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A single-stage preparatory process for acrylic-sized and
starch-sized cambric fabrics, based on a self-emulsifiable
solvent-assisted system using hydrogen peroxide, has
been investigated using a second-arder response-surface
design. It has been observed that it is easier and cheaper
to bleach an acrylic-sized fabric. The single-stage
preparatory process results in 5—15% saving in energy
and proves to be more economical than the conventional
fabric preparation process.

INTRODUCTION

The continually increasing cost of energy has stimulated
considerable R & D effort to deveiop a commercially viable
single-stage preparatory process combining desizing,
scouring and bleaching [1, 2].

In the present investigation, a self-emulsifiable solvent
system of bleaching has been developed to combine these
three preparatory steps, in which effective removal of size,
natural impurities and colouring matter could be achieved
in the shortest possibie time. The system uses a high prop-
ortion of water and very low levels of solvent and hydrogen
peroxide. The presence of hydrogen peroxide helps both
desizing and bleaching, whereas the emulsified solvent is
responsible for the scouring of cotton. Since this system
has a very low soclvent content, there is no need for a
solvent recovery plant. The fabric can be bleached in the
bleaching plants usually availabie.

In order to ascertain optimum process conditions and to
evaluate the effect of various bleaching conditions on the
properties of the bleached fabric an experimental plan was
used.

TABLE 1

Factors and Their Values Used in the Experimental Plan

Value

Factor 1 2 3 4 5

X, — concentration of

scouring agent (%) 0 2 4 6 8
X, = concentration of

hydrogen peroxide (%) 0 1 2 3 4
X, ~ temperature (°C) 80 8 90 95 100
X, ~ time (min) 60 90 120 150 180

A second-order response-surface design of five levels,
four variables, and utilising 31 different conditions was
chosen for the present investigation (Table 1). The vari-
ables were:

(a) Concentration of scouring agent (X )

(b) Concentration of hydrogen peroxide (X,
{c) Temperature (X,)

(d} Time (X,).

A multiple linear regression analysis was used to deter-
mine the relationship between these variables as rep-
resented by the quadratic polynomial in Eqn 1.
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where Y is the response from each experiment, 8, is a
constant, 8,, 8, and B, are the coefficients of each mono-
mial, and X is the variable {a)-{d).

EXPERIMENTAL

Preparation of Scouring Agent

A self-emulsifiable solvent mixture was prepared consist-
ing of a solvent, an emulsifier and pine oil as a wetting
agent. Initially, two types of emulsifier (anionic and non-
ionic) and two solvents (benzene and perchloroethylene)
were tried. The various versions of the mixture were tested
for their emulsion stability by keeping 4% aqueous emul-
sions overnight. The emulsions containing either benzene
or anionic emuisifier broke down within a short period.
Hence it was decided to use the non-ionic emulsifier and
perchloroethylene along with pine oil as the scouring
agent.

Scouring formulations having different ratios of pine oil,
non-ionic emulsifier and perchloroethylene were prepared
and tested for their emulsion stability. A mixture consisting
of pine oil (5 parts), emulsifier (nonylphencl-ethylene
oxide condensate, 4 parts) and perchioroethylene (1 part)
gave good stability and was used throughout this work.

Fabrics

Two types of differently sized cambric fabrics, having
almost identical properties were used; they are shown in
Table 2.

TABLE 2

Properties of Fabrics Used in the Study

Property Cambric 1 Cambric 2

Warp count 60s 60s

Weft count 60s 60s

Ends/m 3465 3465

Picks/m 3150 3150

Wt/m?(g) 68 72

Size 100% Starch with tallow,
acrylic  carboxymethyl cellulose, etc.

Size add-on {o.w.f.) 1.5% 6%

Fabric Treatments

The fabric samples were padded twice {to 80% wet pick-up}
in a solution containing various amounts of scouring agent,
hydrogen peroxide, sodium silicate and 0.1% wetting agent
(sodium octyl sulphosuccinate) at pH 10.5 {adjusted using
soda ash). Treatments were carried out in stainiess steel
containers of a LaunderOmeter at the required temperature
for the required time (approximating to J-box conditions).

JSDC Volume 100 January 1984 21




TABLE 3
Analysis of Bleached Samples of Cambric 1 Fabric

- Tensile Whiteness
Expt [Scouring [H,0,1 Temp. Time Weight loss {%)  strength (kg/g) index Wettability (s)
No. agent] (%) {%) {°C) {min) Obs. Calc. Obs. Calc. Obs. Calc. QObs. Calc.
1 6 3 95 150 8.09 8.24 33.48 33.07 4484 44.39 27 22
2 2 3 95 150 5.88 5.94 33.89 33.31 45.05 4473 52 48
3 6 1 95 150 6.06 6.24 33.52 33.78 48.78 47.41 36 34
4 6 3 85 150 7.61 7.82 34.03 33.95 44.84 44.41 28 23
5 6 3 95 90 7.59 7.68 33.24 33.06 44 .99 44.57 26 21
6 2 1 95 150 3.74 3.94 34.31 34.19 48.61 48.61 61 68
7 2 3 85 150 5.46 5.65 34.09 33.64 45.34 44,73 54 51
8 2 3 95 90 5.09 5.47 34.26 33.69 45.26 44.77 53 51
9 6 1 85 150 6.06 7.02 33.77 33.99 48.23 48.31 a4 a8
10 6 1 95 90 5.62 5.76 33.47 33.568 48.22 48.39 42 a7
11 6 3 85 a0 7.32 7.46 33.82 33.57 45.17 44,79 28 24
12 2 1 85 150 3.66 3.83 34.21 34.20 49,50 49.11 77 80
13 6 1 85 90 5.63 b.71 33.39 33.75 49.52 49.05 48 52
14 2 3 85 90 5.26 5.39 34.45 34.01 45.52 44.95 69 61
15 2 1 95 20 3.50 3.54 34.15 34.31 49.19 49.07 78 a1
16 2 1 85 90 3.48 3.63 34.31 34.33 49.72 49.10 84 79
17 8 2 90 120 7.24 6.98 31.82 32.92 46.17 46.15 23 22
18 0 2 90 120 2.91 2.93 35.82 34.58 46.92 47.03 86 86
19 4 4 90 120 7.21 6.96 31.97 31.58 41.32 41.11 22 24
20 4 0 90 120 3.40 3.22 356.25 34.67 50.75 50.31 124 106
21 4 2 100 120 7.45 7.14 32.45 33.1 46.09 46.43 30 25
22 4 2 80 120 5.70 6.09 33.22 33.63 46.51 47.11 44 45
23 4 2 90 180 7.07 6.98 32.29 33.14 46.01 46.45 31 32
24 4 2 90 60 6.34 6.01 33.15 33.31 46.76 47.05 46 47
25 4 2 90 120 6.88 6.80 32.47 32.95 46.34 486.35 47 46
26 4 2 90 120 6.79 6.80 32.85 32.95 46.25 46.35 42 46
27 4 2 90 120 6.82 6.80 32.17 32.95 46.31 46.35 48 46
28 4 2 90 120 6.56 6.80 32.67 32.95 46.52 46.35 47 46
25 4 2 a0 120 6.47 6.80 33.08 32.95 46.32 46.35 40 46
30 4 2 90 120 6.90 6.80 32.72 32.95 46.54 46.35 50 46
31 4 2 90 120 6.68 6.80 32.93 32.95 46.29 46.35 43 46
TABLE 4
Analysis of Bleached Samples of Cambric 2 Fabric
Tensile Whiteness
Expt [Scouring [H,0,] Temp. Time  Weight loss (%)  strength (kg/g) index Wettability {s)
No. agent] (%) (%) (°C) {min) Cbs. Calc. Obs. Calc. Obs. Calc. Obs. Calc.
1 6 3 95 150 13.31 13.74 34.13 33.10 47.09 47.09 37 32
2 2 3 a5 150 8.34 8.98 34.54 34.02 47.50 47.63 52 49
3 6 1 95 150 12.57 11.91 34.17 33.92 51.33 51.32 40 42
4 6 3 86 150 12.66 12.24 34.68 34.70 47.18 46.96 41 36
5 6 3 95 90 12.87 12.81 33.89 33.21 47.33 46.41 46 46
6 2 1 95 150 6.74 6.86 34.96 34.90 51.65 51.73 53 49
7 2 3 85 150 7.64 7.60 34.74 34.42 47.61 47.37 83 49
8 2 3 95 90 7.68 7.84 34.9 34.48 47.73 47.78 51 50
9 6 1 85 150 11.04 10.92 34.42 34.10 51.50 51.19 42 a1
10 6 1 95 90 11.58 11.36 3412 33.93 51.54 51.60 46 51
1 6 3 85 90 11.38 10.95 34.47 34.68 47.64 47.30 45 40
12 2 1 85 150 6.05 5.96 34.86 34.98 51.79 51.49 75 81
13 6 1 85 90 10.79 9,92 34.04 33.88 51.88 51.52 55 62
14 2 3 85 a0 5.95 6.10 35.10 34.76 47.78 47.56 55 62
15 2 1 95 90 6.24 6.12 34.80 35.16 51.85 51.17 74 73
16 2 1 85 0 5.20 4.90 34.96 35.12 51.92 51.66 82 76
17 8 2 90 120 13.45 14.60 32.47 33.68 49.12 49,11 36 40
18 Q0 2 90 120 5.03 4.73 36.47 35.85 49,92 49.79 94 85
19 4 4 90 120 11.96 11.30 32.62 33.01 45.61 4539 36 39
20 4 0 90 120 6.37 6.86 35.90 35.10 53.75 53.71 137 129
21 a4 2 100 120 10,73 10.22 33.10 33.50 49.23 49.55 33 31
22 4 2 80 120 7.04 7.07 33.87 34.08 49.78 49.19 44 42
23 4 2 90 180 9.68 9.78 32.94 33.54 49.42 49.26 34 Kl
24 4 2 90 60 6.99 7.16 33.80 33.78 49.84 49.74 46 44
25 4 2 90 120 8.62 8.55 33.13 33.46 49.51 49.42 48 51
26 4 2 90 120 8.30 8.65 33.48 33.46 49.25 49,42 51 5%
27 4 2 90 120 8.42 8.55 33.69 33.46 49.27 49.42 50 51
28 4 2 90 120 8.67 8.55 33.62 33.46 49.50 49,42 55 51
29 4 2 90 120 8.88 8.55 33.05 33.46 49.41 49.42 48 51
30 4 2 ] 120 8.91 8.55 33.81 33.46 49.38 49.42 51 51
31 4 2 30 120 8.05 8.65 33.43 33.46 49.62 49.42 56 51
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Tables 3 and 4 show scouring agent concentration, perox-
ide concentration, temperature and time of treatment for
the different experiments. After treatment, the samples
were thoroughly washed with cold water, squeezed and
dried at room temperature.

Fabric Testing

The effect of bleaching treatment was assessed by measur-
ing weight loss [3], tensile strength (4], whiteness index [5]
and wettability [6]. Mathematical analysis of the results
were carried out on an ICL 2960 computer.

Fabrics Prepared by the Conventional Process

Desizing

Three grey samples were padded twice with a desizing
liguor containing 8 g/l enzyme, 16 g/l sodium chloride and
1 g/1 wetting agent (80% pick-up was obtained). The pad-
ded samples were placed in a stainless steel container of
the LaunderOmeter at atemperature of 70°C for 2 h. Finally,
the samples were taken out and thoroughly washed with
water and dried at room temperature.

Scouring
Two desized samples were padded twice with 4% caustic

soda solution at 70°C and then stored in the LaunderOmeter
at 95°C for 2 h. Then the samples were taken out and
washed with hot water. Finally the samples were treated
with 1% acetic acid solution for 5 min and then washed
thoroughly with cold water.

Bleaching

One of the scoured samples was padded twice with a solu-
tion of 2% hydrogen peroxide (30%) containing 2% soedium
silicate and 0.1% wetting agent and stored in the Launder-
Ometer at 95°C for 2 h. Then the sample was taken out,
thoroughly washed and conditioned. Whiteness index,
tensile strength, wettability and weight loss of these sam-
ples were also measured.

RESULTS AND DISCUSSIONS

Table 1 shows the different factors and their values used in
the experimental plan. Tables 3 and 4 show the experimen-
tal and calculated values of the responses, along with the
experimental canditions used for the treatment of the two
cambric fabrics. Close agreement between the observed
and the calculated values of the various parameters shows
that the regression equation is applicable. The regression
coefficients, the multiple correlation coefficients and the
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Figure 1 — Effect of hydrogen peroxide on the properties of cambric 1 processed with 4%

scouring agent at 95°C for different times
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TABLE 5

Statistical Analysis of the Responses

Weight loss Tensile strength Whiteness index Wettability
Regression
coefficient Cambric 1 Cambric 2 Cambric 1 Cambric 2 Cambric 1 Cambric 2 Cambric 1 Cambric 2
8, 6.8 8.65 32.76 33.47 46.35 49.42 45,29 51.29
8, 1.103 2.47 -0.21 -0.54 -0.25 -0.17 -15.84 -11.13
B, 0.94 0.86 -0.27 -0.27 -2.05 -2.08 -14.2 -12.3
B, 0.084 0.78 -0.13 -0.14 -0.17 —0.09 -3 =271
8, 0.193 0.51 -0.04 -0.06 -0.20 -0.12 ~-3.64 -33
B, -0.508 0.28 0.348 0.326 0.17 0.008 2.23 2.75
B, -0.45 0.26 0.292 0.274 0.036 0.032 6.86 18.15
B, 0.034 0.027 0.105 0.08 0.105 -0.12 -2.14 -3.88
B, —0.101 0.057 0.07 0.05 0.126 0.018 -1.64 -3.50
B, 0.002 -0.07 -0.04 0.04 0.120 -0.03 0.69 4.1
B, 0.03 0.03 —0.05 —0.05 -0.002 -0.03 1.44 0.94
B,, 0.02 —0.05 0.097 0.09 -0.03 —0.04 1.14 -0.56
B,, 0.05 0.03 -0.08 -0.08 0.12 0.005 0.94 1.56
B,, 0.02 0.1 —0.05 —0.05 0.10 0.006 1.19 1.56
8, 0.05 -0.09 —-0.003 —0.03 0.04 0.01 0.19 —0.06
R 0.891 0.961 0.354 0.609 0.973 0.983 0.878 0.737
F-value 132.3 10.28 87.1 150.1 42.04 731.2 10.14 23.23
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Figure 2 — Effect of hydragen peroxide on the properties of cambric 2 processed with 4%
scouring agent at 95°C for different times
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F-values (obtained from analysis of variance) for the two
fabrics investigated are given in Table 5. Figure 1 illustrates
the effect of hydrogen peroxide and time of treatment on
the weight loss, tensile strength, whiteness index and wet-
ting time of bleached cambric 1. The same trend was
obtained at all the other concentrations of scouring agent
and temperature investigated. Figure 2 illustrates the same
data obtained for cambric 2. The values used for plotting
these figures are the calculated values of the responses
obtained from the computer output based on ail the 625
treatment conditions,

Weight Loss, Tensile Strength and Wetting Time

In the case of cambric 1, for a given temperature and scour-
ing agent concentration, a rapid increase in weight loss and
a steep decrease in tensile strength and wetting time are
observed with respect to an increase in hydrogen peroxide
concentration up to 2%; thereafter a gradual change in
these parameters occurs with increase in concentration of
peroxide, up to 4% at all the treatment times investigated
(see Figure 1 (a, b, d}).

The computer analysis of scouring agent concentration
data has not been specifically plotted. However, Figure 3
shows, for a specific case, that a substantial weight loss,
strength loss and lowering of wetting time occur up to a
concentration of 4% of scouring agent. A very small change
in these parameters is observed at higher concentrations of
scouring agent.
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Figure 3 — Effect of scouring agent on the properties of
cambric 1 processed with 2% hydrogen peroxide at 95°C for
120 min

Similarly, Figures 4 and b indicate that varying the treat-
ment time from 60 min to 180 min and the temperature
from BO° to 100°C marginally affect the above-mentioned
parameters.

There appears to be a linear relation between (a) weight
loss and tensile strength, (b} wetting time and weight loss,
and (c} strength and wetting time. Regression analysis of
the observed values of these parameters gives the correia-
tion coefficients shown in Table 6. A significant correlation
is observed between weight loss and wetting time.

tn the case of cambric 2 (having starch-based size) Figure
2 indicates that:
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Figure 4 — Effect of time on the properties of cambric 1
processed with 4% scouring agent and 2% hydrogen perox-
ide at 95°C
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Figure 5 — Effect of temperature on the properties of cam-
bric 1 processed with 4% scouring agent and 2% hydrogen
peroxide for 120 min

TABLE 6

Correlation between Various Properties of Cambric 1

Correlation b a R

Between weight loss and

tensile strength -0.48 26.37 —-0.74
Between weight loss and

wetting time -13.46 130.00 -0.88
Between tensiile strength and

wetting time 16.74 -511.00 0.7

1. Weight loss increases gradually with increase in con-
centration of both peroxide and scouring agent (see
Figure 6}. Time and temperature also directly affect the
weight loss.
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2. There is a decrease in tensile strength with respect to
peroxide concentration at all concentrations of scouring
agent (see, for example, Figure 2(b)}. However, at lower
concentrations maost of the fall in strength occurs below
2% H,0,. Time and temperature of treatment do not
seem to affect the strength (Figures 7 and 8).

3. Decrease in wetting time with change in peroxide con-
centration follows almost the same pattern as that
observed for change in tensile strength at all concentra-
tions of scouring agent. Time and temperature also
seem to lower the wetting time significantly (Figures 7
and 8).
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Figure 6 — Effect of scouring agent on the properties of
cambric 2 processed with 2% hydrogen peroxide at 95°C for
120 min
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Figure 7 — Effect of time on the properties of cambric 2
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Regression analysis of the observed weight loss, tensile
strength and wetting time indicates that there is practically
no correlation between these parameters.

Whiteness Index
Whiteness index shows a linear relationship with peroxide
concentration in the case of both the fabrics as is apparent
from Figure 1{c) and 2(c).

Other factors, i.e. scouring agent concentration, time and
temperature of treatment, have very little effect on the
whiteness index in the range investigated.

Statistical Analysis

The significance of the experimental model is judged by
F-value of each factor (from the analysis of variance). The
multiple correlation coefficient R is used for ascertaining
the validity of the regression equation. The F-value must be
greater than 7.4 for a significance level of 95%. To show
good correlation the coefficient A must be high (R=0.95 —
very good correlation, #=0.85 — significant correlation,
R=0.70 — fair correlation under special circumstances,
£R<0.70 — no correlation).

It is apparent from Table 6 that a very good correlation is
observed in all the cases, except for that of tensile strength.
The R-values for strength are 0.354 (for cambric 1) and
0.809 (for cambric 2), which shows that there is no correla-
tion between tensile strength and the other experimental
variables. However, for both the fabrics, the measured val-
ues and the calculated values are shown to be very close to
each other in all cases, indicating the closeness of fit of the
model. Shrinkage during wet treatment seems to be a
complicating factor.

Comparison between Cambric 1 and Cambric 2

Table 7 shows the properties of the conventionally
bleached cambric fabrics 1 and 2. It can be seen that, under
identical conditions of bleaching, the acrylic-sized cambric
1 has a whiteness index of 45.13 and wetting time of 38 s,
both of which are superior to the values for the starch-sized
cambric 2, having a whitenesss index of 48.85 and wetting
time of 47 s.



TABLE 7

Results of Conventional Bleaching Process

After desizing

After scouring After bleaching

Property Cambric 1 Cambric2 Cambric1 Cambric2 Cambric1 Cambric 2
Weight loss (%} 1.63 4.83 4.91 8.90 6.78 13.77
Tensile strength

{kg/g) 35.3 36.93 34.82 35.64 33.15 34.03
Whiteness index 50.7 53.77 50.51 51.42 45.13 48.85
Wettability (s} 128 153 97 92 38 47

TABLE 8

Comparative Cost Analysis Taking Cost of Processing Cambric 2 by the Conventional

Process as 100

Cost of Cost of
conventional process (%) single-stage process (%)
Cost item Cambric 1 Cambric 2 Cambric 1 Cambric 2
Chemicals 40.7 43.7 42.6 58.4
Steam 20.3 33 15.2 16.2
Water 10.2 15.3 5.1 5.1
Electricity 2.0 2.0 0.7 0.7
Labour 3.0 3.0 2.0 2.0
Stores and inventories 3.0 3.0 1.0 1.0
Total 79.2 100 66.6 824
Saving (%) 20.8 334 17.6

For the single-stage bleaching process also, the acrylic-
sized cambric 1 shows better whiteness and wettability
than the starch-sized cambric 2 fabric, when they are pro-
cessed under identical conditions. The inferior properties
of the fabric having starch- and tallow-based size may be
due to two factors. Firstly, it has a comparatively high
add-on of size, i.e. about 6% as compared to about 1.5%
with acrylic-sized fabric, thus requiring severe conditions
for bleaching. Secondly, the tallow in the cambric 2 may not
be completely removed; hence giving a fabric of inferior
whiteness and wetting properties.

Economics and Optimisation
For the optimisation of the single-stage process, the white-
ness index and wetting time vailues of the conventionally
sized (starched sized) and conventionally bleached fabric
have been taken as the required standard {i.e. a whiteness
index of about 49 and wetting time of 47 s).

in the case of cambric 1, many treatment conditions were
chosen (from the computer output) which gave the
reguired whiteness index and wetting time. A cost analysis
was also performed for each treatment combination. It was
observed that if the single-stage bleaching was carried out
at 100°C then the most cost-effective conditions were:

Scouring agent 2%
Hydrogen peroxide 1%
Temperature 100°C
Time 180 min

costing about 30% less than the conventional process.

However, it is not possible to attain a temperature of
100°C in the J-box, mainly due to radiation losses. Assum-
ing that the temperature of the J-box was maintainable at
95°C, then the best practicable conditions were:

Scouring agent 4%
Hydrogen peroxide 1%
Temperature 95°C
Time 180 min.

A detailed costing of this set of conditions is given in
Table 8; for comparison this table aiso has the relative
costing of the conventionally processed fabric. Though the
chemical cost is high in the case of the single-stage process,
the overall cost works out to be about 13% less (the costing
has been carried out for the Indian subcontinent, and may
not apply in other countries).

For cambric 2, with optimisation also carried out at 95°C,
the most cost-effective conditions were:

Scouring agent 4%
Hydrogen peroxide 2%
Temperature 95°C
Time 180 min.

Detaited costing for these conditions is also given in
Table 8 along with that for the conventionally processed
fabric, showing a difference of about 17.5% in favour of the
single-stage process.

CONCLUSIONS

1. ltis possible to combine the three preparatory processes
namely desizing, scouring and bleaching into a single-
stage preparatory process by using a self-emulsifiable
solvent-assisted system incorporating hydrogen perox-
ide.

2. The single-stage preparatory process is cheaper than
the conventional process and it comsumes less energy.

3. The acrylic-sized fabric gives better whiteness and wet-
tability compared with the starch-sized fabric, when
processed under identical conditions, and the former is
cheaper to bleach.
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