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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 5.3-5.6A interconnected by sinusoidal channels with a diameter of 5.1-5.5A. 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(NH;3)/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%.

Annomayusn. 1leonuThI  TPENCTABIAIOT COOOHW OCOOBIM KJIacC CTPYKTYPUPOBAHHBIX
QJIIFOMOCHJTMKATOB, OO0JIJIAl0NINX PA3BUTONM BHYTPEHHEW MOBEPXHOCTBHIO, OOJNBIINM KOJIMYECTBOM
MHUKPOIIOP, YTO TO3BOJIIET UCIOIB30BaTh UX KaK B Ka4eCTBE COPOCHTOB, MEMOpPAHHBIX MAaTEpUAIIOB
n karamuzaropoB. lleomutr ZSM-5 mnpencraBiser co0OM  aIFOMOCHIMKAT, OOpa30BaHHBIN
MapajuyieIbHBIMU  KaHajlaMM C  JIHaMETPOM 5.3-5.6A  coemMHEHHBIMH MeXIy cobou
CHUHYCOUIAbHBIMU KaHanamu ¢ guamerpoM 5.1-5.5A. Ilpu 5ToM Haauuue aToMOB alIOMUHHUS B
KPUCTAJNIMYECKOM  pEIIeTKE  I[eoJMTa  JAaeT  BO3MOXKHOCTb  OCYHIECTBJICHHUS  peakuuit
JIETUIPUPOBAHHUS, FTepUPUKALINN, H30OMEPHU3ALUU M apOMaTHU3alliy, a IPUCYTCTBUE MUKPOKAHAIIOB
CYIIECTBEHHO YBEIMYMBAET YMCJIO CTOJIKHOBEHHUU pEardpyrolluX COSAMHEHUN, YTO MPUBOAUT K
CYLIECTBEHHOMY YBEIMUYEHHIO CKOPOCTHM XMMHUYECKHUX IpPEBpalleHUi B Takux cucremax. CuHTe3
neosta ZSM-5 ¢ UCIONIB30BaHUEM CTPYKTYpPOHANPABIIAIONIMX areHTOB M3BECTEH C KoHia 70-x
TOI0B IPOIUIOTO BEKa, MPU 3TOM BBICOKAS CTOMMOCTb HCIIONIB3YEMbIX CTPYKTYpPOHAIPABISIOIINX
areHToB © OoJbllas NPOAOIDKUTENBHOCTh TUAPOTEPMAILHOTO CHHTE33a, M HEO0OXOIMMOCTh
MOCJIEAYIOIUX MOCTCUHTETUYECKUX MPOLEAYpP HPHUBOASIT K BBICOKOW CTOMMOCTH IMOJIYy4aeMOIo
neosmta. OAHUM W3 BO3MOXHBIX IyT€H VIACHICBICHHS CHUHTe3a ueonuta ZSM-5 sBisercs
HEMOCPEACTBEHHOE MCIIOJIb30BaHUE 1eonuTta ZSM-5 B KadecTBe CTPYKTypOOOpPa3yIOIIEro areHra,
IpU O3TOM YCIOBUSA TPOBEACHHUS CHUHTE3a OKa3blBAIOT pelIarollee 3HaueHUE Ha CTPYKTYPY
oOpa3syrorerocs neoauTa. B crarbe mpuBOASTCS pe3yabTaThl HCCISIOBAHUS CHHTE3a IleonnTa ZSM-
5 ¥ McclenoBaHUE €ro KUCIOTHBIX CBOMCTB C MCIIOJIb30BAHUEM PEAreHTOB MECTHOI'O IIPOU3BO/ICTBA.
JInst moslydeHHsl LEOJIUTa MCHOIb30BANICA MPEABAPUTENBHO Pa3MOJIOTHIN CUJIIMKAresb, TUIPOKCHU]L
HaTpus W amoMuHaT Hatpus. [IpenBapuTenbHO B3BEIICHHBINH 0O0paszen CUJIMKareis 3aJuBaliCs
pacTBOpoM TuIpokcuaa Hatpus u mnepememmBaics npu 70 C nns oOpa3oBaHUS KOJIJIOMIHOTO
pacTBopa, ociie 4yero Jo0aBisuics MpeABapUTEIbHO MPUTOTOBICHHBIN PacTBOp aJllOMMHATA HATPUS
U IIPOBOAWICS TMAPOTEPMAIIBHBIA CUHTE3 IIPU 180°C B Teuenme 24 wacos. B IIpoLIeCCe CUHTE3a
BapbUpoOBaioch cooTHomeHue Si/Al B numamazone or 7.5 no 2000, mpu 5TOM MOSy4YeHHas
KUCJIOTHOCTH cocTtapiisiia oT 0.002 mo 0.265 mmonb(NH3)/r(ZSM-5). YcTaHOBIEHO, YTO CHUHTE3
ZSM-5 ¢ UCTOoNb30BaHUEM IIPEIBAPUTEIHHO MIPUTOTOBIEHHBIX PACTBOPOB PEAr€HTOB IPEBOCXOIUT
METOZ] C MCIIOJIb30BAHUEM HEMOCPEACTBEHHOIO PACTBOPEHHS TBEPABIX PEAarcHTOB B aBTOKJIABE.
VBenuuenue otHomeHus Si/Al ¢ 7,5 no 100 mpHBOIUT K COOTBETCTBYIOIIEMY YBEITUYEHUIO
noBepxHOCTHON KkucnotHOCTH ¢ 0.066 mmonb(NH;)/r(ZSM-5) mo 0.265 mmons(NH;3)/r(ZSM-5).
HNanpuelimee yBenuueHue ortHomeHus Si/Al no 2000 mpuBOAWUT K CHUKEHHMIO MOBEPXHOCTHOU
kuciotHOoCcTH 70 0.002-0.005 mmons(NH3)/r(ZSM-5). Pa3paboTan HaaeKHBIM U MPOCTOW METOJ
cuHTe3a 1eoauta ZSM-5, o0ecreunBaroOni BBIXO 1eoauTa 10 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 |[Nay (H,O)6| [AlxSig6xO192]-
(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 pum 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°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°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°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°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 NaAlO,, SiO,, g H,O,ml Si/Al m(zeolite), g Zeolite c(acid cites),

g yield, % mmol/g
1 8.3264 41000 20.8330 250 75 15.33 61.5 0.055
2 8.3264 41000 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 80001 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
hour. Afterwards sample was heated to 800°C with temperature gradient of 10°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.

4

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°C to 500°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.

Figure 1. Samples of dried Na-ZSM-5

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 (NH;3)/g(ZSM-5).
Reliable and easy method Na-ZSM-5 synthesis was designed providing zeolite yield up to 97%.
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Figure 2. Ammonia chemosorption curves for synthesized Na-ZSM-5 samples
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