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ABSTRACT

Research subject: In recent years, various filament cross-sectional shapes have been employed in the production of synthetic multifilament yarns to
achieve diverse applications and properties. In this study, the effect of round and rectangular cross-sectional shapes of polyethylene terephthalate (PET)
multifilament yarns on the physical and crimp properties of melt-spun and draw-textured yarns was investigated.

Research approach: Partially oriented yarns (POY) were produced using an industrial melt-spinning machine, and draw-textured yarns (DTY) were
prepared with an industrial frictional false-twist texturizing machine under identical conditions. All yarn samples with round and rectangular cross-
sectional shapes were analyzed in terms of linear density, thermal shrinkage, degree of crystallinity, and tensile properties (strength, elongation at break,
and initial modulus). For DTY yarns, additional tests were conducted to evaluate crimp properties (crimp shrinkage, crimp modulus, and crimp stability),
resiliency, and the ratio of tension after the twisting zone to tension before the twisting zone (T2/T1). Furthermore, X-ray diffraction was performed on
textured yarn samples to examine the fiber microstructure.

Main results: The results revealed that differences in the tensile properties and thermal shrinkage of POY yarns with both cross-sectional shapes were
small, despite being statistically significant. However, greater variations were observed in DTY yarns. The DTY yarn with a rectangular cross-sectional
shape exhibited higher resiliency than that with a round cross-section. Conversely, the DTY yarn with a round cross-sectional shape demonstrated
superior crimp properties, which can be attributed to its higher crystallinity and, consequently, greater softness and texturability compared to the
rectangular cross-sectional shape.
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Table 1 Production parameters of multifilament yarns of a) POY melt spinning process, b) Frictional false twist texturing process

(@) (b)
Parameter unit value Parameter unit value
Chips type TG640N SBR Oil type Nasj azma
Oil type Tekemoto Delion F-2707-LC Linear density dtex 333
Linear density dtex 555 Number of filhments 192
Number of spinneret holes 96 PLY 2
PLY 2 First heater temperature °C 180
Spinning temperature °C 293 Second heater temperature °C 175
Extruder pm 45 Texturing speed m/min 500
Melt pressure bar 145 Draw ratio 1.81
Pressure before pump bar 100 DY 18
Pressure at interlacing bar 25 Friction type 1-5-12
Metering pump capacity ccirec 24 Disc type Polyurethane
Speed of air quench m/s 0.8 Type of intermingling jet Y17
Temperature of air quench °C 19 Intermingling jet air pressure bar 0.75
Oil percentage % 12 Winding angle ° 29
Godet 1 speed m/min 2650 Oil pump speed rpm 03

ks 5 Slopls slaghio mlaw L POY slog (iS5 ply 5 olo)S (Sabper (b S loggeil @l °F Jouar
Table 2" Results of linear density, thermal shrinkage, and tensile properties of POY yarns with round and rectangular cross-sectional shape

POY
round rectangular
Linear density (dtex) 5(122? ?5’9712)4
Shrinkage (%) ?ggj) ?03192)
Max stress (cN/Tex) (2200?1) (12976‘3
p:;epr;sri,lt?es Breaking elongation (%) 1&55 %54%;
Modulus (cN/Tex) ?(;1;;)) 21;2061)

* The numbers in parentheses are the coefficient of variant percent of properties
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Table 3" Results of linear density, thermal shrinkage, tensile, and
textured (DTY) PET yarns with round and crimp tests of
rectangular cross-sectional shapes

DTY
round rectangular
Linear density (dtex) 366.2 355.54
(2.55) (1.32)
. 4.36 6.12
0,
Shrinkage (%0) (0.01) ©0.3)
33.47 34.06
Max stress (cN/Tex) (0.69) (1.18)
Tensile Breaking elongation (%) 25.23 218
properties g €long 1.12) (L.91)
274.4 245.78
Modulus (cN/Tex) (3.09) (2.57)
5.63 4.46
0,
cC% (0.28) (0.25)
Crim|
P CM % 3.19 291
properties (0.008) (0.38)
74.46 47.08
0,
CS% (3.77) (9.23)

* The numbers in parentheses are the coefficient of variant percent
of properties

() (b)

[ (4 2 ’ ; - ‘« '
t k\ " :‘ L 4 A.(
4 lm_ ——G Y
Gonls (Al phaiie o LDTY glags sladid) (568us Ko pgai ¥ JS0

ebis (¢ g

Figure 3 Microscopic images of POY multifilament yarns with: a)
round and b) rectangular cross-sectional shapes
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Figure 2" Effect of fiber cross-sectional shape on thermal
shrinkage and tensile properties of multifilament PET yarns

* The numbers in brackets are the verification percent of properties
between rectangular and round cross section shapes
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Figure 5" Effect of fiber cross-sectional shape of PET textured
yarns on a) thermal shrinkage and tensile properties and b) crimp
properties of DTY yarns with round and rectangular cross-sectional
shapes
* The numbers in brackets are the verification percent of properties
between rectangular and round cross-sections
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Figure 4 Graph and data obtained from XRD test of DTY with
round and rectangular cross-sectional shapes
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Table 4 Results of resiliency test in 30 minutes and 24 hours of
PET textured filament yarns with round and rectangular cross-
sectional shapes

Resiliency in  Resiliency in

Cross-sectional

shape 30 minutes 24 hours
Round 0.16 0.52

Rectangular 0.31 0.8
(a) (b)
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Figure 6 Comparison of textured PET filament samples resiliency
with a) round and b) rectangular cross-sectional shapes
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