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OCHOBHI 0J10’KeHHS

36ipauk «Katami3 Ta HadTOXiMis» MpHUHMaE IO PO3TIISAY CTaTTi, IO He Oyim OImyOJIiKOBaHi paHiIle, i
TEMaTWKa SIKMX BIAMOBIiJa€ OCHOBHMM HAampsiMaM BHUJIAHHS: BUCBITJICHHS HarajJbHHUX IUTaHb KaTami3y,
po3poOKa HOBUX KaTaji3aTopiB, TEXHOJOTIYHHMX MPOLECIB, aHalily (QyHIAMEHTAIFHUX Ta NPUKIaTHHX
acmeKTiB cydacHOi Ha(TOXiMii, TOCATHEHHSM OCHOBHOTO OpPTaHiYHOTO CHHTE3Y Ha OCHOBI BHKOITHOI i
MOHOBITIOBAJIbHOT CUPOBHUHH.

30ipunk «Kataniz Ta Hadroximis» myOJiKye OIJSAOBI Ta OpUTiHAJIBHI HAyKOBi CTarTi, IO
y3arajpHIOIOTh EKCIIEPUMEHTANbHI Ta TEOPETHYHI JOCHIMHKEHHS B Taiy3i Karami3y; iHpopMaliio om0
MIPOBEICHUX KOH(EPEHIIiH, ceMiHapiB; KOPOTKI TTOBIAOMIICHHSI, SIKi BIAMTOBIIAIOTH TEMATHII KYPHAITY.

o apyky B 30ipHUKY NPUHMAIOTHCS CTATTI AHIJIHCHKOI0 Ta YKPAiHCHKOI0 MOBAMHU.

30ipHUK He BUMarae Bix aBTopa (-iB) OIUIaTy 3a pO3IJIS PYKONMCIB Ta myOmikamiro crareil. Bcei
omy0JIiKOBaHI MaTepiand MOXYTh OyTH 0€30IUIaTHO MEPETNITHYTI Ta CKOMiHOBaHiI on-line Ha caiiTi BUJaHHA
(https://kataliz.org.ua).

VYci craTTi, U0 HAAXOAATH OO peNakuii, M UIAraroTh peleH3yBaHHIO. PelieH3yBaHHS MPOBOJUTHCS
KOH(]iIeHIIIHO.

Ilonanus pykonucy 10 ApyKy

Pykomnuc HajicuIa0Th Ha SIIEKTPOHHY ajapecy penakiii catpet20@ukr.net y popmari *.docx:

- cratTa y Burasgi 1 daiiny, skuil BKIIIOYae MOBHUK TEKCT PYKOIHCY 3 yciMa pUCYHKaMH, TaOIHULSIMH,
CITUCKOM JIiTepaTypu Ta pedepaTamMu aHTIIHCHKOIO Ta YKpaiHCbKOIO MoBamH. CTarTs TOBHHHA OyTH
odopmIIeHa Y BiITIOBIAHOCTI 10 HABEJCHUX HIIKYEC MTPABHII.

- BiomMocTi npo aBTOpiB (popma MpeJICTaBJIeHa Ha caiiti
https://kataliz.org.ua/index.php/journal/rules).

Anpeca penakmii: [HcTUTYT Oloopraniynoi ximii Ta Hadroximii iMm. B.II. Kyxaps HAH VYxkpainnm,
Xapkiscebke moce 50, M. Kuis —160, 02160, Ykpaina.

Bumorn 1o opopmiieHHs pyKONIMCY CTATTIi

Tekcr apykyioTh v dhopmarti Microsoft Word 3 Bukopuctanasm mpudty Times New Roman gepe3 1,0
iHTEpBaI.

OpienTanis cTOpiHOK — KHIDKKOBa. HyMmepariist cTopiHOK 3HH3Y IpaBOpYY NOYMHAIOYH 3 TIEPILO].

CTpykTrypa pykonucy (mpukiaz opopMiIeHHsS HaBEJICHO HIDKYIE):

* igmekc YJIK (3a cranom nHa 2013 pix) a6o PACS (B ocramniii pemakmii ‘Physics and Astronomy
Classification Scheme 2010’— http://publishing.aip.org/publishing/pacs/pacs-2010-regular-edition);

* Ha3Ba CTatTi (posmip wpugmy 14, naniexcupruii)

* iHimiany Ta npizBuie(a) aBropa(iB) (posmip wipugpmy 11, nanisxicupruii)

* odiniiiHa Ha3Ba YCTaHOBH, IIOBHA MOLITOBA aJpeca YCTAaHOBH, a/ipeca eJIEKTPOHHOI MOIITH aBTopa(-iB)
(po3mip wpugmy 10, kypcus)

* aHOTamisg (MOBOIO opuTiHaTy cTaTTi), oocsiroMm Big 1800 mo 2000 3HaKiB (pozmip wpudmy 11, kypcus).
AHoOTaIlisl TOBHHHA BimOOpakaTW OCHOBHY MeETy JOCTI/DKEHHS Ta IIiJICYMOBYBaTH HaWOLIBII 3HAYMMI
pesyibTaTi Oe3 mocwiaHb Ha iHmI myOuikamii. AOpeBiaTypH, CKOpOYCHHS, YMOBHI TO3HAu€HHS, a TaKOXK
MaTeMaTH4Hi (GOpMyJIH B aHOTaLlii He BUKOPHCTOBYIOTb.

* KIIFOYOBI ci10Ba (posmip wpugpmy 11)

» Tekct cratTi (posmip wpugmy 11), 0 BKITIOYAE:

Bcemyn (Introduction), ne OKpeclieHO IOCTaHOBKY NpOOJeMH, akTyaJlbHICTh OOpaHOi TeMH, aHaji3
OCTaHHIX JOCTI/KEHb Ta MyOmiKaliid, MeTy i 3aBIaHHS POOOTH.

Excnepumenmanvna uacmuna (Experimental), ne omuwcaHo BHUXiIHI peareHTH Ta METOIUKH
CKCIICPUMEHTY.

Pezynomamu ma ix o6zoeopenns (Results and Discussion)

Kpecnenns, epaghiku, pucynxu BUKOHYIOTBCS B TpadidHoMy pemaktopi Microsoft Excel, Origin abo
Photoshop i HagaroThCs B 1OCTyIHOMY ISl penaryBanHst Gopmari. PucyHku nIpykyroTh po3mipoM He Oinblie
160%200 MM B TekcTi cTaTTi. SKicTh UTIOCTpalliii Mae 3a0e3reuyBaT ixX BiITBOPEHHS 3 po3mmpeHHsM y 300—
600 dpi. Tekcr Ha pHUCYHKax TOBHHEH OYTH MaKCHUMallbHO 3aMiHeHWH mmdpamu abo mitepamu, SKi
po3mUGPOBYIOTh y Mmimnmucax 1m0 HuUX. KpuBi HymMepyroTh KypcMBOM mmdpamu abo JiTepaMu, sIKi TaKOX
po3QpOBYIOTH y MiAnuUci 10 pucyHka. Ha rpadikax oguHuII BUMIpY BKa3yIOTh Yepe3 Kparky.

Dopmyau HeoOxinHo Habupatu y penaktopax gopmyn MatType, ChemDraw, ISIS/Draw abo Microsoft
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Equation. CratTi 3 dhopmynamu, BMUCAHUMH B pyKH, IO APYKY HE HpuitmaioThcs. CHMBONIM THITY Sin, max,
exp, log, lim, O (HynBb), Ha3BM XIMIYHHX €JIEMEHTIB HAOUPAIOTHCS MIPSIMO, & HE KyPCHBOM.

Tabauyi cnig opopMITIOBATH 3 BUKOPUCTAHHAM TabauuHoro peaakropa MS Word (10 nt) Ta nogasatu B
TEKCTI TICIIA MepIIoTo MOCHIAHHS Ha TAOJIHIIO 13 3a3HAYCHHAM i HOMepy Ta Ha3BH. Ta0NWIl MTOBHHHI MaTH
Ha3By, KOkHa Tpada Tabiuili — mia3aroioBoK, 110 BU3HAYAE 3MICT rpadu. 3aroioBku rpad HEOOXiIHO MUCATH
TIOBHICTIO HANIBXXUPHUM WpUPTOM, O3 CKOpOUeHb, i3 3a3HaUYCHHAM OJMHUIL BUMipy. B Tabmmusax tpeba
pO3MIIIyBaTH JHINE 3MiHHI BETHMYUHH, MOCTIHHI YMOBH €KCIEPHMEHTIB HABOIATH Y TEKCTi abO 3aroiioBKY
TabNuIl B AykKaX. [IpuMITKH 10 TaOHIIl APYKYIOTHCSA O€3M10CePeIHbO Mics Hel. SIKIo pyKOMHC MICTUTh OAHY
TaOJHIII0, TO BOHA HE HyMEPYEThHCS.

Bucnoeku (Conclusions), e migBeAeHo MiICYMKH POOOTH Ta MEPCIIEKTUBH MOJANBIINX TOCTiIKEHb Y
IIEOMY HAIIPSIMI.
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Vapour phase Guerbet condensation of ethanol to 1-butanol on CsX zeolite
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Nowadays, the conversion of ethanol into valuable chemical products is getting wider application. One of such
promising processes is Guerbet condensation of alcohols, which permits the obtaining of 1-butanol from renewable raw
materials that are alternatives to petroleum ones. Oxide systems combining acid and basic sites in their composition are
promising catalysts for such a transformation. In this study, the efficiency of the magnesium-aluminum oxide and
zirconium-oxide catalysts was compared to the activity of the cesium form of X-type zeolite produced by hydrothermal
ion exchange in the condensation of ethanol to 1-butanol. The integrity of the zeolite structure was confirmed by using
the XRD and XRF analysis, as well as by the IR spectroscopy. The depth of exchange of native sodium for cesium was
82 %. It was also found that cesium cations are localized only in ion-exchange positions of faujasite, in places SIII
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(supercages) and SI' (sodalite cages). CsX zeolite acid to basic sites ratio was found to be close to optimal for this
reaction. Cesium-containing zeolite at 300 °C shows ethanol 35-55 % conversion and 20-25 % selectivity for 1-butanol,
which is higher than the same characteristics for zirconium samples, but slightly inferior to magnesium-aluminum oxide
catalysts. The obtained results indicate the promising use of zeolites of a similar nature in the process of condensation of e
thanol to 1-butanol. (6ibme 1800 3HaKiB).

Keywords: ethanol condensation, 1-butanol, acid sites, basic sites, 1-butanol yield, process selectivity



Introduction

1-Butanol is widely used as a solvent, extractant, and raw material for the production of methacrylates
and butyl acrylate for coatings, enamels, and varnishes [1, 2]. A relatively new field of application for 1-
butanol is its addition to gasoline instead of ethanol [2-5]. ...

Experimental

Catalyst synthesis

X-type zeolite (SiO-/ALLO; = 2.3, TU 38.102168-85, static capacity for water vapor: 0.30 cm?/g,
for benzene vapor: 0.29 cm 3/g, fraction 0.5-1 mm) was subjected to a two-time exchange for cesium cations
from a 1 N aqueous solution of nitrate (chemically pure, TU 6-09-437-83) for cesium form synthesis. ...

Results and Discussion

Catalyst characterization

Based on the X-ray fluorescence analysis data, the SiO, to Al,O; ratio in the zeolite framework and the
degree of cesium exchange were calculated to be 2.5 and 82 %, respectively. Therefore, during the ion
exchange procedure, the chemical composition of the aluminosilicate framework of the zeolite undergoes only
minor changes....

Table 1. Charaterictics of porous structure of zeolite samples according to low temperature nitrogen

Sample SBET’ Sm;CYO’ v m13cm’ V? Vmicro/v b)) K
m?/g m’/g cm’/g cm’/g nm

NaX 689 669 0.279 0.323 0.86 0.9
CsX 345 329 0.140 0.180 0.79 1.0

a b c
2.2 ppm 65 ppm
\ \-160 ppm
i\l 8160 200 60 30 0 30 -60 200 100 0  -100
133cs» PPM 8538a PPM 8,71, ppm

Fig. 1. *°Cs (a), *Na (b), and *’Al (c) NMR spectra for CsX sample

Conclusions

According to the results of X-ray diffraction and X-ray fluorescence analysis, NMR, and IR spectral
studies, the CsX zeolite synthesized by ion exchange with a high degree of sodium to cesium exchange retained
its crystalline structure. In particular, in the 133 Cs NMR spectrum of zeolite, there are two signals of chemical
shifts, -116 and -160 ppm, reflecting cesium cations in supercages and sodalite cages (sites SIII and SI',
respectively). ...
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[leperBopeHHst eTaHONy Yy LiHHI XIMiYHI IIPOXYKTH HaOyBa€ Bce IIMPLIOro 3acTocyBaHHsA. OIHHMM i3 Takux
MEepCIEeKTUBHUX IPOLECIB € KOHJIEH callis cnupTiB 3a ['epOe, 1m0 103BoJIsie OTpUMyBaTu 1-0yTaHoi 13 ajlbTepHaTUBHOT
Ha(TOBIH BIIHOBJIIOBAJIBHOI CHPOBUHH. bararoo0ilsIrouuMy KaTani3aTropaMy TaKoro MEepPEeTBOPEHHS € OKCHIHI CHCTEMH,
10 TIOEAHYIOTh Y CBOEMY CKJIaJi KHUCJIOTHI Ta OCHOBHI IIEHTpH. Y JaHiid poOOTi OIiIHEHO aKTHUBHICTh y KOHICHCAIl
eranoiy a0 l-OyraHomy me3ieBoi GopMu meomiTy TUmy X, OAep’KaHOi TiAPOTEpMaNbHAM iOHHHM OOMIHOM, a TaKOX
MPOBEACHO TOPIBHAHHSA ii epeKTUBHOCTI 3 MarHiii-adfOMiHIA- OKCHTHIMH Ta OUPKOHIH-OKCHIHUMH KaTalli3aTOPaMH.
LiicHICTD TEONITHOI CTPYKTYPH MIATBEPIKEHO METOAaMH PEHTTEHO()a30BOr0 Ta PEHTTeHO(IYOPUCIIEHTHOTO aHali3y,
a Takox [Y-cmekrpockomii. Ctymninp oOMiHy Harpito Ha uesiil cxiaB 82 %. 3HaiileHO TakoX, IO KaTiOHW Le3il0
JIOKaJIi30BaHi JiMIe y 10HOOOMIHHUX no3uuisix ¢oxaszuty — B micipsix SIII (Benmuxi mopoxnunn) ta SIT (comamiToBi
komipkH). Beranosneno, 1o 1eosnit CsX mMae OJIU3bKI IO ONTHMAIBHOTO AJIsl JAHOTO NEPETBOPEHHS CITiBBITHOILICHHS
MIX KUIBKICTIO KHCIOTHHX Ta OCHOBHHX IleHTpiB. Ile3iiiBMicHuit meouit 3a 350 °C memonctpye 35-55 % KOHBEpPCitO
eranoiy Ta 20-25 % ceneKTHBHICTH 3a 1-0yTaHOJIOM, IO € BUIIUM 3a IMOKa3HUKH IS MUPKOHIEBHUX 3pa3KiB, ajie JeIo
MOCTYTIA€ThCA ~MarHiii-adioMiHieBUM  KartaiizatropaM. OpepikaHi pe3ylbTaTH CBiA4aTh TPO MEPCHEKTHBHICTH
BHKOPHCTAHHS IICONITIB OIU3BKOI MPUPOIH Y MPOLIeCci KOHACHCAIii eTaHoIy 10 1-OyTaHoy.

Kniouoei cnosa: koHaeHcais eTaHouy, 1-0yTaHou1, KUCIOTHI IEHTPH, OCHOBHI LIEHTPH, BUXia 1-OyraHouny,
CEJIEKTUBHICTB IPOLECy
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