bronemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 8. Nel12. 2022
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/85

XUMHWYIECKHUE HAVKH | CHEMICAL SCIENCES

UDC 544.47 https://doi.org/10.33619/2414-2948/85/07
AGRIS P33

SYNTHESIS AND ACIDITY STUDY OF MIXED MFI-MORD TYPE ZEOLITE

©Brovko R., ORCID: 0000-0001-9945-566X, SPIN-code: 1638-1220,
Scientific Technology University “Sirius”, Tver State Technical University; Tver,
Federal territory “Sirius”, Russia, romanvictorovich69@mail.ru
©Lakina N., ORCID 0000-0002-7293-8781, SPIN-code: 3871-7341, Ph.D.,
Tver State Technical University, Tver, Russia, lakina@yandex.ru
©Doluda V., ORCID: 0000-0002-2865-9945, SPIN-code: 8836-6137, Dr. habil.,
Tver State Technical University, Tver, Russia, doludav@yandex.ru

CUHTE3 U U3YUYEHUE KUCJIOTHBIX CBOMCTB
CMEHNIEHHOI'O HEOJIUTA MFI-MORD

©bposxo P. B., ORCID: 0000-0001-9945-566X, SPIN-x00. 1638-1220, Teepckoti
20Cyoapcmeen blil mexHuueckutl ynueepcumem, Hayuno-mexnonocuueckuii yHugepcumem
«Cupuycy, peoepanvnas meppumopus « Cupuycy, 2. Teepv, Poccus, romanvictorovich69@mail.ru
©Jlakuna H. B., ORCID 0000-0002-7293-8781, SPIN-x00: 3871-7341, xano. xum. nayx, Teepckoti
2ocyoapemeentblil mexnudeckuil ynueepcumem, 2. Teepo, Poccus, lakina@yandex.ru
©/lonyoa B. I0., ORCID: 0000-0002-2865-9945, SPIN-x00: 8836-6137, 0-p xum. Hayx,
Teepcrotui cocyoapcmeenHulil mexHuueckuil ynusepcumem, 2. Teepwv, Poccus, doludav@yandex.ru

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°C, after which the temperature dropped to 150°C, and the surface of
the zeolite was treated with ammonia. Subsequently, the test sample was heated up to 800°C 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.

Annomayus. 1leoauTHl PA3IUYHOM MPUPOABI ILIUPOKO IPUMEHSIOTCS B XMMHUYECKOM
MIPOMBIIUICHHOCTH, TOIUIMBO-PHEPIeTUYECKOM CEKTOpEe HKOHOMHKM B KauecTBE COpOEHTOB,
KaTaJn3aTopoB U MATEpHUAIOB Ui CO3JaHUSl HEOpraHMYeCKMX MeMOpaH pa3InyHOro Ha3HAYCHHS.
IIpu 3TOM M3MEHEHHE KUCIIOTHBIX CBOMCTB IOBEPXHOCTH LIEOJIMTOB BO3MOXKHO OCYHIECTBIIATH Kak
MyTeM BapbUPOBAaHUS OTHOIICHUS KPEMHUS K aFOMUHHUIO WU KpeMHHS K (Hochopy, Tak U MyTeM
COBMECTHOIO CHHTE3a IICOJMTOB pPa3jIMYHBIX THUIIOB, OOJIAJAIONIMX Pa3IHMYHBIMH KHUCJIOTHBIMU
cBoiicTBaMu. B mpencraBneHHON cTaThe MNPUBOAUTCA CIOCOO MOCIENOBATENIBHOIO MOMYyYEHHUS
neosnuta cMemeHHou cTpyktypsl Tun MFI u mopaenuta. Cunre3 ucxonnoro neonura tuna MFI
MPOBOAMJIICS C HCIOJB30BAHUEM 3aTPAaBOYHBIX 3€PEH THAPOTEPMAIBHBIM CIIOCOOOM B TEUCHHE
72 4acoB, ¢ MOCJEAYIOMIEH MPOMBIBKOM M CYHIKOW IieosuTa. s mojgydeHus ciaosi MOpPACHUTA Ha
noBepxHocTu 1neonutra thunma MFI Obuta mpoBereHa mnpeaBaputenbHas oOpabOTKa HCXOJHOTO
LIEOJINTA IIEJIOUbIO U TOcieayomas oopadoTka H-OyTunaMuHoM. TakuMm 00pa3oM OBLIH MOITYYEHBI
NEeBATh 00pa3LOB LEOJUTa C PA3IMYHBIMU KUCJIOTHBIMU CBOMCTBaMM MOBEpXHOCTU. OmnpeneneHue
KHCIIOTHBIX CBOMCTB TMOBEPXHOCTH OBUIO TPOBEACHO METOJOM XEMOCOpPOIMH aMMHuaka C
nocleaytonei ero necopOuuell ¢ MOBEPXHOCTH LeonuTa. s uero ucciemyeMblii obpasern
3arpyxajcsi B KBapIlEeBYIO KIOBETY, MpojyBajics aproHom mpu Temneparype 800°C, mocie dvero
Temmeparypa omyckaiach 10 150°C u npoBoamiach 00padOTKa MOBEPXHOCTH I[EOJTUTAa AMMHAKOM.
B nmanpheiimiem mnpoBomwiics HarpeB uccienyemoro obpasua go 800°C ¢ perucrparnmeit
NecOpOIMOHHBIX  KpuBbIX. KomnyecTBO  aIcopOMpOBAaHHOTO aMMHaKa MPOBOJMIOCH IO
MPEIBAPUTEIHLHO IOJATOTOBJICHHBIM KAIMOPOBOYHBIM KPUBBIM. CHHTE3MpPOBAHHBIE OOpPa3IlhI
[IEOJIUTOB 001N Pa3IMIHOM KrcaoTHOCTRIO oT 0,48 1o 0,72 mmons(NH3)/r(o6pasma). [Ipu sTom
o0miasi KHCIOTHOCTh OOpa3loB KOppeIupoBaja C COOTHOIICHHMEM KPEMHHsS K aJlOMUHUIO B
oOpa3uax neonura. Takke B 3aBUCUMOCTH OT cooTHoueHus: cTpyktyp MFI u mopaenuTa B obpasiie
L[E0JIUTa BO3MOXKHO BapbHUpOBATh HE TOJBKO KOJMYECTBO, HO M CHIIY OOpasyroLIUXcs KUCIOTHBIX
LEeHTpoB. Tak yBeTUUYEHHE CONEp’KaHUS MOPJAEHUTA CIOCOOCTBYET YBEIMUEHUIO CUJIbI KMCIOTHBIX
1eHTpoB. Pa3paboTaHHBIA METO/l CMHTE3a LIEOJUTOB CMELIeHHOH cTpykTypsl Tna MFI mopnenur
MO3BOJIAJI KOHTPOJIUPOBATH TTOBEPXHOCTHYIO KUCIIOTHOCTh CHHTE3UPOBAHHBIX 00PAa3I[OB.
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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 A.
Mordenite is characterized by two-dimensional channels structure with six ring pores opening
acceptable for molecules diffusion with following dimensional parameters a: 1.57 A, b: 2.95 A, c:
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6.45 A. 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 um 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°C for
one hour to form gel.

Table 1
REACTION CONDITIONS FOR INITIAL MFI ZEOLITE SYNTHESIS
Sample NaOH, g NaAlO,, ¢ SiOy, g H,O, 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°C 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°C 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 NaAlO,, ¢ SiOy, g H,O, mi 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(NHj3)/g for MFI3, to 0.24 mmol(NH;3)/g for MFI2 sample and 0.39
mmol(NHj3)/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.
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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-MORD?3 to 0.54
mmol(NHj3)/g for MFI1-MORD?2 and to 0.72 mmol(NH3)/g for MFI1-MORDI. Increasing of initial
MFI1-MORDI1-3 zeolite acidity correlates with decreasing of Si/Al ratio in mordenite from 48 to
I1.
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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(NH;3)/g for MFI2-
MORD3 to 0.5 mmol(NH3)/g for MFI2-MORD?2 and to 0.65 mmol(NH;3)/g for MFI2-MORDI.
Increasing of initial MFI2-MORDI1-3 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-
MORD?3 to 0.48 mmol(NH3)/g for MFI3-MORD?2 and to 0.52 mmol(NH;3)/g for MFI3-MORDI.
Increasing of initial MFI3-MORD1-3 zeolite acidity correlates with decreasing of Si/Al ratio.
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Figure 3. Ammonia chemosorption curves for MFI2-MORD1-3 zeolites samples
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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(NH;)/g. Reliable and easy method of MFI mordenite
synthesis was designed providing high zeolite yield.
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