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ABSTRACT
The study gives the elimination of two kinds of antibiotics, tetracycline (TC) and cefradine (CF) by 
adsorption process, on the biochar derived from cornstalk. Dense, multifaceted and thick fragments 
of raw cornstalk almost all vanished at a pyrolytic temperature above 400°C. The carbon content 
increased from 60.48% of the raw cornstalk to 75.5% of the cornstalk biochar pyrolyzed at 600°C 
(BC600), while the oxygen content decreased from 17.31% to 6.94%. The uptake of each TC and CF 
on the cornstalk biochar was highly pH-dependent. The maximum adsorption capacities of TC and CF 
at 298 K calculated from the Langmuir mannequin have been 28.0 and 38.0 mg/g, respectively. The 
Columbic interaction and π–π electron-donor-acceptor interaction between cornstalk biochar and CF/
TC molecules played the main role. The experimental records were well outfitted by way of the ability of 
the pseudo-second-order kinetics model, indicating a possible chemisorption process to some extent. 
Isotherm result implied that both adsorption and partitioning contributed to the uptake of TC and CF 
onto BC600.

INTRODUCTION

For wastewater treatment, adsorption technology has become 
the most familiar, attractive and effective. For, adsorption 
technology, without production of any other toxic by-
products or intermediates pollutants, contaminants could be 
attached on the adsorptive materials surface area and can be 
easily removed or separated from treated water by filtration 
or centrifugation (Ali et al. 2012, Qu 2008). As such, many 
adsorbents have been found and synthesized for eliminating 
inorganic pollutants (e.g. heavy metals, arsenic and fluoride 
etc.) and organic pollutants (e.g. antibiotics, dyes, PPCP’s, 
pesticides, etc.) from wastewater. Carbon-containing 
adsorbents are usually the most useful for eliminating organic 
pollutants due to their large surface area, high affinity towards 
organic compounds, and easy to reuse and regeneration. 
For wastewater treatment, low-cost and efficient biochars, 
which are mostly derived from agricultural wastes or 
natural biomass, have attracted increasing preference. The 
preparation of biochar offers the chance to turn bioenergy 
into a carbon-negative industry, with carbon sequestration 
and gas capture, which are expected to be a carbon-neutral 
energy source (Lehmann 2007, Lee et al. 2010). Also, biochar 
has proved an important role in climate change extenuation, 

energy production, waste management, soil improvement and 
environmental management (Ahmad et al. 2014, Zhou et al. 
2015, Ge & Qu 2003). For adsorptive elimination of inorganic/
organic pollutants from wastewater and soil, the biochars 
are particularly considered as an environment friendly 
adsorbent (Rokhina et al. 2013, Kim et al. 2005, Polubesova 
et al. 2006). Adsorption capability of different pollutants 
depends on their chemical and physical properties, factors 
affecting are pyrolysis conditions, pyrolysis technologies and 
feedstock even raw biochar has the low capability to remove 
pollutants from wastewater (Figueroa et al. 2004). The use 
of agricultural by-products or wastes for environmental 
protection has received marvellous consideration as they are 
low-cost, abundant in source and renewable (Chen et al. 2018, 
Peng et al. 2017, Wang et al. 2017). There was 7.18 hundred 
million tons of crop straw in 2015 and corn stalks were 
account for 34.2% by Statistical data of Chinese Academy 
of Agricultural Sciences (Da-li et al. 2018), which shows 
an enormous amount of cornstalk biomass. Biochar formed 
by combusting corn stalks (composed of lignin, cellulose, 
and hemicelluloses) under limited oxygen environments 
encompasses high specific surface area, stable structures, 
and a large amount of surface sites, which can be utilized 
to eliminate ecological contaminants (Yang et al. 2017a, 
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Yang et al. 2017b, Yang et al. 2017c). Direct application 
of raw cornstalk for the adsorptive elimination of organic 
pollutants is lack of practical application potential since the 
likely organic leaching from cornstalk results secondary 
pollution problem. As unique characteristics of cornstalk, the 
biochar synthesized from cornstalk is considered to have a 
new porous microstructure and large surface area, resulting 
in improvement of the adsorptive elimination of pollutants. 

Due to not easily degradable, the antibiotics can cause a 
lot of environmental problems in marine environments, the 
antibiotics resistance of bacteria has been increased due to 
remaining antibiotics, aquatic organisms face bioaccumu-
lation and biomagnification by the impact of residue anti-
biotics (Bai et al. 2014,four quinolones, three tetracyclines 
and two macrolides in water, sediment, and biota samples 
from the Liao River Basin, China were investigated in the 
present study. The samples were collected in May 2012, and 
laboratory analyses revealed that antibiotics were widely 
distributed in the Liao River Basin. Macrolides made up the 
majority of antibiotics in the water ranging from not detected 
(ND Gao et al. 2012,distribution and bioaccumulation of 22 
antibiotics, including eight fluoroquinolones (FQs Kim et al. 
2014)the freshwater crustacean Daphnia magna. D. magna 
was exposed to algal food (Pseudokirchneriella subcapitata. 
Tetracycline (TC) and cefradine (CF) have different function-
al groups but have similar molecular weight. To find out some 
important results and comparing the adsorption capacity of 
TC and CF will be motivating. In this study, cornstalk biochar 
was synthesized through a simple and cost-effective pyrolysis 
method, and innovatively applied for adsorptive elimination 
of the two usual emerging PPCPs. To determine and compare 
the adsorption capacity of TC and CF on cornstalk biochar 
a series of batch adsorption experiments were directed and 
adsorption mechanism was discussed as well.

MATERIALS AND METHODS 

Materials 

Tetracycline hydrochloride (TC, molecular weight 444) was 
purchased from Solarbio Lifesciences Company (Beijing, 
China), and Cefradine (CF, A.R.) from Tianjin Fengfan 
Chemical Reagent Company (Tianjin Province, China). All 
the chemicals used were of analytical grade. Deionized (DI) 
water was used to prepare all the solutions. 

Preparation of Cornstalk Biochar

Raw cornstalk was collected from the farmland of Zheng-
zhou (Henan Province). After washing, drying, crushing 
and sieving (using a 40 mesh sieve) the cornstalk biomass 
was put into a ceramic pot with pressed state and enclosed 
with a fitting lid. The cornstalk was pyrolyzed at different 

temperatures for 3 h under an oxygen-limited condition. 
After it was treated with HCl for 12 hours and then after 
filtration, the residues were rinsed with DI water to neutral 
pH and dried in an oven at 80°C overnight. Prepared biochar 
was preserved in a desiccator for further use. The cornstalk 
biochars pyrolyzed at 400°C and 600°C were designated as 
BC400 and BC600, respectively.

Characterization 

By using Philips Quanta-2000 scanning electron microscope 
(SEM) combined with an energy dispersive X-ray (EDX) 
spectrometer, the morphology of the raw cornstalk and 
cornstalk biochars pyrolyzed at different temperatures were 
recorded. To analyse the zeta potential of the cornstalk bio-
char pyrolyzed at 600°C, a zeta potential analyser (Zetasizer 
2000, Malvern Co., UK) was used. Nicolet NEXUS 470 
FTIR spectrophotometer was used for recording spectra of 
Fourier transform infrared spectroscopy (FTIR) in a range 
of 400 to 4000 cm-1. By using surface area and pore-size 
analyser (NOVA 2200 e, USA) and Brunauer, Emmett and 
Teller (BET) method the specific surface area of biochars 
was measured.

Batch Adsorption Experiment

A fresh stock solution of TC and CF was prepared by dis-
solving (500 mg/L) in DI water and stored in a refrigerator 
at 277 K. For experimental work the stock solution was used 
for the preparation of required concentration solutions of CF 
and CF by diluting with DI water of each. In experimental 
work to find out the adsorption isotherms and pH effect, the 
20.0 mg/L concentration of TC or CF was used with the 0.4 
g/L dose of cornstalk biochar. At a constant temperature of 
298 K shaking at 145 rpm for 24 h, samples were collected 
and filtered through a 0.45 μm syringe membrane filter 
before concentration measurement. The pH of the solution 
was adjusted by using diluted HNO3 or NaOH at neutral 
pH except during the pH effect study itself. For the kinetics 
study, 400 mg of cornstalk biochar was added into 1000 mL 
of 20.0 mg/L TC or CF solution.  

Concentration Analyses

A UVmini-1240 spectrophotometer (Shimadzu, Japan) was 
used to analyse the concentrations of TC and CF at the wave-
length of maximum absorption at 360 and 264 nm, respec-
tively (Gao et al. 2012,distribution and bioaccumulation of 
22 antibiotics, including eight fluoroquinolones (FQs Kim et 
al. 2014)the freshwater crustacean Daphnia magna. D. magna 
was exposed to algal food (Pseudokirchneriella subcapitata. 
The adsorption capacities were calculated as follows:

 qe = (Co – Ce)V/W …(1)
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 qt = (Co – Ct)V/W …(2)

Where, qe and qt (mg/g) are the adsorption capacities at 
equilibrium and time t (min); C₀ (mg/L) is the initial concen-
tration of TC or CF in solution, while Ce and Ct (mg/L) are 
the concentrations of TC or CF at equilibrium and t (min), 
respectively; V (L) is the volume of solution, and W (g) is 
the mass of the cornstalk biochar used.

RESULTS AND DISCUSSION

Characterization of Cornstalk and Cornstalk Biochar

SEM and EDX: Fig.1 shows the SEM images of the raw 
cornstalk and the cornstalk biochars pyrolyzed at 400°C 
(BC400) and 600°C (BC600). From Fig.1(a,b), it can 
be seen that the cornstalk mainly consisted of dense and 
multifaceted fragments. After pyrolysis at 400°C, thin flecks 
outweighed and the thick fragments nearly all vanished 
confirming that pyrolysis slashed the natural films of the 
cornstalk compared with the raw cornstalk. The fragments of 
BC400 and BC600 became smaller as showed in Fig.1(c,d), 
so the increase in pyrolytic temperature produced a more 
condensed structure of cornstalk biochar. By EDX the 
contents of C, N and O, molar ratios of O/N, (O+N)/C and 
wt. % values in the raw cornstalk and cornstalk biochar 
are represented in Fig. 2. Cornstalk and cornstalk biochar 
pyrolyzed at 400°C and 600°C were all carbon-rich, with 
C (carbon) contents increasing from 60.5% of the cornstalk 

to 75.5% of the cornstalk biochar pyrolyzed at 600°C. The 
carbon content of cornstalk biochar (75.5%) in this research 
were especially close to that of cornstalk biochar treated 
by pyrolysis in an N2 environment at 600oC as shown by 
elemental analysis (Yao et al. 2014). Also, the N content 
increased gradually from 3.1% of the raw cornstalk to 
6.0% of the cornstalk biochar BC600. The increased N 
content was also observed by other researchers (Sun et al. 
2014, Avilez 2012, Al-Wabel et al. 2013)ash content, pH, 
electrical conductivity, basic functional groups, carbon 
stability, and total content of C, N, P, K, Ca, and Mg 
increased while biochar yield, total content of O, H and S, 
unstable form of organic C and acidic functional groups 
decreased. The ratios of O/C, H/C, (O. +. N and in specific, 
the O contents dropped from 17.3% of the raw cornstalk to 
6.9% of the cornstalk biochar. 

Before and after pyrolysis treatment the relative molar 
ratios of O/C and (O+N)/C could imitate the change to some 
extent of surface hydrophilicity and functional groups of the 
raw cornstalk and biochars. The molar ratios of O/N and 
(O+N)/C decreased from 21.5% to 6.9% and from 25.9% 
to 13.7%, respectively on BC600. The decrease of (O+N)/C 
molar ratio showed the loss of the surface polar functional 
groups while the fall of O/N molar ratio showed that the bi-
ochar surface became less hydrophilic (Chen & Chen 2009, 
Chun et al. 2004, Cornelissen & Gustafsson 2005). Above 
discussion signifies that biochar derived from cornstalk could 
have a certain amount of polar functional groups on the 
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Fig. 1: Scanning electron microscopy images of the raw cornstalk (a, b) and cornstalk biochars BC400 (c) and BC600 (d). 
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surface and facilitate the diffusion and adsorption of polar 
organic pollutants on the biochar surface.

BET surface area: Specific surface area and pore structure 
characteristics of the biochar were measured by BET method 
as illustrated in Fig. 3. The surface area of cornstalk biochar 
was 315.8 m2/g, and pore size 5.58 nm, respectively, while the 
raw cornstalk surface area was 1.3 m2/g, and pore size 1.98 
nm. The results of the analysis suggested that the cornstalk 
biochar contained high surface area and total pore volume 
compared with other sludge-based activated carbon materials 
(Li et al. 2011)specific surface area, zeta potential, scanning 
electron microscope and X-ray diffraction. Adsorption 
experiments were conducted as function of particle size, 
SAC dosage, pH, salt concentration, contact time and initial 
concentration. Desorption of dyes on SAC was studied in 
deionized water with different pH values and the dye-ex-
hausted carbon was regenerated by thermal treatment. The 
results showed that the equilibrium adsorption data were well 
represented by the Langmuir isotherm equation. The maxi-
mum adsorption capacity (263.16. mg/g for MB and 34.36. 
mg/g for RR 24. It was reported that specific surface area of 
activated carbon prepared from paper mill sewage sludge by 
carbonization at low temperature was about 130-140 m2/g 

(Monsalvo et al. 2011), while BET surface areas of activated 
carbons prepared from dried sewage sludge using CO2, air 
and KOH as activating agents were below 100 m2/g. Even 
though, the biochar usually has a lower specific surface area 
than commercial activated carbons, which typically have a 
specific surface area of about 400~1,500 m2/g. The biochar 
was classified as mesoporous material with an average pore 
size falling in the range of 2-50 nm (Chen et al. 2011). These 
results suggested that biochar with higher surface area and 
more pore volume may be used as potential adsorbent.

FTIR: The FTIR spectra of cornstalk and cornstalk biochar 
samples prepared at different pyrolytic temperatures are 
shown in Fig. 4. First, the strong band at 3,420 cm−1 repre-
sents the stretching vibration of the hydroxyl group (OH), 
which became weaker with increasing pyrolytic temperature. 
This indicated the significant loss of moisture and water of 
hydration, as a consequence of pyrolysis. Secondly, the bands 
at 2,903 cm−1 (aliphatic C-H stretching), at 1,035 cm−1 and 
1,105 cm−1 (C-O-C), at 1,247 cm−1 (CH2) and (C-O in the 
acetyl group) almost disappeared after heating to 400°C 
simultaneously, while the intensity at 1,607 cm−1 (aromatic 
C=C and C=O), faded (Chen & Chen 2009, Zhu et al. 2014, 
Luo et al. 2014). The FTIR data study behaviour coordinat-
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Fig. 2: Changes in element contents (wt%) of C, N, O and the molar ratios (%) of O/N and (O+N)/C in the raw cornstalk, and cornstalk biochars 
BC400 and BC600.
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Fig. 3: BET surface areas and average pore sizes of the raw cornstalk, cornstalk biochars BC400 and BC600.
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Fig. 4: FTIR spectra of the raw cornstalk, and cornstalk biochars samples prepared under pyrolysis temperatures from 100°C to 600°C.
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Fig. 5: Effect of solution pH on the adsorption of TC (a) and CF (b) by using BC600.

ed with EDX observations. Finally, the band at 1,700 cm−1 
(C=O) eliminated, which is in accordance with other studies, 
as the elimination of the band at 1,700 cm−1 was observed by 
other researchers (Zhu et al. 2014, Luo et al. 2014, Carvalho 
et al. 2011). This implied that the content of C=N functional 
groups among oxygen-containing functional groups in-
creased while the concentration of other oxygen-containing 
functional groups diminished concurrently.

Effect of Solution pH on the Adsorption of TC and CF

To eliminate the TC and CF from wastewater, cornstalk 
biochar BC600 was preferred based on the stability and 
surface properties. The uptake of CF was higher than that 
of TC at a low adsorbate concentration, and the removal of 
both TC and CF decreased gradually with increasing solu-
tion pH (Song et al. 2019). Fig.5(a, b) shows the effect of 
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solution pH in the pH range of 3.0 to 11.0. It is found that 
the removal efficiency of TC and CF from wastewater was 
highly pH-dependent and was higher in acidic condition as 
compared to alkaline condition, which was the indication 
of H-bond formation during adsorption. The experimental 
results show that the optimum adsorption for both TC and 
CF was achieved at pH 3.0 with the adsorption capacities of 
12.0 and 28.7 mg/g, respectively which decreased with the 
increase in solution pH. The adsorption of TC was less than 
that of CF in the testing pH range. Commonly, the surface 
charge of the biochar should be significantly pretentious by 
solution pH and a more negatively-charged biochar surface 
is hypothetically promising for the adsorption of positively 
charged contaminants due to Columbic attraction (Ahmadza-
deh et al. 2015). Fig. 6 represents the Zeta potential of the 
biochar BC600 as a function of solution pH. With the in-
creasing solution pH, the surface charge of BC600 in the pH 
range of 3.0~10.0 turned to be more negative. Though TC and 
CF have alike molecular weight, they would be in different 
ionic forms in water due to protonation or deprotonation of 
their unlike functional groups at different pHs. Amphoteric 
TC molecules may mostly exist in a cationic form at pH < 
3.3, resulting from the protonation of dimethyl ammonium 
group. At the pH ranging from 3.3 to 7.68, it would present 
as a zwitterion due to the loss of a proton from the phenolic 
diketone moiety. At pH > 7.68, it mostly occurs as an anion 
when the tricarbonyl system and phenolic diketone moiety 
deprotonated (Kulshrestha et al. 2004, Liu et al. 2012). In 
comparison, the CF molecules having characteristic func-
tional groups, including amino group and a carboxyl group, 
have pKa values of 7.3 and 2.5. It was thus assumed that CF 

molecules could become more negatively charged at lower 
solution pH than TC. Compared to TC, minor adsorption of 
CF was estimated as an importance of a greater Columbic 
repulsion force between CF and BC600. But, it was examined 
that the uptake of CF was higher than that of TC within the 
whole pH range. Moreover, there was same alteration on the 
adsorption presentation of BC 600 for both CF and TC at pH 
> 7 in which the Columbic repulsion between BC600 and CF/
TC molecules should be higher with the increasing pH. So 
it could be determined that the Columbic interaction among 
cornstalk biochar and CF/TC molecules would somewhat 
affect the adsorption process. Meanwhile, the cornstalk bio-
char BC600 could work as π-electron donors because it had 
a highly graphitized surface with relatively high π-electron 
density. The TC and CF molecules were usually observed 
as π-electron acceptors, prominent to a mechanism of π–π 
electron-donor-acceptor (EDA) interaction involved in the 
improvement of adsorption onto BC600 (Teixidó et al. 
2011, Zheng et al. 2013, Jing et al. 2014). Also, based 
on the results of pH effect, the zeta potential of biochar and 
species distribution of TC/CF under different solution pH, 
the effect of Coulombic force between biochar and TC/
CF on the adsorption should be neglectable. The π–π elec-
tron-donor-acceptor (EDA) interaction between BC600 and 
CF was stronger than TC, yielding a comparatively higher 
adsorption capacity of CF on BC600 (Song et al. 2019). As 
the protonated and neutral species of TC and CF were more 
effective π-electron acceptors, a slight reduction in TC and 
CF uptake was expected under alkaline conditions. This was 
consistent with results from the pH effect study. Thereby, it 
was deduced that the EDA interaction between BC600 and 
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CF was stronger than that between BC600 and TC, yielding 
a comparatively higher uptake of CF on BC600.

Adsorption Kinetics

Adsorption kinetics of TC and CF onto the cornstalk biochar 
BC600 was investigated at pH 5.0, 7.0 and 9.0, respectively. 
Similar adsorption kinetics performances were observed 
for both the antibiotics. For simplicity, only the adsorption 
kinetics of TC and CF are presented in Figs. 7 and 8. Two 
kinetic models including pseudo-first-order and pseudo-sec-
ond-order models were used to fit the kinetics data. The 
mathematical equations of the linear and non-linear models 
of the pseudo-first-order and the pseudo-second-order ki-
netics are those available in the literature (Lagergren 1898, 
Ho & McKay 1999): 

 qt = qe (1 − e −k
1
t ) …(3)

 ln(qe – qt) = lnqe – k1t …(4)
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application on the treatment of contaminated natural water 
(pH at around 6.8).

Adsorption Isotherms

Adsorption isotherms are the basis for analysing adsorption 
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Fig. 7: Linear adsorption kinetics (a, c) and (b, d) for the pseudo-first-order and the pseudo-second-order models for TC and CF respectively. 



1386 Khan Ahmad Ali et al..

Vol. 19, No. 4, 2020 • Nature Environment and Pollution Technology  

 

 30  
 

-200 0 200 400 600 800 1000 1200 1400 1600

0

1

2

3

4

5

6

-200 0 200 400 600 800 1000 1200 1400 1600

0

1

2

3

4

5

6

 pH=5
 pH=7
 pH=9

___Pseudo-First order
---Pseudo-Second order

t (min)

TC

q e
(m

g/
g)

t (min)  

(a) 
 
 

    

-200 0 200 400 600 800 1000 1200 1400 1600
-2

0

2

4

6

8

10

12

14

-200 0 200 400 600 800 1000 1200 1400 1600
-2

0

2

4

6

8

10

12

14

 pH=5
 pH=7
 pH=9

___Pseudo-First order
---Pseudo-second order

q e
 (m

g/
g)

t (min)

q e
 (m

g/
g)

t (min)

CF

 
(b) 

 
Fig. 8  

0 50 100 150 200 250 300
0

10

20

30

40

50

0 50 100 150 200 250 300
0

10

20

30

40

50
 15oC
 25oC
 35oC

____Langmuir isotherm
----Freundlich isotherm

q e
 (m

g/
g)

Ce 
 (mg/L)

TC

 
 

(a) 

 

 30  
 

-200 0 200 400 600 800 1000 1200 1400 1600

0

1

2

3

4

5

6

-200 0 200 400 600 800 1000 1200 1400 1600

0

1

2

3

4

5

6

 pH=5
 pH=7
 pH=9

___Pseudo-First order
---Pseudo-Second order

t (min)

TC

q e
(m

g/
g)

t (min)  

(a) 
 
 

    

-200 0 200 400 600 800 1000 1200 1400 1600
-2

0

2

4

6

8

10

12

14

-200 0 200 400 600 800 1000 1200 1400 1600
-2

0

2

4

6

8

10

12

14

 pH=5
 pH=7
 pH=9

___Pseudo-First order
---Pseudo-second order

q e
 (m

g/
g)

t (min)

q e
 (m

g/
g)

t (min)

CF

 
(b) 

 
Fig. 8  

0 50 100 150 200 250 300
0

10

20

30

40

50

0 50 100 150 200 250 300
0

10

20

30

40

50
 15oC
 25oC
 35oC

____Langmuir isotherm
----Freundlich isotherm

q e
 (m

g/
g)

Ce 
 (mg/L)

TC

 
 

(a) 

Fig. 8: Nonlinear pseudo-first-order and pseudo-second-order kinetic simulation for the adsorption of TC (a) and CF (b) respectively. 
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Fig. 9: Langmuir and Freundlich isotherm simulation for the adsorption of TC (a) and CF (b) respectively.

capacity and designing adsorption experiments. In this study, 
two classical isotherm models, Langmuir equation and  
Freundlich equation were used to fitting the experimental 
data. 

The equations are as follows:

 Langmuir Equation 
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Van’t Hoff equation：    ΔG°=ΔH°-TΔS°                          …(10) 
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Where, qe equilibrium adsorption amount (mg/g); qm is 

the maximum adsorption capacity (mg/g); Ce equilibrium 
concentration of the adsorbate in the solution (mg/L); kL is 
Langmuir isotherm constant (L/mg), related to the energy of 
adsorption); kF is the Freundlich isotherm constant (related 
to the adsorption capacity and strength of the adsorbent); n 
isothermal constants. The results of the adsorption isotherms 
of Langmuir and Freundlich models for the adsorption of TC 
and CF on cornstalk biochar are shown in Fig. 9.

From Table 1, we can see that the adsorption of TC on 
cornstalk biochar was more in line with Freundlich isotherm, 

Table 1: Langmuir and Freundlich isotherm parameters for adsorption of TC on cornstalk biochar at different temperatures.

Temperature Langmuir isotherm Freundlich isotherm

qm (mg/g) KL (L/mg) R2 kF n R2

288K 14.98 3.376×10-2 0.942 2.495 3.172 0.975

298K 32.94 1.737×10-2 0.926 3.076 2.505 0.976

308K 53.9 1.877×10-2 0.914 5.456 2.577 0.968
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and the correlation coefficient is above 0.96. However, it 
can be seen from Langmuir isotherm that as the temperature 
increases, qm increases, which is an endothermic reaction.

The thermodynamic function of the reaction is calculated 
using the following equations：

 Gibbs equation：πG°=RT lnK  …(9)

 Van’t Hoff equation：πG°=πH°-TπS°  …(10)

Where: πG° is the standard adsorption Gibbs free energy 
(J/mol), πS° is the standard adsorption entropy change (J•mol-
1•K-1), πH° is the standard adsorption entropy change (KJ/
mol), and R is the gas molar constant (8.314 J•mol-1•K-1), 
T is the thermodynamic temperature (K), and K is the equi-
librium adsorption constant. In the actual calculation of 
thermodynamic parameters, the following method was used. 
At different temperatures and different qe, the correspond-
ing Ce was calculated according to the Freundlich isotherm 
equation at different temperatures, and the corresponding K 

value was obtained. By using qe as the abscissa and ln(qe/
Ce) as the ordinate under different temperatures and different 
qe, plot Fig.10(a), and then the corresponding K value was 
obtained, and πG° to map T to Fig.10 (b) was used to obtain 
a straight line from the slope and intercept of the line πH° 
and πS° respectively, as given in Table 2.

It can be seen from Table 2 that the process of adsorbing 
TC by cornstalk biochar is spontaneous and an endothermic 
reaction. The positive value of πH° indicates that the process 
absorbs heat, and the elevated temperature favours the oc-
currence of adsorption reaction, which is consistent with the 
experimental theoretical maximum equilibrium adsorption 
amount. πS° is a positive value, indicating that the adsorption 
process is an entropy increase reaction. πG° is a negative 
value, indicating that the reaction is a spontaneous reaction 
process, and πG° decreases with increasing temperature, in-
dicating that the higher the temperature, the more favourable 
the adsorption process of TC adsorption by cornstalk biochar.
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Fig. 10: Thermodynamic parameters (a, b) for TC adsorption on cornstalk biochar.

Table 2: Thermodynamic parameters at different reaction temperatures.

Temperature lnK πG° (kJ/mol) πH° (kJ/mol) πS° (J·mol-1·K-1)

288K 0.2998 -0.718 34.02 120.30

298K 0.6655 -1.649 34.02 120.30

308K 1.220 -3.124 34.02 120.30

Table 3: Langmuir and Freundlich isotherm parameters of CF adsorption on cornstalk biochar at different temperatures.

Temperature Langmuir isotherm Freundlich isotherm

qm (mg/g) KL (L/mg) R2 kF n R2

288K 21.20 0.538 0.830 12.552 8.021 0.953

298K 37.56 0.124 0.752 9.873 3.334 0.947

308K 50.51 0.103 0.861 11.488 3.015 0.974
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For CF the thermodynamic function of the reaction was 
calculated using the equations (9) and (10). From Table 3, 
we can see that the adsorption of CF on corn straw biochar 
is more in line with Freundlich isotherm, and the correla-
tion coefficient is above 0.94. However, it can be seen from 
Langmuir isotherm that as the temperature increases, qm 
increases, which is an endothermic reaction. 

The positive value of πH° indicates that adsorption of 
CF by cornstalk biochar is a spontaneous process and an 
endothermic reaction that absorbs heat, and the elevated 
temperature favours the occurrence of adsorption reaction, 
which is consistent with the experimental theoretical maxi-
mum equilibrium adsorption amount. πS° is a positive value, 
indicating that the adsorption process is an entropy increase 
reaction. πG° is a negative value, indicating that the reaction 
is a spontaneous reaction process, and πG° decreases with 
increasing temperature, indicating that the higher the tem-
perature, the more favourable the adsorption process of CF 
on cornstalk biochar adsorption.

Effect of Natural Organic Matter on the Adsorption of 
TC and CF

We have checked the effect of the amount of natural material 
quantity on the adsorption of TC and CF as give in the graphs 
(a) and (b) of Fig. 11. The adsorption of TC at 20 mg/L was 
just 20.21 mg/g, while in the case of CF at 20 mg/L was 

increased to a value of 93.00 mg/g. Hence, we can conclude 
without any doubt that CF has a higher adsorption capacity 
than TC on the cornstalk biochar BC600.

CONCLUSION

A simple pyrolysis process was used for the preparation of 
cornstalk biochar which can be used for relative adsorption 
of two antibiotics tetracycline (TC) and cefradine (CF). The 
dens morphology of geared up cornstalk biochar pyrolyzed at 
600°C (BC600) had a more condensed configuration, which 
is responsible to make biochar developed greater hydrophobic 
and carbon-rich with increasing pyrolytic temperature. The 
uptake of TC and CF decreased step by step with higher pH 
whilst the uptake of CF used to be certainly greater than that 
of TC at a low adsorbate concentration. Based on the effects of 
pH effect, the zeta potential of biochar and distribution kinds 
of TC/CF beneath exclusive solution pH, impact of Coulombic 
force between biochar and TC/CF on the adsorption have to 
be neglectable. The π–π electron-donor-acceptor (EDA) inter-
action between CF and BC600 used to be higher than TC, 
and resilient a relatively greater adsorption potential of CF on 
BC600. Kinetics statistics can be fitted out higher by means of 
the use of the pseudo-second-order kinetic model, indicating a 
possible chemisorption process to some extent. Isotherms learn 
about advised that both ground adsorption and partitioning 
contributed to the uptake of TC and CF onto BC600.
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