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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 (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.

Keywords: ethanol condensation, 1-butanol, acid sites, basic sites, 1-butanol yield, process selectivity
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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 (SiO2/Al203= 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 SiO2to AhO3 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 Seer Sticro \% = V. V micro/ V£ R,
e /g m? / g micro cm? / g nm
cm/g
NaX 689 669 0.279 0.323 0.86 0.9
CsX 345 329 0.140 0.180 0.79 1.0
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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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TleperBopeHHs eTaHONMy y MiHHI XiMIiYHI TPOAYKTH HaOyBae BCE MIMPIIOTO 3acToCyBaHHS. OIHUM 13 Takux
HEePCIIEKTUBHUX NPOIIECiB € KOHAEHcAIisl ciupTis 3a I'epOe, 1110 103BOJIsIE OTPUMYBATH 1-0yTaHOI i3 albTepHAaTUBHOI Ha()TOBIH
BiJTHOBITIOBaJIGHOI CHPOBHHU. baratoo0ils rouinMuy KaTanizaTopaMy TaKOro MEPETBOPEHHS € OKCHIIHI CHCTEMH, 110 TIOETHYIOTh
Yy CBOEMY CKJIa/li KUCJIOTHI Ta OCHOBHI IIEHTpU. Y JaHili poOOTi OIIIHEHO aKTHUBHICTh Y KOHJACHCAIlIl eTaHoy 10 1-OyTaHomy
1e3ieBoi (POPMHU LIEOJITY THUITy X, OJEpXaHOI TiApOTepMaTbHUM iOHHMM OOMIHOM, a TakKOX IPOBEJCHO MOpPIBHSIHHSA Ii
e(eKTHUBHOCTI 3 MarHii-aJIFOMiHIi{- OKCHAHUMH Ta HUPKOHIH-OKCHIHUMHU KaTaiizaropamu. L[iTiCHICTh EOIITHOT CTPYKTYpH
MiATBEP/DKEHO METOJaMU PEHTIeHO(]a30BOro Ta peHTreHO(QIyOPHCIEHTHOTO aHalizy, a Takox [Y-crnektpockomii. CTymiHb
oOMiHy HaTpito Ha 1e3iii ckiaB 82 %. 3HalWEHO TAaKOX, IO KAaTIOHHU LIE3il0 JOKaTi30BaHi JHIIE Y i0HOOOMIHHHMX MO3UIIISX
(doxkazuty - B Micisx ST (Bemuki mopoxuunu) Ta SI' (comanitoBi koMipkH). BetanosieHo, 1o eomit CsX Mae OJU3bKi 710
ONTUMAJILHOTO JIJISl IaHOTO NEPETBOPEHHS CHIBBIHOIICHHS MiX KIIBKICTIO KHCJIOTHHX Ta OCHOBHHX LEeHTpiB. Lle3iiBMicHuI
neouit 3a 350 °C memoHcTpye 35-55 % koHBepcito eranoiy ta 20-25 % celeKTHBHICTD 3a 1-0yTaHOJIOM, IO € BHIIHM 32
MOKA3HUKHU JUTS [IUPKOHIEBUX 3pa3KiB, alie JEN0 MOCTYAae€ThCcs MarHii-aitoMiHieBUM Kataiizaropam. OnepkaHi pe3ylbTaTu
CBiZlYaTh NPO MEPCHEKTHBHICTh BUKOPUCTAHHS LIEOJITIB OJIM3bKOI MPUPOAM y Ipolieci KOHAEHcalii eTanony 10 1-OyraHouiy.

Knrouosi cnosa: xouneucanis eranony, 1-OyTaHon, KHUCIOTHI IEHTPH, OCHOBHI UEHTPH, BHUXix 1-GyTtaHoiy,
CEJIEKTUBHICTH IpoLecy
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