red exists only on
cellulosic fibres and cannot be extracted intact for analysis. Therefore, in situ
analysis, that is to say non-extractive, is the most accurate way to characterise
Turkey red textiles. Although it is clear the oiling of cotton fibres is key to
producing Turkey red, exactly what happens between the oil and the cotton has
never been fully understood.>* Previous research on the chemistry of the oil was
conducted by necessity through extractive methods because modern
instrumental techniques were not available at the height of interest in Turkey

red.”®

In the early 1870s, a new chemical product called Turkey red oil was adopted
by dyers, replacing the traditional rancid olive oil and instigating a change in
how the dyeing was done, from the ‘old’ to the ‘new’ process. To answer the
question for this project regarding the composition and role of the oil in Turkey

red, this chapter reviews how oil was used applied to the cotton, the ideas and

' Berthollet and Berthollet, Elements of the Art of Dyeing and Bleaching, 341.
2 Hummel, The Dyeing of Textile Fabrics, 233.
3 Carruthers, “A New Process of Dyeing Turkey Red,” 124.

“ Cooper, A Practical Treatise on Dyeing, and Callicoe Printing: Exhibiting the Processes in the
French, German, English, and American Practice of Fixing Colours on Woollen, Cotton, Silk,
and Linen, 299.

> Schiitzenberger, Traité des matieres colorantes, 281.
¢ sandberg, The Red Dyes, 106.
" Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 589.

8 Chateau, “Critical and Historical Notes Concerning the Production of Adrianople or Turkey Red,
and the Theory of This Colour.”
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research of past chemists and dyers, and the transition from the ‘old’ to the
‘new’ process from a chemist’s perspective to evaluate whether the chemistry
of the overall process was altered. It also discusses methods to make Turkey red
oil, used in Section 4.1.1 for the historical re-creation, and auxiliary ingredients
like blood and dung. The conclusions from this chapter inform the hypotheses on
the composition of the oil, determined experimentally in Chapter 5, and its role
in the dyeing process (see Chapter 6).

2.1 Introduction

Some of the earliest European publications on Turkey red, dating from the late
18" c., shows dyers knew oil is fundamental to dyeing Turkey red.’ They were
aware of its contribution to the colour'® and that it was ‘an undisputed fact’ that
without oil, aluminium and alizarin produced dull colours." Even the less
expensive ‘Alizarin Reds’ or ‘madder reds’ on cotton, lower-quality, more
economical alternatives to Turkey red, were improved with oil treatment,
though less than was used for Turkey red.™" In a method for Alizarin Red,
Hummel includes an oil treatment, but it is applied after the aluminium and
alizarin rather than before,™ as in Turkey red. These reds were ‘essentially
different’ from Turkey red, less bright and less fast but much quicker to

produce.™

The oil treatment was labour-intensive, time-consuming, costly, and involved
drying the fibres after each application. Naturally, this part of the process was
the most obvious place for improvements and the expense of manufacturing
Turkey red likely encouraged its makers to try and cut costs. Some cheaper and
quicker methods with shortcuts, like combining two steps by adding a metal salt

to the oil bath, still used the oil bath first and sometimes repeated the

? Berthollet, Elements of the Art of Dyeing, 164.
1% Schiitzenberger, Traité des matiéres colorantes, 281.
" Sansone, “Alizarin-Red and Turkey-Red Dyeing and Printing on Cotton,” 206.

"2 Cooper, A Practical Treatise on Dyeing, and Callicoe Printing: Exhibiting the Processes in the
French, German, English, and American Practice of Fixing Colours on Woollen, Cotton, Silk,
and Linen, 300.

3 Liles, The Art and Craft of Natural Dyeing: Traditional Recipes for Modern Use, 106.
" Hummel, The Dyeing of Textile Fabrics, 451.

> Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 603.
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treatment anyway.' The cost cutting may also have affected the product since
combining these steps is inconsistent with traditional Turkey red processes.
According to Hummel, a better result is obtained when fibres are oiled before
aluminium is applied."” A quicker single-bath dyeing recipe nevertheless required
the same oil preparation’; it seems the oiling was more difficult to shorten than
everything else. Another ‘improved’ method says, ‘the best results have been
obtained with goods oiled in the usual manner’," so even improvers
acknowledged the limitations of shortcuts. These processes appeared largely
during the decline of the Turkey red industry in the early 20" century®?' and are
not considered for this research because they are too different from a

traditional method.

Besides trying to shorten the oiling process, chemists also sought to
understand the composition of the oil. By the second half of the nineteenth
century, dyers and chemists were confident that fatty acids were the essential
constituent in the oil to make Turkey red.?** Up to this point, study of its
chemistry was largely based on empirical findings by reacting fibres and extracts
with various other compounds. Their conclusions, reached by trial-and-error
experimentation and based on 19" c. chemical knowledge, can be improved

upon with the modern analytical approach used in this research.

The fascinating and complex role of oil in the chemistry of Turkey red was
never fully understood before the process became obsolete in the textile dying
industry. Despite interest in the question from esteemed dyers and chemists like
Knecht, Berthollet, Hummel, and Persoz, the exact chemistry of this step has

yet to be determined.? Liles explains, ‘Turkey red is the most complex of any

'6 peel, “Turkey Red Dyeing in Scotland Its Heyday and Decline,” 503.
" Hummel, The Dyeing of Textile Fabrics, 161.
'8 Carruthers, “A New Process of Dyeing Turkey Red,” 123.

'9 Farbwerke Meister Lucius & Briining, Manufacture and Application of Alizarine Products for
Directly Dyeing Vegetable Fibres.

20 Hurst, “Recent Progress in Dyeing,” 73.

2! Fahrmann, Process of Dyeing Turkey Red.

2 Jenny, “Mémoire sur la fabrications du rouge d’Andrinople,” 834.
2 Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 588.

24 Crookes, A Practical Handbook of Dyeing and Calico-Printing.

25 Hurst, “Recent Progress in Dyeing,” 138.
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dye known, ancient or modern, and its entire chemistry has never been totally
confirmed, mostly because it was entirely replaced by much cheaper fast vat
and developed reds by 1910-40, at which point further study of its chemistry
ceased.’” Today, instrumental techniques have advanced to the point where
non-invasive or micro-analytical techniques can provide better analysis than ever
before. This is especially timely since Turkey red production has ceased and
these textiles have become museum objects. More knowledge of their properties
and robustness is needed in order to best preserve what remains for future

generations.

2.1.1 Terminology

The inconsistent use of terminology in the literature can be challenging at times.
For clarity, this section explains a few of the terms that are frequently used in
the literature and this work. One of the key topics in this research, the oil, is a
good example. Besides ‘oil’, it is called in various texts ‘oils’, ‘fatty matter’,
‘fatty bodies’, ‘oily matter’, ‘oleaginous matter’, ‘corps gras’, and ‘huile’,
among others. In Turkey red dyeing the oil was usually of vegetable origin, but in
some places alternatives like milk were used, hence the references to fats (oils
being a type of fat). Vegetable oils are triglyceride molecules, as shown in
Figure 2-1, a combination of fatty acids (Figure 2-2) and glycerol, and in most

cases, they are liquid at room temperature.

Figure 2-1 Triglyceride molecule
The three carbon atoms of the glycerol are in the centre with myristoleic (top), palmitoleic
(bottom right), and hexanoic (left) acids attached.

2 Liles, The Art and Craft of Natural Dyeing: Traditional Recipes for Modern Use, 112.
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The structure of fatty acids is a long chain of carbon atoms bonded with
primarily single bonds, although double bonds (unsaturated fats) also occur. Fats
can be broken down into free fatty acids (FFAs) and glycerol by hydrolysis. There
is a systematic nomenclature for fatty acids, but here they are referred to only
by their trivial names (e.g. oleic acid in lieu of cis-9-octadecenoic acid) for ease

of reading.

HO)WW

Figure 2-2 Oleic acid

Rancid is another term that appears frequently in this chapter because of the
use of rancid olive oil in the ‘old’ process. It is defined as ‘the characteristic,
unpalatable odour and flavour of edible fats and oils following oxidative or
hydrolytic degradation’,?”” describing a breakdown to glycerol and FFAs. The
chemistry of the process related to Turkey red dyeing is discussed further in
Section 2.4. Many methods, especially for the ‘old’ process, refer to a ‘ley’, or
in French lessive, an aqueous solution of sodium (occasionally potassium)
carbonate. The origin of ley comes from Middle English and refers to ‘alkalized

water’ made from plant ashes or strong alkaline solutions used for washing.?

The oil is called a ‘mordant’ in some texts, another term whose definition is
relevant to this chapter and the research overall. It comes from Latin mordere,
‘to bite’, because a mordant ‘bites’ onto the fibre and holds the dye. The most
common mordants are metals like aluminium, iron, chromium, tin, titanium, or
copper, though other substances like tannins and oils can also be used.” Parks,
an early twentieth-century dye chemist, says mordants are substances strongly
adsorbed by the fibres, which in turn strongly adsorb the dye.*® By this
definition, the oil could be considered a mordant if it links the colour complex to
the fibre. In the literature reviewed for this research, both oil and aluminium

are called mordants, and the oil is also called an auxiliary agent. In this work,

27 Robards, Kerr, and Patsalides, “Rancidity and Its Measurement in Edible Oils and Snack Foods.
a Review.”

28 Oxford University Press, “Lye, N.1.”
2 patel, “Natural Dyes,” 412.
% Parks, “The Chemistry of Turkey Red Dyeing,” 492.
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‘mordant’ is used to mean ‘a compound that stays on the fibre and improves the

dyed colour’.

2.2 Historical use of fats in textile dyeing and early
investigations

According to Hummel, the use of fatty substances in dyeing dates to ‘the ancient
Hindoos, when intending to dye calico red by means of Madder, were in the
habit of first steeping the cloth in milk and then exposing it to the sun.’*' This
practice is reflected in the Indian textile printing tradition known as Kalamkari.
Schutzenberger also attributes the use of fat to India, where he says buffalo or
ewe’s milk is applied before exposing the goods to sunlight.*? Liles credits the
use of oils in textile processes to India and says that although it is unknown when
they were first used, a process like Turkey red probably emerged in the 1500s.
A late 18" c. account describes Turkey red dyeing at Astracan with fish oil,* so
populations appear to have adapted to a local, abundant oil source. Dyers today
in Indonesia use a variety of seed oils native to southeast Asia in a process that is
strikingly similar to Turkey red.* Hofmann de Keijzer,* Driessen,* and Crookes®

also describe dyeing techniques like Turkey red in Indonesia and southeast Asia.

This research does not aim to identify the origins of Turkey red dyeing, but
the accounts of practices in Southeast Asia are consistent with the comments in
the dyeing texts. It is not unreasonable to imagine the use of fat to prepare
cotton originating in Indonesia or India and being used in madder dyeing,

eventually becoming Turkey red as the process was refined and disseminated.

3" Hummel, The Dyeing of Textile Fabrics, 233.
32 Schiitzenberger, Traité des matiéres colorantes, 280.
3 Liles, The Art and Craft of Natural Dyeing: Traditional Recipes for Modern Use, 113.

3 pallas, “Il. the Genuine Oriental Process for Giving to Cotton Yarn or Stuff the Fast or
Ingrained Colour, Known by the Name of Turkey Red, as Practised at Astracan.”

3> Cunningham et al., “Hanging by a Thread: Natural Metallic Mordant Processes in Traditional
Indonesian Textiles.”

3¢ Hofmann-de Keijzer and van Bommel, “TLC and HPLC Analysis of Red and Violet Cotton Yarns
of Indonesian Textiles,” 73.

% Driessen, “Etude sur le rouge turc, ancien procédé.”

3 Crookes, A Practical Handbook of Dyeing and Calico-Printing, 327.
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2.2.1 In vitro and in situ

The study of historical Turkey red dye posed a challenge to 19" c. chemists
because the dye complex is an intrinsic part of the fibre itself. Their analyses
did not completely answer their questions because existing methods, such as
extraction, were unsuited to the nature of Turkey red. Extractive analyses could
identify FFAs, but not how they were bonded, which was also the case with
laboratory-scale in vitro experiments using Turkey red ingredients in
solution.*”**' Because these experiments ignored the fact that Turkey red exists
only on the fibres, a characteristic acknowledged at the time, they were unable

to answer how the FFAs were attached to the cotton.

An in vitro analysis assumes the chemistry of Turkey red is independent of
the chemistry of the cellulose, which is inconsistent with descriptions of the
product and the nature of the process. Since Turkey red cannot be isolated and
only exists on the fibre, preparing it in a beaker will not completely replicate
the complex. Extractive and in vitro work is informative in some respects, such
as the colorant analysis via chromatography in Chapter 7, but for the study of

the oil an in situ approach is recommended here.

2.3 Oils used historically

Different types of oil were used at various times and places, indicating that the
property of oil, in general, was more important than the type of oil used.
Historically, vegetable oils were primarily used. Bancroft says sesame oil, hog’s
lard or ‘any other greasy or oil matter’ were suitable,” but Jenny is slightly
more conservative, saying there are very few suitable oils and only the ones that
quickly become rancid and form an emulsion with carbonate solutions are
useful.® Drying oils like linseed oil, which have a higher degree of unsaturation,

were unsuitable because they blackened the colour* and increased the risk of

% Dépierre, Traité de la teinture et de U’impression des matiéres colorantes artificielles. 2me
partie, L’alizarine artificielle et ses dérivés.

“0 parks, “The Chemistry of Turkey Red Dyeing.”

“ Knecht, Rawson, and Loewenthal, A Manual of Dyeing.

“2 Bancroft, Experimental Researches Concerning the Philosophy of Permanent Colours, 199.
“ Jenny, “Mémoire sur la fabrications du rouge d’Andrinople,” 776.

* Schaefer, “The History of Turkey Red Dyeing,” 1409.
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spontaneous combustion.® This section summarises the fats mentioned in the

literature for dyeing Turkey red.

2.3.1 Rancid olive oil, or huile tournante

The oil used in the ‘old’ process to dye Turkey red is often called huile
tournante, a French name that also appears in English texts. Huile tournante
describes olive oil that is rancid and has ‘turned’, hence the name, though it is
also called Gallipoli oil.* Rancidity occurs by two routes, oxidative and
hydrolytic. Hydrolytic rancidity is when a water molecule reacts with a
triglyceride to free a fatty acid, a process accelerated by heating.* The products
of oxidative rancidity include triglyceride hydroperoxides.® Since FFAs and
glycerides are the proposed composition of Turkey red oil, it is more reasonable
to conclude huile tournante is the product of natural hydrolytic rancidity. The
most common fatty acid in olive oil is oleic acid, comprising from 65-85% of the

fatty acids by weight.*

Olive oil tended to become rancid more easily than other oils, making it the
most used,” and it was also abundant in Europe. Schaefer says huile tournante
was produced by pressing olive oil into cisterns and letting impurities settle to
the bottom. After the pure oil on top was siphoned off, the oil for Turkey red
was left at the bottom.”' Jenny says the oil should be extracted using hot water
and that with few exceptions, olive oil was the only one used in Europe for

Turkey red dyeing,>® which is consistent with published texts and archival

“ Vitalis, Cours élémentaire de teinture sur laine, soie, lin, chanvre et coton, et sur Uart
d’imprimer les toiles, 238.

“ Cooper, A Practical Treatise on Dyeing, and Callicoe Printing: Exhibiting the Processes in the
French, German, English, and American Practice of Fixing Colours on Woollen, Cotton, Silk,
and Linen, 20.

“7vaclavik and Christian, “Fat and Oil Products,” 245-246.

“8 Robards, Kerr, and Patsalides, “Rancidity and Its Measurement in Edible Oils and Snack Foods.
a Review.”

9 Spangenberg, Macko, and Hunziker, “Characterization of Olive Oil by Carbon Isotope Analysis
of Individual Fatty Acids: Implications for Authentication.”

%0 Chateau, “Critical and Historical Notes Concerning the Production of Adrianople or Turkey
Red, and the Theory of This Colour,” 27-31.

> Schaefer, “The History of Turkey Red Dyeing,” 1409.

52 Jenny, “Mémoire sur la fabrications du rouge d’Andrinople,” 757.
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material from the era.” The best oil for dyeing came from the region around
Genoa, ltaly, as well as Languedoc and Provence in the south of France,> and in

Naples it was pressed from fermented olives.>

Hummel says huile tournante is ‘simply olive oil more or less rancid, and
hence well adapted for producing a tolerably permanent emulsion.’* It was thick
and acidic, and had a rancid taste and smell,”” described as a characteristic
odour of butyric, valeric, and caproic acids.® According to Vitalis, huile
tournante is full of mucilage,® a thick gluey glycoprotein produced by many
plants.® The literature on huile tournante indicates a higher content of mucilage
made the oil better for dyeing.¢' Vitalis describes three tiers of olive oil—virgin,
common, and tournante, the latter containing a good deal of mucilage that
makes the virgin and common oils less suitable for dyeing.®* According to Jenny,
olives fermented before pressing yielded useful oil and fermentation in the
presence of mucilage produced huile tournante,® probably when acids produced

by the reaction caused triglyceride hydrolysis.

Today, huile tournante is difficult to obtain because its desirability has
shifted. No longer used for textile dyeing, it is refined and sold as an inferior-
grade olive oil for cooking purposes. The closest product this project could
source was huile de bourbes (‘mud’ oil), olive oil that has sediment, but it was

not rancid and could not be used. In the past, when olive oil was not sufficiently

>3 Book of Dye Recipes and Samples of Printed Cotton Made by Foxhill Bank Printworks England
1830-1840s. T.8-1978.

> Chaptal, L'art de la teinture du coton en rouge, 57.

>> Chateau, “Critical and Historical Notes Concerning the Production of Adrianople or Turkey
Red, and the Theory of This Colour,” 30.

% Hummel, The Dyeing of Textile Fabrics, 234.

>’ Chateau, “Critical and Historical Notes Concerning the Production of Adrianople or Turkey
Red, and the Theory of This Colour,” 29.

% Jenny, “Mémoire sur la fabrications du rouge d’Andrinople,” 763.

5 Vitalis, Cours élémentaire de teinture sur laine, soie, lin, chanvre et coton, et sur [’art
d’imprimer les toiles, 118.

8 Anderson and Lowe, “The Composition of Flaxseed Mucilage.”

81 Cooper, A Practical Treatise on Dyeing, and Callicoe Printing: Exhibiting the Processes in the
French, German, English, and American Practice of Fixing Colours on Woollen, Cotton, Silk,
and Linen, 296.

62 Vitalis, Cours élémentaire de teinture sur laine, soie, lin, chanvre et coton, et sur ’art
d’imprimer les toiles, 118.

8 Jenny, “Mémoire sur la fabrications du rouge d’Andrinople,” 759.



90 Chapter 2 o Oil and the oiling process in Turkey red dyeing

rancid for Turkey red, dyers and chemists explored ways to render it more
suitable. They could manipulate insufficiently rancid oil by adding a quantity of
oleic acid. Hummel recommends 5-15 per cent oleic acid (weight or vol.
unspecified)* while Chateau uses less acid but heats the mixture.® Liles, in his
modern dyeing text, recommends the use of 5-10 mL of oleic acid in an oil bath
because of difficulties obtaining rancid olive oil in the modern day.* The
addition of oleic acid, a fatty acid, and heat in this process induces hydrolysis in
the olive oil, effectively increasing its rancidity. The technique does not appear
to have been widely used, but it is documented in the literature and included in
this discussion because it is applied to one of the oiled calico sample sets in
Section 4.2.4.

2.3.2 Turkey red oil

From the early 19" c., chemists sought an alternative to huile tournante, which
could be expensive to obtain and was often inefficient.®’” The first chemical
treatment to manufacture oil useful for dyeing, adding sulfuric acid to olive oil,
dates to Frémy in 1831,% with similar work by Runge in 1834.% More work
followed by Kayser in 18467 and then Mercer and Greenwood the next year, who
took out a patent.” Persoz also cites prepared oil research done by Achard,” so
by the mid-1800s a steady interest had developed in these products. Dépierre
writes that treated olive oil was sold by the English around 1873,” though Hurst

says it was not frequently used.”

 Hummel, The Dyeing of Textile Fabrics, 436.

6 Chateau, “Critical and Historical Notes Concerning the Production of Adrianople or Turkey
Red, and the Theory of This Colour,” 31.

% Liles, The Art and Craft of Natural Dyeing: Traditional Recipes for Modern Use, 121.

67 Chateau, “Critical and Historical Notes Concerning the Production of Adrianople or Turkey
Red, and the Theory of This Colour,” 29.

68 Radcliffe and Medofski, “The Sulphonation of Fixed Oils.”
% Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 589.

® Dépierre, Traité de la teinture et de I’impression des matiéres colorantes artificielles. 2™
partie, L’alizarine artificielle et ses dérivés, 214.

" Burton and Robertshaw, Sulphated Oils and Allied Products, 17.
72 persoz, Traité théorique et pratique de l'impression des tissus, 335.

3 Dépierre, Traité de la teinture et de U’impression des matiéres colorantes artificielles. 2me
partie, L’alizarine artificielle et ses dérivés, 224.

™ Hurst, Textile Soaps and Oils, 139.
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Research ensued to determine which oils made the best ‘sulphated oil’.
Knecht says castor oil treated with sulfuric acid was better suited for dyeing
than olive oil.” The exact date that castor oil began to be used, and who first
proposed it, is uncertain. Storey writes the discovery is credited to Walter Crum,
a Glaswegian industrialist, in 1864, though other sources say he did not use it in
the textile industry until 1875.” Leigh says Wuth and Storck worked it out
independently of each other in 1870.7 According to Knecht, Wuth worked on the
sodium salt while Storck developed the ammonia salt, and Wuth’s product was
sold in Manchester from 1876.” The exact date and credit of the discovery was
of enough concern that, in 1909, the Société Industrielle de Mulhouse put

together a commission to review various claims and stories.®

As cheaper alternatives to castor oil, cottonseed and corn oils were also
investigated, but they yielded dark-coloured, unsuitable products.?' These oils
contain more double-unsaturated fatty acids,® making them chemically more
like drying oils than olive or castor oil. The use of drying oils, like linseed oil,
was discouraged for Turkey red because of the blackening effect it had on the
colour.®® In general, cutting castor oil with cheaper alternatives was never
beneficial to the dyer. Castor oil treated with sulfuric acid became known as
Turkey red oil,® also referred to as alizarine oil, oleine, soluble oil, dyeing oil,
red oil,* and sulfated castor oil. It is also called a ‘prepared’ oil and is made by
treating castor oil with sulfuric acid, then washing out the excess acid and
neutralising it. Similar to the effect of oleic acid added to olive oil, the sulfuric

acid induces glyceride hydrolysis and increases the fatty acid content.

> Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 600.
7® Storey, The Thames and Hudson Manual of Dyes and Fabrics, 73.
77 Markley, Fatty Acids: Their Chemistry, Properties, Production, and Uses, 1735.

78 Leigh, “On the Estimation of Alizarin in Dyed Cotton Fabrics, and on an Attempt to Ascertain
the Composition of Turkey-Red and Other Alizarin Lakes,” 209.

7 Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 161.

8 Brandt et al., “Sulfoléates et rouge turc par le procédé rapide, priorités.”

8 Hurst, “Recent Progress in Dyeing,” 143.

8 Gunstone, Fatty Acid and Lipid Chemistry, 69.

8 Bancroft, Experimental Researches Concerning the Philosophy of Permanent Colours, 199.
8 Schaefer, “The History of Turkey Red Dyeing,” 1409.

8 Storey, The Thames and Hudson Manual of Dyes and Fabrics, 73.

8 Hurst, Textile Soaps and Oils, 139.
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The transition to Turkey red oil occurred from 1870-1875,%°% and resulted in
the ‘new’ process, in contrast with the huile tournante ‘old’ process. Turkey red
oil had a higher fatty acid content than huile tournante,* so more was applied
in each treatment, decreasing the time required to adequately prepare the
cotton. Sansone writes huile tournante required three oil treatments while
Turkey red oil needed only one.*” Verbong credits Turkey red oil for enabling the
reduction in dyeing time from six to eight weeks to one week or less,’" and
Haller says the number of steps was reduced from seventeen to six. It was sold
in various concentrations diluted with water, often around 50%, but at higher

concentrations if freight costs were involved.”

Besides shortening the dyeing process, Turkey red oil was the first synthetic
anionic surfactant and it soon was also used as a mordant for basic colours in
cotton dyeing, wool oiling, and for its soap-like properties.®® Although Turkey red
is no longer in production, the textile industry still uses Turkey red oil as a
wetting, levelling, and dispersing agent in dyeing and as a finishing agent to
impart softness improve silkiness and drape in cellulose fabrics.”* Outwith
textiles, it is used for inks, industrial detergents, leather treatment, and as a
lubricant additive for cutting oils and hydraulic fluids.” It also is safe for skin
contact and mixes well with water, making it a good base for bath-oil products.®
Today, Turkey red oil is one of the most common anionic surfactants used in
industry because of the availability of raw materials and simple, low-cost
production.” This project benefits from the continued use of Turkey red oil

because it offers an opportunity to examine whether the production method

¥ ibid., 139.

8 Radcliffe and Medofski, “The Sulphonation of Fixed Oils,” 23.

% Haller, “The Chemistry and Technique of Turkey Red Dyeing,” 1418.

% sansone, “Alizarin-Red and Turkey-Red Dyeing and Printing on Cotton,” 204.

°" Verbong, “Turksrood,” 282.

°2 Hurst, Textile Soaps and Oils, 139.

% Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 167.

% Panda, The Complete Book on Textile Processing and Silk Reeling Technology, 447.
% LaFalce, “Sulfated Castor Oil Production.”

% Gunstone and Padley, Lipid Technologies and Applications, 788.

7 Nawaby, Kruus, and Dabek-Zlotorzynska, “Determination of Anionic Surfactant Turkey Red Oil
by Capillary Electrophoresis with Direct UV Detection,” 401.
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differs from the historical texts and makes it possible to compare commercial

samples to historical and replica ones.

2.3.3 AOE Dyestuffs ledger

The entries in the AOE Dyestuffs Ledger date from 1873 to 1892 and provide
firsthand insight to the transition from the ‘old’ to ‘new’ process in the
Archibald Orr Ewing firm. The ledger entries only distinguish between ‘old’ and
‘new’ process for 1873-1874, but some later entries have values for ‘both
processes’. Castor oil does not appear at all. Remarkably, no mention of Turkey
red oil is found until the last six months of 1883, when the Levenbank Works
used ‘olive oil & alizarin oil’, entered as one quantity. It was used again at
Levenbank, which dyed cloth, over the next two years, though not consistently
and not at Milton or Dillichip, where yarn was dyed. The first entries for those
date from the last six months of 1886, when ‘oleine’ is introduced. By 1887, the
use of Turkey red oil is steady, though olive oil never entirely disappears. Figure
2-3 illustrates the figures for oil consumption from the ledger, but because we
do not know enough about why it was kept or how the firm did their dyeing, it
may never be known for certain why the Archibald Orr Ewing firm continued to

use olive oil, which this record shows was still used into the 1890s.
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Oil used to dye 110 Ibs. Turkey red yarn, Dillichip works 1873-1892
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Figure 2-3 Oil used for Turkey red dyeing at three works in the Archibald Orr Ewing firm.
Data from AOE dyestuffs ledger, University of Glasgow Archive Services, Records of United
Turkey Red Co Ltd, GB248 UGD13/4/1.

The graphs show that olive oil appears most often; these figures occasionally
include a small quantity of palm oil that was recorded as well,*® perhaps as a
supplement or for experimental purposes. Entries for ‘vitriol’, or sulfuric acid,
appear throughout the ledger. Although the first two entries mention an ‘old’
and ‘new’ process, Turkey red oil is not listed as an ingredient. As discussed
regarding Papillon’s method,* sulfuric acid is not generally used in Turkey red,
so the firm may have been making their own sulfated oil, which Hurst says some
firms did.'® There are no dyeing instructions, so the purpose of sulfuric acid can

only be speculated upon.

% Turkey Red Dyeing Calculation Book AOE Lennoxbank. UGD 13/4/1.
9 «y_ Account of the Process Followed by M. Pierre Jacques Papillon for Dyeing Turkey Red.”

"% Hurst, Textile Soaps and Oils, 140.
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Since the distinction between ‘old’ and ‘new’ is not maintained throughout
the ledger and Turkey red oil does not appear until 1883, it is unclear which
process was followed. According to Sansone, in 1885 the ‘new’ process was more
common, but the ‘old’ process had not been completely abandoned and ‘some
of the Scotch firms still adhere to it’ because it produced the fastest colours to
light, washing, and bleaching.' The continued use of ruminant dung in the
ledger, which was characteristic of the ‘old’ process, also supports this. Another
possible explanation for the olive oil is that the firm was using the Steiner
process, discussed later, which used hot olive oil and which Peel says was used
at the John Orr Ewing firm as of 1898."? Although the John Orr Ewing and
Archibald Orr Ewing firms operated separately, the Orr Ewings were brothers and
with the dissemination of technology by this time it is likely the firms followed
similar dyeing practices. The ledger may show the Archibald Orr Ewing firm was
one of the Scottish firms that continued the ‘old’ process because they felt it
made a higher-quality product, or that they were using a modified Steiner
process, but production notes would provide a better understanding of the in-

house practices.

The replica and analytical work in this research focuses on the ‘new’ process
because huile tournante could not be sourced and because of the late-19"" c.
focus on the developing chemical industry and Turkey red oil. The conclusion
from the review of the literature, based on descriptions of the ‘old’ and ‘new’
processes, the oils, and the transition between the processes is that that both

yield Turkey red and can be considered chemically similar.

2.4 Suitability of oils for Turkey red

The historical literature addresses the issue of suitable oil for Turkey red dyeing,
for which dyers had various tests for even though precise analytical techniques
were unavailable at the time. By the mid-1800s, chemists and dyers knew oils

were composed of glycerol and fatty acids'® (see FIGURE 2-1), and that the

%" Sansone, “Alizarin-Red and Turkey-Red Dyeing and Printing on Cotton,” 205.
92 peel, “Turkey Red Dyeing in Scotland Its Heyday and Decline,” 501.

'8 persoz, Traité théorique et pratique de [’impression des tissus, 344.
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latter contributed to the success of the dyeing.'™'” Furthermore, they were
aware the process to make Turkey red oil was for ‘the splitting up of the
glycerides and setting the fatty acids at liberty’."

Without a doubt, high-quality Turkey red depended on high-quality oil—
Chaptal says the beauty and evenness of the colour on the fibre was particularly
affected.'” This means a high content of FFAs— for olive oil, the opposite of
quality food oil, which has a low acid content. Hurst writes he identified some
huile tournante with up to 20% FFA content,'® for comparison, cold-press extra
virgin has a maximum of 1.0% fatty acids and the lowest-quality food oil has a
maximum acidity of 1.5%."” The standard test for huile tournante, which was
used before the significance of fatty acids was fully understood, was to assess its
ability to form a milky emulsion with a weak aqueous carbonate solution or
‘ley’.">"" An emulsion is a fine dispersion of microdroplets of one liquid into
another, the two not being miscible;"? in this case oil and water with the fatty
acids acting as emulsifiers. This is why in some places huile tournante is referred
to as ‘emulsive oil’ and the ‘old’ process as the ‘emulsive’ process. The emulsion
became obsolete with the ‘new’ process because Turkey red oil is fully miscible

with water.

To test huile tournante, a few drops of the oil were added to a weak ley,

which should produce said milky emulsion."*"*"> Furthermore, the emulsion
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must hold for some time and not separate.”®"”"'"® This was effectively a test for
the oil bath in the ‘old’ process, which was a large-scale batch of huile
tournante and ley emulsion. The leys were made with potassium or, more

frequently, sodium carbonate (called ‘soda’).

In the late 18" c., soda was obtained by burning seaweed, kelp' or saltwort,
a plant that grows well in brackish environments along the Mediterranean coast,
producing ash with a high sodium carbonate content. The finest was called
‘Barilla’, ‘Barilla salsola’, or ‘Alicante Barilla’, Alicante being a Spanish port on
the Mediterranean where the plant was harvested.”'* By the late 1700s, the
demand from the growing textile, soap, and glass industries had outpaced the
natural supply and the Leblanc process to make sodium carbonate from brine
was developed shortly before the French Revolution, freeing dyers from their
dependence on imported Barilla. By 1818, Charles Tennant, in partnership with
George Mackintosh’s son Charles Mackintosh, had produced 100 tons of soda
using this process at his St Rollox works outside of Glasgow,'” probably supplying

the local Turkey red industry.

2.5 Making Turkey red oil

This section discusses the process historically used to make Turkey red oil in
three phases: sulfation, washing, and neutralisation. This information is used to
re-create Turkey red oil as part of this research. There are many more methods
available for dyeing Turkey red than there are for making Turkey red oil, and
most texts are as non-specific as “add sulfuric acid to castor oil and stir”, adding
an additional layer of uncertainty to the re-creation. The method from Scheurer-
Kestner in Knecht’s A Manual of Dyeing (1893) was the only one found that was
reasonably complete and clear to the modern reader, and was chosen for this

and its consistency with the broad descriptions in other texts. The method was

"¢ Crookes, Dyeing and Tissue Printing, 76.

"7 Schiitzenberger, Traité des matieres colorantes, 282.

"8 Mémoire sur la fabrications du rouge d’Andrinople,” 758.
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supplemented with other historical and modern source material when necessary,
which is referenced accordingly in this section. Since the oil is still manufactured
today, an industrial chemist was consulted who confirmed, by telephone, that
the same process is still used.™ This means the replica and historical samples

can be reliably compared to a modern commercial one.

The methods are sometimes a challenge to interpret for the modern reader
with no physical descriptions of the reaction and undefined variables like
solution concentration. Additionally, by the 1890s, the ‘new’ process was well
established and dyers were accustomed to making and working with Turkey red
oil. The equipment used to make Turkey red oil could occasionally be a source of
contamination. Lead tanks,'* or iron tanks lined with lead were used, or smaller
batches were made in wooden or ceramic containers.'® Some sources said that
the oil must rest if a zinc or lead vessel was used so contaminants could settle
out. This project uses borosilicate glass beakers, so contamination is not a
concern. The experimental re-creation of Turkey red oil for this project is
presented in Section 4.1.1.

2.5.1 Sulfation

The first step in making Turkey red oil, sulfation, is controlled by the ratio of oil
to acid, with time and temperature being secondary factors. This is done with
concentrated sulfuric acid, about 96-98%. Enough time to react with sulfuric acid
is needed to release an adequate quantity of FFAs, but over-reacting the
mixture can produce undesired effects. It was important not to let the reaction
mixture overheat and adversely affect the product, so the temperature was
monitored to ensure it did not rise above 35-40 °C."""2 Too much heat produced
sulfur dioxide (50;), which darkened the product and affected the dyeing.

Cooling could be employed, but working below 20 °C raised the viscosity of the

'3 LaFalce, “Sulfated Castor Oil Production.”

24 puerr and Turnbull, Bleaching and Calico-Printing : a Practical Manual, 84.
125 Radcliffe and Medofski, “The Sulphonation of Fixed Oils,” 23.
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'27 puerr and Turnbull, Bleaching and Calico-Printing : a Practical Manual, 84.
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129 Cain and Thorpe, The Synthetic Dyestuffs and the Intermediate Products From Which They
Are Derived, 292.
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oil and made it difficult to mix the acid. Rather than risk this, it was better to
add the acid incrementally and let the heat dissipate between additions.” The
reaction with the acid causes the oil to turn from clear, straw-yellow to an
opaque, dark brown viscous fluid."™" "2 This is a common result of reactions with
sulfuric acid, which is an effective dehydrating agent. This colour does not
persist in the finished oil, which undergoes further changes during washing and

neutralisation.'

A typical method to make Turkey red oil involved reacting a quantity of
castor oil with a percent of its weight, around 15 to 40, of concentrated sulfuric
acid, more being required in the winter probably due decreased reactivity and
difficulty stirring. The Scheurer-Kestner method uses one part sulfuric acid to
three parts castor oil and lets it react for 12 hours."> Other sources say
‘overnight’"* or no less than 24 hours," so practices varied considerably. More
unusual methods recount olive oil and sulfuric acid reacting for 24 to 28
hours'?,"*? but this is inconsistent with the other literature reviewed. This re-
creation uses overnight as a guideline since it fits within the figures found in the

literature.

The 1:3 ratio of acid to oil by weight from Scheurer-Kestner has a scientific
basis—three fatty acid-glycerol bonds in a triglyceride must be hydrolysed for
maximum efficiency of the reaction. Had they been able to calculate this by
molar mass (approximating castor oil as triricinolein), they would have found

they were not far from the molar ratio for the two compounds.
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mol H,50, 1 mol triricinolein 93334¢

1.0 g H,SO
ST X "9g08g * 3 mol H,S0,  mol triricinolein

= 3.2 g triricinolein

Figure 2-4 Calculation of sulfuric acid to make Turkey red oil.

Hurst recommends a minimum of 1:5 acid to oil by and says intact triglycerides
in the oil had the benefit of decreasing frothing when mixed with oil,' so some

unreacted oil may have been desirable.

2.5.2 Washing

Surprisingly, washing is the most important step when making Turkey red oil."#
Once the acid has reacted enough with the oil, the excess must be washed out
or else the product would be ruined.' The composition of the oil was constantly
changing as hydrolysis and sulfation occurred, so the reaction was stopped when
the FFA content was suitable and before it went too far.'* Washing also prevents
any remaining acid in the Turkey red oil from having a detrimental effect on the

cellulose fibres.

The oil was washed by liquid-liquid extraction, because although sulfuric acid
is water soluble, the oil is not. Shaking the oil with water extracts the acid, and
when the phases separate the aqueous acid mixture can be drained off. To
accomplish this, it was made in a vessel with a tap on the bottom, possibly
sloped to ensure optimal drainage. Other water-soluble compounds like
glycerol were also removed during washing."'¥ Most sources do not indicate the
water was heated, although Scheurrer-Kestner uses water at 40 °C for the first

wash.™ One says the washing was conducted ‘at the highest temperatures’,' a

" Hurst, Textile Soaps and Oils, 146.

2 Trask, “Sulfonation and Sulfation of Oils,” 570.

3 Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 160.
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practice the industrial source said was used at his firm,"™° but this is not done in

this work since it is uncommon in the historical literature.

The oil was sometimes washed with a salt solution instead of, or in addition
to, plain water. This was done with ‘common salt’ (sodium chloride, NaCl) or
Glauber’s salt (sodium sulfate decahydrate, Na;SO4 ¢ 10 H,0);"' the sulfate
produced better results and may have stabilised the product.' Some methods
wash with water and then salt,"*"* others placed little importance on its use.'™
The industrial chemist confirmed the salt was necessary to remove excess acid,
and that although chloride anions destabilised the oil-water interface during
washing, the firm uses NaCl because it is cheaper than Na;S04."* For this re-
creation the sulfate was chosen since the scale did not make cost a concern and
it was acknowledged to be the superior choice. Concentrations of the solution
are frequently unspecified, but Radcliffe recommends a saturated solution,™’
which is roughly 16 g anhydrous Na,SO4 per 100 mL water."® After washing, the

oil should be ‘a uniform mass of a creamy colour without any dark streaks’."™’

2.5.3 Neutralisation

The final neutralisation step addressed the residual acid not removed through
washing, since the product was still very acidic. This was done with a strong
base, typically sodium hydroxide (NaOH) or ammonia (NH3)," which yielded
fatty acid salts. The ammonium salts were more likely to break down, which was

thought to improve the uptake of fatty acids'' and eliminate ammonia as it
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volatilised.' For this project, NaOH was selected to avoid introducing another
variable (ammonium ions) and any hazards from evolved gaseous ammonia, and

because the modern commercial Turkey red oil is a sodium salt.

Care in precise neutralisation was important'® since too acidic a product
would damage the fibres and too extreme a pH in either direction could affect
subsequent dyeing steps. The historical literature does not provide much detail
on neutralisation in terms of concentrations or physical changes to look for.
Hurst uses an aqueous solution NaOH at 40 “Tw, ' roughly 1.2 spg'® or an 18%
solution.'® A modern preparation of isoricinoleic acid uses 50% aq. NaOH (w/w or
w/v unspecified).’ Stronger alkali decreases the amount of added water, but in

a small-scale batch may over-adjust the pH.

To neutralise the oil, the alkali solution is added dropwise with continuous
stirring to avoid unreacted aqueous pockets in the oil. As the oil is neutralised,
the creamy and opaque substance becomes more transparent, with the process
ending when the oil is clear. The final volume will be greater than the initial
quantity of oil, possibly up to twice as much,'® in part because of retained

water—according to Burton about 35%.'°

2.5.4 Summary

Based on the historical literature and the conversation with the industrial
source, the process of making Turkey red oil—sulfation of castor oil followed by
washing and neutralisation—appears to be standard and consistent. This is
valuable information for the re-creation, because it validates a comparison of
the analytical results on the composition of the replica, commercial, and

historical Turkey red oils. The review identified Scheurer-Kestner’s method
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provided by Knecht as a useful representative recipe for the re-creation, taking
other sources into consideration to complete it.

No documents exist on the products of Turkey red oil in the Glasgow
University archives, but an early 20" c. process is preserved in the Coats
Archives at Paisley Central Library (Paisley, Scotland, UK). The documents are
later than the period of interest for this project, but the directions are
consistent with the published literature on Turkey red oil, corroborating that
practices in the dyeing works were similar to what was published on the topic.
Recipe from Mr Straugh, dated 16 April 1908, reacts sulfuric acid with an initial
3:1 ratio of olive to castor oil, then the next day adds twice the original weight
in castor 0il.”” A letter from the firm dated 13 December 1943 summarises the
other material available in the collection and says, ‘comparing these three
records, there is really very little difference’. The author writes:

The quantities and proportions given in Mr. Strauch’s (sic) recipe are those
which obtained over a long period of years and were only altered within
comparatively recent times. The alteration was that as Olive Oil was more
expensive, more and more Castor Oil came to be used until finally we were
using 75% Castor Qil and only 25% Olive Qil. The actual process of making
remains substantially the same.’"”

The inclusion of olive oil in the Straugh recipe is more consistent with the AOE
dyestuffs ledger than with published literature on Turkey red oil and Turkey red
dyeing, which favours castor oil. The above quotation from the Coats Archive
shows eventually the price of olive oil costed it out of use for making Turkey red
oil, but perhaps the AOE ledger was written when it was still cost-effective to
use, or else Sansone was correct about some Scottish firms adhering to the old

process.

Turkey red oil today, which can be purchased from industrial sources as well
as craft suppliers for the making of bath oils, is alternately described as amber
coloured, dark brown, and light yellow, which shows how much the final product
can vary while still being Turkey red oil. The only chemical supplier that sells

Turkey red oil is Sigma-Aldrich; according to a certificate of analysis, a 10%

'70 Straugh, Recipe From Mr Straugh. 1/9/3.

' Brennan, Tannahill, and Percy, Turkey Red Process for Cotton Yarn. 1/9/3.
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aqueous solution of their product has a pH of 7-8, making it neutral to slightly

basic, and it has a 16-20% water content.'”?

2.6 Composition and chemistry

Since its invention, dyers and chemists were interested in the composition of
Turkey red oil and performed empirical experiments to investigate it, such as
mixing it with ether and boiling it with water.'”? We now know that finished
Turkey red oil is a complex mixture of compounds with varying properties,’
often forming emulsions and micro-emulsions.'” Markley says the quality of the
raw materials, reaction time, stirring, temperature, concentrations, and
catalysts all affect the reaction, and that many side reactions occur during the
process.'” This section summarises previous research on the topic consistent

with the analytical results from this research in Chapter 5.

2.6.1 Reactions between castor oil and sulfuric acid

The primary and most important reaction when making Turkey red oil is glycerol
hydrolysis. Chemically speaking, good reason exists for choosing castor oil, from
the seeds of the Ricinus communis plant, to make Turkey red oil."” It is unusual
for an oil in that it is nearly a pure compound largely made of the trigylcerides
of ricinoleic acid,'® experimentally determined to be 87% of the fatty acid
content with oleic acid following at 7%."° Since the overwhelming majority of
castor oil is composed of ricinoleic acid triglycerides, castor oil is sometimes

described as triricinolein.®
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Figure 2-5 Ricinoleic acid

The structure of ricinoleic acid is similar to oleic acid—cis-9-octadecenoic acid—
except that ricinoleic acid has a hydroxyl at the 12-carbon, giving it ‘a diversity

of uses shared by no other fat.’"®

Physically, castor oil is a clear, pale yellow liquid more viscous than other
oils. The hydroxyl group gives castor oil its viscosity—in a similar manner to
adhesives, the hydrogen bonding of the hydroxyl groups results in stickiness and
decreased flow. The unique reactivity of castor oil can be attributed to its high
proportion of ricinoleic acid and its hydroxyl, which alters the physical

properties of the oil and how it reacts with sulfuric acid.

First, as other triglycerides, the sulfuric acid hydrolyses the glyceride bonds
to release FFAs."™ The degree of glycerol hydrolysis determines the FFA content
of Turkey red oil and therefore its usefulness in the dyeing process. Experiments
in the 19" c. found the average composition of Turkey red oil to be 20-27% FFAs,
25% sulfated compounds and partial glycerides, and the rest water.' The
glycerol, which is water soluble, is extracted in the washing step and is not a
significant component in Turkey red oil,"™* ' nor was it thought to have a role in
the dyeing process.™ In this research, its presence (or absence) is a useful

indicator of whether glycerol hydrolysis has occurred.

After the triglycerides are hydrolysed, the sulfuric acid reacts with the
hydroxyl group, if present, and the double bond.™ Reaction with the hydroxyl

produces a sulfate ester and releases a water molecule,' but the esters tend to
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hydrolyse back to hydroxyls.™”'® The oil has around 8% SO;, which contributes to

its surfactant properties,’" and indicates around 35% sulfated fatty acids.

Figure 2-6 Sulforicinoleic acid

The product of an addition reaction between sulfuric acid and ricinoleic acid. The sulfate
group hydrolyses back to a hydroxyl.

The sulfated compounds were known to hydrolyse during textile processes that
used heat,'” as they would have been treated for Turkey red. Since huile
tournante would not have contained sulfated compounds and the ‘old’ and
‘new’ processes yielded comparable Turkey red, they are not presumed to be
significant in the dyeing as minor components of the oil treatment. The reaction
between the double bond and the acid also produces a sulfate ester on one of

the carbons,'? as shown below.

OH OH
O:l:O O—=S——=0
4>
b }

Figure 2-7 Sulfate ester on olefinic bond

When these hydrolyse, the double bond is permanently broken, ' an effect

discussed in the analysis of Turkey oil for this project.
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2.6.2 Properties and polymerisation

Turkey red oil has uses as a surfactant, detergent, and emulsifier.”>' Its
emulsive properties were the primary reason it was developed for Turkey red
dyeing, but the other properties, such as decreasing surface tension, may also
affect the process. The oil was a significant development in surfactant

technology."”’

Side reactions that occur in finished Turkey red oil are helpful in identifying
the freshness of the oil. As such, they are used in this research to help
characterise the historical oils. Ricinoleic acid, the primary component of Turkey
red oil, autopolymerises as it ages and must be made fresh.'® Chemists in the
late 19" c. found polymers containing up to five ricinoleic acids formed in
Turkey red oil."” Autopolymerisation of FFAs produces estolides, compounds
formed when the carboxyl group of a fatty acid links to another fatty acid

chain.?®

Figure 2-8 Ricinoleic acid estolide

The compound above has an estolide number of three and depicts the bond formation
described by Isbell.

After six weeks at room temperature in a loosely closed container, a sample of
ricinoleic acid had contained 50% estolides of various numbers,?' however, they
are not anticipated to be a significant presence on Turkey red fibres since these
conditions are not characteristic of the oiling process. Furthermore, the
formation of estolides decreases the overall FFA content, meaning there are

fewer (but also larger and potentially more sterically hindered) molecules
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available to bond to the cellulose. Estolides are a product of ageing, forming
slowly at lower temperatures (they are typically produced under much harsher
conditions?®?) and are discussed here as an indicator of the sample age for some

of the historical Turkey red oils.

The discussion shows Turkey red oil is a complex mixture of fatty acids and
glycerides, some with a sulfate ester, and that the composition varies based on
the reaction conditions. The ‘active’ ingredient in the oil, fatty acids,
determined its usefulness to a Turkey red dyer. In this research, 'H and *C NMR
are used to analyse samples of Turkey red oil to determine its composition and

fatty acid content.

2.7 Historical research on the role of the oil

The role of the oil in Turkey red dyeing has been of interest to dyers and
chemists since chemistry emerged as a field in the 18" c. Various hypotheses
were proposed and sometimes subject to analysis, evolving from more ‘magical’
explanations of animalisation toward modern chemical principles. This section

discusses these ideas and previous research on the topic.

Animalisation, the earliest theory, was the idea that cotton fibres could be
treated to become more like animal fibres.??*?* The thought behind this was that
wool and silk, both which dye more readily than cotton,?® do so because they
are animal products. By applying oil or blood, glue, and other ingredients of
animal origin,” the cotton attracted dye more like wool than untreated
cotton.” The ‘animal’ fibres, wool and silk, are protein fibres that have a

different chemistry than ‘vegetable’ fibres like cotton and linen, which are
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cellulosic. Wool has an amorphous structure, and silk is semi-irregular, but
cellulose has a crystalline form whose increased rigidity makes it more resistant
to dyeing. Since the cellulose would not be converted to protein by this
treatment, the idea of ‘animalisation’ is better described as a treatment that

makes cellulose fibres dye more like protein fibres.?®

The oil was also thought to have a varnishing effect on the fibres, forming a
protective coating.?”*° Turkey red was said to have a lustre,”" so although not a
varnish in the hard, lacquered sense, the hydrophobic nature of the fatty acid
chain may create a protective barrier on the fibre that improved its finish. In the
1960s, Kiel and Heertjes conducted some of the only modern analytical work on
Turkey red as part of a study of alizarin lake complexes and concluded the oil
functioned as a water-repellent barrier, based on the results of a dry sulfuric
acid test on historical Turkey red samples removed from copies of dyeing
manuals by Dépierre (1892), Persoz (1846), and Schiitzenberger (1870). 2" Their

destructive analysis did not reveal the nature of the bonds.

The idea that the oil helped attract more aluminium?'*2" is consistent with
the sequence of the dyeing steps and the reagents present. This also explains
why oiled cotton appeared to dye more like animal fibres, because more
aluminium resulted in a deeper colour. An 1885 investigation of Turkey red
describes a ‘fatty alizarate of alumina lake’, which did not take the cellulose

into account, but was a reasonable explanation for the conventions of the time.

208 Chateau, “Critical and Historical Notes Concerning the Production of Adrianople or Turkey
Red, and the Theory of This Colour,” 272.

2% Hummel, The Dyeing of Textile Fabrics, 436.

219 Njederhausern, “Rapport sur le travail de M. F. Driessen: ‘Etude sur le rouge turc, ancien
procédé’, et sur le contenu de deux plis cachetés, nos 700 et 1276, déposés pqr le méme
auteur,” 187.

21" Berthollet and Berthollet, Elements of the Art of Dyeing and Bleaching 326.

212 Kiel and Heertjes, “Metal Complexes of Alizarin v-Investigations of Alizarin-Dyed Cotton
Fabrics,” 100.

213 Hummel, The Dyeing of Textile Fabrics, 233.

214 Niederhausern, “Rapport sur le travail de M. F. Driessen: ‘Etude sur le rouge turc, ancien
procédé’, et sur le contenu de deux plis cachetés, nos 700 et 1276, déposés pqr le méme
auteur,” 187.
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Figure 2-9 'Fatty alizarate of alumina lake' from Journal of the Society of Dyers and
Colourists.2"

A lake is a complex of colorant with a metallic oxide,?" so a more accurate
description would be that the oil anchors more lake to the fibres. The oil does
not appear to contribute directly to the colour of Turkey red because both plain
and oil-treated cloth before dyeing are white,*”?'® but after dyeing, plain cloth
merely turns pink, while oil-treated cloth dyes to a deep red. Experimental work
by Karadag et al. determined the amount of dye bonded to the cotton increases
with the number of oil treatments,?° supporting this hypothesis. Kiel and
Heertjes determined the oil was not part of the lake complex, and did not
attempt to explain how the fibre was involved,?® which this research finally

addresses.

By the mid-19™" c., chemists hypothesised that the aluminium formed a metal
soap complex with the bonded fatty acids,”' but they were unable to identify it
on the fibre. Metal soaps form when the carboxylate group of a fatty acid reacts
with a metal to form -COOM.** A soap is the sodium or potassium salt of a fatty
acid, whereas a metal soap has a heavier metal ion.? Aluminium soaps, like
those that would form in Turkey red, are insoluble in water, which may

contribute to its wash fastness. This would be as aluminium ricinoleate, or

215 sansone, “Alizarin-Red and Turkey-Red Dyeing and Printing on Cotton,” 206.
216 Oxford University Press, “Lake, N 6.”
217 Berthollet, Elements of the Art of Dyeing, 149.

218 Vitalis, Cours élémentaire de teinture sur laine, soie, lin, chanvre et coton, et sur [’art
d’imprimer les toiles, 238.

219 Karadag and Dolen, “Re-Examination of Turkey Red,” 586.

220 Kiel and Heertjes, “Metal Complexes of Alizarin v-Investigations of Alizarin-Dyed Cotton
Fabrics,” 98-100.

221 Chateau, “Critical and Historical Notes Concerning the Production of Adrianople or Turkey
Red, and the Theory of This Colour,” 139.

222 patel, “Natural Dyes,” 414.

223 Bossert, “The Metallic Soaps,” 10.
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aluminium oleate in the ‘old’ process, since oleic acid is the major component

of olive oil.?*

o

N )WWW
Al—O

HO

Figure 2-10 Aluminium oleate

The chemical structure of aluminium mono-oleate, with the fatty carboxylic acid bound to
the aluminium ion. The trivalent aluminium has two other hydroxyl groups that could also be
replaced by fatty acids.

Research techniques in the 19" c. could not take into account the cellulose
fibres because they lacked the ability to perform in situ analysis. Dyers were
aware they did not understand how the oil was bonding to the fibres,** but
predicted that metal soaps were forming based on the results of experiments in
solution??” and that this was the basis of Turkey red.?® Typically, the fibres
were oiled, and then the aluminium was applied. An unusual method from
Haussmann combines the two,? but this was said to produce unlevel dyeings due
to the badly fixed mordant.?*° The poorer quality may be due to fact that
aluminium soaps precipitated in the dye bath, rather than adhering to the oil on
the cotton fibre, as in the traditional method. The order of steps indicates that
the oil bonds to the fibres in such a way that it is still possible to form a metal
soap as well, so when the oil bonds to the fibre prior to the addition of
aluminium, it does so in a way that leaves the carboxylate group available to

react.

224 Spangenberg, Macko, and Hunziker, “Characterization of Olive Oil by Carbon Isotope Analysis
of Individual Fatty Acids: Implications for Authentication.”

22 Hummel, The Dyeing of Textile Fabrics, 436.

226 Noelting and Binder, “Rapport de MM. E. Noelting et F. Binder sur un mémoire de M. Fischli,
sur la théorie de la fabrication du rouge d'Andrinople, présenté pour le concour au prix no.
ln.”

227 parks, “The Chemistry of Turkey Red Dyeing,” 500.
228 Hummel, The Dyeing of Textile Fabrics, 155.

22 Haussmann, “XLIIl. Observations on Maddering; Together with a Simple and Certain Process
for Obtaining, with Great Beauty and Fixity, That Colour Known Under the Name of the
Turkey or Adrianople Red,” 260.

20 pépierre, Traité de la teinture et de U’impression des matiéres colorantes artificielles. 2me
partie, L’alizarine artificielle et ses dérivés, 212.
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The formation of aluminium soap is a logical conclusion given the compounds
present, however, until now, there have been no in situ analytical results to
support this explanation. The experimental work on this topic is presented in
Section 6.7.

2.8 Free fatty acids and cellulose

By now the following points have been established— in both ‘old’ and ‘new’
processes: 1) the oil bath contains FFAs that 2) adhere to the cellulose fibre and
3) Turkey red exists only on the fibre. This section discusses bonding between
the FFAs and cellulose, which is investigated experimentally by the in situ

analytical work in Chapter 6.

The well-preserved condition of the historical samples indicates no
degradation or damage to the cellulose polymer, and the dyeing conditions are
not expected to cause any significant changes either. The structure of cellulose
is fundamental to the chemistry of Turkey red dyeing. Cellulose, the most
abundant naturally occurring organic polymer, is a polysaccharide with the
empirical formula (C¢H100s5)n. It can be more specifically described as a chain of
1,4-B-D-glucan,?' shown below. Each ring is structurally identical, as denoted by
the brackets around the glucose monomer in Figure 2-11, though the alternating
orientation (e.g. AVAY) in 3-dimensional space is considered a dimer by some
sources like Chettra because hydrogen bonding between cellulose hydroxyls is
affected by ring orientation. Each ring has three hydroxyl groups, which is where

the oil is expected to bond.

OH _ _ OH
OH
O O
HO
HO 0 HO
OH OH
i OH | n

Figure 2-11 Structure of cellulose with brackets enclosing D-glucose.

B! Chettra, “Microscopy and Surface Chemical Investigations of Dyed Cellulose Textiles,” 12.
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Wool and silk, which have fewer hydroxyl groups, cannot undergo these same
reactions. Linen is even more crystalline than cellulose, and according to
Berthollet required twice as much oiling as cotton,?? so uptake of oil in Turkey

red dyeing is affected by the fibre structure.

The historical literature documents how dyers and chemists were aware some
reaction occurs during the oiling process and attempted to explain what was
happening. One early explanation of the bonding was oxidation, because the
oiled cotton would sometimes, if left carelessly while being dried, spontaneously
combust due to the evolved heat,?*#**> a well-known phenomenon for oily
materials. Polymerisation is another proposed explanation,*® but as discussed
earlier, estolides cannot form on Turkey red if the carboxyl has bonded to the
cellulose. Considering the conditions of the oiling process and the functional
groups present, -COOH (fatty acid) and -OH (cellulose), there are two plausible
bond formations. A hydroxyl and a carboxyl can condense to form an ester, in

this case a fatty acid cellulose ester (FACE).

OH OH
o

OH OH

0]
R

Figure 2-12 Proposed ester formation between cellulose hydroxyl and fatty acid carboxyl.

FACEs are prepared using microcrystalline cellulose, fatty acids, and organic

solvents like pyridine or p-toluenesulfonyl chloride,””*® making them quite

22 Berthollet and Berthollet, Elements of the Art of Dyeing and Bleaching, 337.
233 persoz, Traité théorique et pratique de U'impression des tissus, 333.

24 Chateau, “Critical and Historical Notes Concerning the Production of Adrianople or Turkey
Red, and the Theory of This Colour,” 198.

25 gchiitzenberger, Traité des matiéres colorantes, 283.
26 Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 160.

27 Jandura, Kokta, and Riedl, “Fibrous Long-Chain Organic Acid Cellulose Esters and Their
Characterization by Diffuse Reflectance FTIR Spectroscopy, Solid-State CP/MAS.”
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different from the Turkey red practices. Based on the harsher conditions needed
to form the ester bond, it is unlikely this reaction would occur on cotton fibres
when oiling for Turkey red. A more likely explanation is the fatty acid adsorbing
to the cellulose via hydrogen bonding. The bond between the acid carbonyl and
cellulose hydroxyl can form instantly and does not require hydrolysis, unlike

ester formation.

OH
R
0,
H
OH | OH
o
o) o)
HO
— o o
HO A HO
OH OH
0—H,
0
HO)LR

Figure 2-13 Proposed hydrogen bonding between FFA carbonyl and cellulose hydroxyl.

This also leaves the carboxyl of the FFA available to attract aluminium.
Hydrogen bonds are not as strong as ester bonds, which could explain why
excessive washing will remove the 0il,? and they do not alter the cellulose

polymer through hydrolysis.

To investigate the nature of the oil-cellulose bond in Turkey red, samples of
oiled calico and replica Turkey red were prepared for in situ analysis. These
samples evaluate a range of variables in the oiling process and the results are
compared to those from historical samples to determine similarity and

characterise the complex for the first time ever.

2.9 Preparing the oil baths

In the ‘old’ process, used exclusively prior to the 1870s, the oil treatment was

prepared by making an emulsive mixture of huile tournante, soda ley, and often

28 Freire et al., “Surface Characterization by XPS, Contact Angle Measurements and ToF-SIMS of
Cellulose Fibers Partially Esterified with Fatty Acids.”

29 Berthollet, Elements of the Art of Dyeing, 162.
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ruminant dung,*®*' sometimes called ‘green liquor’*? or ‘gray steep’.**
Subsequent baths made without dung were called ‘white baths’*** and were
supposed to look like thick milk with no oil floating on the surface.** Preparation
of the bath depended on the quality of the individual ingredients.?* Directions in
some methods suggest a requisite level of familiarity with the process*” 2%
based on how materials should look or behave, subjective assessments not
always clearly described in the text and difficult for a modern experimenter to
make. Papillon, the dyer who helped George Mackintosh found the Scottish
Turkey red industry in 1785, included gum arabic, ammonium chloride, and
sulfuric acid in his method.*° These unusual ingredients may have been emulsive
assistants,?' indicating that Papillon may not have been a good dyer or had
difficulty practicing in Scotland, and are why Cooper strongly disapproved of

Papillon’s method for Turkey red.?*

Occasionally the oil bath was heated,”*** which Jenny says accelerates the

impregnation of the cotton with oil,”** undoubtedly making the lengthy process

20 Cooper, A Practical Treatise on Dyeing, and Callicoe Printing: Exhibiting the Processes in the
French, German, English, and American Practice of Fixing Colours on Woollen, Cotton, Silk,
and Linen, 297.

241 schiitzenberger, Traité des matiéres colorantes, 282.
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and Linen, 287.
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and Linen, 287.
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more efficient. One of the more notorious features of the ‘old’ process was the
use of ruminant dung and, occasionally, intestinal fluid,***” in the oil bath.
Surprisingly, dung is a regular entry in the AOE dyestuffs ledger all the way
through its end in 1892,%® indicating the ‘old’ process may still have been in use,
though without production notes this can only be speculation. Several
hypotheses on the chemical role of the dung were proposed by dyers and

chemists, which are discussed in Section 2.10.1.

In some ‘old’ process methods, oils baths from previous dyes were recycled
because they made the new bath more effective.” This practice is also
documented in the Collin process from the Coats Archive, where the excess oil
was pressed out and collected after each application to be re-used in subsequent
treatments.?® These practices likely evolved out of economy and were found to
improve the efficiency of future baths, probably because FFAs in the old bath
would have had an effect similar to adding oleic acid to olive oil and promoting
triglyceride hydrolysis. The addition of FFAs, as a pure additive or from the old
baths, would promote triglyceride hydrolysis and release FFAs in the new bath.
This was the aim of the oil bath—to disperse fatty acids for even and thorough

application to the cotton.

The development of water-soluble Turkey red oil made it much simpler to
disperse fatty acids in the oil bath, improving the speed and efficiency of the
oiling process. This became known as the ‘new’ method and bought about great
savings of cost and time. The baths were made only with water rather than a
soda ley*' because the oil was water-soluble, decreasing reagents used and
preparation time, and animal products like dung and intestinal juice were less

used. In Hummel’s ‘new’ process, a cold solution of Turkey red oil diluted with

25 Jenny, “Mémoire sur la fabrications du rouge d’Andrinople,” 789.

26 Mémoire contenant le procédé de la teinture du coton rouge-incarnat d’Andrinople sur le
coton filé.

27 Chateau, “Critical and Historical Notes Concerning the Production of Adrianople or Turkey
Red, and the Theory of This Colour,” 224.

28 Turkey Red Dyeing Calculation Book AOE Lennoxbank. UGD 13/4/1.
29 persoz, Traité théorique et pratique de l’impression des tissus, 177.
260 Collin, Turkey Red Process for Cotton Yarn. 1/9/3.

261 Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 600.
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water was applied to the fibres.?? Historical sources recommend a bath of
roughly 5-10% aq. Turkey red oil,** while a modern dyer uses around a 3%
solution, which he says is less than what was used historically but gives better
results.?* Other modern methods, including a re-creation of Turkey red,*’ use
undiluted Turkey red oil.%¢ This indicates that the degree of dilution, which also
depends on the water content of the oil, was more a question of efficient
reagent use than a precise figure to be followed, but a systematic study is
recommended. The conclusion from this review is that the outcome of both
oiling processes was the same, and Turkey red from the ‘old’ and ‘new’ methods

can be reliably compared.

2.10 Oil application to cotton

Pre-treatment of cotton with oil was imperative for Turkey red dyeing and
unique to the process. To apply the oil, the cotton was saturated in the bath,
the excess liquid removed, and then dried. This is consistent across all
methods, "% with slight variations in handling. The technique is often
described as ‘tramping’, an Anglicised form of tremper, French for ‘to soak,
steep, immerse’.?° Occasionally, the cotton was left in the bath for a period

rather just saturated,”"#? but this practice was less common.

Into the 19" c., Turkey red dyeing was largely done by hand. This meant
handling hanks of cotton yarn or 100-lb lengths of calico in and out of baths,

soaking wet and laden with oil, then drying the cotton and possibly repeating the
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whole process. Mechanisation of the oiling step in the latter part of the 19" c.
greatly simplified the work and by the 1880s it was almost completely
mechanised.?”? Hummel describes a tramping and wringing machine developed by
Messrs. Duncan Stewart and Co. of Glasgow and includes many exceptional
technical drawings.?””* Descriptions of machinery are found in the Coats Archive

dOCuments as well. 275,276,277

Figure 2-14 Tramping machine for oiling yarn from Hummel.?”®

To ensure a sufficient quantity of adsorbed fatty acids,?” the oiling step was
repeated multiple times in the ‘old’ process®**' due to the lower fatty acid
content of huile tournante. More repetitions were required in the winter than in

the summer,?? so the process was subject to temperature and humidity, which in

273 sansone, “Alizarin-Red and Turkey-Red Dyeing and Printing on Cotton,” 205.
274 Hummel, The Dyeing of Textile Fabrics, 429.
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Scotland could sometimes mean a suspension of Turkey red production.?:
Experience was required to know when the cotton was sufficiently oiled®®*
because the work was variable, depending on the cloth, the oil, and the
season.?®> Methods for the ‘new’ process do not repeat the oil application,”® or
repeat it once;*® a modern text recommends four to six applications for huile
tournante and one to two for Turkey red oil.?® There is no test or visual cue for
determining when the cloth is sufficiently oiled other than to continue dyeing it
to see what happens. Years of practice and observation allow an experienced
dyer to judge when this occurs, but the literature provides no guidance for the
reader. The analytical work on the oil and cotton may help find a way to

experimentally determine the quantity of oil on the fibres.

An alternative technique used to apply oil for dyeing Turkey red, the Steiner
Process, does not use a solution of fatty acids like the huile tournante and
Turkey red oil processes do. It was developed in the mid-19™" c. and practiced in
Manchester and Scotland, and involved baths of hot, not rancid olive oil to
prepare the cotton.?”*° The rest of the process was much the same as the
others. The colour was considered to be beautiful and fast,?”' and samples by the
Steiner process in dyeing manuals by Dépierre and Crookes are as lovely as
samples from the other processes. It could not be applied to yarn due to
difficulties handling the fibres in hot 0il.*?> One proposed explanation of its
chemistry is that the head rapidly oxidised the fats,?? but re-creation of the

process is difficult due to a lack of documentation, perhaps because Steiner was

28 «Factories Inquiry Commission: Supplementary Report of the Central Board of H. Maj.
Commissioners Appointed to Collect Information in the Manufacturing Districts, as to the
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more successful than others at guarding his industrial practices. The original
records from Steiner describing his process were lost in a fire at an industrial
archive in 1950,%* and documentary evidence of the process involves purpose-
built machinery no longer extant. For these reasons, it is not re-created in this
project but the process is mentioned because a Steiner sample of historical

Turkey red®* is included in the in situ analysis of Turkey red.

All the excess oil not bound to the fibre must be removed before the
aluminium is applied® or the quality of the final product is affected. Excess oil
leaves the fibres greasy and not rub fast,?’” because the loose oil would attract
and transfer colourant. Oil that was not washed off in advance could disperse in
the next bath and diminish the quality of the textile*® by competing with the
oils bound to the fibre and forming complexes in solution. This is consistent with
the earlier discussion of the one-step oil and alum bath that produced inferior
dyeings. Removing the excess oil in the ‘old’ process, often called ‘salting’,?*3®
involved repeated washings in a weak soda ley, like the one used to make the oil
bath.*"3%3% The ley forms an emulsion with the oil on the fibres, in a reversal of
the oil application, initially removing unbound oil. Care had to be taken not to
overdo this step and remove the bound FFAs.** After the salting, the cotton was
rinsed well in water to remove any salts.***% In the ‘new’ process, far less work
was needed due to the water-solubility of Turkey red oil and the difference in

triglyceride content compared to huile tournante. Hummel’s process does not
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include any washing, but applies a steaming treatment instead.?” In general, to
remove excess oil from cotton prepared with Turkey red oil, only washing with

warm water was required.®

In both processes, the cotton was dried after each application of oil, one of
the main reasons the process was so lengthy. With the number of repetitions
required by the ‘old’ process, this made Turkey red dyeing in Scotland seasonal
work prior to the invention of indoor drying,*® which is not difficult to imagine
given the challenge of drying large quantities of cotton in the Scottish climate.
Drying, in fact, takes place between nearly every step in a Turkey red process.
The fibres were usually hung to dry on poles or sticks when dried.?'**'" By the

early 19" c., drying in ovens or stoves became more common.
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Fig. 93.—Ground Plan and Sectional Elevation of Turkey-red Stove.

Figure 2-15 Cross-section of stove for Turkey red from Hummel3'?

Temperatures ranged from 50 to 70 °C¥'*3'*3"®> and the cotton was generally left

for 12-24 hours,*'® although Hummel uses only one to two.*”” Some believed air
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drying still yielded a better, more fast textile,*'®*" but opinions were divided
and others though heat drying was necessary, especially in cold or damp
weather.*® Those who promoted oven drying said the hot, dry fibres readily
absorbed more liquid and encouraged the adsorption of oil,**' pushing the oil
deeper into the fibre.*”? The use of heat increased the risk of spontaneous
combustion in the oiled cloth, however, which motivated dyers to build their
drying facilities some distance from the dye works.*?® There is no qualitative
assessment of air-dried and oven-dried Turkey red, so the effect on fastness
remains unknown, but the experimental work in this research assesses the effect

of heat as a variable in the oiling process.

The application of pressurised steam, which was developed in England and
used in wool dyeing** and calico printing,*” started to be applied to Turkey red
in the 1880s. It was the only instance of steam used in calico dyeing.**
Directions specified steaming at 2-8 psi for around 60-90 minutes,***?® though
the Tannahill document in the Coats Archive uses considerably higher pressures

of 2 atmospheres,*” about 30 psi.
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319 Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 593.

320 Chateau, “Critical and Historical Notes Concerning the Production of Adrianople or Turkey
Red, and the Theory of This Colour,” 137.

21 Jenny, “Mémoire sur la fabrications du rouge d’Andrinople,” 781.

322 Chateau, “Critical and Historical Notes Concerning the Production of Adrianople or Turkey
Red, and the Theory of This Colour,” 192.
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Fig. 94,—Steaming-Chest for Turkey-red Yarn.

Figure 2-16 Steaming chamber for yarn from Hummel.33°

Steaming was also thought to help the oil penetrate the fibre,*' subjecting the
cotton to temperatures above 100 °C because of the elevated pressure.
Condensed steam on the fibres may have gently washed them or made the
bonding conditions more favourable. The effect of steam on oil uptake is

investigated briefly in this research.

2.10.1 Ruminant dung, bullock’s blood, and substitutes

Nothing captures the imagination quite like the historical use of ruminant dung
and blood in Turkey red dyeing. Although these substances were plentiful and
cheap, they would have been no more pleasant to work with in the past as they
are imagined to be now. The conclusion from the review of Turkey red methods
in this research was that these ‘animal’ substances probably benefitted the
dyeing process as auxiliaries but, based on inconsistent use, were not required
for a successful dyeing. The chemistry of their role in the dyeing process has not
been determined by modern analysis, and this project does not attempt to do
so, but their notoriety and association with the process, and the historical

interest in their purpose, merit a brief discussion.

330 Hummel, The Dyeing of Textile Fabrics, 445.

31 Dépierre, Traité de la teinture et de U’impression des matiéres colorantes artificielles. 2me
partie, L’alizarine artificielle et ses dérivés, 243.
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In the ‘old’ process, dyers often included sheep or cow dung in the oil bath
and blood in the dye bath.*»33%% |t is unclear which process was followed for
most of the AOE dyestuffs ledger, but it records both reagents still in regular use
until it ends in 1892.°* They are neither included in every Turkey red process nor
unique to it; in fact, they were also commonly used in the printing of calico and
dyeing of other colours.***73% Cooper writes that although animal substances
were often left out, he believed they produced deeper and more fast colour,

and because of their low cost there was no reason to omit them.3**

Dung used per batch of Turkey red cloth or yarn, AOE ledger 1873-1892
30
25
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®[evenbank ®Milton = Dillichip

Figure 2-17 Dung used for Turkey red dyeing at three works in the Archibald Orr Ewing firm,
1873-1892.

Cloth dyeing was practiced at Levenbank, while yarn dyeing was done at Milton and Dillichip.
Data from Turkey Red Dyeing calculation book AOE Lennoxbank, University of Glasgow
Archive Services, Records of United Turkey Red Co Ltd, GB248 UGD13/4/1.

Printers sometimes kept herds of cattle to maintain a supply of dung,
although it was often inconvenient for them.*® Figure 2-17 shows, on average,

consistent use of dung for dyeing cloth and yarn, with it eventually being disused

332 «y | Account of the Process Followed by M. Pierre Jacques Papillon for Dyeing Turkey Red.”
333 Hummel, The Dyeing of Textile Fabrics, 433.
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d’imprimer les toiles, 238-244.

335 Turkey Red Dyeing Calculation Book AOE Lennoxbank. UGD 13/4/1.

336 Hummel, The Dyeing of Textile Fabrics, 238.

337 Duerr and Turnbull, Bleaching and Calico-Printing : a Practical Manual, 39.
338 O'Neill, Chemistry of Calico Printing, Dyeing, and Bleaching, 164.

339 Cooper, A Practical Treatise on Dyeing, and Callicoe Printing: Exhibiting the Processes in the
French, German, English, and American Practice of Fixing Colours on Woollen, Cotton, Silk,
and Linen, 285.

30 Crookes, Dyeing and Tissue Printing, 244.
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for yarn dyeing in the late-1880s. This is consistent with increased use of Turkey
red oil in yarn dyeing (see Figure 2-3) and continued use of olive oil,
characteristic of the ‘old’ process, for cloth. Bullock’s blood is added to the dye
bath in most recipes, and sheep’s blood was used as well.**' In the mid-1860s,
the Dalquhurn Works of William Stirling & Sons used 130,000 gallons of bullock’s
blood annually.*? Later in the 19'" c., the blood was sometimes replaced with
powdered blood albumen.**** The AOE dyestuffs ledger records the consistent
use of blood in Turkey red dyeing, and the transition to blood albumen in their
yarn dyeing operation from the late 1870s to the late 1880s. Cloth dyeing at

Levenbank continued to use blood and did not adopt albumen.**

Blood used per batch of Turkey red cloth and yarn, AOE ledger 1873-1892
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Figure 2-18 Blood used for Turkey red dyeing at three works in the Archibald Orr Ewing firm,
1873-1892.

Data from Turkey Red Dyeing calculation book AOE Lennoxbank, University of Glasgow
Archive Services, Records of United Turkey Red Co Ltd, GB248 UGD13/4/1.

31 Berthollet, Elements of the Art of Dyeing, 154.

342 Bremner, The Industries of Scotland, 301.

3 O'Neill, Chemistry of Calico Printing, Dyeing, and Bleaching, 166.
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Blood albumen used per batch of Turkey red yarn, AOE ledger 1873-1892
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Figure 2-19 Blood albumen used for dyeing Turkey red yarn at Milton and Dillichip, 1873-
1892.

Data from Turkey Red Dyeing calculation book AOE Lennoxbank, University of Glasgow
Archive Services, Records of United Turkey Red Co Ltd, GB248 UGD13/4/1.
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It is unknown when or why these ingredients began to be used in textile
dyeing, but like role of the oil, an early explanation for their purpose was
animalisation.** The original inclusion of blood has been ascribed to belief in its
magical properties and potential to improve the red colour.** By the mid-1800s
chemists recognised the action of blood and dung as chelating agents for
unbound mordant to prevent it from spreading to undesired areas on calico
prints and to keep it from forming lake complexes in the dye bath.3**#3* Once
this was understood, the dung was replaced by chemical substitutes called
‘dunging salts’ like arsenates, silicates, and phosphates.**' Compounds like
phosphates are ingested by livestock and largely excreted in their manure,*? and
when complexed with aluminium they form water insoluble compounds that
precipitate out of a dye bath. The transition to chemical substitutes is seen in
Hummel’s ‘fixing’ step, where the cotton, after being treated with alum, is

soaked in a sodium phosphate solution.** To prepare blood for dyeing, it was

346 Vitalis, Cours élémentaire de teinture sur laine, soie, lin, chanvre et coton, et sur [’art
d’imprimer les toiles, 236.

347 Schaefer, “The History of Turkey Red Dyeing,” 1411.

%8 persoz, Traité théorique et pratique de ’impression des tissus, 486.

3 O'Neill, Chemistry of Calico Printing, Dyeing, and Bleaching, 311.

%0 Berthollet and Berthollet, Elements of the Art of Dyeing and Bleaching, 461.
3! Crookes, A Practical Handbook of Dyeing and Calico-Printing, 297.

352 Barnett, “Phosphorus Forms in Animal Manure.”

353 Hummel, The Dyeing of Textile Fabrics, 443.
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collected and stirred with twigs to remove the fibrin, strained of clots, and
diluted with water, noxious work that stank and posed a public health risk. The
ability to extract blood albumen, the desired component, was an improvement

for the Turkey red dyers but still a fairly unpleasant process itself.**

According to Tarrant, using dunging salts makes the product Alizarin Red
rather than Turkey red,*” but this is not consistent with the historical literature
on the process. The conclusion from this research is that the use of dung, blood,
and their respective chemical substitutes improved the quality of the overall
dyeing by adding a measure of control, but that they are not fundamental to the

Turkey red process.

2.10.2 Aluminium

In a traditional Turkey red method, aluminium is applied to the cotton after it is
prepared with oil. This was often accomplished with a solution of alum
(potassium aluminium sulfate); the best had minimal iron content and came
from pits near Rome.**** The alum was dissolved and mixed with a carbonate
solution (a ley) to make the bath basic.**** Alternatively, aluminium acetate
was also used, and is supposed to be better for cellulosic fibres.**° This was often
obtained by making ‘red liquor’, where a mixture of alum, lead acetate, and ley
solutions were combined to make aqueous aluminium acetate with precipitated
lead sulfate.**' The purpose of both of these baths was to imbue the oiled calico
with aluminium ions, which form the basis for the colour complex in the dyeing
step. This research does not attempt to investigate the differences between

alum and aluminium acetate, but the difference may have a bearing on the cost

354 «12th Annual Report of the Medical Officer of the Privy Council.”
3% Tarrant, “The Turkey Red Dyeing Industry in the Vale of Leven,” 87.
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and efficiency of the process, and possibly the quality of the product. The re-
creation work uses alum since it was a common and acceptable reagent for

Turkey red dyeing.

2.11 Summary

After the decline of the Turkey red industry, persistent questions remained,
from dyers and chemists alike, about the chemistry behind the oiling of cotton
for Turkey red, a treatment fundamental to its dyeing and unique to the
process. These occupy a large portion of the literature on the process and have,
until now, been unanswered. This chapter discusses the oiling processes in the
Turkey red methods reviewed and previous research on its chemistry to help
answer the research question for this project on the role of the oil. The
conclusions are that despite variations, the ‘old’ and ‘new’ processes were
chemically similar and that the ‘new’ process, by using Turkey red oil, was a

more efficient incarnation of the process that used huile tournante.

Historical research on the oil in Turkey red shows dyers and chemists
understood the purpose of the treatment was to impart fatty acids to the
cellulose fibres, but they had no way to characterise the bond in situ without
the analytical instruments available today. They could not quantify the effect of
the oil on the textile or its exact role, but with their knowledge and experiments
determined it formed a protective coating of some kind and increased the
attraction of aluminium to the fibres, improving the colour. This research aims
to determine the composition of Turkey red oil using modern analytical
techniques and to understand the chemistry of the oil in the overall process. The
experimental work includes re-creating Turkey red oil following a historical
method and subsequent analysis of replica, commercial, and historical samples
of Turkey red oil in Chapter 5. In Chapter 6, oiled calico and Turkey red are
analysed in situ to characterise the fatty acid-cellulose bonds and identify how

the aluminium is affixed to finally answer what the part of the oil is.



3 Dyes used in 19'" c. Scottish Turkey red

During the early 1870s, in addition to technical developments in the oiling
process, Turkey red was at the forefront of the textile industry’s transition from
natural to synthetic dye sources. It is an unusual case for being such a large
consumer of a single dyestuff, which traditionally had been sourced from the
madder root—for an idea of the scale, in 1859, the Dalquhurn works alone
consumed enough madder to dye 18 million yards of Turkey red cloth and
800,000 pounds of yarn." The successful commercial synthesis of alizarin, the
major component of Rubia tinctorum L., in 1869 made it the first naturally
occurring dye to be replicated,? bringing about a rapid collapse of the madder
industry.’? The significantly higher concentration of dye in synthetic alizarin and
the absence of woody impurities that made up the bulk of ground madder
appealed to dyers, though they had already started to address these drawbacks
from the mid-1800s by using a concentrated madder product called garancine.
Entries in the AOE dyestuffs ledger show the transition, from 1873-1892,
between madder, garancine, and synthetic alizarin, which the firm appears to
have readily applied in favour of madder, though they continued to use
garancine until the mid-1880s.* Comparison between the literature, which
implies a rapid and complete transition to synthetic alizarin, and firsthand
material from the ledger entries showing actual industrial practices, provides a

more complete picture of how Turkey red dyers practiced their craft.

Dyestuffs identification is an important technique in the care and display of
historical textiles, whose condition may swiftly deteriorate under light exposure
if certain compounds are present. Some compounds may also serve as chemical
markers that indicate where or when a textile was dyed. Research on natural
dyes is a well-established field and many studies have characterised compounds

found in madder roots,>®”®° and on textiles dyed with madder.'>""? The review

' Peel, “Turkey Red Dyeing in Scotland Its Heyday and Decline.”

2 Fieser, “The Discovery of Synthetic Alizarin.”

3 Chenciner, Madder Red: a History of Luxury and Trade.
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> Derksen et al., “High-Performance Liquid Chromatographic Method for the Analysis of
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é Chenciner, Madder Red: a History of Luxury and Trade; Banyai et al., “HPLC Analysis of Alizarin
and Purpurin Produced by Rubia Tinctorum L. Hairy Root Cultures.”
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for this research did not find any published analyses or identifications of dyes on
Turkey red, a significant gap this project aims to redress. Furthermore, only
recently has research begun on the characterisation of late-19" c. synthetic
dyes,”™ ™ a significant development in the field of organic chemistry that
revolutionised the textile industry, and no study of early synthetic alizarin has
yet been published. Madder roots contain a mixture of hydroxyanthraquinone
dyes in addition to alizarin (1,2-di-hydroxyanthraquinone), like purpurin and
pseudopurpurin (1,2,4-tri-hydroxyanthraquinone and 1,2,4-tri-
hydroxyanthraquinone-3-carboxylic acid, respectively). Late-19" c. chemists
found this was also the case with synthetic alizarin, though they initially
anticipated a pure product. Synthetic alizarin was soon found to contain
hydroxyanthraquinone dyes that were not found in madder,” like anthrapurpuin
and flavopurpurin (1,2,7-tri-hydroxyanthraquinone and 1,2,6-tri-
hydroxyanthraquinone), so while both dye sources yielded Turkey red, their

chemical profiles varied.

This chapter discusses the use of madder, garancine, and synthetic alizarin in
Turkey red dyeing, how the latter two were manufactured, and which
anthraquinone dyes may be found on textiles. The information is used to answer
the question for this project regarding the identification of dye sources and
whether this can be used to determine object provenance or age through the
application of conservation-based dyes analysis on historical Turkey red in

Chapter 7 and an attempted re-creation of 19" c. synthetic alizarin in Chapter

7 Schaefer, “The Cultivation of Madder;” Golcu et al., “Isolation of Colour Components From
Rubia Tinctorum L..”

& Henderson, Rayner, and Blackburn, “Isolation and Extraction of Lucidin Primeveroside From
Rubia Tinctorum L. and Crystal Structure Elucidation.”

? Mouri and Laursen, “Identification of Anthraquinone Markers for Distinguishing Rubia Species in
Madder-Dyed Textiles by HPLC.”

' Ahn and Obendorf, “Dyes on Archaeological Textiles: Analyzing Alizarin and Its Degradation
Products.”

" Farizadeh et al., “Kinetic Studies of Adsorption of Madder on Wool Using Various Models.”

"2 Hofmann-de Keijzer and van Bommel, “TLC and HPLC Analysis of Red and Violet Cotton Yarns
of Indonesian Textiles.”

'3 van Bommel et al., “High-Performance Liquid Chromatography and Non-Destructive Three-
Dimensional Fluorescence Analysis of Early Synthetic Dyes.”

" Liu et al., “Identification of Early Synthetic Dyes in Historical Chinese Textiles of the Late
Nineteenth Century by High-Performance Liquid Chromatography Coupled with Diode Array
Detection and Mass Spectrometry.”

1> Perkin, “XVI.-on Artificial Alizarin.”
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4. Although this project does not perform any light fastness tests, identifying
which dyes are found on historical Turkey red enables future studies to
determine the robustness of these hydroxyanthraquinones for improved

conservation practices.

To clarify a point of terminology often used ambiguously in the historical
literature, “synthetic alizarin” is used here to refer to the synthetic dye product
that was a mixture of hydroxyanthraquinone dyes. It was frequently called
“artificial alizarin” or just “alizarin” as well, but here alizarin refers only to the

actual alizarin molecule, 1,2-di-hydroxyanthraquinone.

@) OH
I I OH
O

Figure 3-1 Alizarin, or 1,2-di-hydroxyanthraquinone.

Additionally, for a long time it was alternately spelled alizarine at the discretion
of the author' (purpurine/purpurin is seen as well"), but this is only preserved

in direct quotations.

3.1 Colour

This section briefly explains colour theory in order to provide an understanding
of how the structure of a molecule affects the perceived colour and the
separation of mixed dyes. Coloured molecules have a series of alternating single
and double bonds called a conjugated system in which electrons in the pi
orbitals of double bonds are shared around the molecule across bonds. The pi
electrons are excited by absorbing specific energies from visible light, relating to
different wavelengths depending on the number and arrangement of double

bonds in the molecule.™ Although many anthraquinone isomers exist, the base

'8 Travis, The Rainbow Makers.
"7 Roscoe, On the Artificial Production of Alizarine, the Colouring Principle of Madder.

'8 Allen, Colour Chemistry.
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structure of anthraquinone dyes is 9,10-dioxoanthracene (Figure 3-2), which is
commonly called anthraquinone and referred to as such in this work. Its parent
molecule, anthracene, has a conjugated system from its three adjoining benzene
rings. Adding two central carbonyls alters the conjugated electron system,

resulting in a pale yellow colour.

Figure 3-2 Anthracene (left) and anthraquinone structures with numbered locations for
possible substitution of functional groups.

Colour is influenced by the length of the conjugated double bond system and
the presence of electron-donating groups like hydroxyls, carbonyls, amines, and
sulfonic acids.'”?*?' Madder dyes can be described collectively as
hydroxyanthraquinones since -OH is by far the most common substituent; a few
have -COOH or -CHs; groups as well. Hydroxyls are effective electron donors and
major colour contributors that have a strong absorption band in the visible light
spectrum.? This means hydroxyanthraquinone dyes with similar structures
nonetheless have distinct colours based on the number and positions of the
hydroxyls. In chromatography, these hydroxyls affect how the molecule interacts
with the mobile and stationary phases, separating a mixture into individual
components that, thanks to their colour, can be detected using UV and visible
light.

Purpurin, flavopurpurin, and anthrapurpurin are all isomers of tri-
hydroxyanthraquinone, but the differences in -OH position yields subtly different
hues and separate retention times in chromatography, making it possible for this

research to separate and identify dyes from Turkey red textiles and early

' Hofenk de Graff, van Bommel, and Roelofs, The Colourful Past.
20 Griffiths, Colour and Constitution of Organic Molecules.
2! Allen, Colour Chemistry.

22 Gordon and Gregory, Organic Chemistry in Colour.
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synthetic alizarin samples. Anthraquinone dyes are polygenetic, meaning they
produce different colours depending on the mordant used,? in the case of
Turkey red complexing with aluminium and calcium to produce the signature
bright red. As shown in the figure below, they are also pH sensitive and have

applications as indicator compounds.

Figure 3-4 The same dyes diluted with aqueous sodium carbonate solution

3.2 Madder

Madder root has been used to dye textiles since the ancient era?**** and, prior
to the development of synthetic alizarin, was one of the most important dye
sources available. By the time Turkey red dyeing was established in Western

Europe in the mid-18" c., dyers relied on the cultivated R. tinctorum for its

2 Dépierre, Traité de la teinture et de I’impression des matiéres colorantes artificielles. 2™
partie, L’alizarine artificielle et ses dérivés.

24 Bhardwaj and Jain, “Indian Dyes and Dyeing Industry During 18th-19th Century.”
2 Hofenk de Graff, van Bommel, and Roelofs, The Colourful Past.

2 Travis, “Between Broken Root and Artificial Alizarin: Textile Arts and Manufactures of
Madder.”
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increased colouring capacity. The amount imported by the United Kingdom every
year valued about £1,000,000% (about £45 million in 2005 currency®). Out of all
the dyes in madder, alizarin was the most abundant in R. tinctorum and

historically the most significant.

3.2.1 Madder use in Europe

R. tinctorum originated in the Middle East and Mediterranean Basin and has since
been naturalised in Europe, China, Japan, Malaysia, Mexico, South America,
Africa, and the west coast of North America.” Dyer’s madder, as it was also
called, was a cultivar bred over centuries to produce the best red colour with
the most dye.” It has a higher concentration by weight of dye molecules, though
R. cordifolia and R. peregrina have a wider variety of colouring molecules.*
Farming massive quantities of dried and ground madder root required by the
Turkey red industry was possibly even more labour-intensive than Turkey red
itself, since quality roots were obtained by careful cultivation over a period of
two to three years, followed by harvesting and meticulous drying, fermentation,

and milling.*

27 perkin, “The History of Alizarin and Allied Colouring Matters, and Their Production From Coal
Tar.”

28 “Currency Converter.”

2 Cardon, Le monde des teintures naturelles.

30 Schaefer, “The Cultivation of Madder.”

3! Chenciner, Madder Red: a History of Luxury and Trade.

32 Schaefer, “The Cultivation of Madder.”
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Figure 3-5 Rubia tinctorum at the Botanischer Garten KIT, Karlsruhe, Germany.
Image © H. Zell, Wikimedia Commons

In the 16 and 17" c., before Turkey red was dyed in Europe, the climate
and soil of the Dutch islands of Zeeland yielded the best madder in Europe.*
Dutch madder was thought to be of the highest quality, but French production
was strong because the government promoted the industry,** which expanded
there throughout the 19 c.*> Madder was also grown on the coasts of the
Caspian Sea,* in Italy, Turkey, and India, and Britain, though not very well in the
latter.*” More information on the history and cultivation of madder can be found

in Chenciner,® Schaefer®, and Travis.“*
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3 Mellor and Cardwell, “Dyes and Dyeing 1775-1860,” 266.
3 Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 576.
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Sketch-map showing the location of the species Rubia, of madder dyeing, and of Turkey red dyeing. By Gustar Schaefer.

W Occurence of Rubia. 1. Egypt 6. Bokhara
2. India and Persia 7. Russia

W Madder-dyeing districts. 3. Asia Minor, Turkey 8. France,
4. Balkans, Greece Germany

Turkeyred dyeing districts. J. Java 9. England
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Figure 3-6 Map of historical global Rubia cultivation and use
Map by Gustav Schaefer. Originally published in CIBA Review.**

Britain was the largest consumer of madder in the mid-19"" c., its textile
industry taking about a third of world export.® It was in such demand that dyers
had to ensure they were not purchasing product adulterated with dirt, ground
brick dust, or other plant matter. The practice was common enough that
chemists were urged to find a way to test for foreign substances.* The need to
import vast quantities of dyestuff, the price, and the risk of purchasing
adulterated madder no doubt fuelled the desire among dyers for an alternative

product.

The development of synthetic alizarin heralded the end of widespread
madder cultivation. In 1868, the year before alizarin was commercially
produced, a hundredweight of madder cost thirty shillings and would drop to
eight shillings within a few years.” French madder farmers suffered as profits

42 Schaefer, “The Cultivation of Madder,” 1398.
4 Chenciner, Madder Red: a History of Luxury and Trade, 83.

“ Travis, “Between Broken Root and Artificial Alizarin: Textile Arts and Manufactures of
Madder,” 10.

“ Schaefer, “The Cultivation of Madder,” 1406.
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collapsed, fields were unsown, and peasants starved, and although they
protested, the change was irreversible.* The uncertainty faced by the madder
growers of France is highlighted in a report on the queries from the Vaucluse
Agricultural Society (in southeast France) on the manufacture of artificial

alizarin. Concerns of the farmers in 1873 were [author’s translation]:

e Are the manufacturers of Mulhouse using artificial alizarin?

e Are the colours obtained from this product of a good shade?

e What is the price per kilogram?

e Does the product serve for printing and dyeing?

e What should madder growers fear now?

e What should they fear for the future?¥
Their fears were not unfounded, and within ten years madder cultivation went
into a global decline.”® By the 1890s it had virtually vanished, unable to compete

with synthetic alizarin for price, purity, concentration, and quality of colour.®

3.2.2 Formation of anthraquinones in madder

The roots of the madder plant are where the dyes are found and must be of a
certain maturity, from three to seven years old depending on where they were
cultivated, to contain a useful amount of colouring material—older plants
contained a wider variety of colorants.” The tap and side roots are covered by a
thick rind-like skin containing little dye. Inside, a softer substance surrounding
woody fibres at the heart of the root contains most of the colorant.”' A detailed
study of madder is beyond the scope of this project, but further reading on the

topic can be found in Colin,>* Decaisne,>** and Chenciner.>

“ Chenciner, Madder Red: a History of Luxury and Trade, 83.

47 Brandt, “Rapport présenté au nom du comité de chimie par M. Brandt, sur la valeur comparée
de l’alizarine artificielle et de la garance.”

“8 Chenciner, Madder Red: a History of Luxury and Trade, 83.
49 Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 577.
%0 Cardon, Le monde des teintures naturelles, 102.

> Derksen, “Red, Redder, Madder: Analysis and Isolation of Anthraquinones From Madder Roots
(Rubia Tinctorum),” 3.

%2 Colin and Robiquet, “Nouvelles recherches sur la matiére colorante de la garance.”
>3 Decaisne, Nouvelles recherches sur la matiére colorante de la garance.

>* Decaisne, “On the Root of the Madder.”
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Figure 3-7 Dried and cut madder roots.
Image © Julie H. Wertz

Figure 3-8 Ground Rubia tinctorum root purchased from Association Couleur Garance.
Image © Julie H. Wertz

Interest in madder during the first half of the 19'" c. was strong since it had
great commercial value as a dyestuff. The biochemistry of madder roots
influences its colouring power based on which dyes develop during the roots’
maturation. Different species of madder contain different colourants—R.
cordifolia is a different mixture of dyes than R. tinctorum—and relative amounts
can also vary based on age of the plant, cultivation, and climate. Preparing

madder to be useful for dyeing was so laborious because in the roots, the dyes

% Chenciner, Madder Red: a History of Luxury and Trade.
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are largely present in the form of glycosides,> meaning bound to a sugar by a
bond that must be hydrolysed for the aglycone dyes to be useful.”

Although the sugar, primeverose, a disaccharide of xylose and glucose, was
not identified until the 1930s, research on the components of madder dates to
the early 19" c. and chemists knew that a sugar was present.** Early work
found that yellow fluid expressed from fresh roots turned red when exposed to
the atmosphere, and the depth of colour corresponded to the age of the root.*
Alizarin was first isolated in 1826 by French chemists Colin and Robiquet, who

named it after ali-zari, which was what the roots were called in the Levant.*
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Figure 3-9 Alizarin-2-B-primeveroside

The form in which alizarin occurs in madder roots, ruberythric acid. Alizarin is on the left
with primeverose bound to the 2-hydroxyl.

Obviously, madder growers had developed the ability to hydrolyse the glycoside
bond to free the dyes long before the chemistry of the process was understood.
The roots also contain an enzyme, erythrozyme, which does this naturally. It is
destroyed by high heat, however, which explains why better quality madder
roots dried slowly in the sun had more colouring power than those kiln-dried at a

higher temperature.®® Fermentation also induces glycoside hydrolysis, which

% ibid., 135.

>’ Derksen et al., “Chemical and Enzymatic Hydrolysis of Anthraquinone Glycosides From Madder
Roots,” 137.

%8 Richter, “Anthraquinone Colouring Matters: Ruberythric Acid,” 1702-1707.

> Cooksey and Dronsfield, “Edward Schunck: Forgotten Dyestuffs Chemist?,” 192.

8 Decaisne, “On the Root of the Madder,” 270.

81 Colin and Robiquet, “Nouvelles recherches sur la matiére colorante de la garance,” 241.

62 Travis, “Between Broken Root and Artificial Alizarin: Textile Arts and Manufactures of
Madder,” 12.
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could be encouraged with the addition of lime (calcium oxide or calcium

hydroxide)* or by pouring water on bags of madder.®

Anthraquinones in madder are secondary metabolites, a low molecular
weight product with no obvious function in cell growth synthesized for a finite
period by cells that are no longer growing,® and have been proposed as having a
biological role in plant defence.® This also applies for other Rubiaceae members
like Galium and Cinchona,®® and different biosynthetic pathways in various plant
species produce different mixtures of anthraquinones. In R. tinctorum, this is via
the shikimate pathway.*”” Analysis of madder extracts has identified compounds
with substitutions on both outer rings of the anthraquinone,” but the majority
occur on only one ring. This may have implications for making distinctions
between dye sources based on the synthetic pathway for manufactured alizarin,

discussed later in this chapter.

The number of anthraquinones identified in madder roots has increased over
time as analytical techniques have become more sensitive. Early work identified
six, nineteen were known by the mid-20™ c.,” and recent research has identified

36, 15 which have a role in dyeing.” To have tinctorial properties, a

83 Chenciner, Madder Red: a History of Luxury and Trade, 136.

% Travis, “Between Broken Root and Artificial Alizarin: Textile Arts and Manufactures of
Madder,” 12.

8 Chenciner, Madder Red: a History of Luxury and Trade, 167.
¢ Hobson and Wales, “‘Green’ Dyes,” 42.
¢7 pankewitz, “General Introduction and Thesis Outline.”

68 Caro et al., “Natural Hydroxyanthraquinoid Pigments as Potent Food Grade Colorants: An
Overview.”

% Eichinger et al., “Quantitative Assessment of Metabolic Flux by *C NMR Analysis. Biosynthesis
of Anthraquinones in Rubia Tinctorum.”

7 perksen, “Red, Redder, Madder: Analysis and Isolation of Anthraquinones From Madder Roots
(Rubia Tinctorum),” 8.

" Mouri and Laursen, “Identification of Anthraquinone Markers for Distinguishing Rubia Species in
Madder-Dyed Textiles by HPLC.”

72 Burnett and Thomson, “Naturally Occurring Quinones. Part XV. Biogenesis of the
Anthraquinones in Rubia Tinctorum L. (Madder),” 2438.

7 Henderson, Rayner, and Blackburn, “Isolation and Extraction of Lucidin Primeveroside From
Rubia Tinctorum L. and Crystal Structure Elucidation,” 105.
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hydroxyanthraquinone needs an -OH at position C1 or C4 (see Figure 3-2) and at

least one more -OH at another position to generate an orange-red colour.”™

3.2.3 Important hydroxyanthraquinone dyes in madder

Alizarin (Figure 3-1) has the molecular formula C14HsO4 and a molar mass of
about 240 g/mol. It is only moderately soluble in water and begins to dissolve
around 70 °C,” which is consistent with Turkey red methods heating the dye
bath to this temperature. On wool and silk, alizarin dyes bright, deep colours
with metal mordants like aluminium and iron by forming a lake complex, but for
cotton and Turkey red the oil treatment is required to achieve this degree of

colour.

Purpurin is typically the next most abundant dye in madder after alizarin and
was also isolated by Colin and Robiquet in 1826.7 The third -OH at position 4

makes purpurin a deeper red hue than orangey-red alizarin.

@) OH
I I OH
O OH

Figure 3-10 Purpurin (1,2,4-tri-hydroxyanthraquinone)

In paintings, purpurin lakes are less light fast, making madder lakes less fast
than those made with pure alizarin,”””® which has implications for conservation if

this applies to dyed textiles as well. Purpurin colours were considered to be less

™ Derksen, “Red, Redder, Madder: Analysis and Isolation of Anthraquinones From Madder Roots
(Rubia Tinctorum),” 18.

> Dépierre, Traité de la teinture et de I’impression des matiéres colorantes artificielles. 2™
partie, L’alizarine artificielle et ses dérivés, 88.

7 Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 576.
7 schweppe and Winter, “Madder and Alizarin,” 114.

78 Kirby, Spring, and Higgitt, The Technology of Eighteenth- and Nineteenth-Century Red Lake
Pigments.
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wash fast as well,” and it was used less due to its higher cost when synthesised

dyes were adopted.®

Most madder contains alizarin and purpurin, and the relative amounts
deposited on the fibre can be influenced with a change in temperature; dye
baths above 85 °C have a higher relative amount of purpurin. This is due to the
decarboxylation of pseudopurpurin, which increases the purpurin yield, a process

that also occurs when the roots are dried.®

O OH
OH
‘O OH
o) OH O

Figure 3-11 Pseudopurpurin (1,2,4-tri-hydroxyanthracene-3-carboxylic acid)

Historically, madder was known to stain the bones of livestock red when the
tops, which had no use in dyeing, were used as feed. The effect was harmless to
the animals and also tended to give a reddish shade to their milk and a yellow
one to the resulting butter.® These effects are largely from pseudopurpurin,®
which has also been shown to increase bone mineral density in rats.® Alizarin is
known to have an antimicrobial and antibacterial effect,® so using madder tops
as feed for cattle may have been both cheap food and a convenient preventative
medicine. The tendency to complex with calcium can also be seen in the Turkey
red process, where calcium is a requisite ingredient. Madder grown in soil with a

higher calcium content produces red roots with a larger quantity of dye,

7 Perkin, “The History of Alizarin and Allied Colouring Matters, and Their Production From Coal
Tar,” 574.

8 Dépierre, Traité de la teinture et de I’impression des matiéres colorantes artificielles. Zme
partie, L’alizarine artificielle et ses dérivés, 69.

8 Hofenk de Graff, van Bommel, and Roelofs, The Colourful Past, 93-98.
82 Schaefer, “The Cultivation of Madder,” 1399.
8 Richter, “Vital Staining of Bones with Madder.”

8 Wu et al., “Dietary Pseudopurpurin Effects on Bone Mineral Density and Bone Geometry
Architecture in Rats.”

% Golcu et al., “Isolation of Colour Components From Rubia Tinctorum L..”
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whereas madder grown in calcium-poor soil makes for a yellower dyed textile,®
so the influence of calcium extends beyond the dyeing process to the dye source
itself.

There are other hydroxyanthraquinones in madder that act as dyes, but the
focus of this research on Turkey red dyed with early synthetic alizarin and
madder puts them beyond the scope of this work. Their identification is further
complicated by a lack of commercial reference standards, necessitating prior
isolation and identification from natural sources before the results can be
compared to textile samples. One compound, however, is worth note. Although
the naturally-sourced dyes are frequently perceived to be safer than their
modern chemical replacements, madder can contain a significant quantity of
lucidin (1,3-dihydroxy-2-hydroxymethylanthraquinone), a genotoxin that poses

difficulties in using the extract for dyeing purposes.®

3.3 Garancine

The amount of madder consumed by the Turkey red industry, its cost, and the
transport required to ship it to Scotland motivated dyers and chemists to find a
more efficient dye source. For a few decades in the mid- to late-1800s,
concentrated madder products like garancine, garanceux, fleur de garance, and
Kopp’s green alizarin existed and were used by various textile industries. Of
these semi-synthetic products, in the sense that they are made from chemical

treatment of a natural product, garancine was used the most for Turkey red.

Garancine was first prepared by Colin, Robiquet, and Lagier in 1828 and
patented in France.®*® It was made by treating ground madder with
concentrated sulfuric acid, which broke down some of the woody material and
increased the tinctorial power without affecting the colour.” Garancine was less

bulky, easier to store, and cheaper to transport because of its higher

8 Schaefer, “The Cultivation of Madder,” 1399.

8 Derksen, “Red, Redder, Madder: Analysis and Isolation of Anthraquinones From Madder Roots
(Rubia Tinctorum),” 26.

8 agier, Robiquet, and Colin, Procédés d'épuration de la garance.
% Society of Dyers and Colourists, Colour Index, 3237.

% Crookes, A Practical Handbook of Dyeing and Calico-Printing, 257.
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concentration. Within about ten years it had been adopted in the French dyeing
centres of Rouen and Alsace.®" Around 30-40 parts garancine could be obtained
from 100 parts of madder and it had 4-5x more colouring power, though some
thought it was not always as nice or as fast.”” The AOE dyestuffs ledger records
the use of garancine into 1886, showing that for more than a decade the firm

used it alongside synthetic alizarin when dyeing Turkey red.

Making garancine involved soaking madder in eight to ten times its weight of
cold water, letting it stand twelve hours, then draining off the excess water and
mixing the sludge with about 1/3 the original weight of madder of concentrated
sulfuric acid. This was boiled for four to five hours, diluted with cold water,
filtered, and washed again until no longer acidic. The garancine was pressed into

cakes, then dried and ground into a powder.*
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Figure 3-12 Bottle of historical garancine from Catalyst Science Discovery Centre.
© Catalyst Science Discovery Centre.

There are similarities between making garancine and synthetic alizarin,

processes that both use concentrated sulfuric acid as a reagent. A recent re-

°! Chenciner, Madder Red: a History of Luxury and Trade, 131.
%2 Crookes, A Practical Handbook of Dyeing and Calico-Printing, 260.
% Turkey Red Dyeing Calculation Book AOE Lennoxbank. UGD 13/4/1.

% Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 388.
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creation made a sample of garancine for comparison to historical samples,® but
it was made refluxing madder with hydrochloric acid according to an 1860
French patent by Jean-Henri Fabre. This method is not documented in the
literature reviewed for this project, so it is uncertain whether their results are
representative of garancine samples in general. A sample of historical garancine
(formerly in the Leeds University Department of Colour Chemistry collection,
now at the Museum of Science and Industry, Manchester) analysed for two
different papers contained alizarin and purpurin as well as some unidentified
peaks.*®* These may be unreferenced madder components, but it is also
plausible different molecules are produced when the madder is boiled with

sulfuric acid that could serve as chemical markers for that particular dye source

3.4 Synthetic alizarin dye

Synthetic alizarin was the first synthetic dye to be significantly fast to light and
washing because it had the same properties as the naturally sourced molecule. It
had an advantage over madder because it did not contain any of the impurities
from the plant that dulled the colour.®”® The textile industry was initially divided,
however, when it came to adopting it over madder. Knecht explains that dyers
accepted the synthetic product because it fit into their established processes,
but weavers were more reluctant because yarn dyed with the artificial product
was greasy and difficult to size. This was because dyers had not yet
compensated for the increased concentration of colorant in synthetic alizarin by
decreasing the amount of oil used, more of which was needed when dyeing with
madder. Once this was overcome, adoption of synthetic alizarin was common
and by 1873 some dye works were using it exclusively.®” Synthetic alizarin is used
in the AOE dyestuffs ledger from its beginning in 1873; the last entry for madder
is 1874.'%°

% Cuoco et al., “Characterization of Madder and Garancine in Historic French Red Materials by
Liquid Chromatography-Photodiode Array Detection.”

% Hofenk de Graff, van Bommel, and Roelofs, The Colourful Past.

°7 Kirby, Spring, and Higgitt, The Technology of Eighteenth- and Nineteenth-Century Red Lake
Pigments.

% Chenciner, Madder Red: a History of Luxury and Trade, 265.
% Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 587.
"% Turkey Red Dyeing Calculation Book AOE Lennoxbank. UGD 13/4/1.
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Colourant used to dye 112 |bs. Turkey red cloth, Levenbank works
1873-1892
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Figure 3-13 Figures taken from AOE dyestuffs ledger show the transition from garancine to
synthetic alizarin for cloth dyeing. Madder used in the first three entries is not shown.
Data from AOE dyestuffs ledger, University of Glasgow Archive Services, Records of United
Turkey Red Co Ltd, GB248 UGD13/4/1.

The colours dyed with synthetic alizarin were slightly different, but this was
acceptable to dyers who were already accustomed to products like garancine.'
The reds were brighter and more intense, purples more blue-toned, and blacks
deeper.'” One modern commentary notes madder-dyed textiles have a more
nuanced hue than those dyed with synthetic alizarin,'® but in the 19" c. the
brilliance of colour may have been preferred. It is also worth noting that
improvements in chemical processes mean modern synthetic alizarin is not the
same mixture of dyes that it was in the late 19" c., when the colour may have
been more nuanced. Research in the late 19" c. comparing Turkey red dyed with
madder and synthetic alizarin concluded that the latter was less fast, possibly
due to the new colorants not found in madder,'™ but the test is not robust by

modern standards and warrants further investigation.

%" Travis, “Between Broken Root and Artificial Alizarin: Textile Arts and Manufactures of
Madder,” 17.

'92 perkin, “The History of Alizarin and Allied Colouring Matters, and Their Production From Coal
Tar,” 577.

'3 Chenciner, Madder Red: a History of Luxury and Trade, 267.

"% Sansone, “Alizarin-Red and Turkey-Red Dyeing and Printing on Cotton,” 208.
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3.4.1 Anthrapurpurin and flavopurpurin

Initially, processes to make synthetic alizarin were not very tightly controlled in
terms of reagent ratios, temperatures, and time. Variations in these conditions

during the synthetic process yielded two hydroxyanthraquinone dyes in addition
to alizarin that had not been previously seen before, anthrapurpurin (also called

isopurpurin) and flavopurpurin.'®

0 OH 0 OH
HO I I I OH OH
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Figure 3-14 Structures of anthrapurpurin (left) and flavopurpurin

The literature does not indicate that purpurin was a significant component of
synthetic alizarin. It appears to have first been obtained synthetically by alizarin
oxidation around 1874'%'” and was more expensive than anthrapurpurin and

flavopurpurin.'®

>
»
v .

Figure 3-15 Modern reference standards of alizarin, anthrapurpurin, and purpurin.
Image © Julie H. Wertz

1% perkin, “The History of Alizarin and Allied Colouring Matters, and Their Production From Coal
Tar.”

1% | alande, “Synthesis of Purpurin.”
'97 Rosenstiehl, “Synthesis of Purpurin, and on Certain Analogous Colouring Matters.”

1% Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 585.



148 Chapter 3 o Dyes used in 19" c. Scottish Turkey red

Anthrapurpurin was discovered by Auerbach, who named it isopurpurin,
around 1872."® It was subsequently described by Perkin, who called it
anthrapurpurin.'® Perkin did extensive research on the molecule in terms of its
properties and how it was synthesised, which improved chemists’ ability to
control the synthesis."""""? He believed anthrapurpurin was as important, if not
more so, than alizarin. Flavopurpurin forms in a similar manner to
anthrapurpurin. It is less abundant than anthrapurpurin in synthetic alizarin, and
less research has been published on flavopurpurin in general." Dépierre ranks
the major hydroxyanthraquinone dyes, from bluish to reddish hue, in the order
of alizarin, anthrapurpurin, flavopurpurin, and purpurin." Once chemists were
able to control the synthesis and manipulate the yield ratios, dyers were able to
take advantage of the slight colour variations between these dyes by picking a

mix ratio that produced the desired shade of red.

The natural occurrence of anthrapurpurin and flavopurpurin is unclear based
on the available literature, most of which is from the late 19'" c. and discusses
anthrapurpurin and flavopurpurin in the context of synthetic alizarin. For
modern research, one paper lists flavopurpurin as a main anthraquinone
glycoside present in Rubia tinctorum,'” but their dyeing study did not perform
any identifications, so the origin of this information is unclear. Flavopurpurin
was isolated from Morinda pandurifolia and identified by 'H and "*C NMR data."*
A review of natural hydroxyanthraquinoid pigments lists both,"’ but a source is

only provided for anthrapurpurin, Cinchona succirubra."® None of these studies

' perkin, “The History of Alizarin and Allied Colouring Matters, and Their Production From Coal
Tar.”

"0 Auerbach, Anthracen, 203.
" perkin, “XV.- on Anthrapurpurin.”
"2 perkin, “XXXI.-on the Formation of Anthrapurpurin.”

"3 perkin, “The History of Alizarin and Allied Colouring Matters, and Their Production From Coal
Tar,” 577-579.

"' Dépierre, Traité de la teinture et de [’impression des matiéres colorantes artificielles. 2™
partie, L’alizarine artificielle et ses dérivés, 69.

"> De Santis and Moresi, “Production of Alizarin Extracts From Rubia Tinctorum and Assessment
of Their Dyeing Properties.”

"6 Ruksilp et al., “Biochemical Systematics and Ecology.”

"7 Caro et al., “Natural Hydroxyanthraquinoid Pigments as Potent Food Grade Colorants: an
Overview.”

"8 Khouri and Ibrahim, “Purification and Some Properties of Five Anthraquinone-Specific
Glucosyltransferases From Cinchona Succirubra Cell Suspension Culture.”
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referencing naturally occurring anthrapurpurin and flavopurpurin contain
scientific evidence that they are found in madder roots, making them useful to
distinguish natural from synthetic colorant as potential indicators in the dating

of historical textiles.

3.4.2 Synthetic alizarin in the late 19" c.

Today, synthetic alizarin is sold as a dry powder, but in the late-19" c. it went
to market in the form of a paste. This was because dry alizarin powder caused
irregular dyeing and spotting due to its difficulty dispersing in the dye bath.'”
The paste was made with water, glycerine, or Turkey red oil'* ™" and was
initially available in concentrations of 10-15% dye;'? by the turn of the century
most products were at 20% concentration.' It was occasionally sold at higher
concentrations, usually 40% and sometimes up to 80%, to save on freight costs,'
but probably diluted before use. The concentration of synthetic alizarin used in
the AOE dyestuffs ledger is not consistently recorded, but 10% and 20% both
appear. A shift in price per pound values and the quantities used imply the firm
perhaps transitioned to the 20% paste around 1883." This is consistent with the

increased 20% synthetic alizarin production that year shown in Figure 3-29.

"9 perkin, “Methods of Analysis Employed in the Manufacture of Alizarin,” 86.
'20 puerr and Turnbull, Bleaching and Calico-Printing : a Practical Manual, 110.

2! Dépierre, Traité de la teinture et de I’impression des matiéres colorantes artificielles. 2™
partie, L’alizarine artificielle et ses dérivés, 64.

122 Auerbach, Anthracen, 153.

'3 Cain and Thorpe, The Synthetic Dyestuffs and the Intermediate Products From Which They
Are Derived, 118.

124 Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 585.
"2 Turkey Red Dyeing Calculation Book AOE Lennoxbank. UGD 13/4/1.
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Average price per pound for synthetic alizarin in AOE dyestuffs
ledger 1873-1892

Pennies

——10% alizarin
—8-20% alizarin

S A A DA NNNNNWWWWW
ONDNOOONATOONNROONRNO

1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883

884
1885
1886
1887
1888
1889
1890
1891
1892

Year

Figure 3-16 Average price per pound for synthetic alizarin recorded in the AOE dyestuffs
ledger, 1873-1892.

Data from AOE dyestuffs ledger, University of Glasgow Archive Services, Records of United
Turkey Red Co Ltd, GB248 UGD13/4/1.

Different varieties of alizarin paste were sold with varying quantities of
alizarin, anthrapurpurin, and flavopurpurin. A mixture of 45% alizarin and 55%
flavopurpurin was considered good for Turkey red. This would have balanced the
‘blue’ tone of alizarin with the ‘red’ tone of flavopurpurin. Products like Alizarin
B, for bleu or blau, were pure or nearly pure alizarin used for dyeing violets and
pinks,' and Badische Anilin und Soda Fabrik (BASF) produced chemically pure
alizarin sold as Alizarin V (for violet).'” Alizarin G, for gelb, the German word for
yellow, was another common formulation. The paste brownish-yellow, hence the
name, but produced redder shades than alizarin on its own. It contained higher
concentrations of anthrapurpurin and flavopurpurin, of which the ratio could be
adjusted to give redder or yellower hues, respectively.'”'® ‘Red’ branded

synthetic alizarin was actually 85-90% anthrapurpurin.™®

The manufacturers may have done this by manipulating the reaction
conditions, but exactly how the different shades were prepared is unclear. The
proliferation of synthetic alizarin mixes was such that Perkin lamented ‘much of

the manufacturer’s time is occupied with preparing these; moreover, he is

126 Dépierre, Traité de la teinture et de U’impression des matiéres colorantes artificielles. 2me
partie, L’alizarine artificielle et ses dérivés, 68-69.

'27 Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 585.
"2 ibid., 586.
"2 puerr and Turnbull, Bleaching and Calico-Printing : a Practical Manual, 110.

130 Dépierre, Traité de la teinture et de U’impression des matiéres colorantes artificielles. 2me
partie, L’alizarine artificielle et ses dérivés, 98.
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forced to keep a considerable stock of colour on hand.’®" A few examples
include Alizarin R, RA, GA, V, VX, SX, SGX, though the labels had little actual

value.™?

One of the aims of this research is to identify individual components of late-
19'" ¢. synthetic alizarin on historical Turkey red. A set of historical synthetic
alizarin samples kindly provided by the TU Dresden Historisches
Farbstoffsammlung (H.F.; ‘historical dyes collection’) serves as a valuable set of
references from the same era in which the textiles were dyed. The samples
‘Alizarin PA’ and ‘Alizarinrot WG’ are example of this ambiguous naming system,
which may have served the purpose of letting a buyer know, for example, that
purchasing Alizarinrot WG from BASF would consistently produce a particular

shade.

Figure 3-17 'Alizarinrot WG BASF Teig 20%' and ‘Alizarin P.A. Prag’ from the TU Dresden
Historisches Farbstoffsammlung.
Samples prepared by Dr Horst Hartmann.

The UTR archive documents reviewed for this project do not indicate any
specific variety of alizarin, e.g. V or B, being used, making it difficult to connect

this information to the historical textiles. The AOE ledger provides

31 perkin, “The History of Alizarin and Allied Colouring Matters, and Their Production From Coal
Tar,” 597.

132 Dépierre, Traité de la teinture et de U’impression des matiéres colorantes artificielles. 2me
partie, L’alizarine artificielle et ses dérivés, 69.
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concentrations and amounts of alizarin paste used, but not the manufacturer.'?
The archive contains three contracts for synthetic alizarin, one from 1898
between the British Alizarine Company and two in 1899 and 1900 between
Meister Lucius & Bruning. The British Alizarine contract agreed upon a supply 500
tons of synthetic alizarin at 20% strength to United Turkey red for 6 d. per pound
and includes an extensive list of ‘qualities’ they made, though with no

descriptions.™*

CONTRACT FOR ARTIFIGIAL ALIZARINE.
2

AR S"Z W 189§

WF_ have this day sold to you:
Jawe &
AT M tons Artificial Alizarine.

» 5 5%
N S .

s SC.SC. 55 SN-NR.X .SNR.NNR.R rgc RG.KS
JEB. EB.BB.MB.BBK. P. Pnew. vt —othat wotdani

W "ol dnd 4 i o IST 4 ey
shods A e - ded, 0 ardininy ks
Strength Twenty per cent. solid or anhydrous matter. i

Quantity

Figure 3-18 Varieties of synthetic alizarin produced by The British Alizarine Company and
sold to United Turkey Red in 1898.

© University of Glasgow Archive Services, Records of United Turkey Red Co Ltd, GB248
UGD13/5/13/3/4.

The 1899 contract with Meister Lucius & Bruning includes a separate letter
promising United Turkey Red an additional 5% allowance of product and
requesting the favour remain a secret between the two firms."> Both the 1899
and 1900 contracts stipulate the dye manufacturers would not make their ‘brand

RX’ more than 10% of their monthly shipment.'*

'3 Turkey Red Dyeing Calculation Book AOE Lennoxbank. UGD 13/4/1.

34 Contract for Artificial Alizarine- 500 Tons to UTR Co. Ltd From the British Alizarine Co. Ltd.
UGD 13/5/13/3/4.

135 Correspondence Between UTR Co. Ltd and Meister Lucius and Briining, Frankfurt Re. Contract
to Supply Alizarine. UGD 13/5/13/6/20.

136 | etter From Meister, Lucius & Briining to UTR Co. Ltd Glasgow Re. Contract for Sale of
Alizarine. UGD 13/5/13/7/38.
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Figure 3-19 Contract between Meister Lucius & Briining and United Turkey Red limiting the
quantity of their RX brand of synthetic alizarin.

© University of Glasgow Archive Services, Records of United Turkey Red Co Ltd, GB248
UGD13/5/13/7/38

An 1896 trade publication from the manufacturer lists a variety of alizarin dyes;
by this point the name was used to refer to compounds like Alizarin Yellow G, an
azo dye. This was because manufacturers used the name ‘alizarin’ to indicate
dyes used in conjunction with or in processes where anthraquinones were
used."” Versions of the hydroxyanthraquinone dye alizarin from Meister, Lucius &

Bruning include Nr. 1B new, Nr. 1, 2A bl. Bl., 2A, 2AW, 2BW, 1W, RX, 2W, 3W,
3GW, 4FW, SDG, GG, F, paste, Nr. 1 powder.'?

Colours. E. Mordant

" . Methods of Dyeing
Commercial ¥ ol
Dyed Patterns Employment i THERAEL O e of
‘ | Name i

Wool Cotton Silk

Ahzarm Red

Figure 3-20 1896 trade publication from Meister Lucius & Briining with descriptions and
samples of pieces dyed with synthetic alizarin.

In the J&P Coats archive, Dr Collin’s notes mention ‘alizarine 1 extra’ from
Bayer for their ‘Turkey Red Blue Shade’, ‘Alizarine V;’ from BASF for their
‘Turkey Red Medium Shade’, and ‘SX’ from BASF for ‘Turkey Red Yellow
Shade’."™

37 Gurr, Synthetic Dyes in Biology, Medicine, and Chemistry, 354.

38 Farbwerke Meister Lucius & Briining, The Coal Tar Colors of Farbwerke vorm. Meister Lucius
& Briining. A: General Part.

139 Collin, Turkey Red Process for Cotton Yarn. 1/9/3.



154 Chapter 3 e Dyes used in 19" c. Scottish Turkey red

Turkey Red Blue Shade:
éﬁﬁ gre. alizarine 1 extra (Bayer) for

every 126 lbs. yarn, further
|

%% F !ﬂiﬁ g%ge,
grs. zarine - (0ld) B.A.8.F.

Other additions same as above.

key Red Yellow Shade 8000 Grs. SX.

B.A.S.F. Other chemicals as above.

Figure 3-21 Varieties of synthetic alizarin used to dye Turkey red by J&P Coats ca. early 20"
?D.Coats.com, Paisley Central Library, Records of J&P Coats Limited, 1/9/3

The literature indicates there is little significance to be found in the various
names for 19" c. synthetic alizarin mixtures. The limited range of dyes expected
to be found (primarily alizarin, anthrapurpurin, flavopurpurin) means there are
only so many potential ratios of colourant in any blend, information that is too
general to help determine textile provenance when variables like dye uptake
mechanisms are taken into consideration as well. The case may be different,
however, for other synthetic dyes, and future research should take into
consideration the naming conventions of manufacturers in the event it does have

significance for that product.

3.5 History of synthetic alizarin

Chemists of the late 19" c. considered the development of synthetic dyes
derived from coal tar to be one of the best and most surprising discoveries of
contemporary chemistry. Concentrated madder products like garancine made
the process more efficient for dyers, but still depended on the amount of
cultivated madder on the market, for which the demand had not decreased. The
development of mauveine and the triphenylamine (aniline) dyes encouraged
chemists to search for a means to synthesise alizarin as well in order to meet the
insatiable demand of the market, much of it from Turkey red dyeing. This

research focuses on synthetic alizarin, but a good overview of the development

“0 Dépierre, Traité de la teinture et de U’impression des matiéres colorantes artificielles. 2me
partie, L’alizarine artificielle et ses dérivés, 1.
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of early synthetic dyes can be found in Travis’s comprehensive work The

Rainbow Makers.™

The history of early synthetic alizarin industry is largely set in two countries—
England and Germany. In England, Perkin first synthesised mauveine, and it was
through him that connections between the English and German synthetic dye
industries initially formed. His early research was done under August Wilhelm
Hofmann, the German chemist who worked in England for a number of years and
contributed much to the understanding of aniline-derived dyes.'* While Perkin’s
discovery was not backed up by years of research, in Germany discoveries were
published in technical journals and communicated to other organic chemists,
laying scientific foundations for the field through research on the nature of
organic substances." Homberg gives a good overview of the development of dye

research laboratories, including German ones as well.’*

Although most remembered for his invention of mauveine, Perkin contributed
significantly to the synthetic dye industry with his work on alizarin. Shortly after
he developed an industrially successful method to manufacture alizarin, he
retired. In Scotland, dyes were not manufactured on any significant scale until
the early 20" c., but there are still connections to Perkin." After accidentally
inventing mauveine, he sent a sample to Scottish dyer Robert Pullar to test its
viability as a dye.' Perkin was also a close personal friend of Glasgow dry goods
merchant Robert Hogg, and it was to Hogg that Perkin sent his first samples dyed
with his synthetic alizarin. Later, Perkin sold his wares in Glasgow through
Hogg." In 1869, Perkin was offered the Chair of Applied Chemistry at Anderson’s
College, now part of the University of Strathclyde, but turned it down because
of a dispute with the Chair of Chemistry." Courses in dyeing were offered at the

College from the early 1900s, but these would be the application of dye to

! Travis, The Rainbow Makers.

2 Loughlin, “Synthetic Red Dyes in Commercial Production Between 1860 and 1900,” 28.

'3 Mellor and Cardwell, “Dyes and Dyeing 1775-1860,” 277.

" Travis et al., “The Emergence of Research Laboratories in the Dyestuffs Industry, 1870-1900.”
> Fox, Dye Makers of Great Britain 1856-1976, 158.

'“6 Garfield, Mauve: How One Man Invented a Colour That Changed the World.

' Hogg, Correspondence. YL1999.2/1/14.

'“8 peel, “Dyeing Education in Glasgow From Anderson's University (1796) to the Royal College of
Science and Technology (1958),” 491.
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textiles rather than the development of new dyes,' highlighting the significance
of the textile industry in Scotland. A detailed account of Perkin’s life and work
can be found in Garfield’s Mauve: How One Man Invented a Colour That Changed

the World™, and in the accounts of Holme'™' and Rowe. ™

Alizarin was first isolated from madder in 1828, but its structure could not be
discerned™ until Kekulé worked out the structure of benzene in 1865." This was
a step forward, but alizarin still proved elusive due to some misconceptions
about its skeletal structure. From the mid-19"" c., the primary hypothesis on the
structure of alizarin was that it had a phthalic acid precursor, and therefore a
naphthalene parent hydrocarbon, a belief that was a persistent red herring in

the search for its structure.™ ™

O OH
OH

Figure 3-22 Phthalic acid (left) and naphthalene

The structure would finally be discovered in the laboratory of German chemist
Adolph Baeyer, who completed his PhD in Heidelberg in 1858 under the guidance
of Robert Bunsen, followed by a period of research with Kekulé. In 1860, he
obtained a teaching position in applied chemistry with an emphasis on dyes and
dyeing at the Gewerbe Institute in Berlin. In his lab, Baeyer and his students
established a tradition of breaking down molecules of industrial interest and

using that information to devise ways to synthesise them. The work was done by

"% ibid., 490.

150 Garfield, Mauve: How One Man Invented a Colour That Changed the World.
! Holme, “Sir William Henry Perkin: a Review of His Life, Work and Legacy.”
'52 Rowe, “The Life and Work of Sir William Henry Perkin.”

153 Knecht, Rawson, and Loewenthal, A Manual of Dyeing, 387.

>4 Chenciner, Madder Red: a History of Luxury and Trade, 265.

' Fieser, “The Discovery of Synthetic Alizarin,” 2613.

156 Travis, “Between Broken Root and Artificial Alizarin: Textile Arts and Manufactures of
Madder,” 12-17.
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research assistants Carl Graebe, who had worked at the aniline dye factory of
Meister, Lucius & Co. (later Meister Lucius & Bruning), and Carl Liebermann, who
had worked in the Mulhouse calico printing industry. Both were qualified
chemists. In early 1868, at the suggestion of Baeyer, Graebe and Liebermann
attempted to find a useful precursor to alizarin by distilling it with zinc dust to
reduce it. The pair worked through the weekend and before presenting their
discovery of alizarin’s structure that Monday evening at the meeting of the
German Chemical Society. " They found the parent hydrocarbon was in fact
anthracene (see Figure 3-2), not naphthalene. As it happens, naphthalene and
anthracene both yield phthalic acid upon oxidation, making it difficult to

determine the starting molecule and no doubt contributing to the confusion.™

Finally, the structure of alizarin was known. It was the first dye that chemists
fully understood the structure of, making it possible to attempt synthesis.'®
Since Graebe and Liebermann had a head start as the discoverers of its
structure, they were able to propose a synthetic route not long after and filed
for a patent on the process in Britain in December 1868.%' They initially
attempted to use sulfonation and hydrolysis reactions, based on recent research,
but did not succeed and patented an alternative method. It started with
anthracene, which was treated with nitric acid to produce anthraquinone, then
brominated and finally hydroxylated to alizarin. There was little commercial

value in it, however, due to the cost of bromine and a low yield.*

7 Travis, The Rainbow Makers, 168-172.
'8 Graebe and Liebermann, “Ueber Alizarin und Anthracen,” 49.

5% Travis, “Between Broken Root and Artificial Alizarin: Textile Arts and Manufactures of
Madder,” 17.

'%0 pronsfield, Brown, and Cooksey, “Synthetic Alizarin- the Dye That Changed History.”
¢! Liebermann and Graebe, Coloring Matters.

'62 Travis, The Rainbow Makers, 176.
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Figure 3-23 Graebe and Liebermann's bromination synthetic route

Rights to the patent were secured by BASF. Their technical director, Heinrich
Caro, had worked in Britain making aniline dyes in the early days after mauveine
and was instrumental in the rapid expansion of the German dye industry.' Caro,
Graebe, and Liebermann hoped to improve the process yield at BASF by
overcoming the earlier anthraquinone sulfonation problem. The firm had an
unused supply of mixed anthraquinones available, so Caro begin experimenting
with them.® He was successful with anthraquinone sulfonation where Graebe
and Liebermann had not been, because they had not applied sufficient heat— an
accidental discovery of Caro’s after he left a mixture of sulfuric acid and
anthraquinone over a Bunsen burner and found traces of alizarin in the charred
crust. Repeating the experiment with fuming sulfuric acid (also called oleum;
SOs in H;S04) and high heat yielded the desired product, anthraquinone sulfonic
acid. When heated with strong alkali, the sulfonic acid group or groups are

hydrolysed, becoming hydroxyls.'®

0]

I I SO3zH
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Figure 3-24 Anthraquinone-2-sulfonic acid, the precursor to alizarin in synthesis

163 Travis, “Colour Makers and Consumers: Heinrich Caro's British Network.”
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