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(54) METHOD FOR PREPARING STALACTITE-LIKE MACROPOROUS ACTIVATED CARBON

(57) The present application discloses a method for
preparing a stalactite-like macroporous activated carbon,
comprising the following steps: ball milling an activated
carbon precursor for 15 min to 2 h, and pressing the
ball-milled activated carbon into a sheet shape, arranging
heat conductive substrates on both sides of said sheet
shaped activated carbon precursor, so that the sheet is
between the two heat conductive substrates; after a high
temperature self-ignition agent is pressed into a flake,
placing same on an outside face of the above heat con-
ductive substrate with activated carbon precursor; after
a low temperature combustion-supporting agent is
pressed into a flake, placing same on an outside face of
the above high temperature self-ignition agent, and mak-
ing the activated carbon precursor, the heat conductive
substrate, the high temperature self-ignition agent and
the low temperature combustion-supporting agent into a
sandwich structure ; and placing the above sandwich
structure in a sealed argon gas, nitrogen gas or vacuum
atmosphere, heating same to 120-200°C, and cooling
same to room temperature to obtain the stalactite-like
macroporous activated carbon. The above preparation
method reduces the traditional activating ambient tem-
perature from 800 °C or more to 120-200 °C, shortens

the activation time, and has the advantages of high effi-
ciency, high safety, low energy consumption, and good
morphology of activated carbon.
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Description

Technical field

[0001] The invention belongs to the technical field of activated carbon materials, and particularly relates to a preparation
method of stalactite-like macroporous activated carbon.

Background

[0002] Activated carbon has the advantages of high specific surface area, low cost, high chemical and thermal stability,
and high electrical conductivity. Although the conventional activated carbon has a specific surface area of more than
2000 m2/g, the actual utilization rate is not high. The reason is that the porous activated carbon materials prepared under
the existing process conditions cannot avoid the formation of micropores with the pore diameter of less than 2 nm, while
the ideal porous carbon materials can effectively form electric double layer or be used for material growth only when the
pore diameter is greater than 2 nm. Therefore, it is necessary to adopt a chemical activation method to increase the
specific surface area and control the diameter of the micropores so that the diameter is greater than 2 nm.
[0003] The traditional chemical activation process of the activated carbon usually uses a tube furnace or an atmosphere
furnace with nitrogen or argon protection. Firstly, it is pre-fired at 350 °C for 1.5h ∼ 3h, and then it is activated for 1h ∼
3h above 800 °C. The activation time is relatively long. The whole activation process and heating process takes at least
4h, which leads to high consumption of the energy and protective gas. Therefore, how to reduce energy consumption
and time cost is the key to large-scale commercial application of high specific area and high specific capacitance activated
carbon.
[0004] At present, there are some patents on the preparation of activated carbon. For example, the patent application
CN107973296A discloses a large-pore activated carbon and its preparation method, in which claim 1 discloses the
following steps: Step 1, crush the raw material of activated carbon, immerse the crushed raw material in ethanol solution
which is mixed herein with hydroxide as pore expanding agent, after ultrasonic vibration, washing with water, and drying,
pretreated activated carbon can be obtained; Step 2, the pretreated activated carbon is added with surfactant, soaked
at 80-100 °C for 7-9h, stirred once every 2-3h to make it evenly mixed; Step 3, the pretreatment activated carbon is
obtained by being heated for 2-4 hours at heating temperature 300-500 °C and under the protection of nitrogen, then,
heating for another 1-3 hours at 700-800 °C,under. the protection of a mixture of water vapor and carbon dioxide,, large-
pore activated carbon can be eventually obtained. The beneficial effects are Firstly, using physical and chemical methods
to act simultaneously to expand the hole; secondly, the mixed gas of carbon dioxide and water vapor is used for physical
activation during the activation process, which broadens the pore size of the activated carbon under the synergistic
effect of the two.
[0005] The patent application CN107226470A discloses a preparation method of macroporous biological activated
carbon without adhesive gap, which comprises the following steps: (1) The raw materials are bamboo, crushed and
sieved,. take 8065 mesh bamboo scraps, and the moisture content is 860.5%;(2) Briquetting granulation at a compres-
sion ratio of 1:5 to 1:10, the compression ratio refers to diameter/length; (3) Carbonization treatment: the carbonization
temperature is 450-700°C, and the carbonization time is 0.5-2.5h; (4) Activation reaction: The activation temperature is
700-1000°C, and the activation time is 1-3.5h.
[0006] The patent application CN107140635A discloses the following steps: (1) The raw materials are bamboo, crushed
and sieved, take 8065 mesh bamboo scraps, and the moisture content is 860.5%;(2) Add bonding agent, the amount
of bonding agent is 5-35% (weight) of the bamboo chips, and mix them evenly; (3) Briquetting granulation at a compression
ratio of 1:5 to 1:10, the compression ratio refers to diameter/length; (4) Carbonization treatment: the carbonization
temperature is 450-700°C, and the carbonization time is 0.5-2.5h; (5) Activation reaction: The activation temperature is
700-1000°C, and the activation time is 1-3.5h.
[0007] However, in the method for preparing activated carbon disclosed above, the activation reaction temperature is
above 700°C, the activation time is 1∼3h, the high activation temperature and the long time required for activation will
result in the high consumption of energy and protective gas.
[0008] In addition, there is also patent application CN102442665A, which discloses a heat-treated activated carbon
and a preparation method thereof, wherein, the high-temperature treated activated carbon and the pore expanding agent
are evenly mixed, and the heat-treated activated carbon with high mesoporous and macroporous ratios can be obtained
by expanding the pore at 300-1000 °C for 0.1-48 hours. However, the patent application relies on extremely high ambient
temperature to conduct long-term pretreatment of the material and then reduce the temperature for preparation (all
embodiments mentioned that "the commercial activated carbon should be placed in argon at 1850 °C for 1 hour"), the
required temperature is far higher than the environmental temperature in the present application, and the energy con-
sumption is also relatively very high. The patent application is actually overly dependent on a higher ambient temperature,
which does not meet the requirements of low temperature and low energy consumption.
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[0009] Patent application CN109179404A discloses a method for preparing mesoporous activated carbon from long
flame coal in which a single long flame coal is selected, and a multiple composite binder is used. The amount of raw
coal is 60% ∼ 80%, the amount of binder is 10% ∼ 25%, and the amount of water is 3% ∼ 10%. The raw materials are
processed by powdering and bonding, beading granulation, carbonization and secondary carbonization, activation, etc.,
to finally obtain macroporous activated carbon in long flame coal.
[0010] Patent application CN109081344A discloses a preparation process of large pore size activated carbon. The
activated carbon adopts activated carbon products, and the steps include DMF process and activation process, in which
DMF process: the activated carbon is immersed in DMF solution for 12 hours; Activation process: the activated carbon
impregnated in the DMF process is put into the cremation furnace for activation, and then taken out after the temperature
has raised to 850 °C for 1 hour, to obtain macroporous activated carbon.
[0011] Patent application CN108963291A discloses a thin thermal battery with independent electrode system and
heating system, including electrode system and heating system. The heating system is wrapped by a heat conductive
insulating layer, and the heating system supplies heat to the electrode system from all around. However, the patent
application belongs to the design and composition of thermal battery, not to the field of carbonization material technology,
and from the perspective of principle, efficacy, structure and element composition, thermal battery and carbon material
are significantly different. Moreover, the patent application cannot solve the technical problems of high activation tem-
perature, long activation time and high consumption of energy and protective gas in the preparation process of activated
carbon.
[0012] Patent application CN106587053A discloses a preparation process of special activated carbon for desulfuri-
zation, including the following steps: pressurization and pressure relief treatment; heat and freeze; explosion puffing;
cold blow; carbonization; and activation. It is disclosed that magnesium powder and sodium hydroxide are mixed with
raw materials to produce expansion effect and form large pore size. However, the reactivation temperature of the patent
application still needs the carbonization furnace to provide external high-temperature environment.
[0013] Patent application CN103058186B discloses a method for preparing granular activated carbon from sawdust,
including : a. Crush the sawdust to a certain particle size and dry it for standby; b. Phosphoric acid is mixed with the
sawdust obtained in step a according to a certain large phosphorus wood ratio, and the cocatalyst sodium hydrogen
phosphate is added to obtain the mixture; c. The mixture is successively impregnated at low temperature, plasticized,
kneaded, extruded, dried, carbonized, activated, recycled, rinsed, dried, crushed and screened to obtain the product.
The addition of a co activator is disclosed, thereby reducing the activation temperature and activation time. But the
overall time is still relatively long, the temperature is also high.
[0014] At present, there are four general methods in the field of macroporous materials: 1. Colloidal crystal template
and colloidal particle template method; 2. Micro floating liquid method; 3. Two-steps template method; 4. Biological
template method (CN107140635A, CN107226470A). However, there has not been any disclosed existing technology
that mainly relies on the energy of the material itself rather than the energy supply of the environment to carry out the
microscopic macroporous modification of activated carbon. Therefore, it is particularly important to develop a convenient,
low-energy, and rapid preparation method for macroporous activated carbon.

Summary of the invention

[0015] In order to solve the above technical problems, the present invention provides a preparation method of stalactite-
like macroporous activated carbon. The present invention discloses a preparation method for the first time to obtain the
stalactite-like macroporous activated carbon in a low temperature environment, which shortens the activation time, and
compresses the traditional activation time from more than 1h to only several minutes or even seconds. Therefore, the
present invention greatly improves the preparation efficiency of macroporous activated carbon. Notably, the activating
ambient temperature is reduced to 120°C∼200°C in the present application from the traditional activating ambient tem-
perature which is above 800°C.
[0016] In order to achieve the above-mentioned objectives, the present invention adopts the following technical solu-
tions:
A method for preparing stalactite-like macroporous activated carbon comprises the following steps:

(1) The activated carbon precursor is weighed and placed in a ball mill with a rotating speed of 200 r/min ∼ 1200
r/min and milled for 15min ∼ 2h, then, the ball milled activated carbon precursor is pressed into flakes, and a heat
conductive substrate is set on both sides of the activated carbon precursor respectively so that the activated carbon
precursor is placed between the two heat conductive substrates;
(2) After weighing the high-temperature self-ignition agent and pressing it into a sheet shape, it is placed on the
outer surface of each heat conductive substrate, with the inner surface of each heat conductive substrate adjacent
to the activated carbon precursor;
(3) After weighing the low-temperature combustion-supporting agent and compressing it into tablets, it is placed on



EP 3 778 478 A1

4

5

10

15

20

25

30

35

40

45

50

55

the outer surface of the high-temperature self-ignition agent, so that the raw materials form a sandwich structure of
low-temperature combustion-supporting agent → high-temperature self-ignition agent → heat conductive substrate
→ activated carbon precursor in order from the outside to the inside;
(4) The sandwich structure is heated to 120 °C ∼ 200 °C in a closed argon, nitrogen or vacuum atmosphere, and
the low-temperature combustion supporting agent is ignited by the ambient temperature, meanwhile, the low-tem-
perature combustion-supporting agent instantly generates a temperature of 1000°C or above to ignite the high-
temperature self-ignition agent, therefore, the local temperature of activated carbon precursor on the heat conductive
substrate is made above 1000 °C, when the activation is completed, cooling to the room temperature, the stalactite-
like large activated carbon is obtained on the heat conductive substrate.

[0017] In additionally, the mass ratio of the low-temperature combustion-supporting agent, the high-temperature self-
ignition agent, the activated carbon precursor, and the heat conductive substrate is 0.3∼1.5:8∼15:1:0.5∼1.
[0018] Further, in step (1), the activated carbon precursor is activated carbon and potassium hydroxide, and the mass
ratio of the activated carbon and potassium hydroxide is 1:3.1∼7.9.
[0019] Further, in step (2), the high-temperature self-ignition agent is iron powder and oxidant, and the mass ratio of
iron powder and oxidant is 70∼88:12∼30.
[0020] Further, the oxidant is one or more of potassium perchlorate, lithium perchlorate and sodium perchlorate.
[0021] Further, in step (3), the low-temperature combustion-supporting agent is zirconium and barium chromate, and
the mass ratio of the zirconium to barium chromate is 3∼4:6∼7.
[0022] Further, in steps (1), (2) and (3), the pressing pressure to compressing tablets is 10kpa ∼ 2000kpa.
[0023] Further, in step (4), the activation time is 3s∼2min.
[0024] Further, the heat conductive substrate is one of nickel, titanium, and platinum.
[0025] Further, the diameter of the heat conductive substrate is 18-130 mm.
[0026] Principle of this present application: This patent uses zirconium (Zr) and barium chromate, which having ex-
tremely high burning rates, as low-temperature combustion-supporting agent, which can’t spontaneously combust at
room temperature to ensure safety in use, and the burning rate can be controlled by adjusting the ratio of zirconium and
barium chromate; The iron powder in the high-temperature self-ignition agent is seriously excessive to ensure that the
oxidant and the iron powder react completely without generating excess oxygen and causing side reactions; The precursor
of activated carbon uses potassium hydroxide to react with activated carbon to generate impact gas, which not only
guarantees a sufficient source of impact gas but also does not cause side reactions with the heat conductive substrate,
and the ratio of activated carbon to potassium hydroxide ensures complete reaction of potassium hydroxide, the mor-
phology of macroporous activated carbon can be controlled by adjusting the ratio of activated carbon and potassium
hydroxide, and their mass ratio determines the ratio and quality of high-temperature self-ignition agents; The heat
conductive substrate uses a metal with high thermal conductivity and corrosion resistance to ensure the timely conduction
of heat, so as to achieve a high-temperature local reaction temperature zone without side reactions with raw materials.
The selection and dosage range of the materials make the preparation method of the present invention efficient and
convenient.
[0027] In the present invention, commercially available ordinary finished activated carbon is selected as the carbon
source, and the ordinary finished activated carbon has a wide source, many brands, and low price. Ordinary finished
activated carbon is often used as a gas adsorbent, but all have a microporous structure (pore size <2nm). The finished
activated carbon does not need to undergo a carbonization process, and the finished activated carbon is mixed uniformly
with potassium hydroxide to become the "activated carbon precursor". Furthermore, the preparation method of the
"deflagration method" proposed for the first time in the present invention is used for solid phase activation preparation.
The biggest difference between "deflagration method" and traditional equipment is that it does not need to consider the
heating process and heat preservation process of the equipment. The traditional "macroporous activation" is carried out
under a "mild" condition, with a slow heating rate (<5°C/min) and a high temperature (>800°C) for more than 1h. The
reason for this is to protect the safety of the equipment during the high-temperature heating stage. Because if the heating
rate in the high-temperature stage is too fast, the temperature control of the equipment will fail, and the equipment will
be damaged by "over-temperature" heating. The "deflagration method" innovatively uses the " stepped heating method"
to instantly create a "local high temperature area". Because the heating equipment is in the low temperature section
(≤200°C), there is no need to worry about instantaneous local high temperature reactor equipment damage. The low-
temperature combustion-supporting agent is composed of zirconium and barium chromate. It can achieve an ultra-fast
burning rate of 20cm/s∼90cm/s at a temperature exceeding 120°C by screening and adjusting the ratio according to the
particle size. So, it can rely on the low-temperature combustion aid to complete the rapid activation of the high-temperature
self-ignition agent. The invention mainly relies on the material’s own energy (iron powder and oxidant) to complete the
entire "macroporous activation process". Among them, the high-temperature self-ignition agent takes iron and potassium
perchlorate as examples, when the mass ratio of iron and potassium perchlorate is 80:20, the reaction temperature can
reach 1538°C, equivalent to the high temperature when metal iron melts into liquid; When the mass ratio of iron and
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potassium perchlorate is 86:14, the reaction temperature can reach 1413°C; When the mass ratio of iron and potassium
perchlorate is 88:12, the reaction temperature can reach 1369°C. The energy produced by the violent reaction of the
high-temperature self-ignition agent acts on the potassium hydroxide of the activated carbon, which can make them
instantly react violently, and realize the "macroporous activation" of the activated carbon by potassium hydroxide.
[0028] The reason why potassium salt is used instead of sodium salt is that potassium has a low boiling point (762°C)
while sodium has a higher boiling point (883°C), so the high temperature reaction kinetics of potassium salt is faster. In
the present invention, only potassium hydroxide is used for potassium salt because of its low molecular weight (56.1g/mol),
so when compared with potassium carbonate (138.21g/mol), potassium bicarbonate (100.115g/mol), potassium acetate
(98.14g/mol), potassium perchlorate (138.55g/mol), potassium permanganate (158.034g/mol) and other potassium salts,
its molar amount in potassium hydroxide is higher under the same mass ratio. In the reaction, the molar mass determines
the reaction amount instead of weight, so the use of potassium hydroxide has a larger reaction amount than other
potassium salts. Moreover, it saves the volume of potassium salts. The entire activation reaction follows the following
reaction equations:

2KOH→K2O+H2O (1)
C+H2O→H2+CO (2)
CO+H2O→H2+CO2 (3)
K2O+CO2→K2CO (4)
K2O+H2→2K+H2O (5)
K2O+C→2K+CO (6)

[0029] In the activation process, the carbon dioxide produced by the finished activated carbon is basically converted
into carbonate in the form of reaction equation (4), that is, the carbon consumed in the activation process mainly generates
potassium carbonate, which makes the finished activated carbon achieve the macroporous treatment in the form of
activated carbon precursor. The macroporous activated carbon with similar morphology of stalactite is obtained. The
morphology of the stalactite in the present invention is related to the mechanism of the present invention. Because the
high-temperature reaction kinetics of the deflagration method is extremely fast (over 1000 °C in an instant and maintain
a high temperature in a short period of time), therefore, the pore opening process of activated carbon with potassium
hydroxide can be regarded as an accelerated water erosion process. The instantaneous high temperature region provided
by the present invention makes potassium hydroxide and the finished activated carbon react violently on the contact
interface, and finally obtains the SEM test images of the stalactite-like macroporous activated carbon, as shown in Fig.
2 - Fig. 5.
[0030] Since the present invention adopts the above technical solutions, it has the following beneficial effects:

(1) The invention for the first time discloses a preparation method for obtaining stalactite-like macroporous activated
carbon in a low temperature environment, which shortens the activation time, compresses the traditional activation
time from more than 1h to only several minutes or even few seconds, and greatly improves the preparation efficiency
of macroporous activated carbon. The activating ambient temperature is reduced from 800 °C of traditional activating
ambient temperature to 120 °C ∼ 200 °C in the present application. It is the first to create a stepped local high
temperature heating method to realize the macro porosity of activated carbon in a very short time. The power
consumption of the equipment is greatly reduced. In addition, due to the reduction of the activating ambient tem-
perature, the safety in the production process is also greatly improved. Therefore, it has the characteristics of simple
production, fast reaction speed, and low environmental temperature required for reaction. The process from the
preparation of raw materials to obtaining the stalactite-like macroporous activated carbon can be controlled within
1h, which can greatly improve the preparation efficiency of macroporous activated carbon. It has the advantages
of high efficiency, high safety, low energy consumption and good morphology of activated carbon. It has high
engineering application value.
(2) The invention uses zirconium and barium chromate to generate a strong oxidation-reduction reaction in a relatively
low temperature range of 120°C to 200°C. Zirconium and barium chromate can generate a temperature of 1000°C
or above at the moment of combustion, while the iron powder and a strong oxidant are ignited. The high-temperature
self-ignition agent reacts more violently, keeping the impact temperature above 1000°C in a short period of time.
Potassium ions in the activated carbon precursor form potassium vapor, which diffuses into the carbon framework
and reacts to produce carbon dioxide, carbon monoxide, and a small amount hydrogen and other gases violently
impact the microscopic surface of activated carbon materials. Therefore, a series of processes have a significant
impact on their specific surface and pore structure, resulting in stalactite-like macroporous activated carbon. More-
over, there is a serious excess of iron powder in the high-temperature self-ignition agent in order to fully contact
and react with the strong oxidant to avoid the generation of excess oxygen and the side reaction of activated carbon
to generate carbon dioxide which will damage the raw materials. In addition, the proportion of strong oxidant is
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adjusted to control the specific heat value, so as to control the reaction time.
(3) The invention uses zirconium and barium chromate as the combustion-supporting agent. The working temperature
of the combustion-supporting agent is significantly higher than room temperature without spontaneous combustion
at room temperature. It has good safety. Moreover, its activation temperature is significantly lower than the traditional
activated carbon activation temperature which is above 800°C. The energy consumption of activation is greatly
reduced. In the local area in the low temperature environment of 120°C∼200°C, the high temperature of over 1000°C
can be maintained in a short time by the energy of the material itself. Therefore, it shortens the activation time from
more than 1h of the traditional activation time to only several minutes or even few seconds in the present application,
so that the activation efficiency is greatly improved.
(4) The invention pioneered the "deflagration method". This method provides a beginning for the preparation of
macroporous materials. It has extremely high innovative value and industrial production value. The prepared ma-
croporous activated carbon has good shape, high efficiency and low energy consumption, simple preparation, high
throughput, and huge advantages that existing technologies can’t achieve.
(5) The invention pioneered the gradient local high-temperature heating method, creating a stepped rapid heating
method, realizing the macro porosity of activated carbon in a very short time. It breaks the conventional thinking of
"under the same other conditions, within a certain range, the increase in activation time will help improving the
activation effect, that is, shortening the activation time, the activation effect will become worse.", and can activate
in a short time and ensure the activation effect.
(6) Since the product activated carbon is directly used for macroporous activation treatment instead of carbonization
process, the invention has no special requirements on the original micro morphology of the finished activated carbon,
and the activated carbon with any morphology can be used for fast, low energy consumption and simple macroporous
treatment.

Brief description of the drawings

[0031] In order to more clearly explain the technical solutions in the examples of the present invention or the prior art,
the following will briefly introduce the drawings required in the implementation examples or the description of the prior
art. Obviously, the drawings in the following description are just some examples of the present invention. For those of
ordinary skill in the art, other drawings can be obtained from these drawings without being creative:

Figure 1 is a schematic diagram of a sandwich structure from which to make stalactite-like macroporous activated
carbon of the present invention;

Figure 2 is an SEM image of stalactite-like macroporous activated carbon prepared in Example 1 of the present
invention;

Figure 3 is an SEM image of stalactite-like macroporous activated carbon prepared in Example 2 of the present
invention;

Figure 4 is an SEM image of stalactite-like macroporous activated carbon prepared in Example 3 of the present
invention;

Figure 5 is an SEM image of stalactite-like macroporous activated carbon prepared in Example 4 of the present
invention.

Detailed description of the embodiments

[0032] The specific embodiments of the present invention will be described in further detail below, but the present
invention is not limited to these embodiments. Any improvement or replacement in the basic spirit of the embodiment
still belongs to the scope of protection claimed by the claims of the present invention.

Example 1

[0033] A preparation method of stalactite-like macroporous activated carbon includes the following steps:

(1) According to the mass ratio of 1:5, the activated carbon and potassium hydroxide with a total mass of 180g are
taken as the precursor of activated carbon, and placed in a ball milling pot with the rotating speed of 200 r/min ∼
1200 r/min, and the mixture is evenly milled for 15min - 2h, and evenly divided into 10 parts, each weights 18g.
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Then, the ball milled activated carbon precursor is pressed into flakes, and a heat conductive substrate is set on
each side of the activated carbon precursor to make the activated carbon precursor located between two sheets of
the heat conductive substrates;
(2) Iron powder and potassium perchlorate are weighed as high-temperature self-ignition agents according to a
mass ratio of 83:17, and after being pressed into flakes, they are placed on the outer surface of the heat conductive
substrate, the inner surface of each sheet of the heat conductive substrates is adjacent to the activated carbon
precursor respectively; using potassium perchlorate as an oxidant;
(3) Weigh zirconium and barium chromate as a low-temperature combustion-supporting agent according to a mass
ratio of 1:2, press them into flakes, and place them on the outer surface of the high-temperature self-ignition agent,
so that the raw materials form a sandwich structure of low-temperature combustion-supporting agent → high-tem-
perature self-ignition agent → heat conductive substrate → activated carbon precursor in order from the outside to
the inside;
(4) The 10 above sandwich structures are placed in a closed nitrogen atmosphere and heated to 120 °C ∼ 200 °C,
while the ambient temperature is used to ignite the low-temperature combustion-supporting agent. Meanwhile, the
low-temperature combustion-supporting agent instantly generates a temperature of 1000°C or above to ignite the
high-temperature self-ignition agent. Therefore, a series of methods make the local temperature of the activated
carbon precursor on the heat conductive substrate above 1000 °C, and then complete the activation. The activation
time is 3s ∼ 2min. After cooling to room temperature, stalactite-like macroporous activated carbon is obtained on
the heat conductive substrate.

[0034] Further, the mass ratio of the low-temperature combustion-supporting agent, the high-temperature self-ignition
agent, the activated carbon precursor, and the heat conductive substrate is 0.5:10:1:1. In steps (1), (2) and (3), the
pressing pressure of compressing tablet is 10kp ∼ 2000kpa; the heat conductive substrate is nickel, and the diameter
of the heat conductive substrate is 18 ∼ 130mm. The micro morphology of the stalactite-like macroporous activated
carbon in this example is shown in Fig. 2.

Example 2

[0035] A preparation method of stalactite-like macroporous activated carbon includes the following steps:

(1) According to the mass ratio of 1:5, the activated carbon and potassium hydroxide with a total mass of 180g are
taken as the precursor of activated carbon, and placed in a ball milling pot with the rotating speed of 200 r/min ∼
1200 r/min, and the mixture is evenly milled for 15min - 2h, and evenly divided into 10 parts, each weights 18g.
Then, the ball milled activated carbon precursor is pressed into flakes, and one heat conductive substrate is set on
each side of the activated carbon precursor respectively to make the activated carbon precursor located between
the two sheets of the thermal heat substrates;
(2) Iron powder and potassium perchlorate are weighed as high-temperature self-ignition agents according to a
mass ratio of 83:17, and after being pressed into flakes, they are placed on the outer surface of the heat conductive
substrate, with the inner surface of each sheet of the heat conductive substrates is adjacent to the activated carbon
precursor respectively; The potassium perchlorate is used as an oxidant;
(3) Weigh zirconium and barium chromate as a low-temperature combustion-supporting agent according to a mass
ratio of 1:2, press them into flakes, and place them on the outer surface of the high-temperature self-ignition agent,
so that the raw materials form a sandwich structure of low-temperature combustion-supporting agent → high-tem-
perature self-ignition agent → heat conductive substrate → activated carbon precursor in order from the outside to
the inside;
(4) The 10 above sandwich structures are placed in a closed argon, nitrogen or vacuum atmosphere and heated to
120 °C ∼ 200 °C, while the ambient temperature is used to ignite the low-temperature combustion-supporting agent.
Meanwhile, the low-temperature combustion-supporting agent instantly generates a temperature of 1000°C or above
to ignite the high-temperature self-ignition agent. Therefore, the local temperature of the activated carbon precursor
on the heat conductive substrate is made above 1000 °C, and then complete the activation. The activation time is
3s ∼ 2min. After cooling to room temperature, stalactite-like macroporous activated carbon is obtained on the heat
conductive substrate.

[0036] Further, the mass ratio of the low-temperature combustion-supporting agent, the high-temperature self-ignition
agent, the activated carbon precursor, and the heat conductive substrate is 0.5:10:1:1. In steps (1), (2) and (3), the
pressing pressure of the compressing tablet is 10kp ∼ 2000kpa, the heat conductive substrate is titanium, and the
diameter of the heat conductive substrate is 18 ∼ 130mm. The micro morphology of the stalactite-like macroporous
activated carbon in this example is shown in Fig. 3.
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Example 3

[0037] A preparation method of stalactite-like macroporous activated carbon includes the following steps:

(1) According to the mass ratio of 1:4, the activated carbon and potassium hydroxide with a total mass of 180g are
taken as the precursor of activated carbon, and placed in a ball milling pot with the rotating speed of 200 r/min ∼
1200 r/min, and the mixture is evenly milled for 15min - 2h, and evenly divided into 10 parts, each weights 18g.
Then, the ball milled activated carbon precursor is pressed into flakes, and a heat conductive substrate is set on
each side of the activated carbon precursor respectively to make the activated carbon precursor located between
the two heat conductive substrates;
(2) Iron powder and sodium perchlorate are weighed as high-temperature self-ignition agents according to a mass
ratio of 83:17, and after being pressed into flakes, they are placed on the outer surface of the heat conductive
substrates with the inner surface of each sheet of the heat conductive substrates is adjacent to the activated carbon
precursor respectively; The sodium perchlorate is used as an oxidant;
(3) Weigh zirconium and barium chromate as a low-temperature combustion-supporting agent according to a mass
ratio of 1:2, press them into flakes, and place them on the outer surface of the high-temperature self-ignition agent,
so that the raw materials form a sandwich structure of low-temperature combustion-supporting agent → high-tem-
perature self-ignition agent → heat conductive substrate → activated carbon precursor in order from the outside to
the inside;
(4) The 10 above sandwich structures are placed in a closed argon atmosphere and heated to 120 °C ∼ 200 °C,
while the ambient temperature is used to ignite the low-temperature combustion-supporting agent. Meanwhile, the
low-temperature combustion-supporting agent instantly generates a temperature of 1000°C or above to ignite the
high-temperature self-ignition agent. Therefore, the local temperature of the activated carbon precursor on the heat
conductive substrate is made above 1000 °C, and then complete the activation. The activation time is 3s ∼ 2min.
After cooling to room temperature, stalactite-like macroporous activated carbon is obtained on the heat conductive
substrate.

[0038] Further, the mass ratio of the low-temperature combustion-supporting agent, the high-temperature self-ignition
agent, the activated carbon precursor, and the heat conductive substrate is 0.5:15:1:1. In steps (1), (2) and (3), the
pressing pressure of the compressing tablet is 10kp ∼ 2000kpa, the heat conductive substrate is one of nickel, titanium
and platinum, and the diameter of the heat conductive substrate is 18 ∼ 130mm. The micro morphology of the stalactite-
like macroporous activated carbon in this example is shown in Fig. 4.

Example 4

[0039] A preparation method of stalactite-like macroporous activated carbon includes the following steps:

(1) According to the mass ratio of 1:4, the activated carbon and potassium hydroxide with a total mass of 180g are
taken as the precursor of activated carbon, and placed in a ball milling pot with the rotating speed of 200 r/min ∼
1200 r/min, and the mixture is evenly milled for 15min - 2h, and evenly divided into 10 parts, each weights 18g.
Then, the ball milled activated carbon precursor is pressed into flakes, and a heat conductive substrate is set on
each side of the activated carbon precursor respectively to make the activated carbon precursor located lie between
the two heat conductive substrates;
(2) Iron powder and lithium perchlorate are weighed as high-temperature self-ignition agents according to a mass
ratio of 80:20, and after being pressed into flakes, they are placed on the outer surface of the heat conductive
substrate with the inner surface of each sheet of the heat conductive substrates is adjacent to the activated carbon
precursor; The lithium perchlorate is used as an oxidant;
(3) Weigh zirconium and barium chromate as a low-temperature combustion-supporting agent according to a mass
ratio of 1:2, press them into flakes, and place them on the outer surface of the high-temperature self-ignition agent,
so that the raw materials form a sandwich structure of low-temperature combustion-supporting agent → high-tem-
perature self-ignition agent → heat conductive substrate → activated carbon precursor in order from the outside to
the inside;
(4) The 10 above sandwich structures are placed in a closed vacuum atmosphere at -0.9 Mpa and heated to 120
°C ∼ 200 °C, while the ambient temperature is used to ignite the low-temperature combustion-supporting agent.
Meanwhile, the low-temperature combustion-supporting agent instantly generates a temperature of 1000°C or above
to ignite the high-temperature self-ignition agent. Therefore, the local temperature of the activated carbon precursor
on the heat conductive substrate is made above 1000 °C, and then complete the activation. The activation time is
3s ∼ 2min. After cooling to room temperature, stalactite-like macroporous activated carbon is obtained on the heat
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conductive substrate.

[0040] Further, the mass ratio of the low-temperature combustion-supporting agent, the high-temperature self-ignition
agent, the activated carbon precursor, and the heat conductive substrate is 0.5:12:1:1. In steps (1), (2) and (3), the
pressing pressure of the compressing tablet is 10kp ∼ 2000kpa, the heat conductive substrate is one of nickel, titanium
and platinum, and the diameter of the heat conductive substrate is 18 ∼ 130mm. The micro morphology of the stalactite-
like macroporous activated carbon in this example is shown in Fig. 5.

The proportion of 1

[0041] The preparation of activated carbon was carried out according to the examples described in the patent application
CN107226470A.

The proportion of 2

[0042] The preparation of activated carbon was carried out according to the examples described in the patent application
CN107140635A.

The proportion of 3

[0043] The preparation of activated carbon was carried out according to the examples described in the patent application
CN109179404A.

The proportion of 4

[0044] The preparation of activated carbon was carried out according to the examples described in the patent application
CN109081344A.

The proportion of 5

[0045] The preparation of activated carbon was carried out according to the examples described in the patent application
CN102442665A.

The proportion of 6

[0046] The preparation of activated carbon was carried out according to the method of the Appl. Sci., 2017,7,1036.

The proportion of 7

[0047] The preparation of activated carbon was carried out according to the method of the J. Power Sources, 342
(2017) 363-370.

The proportion of 8

[0048] The preparation of activated carbon was carried out according to the method of the J. Alloys Compd., 693
(2017) 1297-1304.
[0049] The methods of Examples 1 to 4 and Comparative Examples 1 to 8 of this application are used to prepare
activated carbon, and the activating ambient temperature and activation time of each group are recorded. The experi-
mental results are shown in Table 1 below.

Table 1

group Activating ambient temperature Activation time

Example 1 180°C 20s

Example 2 150°C 20s

Example 3 120°C 3s
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[0050] From the experimental data in Table 1, it can be seen that, compared with the existing technology, the activated
carbon preparation method of the present application has a shorter activation time and requires a lower activating ambient
temperature.
[0051] In summary, the present invention can obtain stalactite-like macroporous activated carbon in a low temperature
environment, shorten the activation time, compress the traditional activation time from more than 1 hour to several
minutes or even seconds, and reduce the traditional activating ambient temperature from above 800 °C to 120°C∼200°C.
It is the first to create a gradient local high temperature heating method to realize the large pore size of activated carbon
in a very short time. The power consumption of the equipment is greatly reduced, the reaction speed is fast, and the
reaction environment temperature is low, which can greatly improve the preparation efficiency of macroporous activated
carbon. It has the advantages of high efficiency, high safety, low energy consumption and good morphology of activated
carbon. It has high engineering application value.
[0052] For those skilled in the art, it is obvious that the invention is not limited to the details of the above exemplary
experimental examples, and the invention can be realized in other specific forms without departing from the spirit or
basic features of the invention. Therefore, from any point of view, the embodiments should be regarded as exemplary
and non-limiting. The scope of the present invention is defined by the appended claims rather than the above description,
so it is intended to fall within the claims. All changes within the meaning and scope of the equivalent waist are included
in the protection scope of the present invention.

Claims

1. A preparation method of stalactite-like macroporous activated carbon, characterized in that it comprises the fol-
lowing steps:

(1) The activated carbon precursor is weighed and placed in a ball mill with a rotating speed of 200 r/min ∼ 1200
r/min and milled for 15min ∼ 2h; Then, the ball milled activated carbon precursor is pressed into flakes, and a
heat conductive substrate is set on each side of the activated carbon precursor respectively to make the activated
carbon precursor being placed between the two sheets of the heat conductive substrates;
(2) After weighing the high-temperature self-ignition agent and pressing it into flakes, it is placed on the outer
surface of the heat conductive substrate ;
(3) After weighing the low-temperature combustion-supporting agent and compressing it into flakes, it is placed
on the outer surface of the above-mentioned high-temperature self-ignition agent, so that the raw materials
form a sandwich structure of low-temperature combustion-supporting agent → high-temperature self-ignition
agent → heat conductive substrate → activated carbon precursor in the order from the outside to the inside;
(4) The sandwich structure is heated to 120 °C ∼ 200 °C in a closed argon, nitrogen or vacuum atmosphere,
and the low-temperature combustion supporting agent is ignited by the ambient temperature; Meanwhile, the
low-temperature combustion-supporting agent instantly generates a temperature of 1000°C or above to ignite
the high-temperature self-ignition combustion-supporting agent; Therefore, the local temperature of activated
carbon precursor on the heat conductive substrate is made above 1000 °C; When the activation is completed,
the stalactite-like large activated carbon is obtained on the heat conductive substrate after cooling to the room

(continued)

group Activating ambient temperature Activation time

Example 4 200°C 10s

The proportion of 1 700°C∼1000°C 1h∼3.5h

The proportion of 2 700°C1∼000°C 1h∼3.5h

The proportion of 3 800°C∼950°C 2h∼3h

The proportion of 4 850°C 1h

The proportion of 5 1850°C 1h

The proportion of 6 700°C∼800°C 1h∼3h

The proportion of 7 600∼800°C 1h

The proportion of 8 900°C 2h
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temperature;

In step (1), the activated carbon precursor is activated carbon and potassium hydroxide, and the mass ratio of the
activated carbon and potassium hydroxide is 1:3.1∼7.9;
In step (2), the high-temperature self-ignition agent is iron powder and oxidant, and the mass ratio of iron powder
and oxidant is 70∼88:12∼30;
In step (3), the low-temperature combustion-supporting agent is zirconium and barium chromate, and the mass ratio
of the zirconium to barium chromate is 3∼4:6∼7.

2. The method for preparing stalactite-like macroporous activated carbon according to claim 1, characterized in that:
the mass ratio of the low-temperature combustion-supporting agent, the high-temperature self-ignition agent, the
precursor of activated carbon and the heat conductive substrate is 0.3-1.5 : 8-15:1: 0.5-1.

3. A method for preparing stalactite-like macroporous activated carbon according to claim 1, characterized in that:
the oxidant is one or more of potassium perchlorate, lithium perchlorate, and sodium perchlorate.

4. A method for preparing stalactite-like macroporous activated carbon according to claim 1, characterized in that:
in steps (1), (2) and (3), the pressing pressure of compressing tablets is 10kpa ∼ 2000kpa.

5. A method for preparing stalactite-like macroporous activated carbon according to claim 1, characterized in that:
in step (4), the activation time is 3s∼2min.

6. A method for preparing stalactite-like macroporous activated carbon according to claim 1, characterized in that:
the heat conductive substrate is one of nickel, titanium, and platinum.

7. A method for preparing stalactite-like macroporous activated carbon according to claim 1, characterized in that:
the diameter of the heat conductive substrate is 18-130 min.
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