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CROSS-REFERENCE TO RELATED APPLICATIONS 

 

This application claims priorities of the following applications: Chinese patent 

application 201710473492.X, entitled “Catalyst for preparing cumene and preparation 

method thereof” and filed on June 21, 2017; Chinese patent application 10 

201710473479.4, entitled “Cumene catalyst and preparation method thereof” and filed 

on June 21, 2017; Chinese patent application 201710473465.2, entitled “Catalyst for 

preparing cumene by hydrogenation” and filed on June 21, 2017. The entirety of the 

above applications is incorporated herein by reference. 

 15 

FIELD OF THE INVENTION 

 

The present disclosure relates to the technical field of a catalyst for preparing 

cumene. The present disclosure further relates to use of the catalyst and, in particular, 

to use of the catalyst in preparation of cumene by α-Methyl styrene hydrogenation. 20 

 

BACKGROUND OF THE INVENTION 

 

At present, cumene output in the world reaches nearly ten million tons, and more 

than 90% of the cumene are used to produce phenol and acetone. In this process, 25 

α-methyl styrene (AMS), a byproduct, is generated generally, and it is difficult to 

separate and remove AMS in subsequent refining procedures. However, AMS can be 

converted into raw material cumene by hydrogenation, and the raw material cumene 

can be used again in an oxidation procedure. By doing this, unit consumption of 

cumene can be reduced; a yield coefficient of phenol can be improved; and cost of 30 

raw materials can be saved. In this way, not only consumption of propylene and 

benzene raw materials can be reduced, but also technical and economic indexes of a 

device can be improved. 
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500 tons of AMS may be generated as a byproduct by a device for producing 

phenol/acetone with an annual output of 10000 tons, and devices for producing 

phenol/acetone used abroad all comprise an AMS hydrogenation unit. A traditional 

method of producing cumene by AMS hydrogenation is a slurry process, in which a 

Reney nickel catalyst is used, but the slurry process has defects such as complicated 5 

procedures, low selectivity of catalysts and a short usage cycle. The slurry process is 

gradually replaced by a fixed bed process. Performance of hydrogenation catalysts are 

very critical for the fixed bed process. There are many reports on catalysts for 

producing cumene by AMS hydrogenation. Saito studied experiments of catalytic 

hydrogenation to AMS using platinum as a catalyst. Phenolchemie Co. used Cu2Cr2Ni 10 

to perform AMS hydrogenation. Chongheng He studied high-temperature thermal 

sintering of a palladium/alumina catalyst. Franco C et al. used a Pd/C catalyst in 

α-Methyl styrene hydrogenation. Little et al. respectively studied AMS selective 

hydrogenation properties of Ni, Pt, Pd, Co, Cr2O3 and several metal alloy catalysts. 

Activity and selectivity of non-palladium catalysts are not high, and catalysts which 15 

comprise palladium as a main or unique ingredient receive great attention in recent 

years. AMS is chemically active and has poor stability. Therefore, it is hoped that a 

hydrogenation catalyst has higher low-temperature activity and selectivity, as well as 

proper impurity-resistance property so as to increase a regeneration cycle of the 

catalyst, thereby prolonging the service life of the catalyst. 20 

 

US patent US3646235 discloses a use of nickel, platinum, palladium, cobalt, 

chromium oxides and mixed metal catalysts in AMS hydrogenation. Under conditions 

of a temperature of 24-50 oC and a pressure of 0.17-0.45 MPa, a Pd catalyst with 

metal content of 1-5% (by weight) is better. 25 

 

Chinese patent CN1793089A discloses a method for selective hydrogenation of 

AMS to cumene by using a combined catalyst system having a nickel catalyst and a 

noble-metal catalyst. In the method, a combination of commercially available 

catalysts is packed, 70-95% of AMS conversion in a first reaction zone was achieved 30 

and at least 95% of AMS conversion in a second reaction zone was achieved. 

 

There is a need for a novel catalyst used for production of cumene which has an 

improved AMS conversion rate and cumene selectivity. 
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SUMMARY OF THE INVENTION 

 

The purpose of the present disclosure is to solve the technical problem of low 

AMS conversion rate and low cumene selectivity in preparation of cumene by AMS 5 

hydrogenation. 

 

In a first aspect, the present disclosure provides a catalyst for preparing cumene, 

which comprises a carrier and an active ingredient. The active ingredient comprises:  

ingredient (1), which is palladium element; and 10 

ingredient (2), which is one or more selected from a group consisting of alkali 

metal elements, alkaline earth metal elements and molybdenum element. 

 

According to the present disclosure, the palladium element can exist in the 

catalyst in a form of elementary substance, oxide, and/or salt. 15 

 

According to the present disclosure, the alkali metal element can exist in the 

catalyst in a form of oxide and/or salt. 

 

According to the present disclosure, the alkaline earth metal element can exist in 20 

the catalyst in a form of oxide and/or salt. 

 

According to the present disclosure, the molybdenum element can exist in the 

catalyst in a form of oxide and/or salt. 

 25 

It is founded unexpectedly by the inventors that ingredient (1) and ingredient (2) 

have a synergistic effect on improving the AMS conversion rate and the cumene 

selectivity. 

 

According to the present disclosure, g/L can be used as a unit of measurement to 30 

describe content of ingredient (1) and ingredient (2), and it represents ingredient mass 

loaded in one liter of the carrier. A conversion relation between g/L and a commonly 

used mass percentage is as follows: 

gingredient/Lcarrier=(gingredient/gcarrier)×ρcarrier, wherein ρcarrier represents packing 
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density of the carrier. 

 

According to some preferred embodiments of the catalyst of the present 

disclosure, calculated by element, content of ingredient (1) is in a range of 0.01-10 

g/L, preferably 0.05-5 g/L, and more preferably 0.1-4 g/L. 5 

 

According to some preferred embodiments of the present disclosure, calculated 

by element, content of ingredient (2) is in a range larger than 0 g/L and equal to or less 

than 60 g/L, preferably 0.5-5 g/L, and more preferably 1.0-3.5 g/L. 

 10 

According to the present disclosure, as a non-limitative example, content of 

ingredient (1) can be 0.1 g/L, 0.2 g/L, 0.5 g/L, 1 g/L, 1.5 g/L, 2 g/L, 2.7 g/L, 3 g/L, 

3.5 g/L, 4 g/L, 4.5 g/L, 5 g/L, 5.5 g/L, 6 g/L, 6.5 g/L, 7 g/L, 8 g/L, 9 g/L and so on. 

 

According to the present disclosure, as a non-limitative example, content of 15 

ingredient (2) can be 0.01 g/L, 0.06 g/L, 0.12 g/L, 0.15 g/L, 0.18 g/L, 0.24 g/L, 0.30 

g/L, 0.5 g/L, 1.0 g/L, 2.0 g/L, 3.0 g/L, 4.0 g/L, 5.0 g/L, 10 g/L, 15 g/L, 20 g/L, 25 g/L, 

30 g/L, 35 g/L, 40 g/L, 45 g/L, 50 g/L, 55 g/L and so on. 

 

According to some preferred embodiments of the present disclosure, a mass ratio 20 

of ingredient (1) to ingredient (2) is in a range of (20-1):1, preferably (15-5):1, and 

more preferably (12-8):1. 

 

According to some embodiments of the catalyst of the present disclosure, 

ingredient (2) is molybdenum element, an alkali metal element, or an alkaline earth 25 

metal element. 

 

According to some preferred embodiments of the catalyst of the present 

disclosure, ingredient (2) comprises an alkali metal element and molybdenum element. 

Preferably, calculated by element mass, a mass ratio of the alkali metal element to the 30 

molybdenum element is in a range of (0.1-10):1, preferably (0.2-5):1, more preferably 

(0.25-4), and most preferably (1-4):1, such as 1:1, 1.5:1, 2:1, 3:1, or 4:1. In the 

presence of ingredient (1), the alkali metal element and molybdenum element have a 

synergistic effect on improving the AMS conversion rate and the cumene selectivity. 
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According to some preferred embodiments of the catalyst of the present 

disclosure, ingredient (2) comprises an alkaline earth metal element and molybdenum 

element. Preferably, calculated by element mass, a mass ratio of the alkali metal 

element to the molybdenum element is in a range of (0.1-10):1, preferably (0.2-5):1, 5 

more preferably (0.25-4), and further preferably (1-4):1, such as 1:1, 1.5:1, 2:1, 3:1, or 

4:1. In the presence of ingredient (1), the alkaline earth metal element and 

molybdenum element have a synergistic effect on improving the AMS conversion rate 

and the cumene selectivity. 

 10 

According to some preferred embodiments of the catalyst of the present 

disclosure, ingredient (2) comprises an alkali metal element, an alkaline earth metal 

element and molybdenum element. Preferably, calculated by element mass, a mass 

ratio of a sum of the alkali metal element and the alkali metal element to the 

molybdenum element is in a range of (0.1-10):1, preferably (0.2-5):1, more preferably 15 

(0.25-4), and further preferably (1-4):1, such as 1:1, 1.5:1, 2:1, 3:1, or 4:1. In the 

presence of ingredient (1), the alkali metal element, the alkaline earth metal element 

and molybdenum element have a synergistic effect on improving the AMS conversion 

rate and the cumene selectivity. 

 20 

According to some examples of the present disclosure, ingredient (2) is one or 

more selected from a group consisting of the alkali metal elements and the alkaline 

earth metal elements, and the catalyst does not comprise a metal element selected 

from IVA group elements. 

 25 

According to some embodiments of the present disclosure, the active ingredient 

consists of ingredient (1) and ingredient (2). That is, the catalyst does not contain any 

active ingredient other than ingredient (1) and ingredient (2). 

 

According to some preferred embodiments of the catalyst of the present 30 

disclosure, the alkaline earth metal element is at least one selected from a group 

consisting of Ca, Mg, Sr and Ba. 

 

According to some preferred embodiments of the catalyst of the present 
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disclosure, the alkali metal element is at least one selected from a group consisting of 

Li, Na and K. 

 

According to some preferred embodiments of the catalyst of the present 

disclosure, the carrier comprises at least one selected from a group consisting of 5 

alumina, zirconia, silica, titania and activated carbon. Preferably, the carrier comprises 

more than 80wt%, preferably more than 90wt%, and more preferably more than 95wt% 

of alumina. 

 

According to some preferred embodiments of the catalyst of the present 10 

disclosure, a BET specific surface area of the carrier is in a range of 60-200 m2/g, 

preferably 80-150 m2/g. 

 

According to some preferred embodiments of the catalyst of the present 

disclosure, a pore volume of the carrier is in a range of 0.2-0.7 mL/g, preferably 15 

0.3-0.5 mL/g. 

 

According to some preferred embodiments of the catalyst of the present 

disclosure, the carrier has a most probable pore size in a range of 10-30 nm. It is 

found unexpectedly by the inventors of the present disclosure that the most probable 20 

pore size of the carrier affects diffusion performance of the catalyst. A proper most 

probable pore size can match with the molecular diameter of raw materials and the 

material viscosity, and thus improve diffusion performance of molecules of the raw 

materials, and is more favorable for the contact of the raw material molecules and an 

active center of the catalyst. Preferably, the most probable pore size of the carrier is in 25 

a range of 12-20 nm. 

 

According to some preferred embodiments of the catalyst of the present 

disclosure, the alumina comprises δ-alumina, θ-alumina, or a mixture of the δ-alumina 

and the θ-alumina. Preferably, the alumina comprises more than 30wt%, preferably 30 

more than 50wt%, and more preferably more than 75wt% of δ-alumina, θ-alumina, or 

a mixture of the δ-alumina and the θ-alumina. It is found unexpectedly by the 

inventors of the present disclosure that when the catalyst of the present disclosure 

using the mixture of the δ-alumina and the θ-alumina as the carrier is used in the 
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preparation of cumene by α-methyl styrene hydrogenation, there is a synergistic effect 

on improving the AMS conversion rate and the cumene selectivity. 

 

According to some preferred embodiments of the catalyst of the present 

disclosure, in the mixture of the δ-alumina and the θ-alumina, a mass ratio of the 5 

δ-alumina to θ-alumina is in a range of (0.2-5.0):1, preferably (0.45-3):1, and more 

preferably (0.5-2):1. 

 

According to some preferred embodiments of the catalyst of the present 

disclosure, the palladium element is loaded in the carrier in a form of elementary 10 

substance. It is found by the inventors that when a size of palladium particles is too 

big, properties of bulk phase palladium are exhibited, which causes a lower activity in 

a hydrogenation reaction; and when the size of the palladium particles is too small, 

activity of the catalyst is overly high, which causes the catalyst to be less selective, 

and the activity of the catalyst decreases rapidly. It is found unexpectedly by the 15 

inventors that the catalyst has an optimum performance when the size of the 

palladium particles is in a range of 1.5-3 nm. 

 

The catalyst provided by the present disclosure can be prepared by using a 

method known in the art, such as mixing, kneading, extruding, drying, calcinating of 20 

powders of the carrier, impregnating active ingredients, and drying, calcinating and 

activating the catalyst, and so on. 

 

As an example, the catalyst of the present disclosure can be prepared using 

method, comprising: 25 

step A, mixing a carrier with a solution of a compound containing an active 

ingredient; 

step B, calcinating the carrier treated in step A, optionally drying the carrier 

treated in step A before calcinating, to obtain a catalyst precursor; 

step C, mixing the catalyst precursor obtained in step B with a solution of a 30 

compound containing palladium element; and 

step D, calcinating the catalyst precursor treated in step C, optionally drying the 

catalyst precursor treated in step C before calcinating, to obtain the catalyst. 

 



8 

According to the present disclosure, the solution of a compound containing 

active ingredient is a solution of a compound containing ingredient (2), which is 

selected from a solution of a compound containing an alkali metal, a solution of a 

compound containing an alkaline earth metal, and a solution of a compound 

containing molybdenum element. 5 

 

According to the present disclosure, there is no special limitation to the 

compound containing an alkali metal, the compound containing an alkaline earth 

metal, and the compound containing molybdenum element. As long as the compound 

containing an alkali metal, the compound containing an alkaline earth metal, and the 10 

compound containing molybdenum element are soluble in water, they can be used in 

the present disclosure. Examples are nitrate, hydrochloride, and C1-C4 carboxylate 

(oxalate is excluded because it is poorly soluble in water). 

 

According to the present disclosure, there is no limitation to the compound 15 

containing palladium element. As long as the compound containing palladium element 

is soluble in water, it can be used in the present disclosure. Examples are palladium 

chloride, palladium acetate, palladium nitrate, chloropalladate, ammonium 

chloropalladate, and soluble complex compounds of palladium. 

 20 

According to the present disclosure, as long as a solvent can dissolve the 

compound, it can be used for the preparation of the catalyst. However, in order to be 

economical and environment-friendly, a preferably used solvent is water. 

 

According to some embodiments of the present disclosure, in step C, a pH value 25 

of the solution of a compound containing palladium is in a range of 2.0-4.0. 

 

In order to obtain a catalyst with better strength, it is better to perform drying 

before calcinating in step B and/or step D. According to some embodiments of the 

present disclosure, in step B, a time duration for drying is in a range of 2-6 hours, and 30 

a temperature for drying is in a range of 80-120 oC. According to some embodiments 

of the present disclosure, in step D, a time duration for drying is in a range of 2-6 

hours, and a temperature for drying is in a range of 80-120 oC. 
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According to the present disclosure, there is no special limitation to the 

calcinating atmosphere, as long as a comparable technical effect can all be achieved. 

In order to be economical, air atmosphere is used. For the convenience of comparison, 

air atmosphere is used in the embodiment of the present disclosure. According to 

embodiment s of the present disclosure, in step B, a time duration for calcinating is in 5 

a range of 3-8 hours, and a temperature for calcinating is in a range of 400-600 oC. 

According to examples of the present disclosure, in step D, a time duration for 

calcinating is in a range of 3-8 hours, and a temperature for calcinating is in a range of 

400-600 oC.  

 10 

In the above catalyst, Pd can be reduced to elementary substance, which can be 

directly used in a reaction for the preparation of cumene by α-methyl styrene 

hydrogenation. In the above catalyst, Pd can also exist in a form of Pd oxide, which is 

convenient for storage and stable for transportation, but the Pd oxide needs to be 

activated with a reducing agent before use. The reducing agent for activation can be 15 

hydrogen or a material containing hydrogen. For the convenience of comparison, Pd 

in the catalyst in examples of the present disclosure all exist as Pd oxide, and the Pd 

oxide should be activated at a temperature of 50 oC in a hydrogen atmosphere under a 

pressure of 0.4MPa for 4 hours before use. 

 20 

In a second aspect, the present disclosure further provides use of the above 

catalyst in the preparation of cumene by hydrogenating α-methyl styrene. 

 

In a third aspect, the present disclosure further provides a method for preparing 

cumene, comprising contacting a raw material containing α-methyl styrene and 25 

hydrogen with the above catalyst provided by the present disclosure for reaction to 

generate cumene. 

 

According to some preferred embodiments of the method of the present 

disclosure, the method is performed in a single reactor or a reactor having two stages 30 

in series, and the reactor is preferably a fixed bed reactor. 

 

According to some preferred embodiments of the method of the present 

disclosure, the reaction is performed under a pressure in a range of 0.2-3.0 MPa, 
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preferably 0.25-1.5 MPa. 

 

According to some preferred embodiments of the method of the present 

disclosure, the reaction is performed under a temperature in a range of 30-100 oC, 

preferably 40-60 oC. 5 

 

According to some preferred embodiments of the method of the present 

disclosure, the reaction is performed with a ratio of liquid circulation in a range of 

1.0-10.0, preferably 2.0-7.0. If the ratio of liquid circulation is overly low, the 

concentration of α-methyl styrene at an inlet of the reactor is too high. As a result, 10 

polymerization of α-methyl styrene is easily caused. Polymer generated may cover the 

catalyst surface, which causes performance of the catalyst to decrease. If the ratio of 

liquid circulation is overly high, an amount of raw material needed to be processed by 

the catalyst increases. As a result, a space velocity increases, and the retention time is 

shortened, which causes a conversion rate to be reduced. 15 

 

According to some preferred embodiments of the method of the present 

disclosure, a volume space velocity of the raw material containing α-methyl styrene is 

in a range of 0.3-3.0 h-1, preferably 0.8-1.5 h-1, such as 0.8 h-1, 0.9 h-1, 1.0 h-1, 1.1 h-1, 

1.2 h-1, 1.3 h-1, 1.4 h-1, 1.5 h-1 and so on. 20 

 

According to some preferred embodiments of the method of the present 

disclosure, a molar ratio of hydrogen to α-methyl styrene is in a range of (0.5-8):1, 

preferably (1-5):1, and more preferably (1.1-3.5):1. 

 25 

According to some preferred embodiments of the method of the present 

disclosure, calculated by weight, the raw material contains 1-25% of α-methyl styrene 

and 75-99% of a solvent. It is found by the inventors that an overly high concentration 

of α-methyl styrene in the raw materials may result in that α-methyl styrene 

polymerizes to generate α-methyl styrene oligomer or a polymer having a higher 30 

molecular weight. Preferably, the raw material contains 2-10% of α-methyl styrene 

and 90-98% of a solvent. The solvent is, preferably, an inert solvent, which can be 

selected from methylbenzene, ethylbenzene, xylene, cumene and so on. 
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According to some preferred embodiments of the method of the present 

disclosure, the raw material containing α-methyl styrene is from a device for 

producing phenol and acetone using cumene. 

 

The catalyst provided in the present disclosure has higher activity and selectivity 5 

when it is used in the preparation of cumene by α-methyl styrene hydrogenation. 

When the catalyst used in the present disclosure is used in the preparation of cumeme, 

an AMS conversion rate can reach 99.97%, and cumeme selectivity can reach 99.60%, 

the effect of which is good. 

 10 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

 

The present disclosure will be explained in detail with reference to the examples, 

but the present disclosure is not limited by the following examples. 

 15 

Each carrier used in the following examples and comparative examples has a bar 

length of 2 mm to 8 mm, a diameter of 1.8 mm to 2.2 mm, and a packing density of 

0.5 g/mL to 0.8 g/mL. 

 

Most probable pore sizes of the carriers used in examples and comparative 20 

examples were determined by the nitrogen adsorption BET method. 

 

Example 1A 

 

1. Preparation of a catalyst 25 

 

1 L of cylindrical alumina carrier (which had a most probable pore size of 15.8 

nm, a specific surface area of 125 m2/g, and a pore volume of 0.46 mL/g, and 

contained 75wt% of δ-alumina and θ-alumina, wherein the mass ratio of δ-alumina 

and θ-alumina was 1:1, and the rest was other phases of alumina) was mixed with 500 30 

ml of an aqueous solution of calcium nitrate containing 0.30 g of Ca; then a mixture 

obtained was dried at a temperature of 80 oC for 4 hours and calcinated at a 

temperature of 450 oC for 4 hours; after that, a product obtained from calcination was 

mixed with 500 ml of an aqueous solution of palladium chloride containing 2.7 g of 
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Pd which was adjusted to a pH value of 3.2 using hydrochloric acid; and at last, a 

mixture obtained was dried at a temperature of 80 oC for 4 hours and calcinated at a 

temperature of 450 oC for 4 hours, and a desired catalyst (which has Pd content of 2.7 

g/L and Ca content of 0.30 g/Lwas obtained. In the obtained catalyst, the Pd particle 

size was 2.2 nm, which was obtained by using a TEM (transmission electron 5 

microscopy) average mensuration method. 

 

2. Evaluation of the catalyst 

 

40 ml of the above prepared catalyst was packed into a fixed bed reactor, and 10 

then the catalyst was activated for 4 hours at a temperature of 50 oC under a hydrogen 

atmosphere of 0.4 MPa. After that, a reaction was performed. Conditions for the 

reaction are as follows: a temperature for the reaction was 45 oC; a pressure for the 

reaction was 0.3 MPa; a molar ratio of hydrogen to AMS was 1.2; a liquid space 

velocity of the raw material (which includes 21% of AMS and 79% of cumene) of the 15 

reaction was 1.0 h-1; and a time duration for the reaction was 72 hours. 

 

For the convenience of comparison, compositions of the catalyst and evaluation 

results thereof are listed in Table 1. 

 20 

Example 2A 

 

1 L of cylindrical alumina carrier (which had a most probable pore size of 15.8 

nm, a specific surface area of 125 m2/g, and a pore volume of 0.46 mL/g, and 

contained 75wt% of δ-alumina and θ-alumina, wherein the mass ratio of δ-alumina 25 

and θ-alumina was 1:1, and the rest was other phases of alumina) was mixed with 500 

ml of an aqueous solution of ammonium molybdate containing 0.30 g of Mo; then a 

mixture obtained was dried at a temperature of 80 oC for 4 hours and calcinated at a 

temperature of 450 oC for 4 hours; after that, a product obtained from calcination was 

mixed with 500 ml of an aqueous solution of palladium chloride containing 2.7 g of 30 

Pd which was adjusted to a pH value of 3.2 using hydrochloric acid; and at last, a 

mixture obtained was dried at a temperature of 80 oC for 4 hours and calcinated at a 

temperature of 450 oC for 4 hours, and a desired catalyst (which had Pd content of 2.7 

g/L and Mo content of 0.30 g/L) was obtained. In the obtained catalyst, the Pd particle 
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size was 2.2 nm, which was obtained by using a TEM (transmission electron 

microscopy) average mensuration method. 

 

 

2. Evaluation of the catalyst 5 

 

The evaluation of the catalyst prepared above was the same as that in Example 

1A. 

 

For the convenience of comparison, compositions of the catalyst and evaluation 10 

results thereof are listed in Table 1. 

 

Example 3A 

 

1. Preparation of a catalyst 15 

 

1 L of cylindrical alumina carrier (which had a most probable pore size of 15.8 

nm, a specific surface area of 125 m2/g, and a pore volume of 0.46 mL/g, and 

contained 75wt% of δ-alumina and θ-alumina, wherein the mass ratio of δ-alumina 

and θ-alumina was 1:1, and the rest was other phases of alumina) was mixed with 500 20 

ml of an aqueous solution of calcium nitrate containing 0.24 g of Ca and ammonium 

molybdate containing 0.06 g of Mo; then a mixture obtained was dried at a 

temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours; 

after that, a product obtained from calcination was mixed with 500 ml of an aqueous 

solution of palladium chloride containing 2.7 g of Pd which was adjusted to a pH 25 

value of 3.2 using hydrochloric acid; and at last, a mixture obtained was dried at a 

temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours, 

and a desired catalyst (which had Pd content of 2.7 g/L, Ca content of 0.24 g/L and 

Mo content of 0.06 g/L) was obtained. In the obtained catalyst, the Pd particle size 

was 2.2 nm, which was obtained by using a TEM (transmission electron microscopy) 30 

average mensuration method. 

 

 

2. Evaluation of the catalyst 
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The evaluation of the catalyst prepared above was the same as that in Example 

1A. 

 

For the convenience of comparison, compositions of the catalyst and evaluation 5 

results thereof are listed in Table 1. 

 

Example 4A 

 

1. Preparation of a catalyst 10 

 

1 L of cylindrical alumina carrier (which had a most probable pore size of 15.8 

nm, a specific surface area of 125 m2/g, and a pore volume of 0.46 mL/g, and 

contained 75wt% of δ-alumina and θ-alumina, wherein the mass ratio of δ-alumina 

and θ-alumina was 1:1, and the rest was other phases of alumina) was mixed with 500 15 

ml of an aqueous solution of calcium nitrate containing 0.18 g of Ca and ammonium 

molybdate containing 0.12 g of Mo; then a mixture obtained was dried at a 

temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours; 

after that, a product obtained from calcination was mixed with 500 ml of an aqueous 

solution of palladium chloride containing 2.7 g of Pd which was adjusted to a pH 20 

value of 3.2 using hydrochloric acid; and at last, a mixture obtained was dried at a 

temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours, 

and a desired catalyst (which had Pd content of 2.7 g/L, Ca content of 0.18 g/L and 

Mo content of 0.12 g/L) was obtained. In the obtained catalyst, the Pd particle size 

was 2.2 nm, which was obtained by using a TEM (transmission electron microscopy) 25 

average mensuration method. 

 

 

2. Evaluation of the catalyst 

 30 

The evaluation of the catalyst prepared above was the same as that in Example 

1A. 

 

For the convenience of comparison, compositions of the catalyst and evaluation 
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results thereof are listed in Table 1. 

 

Example 5A 

 

1. Preparation of a catalyst 5 

 

1 L of cylindrical alumina carrier (which had a most probable pore size of 15.8 

nm, a specific surface area of 125 m2/g, and a pore volume of 0.46 mL/g, and 

contained 75wt% of δ-alumina and θ-alumina, wherein the mass ratio of δ-alumina 

and θ-alumina was 1:1, and the rest was other phases of alumina) was mixed with 500 10 

ml of an aqueous solution of calcium nitrate containing 0.15 g of Ca and ammonium 

molybdate containing 0.15 g of Mo; then a mixture obtained was dried at a 

temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours; 

after that, a product obtained from calcination was mixed with 500 ml of an aqueous 

solution of palladium chloride containing 2.7 g of Pd which was adjusted to a pH 15 

value of 3.2 using hydrochloric acid; and at last, a mixture obtained was dried at a 

temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours, 

and a desired catalyst (which had Pd content of 2.7 g/L, Ca content of 0.15 g/L and 

Mo content of 0.15 g/L) was obtained. In the obtained catalyst, the Pd particle size 

was 2.2 nm, which was obtained by using a TEM (transmission electron microscopy) 20 

average mensuration method. 

 

 

2. Evaluation of the catalyst 

 25 

The evaluation of the catalyst prepared above was the same as that in Example 

1A. 

 

For the convenience of comparison, compositions of the catalyst and evaluation 

results thereof are listed in Table 1. 30 

 

Example 6A 

 

1. Preparation of a catalyst 
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1 L of cylindrical alumina carrier (which had a most probable pore size of 15.8 

nm, a specific surface area of 125 m2/g, and a pore volume of 0.46 mL/g, and 

contained 75wt% of δ-alumina and θ-alumina, wherein the mass ratio of δ-alumina 

and θ-alumina was 1:1, and the rest was other phases of alumina) was mixed with 500 5 

ml of an aqueous solution of calcium nitrate containing 0.12 g of Ca and ammonium 

molybdate containing 0.18 g of Mo; then a mixture obtained was dried at a 

temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours; 

after that, a product obtained from calcination was mixed with 500 ml of an aqueous 

solution of palladium chloride containing 2.7 g of Pd which was adjusted to a pH 10 

value of 3.2 using hydrochloric acid; and at last, a mixture obtained was dried at a 

temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours, 

and a desired catalyst (which had Pd content of 2.7 g/L, Ca content of 0.12 g/L and 

Mo content of 0.18 g/L) was obtained. In the obtained catalyst, the Pd particle size 

was 2.2 nm, which was obtained by using a TEM (transmission electron microscopy) 15 

average mensuration method. 

 

 

2. Evaluation of the catalyst 

 20 

The evaluation of the catalyst prepared above was the same as that in Example 

1A. 

 

For the convenience of comparison, compositions of the catalyst and evaluation 

results thereof are listed in Table 1. 25 

 

Example 7A 

 

1. Preparation of a catalyst 

 30 

1 L of cylindrical alumina carrier (which had a most probable pore size of 15.8 

nm, a specific surface area of 125 m2/g, and a pore volume of 0.46 mL/g, and 

contained 75wt% of δ-alumina and θ-alumina, wherein the mass ratio of δ-alumina 

and θ-alumina was 1:1, and the rest was other phases of alumina) was mixed with 500 
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ml of an aqueous solution of calcium nitrate containing 0.06 g of Ca and ammonium 

molybdate containing 0.24 g of Mo; then a mixture obtained was dried at a 

temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours; 

after that, a product obtained from calcination was mixed with 500 ml of an aqueous 

solution of palladium chloride containing 2.7 g of Pd which was adjusted to a pH 5 

value of 3.2 using hydrochloric acid; and at last, a mixture obtained was dried at a 

temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours, 

and a desired catalyst (which had Pd content of 2.7 g/L, Ca content of 0.06 g/L and 

Mo content of 0.24 g/L,) was obtained. In the obtained catalyst, the Pd particle size 

was 2.2 nm, which was obtained by using a TEM (transmission electron microscopy) 10 

average mensuration method. 

 

2. Evaluation of the catalyst 

 

The evaluation of the catalyst prepared above was the same as that in Example 15 

1A. 

 

For the convenience of comparison, compositions of the catalyst and evaluation 

results thereof are listed in Table 1. 

 20 

Example 8A 

 

1. Preparation of a catalyst 

 

1 L of cylindrical titania carrier (which had a most probable pore size of 16.8 nm 25 

and a specific surface area of 85 m2/g) was mixed with 500 ml of an aqueous solution 

of calcium nitrate containing 0.18 g of Ca and ammonium molybdate containing 0.12 

g of Mo; then a mixture obtained was dried at a temperature of 80 oC for 4 hours and 

calcinated at a temperature of 450 oC for 4 hours; after that, a product obtained from 

calcination was mixed with 500 ml of an aqueous solution of palladium chloride 30 

containing 2.7 g of Pd which was adjusted to a pH value of 3.2 using hydrochloric 

acid; and at last, a mixture obtained was dried at a temperature of 80 oC for 4 hours 

and calcinated at a temperature of 450 oC for 4 hours, and a desired catalyst (which 

had Pd content of 2.7 g/L, Ca content of 0.18 g/L and Mo content of 0.12 g/L) was 
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obtained. In the obtained catalyst, the Pd particle size was 2.2 nm, which was obtained 

by using a TEM (transmission electron microscopy) average mensuration method. 

 

2. Evaluation of the catalyst 

 5 

The evaluation of the catalyst prepared above was the same as that in Example 

1A. 

 

For the convenience of comparison, compositions of the catalyst and evaluation 

results thereof are listed in Table 1. 10 

 

Example 9A 

 

1. Preparation of a catalyst 

 15 

1 L of cylindrical silica carrier (which had a most probable pore size of 21.8 nm 

and a specific surface area of 185 m2/g) was mixed with 500 ml of an aqueous 

solution of calcium nitrate containing 0.18 g of Ca and ammonium molybdate 

containing 0.12 g of Mo; then a mixture obtained was dried at a temperature of 80 oC 

for 4 hours and calcinated at a temperature of 450 oC for 4 hours; after that, a product 20 

obtained from calcination was mixed with 500 ml of an aqueous solution of palladium 

chloride containing 2.7 g of Pd which was adjusted to a pH value of 3.2 using 

hydrochloric acid; and at last, a mixture obtained was dried at a temperature of 80 oC 

for 4 hours and calcinated at a temperature of 450 oC for 4 hours, and a desired 

catalyst (which had Pd content of 2.7 g/L, Ca content of 0.18 g/L and Mo content of 25 

0.12 g/L) was obtained. In the obtained catalyst, the Pd particle size was 2.2 nm, 

which was obtained by using a TEM (transmission electron microscopy) average 

mensuration method. 

 

2. Evaluation of the catalyst 30 

 

The evaluation of the catalyst prepared above was the same as that in Example 

1A. 
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For the convenience of comparison, compositions of the catalyst and evaluation 

results thereof are listed in Table 1. 

 

Comparative Example 1A 

 5 

1. Preparation of a catalyst 

 

1 L of cylindrical alumina carrier (which had a most probable pore size of 15.8 

nm, a specific surface area of 125 m2/g, and a pore volume of 0.46 mL/g, and 

contained 75wt% of δ-alumina and θ-alumina, wherein the mass ratio of δ-alumina 10 

and θ-alumina was 1:1, and the rest was other phases of alumina) was mixed with 500 

ml of an aqueous solution of palladium chloride containing 3.0 g of Pd which was 

adjusted to a pH value of 3.2 using hydrochloric acid; and then a mixture obtained 

was dried at a temperature of 80 oC for 4 hours and calcinated at a temperature of 450 

oC for 4 hours, and a desired catalyst (which had Pd content of 3.00 g/L) was obtained. 15 

In the obtained catalyst, the Pd particle size was 3.5 nm, which was obtained by using 

a TEM (transmission electron microscopy) average mensuration method. 

 

 

2. Evaluation of the catalyst 20 

 

The evaluation of the catalyst prepared above was the same as that in Example 

1A. 

 

For the convenience of comparison, compositions of the catalyst and evaluation 25 

results thereof are listed in Table 1. 

 

Comparative Example 2A 

 

1. Preparation of a catalyst 30 

 

1 L of cylindrical alumina carrier (which had a most probable pore size of 15.8 

nm, a specific surface area of 125 m2/g, and a pore volume of 0.46 mL/g, and 

contained 75wt% of δ-alumina and θ-alumina, wherein the mass ratio of δ-alumina 
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and θ-alumina was 1:1, and the rest was other phases of alumina) was mixed with 500 

ml of an aqueous solution of calcium nitrate containing 3.00 g of Ca; then a mixture 

obtained was dried at a temperature of 80 oC for 4 hours and calcinated at a 

temperature of 450 oC for 4 hours, and a desired catalyst (which had Ca content of 

3.00 g/L) was obtained. 5 

 

2. Evaluation of the catalyst 

 

The evaluation of the catalyst prepared above was the same as that in Example 

1A. 10 

 

For the convenience of comparison, compositions of the catalyst and evaluation 

results thereof are listed in Table 1. 

 

Comparative Example 3A 15 

 

1. Preparation of a catalyst 

 

1 L of cylindrical alumina carrier (which had a most probable pore size of 15.8 

nm, a specific surface area of 125 m2/g, and a pore volume of 0.46 mL/g, and 20 

contained 75wt% of δ-alumina and θ-alumina, wherein the mass ratio of δ-alumina 

and θ-alumina was 1:1, and the rest was other phases of alumina) was mixed with 500 

ml of an aqueous solution of ammonium molybdate containing 3.00 g of Mo; then a 

mixture obtained was dried at a temperature of 80 oC for 4 hours and calcinated at a 

temperature of 450 oC for 4 hours, and a desired catalyst (which had Mo content of 25 

3.00 g/L) was obtained. 

 

2. Evaluation of the catalyst 

 

The evaluation of the catalyst prepared above was the same as that in Example 30 

1A. 

 

For the convenience of comparison, compositions of the catalyst and evaluation 

results thereof are listed in Table 1. 
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Table 1 Compositions of the catalyst and evaluation results thereof 

 

Contents of active 

ingredient, g/L Carrier 

AMS 

conversion 

rate, % 

Cumene 

Selectivity, 

% Pd Ca Mo 

Example 1A 2.70 0.30 -- alumina 94.33 93.51 

Example 2A 2.70 -- 0.30 alumina 94.50 96.62 

Example 3A 2.70 0.24 0.06 alumina 98.54 98.31 

Example 4A 2.70 0.18 0.12 alumina 99.56 99.21 

Example 5A 2.70 0.15 0.15 alumina 98.16 98.21 

Example 6A 2.70 0.12 0.18 alumina 96.76 97.87 

Example 7A 2.70 0.06 0.24 alumina 96.03 97.12 

Example 8A 2.70 0.18 0.12 titania 90.34 91.67 

Example 9A 2.70 0.18 0.12 silica 91.57 92.09 

Comparative 

Example 1A 
3.00 -- -- alumina 90.13 91.37 

Comparative 

Example 2A 
-- 3.00 -- alumina 0 0 

Comparative 

Example 3A 
-- -- 3.00 alumina 0 0 

 

Example 1B 

 5 

1. Preparation of a catalyst 

 

1 L of cylindrical alumina carrier (which had a most probable pore size of 15.8 

nm, a specific surface area of 125 m2/g, and a pore volume of 0.46 mL/g, and 

contained 75wt% of δ-alumina and θ-alumina, wherein the mass ratio of δ-alumina 10 

and θ-alumina was 1:1, and the rest was other phases of alumina) was mixed with 500 

ml of an aqueous solution of potassium carbonate containing 0.30 g of K; then a 

mixture obtained was dried at a temperature of 80 oC for 4 hours and calcinated at a 
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temperature of 450 oC for 4 hours; after that, a product obtained from calcination was 

mixed with 500 ml of an aqueous solution of palladium chloride containing 2.7 g of 

Pd which was adjusted to a pH value of 3.2 using hydrochloric acid; and at last, a 

mixture obtained was dried at a temperature of 80 oC for 4 hours and calcinated at a 

temperature of 450 oC for 4 hours, and a desired catalyst (which had Pd content of 2.7 5 

g/L and K content of 0.30 g/L) was obtained. In the obtained catalyst, the Pd particle 

size was 2.2 nm, which was obtained by using a TEM (transmission electron 

microscopy) average mensuration method. 

 

2. Evaluation of the catalyst 10 

 

40 ml of the catalyst was packed into a fixed bed reactor, and then the catalyst 

was activated for 4 hours at a temperature of 50 oC under a hydrogen atmosphere of 

0.4 MPa. After that, a reaction was performed. Conditions for the reaction were as 

follows: a temperature for the reaction was 45 oC; a pressure for the reaction was 0.3 15 

MPa; a molar ratio of hydrogen to AMS was 1.2; a liquid space velocity of the raw 

material (which includes 21% of AMS and 79% of cumene) of the reaction was 1.0 h-1; 

and a time duration for the reaction was 72 hours. 

 

For the convenience of comparison, compositions of the catalyst and evaluation 20 

results thereof are listed in Table 2. 

 

Example 2B 

 

1. Preparation of a catalyst 25 

 

1 L of cylindrical alumina carrier (which had a most probable pore size of 15.8 

nm, a specific surface area of 125 m2/g, and a pore volume of 0.46 mL/g, and 

contained 75wt% of δ-alumina and θ-alumina, wherein the mass ratio of δ-alumina 

and θ-alumina was 1:1, and the rest was other phases of alumina) was mixed with 500 30 

ml of an aqueous solution of ammonium molybdate containing 0.30 g of Mo; then a 

mixture obtained was dried at a temperature of 80 oC for 4 hours and calcinated at a 

temperature of 450 oC for 4 hours; after that, a product obtained from calcination was 

mixed with 500 ml of an aqueous solution of palladium chloride containing 2.7 g of 



23 

Pd which was adjusted to a pH value of 3.2 using hydrochloric acid; and at last, a 

mixture obtained was dried at a temperature of 80 oC for 4 hours and calcinated at a 

temperature of 450 oC for 4 hours, and a desired catalyst (which had Pd content of 2.7 

g/L and Mo content of 0.30 g/L) was obtained. In the obtained catalyst, the Pd particle 

size was 2.2 nm, which was obtained by using a TEM (transmission electron 5 

microscopy) average mensuration method. 

 

2. Evaluation of the catalyst 

 

The evaluation of the catalyst prepared above was the same as that in Example 10 

1B. 

 

For the convenience of comparison, compositions of the catalyst and evaluation 

results thereof are listed in Table 2. 

 15 

Example 3B 

 

1. Preparation of a catalyst 

 

1 L of cylindrical alumina carrier (which had a most probable pore size of 15.8 20 

nm, a specific surface area of 125 m2/g, and a pore volume of 0.46 mL/g, and 

contained 75wt% of δ-alumina and θ-alumina, wherein the mass ratio of δ-alumina 

and θ-alumina was 1:1, and the rest was other phases of alumina) was mixed with 500 

ml of an aqueous solution of potassium carbonate containing 0.24 g of K and 

ammonium molybdate containing 0.06 g of Mo; then a mixture obtained was dried at 25 

a temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 

hours; after that, a product obtained from calcination was mixed with 500 ml of an 

aqueous solution of palladium chloride containing 2.7 g of Pd which was adjusted to a 

pH value of 3.2 using hydrochloric acid; and at last, a mixture obtained was dried at a 

temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours, 30 

and a desired catalyst (which had Pd content of 2.7 g/L, K content of 0.24 g/L and Mo 

content of 0.06 g/L) was obtained. In the obtained catalyst, the Pd particle size was 

2.2 nm, which was obtained by using a TEM (transmission electron microscopy) 

average mensuration method. 



24 

 

2. Evaluation of the catalyst 

 

The evaluation of the catalyst prepared above was the same as that in Example 

1B. 5 

 

For the convenience of comparison, compositions of the catalyst and evaluation 

results thereof are listed in Table 2. 

 

Example 4B 10 

 

1. Preparation of a catalyst 

 

1 L of cylindrical alumina carrier (which had a most probable pore size of 15.8 

nm, a specific surface area of 125 m2/g, and a pore volume of 0.46 mL/g, and 15 

contained 75wt% of δ-alumina and θ-alumina, wherein the mass ratio of δ-alumina 

and θ-alumina was 1:1, and the rest was other phases of alumina) was mixed with 500 

ml of an aqueous solution of potassium carbonate containing 0.18 g of K and 

ammonium molybdate containing 0.12 g of Mo; then a mixture obtained was dried at 

a temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 20 

hours; after that, a product obtained from calcination was mixed with 500 ml of an 

aqueous solution of palladium chloride containing 2.7 g of Pd which was adjusted to a 

pH value of 3.2 using hydrochloric acid; and at last, a mixture obtained was dried at a 

temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours, 

and a desired catalyst (which had Pd content of 2.7 g/L, K content of 0.18 g/L and Mo 25 

content of 0.12 g/L) was obtained. In the obtained catalyst, the Pd particle size was 

2.2 nm, which was obtained by using a TEM (transmission electron microscopy) 

average mensuration method. 

 

2. Evaluation of the catalyst 30 

 

The evaluation of the catalyst prepared above was the same as that in Example 

1B. 
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For the convenience of comparison, compositions of the catalyst and evaluation 

results thereof are listed in Table 2. 

 

Example 5B 

 5 

1. Preparation of a catalyst 

 

1 L of cylindrical alumina carrier (which had a most probable pore size of 15.8 

nm, a specific surface area of 125 m2/g, and a pore volume of 0.46 mL/g, and 

contained 75wt% of δ-alumina and θ-alumina, wherein the mass ratio of δ-alumina 10 

and θ-alumina was 1:1, and the rest was other phases of alumina) was mixed with 500 

ml of an aqueous solution of potassium carbonate containing 0.15 g of K and 

ammonium molybdate containing 0.15 g of Mo; then a mixture obtained was dried at 

a temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 

hours; after that, a product obtained from calcination was mixed with 500 ml of an 15 

aqueous solution of palladium chloride containing 2.7 g of Pd which was adjusted to a 

pH value of 3.2 using hydrochloric acid; and at last, a mixture obtained was dried at a 

temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours, 

and a desired catalyst (which had Pd content of 2.7 g/L, K content of 0.15 g/L and Mo 

content of 0.15 g/L) was obtained. In the obtained catalyst, the Pd particle size was 20 

2.2 nm, which was obtained by using a TEM (transmission electron microscopy) 

average mensuration method. 

 

2. Evaluation of the catalyst 

 25 

The evaluation of the catalyst prepared above was the same as that in Example 

1B. 

 

For the convenience of comparison, compositions of the catalyst and evaluation 

results thereof are listed in Table 2. 30 

 

Example 6B 

 

1. Preparation of a catalyst 
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1 L of cylindrical alumina carrier (which had a most probable pore size of 15.8 

nm, a specific surface area of 125 m2/g, and a pore volume of 0.46 mL/g, and 

contained 75wt% of δ-alumina and θ-alumina, wherein the mass ratio of δ-alumina 

and θ-alumina was 1:1, and the rest was other phases of alumina) was mixed with 500 5 

ml of an aqueous solution of potassium carbonate containing 0.12 g of K and 

ammonium molybdate containing 0.18 g of Mo; then a mixture obtained was dried at 

a temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 

hours; after that, a product obtained from calcination was mixed with 500 ml of an 

aqueous solution of palladium chloride containing 2.7 g of Pd which was adjusted to a 10 

pH value of 3.2 using hydrochloric acid; and at last, a mixture obtained was dried at a 

temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours, 

and a desired catalyst (which had Pd content of 2.7 g/L, K content of 0.12 g/L and Mo 

content of 0.18 g/L) was obtained. In the obtained catalyst, the Pd particle size was 

2.2 nm, which was obtained by using a TEM (transmission electron microscopy) 15 

average mensuration method. 

 

 

2. Evaluation of the catalyst 

 20 

The evaluation of the catalyst prepared above was the same as that in Example 

1B. 

 

For the convenience of comparison, compositions of the catalyst and evaluation 

results thereof are listed in Table 2. 25 

 

Example 7B 

 

1. Preparation of a catalyst 

 30 

1 L of cylindrical alumina carrier (which had a most probable pore size of 15.8 

nm, a specific surface area of 125 m2/g, and a pore volume of 0.46 mL/g, and 

contained 75wt% of δ-alumina and θ-alumina, wherein the mass ratio of δ-alumina 

and θ-alumina was 1:1, and the rest was other phases of alumina) was mixed with 500 
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ml of an aqueous solution of potassium carbonate containing 0.06 g of K and 

ammonium molybdate containing 0.24 g of Mo; then a mixture obtained was dried at 

a temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 

hours; after that, a product obtained from calcination was mixed with 500 ml of an 

aqueous solution of palladium chloride containing 2.7 g of Pd which was adjusted to a 5 

pH value of 3.2 using hydrochloric acid; and at last, a mixture obtained was dried at a 

temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours, 

and a desired catalyst (which had Pd content of 2.7 g/L, and K content of 0.06 g/L and 

Mo content of 0.24 g/L) was obtained. In the obtained catalyst, the Pd particle size 

was 2.2 nm, which was obtained by using a TEM (transmission electron microscopy) 10 

average mensuration method. 

 

2. Evaluation of the catalyst 

 

The evaluation of the catalyst prepared above was the same as that in Example 15 

1B. 

 

For the convenience of comparison, compositions of the catalyst and evaluation 

results thereof are listed in Table 2. 

 20 

Example 8B 

 

1. Preparation of a catalyst 

 

1 L of cylindrical titania carrier (which had a most probable pore size of 16.8 nm, 25 

a specific surface area of 85 m2/g) was mixed with 500 ml of an aqueous solution of 

potassium carbonate containing 0.18 g of K and ammonium molybdate containing 

0.12 g of Mo; then a mixture obtained was dried at a temperature of 80 oC for 4 hours 

and calcinated at a temperature of 450 oC for 4 hours; after that, a product obtained 

from calcination was mixed with 500 ml of an aqueous solution of palladium chloride 30 

containing 2.7 g of Pd which was adjusted to a pH value of 3.2 using hydrochloric 

acid; and at last, a mixture obtained was dried at a temperature of 80 oC for 4 hours 

and calcinated at a temperature of 450 oC for 4 hours, and a desired catalyst (which 

had Pd content of 2.7 g/L, K content of 0.18 g/L and Mo content of 0.12 g/L) was 
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obtained. In the obtained catalyst, the Pd particle size was 2.2 nm, which was obtained 

by using a TEM (transmission electron microscopy) average mensuration method. 

 

2. Evaluation of the catalyst 

 5 

The evaluation of the catalyst prepared above was the same as that in Example 

1B. 

 

For the convenience of comparison, compositions of the catalyst and evaluation 

results thereof are listed in Table 2. 10 

 

Example 9B 

 

1. Preparation of a catalyst 

 15 

1 L of cylindrical silica carrier (which had a most probable pore size of 21.8 nm, 

a specific surface area of 185 m2/g) was mixed with 500 ml of an aqueous solution of 

potassium carbonate containing 0.18 g of K and ammonium molybdate containing 

0.12 g of Mo; then a mixture obtained was dried at a temperature of 80 oC for 4 hours 

and calcinated at a temperature of 450 oC for 4 hours; after that, a product obtained 20 

from calcination was mixed with 500 ml of an aqueous solution of palladium chloride 

containing 2.7 g of Pd which was adjusted to a pH value of 3.2 using hydrochloric 

acid; and at last, a mixture obtained was dried at a temperature of 80 oC for 4 hours 

and calcinated at a temperature of 450 oC for 4 hours, and a desired catalyst (which 

had Pd content of 2.7 g/L, K content of 0.18 g/L and Mo content of 0.12 g/L) was 25 

obtained. In the obtained catalyst, the Pd particle size was 2.2 nm, which was obtained 

by using a TEM (transmission electron microscopy) average mensuration method. 

 

2. Evaluation of the catalyst 

 30 

The evaluation of the catalyst prepared above was the same as that in Example 

1B. 

 

For the convenience of comparison, compositions of the catalyst and evaluation 
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results thereof are listed in Table 2. 

 

Comparative Example 1B 

 

1. Preparation of a catalyst 5 

 

1 L of cylindrical alumina carrier (which had a most probable pore size of 15.8 

nm, a specific surface area of 125 m2/g, and a pore volume of 0.46 mL/g, and 

contained 75wt% of δ-alumina and θ-alumina, wherein the mass ratio of δ-alumina 

and θ-alumina was 1:1, and the rest was other phases of alumina) was mixed with 500 10 

ml of an aqueous solution of palladium chloride containing 3.0 g of Pd which was 

adjusted to a pH value of 3.2 using hydrochloric acid; and then a mixture obtained 

was dried at a temperature of 80 oC for 4 hours and calcinated at a temperature of 450 

oC for 4 hours, and a desired catalyst (which has Pd content of 3.00 g/L) was obtained. 

In the obtained catalyst, the Pd particle size was 3.5 nm, which was obtained by using 15 

a TEM (transmission electron microscopy) average mensuration method.  

 

2. Evaluation of the catalyst 

 

The evaluation of the catalyst prepared above was the same as that in Example 20 

1B. 

 

For the convenience of comparison, compositions of the catalyst and evaluation 

results thereof are listed in Table 2. 

 25 

Comparative Example 2B 

 

1. Preparation of a catalyst 

 

1 L of cylindrical alumina carrier (which had a most probable pore size of 15.8 30 

nm, a specific surface area of 125 m2/g, and a pore volume of 0.46 mL/g, and 

contained 75wt% of δ-alumina and θ-alumina, wherein the mass ratio of δ-alumina 

and θ-alumina was 1:1, and the rest was other phases of alumina) was mixed with 500 

ml of an aqueous solution of potassium carbonate containing 3.00 g of K; then a 
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mixture obtained was dried at a temperature of 80 oC for 4 hours and calcinated at a 

temperature of 450 oC for 4 hours, and a desired catalyst (which had K content of 3.00 

g/L) was obtained. 

 

2. Evaluation of the catalyst 5 

 

The evaluation of the catalyst prepared above was the same as that in Example 

1B. 

 

For the convenience of comparison, compositions of the catalyst and evaluation 10 

results thereof are listed in Table 2. 

 

Comparative Example 3B 

 

1. Preparation of a catalyst 15 

 

1 L of cylindrical alumina carrier (which had a most probable pore size of 15.8 

nm, a specific surface area of 125 m2/g, and a pore volume of 0.46 mL/g, and 

contained 75wt% of δ-alumina and θ-alumina, wherein the mass ratio of δ-alumina 

and θ-alumina was 1:1, and the rest was other phases of alumina) was mixed with 500 20 

ml of an aqueous solution of ammonium molybdate containing 3.00 g of Mo; then a 

mixture obtained was dried at a temperature of 80 oC for 4 hours and calcinated at a 

temperature of 450 oC for 4 hours, and a desired catalyst (which had Mo content of 

3.00 g/L) was obtained. 

 25 

2. Evaluation of the catalyst 

 

The evaluation of the catalyst prepared above was the same as that in Example 

1B. 

 30 

For the convenience of comparison, compositions of the catalyst and evaluation 

results thereof are listed in Table 2. 
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Table 2 Compositions of the catalyst and evaluation results thereof 

 

Contents of active 

ingredient, g/L Carrier 

AMS 

conversion 

rate, % 

Cumene 

Selectivity, % 
Pd K Mo 

Example 1B 2.70 0.30 -- alumina 95.63 94.21 

Example 2B 2.70 -- 0.30 alumina 94.50 96.62 

Example 3B 2.70 0.24 0.06 alumina 98.67 98.48 

Example 4B 2.70 0.18 0.12 alumina 99.97 99.60 

Example 5B 2.70 0.15 0.15 alumina 98.32 98.39 

Example 6B 2.70 0.12 0.18 alumina 97.21 98.15 

Example 7B 2.70 0.06 0.24 alumina 96.12 97.51 

Example 8B 2.70 0.18 0.12 titania 91.24 92.32 

Example 9B 2.70 0.18 0.12 silica 92.36 92.87 

Comparative 

Example 1B 
3.00 -- -- alumina 90.13 91.37 

Comparative 

Example 2B 
-- 3.00 -- alumina 0 0 

Comparative 

Example 3B 
-- -- 3.00 alumina 0 0 

 

Example 1C 

 

1. Preparation of a catalyst 5 

 

1 L of cylindrical alumina carrier (which included 52wt% of δ-alumina and 48wt% 

θ-alumina and had a most probable pore size of 15.3 nm) was mixed with 500 ml of 

an aqueous solution of potassium carbonate containing 0.18 g of K and ammonium 

molybdate containing 0.12 g of Mo; then a mixture obtained was dried at a 10 

temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours; 

after that, a product obtained from calcination was mixed with 500 ml of an aqueous 

solution of palladium chloride containing 2.7 g of Pd which was adjusted to a pH 
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value of 3.2 using hydrochloric acid; and at last, a mixture obtained was dried at a 

temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours, 

and a desired catalyst (which had Pd content of 2.7 g/L, K content of 0.18 g/L and Mo 

content of 0.12 g/L) was obtained. 

 5 

2. Evaluation of the catalyst 

 

40 ml of the catalyst was packed into a fixed bed reactor, and then the catalyst 

was activated for 4 hours at a temperature of 50 oC under a hydrogen atmosphere of 

0.4 MPa. After that, a reaction was performed. Conditions for the reaction were as 10 

follows: a temperature for the reaction was 45 oC; a pressure for the reaction was 0.3 

MPa; a molar ratio of hydrogen to AMS was 1.2; a liquid space velocity of the raw 

material of the reaction (which included 21% of AMS and 79% of cumene) was 1.0 

h-1; and a time duration for the reaction was 72 hours. 

 15 

For the convenience of comparison, compositions of the catalyst and evaluation 

results thereof are listed in Table 3. 

 

Example 2C 

 20 

1. Preparation of a catalyst 

 

1 L of cylindrical alumina carrier (which included 100wt% of δ-alumina and has 

a most probable pore size of 17.9 nm) was mixed with 500 ml of an aqueous solution 

of potassium carbonate containing 0.18 g of K and ammonium molybdate containing 25 

0.12 g of Mo; then a mixture obtained was dried at a temperature of 80 oC for 4 hours 

and calcinated at a temperature of 450 oC for 4 hours; after that, a product obtained 

from calcination was mixed with 500 ml of an aqueous solution of palladium chloride 

containing 2.7 g of Pd which was adjusted to a pH value of 3.2 using hydrochloric 

acid; and at last, a mixture obtained was dried at a temperature of 80 oC for 4 hours 30 

and calcinated at a temperature of 450 oC for 4 hours, and a desired catalyst (which 

had Pd content of 2.7 g/L, K content of 0.18 g/L and Mo content of 0.12 g/L) was 

obtained. 
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2. Evaluation of the catalyst 

 

The evaluation of the catalyst prepared above was the same as that in Example 

1C. 

     5 

For the convenience of comparison, compositions of the catalyst and evaluation 

results thereof are listed in Table 3. 

 

Example 3C 

 10 

1. Preparation of a catalyst 

 

1 L of cylindrical alumina carrier (which included 100wt% θ-alumina and had a 

most probable pore size of 18.4 nm) was mixed with 500 ml of an aqueous solution of 

potassium carbonate containing 0.18 g of K and ammonium molybdate containing 15 

0.12 g of Mo; then a mixture obtained was dried at a temperature of 80 oC for 4 hours 

and calcinated at a temperature of 450 oC for 4 hours; after that, a product obtained 

from calcination was mixed with 500 ml of an aqueous solution of palladium chloride 

containing 2.7 g of Pd which was adjusted to a pH value of 3.2 using hydrochloric 

acid; and at last, a mixture obtained was dried at a temperature of 80 oC for 4 hours 20 

and calcinated at a temperature of 450 oC for 4 hours, and a desired catalyst (which 

had Pd content of 2.7 g/L, K content of 0.18 g/L and Mo content of 0.12 g/L) was 

obtained. 

 

2. Evaluation of the catalyst 25 

 

The evaluation of the catalyst prepared above was the same as that in Example 

1C. 

     

For the convenience of comparison, compositions of the catalyst and evaluation 30 

results thereof are listed in Table 3. 

 

Example 4C 
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1. Preparation of a catalyst 

 

1 L of cylindrical alumina carrier (which included 65wt% of δ-alumina and 35wt% 

θ-alumina and had a most probable pore size of 16.2 nm) was mixed with 500 ml of 

an aqueous solution of potassium carbonate containing 0.18 g of K and ammonium 5 

molybdate containing 0.12 g of Mo; then a mixture obtained was dried at a 

temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours; 

after that, a product obtained from calcination was mixed with 500 ml of an aqueous 

solution of palladium chloride containing 2.7 g of Pd which was adjusted to a pH 

value of 3.2 using hydrochloric acid; and at last, a mixture obtained was dried at a 10 

temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours, 

and a desired catalyst (which had Pd content of 2.7 g/L, K content of 0.18 g/L and Mo 

content of 0.12 g/L) was obtained. 

 

2. Evaluation of the catalyst 15 

 

The evaluation of the catalyst prepared above was the same as that in Example 

1C. 

     

For the convenience of comparison, compositions of the catalyst and evaluation 20 

results thereof are listed in Table 3. 

 

Example 5C 

 

1. Preparation of a catalyst 25 

 

1 L of cylindrical alumina carrier (which included 35wt% of δ-alumina and 65wt% 

θ-alumina and had a most probable pore size of 15.8 nm) was mixed with 500 ml of 

an aqueous solution of potassium carbonate containing 0.18 g of K and ammonium 

molybdate containing 0.12 g of Mo; then a mixture obtained was dried at a 30 

temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours; 

after that, a product obtained from calcination was mixed with 500 ml of an aqueous 

solution of palladium chloride containing 2.7 g of Pd which was adjusted to a pH 

value of 3.2 using hydrochloric acid; and at last, a mixture obtained was dried at a 
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temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours, 

and a desired catalyst (which had Pd content of 2.7 g/L, K content of 0.18 g/L and Mo 

content of 0.12 g/L) was obtained. 

 

2. Evaluation of the catalyst 5 

 

The evaluation of the catalyst prepared above was the same as that in Example 

1C. 

     

For the convenience of comparison, compositions of the catalyst and evaluation 10 

results thereof are listed in Table 3. 

 

Example 6C 

 

1. Preparation of a catalyst 15 

 

1 L of cylindrical alumina carrier (which included 50wt% of δ-alumina and 50wt% 

θ-alumina and had a most probable pore size of 14.7 nm) was mixed with 500 ml of 

an aqueous solution of potassium carbonate containing 0.18 g of K and ammonium 

molybdate containing 0.12 g of Mo; then a mixture obtained was dried at a 20 

temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours; 

after that, a product obtained from calcination was mixed with 500 ml of an aqueous 

solution of palladium chloride containing 2.7 g of Pd which was adjusted to a pH 

value of 3.2 using hydrochloric acid; and at last, a mixture obtained was dried at a 

temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours, 25 

and a desired catalyst (which had Pd content of 2.7 g/L, K content of 0.18 g/L and Mo 

content of 0.12 g/L) was obtained. 

 

2. Evaluation of the catalyst 

 30 

The evaluation of the catalyst prepared above was the same as that in Example 

1C. 

     

For the convenience of comparison, compositions of the catalyst and evaluation 
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results thereof are listed in Table 3. 

 

Comparative Example 1C 

 

1. Preparation of a catalyst 5 

 

1 L of cylindrical alumina carrier (which included 100wt% of γ-alumina and had 

a most probable pore size of 10.2 nm) was mixed with 500 ml of an aqueous solution 

of palladium chloride containing 2.7 g of Pd which was adjusted to a pH value of 3.2 

using hydrochloric acid; and then a mixture obtained was dried at a temperature of 80 10 

oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours, and a desired 

catalyst (which had Pd content of 3.00 g/L) was obtained. 

 

2. Evaluation of the catalyst 

 15 

The evaluation of the catalyst prepared above was the same as that in Example 

1C. 

     

For the convenience of comparison, compositions of the catalyst and evaluation 

results thereof are listed in Table 3. 20 

 

Comparative Example 2C 

 

1. Preparation of a catalyst 

 25 

1 L of cylindrical alumina carrier (which included 70wt% of δ-alumina 30wt% of 

γ-alumina and had a most probable pore size of 18.6 nm) were mixed with 500 ml of 

an aqueous solution of palladium chloride containing 3.00 g of Pd which was adjusted 

to a pH value of 3.2 using hydrochloric acid; and then a mixture obtained was dried at 

a temperature of 80 oC for 4 hours and calcinated at a temperature of 450 oC for 4 30 

hours, and a desired catalyst (which had Pd content of 3.00 g/L) was obtained. 

 

2. Evaluation of the catalyst 
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The evaluation of the catalyst prepared above was the same as that in Example 

1C. 

     

For the convenience of comparison, compositions of the catalyst and evaluation 

results thereof are listed in Table 3. 5 

 

Comparative Example 3C 

 

1. Preparation of a catalyst 

 10 

1 L of cylindrical alumina carrier (which included 100wt% of α-alumina and had 

a most probable pore size of 131.7 nm) was mixed with 500 ml of an aqueous solution 

of palladium chloride containing 3.00 g of Pd which was adjusted to a pH value of 3.2 

using hydrochloric acid; and then a mixture obtained was dried at a temperature of 80 

oC for 4 hours and calcinated at a temperature of 450 oC for 4 hours, and a desired 15 

catalyst (which had Pd content of 3.00 g/L) was obtained. 

 

2. Evaluation of the catalyst 

 

The evaluation of the catalyst prepared above was the same as that in Example 20 

1C. 

     

For the convenience of comparison, compositions of the catalyst and evaluation 

results thereof are listed in Table 3. 

 25 

Table 2 Phases and most probable pore sizes of the carriers for the catalyst and 

evaluation results thereof 

 Phase of the carrier 

Most probable  

pore size of  

the carrier, nm 

AMS  

conversion  

rate, % 

Cumene 

Selectivit

y, % 

Example 1C δ-alumina + θ-alumina 15.3 99.97 99.60 

Example 2C δ-alumina 17.9 98.32 98.39 



38 

Example 3C θ-alumina 18.4 97.21 98.15 

Example 4C δ-alumina + θ-alumina 16.2 99.86 99.74 

Example 5C δ-alumina + θ-alumina 15.8 99.36 99.15 

Example 6C δ-alumina + θ-alumina 14.7 99.14 99.24 

Comparative 

Example 1C 
γ- alumina 

10.2 
92.41 93.57 

Comparative 

Example 2C 

δ-alumina + 

γ- alumina 

18.6 
93.89 94.63 

Comparative 

Example 3C 
α- alumina 

131.7 
73.6 83.5 

 

Although the present disclosure is described hereinabove by referring to some 

examples, various improvements can be made to the present disclosure, and 

components therein can be replaced by equivalents without departing from the scope 

of the present disclosure. In particular, as long as there is no conflict, all the technical 5 

features mentioned in all the examples disclosed in the present disclosure may be 

combined together in any manner, and the present disclosure does not provide 

exhaustive descriptions of these combinations just for saving space and resources. 

Therefore, the present disclosure is not limited by particular examples disclosed 

hereinabove, but includes all technical solutions that fall within the scope of the 10 

claims.  
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CLAIMS 

 

1. A catalyst for preparing cumene, comprising a carrier and an active ingredient, 

wherein the active ingredient comprises: 

ingredient (1) that is palladium in elemental, salt or oxide form, and 

ingredient (2) comprising molybdenum and, optionally, an alkali metal, an 

alkaline earth metal ,or both,  

wherein ingredient (2) is in salt or oxide form, 

wherein, based on the weight of element metal, a content of palladium is 0.01-10 

g/L and a mass ratio of ingredient (1) to ingredient (2) is in a range of (20-1):1, 

and wherein g/L is a unit representing a total mass of the active ingredient loaded 

on one liter of the carrier. 

 

2. The catalyst according to claim 1, wherein a content of ingredient (2) is in a 

range larger than 0 g/L and equal to or less than 60 g/L. 

 

3. The catalyst according to claim 2, wherein the content of ingredient (2) is 

0.5-5 g/L. 

 

4. The catalyst according to claim 3, wherein the content of ingredient (2) is 

1.0-3.5 g/L. 

 

5. The catalyst according to claim 1, wherein a mass ratio of ingredient (1) to 

ingredient (2) is (15-5):1. 

 

6. The catalyst according to claim 5, wherein the mass ratio of ingredient (1) to 

ingredient (2) is (12-8):1. 

 

7. The catalyst according to claim 1, wherein ingredient (2) comprises an alkali 

metal and molybdenum, wherein, based on the weight of elemental metal, a mass ratio 

of the alkali metal to molybdenum is in a range of (0.1-10):1; 

ingredient (2) comprises an alkaline earth metal and molybdenum; or 

ingredient (2) comprises an alkali metal element, an alkaline earth metal element 
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and molybdenum. 

 

8. A method for preparing cumene, which comprises contacting a raw material 

containing α-methyl styrene and hydrogen with the catalyst according to claim 7 for 

reaction to generate cumene. 

 

9. The catalyst according to claim 1, wherein the alkaline earth metal element is 

at least one selected from the group consisting of Ca, Mg, Sr and Ba, and the alkali 

metal element is at least one selected from the group consisting of Li, Na and K. 

 

10. The catalyst according to claim 1, wherein the carrier comprises at least one 

selected from the group consisting of alumina, zirconia, silica, titania and activated 

carbon. 

 

11. The catalyst according to claim 1, wherein the carrier has a BET specific 

surface area in a range of 60-200 m2/g, a pore volume in a range of 0.2-0.7 mL/g, and 

a most probable pore size in a range of 10-30 nm. 

 

12. The catalyst according to claim 10, wherein the alumina comprises δ-alumina, 

θ-alumina, or a mixture of the δ-alumina and the θ-alumina. 

 

13. The catalyst according to claim 12, wherein in the mixture of the δ-alumina 

and the θ-alumina, a mass ratio of the δ-alumina to the θ-alumina is in a range of 

(0.2-5.0):1. 

 

14. A method for preparing cumene, comprising contacting a raw material 

containing α-methyl styrene and hydrogen with the catalyst according to claim 1 to 

generate cumene. 

 

15. The method according to claim 14, wherein the reaction is carried out under a 

pressure in a range of 0.2-3.0 MPa, at a temperature in a range of 30-100 oC, at a ratio 

of liquid circulation of 1.0-10.0. 
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16. The method according to claim 14, wherein a volume space velocity of the 

raw material containing α-methyl styrene is in a range of 0.3-3.0 h-1, and a molar ratio 

of hydrogen to α-methyl styrene is in a range of (0.5-8):1. 

 

17. The method according to claim 14, wherein the raw material contains 1-25wt% 

of α-methyl styrene and 75-99wt% of a solvent.  

 

18. The method according to claim 14, wherein the raw material containing 

α-methyl styrene is from a device for producing phenol and acetone using cumene. 

 

19. The catalyst according to claim 1, wherein the content of ingredient (1) is 

0.05-5 g/L. 

 

20. The catalyst according to claim 1, wherein the content of ingredient (1) is 

0.1-4 g/L. 

 

 




