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M Introduction

In the textile dyeing process, water qual-
ity plays an important role in determin-
ing the final shades of the products. One
of the important factors in governing the

Electrokinetic Study of Water Hardness
during Acid Dyeing with Silk

Abstract

In this paper; the effect of water hardness, expressed in CaCO3, on the dyeing of silk with
acid dye under acid, alkaline and isoelectric point dyeing conditions was studied using
the zeta potential method. Under acidic conditions and in the presence of calcium ion, the
positive zeta potential of silk was found to decrease with a reduction in dye adsorption.
Such a phenomenon might be due to the presence of cation which increased the dyeing
potential barrier at the interface between fibre and dye solution. This would result in a
higher resistance of dye anions passing through the interface. Under alkaline conditions
the zeta potential of silk was negative and resulted in a strong potential barrier against the
dye anions. The presence of calcium ions would result in a decrease in the absolute value of
the zeta potential of silk fibre, with an overall increase in dye absorption. At the isoelectric
point, the zeta potential of the silk fibre was found to be near zero, and the dye adsorption
was not influenced by the cations. These results showed that calcium ions could have a

strong electrolytic effect on dyeing, even at very low concentrations.
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dyehouse water quality is the hardness,
which is defined as the presence of solu-
ble calcium and magnesium salts in the
water and is expressed as the CaCOj
equivalent. The presence of hardness in
the water can cause dye precipitation,
and the precipitates can further promote
dye aggregations, which results in colour
specks and loss of depth. Although the
influence of hardness on dyeing has been
widely investigated [1 - 7], there has been
little discussion regarding silk [8, 9].
Thus, this paper deals with the electrolyt-
ic effect, especially on the electrokinetic
properties of the dyeing process.

Electrokinetic phenomena are concerned
with the transport of electric charge in
porous media under the influence of
an electric field and pressure gradient.
The study of zeta potential is one of the
techniques for studying electrokinetic
phenomena in the wet processing of tex-
tiles. The adsorption of dyes alters the
values of the zeta potential of fibres and
the conditions of the dyeing process, i.e.
temperature, electrolyte addition, dyeing
auxilaries, etc. In this paper, the zeta po-
tential method was used for determining
the effect of hardness on the adsorption
of acid dye by silk fibre under acid, al-
kaline and isoelectric point dyeing condi-
tions using calcium ions within the range
of 0 to 600 ppm.

M Experimental

Materials

Water hardness was prepared by add-
ing anhydrous CaSO4 (A. R. Grade)
to double-deionised water and then ti-
trated against a standard EDTA solution
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of 0.01 molar concentration. The total
water harness was expressed as CaCOj3
equivalent, ppm [10]. C.I. Acid Red 1
was used in this study and was purified
by the method of DMF dissolution-ace-
tone precipitation [11, 12]. Scoured pure
silk crepe satin was used throughout this
study.

Measurement of Zeta potential

The zeta potential was measured by a
Zeta potential analyser (Beckman Coul-
ter, Delsa 440sx). A 0.1 g/l acid dye so-
lution was employed throughout all ex-
periments, in which silk samples weigh-
ing 0.4 grams were soaked in different
concentrations of hardness solutions for
24 hours at 25 + 1 °C. The zeta potential
(0) was calculated by using the Helm-
holtz-Smoluchwski equation [13 - 16].

¥ Results and discussion

Determination of the isoelectric point
(IEP) of silk

Figure 1 (see page 100) shows the zeta
potential of silk fibres when immersed in
0.01 M (HCI + KCI) ionic strength solu-
tions under different pH conditions. We
canstate onthe basis of Figure I thatin this
study the IEP of the silk fibres is pH 3.8.

Zeta potential of silk fibres dyed un-
der acidic conditions

The zeta potential values of the silk fibres
in both pure CaSOy4 solutions and CaSOy4
plus dye solutions under acidic condition,
i.e. pH = 2.5, are plotted in Figure 2 (see
page 100) as a function of the CaSOy4
concentration. All zeta potentials are
positive but show a declining value under
the influence of an increased amount of
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Figure 1. Zeta potential vs. of pH for silk of 0.01M ionic strength.
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Figure 3. Relationship between AL and CaSO 4 concentrations.
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Figure 2. Relationship between the zeta potential and CaSOy
concentration under acidic conditions (0 — CaSOy4 solution only,

0 - CaSOy + dye solution).

CaSQy. This result can be explained by
the fact that the SO42- anions dissociated
from CaSQOy4 were absorbed by the posi-
tive charges of the surface at the interface
between the silk fibre and solution.

With acid dye added to the CaSQOy solu-
tions, there was a marked decrease in the
zeta potential because of the shielding
effect of the dye molecules which carry
the negatively charged SO3- groups. Fig-
ure 3 shows the values of

AL = Lcasod — Cdye + Cas04

solution).

as a function of the CaSOy4 concentration.
The values of A can be used for express-
ing the ability or affinity of silk to absorb
dye anions — the larger the A values,
the higher the affinity. Figure 2 clearly
indicates that under acid condition, dye
anions are easily adsorbed by silk fibres,
which is because of their positive charge
and the strong affinity between dye anions
and silk fibre. However, Figure 3 shows
that with increased CaSO4 concentration,
there was a gradual decrease in the AL
This result clearly indicated that under

Figure 5. Relation-
ship between the
zeta potential of silk
and the concentra-
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Figure 4. Relationship between the zeta potential and CaSOy
concentration at IEP (0 — CaSOy solution only, o — CaSOy + dye

acid dyeing condition, the presence of
salt could reduce the value of AC. Such a
reduction would mean a reduction in dye
affinity and result in a lower dye uptake.

Zeta potential of silk fibres dyed at IEP

The zeta potential values of the silk fibres
in CaSOy solutions and CaSOy4 plus dye
solutions at the IEP of silk (pH = 3.8)
were plotted in Figure 4 as a function of
CaSOy concentration. It shows that the
zeta potential of silk was only slightly
influenced by the cation, with a value
around zero irrespective of the amount of
cation and dye present. Therefore, it can
be concluded that the influence of cal-
cium ions on dye exhaustion at IEP was
not significant.

Zeta potential of silk fibres dyed
under alkaline conditions

Figure 5 shows the variation of the zeta
potential of silk with different concentra-
tions of cations under alkaline conditions,
i.e. pH = 10. Sodium ions were included
in this study for comparison purposes.
Under such conditions, silk carried nega-
tive charges and the zeta potential on its
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surface was also found to be negative.
The negative charges cause a strong po-
tential barrier to dye anions. The larger
the value of || , the stronger the repulsion
force or the potential barrier to dyeing
between silk and dye anions would be.
The presence of cations in the dye solu-
tions sharply reduces the |(| of silk. Fig-
ure 5 shows that under the influence of
Ca2t, the |(| of the silk decreased mark-
edly from 0 to 300 ppm; but such as de-
crease became less pronounced with a
higher concentration of cations. For Na*,
the |{| decreased, in quite a linear manner,
from 0 to 600 ppm. The decrease in |{| is
due to the strong attraction force between
the cations and the negatively charged
surface of silk; these cations could par-
tially screen the fibre-water interface
of silk by crowding the cations. Such
crowding could neutralise the negative
charges of silk and reduce the repulsive
forces between silk and dye anions. As a
result, there is an increase in the chemical
potential of dyeing, which in turn leads to
increased dye exhaustion.

The extent of adsorption of cations on the
surface of silk , or the ability of cations to
contribute to the charge of |, is closely
related to the properties of cations. Since
the charge density of calcium is higher
than that of sodium, their overall screen-
ing effect was also found to be stronger.
At low concentrations the screening ef-
fect plays an important role, in which
calcium ions could reduce |{| to a greater
extent. However, when the concentration
of cation is high, the ability to modify
the fibre-water interface plays a decisive
role [17]. Since the ability of calcium
ions to modify the fibre-water interface is
smaller than that of sodium ions, the rate
of the decrease in |C| under the influence
of calcium ions became less pronounced
with higher concentrations.

I Conclusions

The influence of water hardness on silk
dyeing with acid dye, with the use of cal-
cium ions, can be divided into three kinds
according to the property of silk. Under
acidic conditions, with the presence of
calcium ions, the positive zeta potential
of'silk was found to decrease, and the dye
adsorption also decreased. Such a phe-
nomenon could be due to the presence of
cations in the dyebath, which increased
the dyeing potential barrier at the inter-
face between fibre and dye solution. As
a result, there was a higher resistance of

dye anions passing through the interface.
Under alkaline conditions, the zeta po-
tential of silk was negative and resulted
in a strong barrier to the dye anions. The
presence of calcium ions would result in
an overall decrease in the absolute value
of the zeta potential of silk fibre, with a
resultant increase in dye. At IEP the cati-
ons had little effect on the zeta potential
of the silk fibre, which was found to be
around zero, and the dye adsorption had
also not been influenced. These results
showed that calcium ions are able to pro-
duce strong electrolytic effects on dyeing
even at very low concentrations. Because
the screening ability of the sodium ion
was smaller than that of the calcium ion,
when the concentration was low, the
overall reduction in absolute values of
the zeta potential due to sodium ions was
found to be smaller.
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