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Cigarette  filter  was  utilized  to  prepare  highly  porous  carbons  as super  absorbents.
The  porous  carbons  exhibit  excellent  iodine  uptake.
The  porous  carbons  show  high  CO2 adsorption  capacity  of  6.0 mmol  g−1 at 273  K.
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a  b  s  t  r  a  c  t

Porous  carbons  as  solid-state  adsorbents  have  recently  attracted  considerable  interest  in the  areas  of
storage  and  capture  of  CO2 as  well  as  the adsorption  of  radioactive  matters.  In this  work,  cigarette  butts,
one  kind  of common  wastes  referring  to the  filters,  were  utilized  to  prepare  highly  porous  carbons  by KOH
activation  in  argon  atmosphere.  The  resulting  porous  carbon  shows  a high  specific  surface  area  of up to

2 −1
eywords:
odine uptake
orous carbon
ustainability
dsorption

2751  m g with  abundant  micropores.  The  resulting  porous  carbon  exhibits  excellent  iodine  uptake of
262  wt% and  high  CO2 adsorption  capacity  of 6.0  mmol  g−1 at ambient  pressure  and  273  K,  which  both  are
among  the  highest  values  reported  to  date.  Given  these  excellent  iodine  uptake,  CO2 adsorption  capacity,
ease  of preparation  as well  as  good  physiochemical  stability,  the  porous  carbons  derived  from  cigarette
butts  show  great  potential  in  the  reversible  adsorption  of  radioactive  iodine  and  CO2.

©  2016  Elsevier  B.V.  All  rights  reserved.
. Introduction

Porous carbons have attracted considerable interest in many
echnologically important applications such as catalyst supports,
as storage and separation, water purification, supercapacitor etc
1–4], due to their numerous advantages including high surface
reas, excellent electrical conductivity, good chemical and thermal
tability, environmental friendliness and the possibility of tun-
ng their textural and structural characteristics [5,6]. As promising
dsorbents, they have been regarded in recent years as one of
he potential materials for gas (H2, CH4 and CO2 etc.)  capture and

emoval of hazardous species from water [7,8]. For development
f novel carbon-based porous materials with excellent adsorption
erformance, the challenge is how to achieve the desirable prop-

∗ Corresponding authors.
E-mail addresses: lian2010@lut.cn (A. Li), dengwq@dicp.ac.cn (W.  Deng).

ttp://dx.doi.org/10.1016/j.jhazmat.2016.09.015
304-3894/© 2016 Elsevier B.V. All rights reserved.
erties such as large special surface area and efficient porosities in
micro-, meso- or macropores with an economic cost.

Normally, the properties of porous carbons vary with the treat-
ment temperature, soaking time and activating agents and depend
much on the type of precursors. To date, several porous car-
bon materials derived from various polymeric and nonpolymeric
products, with structural flexibility and high surface areas (above
1000 m2 g−1) have been designed and prepared by physical or
chemical activation for promising superadsorbents [9–14]. For
example, Park et al. synthesized crystalline metal organic frame-
works (MOFs)-derived hierarchically porous carbon with a special
surface area up to 3174 m2 g−1 and exceptional hydrogen storage
capacity [9]. Uyama et al. prepared highly porous N-doped carbon
monoliths with unprecedented CO2 uptake by carbonization and
physical activation of mesoporous polyacrylonitrile monoliths in

the presence of CO2 [11]. Excellent adsorption performances were
achieved by these reported porous carbons, however, the prepa-
ration of those porous carbons has limitations in either multiple

dx.doi.org/10.1016/j.jhazmat.2016.09.015
http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
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teps, complicated techniques or high cost, which should be a big
bstacle for hindering their large-scale production. Cigarette butts
eferring to the organic filter were mainly composed with cellu-
ose acetate. Approximately 500,000 tons per year of cigarette butts

ere disposed and caused environmental problems [15]. In this
ork, we used cigarette butts to prepare highly porous carbons by
OH activation in argon atmosphere. The resulting porous carbon
hows a high specific surface area of up to 2751 m2 g−1. As solid-
tate adsorbents, the resulting porous carbon has volatile iodine
ptake of 262 wt% and CO2 adsorption capacity of 6.0 mmol  g−1,
hich both are among the highest values reported to date. Given

hese excellent adsorption capacities by combination of ease of
reparation, excellent recyclability and regeneration stability, the
orous carbons derived from cigarette butts show great potential

n commercialization for the reversible adsorption of radioactive
odine and capture of CO2, which should be of great importance to
ddress environmental issues.

. Experimental

.1. Preparation of porous carbons

In a typical procedure [7,16], three kinds of butts from local
igarettes (Purple Lanzhou, Black Lanzhou and Hongta) were col-
ected and washed by ethanol and distilled water several times for
emoval of the impurities and residues. The porous carbons were
ynthesized by carbonization and chemical activation of the ini-
ial butts. During the carbonization, the as-received butt (∼7.5 g)
as placed in a tube furnace and heated to 600 ◦C with a heating

ate of 5 ◦C min−1 under argon and then kept for 2 h. The resul-
ant samples were denoted as AC-1 (carbonized sample from Purple
anzhou), AC-2 (carbonized sample from Black Lanzhou) and AC-3
carbonized sample from Hongta), respectively. The KOH activation
as performed by heating the physical mixture of the carbonized

amples (1.0 g) and KOH powder (5.0 g) to 800 ◦C with a heating rate
f 2.5 ◦C min−1 and maintained for 2 h at this temperature in a tube
urnace under argon atmosphere. Finally, the resulting mixture was
ollected and washed with aqueous HCl (1 M)  and sufficient dis-
illed water at room temperature. The resultant samples were dried
t 100 ◦C overnight and denoted as AK-1 (activated sample from
urple Lanzhou), AK-2 (activated sample from Black Lanzhou) and
K-3 (activated sample from Hongta), respectively.

.2. CO2 adsorption

The CO2 adsorption and desorption isotherms of samples were
easured using a Quantachrome Autosorb-1 volumetric adsorp-

ion analyzer at 273 K and 298 K. Prior to experiment, the sample
as degassed for 6 h at 120 ◦C below 1 × 10−3 mbar. Then CO2 was

ntroduced into the system after the sample was  cooled down to
73 K and 298 K. The capacity of CO2 adsorbed in terms of vol-
me  was recorded under standard temperature and pressure. The
O2 adsorption’s kinetic data were also measured and collected
sing the same method as mentioned above with Quantachrome
utosorb-1 analyzer at 298 K. The pressure limit was fixed at
.15 bar.

.3. Adsorption of iodine

Porous carbons were exposed to nonradioactive iodine vapor in
 sealed vessel at 353 K and ambient pressure. Gravimetric mea-
urements was conducted at various time intervals to determine

he iodine uptake of porous carbons. The iodine uptake was  cacu-
ated as (m2 − m1)/m1 × 100 wt%, where m1 and m2 are the mass of
he porous carbon before and after iodine uptake. To examine the
dsorption capacity of iodine in cyclohexane, the porous carbon
aterials 321 (2017) 210–217 211

(10 mg)  was placed into the iodine/cyclohexane solution (10 mL)
and kept for certain time. Then the supernatant (∼2 mL)  was  used
for UV–vis mesurement.

2.4. Release of iodine

The sample with iodine uptake (named as I2@AK-1, 10 mg)  was
placed into the dry ethanol solution (10 mL) and kept for certain
time. Then the supernatant (1 mL)  was  diluted to 4 mL  voulme by
ethanol and used for UV–vis mesurement.

2.5. Characterization

X-ray diffraction (XRD) pattern analysis was performed on a
Rigaku D/Max-2400 diffractometer with a Cu tube source. Raman
spectra were recorded using a micro-Ramam spectroscopy (JY-
HR800, Jobin Yvon) with the excitation wavelength at 532 nm.
Elemental analysis was  obtained using Elementar Vario EL. Scan-
ning electron microscopy (SEM) was performed on JSM-6701F
after coating the samples with Au film. Transmission electron
microscopy (TEM) images were measured on a FEI (Tecnai G2
TF20) microscope operating at 200 kV. The specific surface area
and pore structure were investigated with a Micrometrics ASAP
2020 system using nitrogen as the adsorbate at 77 K. X-ray pho-
toelectron emission microscopy (XPS) analysis was performed
on an ESCALAB 250Xi spectrometer (ThermoFisher Scientifi). The
Fourier transform infrared (FTIR) spectra were recorded from 400
to 4000 cm−1 on a Nicolet FT-IR 360 spectrometer by using KBr
pellets. UV/Vis spectrum was recorded on a spectrophotometer
(UV-2102PC, Unico).

3. Results and discussion

3.1. Structure analysis

We synthesized porous carbons (named as AK-1, AK-2 and AK-3,
see Experimental Section) by carbonization and chemical activa-
tion of three kinds of butts from local cigarettes. Raman spectra
could reflect the degree of structural order (Fig. 1a). The peak posi-
tioned around 1590 cm−1 (G-band) is common to all sp2 carbon
systems and closely related to E2g mode of graphite. The other
peak at around 1345 cm−1 (D-band) corresponds to the presence of
disorder in carbonaceous materials [17]. Normally, the integrated
intensity ratio of D-band to G-band (ID/IG) can reflect the relative
disorder of graphitic crystallinity and is widely used to charac-
terize the defect quantity in carbon materials [18]. Obviously, the
ID/IG of carbon samples increased after KOH activation, suggest-
ing the increase of disorder and the existence of more defects in
these AK samples. Furthermore, the powder XRD patterns (Fig. 1b)
shows that all carbon samples have well-formed and broad (002)
Bragg peak from turbostratic carbon at around 24◦, suggesting
that no pronounced graphitization occurred. An empirical param-
eter R which was  defined as the ratio of the height of the Bragg
peak to the background [19], was  adopted to measure the single
layer contents in the carbon samples. The R values of AK samples
decreased compared with AC samples, suggesting the breakdown
of aligned structural domains in the carbon matrix after KOH acti-
vation, accordance with other work [20].

The FTIR spectrum (Fig. 2a) suggests the existence of various
carbon-oxygen surface groups and structures in AK-1[21,22]. The
bands at 3468 cm−1 and 620 cm−1 are associated with OH.  The

peak at 2923 cm−1, 2851 cm−1 and 1458 cm−1 can be ascribed to
the presence of aliphatic compounds. The peak at 1458 cm−1 and
1121 cm−1 are associated with C O. The XPS indicates that the
AK-1 contains mainly carbon with a small fraction of oxygen and
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Fig. 1. (a) Raman spectra and (b) XRD patterns of porous carbons before and after KOH activation.
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Fig. 2. (a) FTIR spectra of butt-1 and

urther confirmed that the degree of surface oxidation for mate-
ials (Fig. 2b). The intensity of two peaks around 285.0 eV and
32.6 eV, which are contributed to C1 s and O1 s in spectra of AK-1,

s enhanced greatly compared with butt-1 and the ratio of sur-
ace total oxygen to total carbon decreased from 0.44 for butt-1 to
.07 for AK-1. Elemental analysis shows that the carbon and oxy-
en contents are measured to be 47.9 wt% and 47.4 wt%  for butt-1,
nd 97.6 wt% and 1.8 wt% for AK-1 (Table S1, Supporting informa-
ion). Results from XPS and elemental analysis suggested that the
OH activation leads to a decrease in the oxygen content and an

ncrease in the carbon concentration (Table S1 and Fig. S1, Support-
ng information), which results in the efficient transforming from
utts into micro/mesoporous carbons with unusually high specific
urface areas [12].

.2. Morphology

The raw material (taking butt-2 as an example) has a wired
tructure with smooth morphology (Fig. S2, Supporting informa-
ion). After carbonization and activation, monolithic AK-2 sample
hows irregular morphology with a wide range of grain size from
everal to tens micrometers (Fig. 3a). Higher-magnification SEM
mage revealed a broad range of pore widths of AK-2, from tens to
undreds nanometers (Fig. 3b). The three-dimensional network of
ano-sized carbon particles with grain size of several micrometers

ielded a hierarchical porous morphology of AK-2 [5]. TEM image
urther revealed that AK-2 exhibits a hierarchical porous texture
Fig. 3c). Also, it is clearly to see that the AK-2 is poorly crystallized
nd almost no parallel graphene sheets can be observed (Fig. 3d),
Binding Energy (eV)

. (b) XPS spectra of butt-1 and AK-1.

accordance with XRD and Raman analysis. AK-1 and AK-3 have
similar hierarchical porous morphology (Fig. S2 and S3, Supporting
information). The selected area electron diffraction (SAED) pattern
of the AK-2 exhibits diffusion rings patterns (Fig. S2, Supporting
information), which further confirmed that AK-2 belongs to typical
disordered carbon material.

The surface textural characteristics of carbon samples were
quantified by measuring cryogenic N2 physisorption curves. As
shown in Fig. 4a, mixed type-I and −IV isotherms with well-defined
plateaus were observed for all AK samples, indicating the exis-
tence of hierarchical pores with dominant microporosity in the AK
samples. All carbon samples exhibit narrow BJH adsorption plots
(Fig. 4b). Independent of the precursor, the pore size distribution
plots indicate that the porosity of these AK samples consists of
micropores with a size of ca. 2.0 nm.  Here it should be noted that
synthetic polymeric precursors such as polyacrylonitrile, pheno-
lic resins and polypyrrole [23–25] have been adopted to produce
porous carbon through pyrolysis method due to their low vapor
pressure and high carbon yield, however, the key drawback lies
in the difficulty of generating carbon materials with high special
surface areas (>1000 m2 g−1) as well as the formation of quality
carbon coatings [26]. In this work, All AK samples achieved high
special surface areas over 1600 m2 g−1 (Table S2, Supporting infor-
mation). Here it is worth emphasizing that AK-2 can achieve a high
surface area of 2751 m2 g−1, which is higher than that of activated
carbons obtained from synthetic polymeric precursors and biomass

[23–25,27]. During the activation, the carbon framework is etched
by KOH to generate pores because of the oxidation of the carbon
atoms, resulting in the development of micro or nano pores [7,18].
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Fig. 3. (a,b) SEM images of AK-2. (c,d) TEM images of AK-2. Scale bar: (a): 10 �m,  (b): 1 �m,  (c): 50 nm,  (d): 5 nm.
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ig. 4. (a) N2 adsorption/desorption isotherms of activated carbons measured at 7
ore  size distribution of porous carbons.

he micropore surface areas of AK samples were between 1218 and
033 m2 g−1. The total pore volume was calculated to be 0.80, 1.34
nd 1.04 cm3 g−1, and the micropore volume was 0.56, 0.93 and
.72 cm3 g−1 for AK-1, AK-2 and AK-3, respectively. The percent-
ge of micropore volume for carbon samples increased to ca. 70%
fter KOH activation. It should be noted that a fraction of mesopores
ere developed during KOH activation due to the expanding of the
re-existing micropores.

.3. CO2 storage

The control of anthropogenic CO2 emissions is a great urgency
n view of the significant contribution of CO2 to global warming.
o this end, porous materials such as zeolites, MOFs and microp-
rous organic polymers have been developed for CO2 capture and
torage [28,29]. Porous carbon has also demonstrated a promis-
ng prospect in application for CO2 capture and storage due to its
igh specific surface areas, low cost, availability and low energy

onsumption for regeneration [10,11,30]. In this case, the CO2
dsorption capacities of the resulting porous carbons were investi-
ated at two representative temperatures (273 K and 298 K) under
ow pressure by volumetric methods. As shown in Fig. 5a and b, all
e hollow is the adsorption isotherm and solid is the desorption isotherm. (b) The

the porous carbons exhibit CO2 uptake with no hysteresis between
the adsorption and desorption isotherms, implying the reversible
CO2 physisorption. Table 1 summarizes the CO2 capture capaci-
ties of the porous carbons [10,12,14,28,29,31–33]. At 273 K and
low pressure (1 bar), the maximum CO2 uptake is 5.3 mmol g−1

(233.2 mg  g−1, AK-1), 6.0 mmol g−1 (264.0 mg  g−1, AK-2) and
5.8 mmol  g−1 (255.2 mg g−1, AK-3). The amount adsorbed decreases
to 3.2 mmol  g−1 (140.8 mg  g−1, AK-1), 3.5 mmol g−1 (154.0 mg g−1,
AK-2) and 3.6 mmol  g−1 (255.2 mg  g−1, AK-3) when the adsorp-
tion temperature increased to 298 K, which is accordance with
an exothermic process such as CO2 physisorption. Also, the CO2
adsorption capacities of the three porous carbons are similar
(5.3-6.0 mmol  g−1 at 273 K, 3.2-3.6 mmol  g−1 at 298 K), which is
coherent with the fact that the porous characteristics of AK sam-
ples are analogous. Here it should be noted that AK-2 shows the
highest CO2 adsorption capacity of 6.0 mmol  g−1 at 273 K due to
its highest special surface area and micropore surface area. With
this value, AK-2 can compete with other polymers and biomass-

derived carbon materials and is still comparable to most of porous
carbon materials doped with nitrogen or functionalized with amine
[10,11]. More details on the comparison of the CO2 uptakes of AK
samples with other porous carbons were summarized in Table 1.
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Fig. 5. CO2 sorption isotherms of porous carbons at 273 K (a) and 298 K (b). The hollow is the adsorption isotherm and solid is the desorption isotherm. (c) Adsorption kinetic
of  CO2 at 298 K for the AK-2 sample. (d) Qst plots of porous carbons for the adsorption of CO2.

Table 1
Survey of the CO2 adsorption capacities of porous carbons in this work compared with other typical carbon materials (1 bar).

Carbon samples SBET
a (m2 g−1) CO2 uptakes (mmol g−1) Ref.

273 K 298 K

AK-1 1634 5.39 3.23 this work
AK-2  2751 6.06 3.55 this work
AK-3  2016 5.85 3.66 this work
HCM-ZC-1 808 5.4 3.8 [14]
PPN-6 4023 1.3 (295 K) [29]
PPN-6-CH2DETA 555 4.3 (295 K) [29]
MOP-A 4077 2.65 1.45 [28]
MOP-B 1847 3.29 1.63 [28]
MOP-C 1237 3.86 2.20 [28]
AS-4-800 2850 5.2 3.0 [30]
carbon from celtuce leaves 3404 4.36 (298 K) [12]
carbon from polyacrylonitrile 2231 4.4 (298 K) [31]
carbon from polypyrrole 1700 6.2 3.9 [10]
zeolite-templated carbons 3360 6.92 4.38 [32]

T
a
o
(
t
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i
a
a
F
t
l
l
v
S
v

zeolite-templated carbons 2762 

a SBET presents the BET surface areas.

he flue gas from coal-fired power plants is approximately 15% CO2
t total pressures of around 1 bar. Thus, the adsorption kinetics data
f CO2 on AK-2 was collected at a pressure of 0.15 bar and 298 K
Fig. 5c). The results show that AK-2 took a very short time (<5 s)
o reach the adsorption equilibrium, suggesting that CO2 diffuses
ery fast inside AK-2 [30].

To better understand the adsorption properties of AK-2, the
sosteric heat of adsorption (Qst) was calculated from the CO2
dsorption isotherms obtained at 273 K and 298 K. The plot of the
dsorption enthalpies as a function of CO2 loading was shown in
ig. 5d. It was found that AK-2 had a heat of adsorption of more
han 23.0 kJ mol−1 at low coverage. The Qst for AK-2 decreased a
ittle from 24.0 kJ mol−1 to 22.0 kJ mol−1 with the increase of CO2
oading, which is different from other systems in which the Qst
alue decreased sharply with the increase of CO2 uptake [28,29].
imilar observations were obtained for AK-1 and AK-3. The low Qst

alues (<25 kJ mol−1) of CO2 adsorption on the AK samples charac-
4.84 3.18 [33]

terize weak interactions with CO2, thus suggesting a relatively easy
regeneration and fast adsorption/desorption rates [14].

3.4. Capture and reversible storage of iodine

Radioactive iodine (129I, 131I) produced from nuclear fission of
fissile nuclides presents unique exposure problems and directly
affects human metabolic processes. In particular, the nuclear acci-
dent at Fukushima, Japan in 2011 has raised awareness and
underscored the urgent need for radiation protection and appro-
priate nuclear waste management. Thus, the capture of radioactive
iodine using porous materials should be of great importance
[16,34,35]. To investigate their adsorption properties for iodine,
the porous carbons were exposed to nonradioactive iodine vapor

in a sealed vessel at 353 K and ambient pressure. As shown in
Fig. 6a, with prolonging the contact time, the mass of all porous
carbons increased significantly in 3 h and no more changes in the
iodine-loading amounts were observed after 12 h, indicating that
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Fig. 6. (a) Gravimetric uptake of iodine as a function of time at 353 K. (b) XPS spectrum of I2@AK-1. (c) TEM image of I2@AK-1. Inset is the SAED pattern of I2@AK-1. (d)
HRTEM  image of I2@AK-1 in the red circle of (c), inset shows the crystal lattice of I2 embedded in AK-1. Scale bar: (a): 20 nm,  (b): 5 nm (For interpretation of the references
to  colour in this figure legend, the reader is referred to the web  version of this article.)

Fig. 7. (a) Calibration plot of standard iodine by UV/vis spectra in ethanol solution. Inset is the fitting of Abs value vs concentration of iodine in ethanol solution with the
r ne fro
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elatively  good linearity satisfies Lambert-Beer Law. (b) The delivery curves of iodi
0  mL  of dry ethanol.

he system was basically saturated. The maximum iodine uptake
s 237, 262 and 253 wt% for AK-1, AK-2 and AK-3, respectively,

uch higher than that of other solid adsorbents, for example,
ilver-based zeolites, MOFs and covalently linked porous organic
olymers [28,36–40]. To our knowledge, the iodine uptake for AK-

 is the highest value for the solid adsorbents reported to date
36–43].

The iodine-loaded sample (I2@AK-1) was characterized by XPS
nd TEM. XPS analysis of I2@AK-1 confirmed the existence of
odine on AK-1 with the valence of zero, which suggested that the
dsorbed iodine species exists as I2 (Fig. 6b). TEM image shows that
he I2 crystals embedded within the AK-1 with a diameter of ∼4 nm
Fig. 6d). The crystal lattice of iodine molecule could be clearly iden-
ified (inset of Fig. 6d). And the iodine crystals and corresponding

attice parameter were further observed in selected area diffrac-
ion pattern of the I2@AK-1 (inset of Fig. 6c). These observations
urther suggest that the porous carbons utilized their high poros-
ty to remove iodine molecule in gaseous state. Besides, this iodine
m I2@AK-1. Inset shows the iodine releasing process of I2@AK-1 (10 mg) soaked in

sorption of porous carbon is reversible. The recovery of porous car-
bons could be performed by dissolving and completely releasing the
trapped molecular iodine in organic solvents [44], such as ethanol.
When I2@AK-1 was soaked in dry ethanol, the color of the ethanol
solution turned dark brown, indicating that the iodine molecules
were dissociated from the solid. Fig. 7 shows that the delivery of
iodine in ethanol increases nonlinearly with time increasing, sug-
gesting that the iodine release is mainly governed by a free diffusion
process [45].

In addition, the trapping iodine can be conducted in solu-
tion using the sythesized porous carbons. Taking the AK-2 as an
example, the AK-2 exhibited a similar adsorption behaviour in
iodine/cyclohexane solutions with different concentration (Fig. 8a).
That is, the adsorption capacity initially increased quickly with

increasing of contact time and then gradually reached equilib-
rium after 24 h. Meanwhile, the color of the iodine/cyclohexane
solution turned paler with an increase of contact time. The adsorp-
tion capacity with an iodine uptake reaches up to 336 mg  g−1 for
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Fig. 8. (a) The removal efficency of iodine by AK-2 in cyclohexane solutions with different concertation of 300 mg L−1 and 500 mg L−1. (b) The photographs display the
adsorption degrees of AK-2, commerical activated carbon (AC-0), ZSM-5 and CMP.
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ith  the relatively good linearity satisfies Lambert-Beer Law. (b) The kinetic studie
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K-2 in iodine solution of 500 mg  L−1 (Fig. 9), higher than that of
etalloporphyrin-based CMP  [39], which should be contributed

he excellent porosity. Removal efficiencies of 73% and 67% for AK-2
n 300 mg  L−1 and 500 mg  L−1 of iodine/cyclohexane solution were
btained (Fig. 8a). Fig. 8b displays the same weights (10 mg)  of dif-
erent adsorbents in a 10 mL  iodine/cyclohexane solution with a
ame concentration of 300 mg  L−1. Results show that the adsorp-
ion of iodine on AK-2 is remarkable and clearly exceeds that of
eolite (ZSM-5) and CMP  in the iodine/cyclohexane solution.

. Conclusions

In conclusion, we have synthesized novel porous carbons
erived from cigarette butts by KOH activation. The result-

ng porous carbons show high specific surface areas between
634 m2 g−1 and 2751 m2 g−1 with high micropores ratio. As adsor-
ents, the resulting carbon samples exhibit high CO2 adsorption

apacity with a maximum value of 6.0 mmol  g−1 at 273 K. Besides,
he resulting carbon samples show exceptionally high capacity of
62 wt% for iodine vapor capture. Taking advantages of the excel-

ent CO2 capture capacity, high iodine uptake, ease of preparation,
 Inset is the fitting of Abs value vs concentration of iodine in cyclohexane solution
dine adsorption by AK-2 in cyclohexane solutions with different concentration of

physicochemical stability as well as low cost, the porous carbons
derived from cigarette butts should hold immense promise in post-
combustion capture of CO2 and reversible adsorption radioactive
matters applications.
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