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The deposition behaviour of carbon black on shrink-resist-treated wool fabric, and on untreated wool, in the
presence of different mixtures of anionic and non-ionic surfactants has been investigated. Two types of surfactant
mixtures were studied; sodium dodecylbenzenesulphonate and sodium dioctyisulphosuccinate were used as anionic
surfactants and Triton X-100 as a non-ionic surfactant. An electrokinetic study was also carried out, under similar
conditions; the zeta potential was obtained, which was related to the amount of deposition found. From these zeta
potential measurements the surface charge density was determined.

INTRODUCTION

Detergents perform two functions in a washing process: the
extraction of soil from the substrate and the suspension of
soil in the bath, thus reducing redeposition onto the
substrate | 1]. The first of these is relatively well known,
whilst the second, which is the subject of this paper, is more
complex.

Deposition of particulate soil on a textile substrate in a
washing process is attributable to mechanical, chemical,
electrical and adsorption processes. The electrical force
between the solid soil and the textile substrate can be one of
attraction or repulsion, and different workers have
interpreted this in terms of electric double-layer
theory [2-6]. This force is experimentaily measured
electrokinetically as the zeta ({) potential, which depends on
several factors such as the surface of the fibre and the polar
solvent in which the fibre is immersed, as shown in previous
studies [7.8].

This paper deals with the deposition of carbon black on
untreated wool fabric and wool treated with different
non-shrink finishes in the presence of anionic and non-ionic
surfactants. A study of the electric double layer in the fibre,
characterised by the {-potential, was carried out with
different mixtures and various concentrations of the
surfactants.

EXPERIMENTAL

Wool fabrics and finishes

Undyed woven worsted serge, supplied by the International

Wool Secretariat, with the following non-shrink finishes was

used:

(a) Synthappret BAP (BAY), 1.8% o.w.f. plus Impranil
DLH (BAY), 2% o.w.f., applied by padding (fabric
weight 191 g/m?)

(b) Fichlor Clearon (Fisons) {56% active), 2.5% o.w.f. plus
Hercosett 125 (Hercules), 2% o.w {. (fabric weight 207
g/m?)

(c) DC 109 (Dow Corning), 3.5% o.w.f., applied from
perchloroethylene in a modified dry cleaning machine
(fabric weight 204 g/m?)

{d} Untreated fabric (fabric weight 191 g/m?).

The first three fabrics listed above were treated to
Superwash shrink-resistance level.
All the fabrics were scoured in a Soxhlet apparatus by

successive extractions of diethyl ether and ethanol followed
by washing with double-distilled water, ethanol and diethyl
ether, and finally with double-distilled water.

Chemicals
The anionic surfactants sodium dodecylbenzenesulphonate
(SDBS) (BDH) and sodium dioctylsulphosuccinate (SDS)
(Aldrich), and the non-ionic surfactant Triton X-100
{Merck) were used. The water used in the solutions was
double distilled in the presence of sodium permanganate.
Carbon black (Raven 1040, Columbian) with a particle
diameter of 29 um and surface area of 85 m?/gwas used; it
was dispersed in isopropanol by means of an ultrasonic
shaker.

APPARATUS AND METHODS

Deposition trials
A Launderometer was used for the deposition processes.

Reflectance measurements
An Elrephomat colorimeter (Carl Zeiss) was used for
reflectance measurements.

Assessment of zeta potential

The apparatus shown in Figure 1 was used for the

assessment of {-potentials. It consists of:

(a}) A glasstube measuring cell 12 mm wide containing two
Ag/AgCl electrodes, the fabric being placed between
the electrodes

(b) A pressure transducer (Bourns 5020P) with recorder

(c) A voltmeter to measure the potential difference
between the electrode (Digilab 517, Crison) with an
accuracy of 0.1 mV, provided with a recorder outlet

{d) A pen recorder (Riken Denshi, model F43P) to record
potential difference and pressure

{e) Aradiometer conductimeter (type CDM 2e) to measure
dissolution conductivity.
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Figure 1 — Zeta potential apparatus
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Deposition trials

Trials were carried out according to ISO Standard
105-106/DAD1. Specimens of fabric were cut into pieces
of 10 x 4.5 cm and washed for 30 min at 40°C in 150 mi of
washing liquor. Carbon black (4 mg) was introduced into
each washing bath, dispersed in 1 ml isopropanol.

Deposition of carbon black on wool fabric with and
without a shrink-resist finish was carried out in the presence
of different concentrations of mixtures of SDBS/Triton
X-100 and SDS/Triton X-100, as well as in presence of
these surfactants separately. Each deposition trial was the
average of two determinations and all of them were carried
out by adding the carbon black after having immersed the
fabric for 40 min in the test solution.

Mixtures were made at the following molar ratios of
anionic/non-ionic  surfactants: 1:0, 0.8:0.2, 0.6:0.4,
0.4:0.6, 0.2:0.8 and 0:1; the total concentrations of the
surfactants were 2.5, 5, 10, 20 and 30x 10-* mol/l

Assessment of degree of soiling

The degree of soiling, S, was determined by the
Florio—Merrserau equation [9| {Eqn 1), derived from the
tistimulus values obtained from measuring the reflectance
of the fabric:

S=[(X X2+ (YY) HZ=Z )1 (1)

where X, Y, and Z, are the tristimulus values of the
unsoiled sample before washing and X,, Y, and Z, are the
tristimulus values of the soiled sample after deposition or
soilling. Values found were the average of four
determinations.

Determination of zeta potential
The {-potential was determined at 40+0.5°C by applying
the Helmholtz—Smoluchwski equation (Eqn 2):

Ay AV

€

{=6.75x107 x 2)

P =pressure, cm Hg
AV = average potential, mV
x = specific conductivity of the electrolyte
€ = dielectric constant of the solution
m = viscosity, poise.

where

The operation of the apparatus was the same as
discussed previously [7].

The ({-potentials were determined at the same
concentrations and temperature as used in the washings of
the deposition trials. Determinations were made after
conditioning the fabrics for 40 min in the test solution.

Determination of potential in the Stern plane of the
electrical double layer

The Eversole—Boardman equation was used to determine
potential in the Stern plane, obtained from
Gouy—Chapman theory of the double layer [10] (Eqn 3):

Zey Zey,

In tanh = In tanh — At {3}
4kT 4kT

where ¥ =potential at distance ¢t cm from the outer edge

of the Stern plane

360 JSDC Volume 103 October 1987

Yo =potential in the Stern plane
Z =valency of the anion
A =reciprocal of the electrical double layer, cm™
K =Boltzmann constant
T =temperature
e = electronic charge.

The value of A was calculated from Eqn 4 |11]:

8nZ%’NC | 12
A By (4)
1000ekT

where c¢=total concentration of surfactants
N=Avogadro number

Determination of apparent surface charge density
The apparent surface charge density, o, for each
concentration, was calculated using Eqn 5 [10]:

o[ 2eNCkT [ Zey
10007 | ™ | 2kt ()
RESULTS AND DISCUSSION

Relationship between deposition and surfactant
concentration

Increasing amounts of carbon black were added to samples
of each type of wool, untreated and treated with Hercosett
125, Synthappret BAP and DC 109. The different amounts
of carbon black were dispersed in isopropanol and added to
100 ml of double-distilled water, and the mixture
homogenised by ultrasonic agitation. Each fabric specimen
was introduced into the bath after boiling it to remove part
of the liquid each time, thus carbon black was deposited on
the submerged specimen gradually. At the end all the
carbon black was deposited on the specimen and the liquid
was evaporated.

The degree of soiling of each specimen was determined
as indicated above, and this was related to the logarithm of
the amounts of carbon black deposited, in milligrams per
square metre; the linear regressions that were obtained are
indicated in Table 1.

TABLE 1
Relationship between degree of soiling and

logarithm of the deposited amount of carbon black
(mg/m?)

Correlation
Fabric Linear regression coefficient
Untreated wool v =—60.662 +53.260x 0.992
Wool treated with
— Hercosett 125 y=-37.131+45.503x 0.987
— Synthappret BAP y=-39.498 + 45.659x 0.992
- DC 109 y =-60.634+55.745x 0.997

The logarithms of the deposited amounts of carbon black
versus the mixture proportion of the anionic and non-ionic
surfactants were found for each total concentration of
mixture. The results for each type of weol fabric, either
untreated or treated with Hercosett 125, Synthappret BAP



and DC 109, are shown in Figures 2—5 for the mixtures of
SDBS/Triton X-100. The results for the mixtures of
SDS/Triton X-100 have been omitted because they are
very similar to the other mixture of surfactants cited.
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Figure 2 — Logarithm of amount of carbon black deposited
on untreated woo! versus the mixture proportion of the
SDBS [Triton X-100 at different concentrations

Figures 2-5 show that a decrease in deposition was
found on increasing the proportion of non-ionic surfactant
in the mixture, and consequently a decrease in the
proportion of the amount of the anionic surfactant takes
place. The deposition values are, in this case, intermediate
between the anionic (higher values) and the non-ionic
(lower values) surfactants, except for the wool fabric treated
with DC 109, where deposition in the presence of a
non-ionic surfactant is a little higher than with some of the
other anionic/non-ionic mixtures.

An increase in the total concentration of surfactant
caused deposition in all the mixtures tested to decrease; in
general there was a similar effect in all the anionic and
non-ionic surfactants used separately.

In the case of the mixtures of SDBS/Triton X-100, the
most deposition at each concentration took place on woo!
fabrics treated with Hercosett 125 since this is more cationic
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Figure 3 — Logarithm of amount of carbon black deposited
on wool treated with Hercosett 125 versus the mixture
proportion of SDBS(Triton X-100 at different proportions
(for key see Figure 2)

in character than the other resins. The least deposition was
found on wool fabrics treated with Synthappret BAP;
untreated wool fabrics or those treated with DC 109 were of
intermediate behaviour.

For mixtures of SDS/Triton X-100 the trend was similar,
with all the deposition values being generally lower than
those from SDBS/Triton X-100 mixtures.

Relationship between deposition and zeta potential
Zeta potentials of the various wool fabrics all have a nega-
tive value. The values of these ¢-potentials at different mix-
ture proportions of the anionic/non-ionic surfactants are
shown for each total concentration of mixture in Table 2
for the mixture SDBS/Triton-X100 and in Table 3 for the
mixture SDS/Triton X-100.

Tables 2 and 3 show how {-potentials decreased on
increasing the total concentration of the mixture. This is due
to the decrease of the thickness of the dielectric double layer
around the wool fibre caused by the compression experi-
enced on increasing the surfactant concentration. The only
exception to this behaviour is the Triton X-100 used on its
own, which showed the opposite behaviour on untreated
wool fabrics and fabrics treated with Hercosett 125.
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Figure 4 — Logarithm of amount of carbon black deposited
on wool treated with Synthappret BAP versus the mixture
proportion of the SDBS [Triton X-100 at different concent-
rations (for key see Figure 2)

The highest {-potentials were obtained with the anionic
surfactants SDBS and SDS separately and the lowest ones
with Triton X-100, while mixtures had intermediate values.

Also Tables 2 and 3 show how varying the shrink-resist
treatment affects the value of {-potential in SDBS/Triton
X-100 and SDS/Triton X-100 mixtures respectively.

When comparing the amount of carbon black deposited
on the fabric with the resulting {-potentials, it can be seen, in
general, that on increasing the total concentration of the
surfactants in the mixture, both the amount deposited and
the ¢-potential decrease. Equally a decrease in deposition is
associated with a decrease in {-potential on changing the
proportions of the anionic and non-ionic surfactants.

As the behaviour is such that the higher the surfactant
concentration the lower is the {-potential, similar to the
findings by Garvey et al. [12] in work on polymeric ionic
surfactants on dispersed particles, it seems reasonable to
assumne that this decrease in the {-potential of the fabric
involves a decrease of the thickness of the electric double
layer around the fibre. This forms a barrier which acts to
increase steric repulsion towards solid impurities, which in
turn diminishes the extent that solid particles aggregate on
the fibre, hence the lower deposition obtained. This steric
repulsion is composed of several forces and it depends on
many variables, such as the interaction between chains of
hydrated polyoxyethylenes, etc.
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Figure 5 — Logarithm of amount of carbon black deposited
on wool treated with DC 109 versus the mixture proportion
of SDBS/Triton X-100 at different concentrations (for key
see Figure 2)

Variation of apparent surface charge density

The apparent surface charge density was determined as a
function of concentration, considering the mixture of the
surfactants as if it were a single electrolyte. An intermediate
proportion of mixture was selected for anionic/non-ionic
mixed surfactants, i.e. 0.6:0.4.

The values of {-potentials of wool fabrics used in this
work, in the presence of different total concentrations of
surfactants at the 0.6:0.4 ratio, were substituted into Eqn 3.
Subsequently a linear regression analysis was used to find
the best fit of the points obtained. An approximation of the
potential i, in the Stern plane was obtained; the linear
regression and the y; values are given in Table 4.

From Figures 6 and 7 it is clear that the anionic/non-ionic
(0.6:0.4) mixture of SDBS/Triton X-100 gives higher values
of surface charge density than the SDS/Triton X-100 mix-
ture in all the wool fabrics with a shrink-resist treatment.

In general, compared with the behaviour found with
untreated wool, the apparent surface charge density of
shrink-resist-treated fabrics in the SDS/Triton X-100 mix-
ture is lower, while that of treated fabrics in the SDBS/Triton
X-100 mixture is similar to that of untreated wool.

In all the fabrics examined an increase of the apparent
surface charge density takes place when increasing the total
concentration of the surfactants. Similar behaviour has pre-
viously been found for cotton materials in the presence of
electrolytes [10,14]; in this case the thickness of the diffuse
double layer (1/\} decreased so rapidly with added electro-
lyte that, even when ¢ fell, o rose.

CONCLUSIONS
The main conclusions regarding the surface deposition of



TABLE 2

Zeta potentials of untreated and shrink-resist-
treated wool fabric as a function of mixture propor-
tion of SDBS/Triton X-100 at different concentra-
tions (all {-potentials are negative)

TABLE 3

Zeta potentials of untreated and shrink-resist-
treated wool fabric as a function of mixture propor-
tion of SDS/Triton X-100 at different concentra-
tions (all {-potentials are negative)

{-Potential (mV) at different total surfactant
concentrations {mol/l x 10_4)

{-Potential {mV) at different total surfactant
concentrations (molfl x 10‘4)

Mixture Mixture

proportion 2.5 5 10 20 30 proportion 2.5 5 10 20 30
Untreated Untreated
1:0 122 121 107 105 104 1 :0 110 105 97 86 83
0.8:0.2 119 113 104 103 97 0.8.0.2 106 101 96 88 76
0.6:0.4 112 110 101 103 99 0.6:0.4 105 98 91 79 78
0.4:.0.6 115 107 106 96 92 0.4.0.6 93 90 86 78 71
0.2:0.8 106 101 97 89 86 0.2.0.8 84 76 78 72 70
0 :1 63 65 71 74 78 0 :1 63 65 71 74 78
Hercosett 125 treated Hercosett 125 treated
1 :0 105 107 90 85 86 1:0 92 94 84 76 78
0.8:0.2 104 98 84 80 73 0.8:0.2 86 87 79 73 68
0.6:0.4 94 96 84 80 61 0.6:0.4 76 72 68 62 60
0.4:06 99 92 80 79 70 0.406 70 67 66 63 62
0.2:0.8 89 88 77 79 67 0.2:0.8 66 63 60 62 60
01 62 61 65 68 69 0 1 62 61 66 68 69
DC 109 treated DC 109 treated
1 :0 126 124 118 110 105 10 94 89 86 83 80
0802 116 117 116 111 110 0.8:.0.2 87 86 82 78 75
0.6:0.4 115 111 109 102 103 0.6:0.4 74 71 70 66 62
0.4:0.6 110 109 104 101 99 0.4:0.6 71 69 65 63 52
0.2:0.8 95 91 30 87 83 0.2:0.8 62 60 59 56 53
0 :1 45 35 29 24 21 0 :1 45 35 29 24 21
Synthappret BAP treated Synthappret BAP treated
1 :0 114 113 97 87 85 1:0 99 95 92 88 87
0.8:0.2 107 104 96 90 83 0.8:0.2 101 98 94 86 79
06:0.4 104 105 97 88 77 0.6.0.4 98 93 91 83 82
0.4:0.6 96 96 92 82 81 0.4.0.6 93 90 85 76 71
0.2:0.8 89 88 81 75 65 0.2:0.8 85 80 82 73 70
0 :1 61 60 55 58 53 g1 61 60 b5 58 53

TABLE 4

carbon black on untreated wool fabrics and fabrics treated

with Hercosett 125, DC 109 and Synthappret BAP in the

presence of anionic and non-ionic surfactants, singly and in
mixtures, are summarised below.

(a) In the washing process, the deposition values for the
surfactant mixtures were, in general, intermediate bet-
ween the highest values of the anionic surfactants
(SDBS and SDS) and the lowest of the non-ionic sur-
factant (Triton X-100). These values decreased on
increasing the proportion of the anionic surfactant in
the mixture.

(b} Onincreasing the total concentration of the surfactants,
the deposition decreased.

{(c} The highest deposition values were found with wool
fabrics treated with Hercosett 125, since this has a more
cationic character than the other resins.

In the washing process the {-potential of the fabric influ-
enced the deposition values in the following manner.

(a) The mixtures of surfactants gave intermediate
{-potentials between the highest values obtained with
the anionic surfactant and the lowest values obtained
with the non-ionic ones.

{b) On increasing the total concentration of the surfactants
in the mixture, both the deposition and the {-potential
decreased; this was thought to be due to a steric barrier
between the fibre and the impurity.

Linear regression between In tan (Zey/4kT) versus A
and values of the apparent potential in the Stern
plane

Correlation ¥

Fabric Linear regression coefficient {mV)
SDBS/Triton X-100
Untreated wool v =-0.224--578.594x 0.961 1179
Wool treated with
— Hercosett 125 yv=-0.191-2277.14x 0.978 131.6
— Synthappret BAP  y=-0.247-1117.11x 0.969 117.4
- DC 109 y=-0.236-521.299x 0.973 119.8
SDS/(Triton X-100
Untreated wool y =-0.229-1694.39x 0.983 1214
Wool treated with
- Hercosett 125 =-0.47-1436.119x 0.937 82.1
— Synthappret BAP  y =—0.307-968.96x 0.977 105.4
- BC 109 y=-0.489-1077.42x 0.984 79.8

{c) The lowest values of {-potential were found in wool
treated with Hercosett 125 {more cationic character),

In all the fabrics examined an increase of the apparent
surface charge density took place when increasing the total
concentration of surfactants; hence both the deposition and
{-potential decreased.
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Figure 6 — Variation of surface charge density of shrink-
resist-treated wool fabrics versus totral concentration of
surfactants in mixture (SDBS[Triton X-100 proportion
0.6:04)
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