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Abstract: Carbon nanofibers (CNFs) are non-microporous materials with a high surface area (100~200 m?
g) and high purity. Therefore, the material has a high potential for use as catalyst support. Activated carbon
fibers (ACFs) are of increasing concern with regard to the levels of toxic air pollutants emitted from high-
technology industry. Rayon-based CNFs and ACFs was subjected to thermal oxidation under a wide variety
of temperature and air conditions to modify the surface properties. Rayon-based CNFs and ACFs were prepared
by using thermal chemistry. CNFs were synthesized at temperatures above 600 °C in an air atmosphere and
grew with increased temperature and air conditions. After heating at 800 °C for 72 hr, carbonized rayon with
ACFs had 2,662 m?/g (BET) of surface area and 1.41 cm®/g of pore volume. The resulting ACFs had a 99 %

surface area in which pore size was 10 nm or less, and a 60 % surface area in which pore size was 2 nm or less.
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1. Introduction

There has been increasing concern over the levels
of toxic air pollutants emitted from high-technology
industry. The industry has been prompted to seek
more effective methods of pollution control in
view of lowered permissible limits. Activated
carbon fibers (ACFs), which are fibrous carbon
materials with imperfect graphite crystalline structure
arranged along the fiber axis, have been widely used in
adsorption processes to solve the problems described
above.! ACFs are better than granular activated
carbons which have surface area of 800~1,200 m%g
(BET), in terms of the adsorption capacity of organic
compounds and the high adsorption efficiency.>*
Commercial ACFs are generally prepared from
various organic material such as polyacrylonitrile
(PAN), rayon, and resins.

This adsorbent is prepared from natural or synthetic
raw material, with the precursor having an impact on
surface groups and pore-size distribution.*® The raw
material is carbonized in a temperature range of
800~1,000 °C
carbonaceous components and to develop a limited

in order to remove the non-
porous volume.'* The carbonaceous material is then
reacted with steam or CO, at 800~1,200 °C in order to
increase its specific surface area, up to 2,000 m%g, and
its porous volume.” Activated fibers are highly
microporous materials which have micropores directly
connected to the external surface and diameters
ranging from 5 to 21 A.*’ Micropores dominate in
activated carbon fiber, which exhibits a higher
adsorption capacity and faster adsorption kinetics than
granular activated carbon (GAC). Furthermore, ACFs
are easier to use than GAC since they can be
manufactured in various forms: cloth, felt, etc.
Consequently, ACFs are more suitable for use as an
adsorbent for the removal of indoor VOC.!*!!

The preparation of rayon-based carbon fiber by
thermal activation involves the thermal decom-
position of the organic material with the porosity
later being developed by reaction with carbon
dioxide or steam."”'” In the particular case of
viscous rayon, the carbonization (pyrolysis) of the
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organic material produces a loss of around 82 % of
the original weight and a considerable loss in
flexibility and strength. An alternative route to the
preparation of activated carbon cloth from viscous
rayon can be chemical activation, consisting of the
impregnation of the material with chemicals to alter
the course of pyrolysis.

Carbon fibers can be produced essentially from
three organic materials: rayon, polyacrylonitrile
(PAN), and pitch (isotropic or anisotropic). Bacon
and Smith determined mechanical properties heat
treated at 1,900 °C for 5 min. in the temperature range
of 20°C~1,900 °C for a rayon-based carbon fiber
(VYBI105 and VYB70 from Union Carbide Corp.).'*
Mostovoi et al. measured the mechanical properties
of a PAN-based carbon fiber (VMN-RK high
temperature carbon fiber) in the temperature range of
20~2,000 °C. Tanabe ef al. examined a pitch-based
carbon fiber (HM 70 from Petoca Co.) in the
temperature range of 20~1,300 °C."*% The majority
of studies tests only one fiber at each temperature.
The reaction times have not been sufficiently studied.
Furthermore, the conditions of an air atmosphere at
high temperatures was not investigated nor discussed
with respect to structural features.

The aim of the present study is to discuss the
effects of different chemicals on the pyrolysis of
rayon and to characterize the resulting rayon
surfaces. The growth and the specific surface area of
rayon-based CNFs and ACFs were studied with
regard to reaction temperature and reaction time,
respectively. Especially, rayon-based carbonized
condition was then reacted without steam or CO, at
800 °C in order to increase its specific surface area
up to 2,000 m*g. This work was done for the
further environmental studies.

2. Experimental

The rayon fabric was supplied by Acordis Ltd.
(Netherlands) with fiber diameters from 7 to 10 pm.
The samples were heat-treated in a horizontal tubular
furnace equippedwith a gas flow control system,
quartz chamber, and thermocouples. About 1 g of
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sample was used in each batch. The heat treatment
was carried out at 600, 700, 800 and 900 °C for 2 hr
with a direct temperature in 400 cc air atmosphere.
After heat treatment, the samples were cooled in
flowing nitrogen gas until they reached ambient
temperature. A Specific Surface Area Analyzer
(ASAP 2010, USA) was used to measure nitrogen
adsorption isotherms at -196 °C in the relative
pressure (p/py) range of 0.06 to 0.2. Before
measurement, all samples were degassed at 300 °C
for 8 hr and then high-purity (99.99%) nitrogen
was used in the measurement. The specific surface
area of the samples were evaluated using the
standard BET method.?'*> The morphologies of the
synthesized CNF and ACF materials were imaged
using a Field Emission Scanning Electron
Microscope (FE-SEM, JSM-6700F, Japan). The
experimental conditions are shown in Table 1.

SEI 5.0kvV  X20,000 1um WD 8.0mm

SEI 50kV  X20,000 1um

(c)

WD 7.6mm

Table 1. Experimental conditions for reaction and synthesis

Conditions

Carbonization : 500 °C, 1 hr
CNFs : Over 600 °C, 2 hr
ACFs : 800 °C, 2~72 hr

1.00 g

Variables

Reaction temperatures
and time

Sample weight

3. Results and Discussion

3.1. Rayon-based carbon nanofivers (CNFs)
Fig. 1 shows the FE-SEM photographs of Rayon-

based CNFs thermally treated for 2 hr at 500, 600,
700, and 800 °C. CNFs were synthesized on the
rayon surface at temperatures over 600 °C. The size
of the CNFs was relatively uniform (40 nm). The
length of CNFs increased with higher temperatures.
It is interesting to note temperature influences the
length of the CNFs for samples heated for the same

5.0kvV  X20,000 1um

(b)

WD 7.8mm

50kv  X15000  1um

(d)

Fig. 1. The morphologies of carbon nanofibers heated at 500 °C (a), 600 °C (b), 700 °C (c) and 800 °C (d) for 2 hr.

WD 7.1mm
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0000 Tum

WD 7.2mm

Tam WD 6.8mm

SEI 5.0kv  X15,000 Tum WD 7.3mm

(b)

SEI 5.0kv  X15,000 1um

WD 7.2mm

Fig. 2. The morphologies of active carbon fibers heated from 2 hr to 72 hr at 800 °C (a) 2 hr, (b) 24 hr, (c) 48 hr and (d) 72 hr.

400 cc air atmosphere in 1 g of rayon sample.

3.2. Rayon-based activated carbon fibers
(ACFs)

The surface morphologies of the rayon based
ACFs samples are shown in Fig. 2. The diameter of
ACFs was in the range of 5~10 um with some CNFs
onthe surface. The presence of the CNFs was not
favorable to the formation ofstructures with a high
surface area because the microporous area was
induced within the rayon fibers. The surface of the
rayon treated at 800 °C for 2 hr was covered with
CNFs with a diameter of 40 nm. However CNFs
were not observed on the rayon treated at 800 °C for
72 hr. Only nano-scaled pores were observed on this
surface. For longer reaction times at 800 °C, the
microporous area increased but CNFs decreased. An
increase of reaction time lead to the improvement of
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Fig. 3. Nitrogen adsorption isotherms of ACFs 2 hr to 72 hr
at 800 °C.

the activation in ACFs.

3.3. Nirogen adsorption isotherms and surface

composition of ACFs
The nitrogen adsorption isotherm is a standard tool

for the characterization of porous materials. Valuable
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Table 2. Porous structure parameters of the thermal-treatment

samples
Sger” Smic” V¢ Vi
Sample (ndg)  (wile)  (ecl)  (cole)
800°C-2hr 303 265 0.16 0.12
800°C-24hr 1336 1046 0.71 0.48
800°C-48hr 2320 1389 1.33 0.63
800°C72hr 2662 1793 1.41 0.81

aStandard specific surface area. ®Micropore (less than 2 nm)
area. “Total pore volume. “Micropore (less than 2 nm) vol-
ume.

information about the surface area, pore structure of
adsorbent, and heat of adsorption can be determined
from the adsorption isotherm.” Nitrogen adsorption
isotherms of the rayon-based ACFs samples measured
at -196°C are presented in Fig. 3. All samples
exhibit a type I isotherm according to IUPAC
classification®* which shows that the dominant pores
in these samples are micropores. All samples show
high volume adsorbed at low press (p/py), that means
to develop micropore area. The 800 °C-72 hr sample
was developed in the highest micropore area.

The porous structure parameters of the thermal-
treated samples under study are listed in Table 2. The
specific surface area and the total pore volume of the
thermal-treated samples at 800 °C improved signifi-
cantly with reaction times, but the CNFs decreased
as shown in Fig. 2. This showed that the surface area
was related on rayon fibers. From these results, it can
be seen that ACFs also formed inside the rayon
fibers. The total pore volume of the 800 °C-72 hr
sample was 8.8 times that of the 800 °C-2 hr sample.
The microporous surface area of the 800 °C-72 hr
sample was 6.8 times that of the 800 °C-2 hr sample.
Porous structure parameters of the all samples were
alsoin accordance with their nitrogen adsorption
isotherms.

4, Summary

In this study, we have described interesting CNFs
growth and ACFs on rayon. The CNFs and ACFs
were subjected to thermal treatment under a wide
variety of conditions to modify the surface properties.

CNFs were observed at temperatures above 600 °C
for 2 hr. The average diameter of the CNFs was 40
nm. An increase in the reaction time at 800 °C was
found to enhance surface area and micropore
volume. In conclusion, CNFs and ACFs have been
produced through thermal-treatment methods of
rayon at 600~800 °C. The formation and growth of
CNFs was usually dependant upon conditions such
as temperature and air control. Using rayon ACFs
were fabricated with a high specific surface area in
which 99 % of the pore size range was less than 10
nm.
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