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Enhancement of the Mechanical Properties of CNT Fibers Synthesized
by Direct Spinning Method with Various Post-Treatments

Jin-seok Kim***, Junbeom Park*, Seung Min Kim*, L.K Kwac**', Jun Yeon Hwang*"

ABSTRACT: Recent studies regarding the properties of carbon nanotubes (CNT) have made remarkable progress in
CNT fibers research. However no CNT fibers showed the properties of CNTs because CNTs in fibers have weak
interfacial bonding with low shear modulus in the pristine form. Thus, it is upmost interest to develop and employ
post-production treatments to the CNT fibers that would potentially improve their properties. In this study, post-
treatments resulted in improvement of strength of CNT fibers up to 40%.
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Table 1. Commercial high performance fibers [4]

Tensile Electrical Thermal .
: - .. Density
Fiber type strength |conductivity|conductivity (g/em?)
(N/tex) | (S/m) | (W/mK) | ‘8
Kevlar 2.3 - - 1.44
Carbon fiber 2 5.9 x 10* 6.8 1.79
CNT fiber
(Direct 1.5 8 x 10° 45 0.2
spinning)
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Fig. 1. Overview schematic of the CVD process for the direct
spinning of CNT fibers

Reaction zone

Table 2. Processing conditions and their ranges for the CNT

fibers

Parameter Range

Acetone (Wt%) 95.5~98.5
Ferrocene (wt%) 1.0~2.0
Thiophene (wt%) 0.5~3.0

Temperature (°C) 900~1170

H, flow rate (sccm) 800~1300

Solution injection rate (mi/h) 5~25
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Fig. 2. Schematic of ICP equipment
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Fig. 4. Diameter and specific strength of CNT fibers densified
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g. 5. Relative I/l ratio from Raman spectra of CNTs synthe-
sized under various conditions

Table 3. Experimental conditions of CNT fibers by direct spinning

Exp. 1 2 3
cctone 200 200 200
(9773 wt.%) | (97.38 wt.%) | (96.36 wt.%)
Ferrocen 1.0 1.0 1.0
(157 wt%) | (156 wt.%) | (1.54wt.%)
1.0 15 3.0
Thioph
1OPRENE 1 (070 wt%) | (106 wt.%) | (2.10 wt.%)
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Fig. 6. Raman spectra of plasma generated CNT fiber for differ-
ent plasma power.
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Fig. 7. Mechanical properties of plasma generated CNT fibers for
different plasma power and gas flow rate
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plasma power of 50 W
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Fig. 9. XPS spectra of the CNTs (a) before and (b) after plasma

treatment
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