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ABSTRACT 
Hydrothermal carbonization (HTC) is an active area of research in synthesizing carbon-rich materials from low 

cost and wet biomass. HTC processes is to fulfil the environmental and sustainable organic wastes. Carbon-rich 

materials have received a great deal of attention because carbon-rich materials were used as raw material for 

several industrial products, such as adsorbents, catalysts, capacitors, energy storage and solid fuels. Hydrochars 

produced from HTC havelower surface area and poor morphology properties, that needs another treatment to 

improve thus properties of the carbon materials. Increased the properties of hydrochars needs activation, 

especially increase the surface area and pore development.The treatment involved physical and chemical. HTC 

can synthesis micro-or nano-scale carbon spheres environmentally friendly without employing organic solvents, 

surfactants, or catalysts. The carbon functional with high surface area will meet the requirement of useful carbon 

functional. For adsorbent beside have high surface area, appropriate pore size will meet the requirements. It  has 
been possible to create  materials with well-defined nanostructures, morphologies and tuneable surfaces. 

Synthesis of carbon functional is still relies on artful manipulation of synthesis parameters. 
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I. INTODUCTION 
Hydrothermal conversion is a thermo-

chemical conversion technique which uses liquid 

sub- and  critical water as a reaction medium for 

conversion of wet biomass and waste stream. For 

wet biomass conversion, processes which do not 

require water evaporation are desired. 

Hydrothermal carbonization (HTC) is a thermo-

chemical  pretreatment process is treated under hot 

compressed water to produce hydrochar.  

Hydrochar is a stable, hydrophobic, friable solid 

product.1The complex reaction chemistry of HTC 

offers a huge potential for producing a variety of 

products, from fuel to super-capacitors, from 
carbon nano-sphere to low cost adsorbents, from 

fertilizers to soil amenders. 

It is performed in a closed reactor at a 

temperature range of 180 – 280 oC under pressure 

of 2-6 MPa for 5 to 240 mins. 2  The primary 

product of hydrothermal carbonization is a coal-

like product called hydrochar and also produces 

aqueous, and gas phases.3 The mechanism for this 

process mainly entails decarboxylation, 

dehydration and polymerization.4 The water 

content in the wet biomass is an excellent solvent 

and reaction medium. Water can act as a base as 

well as an acid catalysts at temperature between  

200oC and 280 oC because its ionic product is 

maximized. At this temperatures the dielectric 

constant of water is reduced so it acts more like a 
nonpolar solvent.5Hydrocharhas further treatment 

to get quality  of a carbon functional. 

Reaction temperature, pressure, and time 

are the important factors that influences the 

process of hydrothermal carbonization, whereas 

the type of biomass  used affects the products of 

HTC.Hydrothermal carbonization is understood to 

be coalification of organic material in aqueous 

phase under applied high temperature and 

pressure.  Hydrothermal carbonization is based on 

a single chemical process, namely the splitting of 
water from carbohydrate (dehydration).A  simple 

energy balance of this process indicates that it is 

exothermic, during the reaction energy is released. 

The detailed nature of these reaction pathways is 

not well known and depends on the type of 

feed.4During chemical dehydration, the biomass is 

carbonized significantly by lowering the H/C and 

O/C ratios. The dehydration of glucose was 

formulated by Titirici6,as shown in Fig.1 
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C6H12O6C6H4O   +   4 H2O   -1040 kj/mol 

Glucose      HTC-Biocharwater          Heat 

 

Figure 1. Simple mechanism of carbohydrate 

dehydration 

 

Hemicelluloses degrade much faster than 
cellulose, the activation energy  is lower for 

hemicelluloses than cellulose.7 Biomass is 

degraded in HTC resulted three phases, firstly, 

residual solid is called hydrochar, secondly, liquid 

phase, thirdly, liquid phase is further degraded into 

gas.4 Degradation pattern was proposed by  

Lucian8, as shown in Fig.2. Biomass was degraded 

resulted residual solid, liquid and gas.  

 

Gas 1                    gas 2 

 
K2    k4 

 K1                              k5 

Biomass                Liquid            Secondary char 

 K3 

 

Primarychar 

 

Figure 2. The lumped model used to describe HTC 

reaction paths. 

 

From the figure 2. The fi rst  reaction 

step is reaction 1. (Biomass   liquid) represents 
the hydrolysis and dissolution processes.4 These 

liquid products can undergo further reaction and 

form stable liquid compounds or highly reactive 

intermediates-especially 5-HMF.4,9 These reactive 

intermediates can back polymerize producing a 

solid residue named “secondary char” (reaction 5, 

Liquid   Secondary char).
10 

 

II. HTC PROCESSES 
II.1. Temperature 

The hydrothermal process, temperature is 

a vital factor as it is a key  factor of water 

properties which initiates an ionic reaction in the 

subcritical regimes. The reaction mechanism shifts 

from ionic reactions to free radical reactions in the 

supercritical region.11 In the ion led hydrothermal 

reaction, the increasing temperature changes in 

viscosity of water, allowing for easy permeation 

into the porous media, therefore  the biomass is 

further  degraded.4 
Temperatures approaching a definite 

reaction concentration have a conclusive impact on 

the hydrolysis reaction of biomass, and the higher 

temperatures can lead to dehydration, 

decarboxylation, and condensation simultaneously. 

At higher temperatures, with adequate time, it may 

prompt a higher degree of intermediary dissolution 

and consequent transformation via polymerization 

and secondary char formation.12 

 Colloidal carbon sphere were usually 

generated by the HTC of glucose as a temperatures 

of 170-260 oC. The minimum temperature for the 

hydrothermal carbon formation from glucose was 

160 oC, and HTC did not take place below 160 oC, 
resulting in almost no silidresidue.13  At 180 oC 

HTC carbons formed were rich in carbonyl 

functionalities.14 Increasing the HTC temperature 

led  to  hydrothermal carbons with a higher degree 

of aromatization.  HTC of carbon spheres, which 

were derived from 0.5 mol/L pure glucose solution 

for 4.5 h at different temperatures of 170, 180, 190, 

210, and 230 oC, had diameters of about 0.4, 0.44, 

1.2, 1.2 and 1.4 μm, respectively.13  Above 280 oC, 

only a very  small fraction of carbon microspheres 

higher than 260 oC.15 The processing temperature 
affected both the average diameter of carbonaceous 

particles and the size distribution. Higher 

temperatures led to uniform particle diameter and a 

more homogeneous average size.14When 

temperature was relatively low, glucose 

decomposed slowly. New nuclei may just form 

while the former nuclei already started 

carbonization, resulting in different growing time. 

So, under lower temperature, the size distribution 

was wider. When temperature was relatively high, 

glucose can decompose completely very fast. All 

nuclei occurred at same time, which led to a more 
homogeneous average size.  But if the processing 

temperature was too high, formed microsphere had 

a risk to fuse together and become larger. 

 

II.2 Pressure  

 The hydrothermal pressure impacts  to the 

network of reaction. At a higher pressure, it can be 

simply determined that both dehydration and 

decarboxylation as the main general reactions. This 

outcome has been proven by experiment and 

demonstrated  to lowly effect both the HTC and  
natural coalification.16,17 The hydrothermal reaction 

pressure increases isotropically with the increase in 

temperature or by adding liquids. 

 

II.3. Residence Time 

 The residence time of hydrothermal 

reaction is one of the important factors for carbon-

rich materials formation.  Exact residence time  

cannot be determined since reaction rates remained 

largely unknown, but typical published  experiment 

residence time varied between 1 and 72 h.4  A 

longer residence time led to higher reaction 
severity and less organic loss in the sugar solution. 

When HTC were carried out at a constant 

concentration of 0.5 mol/L glucose and 160 oC, as 
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the residence time increased from 2 to 4,6,8 and 10 

h, the diameters grew from 200 to 500, 800, 1100 

and 1500 nm.18 If the reaction was too long, the 

produced  carbon spheres fused, giving  rise to 

particles with irregular shapes.19 

 Exact residence time cannot be given 

accurately.20 HTC experiments were carried out at 

a constant concentration of 10 wt% glucose and 
180 oC, during the first 2 h, no solid residues  were 

observed, and glucose was dehydrated and 

decomposed into small soluble organic molecules. 

After 4 h, the colour of the solution became dark 

orange suggesting that a 

polymerization/aromatization occurred, called 

polymerization step, past 5 h the first solid 

precipitated out of the aqueous solution.  After 8 h, 

a brown colloidal dispersion was formed. The 

black-brown solid formed spherically shaped 

particles of around 500 nm, aggregated together in 
12 h. The growth process kept continuing, and the 

particle size increased to around 1.5 μm until all 

HMFs have been consumed.  

 

II.4. Percursor Concentration 

 The concentration of glucose increased 

from 0.5 to  1mol/L, the diameter grew from 1.2 to 

1.4 μm, if the HTC experiments were carried out at 

a constant temperature of 190 oC and dwell time of 

4.5 h.13 When the concentration of sugar increased 

from 1.5 to 3.0 mol/L, the average diameters in two 

samples were all 5 μm.21 
 HTC has a wide range of possible sources 

such as carbohydrate (glucose, fructose, xylose, 

sucrose, cellulose, and starch),13 biomass,4 sewage 

sludge, animal manure, municipal solid waste,22 

agricultural residues and algae.9 Carbohydrate  

have been ideal starting materials for preparing 

carbon sphere, because they were cheap and 

favoured in the dehydration process.23 Under 

similar operational conditions, the diameters of 

carbon microspheres depended on the type of 

saccharides used. The average diameter of carbon 
microspheres derived from different carbohydrates 

had a sequence of sucrose > starch > glucose.13 The 

acidic condition tended to increase the reaction rate 

in HTC, because the hydronium ions generated 

from these acids catalyzed dehydration and further 

polymerization of HMF.24  A pH of 1.5 solution 

could increase glucose destruction.25 

 

III. Hydrothermal Carbonization 

 Hydrothermal carbonization of lingo-

cellulosic biomass is an environmental process 

where biomass is treated in hot compressed water.  
It is a convenient way to convert biomass into 

carbonaceous materials under moderate conditions. 

Degradation of biomass waste in HTC resulted 

three phases such as gas, liquid and residual solid 

that rich carbon materials.
4
 Carbon material 

produced from HTC is called hydrochar and further 

treatment to fulfil the requirement as carbon 

functional, such as carbon microsphere, adsorbent, 

catalysts and capacitors.26 

Camellia oleifera shells can be used to 

produce hydrochars via HTC. Increase the 
temperature the mass yield of hydrochars 

decreased.27 Macadamia nut shell was proceeded in 

HTC to produce hydrochars. Increase in HTC 

temperature and residence time decreased  the mass 

yields of hydrochars and increased the HHV 

value.28 Wetland biomass was produced by HTC 

produce carbonaceous materials. They shows that 

wetland biomass has great potential for the 

productionof  HTC-biochar.29 

Liqnocellulosic biomass has been a great 

interest as precursor for the preparation of carbon-
rich materials because of their low cost and due to 

environmental concern.30Cattail leave also used to 

produce hydrochar. Increased the temperature and 

time resulted in the decomposition of hydrochar 

gradually, increased amorphous carbon and 

aromatic groups on surface of 

hydrochar.31Hydrochar resulted from HTC process 

has surface area very low, indicated that porous 

structure was not develop during treatment.32 

Nizamuddin33 produced hydrochar from 

oil palm shell by HTC resulted surface area 12.6 

m2/g at temperature of 260 oC.Wang34 produced 
hydrochar from organic sludge by HTC resulted of 

surface area from 26.5 to 35.4 m2/g. Coconut shell 

was hydrothermally at temperature of 300 – 500 oC, 

successfully produced a hydrochar-derived 

adsorbent with 308 m2/g surface area.35Titirici6 

reported that they prepared the carbonaceous 

nanostructures using plant materials. They found 

that the present of metal ion can effectively 

accelerate the hydrothermal carbonization process. 

They have also reported that from soft biomass 

hydrophilic and water dispersible carbonaceous 
nanoparticles are formed in the range of 20-200 

nm. These particles are in a spherical structure 

which indicates biomass is first liquefied  and then 

carbonized.  The hydrothermal carbonization 

process not only produces carbonized materials 

from biomass but also forms useful nanostructures. 

 

III.1. Mechanism of Hydrothermal 

Carbonization 

 Information about the fundamentals of the 

hydrothermal carbonization  model system have 

been studied using  model carbohydrate precursors  
(e.q. D-Xylose and D-Glucose) and their 

decomposition products (e.q. furfural and HMF).36 

It was demonstrated that under hydrothermal  
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conditions all hexose  become sugars, regardless of 

their complexity, degrade to a HMF intermediate, 

which finally condenses to a carbon-like materials  

having similar morphologies and the same 

chemical and structural composition, independent 

of the starting precursor.  By contrast, D-xylose 

dehydrates to furfural, which in turn reacts to 

provide carbon structures very similar to those 
obtained from using a pure furfural precursor, 

which are importantly different from materials 

derived from the hexose.37  The hydrothermal 

carbonization reaction essentially proceeds via 

three important steps:Dehydration of the 

carbohydrate to HMF or furfural, Polymerization 

towards polyfurans, and carbonization via further 

intermolecular dehydration 

Hu38 reported that in direct hydrothermal 

carbonization biomass compounds were heated in 

sealed autoclaves in the presence of citric acid at 
200 oC for 16 hours. Interestingly they found two 

types of carbonaceous materials: soft tissues and 

hard plant tissues. Soft plant tissues  were without 

extended crystalline cellulose scaffolds of spherical 

carbonaceous nanoparticles of a very small size and 

porosity. Hard plant tissues are with structural 

crystalline cellulose scaffolds, however, they can 

preserve the shape and large scale features on a 

macro and micro scale; as a result of considerable 

mass loss, there arises a significant structural 

change on a nano-scale resulting in a sponge like 

continuous carbon network with well-defined 
mesoporous structures. 

 In the catalytic hydrothermal 

carbonization process, catalysts are used to 

accelerate the carbonization process. Recently, 

Yu39 reported that the present of metal ions can 

effectively accelerate hydrothermal carbonization 

of starch, which reduces the reaction time but also 

directs the synthesis towards various metal-carbon 

nano-architectures such as carbon nanocables, 

nanofibres, and spheres. They also reported that 

iron ions and iron oxide nanoparticles were shown 
effectively to improve the hydrothermal process.6 

 

IV. ACTIVATED CARBON 
 Activated carbon have very high porous 

structure with a large internal surface area around 

500-2000 m2/g and have good adsorption 

capacities. It has application in removing a wide 

variety of pollution including organic and inorganic 

substances from liquid or gas phase. 
 Physical activation is a process in which 

the precursor is developed into activated carbon 

using gases and generally carried out in two steps.  

Carbonization is the first step which involves 

conversion of the precursor into carbon, which is 

generally nonporous. Activation is the second step 

and involveds contacting char with oxydixing gases 

such as steam or CO2 in the temperature range of 

600 – 1200 oC. During this reaction disordered 

carbon atoms are removed, which results in the 

formation of a well-developed micropore 

structure.40 

 Chemical activation is a single step 

process for preparation of activated carbon where 
carbonization of the precursor in the presence of a 

chemical agent takes place.  Chemical activation 

involves impregnation of the precursor with 

chemical such as H3PO4, KOH, ZnCl2, and NaOH 

followed by heating under inert atmosphere at 

temperatures in the range 450 – 900 oC, depending 

on the impregnation used. The activating agents 

function as dehydrating agents have influence the 

carbonization process by inhibiting tar formation 

and thereby enhancing carbon yield. This method 

leads to high micropore volumes and wider 
micropore sizes. Therefore these materials are 

preferred for liquid phase application.41 

 The process to employed to increase 

surface area and porosity in the materials obtained 

from a carbonized organic precursor is referred to 

as “activation” and the resulting broad group of 

materials are referred to as “activated carbon”.  

Carbon chars, a carbonized organic precursor, 

usually have a relatively low porosity and their 

structure consists of elementary crystalline with a 

large number of interstices between them. The 

interstices tend to be filled with “disorganized” 
carbon residues (tars) that block the pore entrances.  

Activation opens these pores and can also create 

additional porosity. Varying the carbon precursor 

and activation conditions allows some control over 

the resulting porosity, pore size distribution, and 

the nature of internal surface. 

 The activation process can be divided into 

two general categories, thermal  and chemical 

activation. Thermal activation entails the 

modification of a carbon char by controlled 

gasification, and is usually carried out at 
temperature between 700 and 1000 oC in the 

present of a suitable oxidizing gas (e.q. steam, 

carbon dioxide, and air). During gasification, the 

oxidizing atmosphere increases the pore volume 

and surface area of the material through a 

controlled carbon “burn-off” and the elimination of 

volatile pyrolysis products. 

 Chemical activation is usually carried out 

at slightly lower temperature( 400 – 700 oC) and 

involves the dehydrating action of certain agents 

such as phosphoric acid, zinc chloride and 

potassium hydroxide.  Experimentally high surface 
area materials (> 2500 m2 g-1) heve been prepared 

using potassium hydroxide activation technique.42 
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IV.1.  Chemical modifications 

 The introduction of heteroatoms into 

carbon materials, also known as “doping”, is useful 

method of altering their physical, electronic and 

chemical properties. Successful work so far 

includes the superior performance of doped  

carbons in applications such as electrode materials 

for catalysis43or energy storage,44 stationary 
phases,45 chemo selective adsorption46 and many 

others.  The majority of research in this field has 

focused on nitrogen doping, which is known to 

induce favourable changes in the carbon materials, 

e.q. increased conductivity47 and high activity in 

the oxygen reduction reaction.43 

 The synthesis of nitrogen doped carbons 

has been achieved via variety of pathways, such as 

post treatment of carbon with ammonia,48 pyrrol,49 

polyacetonitrile47 or polyaniline50 as starting 

compounds. Sulfur is also receiving attention  in 
current carbon materials research.   In contrast to 

nitrogen which is often used to alter electronic 

properties of the carbon materials, sulfur has been 

used more for the alteration of physical properties 

and for applications where its easily polarizable 

lone pair are importance. 

 Sulfur doped carbon materials have, for 

example shown beneficial effects on the selective 

adsorption of waste metals,46 and the 

desulfurylation of crude oil.51 The synthesis of 

these sulfur doped materials generally involves the 

pyrolysis of sulfur containing, polymer based 
carbons.52 

 Hydrothermal carbonization (HTC) is an 

attractive alternative for the synthesis of doped 

carbon materials. Nitrogen doped carbon 

microsphere were obtained by hydrothermally 

treating naturally occurring, nitrogen containing 

compounds, such as glycine,N-acetyl glucosamine 

or chitosan.53 Albumin, a glycoprotein was used as 

structure directing additive in the HTC of glucose 

to produce nitrogen doped carbon aerogels.54 In 

order to extend the possibilities of HTC derived 
products, it is of interest to investigate the 

incorporation of other heteroatoms such as sulfur. 

 Hydrochars produced from HTC has  very 

low of surface area, indicating that porous structure 

was not development during treatment.32Hydrochar 

was obtained from chickpea stalk by HTC method, 

then activated carbon was synthesized by chemical 

activation using ZnCl2 activator.   The BET surface 

area of the activated carbon with higher iodine 

number was determined as 572 m2/g.55Hydrochars 

derived from hickory wood and peanut hull through 

HTC were activated with H3PO4 and KOH to 
improve their performance as a volatile organic 

compound (VOC) adsorbent. The VOC adsorptive 

capacities of the activated hydrochars  (50.57 – 

15966 mg.g-1)  were greater than of the non-

activatedhydrochars (15.98 – 25.36 mg.g
-

1).56Hydrochar was used to produce activated 

carbon via phosphoric acid activation.  Results 

showed that the specific surface area and total pore 

volume of activated carbon were increased to 2192 

m2/g and 1.269 cm3/g.57 Activator  KOH increased 

the sorption capacity of hydrochar from 27.8 mg.g-1 
up to 137 mg.g-1.58Hydrochars from HTC process 

activated with KOH increased the good 

mesoporosity, with a  methylene blue  number of 

385 mg/g, and a well-development micropore 

structure, with iodine number of  747 mg/g.59 

 

IV.2 Thermal modifications  

HTC may be classified into two main 

regimes (1) low temperature regime, which 

proceeds below 300 oC. Functional carbonaceous 

are obtained via dehydration and polymerization 
schemes. (2) high temperature regime which 

proceeds between 300 oC and 800 oC. HTC in low 

and high temperature regimes give rise to very 

different materials. In low HTC results in 

carbonaceous materials(carbon content of  60wt %) 

with abundant oxygen-containing functional 

groups, whereas in high HTC generally results 

more graphitic structures with high carbon 

contents.38 

High HTC carried out under supercritical 

water conditions. Supercritical fluids have transport 

properties that similar to those of gas (low 
viscosity, high diffusivity, low surface tension) but 

solvating powers similar to those of liquids. 

Supercritical water has low dielectric constants that 

are in the range of that for common organic 

solvents. Supercritical water behaves like a non-

polar solvent which can dissolve organic molecules 

and precipitate salts.
60

 This makes it a suitable 

medium for a wide range of  reactions, such as 

hydrolysis, hydrations, dehydrations and 

oxidations.61 

 

V. NANOCASTING 
 Porous carbon represent high surface area 

and high porosity, synthesis still relies on artful 

manipulation of synthesis parameters  and not so 

much on design principles by which a more 

detailed adjustment of the properties of the 

materials was possible in terms of control in 

surface area, porosity, pore size and so on. More 

precise manipulation has been demonstrated via 
“nanocasting” approaches for the synthesis of 

porous inorganic materials, organic materials and 

carbon materials.62When the templates are used in 

the synthesis of porous solids, two different modes 

in which the template can be distinguished, namely 

soft-templating and hard-templating. 
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V.1 Soft-templating 

 Soft templating creates voids in a solid by 

inclusion of molecular or supramolecular templates 

species (e.g. surfactants or block copolymers) 

which accupies a specific void space around which 

the growing solid phase is built. If afterwards  the 

template is removed, the space is made accessible 

and a pore system develops. The sizes of the voids 
can range from the molecular scale, where 

molecules are used as templates, to the 

macroscopic scale. The mechanisms by which the 

pore system develop are diverse. However, it is 

clear that there needs to be a favourable interaction 

between the templating species and solid to be 

template (e.g. hydrogen bonds or ionic 

interactions). 

 The two major discoveries in developing 

porous solids via soft-templating approach are 

zeolites and mesoporous silica materials. In zeolite 
synthesis, structure-directing agents are templated 

with an alumina source and a silica source to form 

crystalline micro-porous aluminosilicate.62,63 This 

is a molecular templating, where one molecular / 

ion occupies one space and then after template 

removal generates a pore with diameter at the 

molecule scale ( e.g. 0.1  -  2 nm). The formation 

mechanism is somewhat controversial and there are 

several roles of template species suggested: 

• The framework forms around the template 

molecule which determines the shapes and size 

of the later voids in structure. 
• Template species can just be a space filler 

which occupies the voids between the 

framework constituents ann thus contributes to 

the energetic  stabilization of  a more open 

structure compared to the denser  structure. 

• It may control the equilibrium in the synthesis 

mixture, such as pH value or complexation 

structure. 

• It can pre-organise solution species to favour  

nucleation of a specific structure. 

 Synthesis of mesoporous materials such as 
mesoporous silica involves templating species such 

as surfactant micelles or block copolymer 

molecules, whereby the polymers act as true 

templates,  as the Iyotropic ordered phase of those 

structures  essentially directs the pore structure of 

the final mesoporous materials. 

 

V.2. Hard Templating 

 Hard templating a pore structure of a 

preformed rigid porous solid is replicated by an 

added/ infiltrated liquid or gaseous precursor 

species.  Typically, the precursor can be 
incorporated into the pores by sorption, phase 

transition, ion exchange, complex or covalent 

grafting.  Upon heat treatment, the precursors are 

thermally decomposed and a composite of a 

template and a forming solid spesies is formed. The 

hard-template can be  then removed mainly by acid 

etching to give a negative replica of  a template 

structure. This method, in particular, allows the 

synthesis of different types of structures depending 

on those of performed porous solids such as 

mesoporous silica and zeolite and is very 
versatile.64 

 For example sucrose was used as an 

efficient carbon precursor and could be completely 

incorporated into the  channels of mesoporous 

silica templates by a controllable two-step 

incorporated into the channels of mesoporous silica 

templates by a controllable two-step impregnation 

process. 

 The hard templating method in principle 

allows precise control of pore volume and pore 

size, but compared to the soft-templating method, 
this application approach is technically complicated 

requiring the synthesis of the inorganic hard-

template initially and also a highly acidic solution 

such as HF for the removal of inorganic templates, 

making the overall process relatively  resource 

consumptive. 

 

VI.  CARBON FUNCTIONAL AND 

APPLICATION 
Functional carbonaceous materials can be 

produced via dehydration and polymerization 

reactions in the low-temperature HTC, below 300 
oC. The carbon content is increased during the 

carbonization phase. HTC appears more 

appropriate to less-valuable organic residues. HTC 

with higher temperature and longer time, hydrochar 

tended to become darker in colour.65 The content of 

C element in hydrochar is usually greater than 
60%, and the other elements contained in it are 

mainly H,O,N,S.66   The hydro-char, rich in carbon, 

can be utilized as fuel,  enrichment, or as an 

adsorbent or precursor for activated carbon.  

 Carbon materials have attracted interests 

as electrode materials for electrochemical 

capasitors, because their high surface area, 

electrical conductivity, chemical stability and low 

cost.  Activated carbons produced by different 

activation processes from various precursors are the 

most widely used electrodes.67The activity in 

materials science is the development of new 
materials for many purposes. This includes high-

performance materials with specific characteristics, 

for example employed as electrode materials for 

lithium-ion batteries and supercapacitors, in fuel 

cells, and as host materials for hydrogen storage. 

Carbons have previously been utilized in various 

electrochemical energy storage system.68 Materials 
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carbon can be produced by pyrolysis or 

hydrothermal carbonization.  

 HTC is a convenient way to convert wet 

biomass at rather moderate conditions into 

carbonaceous nanostructure, meso-porous network 

structure.  Among various forms of carbon 

materials, carbon microspheres (CMSs) have 

attracted substantial attention due to their particular 
physical properties, including minimal surface area, 

controllable sized, and diverse morphologies.69 

Carbonaceous materials have been widely used in 

diverse industries due to their superior properties 

such as good electrical, high surface area and 

porosity, and their specific surface chemistry.38 

Specialty carbon sphere have received growing 

research attention due to their porous structure,70 

high electrical conductivity,71 and excellent 

chemical stability,72 which exhibit potential 

application in super-capacitors,73 catalyst 
supports,74 and adsorbents.27 The  physical and 

chemical properties as well as  the structure of 

formed carbon are affected by both reaction 

conditions and the feed stock.  

 Preparing CMSs its depend on the type 

feedstock, temperature and longer reaction time 

and precursor sources.  Carbon sphere with regular 

shapes (φ 300 – 1200 nm) were prepared by a 

simple glucosehydrothermal  process.75  Carbon 

sphere obtained from  hydrothermal carbonization 

of xylose, glucose, sucrose and pine wood.  HTC of 

xylose showed uniform spherical particles with 
diameters around 80 μm. While carbon 

nanospheres obtained from glucose, sucrose and 

pine-derived saccharides had particle size in the 

range of 100-150 μm, 300-400 μm, and 50-100 μm, 

respectively.76 

Using citric acid  is used as a catalyst, 

Sulistya
77

 conducted sucrose as a carbon source 

found that size of CMSs increased with increasing 

concentration of citric acid. Concentration of citric 

acid between 0 and 5wt%, The CMSs size 

increased from 3.12 to 11.2 μm. Faradilla78 used 
nanoscale cellulose as a carbon sources and citric 

acid as catalyst, they found that without  presence 

of citric acid resulted the biochar lacked several of 

the spherical dimensions, unfortunately, the stable  

and high surface area when the hydrochar was 

rinsed with acetone. 

 

VI.1  Carbon materials for Adsorbents 

Pari79 used cassava and tapioca flour 

through hydrothermal carbonization and KOH as 

an activation  obtained carbon sphere shape, BET 

area of 986 m2/g, and total pore volume 0.57 cc/g. 
Borax also used for additive, borax could 

catalytically transform the starch into 

hydroxymethylfurfural (HMF) and favouring  the 

rapid nucleation  and slow growth of particle.
80

 

 Hydrocharprepared from palm kernel 

shells by hydrothermal carbonization and activated 

in nitrogen flow had amesoporous structure with 

homogeneous pore distribution  and the specific 

surface area of 131 m2g-1.81Hydrochar produced 

from Grape Seed by hydrothermal carbonization 
and activated by chemical agents of KOH,FeCl3 

and H3PO4, resulted with KOH led to highly porous 

carbons with around 2200 m2.g-1, obtained with 

FeCl3 (321-417 m2.g-1) and H3PO4 (590-654 m2.g-

1).82 Activated carbon from hydrochar produced by 

HTC of wastes. KOH as an activation agent 

resulted meso-porosity with amethylene blue 

number of 385 mg/g, and micropore with iodine 

number of 747 mg/g.59Hydrochar activated with 

phosphoric acid resulted the specific area and total 

pore volume of 2192 m2/g and 1.269 
cm3/g.57Hydrochar was obtained from chickpea 

stalk by hydrothermal method. Hydrochar was 

activation using ZnCl2 activator. It was determined 

that the highest iodine number of activated carbon 

was 734 mg/g, the highest iodine number was 

determined by BET surface area of 572 

m2/g.55Hydrochars derived from hickory wood and 

peanut hull through HTC were activated with 

H3PO4 and KOH. The volatile organic compound 

(VOC) adsorptive capacity of the activated 

hydrochars of (50.57-159.66 mg/g) were greater 

than that of the non-activated hydrochars of (15.98-
25.36 mg/g).56Hydrochar was produced from 

Phoenix dactylifera palm leaves by hydrothermal 

carbonization, and chemically  modified with H2O2. 

The adsorption capacity of activated hydrochar was 

74.5 mg/g increased with non-activated hydrochar 

of 17.8 mg/g.83Hydrochar produced from grape 

pomace by HTC. Hydrochar was chemically 

modified using 2 M KOH solution. Results showed 

that the KOH treatment increased the sorption 

capacity of hydrochar from 27.8 mg/g up to 137 

mg/g.58  Pari79 used cassava and tapioca flour 
produce sphere carbon and activated using KOH as 

chemical agent. The process resulted  the carbon 

predominantly in sphere shape, exhibited the BET 

area of 986 m2/g, total pore volume of 0.57 cm3/g, 

micropore volume of 0.46 cm3/g, pore diameter of 

1.6 nm, and electrical resistance lower than 0.01 

ohm. 

 

VI.2  Carbon materials for Energy storage 

Energy storage is one of the important 

technologies for a sustainable future of our society. 

Area of activity in materials science is the 
development of new materials for energy 

application. This includes high-performance 

materials with specific characteristics, for example 
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as host materials for hydrogen storage.68 Surface 

area is important to increase the storage capacity. 

Pore size is more important because pore size used 

transport solute to inside to outside the particles. 

Activated carbons prepared by KOH activation and 

using a single stage activation process have reached 

very high values of methane storage (155 V/V).84 

 

VI.3  Carbon materials for Capasitors 

 Activation of hydrochars is important 

ways to get carbon functional that meets the 

requirement and desired characteristics. High 

surface area and capacitance are required for the 

electrochemical capacitance.85   Carbon from 

xylose prepared by hydrothermal synthesis and 

chemical activation with KOH. The largest surface 

area of the activated carbon which is calculated by 

BET method is about 3500 m2/g, specific 

capacitance reaches 340 F/g at current density of 
0.5 A/g.  

 Beside high surface area of engineering  

nanostructured materials for high end application, 

some of the most important factors concerning 

material properties are; surface area almost all 

application, chemical inertness for support 

materials, high conductivity for electronic 

application, and surface functionality for 

adsorption, and acid/base catalysts. 

 

VII. CONCLUSION 
Hydrothermal carbonization is a 

promising tool to prepare hydrocharpercursors with 

high potential for the activated carbon synthesis. 

Hydrochars produced from HTC process can be 

further treatment become carbon functional that can 

be used in industrial purposes, such as adsorbents, 

capasitors, energy storage, and solid fuels. The 

preparation of suitable hydrochar for carbon 

synthesis which is governed by properties of 

hydrochar, particularly oxygenated functional 
groups, which evolves with the variation in 

parameters, particularly produce activated carbons 

with specific and desired characteristics. The 

hydrothermal carbonization process in the 

preparation of hydrochar with turned surface 

chemistry that improve hydrochar 

characteristics.There were many ways to activate 

the hydrochar into carbon functional, such as 

chemical thermal modifications. There are a lot of 

chemical agents that used as agent, such as KOH, 

FeCl3, H3PO4, KOH led to give highly surface area. 
More precise manipulation has been demonstrated 

via nanocasting. 

 

 

 

 

Ref. 

[1]. Reza,M.T.,Andert,J.,Wirth,B.,Busch,D.,Piel

ert,J.,Lynam,J.G. and Mumme,J. 2014. 

Hydrothermal Carbonization of Biomass for 

Energy and Crop Production. Review.  Apll. 

Bioenergy,vol.1:11-29. 

Doi:10.2478/apbi.2014-0001 

[2]. Arellano, O.,Flores,M.,Guerra,J., 
Hidalgo,A., Rojas,D. and Strubinger,A. 

2016.  Hydrothermal Carbonization of 

Corncob and Characterization of the 

Obtained Hydrochar. Chemical Engineering 

Transaction, vol.50: 235-240, 

doi:10.3303/CET1650040 

[3]. Fiori,L., Basso, D., Castello,D. and 

Baratiteri,M. 2014. Hydrothermal 

Carbonization of Biomass: Design of a 

Batch Reactor and Preliminary Experimental 

Results. Chemical Engineering Transaction, 
vol. 37. Doi: 10.3303/CET1437010 

[4]. Funke, A., Ziegler,F.,  2010. Hydrothermal 

carbonization of biomass: a summary and 

discussion of chemical mechanisms for 

process engineering. Biofuels, Bioprod. 

Bioref. 4, 160-177. 

[5]. Wahyudiono, Machmudah,S. and Goto,M. 

2013. Utilization of sub and Supercritical 

Water reaction in Reactions in Resource 

Recovery of Biomass Wastes. Engineering 

J.vol.17,Isuue 1. Doi: 

10.4186/ej.2013.17.1.1 
[6]. Titirici,M.M. , Thomas,A., Yu,S.-H., 

Muller,J,-O.  andAntonietti,M. 2007. Direct 

synthesis of Mesoporous Carbons with 

Bicantinuous Pore Morphology from Crude 

Plant Material by  hydrothermal 

carbonization .  Chemistry of 

Materials.19(17):p. 4205- 4212. 

[7]. Reza,M.T. 2011. Hydrothermal 

Carbonization of Lignocellulosic Biomass. 

MS Thesis. Chemical Engineering, 

Universitas of Nevada, Reno. USA 
[8]. Lucian, M., Piro, G. and Fiori,L. 2018. A 

Novel Reaction Kinetics Model for 

Estimating the Carbon Content into 

Hydrothermal Carbonization Products. 

Chemical Engineering Transactions. Vol. 65. 

Doi: 10.3303/cet1865064. 

[9]. Libra,J.A.,Ro,K.S.,Kammann,C., 

Funke,A.,Berge,N.D., 

Neubauer,Y.,Titirici,M.-M.,Fuhner,C., 

Bens,O. and Kem,J. 2011. Hydrothermal 

carbonization of biomass residuals: a 

comparative review of the chemistry, 
process and applications of wet and dry 

pyrolysis. Biofuel,2(1): 71-106, doi: 

10.4155/BFS.10.81 



Rakhman Sarwono. International Journal of Engineering Research and Applications 

www.ijera.com  
ISSN: 2248-9622, Vol. 12, Issue 4, (Series-IV) April 2022, pp. 16-27 

 

 
www.ijera.com                                 DOI: 10.9790/9622-1204041627                                24 | P a g e  

        
 

 

 

[10]. Volpe, M. and Fiori,L. 2017. From Olive 

waste to solid biofuel through hydrothermal 

carbonization: The role of temperature and 

solid load on secondary char formation and 

hydrocharenergy properties. J.Analytical and 

Applied Pyrolysis, 124, pp. 63-72 

[11]. Savage,P.E.1999. Organic chemical reaction 

in supercritical water. Chem.Rev. 99(2),603-
622 

[12]. Knezevic,D., Swaaij,D.V. and 

Kersten,S.2009. Hydrothermal conversion of 

biomass,II. Conversion of wood, pyrolysis 

oil, and glucose in hot compressed water. 

Ind.Eng.Chem.Res.49(1).104-112.04-

112.04-112. 

[13]. Sevilla,M. and Fuertes,A.B. 2009. Chemical 

and structural properties of carbonaceous  

products obtained by hydrothermal 

Carbonization of saccharides. Chamistry- A 
European Journal, 15(16): 4195-4203, doi: 

10.1002/chem.200802097. 

[14]. Falcao,C., Baccile, N. and  Titirici,M.-M. 

2011.  Morphological and structural 

differences between glucose, cellulose and 

lignocellulosic biomass derived 

hydrothermal carbons. Green Chemistry. 

13(11):3273-3281. 

Doi:10.1039/C1GC15742F. 

[15]. Yin,S. and Tan,Z. 2012. Hydrothermal 

liquefaction of cellulose to bio-oil under 

acidic, neutral and alkaline conditions. 
Applied Energy, 92: 234-239, 

doi:10.1016/j.apenergy.2011.10.041. 

[16]. Wright,N. 1980. Time, temperature and 

organic maturation the evolution of rank 

within a sedimentary pile. J.Pet.Geol. 

2(4),411-425. 

[17]. Landais,F., Michels, R. and Elie, M. 1994. 

Are time and temperature the only 

constraints to the simulation of organic 

matter maturation?org. Geochem.22(3-5), 

617-630. 
[18]. Sun,X. and Li,Y.2004. Colloidal carbon 

spheres and their Core/Shell  Structures with 

noble-Metal Nanoparticles. 

AngewandteChemieInternatinal Edition, 

43(5),597-601, doi: 

10.1002/anie.200352386. 

[19]. Li,M.,Li,W. and Liu,S. 2011. Hydrothermal 

synthesis, characterization, and KOH 

activation of carbon sphere from glucose. 

Carbohyd. Res. 346: 999-1004. 

[20]. Robbiani, Z. 2013. Hydrothermal 

Carbonization of biowaste/fecal sludge: 
Conception and construction of a HTC 

prototype research unit for developing 

countries.  Master Thesis. Dept.of 

Mechanical Engineering. ETHZ, Zurich 

[21]. Wang,Q., Li,H.,Chen,L. and  Huang,X. 

2001. Monodispersed hard carbon spherules 

with uniform nanopores. Carbon, 

39(14):2211-2214, doi:10.1016/S0008-

6223(01)00040-9 

[22]. Berge,N.D., 
Ro,K.S.,Mao,J.,Flora,J.R.V.,Champpell,M.A

. and  Bae,S. 2011. Hydrothermal 

Carbonization of Municipal Waste Stream. 

Enviromental Science & Technology, 

45(13):5696-5703, doi:10.1021/es2004528. 

[23]. Chheda, J.N., Roman-Leshkov,Y. and 

Dumesic,J.A. 2007. Production of 5-HMF 

and furfural by dehydration of biomass-

derived mono and poly-saccharides. Green 

Chemistry,9(4): 342-350, 

doi:10.1039/B611568C 
[24]. Titirici,M-M.,2013. Green Carbon. In: 

Sustainable Carbon Materials from 

Hydrothermal Processes. Ed. Titirici,M-M. 

University of London, UK,Wiley 

[25]. Xiang,Q., Lee,Y. and Torget,R.2004. 

Kinetics of glucose decomposition during 

dilute – acid hydrolysis of lignocellulosic 

biomass. Applied Biochemistry and 

Biotechnology, 115(1-3): 1127-1138, 

doi:10.1385/abab:115:1-3:1127. 

[26]. Li,R. and Shahbazi,A. 2015. A Review of 

hydrothermal Carbonization of 
Carbohydrates for Carbon Spheres 

Preparation.  TrRen Energy,2015, 

vol.1,No.1, 43-56. 

Doi:10.17737/tre.2015.1.1.009 

[27]. Chen,L.-F.,Liang,H.-W.,Lu,Y.,Cui,C.-H. 

andYu,S.-H. 2011. Synthesis of an 

AttapulgiteClay@CarbonNanocomposite 

Adsorbent by Hydrothermal Carbonization 

Process and Their Application in the 

Removal of Toxic Metals ions from water. 

Langmuir, 27(14),8998-9004. 
DOI:10.1021/1a2017185. 

[28]. Fan,F.,Yang,Z.,Li,H.,Shi,Z. and Kan,H. 

2018. Preparation and properties of 

hydrochars from macadamia nut shell via 

hydrothermal carbonization. R. Society open 

science. 5:181126. 

Doi:10.1098/rsos.181126. 

[29]. Ibrahim, B.,Schlegel,M. and Kanswohl,N. 

2014. Investigation of applicability of 

wetland bio-mass  for production biochar by 

hydrothermal carbonization (HTC). Appl. 

Agric.Forestry.Res. 2(64): 119-124. 
[30]. Khan,T.A., Saud,A.S., 

Jamari,S.S.,AbRahim,M.H., Park, J-W. 

andKim,H-J. 2019. Hydrothermal 



Rakhman Sarwono. International Journal of Engineering Research and Applications 

www.ijera.com  
ISSN: 2248-9622, Vol. 12, Issue 4, (Series-IV) April 2022, pp. 16-27 

 

 
www.ijera.com                                 DOI: 10.9790/9622-1204041627                                25 | P a g e  

        
 

 

 

carbonization of liqnocellulosic biomass for 

carbon rich material preparation: A Review. 

Biomass and Bioenergy. 130: 105384. 

Doi:10.1016/j.biombioe.2019.105384. 

[31]. Jaruwat,D.,Udomsap,P., Chollacoop,N. et 

al.2018. Effect of hydrothermal temperature 

and time of hydrochar from Cattail Leaves. 

AIP Conference Proceedings 2010.020016 
(2018). Doi:10.1063/1.5053192. 

[32]. Kalderis,D.,Kotti,M.S.,Mendez,A. and 

Gasco,G. 2014. Characterization of 

hydrochars produced by hydrothermal 

carbonization of rice husk. Solid Earth,5, 

477-483. Doi:10.5194/se-5-477-2014 

[33]. Nizamuddin,S., Kumar,N.S.J., 

Sahu,J.N.,Ganesan,P.,Mubarak,N.M. and 

Mazari,S.A. 2015. Synthesis and 

characterization of hydrochars produced by 

hydrothermal carbonization of oil palm 
shell. The Canadian J. Chemical 

Engineering. Vol.93,issue 11p:1916-1921. 

Doi:10.1002/cjce.22293 

[34]. Wang,W., Chen,W-H. andJand,M-F. 2020. 

Characterization of hydrochar Produced by 

Hydrothermal Carbonization of Orgam\nic 

Sludge. Future City and 

Environment.6(1):13,1-10. 

Doi:10.5334/fce.102. 

[35]. Samsudin,M.H.,Hassan,M.A., 

Idris,J.,Ramli,N.,Yusoff,M.Z,M., 

Ibrahim,I.,Othman,M.R., Ali,A.A.,M. and 
Shirai, Y. 2019. A one-step self-sustained 

low temperature carbonization of coconut 

shell biomass produced a high specific 

surface area biochar-derived nano-adsorbent. 

Waste management & Research. Vol.37(5): 

551-555.  

[36]. Titirici,M.M.,Antonietty,M. andBaccile,N.  

2008. Hydrothermal Carbon from biomass: a  

comparison of local structure from poly to  

mono-saccharides and pentoses/hexoses.  

Green Chem. 11,1204 
[37]. Baccile,N.,Laurent,G., Babonneau,P., 

Fayon,F., Titirici,M.M. and Antonietty,M. 

2009. Struture characterization of 

hydrothermal carbon spheres by advanced  

Solid-State MAS C-13 NMR Investigation. 

Phys.Chem.C.113,9644-9654 

[38]. Hu, B.,Wang,K., Wu,L.,Yu,S-H., 

Antonietti,M. and Titiric,M-M. 2010. 

Engineering carbon materials from the 

hydrothermal Carbonization Process of 

Biomass. Advanced Materials, 22(7), 813-

828. Doi: 10.1002/adma.200902812.  
[39]. Yu,S.H., 

Cui,X.J.,Li,L.L.,Li,K.,Yu,B.,Antonietti,M. 

and Colfen,H.2004. From Starch to 

Metal/Carbon Hybrid Nanostructures: 

Hydrothermal Metal-Catalyzed 

Carbonization. Advanced Materials, 16(18): 

p.1636-1640 

[40]. Suhas, P.J.M. Carrot and M.M.L. Ribeiro 

Carrot. 2007. Lignin-from natural adsorbent 

to additional carbon: A Review. Bioresource 

Technol. 98(12): 2301 - 2312 
[41]. Hayashi,J.I., Kazehaya,A.,Muroyama,K., 

and Watkinson,A.P. 2000. Preparation of 

activated carbon from lignin by chemical 

activation.Carbon. 38(13): 1873-1878 

[42]. Lozano-Castello,D.,Cazorla-Amoros,D., 

Linares-Solano,A.,Shiraishi,S.,Kurihara,H. 

and Oya,A. 2003. Influence of pore structure 

and surface chemistry on electric double 

layer capacitance in non-aqueous electrolyte. 

Carbon,41(9),1765-1775. 

[43]. Gong,K.P., Du,F.,Xia,Z.H.,Durstock, M. and 
Dai,L.M. 2009. Nitrogen-doped carbon 

Nanotube Arrays with high Electrocatalytic 

Activity for Oxygen Reduction.  

Science,323, 760-764  

[44]. Iijima,T.,Suzuki,K. and Matsuda,Y. 1995. 

Electrodic characteristics or various carbon 

materials for lithium rechargeable batteries. 

Synth.Met, 73, 9-20 

[45]. West,C.,Elfakir,C. and Lafosse. 2010.  

Porous Graphitic carbon: A versatile 

stationary phase for liquid chromatography.  

J.Chromatography A, 1217(19),3201-3216 
[46]. Petit,C., Peterson,G.W.,Mahle,J. and 

Bandosz,T.J. 2010. The effect of oxidation 

on the surface chemistry of sulphur- 

containing carbons and their active 

adsorption capacity. Carbon, 48,1779-1787 

[47]. Lim,S.H.,Elim,H.I.,Gao,X.Y.,Wee,A.T.S., 

Ji,W.,Lee,J.Y. and Lin,J.2006. Electronic 

and optical properties of nitrogen –doped 

multi walled carbon nanotubes Phys.Rev.B, 

73, 045402 

[48]. Jaouen,F.,Lefevre,M.,Dodelet,J.P. and 
Cai,M.2006. Heat-Treated Fe/N/C catalysts 

for O2 election reduction: Are Active Sites 

hosted in 

Micropores?.J.Phys.Chem.B.110(11), 5553-

5558 

[49]. Glenis,S.,Nelson,A.J. and Labes,M.M. 1996. 

Formation of nitrogen doped carbon during 

arc-discharge of carbon rods in the presence 

of pyrral.  J.Appl.Phys.80(9),5404-5407. 

[50]. Li,L.,Liu,E., Yang,Y., Shen,H., Huang,Z. 

and Xiang,X. 2010. Synthesis of Nitrogen-

doped Carbon. Mater. Lett. 64, 2115-2117. 
[51]. Seredych,M., Khine,M. and 

Bandosz,T.J.2011. Dibenzothiophene 

reactive Adsorption from liquid fuel via 



Rakhman Sarwono. International Journal of Engineering Research and Applications 

www.ijera.com  
ISSN: 2248-9622, Vol. 12, Issue 4, (Series-IV) April 2022, pp. 16-27 

 

 
www.ijera.com                                 DOI: 10.9790/9622-1204041627                                26 | P a g e  

        
 

 

 

Enhancement in incorporation of sulphur 

heteroatoms to the Nanoporous carbon 

Matrix. ChemSusChem,4,139-147 

[52]. Paraknowitsch,J.P.,Thomas,A. and 

Schmidt,J. MicroporousSulfur-doped carbon 

from thienyl-based polymer  network 

precursors.2011. Chem.Commum, 47, 8283-

8285 
[53]. White,R.J., Antonietti,M. and Titirici,M.M. 

2009. Naturally inspired nitrogen doped 

porous carbon.  Mater.Chem, 19(45), 8645-

8650  

[54]. White,R.J., Yoshizawz,N., Antonietti,M. and 

Titirici,M.M. 2011. A sustainable synthesis 

of nitrogen-doped carbon aerogels.  

Green.Chem, 13(9),242- 

[55]. Genli,N.,Sahin,Q.,Baytar,O. and 

Horoz,S.2021. Synthesis of Activated 

Carbon in the presence of Hydrochars from 
Chickpea Stalk and its characterization. J. 

Ovonic Research. 17(2): 117-124.  

[56]. Zhang, X., Gao,B.,Fang,J., Zou,W., 

Dong,L., Cao,C., Zhang,J., Li,Y. and Wang 

H.2019. Chemically activated hydrochar as 

an effective adsorbent for volatile organic 

compounds (VOC).  J.Chemosphere, 218: 

680-685.  Doi: 

10.1016/j.chemosphere.2018.11.144 

[57]. Chen,J.,Zhang,L., Yang,G., Wang,Q., Li,R. 

and Lucia,L.A. 2017. Preparation and 

characterization of Activated carbon from 
Hydrochar by phosphoric Acid Activation 

and its Adsorption Perfoemance in 

Prehydrolysis Liquor. BioResources, 12(3): 

5928-5928 

[58]. Petrovic,JT., 

Stojanovic,M.D.,Milojkovic,J.V., 

Petrovic,M.S., Sostaric,T.D.,Lausevic,M.D. 

and Mihajlovic,M.J.2016. Alkali modified 

hydrochar of grape pomace as a prespective 

adsorbent of Pb2+ from aqueous solution. 

J.EnvironmentalManagement.182: 292- 300.  
doi:10.1016/j.jennman.2016.07.08 

[59]. Puccini, M.,Stefanelli, E.,Hiltz,M., 

Seggiani,M. and Vitolo,S.2017. Activated 

Carbon from Hydrochar Produced by 

Hydrothermal Carbonization of Wastes. 

Chemical Eng. Transactions. Vol. 57. Doi: 

10.3303/CET1757029 

[60]. Salvador,F., Sanchez-Montero,M.J. and 

Izquierdo,C. 2007.C/H2O Reaction under 

Supercritical conditions and Their 

Reprecussions in the preparation of 

Activated Carbon. The journal of Physical 
Chemistry C, 111(37),14011-14020. 

Doi:10.1021/jp073723e 

[61]. Broll,D., Kaul,C.,Kramer,A.,Krammer,P., 

Richter,T.,Jung,M.mVogel,H. and 

Zehner,P.1999. Chemistry in Supercritical 

water. Angew.Chem.Int.Edit.38, 2999-3014. 

Doi:10.1002/(SICI)1521-

3773(19991018)3820<2998:AID-

ANIE2998>3.0CO;2-L 

[62]. Schuth, F. Angew. Chem.Int.Endo-und 
ExotemplateZurErzeugung Von 

anorganischenMaterialienmitgroβerspezifisc

her oberflache.2003, doi: 

10.1002/ange.200300593 

[63]. Schuth,F.,Sing,K.S.W. and Weitkamp,J. 

2002. Handbook of porous solid, vol.1, 

Wiley-VCH, Weinheim, Germany. 

[64]. Yang,H.F., Zhao,D.Y. 2005. Synthesis of 

replica mesostructures by the Nanocasting 

strategy. J.Mater.Chem. 15,1217 

[65]. Kantakanit,P.,Tippayawong,N., 
Koonaphapdeelert,S. and Pattiya,A. 2018. 

Biochar Generation from Hydrothermal 

Carbonization of Organic Wastes.IOP Conf. 

Series: Earth and Environmental Science, 

159,012001. Doi: 

10.1088/1755.1315/159/1/012001 

[66]. Goldberg,E.D. 1985. Black carbon in the 

environment: properties and distribution . 

Env.Science&Tehnol.1st ed. Januari 

1985,J.Wiley. ISBN: 0471819794 

[67]. Zhai,Y., 

Dou,Y.,Zhao,D.,Fulvio,P.F.,Mayes,R.T. and 
Dai,S. 2011. Carbon Materials for Chemical 

Capacitive Enargy Storage. Adv.Mater, 23: 

4828-4850. Doi: 10.1002/adma.201100984 

[68]. Su,D.S. and Schlogl,R. 2010. 

Nanostructured Carbon and Carbon 

Nanocomposites for Electrochemical Energy 

Storage Applications. ChemSusChem, 3:136 

– 168 

[69]. Li,M.,Li,W.. andLiu,S.. 2011. Hydrothermal  

synthesis, characterization, and KOH  

activation of carbon sphere  from  glucose.  
Carbohydrate Research, 346(8): 999-1004, 

doi:10.1016/j.carres.2011.03.020. 

[70]. Chen,J.,Lang,Z., Xu,Q., Hu,B., 

Fu,J.,Chen,Z. and Zhang,J.2013. Facile 

preparation of monodisperse carbon 

spheresTemplate-free construction and their 

hydrogen storage properties. ACS 

Sustainable Chemistry & Engineering, 1(8): 

1063-1068. Doi: 10.1021/sc400124 

[71]. Zhang,K.,Zhao,Q., Tao,Z. and Chen,J.2013. 

Composite of sulfur impregnated in porous 

hollow carbon sphere as the cathode of Li-S 
batteries with high performance. Nano 

Research,6(1), 38-46. Doi: 10.1007/s12274-

012-0279-1. 



Rakhman Sarwono. International Journal of Engineering Research and Applications 

www.ijera.com  
ISSN: 2248-9622, Vol. 12, Issue 4, (Series-IV) April 2022, pp. 16-27 

 

 
www.ijera.com                                 DOI: 10.9790/9622-1204041627                                27 | P a g e  

        
 

 

 

[72]. Alazemi,A.A.,Etacheri,V.,Dysart,A.,Stacke,

L.-E.,Pol,V. and Sadeghi,F. 2015. 

Ultrasmooth Submicron Carbon sphere as 

Lubricant Additive for Friction and Wear 

Reduction. ACS Applied Materials & 

Interfaces. 7(9), 5514-5521. 

Doi:10.1021/acsami.5b00099 

[73]. Auer,E.,Freund,A.,Pietsch,J. and Tacke,T. 
1998. Carbon as supports for industrial 

precious metal catalysts. Applid Catalysts A: 

General, 173(2), 259-271. 

Doi:10.1016/S0926-860X(98)00184-7 

[74]. Tooming, 

T.,Thomberg,T.,Romann,T.,Palm,R.,Janer,A

. and Lust,E.2013. Carbon materials for 

supercapacitor application by hydrothermal 

carbonization of D-glucose. IOP 

Conf.Ser.Mater.Eng, 49,012020. Doi: 

10.1088/1757-899X/49/1/012020. 
[75]. Li,M.,Li,W. and Liu,S. 2012. Control of the 

morphology and chemical properties of 

carbon spheres prepared from glucose by a 

hydrothermal method. J.Mater.Res. vol. 

27,Issue 8 :1117-1123. Doi: 

10.1557/jmr.2011.447. 

[76]. Yan,Q.,Li,R.,Toghiani, H., Cai,Z. and 

Zhang,J. 2015. Synthesis and 

characterization of carbon Nanospheres 

Obtained by hydrothermal Carbonization of 

wood-derived and other Saccharides. Trends 

in Renewables Energy. Vol.1, No.2:119-128. 
Doi:10.17737/tre.2015.1.2.0012 

[77]. Sulistya, E.,Lim,H-

H.,Attenborough,N.K.,Pourshahrestani,S.,Ka

dri,N.A.,Zeimaran,E., Anuar,N.,Horri,B.A. 

and Salamatinia,B.2020. Hydrothermal 

syhthesis of carbon microsphere from 

sucrose with citric acid as a catalyst: 

physicochemical and strucral properties. J. 

of Taibah University for Science. 

Vol.14,No.1: 1942-1050. Doi: 

10.1080/16583655.2020.1794566. 
[78]. Faradilla,RH.F., Lucia,L. and Hakovirta,M. 

2020. Remarkable Physica and Thermal 

Properties of Hydrothermal Carbonized 

Nanoscale Cellulose Observed from Citric  

Acid Catalysis and Acetone Rinsing. 

Nanomaterials, 10,1049. 

Doi:10.3390/nano10061049. 

[79]. Pari,G., Darmawan,S. and Prihandoko,B. 

2014. Porous Carbon Spheres from 

hydrothermal Carbonization and KOH 

Activation on Cassava and Tapioca Flour 

Raw Material.  Procedia Environmental 
Sciences, 20: 342-351. 

Doi:10.1016/proenv.2014.03.043 

 

[80]. Liang,M.,Wang, 

J.,Zhao,M.,Cai,J.,Zhang,M.,Deng,N.,Wang,

B.,Li,B. and Zhang,K.2019. Borax-assisted 

hydrothermal carbonization to fabricate 

monodisperse carbon sphere with high 

thermostability. 

Mater.Res.Express,vol.6,No. 

6.doi:10.1088/2053-1591/ab109f. 
[81]. Yaah,V.B.K.,Zbair,M.,deOliveira,S.B. and 

Ojala,S. 2021.  Hydrochar-derived adsorbent 

for the removal of diclofenac from aqueous 

solution. Nanotechnology for Environmental 

Engiinering. 6:3. Doi: 10.1007/s41204-020-

00099-5 

[82]. Diaz,E.,Manzano,F.J., Villamil,J., 

Rodriguez,J.J. and Mohedano,A.F. 2019. 

Low-Cost Activated Grape Seed-Derived 

Hydrochar through Hydrothermal 

Carbonization and ChamicalActivation for 
Sulfamethoxazole Adsorption. Applied 

Sciences. 

[83]. Hammud,H.H.,Karnati,R.K.,Al 

Shafee,M.,Fawaz,Y. and 

Holail,H.2021.Activated hydrochar from 

palm leaves as efficient lead adsorbent. 

Chemical Engineering Communications.vol. 

208 (2): 197-209. Doi: 

10.1080/00986445.2019.1702975 

[84]. Lozano-Castello,D.,Cazorla-Amoros,D., 

Linares-Solano,A. and Quinn,D.F.. 2002. 

Influence of pore  size distribution on 
methane storage at relatively low pressure: 

preparation of activated carbon with 

optimum pore size. Carbon,40: 989-1002. 

[85]. Sun,W.,Zhang,Y., Yang,Z. and Yang,F. 

2019. High-performance activated carbons 

for electrochemical double layer capacitots: 

Effects of morphology and porous 

structures. Int.J.Energy Res. 44:1930-1950. 

Doi:10.1002/er.5047 

 

 
 


