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Production of Activated Carbon From Sludge and Herb
Residue of Traditional Chinese Medicine Industry and Its
Application for Methylene Blue Removal
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Sludge-based activated carbon (SAC) was prepared with sewage sludge
and Chinese medicine herbal residues (CMHR’s). An orthogonal
experimental design method was used to determine the optimum
preparation conditions. The effects of the impregnation ratio, activation
temperature, activation time, and addition ratio of CMHR’s on the iodine
value and Brunauer-Emmett-Teller surface area of activated carbon were
studied. X-ray diffraction, Fourier-transform infrared spectrometer, and
scanning electron microscopy were used to characterize the prepared
SAC. The results showed that the optimal process conditions for preparing
the SAC were as follows: an impregnation ratio of 1:4, an activation time
of 30 min, an activation temperature of 700 °C, and an addition ratio of
CMHR'’s of 40%. The adsorption balance of the methylene blue dye was
examined at room temperature. Adsorption isotherms were obtained by
fitting the data using the Langmuir and Freundlich models, which showed
that methylene blue adsorption was most suitable for the Langmuir
equation. The results demonstrated that SAC prepared from SS and
CMHR'’s from a Chinese medicine factory could effectively expel dyes from
wastewater.
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INTRODUCTION

Sewage sludge (SS) is an inevitable by-product of the sewage treatment process.
Its production has been sharply increasing with the development of urbanization and
industrialization (Smith et al. 2009). Meanwhile, SS is a type of colloidal sediment that
contains harmful pollutants, including heavy metals, pathogens, and microorganisms.
Nevertheless, the composition of SS may vary remarkably depending on the different raw
materials and process. Textile sludge is one such example of this; it contains many
chemical nutrients, heavy metals, and aromatic dyes (Sud et al. 2008). The main ingredient
of sludge that is produced from paper mills is lignocellulose. Without proper disposal
methods, SS can cause heavy environmental pollution. Many of the traditional methods,
such as landfill, anaerobic fermentation, incineration, and so forth, used to treat SS can
achieve specific and straightforward processing needs. However, these methods have
drawbacks, such as waste of resources and environmental pollution. Therefore, it is
important to find an effective and novel treatment method for the utilization of sludge (Devi
and Saroha 2017).
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Chinese medicinal herbal residues (CMHRs) are the rejected materials formed from
the production of Chinese medicinal herbs (CMHSs). These residues, along with Chinese
patent medicine and light chemical products of CMH, mainly result from the bulk
production of drug substances in pharmaceutical factories and drugstores (Gao et al. 2012).
The CMHRs are abundant in organic substances. In China, more than 30 million tons of
CMHRs are annually produced (Guo et al. 2013). Currently, the disposal methods of
CMHRs are handled mainly through stacking, incinerating, and landfilling, which not only
occupy a remarkable amount of land but also result in severe pollution of the environment
and a colossal waste of resources. Thus, research into the recycling of CMHRs is important
to improve the utilization of CMHRSs, reduce resource waste, and promote the virtuous
cycle of the Chinese medicinal herbal industry (Li et al. 2018).

Activated carbon (AC), a type of inert porous support material, is widely used for
air purification and wastewater disposal due to its ability to distribute chemicals on sizeable
hydrophobic interior surfaces (Luo et al. 2016). The frequently-used production methods
involve physical activation and chemical activation. The advantages of chemical
activation, which is more famous for combining carbonization and activation, include
lower operating temperatures, high yields, more natural classification of the activating
reagent, and a higher surface area (Liu and Zhao 2012). It is worth mentioning that Kemmer
et al. (1971) first proposed the idea that sludge can be used for the preparation of AC.
However, the Brunauer-Emmett-Teller (BET) surface area of the prepared AC is so low
that the prepared AC made from SS is rarely used in industrial production. Some
carbonaceous substances have been added to the sludge to enhance the quality of AC. Tay
et al. (2001) mixed coconut shell with the sludge, and the BET surface area of the finished
product remarkably increased (Mahapatra et al. 2012). There is no doubt that adding
measureable materials in sludge can improve the performance of AC. In addition, the
resources of waste and sludge have been utilized. However, in the study of the preparation
of sludge-based activated carbon, research has not been conducted on the use of traditional
Chinese medicine pharmaceutical sludge and traditional Chinese medicine residue as raw
materials.

In this study, AC was prepared via the chemical activation of SS and medicinal
residue taken from a traditional Chinese medicine factory, using phosphoric acid. The
effects of activation temperature, activation time, impregnation ratio, and the addition of
medicinal residue on the performance and the yield of AC were studied. The BET surface
area and iodine adsorption value of AC were used as evaluation indexes for analysis, and
the best preparation technology was determined. Scanning electron microscopy (SEM),
Fourier transform infrared spectroscopy (FTIR), and X-ray diffraction (XRD) were used
to characterize the final production. Adsorption isotherms were determined by an
adsorption equilibrium experiment for methylene blue.

EXPERIMENTAL

Materials

The SS used in this study came from the wastewater treatment plant of Shanghai
Apricot Science and Technology Pharmaceutical Co., Ltd. (Shanghai, China). The sewage
treatment system used an activated sludge system for secondary processing. The sludge
treatment was carried out using anaerobic digestion and a belt filter press, and the initial
moisture content of the sludge was 81.6%. The CMHRs were derived from dried ginkgo
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leaves that were soaked in 60% ethanol solution and then continuously steam-ventilated.
After 6 h, the mixture was filtered and rinsed to obtain the sediments. All of the reagents
used in this experiment were analytical reagents. Meanwhile, distilled water was used to
prepare the solution. The SS and CMHRs characterization results of proximate and
ultimate analysis are shown in Table 1.

Table 1. The SS and CMHRs Characterization of Proximate and Ultimate
Analysis

Proximate analysis/ % Ultimate analysis/ %

Sample |~ FC Ag Ma C H 0 N S

SS 52.84 15.68 25.16 6.32 24.23 4.25 21.53 241 2.47

CMHR | 72.59 14.65 8.23 4.53 53.72 7.74 33.68 1.25 0.36

SS = sewage sludge; CMHR = Chinese medicine herbal residues

Preparation of AC

The sludge was oven-dried at 110 °C until its weight was constant. After being
cooled, it was crushed to a diameter of <200 um. The CMHRs were dried for 24 h in the
oven at 80 °C and then crushed to a diameter of < 200 um after cooling. The above two
samples were wholly mixed in a specified proportion to generate the precursors for
preparation. A certain proportion of phosphoric acid solution was added (the mass fraction
was 0.5), the samples were stirred, and then impregnated at room temperature for 24 h. The
samples were then placed in an oven at 110 °C for 12 h. The dried samples were then placed
into a tube furnace, with the heating rate set at 10 °C/min, and the activation temperature
and activation time were adjusted according to the experimental needs. Both the heating
and cooling processes required a nitrogen inlet, and the nitrogen flow rate was 60 mL/min
until the tube furnace cooled down. The finished products were crushed, moderate
hydrochloric acid solution (0.1 mol/L) was added, and the samples were shaken and
washed with a shaker. After 12 h, the sludge was washed with warm distilled water until a
neutral pH was obtained. The final product was obtained after drying to constant weight at
110 °C, ground to 200-mesh sized particles, and stored in desiccators for adsorption
experiments and characterization.

Methods
Characterization of AC

The specific surface area and pore volume tests were performed based on the
measurements on the pore size of the obtained AC. The texture characteristics of the
biochar derived from the sludge were analyzed at 77 K using a surface area and porosity
analyzer (Tristar 11 3020, Micromeritics, Shanghai, China). Nitrogen adsorption isotherms
were used to calculate the surface area, pore volume, and average pore size. The multi-
point Brunauer-Emmett-Teller method was used to calculate the surface area (Zhang and
Luo, 2018). The iodine number is a technique that is used to determine the adsorption
capacity of AC. The iodine value indicates the porosity of the AC, and it is defined as 1 g
of carbon-adsorbed iodine at the mg level. The iodine value, with reasonable accuracy, can
be used as an approximation of the surface area and microporosity of AC. It is a measure
of the level of activity (a higher number resulted in higher activation).

An XRD analysis was used to determine the presence of inorganic components in
AC. The X-ray diffractometer model used in this experiment was the XRD-6100
(Shimadzu, Tokyo, Japan). A FTIR analysis was used to study the functional groups on the
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surface of the material. The model of the spectrometer used in this paper was the Nicolet
iN10 (Thermo Scientific, Nanjing, China) with a resolution of 4 cm™ and an acquisition
rate of 20 minL. Spectra were obtained in the range of 4000 cm™ to 400 cm™. The SEM
analysis was used to investigate the surface morphology and pore structure of the material
(Kacan and Kutahyali 2012). The model of the device was a Shimadzu SS 550 (Shimadzu,
Tokyo, Japan).

Adsorption isotherm

A total of 0.2 g of prepared AC was inserted into a dry 150-mL Erlenmeyer flask
and 50 mL of an absolute concentration of methylene blue solution was added. The initial
concentrations of the methylene blue solutions in Erlenmeyer flasks A, B, C, D, E, and F
were 50 mg/L, 100 mg/L, 200 mg/L, 300 mg/L, 400 mg/L, and 500 mg/L, respectively,
without adjusting the pH of the solution. Glass stoppers were used to cover the flasks before
they were placed in a constant temperature oscillator (temperature set to 30 °C, with an
oscillation frequency of 150 rpm) for 12 h until it reached equilibrium. The sample was
separated from the solution via filtration through a 0.45-um filter. The filtrate was then
placed in a cuvette with a light path of 1 cm. The concentration of the filtrate was measured
using an ultraviolet (UV) spectrophotometer with a wavelength of 665 nm (UV-Vis-2800,
Unico, Shanghai, China). Each experiment was repeated under the same conditions. The
adsorption capacity ge (mg/g) of MB adsorbed at equilibrium was determined from Eq. 1,

q, = (CO _Ce)\/
S @)
where Co and Ce (mg/L) are the liquid-phase concentrations of the dye initially and at
equilibrium, respectively, V (L) is the volume of the solution, and w (g) is the mass of
adsorbent used.

Adsorption kinetics

Add 3 g/L of prepared AC to 150 mg/L MB solution at room temperature, and shake
them at 30, 60, 90, 120, 150, 180, 210, 240, 270, 300, 330, 390, 450, and 510 min,
respectively, on the shaker, then filter them after shaking.

Experimental Design

By checking the relevant literature, it can be seen that the activation time, activation
temperature, impregnation ratio, and addition ratio of CMHRs have specific effects on the
pore structure and adsorption characteristics of the prepared AC during the preparation of
sludge-based AC by phosphoric acid activation (Zhao and Zhou 2016). Therefore, the
orthogonal test design method was used in this study to determine the influence level of
various relevant factors in the preparation process of the sludge-based AC on the
performance of the prepared AC, as well as to determine the best preparation process. The
orthogonal experimental design method, a design method commonly used for multi-factor
and multi-level tests, can perform a statistical analysis on the test results of a few
experimental programs and obtain the optimal test plan and the impact of various factors
on the evaluation index (Li et al. 2016). Based on previous research results and relevant
data, this study used the iodine value and BET specific surface area as evaluation indicators
to determine the four-factor three-level orthogonal test Lo (32). The factors and levels of
the orthogonal test are shown in Table 2.
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Table 2. Factors and Levels of the Orthogonal Experiment

Factor
Level Impregnation Activation Time Activation Addition Ratio of
Ratio (mL/g) (min) Temperature (°C) Dregs (%)
1 1:2 30 500 20
2 1:3 60 600 30
3 1:4 90 700 40
RESULTS AND DISCUSSION
Results of Experimental Design
Table 3. Results of the Orthogonal Experiment
A B C D . BET
— — i Specific
No. Impregnation | Activation Activation Add.|t|on value Surface
Ratio (mL/g) | Time (min) | |cmperature Ratio of Ma/9) | Area (m2g)
(°C) Dregs (%) 9
1 1:2 90 500 20 502.96 894
2 1:4 60 600 30 518.52 764
3 1:4 90 700 40 696.31 957
4 1:3 30 600 40 674.85 881
5 1:2 60 500 40 526.54 808
6 1:4 30 500 20 678.19 921
7 1:3 60 700 20 534.08 876
8 1:2 30 700 30 565.12 842
9 1:3 920 500 30 508.57 754

Table 3 shows the header design and experimental results. The data in Table 3 was
subjected to orthogonal analysis, and the results are shown in Table 4. The higher the range
value, the more significant the influence of the factor on the index (Kacan 2016).

Table 4. Analysis of the Results of the Orthogonal Experiment

. A B C D
Evaluation . . — — — -
Index Analysis Item | Impregnation | Activation Activation Addition Ratio of
Ratio Time Temperature Dregs
k1 531.54 639.39 571.1 571.74
lodine Value ko 572.5 526.38 565.44 530.74
(mg/g) ks 631.01 569.28 598.50 632.57
R 99.47 113.01 33.06 101.83
B k1 848 881.33 827.67 897
BET Specific ko 837 816 846.33 786.67
Surface Area
(m2/g) ks 880.67 868.33 891.67 882
R 43.67 65.33 64 110.33

Note: Ki in the table is the sum of the index values for each factor at the same level; ki is the
average of the index values for each factor at the same level; R is the range value, which is the
difference between the maximum and minimum values of k;
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When the iodine value was used as an evaluation index, the primary and secondary
factors were as follows: activation time (B) > addition ratio of CMHRs (D) > impregnation
ratio (A) > activation temperature (C). A comparison of various factors showed that the
optimal combination was A3B1CzD3 when iodine value was used as the evaluation index.

When the BET surface area was used as an evaluation index, the primary and
secondary factors were as follows: addition ratio of CMHRs (D) > activation time (B) >
activation temperature (C) > impregnation ratio (A). A comparison of the various factors
showed that the optimal combination was AsB1CsD1 when the BET surface area was used
as the evaluation index.

In the experiment that used traditional Chinese medicine dregs to prepare sludge-
based activated carbon, and influencing degrees of different factors varied with respect to
each specific indicator. This was because the two methods differed in the measurement.
The iodine adsorption value is mainly used to characterize the microporous structure of the
AC, which is only a part of the specific surface. It is mainly used to indicate the adsorption
capacity of AC for small molecules. However, the BET surface area is the sum of the total
external surface of all particles, and it reflected the adsorption capacity of AC. Therefore,
the comprehensive balance method was used to determine the optimal program. For factors
A, B, and C, the optimal combination was A3B1Cas. Factor D was the most critical factor
affecting the iodine value and should be given priority when determining the optimal level.
For iodine value, k3 was 10.64% higher than ki, and the difference was obvious. However,
for BET surface area, ki was only 1.67% higher than ks, and the gap between these two
was small. Considering the above, it would be better to choose D3. In summary, under the
experimental conditions, the optimal process was as follows: impregnation ratio of 1:4,
activation time of 30 min, activation temperature of 700 °C, and the addition ratio of
CMHRs of 40%.

The above optimal solution was obtained by orthogonal experimental results, but it
requires further verification to determine whether it is the optimal process condition. The
sludge-based AC prepared by the above-described optimal plan was marked as SAC. The
iodine value and BET surface area were 738.47 mg/g and 972 m?/g, respectively. These

results showed that an orthogonal experiment could optimize the preparation process of
AC.

Characterization of AC
XRD analysis

The X-ray diffraction patterns of SS and SAC are shown in Fig. 1. There were two
diffraction peaks of SS and SAC at approximately 26 = 22° to 25° and 42° to 45°, which
corresponded to the diffraction characteristic peaks of the carbon material (002) and the
graphite surface (100), respectively (Mahapatra et al. 2012). The peaks showed that
disordered graphite crystallites existed in both the SS and SAC. Compared with SS, the
(002) peak of SAC was slightly shifted to the right, and the diffraction angle is increased
by 2.188°. The interlayer spacing distance of SS and SAC could be calculated by Bragg's
Law, which were 0.443, 0.365 nm, respectively. Therefore, the interfacial spacing doo2 of
the SAC was reduced, and the degree of graphitization was enhanced. The intensity of the
(100) diffraction peak of SAC was remarkably reduced because the activation process
caused the structure of the graphite crystal to be destroyed and resulted in a predominantly
disordered thin carbon sheet. At the same time, lower crystallite strength corresponded with
higher orientation freedom of the graphite crystallites, which in turn resulted in more pores
between the crystallites and higher activity of the AC. This caused a larger specific surface
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area and a more porous structure that allowed the AC to have a better adsorption property
(Liu et al. 2014).

Intensity (a.u.)

20 40 60 80
20 (°)
Fig. 1. XRD spectra of produced activated carbons and raw material

FTIR analysis

FTIR spectra were used to analyze the chemical structure and the change in
functional groups of the samples (Puziy et al. 2003). Figure 2 shows a noticeable difference
in the FTIR spectra between the SS and SAC. Compared with the SS, the number of
absorption peaks in the SAC spectra was remarkably reduced. This was because some
substances in the SS were decomposed and volatilized during the activation process. From
previous studies, the broad and strong peak from 2500 to 3600 cm™ found in SS clearly
indicates the -COOH group. There is a deep broad absorption peak of around 3500 cm™ to
3200 cm!, which corresponds to the stretching vibration peak of the amino group (Sartova
et al. 2018), and it can superimpose the stretching vibration peaks of the hydroxyl groups
at 3500 cm™ to 3300 cm™. It can also be seen in Fig. 4 that SS and SAC had broad and
robust absorption peaks near 3415 cm™!, which corresponded to the vibration peaks of -OH
and -NH. The stretching vibration peaks of methyl (CH3) and methylene (CH>) located at
2920 cm™! and 2850 cm™! correspond to the aliphatic hydrocarbons in SS (Pallarés et al.
2018). In the SAC spectrum, the intensity of two peaks was remarkably weakened, which
indicated that the aliphatic hydrocarbons in SS were decomposed during the preparation
process of AC. Between 1650 cm™ to 1550 cm™!, both the SS and SAC had broad absorption
peaks that corresponded to C=O bonds. This indicated that both sample surfaces contained
functional groups such as aldehydes, ketones, or carboxylic acids. However, the
transmittance of SAC decreased and shifted slightly to the right. The spectrum of SS
showed a broad peak at 1070 cm™!, which was caused by the stretching vibration of the C-
O-C bond in the ether substance and completely disappeared after activation. The peaks at
670 cm™, 610 cm™!, and 490 cm™ may be associated with conjugated C=C and C=N
functional groups. In summary, the surface of the SAC contained functional groups, such
as hydroxyl, aldehyde, aliphatic, and carboxylic acid groups, which can remove organic
pollutants through complexation reactions or ion exchange reactions with organic
substances.
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Fig. 2. FTIR spectra of produced activated carbons and raw material

SEM analysis

The surfaces of SS and SAC were observed via SEM, and the resulting
photomicrographs are shown in Fig. 3. The structure of SS was dense, the surface was
relatively flat, and there were few pore structures as shown in Fig. 3(a). After the pyrolysis
and activation processes, the structure of SS changed remarkably and exhibited an irregular
porous structure (Fig. 3(b)). The AC is a type of solid product formed from the
carbonization and activation of biomass. During the pyrolysis process, certain cracks and
pores form, which makes the structure loose and allows for the infiltration of phosphoric

acid. Thus, the pore structure of the surface develops after phosphoric acid impregnation
(Lietal 2011).

y -
)
K

x1000 10.0 kV WDémm SEM { 10 pm %1000 10.0kV_WD 10.9 mm SEM

Fig. 3. SEM micrographs of (a) raw material and (b) produced activated carbons

The partial surface was honeycomb-shaped, with many microporous structures and
a small number of mesoporous structures. The arrangement of the pore structure was
relatively compact because the phosphoric acid entered the internal structure of the biomass
carbon powder during activation. This caused the precursor of the biomass carbon to be
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minimized and then form a type of gas that escapes from materials when they are heated.
Thereby, the pores were left in the AC, playing the role of the carbon skeleton. When the
phosphoric acid was washed away, the carbon formed a porous structure. The difference in
the surface morphology between the SS and SAC shows that chemical activation and high
temperature pyrolysis play an important role in the formation and development of AC pore
structure (Chen et al. 2017).

Adsorption of AC

The adsorption isotherm is the curve that describes how the adsorption capacity
varies with equilibrium concentration (Leng ef al. 2015). Under certain temperature
conditions, the adsorption capacity increased with increasing adsorbent equilibrium
concentration. The adsorption isotherm, which describes the relationship between the
concentration of the adsorbed material on the adsorbent surface and the remaining
material in the solution, provides an essential basis for the design and optimization of
the adsorption system. Langmuir and Freundlich isotherm models were used in this
study (Danish et al. 2013). The Langmuir isotherm model assumes that the surface of
the adsorbent is homogeneous and that the adsorption method is monolayer adsorption.
All of the adsorption sites have equal affinity and adsorption capability, and there is no
interaction between the adsorbed adsorbates. The Freundlich isotherm model assumes
that the adsorption occurs in an inhomogeneous surface and is multi-layered adsorption.
The adsorption capacity of adsorbate increases infinitely, with increasing contaminant
concentration (San Miguel ef al. 2003). The analysis of adsorption equilibrium data is
important for optimizing the adsorption system.

Langmuir sorption isotherm
The linear form of Langmuir’s isotherm model is given by the following equation,

C 1 1

[

Ze__— 4 - C 2
a. Q0b+QO e ()

where Ce is the equilibrium concentration (MB) of the adsorbate (mg/L), ge is the amount
of MB adsorbed per unit mass of adsorbent (mg/g), and Qo and b are Langmuir constants
relate to adsorption capacity and rate of adsorption. As is shown in Fig. 4, when Ce/g.
was plotted against Ce, a straight line with slope 1/Qo was obtained, which indicated
that the adsorption of MB of the samples followed the Langmuir isotherm (Rio et al.
2005). The constant values ('b' and 'Qo') for the Langmuir model can be calculated
from its isotherm. The values are given in Table 5.

Conversion of the experimental data to the Langmuir isotherm model
indicated the homogeneity of AC. The results also showed that dye molecules formed
a monolayer cover on the outer surface of the prepared AC (Wahab et al. 2010). The
essential features of the Langmuir isotherm can be represented by the dimensionless
equilibrium parameter (Rr), shown in Eq. 3,

1
R =—— 3
Y 1+DbC, @)

where b is the Langmuir constant and Co is the highest dye concentration (mg/L). The
value of R, represents the type of isotherm and can be classified as unfavorable (R >
1), linear (R. = 1), favorable (0 < R, < 1), or irreversible (R. = 0). From the
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experimental data, the value of R, was 0.151, which indicated that the samples
facilitated the adsorption of MB under the conditions of this study.
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Fig. 4. Langmuir adsorption isotherm of SAC adsorption of MB

Freundlich sorption isotherm

The linear form of the Freundlich isotherm model can be given by the following
equation,

lg g, =g Kﬁ%'@ C. 4)

where Q. is the equilibrium adsorption capacity (mg/g), C. is the adsorbate
equilibrium concentration (MB), Kr and n are Freundlich constants, Kr (mg/g) is the
adsorption capacity of the adsorbent and indicates the amount of dye adsorbed on the
adsorbent per unit equilibrium concentration, and » indicates the strength of the
adsorption process; 1/n is the slope of a straight line, and it is an index that measures
the strength of adsorption or surface unevenness.
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Fig. 5. Freundlich adsorption isotherm of SAC adsorption of MB
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When the value of 1/n is < 1, it indicates a standard Freundlich isotherm.
However, when the value of 1/n 1s > 1, it means that the adsorption is synergistic (Xiao
et al. 2014). As shown in Fig. 5, the straight line of 1 g of g. to 1 g of C. obtained in
experimental data had a slope of 1/n, which indicated that the adsorption of MB
conformed to the Freundlich isotherm.

Therefore, the Freundlich constants (Kr and n) can be obtained from the
experimental data. The parameter values and associated correlation coefficients of two
isotherms are listed in Table 5. The value of R?, measuring the overall fitting degree of
the regression equation, expresses the overall relationship between the dependent
variables and all independent variables. The maximum value of R? is 1. A value of R?
closer to 1 indicates a better fitting degree of the regression line to the observations
(Mahapatra et al. 2012). The value of the correlation coefficient indicated that the
Langmuir model (R? = 0.993) produced a better fit than the Freundlich model (R*>=0.718).

Table 5. Langmuir and Freundlich Sorption Isotherm at MB at 30 °C

Langmuir Sorption Isotherm Freundlich Sorption Isotherm
Sample
Qo (mg/g) | b (L/mg) R2 RL 1/n Kr (mg/g) R2
SAC 26.99 0.208 0.993 0.151 0.0935 17.35 0.718

Adsorption kinetics
The Lagergren pseudo-first-order kinetic equation and the pseudo-second-order
kinetic equation can be given by the following equation,

Q. -Q)=IQ, —tK, ()
t/Q, =1/(K,Q2)+t/Q, (6)

where Qe is the adsorption amount at adsorption equilibrium state (mg/g); Qt is the
adsorption amount at time t (mg/g); K is the pseudo-first-order rate constant (mint); and
K2 is the pseudo-second-order rate constant (mint).

A The pseudo-first-order kinetic model
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Fig. 6 Fit line of kinetic equation
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The pseudo-first-order kinetic model and the pseudo-second-order kinetic model
were used to simulate the adsorption process that SAC adsorb MC, and the fitting curve
was obtained as shown in Fig. 6 The kinetic parameters, obtained using slope and intercept
calculations, are shown in Table 6.

It can be seen from Table 6 that the two kinetic equations resulted in high fitting
degree to the adsorption process of this experiment, and both can describe the kinetics of
SAC adsorption on MB. The pseudo-second-order Kinetic equation achieved a better fitting
effect on the adsorption of methylene blue (R?=0.985). In summary, the Lagergren pseudo-
second-order kinetic equation can more closely describe the kinetic process of SAC on
MB.

Table 6. Fitting Parameters of Kinetic Equations

Pseudo-first-order kinetic model Pseudo-second-order kinetic model
Co (mg/L)
ge (Mg/Q) K1 R? ge (Ma/g) K2 R2
150 28.37 0.00879 0.969 29.52 0.03344 0.985

CONCLUSIONS

1. The results of this study showed that it is feasible to prepare AC using SS and CMHRs
from Chinese medicine factories through phosphoric acid activation. Orthogonal
experiments evaluated the effects of the immersion ratio, activation temperature,

activation time, and the addition ratio of dregs on the iodine value and BET surface
area of SAC.

2. The optimal conditions for preparing SAC were as follows: impregnation ratio of 1:4,
activation time of 30 min, activation temperature of 700 °C, and the addition ratio of
dregs of 40%. The iodine value and BET surface area of prepared SAC obtained under
these conditions were 738 mg/g and 972 m?*/g, respectively.

3. The data showed that methylene blue adsorption was most suitable for the Langmuir
equation. The research has shown that the prepared sludge-based AC can be effectively
used for the decolorization of dye wastewater, which can reduce the treatment burden
of SS and CMHRs.
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