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Preparation and properties of composite conductive polyester fibers with irregular cross sections
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Abstract : Four kinds of conductive polyester fibers with specifications of 22 dtex/3 f were designed and prepared using differ-

ent cross sections (one-line, two-point, three-point and sheath-core), and the cross section shape, finished product color, orientation
degree, tensile properties, electrical conductivity, and thermal stability of the fibers were tested and compared. The results show that
regardless of whether the cross section was selected, the fibers with added conductive carbon nanotube/carbon black conductive
masterbatch exhibit excellent conductivity (unit resistance is in the magnitude of 107 {)/cm). Compared to sheath-core shaped
conductive fibers, the use of irregular cross sections (one-line, one-point, and three-point) reduces the uniformity inside the fibers to
some extent, increases the difficulty of fiber orientation during the preparation process, leading to the slight decrease of fiber orienta-
tion and tensile breaking strength, but the thermal stability of the four kinds of fibers has little difference. Irregular cross section
conductive fibers can achieve conductivity similar to sheath-core shaped conductive fiber, but due to the reduction of exposed
carbon nanotube/carbon black conductive components in fibers with irregular cross sections, the color of the fiber products is signifi-
cantly lighter than that of the sheath-core shaped fiber product, expanding the application range of these types of conductive fibers.

Keywords : irregular cross section ; conductive polyester fiber ; conductivity ; tensile property ; thermal stability
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Tab.1 Main process parameters for preparing conductive polyester fibers

Main process parameters

Values or conditions

Drying conditions

Screw temperature/°C

PET:Dried by drying tower, drying condition is 130 °C/12 h,dew point of dry air is below —70 °C
CNT/CB:Dried by vacuum drum, drying condition is 130 °C/12 h, vacuum degree is 0.02 MPa

PET:292/290/290/290/290
CNT/CB:268/270/270/270

Box temperature/°C 290+2
) Air temperature of quench wind/°C 24+2
Cooling . . .
. Air speed of quench wind/(m-*s ") 0.55~0.60
conditions
Humidity of quench wind/% 75~80
Drawing ratio 2.5
Spinning speed/(m*min") 3000

Drafting and setting temperature/°C

Drafting temperature:90; Setting temperature:135

Note: CNT/CB is carbon nanotube/carbon black conductive masterbatch.

: Drying ("Screw |Melt extrusion Spinning
Conductive |Drying (“Screw |Melt extrusion — Spinning
masterbatch ] |extruder| Filter box

Conductive filaments . . —
Hot draft e Side blowing( Spinning
Roll-up assembly

of different cross
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sections
Fig. I Schematic diagram of preparation process of conductive

polyester filaments with different cross sections
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Fig. 2 Cross sections of conductive fibers
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Tab.2 Orientation degree of conductive fibers with different

cross sections

Fibers Actual sound velocity ~ Orientation ~ Orientation
C/(km-s™) factor f angle
one-line 6.13 09515 10.36
two-point 6.14 0.9517 10.34
three-point 6.20 0.952 6 10.24
sheath-core 6.46 0.956 3 9.83
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Tab.3 Linear density and tensile properties of conductive fibers

with different cross sections

Fibers Linear Average tensile break-  Average elonga-
density/dtex ing strength/(cN-dtex™) tion at break/%
one-line 23.7 1.93 46.91
two-point 23.6 1.89 48.36
three-point 23.5 1.95 42.35
sheath-core 23.8 2.18 37.38
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Tab.4 Electrical conductivity of conductive fibers with different

cross sections

Fibers Unit resistance/(Q-cm™")
one-line 2.51x107
two-point 1.17x10
three-point 3.46x10’
sheath-core 1.83x10’
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Fig. 4 Thermogravimetric curves of conductive fibers with
different cross sections
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Tab.5 Thermal degradation parameters of conductive fibers with

different cross sections

Mass residual rate
at 700 °C/%
one-line 373.98 381.42 408.51 20.68

Fibers T,/°C 7,°C  T,°C

two-point 379.97 391.42 412.99 22.99
three-point 379.22 392.38 415.02 19.89
sheath-core 376.66 389.69 413.11 19.88

Note: 75, T}, Ty, represents temperature at which weight loss reach-
es to 5%,10% ,and 30%, respectively.
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