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Synthesis of Hierarchically Structured 

Lanthanum/Calcium Catalysts for Glycerol Utilization 

Praveen Kumara,*, Urška Lavrenčič Štangara 
a Faculty of Chemistry and Chemical Technology, University of Ljubljana, Večna pot 113, SI-1000 

Ljubljana, Slovenia 
 

In recent years, the production of biodiesel has gained significant attention due to its worldwide 
demand as an attractive bio-fuel and a replacement to petroleum-derived fuels. Glycerol is produced 
by the transesterification of animal fats or edible/non-edible oil and glycerol is as produced as a 
byproduct. In the recent time, the large amount of biodiesel produced has caused a increase the 
glycerol in the market avalable in lower price, while, the utilization is needed for the different 
applications or feed for other chemicals production [1]. Glycerol is largely used for various application 
such as a personal care products, fuel additive, pharmaceutical, food industries and various other 
value-added chemicals. Currently, the glycerol related research focous mainly emphasizes on 
utilization of glycerol in catalytic processes such as hydrogenolysis to propanediols, transesterification 
to glycerol carbonate, dehydration to acrolin, acetalization to solketals, etc [2].  

Various techniques used for large scale production of glycerol carbonate, which is depends upon feed 
materials used for the reaction. Mostly, alkylene carbonates, dialkyl carbonates, CO2, CO and 
phosgene react with glycerol to produced glycerol carbonate. Traditional, carbonation and 
phosgenation routes have been used for synthesis of glycerol carbonate, while, phosgenation is 
abundant due to unsafe reactants and high toxicity and carbonation has been suffers thermodynamic 
limitation, high pressure, etc. Currently, transesterification of glycerol with dimethyl carbonate to 
produced glycerol carbonate is in research stage.  

Previously, various types of catalysts used such as Mg-La, KNO3/CaO, MgO, etc were used for 
transesterification of glycerol with dimethyl carbonate [2,3]. These catalysts have been some 
disadvantage such as long reaction time, low reusability and high energy consumption due to high 
reaction temperatures, etc. La/Ca La mixed oxides catalysts have been found higher degree of acid-
base sites and higher chemical stability, which is essential for transesterification reaction.  

In the present work, we have to synthesize hierarchically structured Lanthanum/Calcium with the 
varying ratio of Ca/La, which is synthesized by combined exo- and endotemplate approach. The 
synthesized catalysts were characterized by various techniques XRD, N2-sorption, SEM/TEM and 
NH3-TPD and CO2-TPD, etc. Further, the catalyst activity and optimization of reaction condition was 
studied batch reactor at various reaction condition including reaction time & temperature, molar ratio 
of DMC/glycerol and reusability of the catalyst.  

Key words: Lanthanum/Calcium catalyst; glycerol; glycerol carbonate; dimethyl carbonate; 
transesterification 
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Naraščajoče povpraševanje po varnih industrijskih procesih je pripeljalo do razvoja in uporabe okolju 
prijaznih trdnih katalizatorjev, namenjenih za uporabo pri kislinsko kataliziranih reakcijah z dodano 
vrednostjo. Kislinska kataliza je eden najpogostejših procesov v kemični industriji. Industrijsko pomembne 
organske trasformacije vključujejo esterifikacije in transesterifikacije, eterifikacije, dehidracije, oksidacije, 
acetilacije, sililacije, sintezo biodizla [1,2]. Trdni kislinski katalizatorji, znani kot "zeleni katalizatorji", se 
uporabljajo kot nadomestek za homogene kislinske katalizatorje. Vsebujejo več okolju prijaznih komponent, 
hkrati pa zagotavljajo večjo aktivnost in selektivnost v primerjavi z obstoječimi homogenimi katalizatorji [3]. 
Primer heterogenega katalizatorja je mezoporozna silika - modificiran SBA-15, ki se uporablja za številne 
organske reakcije.  

V tej študiji smo se osredotočili na sintezo trdnega kislinskega katalizatorja na osnovi mezoporoznega silike 
SBA-15 z inkorporiranim kovinskim Al. Z ujetjem kovine v silikatno matrico se katalizatorju izboljšata 
aktivnost in selektivnost, postane bolj temperaturno obstojen in pridobi večje možnosti za ponovno uporabo. 
Sintetiziran katalizator smo karakterizirali z adsorpcijo-desorpcijo dušika (BET), živosrebrno porozimetrijo, 
Fourierjevo transformacijsko infrardečo spektroskopijo (FTIR), vrstično elektronsko mikroskopijo (SEM), 
dinamičnim  svetlobnim  sipanjem (DLS), rentgensko difrakcijo (XRD), difuzno refleksno spektroskopijo, 
termogravimetrično analizo (TGA), temperaturno programirano desorpcijo (TPD) in temperaturno 
programirano redukcijo (TPR). Nadalje smo z uporabo tega katalizatorja izvedli vrsto reakcij esterifikacij 
oleinske kisline v metanolu s proizvodnjo metil estra oleinske kisline. Vse eksperimente smo izvedli v 
laboratorijskem šaržnem reaktorju. Preučevali smo vpliv reakcijske temperature (55, 60, in 64,5) °C in mase 
katalizatorja m (0,2, 0,4 in 0,6) g na presnovo reakcije. Učinkovitost reakcije smo spremljali z določanjem 
koncentracije oleinske kisline in metil oleata z uporabo GC-FID. Preverili smo ohranjanje aktivnosti 
katalizatorja po večkratni zaporedni uporabi. Študijo smo nadgradili z določitvijo kinetičnih parametrov 
izvedene reakcije. 

Ključne besede: kovinski katalizator, sinteza, oleinska kislina, esterifikacija, mezoporozna silika SBA-15, 
kinetika. 
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