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Abstract. Zeolites of various nature are widely used in the chemical industry, the fuel and 

energy sector of the economy as sorbents, catalysts and materials for the creation of inorganic 

membranes for various purposes. At the same time, it is possible to change the acid properties of 

the surface of zeolites both by varying the ratio of silicon to aluminum or silicon to phosphorus, and 

by joint synthesis of zeolites of various types with different acidic properties. The presented article 

provides a method for the sequential production of a zeolite of a mixed structure type MFI and 

mordenite. Synthesis of the original MFI type zeolite was carried out using seed grains by 

the hydrothermal method for 72 hours, followed by washing and drying of the zeolite. To obtain 

a layer of mordenite on the surface of the MFI type zeolite, the initial zeolite was pretreated with 

alkali and then treated with n-butylamine. In this way, nine samples of zeolite with different acidic 

surface properties were obtained. Determination of the acidic properties of the surface was carried 

out by the method of ammonia chemisorption followed by its desorption from the surface of 

the zeolite. For this purpose, the test sample was loaded into a quartz cuvette, purged with argon at 

a temperature of 800°С, after which the temperature dropped to 150°С, and the surface of 

the zeolite was treated with ammonia. Subsequently, the test sample was heated up to 800°С with 

registration of desorption curves. The amount of adsorbed ammonia was carried out according to 

previously prepared calibration curves. The synthesized samples of zeolites had different acidity 

from 0.48 to 0.72 mmol(NH3)/g(sample). In this case, the total acidity of the samples correlated 

with the ratio of silicon to aluminum in the zeolite samples. Also, depending on the ratio of the MFI 

and mordenite structures in the zeolite sample, it is possible to vary not only the number, but also 

the strength of the formed acid sites. So, an increase in the content of mordenite contributes to 

an increase in the strength of acid centers. The developed method for the synthesis of mixed 
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structure zeolites of the MFI type mordenite made it possible to control the surface acidity of 

the synthesized samples. 

 

Аннотация. Цеолиты различной природы широко применяются в химической 

промышленности, топливо-энергетическом секторе экономики в качестве сорбентов, 

катализаторов и материалов для создания неорганических мембран различного назначения. 

При этом изменение кислотных свойств поверхности цеолитов возможно осуществлять как 

путем варьирования отношения кремния к алюминию или кремния к фосфору, так и путем 

совместного синтеза цеолитов различных типов, обладающих различными кислотными 

свойствами. В представленной статье приводится способ последовательного получения 

цеолита смешенной структуры тип MFI и морденита. Синтез исходного цеолита типа MFI 

проводился с использованием затравочных зерен гидротермальным способом в течение 

72 часов, с последующей промывкой и сушкой цеолита. Для получения слоя морденита на 

поверхности цеолита типа MFI была проведена предварительная обработка исходного 

цеолита щелочью и последующая обработка н-бутиламином. Таким образом были получены 

девять образцов цеолита с различными кислотными свойствами поверхности. Определение 

кислотных свойств поверхности было проведено методом хемосорбции аммиака с 

последующей его десорбцией с поверхности цеолита. Для чего исследуемый образец 

загружался в кварцевую кювету, продувался аргоном при температуре 800°С, после чего 

температура опускалась до 150°С и проводилась обработка поверхности цеолита аммиаком. 

В дальнейшем проводился нагрев исследуемого образца до 800°С с регистрацией 

десорбционных кривых. Количество адсорбированного аммиака проводилось по 

предварительно подготовленным калибровочным кривым. Синтезированные образцы 

цеолитов обладали различной кислотностью от 0,48 до 0,72 ммоль(NH3)/г(образца). При этом 

общая кислотность образцов коррелировала с соотношением кремния к алюминию в 

образцах цеолита. Также в зависимости от соотношения структур MFI и морденита в образце 

цеолита возможно варьировать не только количество, но и силу образующихся кислотных 

центров. Так увеличение содержания морденита способствует увеличению силы кислотных 

центров. Разработанный метод синтеза цеолитов смешенной структуры типа MFI морденит 

позволил контролировать поверхностную кислотность синтезированных образцов. 
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Introduction 

Zeolites are widely applied as sorbents, membrane materials, catalysts in chemical industry, 

fuel and energy production sectors of economy [1-3]. Typically, acidic and morphological properties 

of zeolites can be varied by changing Si/Al ratio for typical zeolites and/or Si/P ratio for zeotype [4-

6]. However, control of zeolites and zeotype morphological and diffusion properties is rather 

complex problem [7-12], due to their rigid structure. One possible way to solve this problem is to 

provide synthesis of mixed structure zeolites. Mixed zeolite systems are of special interest due to 

possibility of accurate control of acidic and sorption properties for synthesized material. MFI type 

zeolites are characterized by three-dimensional structure of straight channels along [010] axis 

connected to one another via the sinusoidal channels along [100] axis with diameter 5.1-5.6 Å. 

Mordenite is characterized by two-dimensional channels structure with six ring pores opening 

acceptable for molecules diffusion with following dimensional parameters a: 1.57 Å, b: 2.95 Å, c: 
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6.45 Å. Therefor by vary ratio of MFI to mordenite it is possible to obtain different surface 

morphology and surface acidic properties that is of special importance for organic sorption and 

catalysis application. 
 

Materials and Methods 

For obtaining mixed structure material consecutive MFI-mordenite synthesis was provided. 

For obtaining initial MFI zeolite chemical grade sodium hydroxide, sodium aluminate, silica gel 

and MFI zeolite seeds with purity not less than 99% were purchased from local supplier. Distillate 

water was purified using DE-25 aqua distillation system. Prior to synthesis silica gel was crashed in 

laboratory milling machine to obtained 10-100 μm particles fraction. In zeolite synthesis (Table 1) 

sodium hydroxide, silica gel and 150 ml of water was placed in autoclave at 600 rpm and 70°С for 

one hour to form gel. 
  

Table 1 

REACTION CONDITIONS FOR INITIAL MFI ZEOLITE SYNTHESIS 
 

Sample NaOH, g NaAlO2, g SiO2, g H2O, ml Si/Al 

1 9.54 0.58 21.8 250 54 

2 9.54 0.32 21.8 250 98 

3 9.54 0.16 21.8 250 180 
 

Then sodium aluminate solution in 100 ml of water and one gram of MFI zeolite was added to 

gel and temperature was set to 240°С for 72 hours. Reaction mixture was placed in IEC HN-SII 

centrifuge and initial zeolite was separated from reaction solution. Zeolite was washed with 

distillate water three times and dried in laboratory drier at 140°C. 

For mordenite synthesis ten grams of dried MFI zeolite samples were placed in autoclave and 

treated with two hundred milliliters of 0.1M solution of sodium hydroxide for one hour at 50°С for 

desoldering initial zeolite surface structure. Then suspension was placed on shell for sedimentation 

for two hours and solution was decantated and twenty milliliters of n-butylamine was added and 

stirred for three hours. Then mixture of reagents showed in table 2 was added to suspension and 

suspension was sealed, heated to 240°C for 72 hours. 
 

Table 2  

REACTION CONDITIONS FOR INITIAL MORDENITE SYNTHESIS 
 

Sample NaOH, g NaAlO2, g SiO2, g H2O, ml Si/Al 

1 1.58 0.98 9.15 150 11 

2 1.58 0.46 9.15 150 24 

3 1.58 0.24 9.15 150 48 
 

Then reaction mixture was placed in IEC HN-SII centrifuge and mixed zeolite was separated 

from reaction solution. Zeolite was washed with distillate water three times and dried in laboratory 

drier at 140°C. Synthesized MFI mordenite samples were designated according to synthesis 

procedure MFI1-MORD1, MFI1-MORD2, MFI1-MORD3, MFI2-MORD1, MFI2-MORD2, MFI2-

MORD3, MFI3-MORD1, MFI3-MORD2, MFI3-MORD3.  

Ammonia chemosorption experiments were made in order to evaluate acidic properties of 

synthesized samples using AutoChem HP chemosorption analyzer. For ammonia desorption 

experiments synthesized samples were placed in quartz cuvette and placed in analyzer module. 

Where sample was heated in argon atmosphere up to 800°C cooled down to 150°C flashed with 

mixture of 10 v.% ammonia in helium for one hour followed by flashing with pure helium for one 
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hour. Afterwards sample was heated to 800°C with temperature gradient of 10°C/min and ammonia 

desorption curve was recorded. Quantity of acid cites were calculated according to quantity of 

chemosorbed ammonia using preliminary made calibration curve. 

Yield of synthesized zeolite was made by dividing of dried solid weight on theoretical weight 

of zeolite samples. 
  

Results and Discussions 

Ammonia desorption curves (Figure 1) for initial MFI zeolite samples shows increasing of 

zeolite acidity from 0.15 mmol(NH3)/g for MFI3, to 0.24 mmol(NH3)/g for MFI2 sample and 0.39 

mmol(NH3)/g for MFI1. Increasing of initial MFI zeolite acidity correlates with decrease of Si/Al 

ratio from 180 for MFI3 sample, to 98 for MFI2 sample and to 54 for MFI1 sample.  
 

 
 

Figure 1. Ammonia chemosorption curves for initial MFI zeolites samples 
 

Ammonia desorption curves for MFI1-MORD1, MFI1-MORD2, MFI1-MORD3 samples 

(Figure 2) shows increasing of zeolite acidity from 0.49 mmol(NH3)/g for MFI1-MORD3 to 0.54 

mmol(NH3)/g for MFI1-MORD2 and to 0.72 mmol(NH3)/g for MFI1-MORD1. Increasing of initial 

MFI1-MORD1-3 zeolite acidity correlates with decreasing of Si/Al ratio in mordenite from 48 to 

11. 
 

 
 

Figure 2. Ammonia chemosorption curves for MFI1-MORD1-3 zeolites samples 
 

Ammonia desorption curves for MFI2-MORD1, MFI2-MORD2, MFI2-MORD3 samples 

(Figure 3) shows broad peaks increasing of zeolite acidity from 0.45 mmol(NH3)/g for MFI2-

MORD3 to 0.5 mmol(NH3)/g for MFI2-MORD2 and to 0.65 mmol(NH3)/g for MFI2-MORD1. 

Increasing of initial MFI2-MORD1-3 zeolite acidity correlates with decreasing of Si/Al ratio.  
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Ammonia desorption curves for MFI3-MORD1, MFI3-MORD2, MFI3-MORD3 samples 

(Figure 4) shows broad peaks increasing of zeolite acidity from 0.42 mmol(NH3)/g for MFI3-

MORD3 to 0.48 mmol(NH3)/g for MFI3-MORD2 and to 0.52 mmol(NH3)/g for MFI3-MORD1. 

Increasing of initial MFI3-MORD1-3 zeolite acidity correlates with decreasing of Si/Al ratio.  
 

 
Figure 3. Ammonia chemosorption curves for MFI2-MORD1-3 zeolites samples 

 

 
 

Figure 4. Ammonia chemosorption curves for MFI3-MORD1-3 zeolites samples 
 

Therefor joint acidity of mixed MFI mordenite zeolites shows strong correlation with acidity 

of initial MFI and mordenite zeolites. 
 

Conclusions 

Mixed structure MFI mordenite zeolites were synthesized using mixed seeds and organic 

template methodology. Synthesized samples MFI mordenite samples showed high acidity. 

Increasing of Si/Al ratio from 11 up to 180 results in appropriate decrease of surface acidity from 

0.72 mmol(NH3)/g down to to 0.48 mmol(NH3)/g. Reliable and easy method of MFI mordenite 

synthesis was designed providing high zeolite yield. 
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