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Processes induced by two kinds of illumination
{ultra-violet and Xenotest) in wool dyed with reactive dyes
have been investigated as a function of time. The fading of
dyed fibres has been determined in terms of the
conditions of illumination. The degradation of woo! was
followed on the basis of changes in alkali solubility and
tensile characteristics. Moreover the colour change of the
dyed fibres was also determined. Correlation was found
between the chemical structure of the dye, the extent of
fading and the photodegradation undergone by the wool.
On the basis of amino acid analysis conclusions were
drawn on the photodegradation mechanism ofwool, both
uncoloured and dyed with reactive dyes. Reactive dyes
protect wool against photodegradation, and at the same
time the light fastness of reactive dyes on wool is 1-1.5
units higher than on cotton, both under ultra-viofet fu.v.)
and Xenotest irradiation.

INTRODUCTION

Light and weather fastness are important factors in the
determination of the useful life span of textiles. Light may
produce two different changes in dyed fibrous materials:
on the one hand the colour can fade, on the other hand
photochemical degradation of the fibrous material can take
place.
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It is well known that certain yellow and orange vat dyes
sensitise the photodegradation of cellulosic fibres such as
cotton, while acid metal-complex dyes serve to protect
nylon fibres [1,2]. Baumann[3] concluded from experi-
mental results obtained for amino acids that certain reac-
tive dyes linked to the side chain slow down the photo-
degradation of wool, while they promate reaction when
attached to the principal polypeptide chain.

The behaviour of dyes containing different
chromophoric and reactive groups was studied on wool
after irradiation, as a function of the energy content of the
light source and of the duration of treatment.

LITERATURE SURVEY

Among fibrous materials wool exhibits average stability to
light [1]. Atmospheric oxygen, interacting with light and
atmospheric humidity, gives rise to photochemical oxida-
tion in wool.

Generally sulphur-containing and basic amino acids are
the most sensitive to photo-oxidation |4, aromatic amino
acids are less sensitive and hydrophabic amino acids still
less. It has been established on the basis of amino acid
analysis {5,6] that the yellowing of wool can be caused by
the decomposition of tryptophan bound in the polypeptide
chains, by the degradation of tyrosine and by the splitting
of the disulphide bond of cystine.

Chemical processes induced by sunlight are initiated by
the absorption of ultra-violet (u.v.) radiation. In the irradia-
tion of wool the polypeptide chain may also be ruptured,
but it is mainly the amino acids with side-chain groups that
are degraded. Terminal amino groups in wool and dye
molecules bound to woael provide protection for the protein
molecule against photodegradation.

Amino acids with terminal side-chain groups are easily
degraded by direct photolysis. Other intermediate products
of photodegradation may have a sensitising effect, e.g.
N-formylkynurenine [6} (Scheme 1}.
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The disulphide bond of cystine becomes excited because
of the u.v. light absorbed by a neighbouring tryptophan
and tyrosine. Photo-oxidation by a radical mechanism
forms cysteine and cysteinic acids are formed {Scheme 2).
Serine and alanine are also among the decomposition pro-
ducts of cystine (Scheme 3). Thus photodegradation can
cause the ratio of the single amino acids forming wool
either to decrease or to increase.
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Reactive dyes can be attached to the following groups in
wool |7-9]:
{a) e-Amino group of lysine
{b) Terminal amino groups
(c}) Imidazole group of histidine
(d) Thiol group of cysteine
(e) Phenoiic hydroxyl group of tyrosine
(f} Guanidino group of arginine.

OH N
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The thiol group is the most active [10], the ratio of reactivity
being SH:NH,:0H=10%:10%:1. The number of thiol groups
can be increased by the reduction of wool [11]. The bond
between reactive dye and the amino acid is stable, and can
be split only under particular photo-oxidative con-
ditions {3]. The disulphide bridge of cystine in wool dyed
with reactive dyes is the most sensitive to photo-
degradation.

EXPERIMENTAL

Materials

Pure wool fabric was used in the experiments. The dyes

used were:

(a) C.l. Reactive Red 2, a monoazo dye with a dichioro-
triazinyl reactive group (1}

{b) C.l. Reactive Blue 19, an anthraquinone dye with a
sulphatoethylsulphonyl! reactive group (lI}

{c) C.l. Reactive Red 120, a disazo dye containing two
monaochloretriazinyl reactive groups {lil)

Dyeing Process

Wool fabric was padded by a solution containing 20 g/I
reactive dye, 100 g/l urea and 20 g/l sodium suiphate at
pH 7.9-8.0 (adjusted by the addition of ammonium ace-
tate). Impregnation was followed by batching for 12-24 h
at room temperature. Data on the amount of dye fixed on
wool are given in Table 1.

TABLE 1

Reactive Dyes Fixed to Wool in the Pad—Batch Process

Concn cof dye Amount of
in solution dye fixed
Dye g/l {mg/g)
C.L Reactive Blue 19 20 12.2
C.l. Reactive Red 2 20 10.8
C.l. Reactive Red 120 20 11.6

Cl

Cl
] i SO;Na
|

O NH,
JOSNN
$e0
SO,CH,CH,0S0,H

OH NH—{'CJH

SO,No
G
50;Na

NaO,5

il

O

NaQO,5
D
SO;Na

N~
where —<[ represents —-</ N
N~

JSDC Volume 101 April 1985 131




Irradiation

Samples were exposed to irradiation produced by a Xeno-
test450 apparatus, or by a mercury vapour lamp of medium
pressure for 50, 100, 200 and 400 h.

Degradation Tests

Alkali solubility was determined by Hungarian Standard
MSZ 3226/11-67 (ISO 3072), and tensile characteristics
were determined to Hungarian Standard MSZ 101/7-73
(IS0 5081).

Measurement of Colour

Data obtained using a Momcolour tristimulus colorimeter
were evaluated in the CIELAB system. Yellowness index
was measured according to Hungarian Standard MSZ
1762/80 (ASTM-D 1925-70).

Amino Acid Analysis

Wool samples hydrolysed with acid were analysed with an
automatic amino acid analyser Model AAA 881.

TABLE 2

RESULTS AND DISCUSSION

Investigations show that both u.v. radiation and exposure
to daylight (in the Xenotest) produce photodegradation in
wool. Hence the tensile strength and the elongation at
break of both uncoloured and dyed wool fabrics decrease,
while their alkali solubility increases (Table 2). Photodeg-
radation is considerably faster in u.v. irradiation.

All three reactive dyes investigated attenuated the
decrease in tensile strength of the fabric caused by u.v.
irradiation. Dyeing with C.l. Reactive Blue 19 increased both
tensile strength and the elongation at break, but no similar
effect could be observed with the two other reactive dyes. A
comparison of the absolute values of tensile strength
shows that maximum protection in the Xenotest was pro-
vided by C.|. Reactive Blue 19. On the other hand, when
decrease in relative tensile strength during irradiation was
investigated {Table 2) the order of the inhibition of degra-
dation was: C.l. Reactive Red 2>C.I. Reactive Blue 19=>C.I.
Reactive Red 120.

The elongation at break of uncoloured wool diminished

Degradation of Wool Dyed with Reactive Dyes under Different Conditions of Irradiation

Irradiation
Tensile Elongation Alkali
Duration strength at break solubility
Dye Type (h (N} (%) (%)
Undyed U, 0 141 19.1 14.3
50 124 131 24.7
100 102 128 30.2
200 80 11.0 38.5
400 55 9.2 48.1
Xenotest 0 148 19.5 12.7
50 146 18.3 16.9
100 143 17.5 16.2
200 140 16.0 18.6
400 138 14.8 23.1
C.l. Reactive Blue 19 U.v. 0 157 21.7 15.8
50 142 20.6 25.0
100 137 19.8 28.6
200 93 19.2 36.4
400 84 17.7 47.0
Xenotest 0 157 215 1.4
50 157 21.1 14.8
100 157 20.7 18.5
200 155 20.2 25.0
400 151 200 33.3
C.l. Reactive Red 2 U.v. 0 148 189 1.7
50 142 18.2 24.6
100 118 17.56 29.9
200 102 16.7 36.4
400 77 16.3 41.3
Xenotest 0 142 19.7 13.4
50 141 19.3 15.0
100 140 18.9 18.4
200 140 18.5 24.6
400 139 18.2 32.4
C.l. Reactive Red 120 U.v. 0 137 19.2 8.2
50 124 18.1 14.0
100 116 16.7 18.9
200 97 15.6 21.6
400 73 14.3 23.6
Xenotest 0 145 19.3 6.5
50 145 18.1 9.0
100 143 17.0 10.5
200 142 15.6 11.4
400 137 14.3 15.4
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figure 1 — Change in elongation at break of dyed wool fabric produced (a) under u.v. irradiation and (b} in the Xenotest

apparatus

to near half of its original value after 400 h exposure to u.v.
radiation (Figure 1). This change was moderated by the
reactive dyes. C.l. Reactive Blue 19 was again the most
efficient, causing an increase in the initial value, while C.I.
Reactive Red 2 brought about the least relative ioss from
the initial vaiue. The elongation at break of wool fabric dyed
with C.I. Reactive Red 120 decreased the most over the
exposure period, but the value obtained after 400 h u.v.
irradiation was still considerably higher than the corres-
ponding value for the uncoloured wool.

Decrease in elongation at break of samples exposed in
the Xenotest was significantly reduced by dyeing with C.I.
Reactive Biue 19 and C.I. Reactive Red 2; C.I. Reactive Red
120 had no effect.

A further decisive difference between the three dyes
investigated is that between each molecule of C.|. Reactive
Blue and wool only one bond can be formed, while C.I.
Reactive Red 2 and C.l. Reactive Red 120 in favourable
cases may form cross-links with wool. During dyeing the
original submicroscopic structure of wool was loosened in
all the three cases. C.I. Reactive Blue 19 cannot fix this state,
while C.l. Reactive Red 2, with its dichlorotriazinyl group
containing two reactive sites in one ring, and C.l. Reactive
Red 120, with two reactive groups in its molecule, are able
to fix the new structure,

A drop in tensile strength was a consequence of irradia-
tion. The effect of u.v. light was more significantthan that of
the artificial daylight. Exposure to u.v. light for 355 h made
wool to lose half its original tensile strength. The corres-
ponding periods for wool dyed with reactive dyes were 475
(C.l. Reactive Blue 19), 435 (C.l. Reactive Red 2) and 440 h
(C.l. Reactive Red 120) respectively. The drop in elongation
at break values was another notable indication of photo-
degradation. Exposure for 350 h brought about a reduction
by halfin the original elongation at break value. The corres-
ponding periods for wool dyed with reactive dyes were
1000 {C.1. Reactive Blue 19), 1400 (C.l. Reactive Red 2) and
900 h (C.I. Reactive Red 120) respectively.

Increase in alkali solubility is an important characteristic
of the photodegradation of wool, and of the reactive dyes
tested only C.I. Reactive Red 120 had a significant retarding

effectonincrease in aikali solubility; the other two dyes had
practically no effect.

The effect of the concentration of C.I. Reactive Red 120 on
alkati sotubility was investigated and the results are shown
in Table 3.

TABLE 3

Effect of Dye Concentration on the Alkali Solubility of
Irradiated Dyed Wool

Alkali solubility (%) for different illumination
periods in Xenotest apparatus

Dye concn -
{% o.w.f) 0 50 h 100 h 200h 400 h

0 12.7 16.8 16.2 18.6 231

1 8.9 12.5 13.0 16.2 23.2

2 6.5 9.0 10.5 1.4 154

The photostabilising effect increases with increasing dye
concentration. At higher concentrations the possibility of
the formation of new cross-linking bonds is alsa higher.

The fading of dyed samples, exposed in the Xenotest
apparatus over various times, was investigated by col-
orimetry. With increasing length of exposure period col-
ours became paler and yellower. The change was quan-
tified by determining the yellowness index, shown in
Table 4, in which the lower the value of the yellowness
tndex, the more yellowed was the sample.

TABLE 4

Change in Colour of Wool in Xenotest Apparatus with Time

Time of Yellowness

illumination (h) index
0 216

50 31.3

100 18.2

200 18.1

400 2.4
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The change in colour of samples dyed with different
reactive dyes varied depending on the energy content,
spectral composition and intensity of the source of irradia-
tion (Table 5). The colour difference, AE*,,,, decreased after
u.v. exposure, compared with the colour of the non-
illuminated sample, in the following order: C.l. Reactive
Blue 19:C.l. Reactive Red 2>~C.l. Reactive Red 120. The

and hue, lightness did not change considerably. The order
of fading of samples treated in the Xenotest apparatus was
as follows: C.l. Reactive Red 2>>C.l. Reactive Red 120>C.1.
Reactive Blue 19. The contribution of change in lightness to
the total colour difference was higher and that of change in
chroma lower than the corresponding vaiues of samples
exposed to u.v. light (Figure 2).

total colour difference arose from differences in chroma

TABLE &

Fading of Wool Dyed with Reactive Dyes under Different Conditions of lrradiation

Change in colour

lrradiation Colour coordinates Colour
difference
Dye Type Duration (h) L* ar b* ALy AH", ACp AE*,
C.l. Reactive Blue 19 U.wv. 0 26.99 19.02 —26.38
(4% o.w.f.) 50 28.62 10.45 -13.37 -1.63 0.80 -15.66 15.76
100 28.77 8.32 -10.69 -1.78 0.68 -19.08 19.18
200 28.54 6.03 -6.32 -1.55 3.63 -24.59 24.89
400 28.85 5.11 -3.45 -1.86 4.90 —26.46 26.97
Xenotest o} 40.51 13.12 -24.14
(2% o.w.f.) 50 41.18 12.13 -24.08 -0.68 0.85 -0.52 1.20
100 41.06 11.59 -23.62 —-0.55 1.12 -1.16 1.71
200 42.63 10.04 -21.54 -2.12 1.59 -3.71 4.56
400 44.58 8.42 -18.28 ~4.07 1.56 -7.35 8.55
C.1. Reactive Red 2 U.v. 0 44.15 58.83 11.01
(2% o.w.f.) 50 47.43 47.30 14.16 -3.23 5.76 -10.48 12.39
100 47.56 44.08 15.01 —3.36 7.42 -13.06 16.39
200 48.90 a1.27 15.85 -4.75 9.45 —-15.60 18.85
400 50.96 31.07 18.77 —6.80 16.62 -23.55 29.62
Xenotest 0 56.02 49.60 3.62
{1% o.w.f.) 50 57.48 46.69 a4.11 -1.46 0.73 -2.15 3.29
100 59.74 43.54 2.72 -3.73 0.48 -6.10 7.16
200 61.51 37.43 4.43 —5.49 1.95 -12.04 13.37
400 65.23 32.64 5.09 -9.22 3.32 -16.70 19.36
C.l. Reactive Red 120 U.v. 0 35.87 60.00 22.70
(2% o.w.f.) 100 38.95 52.62 20.74 -3.08 0.82 -7.60 8.24
200 39.76 48.24 20.29 -3.90 2.1 -11,82 12.62
400 41.45 42,94 19.51 -5.59 3.56 -16.99 18.24
Xenotest 0 66.80 31.59 6.63
(1% o.w.f.} 50 68.49 31.60 6.07 -1.68 0.56 -0.08 1.78
100 68.87 31.48 4.99 -2.07 1.60 -0.39 2.65
200 70.18 27.32 6.39 -3.37 0.69 -4.21 5.44
400 74.77 19.71 6.87 -1.97 3.34 -11.40 14.30
200 20 (b)
C. I. Reactive Blue 19
| — — — C.I|. Reactive Red 2 = O
———+— C. |. Reactive Red 120 - -~
e
= = 7~
p s
a B / A
Sl 5 or , / e
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Figure 2 — Change in {(a} lightness and (b} chroma of wool dyed with reactive dyes, as a function of time
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C.l. Reactive Blue 19, containing the anthraquinone
chromophore, was more resistantto fading in daylight than
either of the two azo dyes. It also faded less on exposure to
u.v. radiation, but some greying occurred. Figure 3 shows
that C.I. Reactive Blue 19 faded less than C.I. Reactive Red 2
on both wool and cotton, the light fastness of a given
reactive dyeing on wool being 1-1.5 units higher than on
cotton. Fading on wool took place two to four times slower,
due to the different chemical structures and different
photochemical reactivities of the two types of fibre. Radia-
tion produces distinct photochemical reactions, and differ-
ent decemposition products are formed. For example, in
the u.v. irradiation of cotton peroxides are formed that
destroy the dye, while in the irradiation of woo! reductive
fading dominates because of the tryptophan and cysteine
content of the protein.

100
Wool fabric
-~ — — Cotton fabric
80~ O C. I Reactive Blue 18
X C. I. Reactive Red 2
o 60 /x’
& ’_._O
g // —
3 s T
40 x’ 2
7 P -~
Ve v
ond
/ 0O
20— 94
/4
7,
| 1 1 1
100 200 300 400

Duration of irradiation, h

Figure 3 — Fading of reactive dyes on woal and cotton
caused by u.v. irradiation

The change in proportion of certain amino acids in
uncoloured wool on irradiation (Table 6) was a conse-
quence of photo-oxidative and hydrolytic degradation in
the presence of moisture. The direct photo-oxidation of the
peptide bond leads, through an intermediate product, to
the formation of new N-terminal groups. Partial oxidation
weakens the resistance of wool to hydrolysis. Relative
proportions of amino acids could be changed either by
dyeing or by irradiation, and by the interaction of these two
treatments; these various changes are given in Table 7.

Onirradiation the proportion of monoamino dicarboxylic
acids, arginine and non-cyclic hydroxyamino acids
increased, but of the latter the amount of serine increased
only in dyed wool. At the same time the proportion of cyclic
amino acids {with the exception of histidine), sulphur-
containing amino acids, leucine, serine and valine
decreased in uncoloured wooi. In dyed wool only the prop-
ortion of cystine, tryptophan and tyrosine decreased.

Dyeing promoted an increase in proline and a decrease in
alanine, aspartic acid, iso-leucine, leucine and lysine. Sub-
sequent irradiation increased proline, serine and glycine,
while decreasing the proportion of alanine, aspartic acid
and lysine.

The amino acids leucine, iso-leucine, methionine, serine,
tyrosine and valine were protected against photo-
degradation by dyeing. On the other hand the photo-
degradation of threonine was enhanced.

TABLE 6

Amino Acid Composition of Undyed Wool and Wool Dyed
with C.l. Reactive Blue 19 Before and After U.v. lrradiation

Amount of amino acid per 1 g wool {mg)

Undyed Dyed

Amino acid Before After Befare After
Alanine 39.97 38.37 36.02 36.48
Arginine 94.02 115.55 96.94 117.19
Aspartic acid 60.11 80.85 48.10 65.78
Cystine 113.18 88.19 111.19 85.47
Glutamic acid 133.69 145,54 127.55 138.49
Glycine 44.15 44,22 44.26 51.82
Histidine 8.42 8.01 8.06 8.09
Iso-leucine 21.99 21.66 19.39 23.31
Leucine 83.32 70.98 73.05 75.75
Lysine 30.44 30.00 27.97 28.19
Methionine 8.39 5.44 7.04 7.08
Phenylalanine 33.22 3044 31.98 31.68
Proline 61.10 61.19 73.49 74.94
Serine 96.97 75.45 97.10 103.61
Threonine 49.36 56.91 49.09 51.60
Tryptophan 10.78 9.59 10.77 9.19
Tyrosine 48.16 38.16 47,79 41.27
Valine 40.34 36.19 38.55 37.63
TABLE 7

Changes in Amino Acid Composition

Amino acid

Effect

In undyed wool

In dyed wool

Increases after
irradiation

Decreases after
irradiation

Increases after
dyeing

Decreases after
dyeing

Dyeing prevents
photodegradation

No change

Arginine
Aspartic acid
Glutamic acid
Threonine

Cystine
Leucine
Methionine
Phenylalanine
Serine
Tryptophan
Tyrosine
Valine

Glycine
Histidine
iso-leucine
Lysine

Arginine
Aspartic acid
Glutamic acid
Serine
Threonine

Cystine
Tryptophan
Tyrosine

Glycine
Proline
Serine

Alanine
Aspartic acid
Iso-leucine
Leucine
Lysine

Iso-leucine
Leucine
Methionine
Phenylalanine
Serine
Threonine
Tyrosine
Valine

Histidine
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Neither irradiation nor dyeing changed the proportion of
histidine. Moreover in uncoloured wool irradiation did not
change the proportion of glycine, iso-leucine, lysine and
proline.

CONCLUSIONS

1. Only the proportion of histidine remains unchanged
after dyeing, irradiation or their interaction.

2. A decrease in proportion of an amino acid arises from
photodecomposition.

3. Anincrease in proportion of an amino acid can be often
traced back to a change in compaosition caused by the
decomposition of other amino acids.

4. The linkage or other interaction of the dye protects iso-
leucine, leucine, methionine, phenylalanine, thyrosine
and valine against degradation by irradiation, while it
promotes the photodegradation of threonine.

5. The reactivity of methionine is noteworthy, and needs
further investigation.

6. Amino acids containing side-chain groups can be
assumed to be suitable for reaction with reactive
dyes [10,121.

This investigation into the role of amino acids in dyeing
wool with reactive dyes will be continued with other dyes.
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DISCUSSION SESSION

Dr R J Harwood (Scottish College of Textiles)

in your study the dyes used varied both in the reactive
group and the nature of the chromophore. Have you under-
taken any work in which the reactive group has been varied
but the chromophoric group was kept constant?

Prof. Rusznak
We intend to continue our studies with dyes having the
same chromophoric groups and different reactive groups.

Dr S B Sello (Polytechnic Institute of New York)
A given disperse dye often exhibits different light fastness
on polyester and nyton. Do you expect that the difference in
light fastness is due to the fact that nylon is a u.v. degrad-
able fibre and polyester is not u.v. degradable?

Prof. Rusznék

This may be one of the reasons. There are, however, dyes
that exhibit good light fastness on nylon in spite of the u.v.
sensitivity of the fibre.

Mr W Beal (Ciba—-Geigy Dyestuffs and Chemicals)

1. Under what conditions of relative humidity were your
tests carried out?

2. What happens if the r.h. is increased so that the fibre is
actually wet?

Prof. Rusznak

1. All the tests were carried out at 65% r.h. and at 20°C.

2. We did not repeat our test at higher r.h. values. Itis quite
likely that the peroxides would be formed more readily
in a wet system. Consequently an increase in degrada-
tion might be expected.

Dr K H Peters {Bayer AG, Fibres Division)

You described the photodegradation of wool under the
influence of light and oxygen in connection with reactive
dyes. | have aiso found that dyeing synthetic-polymer
fibres with cationic or disperse dyes can lead to degrada-
tion. Is it possible to adapt the conclusions of your work to
these processes under the influence of u.v., visible and
infra-red light?

Prof. Rusznak

Generally two types of changes, either separately or
together, may occur when dyed fibres are subjected to the
influence of light and oxygen: degradation of the fibre-
forming polymer and degradation of the dye. Under certain
conditions dyes act as catalysts in the degradation of the
fibre, without fading themselves. In some other cases fad-
ing also occurs, without simultaneous depolymerisation of
the fibre. In the most extreme cases degradation occurs in
both components. It is rather difficult to forecast what
might happen in newly composed dye—fibre systems.
Formation and quenching of radicals control the reactions
of photodegradation.
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