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A kutatdsi projektben résztvevd kutatok azonosak a szerzédésben szerepld
kutatdkkal?

(Amennyiben nem azonosak, akkor kérjuk, hogy az NKFI Hivatalnak cimzett, igen
elektronikusan benyujtott kérelemben jelezze a valtozast. A kutatd résztveviket
csatlakoztatni szlikséges a projekthez az EPR-ben.)

Az elvégzett munka megdfelel-e a munkatervben tervezettnek? igen

Az elért eredmények rovid ismertetése:

The goal of the project OTKA PD 138430 is the substitution of polyolefins with microbial polyesters. Although polyolefins are applied in
many fields, these areas can still be sorted into two very distinct categories.

The first category comprises applications and products of a high added value, such as accessories for the medical and pharmaceutical
industries. These products are generally of a considerable cost, and the methodology of their production is based on many versatile
technologies. Conversely, the products that belong to the second category, i.e., packaging, generally represent a marginal added value.
Their manufacturing is carried out by using a rather limited amount of (conventional) technologies. Among these conventional, high-
output, cost-efficient technologies, the most important ones are extrusion and injection molding.

The emphasis laid on the areas of application and the technology of manufacturing is necessitated by the nature of the project: the
possible routes of substitution, as well as the challenges the researcher has to face, primarily depend on the area of application. The
greatest challenge of using microbial polyesters in the field of medical and pharmaceutical sciences is that their physical and chemical
properties are more difficult to fine-tune. For example, the most important parameter of a drug carrier matrix is the time-dependent rate
of the release of the drug. Kinetical parameters that determine this rate of release can be easily fine-tuned by varying the ratio of co-
monomers in conventional matrices, such as polyisobutylene (PIB). Unfortunately, the ratio of co-monomers in microbial polyesters is pre-
determined by the method and parameters of the fermentation.

Despite these difficulties, our research team has successfully developed a method that facilitates the production of microbial polyester-
based drug carrier matrices. These matrices consist of uniformly sized particles with a very precisely variable diameter. The rate of the
release of the drug is primarily determined by the diameter of the particles: the smaller the particle, the faster the release of the drug. The
production of these drug carrier particles consists of two steps. The first step follows a conventional method. The second step, however, is
an entirely new technology.

As a first step, particles are created by using the emulsion-suspension method. This method yields perfectly spherical particles. However,
the polydispersity of this bulk of particles is unacceptably high. To overcome this difficulty, the technology of particle chromatography has
been developed, which enables its user to create fractions of particles of an especially narrow distribution of diameters. Since this
technology is completely new, the theoretical background required by the quantitative description of the process of separation has not
been introduced yet. Therefore, a mathematical model is also proposed in the article. The model is based on the principles of rectification -
exactly like the theoretical background of liquid chromatography. The article has already been successfully published.

For the reasons described in the proposal of this project, the substitution of polyolefins applied by the packaging industry was also
addressed. As mentioned above, in different areas of application, different difficulties are to be faced. The most important factor that
impedes the introduction of microbial polyesters to the packaging industry is that they must be processed with conventional, high-
throughput techniques, e.g., extrusion and injection molding. Otherwise, the application of less productive techniques will lead to
decreased output and, ultimately, increased price.

In order to maintain the competitiveness of these biopolymers on the market, extrudable and moldable materials have to be developed -
strictly on a material base provided by microbial polyesters. Such a development of biopolymer-based raw materials is made possible by
additives. The first and most important additive is a thermal stabilizer: as mentioned above, the conventional processing techniques share
the common feature of working with the melt of the polymer. Therefore, the material must be heated above its melting temperature. At
high temperatures, however, the thermo-oxidatively catalyzed degradation of the macromolecular chains occurs at a considerable rate. The
dominant mechanism of the thermo-oxidative degradation of microbial polyesters is statistical chain fragmentation. As a result, the
average molecular weight drops drastically, which leads to impaired mechanical performance.

In order to hinder or at least decelerate the statistical chain fragmentation, stabilizers might be used. These stabilizers can be of a
synthetic or natural origin. As the proposal specifically pointed out the importance of a sustainable and circular industry, the stabilizers
used in this project are of natural origins. Our laboratory has received plant extracts from a fellow research group; the materials were the
product of supercritical carbon dioxide extraction. The feedstock subjected to the extraction was made of fruits; the stabilizer this project
used was extracted from the peel of pomegranate.

As a result, a microbial polyester of a completely biological origin is used, stabilized by fruit extracts. The biggest challenge this
methodology faces is related to the available amount of the components: the pomegranate extract was available in rather reduced quantity
(a few grams). Similarly, the total amount of available microbial polyesters was in the range of a few kilograms. At this point, a technical-
logistical difficulty must be highlighted, as it concerns the financial report as well. As promised in the proposal, microbial polyester was
purchased (PHB-HHx) as a raw material to be used during the experiments. Unfortunately, even the smallest volume of the material sold
and shipped by the manufacturer was offered at a price larger than the financial resource (material cost) for this year. Therefore, a portion
of the material cost scheduled to be spent in the next year was borrowed.

As a part of the effort to keep the volumes of the materials as small as possible, the homogenization of the stabilizer in the polymer was
carried out in a solution and not in bulk. This way, working with grams of the polymer and milligrams of the stabilizer became possible.
From this solution, films were successfully cast, which were subsequently subjected to thermo-oxidative stress. Degradation of the samples
was carried out in both heat ovens and in a laboratory-scaled press. After the degradation, the effectiveness of the stabilizer was
quantitatively characterized.

First, rheological measurements were carried out. Data obtained by viscometry has proven that during degradation, the average molecular
weight of the neat polymer drops drastically. However, this disadvantageous effect was mitigated considerably by the presence of the




stabilizer. These findings were corroborated by the results of the mechanical tests. Compared to the reference samples that were not
degraded, the neat polymer suffered a 35-50 % loss of its tensile strength. This drastic worsening was starkly contrasted by experiments
carried out with stabilized samples. In the latter case, the drop in tensile strength was reduced to the 10-25 % region, which clearly
highlights the effectiveness of natural stabilizers.

Besides rheological and mechanical tests, IR spectroscopy was also used to assess the efficiency of bio-stabilizers. Thermo-oxidative
degradation alters the chemical structure of microbial polyesters considerably. Besides the fragmentation of the macromolecular chains
already mentioned above, several side reactions also occur, which form a significant number of new functional groups on the fragments.
These functional groups generally show absorbance in the infrared wavelength range. Therefore, IR spectroscopy could facilitate the
monitoring and quantitative analysis of the degradation.

An important factor that limits the informativeness of one single IR spectrum is the number of side reactions and new functional groups. A
number of articles that discuss the reactions that occur during thermo-oxidative degradation have already been published in the literature.
They are often contradictory, but a common conclusion is made by the authors of each paper: the presence of oxygen initiates and
maintains several consecutive and parallel reactions, which results in the formation of dozens of new functional groups. As a result, the
entire IR spectrum of microbial polyesters is altered by the degradation; not a single absorption peak remains unaffected.

Due to the vast number of consecutive and parallel reactions taking place in the bulk of the polymer during degradation, changes in the
amplitude of individual peaks cannot be traced back to individual reactions. However, an application of certain mathematical tools enables
the researcher to find correlations even in the IR data of an especially complex reaction. These tools are singular value decomposition
(SVD) and, based on that, principal component regression (PCR). PCR has successfully been applied during the construction of a
mathematical model, which can be used to find a direct correlation between numerical data of the IR spectra and the extent of
degradation.

Moreover, our measurements have proven that there is a direct (although not linear) correlation between the extent of the degradation and
the yield strength of the polymer. A recognition of the existence of these correlations compelled us to combine these two: a mathematical
model has been created that uses IR data to predict the yield strength of the polymer. The reliability of the model has been verified by the
cross-validation method. These results provide the basis of the second article, which is currently in manuscript form.
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Valasz a 138430 azonositoju ''Poliolefinek helyettesitése mikrobialis poliészterekkel'
cimi projekt részjelentésével kapcsolatban felmeriilt kérdésekre

1.
PHB és PHB-HV polimerekkel kivantak a stabilitast noveld kisérleteket kivitelezni, ezzel
szemben csak PHB-HHx kopolimerrel torténtek kisérletek.

Vilasz:

A PHB-HHx kopolimer beszerzése egy kimondottan hosszadalmas procedura keretein beliil
tudott csak megvalosulni, igy amig a PHB-HHx nem 4allt rendelkezésre, a korabban vasarolt
PHB-HV kopolimerrel zajlottak a kisérletek.

2.

Extrudalassal nem késziiltek mintdk a magas alapanyagadrra hivatkozva.

Valasz:

Valoban, a magas alapanyagar erdsen limitélta a kisérletek kivitelezése soran rendelkezésre 4llo
polimer volumenét. Bar a PHB-HHX szignifikdnsan kénnyebben feldolgozhaté mint a PHB
vagy a PHB-HV, a PHB-HHX magas 4ra miatt mégis érdemes maradni az eredeti tervnél és
PHB-vel valamint PHB-HV-vel dolgozni.

3.
A mechanikai és TGA vizsgalatok elmaradtak.

Vilasz:

Sor keriilt mind a mechanikai, mind a TGA vizsgalatokra, azonban ezeket kiilon nem
hangstlyozza a részjelentés. A részjelentés arra tér ki, hogy sikeriilt egy olyan matematikai
modellt alkotni, ami segitségével IR spektrumok alapjan meghatarozhaté a szakitdszilardsag
(ennek az ellendérzése soran volt sziikség a mechanikai vizsgalatokra), még akkor is ha a
termikus stabilitds biztositdsa érdekében természetes antioxiddnst tartalmaz a matrix (a
termikus stabilitas kvantitativ analizise soran volt sziikség a TGA mérésekre).

4.

A masodik évre extrudalas és froccsontés szerepel a munkatervben. Ha az elso évben a magas
alapanyagkoltség miatt a nagyobb léptékii kisérletek meghiusultak, hogyan fognak ezek a
masodik évben megvalosulni? A magas alapanyag koltség nem veszélyezteti-e a teljes projekt
megvalosithatosdagat?

Vilasz:

A magas alapanyagar mellett sajnos szamos mas tényez0 is hatraltatja a projektet illetve
akadalyozza annak megvalosithatosagat. Mindezek miatt kiemelt figyelmet szenteltem annak
hogy az elsd évet a vallalasaimnak megfelelden lezarjam (eredményeimet nemzetkozi, impakt
faktoros folyoiratban publikaltam, valamint megirtam a szakmai beszamolot), illetve hogy a
masodik évre szant fizetésem mar ne vegyem fel. Ezt kovetden kezdeményeztem az NKFIH-
nal a timogatotti jogviszonyom megsziintetését.



