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REZUMAT

Industrializarea puternica realizatd in ultimii ani a condus la o crestere brusca a cererii de
carburanti pe baza de petrol. Astazi combustibilii fosili ocupa 80 % din energia primara consumata in
lume, din care 58 % este utilizatd in sectorul transporturilor. Arderea combustibililor fosili conduce la
cresterea nivelului de CO; in atmosferda, fenomen asociat cu incdlzirea globald din ultimele decenii.
Astfel cresterea consumului de combustibili fosili devine un factor major in emisia gazelor cu efect de
sera (GES), conducand la efecte negative: schimbari climatice, topirea ghetarilor, ridicarea nivelului
madrii, pierderea biodiversitatii. De asemenea, resursele de combustibili fosili sunt distribuite inegal pe
suprafata pamantului, ducand la conflicte politice si cresterea semnificativa a costurilor. Toate aceste
probleme de naturd ecologica si economica au determinat in cadrul protocolului de la Kyoto stabilirea
reducerii emisiilor gazelor cu efect de sera (GES) prin utilizarea surselor alternative de energie.

Politica europeana in domeniul energiei, privind schimbadrile climatice defineste ca obiective de
realizat pand in anul 2020 reducerea cu 20 % a gazelor cu efect de serd, a consumului de energie prin
cresterea eficientei energetice si utilizarea a 20 % energie provenita din surse regenerabile.

In ideea utilizarii surselor alternative de energie si valorificarii lor superioare, actualul studiul din
cadrul prezentei teze de doctorat, isi propune sa puna la punct o tehnologie de conversie a bioetanolului
la hidrocarburi inferioare, preponderent propan, butan si izobutan.

Obiectivele tezei de doctorat vizeazd necesitatea diversificarii directiillor de valorificare a
bioetanolului, produs al biotehnologiilor bazate pe resurse regenerabile, realizarea de sisteme catalitice
de tip zeolitic proiectate pentru conversia bioetanolului la diferite clase de hidrocarburi. In functie de
structura zeolitului de baza si de modificarea sistemului catalitic cu diferite heteroelemente, conversia
poate fi dirijata spre formarea de hidrocarburi alifatice. Tn cadrul tezei de doctorat, studiile de cercetare
au fost orientate spre conversia bioetanolului, pe catalizatori de tip zeolitic, la hidrocarburi alifatice, din
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care fractia propan — butan - izobutan va fi valorificata in tehnica frigului si petrochimie. S-a urmarit
studierea unor compozitii catalitice CU proprietati structurale particulare, obtinute prin introducerea prin
diverse metode cum sunt impregnarea sau sinteza directa a unor cationi modificatori pentru dirijarea
conversiei etanolului spre randamente majoritare de fractie propan — butan - izobutan. Seturile de
catalizatori realizate la scard de laborator au fost testate in instalatii micropilot, in reactii test de
conversie a etanolului, n diferite conditii de operare, In vederea stabilirii performantelor catalitice si a
compozitiei optime a catalizatorului, cu performante ridicate de activitate, selectivitate si stabilitate in
conversia bioetanolului la hidrocarburi parafinice inferioare.

Sinteza catalizatorilor zeolitici de tip ZSM-5 s-a efectuat in laboratorul firmei Zecasin S.A. S-au
sintetizat probe de zeolit ZSM-5 prin metoda hidrotermala, intr-un timp de cristalizare relativ scurt de 48
de ore, din aluminosilicat de sodiu amorf cu raport molar SiO2/Al,O3 in jur de 90 obtinut prin precipitare
si uscare. Experimentarile de sinteza a zeolitului ZSM-5 au urmarit influenta urmatorilor parametri:
natura agentului de cristalizare organic (hidroxid de tetrapropilamoniu sau hexametilendiamind) si
modificarea cu cationi La®>" in etapa de sinteza.

Au fost preparati cinci catalizatori de tip zeolitic (H-ZSM-5(1)+y-Al,03, H-ZSM-5(2)+y-Al,04,
La/H-ZSM-5(1)+y-Al,03, La/H-ZSM-5(2)+y-Al,03, La-HZSM-5(3)+y-Al,03). Catalizatorii La/H-ZSM-
5(1)+ y-Al,O3 si La/H-ZSM-5(2)+y-Al,O3 au fost obtinuti prin modificarea catalizatorilor H-ZSM-
5(1)+y-Al,03, H-ZSM-5(2)+y-Al,O3 prin impregnare umeda incipienta, iar catalizatorul La-HZSM-
5(3)+y-Al,O; a fost obtinut prin introducerea La®* in etapa de sinteza a zeolitului.

Pentru caracterizarea proprietatilor structurale, morfologice, acide si texturale ale catalizatorilor
au fost utilizate urmatoarele tehnici: difractie de raze X, spectroscopie in IR, TG/DTG termodesorbtie
dietilamina, microscopie electronica de baleiaj si adsorbtie/desorbtie azot.

Catalizatorii de tip zeolitic sintetizati, au fost testati la scard de laborator in scopul determinarii
performantelor catalitice, Tn procesul de conversie a bioetanolului la hidrocarburi si stabilirii
catalizatorului optim pentru obtinerea de hidrocarburi parafinice C3-Cj.

Eficienta catalizatorilor zeolitici preparati a fost analizata comparativ, in procesul de conversie a
etanolului la hidrocarburi 1n intervalul de temperatura 350-500°C, viteza volumara de 2,5-10 h™, presiuni
de 5-15 bari si o concentratie de 96 % alcool etilic, Tn flux continuu de hidrogen, cu cicluri de reactie-
regenerare pentru fiecare catalizator timp de o ora. Tnainte de efectuarea testului catalitic, fiecare
catalizator a fost activat ,, in situ” dupa un program prestabilit, timp de 7 ore.

Performantele procesului au fost evaluate prin doua marimi: conversia etanolului si respectiv

procentul de fractie parafinicd C3—C, din fractia gazoasa.



RALUCA PROSCANU ., Conversia catalitica a bioetanolului la hidrocarburi”

Conversia catalitica a etanolului la hidrocarburi are loc printr-un mecanism de reactii complex
care include mai multe reactii intermediare prin care etanolul se deshidrateaza cu formare de etena,
reactie urmatd de oligomerizarea acesteia, cracarea si aromatizarea produsilor obtinuti in reactiile
secundare. Tn functie de tipul de catalizator si conditiile de operare s-a obtinut 0 mare varietate
compozitionald de produsi de reactie - produsi gazosi si produsi lichizi, cei din urma fiind constituiti
dintr-o fractie organica (hidrocarburi lichide) si o fractie apoasa (apa si alcool etilic nereactionat). Atat
produsii gazosi precum si cei lichizi au fost analizati cromatografic.

Catalizatorul La/H-ZSM-5(1)+y-Al,O3 conduce in principal la formarea de etena (10-100 % gr in
amestecul gazos) si hidrocarburi lichide. Formarea hidrocarburilor lichide in cantitdti mari poate fi
explicata prin prezenta centrilor acizi slabi formati prin actiunea cationilor de lantan asupra centrilor
acizi tari si transformarea acestora In centri acizi slabi si prin cristalinitatea mai ridicata a catalizatorului
La/H-ZSM-5(1)+y-Al,Os.

Catalizatorul La-HZSM-5(3)+y-Al,O3 favorizeaza intr-0 pondere foarte mare (70-100 % gr)
reactia de deshidratare a alcoolului etilic la etend, reactia de crestere a lantului hidrocarbonat fiind
favorizata intr-o foarte mica masura (hidrocarburile lichide se obtin in cantitati neglijabile}. Obtinerea
etenei drept produs majoritar Tn cazul catalizatorului La-HZSM-5(3)+y-Al,O5 (sinteza cu HDA + La*")
poate fi explicata prin aciditatea mai mica a acestuia comparativ cu catalizatorii La/H-ZSM-5(1)+y-
Al,0; (sintezi cu TPAOH, impregnare cu La®") si La/H-ZSM-5(2)+y-Al,O; (sintezi cu HDA,
impregnare cu La3+), in corelatie cu cristalinitatea mai mica a zeolitului cu adaos de lantan la cristalizare.

Tn timpul procesului de conversie a etanolului la hidrocarburi pe catalizatorul La/H-ZSM-5(2)+y-
Al,O3, s-au constatat urmatoarele: (i) propena se formeaza in cantitdti semnificative ca urmare a
procesului de cracare a unor specii Cg (olefine), (ii) drept rezultat al procesului de formare in paralel a
propenei si a hidrocarburilor aromatice (fractia BTXE), are loc procesul de transfer de hidrogen intre
acestea, ceea ce conduce la saturarea in principal a propenei. Cantitatea mare de hidrocarburi saturate din
fractia gazoasd sugereaza ca acest catalizator are o capacitate remarcabild pentru catalizarea reactiilor cu
transfer de hidrogen.

Pe baza rezultatelor obtinute s-a stabilit ca La/H-ZSM-5(2)+y-Al,O3 reprezinta catalizatorul
optim pentru procesul de conversie catalitica a alcoolului etilic la hidrocarburi parafinice C3-Cy, iar
parametri optimi de operare ai catalizatorului zeolitic sunt: temperaturd 400-450°C, viteza volumara 2,5-
5 h™*, presiune 5-10 bari.

In concluzie, teza de doctorat dovedeste aplicabilitatea catalizatorului zeolitic La/H-ZSM-5(2)+y-
Al;O;3 in procesul de conversie catalitica a alcoolului etilic la hidrocarburi parafinice C3-C,.

Perspectivele viitoare ar putea viza studierea efectului modificarii suprafetei zeolitului cu azotat de
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lantan, asupra stabilitdtii acestuia precum si optimizarea parametrilor de functionare a catalizatorului
pentru o conversie ridicatd in cazul utilizarii unor solutii de alcool etilic de concentratii mici.

Aceastd lucrare a fost finantatd prin Programul Operational Sectorial pentru Dezvoltarea

Resurselor Umane 20007-2013, proiect POSDRU/88/1.5/S/56661.
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SUMMARY

In recent years, strong industrialization has led to increase of the demand for petroleum-based
fuels. Nowadays fossil fuels cover 80% of the primary energy consumed in the world, 58 % being used
in the transport sector. Burning fossil fuels leads to higher levels of CO, in the atmosphere, a
phenomenon associated with global warming in the last decades. Thus increasing fossil fuel
consumption becomes a major factor in greenhouse gas emissions (GHG) leading to adverse climate
change, melting glaciers, rising sea levels, loss of biodiversity. Fossil fuel resources are also randomly
distributed on the surface of the earth, leading both to political conflicts and raising the costs
significantly. All these ecological and economic problems have led to the Kyoto Protocol setting to
reduce greenhouse gas emissions (GHG) by using alternative energy sources.

European policy on energy, regarding the climate change, put up for 20 % reduction in
greenhouse gas emissions as a major goal to be achieved by 2020, as well as reducing the energy
consumption by increasing the energy efficiency and utilization 20 % energy from renewable sources.

Having in mind the idea of using alternative energy sources and their superior capitalization, the
current study within this thesis aims to devise a bioethanol conversion technology to lower
hydrocarbons, mainly propane, butane and isobutane.

The objectives of this thesis aim the necessary of diversification of the directions to emphasize
the bioethanol utilization, a product of biotechnology based on renewable resources, the realization of
zeolite type catalyst systems designed for bioethanol conversion at different classes of hydrocarbons.
Depending on the structure of the basic zeolite and the modification of the catalyst system with various
heteroelements, conversion may be directed to form aliphatic hydrocarbons. In the thesis, research has
been focused on bioethanol conversion, on zeolite type catalysts, in aliphatic hydrocarbons, of which

fraction propane - butane - isobutane will be harnessed in the freezing technique and petrochemical
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equipment. The aim was to study some catalyst compositions with particular structure properties,
synthesized by introducing of some cation modifiers to direct the conversion of ethanol to yield fraction
majority of propane - butane — isobutane through various methods such as impregnation or direct
synthesis.

Sets of catalysts made on laboratory scale have been tested in micropilot plants, in reaction test
regarding the ethanol conversion, in different operating conditions, in order to determine the optimum
catalytic performance and optimal composition of the catalyst, with high levels performance of the
activity, selectivity and stability in converting bioethanol to lower paraffins.

The synthesis of zeolite catalysts ZSM-5 was carried out within the laboratory of Zecasin SA
company. The samples of ZSM-5 zeolite were synthesized by hydrothermal method, in a relatively short
crystallization time of 48 hours, from the amorphous sodium aluminosilicate SiO,/Al,03 with molar
ratio of about 90 obtained by precipitation and drying. The synthesis of zeolite ZSM-5 followed the
influence of the following parameters: the nature of organic crystallization agent (tetrapropylammonium
hydroxide or hexamethylenediamine) and the modification with cations La>* in the synthesis stage.

Five types of zeolite catalysts were prepared (H-ZSM-5(1)+y-Al,03, H-ZSM-5(2)+y-Al,O3,
La/H-ZSM-5(1)+y-Al,03, La/H-ZSM-5(2)+y-Al,03, La-HZSM-5(3)+y-Al,03).  La/H-ZSM-5(1)+y-
Al,O3s1 La/H-ZSM-5(2)+y-Al,05 catalysts were obtained by modifying H- ZSM-5(1)+y-Al,03, H-ZSM-
5(2)+y-Al,O3 catalysts by incipient wet impregnation, and La-HZSM-5(3)+y-Al,O3 catalyst was
obtained introducing La>* during the synthesis phase of the zeolite.

In order to characterize the structural properties, morphological, acid and textural of the catalysts
the following techniques have been used: X-ray diffraction, IR spectroscopy, TG/DTG thermal
desorption diethylamine, scanning electronic microscopy and adsorption / desorption of nitrogen.

The synthesized zeolite type catalysts were tested on a laboratory scale in order to determine the
performance of the catalyst in the conversion of bioethanol to hydrocarbon and determining the optimum
catalyst for the production of C3-C,4 paraffins.

The efficiency of the prepared zeolite catalysts was analyzed comparatively in the conversion
process of ethanol to hydrocarbons in the temperature range 350-500°C, the WHSV 2.5-10 h™, pressures
of 5-15 bar and a concentration of 96 % ethanol, in continuous hydrogen flow, with the reaction-
regeneration cycles of the catalyst within one hour. Before doing the catalytic test, each catalyst was
activated "in situ™ according to a pre-established schedule for 7 hours.

The performance of the process was evaluated by means of two sizes, namely: the conversion of

ethanol and the percentage of C3-C, paraffin fraction from the gaseous fraction.
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Catalytic conversion of ethanol to hydrocarbons occurs through a complex reactions mechanism
that includes several intermediate reactions in which the ethanol is dehydrated with the formation of
ethylene, reaction followed by its oligomerization, cracking and aromatization of the products obtained
during the side-reactions. Depending on the type of the catalyst and the operating conditions, a wide
range composition of the reaction products was obtained - gaseous products and liquid products, the
latter being composed by an organic fraction (liquid hydrocarbon) and an aqueous fraction (water and
unreacted ethylic alcohol). Both the liquid and gaseous products were analyzed by chromatography.

La/H-ZSM-5(1)+y-Al,O3 catalyst leads mainly to the formation of ethene (10-100% wt. in
gaseous mixture) and liquid hydrocarbons. The formation of liquid hydrocarbons in large quantities can
be explained by the presence of weak acids sites formed by the action of lanthanum cations on strong
acid sites, turning them into weak acid sites and higher crystallinity of the catalyst La/H-ZSM-5(1)+y-
Al,Os.

La-HZSM-5(3)+y-Al,O5 catalyst favors, in a very high proportion (70-100% wt.), the
dehydration reaction of ethyl alcohol to ethylene, growth reaction of the hydrocarbon chain being
favored in a very small extent. Preparation of ethylene as the major product in the case of La-HZSM-
5(3)+y-Al,O5 catalyst (synthesis with HDA + La>*) can be explained by its lower acidity than La/H-
ZSM-5(1)+y-Al,05 catalysts (synthesis with TPAOH, impregnation with La*") and La/H-ZSM-5(2)+y-
Al,05 (synthesis with HDA, impregnation with La>*), in correlation with the smaller crystallinity of the
zeolite with lanthanum added to the crystallization.

During the conversion of ethanol to hydrocarbons on the catalyst La/H-ZSM-5(2)+y-Al,Os3, the
following aspects were found: (i) propene is synthesized in significant quantities due to the cracking
process of some species Cg (olefins), (ii) as a result of the process of forming the propylene and aromatic
hydrocarbons (fraction BTXE), the transfer of hydrogen takes place between them, which leads to the
saturation of propylene. The large amount of saturated hydrocarbons in the gas fraction suggests that this
catalyst has a remarkable capacity to catalyze reactions with hydrogen transfer.

Based on the obtained results, it was established that La/H-ZSM-5(2)+y-Al,O3 represents the
optimal catalyst for the catalytic conversion of ethyl alcohol from C3-C, paraffins and the optimal
operating parameters of the zeolite catalyst are: temperature 400-450°C, 2.5-5 h™* LHSV, pressure 5-10
bar.

In conclusion, the PhD thesis proves the applicability of zeolite catalyst La/HZSM-5(2)+y- Al,O3
in the catalytic conversion of ethyl alcohol at C;-C,4 paraffins. Further studies may investigate the effect

of surface modification of zeolite with lanthanum nitrate on its stability and the optimization of the
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operating parameters of the catalyst for a high conversion when using some ethyl alcohol solutions of
low concentrations.

This thesis was financed through the Sectoral Operational Programme for Human Resources
Development 20007-2013, POSDRU/88/1.5/S/56661 project.

Keywords: catalyst, ZSM-5 zeolite, structuring agent (template), lanthanum, ethanol, conversion,

Cs-C4 fraction.
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