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Abstract. O-Nitrophenol(ONP) industrial wastewater causes serious harm to human body and aquatic 
environment. In this paper, we adopted a recycled MgO template preparation strategy to design series of semi-
coke derived hierarchical porous carbons. The prepared samples were characterized by N2 adsorption and 
desorption and scanning electron microscope. The analysis showed that the HPC-1 had a high specific surface 
area of 723.3m2 /g with a huge pore volume of 1.64 cm3 /g and exhibited remarkable adsorption capacity of 
503.02 mg/g in batch adsorption test for ONP. Adsorption isotherms and adsorption kinetics revealed the 
adsorption mechanism of ONP molecules on HPCs surfaces, which followed the langmuir monolayer 
adsorption and pseudo-second-order kinetic. Furthermore, the HPC-1 exhibited good reusability and recycling 
performance, reflecting its great potential in practical application.  

1. Introduction 
Nitro phenolic compounds are an important class of fine 
chemical products, Playing an important role in today's 
industrial production[1]. O-Nitrophenol (ONP) is an 
important intermediate raw material in the manufacture of 
dyes[2], pesticides[3] and various industrial auxiliaries. 
However, every coin has two sides, ONP has been listed 
as one of the 129 toxic chemicals on the Priority Pollutant  
by the US Environmental Protection Agency (USEPA)[4] 
because of it’s high toxicity and pollution to human body 
and aquatic environment[5]. The release of these chemical 
products into the natural environment has a serious impact 
on water bodies[6]. Therefore, researchers have been 
trying to find an efficient and low-cost method to remove 
ONP from water.  

Porous carbons has been widely used as adsorbent for 
removal  of organic contaminants from wastewater due to 
their large specific surface area[7], developed porous 
structure[8], high thermal stability[9], strong adsorption 
capacity[9] and extensive sources of raw materials. Semi-
coke, a cheap and abundant source of carbon obtained 
from the low temperature dry distillation of coal[10], 
usually it costs less than $100 per ton[11]. Therefore, we 
chose the semi-coke to make high-performance porous 
carbons.  

In recent years, the methods for preparing porous 
carbons mainly include physical or chemical 
activation[12]. Physical activation usually uses carbon 
dioxide[13] or water vapor[14] as the activator, the 
prepared porous carbons usually have a small specific 
surface area. Chemiacl activation usually uses KOH[15] 
or NaOH[16] as the activator. The prepared porous carbon 
has larger specific surface area and more developed pores. 
However, the preparation process is activated by 

corrosive alkali, and it uses excessive activation 
agents[17], and the activator can not be reused. In addition, 
the preparation process is complex, usually involving 
multiple steps such as precursor pretreatment, 
carbonization and activation. Therefore, in this paper, we 
have adopted a recyclable template strategy to design 
series of semi-coke derived porous carbons using 
magnesium acetate as template precursor, mixing it up by 
one-pot pyrolysis with simple and feasible operation. And 
in the process of precursor treatment did not require any 
organic solvents[18] or hazardous inorganic acids[19], 
green and pollution-free. For the recycling process of 
templates, magnesium acetate can be recycled by vacuum 
evaporation and concentration from the acetic acid 
pickling solution[20]. Magnesium acetate template 
precursor can form nano MgO in the pyrolysis process, 
after the washing process, it can produce a large number 
of micropores and mesoporous. The obtained porous 
carbon samples were characterized and applied in the 
adsorption of the ONP from water to estimate the 
adsorption properties. 

2. Experimental 

2.1 A subsection Materials and chemicals 
The semi-coke was provied by Daqing Oil Corporation 
(Heilongjiang, China). Magnesium acetate tetrahydrate 
[Mg(CH3COO)2ꞏ4H2O] and acetic acid (CH3COOH) 
were purchased from Sinopharm Chemical Reagent Co., 
Ltd., Shanghai, O-Nitrophenol (99.5%) used in adsorption 
evaluation tests was purchased from Aladdin chemical 
Co., Ltd., Shanghai, China. All chemicals were used as 
received without further purification. High purity N2 
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(99.999%) was provided by Yantai Deyi Gas Co., Ltd., 
Shandong, China.  

2.2 Synthesis of various porous carbons 
HPCs (semi-coke derived hierarchical porous carbons) 
were prepared by direct carbonization approach using 
semi-coke as carbon source, Mg(CH3COO)2ꞏ4H2O as 
template. In a typical synthesis experiment, 5 g semi-coke 
powder and 20.10 g Mg(CH3COO)2ꞏ4H2O (Equivalent to 
3.75 g MgO) were added to the mortar and ground to mix 
well. Subsequently, the fully mixed powder was packed 
into the corundum boat, transferred into a tube furnace, 
and heated to 200 ℃ at 5 ℃/min, then heated to 700 ℃ at 
1.5  
℃/min and kept for 60 minutes under the protection of 45 
mL/min N2 flow to make HPCs. After naturally cooling to 
room temperature, the carbonized samples were soaked 
and washed in acetic acid solution to remove the template. 
They were washed with hot distilled water (75℃) until 
the pH of the filtrating solution was 7, and then dried in 
vacuum at 100 ℃ for 24 h to obtain porous carbons. The 
porous carbons obtained by MgO and semi-coke mass 
ratio of 0.25, 0.5, 0.75, 1 and 1.25 are defined as HPC-
0.25, HPC-0.5, HPC-0.75, HPC-1 and HPC-1.25, 
respectively. 

2.3 Materials characterization 
The surface morphology and microstructure of the porous 
carbon samples were observed via scanning electron 
microscope (SEM, JSM-7500F, JEOL Ltd.). The pore 
volumes, pore size distributions and specific surface area 
of the porous carbon samples were characterized via the 
N2 adsorption-desorption method using a Kubo X1000 
(Beijing Builder) surface area analyzer. 

2.4 Adsorption experiment 
In this experiment, the prepared samples were used as the 
adsorbent, and ONP as the adsorbate. Before the 
experiments, ONP solutions of different concentrations 
were prepared ranging from 25 to 500 mg/L. The porous 
carbon and 50 ml of ONP solution of different 
concentrations were added to the conical flask, and the 
conical flask was palced in the shaking bath (HSY-B, 
Changzhou Zhongbei Instrument Co., Ltd, Changzhou, 
China), and vibrated at 160 rpm. After adsorption, the 
porous carbon was filtered. The concentration of ONP in 
the filtrate was specified through an UV-vis 
spectrophotometer (UV-3100PC, MAPADA) at 
314nm[21].  

The equilibrium adsorption (qe) was calculated by Eq. 
(1) 

qe=
(C0-Ce)

m
×V (1) 

C0, and Ce are the initial concentration and equilibrium 
concentration of the ONP solution (mg/g), respectively. m 
and V are the weight of carbon adsorbent and the volume 
of solution, respectively. 

The adsorption capacity qt of ONP at time t can be 
determined by Eq. (2): 

qt=
(C0-Ct)

m
×V (2) 

where Ct refers to the concentration of ONP at time t. 
Adsorption efficiency or percentage removal of ONP 

was determined by utilizing the following mathematical 
Eq. (3) : 

removal%= (C0-Ce)
C0

×100 (3) 

3. Results and Discussion 

3.1 Characterization of the prepared porous 
carbon 

 

 
Figure 1. SEM images of (a) HPC-0.25, (b) HPC-0.5, 

(c) HPC-0.75, (d). HPC-1(e).HPC-1.25. 
 
The SEM images of samples prepared with various mass 
ratio of MgO to semi-coke are displayed as Fig. 1a to Fig. 
1e. When the mass ratio is low, the porous carbon surface 
has fewer pores (Fig.1a). With the increase of the mass 
ratio of MgO, the pore structure of carbon materials 
become more and more developed, which is due to the 
decomposition of magnesium acetate produces 
magnesium oxide[22]. After the removal of magnesium 
oxide by pickling, the porous carbon will appear a 
hierarchical porous pore structure. In addition, when the 
mass ratio of MgO to semi-coke is 1, it is found that the 
pore structure is more developed than the other samples. 
Continuing to increase the mass ratio, the pore size 
becomes larger, which may be due to the accumulation of 
magnesium acetate. 
 

Table 1. Textural characteristics of HPC Samples 

Sam
ples 

SBET
 

（m2/
g） 

VTotal 
a 

（cm3/
g） 

VMicro
b 

（cm3/
g） 

VMeso 
b 

（cm3/
g） 

Aver
age 

pore 
diam
eter 
(nm) 

HPC-
0.25 

143.1
5 0.279 0.031 0.248 4.76 

HPC-
0.5 

290.3
4 0.598 0.045 0.553 5.52 

HPC-
0.75 

487.6
6 0.913 0.066 0.847 5.48 

HPC-
1 

723.3
0 1.644 0.068 1.576 7.08 

HPC-
1.25 

646.2
1 1.389 0.102 1.287 7.50 

a Total pore volume adsorbed at P/Po = 0.9989.  
b Calculated by the NLDFT method. 
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Figure 2. (a) Nitrogen adsorption-desorption isotherms; 
(b) Pore size distributions (0-40nm) of carbon samples; 
(c) micropore size distributions of carbon samples; (d) 
Relationship between specific surface area, total pore 
volume of materials and mass ratio of MgO to semi-

coke. 
 
For the purpose of evaluating the physical properties of 
the prepared porous carbons, N2 adsorption-desorption 
analysis was carried out. The N2 adsorption-desorption 
isotherms of various HPCs are shown in Fig.2a. The 
porous carbons exhibit the same adsorption-desorption 
isotherms and belongs to type IV classifed by IUPAC[23]. 
The adsorption of N2 over HPCs steadily increased as the 
ratio of MgO increased, but when the mass ratio of MgO 
template increased to 1.25, the adsorption capacity of N2 
started to decrease. All the samples exhibit rapid 
adsorption features at the low relative pressure section 
(P/P0˂0.1), indicating the presence of micropores in the 
samples[24]. Moreover, in the medium relative pressure 
range (P/P0 =0.4-0.9), a obvious adsorption-desorption 
hysteresis loops close to type H4 appears in the isotherms 
of all samples, which indicates the co-existence of 
mesopores and micropores[25]. Fig.2(b, c) shows that the 
micropores are concentrated at the range of 0.8-1.2nm and 
the mesopores are focused on the range of 10-30 nm in 
these HPCs. Undoubtedly, The co-existence of the 
micropores and mesopores is favorable for transportation 
and storage, leading to excellent ONP adsorption 
performance[26]. 

The detailed pore structure parameters of the carbon 
samples are summarized in Table 1. As can be seen from 
Table 1. and Fig.2 (d), the specific surface area of HPCs 
increase monotonously from 143.15 m2/g to high specific 
surface area of 723.30 m2/g as MgO template to semi-
coke mass ratio from 0.25 to 1. Continuing to increase the 
MgO template could only give rise to a contraction in 
specific surface area to 646.21 m2/g, which indicates that 
magnesium acetate plays an important role in the 
formation of micropores and mesopores, but too much 
magnesium acetate will form accumulation and affect the 
formation of micropores and mesopores. 

 
 
 

3.2 Adsorption isotherms  
In this study, We use the Langmuir and Freundlich 
isotherm models to analyze the adsorption data, and there 
models are given in Eq. (4)(5). 
q� � �����

����� (4) 

q� � ��C�� �⁄  (5) 
where Q0 is the adsorption capacity (mg/g) and b is 
Langmuir constant (L/mg). where KF ((mg/g) (L/mg)1/n) 
and n are Freundlich adsorption constants related to the 
adsorption capacity and adsorption intensity, respectively. 

As shown in Fig 3(a, c, e) with the increase of initial 
concentration, the equilibrium adsorption capacity 
increases gradually The Langmuir and Freundlich 
isotherm corresponding parameters were also given in 
Table 2. In comparison, the R2 value of the Langmuir 
isotherm corresponding to the three carbon samples were 
higher than those of the Freundlich isotherm. This 
suggests that monolayer adsorption of ONP may occur by 
porous carbon[27]. Q0 is the maximum adsorption 
capacity. It can be seen from Table 2, the maximum 
adsorption capacity of HPC-0.75 is 525.47 mg/g. HPC-1 
and HPC-1.25 are 395.26, 503.02 and 441.88 mg/g, 
respectively. HPC-1 shows the excellent adsorption 
ability due to its more adsorption sites. 

 

 
Figure 3. The adsorption equilibrium isotherm fitting 

curves (a, c and e) and kinetic models fitting  
 
curves (b, d and f) of ONP over HPC-0.75, HPC-1 and 

HPC-1.25. 
 

Table 2. Langmuir and Freundlich isotherm parameters 
for ONP adsorption 

Model 
Carbon samples 

HPC-
0.75 HPC-1 HPC-

1.25 
    

Langmuir    
Q0 (mg g-1) 395.26 503.02 441.88 

b (L mg-1) 2.23×10-

2 
2.27×10-

2 
2.66×10-

2 
R2 0.9825 0.9846 0.9921 

R2
adj 0.9801 0.9824 0.9910 

Freundlich    
Kf (mg g-1)ꞏ(L 

mg-1)1/n 42.62 65.48 56.73 

n 2.56 2.76 2.74 
R2 0.9359 0.9027 0.9210 

R2
adj 0.9267 0.8888 0.9096 
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3.3 Adsorption kinetics 
In order to analysis the adsorption mechanism of porous 
carbons, pseudo first- order (PFO) and pseudo-second-
order (PSO) models are used to fit the experimental data, 
and there models are given in Eq. (6)(7). 
������� � ��� � ���� ��� � ��

����� t (6) 
�
�� �

�
������ �

�
��� (7) 

The fitted parameters were shown in Table.3. As can 
be seen from it, the correlation coefficient R2 of the PSO 
model were higher than those from the PFO under the 
same conditions. These suggested that the adsorption 
system studied followed the PSO kinetic model[28]. 
Which indicated that the adsorption behavior of ONP was 
not only affected by physical adsorption, but also 
influenced by the surface chemical species[29, 30]. The 
fitted curves were shown in Fig.3(b, d, f). Obviously, 
HPC-1 reached adsorption equilibrium quickly, which 
might be closely related to the larger pore volume and 
specific surface area. 

 
Table 3. PSO and PFO kinetic parameters of ONP 

adsorption onto the prepared carbon samples 

Model 
Carbon samples 

HPC-0.75 HPC-1 HPC-1.25 
Pseudo-second-order (PSO) 
Qe2 (mg/g) 240.17 382.17 352.32 
K2 (g/(mg 
min)) 2.46×10-3 1.82×10-3 7.65×10-4 

R2 0.9863 0.9919 0.9912 
R2

adj 0.9851 0.9910 0.9905 
Pseudo-first-order (PFO) 
Qe1 (mg/g) 223.78 357.30 318.16 
K1(min-1) 0.3737 0.4365 0.2054 
R2 0.9435 0.9539 0.9850 
R2

adj 0.9384 0.9493 0.9837 

3.4 Reusability studies 
Reusability is a very important indicator to evaluate the 
performance of porous carbons, and porous carbon with 
good reusability can significantly reduce the cost. The 
HPC-1 was regenerated with ethanol aqueous solution 
after three consecutive adsorptions. It can be seen from 
Fig.4, The removal of HPC-1 shows a smoothly 
decreasing trend as the number of cycles increases. The 
removal rate remains 93.3% even after the four 
consecutive reuse-regeneration cycles. 

 
Figure 4. Two or more references. The effects of reuse 

times of HPC-1 on ONP removal capacity. (Initial 
concentration of ONP=400 mg/L; equilibrium time=12 
h; solution volume=50 mL; adsorbent dosage=0.015 g) 

4. Conclusion 
The semi-coke was successfully used to synthesize value-
added HPCs through a facile one-step “carbonization” 
strategy using low-template, and successfully applied as 
an adsorbent for the removal of ONP in wastewater 
treatment. Magnesium acetate as pore-forming agent can 
significantly increase the specific surface area of porous 
carbons and produce hierarchical nano-porous structure. 
N2 adsorption-desorption analysis indicated that the HPC-
1 had a high specific surface area of 723.3 m2/g with a 
huge pore volume up to 1.6 cm3 /g, exhibiting remarkable 
adsorption performance to ONP were 503.02 mg/g in 
batch adsorption test. And the isotherms and kinetic 
experimental data indicated that adsorption follows 
Langumir and PSO mechanism. Furthermore, HPC-1 
displays excellent reusability and great practical 
application potential for ONP removal in the reusability 
test. In summary, this work provided a facile and 
sustainable approach to mitigate the environmental threat 
of ONP industrial wastewater, and achieved efficient 
conversion and utilization of semi-coke. 
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