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temperature
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Optimisation of a low-temperature combined scouring and bleaching process for polyesterfcotton fabric using
triethanolamine hydrochloride-activated sodium chlorite as bleaching agent and a self-emulsifiable solvent composi-
tion as scouring agent has been carried out. The effect of various parameters, namely bleaching agent concentration,
time and temperature of treatment, has been investigated by a factorial design methodology.

INTRODUCTION

Sodium chlorite is the only generally available bleaching
agent that can bleach polyester fibres effectively. However,
excessive evolution of chlorine dioxide gas during bleaching
at elevated temperatures has restricted its use. Therefore
the bleaching of polyester/cotton fabric is normally carried
out with hydrogen peroxide, which bleaches only the cotton
component.

Some low-temperature sodium chlorite bleaching pro-
cesses have been reported [1-5]. In a previous study (6]
we have standardised a triethanolamine activated sodium
chlorite formulation for combined scouring and bleaching
of cotton fabric at 60°C by a pad—store method. The effec-
tiveness of the triethanolamine activated sodium chlorite
bleaching process for the scouring-bleaching of poly-
ester/cotton fabrics has been assessed in the present study.
Detailed satistical analysis has been carried out to arrive at
the most suitable recipe.

EXPERIMENTAL

Fabric

Grey 67% polyester/33% cotton blend fabric was obtained
from East India Mills. The fabric was desized by the conven-
tional enzymatic method. For the purposes of this controlled
study the fabrics were then conditioned at 25°C and 65%
r.h. In practice wet-on-wet processing is possible. The fabric
particulars were;

— Warp count 60s

— Weft count 60s

— Ends/m 3465

— Picks/m 3150

— Weight 90 g/m?

Scouring—-bleaching formulation

The scouring—-bleaching formulation consisted of a scour-
ing agent, a bleaching agent and an activator. A previously
standardised | 7] self-emulsifiable scouring agent at 2% by
volume was used in the formulation; it had perchloro-
ethylene as solvent, emulsifier and pine oil as wetting
agent in the ratio 1:4:5. Sodium chlorite (80%) supplied by

Fluka AG and triethanolamine hydrochloride (TEA.HCI),
analaytical grade, were used as the bleaching agent and
activator respectively. The bleaching agent and the
activator were used in the ratic of 2:1 by volume. The ratio
was previously standardised [6]. The concentrations used
in the scouring—bleaching formulation are given in Table 1.

TABLE 1

Variables and their levels used in the experimental
plan for polyester/cotton blend fabric

Level
Variable -1682 -1 0 1 1.682
Bleaching agent concn 006 020 040 060 074
{% o.w.f)®
Time of treatment (h) 1.64 3 5 7 8.36
Temperature (°C) 41.6 45 50 55 58.4

(a) NaClO9: TEA HCI {2:1)

Sample preparation and experimental design

The following process parameters were selected as the

independent variables for the experimental design:

— Concentration of the bleaching agent (with activator)
(NaClO,: TEA.HCI}, x,

— Treatment time, x,

~ Temperature, x;.

The scouring—bleaching formulation was buffered to pH
4.6 with 0.1 mol/l acetic acid and sodium acetate.

The desized fabric samples, size 30x45 cm, were pad-
ded (100% pick-up) with the appropriate scouring—bleach-
ing formuation and stored for various lengths of time at the
different temperatures. Subsequently the samples were
given an antichlor treatment and washed thoroughly. After
drying, they were conditioned (25°C, 65% r.h.} before test-
ing.

The experiments were planned according to a centrally
rotatable second-order response surface design for three
variables and five levels. The levels of variables and the
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TABLE 2

Treatment conditions and observed and calculated responses for a low-temperature scouring-bleaching
process for polyester/cotton blend

Bleaching Whiteness Strength Wetting
agent index {ka/g} time (s}
Sample concn Time Temp.
No. (% o.w.f) (h) (°C) Obs. Calc. Obs. Cale. Obs. Cale.
1 0.20 3 55 69.62 70.35 34.65 34.41 114.0 115.28
2 0.60 3 45 70.77 72.03 36.45 35.69 122.0 127.54
3 0.20 7 45 70.03 69.76 3579 34.27 120.0 119.24
4 0.60 7 55 75.53 75.36 3415 32.99 105.0 101.88
5 0.20 3 45 69.71 68.39 36.05 35.69 126.0 130.07
6 0.60 3 55 74.70 73.99 34.75 34.41 112.0 112.71
7 0.20 7 55 71.22 71.72 33.96 32.99 111.0 104.45
8 0.60 7 45 73.75 73.41 34.80 34.27 119.5 116.67
9 0.06 5 50 68.09 68.81 33.81 34.89 116.0 116.96
10 0.74 5 50 74.45 74.94 33.88 34.89 113.0 112.64
11 0.40 1.64 50 70.22 70.72 34.20 34.51 1385 131.41
12 0.40 8.36 50 72.39 73.03 30.34 32.12 1055 113.19
13 0.40 5 41.6 69.00 70.23 34.38 35.56 126.5 122.74
14 0.40 5 584 72.89 73.52 32.50 33.41 935 97.86
15 0.40 5 50 71.26 71.88 32.47 32.38 112.5 11290
16 0.40 5 50 73.28 71.88 32.17 32.38 113.0 112.90
17 0.40 5 50 72.84 71.88 33.10 32.38 113.0 112.90
18 0.40 5 50 71.61 71,88 32.85 32.38 1135 11290
19 0.40 5 50 73.06 71.88 31.96 32.38 112.0 112.90
20 0.40 5 50 73.11 71.88 32.10 32.38 113.5 112.90
treatment conditions are indicated in Tables 1 and 2. TABLE 3
A quadratric polynomial was used to analyse the design,
with three independent variables (Eqn 1): Coefficients of the regression equation
3 3 3
=bo+ ¥ bxi+ X bx?+ byx.x; (1) Whiteness
Y 0 121 121 i igl 2 e Coefficient index Strength ~ Wetting time
where y is the measured response, by, b, b, and b, are the bo 72.4999* 323821 112.8993"
coefficients of the regression equation, and i and j are b, 1.8207*  -0.0133 —1.2846"
. Sl s . . . by 0.6868* -0.7096* -5.4184*
integers with i<Jj. To test the estimated regression equation by 06776°  —0.6401*  —7.3952°
for the goodness of fit, the Fisher F-test was employed. The by, —0.2703 0.8853* 06716*
estimated coefficients of the regression equation were bap —-0.2579 0.3286* 3.3227*
tested for significance using the Student t-test. The insignif- bas -0.3851 0.7422* -0.9189*
icant coefficients were deleted from the equation; the bia 02362  -0.1625  -0.0625
remaining ones were recalcuated and goodness of fit re- bis 0.5763 0.1100 —-0.4375
9 g bos ~0.1087 00775  -0.1875
assessed Foratio (lack of fit) 1.075 12.776 147.53
. : - -ratio (lack O . . .
The second-order polynomial derived from the experi R 0.5498 0.8284 09179

mental data was subjected to canonical analysis to obtain
the stationary points, eigenvalues and eigenvectors. Con-  * Significant coefficients

tour diagrams were plotted to study the effect of variables

on the responses. The optimum bleaching conditions were  possible whiteness index. The detailed mathematical
selected from the predicted combinations for the maximum  analysis is given in an earlier paper [6].

TABLE 4

Regression equations and significant coefficients

F-ratio
Variable Equation (lack of fit} R

Whiteness index v1=71.8764+1.8271x,+0.6868x; 1.3038 0.9044
+0.9776x,

Strength v,=32.3821-0.7096x2—0.6401x3 6.5634 0.8236
+0.8853x7 +0.3286x3+0.7422x3

Wetting time y3=112.8993-1.2846x,—5.4184x, 74.304 0.9173
—7.3952x3+0.6716x5 +3.3227x3
-0.9189x3
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Test methods

The Hunter whiteness index was measured for the bleached
samples using an ACS 1600 colour measuring system. The
tensile strength of the treated samples was measured using
an Instron Universal tensile strength testing machine accord-
ing to the standard method [8). To assess the wettability of
the fabrics vertical wicking tests were performed [9].

RESULTS AND DISCUSSION

The observed values for whiteness index, fabric strength
and wetting time for the 20 treatment combinations are
given in Table 2. The estimated b coefficients, F-ratios and
multiple correlation coefficients (R) are given in Table 3.
Those b coefficients marked with an asterisk were found to
be significant. The recalculated regression equation,
F-ratios and multiple correlation coefficients are given in
Table 4.

The calculated lack of fit F-ratio for whiteness index and
the fabric strength are less than the tabulated values at the
99% confidence limit, thereby showing a good fit of the
model. However, in the case of wetting time, the calculated
F-ratio is higher than the tabulated value, indicating a poor
fit of the model.

In Table 5 the responses and the predicted treatment
combinations at the stationary points are given, while in
Table 6 eigenvalues and their eigenvectors are reported.

Whiteness index

The whiteness index is affected by all the three independent
variables investigated. The value given by the model, v, is
represented by Eqn 2 (see also Table 4):

v1=71.8764+1.8207x,+0.6868x,+0.9776x; (2)

TABLE 5

Observed and calculated responses at the stationary
point

Bleaching agent
conen, x; Time, x3 Temperatature,
(% o.w.f)} {h) x3 {°C}
Response Obs. Cale. Obs. Calke. Obs. Cak.
Whiteness index
y1=133.70 926 4429 3460 14.80 2116 32.32
Strength
vo=31.89 0.42 008 711 106 519 0.37
Wetting time
v3=126.07 034 -032 640 070 299 -4.02
TABLE 6
Eigenvalues and their vectors
Response Eigenvalue Eigenvectors
Whiteness index —0.6563 06279 -0.2849 -0.7243
-0.2381 -0.0201 09243 -0.3811
-0.0189 -0.7781 -0.2539 -0.5746
Strength 0.3120 -0.1496 —-0.9829 0.1077
07327 -0.2663 0.1449 0.9529
09114 —-0.9522 01139 -0.2834
Wetting time —0.9506 0.1340 0.0227 0.9907
0.7010 ~0.9909 -0.0070 0.1342
3.3250 0.0100 -0.9997 0.0216

Contour diagrams of the response surface were drawn
based on the data from Eqn 2 and are reproduced in Fig-
ures 1-3. ltis apparent from these diagrams that the bleach-
ing agent concentration has the maximum effect on the
whiteness index.
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Figure 1 — Contour diagram of whiteness index vs treatment time
and temperature at constant bleaching agent concentration.
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Figure 2 — Contour diagram of whiteness index vs bleaching agent
concentration and treatment time at constant femperature
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Whiteness index

Temperature, °C

Figure 3 — Contour diagram of whiteness index vs bleaching agent
concentration and temperature at constant treatrnent time

In order to investigate the properties of the response
surface in the vicinity of the optimum, canonical analysis of
the full model was carried out. Since all the eigenvalues for
whiteness index are negative (Table 6) an overall maximum
for this reponse is possible. However, the stationary point
(Table 5) lies well beyond the levels investigated, i.e. the
maximum theoretical whiteness index was calculated to be
133.70, for which the predicted treatment conditions are
9.26% bleaching agent, 34.6 h of treatment time at
211.6°C.

Since the maximum whiteness index obtained for the test
fabric, by bleaching it at 100°C for 2 h with 2% sodium
chlorite, was 78.2, optimisation was carried out with respect
to this value.

Following the trend of the eigenvectors corresponding to
each of the eigenvalues, it was found that a whiteness index
close to 78 could be obtained with various treatment com-
binations, some of which are given in Table 7.

TABLE 7

Treatment conditions selected from computer out-
put (considering the eigenvalues and their vectors of
whiteness index and strength)

Bleaching
agent
Sample concn Time Temp. Whiteness Strength Wetting
No. (% owf) (h) (°C) index  (kg/g) time (s}
1 0.750 7.8 53.6 77.08 34.50 105.8
2 0.828 7.7 54.1 77.81 36.00 104.9
3 0.778 7.8 53.8 77.34 35.00 105.5
4 0.873 7.7 53.3 78.20 37.00 104.4
5 0.913 7.7 54.6 78.55 38.00 104.0
6 0.951 7.7 54.8 78.86 39.00 103.7
7 0.823 6.9 55.9 78.00 36.45 9.1
8 0.747 6.6 54.6 77.00 34.89 101.7
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Fabric strength
The value obtained for fabric strength, v,, is given in Table
4. 1t is apparent from the regression equation that all the
independent variables affect fabric strength. Unlike the
whiteness index model, the quadratic terms were found to
be significant in this case.

In order to assess the effect of the variables, contour
diagrams were drawn, two of which are reproduced in
Figures 4 and 5. Canonical analysis of the fitted model gives

positive eigenvalues, thereby indicating an overall
minimum.
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Figure 4 — Contour diagram of fabric strength (kg/g) at different
values of treatment time and temperature
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Figure 5 — Contour diagram of fabric strength (kg/g) at different
values of bleaching agent concentration and temperature
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The fabric strength at the minimum (i.e. at the stationary
point) is predicted as 31.89 kg/g of fabric, which is about
9% lower than that of the test fabric. It is known that the
sodium chlorite bleach has a marginal effect on fabric
strength, so the present investigation is in agreement with
this general observation.

Wetting time

The predicted expression for wetting time, 3, in Table 4
shows a poor fit. Canonical analysis gives a saddle point,
due to positive and negative eigenvalues. The contours in
Figure 6 show a typical saddle point model.
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Figure 6 - Contotir diagram of wetting time vs treatment time and
temperature at constant bleaching agent concentration

The observed values of wetting time given in Table 2 are
much higher than those obtained for pure cotton fabrics {6},
and it seems the wetting is due to the 33% cotion in the
fabric.

Optimisation

As stated above, the treatment combinations indicated in
Table 7 give the required level of whiteness. However, in
the predicted combinations the sodium chlorite concentra-
tion is higher than maximum concentration investigated.
Therefore, to arrive at a desirable recipe, two sets of
experiments were performed, and the recipes 3 and 7 from

TABLE 8

Observed responses in experiments 3 and 7 in
Table 7

Y1
Recipe
No. X Xg X3 Observed  Predicted
3 0.778 7.8 54.0 78.09 77.34
7 0.823 6.9 56.0 77.09 78.00
TABLE 9

Recommended conditions for obtaining samples of
optimum whiteness index

Condition Value
Bleaching agent (NaClO,: TEA.HCI) 0.8:0.4% o.w.f.
Treatment time 7-8h
Temperature 55°C
Starting pH® 16

{a) Using 0.1 mol/l acetic acid and sodium acetate

Table 7 were chosen. The observed responses are given in
Table 8, and based on these observations the treatment
combination shown in Table 9 is recommended for obtain-
ing samples having a whiteness index close to 78, i.e. equi-
valent to that obtained in the case of conventionally pre-
pared fabric.

Since the process recommended is to be carried out by a
pad—store method at comparatively low temperature it is
expected that the evolution of chlorine dioxide will not
create any pollution or corrosion problems. In the labora-
tory studies we did not observe any chlorine dioxide fumes
being evolved, either from the pad bath or from the stored
fabric. The reaction appears not to generate heat sufficient
to impair the control of bleaching at 55°C.

* *® *
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