CONTRIBUTII TN DOMENIUL MODIFICARII LIGNINEI PRIN REACTII DE
HIDROXIMETILARE SI EPOXIDARE

Doctorand: Chimist Adina-Mirela Capraru
Coducator stiintific: Prof. Dr. Ing. Valentin |. Popa

Cercetarile efectuate in cadrul tezel de doctorat au avut ca obiectiv principal modificarea unor
produse ligninice prin reactii de hidroximetilare si epoxidare. Valorificarea produselor ligninice
modificate s-a realizat prin formarea unor sisteme biocide pe baza de solutii cuprice. Teza de doctorat
intitulata “Contributii n domeniul modificarii ligninei prin reactii de hidroximetilare si
epoxidare” are o extindere de 228 pagini, este ilustrata cu 208 figuri si 39 tabele, este insotita de 240
referinte de literatura si 12 anexe. Teza este structurata n doua parti: partea l-a Studiu de literatura si
Partea |1-a Date experimentale, organizate in noua capitole.

n prima parte a tezei, pe parcusul atrei capitole se realizeaza o sinteza a datelor de literatura
necesard fundamentarii planului experimental si interpretirii datelor obtinute. Tn capitolul 1V sunt
prezentate cele cinci tipuri de lignina studiate, si totodatd metodele si tehnicile utilizate la
caracterizarea acestora. Capitoul V- Modificarea produselor ligninice prin reactia de hidroximetilare,
prezinta realizarea conditiilor variabile de reactie (temperatura si pH), Tn urma carora s-a determinat
valorile optime de reactie pentru realizarea unei functionalizari maxime. Informatii suplimentare
privind transformarile produse n timpul reactiei de hidroximetileare au fost obtinute folosind tehnici
spectrale cum ar fi: FTIR, UV-VIS, fluorescenta si *H-RMN. Cromatografia de excluziune sterici de
inata performanta a oferit informatii cu privire la modificarea polimolecularitatii derivatilor prin
hidroximetilare Tn concordantd cu reactivitatea substratului si cu posibilele reactiii de reticulare.
Rezultatele aplicarii analizel termogravimetrice au condus la concluzia ca ligninele hidroximetilate sunt
mai stabile termic, ceea ce constituie un aspect important in aplicatiile lor ulterioare. Cel de-al VI
capitol prezinta - Modificarea produselor ligninice prin reacfia de epoxidare, unde s-a urmarit
influenta temperaturii si a raportului masic dintre lignind si hidroxidul de sodiu pentru o durata
constanta de reactie (trel ore), asupra caracteristicilor derivatilor sintetizati. Schema de reactie aplicata
conduce dupa separarea produselor de reactie la obtinerea a doua faze cu caracteristici diferite in
functie de substratul ligninic utilizat. Tn cazul produselor comerciae de tip Protobind a fost remarcata
aparitia nanoparticulelor in faza lichida rezultata Tn urma izolarii ligninelor epoxidate. Pentru
caracterizarea acestor produse s-au folosit tehnicile prezentate in capitolul 1V. Capitolul VII -
Obrinerea de nanoparticule pe bazi de lignine modificate, are la baza modificarea ligninei printr-o
reactie de hidroximetilare efectuata in conditii speciale, precum si epoxidarea produselor comerciale
Protobind. Produsele obtinute au fost caracterizate din punct de vedere spectral (FTIR) si dimensional.
Capitolul VIII - Aplicarii ale ligninelor nemodificate si modificate, prezinta studii cu privire la
formarea de sisteme biocide pe baza de lignine nemodificate/modificate si solutii cuprice. Biocizii
formatii au fost utilizati n tratarea furnirului de mesteacan in scopul determinarii stabilitatii biologice a
acestuia. Produsele ligninice studiate au fost utilizate si la investigatii cu privire la modul in care
ligninele nemodificate si modificate se comporta la biodegradarea Tn solul cultivat cu plante.
Obiectivele urmarite au vizat precizarea stabilitatii biologice a derivatilor ligninici si transformarile
suferite de acestia la nivelul solului, evidentierea rolului stimulator a produselor rezultate Tn urma
degradarii sub actiunea microorganismelor care se asociaza cu plantele cultivate, ierarhizarea speciilor
de plante selectate din punct de vedere al sensibilitatii la produsele testate. Capitolul IX este destinat -
Concluziilor Generale desprinse din cele 8 capitole prezentate. Rezultatele Tnregistrate pe parcursul
elaborarii tezei de doctorat au constituit subiectul unor lucrari publicate Tn reviste cu circulatie
nationala (12) si internationala (7 din care 4 1SI), comunicate la manifestari stiintifice din tara (10) si
strainatate (5), sau incluse Tn proiecte de cercetare cu finantare interna (2) si europeana (1).
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Researches carried out in this thesis dealt mainly with the modification of lignin by
hydroxymetylation and epoxydation reactions. The utilization of modified lignin products was
achieved by the formation of biocides systems based on copper complexes and as plant growth
stimulators. The thesis is divided into two parts: Part | -review of literature and Part Il -
experimental data, organized into nine chapters. In the three chapters of first part of the thesis a
review of literature is presented, being required to approach experimental design and data
discussion. In Chapter 1V the five types of studied lignins (offered by Granit company-Switzerland)
are presented along with the methods and techniques used to characterize them. In chapter V-
Modification of lignin products by hydroxymetylation reaction, the optimal conditions from the
temperature and pH point of view were established with the aim to obtain a maximum content of
functiona groups. Additional information on the changes produced during the hydroxymetylation
reaction were obtained using spectral techniques such as FTIR, UV-VIS, fluorescence and *H-NMR.
High performance steric exclusion chromatography provided information on changes in
polymolecularity of hydroxymethylated derivatives according to the substrate reactivity and the
possible crosslinking reactions were discussed. Results of thermogravimetric analysis have
concluded that the hydroxymethylated lignins are thermally more stable, which is an important
aspect in their subsequent applications. The sixth chapter presents - Modification of lignin products
by the reaction of epoxydation, which was intended to evaluate the influence of temperature and
mass ratio of lignin and sodium hydroxide to a constant reaction time (three hours) on the
characteristics of synthesized derivatives. The applied reraction lead, after separation of the reaction
products, in obtaining of two phases with different characteristics depending on the lignin substrate
used. In the case of commercia products Protobind it was observed nanoparticles in liquid
appearance resulting after isolation epoxydized lignins. To characterize these products the
techniques presented in Chapter 1V were used. Chapter VII - Obtaining nanoparticles based on
modified lignin, presents the results concerning lignin modification carried out under special
conditions of hydroxymetylation and epoxydation to obtain nanoparticles. The products were
characterized in terms of spectral (FTIR) and size distribution. Chapter VIII - Application of
modified and unmodified lignins, presents the rsults obtained in the formation of biocides systems
based on unmodified / modified lignin and copper complexes. Biocides obtained were used to treat
birch veneer in order to determine its biological stability. Lignin products have been used and
studied in investigations of how the unmodified and modified lignin biodegradation in soil influence
plants growth. The objectives were focused on the establishing biological stability of lignin
derivatives and their transformations in soil, highlighting the stimulation/inhibition of plants growth
by the degradation products resulted under the action of microorganisms associated with crop plant
species selected. Chapter IX presents - General conclusions. Results obtained from this research
work presented in this doctoral thesis were partially published in differnt journals and presented as
poster or oral communications at various national and international conferences.



