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Abstract

Simple and sustainable reuse and recycle strategies were investigated with the intention of assessing ways to curb
water consumption in the textile wet processing. Textile pre-treatment involves desizing, scouring and bleaching
processes. Each process requires a plethora of chemicals along with water, out of which the unexhausted chemicals
are drained in the effluent stream. Conventionally, 7.3 % alkali and 6.9 % hydrogen peroxide are utilised in the
scouring and bleaching process. Attempts were made to reutilise the unexhausted 92.7 % alkali and 93.1 %
hydrogen peroxide from the scouring and bleaching process. After recycling the scouring and bleaching process
bath three times, effluent still contained 55 % alkali and 67.5 % hydrogen peroxide which was reused to desize a
new grey fabric. The fabric properties like Tegewa rating, absorbency and whiteness were found to be better than
the conventional enzyme desized fabric. The desized fabrics were then subjected to dyeing using reactive dyes
Yellow HE6G and Navy Blue HER, where analogous dyeing and fastness properties were obtained when compared
with fresh water samples. Economical feasibility has been calculated considering a production of 1 ton of
fabric/day. It was observed that 83 % water and 74 % energy were conserved per ton of processed fabric
which contributes to a saving of around 1 lac INR/ton.
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Background
The emergence of industrialisation and urbanisation ag-
gravates the situation of increasing demand for water.
According to a survey conducted by FICCI Water
Mission, demand of water for the industrial sector is
likely to witness a rise up to 8.5 and 10.1 % of the total
freshwater withdrawal in 2025 and 2050, respectively
(FICCI 2011). Currently, the Indian textile industry con-
sumes 200–300 m3 of water per ton of the processed
textiles also generating a huge quantum of wastewater
(Dasgupta et al. 2015; Ranganathan et al. 2007). The
wastewater that is discharged contains appreciable quan-
tities of organic and inorganic chemicals (dyes, acids, al-
kalis, lubricants, surfactants, auxiliaries, oligomers, etc.)
which have to be treated to comply with the norm set by
the pollution control board and other environmental or-
ganisations. Due to an increase in demand of the textiles
and the stringent rules, the waste treatment plant has
to be expanded or additional treatment facilities are

required. The textile companies drain their effluent to
the common effluent treatment plants (CETPs), where
the CETPs charge them on the basis of the quality
and quantity of the wastewater. Thus, by stream iden-
tification and segregation, one can study the potential
of wastewater streams for its possible recycle and re-
use. This will drastically reduce the quantity of waste-
water going into the CETPs.
Many different strategies are employed for wastewater

treatment such as use of high-energy gamma radiation
to degrade the combined textile wastewater for its reuse
in wet processing (Rahman Bhuiyan et al. 2016). Mem-
brane systems is the latest methodology for the
treatment-recycling scheme to recover the chemicals
and water (Fersi et al. 2005; ElDefrawy and Shaalan
2007; Ranganathan et al. 2007; Lu et al. 2010). Dasgupta
et al. 2015 have considered both biological systems and
membrane technology for wastewater reclamation.
Erdumlu et al. (2012) have mentioned that the effluent
obtained from different finishing processes may be
reused by partial purification. They have introduced a
method of reusing water just after basic treatments like
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filtering, airing, pH regulating and ion exchange. An-
other simple process was put forward by Schoeberl et al.
(2005), where only the washing effluents from a textile
finishing company was treated by means of ultrafiltra-
tion. Reuse of bleach rinse for after-scour rinsing oper-
ation can be possible as mentioned by Skelly in his Book
titled ‘Water recycling in textile wet processing’ (Skelly
2003).
The concept of segregation of wastewater was

followed by Shaid et al. (2013) where scouring and
bleaching rinses have shown bright prospect of reus-
ing. Amongst many rinses tested, the ‘before dyeing
rinse’ of knitted cotton fabric was found to be accept-
able and safe to reuse for scouring-bleaching of the
same fabric with addition of the same amount of
chemicals.
It was noticed that although attempts have been made

to recycle and reuse the wastewater, they involved partial
or complete treatment before its recycle and reuse. Lit-
erature is void of studies wherein optimal use of process
chemicals before draining into the wastewater stream
was considered.
The focus of this research is on recycling and reusing

water and chemicals in the textile pre-treatment
process without prior treatment. Before describing the
research objective, the concepts of reusing and recyc-
ling are defined which are often misunderstood. The
US Environmental Protection Agency (2004) have de-
fined the two concepts aptly, reuse means utilisation of
previously used wastewater for another process or pur-
pose whereas recycle can be defined as reuse of same
wastewater one or more times for the same process or

purpose. The conventional three step pre-treatment
process consists of desizing, scouring and bleaching.
Desizing of a grey fabric removes previously added size
or starchy material which can be done by using water
(rot steeping), acid, enzyme, oxidation chemicals and
alkali. Scouring uses alkali to remove oils, fats and
waxes to improve the absorbency whereas bleaching
uses oxidising agents to improve the whiteness of the
fabric. In a conventional process, scouring and bleach-
ing is done once which results in under utilisation of al-
kali and hydrogen peroxide. In the proposed process,
wastewater from scouring and bleaching has been
recycled three times for optimal utilisation of chemicals
and water; the fabric properties were compared with

Fig. 1 Flow chart of conventional cotton pre-treatment processes. The inputs and outputs of the conventional pre-treatment process viz. desizing,
scouring and bleaching are explained

Fig. 2 Conventional reactive dyeing graph. The conventional
reactive HE dyeing process is explained through time vs
temperature graph. Where; A: Addition of fabric, required
amount of dye and salt (40 g L-1) at room temperature, A – B:
Raise temperature upto 80°C with heating rate 1.5°C/min, B – C:
Run bath for 30 min at 80°C, C: Addition of sodium carbonate
(20 g L-1), C – D: Dyeing for 45 min, E: Washing and rinsing.
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the conventionally processed fabrics. After recycling
the process water three times, the baths still contain al-
kali and oxidising agents. Hypothesis has been made to
reuse the scouring and bleaching process water in the
proportions of 50:50, 70:30 and 30:70 for desizing a
grey fabric. Fabric properties were compared with con-
ventional enzymatic desizing.
To further confirm the quality of the processed fabric,

dyeing has been done using reactive dyes. Technical
feasibility of the process was evaluated on the basis of
Tegewa rating, absorbency, whiteness index and dyeing
and fastness properties. Economical feasibility has also
been studied.

Methods
Materials
A 100 % grey cotton plain woven fabric obtained
from Tata mills, Mumbai, was used throughout the
experiment. The fabric had a yarn count of 40s and a
gram per square metre (GSM) of 112. The chemicals,
wetting agents, sodium hydroxide, hydrogen peroxide,
peroxide stabiliser, glacial acetic acid, sulphuric acid,
potassium iodide, iodine, Glauber’s salt and sodium
carbonate were obtained from S.D. Fine chemicals
and were of AR grade. Reactive dyes, Yellow HE6G
and Navy Blue HER were obtained from Colorband
India Pvt. Ltd and were used without any further
purification.

Conventional method
Untreated fabric, also known as grey fabric, was desized,
scoured and bleached in separate baths as per the pro-
cedure given in literature (Koushik and Josico 2003;
Shore 1995; Tomasino 1992). All the processes were car-
ried out in the lab scale Rota dyer (Rossari® Labtech,
Mumbai, having a capacity of 1800 ml, 18 pots each with
a capacity of 100 ml). The flow chart of the same can be
seen from Fig. 1.
Pre-treatment of fabric was followed by dyeing. For

this study, reactive HE dyes were used. In order to dye a
cotton fabric using reactive HE dye with 1 % shade,
20 g l−1 sodium carbonate and 40 g l−1 Glauber’s salt are
required. The time vs temperature graph of dyeing is
shown below in Fig. 2.

The proposed recycle and reuse method
Scouring followed by bleaching of a desized fabric was
carried out using the conventional recipes. The process
bath of scouring and bleaching still containing unex-
hausted chemicals was recycled as it is without addition
of any extra chemicals three times. The final, i.e. the
third bath of both the scouring and bleaching processes
were then mixed in 50:50, 70:30 and 30:70 proportions,
respectively, and were reused to desize a new grey fabric.
The fabrics thus desized with the recycled water were
subjected to reactive dyeing. A flow diagram of the same
can be seen from Fig. 3.

Fig. 3 Schematic flow diagram of the proposed recycle and reuse process. This showcases the actual idea of water recycling in scouring
and bleaching baths (three times) without replenishment of water or chemicals. Further mixing the wastewater after third recycled
scouring and bleaching baths in 50:50, 70:30 and 30:70 ratios, respectively, and desize a new grey fabric using it. At the last, dyeing of all
fabrics is carried. Where; WW: wastewater, S1, S2, S3 and S4: Scouring processes 1,2,3,4 respectively, B1, B2, B3 and B4: Bleaching
processes 1,2,3,4 respectively.

Table 1 Properties of scoured fabrics

Sr. no. Fabric samples L* a* b* Tegewa rating Absorbency (s)

1. Scoured fabric 88.36 −0.12 6.49 6 <3

2. Scoured fabric (1st recycle) 88.22 −0.38 7.31 6 <3

3. Scoured fabric (2nd recycle) 89.08 −0.47 7.61 6 <3

4. Scoured fabric (3rd recycle) 88.94 −0.44 7.83 6 <3
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Testing and analysis
Testing of desized fabric
Iodine drop test (Tegewa test) is employed to check the
desizing efficiency. The underlying principle for the
same is the violet colouration of starch with iodine.
Hence, the presence of starch remaining on fabric can
be deciphered. A small sample of desized fabric was cut
and immersed in a beaker containing a solution of
potassium iodide and iodine for 1 min. The sample
was then rinsed thoroughly under tap water, dabbed
with filter paper and immediately compared with the
Tegewa scale or Violet scale having a 1–9 rating. A
rating of 1 denotes almost no removal of size and a
rating of 9 indicates complete removal of size from
the fabric. The commercially acceptable rating is 6–7
(Wurster et al. 1987).

Testing of scoured fabric
Absorbency of a fabric was performed by using
AATCC Test Method 79-2000, where a drop of water
is allowed to fall from a fixed height onto the taut
surface of a test specimen. The time required for the
reflection of the water drop to disappear is measured
and recorded as wetting time. Five seconds or less is
generally considered to represent adequate absorbency
(Chehna et al. 2007).

Testing of bleached fabric
The bleached fabrics were evaluated for whiteness index
using a computer colour matching system (SpectraScan
5100+) supplied by Premier Colorscan Instruments Pvt.
Ltd. Evaluation for whiteness index was carried out
using AATCC Test Method 110-2005. An average of
two readings taken at two different positions of samples
was used to calculate the indices (Chehna et al. 2007).

Presence of alkali in the scouring bath
In this test, the accurately measured volume of specimen
was titrated against standard solution of sulfuric acid
using a phenolphthalein indicator. The alkalinity mea-
sured is in terms of CaCO3 (mg/l) (American Public
Health Associations et al. 1999).

Alkalinity; mg CaCO3=l ¼ Að Þ Nð Þ 50; 000ð Þ
ml sample

where
A: millilitre of the standard acid used,
N: normality of the standard acid.

Presence of hydrogen peroxide in the bleaching bath
AATCC Test Method 102-2002 was used to deter-
mine hydrogen peroxide in the bleach bath. A speci-
men is acidified with sulphuric acid and titrated with
standardised potassium permanganate solution. The
concentration of hydrogen peroxide is calculated using
the volume and normality of the permanganate solution
used (Chehna et al. 2007).

% H2O2 ¼ V t−Vbð Þ Ntð Þ 0:017ð Þ 100ð Þ
W s

where
Vt: volume of titrant in millilitres,
Vb: volume of titrant in millilitres for blank sample,
Nt: normality of the titrant solution,
Ws: specimen mass, in grams.

Presence of alkali in the bleach bath containing peroxide
This test is carried as per AATCC Test Method 98-2002.
A weighed specimen of the bleach bath is titrated with a
standardised solution of sulfuric acid using Phenol Red

Table 2 Measurement of alkalinity in scouring baths

Sr. no. Samples Alkalinity (mg CaCO3/l) Alkali consumption (%)

1. Scouring Before treatment 6000 8.3

After treatment 5500

2. 1st recycle 4750 21

3. 2nd recycle 4000 33

4. 3rd recycle 3300 45

Table 3 Properties of bleached fabrics

Sr. no. Fabric samples L* a* b* Tegewa rating Absorbency (s) WI YI BI

1. Bleached fabric 90.84 −0.36 4.37 6 <3 58.4 7.8 73.9

2. Bleached fabric (1st recycle) 89.77 −0.39 4.77 6 <3 51.7 8.7 69.2

3. Bleached fabric (2nd recycle) 89.51 −0.57 5.26 6 <3 51.2 9.3 70.2

4. Bleached fabric (3rd recycle) 89.28 −0.71 5.78 6 <3 47.9 10.3 69.2

WI whiteness index, YI yellowness index, BI brightness index
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indicator or to the pH range 6.8–8.4 on a pH metre.
The total alkali, expressed as %NaOH, is calculated
based on the weight of the bath (Chehna et al. 2007).

% Total alkali; as NaOH ¼ mlð Þ Nð Þ 0:040ð Þ 100ð Þ
W

where
ml: the number of millilitres of the sulphuric acid so-
lution required,
N: the normality of the sulphuric acid solution,
0.040: the milliequivalent weight of sodium hydroxide,
W: mass of the specimen.

Colour depth (in terms of K/S value and colour strength)
and tone of the colour (in terms of L*, a* and b* values)
Dyed samples were evaluated for the depth of the
colour by determining K/S values as well as colour
strength using a computer colour matching system
(SpectraScan 5100+) supplied by Premier Colorscan
Instruments Pvt. Ltd. An average of two readings was
taken at two different positions of samples and was
used to calculate the reflectance values and KubelkaMunk
K/S function which is given by

K
S
¼ 1−Rð Þ2

2R

where
R: reflectance at complete opacity,
K: absorption coefficient,
S: scattering coefficient.
The dyed samples were also evaluated in terms of L*,

a*, b*, C, h and dE. The colour difference (dE) can be
visualised as the distance between the standard or refer-
ence and the sample points plotted in the L* a* b* colour
space. L* values have a range of 0–100, 100 indicates

lightness or white and 0 indicates darkness or black.
Negative values of ‘a*’ indicate green while positive
values indicate red, whereas negative values of ‘b*’ indi-
cate blue and positive values indicate yellow. The L* a*
b* system adopted from the CIE in 1976 is the most
widely used system today.

dE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
DL2 þ Da2 þ Db2
� �q

where
DL: L (sample) − L (standard),
Da: a (sample) − a (standard),
Db: b (sample) − b (standard).
From the CIELAB coordinates, one can compute C

(chroma) and h (hue). The chroma or saturation (C) is
the distance between achromatic point and colour and is
calculated from ‘a*’and ‘b*’ using the following equation:

C ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a�2 þ b�2
� �q

The point a = 0 and b = 0 lies at the centre of the chro-
maticity diagram. The lower is the value of ‘a*’ and ‘b*’,
the higher is the achromaticity and the lower is the pur-
ity. On the other hand, the higher the values of ‘a*’ and
‘b*’ (ignore the negative signs), the purer or more satu-
rated or brighter is the colour.

h ¼ tan−1
b�

a�

Positive values of chroma (or saturation) indicate more
saturated colour (i.e. brighter) and negative values indi-
cate less saturated colour (i.e. duller). Hue is an angle
measured in degree and can also be termed as purity of
colour (Sule 1997).

Table 4 Measurement of peroxide content and alkalinity in bleaching baths

Sr. no. Samples Peroxide content (mg/l) Peroxide consumption (%) Alkalinity (mg CaCO3/l) Alkali consumption (%)

1. Bleaching Before treatment 430 6.9 200 30

After treatment 400 140

2. 1st recycle 370 13.9 120 40

3. 2nd recycle 330 23.2 80 60

4. 3rd recycle 290 32.5 80 60

Table 5 Properties of fabric desized using recycled process water

Sr. no. Fabric samples L* a* b* Tegewa rating Absorbency (s) WI YI BI

1. Enzyme desized fabric 84.33 0.47 11.47 5–6 120–160 14.7 21.9 58.5

2. Fabric treated with three times recycled S:B 50:50 89.17 −0.76 8.35 5−6 10−15 35.7 14.8 66.6

3. Fabric treated with three times recycled S:B 70:30 88.62 −0.47 9.63 5−6 8−10 28.0 17.5 64.1

4. Fabric treated with three times recycled S:B 30:70 89.97 −0.96 7.71 5−6 20−25 40.4 13.1 68.8

S scouring process water (recycled three times), B bleaching process water (recycled three times)
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Colour fastness evaluation of dyed samples
Colour fastness to washing was performed in a
Laundrometer by using ISO 105-C03 (1989). Colour
fastness to rubbing was done on a Crockmeter by
using ISO 105 X12 (2001). Light fastness of dyed
samples was evaluated on a Q-sun light fastness
tester by following AATCC 16E method which is
similar to ISO 105-A02 (2013).

Results and discussion
With the aim of utilising alkali, scouring process water
was recycled three times and the properties of fabric are
tabulated in Table 1, whereas, the utilisation of alkali
after every recycle is reported in Table 2.
When the process water of scouring was recycled, the

Tegewa rating and absorbency of the fabrics were in line
with the one scoured with fresh water.
From Table 2, it can be observed that conventionally

8.3 % alkali was utilised, whereas in the proposed recycle
process it is 45 %. Thirty-six percent excess of alkali has
been used which saves the chemicals and reduces the
cost of chemicals.
It is seen from Table 3 that the Tegewa rating and ab-

sorbency of recycled fabrics are similar to those of the
conventional bleached fabrics. There was only a slight
reduction in the whiteness index by recycling bleached
water. The consumption of hydrogen peroxide and alkali
after each recycle is seen from Table 4.
Bleaching of a scoured fabric with fresh water uti-

lises 6.9 % hydrogen peroxide and 30 % alkali.
Remaining 93.1 % hydrogen peroxide and 70 % alkali
is drained into the wastewater. It has also been re-
ported by Cardamone and Marmer (1995) that only
15–25 % of the peroxide in the bleach bath is actually
consumed during bleaching, draining remaining into
the effluent. When trials were taken to recycle the

wastewater without treatment three times, the hydro-
gen peroxide utilisation and alkali utilisation increased
up to 32 and 60 %, respectively.

Reuse of scouring and bleaching process water for
desizing
After recycling the scouring and bleaching process water
three times, the baths still contain 55 % alkali and
67.5 % hydrogen peroxide (Tables 2 and 4). Desizing of a
grey fabric can also be done by using alkali and oxidising
agents. Attempts have been made to reuse alkali and
hydrogen peroxide that remained in the scouring and
bleaching process to desize a new grey fabric. Water
from both the processes was mixed in various propor-
tions (50:50, 70:30 and 30:70) in order to find out an
optimum ratio in which their combined effect will en-
hance the final fabric properties. The properties of fab-
rics were then compared with the conventional
enzymatic desized fabric (Table 5).
From Table 5, it was observed that there is no

change in the Tegewa rating, whereas there is an in-
crease in the rate of absorbency by 10 folds and in-
crease in whiteness index by 2.7 times. The reason
behind the enhancement in fabric properties might be
the presence of alkali and hydrogen peroxide in the
scouring and bleaching process water which helps in
removing the oils, fats, waxes and the natural
coloured impurities during the desizing process also
elevating the absorbency and whiteness index of a
grey fabric. From the above observations, it has been
seen that when the ratio of scouring and bleaching
process water changes, the properties of fabric
changes. When the amount of scouring process water
is more, good absorbency is obtained, whereas if the
quantity of bleaching process water is more, the fab-
ric has good whiteness index.

Table 6 Dyeing properties of fabric dyed using Yellow HE6G

Sr. no. Fabric samples L* a* b* C h dE K/S

1 STD RFD sample 84.98 −14.13 47.63 49.69 106.55 – 2.33

2 Treated in S:B 50:50 85.6 −13.69 48.18 50.06 105.89 0.98 2.83

3 Treated in S:B 70:30 85.35 −12.80 48.11 49.79 104.92 1.46 2.65

4 Treated in S:B 30:70 86.00 −13.80 49.02 50.93 105.75 1.75 2.74

STD RFD standard ready for dyeing fabric

Table 7 Dyeing properties of fabric dyed using Navy Blue HER

Sr. no. Fabric samples L* a* b* C h dE K/S

1 STD RFD sample 45.02 −4.94 −18.78 19.42 255.22 – 4.40

2 Treated in S:B 50:50 45.16 −5.17 −18.80 19.49 254.59 0.26 4.88

3 Treated in S:B 70:30 44.99 −5.03 −18.55 19.22 254.78 0.26 4.81

4 Treated in S:B 30:70 45.26 −5.22 −18.99 19.70 254.50 0.44 5.18
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Dyeing of the desized fabrics
The samples desized with reused process water were
then dyed with reactive dyes viz. Yellow HE6G and
Navy Blue HER to scrutinise the dyeing performance.
The properties of dyed fabrics are given in Tables 6
and 7.
From Tables 6 and 7, it was found that the dyed

fabric which was treated with 30:70 ratio of scouring
to bleaching process water was brighter than the
ready for dyeing (RFD) dyed fabric, which can be
confirmed from higher L* values. The K/S value of
the dyed fabric is directly proportional to the amount
of dye present in the fabric. The fabric treated using
the scouring to bleaching process water with both the
dyes has shown increased dye uptake which can be
seen from higher K/S values than the RFD dyed fab-
ric. The colour difference values (dE) of less than 1
show almost no colour difference when compared
with the standard (STD) fabric. In the case of yellow
shade, the dE values between the STD RFD and the
scouring to bleaching 50:50 sample (less than 1) indi-
cate acceptable performance in dyeing. In case of blue
shade, the dE values of all the reuse water samples
are less than 1, indicating that all the reused samples

are acceptable against the STD dyed fabric. The dyed
samples can be seen from Figs. 4 and 5.
Tables 8 and 9 show the comparison of fastness prop-

erties viz. colour, rubbing and light of fresh water and
reused water dyed samples.
The reuse process water samples dyed using both the

dyes exhibited good fastness to washing, rubbing and
light, similar to the standard fabric. This indicates that
even when we reuse process water for treating a fresh fab-
ric and subjected to dyeing, the dyeing properties and fast-
ness properties remain in line with the conventional one.

Economical feasibility study
Two conditions needed to be satisfied by any new
process or technology before their implementations in
an industry are (1) technical feasibility and (2) econom-
ical feasibility.
Technical feasibility has been discussed in the previous

sections, and it has been thus proved that recycling and
reusing process water decreases not only the water con-
sumption but also the chemical consumption reducing
the process cost.
In this section, attempts were made to estimate the

water and energy consumption for the conventional as

Fig. 4 Samples dyed using Yellow HE6G. First sample is a standard ready for dyeing (RFD) fabric dyed with Yellow HE6G; second, third and fourth
dyed ones are grey fabrics desized using scouring to bleaching wastewater in 50:50, 70:30 and 30:70 ratios, respectively

Fig. 5 Samples dyed using Navy Blue HER. First sample is a standard ready for dyeing (RFD) fabric dyed with Navy Blue HER, second, third and
fourth dyed ones are grey fabrics desized using scouring to bleaching wastewater in 50:50, 70:30 and 30:70 ratios, respectively
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well as the proposed recycle and reuse method. The cost
has been calculated on the basis of production of 1 ton
fabric/day.
Water consumption was calculated on the basis of ma-

terial to liquor ratio (as shown in Tables 10 and 11),
whereas the heat energy calculations were done by using
the following formula:

Heat required ¼ m kg=sð Þ � Cp
J

kg �C

� �
� ΔT �Cð Þ

where
M: mass of water (density of water = 1000 kg/m3),
Cp: specific heat of water (4.184 J/kg °C),
ΔT: temperature difference (°C).
The total water and energy consumption in the con-

ventional process is 280 m3/ton and 17,085 kWh/ton, re-
spectively. In the proposed process scheme, there was a
saving of 83 % water and 82 % energy consumption. The
reason for such extreme reduction is because in the pro-
posed method, energy water and chemicals are recycled
three times.
When we consider the bound water lost along with the

processed fabric, it comes out to be approximately equal
to the weight of the fabric, whereas the energy loss while
loading and unloading the fabric and the loss to the sur-
rounding is approximately 10 % of the total energy. Thus
while recycling the scouring and bleaching bath, to main-
tain the material to liquor ratio during the recycling pro-
cesses, for 1 ton fabric, 1 m3 fresh water is to be added.
Also, more chemicals need to be added for the extra 1 m3

fresh water. The energy required to heat that 1 m3 water
would be 1312.8 kWh (81.1 + 1231.9 kWh).

Conclusions
The proposed sustainable pre-treatment process was
highly efficient in conserving water, energy and
process chemicals. When the scouring and bleaching
process baths were recycled, 36 % excess utilisation
of alkali in the scouring process was observed when
compared with the conventional process whereas in
bleaching, 30 % excess usage of alkali and 25.6 %
of that of hydrogen peroxide was seen. The fabric
properties after recycling remained unchanged. When
the scouring and bleaching process water containing
unexhausted alkali and hydrogen peroxide was
reused to desize a new grey fabric, there was a 10-
fold increase in absorbency and 2.7 times increase
in whiteness index. Considering the economical per-
spective, for processing 1 ton fabric/day, there was
a saving of 83 % water, 74 % energy and 101542
INR. By properly understanding the potential of
waste stream, we can generate new resources of
water and chemicals. This will reduce the intake of
fresh water and minimise the load on the effluent
treatment plant.

Table 8 Fastness properties of samples dyed with Yellow HE6G

Sr. no. Dyed fabric
samples

Washing fastness Rubbing fastness Light
fastnessCC SC SW Dry Wet

1. STD RFD sample 4–5 4 4 4–5 4–5 6

2. S:B 50:50 4–5 4 4 4–5 4–5 6

3. S:B 70:30 4–5 4 4 4–5 4–5 6

4. S:B 30:70 4–5 4 4 4–5 4–5 6

Table 9 Fastness properties of samples dyed with Navy Blue
HER

Sr. no. Dyed fabric
samples

Washing fastness Rubbing fastness Light
fastnessCC SC SW Dry Wet

1. STD RFD sample 4–5 3–4 4 4–5 4 5–6

2. S:B 50:50 4–5 3–4 4 4–5 4 5–6

3. S:B 70:30 4–5 3–4 4 4–5 4 5–6

4. S:B 30:70 4–5 3–4 4 4–5 4 5–6

CC change in colour, SC staining on cotton, SW staining on wool

Table 10 Water and energy consumption for conventional
processes

Steps in the conventional
processes

Water
consumption
(m3/ton)

Energy
consumption
(kWh/ton)

Cost
(Rs/ton)a

Desizing (MLR 1:20) 20 697 5578

Hot wash (MLR 1:50) 50 4068 32,542

Scouring (MLR 1:30) 30 2441 19,525

Hot wash (MLR 1:50) 50 4068 32,542

Bleaching (MLR 1:30) 30 1743 13,946

Hot wash (MLR 1:50) 50 4068 32,542

Neutralisation (MLR 1:50) 50 0 0

Total 280 17,085 136,677
a1 kWh = 8 INR

Table 11 Water and energy consumption for the proposed
recycle and reuse method

Steps in the proposed
recycle and reuse
process

Water
consumption
(m3/ton)

Energy
consumption
(kW/ton)

Cost
(Rs/ton)

Desizing (MLR 1:20) 0 0 0

Hot wash (MLR 1:50) 0 0 0

Scouring (MLR 1:30) 7.5 610 4881

Hot wash (MLR 1:50) 12.5 1017 8135

Bleaching (MLR 1:30) 7.5 436 3486

Hot wash (MLR 1:50) 12.5 1017 8135

Neutralisation (MLR 1:50) 12.5 0 0

Total 52.5 3080 24,639
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