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FISCHER-TROPSCH SYNTHESIS CATALYST CONTAINING NITRIDE CARRIER, AND
PREPARATION METHOD THEREFOR AND USE THEREOF

Technical Field

The present invention belongs to the field of heterogeneous catalysis, especially
Fischer~Tropsch synthesis catalysis. In particular, the present invention relates to a
Fischer-Tropsch synthesis catalyst containing a novel catalyst carrier, a preparation
method therefor and use thereof in Fischer-Tropsch synthesis reaction. More
specifically, the present invention relates to a novel Fischer-Tropsch synthesis catalyst
comprising a Group VIIIB metal supported on the carrier obtained by using a nitride as
the catalyst carrier.

Background Art

Syngas, which is a mixed gas containing CO, H;, and a small amount of CO,,
methane and N, can be converted into hydrocarbon compounds under the action of
catalysts. This reaction is referred to as the Fischer-Tropsch synthesis reaction, and
the Group VIIIB transition metals, such as iron, cobalt, nickel, and ruthenium, are the
active components of the catalysts commonly used in this reaction.

The Fischer-Tropsch synthesis reaction is a high temperature (150-350°C), high
pressure (10-50 bar), and strong exothermic (165 kJ/mol) reaction. One major by-
product of this reaction is water. At present, the reactors suitable for the Fischer—
Tropsch synthesis reaction mainly include a fixed bed reactor, a fixed fluidized bed
reactor, and a gas-liquid—solid three—phase slurry bed reactor. Therefore, the
Fischer—-Tropsch synthesis catalyst will undergo very harsh mechanical and chemical
stresses during the reaction, which requires a very high abrasion resistance
performance for the catalyst.

Some refractory oxides, such as silica, alumina, titania, zirconia and the like, are
usually used as carriers of the Fischer—Tropsch synthesis catalyst. However, these

carriers also bring some unavoidable disadvantages to the catalyst, such as low
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thermal conductivity, poor hydrothermal stability, strong surface acidity, low
mechanical strength and poor abrasion resistance. Since the Fischer-Tropsch
synthesis reaction is a strong exothermic reaction, the poor thermal conductivity of the
catalyst may cause a retention of a large amount of reaction heat in the catalyst
particles during the reaction, resulting in over—temperature of local reaction of the
catalyst, poor selectivity of the target product, and more seriously resulting in losing
catalytic activity by sintering the activity phase of the catalyst. Therefore, it is very
important to promptly remove a large amount of reaction heat released from the inside
of the catalyst particles. In addition, the high water partial pressure in the
Fischer-Tropsch synthesis reaction is also very lethal to the catalyst. The literature
(Journal of the Chemical Society-Chemical Communications, 1984, 10, pp. 629-630)
reports that water has a very detrimenial effect on alumina—supported catalysts. Ata
low temperature and a low water partial pressure, the alumina carrier will be partially
transformed to pseudo—boehmite, which may cause the pulverization of catalysts. In
order to improve the mechanical and chemical stability of Fischer-Tropsch synthesis
catalysts, many researchers have tried to find new catalyst carriers with high thermal
conductivity and high mass transfer efficiency.

Hexagonal boron nitride is a layered material and has been preliminarily studied as a
carrier for different catalysts. For example, the literature (J. Catal., 2001, 200, pp.
1-3) reports that a Ba~Ru/BN catalyst exhibits unprecedented reactivity in the synthesis
of ammonia, and no inactivation behavior is occurred during a 3500h of reaction
period. The literature (RSC Advances, 2016, 6, pp. 38356-38364) reports a
hexagonal boron nitride supported iron catalyst for the Fischer-Tropsch synthesis
reaction. Although the catalyst exhibits good operation stability, the phase state of
iron in the catalyst is mainly metal iron with a large grain size, the degree of dispersion
of Fe active phase is lower, Fischer-Tropsch synthesis reactivity is lower and methane
selectivity is higher, which is disadvantage for the large—scale production of the desired

hydrocarbon compounds (mainly Cs' hydrocarbons). Patent application CN
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106179438A and the literature (ACS Catalysis, 2016, 6, pp. 6814-6822) report a
Ni@BN/SiO, core-shell catalyst which has greater high—temperature activity and higher
sintering resistance in methanation reaction than a conventional Ni/SiO, catalyst, and
inhibits carbon deposition and Ni loss. However, the SiO, carrier itself has poor
thermal conductivity, and therefore, the reaction heat will be retained within the catalyst
particles to a certain degree, which will bring adverse etfects to the reaction system.
Patent CN 104591106B, as well as patent applications CN 105293453A and CN
106179443A disclose a method for preparing several hexagonal boron nitride
nanosheets and a metal palladium catalyst supported by using the nanosheet as a
support, which improves the dispersity of metal nanoparticles and catalytic activity in
hydrogenation reaction.

Silicon nitride (SisN4) also has trigonal phase or hexagonal phase structure (trigonal
silicon nitride and hexagonal silicon nitride), which is an atomic crystal. There are a
few studies on silicon nitride as a catalyst carrier. C. Méthivier et al. (Appl. Catal. A.,
1999, 182, pp. 337-344) prepared silicon nitride by using CVD process, and it was
used as a carrier to support palladium catalyst for using in methane oxidation reaction.
Patent application WO 199920390 discloses a palladium catalyst prepared by using
silicon nitride having a specific surface area of 8.8 m?/g as a carrier, using palladium
acetylacetonate as a palladium source and using toluene as a solvent for methane
oxidation reaction, and the above catalyst has better catalytic activity than the
palladium catalyst supported on a—AlO3. Patent CN 1017670228 discloses a catalyst
of Group VIl and Group IB metal supported on a silicon nitride, which is used for the
decomposition of nitrous oxide. However, studies on the use of silicon nitride as a
carrier for Fischer—Tropsch synthesis catalysts have not been reported so far.

In addition, currently commercial BN or SisN4 materials have a very low specific surface
area and are not suitable to be used as carriers for Fischer-Tropsch synthesis catalysts;
likewise, Ni/BN catalyst (see ACS Catalysis, 2016, 6, pp. 6814-6822) or Fe/BN
catalyst (see RSC Advances, 2016, 6, pp. 38356-38364) synthesized directly by
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chemical synthesis method has problems in severe sintering of the active phase.
These fatal defects limit the use of boron nitride or silicon nitride materials in
Fischer-Tropsch synthesis. Therefore, it is necessary to use a BN or SizN4 material
different from thos_e disclosed in the prior art to exert high thermal conductivity, thereby
being capable of effectively slowing down the temperature fluctuation of the catalyst
bed when it is used as a Fischer-Tropsch catalyst carrier. It thus facilitates the
operation of Fischer-Tropsch synthesis catalysts under more harsh reaction conditions
and greatly increases the capacity of the catalyst.

Summary of the Invention

The purpose of the present disclosure is to overcome the above—mentioned drawbacks
of the existing Fischer-Tropsch synthesis catalyst, and to provide a Fischer-Tropsch
synthesis catalyst for producing hydrocarbon compounds from syngas, which is greatly
improved in mass transfer and heat transfer, and therefore greatly increases the
efficiency of the catalyst. The present disclosure also provides a preparation method
of the catalyst and use thereof in a Fischer-Tropsch synthesis reaction. Specifically,
the catalyst comprises an active phase metal such as a Group VIIIB transition metal and
a boron nitride and/or silicon nitride carrier.

Thus, the present disclosure provides a Fischer—-Tropsch synthesis catalyst which may
comprise: an active phase metal (e.g., at least one selected from Group VIIIB transition
metal iron, cobalt, nickel or ruthenium), optional auxiliary metal, and supporting the
active phase metal and optional auxiliary metal on a carrier selected form boron nitride
(preferably hexagonal boron nitride), silicon nitride (preferably trigonal silicon nitride,
hexagonal silicon nitride) or a mixture thereof having high specific surface area.
Wherein, the dispersity of the active phase metal is very high, so that the catalyst
exhibits good catalyst activity. Moreover, the catalyst has excellent mass transfer and
heat transfer capabilities, and can greatly improve the Fischer-Tropsch synthesis
performance in a tubular fixed bed reaction.

The present disclosure further provides a method for preparing the above catalyst,
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comprising the following steps: (1) preparing a nitride carrier having a specific surface
area of not less than 80 m?/g; (2) supporting a precursor of an active metal as an active
component and a precursor of an optional auxiliary metal on the nitride carrier to form
a catalyst precursor; (3) molding the catalyst precursor to obtain a molded catalyst
precursor; and (4) drying and calcining the molded catalyst precursor to obtain the
catalyst.

The carrier of the present disclosure exhibits many beneficial properties in the
preparation of Fischer-Tropsch synthesis catalysts: high thermal conductivity, high
specific surface area, physicochemical abrasion resistance and high mechanical
strength, and especially the high specific surface area of the carrier can promote the
highly dispersion of the active phase of the catalyst and thus significantly increase the
activity of the catalyst.

The present disclosure also provides use of the above Fischer—Tropsch synthesis
catalyst for preparing hydrocarbon compounds by catalyzing syngas in a
Fischer-Tropsch synthesis reaction. Alternatively, the present disclosure also provides
a Fischer-Tropsch synthesis reaction method, wherein hydrocarbon compounds are
prepared by catalyzing syngas with the Fischer—-Tropsch synthesis catalyst described
above. Specifically, the syngas is introduced into a Fischer-Tropsch synthesis reactor
to contact with the catalyst, and the hydrocarbon compounds are prepared through
carrying out a reaction by catalyzing the syngas with the catalyst.

The experimental results indicate that cobalt-based or iron—based Fischer-Tropsch
synthesis catalysts obtained by using boron nitride and/or silicon nitride with high
specific surface area as catalyst carriers have significantly increased catalytic activity,
long—period stability and flexible operability, especially when the Fischer-Tropsch
synthesis catalysts are applied to a high temperature fixed bed Fischer-Tropsch
synthesis reaction. The catalyst of the present disclosure has excellent heat and mass
transfer abilities, and can prepare the target hydrocarbon compounds (especially Cs'

hydrocarbons, that is, hydrocarbons having 5 or more carbon atoms) with high
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selectivity, exhibiting excellent mechanical and chemical stabilities. Therefore, the
catalyst is very suitable for the Fischer—Tropsch synthesis reaction. The catalyst is
particularly suitable for Fischer-Tropsch synthesis reactions carried out in
conventional fixed bed reactors or tubular reactors (with shell-and-tube heat
exchanger mode) and at high space velocity.

Various embodiments of the claimed invention relate to a Fischer-Tropsch synthesis
catalyst, wherein the catalyst comprises: an active component, which is at least one
selected from iron, cobalt, nickel and ruthenium; an optional auxiliary metal; and a
nitride carrier, which is boron nitride, silicon nitride or a mixture thereof having a
specific surface area of not less than 80 m?/g; wherein the active component and the
optional auxiliary metal are supported on the carrier, wherein a dispersity of the active
component is from 15% to 75%, and the catalyst has a metal grain size of 2-9 nm.
Description of Figures

Figure 1 is XRD pattern of the hexagonal boron nitride carrier prepared in Example 1.
Figure 2 is XRD pattern of the boron nitride carrier prepared in Example 2.

Figure 3 is XRD pattern of the silicon nitride carrier prepared in Example 3.

Figure 4 is XRD pattern of catalyst Exam—-11a prepared in Example 11.

Figure 5 is XRD pattern of catalyst Exam—-11b prepared in Example 11.

Figure 6 is XRD pattern of catalyst Exam—11c prepared in Example 11.

Detailed Description of the Invention

As used herein, unless otherwise indicated, the term "specific surface area” means
the specific surface area measured by the BET method (Brunauer—-Emmet-Teller),
and the measurement method is described in Standard NFX 11-621. As used
herein, unless otherwise indicated, the terms “catalyst active phase", "active
component”, "active phase metal", "active metal" and "metal active phase" can be
used interchangeably and refer to the metal component used as the active phase of

the Fischer—Tropsch synthesis catalyst.

Date regue/Date received 2023-05-24
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Unless otherwise indicated, all numbers representing the amounts of the components,
or physicochemical properties thereof, or reaction conditions used herein should be
understood as being modified by the term "about" in all instances. When the term
"about" is used to describe the present invention, the term "about” denotes that an
error value is present, for example, denotes a variation within a range of £10% of a
particular value.

The present invention provides a Fischer-Tropsch synthesis catalyst, wherein the

catalyst comprises: an active component which is at least one selected from group

Ba



10

15

20

25

CA 03052345 2019-08-01

85474825 (16357-10)

VIIIB transition metals; an optional auxiliary metal; and a nitride carrier which is boron
nitride, silicon nitride or a mixture thereof having a specific surface area of not less than
80 m?/g; wherein the active component and the optional auxiliary metal are supported
on the carrier.

Preferably, the nitride carrier can be in a nanometer size, the form of which can be
nanoparticle, nanosheet, nanotube, nanocage, nanofiber, nanowire, and the like.
Further, it is preferred that the nitride carrier has a specific surface area of not less than
100 m?/g, preferably more than 100 m?/g. More preferably, the dispersity of the active
component in the Fischer-Tropsch synthesis catalyst is from 15% to 75%, so that the
catalyst has a better catalytic activity. The boron nitride is preferably a hexagonal
boron nitride. The silicon nitride is preferably a trigonal silicon nitride and/or a
hexagonal silicon nitride.

The active component (i.e., the active phase metal) is preferably at least one selected
from iron, cobalt, nickel, and ruthenium. The auxiliary metal is at least one selected
from manganese (Mn), chromium (Cr), zinc (Zn), molybdenum (Mo), copper (Cu),
platinum (Pt), palladium (Pd), rhodium (Rh), iridium (Ir), gold (Au), silver (Ag),
magnesium (Mg), calcium (Ca), strontium (Sr), barium (Ba), sodium (Na) and
potassium (K).

The mass ratio of the active phase metal to the carrier is (0.1-400) : 100. When the
active phase metal is selected from iron, cobalt and/or nickel, the mass ratio of the
active phase metal to the carrier is (1-400) : 100, preferably (5-100) : 100, more
preferably (10-80) : 100, most preferably (20-50) : 100, particularly preferably (30-40)
:100. When the active phase metal is selected from ruthenium, the mass ratio of the
active phase metal to the carrier is (0.1-10) : 100, preferably (0.5-8) : 100, more
preferably (1-6) : 100, most preferably (3-5) : 100.

The mass ratio of the auxiliary metal to the carrier is (2000 ppm-60) : 100. In
particular, when the auxiliary metal is selected from manganese, chromium,

molybdenum and/or zinc, the mass ratio of the auxiliary metal to the carrier is (1-40) :
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100, preferably (5-30) : 100, more preferably (10-20) : 100, most preferably (15-20) :
100. When the auxiliary metal is selected from copper, the mass ratio of the auxiliary
metal to the carrier is (0.5-15) : 100, preferably (1-10) : 100, more preferably (2-6) :
100. When the auxiliary metal is selected from platinum, palladium, rhodium, iridium,
silver, and/or gold, the mass ratio of the auxiliary metal to the carrier is (0.002-1) : 100,
preferably (0.01-0.5) : 100, more preferably (0.05-0.3) : 100, most preferably
(0.1-0.2) : 100. When the auxiliary metal is selected from magnesium, calcium,
strontium, barium, sodium and/or potassium, the mass ratio of the auxiliary metal to
the carrier is (0.5-15) : 100, preferably (1-12) : 100, more preferably (2-9) : 100.
Preferably, the mass ratio of active component: auxiliary metal: carrier in the catalyst is
(0.1-300) : (0.002-30) : 100.

The present disclosure also provides a method for preparing the above catalyst,
wherein the method comprises the following steps: (1) preparing a nitride carrier having
a specific surface area of not less than 80 m?/g; (2) supporting a precursor of active
metal as an active component and a precursor‘of optional auxiliary metal on the nitride
carrier to form a catalyst precursor; (3) molding the catalyst precursor to obtain a
molded catalyst precursor; and (4) drying and calcining the molded catalyst precursor
to obtain the catalyst.

Preferably, in the above step (1), the nitride carrier is a boron nitride (preferably
hexagonal boron nitride) carrier and/or a silicon nitride (preferably trigonal silicon
nitride, hexagonal silicon nitride) carrier. Preferably, the nitride carrier of the present
invention can be prepared by a thermochemical synthesis method or a mechanical
method.

Wherein, a boron nitride carrier (including hexagonal boron nitride) can be prepared by
a thermochemical synthesis method, involving a thermochemical reaction of the
mixture of a boron precursor, a nitrogen precursor and a transition metal compound in
an inert atmosphere. More specifically, the method comprises the following steps: (a)

reacting a mixture of a boron precursor, a nitrogen precursor, and a transition metal
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compound under an inert atmosphere in a closed autoclave or a pressurized reactor, to
give a crude product containing boron nitride; (b) filtering and washing the crude
product containing boron nitride obtained in step (a) with mineral acid and polar
solvent, respectively, to give boron nitride powder; (c) drying and calcining the boron
nitride powder to give the boron nitride carrier.

The silicon nitride carrier can be prepared by the following thermochemical synthesis
method, involving a high temperature liquid phase reaction of a mixture of a silicon
precursor, a nitrogen precursor, and solvents. More specifically, the method
comprises the following steps: (a’) reacting a mixture of a silicon precursor and a
nitrogen precursor in a sealed autoclave in the presence of an organic solvent, to give
a crude product containing silicon nitride; (b’) leaching the crude product containing
silicon nitride obtained in step (a’) with a mineral acid, to give an acid-leached crude
product containing silicon nitride; (c¢’) washing the acid-leached crude product
containing silicon nitride with deionized water and solvent respectively and filtering, to
give silicon nitride powder; (d') drying and calcining the silicon nitride powder to obtain
the silicon nitride carrier.

The boron precursor may be selected from, but not limited to, boron oxide (B,0s),
sodium borate (Na;B407), sodium borohydride (NaBH,), boric acid (H3BO;), borane,
borazine (HgBaN3), or any mixture thereof. The silicon precursor may be selected
from, but not limited to, silicon tetrachloride, tetraethyl orthosilicate, methyl
orthosilicate, silane, silane coupling agent, silaimines, or any mixture thereof. The
nitrogen precursor may be selected from, but not limited to, sodium azide, sodium
amide, polycyanamide, guanidine, urea, ammonia, borazine, ammonium chloride or
any mixture thereof. The inert atmosphere may be, but not limited to, a nitrogen
atmosphere, an argon atmosphere, a helium atmosphere, or any mixed atmosphere
thereof. The transition metal compound may be selected from, but not limited to,
Fe,03, Fe304, anhydrous FeCls, Co,03, Co304, CoO, anhydrous CoCl,, NiO, or any

mixture thereof. The polar solvent in step (b) may be selected from, but not limited to,
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water, methanol, ethanol, propanol, tetrahydrofuran, dimethylformamide or any
mixture thereof.

The boron precursor, the nitrogen precursor, and the transition metal compound may
be mixed by mechanical mixing to form a mixture, wherein the atomic ratio of nitrogen
to boron is from 2:1 to 6:1, preferably from 3:1 to 5:1, most preferably from 3.5:1 to
4.5:1, The atomic ratio of transition metal to boron may be, for example, from 0.02:1
to 0.5:1.

In step (a), a mixture of a boron precursor, a nitrogen precursor and a transition metal
compound may be reacted under the following conditions: a temperature is from 400°C
to 1100°C, preferably from 600°C to 1000°C, most preferably from 800°C to 900°C; a
preferred pressure is from 0.2 MPa to 10 MPa, preferably from 0.5 MPa to 5 MPa.
Further preferably, the reaction time is from 1 h to 20 h, preferably from 10 hto 12 h.
The mineral acid may be selected from, but not limited to, hydrochloric acid, sulfuric
acid, and nitric acid. The concentration of the mineral acid is from 0.1 to 5 mol/L,
preferably from 0.5 to 2.5 mol/L, most preferably from 1.0 to 1.5 mol/L.

The organic solvent in step (a’) may be selected from, but not limited to, benzene,
toluene, xylene, ethylbenzene, hexane, heptane, octane, decane, liquid paraffin,
trioctylamine or any mixture thereof. In the mixture of the silicon precursor and the
nitrogen precursor in step (a’), the atomic ratio of nitrogen to silicon is (0.01-10):1,
preferably (0.1-5):1, most preferably (0.2-1):1. The volume ratio of the organic
solvent to the silicon precursor in step (a’) is (0.1-10):1, preferably (0.5-5):1, most
preferably (1-2):1. In step (a’), a mixture of the silicon precursor and the nitrogen
precursor may be reacted under the following conditions: a temperature is from 300°C
to 600°C, preferably from 400°C to 500°C; a preferred pressure is from 0.2 MPa to 10
MPa, preferably from 0.5 MPa to 5 MPa. Further preferably, the reaction time is from
1 hto 20 h, preferably from 5hto 10 h. In step (¢’), the solvent may be selected from,
but not limited to, methanol, ethanol, propanol, tetrahydrofuran, dimethylformamide or

any mixture thereof.
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The boron nitride powder or silicon nitride powder can be dried and calcined in air, in an
inert atmosphere or in vacuum. The drying temperature may be from 20°C to 150°C,
preferably from 80°C to 150°C; preferably the drying duration may be from 1 hto 24 h,
preferably from 8 hto 12 h. The calcining temperature may be from 250°C to 650°C,
preferably from 350°C to 600°C, most preferably from 450°C to 550°C; preferably the
calcining duration may be, for example, from 1 h to 6 h.

As an exemplary embodiment, the boron nitride and silicon nitride carriers of the
present disclosure may also be prepared by a mechanical method, which involves
crushing the ordinary boron nitride and silicon nitride with low specific surface area by
ball milling, ultrasound and the like, to give a boron nitride or silicon nitride carrier
having a specific surface area of 80 m?/g or more. For example, the hexagonal boron
nitride, or the trigonal or hexagonal silicon nitride carrier of the present disclosure can
be prepared from commercially available hexagonal boron nitride, trigonal silicon
nitride, or hexagonal silicon nitride by grinding the same through a mechanical method
(e.g., ball milling) to a specific surface area of 80 m?/g or more.

As a preferred example, in the above step (2), the precursor of the active metal and the
precursor of the auxiliary metal may be supported on the nitride carrier by impregnation,
co—precipitation, water/solvent thermal synthesis, chemical vapor deposition, and/or
atomic layer deposition and the like.

As an example of the impregnation method, the precursor of the active metal and the
precursor of the auxiliary metal may be supported on the nitride carrier by
co—impregnation or step—by-step impregnation method at any temperature, for
example, room temperature (e.g., 15°C to 40°C). Wherein, an exemplary
co—-impregnation method comprises mixing the precursor of the active metal and the
precursor of the auxiliary metal according to their composition proportion in the catalyst
and dissolving in a solvent to form an impregnation solution, and then impregnating the
impregnation solution on the nitride carrier. An exemplary step—by-step impregnation

method includes dissolving the precursor of the active metal and the precursor of the
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auxiliary metal in solvents, respectively, to form separate impregnation solutions, and
then impregnating the same on the nitride carrier step by step. Wherein, the
impregnation may be an isometric impregnation or an excessive impregnation. An
isometric impregnation means that the volume of the impregnation solution is equal to
the pore volume of the carrier; an excessive impregnation means that the volume of the
impregnation solution is greater than the pore volume of the carrier. For example, the
active metal and the auxiliary metal can be supported on the nitride carrier by
co~-impregnating or stepwise impregnating the hexagonal boron nitride, the trigonal
silicon nitride, the hexagonal silicon nitride or a mixture thereof with the impregnation
solution formed by the precursor of the active metal and the precursor of the auxiliary
metal.

The solvent forming the impregnation solution may be water, methanol, methylamine,
dimethylamine, N,N-dimethylformamide, N-methylformamide, formamide, ethanol,
ethylene glycol, diethyl ether, ethylamine, acetonitrile, acetamide, propanol, acetone,
propionitrile, tetrahydrofuran, dioxane, butanol, pyridine, morpholine, quinoline,
toluene, xylene, heptane or any mixture thereof, but not limited thereto.

Alternatively, the precursor of the active metal and the precursor of the auxiliary metal
can be converted to hydrated hydroxide and oxide forms by a co—precipitation method,
to be deposited on the nitride carrier. Wherein, an exemplary co—precipitation method
comprises mixing the precursor of the active metal and the precursor of the auxiliary
metal according to their composition proportion in the catalyst and dissolving in a
solvent to form a mixed salt solution; mixing the mixed salt solution with a nitride carrier
powder according to their composition proportion in the catalyst and stirring to form a
uniformly dispersed suspension; mixing the suspension with an alkaline precipitant
solution, precipitating, standing still, filtering, and washing to give a catalyst precursor.
For example, the active metal and the auxiliary metal can be supported on the nitride
carrier by forming a suspension with the mixed salt solution and the hexagonal boron

nitride, trigonal silicon nitride, hexagonal silicon nitride or a mixture thereof, and then
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co—precipitating the same with an alkaline precipitant solution.

The alkaline precipitant solution may be an alkali metal hydroxide solution, such as an
aqueous solution of sodium hydroxide and/or potassium hydroxide; or an alkali metal
carbonate or bicarbonate solution such as an agueous solution of sodium carbonate,
sodium bicarbonate, potassium carbonate and/or potassium bicarbonate; or an
aqueous solution of ammonia, an aqueous solution of ammonium carbonate or an
aqueous solution of ammonium bicarbonate, preferably an aqueous solution of
ammonia.

Alternatively, the precursor of the active metal and the precursor of the auxiliary metal
may be converted to a metal, a hydrated metal hydroxide, a hydrated metal oxide or the
like by a water/solvent thermal synthesis method, to be deposited on the nitride carrier.
For example, the active metal and the auxiliary metal can be supported on the nitride
carrier by forming a mixed solution from the precursor of the active metal and the
precursor of the auxiliary metal with the hexagonal boron nitride, trigonal silicon nitride,
hexagonal silicon nitride or a mixture thereof in a solvent, and carrying out the
water/solvent thermal synthesis.

The solvent forming the above mixed salt solution or alkali metal hydroxide solution or
alkali metal carbonate solution or alkali metal bicarbonate solution, and the solvent
used in the water/solvent thermal synthesis method may be water, methanol,
methylamine,  dimethylamine,  N,N-dimethylformamide, = N-methylformamide,
formamide, ethanol, ethylene glycol, ethylamine, acetonitrile, acetamide, propanol,
propionitrile, tetrahydrofuran, dioxane, butanol, pyridine, morpholine, quinoline or any
mixture thereof, but not limited thereto.

Alternatively, the precursor of the active metal and the precursor of the auxiliary metal
may be converted to a metal, a metal carbide, a metal nitride, a metal oxide or the like
by a chemical vapor deposition method, to be deposited on the nitride carrier. For
example, the active metal and the auxiliary metal can be deposited on the hexagonal

boron nitride, the trigonal silicon nitride, the hexagonal silicon nitride or a mixture
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thereof as a carrier by heating an organometallic compound containing the active metal
and the auxiliary metal under high vacuum (107" Pa to 107 Pa) or atmospheric pressure
(i.e., one atmosphere) and undergoing a chemical vapor deposition.

Alternatively, the precursor of the active metal and the precursor of the auxiliary metal
may be converted to a metal, a metal carbide, a metal nitride, a metal oxide or the like
by an atomic layer deposition method, to be deposited on the nitride carrier. For
example, the active metal and the auxiliary metal can be deposited on the hexagonal
boron nitride, trigonal silicon nitride, hexagonal silicon nitride or a mixture thereof as a
carrier via the atomic layer deposition method by alternately adsorbing an oxidizing
agent and a gas compound containing the active metal and the auxiliary metal in a high
vacuum (107" Pa to 107® Pa) chamber.

The precursor of the active metal is one or more selected from ferric nitrate (preferably
ferric nitrate nonahydrate), ferric chloride (preferably ferric chloride hexahydrate),
ferrous chloride, ferrous sulfate, ferrous acetate, iron(lll) acetylacetonate, carbonyl
iron, ferrocene, cobalt nitrate (preferably cobalt nitrate hexahydrate), cobalt chloride
(preferably cobalt chloride hexahydrate), cobalt formate, cobalt acetate, cobalt
acetylacetonate, cobalt carbonyl, nickel nitrate, nickel chloride, nickel sulfate, nickel
acetate, nickel acetylacetonate, nickel carbonyl, ruthenium chloride, ruthenium nitrate,
triphenyliphosphine chlorocarbonylruthenium, carbony! ruthenium chloride, ammonium
chlororuthenate, ruthenium nitrosyl nitrate, but not limited thereto.

The precursor of the auxiliary metal is one or more selected from manganese nitrate,
manganese chloride, manganese acetate, manganese acetylacetonate, manganese
carbonyl, zinc nitrate, zinc chloride, zinc sulfate, zinc acetate, zinc acetylacetonate,
chromium nitrate, chromium chloride, chromium sulfate, ammonium molybdate
(preferably ammonium heptamolybdate), platinum chloride, platinum nitrate,
chloroplatinic acid, ammonium chloroplatinate, diammine platinum nitrite, rhodium
nitrate, rhodium chioride, rhodium sulfate, rhodium acetate, tris(triphenylphosphine)

rhodium chloride, acetylacetonatocarbonyltriphenylphosphinerhodium, palladium
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nitrate, palladium chloride, palladium sulfate, palladium acetate, ammonium
tetrachloropalladate, ammonium hexachloropalladate, triphenylphosphine palladium,
chloro-iridic acid, iridium chloride, iridium acetate, ammonium chloroiridate, gold
chioride, chloroauric acid, ammonium chloroaurate, silver nitrate, silver acetate, silver
carbonate, magnesium nitrate, magnesium chloride, magnesium acetate, calcium
nitrate, calcium chloride, calcium acetate, strontium nitrate, strontium chloride,
strontium acetate, sodium nitrate, sodium chloride, sodium acetate, sodium hydroxide,
sodium carbonate, sodium bicarbonate, potassium nitrate, potassium chioride,
potassium hydroxide, potassium carbonate, potassium bicarbonate, potassium
acetate, but not limited thereto.

The catalyst precursor in step (2) may be dried, calcined or the like before step (3).
As a preferred example, in the above step (3), the catalyst precursor may be molded by
a molding method selected from spray drying, compression molding, rotational
molding, extrusion molding, or molding in oil. Preferably, the molded catalyst
precursor may be in a form of particles, microspheres, sheets, strips, columns, rings,
porous sheets, and clover shapes.

As a preferred example, in the above step (4), drying of the molded catalyst precursor
may be carried out in air, in an inert atmosphere or in vacuum. The preferred drying
temperature is from 20°C to 150°C, preferably from 80°C to 150°C. The preferred
drying duration is from 1 h to 24 h, preferably from 8 hto 12 h. In certain examples,
the molded catalyst precursor can be dried twice or more. Further preferably, the
molded catalyst precursor can be calcined in an inert atmosphere or an oxidizing
atmosphere. The preferred calcination temperature is from 250°C to 650°C,
preferably from 350°C to 600°C, most preferably from 450°C to 550°C. The preferred
calcination duration can be from 1 h to 6 h. For example, the molded catalyst
precursor can be calcined twice or more.

The present disclosure also relates to use of the above catalyst for preparing

hydrocarbon compounds by catalyzing syngas in a Fischer-Tropsch synthesis reaction.
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Alternatively, the present disclosure also relates to a Fischer-Tropsch synthesis
reaction method, wherein hydrocarbon compounds are prepared through carrying out a
Fischer-Tropsch synthesis reaction by catalyzing syngas with the above
Fischer-Tropsch synthesis catalyst.

As a preferred example, the catalyst is previously reduced in a reducing atmosphere
prior to application of the catalyst of the present invention to a Fischer-Tropsch
synthesis reaction. The reducing atmosphere may be a pure hydrogen atmosphere, a
CO atmosphere, a syngas atmosphere, an ammonia gas atmosphere, a diluted
hydrogen atmosphere, a diluted CO atmosphere, a diluted syngas atmosphere, and a
diluted ammonia gas atmosphere. The volume ratio of H, to CO in the syngas is from
0.01:1 to 1000:1. Each of the diluted reducing atmosphere may further contain
nitrogen, argon, helium, CO, and CH,; in addition to the corresponding reducing
atmospheres, and preferably the volume concentration of the reducing gas in each of
the diluted atmospheres is greater than 10%, preferably greater than 25%, more
preferably 50%, most preferably 75%, and most preferably greater than 90%. The
Fischer-Tropsch synthesis catalyst is subjected to a further reduction treatment to form
a reduced-state Fischer—Tropsch synthesis catalyst having a certain degree of
reduction (i.e., a percentage of a metal phase, a metal carbide, and a metal nitride
relative to total active phase metal). Preferably, the reduced-state Fischer-Tropsch
synthesis catalyst has a degree of reduction of at least greater than 60%, preferably
greater than 75%, and most preferably greater than 85%. Further, the metal content
in the catalyst precursor or the catalyst can be measured by a known conventional
elemental analysis method, such as ICP-AES, X-ray fluorescence spectroscopy or the
like. The degree of reduction of the catalyst can be determined by a known
temperature—-programmed method, taking the measurement for the degree of
reduction of the cobalt-based catalyst as example: (1) the temperature of the catalyst
sample is stably raised to a reduction temperature (400°C) at a rate of 10°C/min in 10%

Hz, and maintained for 6 h, H, consumption curve is determined by TCD or MS
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detector, labeled as TPR1; (2) after the end of the reduction process, without cooling
down, the sample is steadily heated to 1000°C at a rate of 10°C/min in the same
reducing atmosphere and kept for 10 min, to obtain Hy consumption curve TPR2; (3)
TPR1 and TPR2 are respectively integrated to obtain the Hy consumption of the two
curves, and TPR1/(TPR1+TPR2) is the reduction degree of the catalyst (expressed as a
percentage). After the end of reduction, since the active metal in the catalyst is active
to oxygen in air, the catalyst can be sealed and stored in a waxy heavy hydrocarbon
(i.e., a saturated linear alkane having a carbon number of 18 or higher and a mixture
thereof) or transferred to a Fischer—Tropsch synthesis reactor.

The volume ratio of Hy to CO in the syngas of the Fischer—Tropsch synthesis reaction is
from 0.5:1 to 3.0:1, preferably from 1.0:1 to 2.5:1, more preferably from 1.2:1 to
2.2:1, most preferably from 1.5:1 to 2.0:1. The Fischer—-Tropsch synthesis reaction
can be carried out in a continuous reaction process or a batch reaction process. The
Fischer-Tropsch synthesis reaction can be carried out by using one or more fixed bed
reactors, microchannel reactors, continuous stirred slurry bed tank reactors, jet
circulation reactors, slurry bubble column reactors or fluidized bed reactors. A
pressure of the Fischer—Tropsch synthesis reaction is from 1.0 MPa to 6.0 MPa, and a
temperature thereof is from 120°C to 350°C. When the Fischer-Tropsch synthesis
reaction is carried out in a continuous reaction process, the reaction space velocity is
from 100 to 60,000 NL/Kg/h.

For example, when the Fischer~Tropsch synthesis catalyst is a cobalt catalyst, the
volume ratio of H, to CO in the syngas is from 1.0:1 to 3.0:1, preferably from 1.5:1 to
2.5:1, most preferably from 1.8:1 to 2.2:1. The preferred pressure of the
Fischer-Tropsch synthesis reaction is from 1.0 MPa to 6.0 MPa, preferably from 1.5
MPa to 4.5 MPa, and most preferably from 2.0 MPa to 3.0 MPa. The preferred
temperature of the Fischer—-Tropsch synthesis reaction is from 150°C to 280°C,
preferably from 180°C to 260°C, most preferably from 200°C to 240°C. When the

Fischer-Tropsch synthesis reaction is carried out in a continuous reaction process, the
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reaction space velocity is from 100 to 25,000 NL/kg/h, preferably from 1,000 to 20,000
NL/kg/h, most preferably from 5,000 to 10,000 NL/kg/h. Alternatively, for example,
when the Fischer-Tropsch synthesis catalyst is an iron catalyst, the volume ratio of Hp
to CO in the syngas is from 0.5:1 to 3.0:1, preferably from 1.0:1 to 2.5:1, more
preferably from 1.2:1 to 2.2:1, most preferably from 1.5:1 to 2.0:1. The preferred
pressure of the Fischer-Tropsch synthesis reaction is from 1.0 MPa to 6.0 MPa,
preferably from 1.5 MPa to 5.5 MPa, more preferably from 2.0 MPa to 5.0 MPa, most
preferably from 2.5 MPa to 4.0 MPa. The preferred temperature of the
Fischer—Tropsch synthesis reaction is from 220°C to 350°C, preferably from 240°C to
330°C, most preferably from 260°C to 300°C. When the Fischer-Tropsch synthesis
reaction is carried out in a continuous reaction process, the reaction space velocity is
from 100 to 60,000 NL/kg/h, preferably from 1,000 to 40,000 NL/kg/h, and most
preferably from 10,000 to 20,000 NL/kg/h.

The exemplary embodiment described in the present disclosure has the following
features: simple preparation method of the catalyst, low cost of raw materials, low
production cost, and good repeatability; and the catalyst of the present disclosure has
a large specific surface area {(not less than 80 m?%g), an ultrahigh active metal
dispersity (15%—-75%), higher mechanical strength (wear index of 1-2.0%h™"), higher
thermal stability and good anti-sintering ability of metal active phase. When the
catalyst of the present disclosure is applied to a Fischer-Tropsch synthesis reaction, it
has better syngas conversion activity, hydrocarbon compound selectivity and high
temperature stability, compared with the catalyst prepared by direct chemical synthesis
or a catalyst comprising conventional carrier (SiO, or AlLO3).

For example, when used at a reaction temperature of from 230°C to 250°C and a
reaction space velocity of 10000 NL/Kg/h, the cobalt-based catalyst comprising boron
nitride or silicon nitride carrier of the present disclosure can achieves maintaining the
conversion rate of CO at 10% or more, greater than 85% of the selectivity of Cs"

hydrocarbons and less than 8% of the selectivity of methane. The CO conversion was
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tested for stable operation over 100 h or more: the initial reaction temperature was
220°C and the intensive test temperature was 250°C. The conversion stability of the
catalyst is maintained at 0.8 or more, and even greater than 0.9. For another
example, when used at a reaction temperature of from 280°C to 320°C and a reaction
space velocity of 15000 NL/Kg/h or more, the iron—-based catalyst comprising a boron
nitride or silicon nitride carrier of the present disclosure achieves maintaining the
conversion of CO at 10% or more, less than 10% (or even less than 5%) of the
selectivity of CO., greater than 90% of the selectivity of Cs' hydrocarbons and less than
5% of the selectivity of methane. The CO conversion was tested for stable operation
over 100 h or more: the initial reaction temperature was 280°C and the intensive test
temperature was 300°C. The conversion stability of the catalyst is maintained at 0.8 or
more, and even greater than 0.9.

As used herein, unless otherwise indicated, the term "conversion stability” is defined as
the quotient obtained from the initial conversion rate of CO at an initial fower
temperature (initial reaction temperature) being divided by the final conversion rate
resulted from the catalyst, which has undergone a higher reaction temperature
(intensive test temperature) over a period of time, at the initial reaction temperature;
i.e., the quotient or percentage of dividing the final activity by the initial activity.

The content of the present invention can be exemplarily illustrated by the description in
the following numbered paragraphs:

1. A Fischer—-Tropsch synthesis catalyst, wherein the catalyst comprises: an active
component, which is at least one selected from group VIIIB transition metals; an
optional auxiliary metal; and a nitride carrier, which is boron nitride, silicon nitride or a
mixture thereof having a specific surface area of not less than 80 mz/g: wherein the
active component and the optional auxiliary metal are supported on the carrier.

2. The catalyst according to paragraph 1, wherein a dispersity of the active component
is from 15% to 75%.

3. The catalyst according to paragraph 1 or 2, wherein the active component is at least
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one selected from iron, cobalt, nickel and ruthenium,

4. The catalyst according to any one of paragraphs 1 to 3, wherein the auxiliary metal is
at least one selected from the group comprising manganese, chromium, zinc,
molybdenum, copper, platinum, palladium, rhodium, iridium, gold, silver, magnesium,
calcium, strontium, barium, sodium and potassium.

5. The catalyst according to any one of paragraphs 1 to 4, wherein the carrier has a
specific surface area of not less than 100 m?/g, preferably more than 100 m?/g.

6. The catalyst according to any one of paragraphs 1 to 5, wherein the boron nitride is
a hexagonal boron nitride.

7. The catalyst according to any one of paragraphs 1 to 6, wherein the silicon nitride is
a trigonal silicon nitride and/or a hexagonal silicon nitride.

8. The catalyst according to any one of paragraphs 1 to 7, wherein a form of the carrier
is a nanoparticle, a nanosheet, a nanotube, a nanocage, a nanofiber, and/or a
nanowire.

9. The catalyst according to any one of paragraphs 1 to 8, wherein a mass ratio of the
active component to the carrier is (0.1-400):100.

10. The catalyst according to any one of paragraphs 1 to 9, wherein the active
component is at least one selected from iron, cobalt and nickel, and the mass ratio of
the active component to the carrier is (1-400):100, preferably (5-100):100, more
preferably (10-80):100, most preferably (20-50):100, particularly preferably
(30-40):100.

11. The catalyst according to any one of paragraphs 1 to 9, wherein the active
component is ruthenium, and the mass ratio of the active component to the carrier is
(0.1-10):100, preferably (0.5-8):100, more preferably (1-6):100, most preferably
(3-5):100.

12. The catalyst according to any one of paragraphs 1 to 11, wherein a mass ratio of
the auxiliary metal to the carrier is (2000 ppm-60):100.

13. The catalyst according to any one of paragraphs 1 to 12, wherein the auxiliary metal
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is at least one selected from manganese, chromium, molybdenum and zinc, and the
mass ratio of the auxiliary metal to the carrier is (1-40):100, preferably (5-30):100,
more preferably (10-20):100, most preferably (15-20):100.

14. The catalyst according to any one of paragraphs 1 to 12, wherein the auxiliary metal
is copper, and the mass ratio of the auxiliary metal to the carrier is (0.5-15):100,
preferably (1-10):100, more preferably (2-6):100.

15. The catalyst according to any one of paragraphs 1 to 12, wherein the auxiliary metal
is at least one selected from platinum, palladium, rhodium, iridium, silver and gold, and
the mass ratio of the auxiliary metal to the carrier is (0.002-1):100, preferably
(0.01-0.5):100, more preferably (0.05-0.3):100, most preferably (0.1-0.2):100.

16. The catalyst according to any one of paragraphs 1 to 12, wherein the auxiliary metal
is at least one selected from magnesium, calcium, strontium, barium, sodium and
potassium, and the mass ratio of the auxiliary metal to the carrier is (0.5-15):100,
preferably (1-12):100, more preferably (2-9):100.

17. The catalyst according to any one of paragraphs 1 to 9 and 12, wherein a mass
ratio of the active metal: the auxiliary metal: the carrier is (0.1-300):(0.002-30):100.
18. A method for preparing the Fischer-Tropsch synthesis catalyst according to any
one of paragraphs 1-17, wherein the method comprises the following steps: (1)
preparing a nitride carrier having a specific surface area of not less than 80 m?/g; (2)
supporting a precursor of active metal as an active component and a precursor of
optional auxiliary metal on the nitride carrier to form a catalyst precursor; (3) molding
the catalyst precursor to obtain a molded catalyst precursor; and (4) drying and
calcining the molded catalyst precursor to obtain the catalyst.

19. The method according to paragraph 18, wherein the nitride carrier is a boron nitride
carrier and/or a silicon nitride carrier.

20. The method according to paragraph 18 or 19, wherein the nitride carrier is a
hexagonal boron nitride carrier and/or a trigonal silicon nitride or a hexagonal silicon

nitride carrier.
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21. The method according to any one of paragraphs 18 to 20, in step (1), the nitride
carrier is prepared by a mechanical method or a thermochemical synthesis method.
22. The method according to paragraph 21, wherein the nitride carrier is a boron nitride
carrier, which is prepared by a thermochemical synthesis method comprising the
following steps: (a) reacting a mixture of a boron precursor, a nitrogen precursor and a
transition metal compound under an inert atmosphere in a closed autoclave or a
pressurized reactor, to give a crude product containing boron nitride; (b) filtering and
washing the crude product containing boron nitride obtained in step (a) with a mineral
acid and polar solvent, respectively, to give boron nitride powder; (c) drying and
calcining the boron nitride powder to give the boron nitride carrier.

23. The method according to paragraph 22, wherein the boron precursor is selected
from boron oxide, sodium borate, sodium borohydride, boric acid, borane, borazine or
any mixture thereof.

24, The method according to paragraph 22 or 23, wherein the transition metal
compound is selected from Fe 03, Fe3O4, anhydrous FeCls, Co,03, Co304, CoO,
anhydrous CoCl,, NiO, or any mixture thereof.

25. The method according to any one of paragraphs 22 to 24, wherein the inert
atmosphere can be a nitrogen atmosphere, an argon atmosphere, a helium
atmosphere, or any mixed atmosphere thereof.

26. The method according to any one of paragraphs 22 to 25, wherein the boron
precursor, the nitrogen precursor, and the transition metal compound are mixed by
mechanical mixing to form the mixture.

27. The method according to any one of paragraphs 22 to 26, in step (a), an atomic
ratio of nitrogen to boron in the mixture is from 2:1 to 6:1, preferably from 3:1 to 5:1,
most preferably from 3.5:1 to 4.5:1.

28. The method according to any one of paragraphs 22 to 27, in step (a), an atomic
ratio of transition metal to boron in the mixture is from 0.02:1 to 0.5:1.

29. The method according to any one of paragraphs 22 to 28, in step (a), a reaction
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temperature of the mixture is from 400°C to 1100°C, preferably from 600°C to 1000°C,
most preferably from 800°C to 900°C; and a preferred reaction pressure is from 0.2
MPa to 10 MPa, preferably from 0.5 MPa to 5 MPa.

30. The method according to any one of paragraphs 22 to 29, in step (a), a reaction
time of the mixture is from 1 h to 20 h, preferably from 10 h to 12 h.

31. The method according to any one of paragraphs 22 to 30, in step (b), the polar
solvent is selected from water, methanol, ethanol, propanol, tetrahydrofuran,
dimethylformamide or any mixture thereof.

32. The method according to paragraph 21, wherein the nitride carrier is a silicon nitride
carrier, which is prepared by a thermochemical synthesis method comprising the
following steps: (a’) reacting a mixture of a silicon precursor and a nitrogen precursor in
a sealed autoclave in the presence of an organic solvent, to give a crude product
containing silicon nitride; (b’) leaching the crude product containing silicon nitride
obtained in step (a’) with a mineral acid, to give an acid-leached crude product
containing silicon nitride; (¢’) washing the acid-leached Crude product containing
silicon nitride with deionized water and solvent respectively and filtering, to give silicon
nitride powder; (d’) drying and calcining the silicon nitride powder to give the silicon
nitride carrier.

33. The method according to paragraph 32, wherein the silicon precursor is selected
from silicon tetrachloride, tetraethy! orthosilicate, methyl orthosilicate, silane, silane
coupling agent, silaimines or any mixture thereof.

34. The method according to paragraph 32 or 33, in step (a’), the organic solvent is
selected from benzene, toluene, xylene, ethyibenzene, hexane, heptane, octane,
decane, liquid paraffin, trioctylamine or any mixture thereof.

35. The method according to any one of paragraphs 32 to 34, in step (a’), an atomic
ratio of nitrogen to silicon in the mixture is (0.01-10):1, preferably (0.1-5):1, most
preferably (0.2-1):1.

36. The method according to any one of paragraphs 32 to 35, in step (a’), a volume
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ratio of the organic solvent to the silicon precursor is (0.1-10):1, preferably (0.5-5):1,
most preferably (1-2):1.

37. The method according to any one of paragraphs 32 to 36, in step (a’), a reaction
temperature of the mixture is from 300°C to 600°C, preferably from 400°C to 500°C; a
preferred reaction pressure is 0.2—-10 MPa, preferably 0.5-5 MPa.

38. The method according to any one of paragraphs 32 to 37, in step (a’), a reaction
time of the mixture is from 1 h to 20 h, preferably from 5 h to 10 h.

39. The method according to any one of paragraphs 32 to 38, in step (c’), the solvent
is selected from methanol, ethanol, propanol, tetrahydrofuran, dimethylformamide, or
any mixture thereof.

40. The method according to any one of paragraphs 22 to 39, wherein the nitrogen
precursor is selected from sodium azide, sodium amide, polycyanamide, guanidine,
urea, ammonia, borazine, ammonium chloride or any mixture thereof.

41. The method according to any one of paragraphs 22 to 40, wherein the mineral acid
is selected from hydrochloric acid, sulfuric acid, and nitric acid.

42. The method according to paragraph 41, wherein a concentration of the mineral acid
is from 0.1 to 5 mol/L, preferably from 0.5 to 2.5 mol/L, most preferably from 1.0 to
1.5 mol/L.

43. The method according to any one of paragraphs 22 to 42, wherein the boron nitride
powder or the silicon nitride powder is dried and calcined in air, in an inert atmosphere
or in vacuum.

44. The method according to any one of paragraphs 22 to 43, in step (c¢) and step (d'),
a temperature of the drying is from 20°C to 150°C, preferably from 80°C to 150°C; and
a preferred duration for the drying can be from 1 hto 24 h, preferably from 8 hto 12 h.
45. The method according to any one of paragraphs 22 to 44, in step (c) and step (d"),
a temperature for the calcining is from 250°C to 650°C, preferably from 350°C to
600°C, most preferably from 450°C to 550°C; and a preferred duration for the calcining
is from 1 hto 6 h.
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46. The method according to paragraph 21, wherein the nitride carrier is obtained by
ball milling or ultrasonication.

47. The method according to any one of paragraphs 18 to 46, wherein the precursor of
the active metal and the precursor of the auxiliary metal are supported on the nitride
carrier by impregnation, co—precipitation, water/solvent thermal synthesis, chemical
vapor deposition, and/or atomic layer deposition.

48. The method according to any one of paragraphs 18 to 47, wherein the precursor of
the active metal is one or more selected from ferric nitrate (preferably ferric nitrate
nonahydrate), ferric chloride (preferably ferric chloride hexahydrate), ferrous chioride,
ferrous sulfate, ferrous acetate. iron(lll) acetylacetonate, carbonyl iron, ferrocene,
cobalt nitrate (preferably cobalt nitrate hexahydrate), cobalt chloride (preferably cobalt
chloride hexahydrate), cobalt formate, cobalt acetate, cobalt acetylacetonate, cobalt
carbonyl, nickel nitrate, nickel chloride, nickel sulfate, nickel acetate, nickel
acetylacetonate, nickel carbonyl, ruthenium chloride, ruthenium nitrate,
triphenylphosphine chlorocarbonylruthenium, carbonyl ruthenium chloride, ammonium
chlororuthenate, ruthenium nitrosyl nitrate.

49. The method according to any one of paragraphs 18 to 48, wherein the precursor of
the auxiliary metal is one or more selected from manganese nitrate, manganese
chloride, manganese acetate, manganese acetylacetonate, manganese carbonyl, zinc
nitrate, zinc chloride, zinc sulfate, zinc acetate, zinc acetylacetonate, chromium
nitrate, chromium chloride, chromium sulfate, ammonium molybdate (preferably
ammonium heptamolybdate), platinum chloride, platinum nitrate, chloroplatinic acid,
ammonium chloroplatinate, diammine platinum nitrite, rhodium nitrate, rhodium
chloride, rhodium sulfate, rhodium acetate, tris(triphenylphosphine) rhodium chloride,
acetylacetonatocarbonyltriphenylphosphinerhodium, palladium nitrate, palladium
chloride, palladium sulfate, palladium acetate, ammonium tetrachloropalladate,
ammonium hexachloropalladate , triphenylphosphine palladium, chloro—iridic acid,

iridium chloride, iridium acetate, ammonium chloroiridate, gold chloride, chloroauric
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acid, ammonium chloroaurate, silver nitrate, silver acetate, silver carbonate,
magnesium nitrate, magnesium chloride, magnesium acetate, calcium nitrate, calcium
chloride, calcium acetate, strontium nitrate, strontium chloride, strontium acetate,
sodium nitrate, sodium chloride, sodium acetate, sodium hydroxide, sodium
carbonate, sodium bicarbonate, potassium nitrate, potassium chloride, potassium
hydroxide, potassium carbonate, potassium bicarbonate, potassium acetate.

50. The method according to any one of paragraphs 18 to 49, wherein the catalyst
precursor formed in step (2) is dried and calcined prior to step (3).

51. The method according to any one of paragraphs 18 to 50, in step (3), the catalyst
precursor is molded by a molding method selected from spray drying, compression
molding, rotational molding, extrusion molding or molding in oil.

52. The method according to any one of paragraphs 18 to 51, wherein the molded
catalyst precursor is in a form of particles, microspheres, sheets, strips, columns,
rings, porous sheets, clover shapes.

53. The method according to any one of paragraphs 18 to 52, wherein the molded
catalyst precursor is dried in air, in an inert atmosphere, or in vacuum.

54. The method according to any one of paragraphs 18 to 53, in step (4), a
temperature for the drying is from 20°C to 150°C, preferably from 80°C to 150°C; and
a preferred duration for the drying is from 1 h to 24 h, preferably from 8 hto 12 h.
55. The method according to any one of paragraphs 18 to 54, in step (4), the molded
catalyst precursor is dried twice or more.

56. The method according to any one of paragraphs 18 to 55, wherein the molded
catalyst precursor is calcined in an inert atmosphere or an oxidizing atmosphere.

57. The method according to any one of paragraphs 18 to 56, in step (4), a
temperature for the calcining is from 250°C to 650°C, preferably from 350°C to 600°C,
most preferably from 450°C to 550°C; and a preferred duration for the calcining is from
1 hto6h.

58. The method according to any one of paragraphs 18 to 57, wherein the molded
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catalyst precursor is calcined twice or more.

59. Use of the Fischer—Tropsch synthesis catalyst according to any one of paragraphs
1-17 for preparing hydrocarbon compounds by catalyzing syngas in a Fischer-Tropsch
synthesis reaction.

60. The use according to paragraph 59, wherein the catalyst is previously reduced in a
reducing atmosphere prior to application of the catalyst to the Fischer-Tropsch
synthesis reaction.

61. The use according to paragraph 60, wherein the reducing atmosphere is selected
from a pure hydrogen atmosphere, a CO atmosphere, a syngas atmosphere, an
ammonia gas atmosphere, a diluted hydrogen atmosphere, a diluted CO atmosphere,
a diluted syngas atmosphere, and a diluted ammonia atmosphere.

62. The use according to paragraph 61, wherein the volume ratio of H, to CO in the
syngas atmosphere is from 0.01:1 to 1000:1.

63. The use according to paragraph 59 or 60, wherein the volume ratio of Hx to CO in
the syngas is from 0.5:1 to 3.0:1, preferably from 1.0:1 to 2.5:1, more preferably from
1.2:1 to 2.2:1, most preferably from 1.5:1 to 2.0:1.

64. The use according to any one of paragraphs 59 to 63, wherein the Fischer-Tropsch
synthesis reaction is carried out in a continuous reaction process or a batch reaction
process.

65. The use according to any one of paragraphs 59 to 64, wherein the Fischer-Tropsch
synthesis reaction is carried out in the continuous reaction process, and a reaction
space velocity is 100-60000 NL/Kg/h.

66. The use according to any one of paragraphs 59 to 65, wherein the Fischer-Tropsch
synthesis reaction is carried out by using one or more fixed bed reactors, microchannel
reactors, continuous stirred slurry bed tank reactors, jet circulation reactors, slurry
bubble column reactors or fluidized bed reactors.

67. The use according to any one of paragraphs 59 to 66, wherein a pressure of the

Fischer-Tropsch synthesis reaction is from 1.0 MPa to 6.0 MPa and a temperature
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thereof is from 120°C to 350°C.

68. The use according to paragraph 59 or 60, wherein the Fischer—-Tropsch synthesis
catalyst is a cobalt catalyst, and the volume ratio of H, to CO in the syngas is from
1.0:1 to 3.0:1, preferably from 1.5:1 to 2.5:1, most preferably from 1.8:1 to 2.2:1.
69. The use according to paragraph 68, wherein a pressure of the Fischer-Tropsch
synthesis reaction is from 1.0 MPa to 6.0 MPa, preferably from 1.5 MPa to 4.5 MPa,
most preferably from 2.0 MPa to 3.0 MPa; and a preferred temperature thereof is from
150°C to 280°C, preferably from 180°C to 260°C, most preferably from 200°C to
240°C.

70. The use according to paragraph 68 or 89, wherein the Fischer-Tropsch synthesis
reaction is carried out in the continuous reaction process, and a reaction space velocity
is from 100 to 25,000 NL/kg/h, preferably from 1,000 to 20,000 NL/kg/h, most
preferably from 5,000 to 10,000 NL/Kg/h.

71. The use according to paragraph 59 or 60, wherein the Fischer-Tropsch synthesis
catalyst is an iron catalyst, and the volume ratio of H, to CO in the syngas is from 0.5:1
to 3.0:1, preferably from 1.0:1 to 2.5:1, more preferably from 1.2:1 to 2.2:1, most
preferably from 1.5:1 to 2.0:1.

72. The use according to paragraph 71, wherein a pressure of the Fischer-Tropsch
synthesis reaction is from 1.0 MPa to 6.0 MPa, preferably from 1.5 MPa to 5.5 MPa,
more preferably from 2.0 MPa to 5.0 MPa, most preferably from 2.5 MPa to 4.0 MPa;
and a temperature thereof is from 220°C to 350°C, preferably from 240°C to 330°C,
most preferably from 260°C to 300°C.

73. The use according to paragraph 71 or 72, wherein the Fischer~Tropsch synthesis
reaction is carried out in the continuous reaction process, and a reaction space velocity
is from 100 to 60,000 NL/kg/h, preferably from 1,000 to 40,000 NL/kg/h, most
preferably from 10,000 to 20,000 NL/Kg/h.

The present invention is not limited to the preferred embodiments and examples

described herein, and those skilled in the art can modify these embodiments and
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applications as long as they do not depart from the purpose of the invention.
Example

Example 1

Hexagonal boron nitride carrier with a high specific surface area was prepared by ball
milling: 20g of commercialized hexagonal boron nitride (purity of 99.0%, particle size of
5um, specific surface area of 21 m?/g, Qingzhou Fangyuan Boron Nitride Factory),
200mi of ethanol, 65 ml of zirconia beads (0.5 mm) were added to a 500 ml zirconia
grinding tank and it was sealed, the air in the tank was replaced with nitrogen and they
were ground at 300 rpm for 24 h.  The obtained boron nitride powder was not washed
with deionized water and filtered, but dried overnight at 80°C, and then calcined in a
muffle furnace at 500°C for 5 h, and the obtained hexagonal boron nitride (h—BN) was
labeled as Exam—1, the XRD pattern thereof was shown in Figure 1, and the texture
properties were listed in Table 1.

Example 2

The boron nitride carrier was prepared by the following method: 17.4 g of B,O3, 75.1 g
of urea and 2.8 g of Fe,0O3 were uniformly ground, placed in a 500 ml stainless steel
autoclave and sealed. The autoclave was heated to 1000°C at a heating rate of
10°C/min and kept for 5 hours to carry out the reaction, and the reaction pressure was
9.5 MPa. The obtained sample powder was washed with 3M hydrochloric acid solution
and filtered, and repeatedly washed with ethanol and deionized water to remove
impurity elements, then dried in an oven at 80°C overnight, and finally heated to 500°C
at a heating rate of 5°C/min in a muffle furnace and calcined at this temperature for 5
h. The resulting BN carrier was labeled as Exam-2, the XRD pattern thereof was
shown in Figure 2, and the texture properties were listed in Table 1.

Example 3

Silicon nitride carrier (SizNs) was prepared by an ultrasonic method: 20 g of
commercialized silicon nitride (purity of 99.0%, specific surface area of 71 m?%g,

Qinhuangdao Yinuo Advanced Material Development Co., Ltd.) and 400 m! of
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deionized water were mixed and stirred into a slurry, placed in a 1000ml ultrasonic cup,
and crushed under ultrasound (power of 150W) for 8h, then washed with deionized
water, filtered, dried overnight in an oven at 110°C, and finally heated to 500°C at a
heating rate of 5°C/min in a muffle furnace and calcined at this temperature for 5 h.
The resuiting silicon nitride carrier was labeled as Exam-3, XRD pattern thereof was
shown in Figure 3, and the texture properties were listed in Table 1.

Example 4

A cobalt-based catalyst supported on boron nitride and silicon nitride was prepared by
an impregnation method: 4.93 g of cobalt nitrate hexahydrate (Co loading of 10 wt%)
was weighed and dissolved in deionized water, and respectively impregnated onto 10 g
of h—BN, BN and SizN, carriers prepared in Example 1, Example 2 and Example 3 at a
volume ratio of 1:1, standing still for 8 hours, dried in an oven at 110°C overnight,
heated to 350°C at a heating rate of 1°C/min in a muffle furnace and calcined at this
temperature for 2 hours, and the composition of each catalyst in the oxidation state is
10Co/100BN, 10Co/100BN and 10Co/1008SisN4, which were respectively labeled as
Exam—4a, Exam—4b and Exam-4c, and texture properties, degrees of reduction and
dispersity thereof were listed in Table 1.

Fischer-Tropsch synthesis performance test: 0.5 g of each of the above-mentioned
catalyst was taken, diluted and uniformly mixed with 2 ml of silicon carbide, and placed
in a fixed bed reactor having an inner diameter of 10 mm and a constant temperature
section of 50 mm in length. The catalyst was reduced in H, at 375°C for 6 hours and
cooled down to 160°C. Then, the syngas of 64% H,/31% CO/5% Ar (volume ratio)
was introduced into the reactor at a pressure of 2.0 MPa, and the reactor temperature
was increased to 220°C at a heating rate of 0.1°C/min, the reaction space velocity was
adjusted to 5,000 NL/Kg/h, and the reaction was maintained for 100 hours or more.
Then, the reaction temperature was raised to 250°C, the space velocity was adjusted to
12,000 NL/Kg/h, and the reaction was carried out for about 50 hours while maintaining

the conditions; then the temperature was lowered to 220°C, the space velocity was
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adjusted to 5000 NL/Kg/h, and the reaction was maintained for 24 hours or more. The
composition of the reactor off-gas was analyzed by using a gas chromatography
during the reaction, and used to calculate the CO conversion rate, product selectivity
and stability. The result of the Fischer-Tropsch synthesis reaction of each of the
above-mentioned catalyst was listed in Table 2.

Example 5

20Co1Mn0.1Ru/100BN catalyst was prepared by an impregnation method: 9.88g of
cobalt nitrate hexahydrate (Co loading of 20wt%), 0.52g of manganese nitrate
(50wt%), 0.67¢g of ruthenium nitrosyl nitrite solution (concentration of 1.5 wt%) were
weighed and dissolved in deionized water, impregnated onto 10 g of the BN carrier
prepared in Example 2 according to a volume ratio of 1:1, standing still for 8 hours,
dried overnight at 110°C in a nitrogen atmosphere, and heated to 350°C at a heating
rate of 1°C/min in a muffle furnace and calcined for 2 hours. The composition of the
obtained catalyst in the oxidation state was 20Co1Mn0.1Ru/100BN, which was labeled
as Exam-5, and texture properties, degrees of reduction and dispersity thereof were
listed in Table 1. The Fischer-Tropsch synthesis performance test was carried out in
the same manner as that in Example 4, and the results were listed in Table 2.
Example 6

A cobalt-based catalyst supported on boron nitride was prepared by a co—precipitation
method: 24.71 g of cobalt nitrate hexahydrate, 5.18 g of 50% manganese nitrate
solution, 0.01 g of platinum chloride were weighed and dissolved in 100mL of deionized
water, and then 10 g of boron nitride carrier prepared in Example 2 was weighed and
mixed with the above solution to form a uniform suspension by ultrasonic dispersion.
1 mol/L aqueous solution of ammonia was added dropwise to the above suspension
under stirring until a pH of 8-9 to form a precipitate. The precipitate was filtered,
washed, dried overnight at 120°C in air, heated to 450°C at a heating rate of 1°C/min in
a muffle furnace and calcined at this temperature for 5 hours, to obtain a catalyst in

oxidation state with a composition of 50Co10Mn0.06Pt/100BN, which was labeled as
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Exam-6, and texture properties, degrees of reduction and dispersity thereof were listed
in Table 1.

The Fischer-Tropsch synthesis performance test was carried out in the same manner
as that in Example 4, and the results were listed in Table 2.

Example 7

A cobalt-based catalyst supported on boron nitride was prepared by an impregnation
method: except that the amount of cobalt nitrate hexahydrate was 12.35 g, manganese
nitrate was replaced with 0.72 g of ferric nitrate nonahydrate, and ruthenium nitrosyl
nitrate was replaced with 0.02 g of palladium nitrate, amounts of other materials and
other operating conditions were the same as those in Example 5. The composition of
the obtained catalyst in the oxidation state was 25Co1Fe0.1Pd/100BN, which was
labeled as Exam—7, and texture properties, degrees of reduction and dispersity thereof
were listed in Table 1.

The Fischer-Tropsch synthesis performance test was carried out in the same manner
as that in Example 4, and the resuits were listed in Table 2.

Example 8

10Co2Mn0.07Ir/100BN catalyst was prepared by an impregnation method: except that
cobalt nitrate was replaced with 4.04g of cobalt chloride, manganese nitrate was
replaced with 0.47g of manganese chloride and ruthenium nitrosy! nitrate was replaced
with 0.01g of iridium chloride, amounts of other materials and other operating
conditions were the same as those in Example 5. The composition of the obtained
catalyst in the oxidation state was 10C02Mn0.07Ir/100BN, which was labeled as
Exam~-8, and texture properties, degrees of reduction and dispersity thereof were listed
in Table 1.

The Fischer—Tropsch synthesis performance test was carried out in the same manner
as that in Example 4, and the results were listed in Table 2.

Example 9

A cobalt catalyst supported on boron nitride was prepared by a co—precipitation

32



10

15

20

25

CA 03052345 2019-08-01

85474825 (16357-10)

method, except that the following parameters and conditions were adjusted, amounts
of other materials and other operating conditions were the same as those in Example 6;
the composition of the obtained catalyst in the oxidation state was
100C082Zn0.05Au/100BN, which was labeled as Exam—9, and texture properties,
degrees of reduction and dispersity thereof were listed in Table 17 cobalt nitrate was
replaced with 40.37g of cobalt chloride hexahydrate, manganese nitrate was replaced
with 1.66g of zinc chloride, and platinum chloride was replaced with 0.015g of 50%
gold chloride solution, which were dissolved in 500 mL of deionized water.

The Fischer—Tropsch synthesis performance test was carried out in the same manner
as that in Example 4, and the results were listed in Table 2.

Example 10

A cobalt catalyst supported on boron nitride was prepared by a co—precipitation
method, and except that the following parameters and conditions were adjusted,
amounts of other materials and other operating conditions were the same as those in
Example 6; the composition of the obtained catalyst in the oxidation state was
200C025Zn0.04Rh/100BN, which was labeled as Exam-10, and texture properties,
degrees of reduction and dispersity thereof were listed in Table 1: cobalt nitrate was
replaced with 80.75g of cobalt chloride hexahydrate, manganese nitrate was replaced
with 5.20g of zinc chloride, and platinum chloride was replaced with 0.01g of rhodium
chloride, which were dissolved in 500 mL of deionized water.

The Fischer—Tropsch synthesis performance test was carried out in the same manner
as that in Example 4, and the results were listed in Table 2.

Example 11

Except that cobalt nitrate was replaced with 7.23g of ferric nitrate, amounts of other
materials and other operating conditions were the same as those in Example 4, to give
the catalysts in the oxidation state with the compositions of 10Fe/100BN, 10Fe/100BN
and 10Fe/100BN, which were respectively labeled as Exam-11a, Exam-11b and

Exam-11c, the texture properties, degrees of reduction and dispersity thereof were
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listed in Table 1. The XRD patterns of the three catalysts were shown in Figures 4, 5
and 6. The active metal was present in a highly dispersed iron oxide structure with a
grain size between 2 nm and 9 nm.

Fischer-Tropsch synthesis performance test: 0.5 g of each of the above-mentioned
catalyst was weighed, diluted and uniformly mixed with 2 mL of silicon carbide, and
placed in a fixed bed reactor having an inner diameter of 10 mm and a constant
temperature section of 50 mm in length. The catalyst was reduced in the syngas of
98% H,/2% CO at 320°C for 24 hours and cooled down to 220°C. Then, the syngas of
63% H,/37% CO was introduced into the reactor at a pressure of 2.0 MPa, and the
reactor temperature was increased to 280°C at a heating rate of 0.1°C/min, the
reaction space velocity was adjusted to 15,000 NL/Kg/h, and the reaction was
maintained for 100 hours or more. Then, the reaction temperature was raised to
300°C, the space velocity was adjusted to 36,000 NL/Kg/h, the reaction was carried out
for about 50 hours while maintaining the conditions; then the temperature was lowered
to 280°C, the space velocity was adjusted to 15,000 NL/Kg/h, and the reaction was
maintained for 24 hours or more. The composition of the reactor off-gas was
analyzed by using a gas chromatography during the reaction, and used to calculate the
CO conversion rate, product selectivity and stability.  The results of the
Fischer-Tropsch synthesis reaction were listed in Table 2.

Example 12

Except that cobalt nitrate was replaced with 14.47g of ferric nitrate nonahydrate,
amount of manganese nitrate was increased to 1.31g, ruthenium nitrosy!l nitrate was
replaced with 0.29g of copper nitrate and 0.37g of sodium nitrate was added, amounts
of other materials and other operating conditions were the same as those in Example 5,
to give the catalyst in the oxidation state with the composition of
20Fe2.5Mn0.2Cu1Na/100BN, which was labeled as Exam—-12, the texture properties,
degrees of reduction and dispersity thereof were listed in Table 1.

The Fischer-Tropsch synthesis performance test was carried out in the same manner
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as that in Example 11, and the results were listed in Table 2.

Example 13

Except for the following adjustments, amounts of other materials and other operating
conditions were the same as those in Example 12, to give the catalyst in the oxidation
state with the composition of 30Fe1Mo0.06Pt0.5K/100BN, which was labeled as
Exam—13, the texture properties, degrees of reduction and dispersity thereof were listed
in Table 1: ferric nitrate nonahydrate was replaced with 14.52 g of ferric chloride
hexahydrate, manganese nitrate was replaced with 0.18 g of ammonium
heptamolybdate, copper nitrate was replaced with 0.01 g of platinum chloride, sodium
nitrate was replaced with 0.10 g of potassium chloride; ammonium heptamolybdate
was firstly supported on the boron nitride carrier prepared in Example 2, and other metal
salts described above were supported on the carrier by a step-by-step impregnation
method.

The Fischer—-Tropsch synthesis performance test was carried out in the same manner
as that in Example 11, and the results were listed in Table 2.

Example 14

An iron—-based catalyst supported on boron nitride was prepared by a co—precipitation
method, except that the following parameters and conditions were adjusted, amounts
of other materials and other operating conditions were the same as those in Example 9,
and the composition of the obtained catalyst in the oxidation state was
100Fe5Cr0.1Pd5Mg/100BN, which was labeled as Exam-—14, texture properties,
degrees of reduction and dispersity thereof were listed in Table 1: cobalt chloride
hexahydrate was replaced with 72.35 g of iron nitrate nonahydrate, zinc chloride was
replaced with 3.85 g of chromium nitrate, gold chloride was replaced with 0.02 g of
palladium nitrate, and 3.05 g of magnesium nitrate was added, which were dissolved in
500 ml of deionized water.

The Fischer-Tropsch synthesis performance test was carried out in the same manner

as that in Example 11, and the results were listed in Table 2.
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Example 15

An iron—based catalyst supported on boron nitride was prepared by a co—precipitation
method, except that the following parameters and conditions were adjusted, amounts
of other materials and other operating conditions were the same as those in Example 9,
and the composition of the obtained catalyst in the oxidation state was
200Fe8Zr0.07115Ca/100BN, which was labeled as Exam-15, texture properties,
degrees of reduction and dispersity were listed in Table 1: cobalt chloride hexahydrate
was replaced with 96.81 g of ferric chloride hexahydrate, zinc chloride was replaced
with 2.84 g of zirconyl chloride, gold chloride was replaced with 0.01 g of iridium
chloride, and 2.75 g of calcium chloride was added, which were dissolved in 500 m| of
deionized water.

The Fischer—Tropsch synthesis performance test was carried out in the same manner
as that in Example 11, and the results were listed in Table 2.

Example 16

An iron—-based catalyst supported on boron nitride was prepared by a co—precipitation
method, except that the following parameters and conditions were adjusted, amounts
of other materials and other operating conditions were the same as those in Example 9,
and the composition of the obtained catalyst in the oxidation state was
300Fe40Mn15Cu5Sr/100BN, and the catalyst was labeled as Exam-16; texture
properties, degrees of reduction and dispersity thereof were listed in Table 1: cobalt
chloride hexahydrate was replaced with 217.0 g of iron nitrate nonahydrate, zinc
chloride was replaced with 20.9 g of manganese nitrate, gold chloride was replaced
with 13.43g of copper nitrate, 2.40g of strontium chloride was added, which were
dissolved in 500mi of deionized water; then 10g of the boron nitride carrier prepared in
Example 2 was weighed and mixed with the above solution, to form a uniform
suspension by using ultrasonic dispersion; 1 mol/L aqueous solution of ammonia was
added dropwise into the suspension under stirring to a pH of 8-9 to form a precipitate;

the precipitate was filtered, washed, and dried at 120°C overnight, heated to 450°C at
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a heating rate of 1°C/min in a muffle furnace and calcined at this temperature for 5
hours. The Fischer—-Tropsch synthesis performance test was carried out in the same
manner as that in Example 11, and the results were listed in Table 2.

Comparative Example 1

Except that the h—BN, BN and silicon nitride carriers prepared in Example 1, Example 2
and Example 3 were replaced with commercialized silicon nitride (Qinhuangdao Yinuo
Advanced Material Development Co., Ltd., purity >89.0%, specific surface area of 70
m?/g), amounts of other materials and other operating conditions were the same as
those in Example 4. The composition of the obtained catalyst in the oxidation state
was 10Co/100SisN4, which was labeled as CE-4, and texture properties, degrees of
reduction and dispersity thereof were listed in Table 1. The Fischer-Tropsch synthesis
performance test was carried out in the same manner as that in Example 4, and the
results were listed in Table 2.

Comparative Example 2

Except that the h—BN, BN and silicon nitride carriers prepared in Example 1, Example 2
and Example 3 were replaced with commercialized boron nitride (Qingzhou Fangyuan
Boron Nitride Factory, purity 299.0%, specific surface area of 21 m?/g), amounts of
other materials and other operating conditions were the same as those in Example 11.
The composition of the obtained catalyst in the oxidation state was 10Fe/100BN, which
was labeled as CE-3, and texiure properties, degrees of reduction and dispersity
thereof were listed in Table 1. The Fischer—Tropsch synthesis performance test was
carried out in the same manner as that in Example 4, and the results were listed in Table
2.

Comparative Example 3

Except that the silicon nitride carrier prepared in Example 2 was replaced with 13.3 g of
pseudo—-boehmite (produced by Shandong Aluminum Co., Ltd., containing 75 wt% of
dry—basis alumina), amounts of other materials and other operating conditions were the

same as those in Example 6. The composition of the obtained catalyst in the
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oxidation state was 25Co5Mn0.06Pt/100AI,03, which was labeled as CE-1, and texture
properties, degrees of reduction and dispersity thereof were listed in Table 1. The
Fischer-Tropsch synthesis performance test was carried out in the same manner as
that in Example 4, and the results were listed in Table 2.

Comparative Example 4

Except that the silicon nitride carrier prepared in Example 2 was replaced with 10.0 g of
white carbon black (Shanghai Yuejiang Titanium Dioxide Chemical Co., Ltd., purity =
99.8%, specific surface area 300 m?/g), amounts of other materials and other
operating conditions were the same as those in Example 13. The composition of the
obtained catalyst in the oxidation state was 30Fe1Mo00.06Pt0.5K/100Si0,, which was
labeled as CE-2, and texture properties, degrees of reduction and dispersity thereof
were listed in Table 1. The Fischer—-Tropsch synthesis performance test was carried
out in the same manner as that in Example 11, and the results were listed in Table 2.
Comparative Example 5

A hexagonal boron nitride supported iron catalyst used for the Fischer-Tropsch
synthesis reaction was prepared according to the method disclosed in the document
RSC Advances, 2016, 6, pp. 38356-38364, and the composition of the obtained
catalyst was 33Fe/100BN, which was labeled as CE-5. The texture properties,
degrees of reduction and dispersity thereof were listed in Table 1. The
Fischer-Tropsch synthesis performance test was carried out in the same manner as
that in Example 11, and the results were listed in Table 2.

Table 1 Texture properties, degrees of reduction and dispersity of each carrier and

catalyst prepared in Examples 1-16 and Comparative Examples 1-5

specific Average pore | Metal particle | Degree of | metal

Sample surface area size size Reduction | dispersity

m?/g nm nm % %

Exam-1 131 13.88 - -

Exam-2 629 8.57 - -
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Exam-3 242 8.31 - -

Exam—-4a | 85 11.49 7.8 76.7 17.3
Exam-4b | 407 6.28 2.3 82.6 58.6
Exam-4c | 178 7.93 8.7 79.4 156.5
Exam-5 383 7.14 4.9 85.7 27.5
Exam—-6 | 444 6.53 2.1 80.4 64.2
Exam-7 | 337 6.98 4.6 86.6 29.3
Exam-8 | 422 6.01 2.5 81.9 53.9
Exam-9 | 275 7.33 5.3 87.2 25.4
Exam-10 | 196 8.05 6.2 86.1 21.7
Exam-1t1a| 87 11.6 6.7 76.1 23.7
Exam-11b| 415 6.2 2.2 82.8 72.2
Exam-11c | 176 7.9 8.8 78.9 18.1
Exam-12 | 358 7.2 4.6 85.3 34.5
Exam-13 | 397 6.5 4.2 80.7 37.8
Exam-14 | 329 6.8 4.5 85.0 35.3
Exam-15 | 272 7.3 6.2 B8.5 25.6
Exam-16 | 191 8.1 6.6 87.1 241
CE-1 58 13.5 1.7 91.3 11.5
CE-2 8 0.03 48 77.6 3.3
CE-3 241 7.2 6.4 93.1 21.1
CE-4 159 8.2 15 92.6 10.6
CE-5 50 - 25 - 5.0

— indicated that the relevant item was not tested

Table 2 Fischer-Tropsch synthesis reactivity, selectivity and stability of the catalysts

prepared in Examples 1-16 and Comparative Examples 1-5

Catalyst

temper

space

test

CO

CO2

hydrocarbon

stability
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ature °C | velocity, | period, h | convers | selectivi | selectivity,
NL/Kg/h ion ty, % wt%
rate, % CHs |GCs
220 8000 15-121 19.6 0 8.4 75.7
Exam-4a | 250 15000 126-165 | 52.1 0.2 11.8 71.2 1 0.78
220 8000 174-205 | 15.4 0 9.1 74.6
220 10000 8-119 25.3 0 6.5 80.2
Exam-4b | 250 25000 124-166 | 58.3 0.1 10.7 73.8 [ 0.94
220 10000 175-203 | 23.9 0 6.3 82.4
Exam-4c¢ | 220 8000 12-120 | 156.7 0 9.3 77.5 1 0.74
220 10000 13-122 | 32.8 0 3.6 90.3
Exam-5 | 250 30000 127-169 | 59.1 0.1 8.3 73.7 |1 0.92
220 10000 179-204 | 30.2 0 3.5 86.3
220 15000 11-118 25.8 0 4.2 80.5
Exam-6 | 250 30000 123-170 | 48.6 0.1 7.9 68.8 | 0.99
220 15000 181-210 | 25.5 0 4.7 78.6
Exam-7 | 220 10000 9-119 23.9 0 3.4 89.7 | 0.86
220 10000 6-122 28.4 0 3.5 95.6
Exam-8 | 250 25000 127-171 | 55.8 0.1 6.6 89.2 | 1.01
220 10000 180-212 | 28.6 0 2.8 94 1
220 20000 10-123 | 22.7 0 2.9 95.8
Exam-9 | 250 35000 128-169 | 49.3 0.1 5.2 90.6 | 0.53
220 20000 177-202 | 12.0 0 3.5 92.9
Exam-10 | 220 30000 5-128 32.7 0 2.8 94.7 10.69
280 15000 2-48 18.5 5.2 18.4 |55.7 | 0.83
Exam-11a| 300 36000 52-101 54.7 8.7 23.8 412
280 15000 110-135 | 15.3 53 19.1 54.2
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280 15000 6-46 26.8 4.5 16.5 |60.2 | 0.90
Exam-11b| 300 47500 50-99 57.3 8.1 21.7 |53.9

280 15000 99-126 | 24.2 4.0 16.3 |61.7
Exam-11c| 280 15000 5-119 15.4 5.5 19.3 |149.1 1 0.79

280 18000 3-47 26.4 6.8 4.6 85.3 |1 0.95
Exam-12 | 300 55500 51-100 | 57.5 8.5 8.1 78.5

280 18000 111-133 | 25.2 6.3 4.4 84.7

280 18000 4-47 22.3 7.2 3.2 89.5 |1 0.99
Exam-13 | 300 50000 51-98 49.5 9.1 5.5 88.8

280 18000 106-129 | 22.1 7.3 3.7 90.1
Exam-14 | 280 30000 2-109 29.9 8.6 5.4 83.7 | 0.86
Exam-15 | 280 50000 5-110 32.7 8.1 4.5 85.6 | 0.78
Exam-16 | 280 60000 10-123 | 28.1 7.2 4.9 85.8 {0.74
CE-1 220 8000 5-110 6.6 0 7.8 79.2 | 0.51
CE-2 280 10000 2-108 7.3 22.4 21.7 |39.3 |0.37
CE-3 220 5000 8-105 19.8 0.5 6.4 73.3 | 0.67
CE-4 280 18000 3-107 13.6 28.2 3.7 89.1 10.71
CE-5 280 1500 5-145 42-48 | 35.7 14.2 |46.3 | 0.88

As shown in Table 2, the cobalt catalyst containing a boron nitride and/or silicon nitride
carrier with a high specific surface area of the present invention exhibited very high
Fischer-Tropsch synthesis catalytic activity and excellent Cs* hydrocarbon selectivity.
After undergoing a long period of time (more than 200 h) and a high-temperature
(250°C or higher) harsh severe reaction, the activity of most catalysts can still be
recovered to 80% or more of the initial activity, indicating that the catalyst of the present
invention has good stability. In particular, the catalysts of Example 6 and Example 8
(Exam-6 catalyst and Exam-8 catalyst) exhibited the optimal Fischer-Tropsch
synthesis catalytic performance. In contrast, activities and stabilities of CE-1 and
CE-3 catalysts containing commercially available silicon nitride or Al,O3 carriers with
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low specific surface area were much less than those of Exam—-4c and Exam—-6 catalysts
wifh similar metal active phase compositions.

Similarly, the iron catalyst containing the boron nitride and/or silicon nitride carrier with
a high specific surface area prepared in the present invention exhibited higher
Fischer-Tropsch synthesis catalytic activity and the same excellent Cs* hydrocarbon
selectivity at higher reaction temperatures. After experiencing long—term and
high—temperature reactions, the activity of these nitride—supported iron catalysts can be
recovered to 70% or more of the initial activity, indicating that the catalyst of the present
invention has excellent stability and catalytic activity. In particular, the Exam-13
catalyst has the same final Fischer-Tropsch synthesis reaction performance as the
initial reaction performance thereof. In contrast, CE-2 and CE—4 catalysts containing
commercially available boron nitride or SiO, carriers with a low specific surface area
had poor activity and stability. In addition, compared with the results of the CE-5
catalyst of Comparative Example 5, it can be seen that the metal grain size (2-9 nm) of
the catalyst prepared by the present invention is much smaller than the average size of
the metallic iron (25-40 nm) of the catalyst prepared in the literature (RSC Advances,
20186, 6, pp. 38356—-38364), and the dispersity of the active metal in the catalyst of the
invention (15-70%) is also much greater than that (3-5%) of the catalyst reported in the
literature. Thus, at the space velocity level much higher than that reported in the
literature (10-40 times), the CO conversion rate of the catalyst of the present invention
in the Fischer-Tropsch synthesis reaction can still be comparable to that reported in the
literature, that is, the catalytic activity of the catalyst of the present invention is 10-40
times higher than that of the catalyst in the above literature, and selectivities of
by-products (methane and CO.) are lower by using the catalyst of the present invention
in the Fischer-Tropsch synthesis reaction.

It can thus be seen that the catalyst of the present invention containing a boron nitride
carrier and/or a silicon nitride carrier with a high specific surface area can achieve very

excellent Fischer-Tropsch synthesis reaction performance.
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Claims

1. A Fischer—-Tropsch synthesis catalyst, wherein the catalyst comprises: an active
component, which is at least one selected from iron, cobalt, nickel and ruthenium; an
optional auxiliary metal; and a nitride carrier, which is boron nitride, silicon nitride or a
mixture thereof having a specific surface area of not less than 80 m?/g; wherein the
active component and the optional auxiliary metal are supported on the carrier, wherein
a dispersity of the active component is from 15% to 75%, and the catalyst has a metal
grain size of 2-9 nm.

2. The catalyst according to claim 1, wherein the auxiliary metal is at least one selected
from the group comprising manganese, chromium, zinc, molybdenum, copper,
platinum, palladium, rhodium, iridium, gold, silver, magnesium, calcium, strontium,
barium, sodium and potassium.

3. The catalyst according to claim 1 or 2, wherein the carrier has a specific surface
area of not less than 100 m?/g.

4. The catalyst according to claim 3, wherein the carrier has a specific surface area of
more than 100 m?/g.

5. The catalyst according to any one of claims 1 to 4, wherein the boron nitride is a
hexagonal boron nitride.

6. The catalyst according to any one of claims 1 to 5, wherein the silicon nitride is a
trigonal silicon nitride and/or a hexagonal silicon nitride.

7. The catalyst according to any one of claims 1 to 6, wherein a form of the carrier is
a nanoparticle, a nanosheet, a nanotube, a nanocage, a nanofiber, or a nanowire.

8. The catalyst according to any one of claims 1 to 7, wherein a mass ratio of the
active component to the carrier is (0.1-400):100.

9. The catalyst according to any one of claims 1 to 8, wherein the active component
is at least one selected from iron, cobalt and nickel, and the mass ratio of the active
component to the carrier is (1-400):100.

10. The catalyst according to claim 9, wherein the mass ratio of the active component
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to the carrier is (5~100):100.

11. The catalyst according to claim 10, wherein the mass ratio of the active component
to the carrier is (10-80):100.

12. The catalyst according to claim 11, wherein the mass ratio of the active component
to the carrier is (20-50):100.

13. The catalyst according to claim 12, wherein the mass ratio of the active component
to the carrier is (30-40):100.

14. The catalyst according to any one of claims 1 to 8, wherein the active component
is ruthenium, and the mass ratio of the active component to the carrier is (0.1-10):100.
15. The catalyst according to claim 14, wherein the mass ratio of the active component
to the carrier is (0.5-8):100.

16. The catalyst according to claim 15, wherein the mass ratio of the active component
to the carrier is (1-6):100.

17. The catalyst according to claim 16, wherein the mass ratio of the active component
to the carrier is (3-5):100.

18. The catalyst according to any one of claims 1 to 17, wherein a mass ratio of the
auxiliary metal to the carrier is (2000 ppm—60):100.

19. The catalyst according to any one of claims 1 to 18, wherein the auxiliary metal is
at least one selected from manganese, chromium, molybdenum and zinc, and the
mass ratio of the auxiliary metal to the carrier is (1-40):100.

20. The catalyst according to claim 19, wherein the mass ratio of the auxiliary metal
to the carrier is (5-30):100.

21. The catalyst according to claim 20, wherein the mass ratio of the auxiliary metal
to the carrier is (10-20):100.

22. The catalyst according to claim 21, wherein the mass ratio of the auxiliary metal
to the carrier is (15-20):100.

23. The catalyst according to any one of claims 1 to 18, wherein the auxiliary metal is

copper, and the mass ratio of the auxiliary metal to the carrier is (0.5-15):100.
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24. The catalyst according to claim 23, wherein the mass ratio of the auxiliary metal
to the carrier is (1-10):100.

25. The catalyst according to claim 24, wherein the mass ratio of the auxiliary metal
to the carrier is (2-6):100.

26. The catalyst according to any one of claims 1 to 18, wherein the auxiliary metal is
at least one selected from platinum, palladium, rhodium, iridium, silver and gold, and
the mass ratio of the auxiliary metal to the carrier is (0.002-1):100.

27. The catalyst according to claim 26, wherein the mass ratio of the auxiliary metal
to the carrier is (0.01-0.5):100.

28. The catalyst according to claim 27, wherein the mass ratio of the auxiliary metal
to the carrier is (0.05-0.3):100.

29. The catalyst according to claim 28, wherein the mass ratio of the auxiliary metal
to the carrier is (0.1-0.2):100.

30. The catalyst according to any one of claims 1 to 18, wherein the auxiliary metal is
at least one selected from magnesium, calcium, strontium, barium, sodium and
potassium, and the mass ratio of the auxiliary metal to the carrier is (0.5-15):100.
31. The catalyst according to claim 30, wherein the mass ratio of the auxiliary metal
to the carrier is (1-12):100.

32. The catalyst according to claim 31, wherein the mass ratio of the auxiliary metal
to the carrier is (2-9):100.

33. The catalyst according to any one of claims 1-8 and 18, wherein a mass ratio of
the active component: the auxiliary metal: the carrier is (0.1-300):(0.002-30):100.
34. A method for preparing the Fischer-Tropsch synthesis catalyst according to any
one of claims 1 to 33, wherein the method comprises the following steps: (1) preparing
a nitride carrier having a specific surface area of not less than 80 m?/g; (2) supporting
a precursor of active metal as an active component and a precursor of optional auxiliary
metal on the nitride carrier to form a catalyst precursor; (3) molding the catalyst

precursor to obtain a molded catalyst precursor; and (4) drying and calcining the
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molded catalyst precursor to obtain the catalyst;

wherein the nitride carrier is a boron nitride carrier, a silicon nitride carrier or a mixture
thereof, and the active component is selected from iron, cobalt, nickel and ruthenium.
35. The method according to claim 34, wherein the nitride carrier is a hexagonal boron
nitride carrier, a trigonal silicon nitride, or a hexagonal silicon nitride carrier.

36. The method according to claim 34 or 35, in step (1), the nitride carrier is prepared
by a mechanical method or a thermochemical synthesis method.

37. The method according to claim 36, wherein the nitride carrier is a boron nitride
carrier, which is prepared by a thermochemical synthesis method comprising the
following steps: (a) reacting a mixture of a boron precursor, a nitrogen precursor and
a transition metal compound under an inert atmosphere in a closed autoclave or a
pressurized reactor, to give a crude product containing boron nitride; (b) filtering and
washing the crude product containing boron nitride obtained in step (a) with a mineral
acid and polar solvent, respectively, to give boron nitride powder; (c) drying and
calcining the boron nitride powder to give the boron nitride carrier.

38. The method according to claim 37, wherein the boron precursor is selected from
boron oxide, sodium borate, sodium borohydride, boric acid, borane, borazine or any
mixture thereof.

39. The method according to claim 37 or 38, wherein the transition metal compound
is selected from Fex03, Fes04, anhydrous FeClz, Co203, Coz04, CoO, anhydrous CoCly,
NiO, or any mixture thereof.

40. The method according to any one of claims 37 to 39, wherein the inert atmosphere
is a nitrogen atmosphere, an argon atmosphere, a helium atmosphere, or any mixed
atmosphere thereof.

41. The method according to any one of claims 37 to 40, wherein the boron precursor,
the nitrogen precursor, and the transition metal compound are mixed by mechanical
mixing to form the mixture.

42. The method according to any one of claims 37 to 41, in step (a), an atomic ratio
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of nitrogen to boron in the mixture is from 2:1 to 6:1.

43. The method according to claim 42, wherein the atomic ratio of nitrogen to boron
in the mixture is from 3:1 to 5:1.

44. The method according to claim 43, wherein the atomic ratio of nitrogen to boron
in the mixture is 3.5:1 to 4.5:1.

45. The method according to any one of claims 37 to 44, in step (a), an atomic ratio
of transition metal to boron in the mixture is from 0.02:1 to 0.5:1.

46. The method according to any one of claims 37 to 45, in step (a), a reaction
temperature of the mixture is from 400°C to 1100°C.

47. The method according to claim 46, wherein the reaction temperature of the mixture
is from 600°C to 1000°C.

48. The method according to claim 47, wherein the reaction temperature of the mixture
is 800°C to 900°C.

49. The method according to any one of claims 37 to 48, in step (a), a reaction
pressure is from 0.2 MPa to 10 MPa.

50. The method according to claim 49, wherein the reaction pressure is from 0.5 MPa
to 5 MPa.

51. The method according to any one of claims 37 to 50, in step (a), a reaction time
of the mixture is from 1 h to 20 h.

52. The method according to claim 51, wherein the reaction time of the mixture is from
10 hto 12 h.

53. The method according to any one of claims 37 to 52, in step (b), the polar solvent
is selected from water, methanol, ethanol, propanol, tetrahydrofuran,
dimethylformamide or any mixture thereof.

54. The method according to claim 36, wherein the nitride carrier is a silicon nitride
carrier, which is prepared by a thermochemical synthesis method comprising the
following steps: (a’) reacting a mixture of a silicon precursor and a nitrogen precursor

in a sealed autoclave in the presence of an organic solvent, to give a crude product
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containing silicon nitride; (b’) leaching the crude product containing silicon nitride
obtained in step (a’) with a mineral acid, to give an acid-leached crude product
containing silicon nitride; (¢’) washing the acid-leached crude product containing
silicon nitride with deionized water and solvent respectively and filtering, to give silicon
nitride powder; (d’) drying and calcining the silicon nitride powder to give the silicon
nitride carrier.

55. The method according to claim 54, wherein the silicon precursor is selected from
silicon tetrachloride, tetraethyl orthosilicate, methyl orthosilicate, silane, silane coupling
agent, silaimines or any mixture thereof.

56. The method according to claim 54 or 55, in step (a’), the organic solvent is selected
from benzene, toluene, xylene, ethylbenzene, hexane, heptane, octane, decane, liquid
paraffin, trioctylamine or any mixture thereof.

57. The method according to any one of claims 54 to 56, in step (a’), an atomic ratio
of nitrogen to silicon in the mixture is (0.01-10):1.

58. The method according to claim 57, wherein the atomic ratio of nitrogen to silicon
in the mixture is (0.1-5):1.

59. The method according to claim 58, wherein the atomic ratio of nitrogen to silicon
in the mixture is (0.2-1):1.

60. The method according to any one of claims 54 to 59, in step (a’), a volume ratio
of the organic solvent to the silicon precursor is (0.1-10):1.

61. The method according to claim 60, wherein the volume ratio of the organic solvent
to the silicon precursor is (0.5-5):1.

62. The method according to claim 61, wherein the volume ratio of the organic solvent
to the silicon precursor is (1-2):1.

63. The method according to any one of claims 54 to 62, in step (a’), a reaction
temperature of the mixture is from 300°C to 600°C.

64. The method according to claim 63, wherein the reaction temperature of the mixture
is from 400°C to 500°C.
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65. The method according to any one of claims 54 to 64, in step (a’), a reaction
pressure is 0.2-10 MPa.

66. The method according to claim 65, wherein the reaction pressure is 0.5-5 MPa.
67. The method according to any one of claims 54 to 66, in step (a’), a reaction time
of the mixture is from 1 h to 20 h

68. The method according to claim 67, wherein the reaction time of the mixture is from
5hto 10 h.

69. The method according to any one of claims 54 to 68, in step (c¢’), the solvent is
selected from methanol, ethanol, propanol, tetrahydrofuran, dimethylformamide, or
any mixture thereof.

70. The method according to any one of claims 54 to 69, wherein the nitrogen
precursor is selected from sodium azide, sodium amide, polycyanamide, guanidine,
urea, ammonia, borazine, ammonium chloride or any mixture thereof.

71. The method according to any one of claims 54 to 70, wherein the mineral acid is
selected from hydrochloric acid, sulfuric acid, and nitric acid.

72. The method according to claim 71, wherein a concentration of the mineral acid is
from 0.1 to 5 mol/L.

73. The method according to claim 72, wherein the concentration of the mineral acid
is from 0.5 to 2.5 mol/L.

74. The method according to claim 73, wherein the concentration of the mineral acid
is from 1.0 to 1.5 mol/L.

75. The method according to any one of claims 54 to 74, wherein the boron nitride
powder or the silicon nitride powder is dried and calcined in air, in an inert atmosphere
or in vacuum.

76. The method according to any one of claims 54 to 75, in step (c) and step (d'), a
temperature of the drying is from 20°C to 150°C.

77. The method according to claim 76, wherein the temperature of the drying is from
80°C to 150°C.
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78. The method according to any one of claims 54 to 77, in step (c) and step (d'), a
duration for the drying is from 1 h to 24 h.

79. The method according to claim 78, wherein the duration for the drying is from 8 h
to12 h.

80. The method according to any one of claims 54 to 79, in step (c) and step (d'), a
temperature for the calcining is from 250°C to 650°C.

81. The method according to claim 80, wherein the temperature for the calcining is
from 350°C to 600°C.

82. The method according to claim 81, wherein the temperature for the calcining is
from 450°C to 550°C.

83. The method according to any one of claims 54 to 82, in step (c) and step (d"), a
duration for the calcining is from 1 h to 6 h.

84. The method according to claim 36, wherein the nitride carrier is obtained by ball
milling or ultrasonication.

85. The method according to any one of claims 34 to 84, wherein the precursor of the
active metal and the precursor of the auxiliary metal are supported on the nitride carrier
by impregnation, co-precipitation, water/solvent thermal synthesis, chemical vapor
deposition, or atomic layer deposition.

86. The method according to any one of claims 34 to 85, wherein the precursor of the
active metal is one or more selected from ferric nitrate, ferric chloride, ferrous chloride,
ferrous sulfate, ferrous acetate. iron(lll) acetylacetonate, carbonyl iron, ferrocene,
cobalt nitrate, cobalt chloride, cobalt formate, cobalt acetate, cobalt acetylacetonate,
cobalt carbonyl, nickel nitrate, nickel chloride, nickel sulfate, nickel acetate, nickel
acetylacetonate, nickel carbonyl, ruthenium chloride, ruthenium nitrate,
triphenylphosphine chlorocarbonylruthenium, carbonyl ruthenium chloride, ammonium
chlororuthenate, and ruthenium nitrosyl nitrate.

87. The method according to claim 86, wherein the precursor of the active metal is

one or more selected from ferric nitrate nonahydrate, ferric chloride hexahydrate, cobalt
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nitrate hexahydrate, and cobalt chloride hexahydrate.

88. The method according to any one of claims 34 to 87, wherein the precursor of the
auxiliary metal is one or more selected from manganese nitrate, manganese chloride,
manganese acetate, manganese acetylacetonate, manganese carbonyl, zinc nitrate,
zinc chloride, zinc sulfate, zinc acetate, zinc acetylacetonate, chromium nitrate,
chromium chloride, chromium sulfate, ammonium molybdate, platinum chloride,
platinum nitrate, chloroplatinic acid, ammonium chloroplatinate, diammine platinum
nitrite, rhodium nitrate, rhodium chloride, rhodium sulfate, rhodium acetate,
tris(triphenylphosphine) rhodium chloride,
acetylacetonatocarbonyltriphenylphosphinerhodium, palladium nitrate, palladium
chloride, palladium sulfate, palladium acetate, ammonium tetrachloropalladate,
ammonium hexachloropalladate , triphenylphosphine palladium, chloro-iridic acid,
iridium chloride, iridium acetate, ammonium chloroiridate, gold chloride, chloroauric
acid, ammonium chloroaurate, silver nitrate, silver acetate, silver carbonate,
magnesium nitrate, magnesium chloride, magnesium acetate, calcium nitrate, calcium
chloride, calcium acetate, strontium nitrate, strontium chloride, strontium acetate,
sodium nitrate, sodium chloride, sodium acetate, sodium hydroxide, sodium carbonate,
sodium bicarbonate, potassium nitrate, potassium chloride, potassium hydroxide,
potassium carbonate, potassium bicarbonate, potassium acetate, and copper nitrate.
89. The method according to claim 88, wherein the precursor of the auxiliary metal is
ammonium heptamolybdate.

90. The method according to any one of claims 34 to 89, wherein the catalyst precursor
formed in step (2) is dried and calcined prior to step (3).

91. The method according to any one of claims 34 to 90, in step (3), the catalyst
precursor is molded by a molding method selected from spray drying, compression
molding, rotational molding, extrusion molding or molding in oil.

92. The method according to any one of claims 34 to 91, wherein the molded catalyst

precursor is in a form of particles, microspheres, sheets, strips, columns, rings, porous
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sheets, or clover shapes.

93. The method according to any one of claims 34 to 92, wherein the molded catalyst
precursor is dried in air, in an inert atmosphere, or in vacuum.

94. The method according to any one of claims 34 to 93, in step (4), a temperature
for the drying is from 20°C to 150°C.

95. The method according to claim 94, wherein the temperature for the drying is from
80°C to 150°C

96. The method according to any one of claims 34 to 95, in step (4), a duration for
the drying is from 1 h to 24 h.

97. The method according to claim 96, wherein the duration for the drying is from 8 h
to12 h.

98. The method according to any one of claims 34 to 97, in step (4), the molded
catalyst precursor is dried twice or more.

99. The method according to any one of claims 34 to 98, wherein the molded catalyst
precursor is calcined in an inert atmosphere or an oxidizing atmosphere.

100. The method according to any one of claims 34 to 99, in step (4), a temperature
for the calcining is from 250°C to 650°C.

101. The method according to claim 100, wherein the temperature for the calcining is
from 350°C to 600°C.

102. The method according to claim 101, wherein the temperature for the calcining is
from 450°C to 550°C.

103. The method according to any one of claims 34 to 102, in step (4), a duration for
the calcining is from 1 h to 6 h.

104. The method according to any one of claims 34 to 103, wherein the molded
catalyst precursor is calcined twice or more.

105. Use of the Fischer—Tropsch synthesis catalyst according to any one of claims 1-
33 for preparing hydrocarbon compounds by catalyzing syngas in a Fischer-Tropsch

synthesis reaction.
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106. The use according to claim 105, wherein the catalyst is previously reduced in a
reducing atmosphere prior to application of the catalyst to the Fischer-Tropsch
synthesis reaction.

107. The use according to claim 106, wherein the reducing atmosphere is selected
from a pure hydrogen atmosphere, a CO atmosphere, a syngas atmosphere, an
ammonia gas atmosphere, a diluted hydrogen atmosphere, a diluted CO atmosphere,
a diluted syngas atmosphere, and a diluted ammonia atmosphere.

108. The use according to claim 107, wherein the volume ratio of Hy to CO in the
syngas atmosphere is from 0.01:1 to 1000:1.

109. The use according to claim 105 or 106, wherein the volume ratio of H, to CO in
the syngas is from 0.5:1 to 3.0:1.

110. The use according to claim 109, wherein the volume ratio of H, to CO in the
syngas is from 1.0:1 to 2.5:1.

111. The use according to claim 110, wherein the volume ratio of H, to CO in the
syngas is from 1.2:1 to 2.2:1.

112. The use according to claim 111, wherein the volume ratio of H, to CO in the
syngas is from 1.5:1 to 2.0:1.

113. The use according to any one of claims 105 to 112, wherein the Fischer-Tropsch
synthesis reaction is carried out in a continuous reaction process or a batch reaction
process.

114. The use according to any one of claims 105 to 113, wherein the Fischer—Tropsch
synthesis reaction is carried out in the continuous reaction process, and a reaction
space velocity is 100-60000 NL/Kg/h.

115. The use according to any one of claims 105 to 114, wherein the Fischer-Tropsch
synthesis reaction is carried out by using one or more fixed bed reactors, microchannel
reactors, continuous stirred slurry bed tank reactors, jet circulation reactors, slurry
bubble column reactors or fluidized bed reactors.

116. The use according to any one of claims 105 to 115, wherein a pressure of the
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Fischer—-Tropsch synthesis reaction is from 1.0 MPa to 6.0 MPa and a temperature
thereof is from 120°C to 350°C.

117. The use according to claim 105 or 106, wherein the Fischer-Tropsch synthesis
catalyst is a cobalt catalyst, and the volume ratio of H, to CO in the syngas is from
1.0:1 to 3.0:1.

118. The use according to claim 117, wherein the volume ratio of Hy to CO in the
syngas is from 1.5:1 to 2.5:1

119. The use according to claim 118, wherein the volume ratio of Hy to CO in the
syngas is from 1.8:1 to 2.2:1.

120. The use according to any one of claims 117 to 119, wherein a pressure of the
Fischer—-Tropsch synthesis reaction is from 1.0 MPa to 6.0 MPa.

121. The use according to claim 120, wherein a pressure of the Fischer-Tropsch
synthesis reaction is from 1.5 MPa to 4.5 MPa

122. The use according to claim 121, wherein a pressure of the Fischer—-Tropsch
synthesis reaction is from 2.0 MPa to 3.0 MPa.

123. The use according to any one of claims 117 to 122, wherein a temperature of the
Fischer—Tropsch synthesis reaction is from 150°C to 280°C.

124. The use according to claim 123, wherein the temperature of the Fischer-Tropsch
synthesis reaction is from 180°C to 260°C.

125. The use according to claim 124, wherein the temperature of the Fischer-Tropsch
synthesis reaction is from 200°C to 240°C.

126. The use according to any one of claims 117 to 125, wherein the Fischer-Tropsch
synthesis reaction is carried out in the continuous reaction process, and a reaction
space velocity is from 100 to 25,000 NL/kg/h.

127. The use according to claim 126, wherein the reaction space velocity is from 1,000
to 20,000 NL/kg/h.

128. The use according to claim 127, wherein the reaction space velocity is from from
5,000 to 10,000 NL/Kg/h.
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129. The use according to claim 105 or 106, wherein the Fischer-Tropsch synthesis
catalyst is an iron catalyst, and the volume ratio of H, to CO in the syngas is from 0.5:1
to 3.0:1.

130. The use according to claim 129, wherein the volume ratio of Hz to CO in the
syngas is from 1.0:1 to 2.5:1.

131. The use according to claim 130, wherein the volume ratio of Hy to CO in the
syngas is from 1.2:1 to 2.2:1.

132. The use according to claim 131, wherein the volume ratio of H, to CO in the
syngas is from 1.5:1 to 2.0:1.

133. The use according to any one of claims 129 to 132, wherein a pressure of the
Fischer—-Tropsch synthesis reaction is from 1.0 MPa to 6.0 MPa.

134. The use according to claim 133, wherein the pressure of the Fischer-Tropsch
synthesis reaction is from 1.5 MPa to 5.5 MPa.

135. The use according to claim 134, wherein the pressure of the Fischer—Tropsch
synthesis reaction is from 2.0 MPa to 5.0 MPa.

136. The use according to claim 135, wherein the pressure of the Fischer—Tropsch
synthesis reaction is from 2.5 MPa to 4.0 MPa.

137. The use according to any one of claims 129 to 136, wherein a temperature of the
Fischer-Tropsch synthesis reaction is from 220°C to 350°C.

138. The use according to claim 137, wherein the temperature of the Fischer-Tropsch
synthesis reaction is from 240°C to 330°C.

139. The use according to claim 138, wherein the temperature of the Fischer-Tropsch
synthesis reaction is from 260°C to 300°C.

140. The use according to any one of claims 129 to 139, wherein the Fischer-Tropsch
synthesis reaction is carried out in the continuous reaction process, and a reaction
space velocity is from 100 to 60,000 NL/kg/h.

141. The use according to claim 140, wherein the reaction space velocity is from 1,000
to 40,000 NL/kg/h.
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142. The use according to claim 141, wherein the reaction space velocity is from
10,000 to 20,000 NL/Kg/h.

143. A Fischer—Tropsch synthesis reaction method, comprising: preparing hydrocarbon
compounds by catalyzing syngas with the Fischer—-Tropsch synthesis catalyst
according to any one of claims 1 to 33.

144. The Fischer—Tropsch synthesis reaction method according to claim 143, wherein,
the syngas is introduced into a Fischer—Tropsch synthesis reactor to contact with the
catalyst; and the hydrocarbon compounds are prepared through carrying out a reaction
by catalyzing the syngas with the catalyst.

145. The Fischer-Tropsch synthesis reaction method according to claim 143 or 144,
wherein the catalyst is previously reduced in a reducing atmosphere prior to application

of the catalyst to the Fischer—Tropsch synthesis reaction.
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