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ABSTRACT

The synthesis of three novel a-aminophosphonic acid diesters N,N-dimethyl-[N’-
methyl(diethoxyphosphonyl)-(2-furyl)]-1,3-diaminopropane,p-[N-
methyl(diethoxyphosphonyl) -(2-furyl)]toluidine and p-[N-methyl(diethoxyphosphonyl)-
(4-dimethylaminophenyl)]toluidine through an addition of diethyl phosphite to N,N-
dimethyl-N'-furfurylidene-1,3-diaminopropane, N-furfurylidene-p-toluidine and N-(4-
dimethylaminobenzylidene)-p-toluidine, respectively, are reported.[1] The o-
aminophosphonates have been characterized by elemental analysis, IR and NMR ('H,
3C  and °®%'P) spectra. [2] The pharmacological importance and utility of
aminophosphonate derivatives have stimulated extensive studies on various aspects
of their chemistry and biochemistry: synthetic routes, structural and spectral
characterization and evaluation of their biological property.[3] The compounds were
tested for antiproliferative effects against 4 human leukemic cell lines, namely LAMA-
84, K-562 (chronic myeloid leukemias), HL-60 (acute promyelocyte leukemia) and HL-
60/Dox (multi-drug resistant sub-line, characterized by overexpression of MRP-1
(ABC-C1)) and were found to exert concentration dependent cytotoxic effects. A
representative aminophosphonate compound was shown to induce oligonucleosomal
DNA fragmentation which implies that the induction of cell death

through apoptosis plays important role for its cytotoxicity mode of action. 7

INTRODUCTION

Aminophosphonic  acid derivatives constitute an important class of
organophosphorus compounds on account of their versatile biological activity. The
generally low mammalian toxicity of these compounds makes them attractive for use in
agriculture and medicine. Numerous of them possess antifungal, pesticidal, herbicidal
and plant growth regulatory activity and are of particular interest for agrochemistry.
Aminophosphonic acids are structural analogues of natural a-aminocarboxylic acids,
and have been found to act as inhibitors of specific enzymes as HIV protease,
thrombin and human collagenaze, and to suppress the growth of various tumors and
viruses.*! Moreover, some aminophosphonic acids inhibit bone resorption, delay the
progression of bone metastases, exert direct cytostatic effects on a variety of human
tumor cells and have found clinical application in the treatment of bone disorders and
cancer.5l Polymeric aminophosphonate analogues are used as bone seeking
radiopharmaceuticals.

Among the numerous synthetic approaches to aminophosphonates, the addition of
dialkyl phosphites to Schiff bases in the presence of sodium alkoxide and Lewis acids
is the most convenient procedure.

Chemistry

The novel a-aminophosphonic acid diesters - N,N-dimethyl-
[N’-methyl(diethoxyphosphonyl)-(2-furyl)]-1,3-diaminopropane (4),
p-[N-methyl(dietoxyphosphonyl)-(2-furyl)]toluidine (5) and p-[N-
methyl(diethoxyphosphonyl)-(4-dimethylaminophenyl)]toluidine (6), were synthesized
through addition of diethyl phosphite to the azomethine bond of the Schiff bases N,N-
dimethyl-N'-furfurylidene1,3diaminopropane (1), N-furfurylidene-ptoluidine (2) and N-(4 -
dimethylaminobenzylidene)- p-toluidine (3), according to the Scheme 1.

The reaction was carried out using NaOC,H; and Cdl, as catalysts, as well as without
catalyst. The addition of the phosphite to the Schiff bases was controlled by IR
spectroscopy. In the presence of the catalysts the aminophosphonates 4 - 6 were obtained
in good yields for 3 h, while in the absence of catalyst the reaction time was longer — up to
8 h. The products 4 and 5 are oils and 6 is crystalline solid. They are soluble in methanol,
ethanol, benzene, chloroform.

The synthesized compounds 4 - 6 gave

R R HsCo0 HsC:O iy satisfactory elemental analyses, and
=N+ P _P_ _N._their molecular structure was confirmed
HsC,0" 3R HeC20 ‘c‘;\R( R by IR and 'H, 1°C and 3'P NMR
e e spectroscopy
The IR spectra of 4 — 6 showed the
1,4 R= /O\ , R'= —CH,CH,CHN(CHg), expected absorption bands at

3375-3306 and 1250 -1239 cm-',

2,5 R= @\ R @CHS which are attributed to NH and P=0
o

stretching vibrations, respectively
3,6: R= QN(CHa)Z, R'= @cm

Scheme 1

CONCLUSION

v The starting Schiff bases 2 and 3 and the a-aminophosphonates 4 - 6 were evaluated
for cytotoxicity against 4 human leukemic cell lines, including the multi-drug resistant
model HL-60/Dox.

v The cytotoxicity data obtained revealed that the Schiff base 2 and the corresponding
aminophosphonate 5 provided to be the most potent cytotoxic agents among the tested
compounds.

v It implies that the presence of both furyl and N-tolyl moieties is an important
prerequisite for optimal activity in these substances.

v The studied compounds were far less active as compared to the referent anticancer
drug cisplatin, except the aminophosphonate 5, which effect towards K-562 cell line was
comparable with the referent.

v The Schiff bases 2 and 3 and aminophosphonate 6 failed to exert any significant
antiproliferative effects against the sensitive cell line HL-60.

v The ability of these compounds to selectively inhibit MRP-1 expressing HL-60/Dox
indicates that they could be considered as promising leads for further development of
agents active in chemotherapy refractory malignant disease.

v'The compound was shown to induce oligonucleosomal DNA fragmentation which
implies that the induction of cell death through apoptosis plays an important role for its
cytotoxicity mode of action.

v Taken together the biological data give us reason to consider the presented Schiff
bases and a-aminophosphonates as a novel class of antiproliferative agents. The
observed collateral sensitivity of multi-drug resistant cancer cell lines and the
established activity of a representative compound to trigger apoptosis at sub-cytotoxic

Pharmacology

The Schiff bases 2 and 3 and the aminophosphonates 4-6 were assessed for

cytotoxicity against a panel of cell lines representative for some important types of human
leukemia including the multidrug-resistant model HL-60/Dox. All compounds exerted
concentration - dependent antiproliferative effects after 72 h exposure which enabled the
construction of concentration-response curves and the calculation of the corresponding ICs,
values summarized in Table 1.

Cells IC,, value (uM)2

line 1 2 3 4 5 Cisplatin
LAMA-84° 39.9| 251.9 [>400.0| 71.2| 119.4 18.2
K-562° 209 | 2129 | 3529| 229 | 424 25.7
HL-60° >400.0 | >400.0 | 163.4| 74.8 | >400.0 7.8
HL-60/Dox°¢ | 68.6 2261 | 190.0 | 1152 | 107.2 145

Table 1. Comparative cytotoxic activity of compounds 2-6 vs. cis - DDP in a panel of
tumor cell lines after 72 h (MTT-dye reduction assay).

As evident from the cytotoxicity data the Schiff base 2 and the corresponding
aminophosphonate derivative 5 proved to be the most potent cytotoxic agents,
which implies that the presence of both furyl- and N-tolyl moieties is an important
prerequisite for optimal activity for these compounds. All tested compounds were
generaly less active as compared to the referent anticancer drug cisplatin,
although compound 5 showed superior activity against K-562 cells.

The level of internucleosomal DNA fragmentation, a key feature of apoptotoic cell
death after 24 h treatment with varying concentrations of the newly synthesized
aminophosohonate compound 5 is presented in Figure 1.

* As evident from the results obtained, the
[ ] exposure of LAMA-84 with the tested
agent evoked concentration-dependent
increase of the proportion of apoptotic
cells as evidenced by the enrichment of
cytosole with oligonucleosomal DNA-
fragments. These data unambiguosly
indicate that the induction of apoptosis
0 - . plays crucial role in the cytotoxic mode of
¢ 23 50 100 200 action of the aminophosphonates under
Concentration yM investigation.
Figure 1

levels suggest that these compounds necessitate further more detailed pharmacological
evaluation. V
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CUMYNALMU HA ENEKTPUYHMU NONETA U AN3AUH HA
KOJIEKTOPU 3A ENNEKTPOOBJIAKHABAHE

A. ToHuyeBa, K. Pawkos*, [1. MaHeBsa, H. MaHonosa, (Trom e o
JNla6bopaTopus 6MONOrMYHO aKTUBHM Nonumepu, UHCTUTYT No nonumepwm,
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EnekTpooBnakHsBaHETO € BbPXOBa TEXHONOrMs 3a noriydaBaHe Ha MMUKPO- M HaAHOBAKHECTU MaTepuanmu.
Knacuuyeckata nabopaTtopHa anapaTypa BKflOYBa TPU OCHOBHM efleMeHTa: U3TOYHMK Ha BUCOKO HarpexeHwue,
pesepBoap (cnpuHuoBka c¢ kanunapa)) u kKonektop!™, BBPXY KOWTO ce oTnaraT nosfyYeHUTe BrlaKHa.
PasnpeneneHneTo Ha NPUIIOXEHOTO €NIEKTPUYHO norie e KN4YoB (pakTop 3a HACOYeHOTO OTNaraHe Ha BrakHaTa,
3a TAXHaTa camMoopraHusauusiTa B CHonose unu npexau. Llenta Ha uscnenBaHeTo e TEOPEeTUYHOTO NpeAcKasBaHe
Ha eNeKTPUYHOTO NoJie B anapaTypu C pasnuyeH Au3anH U CpaBHEHMETO C eKCnepuMeHTanHuTe pesynTtaTu, 3a aa
ce HamepSAT YCNoBUATa 3a NosflyyaBaHe Ha HAHOBMIAKHECTU MaTepuaniu ¢ xefnaHa Mopdonorusa u opraHmsaums.
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NMobunu3rpane Ha ypeas3a B XMOpUIHU T'eJI0BE KOHCTPYUPAHU OT PO
OT MOJH (2-XUAPOKCU-ETUIIEH METAKpUJIAaT) U OOBUBKA OT MOJIU (€TUIICHOB OKCH])

J1. XKenesa!, IT. ITetpos!, X. LIperanos', 5. Tonanosa?, P. JlumMkoB?

1. JTabopatopus [Tonumepusarmonnu npouecu, MucucryT no noaumepu, BAH
2. Karenpa “O6mia u npuioxsa xuapoduonorus”, buonorndecku paxynrer, CY “Cs. Knument Oxpuacku”

1.YBog
VYpeasure ca MHUPOKO PA3MPOCTPAHEHHU B MPUPOATa CH3UMH, KOUTO KaTAIM3UpaT XUAPOIN3aTa Ha ypes 10 aMOHSIK U BbIIIEPOJIHA
KucenuHa. Te3u eH3MMHU HaMHPAT MPUIOKEHHE KaTo OMOCEH30pH B MEAUIMHATA, XPaHUTEIHO-BKYCOBaTa IPOMHUWIEHOCT, CTPOUTEIICTBO
u ap. 3a Ja ce ONTUMHU3HPA U3IOI3BaHETO UM € He0OX0ANMO f1a ObIaT UMOOMIN3HPAHH.
HacrosmioTo u3cienBane npeacTapsi u3pab0OTBaHETO Ha OPUTHHAIICH METOJ] 332 HCKOBAJICHTHO MMOOWIN3UPAHE Ha ypeas3aTa u
e(heKTUBHOCTTAa MYy Ha 3aJbpKaHe.

2.CtpaTterus

2.3. Mop¢oJiorust Ha NOJTyYeHUTE
2.1. ITonyyaBaHe Ha OMOXUOPHIAHU Tresl0Be

reJioBe

= =4 =4 = S &
® s ———rm e
& =
= s = S| S
S =4
(= = (= (=

Q@uzypa 1. CxeMaTHYHO NpeJICTABSIHE HA MPoLeca HAa UMOOUIH3MPAHE HA eH3MMa ypeasa B
HOCHTEJHU OT NoJu (2-xuapokcuerns merakpuiat) (MXEMA) : a — pasrBop Ha ypeasa (1,5

Mmr/mi); 6 — uMOOMIM3UpaHe Ha eH3UMHUTE MoJeKyu B NXEMA kpuoren; B — GHOXUOpuaeH
rein

ITEO o6BuBKa SAnpo or nXEMA

2.2. llosryuaBaHe Ha XHOPH/EH reJl OT BH/IA SIAPO-00BMBKA

1) IIEO
3% pa3TBOp

O0OBHBKA

XuOpuaeH reja oT Buaa
S1Ip0-00BUBKA

Buoxudpungen rexa

@uzypa 3. CEM crumka (a) n  dotorpadceka
cHHMKa (6) Ha XHOPHIEH T'ell OT BUAa SAPO-00BHBKA

@Duzypa 2. CxeMaTHYHO NpPeACTABSIHE HA NMPOleca HA 00BUBaHe HA OMOXMOPHUIHUTE AAPa OT
nXEMA kpuore ¢ 06BuBKa 0T 101 (eTujieHoB okeua) (ITEO) xuapored.

3. PesyaraTu
Onpenemme CTeneHTa Ha 3a/IbpKaHe

Ta6mua Ne 1.  ExcriepuMeHTalIHH YCIOBHS 3a MOTy4YaBaHe .

Ha [1EO o6BuBKa

Bapuant

Crenen ya 3ybpaane, Yo

—

——

e

A

B

BapuanT Ha XUOpMAHMS TeJl

@uzypa 4. EQexTUBHOCT Ha 3a/IbpKaHe HA ypeas3a

Ha ypeasa
3a 1a ce onpeney KOIMYeCTBOTO Ha CH3UMA,
KOWTO € NpeMUHaJI Ipe3 0OBUBKATa CE U3I0JI3Ba
MeTto1a Ha KoueToB 3a 6eNThYHO ChABPKAHHE.
IpenBapuTeIHO KbM BCsIKa po0a ce mpudaBs
peakTHB Ha BeHeMKT, B pe3ylTaT Ha KOSTO ce
T0JTy4aBa CHHbO OLBeTsBaHe. M3mepBa ce
abcopOrmsaTa Ha BCAKa IpoOa NpH JbJDKHHA Ha
BbaHaTa 330 HM ¢ Beckman Coulter DU 800
criektpodporomersp. OT HHTEH3UTETA HA
a0copOIMATa C HOMOILTA HAa CTAaHJaPTHA [IpaBa
ompezessiMe KOMMYECTBOTO Ha CH3MUMa.

TOJIEMHWHA Ha KyXWUHUTEC.

4. U3Boan

* MakponopecTuTe KpHOorenoBe ca MOAXOSIIN 3a UMOOHII3upaHe Ha OM000eKTH, OnarogapeHie Ha TIXHaTa HHEPTHOCT, BUCOKA MOPHO3HOCT U

» Hamepenu ca ycinoBust, npu kKouto ooBuBkata ot [IEO-xuaporen ycnemHo 3a1bp>ka CH3UMHATE MOJICKYJT HMOOWIM3HPaHH B AapaTa oT IXEMA

KpHTel, KaTo OCUTYpsiBa CBOOOJHO nuyHANpPaHE HA CyOcTpaTa M KpalHIS IPOAYKT HA PEaKIUsTa.
* [TomyuennTe XUOPHIHY TEIOBE MOTAT Jja CE M3IMOI3BAT KaTO MHANKATOPH 3a 3aMbPCSBAHE HA BOJHU IIPOOH C TEKKH METAIIH.

obacTTa Ha MoJMMepHaTa XUMusl, HPU3UKa U HHKEHEPCTBO”
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PROTON CONDUCTING SEMI-INTERPENETRATING NETWORKS
BASED ON POLYBENZIMIDAZOLE AND CROSSLINKED POLYACIDS

D. Budurova, V. Sinigersky, St. Shenkov
Institute of Polymers, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria

Introduction

Interpenetrating polymer network (IPN) is an assembly of interpenetrating networks of two crosslinked polymers, which could have or not chemical interaction, but at least one of them is
synthesized and crosslinked in presence of the other [1]. If only one component of the assembly is crosslinked, the system is termed as a semi IPN. Depending on the synthetic approach,
nature of the components and many other factors, IPN can be classified into defferent categories. Generally this is a suitable combination of crosslinked polymer whith another polymer in
linear or crosslinked (network) form. These materials exhibit specific properties as improved solvent resistance, high water uptake, good thermal and mechanical properties, etc.

The direct methanol fuel cells (DMFCs) are promising energy conversion devices due to their high energy efficiency, stable and simple operating conditions at a relatively low temperature,
and no requirement of fuel reforming process [2-3]. The proton exchange membrane (PEM) is one of the most important components in DMFC. The PEMs with high proton conductivity have
huge potential in DMFC applications. The main aim of this study is to obtain the PEMs with high proton conductivity and low methanol diffusion coefficient for DMFC applications. To
achieve this objective two acids - the cheap and easily available 2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS) and vinylphosphonic acid (VPhA) were introduced into the PBI
matrix. By introducing AMPS/VPhA the proton conductivity of membrane would be improved greatly due to the superior ability of sulfonic acid /phosphonic acid groups originated from
AMPS /VPhA in supporting proton conduction. By crosslinking, the water swelling and methanol diffusion could be restricted and stability of membranes can be enhanced owing to the
formation of compact network structure.

Preparation of porous PBI films

Preparation of porous PBI films from a dry PBI foil

A dry PBI foil (cast from dimethylacetamide solution) was swollen in a bath containing 70-85% phosphoric acid.
After achieving the desired degree of swelling, the film was washed in deionized water. In this way a porous

PBI membrane, containing up to 60 wt.-% water can be prepared.
Parameters varied:

- Bath composition

- Conditions of swelling (time, temperature)

- Weight uptake - up to 1000% (usually 300-900%)

Preparation of porous PBI films from phosphoric acid doped PBI ( Celtec P® membrane- trade mark of BASF FC)

The membrane is calandered to the desired thickness(100-200 um) and was washed in deionized water. The result is porous film

containing up to 80 wt.-% water.
Parameters varied:

- Film thickness

- Water content

H
N N
+ O
N N
H

Polybenzimidazole (PBI)

Calandered CeltekP® membrane

Preparation of s-IPNs- membranes containing water insoluble phosphonic and sulfonic acid groups

The present s-IPNs are prepared using a two step simultaneous technique: the polyacids are synthesized in situ from the monomers (VPhA, AMPS) and simultaneously crosslinked within

the PBI matrix.

1. Membranes, prepared by polymerization /crosslinking of VPhA in a
porous PBI film

2N PO,H,  vPhA

Mixture containing VPhA, 2,2’-Azobis( methylpropionamidine) a initiator system,
triallyl-s-triazine-2,4,6 a crosslinking agent and water were stirred continuously until
a transparent solution was obtained. Then porous PBI film was immersed in the solution
for 2 hs.

In this way the water in the porous film was replaced by the reagents of the mixture.
The resulting film was placed on a glass substrate and dried in vacuum. The
polymerization was carried out by UV irradiation.

Parameters varied:

- Bath composition: (monomer- 60-90 wt.-%; initiator-0,5-3 wt.-%;

crosslinking agent- 2-5 wt.-%)

- Polymerization/Crosslinking conditions-(irradiation time and temperature)
Applying this procedure dense and homogeneous membranes of good quality with
PBl/water insoluble crosslinked acid ratio from 1:2 to 1:3,5 were prepared.

CH NH

’ CH,| ° .2HCI
HN _N
N NH
CH,

NH,

2,2’-Azobis( methylpropionamidine)

2. Membranes, prepared by polymerization/crosslinking of VPhA/ AMPS in

a porous PBI film
H
N
/\’( >(\803H AP

O H,C CH;,

Mixture containing 2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS) , 2,2’-Azobis
(methylpropionamidine) as initiator system, trimethilolpropan-tri(vinylphosphonic
acid)ester as crosslinking agent and water were stirred continuously until a transparent
solution was obtained. Then porous PBI film was immersed in the solution for 2 hs.

In this way the water in the porous film is replaced by the reagents of the mixture.

The resulting film was placed on a glass substrate and dried in vacuum. The
polymerization was carried out thermally for several hours.

Parameters varied:

-Bath composition: (monomer- 10-25 wt.-%; initiator-0,5-1,5 wt.-%;

crosslinking agent- 1-3 wt.-%)

-Polymerization/crosslinking conditions-(time and temperature)

Applying this procedure dense and homogeneous membranes of good quality with
PBl/water insoluble crosslinked acid weight ratio from 1:1,2 to 1:3,2 were prepared.
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trimethilolpropan-tri(vinylphosphonic acid)ester
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triallyl-s-triazine-2,4,6 )

Proton conductivity and mechanical properties measurements as well as long term stability determination are in progress.
Conclusion: Membranes based on PBI were modified by the introduction of crosslinked PVPhA and crosslinked PVPhA/PAMPS which were prepared by in situ polymerization. The additional
acid groups into the PBI should increase the proton conductivity and decrease the methanol permeability. It is believed that semi-IPNs could be a good material for DMFC.
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STATE OF CURE MEASUREMENTS BY DIFFERENT TECHNIQUES IN ELASTOMERIC MATRIX COMPOSITES

ONPEAOENAHE HA CTENMEHTA HA BYJIIKAHU3ALUA HA EJIACTOMEPHU KOMIMO3UTU YPE3 PA3JITMYHUA METOOMN U
NMPUNOXEHUETO UM INPU MACUBHU U3OEJINA
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Abstract

In this study we look for: quantify the state of cure by different technigues (chemical; mechanical; thermal; spectroscopic); Comparison among the used experimental methods for measuring state of cure is made by choosing the following criteria:
destructivity, need of specific sample geometry, reversion detection, error and timing; validating the numerical simulation with experimental results.; validating the numerical simulation with experimental results. As a first step test sheets were obtained from
tested rubber-based compound. Different methods (DSC, NMR, mass swelling, tensile test, compression set test, relaxation, hardness, shear stress) were used to quantify the state of cure experimentally. The same techniques were applied for obtaining the
state of cure in a thick part obtained from the tested compound. Then the results for the thick part were correlated with the results for the test sheets obtained by rheometer. Finally is made a comparison among the used methods by several criteria. Also
numerical data obtained for evolution of state of cure in the thick part is compared by special software with the experimental data.

Introduction

The state of cure at the end of rubber parts moulding determines the essential of the parts properties [1]. Rubber material mainly consists of long polymer chains. In the uncured state, under mechanical stress, relative chains sliding is possible: the material
has a plastic behaviour. After vulcanization, in the cured state, a three-dimentional chains network is created. Chemical cross-links between the chains prevent them from relative sliding : the material has an elastic behaviour [2]. There is, therefore, a strong
dependence of the mechanical properties with the cross-link density during the vulcanization process [2].

B. Bluemich [3] uses NMR and swelling methods for determining the cross-link density. In his study he observes that with increasing curing time, cross-link density increases as the cross- linking reaction proceeds leading to a decrease in T, and the
degree of swelling. Some rubber types show reversion, i.e. a decrease in the shear modulus at high curing times due to chain scission starting to dominate cross- linking. For measuring the state of cure Richard J. Pazur [4] uses in his study several
methods- NMR, tension test, swelling method, compression set and hardness tests. In our study we use a great number of methods (DSC, NMR, mass swelling, tensile test, compression set test, relaxation, hardness, shear stress) for measuring the state of
cure distribution in elastomeric matrix composites. El Labban et all [5] have developed a simulation tool that predicts and controls the temperature and the state of cure distribution within thin-section rubber parts. The heat transfer model was experimentally
validated. The curing kinetic model was validated qualitatively by the location of vulcanization front (dividing the surface between vulcanized and unvulcanized materials). The purpose of the present paper is: to quantify the state of cure by different
technigues (chemical, mechanical; thermal; spectroscopic); to compare the used experimental methods for measuring state of cure by choosing the following criteria: destructivity, need of specific sample geometry, reversion detection, error and timing; to
validate the numerical simulation with experimental results.

Experimental

The tested compound is natural rubber based reinforced with carbon black and sulfur vulcanized. From the compound were vulcanized two thick parts (sample A and sample B) with two different curing times giving two different state of cure distributions in
the part’s thickness. For characterization of the composite vulcanization properties is used rheometer type RPA2000 with moving die . The frequency is 1,66Hz and angle 0,5° (standard setup conditions) . Rheometer specimens were prepared at different
temperatures (130°C, 140°C, 150°C, 160°C, 170°C). Test sheets were cured for different curing times (test sheets thickness 2mm) in order to obtain different state of cure for temperatures of 140°C and 170°C. The sheets were immediately put in ice cold
water in order to freeze the state of cure. The curing temperature was measured and saved by using thermo-couples on the press form boundaries. The state of cure values of the test sheets expected by the rheometer measurements were calculated and
correlated by a finite element software in order to take to consideration the increasing of state of cure during cooling. Mass swelling was carried out for 72h until equilibrium using ambient temperature according to 1ISO 1817. As a solvent is used
cyclohexane. The chemical cross-link density (1/2Mc) was calculated using the Flory-Rehner [5] equation. Simple stress-strain tests were made by using dynamometer and rate of 500mm/min. Compression set is measured in agreement with ISO 815-1 for
72h and 25% deformation. For measuring shear stress is used apparatus MetraviB for ambient temperature and frequency 5Hz for different level of deformation. Hardness is measured by using two different methods- Shore A and IRHD. Relaxation test
data was carried out in accordance with ISO 2285 for 24h and 200% deformation for ambient temperature and temperature of 70°C. A wide line NMR-MOUSE (MObile Universal Surface Explorer) spectrometer was used to collect the relaxation data. For
performing DSC-test is used apparatus DSC METTLER TOLEDO. To obtain the simulation of state of cure distribution in thickness of sample A and sample B is used special software called COMSOL.
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1. Comparison between different experimental methods
The normalized properties as a function of state of cure, measured by the different methods (for the test sheets) are shown in fig. 1 and fig. 2. The property values are
increasing with the state of cure measured by the methods of hardness and elongation modulus. Exactly the opposite is the dependence for the values measured by the
methods of NMR, DSC, compression set, relaxation and swelling. DSC and compression set are decreasing linearly. For shear modulus can be observed 3 stages- first the
values of the property are rising slowly with the state of cure, after we have section with constant values an third rapid increasing of the property values, the measurements
were made only for one sample for each state of cure. This must be completed with more measurements in order to have accurate results. Table 1 shows the comparison of
the used methods by several criteria.

Normalized property
i s e s T s Y e Y e Y s Y s
= [N LW T~ 00 D

i e MR

0 0,2 0.4 06 0.8 1
State of cure (by rheometer at140°C)

Table 1 Comparison of the used methods

Figure 1. Normalized properties as a function of state of cure measured by:

DSC, mass swelling, relaxation, compression set and NMR tests Method Destructivity gseﬂﬁ?gfyﬂr?eﬂégfd EE\:EEIDH Error | Timing
elecuon
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1=='__.~ 0.9
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E 0,7
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9 0,
|
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E DIE p - F*IDI‘,r.(Hardnesle'.HD}
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x ' ' ' ' test
: e i o e 1 Relaxation Destructive MNeeded Don't detects \ 24h
State of cure (by rheometer at140°C) : :
Hardness Destructive Not needed Detects ‘\‘ Tmin
Figure 2. Normalized properties as a function of state of cure measured by: Shear stress Destructive Not needed Don't detects /,, Ih
Hardness, shear stress and tensile tests.

2. Comparison between numerical and experimental results
The results from the comparison of the measurements obtained by using different techniques for the thick part are displayed in fig. 3 and fig.4. There was also made a numerical simulation of distribution of the state of cure in the tested thick part. We have
always the same evolution of the curves — from the borders to the center the level of vulcanization is decreasing and unvulcanized center. In one of the borders we have reversion. In fig. 3 and fig.4 is also observed that numerical and experimental data have
close values which makes the numerical prediction of distribution of state of cure reliable. The curve obtained by using swelling method has the closest values with the numerical results compared to the other used methods. Unfortunately the results are
obtained with different error for the different methods and it is hard to be determined which one is the most precise. But in general can be said that we have good correlation between numerical and experimental results.
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Figure 3. Comparison between numerical and experimental Figure 4. Comparison between numerical and experimental
results for the thick part (sample A) results for the thick part (Sample B)

Conclusion

1. Different methods (chemical, mechanical, thermal and spectroscopic) were applied successfully for measuring the state of cure in the test sheets.
2. Some of the mechanical methods (shear stress, stress-strain, compression set and relaxation) are not suitable for measuring the state of cure in thick parts.
3. From the comparison of the methods used in this study according to some criteria, it can be concluded that:
-all of used methods are destructive except for NMR;
-DMA(shear stress) and DSC gives high values of error and don’t detect reversion;
-for relaxation and tensile test is needed a specific geometry of the specimen;
-NMR, mass swelling, tensile and hardness test gives reliable results for measuring the state of cure in rubber parts.
4. A good correlation has been found between numerical and experimental results which give the possibility to make a reliable prediction on the distribution of state of cure in thick parts. Mass swelling method gives better results than other methods.
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[NSrimueor ParvfERS

THE AIM of the study is modification of the surface biologi cal behavior of electrospun textiles based on poly(L- lactide) (PLLA)
using the polyelectrolyte complex formation tool. T his is achieved by consecutive deposition of N-carboxyethylchitosan (CECh)
and poly(ethylene oxide)- b-quaternized poly[2-(dimethylamino)ethyl methacrylat e] (PEO-b-PDMAEMAQ100) on PLLA or PLLA/

poly(ethylene glycol) micro- and nanofibrous material s.

CH
CH,CH,COONa CHs
! CHgo{CHTCHijLnsCHZ)Z*O*(‘F*(‘Z{CHz*(‘:(CHa)};Br

OH OH
NH NH
—PO—CH—(": HO ~ o d Ho ~ o} d POE-b-PDMAEMAQLO0; p=114,¢=119
o" OH OH

) /\ M, (POE-block) = 5 000 g/mol [ +
COCH;3 Hz(‘l (‘:HZ M,(PDMAEMA-block) = 18 700 g/mol (CH)N(CHg)sl™
CECh M, /M, =1.27
M,, = 670 000 g/mol NaOOCH,C CH,COONa w ' ¥ln
PLLA/PEG
CECh POE-b-PDMAEMAQ100

water water

water/

water/
ethanol

ethanol

Lpore =370 =70 nm Lpore =240+ 50 nm Lpore =120+ 30 nm Because of the high hydophobicity of

mee =160 + 40 nm Dpore =120+ 30 nm Dpore =100 + 20 nm PLA mats water/ethanol mixed solvent

48 pores/ 9 pm?2 22 pores/ 9 pm?2 1R naree/ O 1m?2 (1/1 viv) was used for preparation of the
coating solutions.

[C-HIC-C)/[C-0)/[0=C-OJ/[C-N] =

[C-HIC-C)/[C-O)/[0=C-O)/[C-N] = 43/19/26/12

[C-HIC-CJ/[C-0)/[0=C-O] =
47/25/28

The developed approach
for coating of PLA-based
materials is a suitable one
as evidenced by the
presence of a C-N peak in
the C 1s XPS spectra of
the coated mats.

290 280 290 . 290
Binding Energy (V) Binding Energy (V) Binding Energy (eV)

Behavior of the
(non)coated mats in
contact with blood
cells.

Behavior of the

(non)coated mats
in contact with
S. aureus

CONCLUSION: The preparation of a coating from CECh( crosslinked) or CECh(crosslinked)/PEO- b-PDMAEMAQ100 complex is a feasible route for
modification of the surface properties of PLLA and PLLA/PEG electrospun materials. Coating with CECh(cr  osslinked) leads to the preparation of novel
materials, which are characterized by good compatib ility with the blood cells and reduce the adhesion of pathogenic microorganisms. These materials
can find potential applications in tissue regenerat ion. The preparation of a CECh(crosslinked)/PEO- b-PDMAEMAQ100 complex coating imparts
haemostatic properties to the PLLA and PLLA/PEG mat  s. In addition, the PEC coating reduces the adhesio  n of pathogenic microorganisms. Thus, the

PEC-coated PLLA and PLLA/PEG mats are potential can didates for wound healing applications.
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Introduction: Poly(oxyethylene H- phosphonate)s are especially attractive materials because of the relative easiness of their preparation from commercially available
building blocks, the variety of molecular weights attainable, and the relatively narrow molecular weight distributions of the polymers formed. Poly(oxyethylene H-
phosphonate)s are quite promising for biomedical application because of their biodegradation and low citotoxicity. Amifostine (S — 2- [(3- aminopropyl)amino]ethane - thiol
dihydrogen phosphate ester; WR2721) is a radioprotective agent used clinically to minimize damage from radiation therapy and to protect normal tissues. WR2721 is, in fact,
a pro- drug which must be dephosphorylated by membrane- bound alkaline phosphatase to the active metabolite, 1- (3- aminopropyl)aminoethanethiol (WR1065).

The purpose of this study: The synthesis and characterization of polymer complexes constructed from the radioprotective agent WR2721 and biodegradable
poly(oxyethylene H- phosphonate), poly(hydroxyoxyethylene phosphate), or poly(methyloxyethylene phosphate) via an ionic bond, and physical complexation, respectively.
The structure of the complexes formed is elucidated by 'H, 13C, 3'P NMR and FTIR spectroscopy.

P

Synthesis of radioprotective agent:
Amifostine (S — 2- [(3- aminopropyl)amino]ethane- thiol dihydrogen
phosphate ester; WR2721)

NH,CH,CH,CH,NHCH,CH,OH + 3HBr — > 2HBr.NH,CH,CH,CH,NHCH,CH,Br
-H20

H,0

2HBr.NH,CH,CH,CH,NHCH,CH,Br + NaO—II’—ONaﬂ

ONa
[0}

NHZCHZCHZCHZNHCHZCHZ—S—I]’—OH<—
HO

Immobilization of WR2721 onto polyphosphoesters:
Product P5 - WR-2721 was immobilized onto polymer 1 via
hydrogen bonding.

Product P6 - WR-2721 was immobilized onto polymer 2 via
electrostatic interactions.

i
FI’—OH .2H,0
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Table 1. Radioprotective Efficiency of WR-2721 Polymer Complexes in

Mice Exposed to 8.5 Gy (LD100/14) Gamma Radiation

Synthesis of polymer carriers:

Polymer P1 - the precursor poly(oxyethylene H- phosphonate) was obtained via
polytransesterification of dimethyl H phosphonate with PEG 600

Polymer P2 - poly(methyloxyethylene phosphate) was obtained from Polymer 1
and methanol via the Atherton- Todd reaction

Polymer P3- poly(hydroxyoxyethylene phosphate) was obtained from Polymer 1

and water via the Atherton- Todd reaction

120-140 °C
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| 13
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Scheme 1. Survival of 10 Gy irradiated MEF ligd+/+ cells in the
presence of WR-2721 and its polymer complex

Conclusions

< The product of practical interest is the
immobilized of WR2721 onto poly
(hydroxyoxyethylene phosphate) via ionic bond,
which possesses the highest protective activity

Equivalent 30-day MST:  PF Tl Pl a8
Compound dose of WR-2721 survival, % days

mglkg  mmolkg

POEP(OCH,)- 50 0.20 30 16.3 1.30 7.34
WR-2721

100 0.40 80 19.5 1.80  5.656 1017

Surviving fraction

200 0.80 70 213 1.70 9.60

POEP(OH)- 50 0.20 50 14.8 1.50

200 0.80 20 26.0 1.90 17.78

WR-2721 50 020 30 121 130 537
100 0.40 40 16.3 1.40 413 5.78 -
200 0.80 50 220 150 6.20

Control group - - 0 107

(20 mice)

. . . . ate
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. . . 14.04 a4
WR-2721 Fwnn. l[\
100 0.40 50 183 150 936  14.04 o ? -
a0 N
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Do
I \wEF ligd+/+ cells, 10 Gy with WR-2721

MEF lig4+/+ cells, 10 Gy with polymer complex Operational

(Pl - 17.78) and low toxicity (TI- 9.36).

< The clinically approved radioprotectors WR
2721 could be successfully immobilized on
poly(hydroxyoxyethylene phosphate).

< The polymer dug complexes show significant
radioprotection efficiency by comparison with the
basic components.
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Introduction

Pristine carbon nanotubes (CNTs) interact mutually by van der Waals forces which makes difficult their dispersibility in liquids and processing. The
modification of carbon nanotubes enables preparation of stable aqueous dispersions and can overcome the apparent cytotoxicity of non-modified CNTs that
makes these materials of special interest for biochemical and biomedical applications. Various hydrophilic and temperature-responsive polymers were
covalently attached onto full-length multi-walled carbon nanotubes via UV-initiated free-radical polymerization.

Strategy

Grafting of polymers onto MWNTs via UV-induced free radical polymerization
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In our work we used Multi-walled carbon nanotubes: produced by the CVD method (carbon content>95%; ODx|DxL:20-30nm x 5-10nm x 0.5-200 um)
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The most characteristic absorption peaks of PAAM and PNIPAAmM
(C=0 stretching vibration of the amide group at 1660 cm1; the
bending vibration of the amide group at 1630 cm1) were detected

Evidence for the relative amount of polymers
grafted on to MWNTs was provided by TGA analysis
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Cytotoxic effects of: pristine MWNTs, MWNTs-g-PAAm, MWNTs-g-PHEMA and
MWNTs-g-PNIPAAm against the human colon carcinoma-derived cell line

concentration of 300 mg/mL

The modified MWNTs exhibit remarkably Improved blocompatibliity, especlally PNIPAAmM-grafted MWNTs which are non-cytotoxic even at
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Gelatin micro- and nanocapsules preparation via
sonochemical method

|. Yankova, E. Vassileva
aboratory on Structure and Properties of Polymers, Faculty of Chemistry, Sofia University
1, James Bourchier blvd., 1164 Sofia, Bulgaria

Nanocapsules are submicronic colloidal drug carriers with a solid shell around an oily core. Morphologically, they are ranged between nanoemulsions and
nanospheres. In nanoemulsions and nanocapsules the drug is located in the oily moiety which in the case of nanocapsules Is surrounded by a polymeric
shell. In order to improve the delivery of hydrophobic drugs, growth factors, proteins and other biologically active compounds, we are exploring the
potential of nano-scaled carriers made from biodegradable polymers for controlled and targeted delivery to specific organs, tissues, and cells.

Sonochemical method for micro and nanocapsules preparation

Empty gelatin nanocapsules Aspirin loaded gelatin particles

'Y
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Figure 1. SEM of empty gelatin nanocapsules. Figure 2. SEM of aspirin loaded gelatin nanocapsules.
Empty gelatin nanocapsules have been shown to be very unstable under Gelatin nanocapsules loaded with aspirin remain almost with their
electron irradiation in the SEM camera and after 2 scans they collapsed as Initial shape and size (Figure 2) due to the inclusion of aspirin In
shown in the Figure. their core.
Transmission electron microscopy of gelatin capsules Dynamic light scattering of gelatin capsules
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- Figure 5. pH dependence of gelatin nanocapsules

Figure 3. The study of gelatin capsules by Figure 4. TEM of gelatin nanocapsules size as measured by dynamic light scattering for the

transmission electron microscopy (TEM) loaded with asprin, obtained at pH=5.22 both peaks from the bimodal particles size
clearly shows the hollow core of the particles. at 30°C for 3.5 min sonication time. distribution (respectively A and B).

Preparation of gelatin nanocapsules loaded with a-tocopherol: Table 1. Influence of sonication time on particle size.

Time [min] 15t peak 2"d peak
: 3.5 27.8+4.3 190 + 53
7 36.0+ 2.6 222 + 25
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Figure 6. SEM of a-tocopherol loaded gelatin Figure 7. TEM of gelatin nanoparticles
nanocapsules. loaded with a-tocopherol. 100 - e,
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_ _ _ Figure 10. Release UV profile of a-tocopherol
Figure 8. NMI_Q of a-tocopherol loaded Figure 9. NMR _of empty gelatin from gelatin nanocapsules.
gelatin nanocapsules. particles.
Conclusions

Sonochemical method has been applied to gelatin and for the first time gelatin nanocapsules are obtained and proved to be with hollow core. The influence of
parameters as pH and ultrasound irradiation time on the gelatin nanocapsules size has been studied. Thus obtained nanocapsules have been loaded with aspirin
and a-tocopherol and in vitro release of the second has been followed by UV spectroscopy.
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QUALITY STUDY OF RECYCLED ELASTICIZED LDPE/PP BLENDS FROM TECHNOLOGICAL SCRAP '

Irena Borovanskal, Rosario Benavente?,Strashimir Djoumaliisky!, George Kotzev1
1Central Laboratory of Physico-Chemical Mechanics, Bulgarian Academy of Sciences, |
Acad. G. Bonchev St., Block 1, 1113 Sofia, Bulgaria; e-mail: reniboro@abv.bg |
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l. INTRODUCTION

The statistics show that in the polymer wastes the most essential part is the volume of
polyethylene and polypropylene [1]. Because of the facts that the both polymer are mixed in
the plastic waste and their separation gravimetrically is difficult, they have to be utilized as
blend. When a polymer blend consists of two or more polymers they tend to separate each

| other because of their mutual incompatibility. Compatibilization is a process of modification of

Weak and broad absorption peak at 1646 cm in FTIR
diffractograms LDPE (Fig.4) is connected with the
stretching vibration of the carbonyl group (C=0) resulting
from the oxidation process. | ;\

LHE

| the interfacial properties in immiscible polymer blend resulting in reduction of the interfacial 10%EPR The absorption at the frequency 1167 cm™ in the I ‘
| tension, formation and stabilization of the desired morphology [2,3]. = S— spectrum of PP was attributed to anhydride groups (C-0- ‘ “
| The objective of this poster is to characterize the industrial scraps: LDPE and PP and s w i C) also formed aiter oxidation. | \
L their blends modified with different amount of ethylene propylene rubber (EPR) by usage of 2 oransr || ioe 0%EPR The broad peak at 1596 cm™ in the blends without | ‘[
H | DSC, FTIR, WAXS and DMTA. é EPR may be is result from mechanical destruction, which | H
| = |1 13ve 2017 PP IS due to the bigger shear stresses and this is mechanism \I
9731167 for formation of C=C bonds. When we added the EPR — |
ll. EXPERIMENTAL 13Y6 1646 dis LDPE modifier the polymer melt undergoes less shear stresses I \\

il Double and triple blends were prepared from industrial scrap from packaging - LDPE
( and PP in the form of granulate, suppled from “Asenova Krepost’Ltd (Asenowgrad- Bulgaria). —
The triple blends were prepared by adding the non-polar terpolymer: ethylene-propylene

1463
I I . I . I . I
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1000 1500 4000

diene rubber (EPR) “Keltan 512". The polymers were blended in a twin-screw extruder type

DSE 35/17D “BRABENDER” at following conditions: screw rate 20 rpm, temperatures in the
barrel zones: | - 175°C; Il -190°C IIl -200 and IV - 210°C. The used composition of polyolefin

blends were shown in Table 1.

| DSC was carried out with a TA Q100 differential scanning calorimeter at a scanning rate

1 of 10°C min+1.
‘ | Fourier Transform Infrared Spectroscopy

‘\ Tablel. Compositions

spectrometer using the attenuated total reflection (ATR) technique.
| Wide-Angle X-Ray Diffraction (WAXD) patterns were recorded in the reflection mode by
using a Bruker D8 Advance diffractometer. Cu Ka radiation ( 0.1542 nm) was used.

Figure 4: FTIR diffractograms of LDPE and PP and
their blends

WAXD diffraction patterns of LDPE/PP/EPR
technological waste blends (Figure 5) show that
the incorporation of the rubber does not
significantly change the crystal structure of the
PP and LDPE mixture. It's seen appearance of
two single small and sharp peaks at 26 = 10°
and 26 = 28,5° which are not observed in the

was carried out on a Perkin Elmer FTIR

Morphology of composites was

single polymers LDPE and PP These peaks

Ne |LDPE| PP |EPR |[Melt flow Index(2,16kr)-| studied by Scanning Electron belongs to EPR.
I (Wt%) | (Wt%) | (wt%) | 230°(g/10min) Microscopy (SEM) on JEOL
| | 1 | 100 i - 137 iInstrument. 0,25 ——
| 2 _ 100 - 4,33 The loss factor (tan d) was e PP -I'ﬁi
s | 50 | 50 - 3,38 measured as a function of S I it F = 4
. v % > =
‘51 446,555 44%5 170 288 temperature by using a Polymer < 10% EPR ; :;’
’ Laboratories MK 1l Dynamic 0isL | > 15%EPR b
6 | 42,5 | 42,5 15 1,74 Mechanical Thermal Analyser | * 20%EPR
/ 40 40 20 2,10 (DMTA) working in the tensile

mode. 0,10 |

tand- 3 Hz

IIILRESULTS AND DISCUSSION

Recycled materials from one type often show a double or triple peak in DSC
measurements, while a clean virgin material shows just one peak. The existence of double
and/or wider peak of melting can appear in a sample that consists more than one plastic, a
sample that consists of only one plastic but with different perfections and magnitude of
crystallities, a sample with mechanical contaminants or in a degraded sample [4].
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Figure 6 The tan & versus temperature curves for

and smaller peak at 1596 cm-,
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Figure 5: X-ray diffractograms of LDPE and PP and their blends .

Two distinct transition temperatures are
recorded for PP for tand (Fig. 6), one at about 7 °C
that corresponds to the B-transition, and the other at
about 69 °C representing the a-relaxation.

The Tg of LDPE is in the temperature region of
approximately -25°C. The vy transitions of LDPE in
Figure 6 is In the temperature regions of
approximately -126°C

The new relaxation maximum at -51°C was more
expressed with higher EPR content and was noted as
Tg of EPR phase.

The broad peak at 60°C of LDPE is due to not so perfect crystals (Figure 1). PP is not

pure material and presents some quantity of LDPE.

LDPE and PP and their blends .

SEM observations of the both double blends
LDPE:PP= 50:50 (Fig.7) revealed comparative good
compatibilisation between the both phases. We have
amphitheatrically morphology. As a result from interfacial
tension in the blend of technological waste have
generaited propagations and crazes and obviously can
see the phase recession and shrinkage of the
components.

The addition of elastomer EPR (down) increase
interfacial
prevent formation of cracks and phase separations.

adhesion between both  polymers and

AL, dB ( 1000Hz2)

EPR,%

Figure 8: Sound absorption in dB of the blend LDPE:PP= 50:50,
not foamed and foamed (TW fm), with different quantity of EPR.
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Figure 1: DSC curves of First melting temperatures Figure 2: DSC curves of Second melting temperatures

1 of industrial scrap blends of LDPE and PP with of industrial scrap blends of LDPE and PP with

l different quantity of EPR. different quantity of EPR.

The second melting confirms a

Il . :

‘1 >0%EPR small quantity of _I__DPE into the PP

| sample. The addition of EPR, leads

’ M to polymorphism in PP or more - oure 70 SEM holodies of the blend LDPE:PP

| imperfected crystals, especially for the igure 7. MOorpnologies ot the bien =

| M blepn fhem 20% on peciatly 50:50(up) and of the blend LDPE:PP:EPR=

l 5 M ' 42,5:42,5:15(down)

% O%EPR The blends were foamed with 1wt.%

) S [pp azodicarbonamide. @ The  foam recycled

5 materials extent the spectrum of the possible
L L .

' Win acton o ruer_ i s o .
heights of crystallization peaks of the J J
both polymers decrease (Fig.3) and

LDPE
m the crystallization peaks of PP move V. CONCLUSION
| . . . . . . . to smaller temperatures.

. The effects of modification with rubber on the structure of industrial scrap LDPE/PP blends were studied |
120 Differential scanning calorimetry shows a double peak when PP and LDPE are separately melted. For ‘

LDPE this suggests that it has endured some degree of degradation and some portion imperfected crystals
| Figure 3: DSC Crystallisation of industrial scrap blends which melt at lower temperatures. PP is not pure material and contents some quantity of LDPE, which
| of LDPE and PP with different quantity of EPR. deteriorate its properties. The addition of rubber move the melting temperatures of both polymers to the |

| smaller values. The crystallinity of the blends decreased with increasing of quantity of modifier.
TABLE 2. Melting Temperatures(T,) and Degree of Crystallinity at second melting at FTIR give us clear evidence about obtaining of some oxidational products and mechanical destruction.

DSC and Degree of Crystallinity from WAXS of the compositions. Modification with rubber minimize these unpleasant effects.
SEM images revealed better compatibility of the triple blends with EPR.

I | 0 50 100

| T(C)

Concentrations LDPE PP | |
| of compatibilizer To TmPP Gapsc| Pepsc | Fepsc| Fowaxs |
\
| EPR(wt %)(No) | (°C) (°C) (%) (%) (%) (%) V. REFERENCE |
f 100%LDPE(1) | 109,35 35 35 44 1.Galli P., Vecellio G. , Polyolefins: The Most Promising Large-Volume Materials for the 21st Century, J. Appl. Polymer Sci.: Part A: Polymer ,”
H 100%PP(2) 160,65 33 33 47 Chemistry(2004) 42, 396—415
0%EPR(3) 108,91 | 159,78 | 40 34 37 43 2.Leszek A. U., Compatibilization of Polymer Blends, Can. J. Chem. Eng. (2002) 80, 1008-1016. |
7%EPR (4) 108.2 159.39 38 34 34 41 3.Datta S., Lohse D., Polymeric Compatibilizers, Uses and Benefits in Polymer Blends, Carl Hanser Verlag, New York (1996) 3-9. ’ |
“ 10%EPR(5) 108,68 159:35 37 34 32 40 Elz.g(t)ir;gggbleg%%g\gren S. , Karlsson S. , Quality Assessments of Recycled Plastics by Spectroscopy and Chromatography, Chromatographia | |
15%EPR(6) 108,11 | 159,65 | 36 36 31 40 '
| “ 20%EPR(7) | 106,94 | 156,68 | 32 35 27 39
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The addition of rubber moves the melting temperatures of the both polymers to
the smaller values. The crystallinity of the blends decreases with increasing of
guantity of modifier.
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NEW POLY(OXYETHYLENE AMINOPHOSPHONETE)S
o DESIGN, CHARACTERIZATION AND

BIOLOGICAL ACTIVITY

Ivelina TSACHEVA, Anita BOGOMILOVA*, lvanka KRAICHEVA, Kolio TROEV
Institute of Polymers, Bulgarian Academy of Sciences, Sofia 1113, Bulgaria

INTRODUCTION

potential biological activity and non-toxic poly(ethylene glycol) links.

new polymer drug carriers, as well of new polymers with own activity.

The development of new effective polymeric systems for the treatment of different diseases, including cancer, diabetes, ischemia, severe combined immunodeficiency,
neurodegenerative, offers enormous possibilities to the advanced pharmaceutical technology. The polymer-drug conjugates have much potential to improve the
therapy of variety human pathologies, solving major problems in medicine, such as the toxic effects of the drugs and the duration of drug action.

A great deal of attention and research efforts are being concentrated on the synthesis of diverse biodegradable polymers and on the investigations of their viability as
drug carriers in the design of these new types of therapeutics. Among the numerous macromolecular systems studied for drug delivery purposes, the polymers with
phosphorus ester (C-O-P-O-C) repeating units in the backbone occupy a particularly important place, because they can degrade into biocompatible and non-toxic
components under physiological conditions. These polymers possess reactive functional groups in their backbone, which allows for conjugation of bioactive
molecules to the chains and gives much opportunities for the preparation of new drug delivery systems with improved therapeutic indexes. On the basis of
poly(oxyethylene H-phosphonate)s we synthesized poly(oxyethylene aminophosphonete)s — alternating copolymers built only of aminophosphonate units with

The immobilization of aminophosphonates to biodegradable polymer carriers like poly(oxyethylene H-phosphonate)s appears a promising approach in the design of

e

‘c‘) ‘c‘) ﬁ Chemistry
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RCHNH RCHNI[]! RCHNH 5-8
CHs CHs CHg

X=4 (PEG 200) : 1,X= 13 (PEG 600) : 2

R=( CHS)ZN—C}i 13,5 (X=4), 6 (X=13)
R= @7 14, 7(X=4), 8 (X=13)

O
i
—{O(CHZCHZO)X—P—]»
‘ n
U—CHNH(CHZ)3N(CH3)2
o
X= 4 (PEG 200) : 9 ; X= 13 ( PEG 600) : 10
References:

[1] M. J. Vicent, The AAPS Journal 9 (2) Article 22 (2007) E200-E207 (httt://www.aapsj.org).

[2] J. Luten, C. F. van Nostrum, S. C. De Smedt, W. E. Hennik, J. Control. Release 126 (2008) 97-
110.

[3] J.-M. Park, B.-A. Shin, I.-J. Oh, Arch. Pharm. Res. 31 (2008) 96-102.

[4] S.-W. Huang, R.-X. Zhuo, Phosphorus, Sulfur, and Silicon Relat. Elem. 183 (2008) 340-348.

[5] I. Kraicheva, Iv. Tsacheva, K. Troev, Bulg. Chem. Commun. 40 (2008) 54-58.

[6] I. Kraicheva, A. Bogomilova, I. Tsacheva, G. Momokov, K. Troev, European J. Of Med. Chem.
44 (2009) 3363-3367.

. Acknowledgements: |. Tsacheva and A. Bogomilova
“ thanks the European Social Fund, Structural Funds,
i/ Operational Programme “Human Resources
2 Buarapui, Development” for financial support in the frame of
L~ Grant No. BG0O51P0001/07/3.3-02/51.

Pharmacology

The compounds were tested for cytotoxicity in a panel of J -
human tumor cell lines, representative for some clinically
important types of neoplastic diseases, namely HL-60
(acute promyelocyte leukemia), its multi-drug resistant
sub-line HL-60/DOX (characterized by overexpression of
MRP-1 efflux pump), LAMA-84 and K-562 (chronic
myeloid leukemias). The cells were exposed to serial
dilutions of the tested compounds for 72 h and thereafter E
their viability was assessed using the MTT-dye reduction
assay. The clinically used antineoplastic drug cisplatin
was used as reference cytotoxic agent.

Table 1. Cytotoxic effects of the aminophosphonates 5-10 vs. the clinically
applied antineoplastic drug cisplatin, as assessed by the MTT-dye reduction
assay after 72 h continuous exposure.

Compounds 1C,, (Mmol/L)
HL-60 HL-60/Dox LAMA-84 K-562
5 105.9 >400.0 >400.0 >400.0
6 19.2 27.2 17.2 14.9
7 19.9 20.4 14.0 15.2
8 14.2 14.4 12.3 13.7
9 157.5 159.1 88.8 62.3
10 66.2 16.2 41.9 18.3
Cisplatin 7.8 14.5 18.2 25.7
CONCLUSION

Novel poly(oxyethylene aminophosphonate)s 5-8 were synthesized via addition of
poly(oxyethylene H-phosphonate)s 1 and 2 to the Schiff bases N-(4-
dimethylaminobenzylidene)-p-toluidine 3 and N-furfurylidene-p-toluidine 4.

The polymers 5-8 and poly(aminophosphonate)s 9 and 10 obtained on the basis of
biodegradable polymer carriers 1 and 2 consist only of aminophosphonate (active
substance) and non-toxic poly(ethylene glycol) units.

The polymers 5-10 have coordination centres in their repeating units and can be
used as new biodegradable polymer carriers for physical immobilization of bioactive
substances.

Compounds 6-8 and 10 caused prominent cytotoxic effects with low micromolar
IC5, values, whereas 9 was less active and 5 was only marginally cytotoxic.

The N-furfurylidene-p-toluidine-Schiff base with longer (14 units) PEO moiety
abundant in 8 were identified as sturtucral prerequisites affording superior activity,
while the analogues bearing N-(4-dimethylaminobenzylidene)-p-toluidine or N,N-
dimethyl-N'-furfurylidene-1,3-diaminopropane were generally less active than 8.

In spite of the Schiff base fragment however, in all sub series of compounds the
reduction of the length of the PEO miety from 13 to 4 units was consistent with
significant reducitpon in relative potency and in case of 5 with dramatic loss of
activity.

The established cytotoxicity of compounds 6-8 and 10, similar or comparable to that
of the reference drug cisplatin findings give us reason to consider the presented
compounds as a novel class of aminophosphonate-based

cytotoxic agents.




Polymer Networks Based on Gelatin and Chitosan as Matrices for
Biomineralization

M. Golyakova!, D. Rabadjieva?, S. Tepavicharova?, E. Vassileval
! aboratory on Structure and Properties of Polymers, Faculty of Chemistry, Sofia University
?Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences, Sofia

INTRODUCTION
Biopolymer scaffolds play an important role as a temporary support either for  AlIM
seeding cells or for calcium phosphate crystallization in order to repair or  The aim of this study is to prepare polymer networks by combining biopolymers

strengthen damaged tissues. Two main classes of biopolymers are mainly used (gelatin and chitosan) with zwitterioinc polymer (polySB) and to test their
as components of polymeric scaffolds — polysaccharides and proteins —as they  potential as matrices for biominerlzation.

are the main constituents of the extracellular matrix. The main disadvantages _ U CH, o
of biopolymers are their poor mechanical performance and their easy 2 amaeioyiesgetnyl plimei - HaC o P et o 2

. : : sulfopropyl)ammonium hydroxide (SB) | 1
enzymatic degradation that could result into poor performance as a support. CHa CH; 0
EXPERIMENTAL PART ScaffoldsPreparation
Synthesis of Synthesis of :

eoh _ _ Scheme 2 Synthesis of Scheme 3
gelatin films: | Scheme 1 gelatin-chitosan gglatin-SB
Selatin solution networks: Gelatin solution Chitosan+2% acetic acid il e film1 or 2
. 50°C, 20°C, 1,0, washing,
0 _C, | magnetic stirrer | |magnetic stirre drying
magnetic stirrer — _
film 3
Glutaraldehid,
gel magnetic stirrer +SB+K,5,04
drying gel gel
i 50°C, 6h
film1 drying )
_ film?2 brid network
Gels obtained at every stage as well the IHy

final gels were repeatedly washed from  Freeze drying: After extensive washing of the films obtained through the three schemes, the gels were freeze dried
residual chemicals. In order to obtain porous structure.

Scaffolds Characterization | | |
The pore size of gelatin matrix could be varied by ~ Addition of chitosan to gelatin results into opening ~ Hybrid networks were obtained from gelatin and
changing gelatin concentration (at equal water  the pores of gelatin and obtaining of interconnected ~ POlySB and their structure was proved to be the

content). Above 3 wt% gelatin wide pore size  structure which allows easy passing of the cells,  type small nano-sized inclusions of polySB (white
distribution is obtained. nutrients flow. grains in the Figure 3) evenly dispersed into gelatin

\ N : *.g.. ; ; /

oKy, * x5,808°

18k L #4688  SBKm JSM-5816

A
Figure 1. Gelatin porous samples obtained Figure 2. Gelatin:Chitosan porous samples, .
according Scheme 1 at (A) 1% and obtained, according to Scheme 2 with - FlIRe
(B) 2% gelatin at equal water content. different ratio: (A) 1:1 and (B) 3:1. Selatn Sb e
networks, obtained
Test with blood plasma accorglc\,%tthodsig:;nnet
Gelat _ _ molar concentrations [ SN S
elatin was immersed into blood plasma )\ 1 *Number of red blood cells per L*10%2 after incubation of SB: (A) 1.5, N S
at 20°C for 1h and after that the number of different samoles into blood olasma (B) 1and (C) 0.5. SRR TR
of erythrocytes was counted (Table 1). A P P ' - ' |
control sample of plasma without any |[Blood plasma| 1% 2% Gelatin: Gelatin: C
sample inside was also done. Each value /control/ | Gelatin | Gelatin | Chitosan 3:1 | Chitosan 1:1
In Table 1 is a result of three independent
experiments 5.1 5.2 2.4 3.6 9.3
Visual test: After 1 h Immersion In
plasma, the samples had different
appearance. Crystallization of calcium phosphates in polymer network gelatin-SB
E;]%l:ggribh of Freeze dried film of gelatin-SB was

left to swell in 0,00M K,HPO,
(pH=12, adjusted with KOH) for 3
days. The P content was determined to
be 0,0007M and pH drop to 9. After
washing the sample was immersed
Into CaCl, (0,005M, pH 9) for 7 days.

samples 2%
Gelatin (left) and
Gelatin:Chitosan
3:1 (right).

CONCLUSIONS

In this study, It was proved that the pore size and interconnectivity could be successfully modulated by choosing right components and preparation conditions. The
grain structure of gelatin-SB hybrid networks is interesting and shows potential for directing cell behavior, however more biological tests are needed to prove the
viability of this concept. Crystallization
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Effect of irradiation dose on the

degree of crystallinity.
DSC and WAXS analysis of Ultra-High Molecular
Weight Polyethylene

M. Staneva, E. Nedkov
Institute of Polymers - BAS, 1113 Sofia, Bulgaria

Materials and methods / Impact Strength
100 -
Materials investigated:
Ultra-High Molecular Weight PolyEthylene (PE-UHMW): | 80 - |
& g y-irradiated (in air) samples — O
(D =1, 5, 10, 50, 100, 200, 500, 1000, 1500 kGy); g2 60-
% 1 un-irradiated sample (D = 0.1 kGy). §
Methods used: ; 407
& Wide Angle X-ray Scattering (WAXS) — reflection mode = 204 @
& WAXS — transmission mode _ /
& Differential Scanning Calorimetry (DSC) - melting o- OO O
. 0,1 1 10 100 1000
Aim of the research: log D, [kGy]
to estimate the effect of the irradiation dose on the degree of crystallinity of Figure 2. Effect of irradiation dose on the
PE-UHMW. impact strength (IS) of PE-UHMW

Results and Discussion
Long period, Thickness of lamella and

Long period Thickness of amorphous part
(i.e. thickness of the
Impact Strength amorphous part) |
L=L, +L-a,where L-long period;
Degree of crystallinity L, —thickness of lamella; L.-a =L_ —thickness of lamella
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Figure 3 . Effect of irradiation dose on the long period (L), thickness of lamellae (L) and thickness of
amorphous part (L) of PE-UHMW. The thickness of lamella (respectively the thickness of the
amorphous part) was calculated using the degree of crystallinity, obtained by:

A — WAXS-reflection mode; B - WAXS-transmission mode; C — calorimetric investigated

Figure 1 . Effect of irradiation dose on the degree of crystallinity of PE-UHMW:
A — calculated by WAXS-reflection mode (a WAXS-refl) - B - calculated by WAXS-transmission mode
(a WAXS-trans) - ' — calorimetric investigated (a™)

9

Conclusions

% WAXS and DSC analysis show similar results for degree of crystallinity.
S Our values for degree of crystallinity are in good agreement with the literature data.
% The dose 50 kGy is denoted as a critical dose (fig. 1):
=>up to 5kGy the degree of crystallinity is almost constant;
~above 50 kGy degree of crystallinity slightly increases.
& The increase of degree of crystallinity makes PE-UHMW more brittle, which is in agreement with the data for impact strength (fig. 2)
% The increase of degree of crystallinity is due to the decreasing of the thickness of the amorphous part of the polymer (fig. 3)
& Our results for degree of crystallinity suppose destruction in the case of PE-UHMW, y-irradiated in air.
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Silica Obtained Via Pyrolysis of Waste “Green” Tyres — Reinforcing Filler for Rubber Industry
M. Mihaylov, M. Ivanov, L. Ljutzkanov

Abstract

A solid product (named SiO2D) is obtained as a result of subjecting the tread of “green” tyres to pyrolysis in the presence of water vapour. It has been found by FT-IR and EDX-RF spectroscopy
that the product contains 30 % of carbon, 65% of Si02, 3 % of ZnO and 2 % of other components. The physicochemical and dynamic properties of the vulcanizates based on SBR filled with 75 phr
SiO2D have been studied and compared to those of vulcanizates filled with conventional SiO2 as well as with such filled with a mixture of SiO2 and carbon black N 330 at a 2:1 ratio. Compositions
with and without bis(3-triethoxysilylpropyl)disulfide have been also investigated. It has been established that there are not differences in the mechanical properties (modulus 300, tensile strength,
abrasion, etc.) as well as the dynamic properties (heat build-up, tan s, etc.) of the vulcanizates filled with SiO2D and of those filled with conventional SiO2 and carbon black at a 2:1 ratio.

Introduction

Waste tyres trigger a serious environmental problem. They are crucial environmental pollutants being highly stable to natural factors (sun radiation, moisture, oxygen, ozone and microbiological action). More than 5x106 t/year of
waste tyres result in the world, 2x106 of which in Europe, 2.5x106 in North America and 0.5x106 in Japan [1]. There are several ways to dispose and re-use that waste such as tyre retreading, mechanical grinding, rubber reclaim,
combustion, pyrolysis etc. Even if it is not a new method, the waste tyres pyrolysis generates oil, char, gas and steel products, all of which have the potential to be re-used. The oil obtained from pyrolysis can be combusted as a substitute
fuel or, in case it does not contain larger amounts of polycyclic hydrocarbons, it can be used as plastiziser [2-4]. The gas can be used to provide the energy for the pyrolysis process [5-7] and char can be used as activated carbon or filler in
the rubber industry [8-10]. The chemical recycling of the waste tyres by pyrolysis involves the decomposition of the waste tyres at high temperatures (300 — 1000 °C) under different conditions. It is known that precipitatied silica having
silanol groups on its surface is used as a filler in the tread for “green” tyres. Organosilanes like bis(3-triethoxysilylpropyl) disulfide (TESPD) and bis(3-triethoxysilylpropyl) tetradisulfide (TESPT) are implemented for improving the
dynamic properties of those vulcanizates. During the mixing the the silanes are coupled to the filler surface. That leads to a better dispersion of the precipitated silica in the rubber matrix. However, the technological mixing regime has a
great importance for running the above mentioned reactions. Reactions between the second functional group of silane and the rubber molecules occur during vulcanization provoking chemical “polymer-filler” bonds. The interactions
described reduce the rolling and abrasion resistance of the tyres and enhance their adhesion on wet roads [11, 12].

This paper aims at studying the solid product, named SiO2D in the following, obtained from the pyrolyzed tread of waste “green” tyres carried out according the above mentioned method and its behaviour as filler in rubber blends

and vulcanizates of SBR. ]
Experimental

Composition of the investigated rubber compounds (phr). . . . . « . . . ’ . . « ’ . .
e - : : The solid residue (SiO2D) obtained by the “Method of processing carbon-containing materials” [14] via pyrolysis of waste “green” tyres tread (Michelin energy

Compound E-1 E-2 E-3 E-4 E-5 E-6 ] . . . . .
= — m— i - m— = 195/65 R 15).has been studied by FT—IR.and ED-XRF .(Energy Dlsper51f)n X-Ray Fluorescent) spe.c’.cros.copy. The investigated rubber compounds have the follomng
Zno 3 3 3 3 3 3 composition in phr (Table 1). The following raw materials were used without any subsequent purification: E-SBR (SynthosKralex 1500) produced by cold emulsion
Stearic acid 2 2 2 2 2 2 polymerization; precipitated silica (Silica WL 180 Gr), solid residue (SiO2D) obtained via pyrolysis of waste “green” tyres; TESPD (Si 266, Bis(3-
:820 5_0 5_0 5_0 o e e triethoxysilylpropyl)disulfide, Evonik/Degussa; TBBS (N-ter-butyl- 2-benzothiazol sulfenamid). The rubber compounds were produced on laboratory mixing rolls. The
o b I AIET _ _ 55 _ _ _ curing properties of the investigated rubber compounds were determined by “Monsanto” rheometer at 160°C according to ISO 3417(2002). The mechanical properties
TESPD : 5 5 35 - 5 were determined according to ISO 37(2002). Tan s of the investigated vulcanizates was determined by using the Dynamic Mechanical Thermal Analyser Mk III system
TBBS 1.75 1.75 1.75 1.75 1.75 1.75 (Rheometric Scientific).

Sulfur 2 2 2 2 2 2

Results and discussion

1) The pyrolysis of a Michelin energy 195/65 R 15 tyre tread has been run under the conditions described in the experimental part. The sample size was approximately
k- 5x30x50 mm. The pyrolysis yielded 47 % of a liquid product, 48 % of a solid residue (SiO2D) and about 5 % of gaseous products. 68 % of ash content was established
after heating the solid residue at 7000C in oxygen atmosphere for 1 h. The solid residue, the ash from the solid residue and precipitated silica (Silica WL 180 Gr) have
been studied by FT-IR spectroscopy as well as EDXRF (Energy Dispersion X-Ray Fluorescent) spectroscopy. Figure 1a shows the IR spectrum of SiO2. As it can be seen,
the absorption bands registered for the ashes of SiO2D (Fig. 1b) correspond utterly to those of SiO2. Besides the characteristic absorption bands for SiO2 there are also
\ | : corresponding bands for NO3- (at 1384 cm-1) and for sulphur compounds (at 670 cm-1) in the IR - spectrum of SiO2D (Fig. 1c). The EDXRF analysis with regard to
Far ¥ light elements has revealed the amount of SiO2 in the ash of SiO2D (Fig. 3) that corresponds to 96 % of silicon in SiO2 (Fig. 2). The amount of silicon in SiO2D (Fig. 4)
0 - | is 70 % with regard to the amount of silicon in SiO2 which is in agreement with the amount of the obtained SiO2D ash. The EDXRF analysis of SiO2D and SiO2D ash for

g . . " heavy metals (Fe, Zn) has demonstrated that they contain about 3-5 % of ZnO (the spectra are not presented here). The analyses allow the conclusion that the solid

B AL\ / residue (SiO2D) obtained from the pyrolysis of tyre tread of “green” tyres contains about 30 % of carbon, 65 % of Si0O2, 3 % of ZnO and 2 % other components.

d "’| ['.‘ '1/ E,:m . B Properties of the investigated rubber composites.
— N Bcp E!p Curing properties
11 - 1 s P 9)},’ Compound E-1 E-2 E-3 E-4 E-5 E-6
: - ; | : ‘ ML, (dNm) 44 22 34 26 60 37
o i I | . MH, (dNm) 85 75 90 84 112 98
. _ " I L - M, (dNm) 41 53 56 58 53 61
! ) /' \ , é | | 1 T, (min:s) 5:45 6:45 4:00 3:15 3:00 3:00
'{ | | N _ | o3 Tyo (Min:s) 2230  17:45  13:00  10:30  15:15  10:30
Y | | . ~ | | M, 4600 2750 2300 2050 3200 1750
: \ \ - ‘ - ‘ =y l Mechanical properties
3 i - | ] h M,,,, (MPa) 1.2 1.6 3.2 2.5 3.0 5.1
“3 : ] s E , | ,“\ M,,,, (MPa) 3.1 8.3 16.3 13.8 121 21.9
’ E | I b rom I\\,A;,_I/I\-;; C %) I S g S— J l\] '\.\;/I\Ti‘ 0 ST Tensile strength, (MPa) 18.4 24.1 24.0 21.4 20.6 22.0
EN IR-FTIR spectra of investigated fillers: 1a)SiO,; 1b) the ash content of $i0,D; 1c) SiO,D 3‘3_ 1] s, i ) 4 : Energy (keV) ; : ) Soniind Elongation at break, (%) 780 590 410 410 470 300
] | U/ \\\ A Residual elongation, (%) 30 20 20 15 20 10
’ A I T il T T 'Eni'g'm'ev; [EJ EDX-RF spectra of the SiO,D ashes ] EDXRF spectrum of the SiO,D Shore A hardness 70 62 73 60 79 e
Abrasion, (mm3) 180 96 109 100 141 116

E EDX-RF spectrum of SiO,

The blends filled with precipitated silica that do not contain silanes or other dispersants demonstrate a high melt viscosity. The mixture E-1 has a minimum torque of 74 dNm. The presence of TESPD in mixture E-2 leads to a lower
minimum torque (22 dNm). The minimum torque of E-4 mixture is somewhat higher (26 dNm), which is probably due to the presence of carbon black in SiO2D. Similar results have been obtained when filling the rubber mixtures with a
combination of SiO2 and carbon black (mixture E-3) and with SiO2D in the absence of silane (mixture E-5) and finally with SiO2D in the presence of TESPD (mixture E-6). Mixture E-5 demonstrates a minimum torque value of 60 dNm
which is considerably higher than the one of mixture E-6 (ML=37 dNm). The decrease in melt viscosity might result from the dispersing effect of silane and the reduced “filler-filler” interaction. This requires the presence of silanol (Si -
OH) groups on the surface of SiO2D. The difference between the maximum and minimum torque (AM) of the compositions comprising SiO2D are negligibly higher than those of the corresponding compositions filled with SiO2 and with
combinations of SiO2 and carbon black. The compositions filled with SiO2D form a denser curing network and demonstrate shorter optimum curing time (Mc=1750, t90=10:30 min) for mixture E-6), if compared to the corresponding
compositions filled with SiO2 and carbon black (Mc=2300, t90=13 min) for mixture E-3. That might be due to the fact that the compositions filled with SiO2D comprise a certain amount of ZnO (SiO2D contains 3 % of ZnO). The
presence of nitrogen and sulphur containing compounds could also act as vulcanization accelerators. The modulus 300 of the vulanizates comprising SiO2 and silane is about 8 MPa (mixture E-2) which is about 170 % higher than that of
the vulcanizates without silane (M300=3.1 Mpa) for mixture E-1. The modulus 300 in the case is on account of the chemical bonds formed between the SiO2 surface and the rubber via the bifunctional silane. The formation of such
bonds is facilitated by the availability of —OH groups on the filler surface as well as by the certain amount of adsorbed water which favours the hydrolysis of the silane ethoxy groups. The vulcanizates containing SiO2D and silane also
have a very high modulus 300 (M300=21.9 Mpa) as shown for mixture E-6 in comparison to those without silane (M300=12.1 Mpa) for mixture E-5. The high modulus 300 of the vulcanizates containing SiO2D can be explained only by
the availability of —OH groups on the surface of SiO2 particles in SiO2D. The increase in modulus 300 of the vulcanizates containing SiO2D is not as pronounced as that of the vulcanizates comprising SiO2 and silane. But one should
keep in mind that about 30 % carbon black are present in SiO2D which predicts the chemical bond between the former and the elastomer matrix. The tensile strength of vulcanizates containing SiO2D and silane does not differ
significantly (o0 =22 Mpa) for mixture E-6 from that of vulcanizates containing SiO2, silane and carbon black (0=24 MPa) for mixture E-3. The same observation could be drawn as far as abrasion resistance is concerned. The abrasion
value of the vulcanizates containing SiO2D and silane (116 mm3 ) for mixture E-6 is close to that of vulcanizates containing SiO2, carbon black and silane (109 mm3 ) as shown for mixture E-3 (Table 2). The high values for modulus
300% and outcome strength as well as the low values of abrasion and elongation at break of the vulcanizates containing SiO2D could be achieved only, if SiO2 particles preserve their initial size and surface activity under the pyrolysis

conditions used. The filler dispersion in the rubber mixtures has an important effect upon the dynamic properties of the vulcanizates and particularly on the heat build-up

= a which corresponds to the rolling resistance of tyres. The dependences of the complex dynamic modulus (E*) and the heat build-up on the dynamic

5,5

deformation have been determined by using a Goodrich flexometer. Figure 5 presents the dependence for vulcanizates containing SiO2, SiO2 and silane,
and in addition SiO2D and silane. As it can be seen the greatest decrease of the dynamic modulus (Payne effect) takes place in vulcanizates filled with SiO2
that do not contain silane (mixture E-1), which is due to the poor dispersion of the filler particles and the formation of a “filler-filler” structure which is not
destructed at small dynamic deformations. The presence of silane favours the dispersion of the filler particles (mixture E-2). That reduces quite the
decrease of the dynamic modulus at larger dynamic deformations. The higher dynamic modulus values of E-2, if compared to those of E-1, are probably
due to the denser vulcanizate structure of the former. The dynamic modulus values of vulcanizates containing SiO2D (Fig. 5, mixture E-4) at small

E', (MPa)
E',(MPa)

S R R U . . ¢« +« w w uw = = w» dynamic deformations are the highest and their decrease with the increasing dynamic deformation is more pronounced than that of the vulcanizates
e i containing SiO2 and silane. That might be owing to the presence of some amounts of carbon black in SiO2D and of an amount of SiO2 which is smaller
B?E{’";';‘;':;j;'::‘i;atLf;’g‘flff‘:;f:_i COmpS o Bgg{n;r:;;-;i;*;a:l';;i'ur:;:gﬁ;? Lhe comiplex dynan et than that in the vulcanizates of mixture E-2. The vulcanizates containing SiO2D without silane have the most pronounced decrease of E* with the
dynamic deformation dynamic deformation increasing dynamic deformation (Fig. 6, mixture E-5). The curves for the vulcanizates containing SiO2D and silane (Fig. 6, mixture E-6) have a pattern
s similar to that for the vulcanizates containing SiO2, carbon black and silane (Fig. 6, mixture E-3) but have higher dynamic modulus values for all
:40 » iq .1 deformations studied. That probably results from the denser curing network of those vulcanizates. The heat build-up is the highest for the compositions

P I - j oo I s - without silane (Fig. 7, mixture E-1 and Figure 8, mixture E-5). The vulcanizates containing SiO2 and silane (Fig. 7, mixture E-2) and SiO2D and silane
i = . — i . // (Fig. 8, mixture E-6) have the same heat build-up. The vulcanizates containing SiO2, carbon black and silane (Fig. 8, mixture E-3) and those containing

) o0
(=)

SiO2D and silane (Fig. 8, mixture E-6) also have the same heat build-up. The temperature dependence of tan 6 tan 6=E”/E’) deserves interest since it is
considered that tan s at 60 °C corresponds to the rolling resistance of the tyres, while tan s at 0 °C it corresponds to the traction on wet road. Figures 9 and
10 show how tan s of the vulanizates studied depends on temperature. As seen there is not a significant difference in the patterns of the curves for the
vulcanizates containing SiO2 and silane (Fig. 9, mixture E-2) and SiO2D and silane (Fig. 9, mixture E-4) as well as those containing SiO2, carbon black

ﬁ
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R
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Temperature,( C)
\
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NP —— and silane (Fig. 10, mixture E-3) and those for vulcanizates containing SiO2D and silane (Fig. 10, mixture E-6). However, it is inexplicable why the
KA Dynamic-mechanical properties: the heat build-up of the Bl Dynsmic-iiedianialiproperties: iakeat billdsp orthe vulcanizates without silane have lower tan s values at 60 °C, what is in disagreement with the heat build-up, which is higher (Fig. 7 and 8), and the fact is
. A el i g i - mixtures £-3, E-5, E-6 as a function of the dynamic deformation jp) contradiction with theconventional statements.

- Z; | Conclusion
" 07 ' :: The results achieved demonstrate no differences in the mechanical properties (modulus 300 %, tensile strength, abrasion resistance, etc.) of the
o o 0n "_ -4 vulcanizates filled with SiO2D and of those filled with conventional SiO2 and carbon black at a 2:1 ratio. There are no differences in the dependences of
8% & o4 \*\HE the complex dynamic modulus and of the heat build-up on the degree of dynamic deformation as well as in the thermal dependences of tan s of the
v . - o vulanizates studied — those filled with SiO2D and those filled with conventional SiO2 and carbon black in the presence of bis(3
*11 01 \—-—---———-'-' triethoxysilylpropyl)disulfide. The results obtained could be explained only, if the initial size of SiO2 particles and their surface physical and chemical
N e we e o .o .l activity is recovered under the pyrolysis conditions mentioned. Having in mind the tendency that SiO2 is going the replace carbon black both in light and

R ————— heavy tyres, the pyrolysis of waste tyres in the presence of vapour seems to be a perspective method for SiO2 recovery.
F% Dynamic-mechanical properties: tan o of the mixtures E-3, E-5, El Dynamic-mechanical properties: tan o of the mixtures E-1, E-2,

E-6 as a function of the temperature E-4 as a function of the temperature
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Heﬂ o H3cnenBaHe Bb3MOKHOCTTA 3a MPOBEXK/IaHE HA KOHTPOJHUpaHa pagukanoBa nonuMmepusanys Ha N-uzonpormmnakpuiamug mo RAFT meTtoaukara,
!

3a Ch37aBaHE HA 3BE3JJOBU/IHM MOJMMEPHHU apXUTEKTypH Ha 0a3ara Ha QyHKIIMOHAIU3UPAH P-H30IPONCHUIKAINKC[N]apeH. \

BbBeaeHuUe. \
4. CUHTE3 Ha 3BEe3A0OBUAEH NOAUME
nonmmepusauua Ha  N-usonponu

700

EAMH OT HauMHWUTE 3a nNPoOBEeXAAHE Ha KOHTpPOAMPaHa
NOAUMEPU3ALMA 3@ MoAydyaBaHe Ha TMMOAMMEPU C OrMpepeneHa
apXuTeEKTypa € C W3NOA3BaHe Bb3MOXHOCTUTE Ha RAFT
noAMMepu3aumaTa.

MN3BECTHO €, Y& MOHOMEPU CbAbPXALUM ABOMHA Bpb3Ka -
CTUPEH, METUAMETAKPUAAT U APYTM BUHUAOBU MPOU3BOAHU MOrarT Aa
6baaT NOAUMEPUINPAHU MO PAAMKANOB MEXAHU3bM MPU Pa3AUUHMU

6009 Mn =156 Da
Mw = 158 Da
5004 Id=1.013

- our. 1. TMX xpomatorpama Ha RAFT  noavmepusauusata H
%0 AMTMOBEH30EeHa KUCEAMHA OCbLLECTBEHA B MPUCBLCTBUETO
AIBN, B cpeapa Ha TX® nan AMO® npu Te
100+ NPOAYKTU Ca yTaaBaHU B AUETUAOB ETEP U

A6copbuumsi, UV[ycnosHu eguHmum]

F ,' YCAOBMSA, HO MOAYYEHUTE XOMO- U CbMOAMMEPU CE XapaKTepuaupart R szpeMesa;'swpaHeymms'o & ‘ ‘

' CbC 3HAYMTEAHa  MNOAMAUCMAEPCHOCT. UYpe3  MeToAuTE  Ha

,' » KOHTPOAMPaHaTa pasMkanoBa noammepusaumns (RAFT, ATRP) morar [MTIX xpomatorpamara Ha ¢ur.l nokasBa HaAMUME Ha TMPOAYKT C B

.‘ ; AA Ce MOAyyaT MOAMMEPU C OMNPEAEAEHA apPXUTEKTYpPa W HUCKA MOHOMOAAAHO pa3snpepeneHre no MM. U3uucaeHaTa cpeaHo n<530005
/ ‘ MOAMANCNEPCHOCT. macoBa MM or 158 Da cboTBeTCcTBa Ha TEOPETUUYHO U3UMCAEHATa o] P
l‘ F Hne ce Hacoumxme KbM CUHTE3a Ha P-U30MPONEHUA- 3a TOBa CbeaMHeHue oT 154Da. TACHOTO MacOBO MOAEKYAHO n‘é-'

» i KaAukc[n]apeH M AMTMOBEH30EeHa KUCEAMHa, Kato MakpoareHT 3a pasnpeaeneHne (D = 1.013 ) poKa3Ba CUHTE3a Ha AedUHUpPaH

/ ‘ RAFT nonumepunsauua Ha N-usonponunakpunamma. NPOAYKT C BUCOKa unctota. B MY cnekrbpa (our.2) ce HabaopaBar ;

i xapaktepHute TpenteHusa npu 1430 cm ' 3a C=C Bpb3ka ( OT 1 g o

l / - 1. CuHTE3 Ha p-U3onponeHUAKaAmKec[nlapeH apomatHo iApo); 1380 cm * 3a C=S Bpb3ka 1 630 cm *3a (C-S A T T
' . ) Bpb3Ka. Bpeme 3a enyupate, min
‘ | CUHTE3BT Ha P-U30MPONEHUAKAAMKC[N]apeEHU € NPOBEAEH MO
4

M3BECTHAa METOAMKA C YCTAHOBEHM MOAHM CbOTHOLUEHUA U ot i l
( / pPEeaKLUMOHHM YCAOBUA B ABa eTana: MaTtorpama Ha
| alreHT Ha OCHOBa

i ' AMKC[8]apeH

N 8 g

8.
315112
2

. :
- v/ [IbpBM eT1an - CUHTE3 Ha AMHENHW OAMFOMEPU C OMNpeAeAeHa

itrary
5,4

~ AbAKMHA Ha MakpoBepurata oT P-M30MPONEHUA-GEHOA U aAAEXMA: s Gur. 2. Y cnekTbp Ha An- 0
’ , = TMobeH30eHa KUCEeAMHaA T
HeC | - E? PP
émpw eran - UMKAM3aUua Ha MNOAYYEHUTE AMHEWHU OAUTOMEPHU
CpeAa Ha BUCOKO KUMSILL, Pa3TBOPUTEA: '
: s our.3. 'H AMP cnekTbp Ha Au-
TMOBEH30EHa KUCEAUHA
- My o
) e
B8 7 6 1 2 ‘
B 1H AMP cnekTtbpa ce HabAopaBaT OTMECTBaHMSA npu 7.95 ppm .
(2H, 0-ArH) 7.61ppm (2H, m-ArH) , 7.63 ppm (1H, p-ArH) n 6.75

ppm (1H ,C-SH).

3.CuHTe3 Ha Makpo-RAFT areHT 3a cBOOOAHO - \
paAuKanoBa KOHTPOAMPAHa MOAMMEpPU3aLUsA

3a cuMHTE3 Ha Makpo-RAFT areHT ce cnpaxme Ha NoAydeHua g
M3oMnporne-HUAKaAUKC[8]apeH, YMATO KOHPOPMALIMOHHA CTPYKTYP:
AaBa Bb3MOXHOCT 32 pa3nNoAaraHe Ha KM30MPONEHUAOBUT

)A-TD 18

H-rpynara 3400 cm-* KaKTgH” X'“M“L'HOIISI’ dparMeHT B  pasAMUHM  PABHWHMU, KloeTol 6 03BOAUA
T H 38 NPOTOHuTE OT OH-rpynuTe B MaKCUMaNHO GYHKLMOHAAM3UPAHE HA KAAMKCAPEHOBWS MPBLCTE
q 9 ppm nokasBaT HanpsraHe Ha

OAUFO KTEPHO 38 LMKAUYHE CTPYKTYPa. |

PeaKkuuATa € U3BbPLUEHA MPU YCAOBMA WM3BECTHU B AUTepaTypara,

MOAYYEHMAT NPOAYKT € oﬂapafepmsmplﬁH qbe3 Nnx, M4 n 1H AM

’ | CI'IeKTpOCKO‘I'IMFl." [MonyyeHata ot [TIX ONEKYAHa aca H

' NMOAYYEHUA MPOAYK T 2400 Da ortroBaps Ha TEOpPETUYH

‘ ngumcaeHara or 2403.5 Da 3a HanbAHO GYHKUMOHaAAU3MPAH [
N3onponeHnAK-anmke[8lapeH

x"

Ha P-U30NPONEHUA-KAAUKC[4]
poneHnA-KaAnke[8lapeH

LH IMP, ppm
CbeaAuHeHue

ArH ArCH,Ar OH C=CH, CH4 Uon VUec

B} - ¢M / ] M Cne p ; o j Tm;‘ 00103
P-M30NPONEHMA- 0 4.38-4.41H B ; | ) ’
56.67 " 5925 5447464 5229 3368 1656 i i ¥ MaKpoa AyHEH Np & ’
kanukc[4]apeH 53.41-3.51H ! | 0 B
[4]ap eq ] i /) q)y MO pa Ha " = wTTTT - = TR TR
p-U30NPONEHUA- . ;B M30Mpo AMKE[8lape
- 0 6.65 03.54 09.23 0 4.44-4.67 02.25 3368 1654 = ‘ v P P ]
kanvkc[6ape f ANTHObGE KUCEAWH
P-U30MPONEHNA- 54.37 H,, A W
0 6.67 09.23 0 4.55-4.67 02.26 3369 1654
kaAukc[8lapeH 63.51H,,

—-—

B KUY eKTbpa ce
30MNponeHnA-KanmKe[8lapeH A
BU M TakuBa npu 1476 cm ?
akCMManeH uHTeHsuTeT npu 1360 c
YATUNAET  Mf 688-648cm 1 (xa
BEPOATHO CE€ AbAXM Ha pPasAMUHUTE
a OTAEAHUTE Pa3AUYHU GYHKLIMOHAAM
U HENHW NPOU3BOAHU. 3¢ OcBeH ToBa B H AMP cnekmbpa H:
H T HEgrCR0 LTVp OAIOAABAT XMUMUUHW  OTMECTBAHMS
AHaA TOYkKa MeTO - ype 1 3a C A B
e erno

\UNTUOOEH30EeHa KUCEA
BaHE Ha MaKpOUHWULMATOP
3aMECTEHN GEHOA

d YLy oD

€H HAalMbAHO QYHK

BbArcpufé
e o
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Benefits of Nanocapsules:

_____ Poly(ethoxytriethyleneglycol acrylate) cHy  chg =>:O
(PETEGA) as a Template for Core - Shell | | ﬁ

Hzc\N/CHz +
Polymerlc Nanopartlcles. Why? -Monomer Synthesys: ] C_\CH CHZ%(H;/C\U CH3(OCH,CH,);0H

Triethyl-amine Acryloyl chloride tri(ethylene glycol) monoethyl ether

1 PETEGAS' Properties:

7 [
il e ;;g
3 o002 033 D33 l:‘;i‘ 0.4 0.68 4 1.00 =
20 75 7.0 85 8.0 55 5. Dc:h 45:'“ i 4.0 35 a0 25 20 15 1.0 .
First peak 1.8% Second

1H NMR (CDCl5): & (ppm) 6.37 (dd, 1H, CHH=CH-), peak 0.2, Third Peak
6.10 (dd, CHH=CH-), 5.78 (dd, CHH=CH-), 4.25 (t, 98%

2H - COOCH,-), 3.70-3.50 (m, 10H, -CH,0-), 3.46

(g, 2H, -OCH,CHs), 1.14 (t, 3H, -OCH,CH)

- - Temperature-responsive polymer - LCST is 34 °C;*

- - LCST does not change with MW (unlike poly(2-
isopropyl-2-Oxazoline) (PIPOX) and poly(oxyethylene
methacrylate) (POEGMAS), reversible phase transition;

- - Flexible polymer chain Tg ~ -60°C;

- - Under heating can form sub 100 nm colloid particles
with or without a surfactant;**

- -Colloidal nanoparticles are suitable as nano-tempaltes
for preparation of hollow nanocapsules.

:Polymer Synthesys:

Sample H NMR Mnsec(re)

-1
gr.mol
2  Benefits of Nanocapsules: Code

mmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmm

- - in contrast to polymeric micelles nano-capsules can

mmmmmmmmmmmmmmmmmmmmmmm

Report Standard GPC

carry larger quantities of guest molecules;
- - mechanically more stable than polymer vesicles;
- - open possibilities for outer shell modification;

-— w (g M)

73900
1. PETEGAaree1 - (PDI1.2)

Elugram

2 Motivation: = Synthesis of PETEGA

- - PETEGA forms nano-templates that is suitable for
preparation of hollow nanospheres. Thus, very important to
know is how easily to receive polyacrylates with desired Mn
and PD. For this purpose three controled polymerization
technics were used and the characteristic s of the obtain
polymers have been compared.

) M =N
CUBr, EBP; PMDETA /Kf . qr gro (i g (App )'3' 51' 71- groTTTTTTTYy = o E e it ] & ]
0

0 1 >
mmmmmmmmm e g P Report Standard GFC

mmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmm

Anisole, 90 °C, 60 min, 24 h o
N L e ) N ddd deddoocoo 'I'p'h:lgr‘i"l | _' ..‘_.\,.
AIBN, CBDB B e IS e nonz / \ Elugram
2 - g — S .
| 1 \
0 / ",

0 Benzene, 70 °C, 90 min {/ SN )
342 -
2. PETEGARAFT3/70 | \2‘ - ’3

< 3
THF, LiCl, Diisopropylamine, n-BuLi - o
’ THF, -78 °C, 90 min P A i (PDI=12) ------ .
A PETEGA A - -

3
. " 3
61
. 3 9
4

3 Objective: ETEGA N I o
- - To synthesize series of well defined temperature Y YOEE N
; responsive poly(ethoxytriethyleneglycol acrylate)s; T e
i (PETEGASs) by ATRP, RAFT or anionic polymerization (AP); s oo Report Standard GPC
| - - To synthesize sub 100 nm polymeric nano-capsules by e BN e wiloghty '™ Elugram
| mild and non-destructive means; AN -
e \ R
------------------------- 30484 o
3. PETEGAas (PDI'1.2) =
:Dynamic Light Scatering measurements: | 3 I - o
Surfactant/ Mean o
. Sample Conc. . PDI
Ne Code gL’ Pol);mer Dlar:rr:]eter Factor kcps o
9 Te1 :Turbidity measurements:
1. | PETEGAATre12 1 - (T=70 °C) 0,093 67
2. | PETEGAse12 1 0,5 190 0056 | 143
(T=70 °C)
Surfactant/ Cloud
Sample Conc. :
No 1 Polymer Point
Code g.L N
a/g C
1 - 34
1 0,5 40
1. | PETEGAATRe1 0.5 - 37
05 05 43 100 LR 100 A =
P CONTIN 1:Ctrl BD 1 (HML) - ATRP1Z_1_G_L_70_90(1) |
2. | PETEGARAsT370 1 - 33 ~‘\
S S
o v | 3. | PETEGArs ! ] 3
Diam.: 209.77 rm £ £
| a0
=l . ] —=—ATRP12,1g.L" —=—ATRP12,05¢.L" \l-“....
— Femerature. € e
Diameter () ' Diam.: 100,00 rm
JE I
. =
g K 1909 R 100 - s 100 - -
o\‘i i o\o 80 + o\o— 80 -
N T *o:\,% . °° R o Diameter (nm) = % g 601 g h
E 40 % 404 % 40
= = =
40,00 ke P hops | —=—ATRP12,05g.L" s/p=05 \.‘----. —m—RAFT3, 1g.L" 1 —m—AP3 1gL" bt
- 00300 T T e o 3 N P o
Time Temperature’ "-’C 0 10 20 30Tem4;0eratuS:e’ 0CGO 70 80 90 Temperature’ OC
1000 ks . 1. X. Jiang, C.A. Lavender, J. W. Woodcock, B. Zhao Macromolecules 2008, 41, 2632.
00:00:00 . 00:02:00 2. Patent w0O98/01478
e 3.(a) Antoun, S.; Teyssie, P.; Jerome, R. Macromolecules 1997, 30, 1556-1561.
— (b) Antoun, S.; Teyssie, P.; Jerome, R. J. Polym. Sci., Part A, 1997, 35, 3637-3644.
Summary: -
y Funding: : Future Outlook:
-Using ATRP, RAFT and AP techniques was successfully prepared three different . N
4 ] 4 - - - Copolymerization of - .
PETEGAs with controlled molar mass and polydispersity. The easyest way for ‘EJSnder ptrOJefct B§]051P§)001|/07/3'? 02/Sé 1 hydrophilic acrylamide - D'fj‘x':'::g:e"r;'t’f:e'ig:dat
obtaining low molecular PETEGAs is ATRP. Obtaining of high molecular uppor or € evelopmen an C or methacrylate and removal by dialysis
polyacrylates with low polydispersity is possible using both AP or RAFT. realization of PhD-students, post-docs and @ N R
However, taking into account the simplicity of the both technics the AP is Vﬁung reseahrch_ers md the field 0f" polymer EWGP,"@
mistr | nd engineering”. o
prefereable. chemistry, physics and engineering Formation of PETEGA Formation of core-shell Hollow
-PETEGA phase transition in aqueous medium is fully reversible. -Bulgarian NSF project DO 02-47/18.12.2008 template nanoparticles particle with PETEGA core nano-capsule
] (IDO 1/034) and PHEMA or PNPIAM shell
- From the DLS data could be stated that PETEGA forms uniform nano-

templates and it is suitable for preparation of hollow nanospheres.
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INTRODUCTION
In nature, living organisms produce mineralized tissues such as bone, teeth and shells by a sophisticated process called biomineralization. Recently, the preparation

of organic—inorganic hybrid materials with controlled mineralization analogous to those produced by nature has received much attention because It can:
» aid in understanding the mechanisms of the biomineralization process and
» result in development of new biomimetic materials.

AlM
To study crystallization of calcium phosphates In biopolymeric matrices by
adsorption and diffusion of CaCl, and K,HPO, solutions.

Founded 1869

EXPERIMENT

Reagents:

» Polysaccharides- Xantan Gum, Guar Gum, Alginate;

» Inorganic salts, aqueous solutions - 0.3 M K,HPO,; 0.5 M /1.5M CacCl,

| Experiment: » Media modifying agents - Urea; Simulated body fluid (SBF)

» K,HPO, Is preadsorbed in biopolymers; RESULTS
» Ca?* diffusion in hydrogels ~a05MCack
> pH 3-9 1_6__ . —e—1.5M CaCl2 9_-.
» Crystallization time —2 - 120 h =
» Drying — room temperature .

IR characterization

pPH dependence on
diffusion time.

Kinetics of Ca2* diffusion into -
a polymeric matrix.

7_

pH
Absorbance

X-Ray characterization s ] W\/\M
o & ~
CaHPO,.2H,0 (bruushit) S 06 \.\ c v(POH) L(H,O)
o KCI; 1 = o
Guar Gum 0 \- -_/'/' )
N o T . 3- N/ 5(H.0) /
MWMWM«MW 0.0 T T T T T i T T i T : i . i . i . i : : : VOH(HZO) ﬁf S(PO )
0 20 40 60 80 100 120 0 20 40 60 80 100 120 S (PO H)
< time, h time, h V(Po )

Xantan Gum modified 4000 3500 3000 2500 2000 1500 1000 500

with Urea
J\W\W

(-

SEM characterization

Wavenumber (cm-1)

Xantan (am

1
60

T T T T
10 20 30 40 50

2 -teta-scale

Table. Size of the brushit crystallites

Polymer Size, nm 1@kU
Xantan Gum 80.3
Xantan Gum + Urea 51.2
Guar Gum 40.3

Il Experiment:
» Ca?* crosslinked alginate beads;

IR d | » Crystallization time — 9 or 28 days; Ca2+
» K,HPO, diffusion in the beads; 3 Drying — room temperature. crosslinked
» pH 8-10; .
NS ENAY  alginate
A ) \\;1\5;}\ & beads.
Alginate beads after 28 days in 0.003 M K,HPO, (pH=7.97 )
pH
7.97
6.56 days | pH
6.08 1 8.71
28 8.4
AI Inate beads after9 da S in im lat f‘l ids (SBF H—73
CONCLUSIONS 9 ysin simulated body fuids (SBF) (pH-7.3)
This study Is an attempt to mimic the natural occurring process biomineralization. Composition of SBF
» Two different polymeric matrices were used as a media for calcium phosphates
crystallization. In all cases brushit (CaHPO,.2H,0) was obtained due to the mmol/I mmol/I
drastic drop in pH after the very beginning of Ca* diffusion into the polymer. Na | 1440 | cI | 1479 pH
 Depending on the polymer ability to swell into K,HPO, aqueous solution the size 7.3
of the crystallites varied being smaller in case of Guar and larger in Xantan Gum. K 4.0 1504 05 3 28
By using modifying agents for K,HPO, solution we were able to influence the Mg 15 |PO4| 1.0
: : . o - : 8.49
size of crystallites, Urea being the modifying agent with the most pronounced |
7 ] . . Ca 2.6 CO3 4.2 A\~ JSM-5518 8 54
effect — in its presence the size significantly decreases. G T i -
 The cystallization of calcium phosphates when alginate beads are immersed in K,HPO, solution takes place through Ca?* in the alginate. Thus pH of the solution

decreases and most probably brushit is formed. In a simulated body fluid the cystallization of calcium phosphates takes place through Ca?* from the SBF. pH of the

solution increases and the obtained calcium phosphate Is most

Acknowledgements: This research is financed through the National Fund for Scientific Investigations, Project Ne DO-02-82/2008.

probably hydroxyapatite. X-ray and IR characterization of the samples are under way.

The presentation of this investigation is with the financial support of Project No BG051P0O001/07//3.3.-02/51.



HoB noaxoa 3a uMoOMJIM3HpPaHe HA ypea3a B TeMIIEPATYPHO-4yBCTBUTEIEH
Kpuores Ha noju(N-u3onponuaaKpuIamMui)

Cesepuna [1aBnosa,! [Tersp [letpos, Xpucto [[Beranas,! Paituo [Iumkos,? SIna Tonanosa?

Ylabopamopus Tonumepuzayuonnu npoyecu, Hnemumym no noaumepu, bvineapcka Axademus na Hayxume; 2 KOITX ,

buonocuuecku ghaxynmem, CY “Ce. Knumenm Oxpudcku”

BbBBEJIEHUE:

B mocnenno Bpeme 0cobeH MHTEpeC MPEACTABISABAT MOJTMMEPHUTE XHUIPOTEIIOBE, CIIOCOOHU Ja pearmpar Ha
MpoMsiHA Ha oKoJiHaTa cpeaa. CucTeMu, IposIBSABAIU MTOJO0HH ,, MHTEIUTEHTHN” CBOMCTBA MO B3MPOU3BOAUM HAYMH, Ca
B OCHOBATa Ha €JHA HOBA T€HEpAIHs MaTepUaIH C TOJISIM MOTEHINAT B OMOMenInHaTa u OnoTexnonorusaTa. Llenra na
W3CIIEIBAHETO € Jla ce Pa3padoTH HOB METOJ 3a HEKOBAJIEHTHO MMOOWIM3MpaHE Ha €H3MMa ypea3a B CTEHHTE Ha

TEMIIEPATYPHO-UYBCTBUTCIICH KPHUOT'CJI HAa OCHOBAaTa Ha HOHI/I(N-I/I'SO]'IpOl'[I/IJ'[aKpI/UIaMI/II[).

HpuHuunHa cxXema Ha HEKOBAJIeHNHO uMo6wzu3upaHe Ha ypeasa

YB-cBeTnunHa
HUMA & H,0, Ypeasa
l_m) % 'p ! B CTeHUTe [
YPEA3A . g . — | 33ampasAsane TpaitHo 3aabprKaHe N i {] ‘
; I MmuHyc 20°C Ha eH3uma CEM cHumKu Ha [MHUTIA Kpuozesn, nokassawu

BopeH pastesop

MHWNA Kkpuoren

8b3MOXHOCMUMe 3a uMobunuszupaHe 8 nopume
(0scHO) U cmeHume (n4680) Ha Hocumerns

Cpasnumennu npoou

CBe’\’ﬂV‘Ha m NmobunnsmnpaHe Ypeasa
e 0 L)  Haypeasa B nopwTe
HUNA | — - W
" 3ABa > H o
) 3aMp3 o AHUMA Konoren eTpalriHo 3aabprKaHe
NEFZA <= ¥ e 20°C P Ha eH3UMa
2 e - % A, Vmobunusupare
- ' Ha ypeasa .
BopaeH pasTtBop H2Oz » TpaliHO 3abprKaHe
Nnodunnsmpaxe Ha eH3MMa
MHWUNA xnaporen
PE3VYJIITATH:
EH3UMHA AKTUBHOCT
fﬁ — bl - f: — ik » be ycTaHOBEHO, 4Ye MpPW BKAOYBAHETO Ha

16
14
12
10

CTHOCHTENNED BHIMMHA AXTIBHOCT
{ % o1 cooBoypmn eHam
a0 m

"

1

2 3 4
Bpod wwnw [ no 1 vad

OTHOCHTENNA BHIMMIE AKTHINOCT
( % or ceoBogHuA oxaw
3

8 .

&

4 T 1 1
2

[

5 1 2 3 4 5
Bpod ywann | no 1 wag

ypeasaTta B cTeHuTe Ha [MHWUMA kpuoren wm
MHUMA xngporen, eH3UMbT He U3Tu4a.

» Kpuorenosete c ypeasa, MMobuansmpaHa 8
CTEHWTE, MOKa3BaT MOCTOSAHHA KaTa/lUTUYHa
aKTUBHOCT MPM MHOTOKPaTHU TecToBe.

CpasHeHue HO eH3UMHAMa aKMUBHOCM Ha ypeasa, UMobuau3upaHa 8 cmeHume Ha
TMHUTIA Kpuoeen u 8 [THUTIA xudpozen 3a pasau4yHu nepuodu om speme

HU3BO/l: beme pa3paboTeH YCIEIIHO HOB METOJ 3a TPAalHO HEKOBAJCHTHO MMOOMJIM3HMpaHE Ha CH3MMa ypeas3a B
CTCHUTE Ha TEMIIEpaTypPHO-UyBCTBUTEICH KpHOresl Ha moiw(N-u30mponmiakpuiamMia) Kato O0e 3ama3eHa eH3MMHATa
akTUBHOCT. Taka MMOOWIIM3UDAaHATA ypea3a MOXKe J1a HaMepH MPHUIIOKEHUE KaTo OMOCEH30p 32 OTKPUBAHE HA ypesl.

(2_;4,,/"%«,)
BJIATI'OJAPHOCT ¢ ECE{ BG051P0001/07/3.3.-02/51, “Ilonkpemna 3a pa3BUTHE U pean3alis Ha JOKTOPAHTH,
MOCT-TOKTOPAHTH H MITajiH y4eHH B 00JIACTTa Ha IOJMMEpHaTa XuMus, ¢usuka u urkeHepcTBo” u Donn Hayunu

N3cnenBanusi: qorosop BY-X-302



Biodegradable Scaffolds from

PLA/EVOH Drawn Blends Sofia University, Faculty of Chemistry
aboratory on Polymers
S. Simeonova, M. Evstatiev 1164 Sofia, Bulgaria
Goal and MFC Concept Sketch of the Mode for Obtaining of Isolated Results and Discussion
: . ST Polymer Fibrils from Drawn Polymer Blends
The main goal of this investigation Is to offer a new y - Y o After drawing, both PLA and EVOH are transformed from isotropic
technology for manufacturing of bio-degradable 3- polymer  Polymer E'\?”I'jm e into a highly oriented (fibrillased) state. The SEM observations of the
dlmentlonal (3D) scaﬁglds free from contacts with EVOH  PLA (\ m/\ bl A | slited fracture surfaces show a very well orientated PLA and EVOH
toxic solvents. For this purpose the concept for )/' 0 fibrils with a high aspect ratio. The tensile modul and strength of the
ECFC:;]b“:;QFJGIHfOJCg? COTDOSIt_eS (MIF(b:I) 'Sd U;'“Z_eﬂ raing U\} oected | drawn blends were found to be about 300-500% higher than those
. The biodegradable polymer is melt blended wit — — d for the neat PLA, EVOH and the extruded blends.

another one and extruded, followed by cold drawing’ (Fibrillization) /\mw\ Dissolving of &3 WD measurea 10r tne n-ea | , | an e extrudae enas |
where both polymers are converted into a fibrillar =VOH 0 By means of selec_:tlve dissolving of EVOH fr_om_ t_he drawn b_Ier_mds with
state. After dissolving of the second blend E)I;t{eljr]%ed UWU | M propanol/water mixture, bun_dles formed of individual PLA fibrils were
component with not-toxic solvent, the fibrils from the (Mixing Step) o isolated. The SEM observations shows that the length and the aspect
biodegradable polymer can be isolated and a Blend ratio of the fibrils isolated from 40/60 wt.% blend is much higher than
scaffold to be formed. these of 30/70 wt.% one.

High porous 3-dimentional scaffolds from isolated PLA fibrils were

manufactured by freeze—drying method. The morphological
peculiarity of the scaffolds was observed by SEM. The diameter of the
PLA fibrils are in the range of 150 nm to 1,5 ym, and the diameter of
the scaffold pores vary between nano- and micro-scale.

Materials and Methods
 Polylactic acid (PLA) - biodegradable

 Ethylene-co-vinyl alcohol EVOH - water soluble
 PLA/EVOH (30/70 and 40/60 by wt.) blends

« SEM observation and Mechanical test Conclusions

n this study, high porous 3D scaffolds from PLA microfibrils, using
PLA/EVOH orientated blends, were successfully produced. In the
pest of our knowledge this is the first successful attempt for
manufacturing scaffolds applying a modificated MFC concept.

Schematic of Extrusion and Drawing
Line (MFC Concep)

Polymers

< _ '> Culling Bath

W Extruder %
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This work describes the synthesis of a novel amphiphilic AB, triarm star-shaped copolymers with A = non-toxic and biocompatible hydrophilic poly(ethylene oxide)
(PEO) and B = biodegradable and hydrophobic poly(e-caprolactone) (PCL). A series of AB, triarm star-shaped copolymers with different molecular weights for the PCL
block were successfully synthesized by a three steps procedure. a-methoxy-w-epoxy-poly(ethylene oxide) (PEO-epoxide) was first synthesized by nucleophilic
substitution of a-methoxy-w-hydroxy-poly(ethylene oxide) (MPEO) on epichlorohydrin. In a second step a-methoxy-w w’-dihydroxy-poly(ethylene oxide) (PEO(OH),)
macroinitiator was prepared by selective hydrolysis of the w-epoxy end group of PEO-epoxide chain. Finally, PEO(OH), was used as a macroinitiator for the ring-
opening polymerization (ROP) of e-caprolactone (e-CL) catalyzed by tin octoaote (Sn(Oct),). PEO-epoxide, PEO(OH), and AB, triarm star-shaped copolymers were
assessed by 'H NMR spectroscopy, size exclusion chromatography (SEC) and MALDI-TOF. The behavior of the AB, triarm star-shaped copolymer in aqueous solution
was studied by dynamic light scattering (DLS) and transmission electron microscopy (TEM).

Il. SYNTHESIS AND CHARACTERIZATION OF THE AMPHIPHILIC TRIARM STAR-SHAPED BLOCK COPOLYMERS BASED ON PEO AND PCL
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1. MICELLIZATON
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Figure 10. Micelle size distribution of [PEO(PCL),] (2b in Table 2) from [PEO(PCL),] star block copolymer

solution (2b) in Table 2)

Figure 9. Schematic representation of micelles

preparation by a dialysis against water Petrova S, Riva R, Jérome C, Lecomte Ph, Mateva R. Euro Polym Jnl 2009;45(12): 3442-3450.
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