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In this work, a two-stage activation method was used to prepare adsorbents from scrap tire rubber. Firstly, KOH was mixed with
rubber using different impregnation ratios (1–2) for primary activation; a second activation was performed after pyrolysis at 650°C
and 750°C; and finally, the samples were acid-washed using HNO3. +e prepared materials were characterized by elemental
analysis, nitrogen adsorption isotherms, SEM, FTIR, and XPS. +e adsorption capacity and mechanism of these materials on
p-nitrophenol in wastewater were also investigated. It was found that after two-stage activation, the specific surface area of the
materials can be effectively increased, and the surface of the materials can be enriched with oxygen-containing functional groups.
+e maximum adsorption capacity of PNP could reach 143.9mg g−1, which is slightly higher than the literature data under the
same conditions. +e adsorption process is in the form of chemisorption and is dominated by hydrogen bonding and π-πEDA
formation, but the adsorption tends to be monolayer, and the adsorption behavior can be described by a proposed secondary
model. In addition, the adsorbent has a stronger adsorption capacity under acidic conditions.

1. Introduction

With the economic take-off and the development of the
automobile industry, the number of waste tires produced
every year in China has increased sharply at a rate of 8%–
10% in recent years, which has become a new type of
pollution [1]. +e main difficulty in the disposal of waste
tires is that the tires occupy a large amount of environmental
space and are difficult to compress, collect, and eliminate [2].
In view of the uncertainty in the time required for the
decomposition of old tires, they are not biodegradable, and
their composition includes some dangerous elements, such
as lead, chromium, cadmium, and other heavy metals [3]. If
not handled and properly managed, they will threaten the
natural environment and human health. +us, it is urgent to
control the “black pollution” caused by waste tires [4].

+ere are three main recycling methods for waste tire
rubber treatment, the first of which is scrap tire retreading,

which is considered to delay the ultimate solution [5].
However, the second method is thermal energy utilization,
where scrap tires are treated as fuel alone or mixed with
other combustible materials. Despite the simplicity of
combustion to recover thermal energy, it can contribute to
air pollution. +e third one is the new thermochemical
utilization such as pyrolysis technology. Pyrolysis is con-
sidered a promising method for the thermochemical
treatment of waste tires [6]. +rough reactions under
negative or atmospheric pressure, carbon black, fuel oil, and
a small amount of noncondensable gas can be obtained for
resource utilization of scrap tires [7].

If waste tires can be used as raw material to produce
activated carbon, it will help reduce the consumption of raw
materials. +is is reflected in the fact that biomass is cur-
rently the main raw material for the preparation of activated
carbon, and the rapid extension of the global activated
carbon market from 2016 to 2022 may be restrained by
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factors such as raw material shortage [1]. As a material with
high carbon content, pyrolytic carbon black has a prelim-
inary pore structure, which can be further developed by
proper activation treatment. +e applications of pyrolytic
carbon as a substitute for carbon black in the rubber industry
[8], biochar for soil improvement [9], and activated carbon
for pollution control have made the corresponding progress
[10].

Also, as nitroaromatic compounds are released into the
environment through the manufacture of fine chemical in-
termediates, these intermediates are widely used in dyes,
explosives, leather preservatives, pesticides, and medical drugs
[11]. P-nitrophenol (PNP) is a representative nitroaromatic
compound with high chemical stability and high biological
toxicity [12]. It is recognized by the US Environmental Pro-
tection Agency as one of the most persistent, bioaccumulative,
and toxic chemicals [13]. It is essential to pay attention to the
generation and elimination of these pollutants. +erefore, it
was used as a simulated pollutant for this study. Currently,
microbial treatment [14], photochemical oxidation [15], and
adsorption [16, 17] are widely used to remove organic matter
from wastewater. However, the adsorption method relying on
activated carbon or other adsorbents has the advantages of
simple operation, high treatment capacity, and no need to add
other chemicals for the treatment of phenolic compounds
[18, 19]. +erefore, it has a broad prospect in the treatment of
organic pollutants in water.

In this paper, the methods of activating waste tires by
chemical activation and pickling after reheating are pre-
sented. Waste tires were mixed with KOH in different
proportions and then heated at different temperatures to
increase the pores on the rubber surface of the waste tires.
+en, by nitric acid pickling, tar and other substances at-
tached to the surface of rubber-activated carbon (RAC) were
removed, and oxygen-containing functional groups on the
surface of RAC increased. +e other four activated carbons
were prepared by this method and formed a contrast. Using
PNP as an adsorbent, the effects of different ratios of KOH
and temperature on adsorption were investigated. +e
equilibrium and kinetics of RAC adsorption were studied.
+e adsorption properties of RAC on PNP were compared
with those in the literature, and the differences in pore
structure and surface chemistry were explained by infrared
spectroscopy, BET, BJH, and other methods. +is paper
provides a new idea for the treatment of waste tire resources,
which is helpful to solve the problem of PNP simultaneous
pollution of solid waste and wastewater.

2. Materials and Methods

2.1. Preparation and Modification/Activation of Rubber Ac-
tivated Carbon. +e tire rubber was crushed in a waste tire
treatment plant in Guangxi Province, China, and used as raw
material. After screening, particles with a particle size of
0.15–0.45mm were selected as experimental samples. An-
alytical pure KOH (Guangzhou Chemical Reagent Factory),
analytical pure p-nitrophenol (Xiya Reagent), and treated
tire rubber were used as reference materials for adsorption
experiments.

+e preparation methods of five kinds of RAC and their
numbers are shown in Table 1.

+e preparation of 650-2 is mainly by premixing waste
tire rubber powder with KOH at a dipping ratio of 1:2,
soaking for 12 h, using a vacuum pump to remove the water,
and then drying at 80°C in a blast drying oven for 6 h until
the activation of KOH is completed. +en the horizontal
tubular furnace was preheated to 650°C with a nitrogen flow
rate of 1.5 L h−1, and the samples were placed in the tubular
furnace for 1 h before being taken. Finally, the samples were
soaked in 20% HNO3 for 12 h, dried, and sealed for
preservation.

2.2. Materials Characteristics. +e elements (carbon (C),
hydrogen (H), nitrogen (N), and sulfur (S)) and components
of the prepared activated carbon were measured and ana-
lyzed by an element analyzer (EA3000, Euro Vector, Italy).
Dried samples of about 1–2mg were taken to analyze the
total of C, H, N, and S.+e total oxygen (O) is determined by
the following formula [20, 21]:

O(%) � 100 − ash(%) − C(%) − N(%) − H(%). (1)

Activated carbon pore structure was determined by the
American company Michael ASAP-2020 instrument auto-
matically physisorption. +e adsorption isotherm of acti-
vated carbon for nitrogen was measured at 77K with
nitrogen as the adsorbent, which was used to calculate the
specific surface area and pore structure size of the carbon.
+e sample was degassed at 120°C for 6 h before testing. +e
specific surface area of activated carbon by BET (Bru-
nauer–Emmett–Teller) method of calculation adopting BJH
(Barrett–Joyner–Halenda) pore size distribution was mea-
sured on a model of the desorption branch.

Activated carbon surface morphology was observed by
Japan’s JSM-5600 scanning electron microscope (SEM).

+e Fourier transform infrared spectrometer (Nicolet
IS10) was used to determine the spectral characteristics of
activated carbon and the composition of functional groups
on the surface of activated carbon samples.

Each experiment was performed three times repeatedly;
all results are the average of three replicate experiments; and
the relative error is guaranteed to be less than 5%.+e agents
and instruments used in the experiments are shown in
Tables S1 and S2.

2.3. Adsorption Experiments

2.3.1. Adsorption Kinetics Experiment. +e adsorption ki-
netics experiment was carried out in a 150ml conical flask at
25°C, adding 20mg sample and 50ml PNP solution. Unless
otherwise stated, the solution was shaken in a recip-
rocating + gyroscopic constant temperature shaker (YAWL-
280BCF) at 120 RPM for 36 h to ensure adsorption equi-
librium. After the adsorption equilibrium, it was filtered
through a 0.45 μm membrane filter. A 317 nm UV-vis
spectrophotometer (UV-5100, Shanghai) was used to de-
termine the concentration of PNP in the aqueous solution.
+e adsorption capacity and adsorption efficiency of
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activated carbon for PNP were calculated by the following
equations [20]:

qe �
Ce − C0( 

M
∗V, (2)

R �
Ce − C0( 

C0
, (3)

where Ce is the concentration of adsorbate at adsorption
equilibrium (mg L−1), C0 is the initial concentration of
adsorbate (mg L−1),M is the mass of adsorbent (g), and V is
the volume of solution (mL).

2.3.2. Isothermal Adsorption Experiment. +e isothermal
adsorption experiment was conducted by adding 0.2 g 650-2
to 50mL PNP solution with different concentrations
(10–500mg L−1) at a constant speed of 120 RPM at 25°C for
12 h.

+e kinetic and isothermal adsorption data were fitted
with related models. χ2 and correlation degree R2 are
commonly used to evaluate the goodness of fit of the
equation and experimental data as follows [20]:

χ2 � 
qexp − qmo d 

2

qmo d

⎛⎝ ⎞⎠, (4)

where qexp is the adsorption capacity calculated from the
experimental data and qmod is the adsorption capacity cal-
culated from the model.

2.3.3. Effect of pH on Adsorption. To study the effect of pH
on the adsorption of 650-2 PNP, the experiment was carried
out under the condition of pH 2–12.0.2 g 650-2 was added to
50mL PNP (100mgL−1) solution, and the pH of the solution
was adjusted with NaOH and HCl. Finally, the glass bottle
was shaken in a 25°C constant temperature water bath
shaker at 120 RPM for 12 h.

3. Results and Discussion

3.1. Characterization of Rubber Activated Carbon. +e yield
equation is as follows [22]:

Y �
m

M
, (5)

where Y is the yield,M is the final mass of the sample, andm
is the initial mass of the sample.

C, H, O, and N elements are the main elements of the
carbon skeleton and surface functional groups. H/C, O/C,
and (N+O)/C are aromatic, hydrophilic, and polar indexes,
respectively [23]. At the same pyrolysis temperature, the
yield of activated carbon KOH decreased significantly. It is
because KOH is reduced to potassium at high temperatures,
and K can promote the oxidation of tire rubber to CO and
CO2 [24]. Simultaneously, the formation of pores is
accelerated, resulting in the loss of activated carbon [20].
Table 2 also shows that the three carbons produced at 650°C
are solids rich in carbon, and the carbon content at 750°C is
less, which may be due to the high temperature in the
pyrolysis process, leading to a large amount of carbon loss.
From Table 2, 650-2 has the best aromatization, certain
hydrophilicity, and good polarity. Compared with 650-1,
after pickling, 650-2 (H/C: 0.02, O/C: 0.22, and (N+O)/C:
0.12) has enhanced aromatization and weakened hydro-
philicity and polarity [25].

3.2. Specific Surface Area and Pore Size Distribution.
Figure 1 shows the 650-2 adsorption of N2, desorption curve,
and found that 650-2 adsorption isothermswere “IV” type [26],
having a concave isotherm without inflection. +e amount of
adsorbed gas increased as the component partial pressure
increased. Based on the pore size distribution in the figure, the
pore size of the 650-2 is mainly concentrated on the outer
surface. +e characteristics of 650-2 shown here can be mu-
tually supported by the single-layer adsorption of p-nitro-
phenol in isothermal adsorption experiments. +e nitrogen
adsorption/desorption curves and pore size distributions of the
remaining four activated carbons are shown in Figures S1, S2,
S3, and S4. +eir nitrogen adsorption/desorption curves and
pore size distributions were similar to that of 650-2.

Based on Table 3, the change of specific surface area
between 650-0 and 650-1 shows that the increase of KOH
proportion can indeed increase and promote the growth of
the specific surface area. According to the changes of specific
surface area, pore volume, and average pore size of activated
carbon at 650°C and 750°C, the pore size can be increased
with the increase of temperature, but the surface structure
will be affected. From the results of comprehensive pore size
and specific surface area, 650-2 provides a sufficient adhe-
sion surface for PNP.

Table 1: Simplified version of five RAC preparation methods.

Activated carbon
number Preparation

650-0 Pyrolyzed at 650°C, sieved, washed with water, and dried at 80°C

650-1 KOH impregnation ratio 1:1, dried at 80°C. Pyrolyzed at 650°C for 1 h, sieved, washed with water to neutrality, and
dried at 80°C

650-2 KOH impregnation ratio 1:2, dried at 80°C. Pyrolyzed at 650°C for 1h, sieved, pickled for 12 h, washed with water
to neutrality, and dried at 80°C

750-1 KOH impregnation ratio 1:1, dried at 80°C. Pyrolyzed at 750 °C for 1 h, sieved, washed with water to neutrality, and
dried at 80°C.

750-2 KOH impregnation ratio 1:2, dried at 80°C. Pyrolyzed at 750°C for 1 h, sieved, pickled for 12 h, washed with water
to neutrality, and dried at 80°C.

Journal of Chemistry 3



3.3. Surface Morphological Structure. Figure 2 shows the
difference in surface morphology of the five activated car-
bons. According to Figure 2, the sample size is basically
between 0.4 and 0.8 μm.+e surfaces of the washed activated
carbon 650-0 and 650-1 were a blocky structure, with thick
pore walls, few pores, and a mass of fragments dispersed in
them. However, the particle structure of 750-1 was relatively
complete; the biomass left in the pore has been greatly re-
duced; and a large number of irregular voids have been

formed. Although an increase in temperature was effective in
removing debris from the pores, tar in the pores still caused
the internal voids to fail to fully open, limiting porosity [27].
650-2 had a relatively complete block structure. A great
number of connected large holes were formed on the surface,
and some substances around the holes were separated with a
clear structure. After activation, heating and then pickling
could help remove tar from the carbon surface [28].
Compared with the pore state, the specific surface area of
650-2 activated carbon was significantly higher than that of
the other four, and BET analysis confirmed this
phenomenon.

3.4. FTIR Analysis. To further study the properties of the
adsorbent, five types of carbon were analyzed by FTIR. +e
transmission spectrum between 500 and 4,000 cm−1 was
recorded (Figure 3). +e peak around 1,400 cm−1 is the
characteristic peak of –C–O [29], and the peak around
1,230 cm−1 is generally considered to be caused by C–O

Table 2: +e elements C, N, H, and O are present in five kinds of RAC.

Sample Impregnation ratio Ya (%)
Elemental analysis (wt.%) Atomic ratio

N C H O Ash H/C O/C (N+O)/C
650-0 — 78 0.420 74.72 1.177 5 16.454 0.02 0.07 0.07
650-1 1:1 63 0.380 81.03 4.286 5.41 7.38 0.03 0.13 0.14
650-2 1:2 54 0.640 79.01 1.587 8.49 7.878 0.02 0.11 0.12
750-1 1:1 61 0.460 40.26 2.275 23.55 31.492 0.06 0.58 0.60
750-2 1:2 52 0.800 42.47 1.28 23 30.179 0.05 0.28 0.29
+e yield equation is shown below [22].
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Figure 1: N2 adsorption/desorption isotherms and pore size distributions of 650-2.

Table 3: Physical adsorption characterization results of five types of
carbon.

Sample SBETa (m2 g−1) VMIC
b (cm3 g−1) APDc (nm)

650-0 19.77 0.0016 20.8404
650-1 76.96 0.0035 17.5035
650-2 150.49 0.034 8.7976
750-1 13.11 0.0017 31.36028
750-2 11.79 0.0016 34.10843
aBET surface area, bt-plot micropore volume, and cadsorption average pore
diameter (4 V/A by BET).

4 Journal of Chemistry



Figure 2: SEM spectrum of five activated carbon samples: (a) 650-2, (b) 650-0, (c) 650-1, (d) 750-1, and (e) 750-2.
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Figure 3: Fourier infrared spectra of activated carbon samples.
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vibration [30]. +e other peaks in the range of 951,
1,000–1,300 cm−1 correspond to C–C in esters, ethers, or
phenols, and many characteristic peaks between 700 and
900 cm−1 are considered to be related to the aromatic
structure [31]. +erefore, it is demonstrated that the RAC is
rich in oxygen-containing functional groups, and the acti-
vated carbon after two-stage activation has more oxygen-
containing functional groups (C–O–C, C�O) than the one-
stage activated carbon. Besides, after the first stage of acti-
vation, the nitro group peak of rubber is obvious, and the
surface activity of carbon increases. Moreover, with the
decrease in the strength of the C�O or C–O–C group, the
rubber and water were further separated after activation of
the two stages; the hydrogen bond was broken; and the
hydrophilicity of carbon was reduced. +e hydroxyl and
nitro groups in the carbon were gradually reduced by two
stages of activation. +us, the polarity weakened, increasing
the degree of aromatization [32]. However, in comparison,
as shown in the figure, the peak intensity of –OH and
C–O–C of 650-2 is higher. +erefore, the polarity and hy-
drophilicity of 650-2 are better than those of the other four
activated carbons, which correspond to the results of the
elemental analysis.

3.5.XPSAnalysis. In order to explore the changes of oxygen-
containing functional groups in 650-2 before and after
adsorption, XPS analysis was performed on carbon and
oxygen elements, and the high-resolution C1s peaks were
decomposed into the following three separate peaks:
graphitized carbon at 284.2–284.9 eV, C–O– at 285.9 eV, and
π-Nπ∗ transition at 290.1 eV [33, 34]. High-resolution O1 s
peaks are decomposed into the following three separate
peaks: 531.4–530.9 eV OH–, 531.9–532.6 eVC�O–, and
533.1–533.5 eVC–O–[35].

According to Figure 4, the π-Nπ∗ transition peaks
disappear after adsorption, while the binding energies of
C–O– and C�O– move significantly to higher regions. +is
is due to the interaction of the benzene ring of PNPwith 650-
2 viaπ-πEDA [36]. In addition, from Table 4, −OH, –COOH,
and other functional groups on the 650-2 surface can form
hydrogen bonds with several H-containing groups of PNP
molecules, and the participation of the bonds in the ad-
sorption process of PNP is confirmed [37]. +e results of
XPS analysis showed the presence of chemisorption of 650-2
on PNP, but the adsorption process was not necessarily
controlled mainly by chemical interactions.

3.6. Kinetics of p-Nitrophenol Adsorption. +e influence of
adsorption contact time between RAC and PNP is shown in
Figure 5. Only 650-2 could reach 85% of the maximum
adsorption capacity of PNP within 1 h and then tend to slow
down after 5 h and reach equilibrium within 24 h. Except for
650-0, the adsorption equilibrium time was almost the same.
From Figure 5, the equilibrium adsorption capacities of PNP
on 650-2, 650-0, 650-1, 750-1, and 750-1 with pseudo-first-
order kinetic results were 64.7mg g−1, 38.67mg g−1,

24.78mg g−1, 31.61mg g−1, and 42.66mg g−1, respectively.+e
results show that the adsorption capacity of the RAC prepared
by the two-stage activation method is higher than that of the
activated carbon prepared by other methods at 650°C for PNP
[16]. +erefore, the RAC prepared by a two-stage activation
method at 650°C can be used as a promising PNP adsorbent.

Figure 6 shows the adsorption capacity and removal
efficiency of 650-2 for PNP under different initial concen-
trations (10–500mg L−1) at 25°C. +e adsorption capacity of
650-2 increased with the increase of the initial concentration
of PNP until it reached adsorption saturation. As the amount
of activated carbon used was constant, with the concen-
tration of PNP in the solution increased, the removal rate of
PNP decreased, but the absolute adsorption capacity and the
saturated adsorption capacity of the carbon for PNP
increased.

In order to study the adsorption efficiencies of five kinds
of carbon, three different kinetic methods were used,
namely, pseudo-first-order kinetic equation, pseudo-sec-
ond-order kinetic equation, and intraparticle diffusion ki-
netic model. +e specific citation features and performance
are as follows:

Pseudo-first-order kinetic equation is as follows [38]:

ln qe − qt(  � ln qe − K1t. (6)

Pseudo-second-order kinetics can be expressed by the
following formula [39]:

dqt

dt
� K2 qe − qt( 

2
. (7)

+e intraparticle diffusion-reaction is as follows [40]:

qt � kdi · t
(1/2)

+ C, (8)

where qe is the adsorption amount at equilibrium (mg g−1),
K1 (h−1) is the pseudo-first-order kinetic rate constant, K2 is
the pseudo-second-order kinetic rate constants, kdi is a
diffusion rate constant (mg (g h1/2)−1), and C is a constant
(mg g−1).

In Tables 5 and 6, the pseudo-second-order kinetic
model is in good agreement with the experimental data, and
R2 is high (R2 � 0.97). +erefore, the adsorption of PNP on
(650-2) carbon conforms to the quasi-second-order kinetic
model, and the main control mechanism is chemisorption.

However, the purpose of further exploring the mecha-
nism of diffusion and the control process using kinetic data
fits the particle diffusion model. As shown in Figure 7(b) and
Table 6, the surface diffusion constant Kd1 is greater than the
intraparticle diffusion constant Kd2, and the boundary layer
C2 (intraparticle diffusion) is greater than C1 (surface dif-
fusion). +is shows that the inner surface effect of activated
carbon is greater than the diffusion effect. Mainly because
the activated carbon in the initial adsorption has a large
number of surface adsorption sites, pollutants may tem-
porarily use the adsorbent surface of themost easily obtained
adsorption sites, to have a fast adsorption rate. +e results
can be supported by pore size analysis.
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3.7. Adsorption Isotherm Analysis. +is section was fitted
and analyzed using the Langmuir model, Freundlich model,
and Sips isothermal model for the data of [41] to investigate
the relationship between activated carbon and PNP.

Langmuir isotherm model is expressed as follows:

qe �
KlqmCe

1 + KLCe

. (9)

Freundlich adsorption isotherm is as follows:

qe � KFC
(1/n)
e . (10)

Sips adsorption isotherm is as follows (11):

qe �
KsqmC

(1/n)
e

1 + KsC
(1/n)
e

, (11)
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Figure 4: XPS spectra of 650-2 before and after PNP adsorption: C 1 s (a) and (c); O 1 s (b) and (d).

Table 4: Quantification of oxygen groups on 650-2 surface.

Boehm’s titration 650-2
Carboxyl group (mmol g−1) 0.023
Lactone group (mmol g−1) 1.253
Phenolic group (mmol g−1) 0.793
Total basic groups (mmol g−1) 1.376
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Figure 5: Comparison of the adsorption performance of five types
of carbon on PNP. +e initial concentration of PNP is 100mg L−1

(25°C, pH� 5, C0 �100mg L−1, and adsorption time of 36 h).
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where Ce is the equilibrium adsorption concentration
(mg L−1), qe is the equilibrium adsorption capacity (mg g−1),
KF is the Freundlich constant ((mg g−1) (mg−1)1/n), KS is the
Sips model isotherm constant (L g−1), and n is the exponent
of this model.

As can be seen from Figure 8 and Table 7, with the
increase of the initial concentration of pollutants, the ad-
sorption capacity increases and finally tends to balance and
reaches the maximum adsorption capacity. +e maximum
adsorption capacity of 650-2 is 143.9mg g−1. In addition,
among the nonlinear fitting of the three models, the cor-
relation coefficient (R2) of the Sips model, the Langmuir
adsorption model, and the Freundlich model were 0.997,
0.995, and 0.994, respectively. In conclusion, the adsorption
of PNP at 650-2 was more consistent with Sips and

Langmuir adsorption models. +e results showed PNP was
adsorbed on the surface of the monolayer of the adsorbent,
while there was a small amount of chemisorption [42].

3.8. Effect of pH onAdsorption. +e pH affects the molecular
state of the pollutant and the surface chemical properties of
the adsorbent. +e adsorption of PNP on 650-2 was carried
out in the pH range of 2–12 (Figure 9). +e results showed
that the adsorption capacity of 650-2 on PNP was better
under acidic conditions than that under alkaline conditions.
It may be that under acidic conditions, the surface of 650-2 is
positively charged, and there is an electrostatic attraction
between it and PNP in dissociation, which leads to an in-
crease in adsorption efficiency. +e decrease of adsorption
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Figure 6:+e adsorption capacity and removal rate of 650-2 for PNP under different initial concentrations; the initial concentration of PNP
is 10–500mg L−1 (25°C, pH� 5, C0 at 10–500mg L−1, and adsorption time of 24 h).

Table 5: +e analysis of pseudo-first-order and pseudo-second-order dynamics of RAC.

Absorbent
Pseudo-first-order Pseudo-second-order

qm (mg g−1) K1 (h−1) R2 χ2 qm (mg g−1) K2 (h−1) R2 χ2

650-2 64.7 7.38 0.98 0.11 76.491 3.21 0.97 0.39
650-0 38.67 5.03 0.90 2.69 33.609 6.14 0.85 4.43
650-1 24.78 1.09 0.92 0.00 10.785 –2.30 0.32 7.15
750-1 31.61 1.57 0.97 0.15 26.316 –1.08 0.56 4.89
750-2 42.66 2.67 0.99 0.04 40.491 –4.36 0.74 1.96

Table 6: +e analysis of five kinds of activated carbon diffusion models.

Adsorbent
Intraparticle diffusion

kd1 (mg(g−1 h−1/2)) C1 (mg g−1) R2 χ2 kd2 (mg(g−1 h−1/2)) C2 (mg g−1) R2 χ2

650-2 49.8725 199.49 0.96 17.65 0.79 63.7425 0.62 0.06
650-0 24.505 98.02 0.904 28.24 7.39 28.0075 0.99 13.30
650-1 10.745 42.98 0.79 74.03 2.9 21.4875 0.47 2.10
750-1 4.2375 16.95 0.95 463.89 3.76 21.93 0.57 3.65
750-2 10.205 40.82 0.92 251.93 1.5 33.7425 0.53 0.39
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Figure 7: Fitting the adsorption kinetics of five kinds of carbon: (a) pseudo-first-order kinetic equation and pseudo-second-order kinetic
equation and (b) internal diffusion model (25°C, pH� 5, C0 at 10–500mg L−1, and adsorption time of 24 h).

Langmuir
Freundlich

0 100 200 300 400 500
0

20

40

60

80

100

120

140

160

Ce (mg L-1)

q e
 (m

g 
g-1

)

650-2
Sips

Figure 8: Representation of the linear form of the Langmuir, Freundlich, and Sips model isotherm adsorption model.

Table 7: +e parameter of the Langmuir, Freundlich, and Sips model isotherm for PNP adsorption on 650-2.

Langmuir Freundlich Sips
Parameters Parameters Parameters

qm (mg g−1) 197.18 KF (mg g−1) 172.2 qm (mg g−1) 163.9
KL (L mg−1) 0.008 n 0.96 Ks (L g−1) 0.003
R2 0.995 R2 0.994 n 2.12

χ2 0.008 χ2 0.009 R2 0.997
χ2 0.0001
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efficiency under alkaline conditions may be caused by the
competitive adsorption between PNP and H3O+ ions [43].

3.9. Comparative Study of 650-2 with Other Adsorbents.
Other scholars have also carried out studies on the ad-
sorption performance of activated carbon on phenol,
p-nitrophenol, and o-nitrophenol. Table 8 shows the re-
search results of this article and related scholars. According
to the comparison of the experimental results, it is found that
650-2 as an adsorbent has higher efficiency on PNP. In this
experiment, the activated carbon with rubber as the pre-
cursor has a high adsorption capacity for PNP, and 650-2
ranks first among them. And the adsorption capacity of RAC
for PNP also reached a strong level. +erefore, RAC has
good prospects for application in the field of adsorption.

4. Conclusion

In this proposed method, after two stages of activation with
waste tire rubber, it was determined that for waste tire
rubber, the temperature did not seem to be positively
correlated with the results of normal material preparation
similarly. However, the increase of impregnation ratio does
effectively improve the specific surface area and pore size of
the material. If a higher specific surface area is needed guess
that it can be achieved by increasing the impregnation ratio.

+e material has a complete bulk structure, well-defined
pore size, specific surface area at 150.49m2 g−1, and abun-
dant oxygen-containing functional groups on the surface.

In the application of p-nitrophenol wastewater ad-
sorption, the adsorption of PNP was good and greater under
acidic conditions, probably due to the positively charged
surface due to hydrogen bonding under acidic conditions,
and the adsorption kinetics can be described by a secondary
model, where the adsorption mechanism is monolayer
adsorption and chemisorption, mainly due to the combined
effect of hydrogen bonding and π-πEDA.
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+e authors acknowledge that data supporting the results of
this study can be found in the article. Data related to the
study are available from the authors upon request.
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Supplementary Materials

Table S SEQ Table \∗ ARABIC 1: +e name of the drug
required for the experiment, its specification and purity, and
the manufacturer; Table S SEQ Table \∗ ARABIC 2: Main
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Figure 9: Effect of pH on the adsorption of PNP on 650-2 (25°C, pH at 2–12, C0 at 10–500mgL−1, and adsorption time of 24 h).

Table 8: +e properties of some adsorbents and their adsorption performance for PNP.

Adsorbing agent qe (mg g−1) Adsorption saturation time (h) Temperature (°C) Source
650-2 64.7 6 25 +is paper
650-1 38.67 6 25 +is paper
650-0 24.78 6 25 +is paper
750-1 31.61 6 25 +is paper
750-2 42.66 6 25 +is paper
AB 49.25 12 25 [39]
Mansonia wood sawdust 18 2 24 [40]
Amides 65.78 2 25 [44]
Activated carbon from carrot dross 24.37 2 25 [37]
PAN–ACF/ZnO 23.8039 48 25 [45]

10 Journal of Chemistry



experimental equipment and analytical testing instruments;
Figure S SEQ Figure \∗ ARABIC 1: N2 adsorption/de-
sorption isotherms and pore size distributions of 650-0;
Figure S SEQ Figure \∗ ARABIC 2: N2 adsorption/de-
sorption isotherms and pore size distributions of 650-1;
Figure S SEQ Figure \∗ ARABIC 3: N2 adsorption/de-
sorption isotherms and pore size distributions of 750-1; and
Figure S SEQ Figure \∗ ARABIC 4: N2 adsorption/de-
sorption isotherms and pore size distributions of 750-2.
(Supplementary Materials)
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