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Abstract In this paper, poly(ethylene terephthalate)
(PET) spunbonded fibers with tensile strength of
9.67 cN/dtex and diameter of 7 um were produced in
Nordson’s MicroFil™ Spunbond System with a positive
attenuator pressure. The influences of the slot width of the
attenuator on the properties of PET spunbonded fibers were
studied, and Fourier transformation infrared spectropho-
tometry (FT-IR) and Wide-angle X-ray diffraction were
applied to characterize the crystalline and orientation
structure of PET spunbonded fibers as well. It was found
the attenuator with positive air pressure is more advanta-
geous to spin PET spunbonded fiber and the fiber becomes
finer and its’ tensile strength becomes higher with the
decrease of the slot width. The air speed in the attenuator
was predicted as well.

Introduction

Spunbonding process is one in which polymers are
extruded through spinnerets and the filaments are drawn by
high velocity air in the attenuator. The continuous fila-
ments are sucked onto the running web and forms non-
wovens [I, 2]. Spunbonded nonwovens are developing
very quickly with its’ excellent properties and high process
efficiency. Spunbonded fibers are drawn by high velocity
air with positive or negative pressure in the spunbonding
process, in comparison with fibers drawn by godet in the
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high-speed spinning process [3, 4]. The properties of PET
fibers are strongly influenced by the drawing process and it
is not very easy to produce PET spunbonded fibers in the
spunbonded nonwoven system with negative attenuator
pressure. Nordson’s MicroFil™ Spunbond System with a
positive attenuator pressure makes it possible to produce
PET spunbonded nonwovens with excellent properties.

A few papers have investigated the drawing process
of high velocity air with negative pressure, such as
“Reiconfil” spunbonding process [5-7], but there is few
report about the drawing process with positive air pressure.
In this paper, the influences of the slot width of the
attenuator with positive pressure on the properties of PET
spunbonded fibers were studied.

Experimental
Preparation of PET spunbonded fibers

In this paper, PET spunbonded fibers were produced in
Nordson’s MicroFil™ Spunbond System with different
slot width of the attenuator. The normal inherent viscosity
of PET resin is 0.65 dL/g. The processing conditions are
presented in Table 1.

Measurements

Equatorial X-ray diffraction patterns were obtained by a
Rigaku D/Max-BR diffractometer with Cu-K, radiation
(A=154 10\) at 40 KV. The crystalline orientations (f.) of
the samples were estimated by the azimuthal intensity
distribution of well-resolved wide-angle X-ray reflection
lines from (100), (010), and (110) planes and were written
as follows [8]:
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Table 1 Processing conditions of PET spunbonded fibers

Process Sample 1 Sample 2
Pressure of the attenuator (MPa) 0.24 0.24
Spinning temperature (°C) 290 290
Width of the slot (mm) 5 2
180° — B°
=———x 100
fe 180° ’

where B is the half-width of the intensity distribution on the
(100), (010) and (110) planes on the equator of the two
samples.

The polarized Fourier transform infrared (FT-IR) spec-
tra of sample 1 and sample 2 with electric vector parallel
and vertical to the draw direction were obtained using a
NEXUS-670 (Nicolet Corp.) spectrometer in the spectral
region of 4,000-350 cm .

Tensile properties were measured using a YG (B) 003A
tensile machine with a 20-mm length of monofilament at a
crosshead speed of 60 mm/min. The tenacity was obtained
by averaging 20 trials of the tensile test for each sample.

Results
Mechanical properties of PET spunbonded fibers

Table 2 showed the fineness and tensile properties of PET
spunbonded fibers. It could be found that PET spunbonded
fibers produced in this paper were very fine and had high
tensile strength. The diameters of sample 1 and sample 2
were 10.5 and 7 um, respectively. However, the minimum
diameter of PP under Reifenhauser standard conditions is
only about 8 pum (It is easier to make PP fibers with finer
diameter than PET). The tensile strengths of sample 1 and
sample 2 are 6.43 and 9.67 cN/dtex, respectively. It is
suggested that PET spunbonded fibers have better
mechanical properties with the decrease of the slot width.

Generally speaking, the tensile strength of PET fibers
increases with the increase of crystallinity and orientation.
Therefore, X-ray diffraction and FT-IR were used to
investigate the crystalline and orientation structure of PET
spunbonded fibers.

Table 2 Fineness and tensile properties of PET spunbonded fibers

Diameter (um) Strength (cN/dtex) Elongation rate (%)

Sample 1 10.5 6.43 84.3
Sample 2 7.0 9.67 81.2

Crystalline and orientation structure of PET
spunbonded fibers by X-ray diffraction

It is reported that PET can be an amorphous structure or
crystalline structure [9]. The principal X-ray diffraction
peaks of PET fibers are near 26 = 17.5°, 260 = 22.5°, and
20 = 25.5° with CukK,, while that of amorphous structure is
near 20 = 21.3° with CuK,. Figure 1 showed the WAXD
intensity curves for sample 1 and sample 2.

There was only a broad peak near 20 = 21.3° in the
WAXD intensity curves for sample 1. With the decrease of
the slot width, the peak was remarkably sharpened and
three peaks near 20 = 17.5°, 20 = 22.5°, and 20 = 25.5°
were observed for PET crystalline structure. The crystal-
linity of the samples was estimated by resolving contri-
butions from amorphous and crystalline peaks. On the
other hand, the crystalline orientations (f.) of the samples
were estimated by the azimuthal intensity distribution of
well-resolved wide-angle X-ray reflection lines from (100),
(010), and (110) planes. It was found the crystallinities of
sample 1 and sample 2 were 32.5% and 35.6%, and the
orientations of crystalline of sample 1 and sample 2 were
74.5% and 80.6%, respectively. This showed that sample 2
had perfect crystal structure and its’ crystallinity and ori-
entations of crystalline were higher than that of sample 1,
and this might be the reason why the tensile strength of
sample 2 was higher than that of sample 1.

Conformation and orientation structure of PET
spunbonded fibers by FT-IR

Because PET spunbonded fibers produced in this paper
are very fine, it is very difficult to detect their overall

17.5° 22.5°(25.6
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Fig. 1 WAXD curves for PET spunbonded fibers
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molecular orientation structure by sound velocity method
or polarized light microscope [10]. Therefore, FT-IR was
used to analyze orientation structure of PET spunbonded
fibers indirectly [11].

On the FT-IR spectra of PET fibers, the band at 848 and
899 cm™' are assigned to trans and gauche conformations
of ethylene glycol segment of PET molecular chain. The
band at 1578 cm™' is assigned to the symmetric stretching
of the phenylene ring, and the band at 875 cm™" is assigned
to the out-of-plane ring C-H ring bending. These two
bands have strong dichroic characteristics and can be used
to calculate the overall molecular orientation and orienta-
tion of the chain in the amorphous [11]. On the other hand,
the band at 1386 cm™ is assigned to in-plane-ring C-H
bending and only appears when the crystalline of the
sample is very high. The polarized FT-IR spectra of sample
1 and sample 2 with electric vector parallel and vertical to
the draw direction were shown in Figs. 2 and 3.

I H578cm! Vertical polarized FTIR

Relative Intensity

Parallel polarized FTIR

1000 ' 1500 ' 2000
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Fig. 2 Polarized FT-IR spectra of sample 1
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Fig. 3 Polarized FT-IR spectra of sample 2

@ Springer

It could be found that the band at 1386 cm™' appeared
on Figs. 2 and 3, which means that sample 1 and sample 2
all had high crystalline content. Thus, the FT-IR spectral
result is consistent with the WAXD result. In order to
investigate the orientation structure of PET spunbonded
fibers, the bands at 1578 and 875 cm™' were selected to
calculate the overall molecular orientation (f,) and orien-
tation of the chain in the amorphous (f,), respectively.

It is well known that the Ratio of Dichroism (R) of
polymer fibers can be written as follows [11]:

R=A /AL

where A| is the intensity of the band at 1578 or 875 cm™!
on the parallel polarized FT-IR spectrum, and A, is the
intensity of the band at 1578 or 875 cm™" on the vertical
polarized FT-IR spectrum.

The Function of Orientation f (f, or f,) can be written as
follows [11]:

(R—1) 2
X
(R+2) 3cos?a—1

f=

where « is the angle of the transition moment of a vibration
mode and the PET molecular chain (o of 1578 and 875 cm™
are 0° and 85°, respectively). The results were shown in
Tables 3 and 4.

It could be found from Table 3 that the overall orien-
tations of samples 1 and 2 were 0.03 and 0.43, respectively.
Table 4 showed that the orientations of the chain in the
amorphous of samples 1 and 2 were 0.03 and 11.2,
respectively. It was suggested that the overall orientation
and orientation in the amorphous of sample 2 were higher
than those of sample 1 and this might result in the higher
tensile strength of sample 2. It also could be found that
there was a good correlation between X-ray diffraction
curves and FT-IR spectra.

Table 3 The overall molecular

orientation (f,) of PET accord- Sample 1 Sample 2
ing to band at 875 cm™’ Al 6.83 234

Ay 7.5 1.31

R 0.91 1.79

fo 0.03 0.43
Table 4 Orientation of the
chain in the amorphous (f;) of Sample 1 Sample 2
PET acgf)rdlng to band of A 12.06 3.87
1578 cm

Al 10.94 2.81

R 1.1 1.38

fa 0.03 11.2
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Prediction of the air speed in the attenuator

From the above analysis, it was found that the tensile
strength of PET spunbonded fibers increases with the in-
crease of crystallinity and orientation of PET spunbonded
fibers. The crystalline and orientation of PET spunbonded
fibers were induced by the drawing of the high-speed air in
the slot of the attenuator. Therefore, it is necessary to study
the air distribution in the slot of the attenuator. The slot of
the attenuator in Nordson system is over 3 mm long and
the air field in the slot is very complicated. Hence, the air
distribution in the slot can only be simulated by sophisti-
cated computer software combined with apparatus/process
experience. In this paper, the air speed in the attenuator
when sample 1 and sample 2 was produced was predicted.

It is well known there is only a broad peak on the X-ray
curve of PET fibers produced with a drawing speed lower
than 4,000 m/min. The peak becomes sharper and will split
into several peaks with the increase of the drawing speed,
and three obvious diffraction peaks corresponding to PET
crystalline structure will appear near 20 = 17.5°,
20 =22.5° and 20 = 25.5° when the drawing speed is
about 5,500 m/min [9]. The drawing speed of PET spun-
bonded fibers is equivalent (or a little lower than) the air
speed in the attenuator. Therefore, X-ray diffraction results
could be used to predict the air speed in the attenuator.
From the results of X-ray diffraction of PET spunbonded
fibers, it could be predicted that the air speed in the atten-
uator was not higher than 4,000 m/min when the slot was
5 mm in width, while the air speed was about 5,500 m/min
when the slot was 2 mm in width.

Conclusions

In this work, PET spunbonded nonwovens were produced
in Nordson’s MicroFil™ Spunbond System with a positive

attenuator pressure. The fineness and tensile properties of
PET spunbonded fibers were tested, and X-ray diffraction
and FT-IR were applied to characterize the crystalline and
orientation structure of PET spunbonded fibers as well. It
was found that the attenuator with positive air pressure is
more advantageous to spin PET spunbonded fibers with
excellent properties and the slot width has a big influence
on the properties of PET spunbonded fibers. PET spun-
bonded fiber becomes finer and its’ tensile strength be-
comes higher with the decrease of the slot width. It was
predicted that the air speed in the attenuator when the slot
width is 5 or 2 mm is about 4,000 or 5,500 m/min,
respectively.
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