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This paper describes, in rwo parts, the action in aqueous
solution of an amphoteric product, Albegal B (CG Y)onan
a-bromoacrylamide reactive dye in the absence and in the
presence of wool. The first part describes the effect of Albegal
B, and of some inorganic compounds, on the aggregation of
the dye in solution. A complex less soluble than the d 've was
observed in the initial stage, and ar higher concentrations o f
Albegal B a slight tendency for the complex to redissolve. In
the second part, the effect of Albegal B on the absorption on,
and reaction with, wool of CI. Reactive Yellow 39 is examined
using a rotational central plan of experiments. Investigation of
the effects of dye concentration and temperature showed the
existenice of optimum concentrations of Albegal B, where
absorption and reaction of the dye are at @ maximum, Possible
mechanisms of interaction in the dyeing process are discussed.
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Introduction

Reactive dyes have been in use in wool dyeing for some time.
They provide high wet-fastness, owing to the covalent link
formed between the dye and the fibre, but levelling agents are
required in order to avoid unlevel dyeing, i.e. fibre selectivity
and skitteriness. The most suitable levelling agents are
amphoteric compounds, e.g. Albegal B. Biihler and Casty [1]
and Mosimann [2] have studied the effect of the concentra-
tion of Albegal B on the absorption of a-bromoacrylamide
reactive dyes by wool. Cegarra er el [3] have made an
extensive study of the same system using Hercosett 57-treated
wool. They found that there are some differences in behaviour
between treated and untreated wool, as indicated previously
by Mosimann [2].

In the present work, the effect of Albegal B on the dyeing
behaviour of an a-bromoacrylamide reactive dye has been
studied using untreated wool. The paper is divided into two
parts covering (a) interactions between dye and amphoteric
compound and other chemicals in solution and (b) the
influence of Albegal B on the absorption of the dye and its
reaction with wool.

Experimental
MATERIALS

Dye
The dye used throughout was Lanasol Yellow 4G (CGY) (C.L
Reactive Yellow 39).

Auxiliary Product and Chemicals

The auxiliary product employed was Albegal B, an amphoteric
levelling agent. Sodium sulphate, ammonium sulphate and
acetic acid were used as dyeing assistants.



Wool Yarn

Australian Merino wool fibres of 20.5 u diameter were used in
the form of 36.6 2/c tex yarn. Before being dyed, the yarn was
treated at room temperature for 5 min with solvents in the
following order: distilled water, ethanol, diethyl ether.

APPARATUS

A Beckman DK-—2A recerding spectrophotometer was used
for studying the state of the dye in solution and for the
analysis of residual dyebaths.

Dyeings were carried out in vessels immersed in a bath
fitted with a thermostat, the dye-liquor becing circulated
through a cell in the Beckman spectrophotometer.

A Hewlett—Packard Model HP 114 computer was used for
computing the polynomial coefficients in the equation below
and for statistical analysis of the experimental resuits.

METHODS

Stare of Dye in Solution

Ten solutions of Lanasol Yellow 4G, ranging in concentration
from 0.025 to 1.00 g/l, were prepared in twice-distilled water.
A further set of nine solutions contained¢ the dye (0.050 g/1)
and Albegal B, the concentration of the latter ranging from
0.050 to 10.0 g/l. In addition, solutions were prepared (see
Table 3) containing different amounts of dye together with
the amounts of auxiliary product and chemicals recommended
by the dyemaker [4]. The absorption curves of these solutions
were determined by means of the Beckman spectrophotometer

[5].

Dyeing Experiments

Hanks of wool yamn (1.00 g) were dyed, as recommended by
the dyemaker [4], in the presence of 4% ammonium sulphate
(o.w.f.) and 7% sodium sulphate (0.w.f.), the liquor ratio being
100:1. The variables were: time, temperature, pH, concentra-
tion of Albegal B, and concentration of dye. The values of
these variables are indicated in Tabes 1 and 2.

The total amount of dye on the wool was obtained from
colorimetric analysis of the residual dyebaths. Unreacted
absorbed dye was determined by extracting the dyed wool
several times with 25% aqueous pyridine, followed by color-
imetric analysis of the combined extracts.

In order to minimize the number of experiments, a central
rotational plan, already used successfully by the authors
{3.6.7], was selected to determine the influence of the main
variables and the second-order interactions through a quadratic
polynomial equation of the type -
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where by, by, by are the coefficients of the quadratic
polynomial and x;;; are the variables. Y, is the parameter to
be calculated — in the present case, the extent of dye
absorption and its reaction with wool. The number of
experiments required was found to be 32.

In order to evaluate the coefficients of the polynomial Y,,,
it is necessary to code the levels of the 32 experiments, as
indicated by Box and Hunter {8]. The ranges sclected are
given in Table 1.

TABLE 1

Range of Variables in Dyeing Experiments

Level Time Temp. pH  Albegal B Dye
(min) (°C) (% owf) (% ow.f)
X1 X2 X3 Xa Xs
-2 30 65 4.0 0 0.5
-1 45 725 4.5 0.75 1.0
0 60 80 5.5 1.5 1.5
+1 75 875 6.25 2.25 2.0
+2 9 95 7.0 2.5 2.5

The different combinations of variables for the 32 experiments
are shown in Table 2.

TABLE 2

Combinations of Variables for Dyeing Experiments

Experiment x, x, x, X, X,

No.

1 -1 -t -1 -1 1
1 -1 -1 —-1 -1
-1 I -1 -t -1
1 -1 -1 1
-1 -1 1 -1 -1
-1 1 -1 1
-1 1 1 - 1
1 1 I -1 =
9 -1 -1 -1
10 T -t -1
11 -1 to—1
12 1 1 -1
13 -1 -1
14 1 -1
15 —1
16
17
18
19
20
21

22
23
24
25
26
2732
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Results

STATE OF DYE IN SOLUTION

Figure 1 shows absorption curves for aqueous solutions of C.1I.
Reactive Yellow 39 and the effect on them of the time
between preparation and measurement. The effect on the
absorption curve of the dye of adding increasing amounts of
Albegal B is illustrated in Figure 2. Table 3 provides a
summary of the effect on the absorbance of solutions of C.I.
Reactive Yellow 39 of adding dyebath assistants.

ABSORPTION AND REACTION QF C.I. REACTIVE
YELLOW 39 WITH WOOL IN THE PRESENCE OF
ALBEGAL B

Table 4 shows the experimental values from which the
polynomial coefficients were computed. The values corres-
ponding to the experimental conditions, listed in Table 4, were
computed from the following equations:
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Absorbed dye (Y, )
Yl =
54.5948 + 6.0241x, +15.3208x, — 17.5908x; + 2.1083x,
—4.2991x5 — 0.5497x2 +0.2177x3 + 2.5177x; — 1.9185x]
+ 1.3952x§ —0.7775x1 x5 — 0.8050x, x5 — 0.3500x x4
+ 0.0899x,x5 — 0.5799x,x3 + 2.4400x,x4 — 1.0650x, x5
+4.3875x3x4 — 1.3175x3x5 + 2.1250x4x 5 (2)

Reacted dye(Y,)
Y, =

37.6033 + 5.5987x, +15.0971x, — 11.8463x5 +1.1729x4
— 5.0162x5 — 0.0557x% + 1.8004x2 + 1.6942x? — 1.0533x?
+ 1.4242x§ + 0.4793x,x9 — 1.4293x,x; +0.3443x, x4
+ 0.3956)51)6'5 - 3.2881x2x3 + 1.5281X2X4 — 0.8006x2x5

+2.9093x3x4 + 0.1181x3x5 +1.6543x,4x5 3)
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Figure 1 — Effect of time between preparation and
measurement on the absorption spectra of solutions of
C.I. Reactive Yellow 39

The coefficients of multiple correlation found are accept-.
able at 0.9811 for absorbed dye and 0.9845 for reacted dye.
The most significant conclusion, from examination of the
variance, is that the experimental error is small, viz. 1'.064%‘
and 2.955% for absorption and reaction, respectively.

The deviation of the adjustment in the experimental points
is significant, being higher for absorption than for reaction;
this deviation is due to the small experimental error and to the
extent of the levels selected for the variables, which makes it
difficult to obtain a perfect fit within such a large experi-
mental area. This deviation must be taken into consideration
in a discussion of the course of dyeing at the extreme levels of
the experimental field.

Discussion

STATE OF THE DYE IN SOLUTION
Figure 1 shows that the state of the dye in solution does not
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Figure 2 — Effect of the concentration of Albegal B on the
absorption spectrum of a 0.05 gfl solution of C.1. Reactive
Yellow 39

change significantly over a period of 48 h.

In Figure 2, curves 1—4 indicate a marked decrease in
maximum absorbance. Displacement towards higher wave-
lengths when the concentration of Albegal B is increased from
0 to 0.2 g/l implies the formation of a 1:1 complex of the type

(RIN"—Y"+D—S0;-— {R.N'" 0.$—D
-y 3 3 | 3 (4)

Dvye Y™

Amphoteric compound Complex (1)

where (R); represents three alky! groups (R, R', R?)and Y is
a terminal anionic group. At concentrations 0.4 and 0.6 g/l,
apparently, the complex does not change. However, above 0.8
gfl, the absorbance increases slightly and the maximum shifts
to longer wavelengths, possibly owing to redissolution of the
complex.

It is seen from Table 3 that the presence of sulphate ions
reduces the absorbance of the dye, whereas addition of acetic
acid to the solution containing dye and sulphate ions
apparently causes disaggregation. The presence of the electro-
lytes used in the dyeings, and of Albegal B, lowers the
absorbance at all the concentrations of dye studied, thereby
indicating that, under the conditions of industrial application,
Albegal B reacts with the dye to form a complex as shown in
reaction 4.

ABSORPTION AND REACTION OF Cl. REACTIVE
YELLOW 39 WITH WOOL IN THE PRESENCE OF
ALBEGALB

To interpret the influence of Albegal B on the dyeing it is



TABLE 3

Absorbance (at A ax) of Solutions of C.I. Reactive Yellow 39 in the Presence of Dyebath Assistants and

Albegal B
Concn of Solution1  Solution2  Solution 3 Solution 4
Dye Absorbance Absorbance Absorbance Wavelength (nm)  Absorbance
(M at390nm at390nm  at 390 nm
0.025 0.075 0.072 0.071 400 0.069
0.050 0.127 0.123 0.126 400 0.110
0.100 0.228 0.224 0.236 400 0.203
0.200 0425 0.420 0.420 396 0.393
0.300 0.623 0.609 0.618 394 0.586
0.400 0.828 0.814 0.822 393 0.800
0.500 1.042 1.013 1.021 392 1.001
0.700 2.000 1.978 1.986 351 1.940

Additions (% o.w.f.)
Solution 1 — None
Solution 2 — 7% sodium sulphate and 4% ammonium sulphate

Solution 3 — 7% sodium sulphate, 4% ammonium sulphate and 1.5% acetic acid
Solution 4 — 7% sodium suiphate, 4% ammonium sulphate. 1,5% acetic acid and 1% Albegal B

necessary to take into account:

(a) the electric charge associated with the fibre, the dye
and the amphoteric agent, and any alteration in charge
arising from a change in the pH of the dyebath

(b) the nature of the electrostatic linkage — or any other
type of linkage — between fibre, dye and amphoteric
agent

TABLE 4

Experimental and Computed Values for Absorbed and Reacted
Dye

Absorbed dye Reacted dye

Experiment Found Computed Found Computed
No. (%) (%) (%) (%)
1 56.70 50.57 29.30 25.55
2 80.52 74.57 54.52 49.93
3 91.90 89.44 75.72 72.67
4 93.87 39.90 75.78 T1.52
5 24.48 20.28 20.18 18.00
6 25.33 19.62 16.28 13.19
7 32.99 30.78 25.26 23.71
8 60.01 57.97 49.41 47,02
9 47.81 45.85 29.55 27.79
10 64.25 60.78 38.89 36.21
11 82.17 82.19 60.04 58.90
12 97.24 97.44 85.14 83.17
13 21.53 1%.81 13.70 13.43
14 37.50 35.96 27.49 26.39
15 60.94 62.89 45.99 46.43
16 61.52 61.96 48.80 48.33
17 36.85 40.34 23.75 26.18
18 58.28 64.44 42.65 48,57
19 14.34 24.82 9.10 14.64
20 86,93 86.10 72.15 74.99
21 92.84 99.84 60.82 65.07
22 26.83 29.48 19.58 20.68
23 31.23 42.70 22.96 31.04
24 52.95 51.13 35.46 35.73
25 65.63 68.77 49.23 53.33
26 45.06 51.57 29.01 33.26
27 55.99 54.59 38.63 37.60
28 55.99 54.59 39.12 37.60
29 55.79 54.59 39.05 37.60
30 56.50 54.59 40.03 37.60
31 55.95 54.59 38.14 37.60
32 57.01 54.59 39.01 37.60

(c) the extent of aggregation of the Albegal B in the
dyebath and its dependence on concentration.

With regard to (a), the ionization of wool can be
represented [9], according to the pH of the solution as

(NHY)
w/ ny W+
227N (coom)
o+
_NH, NH)
w —W
~coo-  NMCO0OT) 5@3\\‘ _ANH,0H) .
(alee) { n, Tpaw -

™C00-),,
&)

The solubilizing group of C.I. Reactive Yellow 39 is the
sulphonate group, so the dye is completely ionized in solution
and can be represented as D—S0;" Na*

Albegal B is an amphoteric surfactant, used as a levelling
agent in the dyeing of wool with reactive dyes. Analysis
carried out by the method of mixed indicators and ammonium
cobaltothiocyanate [10] indicates the presence of a
quaternary ammonium group and some nonioni¢ groups. The
balancing anionic group is probably a terminal sulphate group

The influence of Albegal B on the solubility of the dye
depends on the molar ratio of the surfactant and dye, as well
as on the solubility, in an aqueous medium, of the surfactant—
dye complex formed; in fact, two types of complex can be
formed [11]. At low concentrations of surfactant, only small
aggregates will be formed, leading to a few molecules of
surfactant being attracted to a dye molecule, thereby reducing
its solubility and so increasing its sustantivity for wool. This
type of complex is represented by

[D——so‘,] [’?}R’:]
Yy

On increasing the concentration of the surfactant, a much
larger complex is formed, viz. a micelle, in which dye
molecules gather at the centre. Formation of this type of

(ny=n, at isoelectric point, viz. pH 4.8)

an
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complex results in more dye being retained in solution and the
amount of dye absorbed by the fibre thus decreases; it is

represented by
(R, D—SO;] [’?‘f’{l il
[ Y]x[ Y X ( )

Since the surfactant and the dye are both strongly ionic, it is
unlikely that any variation of pH will affect the composition
of the complex. It is obvious that electrovalent linking
between fibre, dye and amphoteric agent will depend on the
pH value of the dyebath. If the isoelectric point of wool, i.e.
pH 4.8, is taken as the reference point, the possible reactions
below and above this point are as follows.

Solutions with a pH Below 4.8

At low pH values, absorption of the dye takes place by
electrovalent linking as well as through forces of specific
affinity between the dye and the wool [9]. The latter forces
are indicated by the broken line in reaction 6.

fremnmmnan N
— ¥
NH] o _NHPisor Y NH;TO,5—D
w +D—803 +3 804~ =W + W
~COOH COOH COOH  (g)

This equilibrium is displaced to the right as the pH is lowered
and the concentration of sulphate ions is reduced.

Absorption of dye by the fibre may be counteracted by
complex formation between the amphoteric surfactant and the
dye, as indicated in Eqn 4, substantivity of the dye being
controllable by varying the pH of the dyebath, as indicated in
reaction 5.

Solutions with a pH Above 4.8

At higher pH values, especially above pH 6, dye absorption by
wool is due to specific forces of affinity, these forces being
counteracted by the electronegative character of the fibre,
which becomes stronger as the pH increases. The presence of
Na® cations makes dye absorption easier [9]. This absorption
mechanism is usually expressed as

e rm—aan
v NHOH 1

NH,OH L o en-
7 v D807 = W\Coo‘ D—S03 (7)

~C00™

- and may be modified by the amphoteric compound as follows:

If the compound (at a particular pH) exhibits a cationic
character, it may form an amphoteric agent—dye complex (I),
increasing or decreasing the absorption [11], according to the
molar ratio of dye to amphoteric agent. On the other hand,
the amphoteric agent may be absorbed by the fibre in the
following manner:
~NHOH
~C00™

. _~NH,0H
©RNTYT S coo fim, 8
v-

In consequence, the electrostatic repulsion between the fibre
and the dye decreases, thus favouring absorption of dye.
Absorption is also promoted when the concentration of
Albegal B is increased, owing to the ability of Albegal B to
form micelles, which, having an electropositive charge, can
presumably surround the wool fibres and thereby facilitate the
approach of dye molecules. Whether or not absorption will
increase depends upon whether the force of affinity between
the dye and the fibre is higher or lower than the force of
attraction between the dye and the micelle. This hypothesis is
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summarized in Eqn 9 and 10.

+ +
NH,OH | (R ~MA (R, N
ANHOH | [(R),TtlAY‘] =wl " |l I
~coo- n coo |y ‘o (9)
e o s mm——— h ]
N N ; & 5030
_NH,OH NR), NR), _ ¥ NHOH [*NR),JfR)N ;
w{ | I _.+Dp—sos =W | I
Cco0~ Y~ Y™ oo, CO0- Y- v =
(10)

However, Cegarra et al., in a study carried out with Hercosett
57-treated wool and a-bromoacrylamide reactive dyes [10],
found no evidence to suggest that Albegat B had any effect on
the reaction of the dyes with the fibre.

In order to shed further light on the results at present
available, a study was made, as follows, of the interrelationship
between the concentration of the amphoteric agent and other
variables of the dyeing system.

Albegal B Concentration and pH
The results illustrated in Figures 3 and 4 were obtained using
1.5% dye (o.w.f.) applied at 80°C for 1 hat different pH values
and with different concentrations of Albegal B. The family of
curves illustrated in Figure 3 relates to absorbed dye and the
curves in Figure 4 to reacted dye.

Absorbed dye, %

9 03 1 1% Z
y Albegal B, %

28

Figure 3 — Absorption of C1. Reactive Yellow 39 by woolasa
function of pH and concentration of Albegal B

It is evident from Figure 3 that an increase in pH decreases
the absorption of dye and that this effect is less marked as the
concentration of Albegal B is increased. The linkase between
the dye and the fibre (Eqn 7) is clearly pH-dependent.

Further consideration of the effect of the concentration of
Albegal B on the absorption of the dye by the fibre indicates



the existence of two zones, viz.
{a) a zone between pH 4.3 and 5 where absorption of dye
is at a maximum for a given concentration of Albegal B.
The concentration of Albegal B required to obtain
maximum absorption increases as the pH increases. At pH
6.5, on the other hand, increase in dye absorption resuiting
from an increase in the Albegal B/dye ratio can be
accounted for by a decrease in the negative potential of
the fibre (see Eqn 8) or by the formation of micelles which
facilitate increased absorption of dye (see Eqn 9 and 10).

(b) a zone covering pH values above 5.5, where an increase
in Albegal B concentration results in high dye absorption
— an effect that is even more marked when the pH
approaches 7. Within the limits of pH studied (¢f. Table 1),
Albegal B maintains its cationic character, i.e. up to pH 7,
and its influence can be explained by its action on the
fibre and the dye. With respect to the fibre, Albegal B will
neutralize anionic groups either through simple electro-
static links (Eqn 8) or by the additional action of the
amphoteric compound and its micelles at high ¢oncentra-
tions (Eqn 9 and 10), thereby promoting high absorption.
With respect to the dye, the statement above regarding the
formation of a complex is still valid, and the result is either
an increase or a decrease in the absorption of the dye,
depending on the surfactant/dye ratio. The combined
influence of the different effects tends to produce an
increase in absorption when the Albegal B concentration
rises, but there is a tendency for the absorption to decrease
at the highest concentrations of Albegal B, owing to the
solubilizing action of the micelle on the dye.

Within the experimental limits, the optimum concentra-
tions of Albegal B for obtaining maximum absorption of dye
at different pH values are as shown in Table 5.

TABLE 5

Optimum Concentrations of Albegal B at Different pH Values

pH Albegal B Max. absorption
(% o.w.f.) (%)

40 0.50 100

4.5 0.75 85

5.0 1.25 67

5.5 1.50 54

6.0 2.00 47

6.5 2.50 43

Detailed study of the results of the reaction of the dye
with the fibre (Figure 4) indicates that the percentage of
reacted dye shows the same pattern as that of the absorbed
dye, the same concentrations of Albegal B giving maximum
absorption and maximum reaction. Hence reaction is basically
determined by the quantity of dye absorbed. At the higher pH
values, the percentage of the dye absorbed and reacted with
the fibre increases slightly with low concentrations of Albegal
B.

Albegal B Concentration and Dye Concentration
Figure 5 illustrates the values obtained for dye absorbed after
dyeing at 80°C and pH 5.5 for 1 h, using different concentra-

- é .
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Reacted dye, %

70
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I Albegal B, %
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Figure 4 — Reaction of C.1. Reactive Yellow 39 with wool as a
function of pH and concentration of Albegal B

tions of Albegal B and dye.

It is known that by increasing the concentration of Albegal
B up to 1% o.w.f. absorption of the dye increases and levelling
is improved. A further increase in concentration of Albegal B
leads to lower exhaustion of the dyebath [2]. From the results
illustrated in Figure 5, it is evident that for each concentration
of dye there exists a particular concentration of Albegal B
which produces maximum absorption. The values in the third
column of Table 6 were derived from Figure 5; they are very
close to those recommended by the dyemaker.

The response surface for the reaction of the dye with the
fibre (Figure 6) is similar to that obtained for absorption
(Figure 5). The percentage of reacted dye is lower than the
percentage of absorbed dye, mainly owing to the choice of
temperature and pH, which was governed by the need for
graphic representation. It is unlikely that the presence of
Albegal B affects the reaction stage of the process.

Albegal B Concentration and Temperature

The concentration of Albegal B required for maximum
exhaustion is not only a function of the dye concentration,
but also of the temperature, as is seen in Table 6.

The exhaustion obtained at 65°C and 80°C is not
sufficiently high, but at 95°C it is between 92 and 100%.
Table 6 indicates that the concentration of Albegal B required
to achieve maximum exhaustion at each concentration of the
dye increases with the temperature of dyeing. This is to be
expected, since when the temperature is increased the solu-
bility of the surfactant—dye complex (II) also increases.
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Figure 5 — Absorption of CI. Reactive Yellow 39 by wool as a
function of the concentrations of dye and Albegal B
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Figure 6 — Reaction of C.I. Reactive Yellow 39 with wool as a
function of the concentrations of dve and Albegal B
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TABLE 6

Optimum Concentrations of Albegal B for Use with Different
Concentrations of Dye at Different Temperature

Concn of Albegal B (% o.w.f.) giving max.

Concn of dye absorption at
(% o.w.f.) 65°C 80°C 95°C
0.5 0.00 050 0.75
1.0 050 1.00 1.50
1.5 1.00 1.50 2.00
2.0 1.5 200 225
2.5 1.75 225 275

*After 1 h at pH 5.5

Consequently, a high concentration of surfactant is needed at
95°C in order to obtain maximum absorption.

Figure 7 illustrates the values obtained for dye absorbed
after dyeing with 1.5% dye (o.w.f.} for 1 h at pH 5.5, using
different concentrations of Albegal B and different tempera-
tures. The results illustrated supplement those given in Table
6. Each isotherm passes through a maximum for absorption.
The presence of Albegal B increases the rate and extent of
absorption as the temperature rises from 65°C to 95°C. This
increase becomes greater as the concentration of Albegal B
increases, as is indicated in Table 7 for dye absorbed.

Similar behaviour has been reported by Mosimann [2] for
commercial dyeings carried out at different temperatures in
presence and absence of Albegal B. This behaviour is probably

w00
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a0

Absorbed dye, %

70

Albegal B, %

o

Figure 7 — Absorption of CI. Reactive Yellow 39 by wool as a
function of temperature and concentration of Albegal B



TABLE 7

Increase in the Amount of C. I. Reactive Yellow 39 Absorbed
C;oused by Raising the Temperature of Dyeing from 65° to
95°C

Increase in abserption between

Albegal B 65° and 95°C
(% o.w.f) (%)
0 42
0.75 52
1.50 62
2.25 72
100
=
g‘ 00
3
E £
&
70
80

0 o A w2 Jas
o Albegal B, %
L &\0*
&
'\e‘&

P% B

Figure 8 — Reaction of CI. Reactive Yellow 39 with wool as a
function of temperature and concentration of Albegal B

caused by transformation of complex IiI to complex Il as the
temperature increases. A further result is a higher rate of
absorption, as a consequence of the high affinity of complex
H for the fibre.

Figure 8 illustrates the extent of reaction of the dye with
wool under the same conditions as those of Figure 7. Unlike
absorption (Figure 7), for a constant time of dyeing, reaction,
as a function of temperature, follows an exponential-type law.
No unusual influence of Albegal B was observed in this phase
of the process, except for a slight delay in the reaction at high
temperatures on increasing the concentration of Albegal B.

Conclusions

The amphoteric compound Albegal B forms two types of
complex with C.I. Reactive Yellow 39, in the absence and in
the presence of other compounds used in the dyeing process.
These complexes are assumed to exist in 2 state of equilibrium
which depends on the relative concentrations of amphoteric
compound and dye and on the temperature. One type of
complex (11) shows higher affinity for the fibre than for the
dye, whilst the other type (IIT) tends to retain the dye in the
aqueous phase.

This paper indicates that a rotational central plan can be
used for a study of a dyeing process where five different
variables interact, provided that the experimental field does
not include extreme values. Otherwise the fit of the response
surface to the experimental values will not be complete, and
the results must then be considered as being only approximate.

In this study of the interrelationship of Albegal B
concentration with pH, dye concentration and the tempera-
ture, the conditions for obtaining maximum values for dye
absorbed by, and reacted with, the fibre were determined. The
concentration of Albegal B necessary to achieve maximum dye
absorption tends to increase as pH, dye concentration and
temperature increase. No specific influence of Albegal B on
the reaction of the dye with the fibre was observed.

A series of possible mechanisms for the interaction of
Albegal B, wool, dye and pH has been proposed and used to
interpret the behaviour of the dyeing system.

* * *
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