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Abstract
This work provides an idea for e�cient and harmless utilization of lignin and further evaluated the
textural properties of lignin-derived activated carbon/speci�c capacitance relationship. The yield of
cellulose-doped apricot shell lignin (ASLC) was 30.42%. H3PO4/KOH was used to assist the preparation
of ASLC-derived activated carbon (AAC) for capacitors. The speci�c surface areas of the as-obtained
AAC-P-3 and AAC-K-2 were 1475.16 m2/g and 2136.56 m2/g, respectively. The speci�c capacitances of
AAC-P-3 and AAC-K-2 were 169.14 F/g and 236.00 F/g, respectively, upon the current density of 0.50 A/g.
In capacitors containing aqueous KOH as the electrolyte, the AR2 (0.983) between speci�c surface area
and speci�c capacitance was highest, followed by the AR2 (0.978) between Vmicro/Vmeso and speci�c

capacitance, the AR2 (0.975) between pore-wall thickness and speci�c capacitance. Consequently, the
speci�c capacitances of the AACs depend not only the speci�c surface area, but also on the Vmicro/Vmeso,
pore-wall thickness, and Vmicro.

1. Introduction
With the consumption of fossil fuels, environmental pollution and potential energy crisis are gradually
increasing. Therefore, the urgent demand for renewable energy is attracting more and more attention.
However, most renewable energies have unstable characteristics. These have spurred a great deal of
investigation on stable energy storage devices.1 Among many energy storage devices, supercapacitors
are overwhelmingly attractive, resulting from their many advantages (e.g. fast charge/discharge rate, high
power density, excellent cycle stability).2-4 For supercapacitors, the role of electrode materials is
exceedingly critical. Among many electrode materials, porous carbon has a host of advantages, including
but not limited to the high speci�c surface area, porous structure, and excellent chemical stability.5

As we all know, as a kind of porous carbon, biomass-derived activated carbon has distinct advantages as
an electrode material, resulting from its large speci�c surface, stability, as well as benign raw materials.6-9

Examples include camellia petals, cornstalk, popcorn, and bamboo are employed as feedstock for the
preparation of biomass-derived activated carbon for energy storage.10-14 Compared with the mentioned
biomass, lignin has highly competitive advantages because it possesses a 3D network structure, higher
density, and abundant resources.15,16 Consequently, we can infer that lignin-derived activated carbon has
promising application in supercapacitor electrodes. Unfortunately, most of the lignin in the papermaking
process is wasted and causes water pollution. To address the above problems, the investigation on the
e�cient and harmless utilization of lignin has almost focused on lignin-based adhesives and the
pyrolysis mechanism of lignin model compounds.17-19 However, the preparation and modi�cation
processes of lignin-based adhesives are complicated and accompanied by high costs. Thus, it is hard to
achieve industrialization. Meanwhile, due to the technique limitation, the lignin produced in the
papermaking process has a minor amount of cellulose, which results in it different from the lignin model
compounds.
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Moreover, to obtain high-performance supercapacitors, a multitude of strategies for increasing the
speci�c surface area of porous carbon have been reported.20-22 For example, Shang et al.23

prepared walnut shell-derived activated carbon with a speci�c surface area of 3577 m2/g via
carbonization and activation and employed it in capacitors. The results showed that it has excellent
speci�c capacitance. Díez et al.24 synthesized tannic acid-derived porous carbon with a high speci�c
surface area (2750 m2/g) by a salt template-assisted chemical activation approach. This tannic acid-
derived porous carbon exhibited a superior speci�c capacitance as high as 260 F/g. Luo et al.25 used
cray�sh shells and bio-oil as raw materials to synthesis porous carbon with a speci�c surface area of
3095 m2/g. This porous carbon exhibited an excellent speci�c capacitance. These previous studies
achieved remarkable advances in enhancing the porous carbon-speci�c surface area
and the performance of supercapacitors. In addition, these novel works imply that the speci�c surface
area seems to be positively linearly related to speci�c capacitance. Nonetheless, there have been no
investigations into a systematic study of the relationship between the textural properties of porous
carbon and speci�c capacitance in the literature. Consequently, the objectives of this work to give a route
for the valorization of cellulose-doped lignin, and further investigate the textural properties/ speci�c
capacitance relationship.

ASLC and apricot shell cellulose were extracted, and the two were compared. Besides, the reasons for
choosing ASLC to synthesize AAC were given. To improve the reliability of the conclusion, two activation
methods (H3PO4 and KOH) were employed in the case study of ASLC. As a novel and crucial textural
property, the pore-wall thickness was calculated in this work. Besides, the speci�c capacitance was
employed to correlate with the textural properties. The activated carbon prepared by H3PO4 activation
was rich in mesopores, while the activated carbon prepared by KOH activation was almost all micropores,
with fewer mesopores. When the current density was 0.5 A/g, the speci�c capacitance of AAC-K-2
(SBET=2136.56 m2/g) was 236.00 F/g. On the other hand, the speci�c capacitances of the AACs depend
not only the speci�c surface area, but also on the Vmicro/Vmeso, pore-wall thickness, and Vmicro.

2. Experimental Section
2.1 Materials

Apricot shell was obtained from the Pingquan, Heibei Province of China. Before the experiment, the
apricot shell was ground into powder. Subsequently, dried at 105℃ for 24 h. The extractions of apricot
shell cellulose and apricot shell lignin were described in our previous work.26 For proximate and ultimate
analysis, a detailed introduction has been recorded in our previous study.26 The results are exhibited in
Table 1. 

2.2 Methods 

2.2.1 FTIR and thermogravimetric ananlysis
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For apricot shell cellulose and ASLC, the infrared spectroscopy study was performed using a VERTEX 80V
Fourier infrared spectrometer (Bruker, Karlsruhe, Germany). Thermogravimetric analysis was monitored
employing a thermogravimetric analyzer (Q500, TA Instruments, USA) with a heating rate of 10℃/min
from room temperature to 800 ℃ under a �ow of nitrogen.

2.2.2 AAC synthesis

AAC was obtained via mixing ASLC with H3PO4/KOH and then employing established procedures for
activation. In detail, a mixture of ASLC and H3PO4/KOH in a nickel boat was heated to 550 °C (at a
heating rate of 10 °C/min) upon a �ow of N2 in a tube furnace, and then the temperature was maintained
for 1 h. The tube furnace was cooled, the black samples were taken out, washed with distilled water, and
dried in an oven at 105°C for 6 h to remove moisture. 

2.2.3 Sample labels 

The AACs were denoted as AAC-P-X, AAC-K-Y, respectively, where P represents P3PO4 (mass fraction was
60%); K is KOH; X and Y represent the ratio of the weight of H3PO4 solution to the weight of ASLC, the
ratio of the weight of KOH to the weight of ASLC, respectively. For example, AAC-K-1 manifests the
activated carbon from ASLC at the ratio of the weight of KOH to the weight of ASLC was 1.

2.2.4 Characterization 

Nitrogen adsorption/desorption isotherms were recorded using an automatic analyzer
(Q10, Quantachrome Corporation, Boynton Beach, USA). The BET equation was applied for speci�c
surface area calculation, while the pore size was obtained by a Nol-local Density Functional Theory
(NLDFT). The morphology and structure of the samples were observed by scanning electron microscopy
(SEM, JSM-7600F, JOL Ltd., Tokyo, Japan). 

2.2.5 Electrode preparation

The working electrodes were composed of carbon black, polytetra�uoroethylene, and AAC with a weight
ratio of 1:1:8. The mixture was stirred with alcohol to form a slurry and coated on nickel foams (100
mm2). Subsequently, dried under vacuum at 60°C for 10 h, after which, pressed at a pressure of 10 MPa
to make the electrodes. 

2.2.6 Electrochemical tests

Electrochemical measurements were carried out in a conventional three-electrode system with a 6 mol/L
KOH aqueous solution as the electrolyte. The Hg/HgO electrode and the platinum electrode were
employed as reference electrodes and counter electrodes, respectively. Cyclic voltammetry (CV),
galvanostatic charge-discharge (GCD), and electrochemical impedance spectroscopy (EIS) were
determined by an electrochemical workstation (CHI 660E, Shanghai Chenhua, China). The speci�c
capacitance was calculated according to the following formula:
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where, C, I, and Δt represent the speci�c capacitance (F/g), the discharge current (A), and the discharge
time (s), respectively. ΔV is the potential window (V); m represents the weight of the AAC on the working
electrode (g).

3. Results And Discussion
3.1 FTIR spectra of apricot shell cellulose and ASLC

The yield of ASLC higher than that of apricot shell cellulose, as listed in Table 1. In reviewing the literature,
the characteristic absorption peaks of cellulose β-glycosidic bond at ~895 cm-1, ~1056 cm-1, and ~1162
cm-1.27 The characteristic absorption peaks of benzene ring skeleton of lignin at ~1430 cm-1, ~1508 cm-1,
and ~1615 cm-1.28, 29 Fig. 1 (a) indicates that there are absorption peaks at wavelengths of 895 cm-1,
1056 cm-1, and 1162 cm-1, suggesting the presence of cellulose β-glycosidic bond in apricot shell
cellulose. The stretching vibration of the -CH3/-CH2 at ~1461 cm-1. The absorption peaks of syringyl at

~1322 cm-1 and ~1112 cm-1. Additionally, the absorption peak at wavelength 1270 cm-1 or 1215 cm-1

indicates the presence of guaiacol.28, 29 As a result, -CH3/-CH2, benzene ring skeleton, syringyl, and
guaiacol were existed in apricot shell lignin, as shown in Fig. 1 (b). Notably, Fig. 1 (b) equally indicates
that apricot shell lignin has a minor amount of cellulose (apricot shell lignin was doped with cellulose),
which was due to the limitation of the experiment. Thus, apricot shell lignin was doped with cellulose was
denoted as ASLC.

3.2 Thermogravimetric analysis

To further investigate the pyrolysis characteristics of apricot shell cellulose and ASLC, the weight loss
(TG) and the rate of weight loss (DTG) upon the heating rate of 10 ℃/min were analyzed, as exhibited in
Fig. 2. Fig. 2 (a) shows that the pyrolysis processes of the apricot shell, apricot shell cellulose, and ASLC
were composed of dry dehydration stage, pyrolysis stage, and pyrolysis-carbonization stages. The �rst
stage was a slow weight loss stage, while the second and third stages were rapid devolatilization stages.
In dry dehydration stage, apricot shell cellulose possesses the largest weight loss, followed by apricot
shell and ASLC. In the two hind stages, apricot shell, apricot shell cellulose, and ASLC lose a lot of weight
and formed signi�cant weight-loss peaks. Different from the apricot shell and ASLC, apricot shell
cellulose contains only one signi�cant weight-loss peak. Similar results were also found for cellulose
model components.30 Besides, the two signi�cant weight-loss peaks formed during the pyrolysis
of ASLC were similar to that of the lignin model components.30, 31 Notably, for the apricot shell, apricot
shell cellulose, and ASLC, the pyrolysis-carbonization processes were completed at ~ 550 ℃.
Consequently, in preparation for activated carbon, considering the property and cost, the activation
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temperature was 550 ℃. Furthermore, the pyrolysis residues of the apricot shell, apricot shell cellulose,
and ASLC were 24.49 mass%, 16.96 mass%, and 33.13 mass%, respectively. Compared with the yield of
the apricot shell and apricot shell cellulose pyrolysis residues, the yield of ASLC pyrolysis residue was
higher. Accordingly, in the following experiments, the ASLC was selected if not mentioned as otherwise.

3.3 Characterization of AAC

3.3.1 Textural properties of AAC

H3PO4 and KOH are generally used as activators for the preparation of activated carbon.32, 33 As we all

know, N2 adsorption and desorption isotherms at low relative pressure indicate micropores are �lled; in
other words, there are a host of micropores. At moderate relative pressure, isotherms with a hysteresis
loop demonstrate the presence of mesopores. The steep rise of isotherms at high relative pressure
exhibits capillary condensation in the macropores; that is to say that the existence of macropores. Fig. 3
indicates that the AAC has hierarchical structures of porosity. At low relative pressure, the N2

adsorption/desorption isotherm of AAC-K-2 is the steepest, followed by AAC-K-1, AAC-P-3, and AAC-P-4.
Consequently, the order of the micropore speci�c pore volume (Vmicro) of AAC was determined: AAC-K-2 >
AAC-K-1 > AAC-P-3 > AAC-P-4. Inversely, the N2 adsorption/desorption isotherm of AAC-K-2 was the
gentlest upon moderate relative pressure, followed by AAC-K-1, AAC-P-3, and AAC-P-4, which means AAC-
K-2 has the lowest mesopore speci�c pore volume (Vmeso) and AAC-P-4 has the highest Vmeso. On the
other hand, the N2 adsorption and desorption isotherms of AAC-K-2, AAC-K-1, AAC-P-3, and AAC-P-4
display different degrees of an upward trend at high relative pressure, which indicates that AAC-K-2, AAC-
K-1, AAC-P-3, and AAC-P-4 have macroporous structures. These results indicated the hierarchical
micro/meso/macroporous nature of AAC. Moreover, the textural properties of AAC can be obtained by
analyzing the adsorption and desorption isotherms of N2, as shown in Table 2.

Compared to AAC-K-2 (2136.56 m2/g), the speci�c surface areas of AAC-K-1, AAC-P-3, AAC-P-4 decreased
to 1669.94 m2/g, 1475.16 m2/g, and 1370.35 m2/g, respectively. Montane et al.32 used H3PO4 as an

activator to synthesize lignin-based activated carbon with a speci�c surface area of ~1000 m2/g. Zhang
et al.34 indicated the   speci�c surface area of KOH-assisted synthesis of activated carbon was 1672
m2/g. In other words, the speci�c surface area of lignin-based activated carbon lower than that of AAC-P-
3 and AAC-P-4, and the speci�c surface area of KOH-assisted synthesis of activated carbon lower than
that of AAC-K-2. Moreover, the Vmicro/Vmeso values of AACs were over 45.00%, especially AAC-K-2, its
Vmicro/Vmeso value was as high as 375.27%, these results indicate that AACs with well-developed
micropores. Compared with the AAC-P-3 and AAC-P-4, the average pore sizes of AAC-K-1 and AAC-K-2
were narrower. These results were consistent with the conclusion that the micropore speci�c pore
volumes of AAC-K-1 and AAC-K-2 were higher. In this work, the pore-wall thickness was calculated by the
following formula: Pore-wall thickness = 2/(ρSBET), where ρ = 2.2 g/cm3 represents the density of carbon
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wall equated to the density of graphite.35, 36 The order of the pore-wall thickness of AAC was established:
AAC-P-4 > AAC-P-3 > AAC-K-1 > AAC-K-2, as listed in Table 2.

To further understand the pore structures of AAC, the pore size distribution is presented in Fig. 4.
Unlike AAC-P-3 and AAC-P-4, AAC-K-1 and AAC-K-2 have intensely abundant micropores, especially
micropores with a pore size of ~ 0.75 nm. Furthermore, the micropores of AAC-P-3 and AAC-P-4 were
primary concentrated in the range of 1-2 nm, and the micropores below 1nm were few. For mesopores
within the range of 2-5 nm, AAC-K-1 and AAC-K-2 have only a minor amount of distribution, while AAC-P-3
and AAC-P-4 possess a majority of distribution. Interestingly, the previous study has shown that porous
materials rich in 2-5 nm are more bene�cial to the adsorption of dioxin;37 from this, we can infer that AAC
equally possesses a promising application in removing dioxins. On the other hand, the activated carbon
prepared by H3PO4 activation was rich in mesopores, while the activated carbon prepared by KOH
activation was almost all micropores, with fewer mesopores. Consequently, in actual production, different
activation strategies can be selected according to activated carbon requirements. According to literature,
porous materials possess high speci�c surface area and proper pore size distribution hold a promising
application as electrode materials for capacitors.38, 39 Sudhan et al.40 prepared a rice straw-derived
activated carbon that possesses a speci�c surface area of 1007 m2/g and employed it as an electrode
material for supercapacitors. Notably, the speci�c surface areas of AAC-P-3, AAC-P-4, AAC-K-1, and AAC-K-
2 are higher than 1007 m2/g, especially AAC-K-1 and AAC-K-2. As a result, AAC-P-3, AAC-P-4, AAC-K-1, and
AAC-K-2 also have a certain value in the application of electrode materials for capacitors.

3.3.2 Micro-morphology of AAC

To observe the natural hierarchical porous structure of AAC more intuitively, SEM tests using AAC-P-3 and
AAC-K-2 as examples were performed. Fig. 5(a) indicates that the surface of the AAC-P-3 is similar to the
honeycomb, which means AAC-P-3 has an enriched pore structure. It is worth noting that the 3D
architecture with hierarchical structures is presented in Fig. 5(b). Moreover, Fig. 5 (b) shows that the
porosity is composed of irregularly oriented narrow pores. These micro-morphologies are consistent with
and also more intuitively than the results of N2 adsorption and desorption isotherms.

3.4 Electrochemical performance of AAC

Fig. 6 (a) demonstrates GCD curves of AAC-P-3, AAC-P-4, AAC-K-1, and AAC-K-2 at the current density was
0.5 A/g. As we all know, if the GCD curve is approximately an isosceles triangle, it indicates an ideal
double-layer capacitor behavior.41 AAC-P-3, AAC-P-4, AAC-K-1, and AAC-K-2 have excellent double-layer
capacitor behavior. The speci�c capacitances of AAC-P-3, AAC-P-4, AAC-K-1, and AAC-K-2 were 169.14
F/g, 159.98 F/g, 188.50. F/g, and 236.00 F/g, respectively. Consequently, considering the speci�c
capacitance and different preparation processes, AAC-P-3 and AAC-K-2 were choose for the CV test.

The capacitance behavior shown in these CV curves has belike quasi-rectangular shapes accompany by
some humps, resulting from the combined effects of electrical double-layer capacitance and
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pseudocapacitance.42, 43 The CV curves of AAC-P-3 and AAC-K-2 upon various scan rates are shown in
Fig. 6 (b) and (c), respectively. CV curve is similar to a rectangle, which means the electrolyte can diffuse
into the micropores within a su�cient time. In other words, the charge and discharge reversibility are
better. Fig. 6 (b) and (c) indicate the AAC-P-3 and AAC-K-2 possess a better charge/discharge reversibility
at a low scan rate (5-20 mv/s). Additionally, the resistance of micropores is higher than that of
mesopores and macropores. Which results in the electrolyte ions cannot quickly enter the micropores
upon a high scan rate. Hence, with an increase in scan rate (>20 mv/s), the degree of CV curve deviation
from the rectangle gradually increased. Nonetheless, none of them exhibited redox peaks, demonstrating
that the AAC-P-3 and AAC-K-2 have excellent electrochemical stability.

On the other hand, the speci�c capacitances of AAC-P-3, AAC-P-4, AAC-K-1, and AAC-K-2 are listed in Table
3. Meanwhile, the plot of speci�c capacitance variation of AAC is given in Fig. 7. In brief, the speci�c
capacitances of AAC-P-3 and AAC-P-4 were comparable to that of the reported commercially available
speci�c capacitances of  supercapacitors. However, the speci�c capacitances of AAC-K-1 and AAC-K-2
were over the speci�c capacitances of commercially available supercapacitors.44 With an increase in the
current density, the speci�c capacitances of AAC-P-3, AAC-P-4, AAC-K-1, and AAC-K-2 gradually decreased,
which were similar to the results of previous studies.45-49 The order of the speci�c capacitances of AAC-P-
3, AAC-P-4, AAC-K-1, and AAC-K-2 was established at the same current density: AAC-K-2 > AAC-K-1 > AAC-
P-3 > AAC-P-4. Notably, at the current density was 0.50 A/g, the speci�c capacitance of AAC-P-3 was
higher than that of rice straw-derived activated carbon and jute stick-derived activated carbon.40, 50

Moreover, the capacitance retention rates of AACs at 10.00 A/g exceed 67.39%.

EIS was employed to further understand the electrochemical performances of AAC-P-3, AAC-P-4, AAC-K-1,
and AAC-K-2, as shown in Fig. 6 (d). As we all know, the low-frequency region and high-frequency region
indicate the charge diffusion-limited process and the resistance of charge transfer at the interface
between the electrolyte and active materials, respectively.51, 52 Compared with the Rct values of AAC-P-3,
AAC-P-4, and AAC-K-1 (~ 1.9 Ω), the Rct value of AAC-K-2 was higher (~ 2.25Ω). In addition, the high slope
in the low-frequency region shows that AAC-P-3, AAC-P-4, AAC-K-1, and AAC-K-2 have pleasurable
capacitance performance.

3.5 Textural properties/speci�c capacitance relationship 

For porous materials, the textural property directly affects the performance of porous materials.53, 54 For
instance, micropores provide a large surface area for ion adsorption, mesopores serve as transport
channels into the micropores, and macropores serve as ion-buffering reservoirs, which can reduce the
diffusion distance of ions.55 Furthermore, some studies have exhibited the speci�c surface area
affects speci�c capacitance.56-58 It is worth noting that the speci�c surface area is only one of the
textural properties. As a result, it is necessary to systematically understand the in�uence of textural
properties (e.g. speci�c surface area, speci�c pore volume, pore-wall thickness) on speci�c capacitance.
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In this work, linear �tting was used to evaluate the relationship between textural properties and speci�c
capacitance. Thus, the data in Table 2 was associated with the data in Table 3, as shown in Fig. 8. The
average values of the correlation coe�cients (AR2) in Fig. 8 (a), (b), (c), (d), (e), (f), (g) were calculated
respectively, which were 0.983, 0.312, 0.956, 0.808, 0.978, 0.837, 0.975. Among these, the AR2 (0.983)
between speci�c surface area and speci�c capacitance was highest, followed by the AR2 (0.978) between
Vmicro/Vmeso and speci�c capacitance, the AR2 (0.975) between pore-wall thickness and speci�c
capacitance; from this, we can infer that the speci�c surface area plays a key role in speci�c capacitance.
A similar phenomenon has been observed in previous studies.56-58 It is worth noting that 0.983, 0.978,
0.975, 0.956 are very close and are all higher than 0.95. Consequently, the speci�c capacitances of the
AACs depend not only the speci�c surface area, but also on the Vmicro/Vmeso, pore-wall thickness, and

Vmicro. On the other hand, the AR2 (0.312) between Vt and speci�c capacitance was the lowest; that is to

say that Vt and the speci�c capacitance were not linearly positively correlated. Based on the AR2, we can
infer that the speci�c surface area, Vmicro/Vmeso, pore-wall thickness, and Vmicro can be used as a
universal predictor of speci�c capacitance upon employed KOH solution as the electrolyte.

4. Conclusions
The approach of preparing AACs for capacitors by H3PO4/KOH activation was feasible, and their speci�c
capacitance was slightly higher than the speci�c capacitances of commercially available
supercapacitors. The AACs prepared by H3PO4 activation were rich in mesopores, while the AACs
prepared by KOH activation were almost all micropores, with fewer mesopores. We have shown that the
speci�c capacitance of AAC-K-2 (2136.56 m2/g) upon a current density of 0.5 A/g was 236.00 F/g. On
the other hand, the speci�c surface area, Vmicro/Vmeso, and pore-wall thickness of AACs were linearly
related to their speci�c capacitance. As a result, in the case of KOH solution as the electrolyte, the speci�c
surface area, Vmicro/Vmeso, pore-wall thickness, and Vmicro can be used as a universal predictor of speci�c
capacitance. 
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Tables

Table 1. Yield, ultimate, and proximate analysis of apricot shell, apricot shell cellulose, and

ASLC.

Samples Yield (%) Proximate analysis (wt %, db) Ultimate analysis (wt %, db)

Volatile  Fixed Carbon  Ash C     H    N        S     O

Apricot shell 100 74.19 17.47 0.64 50.66 5.45 0.12 0.08 43.05

Apricot shell cellulose 24.59 85.02 14.50 0.27 39.62 2.80 0.03 0.03 52.27

ASLC 30.42 82.35 16.92 0.73 54.31 2.43 0.24 0.04 42.98

 
 
 

Table 2. Textural properties of AAC.
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Samples Specific surface area
(m2/g)

Specific pore volume
(cm3/g)

Vmicro/Vmeso % Dave

(nm)
Pore-wall thickness

(nm)
Vt         Vmicro        Vmeso    

  

AAC-P-3 1475.16 1.209 0.376 0.609 61.74 3.27 6.163
AAC-P-4 1370.35 1.271 0.326 0.718 45.40 3.70 6.634
AAC-K-

1
1669.94 0.970 0.556 0.248 224.19 2.36 5.444

AAC-K-
2

2136.56 1.106 0.698 0.186 375.27 2.07 4.255

Work
electrodes

0.50
A/g

(F/g)

0.75
A/g

(F/g)

1.00
A/g

(F/g)

1.50
A/g

(F/g)

2.00
A/g

(F/g)

5.00
A/g

(F/g)

10.00
A/g

(F/g)

Capacitance retention rate
(%) at 10.00 A/g

AAC-P-3 169.14 161.47 154.48 149.39 142.22 125.07 113.98 67.39
AAC-P-4 159.98 155.09 149.69 145.33 139.77 124.48 110.03 68.78
AAC-K-1 188.50 183.08 177.80 174.75 170.20 159.00 150.00 79.58
AAC-K-2 236.00 228.83 222.40 217.65 211.40 196.50 181.00 76.69

 
 

Table 3. Specific capacitances of AAC.

 
 
 
 
 
 
 

Figures
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Figure 1

FTIR spectra of apricot shell cellulose (a) and ASLC (b).

Figure 2

TG (a) and DTG (b) curves of apricot shell, apricot shell cellulose, and ASLC.

Figure 3

N2 adsorption/desorption curves.
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Figure 4

Pore size distribution.

Figure 5
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SEM images of AAC-P-3 (a) and AAC-K-2 (b).

Figure 6

GCD curves of AAC at 0.5 A/g (a); CV curves of AAC-P-3 (b); CV curves of AAC-K-2 (c); Nyquist plots of
AAC in the frequency ranging from 100 kHz to 0.01Hz (d).
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Figure 7

Plot of speci�c capacitance variation of AAC.
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Figure 8

The correlation between the textural properties of AAC and its speci�c capacitance. (a) Speci�c surface
area/speci�c capacitance correlation. (b) Vt/speci�c capacitance correlation. (c) Vmicro/speci�c
capacitance correlation. (d) Vmeso/speci�c capacitance correlation. (e) Vmicro/Vmeso/speci�c
capacitance correlation. (f) Dave/speci�c capacitance correlation. (g) Pore-wall thickness/speci�c
capacitance correlation.
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