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In recent years, an effective recycling process from smoked cigarette butts
is the main challenge for decreasing the worldwide environmental
pollution. Therefore, low-cost activated carbon fibers (ACFs) are
synthesized by a carbonization/ activation process derived from smoked
cigarette filters, in which potassium hydroxide (KOH) acts as the chemical
activation agent. The KOH-treated filters were added to a tube oven and
heated at various rates and held at 800 °C for 1 h under a nitrogen
atmosphere. The effects of various synthesis procedures on surface
morphology, microstructure, and porosity of the synthesized ACFs were
investigated. The surface morphology and microstructural analysis of ACFs
displayed that the porous spots and oxygen-containing groups (COOH, —
OH, and C=0) are formed on the surfaces of fibers. The obtained results
displayed that the synthesized ACFs have developed porous structures with
fibrous shapes. The ACFs with maximum carbon yield, surface area, and
total pore volume of 29.41 %, 855 m?/g, and 0.7431 cm3/g were synthesized
at a KOH concentration of 10 g/l, a heating rate of 2 °C/min, and
carbonization temperature of 800 °C. This study presented an engineering
process for the production of ACFs through recycling smoked cigarette
butts with chemical activation protocol.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
paper distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

to their outstanding properties such as high
surface area and flexibility are excellent

Smoked cigarette butts are one of the main
wastes in urban society. In recent years, the
effective recycling process from smoked butts is
the main challenge for decreasing worldwide
environmental pollution. The cigarette butts
consist of a filter, paper, tobacco, and adhesive.
The main part of smoked butts is cellulose
acetate (CA) fibers. The CA contains a suitable
carbon content and recommended precursor for
the production of activated carbon fibers (ACFs).
ACFs with narrow distribution of pore size due
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candidates for high performance adsorption
materials. ACFs have been a unique kind of
adsorption materials because of the fast
adsorption and desorption rates. Low-cost ACFs
are synthesized by a carbonization/ activation
process derived from smoked cigarette filters, in
which potassium hydroxide (KOH) acts as the
chemical activation agent. There are no
researches on the production of ACFs from
smoked cigarette butts with high specific surface
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area for fast oily materials adsorption. The ACFs
derived smoked cigarette butts were synthesized
by the carbonization process, in which KOH as
the chemical activation agent. The effect of the
carbonization rate on the oil adsorption
properties of ACFs was investigated.

Material and Methods

The smoked cigarette butts with brown color are
washed with distilled water several times and the
additional impurities were separated. The clean
cigarette filters were stirred in 10 g/L KOH
solution as a chemical activation agent. The
KOH- treated filters were added to a tube oven
and heated at various rates from 2 to 10 °C/min
and held at 800 °C for 1 h under a nitrogen
atmosphere. The synthesized activated carbon
fibers were rinsed several times with dilute
hydrochloric acid solution and distilled water
until pH became neutral. The effects of various
synthesis procedures on surface morphology,
microstructure, and porosity of the synthesized
activated carbon fibers were investigated. The
obtained activated carbon fibers samples were
coded and shown in Table 1.

Table 1 Preparation parameters of activated carbon
fibers derived from cigarette butts

Code KOH Heating Pyrolysis
Concentration Rate Temperature
(a/l) (°C/min) (°C)
KOH-2 10 2 800
KOH-6 10 6 800
KOH-10 10 10 800
Results

The surface morphology and elemental analysis
of activated carbon fibers displayed that the
porous spots and oxygen-containing groups
(COOH, -OH, and C=0) are formed on the
surfaces of fibers. The activated carbon fibers
samples with increasing activation rates
increased the number and size of the damaged
surface with continuous fibers morphology.
Therefore, decreasing the heating rates increases
the surface area and porosity of activated carbon
fibers. The obtained results displayed that the
synthesized activated carbon fibers have
developed porous structures with fibrous shapes.
The activated carbon fibers with maximum
carbon yield, surface area, and total pore volume
of 29.41 %, 855 m?g, and 0.7431 cm®g were
synthesized at a KOH concentration of 10 g/L, a
heating rate of 2 °C/min, and carbonization
temperature of 800 °C. The decrease in yield
values can be ascribed to the increase of
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chemical reactions between the precursor and
KOH in high temperature according to the
activation mechanisms (Eq.1-3).

2KOH—K,0+H;0 1)
C+K,0—2K+C (2
6KOH+C—4K+K>CO3+3H,0 (3)

The D- and G- bands in Raman spectra have
happened at ~ 1330 and ~ 1580 cm¥,
respectively. These data are displayed the
processing parameters did not change the band
positions. The D- and G- bands intensities ratios
of activated carbon fibers show an increase with
increasing activation rate, which recommends
that the amorphous carbons are established in the
activated carbon fibers. The surface area,
mesoporous contents, and carbonic structure of
activated carbon fibers can be controlled with
investigation levels of activation rates. Fig. 1
displays the oil adsorption capacity of
synthesized activated carbon fibers as a function
of times. The synthesized activated carbon fibers
display a very high level of oil adsorption rate
and capacity with sorption of 3-8 g/g values in 30
s. The oil adsorption capacity and the rate
increased with decreasing activation rates and
direct relation with carbonic structure and
porosity of activated carbon fibers.

10 9 —4—KOH-6 —B—KOH-2 ——KOH-10

Adsorption (g/g)

1200

Tune (s)

1800

Fig. 1 Oil adsorption isotherms of activated carbon
fibers as a function of time

Conclusions

This research successfully displayed a facile process
for the production of ACF from KOH-treated smoked
cigarette butts with superior structure. The FESEM,
EDS, and Raman analyses demonstrated the fibrous
structure and hydrophobic properties of ACFs. The
KOH-2 sample has a higher oil adsorption capacity
(8.16+0.22 g/g) than the other synthesized KOH-
treated ACFs.
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Table 2 Elemental analysis of activated carbon fibers
surface derived from cigarette butts

Code C ) K Ti Ni
KOH-2 6947 2309 4.56 2.78 0.10
KOH-6 6057 2824  8.69 2.43 0.07
KOH-10 5577 33.01  8.80 2.22 0.20
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Fig. 3 Map EDS spectra of activated carbon fibers: a), b), c) KOH-2, d), e), f) KOH-6, and g), h), i) KOH-10 for
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Table 3 Microstructural parameters of activated
carbon fibers derived from cigarette butts

D- G-
D- G-
Code band band band band R
cm?)  (cm?) area area
(a.u.) (a.u.)
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KOH-10 1361 1577 70.74 29.26 242
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