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Silk and nylon or silk and polyester were successfully dyed in a common bath with
disperse azo dyes Red 1, MHAB and Red 19, which are different in substituent amino
groups. The adsorption isotherms of these dyes for silk and nylon were of the partition
type. The uptake of these dyes was efficient in the order of nylon > silk > polyester.
The adsorption isotherm of Orange 3 for silk and nylon was of the Freundlich type. The
adsorption of this dye at the concentration of 2.0 X 1075 M at pH 6 at 100°C was almost
equal between silk and polyester. The rate of dye uptake by silk and nylon was higher
as the dye was lower in inorganicity/organicity-value, i.e.'more hydrophobic.
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hydrophobicity

Recently consumption of silk is recovering
owing to its excellent properties, which have
been further improved by blending silk with
natural and synthetic fibers. In this connec-
tion, it is necessary to develop techniques for
dyeing constituent materials of blends simul-
taneously in the same bath. The authors have
succeeded in dyeing silk together with nylon
using disperse dyes having a malonic acid
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residue (DoHMYOU et al., 1992) or reactive
disperse dyes (Doumyou et al., 1990). How-
ever, it was difficult to dye silk and polyester
together in a common bath with the above
dyes to the same extent. This may be due to the
fact that polyester is more hydrophobic than
silk. Recently we found the efficacy of hydro-
phobic dyes for dyeing silk and polyester at
once. The present paper describes the dyeing
of silk/nylon and silk/polyester with a series
of disperse azo dyes.

Materials and Methods

Silk fabrics (14 metsuke habutae) were used
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after scouring in 1.0 g/1 solution of a nonionic
surfactant Noygen HC (Daiichi Industrial
Chemical Co. Ltd.) for 30 min at 80°C. The
nylon 6 and polyester fabrics used were
washed in water for 30 min at 80°C and bone
dried. C. I. Disperse Orange 1 and Orange 3
(Table 1) were purified by recrystallizing
commercial products (Mitsui Toatsu Dye Co.
Ltd.) from methanol solution. Other disperse
dyes, DMAB, Red 1, MHAB and Red 19
(Table 1), were synthesized by coupling
diazotized p-nitroaniline with N,N-disubsti-
tuted aniline. The characteristics including
the structures of the dyes are shown in Table 1.
The inorganicity / organicity-values (I1/0-
values) of Orange 1, Orange 3, DMAB, Red 1,
MHAB and Red 19 were calculated to be 0.50,
0.57, 0.65, 0.77, 0.81 and 1.03, respectively,
using previously reported formulas (Kuroki,
1974). The dyes were each solubilized at differ-
ent concentrations in 2 ml ethanol and 200 ml
0.01 M acetate buffer, pH 6, and allowed to
stand overnight at a constant temperature (70,

Table 1. Disperse azo dyes used.

80 or 90°C). Silk (0.1 g) and nylon (0.1 g), or
silk (0.1 g) and polyester (0.1 g), were im-
mersed together in the dye solution until equi-
librium was reached as far as possible. After
dyeing, the fabrics were extracted with 50%
dioxane solution. Each extract was diluted
with 50% dioxane to a total volume of 100 ml.
The dye concentration of the solution was
determined by colorimetry by using U-1100
type Hitachi spectrophotometer and the
amounts of ahsorbed dyes were calculated. To
measure time course of dyeing, 25 ml of dye
solution was pipetted into a measuring flask
while the solution was hot and diluted with
dioxane to a total volume of 50 ml and the
concentration of residual dye was determined
by colorimetry.

Results and Discussion

The adsorption rates of disperse azo dyes
onto silk and nylon, or silk and polyester,
immersed together in the same bath were
measured at 70, 80 and 90°C. Fig. 1 shows

1(3Cyel Die. Chemical structure Molecular Inorganicity/ Abbre-
peésé) weight organicity viation
Orange 1 O0;N~O-N= N~O- NH O 318.33 050  Orangel
CHs
OzN—@—N:N—@—N< 270.29 057 DMAB
CHs
Orange3 O:N-O-N=N-O-NH; 242.24 065  Orange3
CzHs
Red 1 OzN@—N=N—@—N< 314.34 077  Redl
CH;CH;0H
ON-ON=N-O N<CH3 300.32 081 MHAB
CH:CH;0H
CH;CH;0H
Red 19 ozN—@N:N@N< 330.34 1.08  Red 19

CHyCH0H
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Fig. 1. Adsorption isotherms of Disperse azo dyes on silk and nylon or silk
and polyester at pH 6. Open symbols for A to H indicate silk. Solid symbols for
A, C, Fand G show nylon and those for B, D, F and H show polyester. Circles,
at 70°C; triangles, at 90°C. Plots at 80°C were omitted. Dyes used were Red 1
(A,B), MHAB (C,D), Red 19 (E,F) and Orange 3 (G,H).
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typical results. The adsorption isotherms of
Red 1, MHAB and Red 19 on silk/nylon and
silk/polyester were of the partition type (from
A to F). The rates of uptake of these dyes by
the fabrics were in the order, nylon > silk >
polyester. Red 19 failed to be adsorbed onto
the fabrics, in particular polyester, owing to

the high hydrophilic character of the dye. On
the other hand, the adsorption isotherms of
Orange 8 on silk/nylon and silk/polyester
were of the Freundlich type (G and H). This
might be explained by the aggregation of the
dye in the fibers. The uptake of Orange 3 by the
fibers was efficient in the order of nylon >

Table 2. Thermodynamic parameters for adsorption of disperse azo dyes on
silk, nylon and polyester at pH 6.
. Temp. K —Ap® AH A
Dye ot 0 /g (keal/mol) (kcal/mol) ()
) 0 1.16 5.68 -845  -8.19
Bille 90 0.59 5.52
k0] 1.91 6.58 910 740
Nyloii %0 0.92 6.44
Red 1
s 0] 113 5.66 —9.09  —10.02
Sitk 90 054 5.46
70
Polyester %0
’ 70 0.7 5.39 703 —4.80
Rills 9% 0.43 5.30
— 70 1.24 6.29 -716  -2.57
Y 90 0.69 6.24
MHAB
il 70 0.66 5.29 -5.64  —0.99
90 0.42 5.27
k0l
Polyester B
) 0] 0.28 470 -7 =707
Silk 90 0.16 456
Nyl 70 0.48 5.65 -837  —8.00
v.on 90 0.25 5.49
Red 19
" 70 0.27 4.69 -7.09  -7.04
=ik 90 0.15 455
70
Polyester 90
) 70 0.53 5.14 650  -3.82
Sk 90 0.31 5.06
Nyl 0 0.86 6.04 712 -3.18
yion 90 0.49 5.98
Orange 3
Silk 0 0.50 5.10 -752  -7.06
g 90 0.27 4.96
Polyester u
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Fig. 2. Time course of dyeing with C. I. Disperse Orange 3 at a concentration
of 2 x 1075 M at pH 6 at 80°C. Silk and nylon (open circles and solid circles,
respectively) or silk and polyester (open squares and solid squares, respec-

tively) were treated simultaneously.

polyester 2 silk. The amounts of all dyes
adsorbed to silk and nylon were high at low
temperature. This was in contrast to the re-
sults of polyester in which the uptake rates
were high at high temperature. Namely, dye-
ing equilibrium was attained in the case of
silk/nylon but not in the case of silk/polyester
under the present experimental conditions.
Probably this is ascribed to the compact struc-
ture of polyester. The profiles for the adsorp-
tion isothermsof Orange 1 and DMAB on
silk/polyester were omitted since these dyes
were undissolved. The uptake of these dyes did
not increase even when large amounts of the
dyes were used. The thermodynamic param-
eters for adsorption of the disperse azo dyes
on silk and nylon were determined using the
data shown in Fig. 1. The partition coefficient
K, estimated from the slope at the lower dye

concentration ranges in Fig. 1, is equal to
[D14/[D1,V, where [D]; means the dye uptake,
[D]; indicates the concentration of free dye
and V is the internal volume of a fiber. The
values of V are 0.281 1/kg for silk (KANAMARU,
1959) and 0.122 1/kg for nylon (OxkaBe and
IwaTaRE, 1988). Although the adsorption
isotherms of Orange 3 was of the Freundlich
type, the apparent values of X for this dye
were also determined for comparison, The
affinities of adsorption (—A £°) were deter-
mined by substituting X in the equation —A
#°= RTInK, where R is the gas constant and
Tis a temperature. Standard adsorption heat
(AH°) and standard entropy change (AS®)
were calculated by the following equations:

Au®/T =AH°/T + C (C stands for the
integral constant) and Ap®=AH*— TAS".
The results are listed in Table 2. The values for
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K and — A p°increase as the temperature
decreases. Thus, the adsorption of these dis-
perse azo dyes on silk and nylon were clearly
of an exothermic reaction. The heat of dyeing
ranges from —5.64 to —9.10 keal/mol, and the
entropy decreases. Table 2 indicates that the
affinities of the dyes for silk and nylon are in
the order, Red 1 > MHAB > Red 19. These
dyes are common in fundamental structure
but different in amino group substitution. The
1/0-values of these three dyes increase in the
above order (Table 1). The I/O-values of silk,
nylon and polyester are 4.1 [calculated on the
basis of the content of amino acids in silk
(Suvizu, 1972)], 1.7 and 0.7 (Kuroki, 1974),
respectively. It is likely that the affinity of dye
for silk and nylon increases as the I/0-value
reduces, i.e. the hydrophobicity of the dye
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Fig. 3. Time course of dyeing with C.
1. Disperse Orange 3 at a concentration
of 2 X 107° M at pH 6 at various
temperatures. Silk and polyester were
dyed simultaneously at 80°C (circles),
100°C (squares) or 120°C (triangles).
Open symbols, silk; solid symbols,
polyester.

increases. The affinities of the dyes for nylon,
which is more hydrophobic than silk, are
larger than those for silk. Red 1 and MHAB
with one alkyl group and one hydroxyethyl
group show high affinities for silk and nylon.
This may be due to the hydrophobic property
of alkyl group and the hydrophilic property of
hydroxyethyl group. Red 19, which possesses
two hydroxyethyl groups, shows a low affin-
ity for all the fabrics because of its relatively
high hydrophilicity.

The time course of dyeing of silk and nylon,
or silk and polyester, with Orange 3 in the
same bath was also determined (Fig. 2). An
equilibrium state of silk dyeing was attained
for about 120 min at 80°C. Beyond this time the
dye uptake by nylon and polyester increases
further. The curves for dyeing time course of
silk and polyester simultaneously with Or-
ange 3 at 80, 100 and 120°C are shown in Fig. 3.
The extent of dye uptake by silk and that by
polyester are almost equal to each other at
100°C. These results suggest that silk and
polyester can be dyed by the common bath
method using Orange 3 at pH 6 at 100C.

In conclusion, the present study shows the
possibility that silk and nylon or silk and
polyester can be dyed simultaneously at a
constant temperature using the disperse azo
dyes Red 1, MHAB, Red 19 and Orange 3,
which resemble each other in the fundamental
structure but differ in the substituent amino

groups.
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