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Abstract:
In response to the problems of high energy consumption, high maintenance costs, and significant
environmental impact in traditional sludge treatment schemes, strict control of conditions is
required. This study investigates the effect of different raw materials, water temperatures, additives,
and physicochemical pretreatments on the hydrothermal carbonization and tempering of sludge
through hydrothermal reactions. The experimental results indicate that the calorific value of the
hydrothermal carbon after ultrasonic pretreatment shows an overall decreasing trend with the
increase of ultrasonic energy density. Its maximum value is 6.61 MJ/kg, and the corresponding
sound energy density is 0.6 W/ml. In addition, the calorific value of the hydrothermal carbon after
pre-treatment with the agent shows a wave like downward trend as the initial liquid hydrogen ion
concentration index of the sludge increases. When the hydrogen ion concentration index reaches 7,
its hydrothermal carbon calorific value is the smallest, which is 6.31 MJ/kg. But its calorific value
is also 3.3% higher than that of untreated hydrothermal carbon. The study reveals the effective
cleaning mechanism of sludge under different reaction conditions, and provides scientific basis
and technical support for the field of sludge treatment.

Keywords: Hydrothermal reaction; Carbonization quenching and tempering; Sludge; Physical and chemical pretreatment;
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1. Introduction

Sludge is an organic waste generated during urban sewage
treatment, and its treatment and disposal have always been
an important issue in the field of environmental protection
[1]. Hydrothermal carbonization, as an effective sludge
treatment technology, achieves the resource utilization of
sludge by converting it into hydrothermal carbon under high
temperature and pressure conditions. However, there are
still some issues with the hydrothermal carbon produced
during the hydrothermal carbonization process, such as the
emission of volatile organic compounds and the presence of

heavy metals [2, 3]. To improve the quality of hydrothermal
carbon and reduce its potential impact on the environment,
researchers have begun to explore the characteristic changes
of sludge hydrothermal carbonization and conditioning un-
der different hydrothermal reaction conditions. Then they
delved into its efficient cleaning mechanism. Traditional
sludge treatment methods such as landfill and composting
have problems such as high energy consumption, high main-
tenance costs, and being greatly affected by environmental
factors. Therefore, it is necessary to seek more efficient and
clean sludge treatment solutions. Hydrothermal carboniza-
tion technology is a new type of sludge treatment method.
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Table 1. Materials and reagents required for the experiment.

Reagent Specifications Manufacturer Quantity

Baking soda AR Komio Chemical Reagents Co., Ltd 500g
Ethanol 30.0% - 1L
Concentrated sulfuric acid 95% Shanghai Aladdin Technology Co., Ltd 500mL
Nitric acid ACS,70% Shanghai Aladdin Technology Co., Ltd 2L
Heavy metal standard solution National Material Metrological Standards - 100mL

It can convert sludge into carbon rich solid products under
certain temperature and pressure conditions, while achiev-
ing reduction and resource utilization.
Huang et al. investigated the nitrogen conversion of sewage
sludge by adjusting temperature and adding Ca/Na acetate
to investigate its effect on nitrogen conversion during hy-
drothermal carbonization process. The results show that
an increase in temperature caused more nitrogen to shift
towards water and oil products, while the addition of ac-
etate promoted nitrogen hydrolysis [4]. Researchers such
as Ipiales et al have proposed a method that combines hy-
drothermal carbonization and anaerobic digestion to address
the issue of wet biomass waste treatment. The results show
that this strategy can effectively reduce organic load, pro-
duce methane rich biogas, and contribute to energy recovery
[5]. Almahbashi et al. proposed a method of using sewage
sludge as raw material to produce activated carbon in re-
sponse to the increasing volume of sewage sludge. They
optimized the preparation conditions through Box Behnken
design using response surface methodology, exploring the
effects of chemical activation ratio, contact time, and acti-
vation temperature on the surface area of activated carbon.
The results show that the optimized activated carbon has
a higher surface area [6]. This study conducted hydrother-
mal reactions through pretreatment, hydrothermal reaction,
solid carbon treatment, gas product treatment, liquid product
treatment, and product utilization to regulate the hydrother-
mal carbonization of sludge. Then it investigated the effects
of different raw materials, water temperatures, additives,
and physicochemical pretreatments on the hydrothermal
carbonization of cement. It is expected that this study will
provide important reference for the development of efficient
and clean hydrothermal carbonization and tempering tech-
nology. This can contribute to solving the problem of sludge
treatment in urban sewage treatment plants.

2. Experimental equipment
The experiment involved many common chemical reagents,
including baking soda, alcohol, concentrated sulfuric acid,

nitric acid, etc. The specifications and manufacturer in-
formation of these reagents are shown in Table 1 Baking
soda is used as a regulator or catalyst in this experiment.
Ethanol is used as a solvent or reactant. In the process of
hydrothermal carbonization, it may help increase the solu-
bility of organic matter in sludge and promote the progress
of the reaction. Concentrated sulfuric acid is used as an
acid catalyst here to regulate the acidity and alkalinity of
the system [7, 8]. It can catalyze some chemical changes
in hydrothermal reactions and also help regulate pH values,
further affecting the carbonization process of sludge and
the solubility of heavy metals. Nitric acid is used in the
digestion process of sludge to help convert heavy metals
in the sludge into soluble forms for subsequent analysis
and measurement. Heavy metal standard solutions are used
for quantitative and calibration of heavy metal elements in
experiments [9, 10]. By comparing the heavy metal content
of experimental samples and standard solutions, the migra-
tion, transformation, and fixation patterns of heavy metals
during hydrothermal carbonization can be studied. This is
of great significance for evaluating the effectiveness and
environmental risks of hydrothermal carbonization treat-
ment. The instruments used in the experiment are shown
in Table 2. Electric constant temperature blast drying oven
(DHG-970A), which can be used for drying sludge samples
after hydrothermal carbonization. By controlling tempera-
ture and humidity, sludge samples under different drying
conditions can be obtained. Box type resistance furnace
(SX-4-10), which can be used to provide a high-temperature
environment and simulate hydrothermal reaction processes
under different temperature conditions. By adjusting the
temperature of the resistance furnace, the effects of tem-
perature on the physicochemical properties, heavy metal
fixation, and pollutant emissions of sludge during hydrother-
mal carbonization process can be studied [11, 12]. Graphite
heating plate (DB-1EFS) provides a uniform heating envi-
ronment to maintain temperature uniformity and stability
during hydrothermal reactions. Electronic scales can be
used to accurately measure the mass of sludge samples, in-

Table 2. Other experimental instruments.

Experimental instruments Model Manufacturer

DHG DHG-970A Taist instrument
Box type resistance furnace SX-4-10 Shanghai Qixin Scientific Instrument
Graphite heating plate DB-1EFS Shanghai Aladdin Technology Co., Ltd
Electronic balance FA2004B Shanghai Aladdin Technology Co., Ltd
Magnetic stirrer - Shanghai Jingke Tianmei Scientific Instrument
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Figure 1. Schematic diagram of existing sludge treatment methods.

cluding changes in mass before and after drying. Magnetic
stirrers can be used to achieve uniform mixing of sludge
samples during hydrothermal reactions.

3. Basic steps for regulating sludge through
hydrothermal carbonization and combined

physicochemical pretreatment

Sludge treatment is a comprehensive process that involves
multiple methods to cope with different environments and
treatment needs. In terms of physical processing, it mainly
includes two steps: dehydration and drying. Using a belt
filter press or plate and frame filter press, the water in the
sludge is discharged through a filter cloth or plate by ap-
plying pressure, leaving a dry solid, thereby reducing the
volume and weight of the sludge and improving subsequent
treatment efficiency [13, 14]. Drying utilizes microwave
radiation to directly heat the water molecules in the sludge,
allowing them to evaporate rapidly and achieve rapid drying,
providing convenience for subsequent treatment. Chemical
treatment includes two methods: calcination and vulcaniza-
tion. Calcination burns organic matter in sludge under high
temperature conditions of 800-1000◦C. During the calcina-
tion process, inorganic substances (such as metal oxides,
silicates, etc.) in the sludge undergo a series of physical and
chemical reactions, partially transforming into harmless or
low toxicity forms [15–17]. Sulfurization includes adding
chemical reagents to react heavy metal ions in sludge with
sulfides, generating stable sulfides, effectively reducing the
toxicity of heavy metals, and ensuring that the treated sludge

is environmentally friendly. In terms of biological treat-
ment, anaerobic digestion, anaerobic ammonia oxidation,
and aerobic treatment are commonly used methods [18, 19].
Anaerobic digestion utilizes anaerobic microorganisms to
decompose organic matter in sludge. Under anaerobic con-
ditions, anaerobic microorganisms (such as methanogens)
decompose organic matter in sludge, producing gases such
as methane and carbon dioxide. Under specific anaerobic
conditions, anaerobic ammonia oxidizing bacteria can con-
vert ammonia nitrogen (NH+

4 ) and nitrite (NO−
2 ) in sludge

into nitrogen (N2). Anaerobic ammonia oxidation converts
ammonia nitrogen in sludge into nitrogen through anaero-
bic ammonia oxidizing bacteria, effectively reducing the
pollution of ammonia nitrogen to the environment. Aerobic
treatment exposes sludge to an oxygen-containing environ-
ment, utilizing aerobic microorganisms (such as bacteria,
fungi, etc.) to use oxygen as an electron acceptor to de-
grade organic matter in sludge, further reducing volume
and weight. The existing sludge treatment methods are
shown in Figure 1. However, the above-mentioned sludge
treatment also has corresponding drawbacks. Therefore,
this study adopts a hydrothermal reaction to carbonize and
regulate the sludge. Firstly, pre-treatment is carried out,
where the sludge undergoes dehydration, drying, and pre
pressing to remove moisture and impurities, reduce par-
ticle size, and thereby improve the carbonization of the
sludge. The second step is to debug the hydrothermal reac-
tion device, and the third step is to control the temperature
and pressure between 180-250◦C and 0.5-3.0 MPa. The
fourth step is to adjust the hydrothermal reaction time be-

Figure 2. Basic steps for hydrothermal carbonization and conditioning of sludge through hydrothermal reaction.
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Figure 3. Wastewater treatment process using hydrothermal carbonization combined with physicochemical pretreatment.

tween 1-6 hours based on different sludge performance
and treatment requirements. The fifth step is solid carbon
treatment. The solid carbon produced after hydrothermal
carbonization and tempering can be treated through steps
such as separation, drying, and carbonization. Separation
can be achieved through methods such as centrifugal sepa-
ration, filtration, or pressure filtration. The sixth step is gas
product treatment, and the gas products generated through
hydrothermal carbonization and tempering usually include
water vapor, carbon dioxide, methane, etc. These gases can
be treated through technologies such as condensation, ad-
sorption, and purification. The seventh step is to handle the
liquid product. Hydrothermal carbonization and tempering
also produce liquid products, including water and organic
acids. These liquid products can be processed through steps
such as separation, concentration, and purification, achieved
through methods such as centrifugal separation, filtration,
or pressure filtration. Purification can utilize technologies
such as activated carbon, ion exchange resin, and mem-
brane separation to further purify liquid products and meet
environmental requirements. The eighth step is product
utilization, and the product after hydrothermal carboniza-
tion and tempering treatment can be further utilized. Solid
carbon can be used as a soil amendment, fuel, or adsorbent,
with the basic steps shown in Figure 2. Sludge contains
a large amount of water and organic pollutants, and direct
hydrothermal carbonization treatment may not be effective.
Through physical and chemical pretreatment, the surface
structure and organic composition of sludge can be changed,
thereby improving treatment efficiency without reducing
the yield of hydrothermal carbon. Firstly, the sludge and
distilled water are weighed, and a certain amount of sludge
is weighed and added to a beaker. Distilled water is added
to the beaker in a solid-liquid ratio of 1:10 [20]. Then it sets
up the ultrasonic reactor, prepares the ultrasonic cleaning
machine with water, and places the beaker into the cleaning
machine. The third step is to perform ultrasonic reaction,
adjust the power of the ultrasonic cleaning machine to 120
W, and set different ultrasonic energy densities to start the
ultrasonic reaction. Further centrifugal separation is per-
formed, placing the products in the beaker in a centrifuge
and centrifuging at a speed of 5000r/min for 5 minutes. The
fifth step is to treat the supernatant. After centrifugation,
pour out the supernatant and store it in the refrigerator. The

sixth step is solid-phase product treatment. The solid-phase
product is dried in a 65◦C oven, then ground, and finally
collected and stored as CS. The seventh step is to perform
Fenton pretreatment by mixing the sludge and hydrogen
peroxide in a 1:1 mass ratio, adding an appropriate amount
of FeSO4 • 7H2O, and then stirring the reaction on a mag-
netic stirrer for a certain period of time. After the reaction
is completed, the product is centrifuged and the separated
supernatant and solid phase product are stored separately.
Solid phase products are collected and stored as FS after
cleaning, drying, and grinding. Next, the hydrothermal
carbonization reaction will be carried out according to the
developed hydrothermal carbonization process, as shown in
Figure 3.

4. Changes in sludge characteristics under
different hydrothermal reaction conditions

4.1 The impact of different raw materials
The third-generation biomass fuel uses seaweed, microal-
gae, and other plants with high biomass growth rates as raw
materials. These plants can absorb a large amount of carbon
dioxide during their growth process without causing food
supply problems. In addition, the production process of
third-generation biomass fuels can also utilize the oxygen
generated by photosynthesis, reducing the demand for ex-
ternal oxygen. Therefore, third-generation biomass fuels
are considered a sustainable energy alternative. It has lower
carbon emissions and environmental impact. To investigate
the thermogravimetric curves of different raw materials, a
series of combustion experiments were conducted in this
study. Among them, curve 1 represents sludge, curve 2
represents Chlorella vulgaris, and curve 3 represents a 1:1
mixture of sludge and Chlorella vulgaris. The experimental
results are shown in Figure 4. Figure 4(a) shows that the TG
curves of all three materials show a decreasing trend with
increasing temperature. Figure 4(b) shows that the DTG
curve of sludge has only one main peak, located at 320.3◦C,
with a peak weight loss rate of approximately 3.89% per
minute. However, Chlorella vulgaris has three main peaks,
with peak weight loss rates of 9.89%, 4.19%, and 4.89% per
minute, respectively. When sludge is mixed with Chlorella
vulgaris in a 1:1 ratio, the weight loss curve obtained is
between curve 2 and curve 3, with a peak weight loss rate
of approximately 5.69% per minute. Compared to ordinary
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Figure 4. The influence of different raw materials on hydrothermal reactions.

Figure 5. The influence of hydrothermal reaction temperature.

Figure 6. Effect of NaHCO3 on the physicochemical properties of hydrothermal carbon.

sludge, the peak rate of weight loss per minute has increased
by more than 50%, which means that participating in some
third-generation biomass fuels can improve the combustion
characteristics of sludge. In addition, the study also ana-
lyzed the effect of temperature on the mixture of sludge and
Chlorella during the hydrothermal carbonization process,
and the experimental results are shown in Figure 5. Fig-
ure 5(a) shows that the TG curves of all three curves show
varying degrees of decrease with increasing temperature.
As shown in Figure 5(b), under the condition of increasing
the hydrothermal temperature, the maximum weight loss
peak of the hydrothermal carbon was advanced to 316.6◦C,
and the weight loss rate also increased to 9.79%/min. At a
hydrothermal reaction temperature of 150-170◦, the weight
loss rate curve of hydrothermal carbon is consistent with the

curve of 1:1 mixing of sludge and Chlorella vulgaris, both
with two main peaks. When the hydrothermal temperature
rises above 190◦C, the peak value increases. This indicates
that as the hydrothermal reaction temperature increases, the
fixed carbon content of the hydrothermal carbon decreases
and the combustion residual mass ratio increases. This is
because the increase in hydrothermal temperature promotes
the dissolution of organic matter.

4.2 The effect of baking soda on cement hydrothermal
carbonization

Exploring the influence of baking soda on the physicochem-
ical properties of SV hydrothermal carbon can help to better
understand the impact of different reaction conditions on
the quality of hydrothermal carbon during the hydrother-
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Figure 7. Effect of baking soda on hydrothermal carbon.

mal carbonization process. This provides a new method for
improving the fuel quality of hydrothermal carbon. Firstly,
functional group analysis was conducted in this experiment
to understand the chemical composition and structure of
the sludge. Then it uses infrared spectroscopy (FTIR) to
observe the peaks of different functional groups, such as
hydroxyl, carboxyl, ester groups, etc. This analysis result
can help determine the chemical properties of sludge and
further evaluate the influence of NaHCO3 on the physico-
chemical properties of hydrothermal carbon. The experi-
mental results are shown in Figure 6. Figure 6(a) shows
that within the spectral range of 2400 cm−1 to 2700 cm−1,
it can be observed that the hydroxyl intensity of the hy-
drothermal carbon obtained from the three curves has de-
creased. Figure 6(b) shows that when adding baking soda

for hydrothermal carbonization treatment, the decrease in
hydroxyl groups is greater, indicating that baking soda can
improve the dehydration ability of hydrothermal carbon. In
addition, within the spectral range of 1000 cm−1 to 1500
cm−1, the carbonyl intensity obtained from the three curves
significantly weakened after adding baking soda. This in-
dicates that baking soda has an impact on certain carbonyl
containing compounds in hydrothermal carbon. Consider-
ing that baking soda can decompose into Na+ and HCO−

3
in water, it may affect the conformation and stability of pro-
teins by changing pH or interacting with other ions. Baking
soda may react with certain acidic groups in hydrothermal
charcoal, neutralizing the acidic environment and making
proteins more easily hydrolyzed under these conditions. In
summary, the addition of baking soda can enhance the de-

Figure 8. Effect of physical and chemical pretreatment on the calorific value of hydrothermal carbon.
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Figure 9. Effect of physicochemical pretreatment combined with hydrothermal carbonization on surface functional groups
of hydrothermal carbon.

hydration ability of hydrothermal carbon and promote the
protein hydrolysis process. These results have important
guiding significance for the improvement and optimization
of hydrothermal carbonization treatment process. To inves-
tigate the effect of different dosages of baking soda, the
experiment was conducted using a scanning electron micro-
scope, and the results are shown in Figure 7. Figure 7(a)
shows that there are almost no gaps on the surface of the
hydrothermal carbon of the control group without adding
baking soda, and the aggregation blocks are relatively large.
This shows a relatively dense structure. Figure 7(b) shows
that in the experimental group with added baking soda,
the surface of the hydrothermal carbon is filled with pores.
The presence of these pores makes it difficult for water
molecules to be retained in the matrix of hydrothermal car-
bon. The principle of this phenomenon is that the addition
of baking soda improves the conditions for hydrothermal

reactions and promotes the formation of pores in hydrother-
mal carbon. This increases the specific surface area, making
it more difficult for water molecules to be adsorbed and
retained in hydrothermal carbon.

4.3 Changes in sludge characteristics under hydrother-
mal carbonization combined with physicochemical
pretreatment conditions

To investigate the effect of physicochemical pretreatment
on the calorific value of hydrothermal carbon, compara-
tive experiments were conducted and infrared spectroscopy
analysis was performed on hydrothermal carbon. This is
to investigate the effects of different ultrasonic energy den-
sities, initial liquid pH, Fenton reaction time (min), and
ferrous ion dosage (g/L) on the final hydrothermal carbon
calorific value. The experimental results are shown in Fig-
ure 8. The HC calorific value in Figure 8 refers to the

Figure 10. Various elements of different processing methods Igeo.

2251-7227[https://dx.doi.org/10.57647/j.ijic.2024.1501.06]

https://dx.doi.org/10.57647/j.ijic.2024.1501.06


8/10 JTAP18 (2024) -152406 Xiaohang Ma et al.

calorific value of untreated hydrothermal carbon. FHC
calorific value refers to the calorific value of hydrothermal
carbon pre treated with Fenton reagent. CHC calorific value
refers to the calorific value of hydrothermal carbon after
ultrasonic pretreatment. Figure 8(a) shows that the CHC
calorific value generally decreases with the increase of ultra-
sonic energy density, with a maximum value of 6.61 MJ/kg,
corresponding to a sound energy density of 0.6 W/ml. Fig-
ure 8(b) shows that the FHC calorific value shows a wave
like downward trend as the initial pH of the sludge increases.
When the pH reaches 7, its hydrothermal carbon calorific
value is the smallest, at 6.31 MJ/kg. But it is also 3.3%
higher than the calorific value of HC. Figure 8(c) shows that
the overall trend of FHC calorific value increases first and
then decreases with the increase of Fenton reaction time.
When the reaction time reaches 80 minutes, its hydrother-
mal carbon calorific value reaches its maximum, which is
7.32 MJ/kg, and the HC calorific value is 19.3% higher.
Figure 8(d) shows that the calorific value of FHC shows
an overall unstable state with the increase of ferrous ion
dosage, but the overall calorific value is at least 5% higher
than that of HC. In summary, the pretreatment method has a
significant impact on the calorific value and organic matter
distribution of hydrothermal carbon. By selecting appropri-
ate pretreatment methods and optimizing their parameters,
the calorific value of hydrothermal carbon can be effectively
increased and its performance improved. In addition, the ex-
periment also investigated the effect of physical and chemi-
cal pretreatment combined with hydrothermal carbonization
on the surface functional groups of hydrothermal carbon.
The experimental results are shown in Figure 9. Figure 9
shows that the absorption peaks of HC, FHC, and CHC
processes are very close. There are a total of 6 vibrations
in the figure, with wave numbers of 710, 850, 970, 1350,
1460, and 2400, representing the stretching and stretching
vibrations of benzene, benzene C-H, fatty amine C-N bonds,
aromatic carbon, amide, ketone, and methyl C-H bonds, re-
spectively. In addition, the figure also shows that compared
with HC, the calorific value of the hydrothermal carbon pre
treated with ultrasound and the hydrothermal carbon pre
treated with Fenton reagent show stronger characteristic
peaks at 1350 cm−1. This indicates that physicochemical
pretreatment promotes aromatization. Therefore, ultrasound
pretreatment and Fenton reagent pretreatment play a posi-
tive role in the formation process of hydrothermal carbon.
It increases the calorific value of hydrothermal carbon by
promoting the occurrence of aromatization reactions.

4.4 Efficient cleaning mechanism

The research and analysis of heavy metal emissions are con-
ducted because municipal sludge contains a certain amount
of heavy metal elements. These heavy metal elements may
be released into the environment during the hydrothermal
carbonization and tempering process. Due to the toxicity
and potential environmental risks of heavy metals, under-
standing and evaluating the emission of heavy metals is
crucial for evaluating the feasibility and environmental im-
pact of efficient cleaning mechanisms after hydrothermal
carbonization and tempering. The experiment first used the

method of three acid (HNO3-H2O2-HCL) digestion, and
weighed a certain amount of material powder in a PTFE
beaker. Then it is added with specific acid solution in the
order of digestion and heated on a graphite heating plate.
After digestion, it is fixed in a volumetric flask and mea-
sured after cooling. The cooled sample enters the atomizer
through the injection capillary of ICP-OES through the ac-
tion of a peristaltic pump, forming aerosols and carriers
that enter the central tube of the inner layer of the quartz
torch tube. This gas forms a stable ”electric flame” within
a quartz rectangular tube in a very short period of time.
The light source enters the slit, reflector, prism, middle step
grating, and collimator through a daylighting tube to form
a two-dimensional spectrum, and the spectral lines fall in
the form of light spots on a 512 * 512-pixel CID detec-
tor. Each spot covers several pixels, and the spectrometer
measures the concentration of elements by measuring the
number of photons falling on the pixels, and then analyzes
the Igeo of each element separately. The experimental re-
sults are shown in Figure 10. Figure 10 shows the statistics
of heavy metal content in untreated samples with the high-
est Igeo index for CR and Mn. While the Igeo index of
the remaining elements is between the interval [1,2]. In
addition, baking soda can further improve the clean com-
bustion effect of baking soda. The Igeo index is reduced for
most of the elements. However, the Igeo index of almost
all elements was greatly reduced after the hydrothermal car-
bonization treatment, which indicates that the hydrothermal
carbonization process can effectively reduce the emission
of nitrogen oxides and heavy metals in the sludge. Finally,
the combination of physicochemical pretreatment combined
with hydrothermal carbonization had the best cleaning ef-
fect, with the Igeo of all elements reduced to pollution-free
levels. Together, these treatments can effectively reduce
pollutant emissions, reduce migration and toxicity of heavy
metals and improve combustion efficiency. This provides
new ideas and solutions for achieving efficient and clean
sludge treatment.

5. Conclusion
This study investigated the effects of different hydrothermal
reaction conditions on the characteristics of hydrothermal
carbonization and regulated sludge through experiments,
as well as the implementation mechanism of efficient
cleaning mechanisms. The experimental results indicate
that in the experimental group with added baking soda,
the surface of hydrothermal carbon is filled with pores.
The presence of these pores makes it difficult for water
molecules to be retained in the matrix of hydrothermal
carbon. In addition, the absorption peaks of HC, FHC, and
CHC processes are very close, with 6 vibrations, namely
wave numbers of 710, 850, 970, 1350, 1460, and 2400.
They represent the stretching vibrations of benzene bonds,
C-H bonds of benzene, C-N bonds of fatty acid amines,
aromatic carbon bonds, amide bonds, ketone bonds, and
methyl CH bonds, respectively. In addition, the figure also
shows that compared with HC, the hot carbon pre treated by
ultrasound and the hot carbon pre treated by Fenton reagent
have stronger characteristic peaks at 1350 cm−1. Therefore,
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ultrasound pretreatment and Fenton reagent pretreatment
play a positive role in the formation of hydrothermal carbon.
It increases the calorific value of hydrothermal carbon by
promoting the occurrence of aromatization reactions. In
summary, through experimental data and chart analysis, the
revelation of the effective cleaning mechanism of sludge
by adding additives such as baking soda and combining
physical and chemical pretreatment with hydrothermal
carbonization treatment has been revealed. In the future,
further research can be conducted on the impact mechanism
of different hydrothermal reaction conditions on the
characteristics of hydrothermal carbonization and regulated
sludge, as well as optimization schemes for efficient
cleaning mechanisms. This provides a more scientific basis
for practical applications.
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