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Disazo dyes derived from the disodium salt of chromotropic acid and their chelates with metal ions
were applied on polyaster, polyester/cotton and polyester/wool blend fibres as disperse dyes. The
fastness to washing, perspiration, rubbing and light of the resultant dyeings were measured. The
bonding of dye or its complexes to the fibre and the effect of substituent groups on the coiour fastness

of the dyes are discussed.

INTRODUCTION

In 1977 the Society of Dyers and Colourists published

recommended methods for assessing the dyeing

properties of disperse dyes on polyester [1]. It was pointed

out that the dyeing process can be divided into three

distinct steps:

(a) Transport of dye through the dyebath to the fibre
surface

(b) Adsorption of the dye at the fibre surface

{c) Diffusion and adsorption of the dye within the fibre
[2].

Obviously different dyestuffs give different fastness
performance [3-6]. The chelation of the dyestuff with
metal ions also plays an important part in determining
fastness [7-9].

The purpose of the present investigation was to study
the fastness of disazo dyes derived from chromotropic
acid on polyester, polyester/cotton and polyester/wool,
and comparing their fastness before and after chelation
with various metal sulphates.

EXPERIMENTAL
Disazo dyes were prepared as described previously
[10,11], and crystallised by the recommended method [12].
The purity of the resulting disazo dyes was confirmed by
elemental analysis. The disodium salt of disazo dyes used
in this study have the structures shown in Figure 1.
The following fabrics were used:
(a} 100% polyester (150 g/m? 70/2 denier), supplied by
Economic and Developing Co., Egypt.
(b) 50:50 polyester/cotton, mill scoured and bleached (118
g/m?), supplied by Misr Ei-Mehalla Co., Egypt.
(c} 55:45 polyester/wool, mill scoured and bleached (150
g/m?), kindly supplied by Misr El-Mehalla Co., Egypt.

Disazo disperse dyes were applied by the following
methods [13]:

(a) Polyester High-temperature dyeing at pH 34

(b) Polyester/cotton The sample was entered in the
dyebath (liquor ratio 90:1) containing dye for 2%
shade at pH 3-4 in the presence of 4 ml nonionic
dispersing agent (Egyptol BLM, supplied by Egyptian
Starch Products and Yeast Co.). The dyeing
temperature was raised to 90°C over 15 min and from
90 to 130°C over 20 min. Dyeing was continued at this
temperature for 30 min, then the temperature was
lowered to 50-60°C, the sample was withdrawn and
the calculated quantity of sodium hydroxide and
hydrosulphite was added to the bath, and dyeing
continued at this temperature for 45 min. The sample
was finally soaped.

(c) Polyester/wool Samples were dyed at the boil at pH
4.0-4.5 with disazo dyes, as previously described [14].

Metal complexes were formed on all the dyed substrates
by aftertreating the dyeing with a 5% solution of
manganese(it), iron(iu), cobalt(r), nickel(n) or copper(u)
sulphates {under slightly alkaline conditions using
ammonium hydroxide solution) for 30 min at 100°C. The
samples were then dried and the fastness measured.

The shades obtained on the various substrates are
described in Tables 2—4. Fastness testing was carried out
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ta X=H 1f X =mOCH, 1k X=0-COOH
th X=0-0OH 1g X=p-OCH;, 1l X=m-COOH
1c X=mOH th X=o0NO, im X=p-COOH
1d X =p-OH i X=mNO,
e X=0-0CH, 1i X=pNO,

Figure 1 Structure of disazo dyes used in the present study
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Table 1 Properties‘ of disazo dyes and their light fastness on according to BS1006/1SC105 standard methods. The
polyester and blend fibres colour fastness data for ISO2 washing, alkaline
) . perspiration, rubbing and light fastness of disazo dyes are
Light fastness listed in Tables 2-4.
Amax EGJ(C
Dye Polyester Polyester/cotton Polyester/wool (nm)  (eV) RESULTS AND DISCUSSION

The light fastness of the dyes was found to depend on the

1a 5 3-4 4 505  2.46 ; ! :
b 4 3 3 545  2.28 influence of the substituents on the electron density
le 3 2 2-3 550  2.26 around the azo group. The light fastness values of dye 1a
_}: :_5 gj’ Z g?g 32} on polyester, polyester/cotton and polyester/wool fibre
1 34 2 o 3 518 2.40 were 5, 34 and 4 respectively. By introducing an electron-
1g  4-5 3 34 513 242 donating group (dyes 1b-1g) theses values decreased,
Th 7 6 67 486 255 while with electron-accepting substituents (dyes 1h-1m)
1i 6 5 5-6 468 2.49 the effect d (Table 1

11 67 5 P 490 253 € effect was reverse ( able ). .
1k 7 6 6-7 480  2.59 A correlation between light fastness and dye absorption
n 67 4-5 6 490 253 spectra was attempted. This showed that n—n* electronic
im 67 5-6 6 483 2.57

transitions were an important parameter in determining
the stability of the system. It seems that the light fastness

a Acceptable 5-7; not acceptable 14

Table 2 Fastness properties of applied disazo dyes on 100% polyester fibres

1SO2 washing? Alkaline perspiration® Rubbing?
Staining Staining Staining
Colour Colour

Dye Colour change Cotton  Wool change Cofton  Wool Dry cotton ~ Wet cotton
1a Orange 3 2-3 3 4 3 3-4 4 3
1b Violet 34 3 4 3 2-3 2-3 4 4
1c Pink 3 2-3 2-3 4 3 4 4 4
1d Reddish-violet 3 3 3 4 4 4 4 4
1e Pale orange 3-4 3 3-4 3 4 4 4 34
11 Reddish-yellow 3 4 4 3 34 34 34 34
1g Pale red 34 4 4 34 4 4 34 3
1h Red 4 4 4-5 4 4-5 4-5 4-5 4-5
1i Orange 3 4 4 4 4 4 4 4
1j Reddish-orange 3-4 4 4 4 4 4 4 4
1k Yellowish-red 2-3 34 4 4 4 3-4 3
1l Golden yellow  2-3 3 3 3 34 4 3 3
im  Yellow 2-3 3 3 34 4 4 3 3
a Acceptable 3-5; not acceptable 1-2

Table 3 Fastness properties of disazo dyes on polyester/cotton blend fibres

1SO2 washing Alkaline perspiration Rubbing
Staining Staining Staining
Colour Colour

Dye  Colour change Cotton Wool change Cotton Wool Dry cotton Wet cotion

1a Yellowish-red 1-2 2 2 2-3 2-3 2-3 2 2

ib Violet-red 2 2 2-3 2 2 2 3 3

1c Reddish-violet 2 1-2 1-2 2 2 2 3 3

1d Violet 1-2 1-2 2 2 2 2 2-3 2-3

1e Pink 2 2 2 2 2 2 2 2

1f Orange-yeliow 2 2 2 2 2 2 2 2

1g Golden red 2-3 2 2 2 3 3 2-3 2-3

1h Deep red 34 3 3 3 34 34 3 3

1i Orange-red 3 3 3 3 3 3 3 3

1j Reddish-yellow 3 3 3 2-3 3 3 3 3

1k Pale red 2 2 2 3 3 3 2 2

1 Golden yellow i-2 2 2 2-3 2 2 2 2

im  Goldenyellow  1-2 2 2 2-3 3 3 2 2
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Table 4 Fastness properties of disazo dyes on polyester/wool blend fibres

1802 washing Alkaline perspiration Rubbing
Staining Staining Staining

Colour Colour
Dye Colour change Cotton Wool change Cotton Wool Drycotton Wet cotton
1a Red 2 2-3 2-3 3 3 3 3 2-3
1b Deep violet 3 3 3 2-3 2 2 34 34
1¢ Orange 2 2 2 3 3 3 3-4 34
1d Pink 2 2 2 3 3 3 3 3
1e Deep red 2-3 3 3 3 3 3 3 3
11 Orange 3 3 3 3 3 3 2-3 2-3
1g Red 3 3 3 3 3-4 34 3 3
th Blood red 4 4 4 4 4 4 4 4
1i Pink 3 3 4 34 3—4 34 34 34
1j Violet-red 3 3-4 34 3 34 34 34 3-4
1k Pale red 2-3 3 3 3 4 4 3 3
1l Reddish-yellow 2 2-3 3 3 3 3 2-3 2-3
im Reddish-yellow 2 2-3 2-3 3 34 34 2-3 2-3

was related to the ease of excitation of the n system on the
azo group [3]. The excitation energy (E,.) was calculated
for the first or second n-n* transition and the corres-
ponding light fastness for the dyes [15]. From this it was
apparent that compounds with higher E.. values
possessed good light fastness (Table 1).

The fastness to ISO2 washing, alkaline perspiration and
rubbing for the dyes studied on the three substrates
(Tables 2—4) decreased in the order: polyester > polyester/
wool > polyester/cotton. The highest values were actually
observed for the red dye 1h.

The treatment of dyed polyester, polyester/cotton or
polyester/wool with a 5% solution of metal sulphates for
30 min at 100°C showed that metal-complex formation
with Mn(n), Fe(u1), Co(u), Nifn) or Cu(n) ions improved the
fastness to washing, perspiration, rubbing and light for all
dyed polyester fibres, when compared with the corres-
ponding unmetallised dye on the same substrate. This
indicates that metal-complex formation strengthens the
bonding between the dyes and the active group centres
on the fibres (Table 5). Rubbing fastness was unaffected by
aftertreatment with metal salts, except for chelates of dyes
1k1m that gave a rating of 4 on the fibre blends.

Aftertreatment of the dyeings with sulphates of Fe(m),
Co(n) or Ni(n} increased the colour yield on all substrates
compared with that for the unmetallised dye. When
Mn(i) or Cu(n) sulphate was used, however, the dyeings
changed colour to bluish-violet or blue respectively. This
suggested that dye-metal complex formation was more
significant than dye-fibre bonding under these
conditions.

Aftertreatment of the dyeings on all substrates with
sulphates of Fe(m), Co(n) or Ni(r) enhanced the fastness to
washing and alkaline perspiration to ratings of 4-5 in
respect of change in colour and staining of adjacents. This
indicated that the dye-fibre bonding forces were
markedly stronger for the aftertreated dyeings than for

Table 5 Cumulative data for applied metal ions used in chelation on
light fastness of dyed blend fibres

Light fastness
Dye 1a 1b 1c 1d 1e 1f 1g 1h 1i 1j tk 11 1m
Polyester
Mnw) 56 5 5 5 5 4 5 676 6 6 6 6
Fe(m) 7 vy 7T r v 77 7 77 77 7
Co) 6 &6 6 6 6 6 6 7 6 677 7 7
Ny 6 566 6 6 6 6 7 6 6 7 7 7
Cuy 6 5 5 5 6 65 6 6-76 6 6 6 6
Polysster/cotton
M) 4 4 4 4 &5 4 5 6 5 5 6 5 5
Fe) 6 6 7 6 €€ &5 6 7 6 7 7 7 7
Co) 86 &6 B8 6 6 5 6 7 6 6 6 6 6
Niwp 6 5 6 6 565 6 6 5 6 6 6 6
Cuy) 5 4 5 5 5 45 6 5 5 6 5 8
Polyeaster/wool
My 4 4 4 4 4 4 5 6 6 6 6 6 6
Fem) 6 6 6 6 6 6 7 7 7 7 7 7 7
Con) 86 6 6 6 6 6 6 7 7 7 7 7 7
Nipy 5 6 5 6 5 5 6 7 6 7 7 6 6
Cump 5 5 4 5 5 4 5 6 6 6 6 6 6

the corresponding unmetallised dyes, thus retarding
removal of the metal-complex dyes in washing or
perspiration tests.

CONCLUSION

The disazo dyes studied were easy to prepare and cheap
in price. It has been shown that the depth of colour that
they can achieve on the fibre depends on the nature of the
disazo dyes derived from disodium salt of chromotropic
acid. The addition of metal ion improves fastness on all
dyed polyester/cotton or polyester/wool, and also
improves the light fastness for all dyed samples.
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