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The behaviour of two surface-active agents (anionic and
cationic) in the dyeing of Hercosett wool with reactive
dyes of the e-bromoacrylamide type has been studied.
The influence of pH, concentration of dye and
surface-active agent. temperature and time on the
percentage of the dye adsorbed and reacted is studied.
Due to the complexity of this subject, a central rotatable
plan of five variables has been used. The results found are
represented in three-dimensional graphs, and are
examined through the possible mechanisms that operate
in the dyeing process, considering the nature of the
anionic and cationic agents used.

INTRODUCTION

Hercosett woel is the name of a non-shrink wool that has
been promoted by the International Wool Secretariat in the
last few years; it is obtained by slight chlorination in an acid
medium, followed by a coating treatment with a polyamide
resin and epichlorhydrin. Woollen garments treated in this
process have good shrink resistance to washing in automa-
tic machines. For this reason, studies on this subject are
nowadays of a great interest.

Investigations in recent years have shown that, as a result
of chlorination treatment and resin coating, Hercosett wool
behaves differently to untreated waol in the presence of
acids and dyes. Also, Hercosett wool presents some level-
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ness problems in dyeing; the way these problems influence
the variables of the dyeing process, as well as the adsorp-
tion and reaction of the dye with the fibre, have been
studied by us [1,2], using an amphoteric surfactant.

This paper deals with the action exerted by one anionic
and one cationic surfactant, as representatives of these
groups, on the adsorption and reaction of
a-bromoacrylamide dyes in the dyeing of Hercosett wool.
The possible mechanisms occurring in the regulation of the
dyeing process are studied. Due to the difficulty of a full
analysis of such a problem, the experiments have been
planned in such a way to enable not only the effects of the
main variables to be studied but also the effects of their
combined interactions. Thus, a factorial plan design has
been adopted [3], already used by us [1], which has proved
very efficient as it covers completely the phenomenological
study.

Plan of Experiments

In order to obtain the maximum information from the least
possible number of experiments, we have adopted a factor-
ial plan design [3], so that from the results we could establ-
ish a response surface corresponding to a quadratic
polynomial, generally represented by Eqn 1:

y:BO-+ 2 B,-Xi'f' z Bj,'X3+ Z B,‘I-X,-Xj (1)
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where Y is the response determined in every experiment
and, in aur case, represents the amount of dye adsorbed or
reacted, B, is the independent term, 8,, 8, and B, are the
coefficients of each monomial, and X the variables (pH,




temperature, etc.}, indices 7 and specify the corresponding
variables. The code used in this paper is:

X, —time

X, —temperature

X,—pH

X, — concentration of surfactant

X, — dye concentration

The central rotatable composite pian of five variables has
been used with a total of 32 experiments corresponding to
six central points {level 0), 10 points in star and 16 factorial
distribution.

Table 1 shows the codes with the actual values.

TABLE 1

Code and Experimental Conditions for the Central Rotat-
able Plan

Levels

Code Variables -2 -~ 0 1 2
X, Time, min 5 20 35 50 65
X, Temperature, °C 30 45 60 75 90
X, pH 4 45 5 55 6
X, Concentration of

surfactants,

% o.w.f.

Cibatex FB 05 15 25 35 45

Lyogen MS 05 15 25 35 45
X, Dye concentration, 025 075 125 175 225

% OWf
EXPERIMENTAL
Materiais
Woo!

Two-ply Hercosett wool yarn of 23.6 tex and afibre fineness
19-20 um was used. To prevent the presence of contamina-
tion interfering with the results, a thorough washing with
ether, alcohol and water was given.

Dye
Lanasol Blue 3G {CGY, C.l. Reactive Blue 69}, a reactive dye
of the a-bromoacrylamide type, was used.

Auxiliary Products
Cibatex FB (CGY), an anionic tenside and Lyogen MS (S), a
cationic tenside, were used.

Conditions and Experimental Technique

Dyeing Conditions

Each test was performed using 2 g of wool with a liquor
ratio of 50:1 in the presence of sodium sulphate (5% o.w.f.)
and ammonium sulphate {6% o.w.f.). The pH of the bath
was adjusted to a suitable value by adding small amounts
of either dilute sulphuric acid or sodium hydroxide solu-
tion.

Dyeings were carried out in a Tincontrol {Renigal), with
constant agitation and the temperature controlied within
+2 degC.

After each dyeing, specimens were squeezed and
scoured with cold water until due loss had ceased. The
wool was then air-dried and the adsorbed and reacted dye
was determined according to the technique described
below.

Table 2 shows the conditions of each experiment.

TABLE 2

Plan of Experiments

Tempera- Dye Concn of

Expt Time ture concn surfactant

No. {min) {°C}) pH (% ow.f.) (% owd}
1 20 a5 4.5 1.75 1.5
2 50 45 4.5 0.75 1.5
3 20 75 4.5 0.7% 1.5
4 50 75 4.5 1.7% 1.5
[3) 20 45 5.6 0.75 1.5
6 50 45 55 1.75 1.5
7 20 75 55 1.75 15
8 50 75 5.5 0.75 1.5
g 20 45 4.5 0.75 3.5
10 50 45 4.5 1.76 3.5
11 20 75 4.5 1.75 3.5
12 50 75 4.5 Q.75 3.5
13 20 45 5.5 1.75 3.5
14 50 45 5.5 0.75 3.6
15 20 75 5.5 0.75 3.5
16 50 75 5.6 0.75 35
17 5 60 5 1.25 2.5
18 65 60 5 1.25 2.5
19 35 30 5 1.25 2.5
20 35 a0 5 1.25 2.5
21 35 60 4 1.25 2.5
22 35 60 6 1.25 25
23 35 60 5 1.25 0.5
24 35 60 5 1.25 4.5
25 35 60 5 0.25 25
26 35 60 5 2.25 25
27 35 60 5 1.25 25
28 35 60 5 1.25 25
29 35 60 5 1.25 25
30 35 60 5 1.25 25
31 35 60 5 1.25 2.5
32 35 60 5 1.25 2.5

TABLE 3

Values of the Regression Coefficients of the Response
Equation

Coefficients Cibatex FB Lyogen MS
of the
Polynomial Adsorbed Reacted Adsorbed  Reacted

8, 96.21 29.45 91.50 28.89
B, 3.81 5.22 2.92 5.14
8, 8.59 17.68 5.06 17.23
B, -0.34 -0.01 ~1.42 0.05
B, -1.20 -0.35 ~2.67 -0.38
B, -4.98 -4.74 -3.98 -4.33
B,, -2.54 -0.70 -1.39 -0.58
8, -3.57 3.0t -1.16 3.22
B, 0.02 -0.09 -0.08 0.40
B, —-0.21 ~0.19 -0.08 0.26
B, -0.70 0.56 -0.7% 0.74
B, -1.75 2.68 -1.24 3.13
B, 0.28 0.06 0.44 0.24
g, 0.34 -0.04 0.48 -0.28
B, 1.13 -0.59 1.24 -0.04
B, 0.33 0.07 0.47 0.38
B, 1.07 0.08 0.13 ~0.48
B, 5.49 -1.70 2.78 -1.75
B, -0.86 0.19 -1.48 -0.12
B, ~0.25 0.10 -0.55 -0.47
B, —0.39 0.1 0.17 —0.06
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TABLE 4

Experimental and Calculated Values Corresponding to Both Adsorbed and Reacted Dye

Cibatex FB Lyogen MS
Dye adsorbed Dye reacted Dye adsorbed Dye reacted

Expt
No. QObs. Calc. Obs. Calc. Obs. Calc. Obs. Cale.
1 66.8 66.8 10.5 9.8 741 74.4 12.7 11.7
2 96.5 96.3 217 21.4 95.6 95.4 20.0 19.9
3 97.9 95.6 459.0 48.3 96.8 95.5 48.8 47.7
4 98.6 100.8 51.6 50.7 96.2 97.1 54.0 53.2
5 91.4 89.0 14.5 14.3 91.9 90.8 16.0 15.8
6 77.3 79.4 13.9 13.5 81.1 82.4 14.8 14.9
7 96.4 96.3 36.7 36.0 92.0 92.2 37.2 36.3
8 99.2 99.0 65.3 64.9 98.0 97.6 66.9 66.9
9 88.1 86.0 14.1 13.8 86.7 85.7 17.7 16.9
10 73.6 76.0 131 12.6 82.6 83.8 16.1 15.5
1 95.5 95.7 364 34.6 88.5 88.7 37.1 35.6
12 99.1 99.2 64.5 64.0 95.2 94.8 63.1 62.4
13 58.3 58.4 9.6 9.2 63.8 64.2 10.9 10.3
14 93.0 93.0 20.0 20.0 87.0 86.9 20.2 20.5
15 97.6 95.4 47.8 47.4 90.4 89.2 48.6 47.9
16 98.2 100.5 51.4 50.8 88.4 89.5 51.6 51.2
17 741 78.4 156.1 16.2 78.4 80.1 14.1 16.3
18 98.0 93.6 36.2 371 93.5 91.8 36.8 36.8
19 64.7 64.7 5.8 6.1 77.2 76.7 7.0 7.3
20 99.1 99.1 75.3 76.8 96.6 97.0 74.3 76.2
21 97.1 96.9 27.7 29.1 94.0 94.0 28.3 304
22 95.4 95.6 28.5 29.0 884 88.3 30.5 30.6
23 97.4 97.8 28.2 29.4 96.4 96.5 29.8 30.7
24 93.3 93.0 27.3 28.0 86.0 85.8 27.8 29.2
25 98.7 103.4 40.8 41.2 93.7 96.5 39.9 40.5
26 88.1 83.4 20.7 22,2 83.3 80.5 21.5 23.2
27 96.1 96.2 30.6 294 91.6 91.5 29.1 289
28 96.2 96.2 29.6 294 915 915 29.1 28.9
29 96.2 96.2 31.2 29.4 91.4 91.5 29.1 28.9
30 96.3 96.2 301 29.4 91.5 91.5 29.2 28.9
31 96.1 96.2 28.1 294 91.3 91.5 28.8 28.9
32 96.3 96.2 28.9 29.4 91.6 91.5 30.2 289

Adsorbed Dye

The amount of dye adsorbed by the fibre was determined
as the difference between the initial amount and the
residual dye in the exhausted bath together with thatin the
washing water.

These values were determined by measuring the optical
densities of agueous solutions containing 25% of pyridine
at 600 nm (maximum adsorption wavelength of Lanasol
Blue 3G), to make sure that Beer’s law was obeyed.

Reacted Dye

The determination of dye reacted with the fibre was carried
out by applying the technique of successive extractions.
For this, 80 ml of pyridine (25%) per gram of fibre was used
atthe boil for 10 min [1]. Eight extractions were required to
remove completely the non-covalently bonded dye. The
amount of dye covalently bonded was then computed by
difference.

RESULTS

On applying the factorial plan of experiments to both the
anionic and the cationic surfactants, we found the values of
the 8 coefficients of the polynomiat of the response equa-
tion; these values are listed in Table 3. Using these coeffi-
cients it is possible to obtain the equation of the response
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surface. As an example, that of Cibatax FB for reacted dye is
quoted:
Y,=29.45 +5.22X, +17.68X, — 0.011X, — 0.35X, —
4.74X, - 0.70X? + 3.01X2 — 0.09X2 — 0.19X2 +
0.56X7 +2.68X, X, +0.08X, X, — 0.04X, X, —
0.59X, X, +0.07X, X, +0.08X, X, - 1.70X, X, +
0.19X, X, +0.10X, X, + 0.11X, X,

Through the equations for adsorbed dye and reacted dye,
the response values in each experimental condition were
calculated for each surfactant; results are shown in Table 4.
The adsorption values above 100%, whilst apparently
absurd, are due to the mathematical adjustment of the
response surface and, when compared with actual data,
they show errors within an acceptable margin for this type
of experiment and polynomial technique.

MECHANISMS

The mechanisms of the mutual interactions between dye,
surfactant, solution and fibre must be considered to enable
the effects of surfactants on the dyeing process with
a-bromoacrylamide to be understood adequately. Obvi-
ously, the ionic state of the system must be one of the main
factors [4], not only for the interactions between the ionised
groups but also for the modifications of the negative inter-
face potential of Hercosett wool [5]. To help interpretation



of the different mechanisms involved in the dyeing
phenomena we have adopted symbols (I-XV} and the
schematic representation (Tables 5 and 6) to show the
simultaneity of the interactions. As the systems are com-
plex, we devised this to indicate and clarify this complexity.
The dominant mechanisms that may intervene in the dye-
ing process are discussed below.

Dominant lonic States

Hercosett Wool
The isoelectric point of Hercosett wool [6] was found to be
very close to a value of five, which is similar to the result
obtained by Algie et al. [7] through determinations of zeta
potential. Therefore, at pH values below 5, the dominant
ionic state will be cationic (l) and at pH values above b the
dominant ionic state will be anionic (ll}.
_NH
HW\
COOH
(n

) _NH,
W
~coo-

(1

Surface-active Agent

Cibatex FB is anionic because of the presence of a sulpho-
nate group; it can be representad by R—SO3. The cationic
character of Lyogen MS is mainly due the quaternary
ammonium group, represented by TNH*. Both surface-
active agents may form secondary complexes by associa-
tion between their associated hydrophobic chains {II):

AVAVAVAVARC)
or OV A A%
NAAVAVEC)

(1)

An increase in the concentration of surface-active agent
gives rise to the formation of micelles {IV}.

[TNH"],

[R—SO;]X
(1V)

Dye
The presence of sulphonate groups gives the dye an
anionic nature, indicated by DSO7.

Interactions and Associations

Tenside—Fibre Interaction
For pH values lower than 5, wool can form ionic associa-
tions with anionic agents {8] (V).
__NHY
HW VALY,
\COOH
{V)

On the other hand, another association [9] can be formed
(v1).

N3 WAAAAD
HW\/ OAAAAN
COOH
Vi)

In both cases, there will be an increase in the interfacial
negative potential of the fibre [10], with a corresponding
decrease in the adsorption of the dye.

With cationic tensides, no ionic interaction is foreseen
due to repulsion. However, it can lead to a hydrophobic
association between tenside and wool, thereby decreasing
the negative potential of the fibre and increasing the dye
affinity (VII).

ANH:
HNT—— = HW.
COOH

(Vi)

At pH values higher than the isoelectric point, the associ-
ation will preferentialiy take place with cationic products
{VIil and 1X}. The farmation of these complexes causes the
decrease of the interfacial negative potential of wool.
Anionic tensides can only form hydrophobic associations
at these pH values (X), leading to a decrease in dye adsorp-
tion due to anincrease in the negative potential ofthe fibre.

NH,
ww DANAN -
™ coo-
(Vi
NH,
HW//’ VIAAND
COO- O SAVAVAVAVAV,
(1X)
NH,
0,5Re—— HW/
€00~
(X)

These mechanisms are in agreement with the results
obtained by Le Compte and Creeley [11], and Weatherburn
and Bayley [12], who found that the amount of anionic
agent adsorbed by wool decreased on increasing pH,
although it increased in the case of a cationic agent.

Tenside—Dye Interaction

Cationic compounds can form two types of complex,
depending on the concentration of the surface-active agent
and the dye. At low concentrations and reduced molar
ratios of tenside:dye, one type of association would be
expected (Xl}). Increase in tenside concentration results in
the formation of micelles which biock the dye (XIl).

[TNH* “SO,-D]
(X1}

[TNH*], [D-SO3] [TNH*],
(X1}

If the tenside is anionic, on increasing its concentration
the ionic strength of the solution also increases with a
consequent reduction in the activity of the dye ion. This
gives rise to a decrease in dye affinity for the fibre and,
hence, to a decrease in dye adsorption. On the other hand,
this decrease in the ionic character of the dye will make the
secondary type affinity forces more effective, with an
increase in the adsorption. According to the relative inten-
sities of these two opposite effects, there will be either an
increase or a decrease in dye adsorption by the fibre.
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Fibre—dye Association

At pH values lower than the isoelectric point of wool, the
dye, due to its anionic character, will associate with wool
through electrovalent links and specific affinity forces [13]
(XIV); while at pH values higher than the isoelectric paint of
wool, the mechanism of the dye adsorption is principally
governed by affinity forces (XV). This adsorption can be
increased by the presence of cationic agents as with
mechanisms Vil and IX,

NH,
“0,5-D — — =HW
~~coo-
IXV)

DISCUSSION

Effect of Cationic Products

The interaction of the surface-active product with wool and
with the dye, indicating the preferential ionic states corres-
ponding to pH values lower and higher than the isoelectric
point of Hercosett wool, have been summarised in Table 5.
Under each ionic state, the possible mechanisms that
would take place are represented by lines. The effect pro-
duced in the adsorption of the dye, taking as a reference
level the amount of dye adsorption at the isoelectric point
of the wool (IP) in the absence of tensides, is indicated with
one, two or three asterisks, representing the relative inten-
sity of this effect.

TABLE 5

Scheme of Reaction of Cationic Products

Anionic
Cationic

46
Surface-active
agent, % o.w.f.

— Cibatex FB

—=- Lyogen MS

Top curves: adsarbed dye Bottom curves: reacted dye

Figure 1 —Relationship between dye adsorbed/reacted, pH
and tenside concentration

Effects produced on the
adsorption of the dye

Preferred ionic states Type of
pH and their interactions mechanism  Type of effect Intensity
Lower /NH*
than IP T NH* HW D-S0;
; “SCOOH
* Vil Increases *
¥ ¥ X1, XIl Decreases *ohx
| M XV Increases i
Higher /NHZ
than IP T NH* HW D-SO7
~coo-
i " Vill, 1X Increases o
\ A X1, X! Decreases e
| I XV Decreases *

Cationic Tenside—pH—Fibre Interactions
Figure 1 shows the variations in the percentage of dye
adsorbed and reacted in relation to pH and Lyogen MS
concentration, the rest of the variables in the central point
being kept constant, i.e. time 35 min, temperature 65°C and
dye concentration 1.25% o.w.f. The results obtained have
been interpreted in the light of the mechanisms studied
previously.

From Figure 1 it can, in general, be said that the percen-
tage adsorption hardly varies over the pH range employed,
due to the extreme basicity and reactivity of azetidinium
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groups in the Hercosett resin. These considerations are in
agreement with the results obtained by Riva [1] on dyeing
both normal and Hercosett wool.

The surface calculated for the interaction between pH,
tenside concentration and percentage of dye adsorbed
indicates that the amount of dye adsorbed does not vary
significantly with respect to the tenside concentration,
when the pH is lower than 4.5. However, a very marked
decrease is observed for pH values higher than 5, and also
on increasing the tenside concentration. This behaviour
can be explained as follows.



On increasing the concentration of the cationic tenside,
the percentage adsorption should decrease at any pH level
due to the formation of a tenside—dye complex (XI}. How-
ever, at pH 5, this decrease is counteracted by the fibre—dye
{XIV) and tenside-fibre (VIl} interactions, giving rise toc a
stabilisation in adsorption for tenside concentrations at pH
vaiues lower than the isoelectric point of Hercosett wool
{Table 5).

For pH values above 5, the decrease in fibre—dye affinity
makes the tenside—dye association more effective (XI), dis-
placing the equilibrium towards the bath, which causes a
decrease in adsorption as the cationic tenside concentra-
tion increases.

Also in Figure 1 a siight increase in the adsorption with
respect to the pH for tenside concentrations below 1.5%
o.w.f. can be observed, and a decrease in the adsorption for
tenside concentrations higher than 2.5% o.w 1.

According to the mechanisms expressed above, for small
concentrations of tenside, the percentage adsorption
should decrease with an increase in pH; this difference
between the theoretical prediction and the results of the
response surface obtained is due to the lack of adjustment
which can occur in the extreme zones of a central rotatabie
plan. The decrease in adsorption at high tenside concentra-
tions is explained by the decrease in fibre—dye affinity when
the pH is raised. Cationic tenside—dye interaction (XI},
which tends to displace the dyeing equilibrium towards the
solution, makes the above effect more marked. Figure 1
also proves that both the pH and the tenside concentration
do not influence the quantity of dye reacted. This behaviour
would be expected if it is remembered that the dye in the
fibre is fixed covalently and, therefore, there is a chemical
process whose dominating factors are time and temperatu-
re [14]. Since both these parameters are kept constant
(35 min and 65°C respectively) the percentage of dye
reacted will also remain constant.

Cationic Tenside-Dye—Fibre Interaction

Figure 2 shows the percentage of dye adsorbed with differ-
entLyogen MS (cationic) and dye concentrations, under the
conditions: 35 min, 65°C and pH 5. Taking into considera-
tion the response surface results obtained and the section
on Mechanisms, the percentage of dye adsorbed can be
seen to decrease on increasing the tenside concentration,
whatever the dye concentration. This behaviour is
explained by the dye-tenside link shown in Xl and XlI,

TABLE 6

Scheme of Reaction of Anionic Products

- Anionic

N o =~ Cationic
’

]

i

45
Surface-active
agent, % o.w.f.

&
0\00;@
Q.\"‘ N — Cibatex FB
)
¥ ~~—~ Lyogen MS

Top curves: adsorbed dye Bottom curves: reacted dye
Figure 2 — Relationship between dye adsorbed/reacted,
tenside concentration and dye concentration

which increases dye retained in the bath, thus reducing the
amount of adsorption.

For any concentration of tenside, the increase in dye
concentration involves a decrease of the amount of adsorp-
tion. This can be checked from the data given in Table 7.
The absolute quantity of the dye adsorbed by the fibre
increases with an increase in the dye concentration; hence,
the interfacial positive potential of fibre—solution will
decrease. This will also decrease the number of specific
fibre sites where the dye can be adsorbed, giving rise to a
decrease in percentage of dye adsorbed, which is also
observed in the experimental behaviour.

Effects produced on the
adsorption of the dye

Preferred ionic states Type of
pH and their interactions mechanism  Type of effect Intensity
Lower NH?Y
than IP R-50; HWZ D-SO;
“\CooH
| ¥ v, Vi Decreases e
/ L] X1 Increases *
l Decreases *
Xiv Increasaes *E
Higher /NHZ
than IP R-S0-, HW. D-50;
i \coo
¥ X Decreases *
' ¥ X Increases *
* ‘ Decreases *
XV Decreases e
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TABLE 7

Percentage Adsorption and Total Dye Adsorbed for
Lanasol Blue 3G with 1.5% o.w.f. Lyogen MS (time 35 min,
temp 65°C and pH 5)

Dye concn Amount adsorbed Amount adsorbed per
(% o.w.f.) (%) kg of fibre (g}
0.25 99.4 249
0.75 97.5 7.3
1.25 94 11.75
1.75 89.1 15.59
2.25 82.7 18.61

Cationic Tenside-Temperature—Fibre Interaction

Figure 3 represents the surfaces of adsorption and reaction
corresponding to the temperature—tenside interaction
under the following conditions: pH 5, 35 min and dye con-
centration 1.25% o.w.f.; a very steep increase in adsorption
and amount of dye reacted as the temperature increases
can be seen. This behaviour resuits from the increase in the
dye’s affinity for the fibre as the temperature increases. On
the other hand, a decrease in adsorption occurs on increas-
ing the tenside concentration due to the cationic ten-
side—dye association (X| and Xil}. This decrease tends to
displace the equilibrium towards the bath. Since the
cationic tenside retains the dye in the solution, an adsorp-
tion of 91.8% is obtained at 90°C and 4.5% o.w.f. of Lyogen
MS. The percentage of dye reacted increases markedly with
the temperature, due to an increase in the reactivity, and it
is totally independent of the concentration of the tenside
employed.

%

100
0-
e
P ‘:/,-i XSS ¥ e
1 - - .
—— au Y J Cationic
J\_N
-y
601 Anionic

45
Surface-active
agent, % ow.f.

— Cibatex FB
9./ =—-— Lyogen MS

Top curves: adsorbed dye Bottom curves: reacted dye

Figure 3 — Relationship between dye adsorbed/reacted,
temperature and tenside concentration
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Effect of Anionic Products

Following the same criteria as above, the interactions be-
tween ionic states preferred are expressed in Table 6. The
anionic product is represented by R—SO73, as in many of
these products the ionic character is due to the sulphonate
group.

Anionic Tenside—pH—Fibre Interaction

It can be observed (Figure 1), that for anionic ten-
side—pH-Hercosett wool, the concentration of the anionic
tenside has very little influence on the adsorption of the
dye. As mentioned before, this is in agreement with the
findings of other workers regarding the dyeing of Hercosett
wool [3]. In all the cases, it is appreciated that the percen-
tage of adsorption, using Cibatex FB, is higher than that
obtained using Lyogen MS, for similar conditions of time,
temperature, pH and concentration. It should be stated that
these conclusions are only valid for the above mentioned
products. Table 8 offers some values at different pH values
and tenside concentrations.

TABLE 8

Percentage Adsorption Carresponding to the Dyeing of
Hercosett Wool with Lanasol Blue (time 35 min, temp. 50°C
and 1.25% of the dye o.w.f.)

Amount adsorbed (%)

Congcn of tenside

pH (% o.w.f.) Lyogen MS Cibatex FB
4 0.5 93.1 95.1
4.5 1.5 93.9 96.7
5 25 91.5 96.2
5.5 35 85.7 93.6
6 4.5 76.7 88.9

This behaviour is in agreement with the mechanisms
foreseen (see Tables 5 and B) for these processes, as the
anionic tenside has the same ionic character as the dye, and
hence its association with the fibre is less likely than when
using the cationic tenside, which tends to displace the dye-
ing equilibrium towards the bath. This effectis more impor-
tant at higher pH values, since at lower pH the effect is
masked by the anionic tenside~fibre affinity.

According to the results calculated and indicated in Fig-
ure 1, the percentage adsorption tends to decrease slightly
on increasing the pH and the tenside concentration. This
result is in agreement with the mechanisms put forward,
since on increasing pH, the dye-fibre affinity decreases
(XV), and on increasing the tenside concentration a
decrease in adsorption is produced due to an increase in
the negative interfacial potential of the fibre as a consequ-
ence of the tenside—fibre association {V, VI and X).

The amount of dye reacted, is also indicated on Figure 1;
it should be pointed out that the percentage of reaction is
not affected either by pH or by tenside concentration. This
is to be expected if time, temperature and dye concentra-
tion were kept constant in the study of this interaction. As
mentioned before, these are the parameters which basi-
cally influence the reaction of a reactive dye.

Anionic Tenside—-Dye—Fibre Interaction

Figure 2 shows how the response surface for the percen-
tage of dye adsorbed with respect to dye and tenside con-
centrations, at pH 5, temperature 60°C and time 30 min, is
similar to that of a cationic tenside with a slightly higher
adsorption value. This corresponds to the anionic character
of the dye and tenside. The essential differences are found




for lower dye concentration, where the percentage adsorp-
tion is almost independent of the tenside concentration, as
compared with a marked decrease undergone by the
cationic tenside. This behaviour is in agreement with the
mechanisms indicated in Table 6; where the dye-tenside
interaction shows a decrease in the dye’s affinity for the
fibre, confirmed by an increase in the secondary forces
(XIIl). The decrease in adsorption with an increase in dye
concentration is explained by applying the same criteria
established for the cationic tenside.

In Figure 2 it can also be seen that the percentage of dye
reacted is independent of the tenside concentration, pro-
viding the other parameters are kept constant.

Anionic Tenside-Temperature—Fibre Interaction
Adsorption and reaction surfaces for the Cibatex FB con-
centration—-temperature—Hercosett wool interaction are
represented in Figure 3. The pH, time and dye concentra-
tion conditions are those of the central point. The expected
increase in dye adsorption with temperature, due to an
increase in dye—fibre affinity, can also be seen in these
curves. The adsorption of the anionic tenside by the fibre (V
and V1), especially at low temperatures, and the difficulty of
associating it with the dye are reflected on checking the
adsorption surfaces of the two tensides. A very marked
increase in adsorption with the temperature is observed for
the anionic compared with the cationic one.

The greater anionic tenside affinity at low temperatures
is also reflected by the decrease in adsorption onincreasing
the tenside concentration, when the temperature is below
60°C.

With respect to the reacted dye, it was observed that the
behaviour was practically identical for both tensides, which
shows that the nature of the tenside does not interfere with
the mechanisms of the reaction.

% |
100-

Cationic

Anionic

yd —— Cibatex FB

—== Lyogen MS

Top curves: adsorbed dye Bottom curves: reacted dye

Figure 4 — Relationship between dye adsorbed/reacted,
temperature and time

Time, Temperature and Type of Tenside

Figure 4 shows the progress of the adsorbed and reacted
dye in relation to time and temperature for each type of the
tenside. The other dyeing conditions (pH, and dye and
tenside concentration) correspond to the central point of
the experimental design.

On comparing the retarding effect of both the tensides on
adsorption, it can be appreciated that in the initial dyeing
state, for short times and at low temperatures, this effect is
more intense in the case of anionic tenside Cibatex FB than
with the cationic Lyagen MS. As the time and temperature
continue to increase the adsorption increases more rapidly
in the system regulated with Cibatex FB than with Lyogen
MS, giving rise to very similar dye adsorption values for
both the products in the zones corresponding to maximum
temperature and time. At the same time, it can be seen that
in the dyeing systems regulated by Cibatex FB, a certain
amount of migration is observed in the zone corresponding
to high temperatures. This does not happen with Lyogen
MS. This behaviour could be extended to a system of
anionic dyes regulated by anionic or cationic tensides, but
this cannot be confirmed without broadening the experi-
mental field of the tested products.

In spite of this, we consider it quite important to mention
this difference in the behaviour.

With respect to the influence of the variables on the
reacted dye, it is surprising to observe that neither the type
of tenside employed nor the different quantity of the dye
adsorbed in both systems exert an important action. The
amount of reacted dye is a function of temperature and an
almost linear function of dyeing time, which confirms the
results obtained previously by Cegarra, Riva and Aiz-
purua [14].

CONCLUSIONS

The rather complex phenomenon of the influence exerted

by cationic and anionic surface-active agents on the

adsorption of a reactive dye by wool can be quantitatively
studied through an experimental design with a central
rotatable plan, which gives very accurate results and saves

a lot of the experimental work. From the results found for

the products used, the following conclusions can be drawn.

1. Fortemperatures over 50°C, the presence of the cationic
agent leads to greater decreases in dye adsorption by
wool than with the anionic product. This action becomes
more severe as the concentration of the surfactant
increases in the dyeing solution, which can be explained
by a mechanism of formation of a dye—cationic agent
complex.

2. The dye adsorption is influenced by the pH of solution in
such a way that the higher the pH and the concentration
of the surfactant the less the dye adsorption; the latter
becoming more evident in the presence of the cationic
agent.

3. The increase of the dye concentration leads to a
decrease of the percentage of the adsorbed dye, which
becomes greater as the concentration of the tenside
increases. The cationic agent proves to be more effec-
tive, particularly at the lowest dye concentrations.

4. The action of temperature to promote the dye adsorp-
tion is more evident and intense in the dye—anionic
agent system. The combined effect of time and tempera-
ture has the same tendency. The dye—cationic agent
system is less sensitive to variation in both parameters.

5. The type of surfactant used does not exert any kind of
significant influence on the percentage of dye reacted.
The reaction, as proved in previous studies, is funda-
mentally governed by temperature and time, at the
highest temperatures.
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