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ABSTRACT

In this study the effects of enzymatic hydrolysis on drawn polyester filament
yams were investigated . Two multifilament yams were drawn with different

draw ratios at different temperatures and then they were hydrolyzed in similar
conditions . The effects of hydrolysis were studied by means of measuring
weight loss, moisture absorption, tenacity, elongation-at-break, IR spectrum
and scanning electron microscope . Results of this research showed that the
hydrolysis decreases the weight of polyester hanks by less than 0.5% . The
strength loss due to hydrolysis reached a maximum of 10%, whereas the
elongation-at-break of samples decreases by 7-25% due to hydrolysis.
Hydrolysis also increased the moisture absorption of the polyester by up to
50% . The FTIR spectra as well as other results show that the effect of
hydrolysis is limited to the surface of the substrate and hydrolysis is more
affected by the increase in surface area rather than drawing.
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INTRODUCTION

Lipolytic hydrolysis of polyester as well as copoly-
mers and blends containing polyester for the purpose
of biodegradation has been considered for some time
[1-3] . In a study reported in 1998 [4], it was shown
that the lipase enzymes had the ability of improving
the wettability and absorbency of polyester fabrics.

Estrases(carboxylic ester hydrolyses) are a group
of lipases that are able to play the role of a catalyst in
the hydrolysis of many uncharged carboxylic esters.
Aryl estrases and All estrases constitute two major

types of estrases . Ali-estrases, which are also called B-
estrases (EC 3 .1 .1 .1) can break the ester linkages of
aliphatic compounds such as butyrate and tributyrine.
Aryl estrases, or A-estrases (EC 3 .1 .1 .2) can hydrolyze
the linkages in aromatic compounds [5-7] such as
polyethylene terephthalate (PET) [4].

Identification of the parameters affecting the
enzymatic hydrolysis of fibres is important, because
ideally, it is required to improve the quality of fabrics
without considerable loss of strength and other desired
characteristics by means of controlling the conditions
of the reaction carefully. As the biopolishing of
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cotton fabric is concerned, the role of parameters such
as temperature, enzyme concentration, buffer, fibre
morphology, pore structure, etc . has been investigated
and already published [8-11] . In order to make this
process more applicable to polyester fibres, more
research is needed in this field.

As the results of previous works showed that
the enzymatic hydrolysis was limited to the surface of
fibres, and this could be related to the compact
structure of drawn polyester [12-13], therefore, the
choice of undrawn yarn could explain whether
enzymes would penetrate more in the less ordered
structure of this kind of fibres. Moreover the literature
survey showed no report for the effect of drawing
process on the enzymatic hydrolysis of polyester.

For this purpose, two polyester multifilament
yarns were drawn with 4 levels of draw ratio ; each
draw ratio at 4 levels of temperature, and then hydro-
lyzed with the same conditions . The effects of the
drawing process on the hydrolysis were investigated by
means of weight loss, tenacity, moisture absorption,
FTIR spectrum and scanning electron microscope
(SEM).

EXPERIMENTAL

Materials
The material used in this study consisted of two
polyester multifilament yarns, namely 180-denier with
20 filaments and 280-denier with 34 filaments . Both
were partially oriented yarn (POY) provided by Iran
Polyacryl Co. The chemicals used in this study were
all of analytical grades from Merck Co . The lipase
used was Novozym 735 from Novonordisk A/S . This
enzyme is produced by submerged fermentation of a
genetically modified Aspergillus microorganism [14].

Equipment
- Barmag drawing machine model DW 48, 1997,

made in Germany, in Pars Nach factory.
- Ahiba Polymat laboratory dyeing machine and the

samples were hydrolyzed in this machine, which is
controlled via a computer.

- A Zwick tensile tester 1446 .

- A Sartorius scale model MA 40 and this scale,
which is equipped with IR dryer was used to
measure the moisture absorption.

- Philips scanning electron microscope model XL30
(made in 1994).

- Bomem FTIR spectroscopy MB 100.
The yams were drawn with the following

mechanical draw ratios (the ratio of delivery roller
speed to the feed roller speed):

D 1=1 .46

	

D2=1 .62

	

D3=1 .70

	

D4 =L85

Each drawing was carried out at the following
temperatures (C):

T 1 =90

	

T2 =100

	

T 3 =130

	

T4=140

The temperature chosen show the range between
Tg (glass transition temperature) and T a (crystallization
temperature) . POY polyester yarns are normally drawn
at 140 'C.

This led to 16 samples for each yarn . These
samples in the form of a hank were then hydrolyzed
with the following conditions:

Hydrolysis Condition
Sample weight (kg) 5 x 10-3
Enzyme concentration (kg/m3) 0.5
Temperature (C) 40
Time (s) 15x60
pH 8-8 .5
L :R 1 :10

These conditions were chosen according to the
result of a study already published [12] . These condi-
tions led to the maximum effect of the enzymes on the
drawn polyester fibre employed.

In order to hydrolyze the samples, the phos-
phate buffer solution was prepared first and then the
required amount of enzyme was added to the buffer
solution . After adding the samples to the hydrolysis
bath, the temperature was increased to 40 ' C in 5 x 60 s

and hydrolysis continued for 15x60 s.

At the end, the yarn hanks were treated in an
acid buffer in order to denature and deactivate the
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enzyme . This was followed by cold and warm
rinsings . Finally the samples were dried in air.

The weight loss was measured by weighing the
samples before and after hydrolysis treatment with an
accuracy of ± 0 .0001g . Before weighing, the samples
were dried at 60 0 C for 12x3600 s.

Measurement of tenacity and elongation-at-
break were carried out according to the standard test
method of ASTM D2256. The conditions of this tests
are as follows: gauge length: 0.25 m, grip types:
mechanical and crosshead speed was choosen so that
the breaking time was 18 to 22 s.

For the determination of moisture regain and
other experiments, the samples were conditioned at
20±2 'C and 65 ± 2% relative humidity for 72x3600 s.
The dry and conditioned weights were measured by
Sartorius Scale.

For the preparation of IR spectrum, KBr
tablets, which act as a background were prepared by
mixing the fibres with dry KBr with ratio of 1 :100,
followed by pressurizing to obtain a transparent tablet
[15].

The diameter of the fibres was measured by
scanning electron microscope (SEM).

RESULTS AND DISCUSSION

Weight Loss
Table 1 shows the results of the weight loss of the
samples drawn with different conditions as well as

that of POY yarns . The weight loss for both yams is
less than 0.5%. No trend can be established for either
draw ratio or temperature . Considering an average of
0 .41% for 180-denier and 0 .27% for 280-denier
drawn yarns, it can be concluded that on the whole
drawing at different temperatures increases the weight
loss by about 0 .1% for both yams when compared
with hydrolyzed POY samples . Considering a weight
loss of 0 .3 and 0 .14 for 180 and 250 denier POY
yams, respectively, it is concluded that drawing at
different temperatures does not lead to considerable
weight loss. The relative increase in weight loss due
to drawing can be related to the decrease of filament
diameter (Table 2), which leads to an increase of
specific surface area. The effects of specific surface
area on the rate of enzymatic hydrolysis are well
known . It is pointed out that due to the big size of the
enzymes molecules and the compact structure of
polyester fibres, the enzymatic reaction is limited to
the surface of fibres [4, 12, 13] . Therefore, it can he
said that the effect of increase in accessible surface
area is more important than the internal structure of
fibres.

Tensile Strength
Table 3 shows the percentage strength loss due to
hydrolysis for both yarns drawn with draw ratios of
1 .4 and 1 .85 at 90 and 140 'C. The strength loss of
the yams lies between 3 .5 % and 10 %. No trend can
be established for the results . It should be noted that
in spite of the drawing effect which lead to higher

Table 1 . Percentage weight loss of samples.

Type of yarn Temperature (C) 90 100 130 140

Draw ratio
180f 20 1 .46 0 .42 0.36 0 .38 0.47

1 .62 0 .42 0.39 0 .42 0.39
1 .70 0 .42 0 .41 0.44 0 .43

1 .85 0 .39 ,0.42 0 .49 0.36

280f 34 1 .46 0 .22 0.26 0 .27 0.26

1 .62 0 .30 0 .29 0 .30 0 .23
1 .70 0 .24 0 .24 0 .22 0 .25

1 .85 0 .34 0 .33 0.31 0.25

Percentage weight loss of POY samples (%( : iSOf 20: 0 .29; 2130f 34: 0 .14

Iranian Polymer Journal / Volume 10 Number 6 (2001) 365



Effects of Enzymatic Hydrolysis on Drawn Polyester Filament Yarns

Table 2. Diameters of hydrolyzed and unhydrolyzed samples (micrometer).

Type of yam Temperature (C) 90 140

Draw ratio Hydrolyzed Unhydrolyzed Hydrolyzed Unhydrolyzed

180f 20 1 .46 22.85 24.15 23 .18 24 .6

1 .85 21 .3 21 .05 21 .7 22

280f 34 1 .46 25.06 25.8 23 .6 22 .3

1 .85 20.9 20.9 21 .00 20 .9

Diameter o PUY samples (%) : 18(120 : Hydrolyzed: 34 .5, Unhydrolyzed : 31 .5; 280634 : Hydrolyzed : 42 .5, Unhydrolyzed: 42 .8

Table 3 . Tenacity of hydrolyzed and unhydrolyzed samples (CN/tex) and related decreasing tenacity (%).

Type of Temperature (C) 90 140

Yam Draw ratio Hydrolyzed Unhydrolyzed Decrease (%) Hydrolyzed Unhydrolyzed Decrease (%)

180f 20 1 .46 25.51 27 .38 7 .3 28.54 30 .50 6 .43

1 .85 33.94 35 .10 3 .31 34.93 36 .78 5 .03

280f 34 1 .46 27.33 28 .32 3.5 27.53 30 .53 9 .83

1 .85 32.16 33 .93 5.22 36.28 39 .16 7 .35

Tenacity d POY Sample, (%) : 180f 20 : Hydrolyzed: 17 .43, Unhydrolyzed: 19 .39; 250634: Hydrolyzed : 18.55, Unhydrolyzed :: 21 .42

strength these strength losses show the negative effect
of enzymatic hydrolysis on the strength of filaments.

Table 4 shows the percentage decrease of
elongation-at-break due to hydrolysis . The decrease is
between 7 and 25 % . It is to be noted that for POY
yarns, only a decrease of less than 3 % has been
recorded . This is in line with the conclusion already
made for the weight loss emphasizing that hydrolysis
has affected drawn yarns more than POY.

Moisture Regain
Table 5 shows the result of the moisture absorption
measurements . As it can be seen the moisture absorp-
tion increases due to hydrolysis. This agrees with the
results already obtained for the hydrolysis of polyester

Table 4 . Percentage decrease of elongation-at-break due to
hydrolysis.

Type of yam Temperature (C)
Draw ratio

90 140

180f 20 1 .46

1 .85

25
17

10

16

280f 34 1 .46

1 .85

10

7 .17

10 .8

11 .5

Decreasing for POY samples (%): 180f 20 : 0.45' 280634 : 2 .65 .

fabric [13]. Table 5 also shows that higher draw ratios
lead to higher moisture absorption, which again is
related to higher accessible surface area.

SEM Micrograghs
Figures 1-5 show the SEM micrographs of some of
the hydrolyzed and unhydrolyzed POY and drawn
yams . It is evident that the drawn yarns have been
affected by the enzymatic hydrolysis more than the
POY yarns.

FTIR Spectra
Figure 6 shows the FTIR spectrum for POY and
drawn yams . It is concluded that drawing brings about
changes in intensity as well as the position of the
peaks in the FTIR spectrum . These changes can be
related to rotational movement and vibration of

Table 5. Increase of moisture regains due to hydrolysis (%).

Type of yarn Temperature (C) 90 140

Draw ratio
180f20 1 .46

1 .85

4 .8

9 .18

4.28

26.67

280f34 1 .46

1 .85

21 .05

49 .24

10.91

33.70
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(H)(U )
U : Unhydrolyzed', H : Hydrolyzed

Figure 1 . SEM Micrographs of 180-denier 24 filament polyester POY yarn .

(H)(U)

U : Unhydrolyzed ; H : Hydrolyzed

Figure 2 . SEM Micrographs of 280-denier 34 filament polyester POY yarn.

(U)

	

(H)

U : Unhydrolyzed ; H : Hydrolyzed

Figure 3 . SEM Micrographs of 280-denier 34 filament polyester yarn drawn at 140 ' C (draw ratio : 1 .46).
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(U)

	

(H)

U : Unhydrolyzed ; H : Hydrolyzed
Figure 4 . SEM Micrographs of 280-denier 34 filament polyester samples drawn at 140 ' C (draw ratio : 1 .85).

(U)

	

(H)

U : Unhydrolyzed ; H : Hydrolyzed
Figure 5. SEM Micrographs of 280-denier 34 filament polyester samples drawn at 90 ' C (draw ratio : 1 .46).

functional groups . which lead to changes in their
dipole moment . This is due to the fact that drawing
brings the functional groups closer to each other and
the dipole moment between neighbouring macro-
molecules can interact and change the peak intensity.
Changes in vibration energy also lead to changes in
the position of peaks [15] . These changes are clearly
seen for CH2 groups in the 2963 and 2906 cm l area,
which are related to asymmetric and symmetric
stretching vibration.

For the POY yarns there is a peak in the
2963 cm 1 area, which is sharp with considerable
height, while for drawn yarns a multiple of shorter
peaks arc seen. The research already carried out has

reached the same conclusion [16] . Similar changes are
seen in the 873 cm-

'F
area, which is related to carbonyl

group connected to benzene ring [16] and changes in
the region of 1050--1100 cm ' are related to aromatic
esters [16] . Figures 7 and 8 show the FFIR spectra for
hydrolyzed and unhydrolyzed POY and drawn yarns
(yarns were drawn at 140 ' C with a draw ratio 1 .85).

It is observed that POY yarns do not show
considerable changes in FTIR spectrum due to hydro-
lysis . but hydrolysis brings about some changes in the
FTIR spectrum of drawn yarn, namely the appearance
of new peaks in 717 cm' l area, and the changes in the
form of the peak in 1690 cm area. These are related
to the carbon-oxygen bonds next to benzene ring

368

	

Iranian 1'nlvmee .kiernal ; t'olurne 10 rVumher 6 (2001)



0
3000

	

2500

	

2000

	

1500

	

1000
Wavenumber (cm ')

	

(A)

	

(B)
(A) 180-Denier 24 filament: POY sample (-) . drawn sample at 140 'C with 1 .85 draw ratio-(-)-

(B) 280-Denier 34 filament: POY sample (-y, drawn sample at 140 'C with 1 .85 draw ratio (-).

Figure 6. FTIR Spectra of unhydrolyzed drawn and undrawn samples.

0	 O r
3000

	

2500

	

2000

	

1500

	

1000

	

3000
Wavenumber (cm-' )

(A)

(A) 180-Denier 24 filament POY samples : unhydrolyzed (----y, hydrolyzed .(-).

(B) 1 BO-Denier 24 filament drawn sample at 140 'C with a draw ratio 1 .85. unhydrolyzed (-), hydrolyzed (-y-
Figure 7. The FTIR spectra of hydrolyzed and unhydrolyzed samples .

rl	 --
3000

	

2500

	

2000 1500

Wavenumber (crn-')

	

Wavenumber (Cnt ')

(A)

	

(B)
(A) 28D-Denier 34 filament POY samples : unhydrolyzed (-), hydrolyzed (-).

(B) 280-Denier 34 filament drawn sample at 140 -Cwilth a draw ratio 1 .85: unhydrolyzed (----), hydrolyzed (-y.

Figure 8. FTIR Spectra of hydrolyzed and unhydrolyzed samples.

8
0 .1

0 .05

0.15

1000

Iranian Polymer Journal / Volume 10 Number 6 (2001) 369



Effects ofEnzymatic Hydrolysis on Drawn Polyester Filament Yams

and carbonyl groups, respectively.

CONCLUSION

Results of this research showed that the weight loss of
polyester yarn hanks is generally less than 0 .5% . The
loss of strength, due to the hydrolysis had a maximum

value of 10%, the moisture absorption of the
hydrolyzed samples increased by up to 50% . The
decrease of elongation-at-break due to hydrolysis was
between 7 and 25% for drawn yarns. These results as
well as the FTIR spectra and the observation of
surface of hydrolyzed and unhydrolyzed yarns show
that due to the big size of the enzymes molecules and
compact structure of polyester, the hydrolysis effect is
limited to the surface of the substrate . Therefore, the
intensity of hydrolysis is more affected by the specific
surface area of the substrate rather than the effects of
drawing.
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