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In this study, conjugate fibers were prepared from 1,4-cyclohexanedimethanol-modified polyethylene terephthalate
(PET) resin using side by side conjugate spinning, sea-island type conjugate spinning, and split type conjugate spinning
methods, and the properties of the conjugate fibers were investigated via several techniques. When viscosity increased,
the tenacity of side by side conjugate fibers was increased, whereas elongation decreased. The sea-island conjugate fibers
showed lower weight loss and surface color difference (K/S) values relative to that of regular PET fibers at the same con-
ditions. The SEM results indicate that orange type spilt readily produced at a temperature range of 120 - 140 °C.
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Introduction

Linear polyethylene terephthalate (PET) fibers are synthesiz-
ed from ethylene glycol and terephtalic acid. PET fibers have
excellent basic properties, including good mechanical properties
and chemical resistance, antibiosis, easy of care, and form sta-
bili‘[y.l’2 Recently, PET fibers have been prepared using new
radiation methods and post-processing techniques. Among these
methods, modification of PET (M-PET) at the PET polymeriza-
tion stage to obtain various characteristics is one of the re-
presentative methods. This M-PET can be radiated alone, but is
mainly radiated with regular PET and applied as PET/M-PET
conjugate fibers. These superfine fibers have excellent luster,
texture, and appearance, characteristics that are extensively
required in upscale textile goods, drainage textile goods, hygros-
copicity knitwear, cleaners, and square luck.”

The preparation methods of superfine fibers can be devided
into direct spinning and conjugate spinning. Direct spinning is
a method of spinning a single ingredient of the filament, and
thereby producing a uniform product of the physical properties
by fusing, wet process, and dry radiation. However, direct spinn-
ing is a complicated processs, and bad radiation work charact-
eristic. Conjugate spinning, meaanwhile requires additional pro-
cesses, such as process division or gushing. Conjugate radiation
can be divided into two kinds, sectional type and gushing style,
according to polymerization composition and sectional form.”

PET/M-PET conjugate fibers have been used to prepare new
fabrics for artificial leather. Radiation of PET/M-PET conjugate
fibers does not require the use of organic solvents, and the fibers
are prepared from weight loss by alkali hydrolysis. Thus, this
process significsntly affects the physical properties and dyeing
characteristics of the final product, including weight loss pro-
cessing of regular PET.*

In a previous work, we synthesized 1,4-cyclohexanedime-
thanol (CHDM)-modified PET resin (Co-PET) and investigated
the properties of fibers spun from Co-PET.” In this study, con-

jugate fibers were prepared from Co-PET using side by side
conjugate spinning, sea-island type conjugate spinning, and
split type conjugate spinning methods. Properties such as alkali
weight loss and dyeing characteristics of the conjugate fibers
were characterized via several techniques.

Experimental

Materials. Polyethylene terephthalate (PET), terephtalic acid
(TPA), 1,4-cyclohexanedimethanol (CHDM), and ethylene gly-
col (EG) used in this study were purchased from Aldrich. The
PET has an average molecular weight of 20000 g/mol. Anti-
mony trioxide and trimethyl phosphate were used as a catalyst
and antioxidant, respectively, and supplied by Aldrich. CHDM-
modified PET resin (Co-PET) was synthesized according to a
method reported in a previous work, and the structure of Co-PET
is shown in Figure 1.0

Synthesis of Co-PET. PET oligomer (5014 g) was added to a
15 L reactor equipped with a mechanical stirrer, thermometer
sensor, and reflux condenser. The PET oligomer was heated to
70 °C and then terephtalic acid (288 g), CHDM (250 g), and
ethylene glycol (270 g) were added to the reactor. The mixtures
were gradually heated to 250 °C and reacted for 1 h. Antimony
trioxide (3 g) and trimethyl phosphate (1.5 g) were added into
mixtures. The mixtures were gradually heated to 280 °C and
reacted under vacuum of 0.5 torr for 1 h. Finally, chip type melt-
ing materials were obtained (yield: 90.5%). Mn: 16500 g/mol.
FT-IR (KBr; v, cm '): 2970 (CH), 1725 (C=0), 1638 (C=C),
1620 (C=C), 1190 (C-0-C), 1062 (C-H), 988 (CH). '"H NMR
(CDCl;) 1.32-2.24 ppm (CH>), 4.24-4.72 ppm (OCH,CH-0),
7.61 - 8.76 ppm (aromatic ring).
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Figure 1. Chemical structure of CHDM-modified copolyester.
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Table 1. Experimental condition for manufacturing side by side conjugate fibers

Yarn component (IV)

Sample A B Spinning temperature (°C) Drawing temperature (°C) Drawing ratio
60SSY82 0.60 0.55 82 3.426
60SSY92 0.60 0.55 92 3.426
64SSY82 0.64 0.5 e 82 3254
64SSY92 0.64 0.55 92 3.254
64SD82 0.64 0.55 82 3.254

Table 2. Properties of island component modified by different CHDM
content

Table 3. Experimental conditions for preparing orange split type con-
jugate fibers

5wt % CHDM 8 wt % CHDM

Regular SD~ "y pEt Co-PET

CHDM mole (%) 0 6.06 9.10
DEG mole (%) 1.8 2.69 2.33
v 0.64 0.652 0.628
Color L 77.9 77.2 78.8
Color b 3.64 251 2.58
Melt index* 39.4 37 53.8

T, (°C) 78 79.6 78.8
gﬁ)‘;fr‘gzs T.(°C) 135 169 159.7

Tm(’C) 255 239 2313

*measured at 280 °C.

Side by Side Conjugate Spinning. Side by side conjugate
fibers were prepared using the UDY-FDY method. 5 wt %
CHDM- modified Co-PET and semi dull (SD) were used as
high and low viscosity ingredient. The radiation conditions
are shown in Table 1.

Sea-island Type Conjugate Spinning. Co-PET was melted
and removed after at alkali treatment process, and superfine
fibers of 0.07 ~ 0.04 d/f were formed. In order to investigate the
basic physical properties and shrinkage ratio of sea-island type
superfine fibers, elongation expense was 2.607 and 2.707, first
G/R temperatures were 90, 95, and 100 °C, and secondary G/R
temperatures were 120, 125, and 130 °C.

Split Type Conjugate Spinning. Table 2 shows the properties
of island components modified by different CHDM content.
The fibers were prepared using CHDM-modified Co-PET resin
as an island component at a spinning speed of 1100 m/min.
Other spinning conditions are listed in Table 3.

Melting Temperature and Glass Transition Temperature
Measurements. The melting temperature and glass transition
temperature of the samples were measured with a differential
scanning calorimeter (Perkin-Elmer DSC-7) at a heating rate
of 10 °C/min from 30 to 350 °C under a nitrogen atmosphere.

Alkali Weight Loss Measurements. 5% alkali aqueous solu-
tion was heated to its boiling point, and then a round sample
was added into this solution. The solution was stirred and then
washed with distilled water, and finally dried in a vaccuum oven.
The weight loss of the sample was calculated by the following
equation.

T-1 T-2 T-3
Sea WSD-X (30) WSD-X (30) WSD-X (30)
Component CHDM5 CHDM 8
ition %
(composition %) Island  SD (70) W% (70)  wt% (70)
o Sea 282 287.5 287.5
PT (°C)
Island 290 280 283.5
Draw ratio 3.106 3.106 3.106
Temperature (°C) 75/75 75/75 75/75
CDS 70 70 70
. o W =W)
Weight loss (%) = o (D
0

where W, and W are the weight of the sample before and after
alkali treatment, respectively.

Inherent Viscosity Measurements. The specimens were dis-
solved in phenol/tetrachloroethane (60/40 weight ratio) mixed
solvent at 130 °C. The concentration was measured using an
Ubbelohde viscosimeter 1C type at 30 °C, and inherent viscosity
([n]) was calculated from the Solomon-Ciuta equation.10

[n]{[z(mp—lnn,.)ﬁ @)

where 75, is the specific viscosity, 7, is the relative viscosity,
and c is the concentration of polymer solution.

Shrinkage Measurements. The fibers were configured in a
hoop form and hung on a clip of 0.7 g, and the length (L;) of
the hoop was then measured. The hoop was added into a glass
tube in a damp contraction percentage measurement device
and dipped at 100 £ 1 °C for 30 min. Two hours after removing
the hoot from tube, the length (L) of the hoop was measured.
The shrinkage was calculated according to the following
equation.

L—-L
Wet shrinkage ratio (%) = IL 2100 3)

1

Strength and Elongation Measurements. A tensile test was
conducted using an Instron mechanical tester (Fafegraph-M and
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Figure 2. Tenacity (a) and elongation (b) of side by side conjugate fibers
prepared from different experimental conditions.

Textecho Co., Germany) at a temperature of 25 °C and relative
humidity of 65%. The specimen length was 100 mm and the
tensile speed was 200 mm/min. All mechanical property values
were obtained by averaging ten experimental values.

Evaluation of Dyeing Characteristics. To evaluate the dyeing
quality, Lumacron Black SE-3G was used as a dye. 2% dye (fib-
er weight was used as a base) was diluted to a liquid ratio of 1:20.
The samples were dyed at 100 °C for 30 min and then washed
with distilled water at 80 °C for 10 min. The surface color di-
fference (K/S) of the samples was calculated by using equ-
ation (4).

K _(1-R)
S 2R @

where R is reflexibility, K is the light absorption, and S is the
scattered coefficient at a wavelength.

Results and Discussion
Side by Side Conjugate Spinning. Side by side conjugate

fibers were prepared according to the radiation conditions, as
shown in Table 1. The side by side conjugate fiber is a superfine
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Figure 3. Shrinkage ratio of side by side conjugate fibers prepared from
different experimental conditions.
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Figure 4. Crimp ratio of side by side conjugate fibers prepared from
different experimental conditions.

fiber wherein a circular section is invided with a parallel straight
line. The properties of the side by side conjugate fibers were
investigated by measurements of the tenacity and elongation.

Figure 2 shows the tenacity and elongation of fibers prepared
under different experimental conditions. When the viscosity in-
creased, the tenacity of the side by side conjugate fibers increas-
ed, whereas the elongation decreased.”’

To investigate the effect of viscosity on the properties of the
conjugate fibers, the shrinkage ratio of fibers prepared under
different experimental conditions was measured, and the results
are shown in Figure 3. As can be seen in the figure, the conjugate
fibers showed a high dry shrinkage ratio and a low wet shrinkage
ratio compared with SD fibers.

Figure 4 shows the crimp ratio of side by side conjugate
fibers prepared under different experimental conditions. The
crimp ratio of the conjugate fibers was found to be lower than
that of SD fiber. This is due to introduction of a ring structure
in CHDM into the polymer chain.

Sea-island Conjugate Spinning. The sea-island type fibers
show CHDM-modified Co-PET (island ingredient) distributed
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Figure 5. Effect of 2nd G/R temperature on the tenacity and elongation
for sea-island type conjugate fibers.
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Figure 6. Effect of 2nd G/R temperature on the wet shrinkage ratio
and dry shrinkage ratio for sea-island type conjugate fibers.

in sea ingredient at the fiber section. To study characteristics of
sea-island conjugate fibers, the tenacity and elongation were
measured at a 1st G/R temperature of 95 °C and 2nd G/R speed
0f 4250 m/min, and the results are shown in Figure 5. The results
indicate that the drawing ratio and 2nd G/R temperature did not
significantly affect the physical properties, i.e. tenacity and elon-
gation.7

Figure 6 shows the effect of 2nd G/R temperature on the
wet shrinkage ratio and dry shrinkage ratio for the sea-island
type conjugate fibers. Both the wet shrinkage ratio and dry
shrinkage ratio of the conjugate fibers decreased with increasing
2nd G/R temperature.

Figures 7 and 8 show the effects of 1st G/R and 2nd G/R tem-
peratures on the physical properties and shrinkage ratio for
sea-island type conjugate fibers. As shown here, the physical
properties of the fibers did not show a clear tendency with
different 1st G/R temperature. In contrast, when the 2nd G/R
temperature was increased, the tendency of the fibers incresed
and the elongation of the fibers decreased. The wet shrinkage
ratio and dry shrinkage ratio of the conjugate fibers decreased
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Figure 7. Effect of 1st G/R and 2nd G/R temperature on the tenacity
(a) and elongation (b) for sea-island type conjugate fibers.

with increasing 2nd G/R temperature, as shown in Figure 8.

Figure 9 shows the weight loss of regular PET fiber and Co-
PET fiber at different reduction times. The weight loss curve
can be divided into two stages. The first stage is characterized
by high weight loss, from 0 to 30 min. The second stage, above
this time, features low weight loss. The Co-PET fiber showed
higher weight loss than that of regular PET fiber produced
under the same conditions.

Figure 10 shows the K/S values of regular PET fiber and
5% CHDM-containing Co-PET fiber with different dyeing
temperatures. As can be seen here, the K/S value of Co-PET
fiber is lower than that of regular PET fiber under the same
conditions."’

Split Type Conjugate Spinning. Split type conjugate fibers
were prepared according to the experimental condictions listed
in Table 3. The properties of the split type conjugate fibers were
measured, and the results are shown in Table 3.

In order to examine the heat shrinkage during fiber process-
ing, the shrinkage in the length and width directions before and
after calendering was measured. The dry shrinkage of nonwoven
as a function of temperature before and after calendering is
shown in Figure 11. The dry shrinkage of the nonwoven before
calendering is higher than that of the nonwoven after calender-
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Figure 9. Comparison of weight loss of regular PET and Co-PET at
different reduction times.

ing at a temperature range of 80 - 180 °C.

Weight loss experiments were performed at 180 °C and 3%
NaOH solution, and the weight loss was measured at 5 minute
intervals. Figure 12 shows the weight loss behavior of a non-
woven prepared from orange spilt type conjugate fibers. The
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Figure 12. Weight loss behavior of nonwoven prepared from orange

spilt type conjugate fibers.

weight loss of the fibers increased with increasing time. After
10 min, the theoretical weight loss (30%) was achieved.
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200 °C
Figure 13. SEM images of spilt behaviors as a function of temperature
in orange type spilt conjugate fibers.

180 °C

SEM images displaying spilt behaviors as a function of tem-
perature in orange type spilt conjugate fibers are shown in
Figure 13. As can be seen in the figure, the orange type spilt
was easily produced at a temperature range of 120 - 140 °c.?

Conclusions

Conjugate fibers were prepared from Co-PET resin using
three spinning methods, and the properties of the fibers were

Ho-Ju Bang et al.

investigated using several techniques. The tenacity of side by
side conjugate fibers was increased and the elongation was
decreased when viscosity was increased. The tenacity and elon-
gation of sea-island conjugate fibers were significantly affected
by the drawing ratio and 2nd G/R temperature. The sea-island
conjugate fibers showed a lower weight reduction ratio and a
lower K/S value as compared to regular PET fabricated under
the same conditions. The weight loss of orange spilt type con-
jugate fibers increased with increasing time and the theoretical
weight loss was achieved at 10 min. The SEM results indicated
that orange type spilt was readidy produced at a temperature
range of 80 - 180 °C.
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