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Catalytic Effects on Graphitized Carbon Fibers of Graphitization
Catalysts Introduced during Hot-Water Stretching

Hyun-Jae Cho™**, Hye Rin Lee™**, Byoung-Suhk Kim***', Yong-Sik Chung™**"

ABSTRACT: In this study, PAN(polyacrylonitrile)-based precursor fibers were produced through a wet-spinning
process, and their morphologies and graphitization behavior were investigated in the presence of two graphitization
catalysts (Ca, Ni). The graphitization catalysts were introduced into the formed pores during hot-water stretching of
wet-spun PAN-based precursor fibers. The catalytic effects of graphitization catalysts were examined through crystal
structure and Raman analysis. At a relatively low temperature of 1500°C, the graphitization was not significantly
affected, whereas at a high temperature of 2400°C, the obtained I,/I; value of graphite fiber (GF-Nil00) was
decreased by about twice (~0.28) compared to the untreated fibers (GF-AS~0.54). By comparing the I,,/I; values (GF-
Cal00~0.42: GF-Ni100~0.28) of Ca and Ni graphitization catalyst, it was found that the degree of graphitization of Ni
graphitization catalyst showed higher influence than that of Ca graphitization catalyst. Moreover, 2D band was also
observed, indicating that the graphite plane structures composed of multiple layers were developed. XRD results
confirmed that the crystal inter-planar distance (d,,,) of the graphite crystal was slightly decreased after the treatment
with the graphitization catalyst, But, the crystal size of Ca-treated graphite fiber (GF-Cal00) was increased by up to
~5nm.
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Fig. 1. Schematic illustration of wet-spinning process and
immersing process of graphitization catalysts
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Table 1. Type and concentration of graphitization catalytic agents used in this work

Type and concentration of Pr-Ca30 Pr-Ca38 Pr-Ca45 Pr-Ca68 Pr-Cal00
graphitization catalytic agent Pr-Ni30 Pr-Ni38 Pr-Ni45 Pr-Ni68 Pr-Nil00
Ca(NO,), (wt.%)
30 38 45 68 100
Ni(OCOCH,), (wt.%)
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Fig. 2. SEM images of (a) as-spun PAN precursor (Pr-AS) and
inset is the cross-sectional morphologies, (b) PAN-based
carbon fiber (CF-AS), (c) cross-sectional morphologies of
CF-AS, (d) Ca-treated carbon fibers (CF-Ca100), (e) Ni-
treated carbon fibers (CF-Ni100), and their graphitized
fibers of (f) GF-As, (g) GF-Ca100 and (h) GF-Ni100 (g).
Inset in (I) shows the EDS mapping of each GF fibers (GF-
AS, GF-CA100 and GF-Ni100)

Fig. 3. EDS mapping of (a) Ca-treated carbon fibers (CF-Ca100)
and (b) Ni-treated carbon fibers (CF-Ni100)
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Fig. 7. Raman spectra of (a) GF-As and GF-Ca series (GF-Ca30,
GF-Ca38, GF-Ca45, GF-Ca68 and GF-Ca100) and (b) GF-As
and GF-Ni series (GF-Ni30, GF-Ni38, GF-Ni45, GF-Ni68
and GF-Ni100) and (c) calculated Iy/l; values of GF-Ca
and GF-Ni series
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Fig. 8. XRD patterns of (a) GF-Ca series (CF-Ca30, CF-Ca38, CF-

Ca45, CF-Ca68 and CF-Ca100) and (b) GF-Ni series (CF-
Ni30, CF-Ni38, CF-Ni45, CF-Ni68 and CF-Ni100)

Table 2. Structural parameters of PAN-based graphitized GF-Ca
and GF-Ni series

20(°) | dy,(A)?* | FWHM,,," | L (nm)

GF-AS 25.98 3.44 1.63 55.47
GF-Ca30 25.96 3.43 2.20 41.20
GF-Ca38 26.02 3.42 1.65 54.86
GF-Ca45 26.19 3.40 1.60 56.79
GF-Ca68 25.99 343 1.58 57.17
GF-Cal00 26.02 3.42 1.50 60.27
GF-Ni30 25.95 343 1.91 47.35
GF-Ni38 26.12 3.41 1.82 49.86
GF-Ni45 26.01 3.42 1.66 54.55
GF-Ni68 26.05 3.42 1.62 55.78
GF-Ni100 26.00 3.42 1.61 56.13

“Bragg reflection equation: nA=2d(sin8), "FWHM: full width at
half maximum, “Scherrer equation: L =KA/fPcos6.

of sl 20=26° F ol A 2 =27} TEE AT
A% 205 Bragg?]oll tiste], HIEA R (dy,)E A4t
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A3t A7 ATEA R E A A7) e v] sk
FWHM,,:& (002) 1] =9} ¥WE7F5-& et = QIALE, (002)
929 Eo|7t #5545, 939 FHo| FE4E 5AEA
o] Arkar Frpek 4= Qlrk. FWHM = 7H-AIQE 2] 0= 1
H= AAsl e, 1 A= Table 20 Leh Slet. o]
w2} Scherrer A of] i sto] A 27| (L)E AL A3
A F&= ofstol A A XA = AAH 7Y A=
Wafjot= ko] lE Ao, Cadl 79 38% o]/, Nifj
745 68% ol o2 FETt Ftekol we AR A7 &
7¥sh= ko] 2Rl ¢lrh(Table 2).
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