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INTRODUCTION
Composite materials based on various precursors have been tested for several
years as biomaterials in medicine, esp. in bone surgery. New technologies allow
to produce composites with required mechanical properties close to those of
human bones, of a suitable shape and size of the pores, facilitating or preventing
the ingrowth of the bone cells, and with excellent biological properties. They are
non-toxic, bio-neutral as well as bio-active and their advantages include the fact
that they do not form shadows during the X-ray and CT screenings or magnetic
resonance [1].

Carbon-carbon (C/C) composite materials have been tested for a number of years
as connecting elements and replacements of the bones in orthopaedics [2, 3, 4, 5,
6]. Due to their composition, i.e., of nearly pure carbon [3], they have a very good
biotolerance. However, a certain C/C composite disadvantage consists in
releasing carbon particles from its brittle matrix, especially when loaded [7, 8],
and in a complex preparation [2] resulting in a high price.

In this study, we deal with the development of a C/C composite in a form of
intervertebral cages to be applicable for the treatment of the lumbar spine
disorders, without releasing carbon particles. At the same time, we compare the
preparation and biomechanical properties of the above mentioned C/C composite
with a newly developed composite based on glass fibers considered as
replacements and connections of long bones.

EXPERIMENTAL

Intervertebral Cages Based on C/C Composites

Intervertebral cages, currently used in the spine surgery, are based mostly on
titanium alloys (e.g., alloy of Ti, Al, V), while those based on polymers (e.g.,
PEEK), being neither so rigid, nor showing shadows in the X-ray or CT
screenings and magnetic resonance, in comparison to metal cages , have appeared
on the market in the recent years. Current operation techniques use bone grafts to
achieve osteosynthesis of two

neighboring vertebral bodies which results in weakening of patient’s organism
during a consecutive bone tissue auto-sampling or in the risk of infection and
immunity reaction while using bone tissues from a donor. Application of bio-
neutral carbon composites, showing a very good biotolerance and integration into
the tissues and bones, offers the advantages of plastic materials mentioned above
and no bone grafts will be needed.



Materials and Preparation
The basic precursors for the preparation of the C/C composites were:
e carbon fabric (Nr. 46281, type plain cloth), produced by HEXCEL,
France, on the basis of the fiber TORAYCA T 800
e phenolformaldehyde resin UMAFORM LE, produced by SYNPO, Ltd.,
Czech Republic

Carbon composite samples were prepared as coiled reinforcements combined
with parallel laminae in the center of the sample, where the first sample had 2 and
the second one 4 parallel laminae in the center (see Figure 1). Curing of the
sample was performed in a mould of silicon rubber, in a metal frame, in an
autoclave (air pressure of 0.6 MPa, temperature of 125°C, dwell of 90 minutes).
This was followed by slow carbonization (heating rate in the slowest period
8°C/hour, maximum temperature 1000°C, dwell 60 minutes) and by double
impregnation. The two series of samples were finally graphitized and some
samples were also coated with PyC (pyrolytic carbon) and with p(HEMA) (poly
[2-hydroxyethylmethacrylate])+ collagen. The following values were obtained:
e with 3graphitized samples -open porosity 16.5 %,apparent density 1.43
g/cm
e with g)yC-coated samples -open porosity 9.5 %,apparent density 1.53
g/cm

Figure 1. C/C composite core of intervertebral cage



Mechanical testing

Analysis of the mechanical properties of the C/C composite materials consisting
in testing several types of samples, which were produced by various technologies
to compare their mechanical and biotolerance properties, aimed at the selection of
the most suitable composite final treatment. To obtain required mechanical
properties of the composite to be used for proposed FEM simulations, concerning
the elastic behavior of orthotropic composite materials, two shapes of the samples
were designed (see Figure 2). Considerable afford was applied for the samples to
comply with the CSN and IS0 standards, respectively, prescribed for the
mechanical testing of composite materials. However, in order to preserve
homogeneity of the composite structure designed for this specific purpose, the
two series of samples had to be produced with atypical dimensions,
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Figure 2. Samples for the mechanical testing of the C/C intervertebral cage core
The tests were performed according to the ASTM test regulations for the testing
of composite materials using the MTS 858.2 Mini Bionix testing system.

Finite Element Method Analysis

The aim of the computational part of the project were FEM analyses of the stress
state in the composite structures with regard to the interaction of the vertebral
bodies with the bone tissue during the spondylodesis fusion of the lumbar
segment. The implant with the shape of a coiled closed profile was considered.
By means of FEM simulations, an optimum composition of the tissue layers in
the whole-composite closed profile was searched for from the point of view of the
safety of the implant design. The models gave a survey how a change in the
orientation of individual laminae would effect the tissue regarding the stress
distribution in the implant. Unfortunately, the production of a hollow closed
profile of C/C composite had been proved unrealistic and such a design of a
whole-composite implant was rejected. The calculated mechanical properties of
the C/Ccomposite which were unsuitable for the application as self-supporting
interbody cages led the research team to a compromise variant of the design of
the intervertebral implant (see Figure 3a).



The compromise variant of the construction is based on the strength stabilization
of the C/C core by means of a titanium alloy cage (see Figure 3b). From the
mechanical point of view the contribution of this variant to the increase of safety
of the whole operation technique is not too high but it contributes to the “bone-
friendly” behavior of the interbody cage by the fact that after the contact of the
vertebrae with the teeth of the titanium cage the load is distributed also to the C/C
core so that the contact pressure is reduced. This fact and also the C/C composite
stimulation of the intervertebral osteosynthesis (i.e., no bone graft is needed)
represent benefits especially from the biological point of view.
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Figure 3. a) FEM model of L4/L5 motion segment with C/C intervertebral cage;
b) Model of interbody cage (C/C core + Ti alloy cage)

In vitro, In vivo Analysis
The biological properties of the samples of the C/C composite and of the C/C
composite coated with p(HEMA) were tested in experiments:

(i) in vitro, biological properties were observed — adherence, proliferation and
metabolic activity of cells growing on tested materials and levels of inflammatory
cytokines in the cell medium.

(i1) in vivo conditions, the connective tissue surrounding the implants embedded
in the bone artificial defect was investigated by the standard histological
procedures three months after surgery of pigs. The results are shown in Figure 4
a, b.

Figure 4 unambiguously shows the contribution of the p(HEMA) layer which
prevents the release of carbon particles.
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Figure 4. * the place of the embedding of the C/C implant

a) without p(HEMA); spongiosis tissue (trabecula) with carbon wear,
b) with p(HEMA); implant circled by spongiosis bone, without carbon wear.




Composites Based on Glass Fibers

A relatively complex preparation and expensive components (carbon fabrics)
increase significantly price of the C/C composites. Therefore, our research team
has aimed simultaneously at developing an applicable biocompatible composite
with relatively inexpensive both preparation and components. Glass fibers, being
common reinforcing fibers for polymeric matrix composite mailnly for their low
cost, have at the same time a high tensile strength and a high chemical resistance.
In our study we have prepared glass-siloxane composites and tested their
mechanical and biological properties.

Materials and Preparation
The LUKOSIL 901 (L901) siloxane precursors and LUKOSIL M130 (M130)
resins (commercial products of Lucebni zavody Kolin, Czech Republic) were
used. The composites were prepared from plain-woven cloth V240 (E-glass,
VETROTEX, Litomysl, Czech Republic), and from satin-woven fabric 21055 (R-
glass, VETROTEX, Saint Gobain, France). The soaked prepregs were stacked,
cured at 250°C, then cut to pieces of the required size (40x8x2mm), and cured /
pyrolyzed at 200-350°C in nitrogen. The analysis of the properties of the glass
composites tested represented the testing of four types of samples in the
production of which various combinations of the basic precursors were used, see
Table 2.

R-glass + M130

R-glass + L901

E-glass + M130

E-glass + L901
Table 2. Tested samples

bl e Bl o

Mechanical Testing

Mechanical properties of glass composites were obtained by two methods.
Young’s modulus E,.s and shear modulus in elasticity Gyes Were measured by
using the electrodynamic resonant frequency tester ERUDITE. Young’s modulus
E4pp. and the flexural strength Ry, were determined by a four-point bending
arrangement on the material tester INSTRON, see Table. 2.

Vf. 1{m Eres. E4p.b. Gres
[%] | [MPa] [GPa] [GPa] | [GPa]
E-glass+tM130 51 200.81 25.38 23.70 2.39
R-glasstM130 65 391.76 56.06 55.50 3.17
E-glass+1.901 52 195.75 27.70 25.70 2.77
Table 2. Mechanical properties of the glass composites
The R-glass+L901 samples were discarded due to a fairly extensive delamination
of individual layers of the composite.

Materials

In vitro, In vivo Analysis

Biological properties were observed in tests — adherence, proliferation and
metabolic activity of cells growing on the tested materials, and levels of
inflammatory cytokines exprimed during the cultivation into the cell medium (see
Table 3). The medium of this cultivation experiment was performed for cytokines
TNF-a, IL-1f detection using immuno-chemiluminescence method of the
analyzer Immulite (DCP, Los Angeles, USA).



Ranking (1.= best, 4.= worst) R-glass R-glass +| E-glass | E-glass +
according to: +M130 | L901 '+M130 L9001
The extracts: the metabolic
activity of cells cultured in the
medium prepared by using the 1. 2. 3. 4.
liquid extracts from composite
materials
The metabolic activity of the
cells adherent to the tested 1. 4. 3. 2.
materials
Cytokine productions 1. 3. 3. 2.
Table 3. Results of in-vitro tests

RESULTS AND DISCUSION

To achieve satisfactory mechanical properties, carbon-carbon composites, serving
as biomaterials, require a very complicated and thus expensive preparation, often
with disputable results, e.g., when reducing the composite open porosity its
mechanical strength increases but, at the same time, a possibility of the tissue
ingrowth in the composite decreases during some applications. Our experimental
results show that coating the C/C composite by pyrolytic carbon and p(HEMA)
prevent one of its disadvantages, i.e., release of carbon particles. Nevertheless,
based on our presented results, the replacement bone grafts with the C/C
composite cores in metal intervertebral cages has its future. This idea is protected
by the Certificate of Utility Model [9].

Composites based on glasses and siloxane resins are promising biomaterials, with
a relatively cheap precursor, requiring a simple and thus cheap preparation and
showing very good biomechanical properties. Currently, we are verifying a
possible bioactivity of these materials.

CONCLUSIONS

C/C composite materials can be prepared with excellent biotolerance properties to
be used as biomaterials, e.g., as a core in titanium intervertebral cages replacing
the bone grafts and reducing contact pressures with the vertebra. However, their
mechanical properties do not achieve parameters needed to be used as self-
bearing elements in the human body. Besides, their preparation is rather
expensive. Composites based on glasses and siloxane resins promise to achieve
good biomechanical properties while requiring a significantly lower cost. For
facial and dental surgery, the light color of the glass composites is also preferable.
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THERMALLY RESISTANT COMPOSITES WITH R-GLASS FIBRES
AND POLYSILOXANE-DERIVED CERAMIC MATRIX
M. C’ern)ﬁ, P. Glogar, P. Nekoksa, Z. Sucharda,
Institute of Rock Structure and Mechanics, V Holesovickach 41,
182 09 Prague 8

Abstract
Commercially available polysiloxane resins from 3 producers were scrutinised by
considering their TGA data. Selected resins were employed as matrix precursors
in composites reinforced with R glass fibres. These composites were pyrolysed to
750°C during which the polymer matrix was partially transformed to heat
resistant silicon oxycarbide glass. The influence of processing parameters on
mechanical properties was pursued.

INTRODUCTION

Ceramic matrix composites reinforced with thermally stable fibres are
prospective structural materials for use in hostile (hot, oxidative) environments.
Various fibre types resistant to oxidation at elevated temperatures are available
commercially: R-glass and basalt fibres for medium thermal load, fine ceramic
fibres like silicon carbide and oxide (e.g., alumina) fibres for high thermal load.
The ceramic matrix of fibrous composites is mostly manufactured by CVD, sol-
gel, or polymer pyrolysis routes. The last one is relatively simple and it has
potential for manufacturing inexpensive composites by pyrolysing their “green”
precursors, i.e., composites with polymer matrix, in inert environment (e.g.,
nitrogen or vacuum).

In the present study, suitability of selected commercially available polysiloxane
resins as preceramic matrix precursors was pursued. Various polysiloxane resins
made by Lucebni zavody Kolin (Czech Republic), Silikony Polskie (Poland), and
Dow-Corning (USA) were scrutinised and some of them also utilised as a matrix
in composites reinforced unidirectionally with R-glass fibres.

Characterisation of the resins
The investigated polysiloxane resins are listed in Table 1.

Resin| Trading name | Producer Type Solvent
1 Lukosil 901 Lucebni  Methylphenyl Toluene
zévody,
2 | Lukosil M130 | Kolin, Czech | Methyl xylene
Republic
. . xylene,
3 Silak® M 101 . 1811(]1](013}/ Methyl cyclohexanol
4 Silak® 032 | 00N, NOWA Methylphenyl  Xylene
Sarzyna, irol
5 | Sarsil® H-50 = Poland Methyl | Peroleum
ether
Dow Corning®
6 208 Dow Corning Propylphenyl| Xylene
Dow Corning® | Corporation,
7 204 Midland, Methylphenyl Toluene
i MI, USA
8 Dow (éggnmg@ Methylphenyl  Xylene

Table 1. Investigated polysiloxane resins.



Thermogravimetric analysis was performed in an inert environment at the heating
rate 5 K.min-1 up to 1200°C. The relative weight loss is plotted in Fig. 1.
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Fig.1 Relative weight loss of the dried resins (heating rate SK.min-1, nitrogen)
The resins #2, 3, and 5 reveal ultimate weight loss 12 — 14 % the major part of it
being located at 650 - 750°C. On the other hand, the major loss of weight of the
resins #1, 6, 7, and 8 occurs beneath 550°C and their ultimate weight loss
amounts to 16 - 20, even 30 % (resin #8). The polymethylsiloxane resins #2, 3,
and 5 are most promising for good performance at elevated temperatures because
large solid residue after pyrolysis is a prerequisite for integrity of the pyrolysed
composites. They were chosen for further research together with the
polymethylphenylsiloxane resin #1, which was included for the sake of
comparison.

Manufacturing of Fibrous composites

The selected resins were employed as polymer precursors for matrices of
unidirectional composites. R glass roving (Stratifil RC10 800 with silane type
sizing P109 made by Saint-Gobain Vetrotex)was used. The composite batches are
labelled by a combination of a character (R for R-glass) and a digit (1 for Lukosil
901 etc., see Table 1): e.g., R1 stands for the R-glass reinforced composite with
the Lukosil 901 matrix.

The composites were manufactured in lab using a wet-winding (prepreg)
technique. The amount of resin soaked into the roving was controlled by
adjusting its viscosity and the gap between PTFE (Teflon) rollers to yield
approximately 45 wt.% of resin in the dried prepreg. Several (8 — 12) prepreg
sections (width 4 mm) were stacked in a heated mould and cured 4 hours at
200°C after compressing to the thickness 1.5 — 2.0 mm by application of a
uniaxial pressure up to 1 MPa.

Curing at 200°C is not sufficient for complete cross-linking of the investigated
resins. Further treatment at 225°C for 2 - 4 hours under no pressure yielded
specimens of polymer matrix composites, which were pyrolysed in nitrogen to
the target temperature, denoted hereafter as HTT (heat treatment temperature).
During pyrolysis the polymer matrix was gradually transformed into a more or
less anorganic matrix (silicon oxycarbide glass), which was accompanied with
release of volatiles, mass loss, and void formation. In some cases the already
pyrolysed composites were densified by impregnation with the resin and



repyrolysed. The lack of a perfect curing of the precursor composite was — at least
partly - overcome during the pyrolysis.

Initial transformation stages of the polysiloxane matrix to a ceramic one were
monitored by measuring (at room temperature) the Young’s and shear elastic
moduli of R-glass reinforced composites pyrolysed up to 750°C. These moduli
(Eres and Gres) were measured by means of a resonant frequency method [1].

L= e i - e i i
e L N I P D A
=60 "o y 15 NEl AFZ
o El ]
a4 ek A A T SRRy -dk--
. e D R I
20 F---------- 5 @
& Y n
i} o - T T T \
0 ann 400 il aoo 0 200 400 Gan g0
HTT( ) HTT( )
A B

Fig. 2. Young’s modulus E,. (a) and shear modulus Gy (b) at room temperature
for 2 types of composites heat-treated in nitrogen to 225 - 750°C.

Mean values of the moduli E, and Gyes measured with 2 batches of composites
either cured at 225°C or pyrolysed to HTT between 400 and 750°C are plotted in
Fig. 2. The difference in volume fraction of fibres V¢ (77 % and 54 % for the
batches Ry and R;, respectively) is the reason of the mutual shift of E,es and Gyes
values. Obviously, the shear modulus experiences pronounced changes with a
minimum around HTT = 400 - 600°C above which the composite material
becomes sufficiently stiff in shear. On the other hand, the tensile modulus reveals
only a moderately growing tendency with increasing HTT. While the Young’s
modulus of composite is mainly controlled by the modulus of fibres (and their
volume fraction in the material), the shear modulus is governed by the properties
of fibre — matrix interface and by the overall matrix integrity. Fig. 2 thus
manifests a stability of the R-glass fibre and a radical polymer reconstruction
during pyrolysis.

The temperature dependence of the static Young’s modulus E was measured in a
4-point flexural arrangement in air at 600 - 750°C in order to establish the upper
temperature limit for the composite utilization. The modulus was measured in a
4-point bending arrangement (thickness to span ratio (1.5 — 2.0) / 40). The
Young’s modulus of the investigated composites measured at the room
temperature (Egrr) increases with increasing temperature of pyrolysis/HTT (Fig.
3). Typically, the increments reach

15 odd¢leni uhliku — Zaruvzdorné materialy

approximately 10% between HTT 600 and 750°C, which corresponds to the
gradual stiffening of the transforming matrix during pyrolysis.

In Fig. 4 the decreasing temperature dependence of these moduli (Er) is plotted
(for the sake of clarity the plot reveals normalised values, i.e. ratios E1r/Egrr). In
order to check the material stability the results of consecutive tests at increasing
temperatures were completed with a repeated room-temperature test, which did
not differ from the initial value by more than 5%.
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Fig. 3. Room-temperature Young’s modulus ERT of the composites pyrolysed to
600, 700, or 750°C (fibre volume fraction 77, 54, 74, and 75% for the composites
R1, R2, R3, and RS, respectively).

It follows that while the HTT affects significantly the room-temperature value of
the Young’s modulus (Fig. 3) the rate of its decay with increasing temperature of
measurement does not depend on the HTT (Fig. 4). For all composite batches R1,
R2, R3, and R5 the Young’s modulus at 600°C is by 10 — 12% less than its room-

temperature value, and a rapid fall of the modulus takes place above this
temperature. Because the softening point of the R-glass (986°C [2]) is well above
the maximum reached temperature the detected decay of ET can hardly be
attributed to the first indications of fibre softening. More conceivably the matrix
itself or its interface should be made responsible.
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Fig. 4. Temperature dependence of the mean values of the static Young’s
modulus Et
(normalised to its room-temperature value Ert) for the composites R1 pyrolysed
to Hyr = 600, 700, and 750°C.

It can be concluded that the resins #1, 2, 3 and 5 do not differ significantly in
their mechanical performance up to 750°C, irrespective of their composition.
Appearance of the fracture surfaces of the specimens broken during a room-
temperature 3 point flexural test (Fig. 5) depends on the HTT. A tendency
towards higher brittleness of those pyrolysed to the higher temperature (HTT
750°C) is manifested by occurrence in them of extended flat areas without
fracture steps while frequent fracture steps accompanied with some fibre pull-out



and other energy-dissipating mechanisms can be seen in those pyrolysed to
600°C. Nevertheless, the stress-strain curves recorded during the flexural tests
reveal a principally brittle fracture in all cases.
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Fig. 5 SEM images of the fracture surfaces of the R1 composite pyrolysed to a)
600 and b) 750°C.

CONCLUSIONS

Polysiloxane resins can be used as matrix precursors for heat resistant
composites. Their cross-linking at 200°C is incomplete which, however, is at
least partly compensated by the process of pyrolysis (in nitrogen) that is used in
manufacture of composites reinforced with R-glass fibres. The shear modulus is a
measure of the matrix integrity and it monitors the transformation of the polymer
to a ceramic matrix.
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Bezkontaktni méfeni povrchu

V pribéhu minulého roku jsme ve spolupraci s firmou Carl Zeiss spol s.r.o.,
Praha a Mahr GmbH Géttingen provedli bezkontaktni méfeni povrchu kompozitt
na bazi skelnych vlaken urcenych pro aplikace v biomechanice.

Obr. 1 Ukazka méteného vzorku Obr. 2 3D model povrchu



Obr. 3 Vlastni méfeni (podélny ez vzorkem)
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Obr. 6 MarSurf TS 50



Uvadime zakladni informace o méfeni a pouzitém pftistroji MarSurf TS 50

In the field of surface texture measurement and evaluation, apart from classic
tactile profile acquisition. there is an increasing demand for 3D acquition of
surface profiles in only a few seconds. MarSurf TS 50 can completely fulfill these
requirements at a very high quality level.

MarSurf TS 50 is a non-contact optical 3D measuring instrument based on light
projection and microreflectors and thus completes Mahr's topography measuring
data acquisition and evaluation product range.

Application Area:
e Microelectronics
e Micro system technology
e Tool making and mechanical engineering Automotive engineering and
suppliers Paper and plastics industries
o Cosmetics
e Medicine and medical science
o Etc.

MarSurf T5 50 is perfectly suitable for analytic acquion of surface texture
structures. Furthermore, all typical surface parameters according to ISO can be
evaluated. Calibration certificates for the standards will be supplied on request.
The calibration procedure was especially created for this system to assure the
stated accuracy. Due to the quick and non-contact scanning procedure, the
MarSurf TS 50 provides measuring facilities for a wide range of applications. 3D
measurement with the same basic principle can be performed on chipping tools,
microelectronic components or human skin ,,In vivo". A definite criterion of the
different applications is the accuracy to be reached. Different measuring fields
realized by different high-precision optical systems offer a huge variety of
measuring potential from micron down to sub-micron dimensions. A closed-loop
calibration concept with standard specimens adapted to the particular measuring
field as well as integrated capability procedures enable 3D measuring according
to valid standards. The application range of MarSurf TS 50 runs from measuring
laboratories in the QA or R&D division up to monitoring 3D measuring
characteristics within the manufacturing line. Due to its easy handling concept,
this device can also be operated by personnel with minor measuring experience,
for example in the production area. A direct integration for 3D measuring and

inspection within the manufacturing sequence pulse can also be realized with
MarSurf TS 50.

Kontakt tel.: +420.221990494
Carl Zeiss spol. s r.0. mobil: +420.602207420
Divize primyslové méfici techniky fax: +420.221990495
Ing. Milan Popule email: popule@zeiss.cz
Horska 3, 128 00 Praha 2 http://www.zeiss.cz

25. listopadu probéhl na naSem ustavu workshop zaméfeny na aplikace
kompozitnich materiali ve form¢ biomaterialti a zaruvzdornych aterialt. Byly
pfedneseny nasledujici pfispévky.
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BIOKOMPATIBILITA UHLIKOVYCH MATERIALU - POVRCHOVA
ENERGIE A SIMULACE
Grégr J., Horska 1., Kovacic V., Soukupova V.
Technicka univerzita v Liberci
SEM snimky povrchu studovanych kompozitl a povrchu kosti
Stanoveni drsnosti materialu
Metody méfeni smacivosti povrchu

Povrchové energie studovanych kompozitii a biologickych latek [mJ/m?]

Kosti* > 52

Krevni plasma* 61+5
Fibroin** 64+3
Aminokyseliny** 56+5
Polylysin** 56+3
PHEMA** 56+3

Studované kompozity* | 41,4 — 47,6
*vypoctend ze smaceni **vypoctena pomoci molekularniho modelovani

Molekularni simulace biokompatibility

Zjednodusené molekularni modely chemickych struktur na povrchu kompozita a
biologickych materialt byly v software ChemSite Pro firmy Chem SW
optimalizovany na nejnizsi energii soustavy. Z rozdilu souctu energii vstupujicich
molekul a jejich optimalizované soustavy byly uréeny mozné interak¢ni energie.
Vstupni molekuly pro simulace. Interakce alaninu s karboxylovou skupinou,
interakce s hydroxylovou skupinou, interakce s pyranovym kyslikem, interakce s
n-elektrony, interakce protonizovaného alaninu. Interakce tvorbou peptidické
vazby.

Interakéni energie v kJ/mol:

n-elektrony 30,48
n-elektrony + alaninH+ 61,38
hydroxy- skupina 35,80
karboxy- skupina 57,57
vznik peptidu 13,09
vznik esteru 21,01
oxo- skupina 29,10

Interakéni energie v kJ/mol:

o Drsnost kompozitl je niz$i a strukturalné odlisna od biologickych
materiall

e Povrchova energie kompoziti bez Gprav je nizs$i nez maji biologické
materialy

e Molekularni simulace potvrdily moznost fyzikalni i chemické interakce
aminokyselin s funkénimi skupinami na povrchu uhlikovych kompoziti

o Pro bioaplikaci kompozitil jsou nutné povrchové upravy a to jednak
strukturélni a dale téZ chemické

Prispévek byl zpracovan s podporou Vyzkumného centra Textil LN00900



MOZNOSTI POUZITi SKELNYCH KOMPOZITU V BIOMECHANICE
Balik K., Sochor M.?, Suchy T."?, Sedlicek R., Cerny M., Pesdkova V.°,
Hulejovd H.’

'Ustav struktury a mechaniky hornin AV CR
*Laboratof biomechaniky &lovéka, FS CVUT v Praze
Revatologicky ustav, Praha
Cilem nasi studie je navrhnout dostupny kompozitni material s vhodnymi
,biomechanickymi‘ vlastnostmi pro pouziti v kostni chirurgii ve formé
nahradnich, spojovacich nebo vypliiovych elementi. Ugelem je navrhnout
material s mechanickymi vlastnostmi podobnymi vlastnostem lidské kosti, ktery
by splnoval komplexni pozadavky biokompatibility. Dal§im hlediskem pro jeho
vyvoj je pak také nizké cena odvijejici se od pouzitych materialll (vlakna,
matrice) a také nizké naklady na jeho vyrobu (nizké teplota a kratky cas
vytvrzeni). Néasledné se pak zamétujeme na vztah struktury povrchu a vristu
kostnich bung¢k, a to vzhledem k typu konecné aplikace nasich kompoziti ve
formé dlah, jako aplikace materidlli s inertnim povrchem, nebo ve formé
nahradnich ¢i vypliiovych materialt, jako aplikace s dobrou kvalitou sriistu s
lidskou kosti.

Nasi analyze jsme podrobili celkem ¢tyfi druhy kompozitnich materiald, pro
jejichz vyrobu byly pouzity kombinace dvou druhd matrice a dvou druhti vlaken,
a sice siloxanové pryskytice LUKOSIL 901 (L901) a LUKOSIL M130 (M130),
ob¢ komer¢ni produkty Lucebnich zavoda Kolin, a skelné tkaniny V240 (E-sklo,
VETROTEX, Litomysl), 21055 (R-sklo, VETROTEX, Saint Gobain, France).
Teplota vytvrzeni byla 200-350°C, v prostiedi dusiku.

Prvnim krokem bylo ovéfeni mechanickych vlastnosti vSech kompozitnich typt,
z nichz byla z diivodl vysoké delaminace vylou¢ena kombinace R-sklo+L901.
Mechanické charakteristiky byly méfeny n¢kolika zplisoby, a to rezonan¢né
(Youngiiv modul Eres a smykovy modul Gres, EURITUDE), ¢tyt a tfibodovym
ohybem (Youngiiv modul E4p.b., ohybova pevnost Rm, INSPEKT) a pomoci
tenzometrického méteni pii aplikaci tlakové sily ve sméru (Youngtiv modul Estr.,
tlakova pevnost R-stress, MTS), viz Tab. 1.

Materials Vi Ry Eres Eapp, Gres |R-stress
[%] |[MPa] | [GPa] | [GPa] | [GPa] | [MPa]
glass +§,h 50 | 51 20081 2538 | 2370 @ 239 | 8039

E-glass+1.901 | 52 [195.75| 27.70 | 25.70 | 2.77 | 119.9
R-glasstM130 65 97.9 16.20 1222 | 5.79 | 52.95
Tab. 1



Dalsimi kroky pak jsou ovéteni biologickych vlastnosti v§ech materidll in-vitro a
vyvoj metodiky pro zménu struktury povrchu kompozitnich vzorki s
kontrolovanymi frakcemi velikosti port (250-500 um, 500-700 pum, vetsi nez 700
um). Materialy s jednotlivymi frakcemi jsou podrobovany dal§im testim. Uéelem
je stanovit vliv velikosti porti na vrist kostnich bunék, a to hned n¢kolika
metodami, vCetné testdl in-vivo; Pull-off testy, Nakamurova metoda sriistu vzork
s kosti pokusného zvitete (kralik, plemeno Belgicky obr) v zavislosti na dobé
pritomnosti vzorku v organismu, a méfeni smacivosti vzorkti Wilhelmyho
destickovou metodou pomoci kapaliny o zndmém povrchovém napéti (méteni
kontaktnich uhlii pfi ponofovani a vynofovani).

Podporovano granty GACR No. 106/03/1167, “Programs of development of basic
science research in the key areas of science” No. K 405/51/09 a Grant
ministerstva Skolstvi: Transdisciplinary research in Biomedical Engineering, No.
MSM 210000012.



ULOHA POVRCHOVE TOPOGRAFIE MATERIALU V ADHESI A
RUSTU BUNEK
Bacdkova Lucie
Odd. rtstu a diferenciace bunéénych populaci,
Fyziologicky ustav AVCR, Praha

Soucasnym trendem v konstrukci umélych materidli pro potencialni
biomedicincké vyuziti je dosaZeni bioaktivity materialu. Znamena to, ze u
materialil nové generace jiz nestaci, jsou-li pouze pasivné tolerovany tkdnémi
organismu, tj. spliuji-li pouze zakladni pozadavky absence cytotoxicity,
kancerogenicity, uvoliiovani ¢astic materidlu, mechanické a chemické drazdéni
okolnich tkéni, trombogenicity, imunogenicity apod. Neni dostatecna dokonce uz
ani jejich prosta schopnost umoznit kolonizaci buitkami. Je tfeba, aby material
osidleni buitkami nejen umoznoval, ale byl (alespont do urcité miry) schopen fidit
chovani bunék ho kontaktujicich, jako je napt. rozsah jejich adhese, migracni,
proliferacni a diferencia¢ni aktivita, kontraktilita, sekrece riznych molekul apod.
Tento ptistup je nezbytny pro moderni tkanové inZenyrstvi, tj. mezioborovou
disciplinu zabyvajici se konstrukci tzv. bioartificialnich tkani a organt, tj. utvart
obsahujicich jednak umély materidl suplujici pfirozenou extracelularni matrix,
jednak funkéni regenerované buiiky pitivodni nahrazované tkane.

Konstruktér bioaktivniho materialu musi byt dobfe obezndmen s molekuldrnim
mechanismem adhese bunék na material. Je tfeba si uvédomit, ze buiiky nejsou s
materidlem asociovany piimo, ale prostfednictvim proteinid extracelularni matrix
(ECM) adsorbovanych k materialu, jako je vitronektin, fibronektin, kolagen ¢i
laminin,. Tyto proteiny jsou pfitomny nejen v extraceluldrni matrix samotné, ale i
v krvi, t€lnich tekutinach ¢i v kultivaénim médiu (které obvykle obsahuje krevni
sérum), a jsou produkovany a ukladdny na material i samotnymi buiikami. Buiiky
se nevazou k celym adsorbovanym makromolekulam ECM, ale pouze k jejich
ur¢itym Castem. Tato vazebnd mista jsou obvykle representovana specifickymi
sekvencemi nejméné tfi aminokyselin, z nichz je nejznamé;jsi ubikvitérni
sekvence Arg-Gly-Asp (RGD). Existuje vSak jesté velké mnozstvi dalSich
sekvenci, Casto preferovanych urcitym bunéénym typem (napt. sekvence REDV
je preferovana endotelovymi buitkami, sekvence KRSR osteoblasty) ¢i je typicka
pro urcity protein ECM (napi. IKVAYV ¢i YIGSR jsou odvozeny z lamininu).
Tyto sekvence se vazou na integrinové adhesni receptory bunék, i kdyz v
posledni dob¢ se dostava do poptedi i tzv. neintegrinova adhese buiika-matrix,
zprosttedkovana receptory (i ligandy) cukerné povahy [pro ptehled viz 1].

Pro vazbu bunék na specifické vazebné domény adsorbovanych molekul je
dualezité, aby adhesni domény byly dobie dosazitelné pro buniky. Molekuly musi
byt adsorbovany nejen v dostate¢ném mnozstvi, ale pfedevsim ve vyhodné
prostorové konformaci, ¢i alespoii nepfilis rigidn€, aby zadouci konformace
mohla byt dosaZena alespoii druhotné aktivni pfestavbou adsorbovanych molekul
buinikami. O povaze adsorpce molekul ECM na umély material rozhoduji jeho
povrchové fyzikalni a chemické vlastnosti, jako je polarita a z ni vyplyvajici
smacivost, s nimi rovnéz souvisejici pritomnost urcitych chemickych funkénich
skupin na povrchu materidlu (vyznam maji napf. skupiny s obsahem kysliku,
aminoskupiny), dale elektricky naboj, vodivost, elasticita ¢i rigidita povrchu, jeho
krystali¢nost, solubilita, pH, a rovnéz jeho topografie. Na tento posledni faktor,
zahrnujici vysku, tvar, poCet a vzajemné vzdalenosti povrchovych nerovnosti,



jsme se zam¢tili pii studiu interakce lidskych kostnich bunék linie MG 63 s
uhlikovymi kompozitnimi materialy (ziskanymi ve spolupraci s USMH AVCR) v
podminkach bunécné kultury. Zjistili jsme, Ze s klesajici vyskou povrchovych
nerovnosti a jejich stoupajici vzdalenosti stoupd mnozstvi fluorescencné
znaceného kolagenu IV adsorbovaného k materialu i rovnomérnost jeho
adsorpce. Pocet inicidln¢ adherovanych kostnich buné¢k se sice vyznamné
nemenil, ale pomérné dramaticky stoupala plocha jejich kontaktu s materialem,
formace fokalnich adhesnich plaki (tj. mikrodomén na bunééné membrané, ve
kterych adhesni receptory vazou specifické aminokyselinové sekvence kolagenu),
1 prolifera¢ni aktivita bun€k v nasledujicich 3 - 7 dnech po nasazeni. Stoupala i
koncentrace B1 integrint v bunkach, které navic mély zvySenou tendenci k tvorbé
osteokalcinu, tj. specifického mineralizujiciho proteinu kostni tkan¢. Pozornost
jsme vénovali nejen tzv. ,,dvojrozmérnym‘ materidlim na bazi uhliku, ale ve
spolupraci s AGH Universitou v Krakovée 1 kopolymertim L-laktidu a glykolidu
konstruovanym jako porézni prostorova sit’ s pory o velikosti 40 £ 10 um, 200 +
40 um a 600 = 100 um. Zatimco u nejmensi velikosti pért adherovaly kostni
buiiky pouze na vnéjsi povrch materialu a viceméné¢ se ,,vyhybaly* vstupnim
mistim do port, u sttedni a nejveétsi velikosti pori pronikaly bunky i do nitra
materidlu, 1 kdyz na relativné malé vzdalenosti (kolem 1 mm za 3 dny). Ukazuje
se, Ze je nutné vénovat pozornost topografii materialii nejen na mikrometrové, ale
1 nanometrové Urovni, coz se tyka nejen vnéjSiho povrchu materialu, ale i
struktury stén port v materidlu. Pfiznivé parametry nanotopografie materialu
mohou totiz navodit adsorpci molekul extracelularni matrix ve ,,fyziologickych*
konformacich podobnym jako v ptirozené ECM [2-4]. Krom¢ vypracovani
nanostrukrury biomaterialu je dal$im progresivnim trendem v tkanovém
inZenyrstvi 1 navazani nikoliv celych makromolekul ECM k materialu, ale pouze
jejich funkénich ¢asti predstavujicich ligandy pro adhesni receptory bunck. V
inzenyrstvi kostni tkan€ by se mohla uplatnit napft. jiz vySe zminéna
aminokyselinova sekvence Lys-Arg-Ser-Arg (KRSR), ktera prednostné vaze
ostoeoblasty na tkor neosteogennich bunék kostni tkdné, jako jsou zejména
fibroblasty, které se mohou podilet na opouzdieni implantatu a omezovat tak jeho
integraci do kostni tkdné [pro piehled viz 1].
Literatura
1. Bacakova L, Filova E, Rypacek F, Svorcik V, Stary V: Cell adhesion on artificial
materials for tissue engineering. Physiol Res. 53 Suppl 1: S35-S45, 2004 — a
review.
2. Price RL, Waid MC, Haberstroh KM, Webster TJ: Selective bone cell adhesion
on formulations containing carbon nanofibers. Biomaterials. 24: 1877-87, 2003.
3. Wei G, Ma PX: Structure and properties of nano-hydroxyapatite/polymer
composite scaffolds for bone tissue engineering. Biomaterials 25: 4749-4757,
2004.
4. Woo KM, Chen VJ, Ma PX: Nano-fibrous scaffolding architecture selectively
enhances protein adsorption contributing to cell attachment. J Biomed Mater
Res. 67A: 531-537, 2003.

Citované prace lze ve fulltextu nalézt na internetové adrese
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi po zadani jmen autord.

Podporovano granty MSMT (COST, Action 527.130, projekt &. OC/PR 00680) a
GA AVCR (projekty ¢. A5011301 a A4050202).



VLIV POVRCHOVYCH VLASTNOSTi UHLIKOVYCH MATERIALU
NA ROZPROSTRENI BUNEK
Doudeérova MI, Bacakova L.z, Stary V.1, Glogar P’

1Ustav mater. inzenyrstvi, Fakulta strojni, CVUT v Praze

Fyzmloglcky tistav Akademie véd Ceské republiky, PRAHA

3Ustav struktury a mechaniky hornin, Akademie véd Ceské republiky, PRAHA
Zivotisné buiiky velmi dobie snasi uhlik i fadu materialéi na bazi uhliku.
Naptiklad kompozity vyztuZzené uhlikovymi vlakny a s uhlikovou matrici jsou
biokompatibilni a mohou mit pii vhod-né ptipravé i mechanické vlastnosti,
obdobné mechanickym vlastnostem tvrdych tkani. To z nich ¢ini material vhodny
pro implantaty v ortopedii a zubni chirurgii. Na biokompatibilitu ma-terialti maji
vyznamny vliv jejich povrchové vlastnosti, které se projevuji na rozhrani Zivé
tkan¢ a materidlu, tj. v pfimém kontaktu bun¢k s povrchem materialu.
Biokompatibilitu je pro jeji exaktni posuzovani pfi experimentech in vitro chdpat
jako soubor parametrti, hodnoticich kvantitativné adhezi, proliferaci, diferenciaci
a morfologii bunék, a dale schopnost bun¢k pro-dukovat proteiny a enzymy podle
své funkce v organismu.

Z literatury a naseho predch021h0 studia Vyplyva 7e 1nterakce bun¢k s povrchem
materidlu je ovlivnéna jednak morfologii povrchu materialu (napi. drsnost,
porozita, atd.), jednak chemic-kym stavem povrchu (smacivost, povrchova ener-
gie, pritomnost radikalt a riznych chemickych skupin na povrchu, atd.).
Vhodnou zménou téchto vlastnosti je mozné docilit zlepSeni biokompatibility,
napt. zvyseni poctu adherovanych bunék, jejich vétsi rozprostieni atd. Jednou z
perspektivnich tprav chemického stavu povrchu je i vytvotreni povlaku (tenké
nebo tlusté vrstvy) z vhodného materialu. Drsnost povrchu je pak mozno
upravovat brousenim a leSténim.



V nasem prispévku se zaméefujeme na povrch kompozitu uhlik-uhlik s vrstvou
amorfniho uhliku a-C:H, gradientni vrstvy Ti+C, pfip. vrstvy pyrolitického
grafitu (PyG). Vrstvy a-C:H byly piipraveny na katedie makromolokularni fyziky
MFF UK ve vysokofrekven¢nim plasma-tickém vyboji v n-hexanu; tloustka
vrstev byla ~30 nm. Gradientni vrstvy Ti+C byly pfipraveny v HVM Plasma, a.s.
metodou PECVD s vyuZitim planarniho magnetronu ve vyboji v argonu, ktery
byl postupné nahrazovan C2H2. Vznikl4 vrstva ma tloustku ~3 um a gradientni
slozeni s nanokrystalickou strukturou; povrch vrstvy ma vysokou koncentraci
volnych vazeb. Na kom-pozitu uhlik-uhlik s rtiznou drsnosti a pfipravenou tenkou
vrstvou a-C:H nebo Ti+C byly pés-tovany hladké svalové buiiky krys a urcena
jejich plocha, kterd je jednim z parametri, které omoziuji hodnotit
biokompatibilitu materialu. Ptiklad bunky na povrchu 1D kompozitu je na
obrazku.

Zavérem dékujeme prof. H Biedermanovi, DrSc. a dr. P. Sirokému, CSc. za
ptipravu vrstev.

ELASTICKE A LOMOVE VLASTNOSTI TEPELNE ODOLNYCH
KOMPOZITU S KERAMICKOU MATRICI PRI 900 - 1300 °C
Cerny M.I, Glogar P. 1, Dusza J.’

'Ustav struktury a mechaniky hornin AV CR
*Ustav materialového vyskumu SAV, Kosice
Ptispévek je zaméfen na hodnoceni tepelné mechanickych vlastnosti kompoziti s
keramickymi vldkny a s matrici na bazi pyrolyzovanych organokiemicitych
polymerti. Byly studovany produkty pyrolyzy vytvrzenych polysiloxanli
odvozenych z metylsiloxanové (M130) a metylfenylsiloxanové (L901) pryskyftice
(vyrobece Lucebni zdvody Kolin, a.s.) . Pyrolyzou vytvrzenych polymert v dusiku
pii 1000° vznika sklovity tmavy material, staly na vzduchu pti zvySené teploté a
v zésadé vhodny jako matrice pro CMC . V tomto piispévku jsou uvedeny
vysledky studie elastickych vlastnosti a hodnoceni lomovych ploch
jednosmérnych kompozith s matrici odvozenou (pyrolyzou) z vytvrzenych
polysiloxand, vyztuzenych vlakny Nicalon™ NL202 nebo Nextel ™ 720 pfi
teplotach od 900 do 1300°C a které jsou porovnany s vlastnostmi téchto materialt
pti 20 °C.

ODEZVA KOMPOZITU S CEDICOVOU VYZTUZI A



POLYSILOXANOVOU MATRICi NA TERMOMECHANICKA A
DYNAMICKA NAMAHANI
Kovacic V., Jamborova J., Kuliskova G., Grégr J., Silcovd M.
Technické univerzita v Liberci
V ptispévku jsou popsany povrchové vlastnosti cediCovych vlaken — jejich mérny
makro- a mikro-povrch, sméceci charakteristiky a povrchové energie ¢ediCovych
vlaken, molekularni struktura a doporucené lubrikace. Dalsi ¢ast je zamétfena na
odolnosti ¢edicovych vldken a jsou vyhodnoceny termomechanické a dynamicko-
mechanické experimenty na kompozitech s vyztuzi z nekonecnych ¢edicovych
vlaken a polysiloxanovou martici. Je provedena diskuse vysledkd.

Molekulirni znazornéni povrchu
Cedicovych vliken
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Prispévek byl zpracovan s podporou Vyzkumného centra Textil LN0090O0.

TEPELNE ODOLNE KOMPOZITY



S MATRICi ODVOZENOU Z POLYSILOXANOVYCH PRYSKYRIC
Cerny M.!, Glogar P.", Hron P.%, Sucharda Z., Machovic¢ V.>, Bedndiova D.,
Hytychovd S.°
'Ustav struktury a mechaniky hornin AV CR
*Ustav polymerti VSCHT, Praha
3Centralni laboratofe VSCHT, Praha

Byla zjisténa a vyhodnocena data o IR absorpci a termogravimetrické analyze
komeréné dostupnych polysiloxanovych pryskyftic od 3 vyrobci. Vybrané
pryskyfice byly pouzity jako prekurzory matrice pfi ptipravé kompozitnich
materialil vyztuzenych vlakny z R-skla, Nicalonu NL202 a Nextelu 720, které
byly nasledné pyrolyzovany pii 750°C (R-sklo) nebo 1000°C (Nextel, Nicalon).
Béhem pyrolyzy se polymerni matrice v rizném stupni proménila na tepelné
odolné silikonoxykarbidické sklo. Byl studovén vliv procesnich parametrti
ptipravy a fizené oxidace pii zvysené teploté na mechanické vlastnosti kompozitt
(pevnost, modul pruznosti pfi tahu a ve smyku, charakter lomu pti poSkozeni).
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Relativni hmotnostni ubytky pryskyfic pii pyrolyze v dusiku (5 K.min-')




ZMENY VYZTUZUJICICH VLAKEN PO TEPELNE EXPOZICI
Grégr J., Kovacic V., Exnar P.

Technicka univerzita v Liberci
Zmény sklenénych vlaken pfi tepelné expozici - termické metody TG, DTA a
DSC. Zmény pevnosti po tepelné expozici sklenénych vldken na vzduchu na 100
az 600°C. Zmény taznosti po tepelné expozici sklenénych vlaken na vzduchu na
100 az 600°C. SEM snimky povrchu sklenénych vldken po tepelné expozici na
100°C, 200°C, 300°C, 450°C, 600°C a 800°C. Model vazby lubrikace na povrchu
sklenénych vladken. Veskeré zmény mechanickych vlastnosti skelnénych vlaken
pfi tepelné expozici do 600°C souvisi s fyzikalnimi a chemickymi zménami
lubrikace. Teprve az nad teplotou 600°C dochazi ke zfetelnym zménam ve
vlastnich sklenénych vlaknech.

Zmény uhlikovych vlaken pfi tepelné expozici na vzduchu. SEM snimky povrchu
uhlikovych vlaken po tepelné expozici na vzduchu na 550°C a 600° C. Zména
povrchové energie uhlikovych vlaken po tepelné expozici na vzduchu na 100 az
600°C. Zmény pevnosti po tepelné expozici uhlikovych vldken na vzduchu na
100 az 600°C.

Zmény uhlikovych vlaken pfi tepelné expozici v inertnim prosttedi. Zmény
hustoty po tepelné expozici uhlikovych vlaken v argonu na 2200°C a 2800°C.
Zmény modulu pruznosti po tepelné expozici uhlikovych vlaken v argonu na
2200°C a 2800°C. Zmeny elektrické vodivosti po tepelné expozici uhlikovych
vladken v argonu na 2200°C a 2800°C. Zména dalSich vlastnosti uhlikovych
vlaken po tepelné expozici v argonu na 2200°C a 2800°C (tepelna vodivost,
porovitost, povrchova energie).

(L) SEM snimek vzniku tridymitu na povrchu sklenénych vlaken pti 600°C, (P)
SEM snimek uhlikovych vldken Tenax IMS temperovanych pii 550°C na
vzduchu.

Prispévek byl zpracovan s podporou Vyzkumného centra Textil LN00900



Rédi bychom Vs pozvali na
21. —22. March 2005
British Carbon Group Spring Workshop "Carbon Materials: Science and Art" will
be held in Brighton, UK. The Workshop is devoted to the latest research in
separation processes, carbon coatings , synthesis and analytical/medical
applications of carbon materials. This workshop will be of interest to those
involved in the manufacture, use and characterization of carbon materials. Further
details can be obtained from Prof. Sergey Mikhalovsky at
Carbon@brighton.ac.uk Fax: +44 (0) 1273 642115 or from the website.

http://www.brighton.ac.uk/pharmacy/conferences/carbontest.html

14. — 15. April 2005

Meeting of the German Carbon Group (AKK) "40th-anniversary" to be held in
Freudenstadt (Black Forest), Germany. For further information please contact
Professor Wolfgang Klose, Kassel University D-34109 Kassel, Germany Fax:
+49-561-804-3993;

E-mail: klose@uni-kassel.de

22.—25. May 2005

Carbc:ns fora C]r'ﬁﬁnﬂr‘ Flanct

Research Frontiers Workshop
Carbons for a Greener Planet, Research Frontiers Workshop to be held at The
Pennsylvania State University, State College, PA, USA. This workshop will
focus on research frontiers pertaining to aromatically and tetrahedrally bonded
carbon materials for applications in energy, environmental, electrochemical,
electrical, nuclear, medical, and structural arenas. The interdisciplinary workshop
will draw participants from numerous fields including carbon scientists, chemical
engineers, environmental engineers, materials scientists, chemists, physicists,
manufacturers, small business owners, economists, health and safety specialists,
and sustainability planners. The workshop will include both oral and poster
presentations, and presenters are encouraged to present both current research and
development and also research and development needs.

http://www.outreach.psu.edu/C&l/Futurecarbons

3. —7. July 2005

« Carbon2005

o, Gyeongiu, Komea

Carbon 2005, an International Conference on Carbon, to be held at the Hilton
Hotel, Gyeongju, Korea. Preliminary details from Y.S. Lim, Dept. of Ceramics
Engineering, Myungi Univ., Korea. Fax: 82 31 330 6457; E-
mail:yslim@mju.ac.kr

http://www.carbon2005.com




5.-12. September 2005
IX International Conference “Hydrogen Materials Science & Chemistry of Carbon Nanomalerials”

ICHM2005 5-117H oF SEPTEMBER 2005, SEVASTOPOL, CRIMEA, UKRAINE

9th International Conference on "Hydrogen Materials Science and Chemistry of
Carbon Nanomaterials" will be held in Sevastopol, Crimea, Ukraine. The aim is
to gather scientists active in the field of the synthesis, physical and chemical
properties, applications of metal hydrides and carbon nanostructured materials, to
extend substantially our understanding of hydrogen interaction and behaviour in
different storage systems, to provide a forum where researchers and engineers
working in this field at universities, laboratories and other companies all over the
world can present and discuss new ideas and results. Contact: Dr. D.V. Schur
(Program Committee Chair), Institute for Problems of Materials Science, P.O.
Box 195, Kiev-150, 03150 Ukraine, Tel/Fax: 38-044-424-0381; E-mail:
shurzag(@materials.kiev.ua

http://www.ichms.com.ua

23.-27. October 2005

&

Carbons for Energy Storage and Environment Protection (CESP '05), to be held
in Orléans, France. Further details from Dr. Francois Béguin, CRMD - CNRS, 1b
rue de la Férollerie, F-45071 Orléans Cedex 02, France. E-mail: beguin@cnrs-
orleans.fr

http//www.efec.fr

16. - 21. July 2006

The Robert Gordon
1 University
0 Aberdeen, Scotland

169 <219 July 2006

Carbon 2006, an International Conference on Carbon, to be held at the Robert
Gordon University, Aberdeen, Scotland. The conference will be hosted by the
British Carbon Group. For preliminary details visit the conference web site.

http://www.carbon2006.org

15. - 20. July 2006

Carbon 2007, an International Conference on Carbon, to be held at the Seattle
Sheraton Hotel and Towers, Seattle, Washington State. The conference will be
hosted by the American Carbon Society.
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Acta Montana je multidisciplinarni Casopis s naplni:
e Vybrané aspekty geodynamiky (fada A)
o Paliva, uhlikové materialy a Gipravnictvi (fada B)
o Disertace, vysledky grantovych projekt vypracovanych v
USMH (tada AB)

Zakladni informace naleznete na internetové adrese:
http://www.irsm.cas.cz/Newweb/ActaMont.htm

Kazda tada Casopisu Acta Montana vychazi 3 az 4 krat ro¢n¢. Cena
jednoho vytisku je 100K¢ + poStovné.

Bankovni spojeni:
Ceska narodni banka, Praha 1, Na Piikopé 28, 115 03, €. uctu 635-
081/0710, Variabilni symbol 468888

Adresa redakce:

J. Netrestova

IRSM AS CR

V Holesovickach 41

182 09 Prague 8, Czech Republic
E-mail: irsm@jirsm.cas.cz

Tel. +420 266 009 318

INSTRUKCE PRO CESKE AUTORY

Casopis Acta Montana pfijima ptivodni piispévky splitujici podminky
vyse zminénych disciplin. Rukopis zaslete e-mailem, resp. 3.5"
disketé, ZIP nebo CD-ROM (MS Word libovolné verze), piip. spolu s
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samostatné strance. U popisu obrazku je tfeba uvést jeho
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cm). Barevné ilustrace jsou tistény jednostranné a umistény na konci
¢lanku jako ptiloha. Néklady na tisk téchto barevnych ptiloh hradi
autor. (2000 K¢ za stranu). Proménné, konstanty aj. symboly v
matematickych rovnicich a odkazy na né€ v textu je tfeba psat
vyhradné v editorech rovnic MS Equation Editor nebo MathType.
Vsechny pouzité symboly musi byt vysvétleny v textu nebo v
seznamu symbolti.

Odkazy na literaturu v textu musi byt ve formé (autor, rok), napt.,
(Balik, 2001), (Rudajev et al., 2002). Soupis vSech odkazii v
abecednim potadi musi byt na samotné strance ve tvaru:

Ptijment, inicidly prvniho autora, (pfijmeni a inicialy dal$ich autort,
kromé posledniho) and (pfijmeni a inicialy posledniho autora): rok,
nazev ¢lanku, ndzev Casopisu, Cislo, stranky od-do

napi. Mierzejewski, M., Korzak, F. and Kaczalek, M.: 2002,
Geodynamic research of recent movements in the Karkonosze Mts,
Acta Montana ser.A., 15(126), 56-78

Prispévek musi byt zaslan v konecné verzi. V autorském ndhledu je
mozno opravovat pouze pieklepy, jiné zasahy do textu jsou
nepiipustné.



Acta Montana is a multidisciplinary journal concerned with:
o Selected aspects of the geodynamics (series A)
o Fuel, carbon and mineral processing (series B)
o Extended essays, PhD dissertations or results of grant projects
elaborated in IRSM (series AB)

Topical information on internet address:
http://www.irsm.cas.cz/Newweb/ActaMont.htm

Acta Montana issues periodically 4 times per annum.

Aim: The main purpose of Acta Montana enables a possibility to
publish the results of scientific works and contribute to information
exchange among scientists, engineers and others professionals.
Issues, price list: Acta Montana appears about three times annually
for each series. The price of one issue is 12 EUR plus carriage
charges. Back issues can be obtaining on request.

Bank connection:
Czech National Bank, Prague 1, Na Piikop¢ street 28, 115 03,
account no. 635-081/0710 Variable Symbol 468888

Subscription office:

J. Netrestova

IRSM AS CR

V Holesovickach 41

182 09 Prague 8, Czech Republic
E-mail: irsm@jirsm.cas.cz

Tel. +420 266 009 318

INSTRUCTIONS FOR AUTHORS

Submissions:

Acta Montana accepts original papers in English concerning all
aspects of mentioned disciplines. Authors should submit three hard
copies of their contribution and identical text file in MS Word (any
version) and in case of need other files (figures, tables etc.) by e-mail,
on 3.5" floppy disc, ZIP or CD-ROM. The Editorial Board on the
basis of reviews of at least two referees makes the decision upon their
publication. Author first named will receive one volume of Acta
Montana and twenty reprints free of charge.

The manuscript must contain:

Title, full names of all authors, their affiliations and addresses
including phone number, fax number and e-mail address, abstract,
keywords and main body of paper (all in English).

It can be included:

Tables at max. size 24x16 cm and min. font size 9 pt, in text or on
separate pages. Tables must be written really as tables (in columns),
not as text (in rows). Captions of all tables must be on separate page.
Figures: Black and white photographs, drawing or maps in good



quality (min. 600 dpi) are acceptable. Charts and diagrams must be in
black and white, description of axes must be at sufficient size in due
to possibility of reducing. Figures may be placed in text or as separate
files. Only permitted formats of these files are (*.doc, *.xIs, *.ptt,

* bmp, *.pcx, *.tif, * jpg, *.gif). Figures are to be referred as Fig.
Arabic numeral and should be numbered consecutively, according to
their sequence in the text. Caption must no be in placed in the figure
area. List of captions of all figures must be on the separate page.
Required size of the pictures in the text must be denoted at the list of
captions. Color illustrations are tolerable (min. 1200 dpi), but at
author's expense 75 EUR per 1 page A4). These pages, (pressed on
one side) will be placed on end of the paper as appendix. Variables,
constants and other symbols in mathematical functions and also in the
text are accepted written exclusively at MS Equation Editor or MS
MathType. All used symbols must be explained in text or in the List
of symbols.

References quoted in the text must be in form (author, year), e.g.,
(Balik, 2001), (Rudajev et al., 2002). All references should be listed
together at the end of the paper in alphabetic order as:

First name, signatures of surnames, (names of other authors except
last) and (First name, signatures of surnames of last author): year,
title, journal, number, pages

e.g. Mierzejewski, M., Korzak, F. and Kaczalek, M.: 2002,
Geodynamic research of recent movements in the Karkonosze Mts,
Acta Montana ser.A., 15(126), 56-78

Paper must be supplied as final version. At press-proof it is possible
to correct only typing errors, other changes of text are not acceptable.



