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Abstract. Zeolites are a special class of structured aluminosilicates with a developed inner 

surface and a large number of micropores, which allows them to be used as sorbents, membrane 

materials, and catalysts. Zeolite ZSM-5 is an aluminosilicate formed by parallel channels with 

a diameter of 5.3–5.6Å interconnected by sinusoidal channels with a diameter of 5.1–5.5Å. At 

the same time, the presence of aluminum atoms in the zeolite crystal lattice makes it possible to 

carry out dehydrogenation, esterification, isomerization, and aromatization reactions, and the 

presence of microchannels significantly increases the number of collisions of reacting compounds, 

which leads to a significant increase in the rate of chemical transformations in such systems. The 

synthesis of ZSM-5 zeolite using structure-directing agents has been known since the late 70s of the 

last centuries, while the high cost of structure-directing agents used and the long duration of 

hydrothermal synthesis and the need for subsequent post-synthetic procedures lead to a high cost of 

the resulting zeolite. One of the possible ways to reduce the cost of the synthesis of ZSM-5 zeolite 

is the direct use of ZSM-5 zeolite as a structure-forming agent, while the synthesis conditions play a 

decisive role in the structure of the resulting zeolite. The article presents the results of a study of the 

synthesis of ZSM-5 zeolite and a study of its acidic properties using locally produced reagents. 

Zeolite was prepared using pre-milled silica gel, sodium hydroxide, and sodium aluminate. The pre-

weighed silica gel sample was filled with sodium hydroxide solution and stirred at 70 C to form a 

colloidal solution, after which the pre-prepared sodium aluminate solution was added, and 

hydrothermal synthesis was carried out at 180 C for 24 hours. During the synthesis, the Si/Al ratio 
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was varied in the range from 7.5 to 2000, while the resulting acidity ranged from 0.002 to 0.265 

mmol(NH3)/g(ZSM-5). It was found that the synthesis of ZSM-5 using pre-prepared reagent 

solutions is superior to the method using direct dissolution of solid reagents in an autoclave. An 

increase in the Si/Al ratio from 7.5 to 100 leads to a corresponding increase in surface acidity from 

0.066 mmol(NH3)/g(ZSM-5) to 0.265 mmol(NH3)/g(ZSM-5). A further increase in the Si/Al ratio to 

2000 leads to a decrease in surface acidity to 0.002–0.005 mmol(NH3)/g(ZSM-5). A reliable and 

simple method for the synthesis of ZSM-5 zeolite has been developed, providing a zeolite yield of 

up to 97%. 

 

Аннотация. Цеолиты представляют собой особый класс структурированных 

алюмосиликатов, обладающих развитой внутренней поверхностью, большим количеством 

микропор, что позволяет использовать их как в качестве сорбентов, мембранных материалов 

и катализаторов. Цеолит ZSM-5 представляет собой алюмосиликат, образованный 

параллельными каналами с диаметром 5.3–5.6Å соединенными между собой 

синусоидальными каналами с диаметром 5.1–5.5Å. При этом наличие атомов алюминия в 

кристаллической решетке цеолита дает возможность осуществления реакций 

дегидрирования, этерификации, изомеризации и ароматизации, а присутствие микроканалов 

существенно увеличивает число столкновений реагирующих соединений, что приводит к 

существенному увеличению скорости химических превращений в таких системах. Синтез 

цеолита ZSM-5 с использованием структуронаправляющих агентов известен с конца 70-х 

годов прошлого века, при этом высокая стоимость используемых структуронаправляющих 

агентов и большая продолжительность гидротермального синтеза, и необходимость 

последующих постсинтетических процедур приводят к высокой стоимости получаемого 

цеолита. Одним из возможных путей удешевления синтеза цеолита ZSM-5 является 

непосредственное использование цеолита ZSM-5 в качестве структурообразующего агента, 

при этом условия проведения синтеза оказывают решающее значение на структуру 

образующегося цеолита. В статье приводятся результаты исследования синтеза цеолита ZSM-

5 и исследование его кислотных свойств с использованием реагентов местного производства. 

Для получения цеолита использовался предварительно размолотый силикагель, гидроксид 

натрия и алюминат натрия. Предварительно взвешенный образец силикагеля заливался 

раствором гидроксида натрия и перемешивался при 70 C для образования коллоидного 

раствора, после чего добавлялся предварительно приготовленный раствор алюмината натрия 

и проводился гидротермальный синтез при 180
0
C в течение 24 часов. В процессе синтеза 

варьировалось соотношение Si/Al в диапазоне от 7.5 до 2000, при этом полученная 

кислотность составляла от 0.002 до 0.265 ммоль(NH3)/г(ZSM-5). Установлено, что синтез 

ZSM-5 с использованием предварительно приготовленных растворов реагентов превосходит 

метод с использованием непосредственного растворения твердых реагентов в автоклаве. 

Увеличение отношения Si/Al с 7,5 до 100 приводит к соответствующему увеличению 

поверхностной кислотности с 0.066 ммоль(NH3)/г(ZSM-5) до 0.265 ммоль(NH3)/г(ZSM-5). 

Дальнейшее увеличение отношения Si/Al до 2000 приводит к снижению поверхностной 

кислотности до 0.002-0.005 ммоль(NH3)/г(ZSM-5). Разработан надежный и простой метод 

синтеза цеолита ZSM-5, обеспечивающий выход цеолита до 97%. 

 

Keywords: zeolites, Na-ZSM-5, synthesis, acidity, chemosorption. 
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Different zeolite and zeotype frameworks are of special interest due to their superior sorption 

and catalytic properties [1-3]. ZSM-5 zeolite has general formula |Nax (H2O)16| [AlxSi96-xO192]-

(x<27), it’s structure consist from straight channels connected to other parallel channels via the 

sinusoidal channels[2]. ZSM-5 zeolite synthesis using structure directing agents is known since 

1970 [1, 4], however due to high price of structure directing agents these methods are purely 

applicable for industrial applications. Therefor a lot of scientific teams were working on 

development of easy and reliable methods for template free synthesis of ZSM-5 zeolite [5-10]. In 

this article a template free method of ZSM-5 synthesis was developed using local reagents as 

reactive precursors. 

 

Materials and methods 

For NaZSM-5 zeolite synthesis chemical grade sodium hydroxide, sodium aluminate, silica 

gel and Na-ZSM-5 HKC with purity not less than 99%were purchased from local supplier and used 

as is. 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. For synthesis 

of first sample (Table) sodium hydroxide, sodium aluminate, silica gel, one gram of Na-ZSM-5 

sample, and distillate water were placed in Parr instrument top bench 4566 autoclave reactor 

equipped with impeller mixer. Mixer rotation rate was set to 600 rpm and temperature was set to 

180
0
C. Hydrothermal synthesis was provided for 24 hours, then autoclave was cooled to ambient 

temperature. In all other zeolite synthesis (Table 1) sodium hydroxide and silica gel and 150 ml of 

water was placed in autoclave at 600 rpm and 70
0
C for one hour to form gel. Then sodium 

aluminate solution in 100 ml of water and one gram of Na-ZSM-5 HKC was added to gel and 

temperature was set to 180
0
C for 24 hours. Reaction mixture was placed in IEC HN-SII centrifuge 

and zeolite was separated from reaction solution. Zeolite was washed with distillate water three 

times and dried in laboratory drier at 140
0
C. Synthesized samples have theoretical Si/Al rate from 

7.5 to 2000 (Table). 

Table  

REACTION CONDITIONS FOR AND NA-ZSM-5 SYNTHESIS 
 

Sample NaOH, g NaAlO2, 

g 

SiO2, g H2O, ml Si/Al m(zeolite), g Zeolite 

yield, % 

с(acid cites), 

mmol/g 

1 8.3264 4.1000 20.8330 250 7,5 15.33 61.5 0.055 

2 8.3264 4.1000 20.8330 250 7,5 24.28 97.4 0.066 

3 8.3264 1.4200 20.8330 250 20 13.24 59.5 0.116 

4 8.3264 0.5680 20.8330 250 50 11.77 55.0 0.220 

5 8.3264 0.2840 20.8330 250 100 8.71 41.3 0.265 

6 8.3264 0.1420 20.8330 250 200 8.56 40.8 0.002 

7 8.3264 0.0568 20.8330 250 500 15.07 72.1 0.002 

8-1 8.3264 0.0284 20.8330 250 1000 8.11 38.9 0.005 

8-2 8.3264 0.0284 20.8330 250 1000 13.95 66.9 0.002 

9 8.3264 0.0142 20.8330 250 2000 8.20 39.3 0.002 
 

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℃ cooled down to 150
0
C flashed with 

mixture of 10 v.% ammonia in helium for one hour followed by flashing with pure helium for one 

hour. Afterwards sample was heated to 800
0
C with temperature gradient of 10

0
C /min and ammonia 
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desorption curve was recorded (Figure 1). 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 Na-ZSM-5 sample.  

 

Results and discussions 

After Na-ZSM-5 hydrothermal synthesis crystallite solid residue of zeolite was formed 

(Figure 1). Synthesis of Na-ZSM-5 sample from solid precursors (Sample 1, Table) compared to 

synthesis from preliminary made precursors solutions (Sample 2, Table) showed lower for 35% 

yield, beside quantity of surface acid cites decreased for 15-16%. Therefor synthesis of Na-ZSM-5 

from liquid solutions of precursors is superior compared to synthesis from solids with solutions 

formation directly in reaction autoclave.  

Increasing of Si/Al ratio from 7.5 to 100 results in solid yield decrease from 97% to 41% and 

increase of surface acidity from 0.066 to 0.265 mmol/g (Table) that can be explained by optimal 

ratio of used precursors. Further increasing of Si/Al ratio up to 2000 lead to solid yield stabilization, 

however drastic decrease of surface acidity down to 0.002 mmol/g can be noticed, that can be 

explained by alumina ions lack in reaction solution. 

Repeated synthesis of Na-ZSM-5 samples 8-1 and 8-2 showed high dispersion in solid yield 

and surface acidity that can be explained by different rates of zeolite species nucleation. 
 

 
 

Figure 1. Samples of dried Na-ZSM-5  
 

Time of hydrothermal synthesis was 24 hours under 180 ℃, one g of Na-ZSM-5 was added to 

reaction mixture before synthesis. 

Ammonia desorption curves of Na-ZSM-5 sample 1, table 1 synthesized using solid precursor 

showed formation of broad peak from 200
0
C to 500

0
C that can be subscribed to weak and strong 

Bronsted acid sites (Figure 2). Sample 2, table 1 synthesized from precursor solutions showed 

presence of two partly imposed peaks, first in 200–350 C region and second one in 350–500 C. The 

increase of Si/Al ratio from 7.5 up to 100 results in appropriate increase of chemosorbed ammonia 

peak, broad peak shape remains practically the same. Further increase of Si/Al ratio up to 2000 

results formation of small peak in 150–200 C that can be subscribed to physiosorbed ammonia in 

zeolite micropores. 
 

Conclusions 

Na-ZSM-5 synthesis using preliminary produced solutions of precursors was found to be 

more superior compared to direct solid precursors dissolution in reaction autoclave. Increasing of 
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Si/Al ratio from 7.5 up to 100 results in appropriate increase of surface acidity from 0.066 mmol 

(NH3)/g(ZSM-5) up to 0.265 mmol(NH3)/g(ZSM-5). Further increase of Si/Al ratio up to 2000 

results in appropriate decrease of surface acidity down to 0.002-0.005 mmol (NH3)/g(ZSM-5). 

Reliable and easy method Na-ZSM-5 synthesis was designed providing zeolite yield up to 97%. 
 
 

 
 

Figure 2. Ammonia chemosorption curves for synthesized Na-ZSM-5 samples 
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