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Abstract: Zeolites are among the least-known products for affecting the crystal purity, size, and the formegstalline
environmental pollution control, separation science and

technology. The work studies synthesis of gel agiramd duration
of Na-X zeolite crystallization in studied conditims. To obtain the
maximum crystallinity (40%) zeolite, gel aged for 2 h at room
temperature and it lead to reduction of zeolite sythesis’ (95 °C)
duration from 3 to 0.5 hours. The longer duration ofaging time
had been, the smaller zeolite crystals were obtaide An obtained
IR spectrum showed that all samples of the absorpin bands at
the positions of maximum were as follows: 983-1016m*, 717-
756 cm', 564-590 crit and 450-465 crit were practically
identical. This allowed ascribing tested samples tone type of
zeolites Na-X. An obtained DSC curves for all samps were
practically similar and have a wide endothermic pek with
maximum 135 — 169C and a small exothermic peak about 853 —
956°C. Thermal analysis like IR spectra allowed ascribig the
tested samples to one type of zeolites Na-X. The k&ogel aging
can be effectively used not only for shortening theluration of
hydrothermal crystallization, but also for controlling size of
zeolite crystals.
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|. INTRODUCTION

The zeolites are framework aluminosilicates cogisbf
interlocking tetrahedrons of SjGand AlQ, with a structural

phases during the synthesis of RHO zeolite.

Zeolite gel aging influences not only the inductjoeriod,
the crystallization process and purity of final gwot, but also
types and sizes of zeolites formed [3-9]. Incregsime of gel
aging leads to shortening the induction periodekation of
the crystallization process, increases final prédymrity and
leads to a decrease in size final product’s crgstal

Katovic et al. [4] reported that the induction peis of
zeolites X and Na-Pc are shortened and the X eeglild
increases by increasing the gel aging time. It esegally
known that gel aging leads to shortening the indacperiod
and acceleration of the crystallization processe Huthors
suggested these phenomena would rearrange zeolite's
structure during the gel aging.

By investigating influence of zeolite gel aging ratom
temperature on the zeolite properties, it was faimadl optimal
aging time was 18 h [5]. Of which, maximum crystatly
degree of the zeolite with the highest g&),0; ratio of 1.72
was synthesized.

The aging influence on the NaY zeolite propertigsaated
particular attention. In the research work [6] $wtic Y-
zeolite crystal size, their distribution, crystaity and Si/Al
ratio dependence of gel aging, time and temperaieee
established. With decreasing gel aging temperatirey-
zeolite crystals decreased and the Si/Al ratiogased.

As well as gel aging affects the synthesis of teq]v-10],

formula Mey[(Al ,05)(SiO,),]-wH,O; where Me — represents synthesis of zeolites depends on the compositionthef

the exchangeable cation of valence n, x and y -beusfrom
1 to 5 depending on the zeolite structure, w - nemd§ water
molecules. The zeolites are wide spread in thereatout
there is not interest of working with them in teological
process because it is complex and expensive. Ascthét of
that, a need to obtain the synthetic zeolite exists

Zeolites are among the least-known products
environmental pollution control, separation scieneed
technology. Due to their unique porous properttesy are
used in various applications in petrochemical dragkion-
exchange and separation and removal of gases hmhtn

According to the classic scheme, technologic pctdao of
synthetic zeolites is carried out in 3 stages: imgtt

alumosilicategel, its aging and zeolite synthesis, which ar

carried out by heating the aged gel from 25 to ZD(1]. One
of the main zeolite productions - zeolite aging, @&l which
the synthetic zeolite properties depend.

By investigating effect of the gel aging temperaton the
crystallization of RHO zeolite [2], it was foundathgel aging
temperature increases from room temperature t&€C5§reatly
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products generated during the aging gel composition

In this paper, synthesis of gel aging and the éhmadf the
Na-X zeolite crystallization are studied, by aseesst review
of the literature mentioned in the scientific expece section.

Il. MATERIALS AND METHODS

O Zeolite Na-X was synthesized from reagents: amarpho

SiO»nH,0 (surface are® = 1301 ni/kg; loss on ignition -
19.0%); AI(OH), predominant strain - gibsiteS(= 104,9
m?/kg); NaOH and water.

Simultaneous thermal analysis (STA: differentighrsting
calorimetry-DSC and thermogravimeffiy{G) were also
employed for measuring thermal stability and phase
fransformation of products at a heating rate of °C&min,
temperature ranged from 3C up to 1000°C under the air
atmosphere. The test was carried out on a Netrstiument
STA 409 PC Luxx. The ceramic sample handlers and
crucibles of Pt-Rh were used.

IR spectra were recorded with Perkin EImer FT-IRt8mn
spectrometer. For the IR analysis, 1 mg of the tamoe was
mixed with 200 mg of KBr and compressed in a fomgnimess
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under vacuum. Studies have been conducted in gie indra-
red spectrum ranges from 400 to 4000'cm

The structure of zeolite was studied by scanninth \&in
electronic microscope. FEI Quanta 200 FEG highittiem
scanning electron microscope with the Zener-typectedn
equipment was used.

After being aged the gels were crystallized at 856r 4 h
isothermal duration. When gel that had been agad @ to 72
hours was used, Na-X zeolite (Fig. 2) formed inslldied
cases.

In the IR spectrum of synthesized zeolite (Fig3land 4
cr.), an intense shift of absorption band joinedhygdrogen

The X-ray powder diffraction data was collected hwit bands in the region of 3448-3472 ¢mvhich is specific to the

DRON-6 X-ray diffractometer with Bragg-Brentano gestry
using Ni-filtered Cu kr radiation and graphite
monochromator, operating with 30 kV voltage and ssioin
current of 20 mA. The step-scan covered the angalage 2-
70° (D) in steps of 8 = 0.02°.

Il RESULTS AND DISCUSSIONS

A sodium silicate solution was obtained by dissulyvi

hydroxyl groups, was observed. The absorption k644
cm® was attributed to deformation variation of water
molecules.

According to the data of IR spectra, zeolite suitetwas
obtained. The middle spectrum area is particuliatigresting,
since the vibrations of the external i@nd AlQ, tetrahedral
bonds, which are sensitive to the changes in thgctsire,
were noticed. An obtained spectrum showed thasathples
of absorption bands at the positions of maximumewtre

amorphous Si@in NaOH solution, and solution of SOdiumfoIIowing: 083-1012 crl, 717-756 cni, 564-590 crit and

aluminate was obtained by dissolving Al(QH)N NaOH
solution. These solutions were mixed at room tem@mpee in
proportions that the molar ratios of initial matdsi were
N&O/Si0, = 1.2; SiQ/AI,O; = 10; HO/NgO = 23 (in
accordance with literature source [1]). The gelnfed
immediately after solutions had been mixed.

Gels were aged at room temperature for 0, 24, A8,72
hours. X-rayed diffraction patterns of the agedsgatowed
that all gels were in amorphous state. The formgdtalline
nuclei had not been observed by this analysis netiias the
spectroscopic analysis was carried out.
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Fig. 1. The IR - spectra of the product of synthegel aging: 1 —0 h; 2 — 72
h; 3* — 0 h and 4* — 72 h. *- Zeolite synthesized 4 h at 95 °C.Notes: X —
zeolite Na-X, NaAl 28i2,408,s'6,7H20.

The IR - spectra of gel (Fig. 1, 1 and 2 cr.) cstesl of
several main absorption bands that were charatitefis Na-
X zeolite: in the 983 — 1012 ¢of asymmetric atomic
vibration; in the 717 — 756, 564 — 590, 450 — 465" c-
symmetrical atomic vibration and in the 450 — 4&%X — Si
(Al) deformation vibration were not found.

450-465 crit were practically identical. This allowed
ascribing the tested samples to one type of zeoktgl].
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Fig. 2. The X-ray diffraction patterns of the pratiof synthesis, gel aging: 1-
72 h; 2 — 48 h; 3 — 24 h and 4-0 h. Zeolite synteesfor 4 h at 95 °C.
Notes: X — zeolite Na-X, NgAl;Si; 4Og 5+ 6,7H0.

At all spectra, bands of the maximum intensity with
maximum curves of IR spectra in the region of 1088-cm"
existed. It is important to note that such wave benof this
kind of absorption band and the Si/Al ratio in asiticate
frame of little shell interrelated. These absonptimnds were
attributed to frequencies of (Si, Al)-O bond inr#dtedron
along the lines that bind [(Si, Al) D* tetrahedron oxygen
atoms with central Si or Al atom. Other literatw@urce [11]
states, that the position of the most intensivedbianthe gap
of 950-1200 crl that arises from the Si(Al)-O stretching
vibrations, depends on the AIl:Si ratio in zeolitdsshifts to
the lower wave numbers with the increase of Al eoty (Fig.
1).

Valence vibrations, involving mainly (Si, Al
tetrahedron, are in the gap of 717-756"cabsorption band.

When aged gels were compared to not-aged gelsast wl'hese absorption bands are affected with Si/Abrafizeolite

found that aged gels in 72 h absorption bandsenr&¥, 590,

frame: when the silicon atoms in tetrahedron wepeeased,

and 450 crm were more intense than not aged gels (Fig. 1, wave numbers became of higher band frequency r@figel).

and 2 cr.). This indicates that in the gel agingcpss at the
room temperature the zeolite crystal nucleus hadgr

In the situation of deformation absorption, bandshie gap of
450-465 crit of Si/Al ratio had little influence.
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Fig. 3The DTA curves of the product of synthesis, gehgga — 0 h; b — 72 h; c*— 0 h and d* — 72 h. &oHte synthesized during 4 h at 95 °C.

Second type of vibrations between the tetrahedrq®o) was calculated according

absorption bands belong to 564-590 and 450-463. cthe
absorption bands within gaps of 564-590 cm-1 asalted by
double rings in the frame. They are often in zesliith twin
four-membered and six-membered ring structure. Hasic
first type of asymmetric vibrations, i.e. vibrat®imside (Si,
AO, tetrahedron, and the intensity of an absorptiondba

%Crystallin'ty:(

to (1) equatidqi?].
Commercial zeolite X was used as a standard.

Y intensityof XRD peakof prOducjxloo @

Y intensityof XRD peak®f standar

Crystallinity percentage was taken as the sum @ th
unknown materials divided by the sum of the peagtts of a
standard material that had been assumed to be 100
crystalline.

depend on the composition of crystalline alumoatkc
framework expressed in tetrahedral oriented paAlaitoms.

0,
This band’s intensity decreased with increasingnahber of %

atoms in the Al frame. If compared with amorphoeslites,
crystalline Na-X zeolites have the most intensekpest 566,
564 cni.

Thermal analysis is shown in Fig. 3. The loss otewa
started above room temperature to about 28D for
amorphous NaX zeolites (Fig. 3, a, b) and for etise NaX
zeolites (Fig. 3, ¢, d) to about 3%D. The exothermic peaks at
853 — 956°C indicate decomposition of the lattice followed by
recrystallization and above 908C the zeolite becomes
amorphous. Obtained DTA curves for all samples wer
practically similar and have wide endothermic peaith
maximum 135 — 168C and a small exothermic peak about
853 — 956°C. Thermal analysis like IR spectra allowed

ascribing the tested samples to one type of zeoktfl].
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Fig. 4. Na-X zeolite crystallinity dependence framynthesis duration. Gel
aging at room temperature for 0; 24; 48 and 72doli#e synthesized for 0.5 -
4hat95°C.

(%) setting, the X-ray analysis data was used. t@Hysty
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After 0.5 or 1 h long synthesis using the not-agagej
technique, crystalline zeolite did not form, thoughen aged
from 24 to 72 h gel was used after 0.5 h of synshése
crystalline zeolite formed (Fig. 4 and 5). Alumasikte gels
that have been aged for 24, 48 and 72 h at roorpdsature
and were used for Na-X zeolite synthesis, cryzedlifaster
than the mixtures, which have not been maintaimeteusuch
conditions.

Seeds of crystalline zeolites form inside the gkigng the
process of aging. This process accelerates gefatiigation.
After 3 hours of synthesis, when both aged andaged gels
were used, zeolite crystallinity degree was inrdmege of 35-

The formation phases of X zeolite crystal are dmvics:
dissolution of raw materials-» formation of [SiQ]* and
[AlIO4]* tetrahedron— the formation of many- member rings
and cagep crystal structures— crystal nucleus and nano-
particle— aggregation growth of nano-particles in a crystal
coalescence growth of crystallite. The crystal twmalmf X
zeolite are intimately related with crystallizatiorientation of
B cage in crystal and with its coupling stability ewery
crystal family [9].

Zeolite gel aging can be effectively used not dolghorten
the duration of hydrothermal crystallization, blgcato control
the crystal size of zeolites (Fig. 5).

45%. Changes in colloidal structure proceed after

alumosilicate gel is aged. These changes may btedeto the
rearrangement process: small particles which hassoled
during the gel aging process, due to their highulsitity

according with the Ostvald - Thomson dependenceraask,
transfer on the surface of larger particles and gpacing
between them [13].

mag HV | det| WD |spot
30 000 x5.00 kV ETD 6.4 mm 2.0

mag HV | det| WD |spot
30 000 x5.00 kV ETD 6.4 mm 2.0

b)

Fig. 5. The SEM images of Na-X zeolite. Gel aging: fa) O h; b) 72 h.
Zeolite synthesized for 4 h at 95 °C.

IV. CONCLUSION

1. During the investigation, it was established thae t
crystallinity of synthetic NaX zeolites depends the
duration and on the aged gels of the synthesis. The
maximum crystallinity (40%) zeolite was obtained emh
the gel aged for 24 h at room temperature was used;
furthermore, the duration of the zeolite synthdSis °C)
was reduced from 3 to 0.5 hours.

2. The gel aging can be effectively used for contngllthe
crystal size of zeolites. The longer the duratidraging
time had been, the smaller zeolite crystals wetaiokd.
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Jolanta Doneliene, Danute Va#ukiniene, Aras Kantautas. Alumosilikatu gela vecoSanas ietekme uz Na-X cat sintezi.

Ceoitus plasi izmanto apkigjas vides piegrpojuma samaz#sanai, sad@anas procesu zmiskos un tehnolgiskos Etijjumos. DaB plasi
izplafitos ceoitus sadaBanas tehnofgskos procesos izmanto jau sen. Vienigidar liels piepragums Ec singtiskiem ceaitiem, kas no dabas
ceolitiem at&iras ar lielu viendaitbu un tribas pakpi. Darla tika pgtits singtiska ceofta NaX kristiliskums atkaiba no ¢gla vecoSanas ureka
sintezes laika. Silikta un ratrija alumirata &idumi tika samai#i istabas temperata, atbilstoSi literairas [1] datiem, saglapt izejmaterilu
attieabas: NaO/SiO, = 1,2; SiQ/AI,O; = 10 un HO/NaO = 23. Nitrija hidroalumosilikitu ¢gls izveidops filit pec silikata un ratrija
aluminata &idumu sajaukSanas.efa vecoSana tika veikta istabas tempe#a0, 24, 48 un 72 stundas. Tika noskaidrots, kamimitajos
apstiklos ieditu ceoftu ar maksiralo kristaliskumu (40%), glam pirms sintzes ir filauj novecot istabas temperat 24 stundas. #los
nosagumos ceata sintzes laiks (95°C) samaziis no 3 stungim lidz 0,5 stun@m. No @la, kura vecoSanas laiks bija ks, tika iedits
ceofts ar mazkiem kriséliem. Visu paraugu IS spektri @alija, ka absorbcijas joslu maksimumi faktiski ir itiski un atrodas rob@% no
983-1012 cnt, 717-756 crit, 564-590 crit un 450-465 cm. Visu paraugu ugemés termogrammas Bbija lidzigas — ar platu endotermisko
efektu, kura maksimums at@slrobeis no 135-169C (dehidraicija) un mazu eksotrmisko efektu robeno 853-956C (amorfizcija).
legutas termogrammas un IS spektij seciat, ka ieditie savienojumi ir attiecimi pie viena cedta tipa - Na-X. Ceata ¢tla vecoSanu var
efekivi izmantot ne tikai lai samazitu Na-X ceaitu hidrotermisko kristaliiju, bet at lai reguEtu krisalu izmerus.

Honanta Jonenene, Janyte Banuioknnene, Apac Kanrayrac. BaussHue crapeHus aTI0MOCHIMKATHOIO TeJist HA cHHTe3 meosnTa Na-X.
[IeoUThl MIMPOKO HCHOJB3YIOTCS B DKOJOTHYECKOW GOppOe C 3arpsA3HEHHEM OKpyXarouieil cpelbl, B HayKe M TEXHOJIOTMH IIPOLIECCOB
pazaenenus. IIUPOKO pacmpOCTpaHEHHbIC B MPUPOJAEC LEOIUTHI B TEXHOJOTMYECKUX IPOLECCaX HCIOJB3YIOTCS TaBHO. Takke HMeeTcs
GOJIBLION CHPOC ¥ CHHTETHYECKHX LICOJIUTOB, KOTOPBIC OT MPUPOIHBIX PA3IMYatOTCs OOJIBIION CTEIEHBI0 YUCTOTHI M OJHOPOIHOCTH. B naHHO#
pabotre Obl1a HcCieJOBaHA 3aBUCUMOCTh KPHCTAJUIMYHOCTH CHHTeTHHecKoro ueonura NaX oT cTapeHus reis M IPOJOJDKHUTEIBHOCTH €ro
cUHTe3a. PacTBOpBl CHIMKAaTa W allOMHHATa HAaTpus OBUIM CMEIIAaHbl IIPU KOMHATHOW TeMIeparype B NPONOPLHMAX, YTOObI MOJIbHbBIC
COOTHOIIICHHSI HAYAIBHBIX MaTEPUAIOB B COOTBETCTBUH C siuTeparypHbiMu nanHbiME [1] 66t N&pO/SIO; = 1,2; SiQ/AIL05 = 10; HO/Na,O
= 23. T'uapoaytoMOCHIMKATHBIA TI'elb HAaTpus 0Opa3oBajics cpa3y IMOCHE CMEIIMBAaHWS PAacTBOPOB CHJIMKATAa M allOMUHAaTa Harpus. [enn
MOJBEPTAINCH CTAPEHUIO IpU KoMHaTHOH Temneparype O, 24, 48,u 72 waca. YcraHOBIIEHO, YTOOBI B HCCIEAYEMBIX YCIOBHSX IOIYYUTH
MaKCHMAaJIbHYI0 KpHCTALIHYHOCTE (40 %0) rieonuTta, Tefb HYXHO MEpel CHHTE30M IMOABEprath CTApCHHIO NMPU KOMHATHOHW TeMIepaType B
TeyeHne 24 4. IIpu 5TOM cOKpalaeTcs IpOAOKUTENBHOCTh cuHTe3a neosura (95 °C)or 3 wacoB no 0,5 vaca. U3 reneid, noaBepraBIInxcs
CTapEHHIO J0JIblIe, ObLT MOJYYEH LEOJIUT C MEHbIIMMH KpucTamaMi. MK crekTpbl Becex o0pasLoB MOKa3aiy, YTO IOJO0KEHHS MaKCHMyMOB
I0JI0C TOTJIOIIEHH s ObImK akTHIeckn nuenTndnsr: 983-1012cm™, 717-756m™, 564-590cm™ u 450-465¢m ™. TlomyueHHbIe TepMOrPaMMbI
JUIs BCeX 00pa3toB ObUIM Takke (PaKTHIECKH MOJOOHBL LIMPOKHUI SHIOTEPMHYECKHUI MUK ¢ MakcuMmymoM nipu 135 — 169PC (neruaparauus) u
MaJleHbKMH 3Kk30TepMuueckuii muk npu 853 — 956°C (amopdusauus). TepMuueckuii ananus, kak 1 UK CHEKTpPBI, MO3BOJISIIOT NPUITMCHIBATH
MpOBEpeHHbIe 00pa3nsl ogHoMy Tumy wLeoiautoB Na-X. CrapeHue Trens IEoJUTa MOXHO 3(QEKTHBHO HCIOIb30BaTh HE TOJBKO IS
COKpAIICHUS IPOAODKUTEIIBHOCTH M'HAPOTEPMAIbHOM KpUCTAILTH3aMHU HeouToB Na-X, Ho U Juis yrpaBJieHHs pa3MepOB HX KPHCTAILIOB.
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