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ABSTRACT: To achieve the “double carbon” (carbon peak and carbon neutrality) target, low-cost CO2 capture at large CO2
emission points is of great importance, during which the development of low-cost CO2 sorbents will play a key role. Here, we chose
peanut shells (P) from crop waste as the raw material and KOH and K2CO3 as activators to prepare porous carbons by a simple one-
step activation method. Interestingly, the porous carbon showed a good adsorption capacity of 2.41 mmol/g for 15% CO2 when the
mass ratio of K2CO3 to P and the activation time were only 0.5 and 0.5 h, respectively, and the adsorption capacity remained at
98.76% after 10 adsorption−desorption cycle regenerations. The characterization results suggested that the activated peanut shell-
based porous carbons were mainly microporous and partly mesoporous, and hydroxyl (O−H), ether (C−O), and pyrrolic nitrogen
(N-5) functional groups that promoted CO2 adsorption were formed during activation. In conclusion, KOH- and K2CO3-activated
P, especially K2CO3-activated P, showed good CO2 adsorption and regeneration performance. In addition, not only the use of a
small amount of the activator but also the raw material of crop waste reduces the sorbent preparation costs and CO2 capture costs.

1. INTRODUCTION
Achieving carbon peak and carbon neutrality targets on
schedule globally is inseparable from the joint efforts of
every country. As a responsible country, China has promised to
strive to adopt favorable policies and measures to peak CO2
emissions before 2030 and achieve carbon neutrality by 2060,
and this undoubtedly requires arduous efforts. While realizing
the tough goal, the CO2 capture process plays a key role in
large CO2 emission points, such as coal-fired power plants, in
which the CO2 emission concentration reaches 10−15 vol %.
Due to the low contact area between the gas−liquid phase and
corrosive of ammonia solution absorbents to the equipments,
solid sorbents are acknowledged as having more application
potential.1−9 Generally, a CO2 adsorption capacity of 2 mmol/
g for solid sorbents is thought to be suitable for application,
and many studies have contributed to the large amount of
research.10−29 Usually, solid amine sorbents introduce large
amounts of amino active sites onto the porous supporting
materials, and their adsorption capacity of CO2 is large;2−6 due
to their high specific surface area and tunable surface chemical
property, metal organic frameworks, covalent organic frame-

works, and their derivatives are widely utilized in the field of
gas adsorption.12,18,20,28,29

Porous carbons prepared from various biomass, with the low
cost of raw materials, simple preparation process, and high
surface area, have also caused strong concern.30−39 Ding and
Liu used the seaweed of Sargassum and Enteromorpha as the
carbon resource and prepared porous biochars by directly
mixing it with the activator KOH. The maximum CO2
adsorption capacities were 1.05 and 0.52 mmol/g, respectively,
at 25 °C.34 Rehman and Park designed microporous carbons
from relatively inexpensive chitosan by a two-step method
(first carbonization and then activation and synchronous N
doping), which showed a developed microporous structure
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(SBET: 368−2150 m2/g; Vmicro: 0.2255−1.3020 cm3/g) and
good CO2 adsorption performance at 273 K and 1 bar.30 Xu et
al. prepared N-doped biochar using a waste walnut shell as the
raw material by preimmersing with H3PO4, mixing with the
nitrogen source of urea for N doping, and then activating by
mixing with different activators (ZnCl2, K2CO3, and KOH).
The results showed that the sorbent activated by different
activators exhibited different advantages in adsorption capacity,
selectivity, and cycle performance.35 The above study indicated
that biomass and the activation method were suitable for use as
the carbon resource and the synthesis process of porous
carbons, respectively.

Taking the low cost into consideration, the raw material and
synthesis process should be as inexpensive and simple as
possible. In this study, the common waste crop peanut shell
(P) in rural Shandong Province, China, was used as the carbon
resource, relatively inexpensive KOH and K2CO3 were used as
activators, and a simple one-step activation method was
adopted to prepare waste crop-based porous carbons. The pore
structure, functional groups, surface morphology, and carbona-
ceous nature of the porous carbons before and after activation
were characterized, the adsorption and regeneration perform-
ances were tested, and the optimum process for synthesizing
suitable porous carbon was explored.

2. EXPERIMENTAL SECTION
2.1. Materials. Peanut shells were collected from rural

Weifang (Shandong, China). KOH and K2CO3 (AR) were
purchased from Shanghai Aladdin Biochemical Technology
Co., Ltd. (Shanghai, China). HCl (CR) was purchased from
Far Eastern Group: Laiyang Fine Chemical Factory (Shan-
dong, China). N2 (99.999%) and the simulated flue gas (85%
N2 + 15% CO2) were supplied by Weiyang Gas Co., Ltd.
(Shandong, China).
2.2. Preparation of the Porous Carbons. P was first

repeatedly washed with tap water and then deionized water to
remove the impurities adhering to the surface and then placed
in an oven to dry. The dried P was ground to a powder with a
size below 100 mesh for use. The flaky KOH and K2CO3 were
also ground to a powder to evenly mix with P.

The synthesis process of the porous carbons adopted the
one-step activation method. KOH or K2CO3 was physically
mixed with P at a certain mass ratio (0−1.5) and loaded in a
tube furnace, and N2 with a flow rate of 200 mL/min was
passed through. Then, the furnace was heated to the activation
temperature (650−850 °C) at a rate of 10 °C/min and kept
for a certain time (0.5−1.5 h), after which the temperature was
cooled below 100 °C and N2 was turned off. The obtained
powder was washed with diluted HCl and deionized water to
neutral and dried at 100 °C for 16 h, which was denoted as
PAC-aK2CO3 (KOH)-T-t, where PAC is the peanut shell-
based porous carbon, a is the mass ratio of the activator to P,
and T and t are the activation temperature and time,
respectively.
2.3. CO2 Adsorption and Regeneration. The CO2

adsorption and regeneration were performed in a fixed bed
reactor with the inner diameter of the quartz tube being 0.8 cm
and the length being 50 cm, with a gas chromatograph
connected to the outlet of the quartz tube to synchronously
record the CO2 concentration. The solid sorbent with a mass
of 1.0 g was loaded in the reactor, and N2 was passed through
for 30 min to replace the attached air. The temperature of the
reactor was regulated to the adsorption temperature and kept

for 30 min. Then, N2 was switched to the simulated flue gas
with a flow rate of 30 mL/min, and the CO2 adsorption
process began. The CO2 concentration in the inlet and outlet
of the reactor was denoted as C0 and C, respectively; as the
adsorption progressed, C became increasingly larger. When it
was equal to C0, the adsorption process was finished, and the
equilibrium adsorption capacity was calculated from the
breakthrough adsorption curves.5

Once the adsorption process finished, the inlet gas was
switched to N2, and the temperature was raised to 100 °C to
release the adsorbed CO2 on the sample. As the desorption
progressed, C decreased, and when it was equal to 0, the
desorption process was finished, and the sorbent was
regenerated. In this study, the preferred sorbent was
regenerated ten times.
2.4. Characterization. The N2 adsorption−desorption

isotherms of the prepared porous carbons were obtained using
an ASAP 2460 (Micromeritics, USA) by N2 physical
adsorption at a critical temperature of −196 °C. The
Brunauer−Emmett−Teller (BET) surface area (SBET) was
calculated according to the BET equation, the total pore
volume (Vt) was obtained from the N2 adsorption amount at a
relative pressure of 0.994, the micropore volume (Vmicro) was
analyzed from the t-plot curve, and the pore size distribution
information was collected by the density functional theory
method.

The elemental composition (O and N) on the prepared
porous carbons was characterized with X-ray photoelectron
spectroscopy (XPS) using an EscaLab 250Xi (Thermo
Scientific, USA). The surface functional groups of PAC before
and after K2CO3 activation were characterized by Fourier
transform infrared (FT-IR) spectroscopy with frequencies
ranging from 500 to 4000 cm−1. Powder X-ray diffraction
(XRD) patterns were obtained using an ASAP 2020 V4.01 X-
ray diffractometer with Cu Ka radiation (k = 0.154 nm) in the
range of 2θ = 5−90°. The surface morphology of the porous
carbons was examined by scanning electron microscopy
(SEM) using a JSM-7500F scanning electron microscope
(JEOL, Japan) at 5.0 kV.

3. RESULTS AND DISCUSSION
3.1. Characterization.

(1) The N2 adsorption−desorption isotherms, pore size
distribution curves, and textural properties of PAC
before and after activation are shown in Figure 1 and
Table 1. In Figure 1a, the N2 adsorption−desorption
isotherms of PAC, especially the activated PAC,
suggested a sharp increase at the initial adsorption
stage and then an obviously gentle increase with a
narrow hysteresis loop appearing when the relative
pressure was over 0.40, indicating that the pores in PAC
were mainly micropores with partly mesopores,2,36,38

which could also be clearly seen from Figure 1b and
Table 1. As shown in Table 1, compared with
unactivated PAC, the SBET, Vt, and Vmicro for K2CO3
(KOH)-activated PAC increased from 83 to 669 (626)
m2/g, 0.07 to 0.43 (0.36) cm3/g, and 0.03 to 0.35 (0.30)
cm3/g, respectively, with the mass ratio of K2CO3
(KOH) to P reaching 1.5 (0.5). Comparing the pore
properties of the same mass ratio of K2CO3 with KOH,
both showed a similar effect in improving the pore
channel of the peanut shell.
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PAC-aK2CO3 (KOH)-T-t: PAC is the peanut shell-based
porous carbon, a is the mass ratio of the activator to P, and T
and t are the activation temperature and time, respectively.

(2) The O 1S and N 1S XPS spectra of PAC before and after
activation are separately shown in Figure 2a−f and a′−f′,
respectively, and the peak area ratios of different O and
N species are displayed in Tables 2 and 3, respectively.

Before and after K2CO3 or KOH activation, the O 1S spectra
were all divided into four peaks at 530.47, 531.46, 532.38, and
533.32 eV, which belonged to O−H (hydroxyl groups), C�O
(ketone, carbonyl, or lactone groups), C−O (alcohol or ether
groups), and −COOH (carboxyl groups), respectively;33,34

after K2CO3 and KOH activation, the peak area ratio for O-
containing groups obviously increased, especially the ratios of

O−H and C−O groups that favor CO2 adsorption,34 which
were 7.27 and 5.12 atom % in PAC-0.2K2CO3-750-0.5, 6.98
and 5.84 atom % in PAC-0.5K2CO3-750-0.5, 7.59 and 5.37
atom % in PAC-0.2KOH-750-0.5, and 5.38 and 5.48 atom % in
PAC-0.5KOH-750-0.5, respectively, all much higher than that
of PAC-750-0.5.

Before and after K2CO3 or KOH activation, the N 1S spectra
were all divided into three peaks at 397.64, 399.98, and 402.98
eV, which were attributed to N-6 (pyridinic nitrogen), N-5
(pyrrolic nitrogen), and N-Q (quaternary nitrogen), respec-
tively.14,33,35 Despite the reduction of N-containing groups
with activation processing, N-5, which favors CO2 adsorp-
tion,35 still occupied an absolute proportion in K2CO3-
activated P, and the ratio was 1.26 atom % in PAC-0.5
K2CO3-750-0.5. However, for the KOH-activated peanut shell,
N-5, which favors CO2 adsorption, did not occupy an obvious
proportion, and the ratio was only 0.59 atom % in PAC-
0.5KOH-750-0.5.

In short, K2CO3 activation developed more O- and N-
containing groups than KOH activation, which favored CO2
adsorption.

(3) Figure 3 presents the FT-IR spectra of PAC before and
after K2CO3 activation. The peak at 3437 cm−1 is
attributed to the stretching vibration of O−H and N−
H,33 the peak at 1619 cm−1 belongs to the N−H in
plane deformation,40 and the peaks at 1450 and 1063
cm−1 are due to the C�O stretching vibration of
carbonyl and the C−O stretching mode of carboxylic
acid, respectively.34 The appearance of the upper peaks
is consistent with the XPS characterization results.

(4) The XRD patterns are shown in Figure 4 to elaborate
the carbonaceous property of the PACs before and after
K2CO3 activation. The broad peaks at ∼23 and ∼43° are
usually identified as reflections from the (002) and
(100) planes of the hexagonal graphite structure,
respectively.15,32,41,42 The broad peak at 23° suggests
the amorphous property of the prepared samples, and
the weaker peak intensity for PAC-1.5K2CO3-750-0.5
suggests obviously poor crystallinity, which was due to
the destruction of graphite layers by K2CO3 etching. In
addition, no crystallinity of K2CO3 appeared, suggesting
that K2CO3 was completely removed.

(5) Figure 5 shows the SEM micrographs to explain the
surface morphology of the peanut hell-based porous
carbons before and after K2CO3 activation. From Figure
5a, the unactivated PAC displayed sheet-like structure
cracks, but for the K2CO3-activated peanut shell,
developed porous structures were formed. For PAC-
0.2K2CO3-750-0.5, the surface exhibited layered wedge
holes, but with the increase in the K2CO3 ratio, the holes
became interconnected, especially for PAC-1.5K2CO3-

Figure 1. (a) N2 adsorption−desorption isotherms and (b) pore size
distribution curves for peanut shell-based porous carbons (PACs)
before and after activation.

Table 1. Textural Pore Properties for PAC before and after Activation

sample SBET (m2/g) Vt (cm3/g) Vmicro (cm3/g) microporosity (%) average pore diameter (nm)

PAC-750-0.5h 83 0.07 0.03 42.86 3.56
PAC-0.2K2CO3-750-0.5 229 0.16 0.11 68.75 2.88
PAC-0.5K2CO3-750-0.5 566 0.36 0.29 80.56 2.56
PAC-1.5K2CO3-750-0.5 669 0.43 0.35 81.40 2.57
PAC-0.2KOH-750-0.5 182 0.12 0.08 66.67 2.87
PAC-0.5KOH-750-0.5 626 0.36 0.30 83.33 2.54
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750-0.5, in which highly dense pores were observed.
With the increase in the K2CO3 ratio, more K2CO3
participated in etching, metallic K intercalation, and
carbon gasification, so more developed pores were

formed.32,43 The SEM characterization results were
consistent with the BET characterization.

3.2. Effect of Activation Temperature on CO2
Adsorption on PAC. The activation temperature affects the
extent of K2CO3 and KOH etching, surface functional group
development, and pore formation. The mass ratio of the
activator to P and the activation time were fixed at 1:1 and 1 h,
respectively, to investigate the effect of activation temperature
on CO2 adsorption on PAC at 20 °C.

The breakthrough adsorption curves for KOH- and K2CO3-
activated peanut shells are separately shown in Figures S1a and
S2a, and the equilibrium adsorption capacities for both are
shown in Figure 6. With the increase in temperature from 650
to 850 °C, the breakthrough adsorption curve moved right and
then left, and the greater the curve moved to the right, the
higher the adsorption performance was, so the adsorption
capacity suggested a trend of increasing first and then
decreasing, as shown in Figure 6. When the temperature was
750 °C, the equilibrium adsorption capacities for PAC-KOH-
750-1 and PAC-K2CO3-750-1 were 2.00 and 2.41 mmol/g,
respectively. Compared with KOH-activated P prepared under
the same conditions, K2CO3-activated P showed a higher
adsorption capacity, which might be related to the greater
number of O−H, C−O, and N-5 groups.

Next, the activation temperature was fixed at 750 °C, and
the activation time was fixed at 1 h to further investigate the
effect of the mass ratio of the activator to P on CO2 adsorption
on PAC at 20 °C.
3.3. Effect of the Mass Ratio of the Activator to P on

CO2 Adsorption on PAC. The breakthrough adsorption
curves for PAC with different mass ratios of KOH and K2CO3
to P during activation are shown in Figures S1b and S2b, and
the corresponding equilibrium adsorption capacity is shown in
Figure 7. For both KOH and K2CO3 activation, the
breakthrough adsorption curves moved right first and then
left, and the adsorption capacity first increased and then
decreased. When the mass ratio of KOH and K2CO3 to P was
0.5−1, PAC exhibited a maximum adsorption capacity, which
was 1.99−2.00 and 2.41 mmol/g, respectively. From the BET
characterization results of K2CO3-activated P, the greater the
mass ratio of K2CO3 was, the larger the SBET, Vt, and Vmicro
were; however, from the XPS results, the largest amounts of O-
and N-containing functional groups, especially O−H, C−O,
and N-5, which favor CO2 adsorption, appeared when the mass
ratio was 0.5:1. In addition, more K2CO3 increased the
preparation costs and post-treatment process (especially
washing process) of the porous carbons. Therefore, the
K2CO3 mass ratio was not continuously increased to further
study.

Next, the activation temperature and the mass ratio of the
activator to P were set as 750 °C and 0.5:1, respectively, to
further investigate the effect of activation time on CO2
adsorption on PAC at 20 °C.
3.4. Effect of Activation Time on CO2 Adsorption on

PAC. The breakthrough adsorption curves of PAC after KOH
and K2CO3 activation for different activation times are shown
in Figures S1c and S2c, respectively, and the corresponding
equilibrium adsorption capacity is displayed in Figure 8. For
both KOH- and K2CO3-activated P, the adsorption time did
not have much effect on the breakthrough adsorption curves or
the equilibrium adsorption capacity, which is a sign that the

Figure 2. (a−f) O 1S and (a′−f′) N 1S XPS spectra for PAC before
and after activation.
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activation effect could be fulfilled in 0.5 h, and a longer time
was not needed.

In conclusion, when the activation temperature and time
were 750 °C and 0.5 h, respectively, and the mass ratio of the
activator to P was 0.5:1, the maximum CO2 adsorption
capacity of K2CO3-activated PAC at 20 °C was 2.41 mmol/g,
which is greater than that of ZIF-8 grafted biochar (1.80
mmol/g),18 seaweed-based porous carbon (1.05 mmol/g),34

and waste walnut shell-based porous carbons (0.60 mmol/g).35

In some related studies,15,30,32,34,35 the optimal adsorption
capacity usually appeared when the activation time and mass
ratio of the activator to the biomass were 1−3 h and 1−2,
respectively. In contrast, the shorter activation times at high
temperatures and lower mass ratios of the activator in this
study reduce both the energy consumption and activation cost
to a large extent.

Table 2. Peak Area Ratios of Different O Species in PAC before and after Activation

sample O atom %

O species ratio, %

−OH atom % −C�O atom % C−O atom % −COOH atom %−OH −C�O C−O −COOH

PAC-750-0.5h 9.60 41.06 25.24 15.12 18.58 3.94 2.42 1.45 1.78
PAC-0.2K2CO3-750-0.5 23.33 31.15 29.90 21.94 17.00 7.27 6.98 5.12 3.97
PAC-0.5K2CO3-750-0.5 24.62 28.35 29.31 23.71 18.63 6.98 7.22 5.84 4.59
PAC-1.5K2CO3-750-0.5 14.61 28.61 29.28 23.43 18.68 4.18 4.28 3.42 2.73
PAC-0.2KOH-750-0.5 24.06 31.54 30.24 22.32 15.90 7.59 7.28 5.37 3.83
PAC-0.5KOH-750-0.5 21.33 25.22 30.90 25.70 18.18 5.38 6.59 5.48 3.88

Table 3. Peak Area Ratios of Different N Species in PAC before and after Activation

sample N atom %

N species ratio, %

N-6 atom % N-5 atom % N-Q atom %N-6 N-5 N-Q

PAC-750-0.5h 2.68 10.69 79.79 9.52 0.29 2.14 0.26
PAC-0.2K2CO3-750-0.5 1.20 20.70 68.68 10.62 0.25 0.82 0.13
PAC-0.5K2CO3-750-0.5 2.22 10.68 56.83 32.49 0.24 1.26 0.72
PAC-1.5K2CO3-750-0.5 2.07 13.55 50.42 36.03 0.28 1.04 0.75
PAC-0.2KOH-750-0.5 1.95 39.76 26.63 33.61 0.78 0.52 0.66
PAC-0.5KOH-750-0.5 1.47 21.34 39.82 38.85 0.31 0.59 0.57

Figure 3. FT-IR spectra for PAC before and after K2CO3 activation.

Figure 4. XRD spectra for PAC before and after K2CO3 activation.

Figure 5. (a−d) SEM images of PAC before and after K2CO3
activation.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.2c06109
ACS Omega 2022, 7, 46992−47001

46996

https://pubs.acs.org/doi/10.1021/acsomega.2c06109?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c06109?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c06109?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c06109?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c06109?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c06109?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c06109?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c06109?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c06109?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c06109?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c06109?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c06109?fig=fig5&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.2c06109?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


In view of the slightly superior adsorption performance of
K2CO3-activated PAC compared to KOH-activated PAC,
PAC-0.5K2CO3-750-0.5 was further studied to investigate the
adsorption mechanism and kinetics.

3.5. CO2 Adsorption Property of PAC-0.5K2CO3-750-
0.5. To further study the adsorption property of the activated
PAC, the breakthrough adsorption curves and corresponding
adsorption capacity of PAC-0.5K2CO3-750-0.5 at different
adsorption temperatures were collected and calculated, as
shown in Figures S3 and 9. With the increasing adsorption

temperature, the breakthrough adsorption curves moved left,
and the corresponding adsorption capacity decreased, suggest-
ing the physisorption characteristic of PAC-0.5K2CO3-750-0.5.

To explore the dependence of adsorption on the pore
property and surface functional groups, the linear correlations
between the adsorption capacity and SBET, Vt, Vmicro, and the
total functional group (O−H, C−O, and N-5) ratio are shown
in Figure 10. As shown in Figure 10a−d, the equilibrium
adsorption capacity of the prepared PAC did not exhibit good
linear fitting with SBET, Vt, Vmicro, and the total functional
groups, with the correlation coefficient of R2 ranging from
0.7866 to 0.8036, indicating that the CO2 adsorption capacity
did not completely depend on the pore property or the surface
functional group, but the joint effects of both played important
roles in the adsorption.

Generally, the higher the activation temperature and the
greater the mass ratio of the activator are, the more K2CO3 or
KOH participates in etching, metallic K intercalation, and
carbon gasification from the cracks,36 which promote the
formation of pores and O- and N-containing functional groups.
However, overactivation might destroy the pore structure and
promote the further decomposition of functional groups, so the
effects of the activation temperature and mass ratio of the
activator to P were investigated above to find the optimal
preparation process for PAC.
3.6. Adsorption Kinetics of the Activated PAC. The

pseudo-first-order, pseudo-second-order, and Avrami models
were used to fit the adsorption capacity data of PAC-
0.5K2CO3-750-0.5 (at 20 and 30 °C) and PAC-0.5KOH-
750-0.5 (at 20 °C), and the fitting curves and fitting
parameters are shown in Figure 11 and Table 4, respectively.
For both PAC-0.5K2CO3-750-0.5 and PAC-0.5KOH-750-0.5,
the adsorption data all deviated from both pseudo-first-order
and pseudo-second-order models but were well fitted with the
Avrami model, with correlation coefficients all over 0.99. The
good fitting of the Avrami model suggested that the CO2

Figure 6. Equilibrium adsorption capacity of K2CO3- and KOH-
activated PAC at different activation temperatures.

Figure 7. Equilibrium adsorption capacity of activated PAC with
different mass ratios of K2CO3 or KOH to peanut shell (a).

Figure 8. Equilibrium adsorption capacity of PAC after K2CO3 and
KOH activation for different times.

Figure 9. Equilibrium adsorption capacity of PAC-0.5K2CO3-750-0.5
at different adsorption temperatures.
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adsorption on KOH- and K2CO3-activated P experienced not a
single physisorption or chemisorption but a multiple
adsorption path.38,44

3.7. Regeneration. Ten adsorption−desorption cycle
regeneration experiments were performed to study the
regeneration performance of PAC-0.5K2CO3-750-0.5 and
PAC-0.5KOH-750-0.5, and the adsorption capacity after
every regeneration is shown in Figure 12. During 10
adsorption−desorption cycles, the adsorption capacity did
not show an obvious reduction and remained at 2.38 and 1.96

mmol/g after 10 regenerations, which are 98.76 and 98.49% of
the fresh sample, respectively, suggesting the good regener-
ation performance of K2CO3- and KOH-activated peanut
shells.

4. CONCLUSIONS
Peanut shells (P), a common crop waste in Shandong
Province, China, are usually incinerated, which pollutes the
environment and releases a large amount of CO2. In this study,
peanut shells were used as the raw material, KOH and K2CO3

Figure 10. Linear correlation fitting between the equilibrium adsorption capacity and (a) SBET, (b) Vt, (c) Vmicro, and (d) surface functional group
ratio (O−H + C−O + N-5, %).

Figure 11. Kinetic fitting of PAC-0.5K2CO3-750-0.5 at (a) 20 °C and (b) 30 °C and (c) PAC-0.5KOH-750-0.5 at 20 °C.
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were used as activators, and a one-step activation method was
adopted to prepare PAC to capture CO2 from coal-fired power
plants. Compared with KOH-activated PAC, K2CO3-activated
PAC exhibited a similar specific surface area and pore volume
under the same preparation conditions but more O- and N-
containing functional groups, especially O−H, C−O, and N-5,
which favored CO2 adsorption. To our surprise, the activated
PAC showed a maximum adsorption capacity of 2.41 mmol/g
when the mass ratio of K2CO3 to P and activation time were
only 0.5 and 0.5 h, respectively, and the small amount of
activator and the short activation time are the advantages of
this work. In addition, the adsorption capacity showed no
obvious reduction after 10 adsorption−desorption cycle
regenerations.

The use of peanut shells and a small amount of the activator
reduced the sorbent preparation costs, the short activation
time reduced energy consumption, and the effective utilization
of crop waste curbed environmental pollution; thus, PAC has
potential as a CO2 sorbent.
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