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Abstract

This study aims to find a correlation between XRD and Raman result of the activated carbon fibers as a function of its
activation degrees. La of the isotropic carbon fiber prepared by oxidation in carbon dioxide gas have been observed using
laser Raman spectroscopy. The basic structural parameters of the fibers were evaluated by XRD as well, and compared with
Raman result. The La of the carbon fibers were measured to be 25.5 Å from Raman analysis and 23.6 Å from XRD analysis.
La of the ACFs were 23.6 Å and 20.4 Å, respectively, representing less ordered through activation process. It seems that the
ID/IG of Raman spectra were related to crystallite size(La). Raman spectroscopy has demonstrated its unique ability to detect
structural changes during the activation of the fibers. There was good correlation between the La value obtained from Raman
and XRD.
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1. Introduction

Microporosity of activated carbon fibers (ACFs) was
recognized to be influenced by the crystallite structures of
the porous materials [1-4]. The crystallite structure is charac-
terized with the interlayer spacing (d002), crystallite thickness
(Lc), crystallite width (La), the relative degree of cry-
stallinity (Dc) and the number of aromatic layer (Ns). The
interlayer spacing (d002) of disordered carbon materials
would be in range of 3.4 ~ 8 Å, which is usually much larger
than that of graphite [5-9]. In early study the specific surface
area (SSA) variations were investigated on the basis of the
pore structures characterized by the structural analysis and
activation kinetics for the ACFs [10-11].

Most of researchers tried to interpret structural parameters of
carbon materials via several analyzing techniques such as X-
Ray diffraction (XRD), High Resolution Transmission Electron
Microscopy (HRTEM) and Raman spectroscopy [12-14].

Raman spectroscopy has been a major experimental
technique to determine information about the microstructure
of various carbon materials. Tuinstra and Koenig first
reported that an relationship between the crystallite size La
obtained from XRD and the intensity ratio of the two major
Raman bands in disordered non-graphitic carbons [15-16].
Since numerable studies on carbons using Raman spectro-
scopy were reported that the Raman spectroscopy has been
become commercial method to determine the structural
study of carbon based materials [17-19]. Highly ordered
graphite shows only one band in the region of 1100 and

1700 cm−1 and shows second order features between 2400
and 3300 cm−1. The Raman spectra change significantly for
disordered carbons and show D band at around 1350 cm−1.
Therefore the characteristic Raman spectra for synthetic
graphite show peaks at around 1350 cm−1 for disordered
carbon (D band) and 1580 cm−1 for graphitized carbon (G
band). The degree of graphitization may be estimated by
examining the Raman spectra for a specimen. Relative
intensity between G band and D band changed by heat
treatments, crystallite size of the disordered carbon, and
crystallinity.

In this study structural changes of isotropic carbon fibers
prepared by oxidation in carbon dioxide gas have been
observed using laser Raman spectroscopy. The basic
structural parameters of the fibers were evaluated by XRD as
well, and compared with Raman result. Also the specific
surface area (SSA) variations were measured on the basis of
the pore structures characterized by the structural analysis
for the ACFs.

2. Experimental Procedures

2.1. Sample preparations, BET and XRD analysis

A pitch-based carbon fiber was used as a base material.
They were isotropic carbon fibers carbonized below
1,000oC. The physical properties of the fibers, activation
conditions, and the result of XRD spectra were early
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reported [10]. The SSA was gained from adsorption
isotherms on the basis of the BET equation, and micropore
volume (VP) and external surface area (SEX) were obtained
by t-plot. The Lc and La values were calculated by the
Scherrer equation.

2.2. Raman Analysis

For the Raman analysis, a ×500 magnification microscope
is used to select a point to focus laser beam spot on the fiber
surface. The wavelength and laser beam size of the facility

were 514.5 nm of argon laser (Green) and ~ 2 µm of
diameter.

Extended scans from 500 to 4000 cm−1 were performed to
obtain both the first- and second-order Raman bands of the
carbon fibers. Static scans were also obtained in order to
enhance the signal that was subsequently analysed. Typical
exposure times for carbon fibers ranged from 10 to 20 s for
the scans. The band intensity, band width and band position
were obtained from static scans of the first-order Raman
spectra using a Lorentzian curve-fitting procedure. Fig. 1
and Fig. 2 show scan result of original fiber and result of
Lorentzian curve-fitting, respectively.

3. Results and Discussion

3.1. Pore structure

The pore structures of the ACFs were summarized in
Table 1 [10]. In general specific surface area (SSA), external
surface area (SEX), width of pore(WP) and pore volume (VP)
of the ACFs were increased with increasing burn-offs. These
results propose that high specific surface area could be
developed from micropores. The ACFs with burn-off 59%
activated at 900oC showed the maximum SSA of 3,495 m2/g
from average WP of 8.3 Å.

3.2. XRD analysis

The structural parameters gained from diffraction peaks
were summarized in Table 2. The Lc and La values of the
original fibers were 6.2 Å and 23.6 Å. The interlayer spacing
of the original fiber was relatively large as 4.04 Å in
comparison with 3.35 Å than that of graphite. With increas-
ing burn-offs, the interlayer spacing increased up to 4.76 Å
and Lc increased up to 6.7 Å. So the increasing of Lc caused
merely widening of interlayer spacing.

On the contrary, it was considered that the decreasing of
La as the burn-offs increased was caused by removal of
carbon atoms at the edge of crystallites. Therefore, it was
cleared that the crystallinity of activated fibers became more
disordered and the size of crystallites of ACFs became
smaller than original fibers.

3.3. Raman analysis

Fig. 3 shows only the first-order Raman spectra as a func-

Fig. 1. Raman spectrum of the original carbon fiber.

Fig. 2. Result of Lorentzian curve-fitting of the first-order D
and G band.

Table 1. Specific Surface Area (SSA), External Surface Area (SEX), Micropore Volume (VP), and Pore Width (WP= 2VP/SSA) of
ACFs.

Temperature (oC) Burn-off (%) SSA (m2/g) Sex (m
2/g) VP (cc/g) WP (Å)

900
39
59
79

1156.1
3494.8
3104.5

28.7
178.7
141.3

0.4622
1.4590
1.4582

8.0
8.3
9.4
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tion of burn-off degrees of the carbon fibers studied in this
work. In all cases the spectra exhibited the same appearance,
that is, two well-resolved bands, namely D (~ 1330 cm−1)
and G (~ 1580 cm−1) band.

In Fig. 4 the activation process affect the position of the
Raman bands. There were no significant differences exist
between the positions of the G bands. However the D band

positions were slightly changed. The position of the D band
seems to shift to lowerer wavenumber as the burn-offs
increases. This is possibly due to the poorly organization of
carbon materials (i.e., more disorder) [16,20].

The intensity ratio (R = ID/IG) of the two first-order bands
D and G is always higher a as function of burn-offs. To
quantify and corroborate this observation, the intensities of
the bands in the first-order region of the Raman spectrum (D
and G) are given in Table 3. Although this is a common
consequence for the activated fibers, it is clear that the
intensity ratio rapidly increase over 39% burn-off. These
rapid changes of band intensities must be discussed in terms
of differences in the structure of the fibers. Lespade and
other researchers showed the intensity ratio (R = ID/IG) of the
two first-order bands D and G is related to the structure of
carbon materials [21,22].

As mentioned in early report, it was obvious that each
layer consisting of fibers became more disordered as the
burn-off proceeded, and the layer stacking became imperfect
[10]. The structural parameters gained from XRD diffraction
peaks were summarized in Table 2. The Lc and La values of
the original fibers were 6.2 Å and 23.6 Å, representing
stacks of less than two layer planes. The structure proposes
that the layers are randomly distributed to be random active
sites. The interlayer spacing of the original fiber was
relatively large as 4.04 Å in comparison with 3.35 Å than
that of graphite. With increasing burn-off, the interlayer
spacing increased up to 4.76 Å and Lc increased up to 6.7 Å.

Table 2. Structural Parameters of the Isotropic Carbon Fibers
Obtained from XRD.

Burn-off
(%)

d002
(Å)

d10l
(Å)

Lc
(Å)

La
(Å)

Original fiber 4.04 2.10 6.2 23.6

59 4.29 2.12 6.4 22.7

79 4.76 2.10 6.7 20.4

Fig. 3. The first-order D and G band changes as a function of
burn-off degrees.

Fig. 4. Peak position changes of the first-order D and G band.

Table 3. Peak Position, Peak Intensity, and R(= ID/IG) Values of the First-order D and G band.

Burn-off
(%)

Peak Position Peak Intensity R
(= ID/IG)D-band G-band D-band G-band

0 1358.7 1590.1 216.7 251.5 0.8616

39 1352.2 1594.0 234.8 270.9 0.8667

59 1343.8 1590.2 659.7 721.6 0.9142

79 1341.1 1597.1 829.3 888.1 0.9338
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So, the increasing of Lc caused merely widening of inter-

layer spacing.

From the Raman and the XRD result, it was considered

that the decreasing of La as the burn-off increased, was

caused by removal of carbon atoms at the edge of

crystallites. Therefore, it was cleared that the crystallinity of

activated fibers became more disordered and the size of

crystallites of ACFs became smaller than original fibers.

The rapid increasing of the Raman band intensity ratio

with over 39% related to the rapid increasing of the SSA that

the burn-offs was over 39%. The SSA of 59% burn-offed

activated fiber was 3,495 m2/g that compared to the

1,156 m2/g of 39% burn-offed fiber.

The structural parameter La of the fibers obtained from

Raman compares well also with the structural parameters

obtained from X-ray diffraction in Table 4 and Fig. 5. The

La values from Raman analysis was calculated by using

La=C/R, here R= ID/IG and constant C was 20 in this study.

It seems clear from Fig. 5 there was good correlation

between the La value obtained from Raman and XRD. 

4. Conclusions

Structural changes of isotropic carbon fibers prepared by

oxidation in carbon dioxide gas have been observed using

laser Raman spectroscopy. The basic structural parameters of

the fibers were evaluated by XRD as well, and compared

with Raman results.

Raman spectra of the treated fibers have shown a

considerable increase of the intensity ratio of the two first-

order bands D and G. This has been interpreted as an

increase of the fiber structural disorder, possibly through the

presence of a higher proportion of edge planes in the surface

of the treated fibers. Therefore, it was cleared that the

crystallinity of activated fibers became more disordered and

the ACFs show high SSA.

Raman spectroscopy has demonstrated its unique ability to

detect structural changes during the activation of the fibers.

There was good correlation between the La value obtained

from Raman and XRD.
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Table 4. La values obtained from Raman and XRD.

Burn-off
(%)

La
 

(Å)

Raman result
(La = C/R, C = 20)

XRD result
(by Scherrer eq.)

0 23.2 23.6

39 23.1 -

59 21.9 22.7

79 21.4 20.4

Fig. 5. Correlation of La values between Raman and XRD
result.


