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n Introduction
When a liquid, in which gas is dissolved, 
is irradiated by a strong ultrasonic wave, 
many tiny bubbles,  a phenomenon 
known as acoustic cavitations appears. 
The bubbles repeat their expansion and 
contraction according to the pressure 
oscillation of an ultrasonic wave. Some 
bubbles collapse violently at the con-
traction phase of an ultrasonic wave. 
The temperature and pressure inside the 
bubbles increase to 5000 K and 300 atm, 
respectively or more in  the strong coll-
apse. Due to the high temperature and 
pressure inside the bubbles in  the strong 
collapse, water vapor inside the bubbles 
is dissociated and chemical products 
such as OH, O, and H radicals, as well 
as H2O2, and O3 molecules are created 
inside the bubbles [1]. Because of this 
energy, power ultrasound can be used 
for the rehabilitation of industrial sites 
or the reclamation of polluted land by 
the removal of chemical and biological 
contamination from soil [2].

The most prevalent  purpose of usage in 
industry is the cleaning process realised 
with the aid of ultrasonic cavitation. It has 
been an alternative solution in the clean-
ing of surfaces having indentations and 
projections such as dirty machine parts, 
medical equipment and electronic com-
ponents that are hard to clean with clas-
sical methods. Ultrasonic cleaning will 
be used in the overall cleaning of  foreign 
matters on  textile material and, combined 
with enzymes; ultrasound will remove the 
disadvantage of enzymes whose moving 
ability is low due to their large molecules 
and facilitate the realisation of the effect 
required from an enzyme [3, 4].

On the other hand, studies on usage in 
the textile industry are new and it has not 

been put into practice yet. Today there are 
several studies on the use of ultrasound in 
textile finishing processes [5 - 8].

In recent years, power ultrasound has 
been  used in dyeing, washing and the 
enzymatic scouring process, since it 
increases the mass transfer effect. Even 
though it is being used in these areas, it 
is not yet clearly understood how ultra-
sound improves  mass transfer. It is char-
acterised as a kind of  black box, because 
the effect of the frequency and intensity 
of ultrasound, the effect of environmental 
conditions and the reason for  the interac-
tion between the textile surface and ultra-
sonic waves are not known [9].  

Mass transfer is usually in limited levels 
in conventional pretreatment and finishing 
processes. For this reason, these processes 
need respectively longer processing times, 
more water and chemicals. Thus, more 
energy is consumed [9]. The efficiency of 
the wet finishing process is increased by 
raising  the mass transfer towards to the 
inner parts of the textile material.  

Textile material can be described as a po-
rous, not homogeneous medium.  Woven 
textile material has two different pores 
being interspaced between yarns and 
fibres. The basic steps of mass transfer in 
textile materials are:
n Mass transfer from the pores between 

fibres to the pores between yarns.
n Mass transfer from the pores be-

tween yarns to the interface of textile 
material/liquid

n Mass transfer from the textile material/
liquid interface to the liquid [9].

Since the pores between the fibres are 
smaller, their resistance to the liquid flow 
is greater and they cause a large  part of 
the liquid to flow through these pores be-

tween the yarns without penetrating into 
the pores between fibres [9, 10].

While the mass transfer between the 
yarns is realised by convection, diffu-
sion is the way of mass transfer from the 
fibres to the solution.  The step determin-
ing the speed in mass transfer is diffu-
sion, since it happens more slowly  than 
convection [9].  

Warmoeskerken mentions two terms: 
stagnant region and convective region 
in order to describe the flow towards the  
yarns and mass transfer. A stagnant re-
gion in a  yarn is  where there is no flow. 
A convective region is the outer side of a  
yarn into which the flow can penetrate to 
a certain degree (Figure 1).  Mass trans-
fer is realised by molecular diffusion 
in the stagnant region, and by convec-
tive diffusion in the convective region.  
Since convective diffusion is faster than  
molecular diffusion, the stagnant region 
determines the speed of removing the 
impurities.  This means to contract the 

Use of Ultrasonic Technology in Enzymatic 
Pretreatment Processes of Cotton Fabrics

C. Karaboğa, 
A. E. Körlü, 

K. Duran, 
M. İ. Bahtiyari

Ege University 
Department of Textile Engineering, 

Izmir, Turkey
E-mail: aysegul.ekmekci@ege.edu.tr

Abstract
The field of ultrasonics is still making strides towards perfection, but already many 
applications of ultrasonic energy have been found in science and technology. Ultrasonics 
is the science of sound waves above the limits of human audibility. The aim of this study 
was to investigate the effects of ultrasound on textile pretreatment processes especially 
on enzymatic processes. Use of enzymes in the textile industry has become more popular 
in recent years. Although enzymatic processing offers many advantages, there are a few 
drawbacks when compared to traditional methods, namely, expensive processing costs and 
relatively slow reaction rates. Introducing ultrasonic energy during enzymatic treatment of 
cotton fabric significantly improves enzyme efficiency without affecting the strength of the 
fabric.

Key words: cotton fabrics, pretreatment processes, enzymes ultrasonic technology.

Figure 1. Liquid flow in and around the 
textile material. (Dots illustrate the fibres 
in the yarn) [9].
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stagnant region by mechanical energy in 
so far as it is possible.  Ultrasonic energy 
provides us with this [9 - 11].

Even though enzymaticly processing  
cotton goods provides some savings 
[12], there is a drawback of high costs 
and relatively low reaction speed of en-
zymes. Both steps including the transfer 
of enzyme macromolecules and products 
obtained as a result of hydrolysis are 
based upon the principle of diffusion, 
and the speed of diffusion determines 
the reaction speed of hydrolysis. In 
general, large enzyme macromolecules 
(12.0 - 150.0 kDa) have lower diffusion 
speed. For example, in the processing of 
cellulose it has the tendency to react with 
the outer cellulosic fibres of  cotton yarn. 
As a result, extreme fibre damage can 
be observed. Diffusion of the enzymes 
can be improved by giving mechanical 
movement. However, in this way it is not 
so easy to give mechanical movement 
on the interface of liquid/fibre where 
enzymatic reaction is realised. In this 
case, ultrasound technology seems as an 
alternative [13].    

In general, the sonication of liquids cre-
ates two effects:  cavitation and heating. 
Microscopic cavitation bubbles cause 
a mechanical movement effective on 
the liquid/solid interface in the form of 
strong shock waves. There are two im-
portant properties of cavitation.

The effect of cavitation in heterogeneous 
systems is hundreds of times more than  
homogeneous ones. The maximum effect 
of cavitation in water is seen at 49 °C. 
This temperature is also optimum for 
most of  enzymatic processes. The most 
important point is that shock waves in 
ultrasound do not inactivate the enzyme. 
The diffusion of enzyme onto the fibre 
surface increases as long as it does not 
affect the activation [13].  

The following mechanisms take place in 
the ultrasonic process:
n Increase in the swelling of fibres in 

water.
n Decrease in the glass transition tem-

perature of the fibre.
n Increase in the diffusion coefficient of 

the dye molecule.
n Increase in the fibre/dye partition co-

efficient.
n Improvement in  the movement of dye 

molecules to the fibre surface.
n Disintegration of aggregates having 

high molecular weight in the solution 
[14].

n Material and method
100 % cotton woven greige fabric with 
152 g/m2 weight was used for experi-
ments and all pretreatment processes of 
this fabric were realised in an   ultra-
sonic tank with a volume of 28 l. The 
frequency of the ultrasound waves gener-
ated by the sonicator plate was 25 kHz. 
Enzymatic pretreatment of fabrics was  
carried out with/without the use of ultra-
sonic energy in accordance with the test 
plan (Figure 2) and the recipes (Table 1). 
Desizing was realised at 55 °C in 0.75 g/l 
of amylase enzyme for varied durations, 
and bio-scouring of cotton fabrics was 
performed at pH 9 (with NaOH) for var-
ied durations with the use of commercial 
pectinase enzyme.  For the combination 
of enzymatic desizing and enzymatic 
scouring processes, first processing with 
amylase was performed at 55 °C and 
pH 5.5 for 20 minutes, then the pH of 
the same bath was adjusted to 9 and the 
process continued with alkali pectinase 
for varied. For the termination of the 
bio-scouring process, the enzymes were 
inactivated at 80 °C for 10 min.

In order to evaluate the results obtained, 
the wettability of the fabrics was deter-
mined according to DIN 53924 and de-
sizing degrees were detected by dripping 
iodine/potassium iodide solution onto  
different areas of the fabric samples as a 
starch sizing indicator, and comparing the 
color iodine gave as a result of the reac-
tion with starch according to the Tegewa 

scale. Moreover, the breaking strengths 
of the fabrics were measured according 
to ISO 13934-1 with Loyd LR5K.

n Results and discussions
The effect of ultrasonic energy 
on the desizing process
Results obtained from trials realised with 
0.75 g/l amylase in order to observe the 
effect of ultrasonic energy on the desiz-
ing degree and wettability are shown in 
Figure 3.  Both the desizing degrees and 
wettability values of the trials realised 
in an ultrasonic medium with the use 
of 0.75 g/l amylase were very high with 
regard to conventional processing where 
ultrasonic energy is not applied.  For ex-
ample, the desizing degree in 20 minutes 
was 7 when US was applied, and it was 
only 2.5 when US was not applied.  In 
the same way, the wettability value was 
above 4 cm with US, and it was only 
1.5 cm without US.

All these desizing trials show us that the 
presence of ultrasound in the processing 
medium increases the effect of amylase 
enzyme.  Another point that must be 
considered is the amylase concentration 
(0.75 g/l) which is below the amount 
used in  conventional methods.  That is, 
saving was made in the enzyme amount 
when US was applied.  A  certain amount 
of wettability and desizing degree was  
obtained in processing just for 5 minutes.  

The reason for  this is thought to be ultra-
sonic energy increasing the efficiency of 

Table 1. Enzymes and surface-active agents used in the experiments; In all processes 9 g of 
sample was treated in Ultrasonic bath with/without Ultrasound at 55 °C.

Desizing Bio-scouring Desizing and Bio-scouring

0.75 g/l α-amylase 
(bacteria )
0.5 g/l nonionic 
surface-active agents 
(etoxilated fatty alcohol)

0.75 g/l alkali pectinase 
(endo-pectate lyase)
0.5 g/l nonionic 
surface-active agents 
(etoxilated fatty alcohol)

I. Step
0.75 g/l α-amylase 
(bacteria )
0.5 g/l nonionic surface-
active agents (etoxilated 
fatty alcohol)

II. Step
After adjustment the 
pH to 9 in the same or 
different bath 
0.75 g/l alkali pectinase 
(endo-pectate lyase)

pH 5.5 pH 9 20 min pH 5.5 pH 9

Figure 2. Test plan of the experiments; *All the experiments were carried out with/without 
the use of ultrasonic energy (US)  in accordance with the plan.
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amylase enzyme by giving the enzymatic 
solution a mechanical movement and 
thus  supporting  mass (enzyme mol-
ecules) transfer into the fibre.  Because, 
as  is known, penetration of enzyme mol-
ecules, having large molecular volume, 
into the cellulosic fabric and cotton yarns 
is limited.   

The effect of ultrasonic energy on 
the desizing and enzymatic scouring 
processes realised in the same bath
For these trials, after a  desizing process 
of 20 minutes, the bio-scouring process 
with alkali pectinase was realised and re-
sults obtained from trials, in which ultra-
sonic energy was used for varying times 
and ultrasonic energy was not used, were 
evaluated.

As  can be seen from Figures 4, a distinct 
increase was achieved both in desizing 
degree and in wettability value in the 
presence of ultrasound when the scouring 
process was performed with alkali pectin-
ase after a pretreatment with amylase for 
20 minutes.  Another important point to 
be considered is that the wettability value 
was fairly high in the first 15 minutes 
of the scouring process realised in the 
presence of ultrasound.  Thus, without 
extending the processing time, satisfac-
tory results can be obtained by ultrasonic 
scouring process that is performed for 
15 minutes.  This gives rise to significant 
time and energy savings.  Additionally, 
good results obtained by single-step en-
zymatic processes realised in the same 

bath with ultrasound enable processing in 
the same liquor without any need of an in-
termediate process step. In this way, time, 
water and energy reductions are possible.  

The reason for  achieving such good 
results in such a short time with ultra-
sonic energy is thought to be the efficient 
cleaning of the waxes and starch which 
give the fabric a hydrophobic character 
with the aid of sound waves. 

Evaluation of the desizing and 
enzymatic scouring processes realized 
in different baths in connection with 
the ultrasound parameter and results 
obtained 
Trials, in which gray cotton woven fabric 
was desized with amylase enzyme and 
was scoured only with pectinase enzyme 
in a different bath (by preparing new li-
quor), are in this group. For these trials, 
fabric was subjected to the enzymatic 
desizing process for 20 minutes in fixed 
0.75 g/l amylase concentration, and then 
the enzymatic scouring process was re-
alised in a different bath with and without 
ultrasound in a fixed 0.75 alkali pectinase 
concentration for varying durations.

Desizing degrees and wettability values 
of the trials are shown in Figures 5. With 
regard to conventional processing, better 
results were achieved in both desizing 
degrees and wettability values with the 
aid of ultrasound.  Increasing the time 
of processing with alkali pectinase after 
30 minutes did not increase the wettabil-

ity value in the same amount. Therefore   
a processing time of approximately 
30 minutes is sufficient.  When the 
results of trials performed in the same 
bath and different baths were compared 
from the viewpoint of desizing degree 
and wettability value, it was observed 
that processing in different baths gives 
higher values.  The reason is thought to 
be the processing in new and clean li-
quor.  However, comparisons with regard 
to processing times give an interesting 
result.  When desizing and bio-scour-
ing were performed in the same bath, 
there was a difference of 0.1 cm (4.6 and 
4.7 cm) between the wettability values 
of 15 and 30 minutes processing times.  
This difference was 0.6 cm (4.9 cm and 
5.5 cm) when different baths were used. 
Hence, increasing the time to 30 minutes 
does not have a significant advantage 
when desizing and bio-scouring are 
realised in the same bath.  On the other 
hand, in the case of using different baths, 
increasing the time to 30 minutes causes 
an increase in  wettability.  The reason 
for  this is thought to be a certain amount 
of  contamination  because of the desiz-
ing during  processing in the same bath.  
A contaminated bath shows a cleaning 
effect in the first 15 minutes, but as the 
time is extended, this decreases because 
of  excessive contamination in the bath.

Breaking strengths and weight 
changes of treated fabrics
The breaking strength is also another im-
portant parameter related with the treat-

Figure 3.  Desizing and the wettability degree of fabrics treated 
with 0.75 g/l amylase with/without ultrasound.

Figure 4. Evaluation of desizing degree and wettability in 
the enzymatic scouring process (with amylase+pectinase) in 
connection with the ultrasound.

Figure 5. Evaluation of desizing degree and wettability 
in enzymatic scouring process (with amylase and 
pectinase) performed in different bath in connection with 
ultrasound.

Figure 3.

Figure 5.

Figure 4.
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ment conditions. In order to investigate 
the effect of pretreatment processes and 
ultrasound on the strengths of fabrics, 
the most effective treatment condi-
tions from the trial plan were selected 
and the strength and weight changes of 
these fabrics were examined. It is  seen 
from Table 2 that there was a difference 
between greige fabric and pretreated 
fabrics. However, the decrease,  which 
was slight and nearly 6 %, was also an 
expected result because they were long 
time wet processes with a liquid with pH 
5.5 and pH 9 at 55 °C. On the other hand, 
as seen from  Table 2 the treatments with 
and without ultrasound showed  nearly 
the same strength values.

Finally,  percentage weight changes of 
fabrics were  investigated, and it was 
found that all the processes had fabrics 
of decreased weight . Especially, after 
desizing with US weight loss was more 
evident than others were.

n Summary 
n When ultrasound is applied in desiz-

ing, realized with amylase enzyme 
or the scouring process performed 
with pectinase enzyme, the desizing 
degree and fabric wettability are dis-
tinctively higher than the processing 
without ultrasound. This is achieved 
by making use of the mechanism of 
ultrasound to activate the enzymes 
with big molecules and the property 
of supporting the double-sided mass 
transfer from liquor to  fabric, and 
from fabric to  liquor. Hence,  the ex-
istence of ultrasound in the processing 
medium increases the efficiency of the 
enzymes.

n Some of these enzymatic processes 
were performed in the same bath and 
in a single step, others were realised in 
different baths. Good results obtained 
when ultrasound was applied in the 
same bath are especially important, 
because in this case it is possible to 
continue with the same liquor without 
any need of an intermediate process. 
Thus, less water, time and energy are 

consumed and less waste is generated. 
As a result, processing in the same 
bath becomes more important from 
the viewpoint of economy. However, 
in the case of using different baths, 
higher wettability and desizing de-
grees are achieved.  

n When ultrasound is applied, both de-
sizing degrees and wettability values 
can be achieved in short processing 
times (for example 15-20 minutes). 
Increasing the processing time does 
not cause an important increase in  re-
sults. , required effect can be obtained 
in short processing time and low en-
zyme concentration. Especially in the 
case of a single bath, extending the 
time does not influence the wettability 
very much. However, the use of diff-
erent baths to extend the processing 
time to 30 minutes increases the wet-
tability to a  certain amount, because 
the bath is clean. In both cases, these 
processing times are much less in 
comparison to  conventional methods. 
Ultrasonic energy decreases  process-
ing times significantly. In this way, 
less chemical is consumed and thus 
more ecological method is applied. 
The importance of these environmen-
tally-friendly techniques is increasing, 
as the industry tends to use ecological 
enzymatic processes more and more 
because of the necessity to comply 
with certain compulsory measures 
and also to achieve  environmental 
standards.

n Mass transfer in textile pretreatment 
and finishing processes is usually 
only on a limited levels. For this rea-
son, these processes necessitate long 
processing times and big amounts of 
water, chemical and energy consump-
tion. The efficiency of wet finishing 
processes is increased by increasing 
the mass transfer towards to the inner 
parts of the textile material. 

n Conclusion
The effect of ultrasound power is an 
important technique increasing the mass 
transfer towards  the textile material, and 
in this way it is possible to eliminate the 

disadvantages given above without aff-
ecting the strength of the fabric.
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Table 2. Breaking strength and mass decrement of the fabrics after desizing.

Parameter Greige 
fabric

Desizing for 20 min. and then 
bioscouring for 45 min. in the 

same bath

Desizing for 20 min. and then 
bioscouring for 45 min. in the 

different bath
Only desizing

for 30 min.

Without US With US Without US With US Without US With US
Breaking strength, N 460 435 420 430 420 445 425
Fabric’s mass decrement, %   0 10,8 11,4 11,7 10,8   8,3 10,1
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