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ABSTRACT

INFORMATION on the light-fastness of natural
dycs is reviewed. New tests on the fastness of
several dyes in fluorescent lamp light are
reported.

Nearly all natural dycs have a light-fastness
below BS grade 5. Most have a fastness below
4. Nearly all natural dyes will fade badly
during an cxposure to so million lux hours of
artificial light, or to a much smaller dosc of
daylight. In many muscum displays serious
fading of most dyes would occur in less than
fifty years.

There is no very cffective way of reducing
the rate of fading. Ultraviolet absorbers over
light sources give a worthwhile incrcase in
light-fastness to most, but not all, dyes. Low
relative humidity reduces fading. Display in
cases filled with an ‘inert’ gas benefits most
dyes but accelerates the fading of some pig-
ments used on fabrics. Valuable textiles whose
dyes have a light-fastness below 6 should not
be permanently displayed.

INTRODUCTION

Nearly all the natural dyes are obsolete and
accurate fastness data are scanty. These dyes
still form the greater and more valued part
of the dyes in museum textile collections.
We have tried to find out how quickly some
of the commonest of them can be expected
to fade in daylight and in fluorescent lamp
light.
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METHODS OF TESTING
LIGHT-FASTNESS

The first systematic tests of the light-fastness
of dyes were made by Dufay [1] about 1733.
The novelty of his mecthod was that it pre-
vented the inconstancy of daylight from
affecting the results of tests made at different
times and places. He used as the unit of
exposure the time taken for a standard dyeing
to fade to a specified colour. This standard was
always exposed beside the specimen under
test. These fading experiments were part of an
attempt to develop a system of chemical
tests which would rapidly distinguish between
dycs of high and low light-fastness and
climinate the tedious business of exposing
them. The futility of this approach is now
apparent, but although the chemical experi-
ments arc recorded we can find no trace of
the results of exposure.

All subsequent methods of any accuracy
have used some device to climinate the
variability of daylight. Unfortunatcly many
published data arc based on less careful
techniques.

In the British Standard (BS) mcthod [2] the
dyed cloth is exposed behind glass to daylight.
The test specimens face south and are held at
an angle to the horizontal equal to the latitude.
The rate of fading of the specimens is assesscd
by comparison with the fading of a set of
standard dyeings which arc exposed at the
same time. These are eight pieces of blue-dyed
wool. They are numbercd and the dyes have
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been chosen so that standard 1 fades about
twice as fast as standard 2, which fades about
twice as fast as standard 3 and so on. Dyes are
classed with the number of the standard which
fades at the same rate. The approximate day-
light energy needed to fade the standards is
given in Table 1. Other national standards are
based on the same principle. The test of the
International Standards Organization is sub-
stantially the same as the BS test.
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Saflower: Completcly fades in air in 20 days. In
watcr vapour only cotton dycings last longer. Tn vacuo
there is only very slight fading in 2 ycars.

Orchil: Fades in 20 days. In water vapour only fades
on cotton. In vacuo it fades slowly on cotton, becomes
bluer on silk and wool.

Indigo: Fades in 15 days on cotton. Fades much more
slowly on silk and wool but fading is noticeable in 75
days. Stable in vacuo on all fibres.

Sulphonated Indigo: Fades in 1o days on wool and
80 days on cotton but on silk it is still fairly bluc after
2 years. In vacuo dyed cotton and wool fade rapidly

TABLE 1

Solar radiation in langleys (caljcn®) required fo fade the BS dyed clothis. Based on the data of Rawland [3].
Other authors give considerably different values [4]. One langley is very approximately equivalent to
1200 lux howrs [s]. The GS definition of fading is described in the text and shown, approximaticly,

in Fig. 1.
Standard 1 2 3 4 5 6
First perceptible fade 37 82 190 350 I 500 5 400 langleys
GS 4 190 650 1200 2 400 7 200 10 000
3 650 1 200 2 500 4 900 16 000 24 000
2 1200 2500 5 600 8 400 24 000 100 000
T 2500 4900 8 400 32000 160 000

PREVIOUS TESTS ON NATURAL DYES

Several tests of the light-fastness of natural
dyes have been published. Senebier [6]
cxposed to sunlight a number of dyes on silk
ribbon. He did not identify the dyes but
observed that some of them faded in four or
five minutes. Chevreul [7] tested the light-
fastness of some natural dyes and a pigment
in various atmospheres. His results are sum-
marized below:—

Dyed cotton, silk and wool exposed behind two
layers of glass to south daylight in Paris.

Turmeric: Fades in air within 7 days. In a vacuum it
fades in 15 days.

Annatto: Initially reddens in light but on cotton and
silk it is much faded after 18 days, On wool it is less
permanent and fades in 11 days. Absolutely permancnt
in vacuo on cotton and silk but on wool it fades in 60
days. In water vapour Annatto fades on cotton, silk and
wool.

STUDIES IN CONSERVATION

(30 days) but silk retains its colour after two years.

Prussian Blue: Becomes greener on exposure but fades
little in two ycars. In vacuo it fades within three days
on all fibres. In water vapour destruction is even more
rapid.

Crookes [8] quoted some results obtained
by Kallab in 1872. Many dyes faded within
three to cight days and only Madder survived
three months’ exposure without fading.

K&hler [9] tested the light-fastness of many
vegetable dycs on wool. He used the German
standard method which, although very similar
to the BS method, generally gives a light-
fastness rating 4 to 1 unit higher. Of the
forty specimens tested only eight had a
fastness of § or above. Dyes of fastness below
s will fade noticcably during about five years
of exposure in a museum showcase.

Stromberg [10] also stressed the poor light-
resistance of natural dyes but gave no detailed
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results. We are surprised by her claim that dark
yellow cellophane afforded no protection to
the dyes. In our experiments an orange filter

very much reduced the fading of every dye.

THE BRITISH ASSOCIATION REPORT

The most comprehensive tests of the light-
fastness of natural dyes were made between
1890 and 1899 by a committee appointed by
the British Association for the Advancement
of Science [11]. Their method differed from
that used now. There was only one standard.
When this had faded by a predetermined
amount it was replaced by a fresh pattern of
the same material. The quantity of incident
light thus defined was named the standard
fading period (SFP). Dyes of which only a
faint trace remained after one SFP were put
in class I. Dyes which showed very marked
fading after two SFP were put in class IL
The dyes of class Il showed distinct fading
after two SFP, more pronounced after three.
Class IV dyes retained a pale shade after seven
SFP, showing little fading during periods one,
two and three. Class V dyes were little faded
after about onc ycar of exposure (cleven SFP)
to daylight at Adel, at that time a village
north of Leeds.

This method of assessing the light-fastness
had a flaw: a phrase such as ‘marked fading’
applied to a dye after a month’s exposure
could equally well describe its state after six
months (scc Tablc I).

Because of this vagueness of defmition the
only way of corrclating the BA and the BS
methods is to comparc the BA fastness with
the BS rating of those dyes which have been
tested by both methods. The results are shown
in Table I1.

It is interesting to note that the repeated
exposure of a single standard (Blue Wool
Standard no. 7) is now the recommended
procedure for assessing the light-fastness of
dyes and pigments of fastness greater than 8.
The method of Dufay and of the BA Com-
mittce has returned to favour!

FADING IN ARTIFICIAL LIGHT

Many textiles in museums are exposed only
to artificial light. The effect of fluorescent
lamp light on sensitive materials has been the
subject of a number of articles, but no natural
dyes have been exposed.

Feller [12] tested the fastness of a few lake
pigments under fluorcscent lamps. Alizarin
Lake showed a fastness of 4-5, and Quercitron
Lake 2-3. Saffron and Carmine (Alkanct?) pig-
ments showed an even lower light fastness.

We have exposed a number of natural
dyes and fabric pigments, together with the
standards, under two types of fluorescent
lamp. Filters have been used to scparate the
cffects of different wavelengths.

The BS coloured wools are intended to
govern daylight exposurc and do not fade
at the same relative rates in artificial light.
It is therefore misleading to give dyes a BS
rating based on exposure under fluorescent
lamps. We have assessed the light-fastness of
dyes by reference to the standard grey scale
(GS) [13] and calculated the light exposure
from measurements of time and illumination.
The results of these experiments arc sum-
marized in Tables IIT and IV.

The GS number defines the contrast between
two colourcd arcas. Some dyes darken or
change in huc during exposure. Fig. 1 gives
some idea of the relation between the GS
number and the extent of fading. The reader
must bear in mind that the photographic
reproduction is not perfect.

DISCUSSION OF THE RESULTS

Most of the dyes tested faded rapidly and
their fastness is very low by modern standards.
Few of the dyeings had a fastness much
greater than that of standard 4.

Among the brightly coloured or pale
dycings only thosc of Cochinecal, Indigo,
Prussian Blue, Madder and related dyes
showed adequate light-fastness by modern
standards. With the exception of Indigo all
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BA fastness

grading 1
Approx. BS
grading 1

Approx. light
exposure to
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TABLE II

The fading in daylioht of natural dyes on wool

cause GGS

contrast 3 0.5

(million lux

hours)

Red dyes  Orchil
Barwood (Al)
Sanderswood (Al)

Orange Young Fustic (Al)

and Kamala (Silk)

yellow  Annatto
Saffron
Turmeric
Tesu (Al)
Gardenia
Coscinium
Evodia

Blue

Green Lo Kav (cotton)

Brown

Black

Violet

Limawood (Al) (Sn)
Barwood (Sn)!
Sanderswood (Sn)
Camwood (Al) (Sn)!
Ventilago (Al (Sn)

Young Fustic(Sn)
Kamala (Al)

Jack Wood (Al)(Sn)
Old Fustic (Al) (Sn)?
Quecrcitron (Al) (Sn)?
Tesu (Sn)

)
Persian Berries (Al) (Sn)

Logwood (Al)

Limawood (Cu)

Limawood (Fe)

Logwood (Sn)

I v
3 45
2-3 [
Cochineal (Al
Kermes (A])
Lac dyc (Al
Munjcet (Al)

Weld (Al
Morinda

Weld (Sn)

Sanderswood (Cu) (Fe)
Ventilago (Cu) (Fe)
Camwood (Cu) (Fc)
Barwood (Cu) (Fe)

Logwood (Fe)
Cochineal (Fe)

Cochincal (Sn)
Kermes (Sn)

Lac dye (Sn)

Madder (Al

Turkey Red

Chay Root (AP
Morinda (Al) (Sn)
Mang Kudu (Al) (Sn)

Munjeet (Sn)
Morinda (Sn)
Sophora (Sn)
Madder (Sn)
Chay Root (Sn)

Indigo
Prussian Blue

Cochineal (Cu) (Fe)
Morinda (Cu)(Fe)
Mang Kudu (Cu)(Fc)
Chay Root (Cu (Fe
Munjeet (Cu) (Fe)
Madder (Cu) (Fe)
Lac dye (Cu) (Fc)

Notes—1. Tumns brown and darker, then fades. 2.

yellow which is moderately fast. 3.

Madder is no doubt due to the absence of purpurin in the former’.

STUDIES IN CONSERVATION

Changes rapidly during the first exposure period to an olive
“The superior colour fastness of the red given by Chay root as compared with



The fading of dyes under Philips K 34 fluorescent lanps

The Light-fastuess of the Natural Dyes

TABLE III

185

darkens

Depth
of Exposure, in million lux hours
Dvye, mordant and fibre ~ Shadel  6-5 23 36 36% 36t Remarks
Grey Scale Contrast
Standard 1 2-0 1-3 1-0 1.0 1-5
2 23 1-7 13 17 2.6
3 35 2-4 I-5 2-4 3-6
4 46 3-7 3-1 4:0 4:6
5 5 4-5 4-0 5 5
Brazilwood (Al) wool 1/2 2.7 i-8 1-3 1-7 3-6 Brazilwood on wool is some-
Brazilwood treated with NH, 151 33 243 19 2.4 41 } what protected by the u.v.
Brazilwood (Al) cotton 1/1 3-5 247 243 2-3 3.7 filter. On cotton it is not.
Cochineal (Al) wool 2/1 48 4°5 41 44 49 } Turns  bluer and
(Sn) wool 11 49 4-5 41 3.7 4-3 before fading.
Madder (Al) wool 21 3.9 3.7 3.4 401 46
(Al) cotton /1 47 4-7 49 47 49
(Sn) wool /T 3-9 3-3 2-8 3-0 40
(Fe) wool I/t 16 4-2 43 5 4-5
Logwood (Fe) wool 1T 45 4-2 3-8 44 48
(Sn) wool 2/t 40 3.2 25 34 45 Fades browner
Cutch (Al) cotton /1 45 3-5 2-6 2.9 49
(Fe) cotton /1 46 3+7 3.2 36 4+9
Indigo cotton 1/1 4-3 3-8 3.7 40 43 } Indigo is much faster on wool
wool 2/t s 49 49 49 49 than on cotton.
Quercitron (Al) wool 21 42 3-6 2-8 36 48 Darkens before fading
(Al) cotton /1 44 44 4-6 46 47
Turmeric (Al) wool 2/1 13 10 1-0 1-0 45 Very fugitive but well pre-
scrved in orange light.
Weld (Al) wool i1 43 4-0 32 35 49
Perstan Berries (Al) wool 2/1 4-8 44 4-3 3.7 45

* Wavelengths less than 4000 A absorbed by u.v. filter over patterns.

+ Wavelengths less than 5550 A absorbed by orange filter over patterns.

1 The figures in this column give the depth of dycing according to BS 2661 : 1956. Depth of shadc is determined by
reference to a standard catalogue of shades.
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TABLE 1V
The fading of dyes under Atlas “Northlight’ fluorescent tubes

Exposure, million Jux hours

Dye Mordant Fibre Colour Depth 7.8 36
Grey  Scale

Quercitron Al ¢ yellow i1 47 3-8

Al w yellow 2/1 4-1 2-7

Sn W orange 2/x 3-8 29

Cr w brown 1/3 4-8 3-3

Flavin Sn W orange 1/t 3-2 22

Sn. w  brown 2/t 3-7 35

Turmeric —_ w ycllow 2/t 2.0 -0

Weld Al w yellow T/t 4-4 3-2

Chrome Yellow — ¢ orange yellow 1/t 3-8 3-4

Iron oxide — w  pale brown /3 39 2-8

— ¢ pale brown 1/25 40 453

— s grey brown /25 3-4 2.3

Fustic Fe c grey 1/1 4-8 3-5

Al ¢ yellow grey 1/3 29 -9

Al w ycllow 1/t 31 28

Al s dull yellow 2/t 44 31

Persian Berries Cu s pale yellow green 13 44 3-8

Cu w  dull green 1/3 5 4-6

Cu w brown /1 5 4-8

Sn w dull orange 1/t 45 4-4

Cutch Al ¢ brown 1/t 4-0 2-4

Cr ¢ dark brown 1/t 36 21

Fe w dark brown 1/t 47 3-4

Brazilwood Sn s pale pink /25 3.2 1:9

Al s pink 1/3 27 1-3

Al ¢ crimson 1/1 30 -9

Sn w red brown /1 3.5 -8

Cu w dark brown /2 42 2-8

Al w pink 1/t 26 1-6

Al(-++NH;) w magenta 1/t 3-7 2-2

Fe w red brown 11 37 2.0

Madder Al s pale pink 1/3 5 3-6

Al w dark red 21 3.7 1-8

Al ¢ pink /1 s 4-1

Sn w red 17 4-3 34

Fe w brown /1 49 44

or

contrast

e

-

3
5
4
-9
1-0
2-0
<I

2-0

[§]
“

ot
[= )

I-0
2-1

-9

29
40
43
39

1-6
1-3
2-2

<1
1-2
<I
1-7

LN S R e
£ HE OO0

Remarks

}rcddcns before fading

\ becomes browner before
fading

the fastest of the bright
yellow natural dyes

turns  browner before
fading

}darkcus in light

fades pinker

turns  brown  before
fading

darkens then fades to
pale pink

fades to pale pink

darkens before fading

fadcs grecier
&

Brazilwood fades very
rapidly. It was re-
putedly used to
brighten Madder

STUDIES IN CONSERVATION
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Exposure, million lux hours

Dye Mordant Fibre Colour Depth -8 36 91 Remarks
Grey Scale  contrast
Cochineal Al w  crimson 2/1 5 45 3.3 darkens, fades bluer
Sn W crimson 2/1 45 3-7 34
Al s Imagenta 2/t 47 2-7 1-6
Fe c grey 1/3 47 3.5 2.1
Indigo — ¢ blue 1/1 5 34 2.2
— ¢ dark blue 2/ 5 44 2-8
_ w  blue 1/1 5 5 44
— w  dark bluc 2/1 5 S 49
Indigo and Fustic Al W green /1 44 43 2.9 \darkens before fading
Al w dark green 2/1 49 47 40 ) Dbluer
Indigo and Quercitron Al w dark green 2/1 4-8 4-1 2.7 fades to blue
Prussian Blue — ¢ pale grey blue 1/t 4-9 41 3-6
— s blue 11 45 40 2.9 darkens
Sn w  dark blue 2/1 49 4-8 4-8
Sn w  blue green 2/t 3.0 28 2.7 ¥darkcns to black
Sn w dark blue green 21 4-3 4-3 42
Logwood Fe ¢ pale grey blue /12 40 28 1-6  yshows a curious ‘ad-
Cu ¢ pale grey blue /12 45 29 -6 }jaccncy cffect’ (see text)
Cu c green blue 1/6 44 2.8 1-5
Sn ¢ purple I/1 I-6 <1 <1
Sn w dark purple 2/1 42 2-2 1-0
Al w  purple blue /1 3-4 17 <1
Logwood Fe, Cu,
Al w Dblack 1/t s 4-8 46
and Indigo Sn w  black 1/1 s 36 2.2 fades to blue
and Fustic Fe,Cu w black 1/1 5 5 47
and Fusticand Indigo Fe,Cu w black /1 5 3 s
Blue Wool Standards I 21 T-2 <1
2 3.2 19 <1
3 39 2:5 1-3
4 47 36 2.1
5 47 43 3T
6 5 47 37
7 49 4-7 41
8 5 49 4-6
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16 27 47 47 35 24) 22

S?Cochmca (A1) 38 Cochuneal (F0) 39 Indigo
Silk Cofton

CoHon «

10 Indi
LoHon

Fic. 1. Some of the faded specimens. The rectangular arcas are unexposed. The three

squarc arcas on cach specimen have been exposed to 778, 36 and 91 million lux hours of ight

from Atlas “Northlight” fluorcscent tubes. In all the dycings illustrated here the palest area

has received the greatest light dose. The GS difference between exposed and unexposed dye
is written on the uncxposcd part.

the bright light-fast natural dycs tested are
derivatives of anthraquinonc.

For permanent museum display very high
light-fastness is necessary, and only Indigo on
wool, Madder on cotton and some Prussian
Bluc and Logwood black dycings would
survive long exposure.

There is no light-fast bright yellow natural
dye. This is clearly demonstrated by the
prcdominant blue shade of the foliage and

STUDIES IN CONSERVATION

grass of old tapestrics. Most of the ycllow
dyes tested became browner and duller as
they faded. Weld is an exception and faded
without changc of hue.

Cochineal became bluer. Iron oxide and
some Prussian Blue dyeings darkened con-
tinuously during cxposurc.

Some of the Logwood blucs showed a
remarkable increase in fading closc to the
boundary betwcen the exposed and the
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protected part, We have no explanation for
this cffect.

The light-fastness of a dye depends greatly
on the mordant and the fibre to which it is
applied. Indigo for example, is very much
more light-resistant on wool than on cotton;
the reverse is truc of Madder. Many dyes are
more light-fast on a chromium mordant than
on any other but this is a modern technique
and we did not test its effects. Brazilwood on
the other hand is a fugitive dye in all cir-
cumstanccs.

It is a genceral rule that dyces show a greater
resistance to fading when heavily applied to
cloth than when lightly applied to give pale
tints. Most of thosc dyes which we have
applied by the same method in two strengths
appear to show this effect but we cannot be
surc because the method of asscssment is
subjective and probably affected in a systematic
way by the depth of colour of the unfaded

dye.

THE EFFECT OF LIGHT WAVELENGTH
ON FADING

The orange filter gave good protection to
nearly all the dyes. The ultraviolet absorber
afforded some protection to most. The
improvement of light-fastness varied greatly
from onc dye to another and even for one
dyc on different fibres. Brazilwood (alum
mordant) on cotton, for example, is not much
protected by a u.v. filter but the same dyc on
wool is fairly well preserved.

On average the wv. absorber gave about
40% improvement in light-fastness( cf. ref. 14),
that is, the dye exposed under a u.v. filter
would take 1-4 times as long to fade to the
same colour as the dye cxposed without
protection. This figure of course only applies
to the particular lamp used. U.v. filters would
give amuch more noticcable protection against
fading in daylight because of its greater
proportion of w.v. to visible radiation.

The fading of a dye is caused by radiation of

certain wavelengths, The damaging wave-

lengths vary from one dye to another {15].
For this rcason dyes do not gencrally fade at
the same rate in artificial light as in daylight
of cqual illuminating power. Different arti-
ficial light sources vary in their destructive
cffect on dyes but the relative cffects of the
two sources used in our experiments cannot
be assessed because the exposures were not
run under identical conditions. We have not
tested the cffect of incandescent lamp light.

The spectral dependence of fading is a
matter of some interest because the spectral
energy distribution of muscum light sources
can be controlled. Therc is no doubt that, as a
general rule, the damage done bylightincreases
as the wavelength decrcases. That 1s, bluc light
is more damaging than red. In the casc of dyes
there is another uscful gencralization: dyces of
low light-fastness arc scnsitive to light of
longer wavelength than dyes of high light-
fastness [15]. These statistical generalizations
arc uscful today when several thousand dyes
arc available, but they are no substitute for
experiment on the twenty or so widely used
natural dycs.

The experiments reported here are not
sufficiently refined to give any quantitative
information about this. In the future we hope
to report on some fading tests on transparent
films coloured with the most widely used
natural dyes.

THE RATE OF FADING

The rates of destruction of dyes reported
here are, from a muscum curator’s point of
view, very rapid.

There is good evidence that fading depends
on the total light energy incident on the dye,
regardless of the rate at which it arrives [16].
We have exposed the blue wool standards
in a showcasc in the Victoria & Albert
Muscum. The illumination was between 150
and 200 lux from Philips K 34 lamps. After a
light dosc of just under one million lux hours
the first standard had faded to GS 2-2, the
second to GS 3 and the third to GS 4.
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