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Abstract 

The development of the zeolite molecular sieves (ZSM-5) molding technique is essential for the cyclohexene hydration 

reaction distillation process in both industrial and research settings. The reactive distillation process can solve many 

of the drawbacks associated with the existing technique of manufacturing cyclohexanol via cyclohexene hydration, such 

as high catalyst digestibility, low conversion rate, and operational challenges. This study developed a series of molded 

ZSM-5 catalysts with various binder types and contents were constructed. The suggested pseudo-boehmite and 

hydroxypropyl methylcellulose were chosen as binders for extrusion molding of ZSM-5. The effects of binders on the 

strength reliability were investigated by strength tests and statistical analysis of the Weibull function. The effects of 

binders on the physical structure, acidity, and catalytic performance of ZSM-5 were investigated by X-ray diffraction, 

scanning electron microscopy, physical adsorption of N2, and desorption of NH3. The findings demonstrate that the 

addition of binder has no effect on ZSM-5's crystal structure. The experiment's results showed that the molded catalyst 

could be used for the hydration process with over 95% selectivity and a yield of 10.45% cyclohexanol.  
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1. Introduction 

Cyclohexanol is a highly sought-after 

medium-to-high boiling point organic compound 

[1] that is used extensively to produce adipic acid, 

adipic diamine [2], caprolactam [3,4], and other 

essential components that are utilized in the 

manufacturing of polymers like nylon 66 and nylon 

6 [5]. As a result, numerous academics have 

studied the cyclohexanol manufacturing process 

and related catalysts in great detail [6]. Currently, 

phenol hydrogenation [7–9], cyclohexane oxidation 

[10,11], and cyclohexene hydration [12] are the 

three primary methods used to produce 
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cyclohexanol. The oldest method, phenol 

hydrogenation, is being gradually phased out due 

to the high cost of raw materials and the majority 

of precious metal catalysts employed in this 

process. The cyclohexane oxidation process 

potentially poses safety concerns associated with 

the introduction of oxidizing agents, and the 

generation of an extensive array of by-products 

adversely affects the selectivity of the reaction. 

The cyclohexene hydration process was first 

developed by Asahi Kasei in Japan. It is the most 

promising method due to its clear advantages in 

terms of safety, product selectivity and cost [13–

15].  

Because of its superior catalytic activity and 

thermal stability, ZSM-5 molecular sieve has 

become the primary catalyst source for the 
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commercial synthesis of cyclohexanol [16–18]. To 

be acceptable for use in industrial reactors, ZSM-

5 molecular sieve catalysts must meet specific 

requirements for strength and shape, as well as 

strong abrasion resistance and hydrothermal 

stability. Due to synthesis technique limitations, 

conventional ZSM-5 molecular sieves are in 

powder form, making direct use in distillation 

columns challenging [19–21]. Therefore, ZSM-5 

molecular sieve fractions as the active components 

must be manufactured into catalysts with certain 

shapes and strengths through the molding process 

before they can be employed in industrial 

applications [22–24]. Gao et al. used pseudo-

boehmite as a binder in the molding of ZSM-5 and 

observed that the catalyst formed by wet extrusion 

with dilute nitric acid and a 30% binder content 

had good catalytic activity and stability [25]. The 

strength of the molded catalysts showed a 

significant incremental trend with decreasing the 

particle size of the original molecular sieve 

powder, according to Guan et al.'s use of SB 

powders from various manufacturers as binders 

for ZSM-5 extrusion molding. However, the pore 

structure and relative crystallinity did not change 

significantly [26]. Ren et al. discovered that the 

amount of strong acid in the generated Mo/ZSM-5 

catalysts made with zinc oxide as the carrier 

reduced while the reduction capacity of Mo species 

increased in the catalytic methane anaerobic 

aromatization reaction [27]. Research indicates 

that the primary binder utilized in the ZSM-5 

catalyst molding process is Pseudo-boehmite, 

followed by hydroxypropyl methylcellulose, silica 

sol, kaolin, etc. The catalyst's physical 

characteristics will vary depending on the kind 

and quantity of binder employed. Additionally, 

various additives must be added during the 

molding process in order to meet the various needs 

of the catalysts. For example, the catalyst's 

resistance to toxicity must be increased, new 

compounds must be formed from the active 

components, appropriate pore structure must be 

provided, mechanical strength and stability must 

be improved, and so on [28]. 

The slurry bed process is the foundation of 

conventional aqueous cyclohexene production. In 

this process, the reaction is strictly governed by 

kinetics and there is very little mutual solubility 

between cyclohexene and water. This leads to low 

one-way yields and a significant amount of raw 

material recycling, which raises the energy 

consumption of the production process. In 

industry, reactive distillation is frequently 

employed to overcome equilibrium constraints. 

Distillation can also be used on-site to use up 

reaction heat. The core of the reactive distillation 

process application is the search for acceptable 

molding solutions for ZSM-5 molecular sieves. It is 

therefore very important to conduct research on 

the molding catalysts of ZSM-5 molecular sieves, 

specifically the effect of binder on the physical and 

chemical properties of the molding catalysts and 

the activity of catalytic cyclohexene hydration 

reaction [29]. Through an analysis of the impact of 

binder addition on the structure, pore size 

distribution, and acidity of the ZSM-5 catalysts 

that were formed, as well as a comparison of the 

effects of various forming techniques on the 

catalysts' catalytic performance, the best possible 

forming scheme was identified. This can serve as a 

foundation for future industrial applications. 

 

2. Materials and Methods  

2.1 Materials 

ZSM-5 molecular sieve (produced by Henan 

Shenma Chemical Group); Pseudo-boehmite 

(99.9%, Shandong Zhanqi New Materials Co., 

Ltd.); Hydroxypropyl methylcellulose (99.9%, 

Tianjin Xiensi Opte Technology Co., Ltd.); Nitric 

acid (concentration 65-68%, analytical grade, 

Tianjin Jiangtian Chemical Technology Co., Ltd.); 

Sesbania Gum (99.9%, Henan Melo Industrial Co., 

Ltd.). 

 

2.2 Catalysts Preparation 

After thoroughly mixing the original 

molecular sieve powder and binder (pseudo-

boehmite, hydroxypropyl methylcellulose) for ten 

minutes at room temperature, a specific mass of 

deionized water, sesbania gum, and nitric acid 

were added, and the mixture was kneaded for five 

to ten minutes to form a wet mass. The molded 

catalyst was then broken after 8 h of room 

temperature drying after the wet mass was put in 

a single-screw extruder and extruded through a 

customized die at a constant rotating speed of 60 

rpm. For five hours, the catalyst was calcined in a 

muffle furnace at a rate of 2 °C per minute from 

ambient temperature to 550 °C. The last folding 

catalyst had a 2.1 mm diameter and a 3-5 mm 

length. It was cylindrical in shape. The suggested 

thin alumina and carboxymethylcellulose were 

used together as the binder with a mass ratio of 1:1 

to prepare the folding catalysts with various binder 

contents and types. The contents of each 

component and the nomenclature of the catalysts 

are shown in Table 1. We called the unformed 

catalyst ZSM-5. 

 

2.3 Catalyst Characterization  

The catalyst mechanical strength was tested 

by quasi-static, single-particle pressure test. KQ-3 

automatic strength tester was used to determine 

the mechanical strength of ZSM-5 molding body, 

the range of the instrument was 0-300 N, and the 

precision was 0.1 N. X-ray diffraction (XRD) phase 

analysis was carried out on a D/max-Ultimacies X-
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Name of 

catalyst 
Type of binder 

Amount 

of binder 

(g) 

Amount 

of ZSM-

5 (g) 

Amount 

of 

deionized 

water (g) 

Amount 

of nitric 

acid (g) 

Amount 

of 

Sesbania 

Gum (g) 

ZSM-5 - - 100 0 0 0 

Z(NI10) Pseudo-boehmite 10 80 70 10 3 

Z(NI20) Pseudo-boehmite 20 90 70 10 3 

Z (NI10, 

PMC10) 

Pseudo-boehmite, 

Hydroxypropyl 

methylcellulose 

20 80 70 10 3 

Z(PMC10) 
Hydroxypropyl 

methylcellulose 
10 90 70 10 3 

Z(PMC20) 
Hydroxypropyl 

methylcellulose 
20 80 70 10 3 

ray powder diffractometer (Japan Ricoh RIGAKU). 

Main technical indicators: Goniometric accuracy: 

≤±0.02°; 2θ range: -10°~ +145°.  

Fourier transform infrared (FT-IR) spectra 

characterization was carried out on a U.S. 

Thermos Scientific Nicolet iS20. The samples and 

potassium bromide powder were mixed and 

ground as the mass ratio of 1:200, and then the 

spectra were scanning at room temperature after 

forming by pressing. Main technical indicators: 

resolution 0.16 cm−1, scanning range 400~4000 

cm−1. 

The catalysts’ morphology was determined by 

a JSM-7001F thermal field emission scanning 

electron microscope (SEM) with a voltage of 10 kV 

(JEOL, Akishima, Tokyo, Japan). SEM was used 

to directly observe the morphological 

characteristics of the product particles and the 

product particle size. The molecular sieve samples 

were sprayed with gold before observation. 

Ammonia programmed thermal desorption 

(NH3-TPD) was carried out on a Japan Microtrac 

BELCat II. It was used to determine the acid 

amount and acid intensity distribution of HZSM-5 

molecular sieves under the following experimental 

conditions: 0.05 g of the sample was loaded into a 

quartz tube, and a carrier gas was passed through 

the tube, and the temperature was programmed 

to rise to 550 °C (the temperature increase rate 

was 10 °C/min), and the temperature was 

maintained at a constant level for 30 min, and 

then it was lowered to 150 °C, and the adsorption 

of NH3 was carried out until saturated, then 

programmed thermal desorption was performed, 

and the sample was detected by TCD. 

Low-temperature N2 adsorption and 

desorption isotherms at 77 K were recorded using 

a Micromeritics ASAP 2010 instrument 

(Micromeritics, America). Before the 

measurements the samples were heated to 570 K 

in a vacuum for at least 12 h. The specific surface 

area, mesopore size pore distribution and 

micropore volume were calculated by the 

Braeuer–Emmett–Teller (BET) method, the 

Barrett–Joyner–Halenda (BJH) method and the t-

plot method by Harkins and Jura (DeBoer) 

thickness equation, with a thickness range of 3.5 

to 5 Å, respectively. 

 

2.4 Catalyst Evaluation 

The catalyst was evaluated in a 500 mL high 

pressure reactor, the reaction device is shown in 

Figure 1, 30 g of dry base catalyst was accurately 

weighed, 130 mL of deionized water was weighed 

and transferred to the reactor, mixed well and 

sealed. Nitrogen was replaced three times, the 

kettle pressure was increased to 0.75 MPa, and 

the stirring speed was 1000 rpm to start the 

temperature rise. After the kettle temperature 

rose to 125 °C, 100 mL of cyclohexene was pressed 

into the reaction kettle through the feed tank, and 

the timer was started. After the reaction for 2 h, 

the reaction kettle was cooled in ice water bath, 

and the temperature of the liquid in the reaction 

kettle was brought to room temperature, then the 

liquid was exported and the upper layer of oil was 

Table 1. Catalyst formulation and naming. 

Figure 1. The reaction device of cyclohexene 

hydration. (1) Charging tank; (2) Manometer; (3) 

Agitator; (4) Thermoelectric couple; (5) 

Autoclave; (6) controller. 
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Sample 
Mean 

(N) 

Standard 

Deviation 

(N) 

Weibull parameters  
Fracture load with specific 

probability of failure (N) 

M F0(N) R2  F1% F5% F10% 

Z(NI10) 123.4 36.9 3.833 136.5 0.977  53.6 69.2 80.9 

Z(NI20) 146.4 38.7 4.565 160.1 0.974  62.9 76.6 77.0 

Z (NI10, PMC10) 127.8 33.4 4.432 140.1 0.989  57.6 72.9 79.2 

Z(PMC10) 110.2 32.6 3.632 122.3 0.982  40.0 50.9 62.2 

Z(PMC20) 75.2 27.7 3.236 83.7 0.971  28.3 34.3 42.9 

analysed. A GC-9790 gas chromatograph 

(manufactured by Wenling Fuli Analytical 

Instruments Co., Ltd.) was used to analyze the 

conversion rate and selectivity of cyclohexene.  

 

3. Results and Discussion 

3.1 Mechanical Properties of Catalysts 

Weibull statistics can be used to calculate the 

probability of catalyst particle strength failure at 

a specified loading, providing a theoretical 

solution for predicting the mechanical reliability 

of solid catalysts [30,31]. Figure 2(a) shows the 

Weibull coordinate plot of the strength data, 

where the data points are the measured strength 

values. The corresponding Weibull distribution 

curves are shown in Figure 2(b), and the 

mechanical strength data of different types of 

samples are shown in Table 2. 

 As can be seen from the table, the coefficients 

of determination, R2, for the five samples are, in 

order, 0.977, 0.974, 0.989, 0.982, and 0.971. their 

values are close to 1, indicating that the 

mechanical strength of the ZSM-5 extruded strip 

folding body can obey the Weibull distribution 

well [32]. The higher the fracture load at a specific 

low failure probability, the higher the mechanical 

strength reliability of the pellet. For this purpose, 

the fracture loads at low failure probabilities (F1%, 

F5%, F10%) for each sample were calculated by the 

Weibull distribution equation. Different types of 

bonding agents had a significant effect on the 

mechanical properties of the extruded strip 

samples. Among them, Z(NI20) using proposed 

Pseudo-boehmite as binder with dosage ratio of 1:4 

(mass ratio with ZSM-5 catalyst raw powder) has 

the highest strength after extruded strip folding 

[33,34]. 

The Figure 2(b) illustrates that, with a 

constant binder type, the mechanical strength of 

the catalyst is directly proportional to the amount 

of binder incorporated. When the binder content is 

the same, the mechanical strength of the catalyst 

with proposed Pseudo-boehmite as binder is 

significantly higher than that of the catalyst 

molded with carboxymethyl cellulose, and the 

mechanical strength of the mixed binder is in 

between. The catalytic strength of different 

binders was higher than 80 N/cm, which meets the 

basic requirements of industrial production. 

 

Figure 2. Weibull distribution curves (a) and Weibull plots (b) of the measured strength data of the extruded 

samples. 

Table 2. Statistics of mechanical strength data for the extruded samples. 

(a) 
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3.2 Characterization of Catalysts 

Figure 3 shows the XRD patterns for the 

prepared samples. It can be seen that the positions 

of the diffraction peaks of the corresponding 

multistage porous zeolite molecular sieves are 

basically the same when compared with the 

standard card, with five distinct characteristic 

diffraction peaks in the range of 2θ at 8-10° and 20-

25° and no characteristic diffraction peaks of other 

crystalline phases, which proves that the powder 

samples are indeed the desired samples [35]. On 

the other hand, the crystalline structure is the 

same as that of the original powder sample, 

indicating that the introduction of the binder does 

not disrupt the MFI structure of ZSM-5 [36]. The 

intensity of the diffraction peaks of the moulded 

sample with the addition of binder was weakened, 

which was mainly due to the fact that the binder 

addition reduced the purity of the molding. Other 

than that, the dilute nitric acid introduced during 

the molding process did not significantly damage 

the crystal structure of ZSM-5 zeolite. 

Figure 4 shows the SEM image of the powder 

sample and the SEM image of the extruded strip 

sample fractured after strength testing. It can be 

seen that the particles of the original powder 

sample are randomly dispersed and the spacing 

between the particles is large. After extrusion and 

folding, these particles are tightly bonded together 

due to the force, the distance between particles 

and particles is compressed, and the particles are 

bonded and cross-linked with each other. It can 

also be seen that the fracture surface of the 

molded sample is quite rough with many bumps 

and depressions.  

The FT-IR spectrum of the catalyst is shown 

in Figure 5. The absorption peaks at 795 cm−1 (in-

plane symmetric stretching vibration) and 455 

cm−1 (bond-bending vibration) are typical of high 

silica materials, and the skeleton vibration peak 

at 550 cm−1 is attributed to the unique double five-

membered ring structure of the MFI-type 

molecular sieves [37]. The catalyst has the 

characteristic FT-IR peaks of ZSM-5 zeolite, 

indicating that the synthesized sample has MFI 

structure [38]. 

As can be seen from the Figure 6, The NH3-

TPD curve of ZSM-5 generally has two absorption 

peaks, indicating that two different acidic sites Figure 3. XRD patterns of the catalysts. 

Figure 4. SEM images of the catalysts: (a) ZSM-5; (b) Z(NI10); (c) Z(NI20); (d) Z (NI10, PMC10); (e) 

Z(PMC10); (f) Z(PMC20). 
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Sample 
NH3 adsorbed (mmol/g) 

Wa Sb W+Sc 

ZSM-5 0.540 0.213 0.753 

Z(NI10) 0.492 0.188 0.680 

Z(NI20) 0.456 0.158 0.614 

Z (NI10, PMC10) 0.464 0.110 0.574 

Z(PMC10) 0.397 0.028 0.425 

Z(PMC20) 0.386 0.013 0399 

 

 

may exist in this molecular sieve. The part located 

in the high-temperature region represents a 

strong acidic site, and on the contrary the one in 

the low-temperature region represents a weak 

acidic site. The absorption peaks in the high-

temperature region are generally believed to be 

caused by strong Bronsted acids and Lewis acids, 

which come from the inner and outer skeleton Al 

[39], respectively, and these strong Bronsted acids 

and Lewis acids also play a major catalytic role in 

the hydration reaction of cyclohexene [40]. The 

absorption peaks in the low-temperature region 

are caused by weak Lewis acids, which are mainly 

from the external skeleton Al, such as Al (OH)2+ 

and Al (OH)2+, and a small portion from the 

internal skeleton Al [41]. 

The amount of acid possessed by the 

molecular sieves was derived by calculating the 

absorption peak area and is listed in Table 3. From 

the table, it can be seen that although the molded 

molecular sieves do not differ much in weak acid 

content, the amount of strong acid is drastically 

reduced, especially in the case of molded catalysts 

when hydroxypropyl methylcellulose is used as the 

binder. After the introduction of the binder, the 

position of the detachment peaks of the weak acid 

centres basically did not change, and the 

detachment peaks of the strong acid centres all 

moved toward the low temperature direction, 

indicating that the strength of the strong acid 

centres gradually decreased. This is due to the fact 

that since the binder contains aluminium, it may 

enter the ZSM-5 molecular sieve skeleton during 

the roasting process, lowering its silica-

aluminium ratio and changing the catalyst acid 

properties. 

The N2 adsorption/desorption isotherms of all 

the molded catalysts and the catalyst raw powders 

showed typical type IV curves and H1 hysteresis 

loops (Figure 7), and this shape of the curves is 

usually caused by capillary condensation of 

mesopores at higher relative pressure valence, 

indicating that there are both micropores and 

mesopores in the structure of the molded ZSM-5 

[42]. As compared to the ZSM-5 raw powder, Table 

4 shows that the molded catalyst with the 

suggested thin pseudo-boehmite as binder has a 

higher pore volume and a lower specific surface 

area. It demonstrates that the addition of pseudo-

boehmite causes ZSM-5's pores to get clogged, 

Figure 6. NH3-TPD spectra of the catalysts. Figure 5. FT-IR spectra of the catalysts’ structure. 

Table 3. The amount of acid sites of prepared samples calculated from NH3-TPD. 

a: the weak acid content; b: the strong acid content; c: the total acid content. 
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Sample Specific Surface Area (m2/g) Pore Volume (cm3/g) Pore Diameter (nm) 

ZSM-5 412 0.122 1.425 

Z(NI10) 374 0.165 3.811 

Z(NI20) 382 0.142 3.793 

Z (NI10, PMC10) 356 0.115 3.812 

Z(PMC10) 327 0.131 3.852 

Z(PMC20) 313 0.126 3.641 

reducing the material's specific surface area. 

Nevertheless, following roasting, the extrusion-

molded catalyst will create mesopores between the 

binder and catalyst, which somewhat expands the 

pore volume. The decrease in specific surface area 

and pore volume of the catalyst with 

hydroxypropyl methylcellulose as binder may be 

due to the collapse of the skeleton caused by the 

action of the binder. 

 

3.3 Catalytic Performance in Hydration of 

Cyclohexene 

Catalytic activity tests for the hydration of 

cyclohexene were conducted on batch reactor 

equipment using formed ZSM-5 catalysts in 

different batches. The hydration of cyclohexene, an 

addition reaction, often involves side reactions 

such as isomerization or polymerization. The side 

products formed during synthesis vary with 

different catalysts. Due to the relatively small 

pores of the HZSM-5 molecular sieve, it is 

challenging for larger by-products, like 2-

cyclohexenyl cyclohexanone, to form, and even 

when they do, they have difficulty diffusing out of 

the molecular sieve's channels. This leads to high 

selectivity for cyclohexanol during the reaction, 

typically exceeding 99%. Therefore, we use the 

conversion rate of cyclohexene as an evaluation 

indicator of the catalyst's effectiveness. 

The catalyst activity of raw powder sieving is 

the best among the different binders, as Figure 8 

illustrates. The relationship between the catalyst 

activity of catalyst folding binder type is as follows: 

raw powder crushing and sieving > extrusion 

folding with proposed thin pseudo-boehmite as the 

binder > extrusion folding with hydroxypropyl 

methylcellulose as the binder > extrusion folding 

with mixed binder, where the higher the catalytic 

activity, the lower the content of the catalyst 

binder. Cyclohexene conversion rate fell once the 

binder was introduced. This might be attributed to 

the binder's weakly basic character, which could 

lower the strength of the molecular sieve's acidic 

active sites during the formation process. The 

NH3-TPD graphic shows a decline in the strength 

of strong acid sites following formation. Because 

cyclohexene hydration is largely catalyzed by 

Brønsted acids, the resulting catalyst has lower 

catalytic activity. Furthermore, according to the 

analysis of BET results, the introduction of the 

binder leads to blockage of microporous channels 

and a decrease in the specific surface area of the 

catalyst. 
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Table 4. Pore structure parameters of catalysts. 

Figure 7. The low-temperature N2 adsorption 

and desorption isotherms of the catalysts. 

Figure 8. Cyclohexanol yields with different 

catalysts. 
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Catalyst 
Reaction temperature 

(°C) 

Reaction time 

(h) 
Water-oil ratio 

Cyclohexene yield 

(%) 

ZSM-5 125 3 1.2 12.34 

Z(NI10) 125 3 1.2 10.45 

HZSM-5(28) a 120 7 2 13 

 

In conclusion, the ZSM-5 raw powder catalyst 

produced the most cyclohexanol (12.34%), and its 

exposed surface area was larger. However, 

because it was not blended precisely, it was 

readily crushed and had a very low catalyst 

strength. However, since it has not undergone a 

strict forming process, the catalyst is extremely 

weak in strength and prone to powdering, making 

it challenging to apply directly in industrial 

reaction distillation processes. The formed 

catalyst using pseudo-boehmite as a binder 

demonstrates good catalytic activity, with a 

cyclohexene conversion rate of 10.45%, suggesting 

its suitability as a binder in the forming process of 

ZSM-5 molecular sieves. 

In this experiment, the original powder ZSM-

5 catalyst had a large exposed surface area, 

resulting in a high cyclohexanol yield of about 

12.34%, which is comparable to current laboratory 

research results as shown in Table 5 [17]. 

However, due to its lack of undergoing a strict 

forming process, the catalyst is extremely weak 

and prone to powdering, making it difficult to 

apply directly in industrial reaction distillation 

processes. The catalyst formed using pseudo-

boehmite as a binder showed good catalytic 

activity, with a cyclohexene yield of 10.45%. 

Although the yield of cyclohexene decreased, its 

mechanical strength meets industrial application 

standards, making it a recommended catalyst for 

the cyclohexene hydration reaction in distillation 

processes. 

 

4. Conclusion 

The effects of different binder types and 

contents on the mechanical properties, physical 

structure properties, acidity, and cyclohexene 

hydration reaction properties of the formed 

catalysts were investigated in this thesis, and the 

following conclusions were primarily obtained. 

The strength of the catalyst complies with the 

essential requirements for industrial production. 

The binding and aggregation of the binder with 

the molecular sieve grains resulted in a reduction 

in the specific surface area and pore volume of the 

molding catalyst micropores. When 

hydroxypropyl methylcellulose was utilized as the 

molding binder, the drop was evident, but it was 

little when the suggested thin pseudo-boehmite 

was employed as the binder. Forming with 

various binders had a minor influence on the 

Lewis acid distribution of the catalysts but a 

significant effect on the Bronsted acid 

distribution; with the addition of the binder, the 

strong acid center progressively shifted into the 

low temperature area. The shaped molecular 

sieves had lower Bronsted acid and Lewis acid 

quantities than unshaped molecular sieves, with 

the Bronsted acid amount decreasing the least 

when the suggested Pseudo-boehmite binder was 

utilized. In conclusion, using the suggested 

pseudo-boehmite as the binder allows the forming 

catalyst with the greatest and most stable 

mechanical strength to retain strong cyclohexene 

hydration reactivity. The experimental results 

form an important foundation for the commercial 

scale-up preparation of cyclohexene hydration 

catalyst. 
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