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Dye definition and sources
A DYE is a compound that absorbs into and colors another material, and is generally a complex organic material.

Natural dyes have historically been extracted from:

• PLANTS
• Such as alkanet, annatto, archil, brazilwood, buckthorn berries, cudbear, cutch, fustic, madder, indigo, litmus, logwood, morinda, quercitron, safflower, 

saffron, sassafras, sumac, turmeric, turnsole, walnut, weld, and woad

• INSECTS
• Such as kermes, lac dye, cochineal

• LICHENS (algae or fungi) and SHELLFISH
• Such as archil (lichen) and Tyrian purple (extracted from mollusks)

Synthetic dyes were first derived in 1856 (from coal-tar extracts to create mauve)

http://cameo.mfa.org/wiki/Dye

DYESTUFFS
The raw organic 
materials used to 
create a dye

https://maiwa.com/pages/natural-dyes

http://cameo.mfa.org/wiki/Dye
https://maiwa.com/pages/natural-dyes


Natural colorants
While colors can be extracted from all plants and some animal products, not 
all of these colorants have good dyeing properties. 

https://www.123rf.com/photo_37142470_smashed-pomegranate-on-the-table.htmlhttps://www.thespruce.com

pomegranate grass

They are not COLORFAST

https://www.123rf.com/photo_37142470_smashed-pomegranate-on-the-table.html
https://www.thespruce.com/


Color fastness
FASTNESS
The resistance of color to fading. 
A colorfast dye will maintain its 
color when exposed to light, steam, 
high temperatures, soap, salts, and 
other environmental conditions.

LIGHT FASTNESS
How resistant a color is to fading 
when it is exposed to light, 
especially sunlight.

http://cameo.mfa.org/wiki/Fastness

Light fastness tests of textiles dyed with natural colorants. Small squares of each 
sample were exposed to light of varying intensities and for different durations. The 
squares exposed to the brightest light for the longest time have faded the most.
http://www.conservationphysics.org/fading/fade.pdf

http://cameo.mfa.org/wiki/Fastness
http://www.conservationphysics.org/fading/fade.pdf


What creates, changes, 
or affects the color?

https://maiwa.com/pages/natural-dyes

• Dyestuffs
• Textile
• Dyeing time
• Dyeing temperature
• Mordants
• Additives
• Acidity/alkalinity of dye bath

https://maiwa.com/pages/natural-dyes


Classification of organic dyes



Types of dyes (by chemical class)
Flavonoids

Weld 

https://www.brushcreekwoolworks.com/products/weld-natural-dye

Neo-flavonoids/homoisoflavonoids

http://www.dtcrafts.co.uk/dyesFixers/naturalDyes/ds002pic.html

Logwood

Anthraquinones

http://www.dtcrafts.co.uk/dyesFixers/earthues/dy201.htmlw

Cochineal

Indigoids

https://gailcreativestudies.wordpress.com/2016/06/29/indigo-in-south-east-asia-guest-blogger-penny-peters/indigo-dye-vat-near-sapa-vietnam/

Indigo

Carotenoids

http://www.saniapell.com/homemade/the-colour-of-food-homemade-fabric-dyes/

Turmeric

https://www.brushcreekwoolworks.com/products/weld-natural-dye
http://www.dtcrafts.co.uk/dyesFixers/naturalDyes/ds002pic.html
http://www.dtcrafts.co.uk/dyesFixers/earthues/dy201.html
https://gailcreativestudies.wordpress.com/2016/06/29/indigo-in-south-east-asia-guest-blogger-penny-peters/indigo-dye-vat-near-sapa-vietnam/
http://www.saniapell.com/homemade/the-colour-of-food-homemade-fabric-dyes/


Types of dyes (by process)
MORDANT DYES

Colorant needs to bind to a 
coordination metal as a 

bridge between the dye and 
textile fiber

DIRECT DYES
Colorant forms a direct bond 

to the textile fiber

VAT DYES
A chemical reaction 

(reduction) in the dye vat is 
needed to bind the dye to 

the textile

Turmeric 
http://www.saniapell.com/homemade/the-colour-of-food-

homemade-fabric-dyes/

Cochineal
http://www.dtcrafts.co.uk/dyesFixers/earthues/dy201.htmlw

Indigo
https://gailcreativestudies.wordpress.com/2016/06/29/indigo-in-south-east-asia-

guest-blogger-penny-peters/indigo-dye-vat-near-sapa-vietnam/

http://www.saniapell.com/homemade/the-colour-of-food-homemade-fabric-dyes/
http://www.dtcrafts.co.uk/dyesFixers/earthues/dy201.html
https://gailcreativestudies.wordpress.com/2016/06/29/indigo-in-south-east-asia-guest-blogger-penny-peters/indigo-dye-vat-near-sapa-vietnam/


Direct Dyes



Direct dyes
The dye binds to the textile fiber via hydrophobic interactions, hydrogen bonds 
and, where applicable, via ionic interactions.

Turmeric 
http://www.saniapell.com/homemade/the-colour-of-food-homemade-fabric-dyes/

Saffron
https://tatianabarry.livejournal.com/18580.html

Compared to the other dyeing 
processes, the fastness to both 
light and washing are poor.

http://www.saniapell.com/homemade/the-colour-of-food-homemade-fabric-dyes/
https://tatianabarry.livejournal.com/18580.html


Direct dye process
(1) Dye extracted from dye plant

(2) Textile is added to dye bath

3) Dye molecules absorbed by textile

(4) Textile is removed



Vat Dyes



Vat dyes - indigoids
These dyes are not soluble in water as such but must be converted 
into a water-soluble form. This conversion, actually a reduction, can 
be achieved with reducing agents such as sodium dithionite, but 
historically this was done by fermentation.

https://www.averbforkeepingwarm.com/products/the-indigo-vat

http://www.mingei.com.au/mingei-story

The fermentation vat could 
take hours or even days to 
develop in such a way that the 
insoluble dyes were converted 
into their soluble leuco-form 
needed for the dyeing 
process.

https://www.averbforkeepingwarm.com/products/the-indigo-vat
http://www.mingei.com.au/mingei-story


Mordant Dyes



Mordant dyes

https://www.westlakeknits.ca/products/cochineal-natural-dye-natural-source-of-red-pink-and-magenta

Mordants are the largest natural dye class.

http://shetlandhandspun.blogspot.com/2015/02/cochineal-and-logwood.html

The word “mordant” is derived from the Latin 
mordere, "to bite“, as historically it was thought 
that the mordant would allow the dye to bite onto 
the fiber to create a colorfast textile.

https://www.westlakeknits.ca/products/cochineal-natural-dye-natural-source-of-red-pink-and-magenta
http://shetlandhandspun.blogspot.com/2015/02/cochineal-and-logwood.html


Mordants are commonly metal salts or other 
coordination metals that form a bridge between the 
textile fiber and the dye, resulting in a dye-metal-
textile complex. The mordant attaches via neighboring 
C=O and C-OH groups in the dye.

Due to this complexation, mordant dyes have very 
good fastness to washing and better light fastness. 

It is important to be aware that mordant dyes will also dye directly to 
give a (pale) color to unmordanted wool. This means that, in the case of 
a mordanted textile, part of the dye attached to the textile fiber may be 
bound directly to it, while another part is bound via the mordant. The 
part that is dyed directly will show poor fastness to light and washing.

Mordant dyes



(1) Mordant bath is prepared by 
dissolving metal salts in water. 
Textile is then added

(2) Metal is bound to the textile

(3) Mordanted textile is added to 
dye bath

(4) Dye molecules bind to coordination 
metals of mordanted textiles

(5) Dyed textile is removed

Mordant dye process



Mordants



Mordants
Metal salts, including those of aluminum, tin, iron, copper, and chromium.
Mordants help form a dye-metal-textile complex to create a colored textile that 
is more color and light fast (or in some cases, completely facilitating the coloring 
of the textile).

Alum Tin Iron Copper



Mordant: Aluminum
Used since antiquity.
Aluminum is the most important and most 
vastly used mordant.

http://www.chem.uiuc.edu/chem103/aluminum/AlIndex.htm

https://en.wikipedia.org/wiki/Potassium_alum#/media/File:Potassium_alum_octahedral_like_crystal.jpg

Most commonly extracted from alum (also 
known as potash alum or potassium alum).
Aluminum potassium sulfate,
KAl(SO4)2·12H2O

• Acidic – pH of 3

http://www.chem.uiuc.edu/chem103/aluminum/AlIndex.htm
https://en.wikipedia.org/wiki/Potassium_alum#/media/File:Potassium_alum_octahedral_like_crystal.jpg


Mordants: other metals used since antiquity
Iron

• Usually in the form of iron(II) 
sulfate (also known as ferrous 
sulfate, vitriol, green vitriol, 
copperas) FeSO4·7H2O

• Sometimes iron acetate 
C14H27Fe3O18

http://shop.kremerpigments.com/en/solvents-chemicals-und-
additives/chemicals/inorganic-substances/5771/ironii-sulphate

Copper
• Usually copper(II) sulfate (also 

known as cupric sulfate, blue 
vitriol, Roman vitriol) 
CuSO4·5H2O

• Sometimes copper acetate 
Cu(CH3COO)2

https://en.wikipedia.org/wiki/Copper(II)_acetate#/media/File:Copper(II)-acetate.jpg https://en.wikipedia.org/wiki/Copper(II)_sulfate#/media/File:Copper_sulfate.jpg

http://shop.kremerpigments.com/en/solvents-chemicals-und-additives/chemicals/inorganic-substances/5771/ironii-sulphate
https://en.wikipedia.org/wiki/Copper(II)_acetate/media/File:Copper(II)-acetate.jpg
https://en.wikipedia.org/wiki/Copper(II)_sulfate#/media/File:Copper_sulfate.jpg


Mordant: Plant-based used since antiquity, Tannin
Tannins, in the form of oak galls, bark, wood, and leaves of certain 
tree families like oak, sumac 

• Tannic acid C76H52O46

https://en.wikipedia.org/wiki/Sumac#/media/File:SumacFruit.JPGOak galls formed on Quercus infectoria

Sumac

https://en.wikipedia.org/wiki/Sumac#/media/File:SumacFruit.JPG


Mordants: used more recently
Since 17th century
• Tin, usually as tin(II) chloride (also known as stannous chloride) SnCl2

Since 19th century
• Chromium usually as chromate CrO2−

4 or dichromate Cr2O2−
7

https://en.wikipedia.org/wiki/Tin(II)_chloride#/media/File:Tin(II)_chloride.jpg

Potassium dichromatePotassium chromate

https://en.wikipedia.org/wiki/Chromate_and_dichromate

Stannous chloride

https://en.wikipedia.org/wiki/Tin(II)_chloride/media/File:Tin(II)_chloride.jpg
https://en.wikipedia.org/wiki/Chromate_and_dichromate


Additive: Potash
Potassium carbonate K2CO3

• Alkaline – pH of 12

Addition of potash to dye baths in based on 
historical examples

Effect on dye color
• Anthraquinone dyes, particularly kermes and cochineal

become much paler while madder becomes dull or pale
• In historical recipes, it is much more common to find 

preparation of these dyes in “sour water” aka acidic conditions.

It can result in:
• Greater solubility of the dyestuff
• A different hue due to a reversible pH change of the dye
• Perhaps a conversion of the dye glycosides (sugars) to the 

corresponding free dye molecule 
• Perhaps conserve the glycosides in the dyestuffs (seen in 

weld which becomes brighter)



Textiles



Textiles
The chemical interaction between the dye and the textile 
fiber is dependent on the dye itself and the type of fiber 
to be dyed. 
There are two main textile groups: those with 
proteinaceous fibers - primarily wool and silk - and those 
such as cotton or linen that have cellulosic fibers.

CottonWool

Silk

Linen Cotton

Wool

Wool

Silk



Additional info 



Historical Recipe Examples



Neueroffneter curioser Schatz-Kasten (Anon. 1706: 556, translated)
As quoted in Kirby, et. al. Natural Colorants

To dye nice carmine-coloured cloth. One has to take for 8 
pounds of woollen cloth 2 Loth of cochineal, 2 quarters of 
wheat flour, or Gaitz [?]; the bran must be soaked in water 
for 8 days so that the water gets really acid. When one wants 
to dye then, the water must be poured off from the bran into 
the kettle. But the cochineal must be soaked before in warm 
water overnight. When one now dyes, a good fire must be 
made under it to warm the [bran) water. Then take a little of 
it [the warmed bran water], stir it with some dye and put it 
in the kettle as long as one still has some dye. When now it 
starts to boil, and one wants to give it an after-treatment 
[meistem], one must take lye extracted three times, or one 
takes 1.5 or 2 quarters of ashes of pressed wine-grapes, 
pours it into lukewarm water, and passes the dyed cloth 
through it until the shade is to your liking.



109. To make a colour like carmine. — Take powdered 
cochineal, put it into a ley, and add to it some finely pulverized 
crystallized arsenic, which is proper for precipitating the colour; 
it will then turn out well.

Paduan Manuscript (pg. 698)
Original Treatises, Dating from the XIIth to XVIIIth Centuries, on the Arts of Painting in Oil, Miniature, Mosaic, and on 
Glass of Gilding, Dyeing, and the Preparation of Colours and Artificial Gems  by Mary P. Merrifield (1804)



Paduan Manuscript (pg. 710)
Original Treatises, Dating from the XIIth to XVIIIth Centuries, on the Arts of Painting in Oil, Miniature, Mosaic, and on 
Glass of Gilding, Dyeing, and the Preparation of Colours and Artificial Gems  by Mary P. Merrifield (1804)

139. To make super-excellent carmine. —Take an egg, make a 
hole in it so that the white will run out, then take mercury and fill 
the egg with it, stop up the hole and lute it according to the best of 
your ability; then bury it two feet deep in horsedung which is very 
much exposed to the sun, and do this in the dog days. Leave it in 
this situation for 40 days, then take it out, with great care, lest it 
should break ; then break it, and you will find in it a living animal; 
let the animal die, and preserve it, it will fall to powder; use this 
powder, which will be a most splendid carmine, for painting and 
miniatures, but you must beware of the smell at the beginning.



Paduan Manuscript (pg. 660)
Original Treatises, Dating from the XIIth to XVIIIth Centuries, on the Arts of Painting in Oil, Miniature, Mosaic, and on 
Glass of Gilding, Dyeing, and the Preparation of Colours and Artificial Gems  by Mary P. Merrifield (1804)

22. How to prepare cochineal. —Boil it with lemon 
juice, garlic juice, and burnt alum.



83. To render any colour more brilliant and permanent. –Take the rectified spirit of urine in 
a glass phial, and mix your colour with this. Leave it, mixed, in the gentle heat of ashes, or 
of hot water, for half an hour, the mouth of the phial being stopped. Then separate the 
colour from the spirit, and you will find it more florid, and much more permanent. But if 
the spirit is not to be obtained, a ley prepared from calcined tartar, nitro fixo,1 and the salt 
of urine may be used. If in  this ley are boiled crimson woollen cloths, a most wonderful 
cochineal colour is obtained, which is commonly called " scarlato col secreto." The same 
may be said of the other colours. If copper is dissolved in the spirit of nitre [nitric acid] and 
then precipitated by a solution of salt of tartar, there will be a green colour much less 
corrosive than the other colours. If by the same spirit ceruse is dissolved, and then 
precipitated by a solution of gold, there will be a very white and delicate colour.

Paduan Manuscript (pg. 682-684)
Original Treatises, Dating from the XIIth to XVIIIth Centuries, on the Arts of Painting in Oil, Miniature, Mosaic, and on 
Glass of Gilding, Dyeing, and the Preparation of Colours and Artificial Gems  by Mary P. Merrifield (1804)



Plictho pg 145-147

The Plictho (pg. 145-147)
The Plictho: instructions in the art of the dyers which teaches the dyeing of woolen cloths, linens, cottons, and silk by 
the great art as well as by the common by Giovanventura Rosetti (active 1530-1548)



Resources and References



Sources of historical evidence 

• Analysis of existing objects, such as surviving textiles and paintings in 
museum collections

• However, it must be kept in mind that these represent only a small part of 
history. They are items that have been selectively collected by museums or 
upper class. Many were made for or bought by the elite, were luxury or just 
generally expensive items

• Recipe books and collections, instruction manuals
• Work orders, inventories, accounts, orders for materials, import 

records, and guild regulations
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https://avani-earthcraft.com/blogs/blog/the-case-for-natural-dyes
http://sustainable-fashion.com/blog/reflections-on-the-journey-of-fashion-and-sustainability/
http://blogs.lse.ac.uk/southasia/2014/04/04/gujarats-troubling-environmental-record/
http://www.vam.ac.uk/exhibitions/fashioned-from-nature
http://tdsblog.com/dye-off-natural-vs-synthetic/
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