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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
(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 ethanol to 1-butanol. (6imemie 1800 3HaKiB).
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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 (Si0./Al,0; = 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,Os 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

SBET, Smicro, Vtmicro, VZ, R,

Sample m’/g m/g cm’/g cm’/g Viniero/ V. nm
NaX 689 669 0.279 0.323 0.86 0.9
CsX 345 329 0.140 0.180 0.79 1.0

b c
2,2 ppm 65 ppm
o' 100 -200 60 30 0 -30 60 200 100 0 -100
8133¢ PPM 853na> PPM 8y7a1 PPM

Fig. 1. *°Cs (a), ®Na (b), and Al (¢) 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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[TepeTBopeHHs! eTaHONy Yy LiHHI XiMiIYHI NMPOXYKTH HaOyBae BCE INUPIIOrO 3acTocyBaHHs. OJHUM i3 Takux
MEepCIIEKTUBHUX NPOLECIB € KOoHAeHcalisl crupTiB 3a ['epbe, mo mo3Bonsie oTpuMyBaTH 1-0yTaHOI i3 anbTepHATUBHOT
Ha(TOBIH BiJHOBJIIOBAJIBHOI CUPOBUHH. bararoo0ilgio4ruMu KatalizaropaMy TaKoro IIepeTBOPEHHS € OKCUIIHI CUCTEMH,
IO TIOETHYIOTh Y CBOEMY CKJIaJli KUCJIOTHI Ta OCHOBHI IIEHTpH. Y HaHiii poOOTI OLIHEHO aKTUBHICTh Y KOHAEHCAIT
erarony 10 1-OyraHomy me3ieBoi ¢opmu Ieomity THIy X, OASpXaHOI TiIpOTepMaTbHUM iOHHUM OOMiHOM, a TaKOX
MIPOBEIEHO TOPIBHAHHSA ii €(EKTHUBHOCTI 3 MarHiii-adrOMiHIli- OKCHIHUMHU Ta IMPKOHIH-OKCHIHUMHU KaTali3aTOpPaMH.
LimicHICTh MEOMITHOI CTPYKTYPH MiATBEPIKECHO METONAMH PEHTIeHO()a30BOTO Ta PEHTTCHO(DIYOPUCIIEHTHOTO aHAaIi3Y,
a Takox [Y-crekrpockomii. CryniHb 0OMiHy Harpiro Ha mesiii ckimaB 82 %. 3HaliieHO TakoX, IO KaTiOHM ME3it0
JIOKaJIi30BaHl JMIIe y 10HOOOMIHHUMX Mo3uuisix ¢oxkasutry — B Micipix SIII (Benumki mopoxknunn) ta SI' (comaniTosi
KoMipku). Beranosneno, mo neonit CsX Mae Oau3bKi JO ONTHMAIBHOTO JAJISI JAHOTO TEPETBOPEHHS CITiBBITHOIICHHS
MIX KUTBKICTIO KHCJIOTHHX Ta OCHOBHHUX IeHTpiB. Lle3iliBmicHuil 1eomit 3a 350 °C memoHcTpye 35-55 % KOHBEpCito
eranoiy ta 20-25 % cenekTUBHICTH 3a 1-0yTaHOJIOM, 110 € BHIIMM 3a MMOKAa3HUKH JIJIsl IIMPKOHIEBHUX 3pa3KiB, aje Jeno
MOCTYTIA€ThCA ~ MarHid-amioMiHieBUM —KatamizatopaM. OpepkaHi pe3ynbTaTd CBig4aTe NP0 TEPCIEKTUBHICTH
BHUKOPHCTaHHS LIEONITIB OMM3BKOI MPUPOIH Y Tpolieci KOHACHCAIIl eTaHoIy 10 1-OyTaHory.

Knrouosi cnosa: xoHneHcanist eranodiy, 1-0yTaHou, KHCJIOTHI ICHTPH, OCHOBHI IIEHTpPH, BUXiJ 1-OyTaHoiy,
CEJIEKTHUBHICTB IpOLeCy



