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The effect of metal particles on phenol — formaldehyde char formation
in friction composites
Monika Supova

Institute of Rock Structure and Mechanics, Czech Academy of the Sciences,
V Holesovickdch 41, 149 00, Prague, Czech Republic.
e — mail address:supova@irsm.cas.cz

Abstract

Influence of metal particles (Cu, Fe, CuzZn) on the char formation of acid catalyzed
(novolak) phenolic resin during curing and friction process in friction composites has been
studied. It was found that copper and iron chips, in case of high metal concentrations,
significantly support the degradation and char formation during curing and friction
processes. Copper and iron can act as catalysts as it was proposed in model mechanisms.
The key role in the phenolic resin degradation and char formation can be attributed to the
elimination of formaldehyde, as an important curing agent. Brass (CuZn) does not influence
the degradation and char formation regardless of concentration but during friction process
the volatile ZnO was formed, consequently weakening of fiber/resin interface, releasing of
brass chips and a high porosity on the friction surface was observed.

1. Introduction

Phenolic resins are used as matrix precursors in carbon/carbon composites because those
are relatively easier to use to impregnate with fibers and therefore have high carbon yields
[1, 2]. Phenol - formaldehyde resins are known for their high temperature resistance, high
char yielding properties and with improved thermal and pyrolysis characteristics are
desirable for application in composites for thermo — structural applications and could be
better matrices in carbon/carbon composites [2]. In comparison to coal tar pitch, phenolic
bonded structures possess higher strength and lower gas permeability. An important
application area that offers commercial opportunity for carbon composites is in the
automotive and related high performance engineering areas [3]. “Phenolic resin” is a term
that describes the astonishingly wide variety of products resulting from the reaction of
phenols with aldehydes. The aldehyde is almost exclusively formaldehyde, although small
amounts of acetaldehyde and furfuraldehyde are also used. The resin used in friction
material production can be a novolac-hexa or a resole-novolac blend. In some applications
liquid resoles are used [4].

1.1. Phenol-formaldehyde polymerization

When aqueous formaldehyde - CH,O (37 - 40 wt %) and pure phenol (CsHs - OH) are mixed
in roughly equal volumes, the solution has pH about 3.0 - 3.1. If allowed to stand, mixed,
or if heated to boiling, no measurable reaction occurs within a period of days or weeks. A
catalyst is needed to start the reaction. According to type of catalyst and ratio of
formaldehyde to phenol, several generalized resin types may be grouped as indicated in
Table 1 [5].

If a catalyzed mixture contains one or more than one mole of formaldehyde per mole of
phenol it produces a thermosetting resin. When such a mixture is catalyzed with acid, it
gives the uncontrollable acid setting resin. When alkaline catalyzed becomes manageable
and it is the basis for the usual commercial "one-step”resin termed resol, because it is not
necessary to add any reagents [5, 6].
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Table 1. Resin type according to catalyst [5].

Ratio of P/F OneoT::::rzh;?I)el,s ON€ | One mole phenol, less than one
formaldehyde mole formaldehyde
Catalyst type
Alkaline Controllable one-step Highly ortho-substituted novolac
resin
Acid Uncontrollable setting Controllable novolac
resin

If the reaction mixture contains less than one mole of formaldehyde per mole of phenol it
has not enough crosslinking ingredient to be thermosetting and a thermoplastic resin
results. When the catalyst is alkaline the initial product consists of a solution of one-step
resin in phenol. Upon heating without the loss of phenol this can be converted to a ortho-
substituted novolac. When the catalyst is acidic the product is thermoplastic but become
thermosetting with the addition of a crosslinking agent and is called "two-step”resin. The
methylolphenols obtained by reaction of phenol and formaldehyde can undergo self-
condensation to form dinuclear and polynuclear phenols in which the phenolic nuclei are
linked by methylene groups (Fig. 1) [4-7]. The average molecular weight (M,) of a typical
commercial novolac is about 600, which corresponds to about 6 phenolic nuclei per chain.
The potentially reactive third positions in the nuclei of novolac are deactivated and thus the
chains are essentially linear, although a small amount of branching occurs. A typical novolac

chain is shown in Fig. 2 [6].
OH

OH CH H,OH
CH,OH + HO
OH
OH OH
CH, CH,OH
+

< CH,OH
CH,OH
+ H,0

OH

Figure 1. Self-condensation of methylolphenols with evolution of water [6].
OH
HO/©/ HOD/ OH OH
CH,

OH
Figure 2. A typical novolac chain [6].
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1.2. Curing process

A typical phenolic resin has an initial molecular weight ranging from 150 to perhaps 1500.
For system of unsubstituted phenols, the final cross-link density is 150-300 atomic mass
units per cross-link. In the other words, 25-75% of the ring-joining reactions occur during
the cure phase [4].

Resols, which are produced under alkaline conditions, are generally neutralized or made
slightly acid before cure is carried out. Network polymers are then obtained simply by
heating. Two types of primary reactions of methylolphenols in acidic conditions have been
established, namely those wherein a methylol group reacts with an o- or p- hydrogen atom
to form a methylen bridge and those wherein two methylol groups react with one another
to form an ether linkage. In the presence of water the polycondensation reaction has ionic
character. As water evaporates the reaction mechanism changes. Molten resin (nonionic
medium) is generalized. Under this condition the free-radical mechanism dominated. The
network polymer obtained from a resol is composed principally of phenolic nuclei joined by
methylene groups but there is the possibility of the other types of linkages. The nature and
extend of other linkages depends on the character of the resol and the curing conditions
[6]. Three stage of resole thermosetting reaction can be defined: initial stage A, in which
the polymer is either liquid or dehydrated solid but soluble in simple organic solvents and
fusible; second stage B, in which the resin is solid, insoluble but swelled by solvents and
infusible but softened by heat; and a third stage C, in which the resin is infusible, insoluble,
and not softened with heat or swollen with solvent; i.e., the phenolic resin (resole) is cured

[5].

The conversion of novolacs into network polymer can be acomplished only after the
addition of a cross-linking agent such as formaldehyde, paraform, hexamethylenetetramine
(HEXA). HEXA contributes formaldehyde - residue type units as well as benzylamines [4].
The network polymer obtained from a hexamethylenetetramine cured novolac is composed
of phenolic nuclei joined mainly by methylene groups with small numbers of various
nitrogen-containing links. It is to be noted that the relative amounts of the various
nitrogen-containing links are not intended to have any quantitative significance. Thus the
network polymer obtained from the novolac hexamethylenetetramine reaction has a
structure which is predominantly similar to that of the network polymer derived from a resol
[4, 51.

Curing can be followed by post — curing process. Ko ef. al. [1] have studied the effect of
post — curing at 160°C, 230°C and 300°C. They investigated that post - curing can limit the
weight loss and shrinkage, increase the condensation of the matrix during carbonization
and consequently increase the carbon yield.

1.3. Thermal decomposition of phenol — formaldehyde polycondensates

The evolution of water and unreacted oligomers (2 to 10 monomer units) has been found
at temperatures above 350°C (in an inert atmosphere); the initial temperature of these
phenomena depends on the nature of the novolac and the pressure. The evolution of water
has been attributed to condensation reactions involving either residual methylol or to a
phenolic OH....OH condensation mechanism. Phenolic OH....OH condensation mechanism
starting at about 300°C and yielding diphenyl ether linkages. At 500°C, carbonyl groups
have been detected during resin degradation process, although degradation was taking
place in an inert atmosphere, thus leading to the conclusion that an auto-oxidation process
of the methylene bridges occured. Water and OH radicals may act as a sorce of oxygen.
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The formation of ¢OH radicals in the degrading novolac was supported by the evolution of
benzene [8, 9]. Hydroxy radicals would lead to the formation of oxidized terminal groups
such as aldehydes and carboxylic acids, and to the evolution of CO, in accordance with
equation shown in Fig. 3 [8].

OH OH OH OH

H,C CH,OH
cr : + .OH\©/ *" +oH
H,0

oH OH H

OHC Hooc
+.0H
g -Co,

Figure 3. The formation of oxidized terminal groups (aldehyde, carboxylic acid) in
presence of hydroxy radical [8].

Up to 500°C, however, the polymer network remains essentially unaffected, whereas above
500°C dramatic changes were noticed in the infrared (IR) spectra. The network collapsed
with the formation of polyaromatic domains [8, 9]. In inert atmosphere the polymer goes
through fragmentation and dehydration reactions and is subsequently oxidized by eOH
radicals, carbonyls and carboxylic acids have been identified in the IR spectra.

When is phenol — formaldehyde resin decomposed in air, oxidation is caused by oxygen
from the atmosphere and it usually starts at lower temperature (300°C) than when the
resin was heated in an inert atmosphere (350°C) [8]. A number of changes detected by the
IR analysis appear in resin sample spectra upon heating in air at 200°C. Intensity of
absorption related to OH and CH bonds decreases, while absorption of IR radiation related
to bonds C=0 and COOH increases. The first new absorption band which appears in the
resin spectrum during heating at 200°C is the carbonyl band at 1650 cm™ corresponding to
the presence of hydroxy-substituted benzophenone structure - primary oxidative
degradation (Fig. 4) [8-10]. Peroxide intermediates (Fig. 4) [8, 10] were not detected in the
infrared spectrum; however their existence was proved by chemical analysis [8, 10].

S &0

Figure 4. The formation of carbonyl group (dibenzophenone structure) — the primary
oxidative degradation [8, 10].

Upon further oxidation a shoulder on the initial carbonyl band grows at a frequency of 1680
cm™. A condsideration of the chemistry of this system led to the general deduction that
only two further chemical processes which would lead to the further formation of carbonyl
containing fragments were possible. One was the cleavage to acid fragments and the
second was rearrangement to quinoid-type structures as demonstrated in Fig. 5 [10].
Carbonyl and methyl groups can be regarded as broken crosslink, and may well affect the
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final properties of the carbonized resin by reducing the degrees of crosslinking and by
decomposing more readily at high temperatures [11]. A third absorption band grows at
1720 cm™ and it is accompanied by an additional broad band at 3100 - 3300 cm™. These
changes indicate that absorption intensity related to the phenolic hydroxyl band decreases
and new band linked with acid hydroxyl appears. Therefore, the final stage of the
secondary oxidative degradation was formulated and is shown in Fig. 5 [10].

oM r o oon §" r
H,C CH, H,C O g CH,
OH 0
?HZ c‘:H2 (‘:H2 CH,
0, !
| OH ﬁ \
H,C —on  © CH,
o
CH, e

Figure 5. The formation of quinoid structure from dibenzophenone — the secondary
oxidative degradation [10].

At high temperatures, thermal decomposition accelerates significantly. Volatile products
formed during pyrolysis of the phenol — formaldehyde polymer indicated formation of
carbon char accompanied by evolution of carbon monoxide and carbon dioxide. Water,
paraformaldehyde, methane and aromatic products were also detected. Water and
paraformaldehyde were among the major products formed up on heating the resin to
400°C. The formation of these products is consistent with the further condensation of
methylol groups and the thermal rupture of these groups in a reversal of the condensation
reaction to form the methylol linkage. The possible routes for the production of volatile
products, two processes are in competition, namely, thermal bond rupture and oxidation [9,
10, 12, 13]. The formation of phenol, cresol, and other methyl — substituted species
together with methane are produced at lower temperature in appreciable amounts, it is
doubtful that they arise from nonoxidized, postcured resin. Most likely, these products are
formed from dihydroxydiphenylmethane and slightly higher homologs entrapped in the
cured resin system [10]. Formation of methane in increasing amounts occurs above 400°C,
whereas the other species of a cresol and xylenol type are generally found in relatively
constant amounts or even slightly decreasing as the temperature increases. Benzene,
toluene and benzaldehyde are formed together with the loss of hydroxyl group from
aromatic ring [10, 14]. The hydroxyl radical (¢OH) would represent a source of oxygen for
further oxidation reactions and, also a source of water through hydrogen extraction from
any available methylene linkage [8].

The main degradation route of phenol-formaldehyde polycondensates involves oxidation,
regardless of whether the resin is exposed to elevated temperatures in air, argon, nitrogen,
or vacuum [8-10].
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1.4. Phenol - formaldehyde char formation and its character

The structure of cured phenol - formaldehyde resin matrix is primarily methylene bridged
phenolic units. Through pyrolysis it is desired to eliminate all non-carbon species and
produce a char of coalesced carbon rings. Studies of the pyrolysis of phenol - formaldehyde
resin have been reported [8, 9, 12, 15-19] and three steps have been proposed.

In the first step (< 450°C) the carbonaceous material of the phenol - formaldehyde resin
contains such structures as the diphenylether and methylene linkages [8, 12]. In this stage
mainly H,O evolves, arising from condensation reaction between phenolic groups. Although
some changes occur, the polymer network remains essentially intact [15].

In the second step (450°C - 700°C), the benzene nuclei combine directly with one another
as biphenyl, by the breaking of —CH,- bridges and —O- bridges or the direct bonding of
benzene nuclei with producing some unpaired electrons takes place. Mainly, in the 500°C -
560°C range, the drastic changes occur in that the network collapses [15]. A speculative
model of a structure in this stage is given in Fig. 6 [12]. In this temperature range the
structure of the carbonaceous products is too strong to permit free rotation and the
temperature is too low to cause the rearrangement of the molecule [12, 14, 16]. Between
500°C - 800°C the destruction of crosslinks occurred, which leads to the formation of
clusters of the aromatic units [16, 18]. The larger gas evolution (CH4, CO, CO,) and the
greatest loss of weight occur. The reactions occurring in this stage are: cracking,
dehydration, dehydrogenation [17].

—CH H
\

Figure 6. The speculative model of a structure in the second carbonaceous step [12].

In the third step (700°C - 1000°C), the dominant product is H, and results from the splitting
of hydrogen atoms directly bonded to benzene nuclei [9]. The loss of weight is very slow.
The size of aromatic nuclei increases suddenly by the partial rearrangement accompanying
the strong three-dimensional bonding among them [12, 14]. Condensation reactions of the
aromatic rings happen to form polycyclic aromatic system [17]. This temperature range
complete elimination of oxygen and hydrogen and IR spectrum does not exhibit any
residual structure in the range of 2000 — 500 cm™ and does not differ appreciable from the
strong continuum absorption exhibited by other high temperature carbons [15]. Trick and
coworkers [9] have proposed the change in the ring structure as reaction 1 [9].

ChAR _____, Ch+H, (1),

where Ch is a final char with coalesced rings and ChAR is char with direct aromatic —
aromatic link. A schematic presentation of the carbonization mechanism of phenol-
formaldehyde resin was suggested by Yamashita et al. [16] (Fig. 7).
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Figure 7. Schematic carbonization mechanism of phenol-formaldehyde resin [16].

When PF is pyrolyzed in an inert atmosphere to temperatures above 300°C, the resins form
a glassy, isotropic carbon which does not graphitize, even when heated to 3000°C [1].
Carbons obtained by pyrolysis of phenolic resins in an inert atmosphere are characterized
by their high purity, good mechanical properties, and in some cases, by having a high
surface area and a well developed porosity [17]. Both properties make it interesting as a
model carbon for gasification reactions [20] and as catalysts support [21, 22]. The carbon
contains a significant amount of surface groups, that give a neutral character in aquenous
suspension and that during a thermal treatment (in He or in 5% of H,) undergo a series of
surface reactions [17]. The yield of the carbonization is close to 50 wt % [17, 23]. Martinez
et al. [17] found, that the char obtained has an apparent density 0.885 cm® g* and a mean
particle size of 0.5 mm (very close to that of the starting phenolic resin).

The study on the morphology and structure of PF char shows that it is composed of
globular aggregations (observed by SEM, STM and neutron diffraction). Those aggregations
are constituted by the stacking of planes with a great number of defects. These layers have
an important graphitic order that extends to a minimum size of 14 A. The spaces that
remain between the globular aggregations form the pores of the carbon [17]. Gupta et. a/.
[19] have confirmed the existence of graphitic structure in the PF char by finding that char
showed a conducting nature, which suggests the existence of this structure. Most of the
macroporosity develops in the curing stage, at temperatures below 200°C. At HTT (Heat
Treatment Temperature) between 450°C and 800°C, destruction of crosslinks leads to
clustering of aromatic units in bulk. These clusters enclose regions of lower electron density
— pores — that are highly concentrated in bulk. A char produced up to near 700°C contains
polyaromatic systems which still have short - range order and relatively small domain size
[15]. As HTT is raised from 450°C, there is an increase in pore size; simultaneously, many
small pores coalesce to give comparatively few larger pores that are randomly distributed in
the bulk. Higher heating rates give a more random distribution of smaller pores in the bulk.

Porosity development and distribution can be influenced by several factors. Lenghaus et. a/.
[11] compared the curing and carbonization behavior of two resole type resins with a molar
formaldehyde to phenol (FP) ratio of 1.2 and 1.8. They found that after carbonization to
1000°C resole with FP = 1.2 had a narrower micropore structure and size distribution than
the FP = 1.8 material.
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The carbonization atmospheres were found (Kim et a/ [24]) to have a remarkable
influence on the porosity development and structural changes of the resulting carbon
spheres. Above 800°C, the thermal degradation behavior of phenol - formaldehyde showed
a drastic contrast between under CO, and N, atmospheres: decomposition occurred very
rapidly under CO, whereas little degradation occurred under N, atmosphere. Carbon dioxide
is an effective gasification agent, being particularly active above 800°C. So this drastic
degradation was considered due to the gasification of carbons by CO,. In comparison with a
N,, and CO, atmosphere resulted in more surface pits, higher surface area and a higher
micropore volume of the carbon spheres. In addition, under a CO, atmosphere, a larger
carbon layer, higher contents of reactive edge carbon atoms in the carbon layers and more
oxygen containing surface functional groups were facilitated. The surface area and total
pore volume were 760 m?/g, 0.369 cm®/g under CO, and 570 m%*/g, 0.275 cm®/g under N,
atmosphere treatment. Horikawa et. al [25] have synthesized a phenol - formaldehyde
resin with addition of organic species (ethylene glycol, 1,6-hexanediol and polyethylene
glycol) having straight chain formulas as the base material and carbonized (temperature
was changed within the range 600°C — 900°C) the base material to obtain the carbonized
phenol - formaldehyde resin (PF) with a controlled pore size distribution. Variation of the
length of the added organic substances caused differences in the pore sizes; when the
length of the added substances was short, the pore size of PF gradually decreased with
increasing carbonization temperature and conversely, the long chain of substances meant
the increasing of the PF pore size with increasing carbonization temperature. Addition of
short molecular length created cross — linked bridges, which caused rather small variance of
the average pore size. Addition of long molecular length caused large interaction with PF
and created mesopore structure exhibiting surface area of about 500 m?/g.

Commercial novolac— and resole- type phenol - formaldehyde resins were blended with a
coal — tar pitch at a 1:1 weight ratio under conditions permitting the synthesis of
homogenous carbon materials by Machnikowski et. a/. [26]. The chars from both, cured
and noncured novolacs gave typically microporous carbons with high surface area ~ 1500
m?/g and narrow micropores. The activation of resole — derived char was overwhelmed by
the catalytic gasification due to sodium, iron, potassium and nickel particles derived from
the resin synthesis step. The catalytic effect resulted in a strongly increased gasification
rate and less developed porosity ~ 900 m?/g. Bimodal porous system (mesopores and
narrow micropores with average width 1 nm) was characteristic for the resole — derived
activated carbons. The activation carbons from novolac containing blends were microporous
material with reduced surface area ~ 300 - 400 m?/g and wider micropore size distribution
compared to resin — derived carbons. Suppressing of mesoporosity with little reduction in
the surface area was characteristic of the activated carbon from the pitch/resole blend. In
general, for any of the heating rates studied, carbonization is complete at an HTT of =
900°C [19].

2. Aim of work

Owing to the fact that usual brake lining composites consist of numerous components, an
interaction between phenolic resin, as bonding agent, and other parts of composite system
can be expected. The attention in this paper will be given to influence of three metals (Cu,
Fe, Cuzn) on the char formation of novolac phenol — formaldehyde resin during the curing
and friction processes. These three metals are dominantly used worldwide for brake lining
formulations. This paper is related to earlier published article [27] about metals influence
on stability and degradation process of PF resin.
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3. Experimental

Two step phenolic resin HRJ - 652 (Schenectady International) with 7 - 9 wt.% of
hexamethylenetetramine and metal chips of Cu, Fe and CuZn (34.8 at.% of Zn) from Global
Material Technologies were used for samples preparation. The contents of metal particles
were chosen according to appearance in the real composites for friction application. The
formulation of investigated samples is given in Table 2. Samples were prepared by
following procedures: 1) mixing for 15 minutes, 2) hot pressing at 170°C for 30 minutes, 3)
curing in furnace at 170°C for 5 hours in air atmosphere in accordance with supplier.
Samples for TGA, and FTIR were cut by from the cured pellets and ground in the ball mill.
For FTIR analysis, the 10 um thick surface layers of the samples subjected to friction test
were cut by micro knife.

Samples H, I, J, K, L, M (Table 2) were subjected to the friction assessment and screening
test (Link Engineering, Detroit, MI). Composite sample was rubbed against the cast iron
disc with constant friction force 77.4 N, constant sliding speed 25 km/h and durations of
friction tests were 90 minutes. Light microscopy (LM) observations of friction surfaces were
performed using Nikon FX35 microscope. Images from the light microscopy observations
were recorded using CCD camera Sony DXC-151A attached to the microscope and
Optimas®6.1 image analysis software. XRD analysis of friction surfaces were performed by
INEL CPS 120 with position sensitive detector PSD 120. CuKa radiation (A=1.54056 A), Ge
monochromator, Si standard for calibration of detector were used. The duration of analysis
was 2000 seconds at applied current 15 mA and voltage 25 kV.

Table 2. The compositions of investigated resin and resin (PF)/metal samples.

Sample notation Metal content [vol.%]
A PF - noncured -
B PF - cured -
C PF+Cu - cured 5
D PF+Cu - cured 25
E | PF+CuZn - cured 5
F | PF+CuZn - cured 25
G PF+Fe - cured 20
For friction test
H PF-cured -
I PF+Cu-cured 5
h) PF+Cu-cured 25
K | PF+CuZn-cured 5
L PF+CuZn-cured 25
M PF+Fe-cured 20
For TGA
[o) PF-cured -
P PF+Cu-cured 5
Q PF+Cu-cured 25
R PF+Fe-cured 20

The thermogravimetric analysis (TGA) experiments were carried out with samples O, P, Q,
R (Table 2) on a CAHN TG-171 analyzer with flow control MKS type 247 Device at a heating
rate of 5°C/min over the temperature range from room temperature to 500°C. Argon with
flow 100 cm3/min as purge gas (in weight system) and air with flow 90 cm®/min as working
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gas were used. Mass of the analyzed samples was 200 — 390 mg. Brass containing samples
E and F were not analyzed by TGA owing to sublimation of ZnO and subsequent
condensation on the part of weight and furnace system. It is necessary to note that in
samples P, Q and R, the formation of metal oxides accompanied the resin degradation,
made calculation of weight loss during TGA more complicated. Oxidic layers were observed
by SEM Philips XL 30, Energy Dispersive Fluorescence Microanalyzer EDAX-ZAF. The
contents of metal oxides in metal chips of sample P and Q were analyzed by XRD glass
capillary tube method. For analysis of Fe containing sample (R) MoKa radiation (1=0.79495
R) was used. Using the crystallographic data for Cu, Fe and their oxides, the diffraction
patterns for mixtures of metals and oxides in different concentrations were calculated [28].
Calculated and observed XRD patterns were compared by X-ray quantitative phase analysis
(XQPA) program [29] and vol.% of oxides were determined. FTIR spectra of samples A to
R (Table 2) were recorded by spectrometer Avatar 320 NICOLET with KBr pellet method. A
sample homogenization process was performed in a mortar. The samples were pressed to
the pellet form by press NICOLET with pressure 527 MPa.

4. Results and discussion

Fig. 8 shows the TG profiles of the novolacs sample O, Q, R under air flow. Weight loss at
the sample O appears in two steps. The first weight loss of about 5 % occurs till 170°C and
corresponds to the polycondensation reaction. Than, the sample does not lose weight till
320°C. This stabilization can be explained by the formation of new structures stable until
the temperature is high enough to collapse this polymer structure [8]. The second weight
loss at 340°C is caused by oxidative resin degradation. The corresponding weight loss till
500°C is 22%. The thermal behavior of samples Q and R differs from the sample O. The
first weight loss owing to oxidic layers formation is not evident. The oxidic layer on copper
chip in sample Q observed by SEM, as an example, can be seen in Fig. 9. The final weight
loss occurs at lower temperatures (270°C for sample Q and 300°C for sample R) when
compared to sample O (320°C). Using XRD analysis, hematite Fe,O; (sample R), cuprite
Cu,0 (samples P and Q) and tenorite CuO (sample Q) were identified - see Table 3.
According to Table 3, the greatest weight loss (40.25 %) demonstrate sample Q (PF+25
vol.% Cu). Sample R (PF+20 vol.% Fe) presents weight loss slightly lower (39.17 %). It
follows that copper and iron significantly influence the mass loss of phenol - formaldehyde
resin. The mass losses of brass containing samples are not known and it is impossible to
compare these with copper and iron containing samples. Percentages of mass loss
represented a degradable part of resin exposed to 500°C that in real friction composites
corresponds to friction layer.
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Figure 8. TG measurement of samples O (PF - cured), Q (PF+25 vol.% Cu) and R (PF+20
vol.% Fe).
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Figure 9. Oxidic layer Cu,0 and CuO on copper chip observed by SEM (sample Q - PF+25
vol.% Cu).

Table 3. The sumary results of oxides (vol.%) and weight loss of resin after TGA.

Identified Vol. % of oxides Weight loss
SAMPLES oxides determined by XRD of resin [%]
(o] - - 21.88
P Cu,0 6.5 28.09
Cu,0 23.0
Q cuo 2.0 40.25
R Fe,0; 45.0 39.17

According to XRD data (Fig. 10, Table 4) the friction surface of sample J (PF+25 vol.% Cu)
consists of mixture of oxidized copper (Cu,O, CuO), copper, poor crystalline carbon material
(residues of resin char®) and graphite like structure was identified too. Oposite this, tenorite
(CuO) was not identified in sample I (PF+5 vol.% Cu) - see Table 4. Tenorite may be easily
reduced by carbon, which is always on the friction surface. Volume of produced CuO in
sample I, owing to low copper concentration, is probably insufficient for XRD identification.
Three main resources of carbon may contribute to friction layer formulation. First two have
an origin in brake lining sample and represent graphite and charred phenolic resin. Third
resource can be graphite from cast iron disc. Graphite like structure was identified only in
copper containing samples I and J — see Table 4. This fact can be probably connected with
influence of Cu on graphite like structure formation and it is not probably related to
resource from cast iron disc. Those structures can be constituted by the stacking of planes
with a great number of defects. These layers have an important graphitic order that
extends to a size of few A, as it was observed by [17, 19]. But generally, PF resin does not
graphitize, even when heated to 3000°C [1]. Degree of resin degradation of the sample M -
PF+20 vol.% Fe (Fig. 11) is not so high when compared to the sample J. Friction process
occured predominantly on the iron chips covered by iron oxide (Fe,0s) and poor crystalline
carbon material (residues of resin char®) (Fig. 11).
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Figure 10. XRD pattern and LM image of sample J (PF+25 vol.% Cu) after friction test.
Numbers of diffraction lines and corresponding mineral phases are given in Table 4.
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Figure 11. XRD pattern and LM image of sample M (PF+20 vol.% Fe) after friction test.
Numbers of diffraction lines and corresponding mineral phases are given in Table 4.

Predominant part of the sample L (PF+25 vol.% CuZn) surface (Fig. 12) is covered by resin
which contrasts with the surfaces of the samples J and M. Brass fiber is easily removed
from phenolic resin matrix, which contrast to Fe and Cu fibers. Copper and iron form multi
layer oxides detectable by LM and XRD methods. As easily seen from the comparison of
Figs. 10, 11, the Fe and Cu fiber remained anchored in the phenolic matrix and friction
process dominantly occurred on deformed metals. In contrast, the CuZn fibers were
released from the matrix and a high porosity was observed on the friction surface of the
samples K and L (Fig. 12). The wear rate of brass containing sample L (Table 5) was
extremely high (34.05 %) if compared to other ones. This behaviour can be related to
formation of ZnO and degradation of fiber/resin interface. According to XRD data the
surfaces of samples K and L are consisted of brass a-CuZn, poor crystalline carbon material
(residues of resin char®) and oxides (Cu,O, ZnO) — see Fig. 12, Table 4. Absence of Zn is
attributed to preferred oxidation of Zn as already discussed in relation to loosening of CuZn
chips from the brake lining matrix. Excessive oxidation of CuZn occurs at temperatures
~300°C and decomposition of brass results from formation of volatile ZnO.
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Table 4. Phase identification of samples submitted to the friction test (* = residues of resin

char).
# of SAMPLE
diffraction
line I J K L M
Phase/hkl
1 resin® resin® resin® resin” resin’
Fe,03 /104
2 graphite like | graphite like Zn0/101 Zn0/002 Fe,05 /110
structure structure

3 Cw0/111 | cuo1tr | CCUEIL 5007101 Fe/110
4 Cu,0/200 Cu0/111 o-CuZn/200 Cu,0/111 Fe,0s3 /214
5 Cu/111 Cu0/200 a-CuZn/220 | a-CuZn/111 Fe/211
6 Cu/200 Cu,0/200 o-CuZn/311 | a-CuZn/200 -
7 Cu,0/220 Cu/111 o-CuZn/222 Cu,0/220 -
8 Cu/220 Cu/200 - o-CuzZn/220 -
9 Cu/311 Cu,0/220 - Cu,0/311 -
10 Cu/222 Cu0/220 - o-CuzZn/311 -
11 - Cu/220 - o-CuzZn/222 -
12 - Cu0/311 - - -
13 - Cu/311 - - -
14 - Cu/222 - - -

Intensity

20 CuKa

Figure 12. XRD pattern and LM image of sample L (PF+25 vol.% CuZn) after friction test.
Numbers of diffraction lines and corresponding mineral phases are given in Table 4.
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Table 5. The wear results of samples submitted to friction tests (CV — coefficient of

variance).
Friction test # 1 | 2 Average (CV)
Sample wear [%] [%]
H 4.15 4.07 4.1 (0.07)
I 7.15 8.73 7.94 (1.40)
J 13.24 17.34 15.29 (3.63)
K 7.39 6.68 7.04 (0.63)
L 32.41 35.69 34.05 (2.91)
M 15.82 12.76 14.29 (2.71)

The interpretation of identified bands of IR spectra is summarized in Table 6. The main
changes in IR spectra in the range 1800 — 700 cm™ occurs. In spectrum B — PF-cured (Figs.
13, 14), the two new absorptions increase. First, 1650 cm™ (Fig. 14) asa weak shoulder on
the 1600 cm™ doublet and can be ascribed to carbonyl groups (benzophenones) produced
through oxidation reaction. Owing to condensation reaction, ethers are formed and
evidence of this is found in the growing band at 1252 cm™ (Figs. 13, 14) that is absent in
spectrum A. In cured samples (B, C, E) the OH stretching band at 1237 cm™ shifts towards
higher wave numbers and 1372 cm™ OH band decreases in intensity (Fig. 13) because due
to condensation processes and crosslinking, the number of OH groups decreases [8]. The
relative intensities of two peaks 1610 and 1595 cm™ (doublet aromatic ring stretching) at A
(1595 >1610 cm™) and at B (1595 < 1610 cm™) — see Fig. 13, are reversed due to changes
in the ring substitution, probably because of crosslinking [8]. For the same reason the
growing bands 1476 and 885 cm™ (Fig. 14) belonged to tetra and other higher substitutions
can be found. Peaks of 1510, 1101 and 816 cm™ (1,2,4 - trisubstituted ring) decrease (Figs.
13, 14). Trisubstituted ring is changed to tetrasubstituted ring during curing process. The
peak at 1168 cm™ corresponded to 2 and/or 4 - substituted ring decreases too (Fig. 13).
Peaks 1012 and 1334 cm™ (Fig. 13) belonged to CHs group attached to the aromatic ring
decrease but after curing process band 1334 cm™ remains as 1327 cm™ (Fig. 14), that is
still significant on account of decrease of neighbouring OH group band at 1371 cm™ [8].
Band 1440 cm™ belonged to methylene group is significant (Fig. 14) because of methylene
links formation. Peak 692 cm™, belonged to monosubstituted ring, presents only in
spectrum A, (Fig. 13), because of higher substituted ring formation in curing process. IR
spectra C, E and F are similar to spectrum B (Figs. 13, 14), only bands 1475 cm®
(tetrasubstituted ring) and 1250 cm™ (ether) are more significant (Figs. 13, 14). The
spectrum D — PF+25 vol.% Cu (Fig. 14) is different. Peak 1632 cm™ (Fig. 14) is residue of
peaks 1650 cm™ (benzophenon) and 1610, 1595 cm™ (doublet arom. ring). The residues of
peaks belonged to the trisubstituted and tetrasubstituted benzene ring are represented by
band 1474 cm™. The last visible band 1213 cm™ in Fig. 14, incorporates the residues of
bands corresponding to ether and trisubstituted benzene ring. In this spectrum the
characteristic absorptions belonged to the aromatic system remained only. Spectrum G —
PF+20 vol.% Fe (Fig. 14) behaves in a similar fashion with absorptions of all bands slightly
stronger compared to spectrum D. Spectra I (PF+5 vol.% Cu) and K (PF+5 vol.% CuZn)
have similar character as spectrum H (PF-cured). The regions of 1510 — 1400 cm™and 1255
— 1100 cm™ grow in complexity as can be seen at spectra M (PF+20 vol.% Fe), J (PF+25
vol.% Cu) in Fig. 15 or at O (PF-cured), P (PF+5 vol.% Cu) in Fig. 16 and showing that
main structure of the polymer is still there but changing towards a polyaromatic structure.
This can be seen by observing the 1600 cm™ band that was originally a sharp doublet but
becomes a broad band covering a range of ca 100 cm™, typical for polyaromatic system [8].
However, a new absorption appears in this case as a shoulder at 1683 cm™ (Figs. 15, 16)
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due to quinoid structure. Evidence of oxidation is given by the new weak absorption
growing at 1710 - 1740 cm™ due to carboxylic acid as can be seen in spectra M, J (Fig. 15)
and O, P, R (Fig. 16).

Table 6. Infrared bands and assignments for the HR3-652 resin (br.=broad; w.=weak;
m.=medium; s.=strong).

Band position [cm™] Assignment References

1720 - 1740 carboxylic group 10
1650 benzophenone 8
1610 ring stretching (1,2,4) 8
1595 ring stretching 8
1510 semicircle ring stretching (1,2,4) 8
1476 tetra substituted ring 8,9
1455 semicircle ring stretching (1,2,4) 8
1440 aliphatic CH, scissor bending 8
1371 OH, stretching CH; 8
1334 CH; attached to the aromatic ring 8
1250 ether 8
1236 OH, CO stretching 8
1171 2-and/or 4-substituted ring 8
1101 in plane ring deformation (1,2,4) 8
1012 CHs attached to the aromatic ring 8,30
912 aliphatic CH, wagging 8
881 tetra substituted (1,2,4,6) ring 8, 31
816 out of plane ring deformation (1,2,4) 8
756 out of plane ring deformation (1,2,6) 8
691 mono substituted benzene ring 8

Absorbance [a.u.]

G N
1600 1400 1200 1000 800

Wavenumbers (cm-1)
Figure 13. FTIR spectra of samples A (PF-noncured), B (PF-cured), C (PF+5 vol.% Cu) and
E (PF+5 vol.% CuZn) after curing process.
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The most significant changes in spectra D (PF+25 vol.% Cu), G (PF+20 vol.% Fe) — after
curing process, J (PF+25 vol.% Cu), M (PF+20 vol.% Fe) — after friction process, Q (PF+25
vol.% Cu) and R (PF+20 vol.% Fe) — after TGA appeared, as it is evident from Figs. 14, 15,
16. These results can be connected with influence of copper and iron on degradation and
char formation of phenol - formaldehyde resin. Although samples during the curing process
were exposed to 170°C, the resin (samples D and G) seemed to be exposed to a higher
temperature than 170°C. The resin degradation during friction process seems not to be as
extensive when compared to TGA in spite of higher temperature on the friction surface
(300 - 900°C [32]). The thickness of the friction layer can vary and the bulk resin with a
lower degree of degradation can be removed into sample for FTIR analysis and
furthermore, part of resin char can be removed as wear during friction process. Brass
(Cuzn) did not influence the degradation regardless of concentration.

1650

F

1632 1474 1213

D 1457 1437
1248

Absorbance [a.u.]

I T e e
1800 1600 1400 1200 1000 800
Wavenumbers (cm-1)

Figure 14. FTIR spectra of samples B (PF-cured), D (PF+25 vol.% Cu), F (PF+25 vol.%
CuZn) and G (PF+20 vol.% Fe) after curing process.

1468 1196

Absorbance [a.u.]

Absorbance [a.u.]
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1800 1600 1400 1200 1000 800
|\/| Wavenumbers (cm-1)

§ Figure 16. FTIR spectra of samples O (PF-cured), P (PF+5 vol.% Cu), Q (PF+25 vol.% Cu)
J and R (PF+20 vol.% Fe) after TGA analysis.
S It follows that copper and iron, in case of higher metal concentrations, can act as a
1800 1600 1400 1200 1000 800 catalysts. Therefore some possible model mechanisms for metal and metal oxides catalysis
Wavenumbers (cm-1) were proposed and will be presented in following chapter.

Figure 15. FTIR spectra of samples H (PF-cured), J (PF+25 vol.% Cu), L (PF+25 vol.%
CuZn) and M (PF+20 vol.% Fe) after friction test.
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5. Model mechanisms for metal and metal oxides catalysis

Formaldehyde can be considered as the key component in phenol — formaldehyde resin
degradation process. It can be oxidized in presence of metals or their ions. Formaldehyde
represents a mobile phase, it can move to the metal/phenolic resin interface where the
catalytic processes take place. Formaldehyde can be generated by HEXA decomposition
during crosslinking process or from breakdown of dibenzyl ethers linkage above 150°C [6].
Oxidation of formaldehyde in presence of copper or iron, results in formation of carbon
oxide (CO) and liberation of hydrogen radicals (Fig. 17) [33].

N Cu, Fe -
C=O0O ——> H- + H—C=—0 —>=C=0 + H-
H/ T
Figure 17. Oxidation of formaldehyde in presence of copper and iron as catalysts [33].

Releasing hydrogen radicals may participate in several other reactions. As an example can
be a reaction between hydrogen radical and methylene group (site with a high reactivity to
radicals owing to the high electron density caused by conjugation with two aromatic nuclei)
accompanied by molecular hydrogen releasing and it is shown in Fig. 18. Consequently,
2,2"-methylenebisphenol radical can react with water and formed hydroxyl on the
methylene bridge. The newly formed hydrogen radical can react with another methylene
group (Fig. 18). Hydroxyl on methylene bridge than can undergo to another oxidation and
benzophenone type structure can be formed.

OH OH OH OH
CH c
? +H + H,0 ‘H
-H, "OH,

OH OH
CHy
+

Figure 18. Possible participation of hydrogen radical on phenol — formaldehyde resin
degradation and char formation.

Catalytic activity of copper and iron can be also attributed to the presence of Cu?* and Fe**
ions in the surface layers. During the curing process these ions are present on the metal
surfaces in form of very thin and probably random oxidic layers. They can serve as
catalyticaly active centres. In the case of thermogravimetric analysis as well as friction
process, oxidic layers are easily formed. The presence of Fe** ions in form of Fe,Os
(hematite) at normal conditions can be considered [34]. Surface of copper is covered by
Cu,0 (cuprite) at normal conditions, while tenorite (CuO) is formed at 250°C [34]. Since the
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copper chips, used for manufacturing of friction composites, are usually obtained from
machine shop swarf, they are exposed to elevated temperatures and therefore, the
occurrence of CuO (tenorite) can be expected. Evidence of oxidic layers on the metal chips
after curing process was given using FTIR analysis (in oxide form), as it is evident from
enlarged details of infrared spectra (Fig. 19). FTIR was the only potential method (owing to
a very low oxides concentrations and a high sensitivity of this method) for identification of
oxide layers after curing process. Absorptions of the metal oxides are visible in the range
from 500 — 750 cm™ [35]. Another frequencies (wavenumbers) corresponding to metal
oxides are difficult to detect because they are “hidden” behind the resin bands and
moreover, their main bands, suitable for identification, occur in far infrared (FIR) region.

= = T
L

820

Spectrum D Spectrum G

Figure 19. Detailed views on areas of infrared spectra, belonged to the samples D (PF+25
vol.% Cu) and G (PF+20 vol.% Fe), demonstrating the bands of metal oxides [35] (in color
circles).

Formaldehyde can be oxidized using the oxide surface too and proceeds in two steps
through formic acid. As a result, the carbon dioxide and water are formed. An example of
formaldehyde oxidation on the tenorite (CuO) surface is given in Fig. 20. An analogous
formaldehyde oxidation can progress using hematite (Fe,Os) as a catalyst. Oxygen from
surface layer reacts with organic molecule submitting to oxidation and release as a part of
organic molecule. Surface ions of metal are than uncovered and can be coordinationally
saturated with oxygen from ambient atmosphere (in case of friction process or
thermogravimetry), or with oxygen penetrating to the polymer structure, as can be
supposed during crosslinking process.

+0,
H\ T complex
CE=0 H
8] H\ H \C;/O
|| || + /C:O —_—= O O —= O\‘l’ |
Cu Cu H I Cu tu OH
Cu Cu-
+ Cuo
Cu,0 + CO,+ H,0
+0, |

Figure 20. Oxidation of formaldehyde using tenorite (CuO) as a catalyst.
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Oxidation of methylol group as a part of phenol - formaldehyde molecule can be suggested
according to Fig. 21. As a catalytic active centre can serve the surface defects. Oxidation of
organic compounds using oxidic catalysts can proceed with alternate reduction and
oxidation of catalyst surface. The first step is the dissociative adsorption of alcohol with
formation of surface alcoxid [36, 37]. The O-M bond causes weakness of C-H bond
belonging to the carbon bearing original hydroxyl group. As a result, molecular hydrogen is
released and aldehyde is formed.

OH HO
HOH,C o .
+ M M Mo —_—
PO NNV

H CH,
0¥ ol _~
M M M

HO NN N

_H2

H..H..CH oH

é \ HOC

+ S+

v oN /O\M/

Figure 21. Oxidation of methylol group using metal (M) oxide as a catalyst.

The catalytic inactivity of brass can be attributed to the presence of zinc in copper lattice.
With addition of zinc to copper lattice, the concentration of electrons in primary alloy
increases [38] than the copper ions Cu®** in surface layers are reduced to catalytically
inactive copper form. Wear rates of brass containing samples were extremely high if
compared to other ones. Owing to formation of ZnO and consequent weakening of
fiber/resin interface, the Cuzn fibers were debonded and released from the matrix and a
high porosity was observed by light microscopy on the friction surface, as can be easily
seen in Fig. 12.

6. Conclusions

Metals (Cu and Fe), in case of high metal concentrations, significantly support degradation
and char formation of phenol — formaldehyde novolac resin at curing and friction processes.
They may act as catalysts. Metals and their oxides can catalyze the degradation process of
phenol — formaldehyde novolac resin in several ways, as it was proposed in model
mechanisms.

The key role in the phenol - formaldehyde resin degradation process can be attributed to
the elimination of formaldehyde caused by metal as well as metal oxide catalysis.
Consequently, phenol — formaldehyde resin has a less degree of crosslinking, than the
oxygen can better penetrate into the polymer and supports the formation of oxidic
structures and resin is prone to furthure degradation. Subsequently, the PF char is more
easily formed. Oxidation of formaldehyde in presence of metals, results to the formation of
hydrogen radicals, whose may participate in several other reactions. Metal oxides catalyze
the oxidation of functional groups of PF resin such as alcoholic or aldehydic groups.

Brass (Cuzn) does not influence the degradation regardless of concentration and its
catalytic inactivity can be attributed to the presence of zinc in copper lattice. The high wear
rate is owing to formation of volatile ZnO, weakening of fiber/resin interface and
consequent releasing of brass chips from composite surface.
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Ve dnech 11.-13. zafi 2008 poradala Ceska spole¢nost pro kompozitni a uhlikové
materialy ve spolupraci s Ustavem materidlového inZenyrstvi, FS CVUT v Praze,
seminar zaméfeny na kompozity jako biomaterialy, jejich povrchové Upravy a
souvislostmi jejich fyzikalnich a chemickych vlastnosti s konkrétnimi aplikaCnimi
moznostmi.

Herbertov, Horni Mlyn, 11.-13.9.2008
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L. Bacakova

Funkce umélého materialu v modernich tkanovych nahradach a tkarnovém
inZenyrstvi

Fyziologicky Gstav AVCR, Videfiska 1083, 142 20 Praha 4 — Kr¢, lucy@biomed.cas.cz

Umélé materidly se stdle vice dostdvaji do popredi v transplantacni a regenerativni
medicingé, zejména jako nosiCe bunék pro konstrukci bioarteficialnich tkanovych nahrad
modernimi pfistupy tkariového inZzenyrstvi. Pro tyto aplikace je nutné, aby biomaterial nové
generace nebyl pouze pasivné tolerovan okolni tkani, ale choval se jako biomimeticky a
bioaktivni, tj. navozoval a reguloval specifické reakce bunék. Tyto reakce, mezi néz spada
predevsim adhesni, rlistova a diferenciacni aktivita bunék a jejich specializovana funkce, Ize
vyznamné ovlivnit fyzikalné-chemickymi vlastnostmi materidlu, napfiklad jeho smacivosti,
drsnosti a pfitomnosti specifickych chemickych funkcnich skupin ¢i biomolekul, jako jsou
ligandy pro adhesni receptory bunék. DdleZitou roli hraje i stupen elasticity ¢i tuhosti
materialu.

V prlibéhu vice nez desetileté spoluprace nasi laboratofe s celou fadou tuzemskych i
zahranicnich fyzikalnich a chemickych instituci se nase studie interakce burika-material
tykaly rozmanitych experimentdlnich i klinicky uzivanych materiald, jako jsou trvanlivé i
degradovatelné syntetické polymery, kovy, keramika, rlzné formy uhliku a materialy
kompozitni. Tyto materidly byly upravovany celou fadou technik, jako je ozareni ionty,
ultrafialovym svétlem, plasmatickym vybojem, brousenim, lesténim, soustruZenim,
elektroerozi, nanasenim rdznych organickych i anorganickych vrstev, zvIasté vrstev
nanostrukturovanych (napf. nanovldken fibrinu a extracelularni matrix, uhlikovych
nanocastic, jako jsou fullereny, nanotuby ¢i nanodiamanty, nebo nanokompozitnich vrstev
C:H a kovd). Vyznamnou Upravou, kterd z umélych materiald Cinila analogy pfirozené
extraceluldrni matrix, byla funkcionalizace materidld ligandy pro integrinové adhesni
receptory bunék (napf. GRGDSG). Modifikované materialy byly osazovany obvykle cévnimi
endotelovymi, cévnimi hladkymi svalovymi a kostnimi burfikami s cilem bud’ inovovat
stavajici klinicky uzivané cévni ¢i kostni nahrady i vytvorit vlastni bioarteficialni analogy
cévni stény, kosti Ci srdeCni chlopné, pfiCemz jsme vyuzivali klasické statické kultivace
bunék ¢ kultivace bunék v priitokovych a rotacnich dynamickych kultivacnich systémech.

Ozéfeni syntetickych polymerl ionty, UV svétlem ¢&i plasmou vedlo k vytvoreni
chemickych funk¢nich skupin s obsahem kysliku, zvysSilo smacivost materialu a upravilo tak
adsorpci molekul extracelularni matrix zprostfedkujicich adhesi bunék v tom smyslu, Ze se
zvysila dosazitelnost specifickych aminokyselinovych sekvenci v téchto molekulach pro
adhesni receptory bunék, naprt. integriny. Podobny Ucinek mély i nanostrukturované
povrchy, nebot’ jejich architektura se podoba geometrické konformaci molekul v pfirozené
extracelularni matrix. Zajimavy byl vztah stupné adhese bunék k jejich nasledné proliferaci.
Jestlize buriky adherovaly ve vysokém pocatecnim poctu a velkou adhesni plochou, dfive
zahajovaly diferenciacni program, ktery se u cévnich hladkych svalovych bunék projevoval
zvySenou koncentraci kontraktilnich proteind alfaaktinu, SM1 a SM2 myosinu a jejich
organizovanym usporadanim do vlaken. Vyzravajici endotelové buriky zvySovaly koncentraci
von Willebrandova faktoru a jeho uspofadani do Weibel-Paladeho télisek. Osteogenni
diferenciace kostnich bunek se projevovala pfedevsim zvySenim koncentrace osteokalcinu a
osteopontinu, tj. glykoproteinl schopnych véazat vapnik. Rizena depozice fibrinu a molekul
extraceluldrni matrix urychlovala vyvoj souvislé vrstvy zralych endotelovych bunék na
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vnitinim povrchu klinicky uZivanych polyetylentereftaldtovych cévnich ndhrad. Navazani
adhesniho oligopeptidu GRGDSG, ligandu pro integrinové receptory bunék, na polylaktidovy
nosi¢ prostrednictvim polyethylenoxidovych fetézcd navodilo adhesi, syntézu DNA a
proliferaci cévnich hladkych svalovych bunék nejen v klasickém kultivatnim médiu
doplnéném sérem, ale i v médiu bezsérovém. Jako perspektivni pro inzenyrstvi cévni,
chlopenni i kostni tkdné se ukdzalo i vyuziti nanovldken z pfirozenych i syntetickych
degradovatelnych i stabilnich polymer(, jakoZ i keramické nanocastice.

M. Kopecek?, L. Bacakova?, J. Strnad? J. Protivinsky?, M. Nesladek, V.
Lisa'
Lidské kostni buniky v kulturach na titanovych nosicich s povrchovymi tpravami
vyvijenymi pro nové dentalni implantaty

IFyziologicky Ustav AVCR, Videriska 1083, 142 20 Praha 4 — Kr¢
2LASAK, s.r.0. Papirenska 25, 16000 Praha 6
3CEA-LIST, Centre d’Etudes Saclay, Bat. 451, p.84, 91191 Gif Sur Yvette, France

V tomto sdéleni budou presentovany vysledky adhese, rlistu a imunofluorescenéni
vizualizace nékterych adhesnich a cytoskeletalnich molekul a markerll osteogenni
diferenciace u lidskych kostnich bunék linie MG 63 v kulturach na nasledujicich skupinach
materiald:

ATi-M“: Ti-Grade 4 (podle ISO 5832-2), obrobeny na soustruhu za chlazeni. Jedna se o
povrch pouZzivany pro vyrobu implantatd pred 30 lety.

#Ti-AE": Vzorek Ti-M navic piskovany (Cisty Al,Os;, tlak 4 bary) a leptany v kyseliné za
Gcelem zdrsnéni na Urovni mikrometrd. Tento vzorek pfedstavuje standard dnesni doby.
Hydrofobni kyselinou vytvofeny mikroreliéf v kombinaci s makroskopickou drsnosti
vytvofenou piskovanim dava dobrou schopnost osteointegrace a je pouZivan na vétsSiné
modernich dentdlnich implantatd.

#TI-AAE": Vzorek Ti-AE navic leptany v alkalickém prostfedi. nové vyvijena modifikace, ktera
se od Ti-AE odlisuje vice hydrofilnim charakterem, vy$$im mérnym povrchem a porozitou.

Dale budou presentovany vysledky adhese, rdstu a maturace bunék MG 63 na vrstvach
nanokrystalického diamantu dopovaného bdérem a diskutovano potencidlni vyuZziti téchto
vrstev v stomatologické implantologii.
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J. Paul*?, L. Ba¢akova? V. Stary?, L. Cvréek?, S. Danis*

Struktura a mechanické vlastnosti biokomatibilni vrstvy ZrN na réiznych typech
podlozek

Ustav materidlového inZenyrstvi, Fakulta strojni, Ceské vysoké uceni technické v Praze,
Karlovo nam. 13, 121 35 Praha 2 .
0ddéleni rdistu a diferenciace bunéénych populaci, Fyziologicky Ustav, Akademie véd Ceské
republiky, Videriska 1083, 142 20 Praha 4 — Kr¢

3HVM Plasma, Na Hutmance 2, 158 00 Praha 5

“Katedra fyziky kondenzovanych latek, Matematicko-fyzikaIni fakulta, Univerzita Karlova, Ke
Karlovu 5, 121 16 Praha 2

Nitrid zirkonu je povazovan za slibny materidl pro zpeviiovani povrchd nejrliznéjsich
materiall, specialné téch, navrzenych pro trvalé tkanové operace. V predchazejici praci
jsme studovali biologickou odezvu na ZrN povlaku. Ze ziskanych vysledk( vyplyva, ze ZrN
miZe byt povaZzovan za vhodny materidl pro povrchové modifikace kostnich implantatd,
ktery zlepSuje jejich mechanické vlastnosti a integraci do okolni tkané. V této studii bylo
pfipraveno nékolik kombinaci vrstva/podlozka, studovali jsme strukturu ZrN povlakd
metodou rtg. difrakce (XRD) a jejich mechanické vlastnosti (tvrdost, Youngliv modul a
prilnavost). ZrN povlaky byly pfipraveny rdznymi metodami (elektricky oblouk a magnetron)
na rliznych podlozkach (nebrouseny a brouseny 2D kompozit uhlik-uhlik, lestény titan a Cr
superslitina). Mezi povlaky pfipravenych vySe uvedenymi metodami a na rlznych
substratech byly nalezeny rozdily jak struktury ZrN povlakl, tak i jejich mechanickych
vlastnosti. Nakonec je diskutovan mozny dlivod téchto rozdild.

K. Balik
Kompozity jako biomaterialy

Ustav struktury a mechaniky hornin AV CR, v.v.i., Oddéleni kompozitnich a uhlikovych
materiall, V HoleSovickach 41, 18209 Praha 8, balik@irsm.cas.cz

Kompozitni materialy jsou vSude kolem nds aniz si to Casto uvédomujeme. Jejich priprava
je stard jako lidstvo samo. V mediciné jsou obecné testovany t¥i druhy kompozit(:
vlaknové, Casticové a jejich kombinace.

VIdknové kompozity

Jsou ovérovany jako spojovaci a nahradni prvky prvky kosti. Je vyuzivana jejich nizka
hmotnost a naopak vysoka mechanicka pevnost a relativné nizky modul pruznosti. Hodnoty
mechanickych vlastnosti je mozno diky orientaci vyztuze ,nasmérovat" a pfipravit ,na miru".

Kompozity uhlik-polymer. Byly pfipraveny na bazi uhlikovych vidken nebo tkanin a
epoxidové pryskyfice. Vykazovaly uspokojivé mechanické vlastnosti, ale po delsi expozici v
organizmu dochazelo k degradaci polymeru na monomer, ktery vykazoval biotoxicitu.

Kompozity uhlik-uhlik. Vyvoj téchto matridll zacal v poloviné sedmdesatych let. Kompozity
na bazi uhlikovych tkanin uloZenych v uhlikové matrici mély ohybovou pevnost az 250 MPa
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(lidska kost 150 MPa) s pomérné vysokym modulem pruznosti 80 GPa (kortikalni kost 15-20
GPa). Materidly vykazovaly bioneutralitu, pfi pokryvu hydrogelem (poly-HEMA) dokonce
bioaktivitu. Jejich nevyhodou byla vSak slozZita pfiprava a tedy vysoka cena a uvoliovani
Castic uhliku v organismu.

Kompozity sklo-polymer. Ptipraveny na bazi levnych skelnych tkanin zE a R-skla a
polysiloxanové matrice. Jejich mechanické vlastnosti byly prakticky shodné s mechanickymi
vlastnostmi lidské kosti, pfiprava jednoducha. Po pfidavku mikro Castic hydroxyapatitu do
matrice podporovaly vristani kostni tkané. Nevyhodou byla moznost uvolfiovani skelnych
vlaken.

Césticové kompozity

Budou ovéfovany jako vyplfiovy kostni material. Diskontinualni vyztuz je tvorena bud’
Casticemi, Casto isometrickymi nebo kratkymi vldkny; v posledni dobé nanocasticemi a
nanovlakny.

Kompozity hydroxyapatit-kolagen. V USMH jsou studovany pipravy &asticovych kompozitdl
na bazi nanocastic hydroxyapatitu a nanovlaken kolagenu uloZenych v kolagenové matrici i
Zelatinové matrici. Cilem vyzkumu je pfipravit materidl vykazujici bioaktivitu,
biodegradovatelnost bez vysokych pozadavk( na mechanické vlastnosti.

T. Suchy?, K. Balik?, Z. Sucharda?, L. Ba¢akova?, M. Sochor?, M. Slouf*

Vliv nano/mikro HA/TCP aditiv na mechanické vlastnosti kompozitu na bazi
polyamidové vyztuze a polysiloxanové matrice

1Ustav struktury a mechaniky hornin AV CR, v.v.i., Oddéleni kompozitnich a uhlikovych
materiald, V HoleSovickach 41, 18209 Praha 8, suchyt@irsm.cas.cz

*Fyziologicky Ustav AVCR, Videfiska 1083, 142 20 Praha 4 — Kr¢

3I7aboratoF biomechaniky, FS CVUT v Praze, Technicka 4, Praha 6

“Ustav makromolekuldrni chemie, AV CR, v.v.i., Heyrovského ndmésti 2, Praha 6

Byly navrzeny kompozitni materialy na bazi arylamidové tkaniny a polysiloxanové matrice
pro aplikace v kostni chirurgii. Do matrice kompozitnich vzorkd byl pro zvySeni bioaktivity
pfidan nano/mikro hydroxyapatit a fosforeCnan vapenaty v mnozstvi 2, 5, 10, 15, 20 a
25%o0bj. Byl ovéfovan vliv aditiv na mechanické vlastnosti a soucasné byly pomoci obrazové
analyzy studovany zmény ve vnitfni struktufe kompozitQ. Ukazuje se, Ze nano pfimési maji
na mechanické vlastnosti, oproti mikro ¢asticim, priznivéjsi vliv. Jako optimalni se z hlediska
konecné aplikace ve formé nahrad tvrdych tkani jevi obsah nano aditiv 10-15%o0bj., pfi
jejichz pridani dochazi jednak k optimalizaci tuhosti kompozitu, tak ke zvyseni ohybové
pevnosti, a to bez zmén ve vnitini struktufe kompozitu.
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J. Salacova

Tkaninovy kompozit sklo/polysiloxan — studium struktury pro rekonstrukci a
modelovani

Technickd univerzita v Liberci, jana.salacova@tul.cz

Pfispévek pojednavd o moznostech vyzkumu kompozitniho materidlu o sloZeni
sklo/polysiloxan. VyztuZi je tkanina vyrobend z e-skla, matrici je polysiloxanova pryskyfice.
Vyzkum probiha v nékolika na sebe navazujicich oblastech - od vyroby kompozitni desticky,
pfes studium vnitini struktury az po modelovani vyslednych vlastnosti a vizualizaci
(rekonstrukci) vnitfni struktury. Jedna se o samotnou vyrobu kompozitnich vzorkd ve tvaru
laminatu ve vysokotlakém autoklavu s moznosti volby materidlového slozeni, vytvoreni
pficnych Fezl, Upravu povrchu fezd lesténim pro mikroskopické snimani, postupné
odbrusovani povrchu a opétovné lesténi, mikroskopické automatizované snimani,
zpracovani rastrového obrazu do vektorového za Ucelem ziskani obrysd strukturnich prvkad,
rekonstrukci vnitfni struktury vizualizaci a vicelroviiové modelovani vyslednych vlastnosti
kompozitu.

M. Supova
Problém disperze hydroxyapatitu v polymernich matricich

Ustav struktury a mechaniky hornin AV CR, v.v.i., Oddéleni kompozitnich a uhlikovych
materiall, V HoleSovickach 41, 18209 Praha 8, supova@irsm.cas.cz

Tento prispévek je spiSe literarni reSersi, kterd se zabyva pfipravou nanokompozitd
obsahujicich Castice hydroxyapatitu (nejvice pouzivaného biokeramického materidlu) v
polymernich matricich, s kvalitou je ekvivalentni realné kosti. Zvlastni ddraz je kladen na
problém disperze, t.j. ptipravu kompozitu s neagregovanymi Casticemi. Ackoli homogenni
disperse Castic hraje klicovou roli prevazné v mechanickych vlastnostech, kompozit
s homogenné dispergovanymi Casticemi hydroxyapatitu poskytuje také lepsi prostfedi pro
adhezi a proliferaci kostnich bunék.

K vyreseni tohoto problému je mozné vyuzit kromé zdokonaleni mechanickych aspektd
pripravy, také metody modifikace povrchu hydroxyapatitu nebo tzv. biomimeticky proces.
Predevsim posledné zminény proces, ktery vyuZiva strategie nalezené v pfirodé a imituje
biologické mechanismy se jevi jako vhodny nastroj pro pfipravu biokompozitl s rysy reainé
kostni tkanég, jak z hlediska slozeni jednotlivych komponent, tak z hlediska hierarchického
usporadani.
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J. Nebesaiova, M. Vancova, J. Vanécek

Soucasné moznosti vysokorozliSovaci kryo-elektronové mikroskopie pfi analyze
povrchii biologickych material@

Laboratof elektronové mikroskopie, Biologické centrum AV CR, v.v.i. - Parazitologicky Ustav,
BraniSovska 31, 37005 Ceské Budéjovice, nebe@paru.cas.cz

Skenovaci elektronova mikroskopie je idedlnim nastrojem pro sledovani povrchové
morfologie studovanych preparatd predevsim diky své velké hloubce ostrosti ve srovnani
s optickou mikroskopii. V soucasné dobé mikroskopy vybavené autoemisni tryskou jako
zdrojem primarnich elektron( prinasi i velky narlst rozliSovaci schopnosti a to dokonce i pfi
velmi nizkych hodnotéch urychlovaciho napéti v fadu jednotek kV. Pro biologické materidly
se tak otvira cesta pozorovat je ve zmrazeném stavu, tedy co nejblize nativnimu stavu, bez
vyrazného radianiho poskozeni a pfi vysokém rozliseni na rozdil od environmentalniho
skenovaciho elektronového mikroskopu. Jak ukazala nase studie na spermiich jesetera
sibifského klasické chemické metody pfipravy biologickych preparatll, které zahrnuji fixaci
glutaraldehydem a oxidem osmicelym, dehydrataci acetonu fadou a suSeni metodou
kritického bodu, vedou ke zmenseni objemu vzorku az o 30%.

E. Brynda
Interakce biologického prostiedi s umélymi povrchy
Ustav makromolekularni chemie, AV CR, v.v.i., Heyrovského ndmésti 2, Praha 6

Interakce se vzdy zucastni slané vodné tekutiny obsahujici rozpusténé proteiny (krev,
lymfa, o¢ni komorova voda, mozkomisni mok, media pro kultivaci bunék), které jsou vice Ci
méné obsazené v kazdém biologickém prostredi. Proteiny jsou makromolekuly obsahujici
polypeptidové fetézce jejichz hlavni fetézec, patef polymeru, tvofeny peptidickymi vazbami
—CO-NH- nese v postrannich Fetézcich aminokyselinové zbytky. Diky rlznym typdm
fyzikalnich interakci (elektrostatické mezi ionty, vodikové vazby, Van der Waalsovy,
hydrofobni) zprostfedkovanych aminokyselinovymi zbytky mohou proteiny interagovat mezi
sebou, s jinymi biologickymi molekulami a umélymi materidly. Bilkoviny se adsorbuji na
véechny umélé povrchy s vyjimkou hydrogelll pfipravenych z vodorozpustnych
makromolekul (minimalizace hydrofobni interakce), které nenesou zadny elektricky naboj
(minimalizace elektrostatické interakce), jako jsou elektroneutraini polysacharidy. K
adsorpci primarni proteinové vrstvy dochazi bezprostiedné na zacatku kontaktu umeélého
povrchu s biologickym prostfedim. VSechny dalsi procesy, jako jsou nasledné interakce s
dalsimi aktivnimi proteiny a bunkami, se pak odehravaji na néjaké adsorbované proteinové
vrstvé, ktera je témito procesy priibézné modifikovana.

Kontakt s krvi. Krev je tvorena krevni plasmou, ve které jsou suspendovany krevni buriky
(Cervené krvinky, bilé krvinky, krevni desticky). Bezprostfedné po kontaktu krve s cizim
povrchem (povrch odlisny od neporuseného endotelia stény cévy) dochazi k adsorpci
plasmatickych bilkovin a adhezi, aktivaci a agregaci krevnich destiCek. Souasné je
aktivovéana kaskdda molekuldrnich reakci mezi vzajemné se aktivujicimi koagulacnimi
faktory, na jejimz konci se u povrchu tvofi sit’ fibrinovych viaken. Pfi poSkozeni cévy vznika
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timto mechanismem krevni zatka (trombus), kterd zastavi krvaceni. PFi chirurgickych
zékrocich je neZadouci koagulace krve potlatovana podavanim antikoagulant@. Povrchy
implantovanych umélych materiald by mély koagulaci aktivovat co nejméné.

Interakce umélych povrchl s bunkami a tkanémi. VétSina savCich bunék preziva a
proliferuje pouze jsou-li ukotveny k néjakému substratu. V organismu tomuto Ucelu slouzi
mezibunétna hmota obsahujici adhesivni bilkoviny (fibronektin, laminin a r{zné typy
kolagenu,) ke kterym jsou bunky uchyceny prostfednictvim vazby svych
transmembranovych glykoprotein@ (integrin€). Pfi poranéni slouzi jako doCasny substrat pro
uchyceni bunék opravujicich poSkozenou tkan fibrinova sit’ vytvorend koagulaci krve.
Specifické interakce povrchu substratu s integriny neslouzi pouze k pasivnimu ukotveni
bunék ale davaji burikam signaly ovliviiujici jejich dalSi chovani.

Vytvareni funkénich rozhrani mezi umélymi povrchy a biologickym prostfedim. Tkanové
inZzenyrstvi vyuzivd pro opravu poskozenych tkani a organf umélé podplrné skelety
(scaffolds) slouZici k uchyceni bunék a fizeni jejich rlstu. JelikoZ burky interaguji pouze s
povrchem syntetického skeletu, je vyhodné pouzit materidl s vhodnymi vlastnostmi
(netoxicky, biodegradabilni, a pod.), ze kterého Ize vyrobit skelet vyhovujici dané aplikaci
svym tvarem, morfologii (vlaknita struktura, porézni houba ) a mechanickymi vlastnostmi
odpovidajicimi opravované tkani, a nasledné modifikovat jeho povrch, tak aby bylo
dosaZzeno optimalniho rlstu vybrané tkané. Mezi perspektivni strategie patfi pokryti
umélého povrchu a semisyntetickymi hybridnimi  makromolekularnimi  strukturami
obsahujicimi motivy biologicky aktivnich biopolymerd nebo jejich strukturni analogy nebo
organizovanymi soubory biologickych makromolekul (proteiny a polysacharidy) zajistujicimi
specifické interakce s burikami a tkanémi. Povrchy kovd byvaji nejprve modifikovany Cinidly
obsahujicimi skupinu reagujici s kovem napf. thiolova chemie pro reakci se zlatem a
stfibrem nebo silanova chemie pro reakci s oxidy na povrchu kov@ napf. titanu (US Patent
6635269 - Immobilizing mediator molecules via anchor molecules on metallic implant
materials containing oxide layer) a skupinu tvorici kovalentni vazbu s biologicky aktivnimi
prvky (aldeyd, karboxyl, amino).

F. Hnilica, J. Vesely
Nové typy titanovych slitin pro medicinské aplikace
UJP Praha, Nad Kaminkou 1345, 156 00 Praha-Zbraslav

Titanové slitiny jsou pouZivany k nahrazeni poskozenych tvrdych tkani, jako naof.
Umélych kycelnich a kolenich kloubd, zubnich implantatl atp. Doposud pouZivané slitiny,
predevsim nejrozsifenéjsi slitina Ti-6A-4V, se vyznaCuje nékterymi nedostatky, zejména co
se tyka pritomnosti cytotoxického vanadu a hliniku, ktery je spojovan s Ffadou
neurologickych nemoci. V poslednich letech jsou hledany a zkoumany nové slitiny, které
tyto nedostatky odstraruij.
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M. Lodererova, J. Rybnicek, J. Steidl, J. Hornik
Mechanické vlastnosti a biokompatibilita funkéné vrstvenych material
CVUT v Praze, Fakulta strojni, Technické 4, 166 07 Praha 6

Prispévek se zabyva hodnocenim mechanickych vlastnosti a biokompatibility funkéné
vrstvenych materidld. Jednd se o inovativni pfistup v oboru materidl vyuZitelny pro
bioimplantaty. S rozvijejici se aplikaci biomateriald vzrlstaji i pozadavky na jejich vlastnosti
a hledaji se nové pristupy. Pravé pouZiti vice materidld s rlznymi vlastnostmi v ramci
jednoho vyrobku umoZriuje napf. moznost vyhnuti se technologickym spojim a s tim
spojenych negativnich dopadd na funkcnost celku. Struktura funkéné vrstveného materialu
se napric vyrobkem méni a s nim i sledované vlastnosti.

D. Hruskova
Biomaterialy pro vyrobu kostnich nahrad

L:Jstav mechaniky, biomechaniky a mechatroniky Fakulty strojni-CVUT Praha,
Ustav struktury a mechaniky hornin AVCR, v.v.i. Praha

PFispévek je vénovan novym kompozitnim materidllim, které by mohli byt v budoucnu
pouZzity pro vyrobu kostnich nahrad.

Tyto nové materidly musi byt samoziejmé biokompatibilni a na rozdil od v soucasnosti
bézné pouzivanych material nejsou bioinertni, ale bioaktivni a biodegradabilni. Bioaktivita
je velice Uzce spjata s biodegradaci. Pfedpoklada se, Ze pouzity material bude bioaktivni jiz
sam o sob&, coz znamend, ze bude podporovat rlist kosti prakticky ihned po implantaci,
kdezto biodegradace-tedy rozklad samotného implantatu by mél v idedlnim pripadé
nastoupit az 5-8 tyden po implantaci. Jelikoz pouzité komponenty, ze kterych se tyto
kompozity skladaiji jsou télu vlastni, produkty rozkladu mohou byt télem vyuzity k vystavbé
nové kosti béhem vlastni primarni (potazmo i sekundarni) osifikace, popfipadé vylouceny
jako bézné metabolity. Zminénymi materialy pro vyrobu téchto kompozitd jsou Zelatina a
kolagen-jako zastupci organické ¢asti a fosforenan vapenaty s hydrohyapatitem suplujici
anorganickou ¢ast kosti. Kombinaci téchto ¢ty zakladnich surovin, jejich pomérd, rozdilnych
velikosti ¢astic, misenim v rliznych prostredich a za rliznych podminek nam vznikne celd
Skala Casticovych kompozitnich materiald, které mohou byt pouzity samostatné, nebo jako
matrice vlaknovych kompozitl. Kompozity vyrobené ze Zelatiny, kde byl jako plnivo pouZit
nanoprasek hydroxyapatitu maji ve vysuSeném stavu vyhovujici mechanické vlastnosti (jsou
dostatecné tvrdé i houZzevnaté) a jsou dostatecné porézni. Totéz plati i pro kolagenové
kompozity, potaZmo pro kombinované kolagen-zelatinové materialy. Pfispévek se zabyva
vyrobou, pouZzitymi postupy, materidly, zpracovanim samotnych kompozitd a problémy
spojenymi s chovanim biokompozitl za rliznych podminek.
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A. Simiinek
Zubni implantologie: biomaterialy a jejich vhojovani

Stomatologicka klinika LFUK a FN v Hradci Kralové

Zubni implantologie se stala béZnou soucasti stomatologické péce. Implantaty Ize
nahradit jeden zub, skupinu zubd, stejné jako celé zubni oblouky. Z Iékafského hlediska se
véak nejedna o jednoduchou problematiku. Implantat je vystaven plsobeni znacnych
zvykacich sil, kromé toho je svym jednim koncem ukotven ve sterilni Celistni kosti, zatimco
opacnym koncem prominuje do septického prostfedi dutiny Ustni.

Zubni implantaty se az na malé vyjimky vyrabéji z titanu. Vhojuji se oseointegraci, pfi
které kost priroste tésné k povrchu implantdtu. To ma za nasledek v principu neomezenou
Zivotnost implantatu a nemoZnost odstranit jej z kosti podobné jako zub, pomoci zubnich
extrakénich klesti.

Vyznamnym faktorem ovliviiujicim chovani implantdtu v organismu je jeho povrch.
Nitrokostni Cast implantdtu ma povrch texturovany, tedy drsny, aby dochazelo ke
snadnéjSimu a rychlejSimu vhojovani. Takové povrchy se vyrdbé&ji pomoci piskovani,
plazmového sprejovani, anodické oxidace nebo leptani mineralnimi kyselinami. Nékteré
implantaty maji titanovy povrch oSetfeny zasadou nebo fluoridovym preparatem, ¢imz se
stavaji chemicky aktivni.

Jednim ze $pickovych titanovych chemicky modifikovanych povrchl implantatd je povrch
Bio (Lasak s.r.o., Praha) Ceské provenience. Vyrabi se plisobenim kyseliny a poté zasady na
piskovany titan. Experimentalné u néj byly prokazany prvky bioaktivity.

V nékterych pfipadech se zubni implantdty povlakuji tenkou vrstvou bioaktivniho
materialu, obvykle hydroxyapatitu. Vazba tohoto typu implantatu ke kosti by méla byt nejen
fyzikalni, ale i chemicka (biointegrace). Tim je zajiSténa vysoka schopnost vhojovani, ale z
dlouhodobého hlediska je biokeramicka vrstva povazovana za rizikovy faktor, a proto se od
téchto typl implantatd pomalu ustupuje.

L. Franta
Testovani opotiebeni kloubnich nahrad
Laboratof biomechaniky, FS CVUT v Praze, Technicka 4, Praha 6

Vyznamnym instrumentem predpovidajicim otérové chovani novych konstrukci
endoprotéz a materidlovych dvojic mlze byt simulace ,in vitro". V technické praxi neni
mozné dosahnout shodnych dynamickych podminek ,in vivo", které jsou v kloubu po
implantaci. Kinematika a dynamika zatézovaci sily musi simulovat skutecné pohyby
pacientd. Simulace pfi podminkach rozdilnych od podminek ,in viva" mlize prinaset chybné
informace o otérovém chovani. Vyznamnymi parametry z pohledu realistické simulace je
proménlivé zatizeni, rozsah pohybu smykani a odvalovani, experimentalni teplota a
mnozstvi lubrikantu. Simulace za podminek neodpovidajicich ,in vivo" mizZe pfinaset chybné
vypovidajici vysledky. Zajimavym pfinosem z tohoto pohledu muze byt aplikace vysledkd
novych klinickych studii zabyvajicich se prlibéhy zatéZovani a pohyb@. Standardni testovaci
zafizeni simuluji pfedevsim normalni relativné pomalou chlizi. Kupfikladu normalini chiize
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predstavuje pouze malou Cast z dennich aktivit pacientd. Poblikované prace popisuji, ze
chlize tvofi pfiblizné 10% z denni pohybové aktivity Clovéka. Z experimentalnich vysledkd
mdzeme urcit pohyby pfi niz dochazi k nejvétsimu zatézovani kloubnich komponent. Mezi
nejvice nepfiznivé patfi jogging, chlize z a do schodd, chlize po naklonéné roving, normalni
chiize a dalsi aktivity. Pfi chdzi po schodech se uvadi maximum zatéZovaci sily od 5,4 do 6,2
BW (Body Weight). Pfi normalini chlzi Cinilo toto maximum 3,1 BW. V porovnani normalni
chiize a chlize po naklonéné roviné je vysledna maximalni zatézovaci sila rovnéz vétsi pfi
chdzi po naklonéné roviné nez u chlize po roviné. Méfeni silovych U&inkd na kloubni
komponenty provedlo mnoZstvi autorll. Vysledky vykazuji znacny rozptyl naméfenych
hodnot. To je zplisobeno zejména relativné nizkym poctem vzorkd (pacientd), rozdilnymi
podminkami pfi experimentech a dale napfiklad rdznymi zplsoby méFeni a vyhodnocovani
vyslednych zatizeni. Z méfeni rlznych autord jsou patrné urdité trendy a charakteristické
pribéhy zatézovacich kfivek.

E. Tfesohlava, S. Popelka, L. Machova, V. Proks, F. Rypacek

Biomimetické modifikace polylaktidovych povrchii: depozice funkcializovanych
amfifilnich blokovych kopolymerd

Ustav makromolekularni chemie AV CR, Heyrovského nam. 2, 162 06 Praha 6

Biodegradabilni polymery na bazi polyesterd, jako napf. polylaktid (PLA), jsou dlleZitymi
materidly v oblasti tkafového inZenyrstvi. Jednim z podstatnych faktorl, které ovlivriuji
chovani bunék v kontaktu s polymerem, je specificka distribuce bioaktivnich molekul
podporujicich bunécnou adhezi na povrchu biomateridlu. Takovymi molekulami mohou byt
peptidové sekvence odvozené ze struktury proteinu mezibunééné hmoty (napf. sekvence —
RGDS- fibronektinu). V nasi laboratofi jsou pro pfipravu funkcionalizovanych
biomimetickych povrch@ biomateridld na bazi PLA pouzivany amfifilni blokové kopolymeru
poly(laktid)u (PLA) a poly(ethylenoxid)u (PEO), které na konci PEO bloku obsahuji vyse
zminované peptidové sekvence, pficemz se predpoklada jejich vliv na migraci, rlst a
diferenciaci bunék.

Predstava o topografii povrchd, zvlasté pak o distribuci adheznich skupin (RGDS) na
povrsich, které je mozné ziskat depozici amfifilnich kopolymerfi na povrch biomateridlu,
pfipadné jejich samoorganizaci (,selforganization") na rozhrani biomaterial/voda, je
ziskdvana pomoci modelové studie. V ni pouzivdme analogické blokové kopolymery, které
jsou, namisto RGDS peptidovych sekvenci na konci PEO bloku, funkcionalizovany biotinem
(PLA-b-PEO-biotin).

Modelové povrchy jsou pfipravovany rotacnim nanasenim PLA-5-PEO-biotin kopolymeru
ve smésich s neutralnim kopolymerem s methoxy skupinou na konci PEO bloku, PLA-5-PEO-
OMe, na podlozku, kterd je tvofena homogennim filmem poly(L-laktid)u na silanizovaném
anorganickém substratu.

S vyuzitim specifickych interakci biotinu s bilkovinou avidinem byla sledovana pfistupnost
funkcnich skupin na povrchu. Povrchové vazany avidin (protein, 66kDa) byl vizualizovan
pomoci mikroskopie atomarnich sil (AFM) v ,tapping modu®. Za ucelem vizualizace
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individualnich funkénich skupin bylo vyuzito objemnéjSich znalek (avidin vazany na
nanocastice, velikost cca 40nm) a jejich vizualizace pomoci ,tapping modu® a ,akustického
modu® mikroskopu atomarnich sil (AFAM).

Byla potvrzena role kopolymeru PLA-5-PEO-OMe, jako neutralniho pozadi funkénich
skupin, pfi odstinéni nespecifické adsorpci proteini na polymerni povrch.

Ziskané vysledky prokazaly dostupnost biotinovych skupin, jako modelu adhesnich
peptidovych struktur, na povrsich tvorenych vrstvou blokového kopolymeru pro interakci
s avidinem, reprezentujicim v tomto modelu receptorovy protein bunécné membrany.

PouZitim objemnéjsich znacek, jako jsou avidinem modifikované mikrokulicky, umoznuje
AFM  detekci povrchové topografie individudlnich funkénich skupin, pricemz je
predpokladana analogicka distribuce i -RGDS- peptidovych sekvenci.

Vyuziti biotinu jako reprezentativni skupiny ve funkénich PLA-A-PEO kopolymerech a
znaceni avidinem v kombinaci s AFM predstavuje praktickou metodu pro studie topografie
povrchl funkcionalizovanych materialQ.

Vramci této studie je sledovan i vliv distribuce biomimetickych skupina na takto
funkcionalizovanych povrsich na adhezi a diferenciaci bunék.

V. Stary’, L. Bac¢akova?, 1. Kunka?!, Z. Tolde!
Vliv drsnosti povrchu na biokompatibilitu

Ustav materialového inZenyrstvi, Fakulta strojni, CVUT v Praze
%Fyziologicky Ustav AV CR, Praha-Kr¢

Definice pojm@: Povrchova vrstva vznikd modifikaci zakladniho materidlu; povlak vznika
nanesenim jiného materialu na podloZku - povrchové vrstvy i povlaky maji obvykle tloustku
desitek nanometrd az jednotek milimetr{. Povrch je rozhrani mezi materialem a prostfedim,
v krajnim ptipadé jedind povrchova vrstva atoml (je to teoreticky pojem). Povrch z
inzenyrského hlediska mizeme charakterizovat predevsim drsnosti a dale napf. jeho
tvrdosti, modulem pruznosti (coZ se uZ netykd pouze povrchu,) a dalSimi fyzikalné-
chemickymi charakteristikami. DUlezité pro biokompatibilitu je vsak to, jak "vidi" povrch
buriky. Drsnost povrchu, nebo v SirSim smyslu jeho morfologie, md na adhesi, rdst a
mnozeni (proliferaci) a specializaci (diferenciaci) bunék velmi vyznamny vliv. Tento vliv je
jasné prokazan, jeho vysvétleni neni vSak zatim zcela jasné.

Drsnost povrchu mlZzeme definovat jako funkci z = f(x,y), kde x,y jsou souradnice bodd
na primétu povrchu, z je vertikalni soufadnice. Tato funkce je spojitd, jeji zaznam je
vySkova mapa (2D profil) nebo liniovy profil (oznacuje se 1D). K uréeni téchto charakteristik
se pouZziva nékolika zakladnich metod, coz je méfeni odrazu svétla, presnéji jeho uhlového
rozdéleni, méfeni profilu povrchu pomoci dotykovych nebo bezdotykovych méfi¢d drsnosti a
mikroskopické metody, umoznujici bezdotykové méfeni pomoci tzv. konfokalniho
mikroskopu nebo metody uzivajici stereo metodu.
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1.Pfehled metod méFeni drsnosti, jejich charakteristika a ziskany popis povrchu

A. 1D a 2D parametry drsnosti; parametry napf. Ra, Rq, Rv, Rp, Rpm, Rt, Rz, Rsk,
Rku), frekvenéni (napt. Sm, S, HSC, Pc) a smiSené (napf. Aqg, Lg, LO, Lr) a
odpovidajici 2D,

B. Abbotova kfivka,

C. Autokorelacni funkce profilu povrchu a autokorelacni délka,

D. Parametr ORDER ktery je definovan tak, Ze pro rlizné drsné povrchy je ORDER=0
pro ndhodné rozdéleni vySek, ORDER=100 pro perfektni periodicky profil.

E. Fraktalova analyza.

2. Méfeni drsnosti

Kontaktni profilometry: polomér hrotu ~ 2 um, vzdalenost méfenych bod@ (Iyin) = ~ 2 um,
zakladni délka (cut-off) (Imax) = ~ 0.8 mm;

Bezkontaktni profilometry: bezkontaktni optické zafizeni vyuZivajici projekce a detekce
laserového svazku odrazeného mikroreflektory - digitalni kamera registruje interferencni
prouzky, které se vyhodnocuji; délkové rozliseni (krok svazku) 10 um, min 0.8 um,
vySkové rozliseni=1.2 nm, méfena plocha 12x10mm, tj. cut-off (lnax) = 2 mm

Konfokalni mikroskopy: délkové rozliseni (prdimér svazku) 0.5 um, min. 0.12 pm, vySkové
rozliSeni = 10 nm, méfena plocha pro objektiv 10x: 1.28x0.96mm, tj. cut-off (lnax) =
0.25 mm

Stereo - SEM: podélné rozliSeni SEM ~ 10 nm, pii digitadlnim snimani 1 pixel, tzn. ze
hodnota zavisi na zvétSeni a velikosti matice (v nasem pripadé zvétSeni 1000x a matici
1024x1024 to je ~ 0.12 um), vySkové rozliSeni — pfi naklonu B +10° je 0.12/(2 sin B),
tj. 0.34 um.

SPM - Scanning Probe Microscopy: AFM - Atomic Force Microscopy (Mikroskopie atomovych
sil); podéIné rozliseni (polomér hrotu) ~ 20 nm, vySkové rozliSeni = 0.1 nm, méfena
plocha napf. 5x5 um, tj. cut-off (Inay) = 1 pm

3. Jak zavisi biokompatibilita na drsnosti?

Buriky na uhlikatych materialech: podlozka - C-C kompozit, vrstva - pyrolyticky uhlik, Ti-

C:H, DLC, doktorska prace ing. M.Doudérové (spoluprace Fgu AV CR a UMI FS CVUT)
Buiiky na Ti a jeho slitinach (Ti6Al4V), K.Anselme, M.Bigerelle- definice parametru

ORDER, adhesni sily a doby oddéleni bunék.

4. Pro¢? - Upevnéni burky k povrchu

Adhesni receptory jsou spojeny do specifickych nano- nebo mikrodomén na bunécné
membrané, nazyvané fokalni adhesni plaky (focal adhesion sites, focal adhesions); zde
receptory komunikuji se strukturnimi a signalnimi molekulami (talin, vinculin, fokalni
adhesni kinasa), témi jsou navazany pres aktin na cytoskelet.

Burika se vaze

= piimo k povrchu, slaba vazba

=k aminokyselinovym sekvencim vazebnich protein{, specificka a silna vazba.

= Dalsi moznosti, jak mdZze ovlivnit morfologie adhesi a rdist bunék:

=  Neohebné svazky mikrovidken mezi fokalnim plakem na konci lamely a oblasti jadra
vedou pfi ohybu ke zkracovani lamely.
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=  Fokalni plaky maji elipticky tvar, takZe uprednostiiuji smér ryh prip. hrebenl, coz
zplsobi polarizaci cytoskeletu i buriky.

= Fokalni plaky (délka ~ 10 um) pUsobi kontaktni vedeni bunék; kdyz jsou ryhy uZzsi,
fokalIni plaky jsou schopné pripojeni jen na hiebenech. Aby se do ryh vesly, musi se
natocit a tim orientuji i aktinova vlakna.

= Tvar povrchu (mikrotextura) silné ovliviiuje smacivost - ta potom nasledné ovlivni
usporadani a konformaci ECM proteind, které jsou adsorbovany na povrchu a na které
se vazou buriky; vazba proteind je pravdépodobné odlisna napf. podél hran.

= Cytoskelet je dynamicky systém a vnéjsi sily jsou na né&j prenaseny z fokalnich plakg.
Buniky se snaZi dosahnout stavu rovnovahy vnitfnich i vnéjsich sil, optimalni pro
diferenciaci. Rzné rozdéleni sil na texturovaném povrchu vede k jejich optimalnimu
tvaru i orientaci.

R. Havel?, V. Stary?, J. Kadlec?, K. Jurek?, I. Gregora3, V. Vorli¢ek?, J.
Fencl?

DLC vrstvy na biokompatibilnich slitinach titanu

1L'Jstgav materialového inZ., Fakulta strojni, CVUT v Praze, 121 35 Praha
2SVUM a.s., 190 11 Praha 9 - Bé&chovice

3Fyzikalni Gstav AV, 162 00 Praha 6

“Beznoska s.r.o., 272 01 Kladno

Zakladnimi materidly pro vyrobu implantatd tvrdych tkani jsou obvykle kovové slitiny
s vhodnymi mechanickymi a koroznimi vlastnostmi. V soucasné dobé je velmi rozsifené
uzivani titanu a jeho slitin. Pro vyrobu dfiku kyCelniho kloubu se pouZiva elektroeroze,
technologicky proces, kdy pfi elektrickém vyboji ve smési olejii dochazi k Ubéru materialu
z povrchu. Toho je mozné vyuzit jednak k obrabéni a jednak k dosazeni vhodné drsnosti
povrchu, coz miZe principialné zlepsit kontakt materialu s Zivou tkani predevsim z hlediska
adhese. V této praci jsme studovali vrstvy (povlaky), které vznikaji na povrchu Ti a jeho
slitin béhem elektroeroze. V naSich predchozich studiich jsme odhadli jejich tloustku
pfiblizné na 0.5 pm, a metodami ESCA, RBS a ERDA jsme zjistili, ze ve vrstvach jsou
pfitomny C, O, Ti a H. Z méFeni souCasné vyplynulo, Ze jejich chemické slozeni zavisi na
hloubce a jejich tloustka je nehomogenni. V této praci jsme urcili tloustku vrstvy i jeji
nehomogenitu jednak pfimou metodou z pficnych Fezl sledovanych v fadkovacim
elektronovém mikroskopu a jednak vypoltem z intenzit emitovaného rtg. zafeni uZitim
metody elektronové mikrosondy (EPMA) a programu StrataGem pro urceni tloustky a
sloZeni vrstev (SAMX, Francie). Tim byla ovéfena moZnost nepfimého méfeni tloustky a
slozeni vrstvy metodou EPMA, ktera je pro urlovani tloustky mnohem jednodussi nez
metoda pficnych fez{.
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R. Sedlacek
Moznosti akreditované Laboratore mechanickych zkousek
Laborato¥ biomechaniky, FS CVUT v Praze, Technicka 4, Praha 6

Laboratof' mechanickych zkouSek (LMZ) je pracovisté umisténé na CVUT v Praze, Fakulté
strojni a je soucasti Ustavu mechaniky, biomechaniky a mechatroniky. Laboratof je
vybavena Spickovym testovacim systémem MTS 858.2 Mini Bionix, ktery je specificky tim,
Ze je schopen provozovat souCasné zatéZovani osovymi silami a momenty sily. U osové sily
je rozsah systému 0 az 25 kN, u momentu sily 0 az 100 Nm. Jedna se o hydraulicky plné
politatem fizeny testovaci systém s moznosti 24-hodinového provozu. Nedavno tento
systém proSel celkovou modernizaci a rozsifenim. Nyni je zcela unikétné vybaven specidlnim
simulatorem, ktery umoziuje zatézovani s 8 stupni volnosti (3 posuvy + 5 rotaci). Tento
simulator je ojedinély v celé Evrop€. Svoji konstrukci je primarné€ urCen k narofnému
testovani patefe. Upravou konfigurace je vSak moZno simulator pouZivat ik jinym
experimentim.

Testovaci systém je vybaven rozmanitym pfisluenstvim umozfujicim realizaci réiznych
experimentd. Pro méfeni velmi malych sil je systém vybaven specialnimi velmi citlivymi
siloméry s méficimi rozsahy + 50/100/250/500 N a * 10 N. Pro hodnoceni délkové
roztaznosti laboratof pouzivd extenzometr s pracovnimi rozsahy + 0,4/4 mm a specidini
bioextenzometr ureny pro meékké tkané. Pro méfeni pricné deformace je laborator
vybavena diametralnim extenzometrem s pracovnim rozsahem + 1mm pro vzorky o
prdméru 3,6 az 13 mm. K pozorovani zkuSebnich poloZek je pouZivan stereomikroskop
NIKON SMZ 1500 umoZfujici kvalitni prozkoumani povrchli, lomovych ploch i struktury
testovanych vzorkl. Pro zdznam a zpracovani obrazu je laboratof vybavena digitalni
kamerou NIKON DN100 a vyhodnocovacim softwarem LUCIA NET. Digitalni kameru Ize také
vyuzit ve spojeni se specialni mikrosondou VOLPI, sjejimz vyuzitim l|ze provadét
mikroskopické sledovani a vyhodnocovani Sifeni trhlin v materialu pfi cyklickém zat&Zovani.

LMZ je zkuSebni laboratof €. 1379 akreditovana Ceskym institutem pro akreditaci, o.p.s.
a spliuje pozadavky mezinarodni normy CSN EN ISO/IEC 17025. Pravidelny dozor nad
dodrzovanim akreditacnich kritérii provadény akreditaCnim organem vede k neustalému
rozvoji systému fizeni kvality a zvySovani jakosti sluzeb. LMZ je jedinou laboratofi v Ceské
republice, kterd ma akreditovany zkuSebni postupy pro mechanické testovani a hodnoceni
keramickych material& pouzivanych pro vyrobu chirurgickych implantatd.

V ramci neakreditovanych zkousek se v laboratofi provadi testovani biomateriald
a implantatd, které jsou bud’ nové vyvijeny a tudiz pro né jesté nejsou stanoveny normy se
zkusebnimi postupy, nebo pro né byly normy nové vydény a probiha jejich zapracovani.
Jako priklad Ize uvést kompozitni materialy (testovani mechanickych vlastnosti) a UHMWPE
(zkouSeni otéru) nebo meziobratlové rozpérky, kyCelni nadhrady, dentalni implantaty,
mitralni nahrady atd. DalSi skupinou zkousek je testovani biologickych materidld a
stanovovani jejich mechanickych vlastnosti, napf. tahové zkousky ocni rohovky nebo
tepenné stény, ohybové zkousky osteoporotickych krysich femurd, tlakové zkousky
chrupavky atd. Dale pak je provadéno testovani material& pfi statickém i dynamickém
zatézovani. Samostatnou skupinou je provadéni kalibraci nové vyvijenych pfistrojd a
pfipravkd, slouZicich napfiklad k snimani silovych Gcinkd nebo hodnoceni vlastnosti
materialQ.
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Laboratof mechanickych zkousek je neustdle modernizovana a rozsifovana novym
zafizenim a méfidly, které zvySuji jeji uplatnéni nejenom pfi spolupraci s ostatnimi
institucemi ve vyzkumné cinnosti, ale i v komercni sféfe. V pfipadé zajmu Ize akreditovat
dalsi zkusebni postupy, které by rozsifily nabizené sluzby.

Z. Tolde?, V. Stary?, T. Suchy?
Porovnani méFicich metod pfi hodnoceni vysoké drsnosti povrchu

1Ceské vysoké uceni technické v Praze, Fakulta strojni, Karlovo namésti 13, 121 35 Praha 2
?(Jstav struktury a mechaniky hornin AV CR, v.v.i., Oddéleni kompozitnich a uhlikovych
materiall, V HoleSovickach 41, 182 09 Praha 8

Cilem této prezentace je predstavit zavéry méficich metod pro vyhodnocovani drsnosti
povrchu na vzorcich s velmi vysokou drsnosti. Byly srovnavany vzorky Ti a TiAIV (ISO 5832-
2 a 5832-3) s titanovou vrstvou pfipravenou metodou plazmového nastfiku nebo pfipravené
elektroerozi materialu s pfipadnou chemickou upravou. Takto pfipravené vrstvy jsou nebo
by v budoucnu mély byt aplikovény v biomediciné.

Vyhodnoceni probihalo metodou dotykového meérfeni (pfistroj Talysurf 6 fy. Taylor-
Hobson, UK) a metodou bezdotykového méfeni (pfistroj MarSurf TS 50/4 - Mahr GmbH,
Goetingen, Germany). V experimentu bylo pouZito 5 sérii vzorkd po 14 kusech. Jednotlivé
série se od sebe liSily pouzitou technologii vyroby a predvyrobnimi operacemi. Na kazdém
vzorku bylo provedeno méfeni drsnosti na tfech nahodné vybranych liniich, u bezdotykové
metody byla navic zjistovana plosna povrchova drsnost. Tyto hodnoty byly nasledné
statisticky vyhodnoceny.

V zavéru budou prezentovany soubory naméfenych hodnot a porovnani vysledkd
jednotlivych méficich metod. Dale pak zamysleni nad dfivodem namérenych odchylek
s prihlédnutim k odliSnému materidlu, metodé Upravy povrchu a odliSnosti pouzitého
zarizen.

M. Doudérova?, L. Ba¢akova?, V. Stary?, P. Glogar®
Vliv povrchovych vlastnosti uhlikovych materialéi na rozprostieni bunék

Ustav mater. inzenyrstvi, Fakulta strOJnl CVUT v Praze
2Fyznologlcky Gstav Akademie véd Ceské republiky, Praha
3Ustav struktury a mechaniky hornin, Akademie véd Ceské republiky, Praha

Zivotidné buriky velmi dobfe snddi uhlik i fadu materidld na bézi uhliku. Napfiklad
kompozity vyztuzené uhlikovymi vidkny a s uhlikovou matrici jsou biokompatibilni a mohou
mit pfi vhodné pfipravé i mechanické vlastnosti, obdobné mechanickym vlastnostem
tvrdych tkani. To z nich ¢ini material vhodny pro implantaty v ortopedii a zubni chirurgii. Na
biokompatibilitu material& maji vyznamny vliv jejich povrchové vlastnosti, které se projevuiji
na rozhrani Zivé tkané a materidlu, tj. v pfimém kontaktu bunék s povrchem materialu.
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BIOMATERIALY A JEJICH POVRCHY

Herbertov, Horni Mlym, 11, = 13,9,2008

Biokompatibilitu je pro jeji exaktni posuzovani pfi experimentech /n vitro chapat jako
soubor parametrd, hodnoticich kvantitativné adhezi, proliferaci, diferenciaci a morfologii
bunék, a dale schopnost bunék produkovat proteiny a enzymy podle své funkce v
organismu

Z literatury a naSeho predchoziho studia vyplyva, Ze interakce bunék s povrchem
materidlu je ovlivnéna jednak morfologii povrchu materidlu (napf. drsnost, porozita, atd.),
jednak chemickym stavem povrchu (smacivost, povrchova energie, pfitomnost radikalé a
rliznych 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 Uprav chemického stavu povrchu je i vytvoreni
povlaku (tenké nebo tlusté vrstvy) z vhodného materidlu. Drsnost povrchu je pak mozno
upravovat brousenim a leSténim.

V nasem prispévku se zaméfujeme na povrch kompozitu uhlik-uhlik s vrstvou amorfniho
uhliku a-C:H, gradientni vrstvy Ti+C, prip. vrstvy pyrolitického grafitu (PyG). Vrstvy a-C:H
byly pfipraveny na katedie makromolokuldrni fyziky MFF UK ve vysokofrekvenénim
plasmatickém 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 C,H,. Vznikld vrstva mad tloustku ~3 um a
gradientni sloZeni s nanokrystalickou strukturou; povrch vrstvy ma vysokou koncentraci
volnych vazeb. Na kompozitu uhlik-uhlik s riznou drsnosti a pfipravenou tenkou vrstvou a-
C:H nebo Ti+C byly péstovany hladké svalové burky krys a urCena jejich plocha, kterd je
jednim z parametrdl, které omoZfiuji hodnotit biokompatibilitu materialu.

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

R. Vrbova
Povrchova uprava dentalnich implantatd

Vyzkumny Ustav stomatologicky - 1. LF UK a VFN, Vinohradska 48, 120 21, Praha 2,
RadkaVrbova@seznam.cz

Dentdlni implantaty jsou v modernim zubnim Iékafstvi Casto vyuZivany k nahradam
chybéjicich zubnich tkani. Existuje mnoho typd dentalnich implantatd, jejichZ pouZiti se Fidi
konkrétni klinickou situaci. DéleZitou roli pfi vhojovani implantatl hraje jejich povrchova
Uprava. Cilem této prace je ovéfit vliv nového bioaktivniho povlaku na kvalitu spojeni kost -
implantat v ramci ,in vivo" experimentu. Povlak naneseny na titanovém povrchu je tvofen
polymernim materidlem na bazi polysiloxanu s ¢asticemi hydroxyapatitu.
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The British Composites Society

A Division of the Institute of Materials, Minerals and Mining

International Conference for Manufacturing of Advanced Composites
(ICMAC 2009)
18 - 19 March 2009, Belfast Waterfront, UK

Scope

Focussing on recognising and responding to the needs of industry, with respect to
manufacturing of advanced composite materials, this event will showcase the world-leading
composite manufacturing being developed in the UK and specifically Northern Ireland. The
conference will offer a mix of keynote papers presented by internationally renowned
experts and presentations chosen from a call for abstracts, all of which will cover a diverse
range of industry sectors. Alongside the conference there will be an opportunity for
international companies to exhibit as well as a designated area, sponsored by local RDAs ,
to promote the region’s expertise in advanced composites manufacturing. The emphasis will
be on industry and the event will be of benefit to indiviuals and companies in the UK and
the international composites community.

Conference topics include:

Processing technology

Thermoset

Thermoplastic

Large-scale structures

High volume

Low cost

Nano-additives

Textile technology

Process modelling

Process monitoring, control and NDE
Sustainability, environmental and natural composites
Industrial applications and case studies

www.iom3.org/events/icmac

Al
fa)
/sAMpp, Society for the advancement
\9) of Material and Process Engineering
SAMPE Europe 30th International Conference
SAMPE EUROPE 30th. JUBILEE INTERNATIONAL CONFERENCE 2009
23 - 25 March 2009, Paris, France

The SAMPE Europe 30th. Jubilee International Conference is one of the foremost events in
the Technical Conference calendar for advanced materials, processes and systems. Whilst
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Polymer composites are a strong theme, the Conference shall focus also on a wide field of
other materials, processes and technologies, including the strength of Composites to get
them applied as very Innovative Materials for Smart Solutions in industrial segments such
as Aerospace and Space, Energy Generation and Distribution, Marine, Deep Sea
Exploration, Car & Truck, Civil Engineering, Defence, Transportation, Mining, New Process
and New Materials, NDT and Repair.

IN COOPRATION WITH JEC COMPOSITE SHOW

SAMPE Europe enjoys a straight forward partnership co-operation with JEC Composites
Show since 1997 for the benefit of the attendees of both events. Conference attendees of
SAMPE Europe 30th. Jubilee Conference will get free access to the JEC Composite Show,
who will be open one day after the start of the SAMPE Europe 30th Jubilee Conference. By
this coordination, attendees from SAMPE Europe 30th. Jubilee Conference will have the
opportunity to visit JEC Composite Show on the 3rd day of the after having attended 3 days
Conference of SAMPE Europe. SAMPE Europe International Conference brings leading edge
material and process technology alongsite JEC Composite Show, the leading business forum
for Composites in the World.

http://www.sampe-europe.org/

Composites2009 & -
2nd ECCOMAS Thematc Conference an the 3 _ MA o

Composites 2009 - 2nd ECCOMAS Thematic Conference on the Mechanical
Response of Composites
1 - 3 April 2009, Imperial College, London

P

Scope:

Academics and researchers, developing modelling approaches for the mechanical
response of advanced composites, as well as novel and emerging materials
Post-graduate students, whose research is focused on any of the topics of the
conference

Engineers and practitioners, who can benefit from understanding or using state-of-the-
art modelling techniques for structural design

The objectives of this Conference are:

o to identify the state-of-the-art in virtual testing

e to present the most recent structural models for composites, including 3D effects and
damage propagation in static, dynamic and fatigue situations

e to identify novel approaches with high future potential in modelling the mechanical
response of advanced composites

¢ to identify the new challenges for structural simulation posed by novel hybrid, multiscale
and hierarchical composites

e to encourage discussion and to contribute to new developments in virtual testing
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Conference Topics

The proposed thematic sessions are the following:

¢ Continuum Damage Mechanics

Fracture Mechanics

Micromechanics

Multi-scale modelling

Fatigue

Delamination

Meshless, partition of unity, XFEM, and novel numerical models
Optimization

Model identification

Nanocomposites, hybrid composites and novel materials
2D and 3D Woven

Virtual testing

www.imperial.ac.uk/aeronautics/composites2009
composites2009@imperial.ac.uk

The
University ppc10 - Deformation and Fracture of Composites
15 - 17 April 2009, Sheffield, UK

Sheffield.

Focusing on research and developments in the area of deformation, damage and fracture
phenomena in polymer based composite materials, the 10th Conference will enable selected
industry representatives to share their issues. Offering a full and varied programme of oral
and poster presentations along with the opportunity for invaluable networking, this forum
offers you the chance to update and impart your knowledge and experience. A special
session on Interfaces will be held to celebrate Prof Frank Jones 65th Birthday and his
contributions to the subject.

Conference Themes

Contributions to the conference in the following areas are particularly welcome:
o Analytical, experimental and numerical modelling studies, failure criteria
Reinforcements, interfaces, nanostructures

Damage sensing and smart systems, NDE/SHM

Fire and blast exposure of composite structures

Fracture and Damage tolerance

Impact and crashworthiness

Fatigue behaviour of composite structures

Energy dissipation characteristics and analysis

Bio inspired materials and systems

http://www.sheffield.ac.uk/materials/conferences/dfc10/index.html

46 informace o konferencich

Composites Manufacturing 2009
29 April - 1 May 2009, San Deigo, California,
USA

San Diego will be the site to showcase the latest technologies in the composite industry.
This area has a vibrant and diverse advanced composite industry, with more than 100
composite manufacturers. The event will be a two-day conference and exhibit program with
a pre-function day of facility tours, workshops and networking events. World leaders from
aerospace, defense, wind energy, marine, research, outdoor recreation, engineering,
commercial aviation and more will share their best practices in technology and processes.

http://www.sme.org

Wood and Biofiber Plastic Composites
11 - 13 May 2009, Wisconsin, USA

Since the first conference in 1991, the International Conference on Wood & Biofiber Plastic
Composites has brought together international experts from the scientific, technical, and
commercial communities to encourage the exchange and dissemination of information on
the latest advances and future opportunities for these materials. Alternating years with its
Canadian counterpart, this biennial spring conference has evolved into the largest of its
kind.

We will continue this tradition at the 10th International Conference on May 11-12, 2009,
where a two-track format of formal presentations will explore the nature, structure,
performance, markets and issues concerning wood/natural fiber-plastic composites. An
evening reception on May 11 will feature poster presentations and industrial exhibits by
researchers and suppliers of materials, equipment, products, and technical services.

Cellulose Nanocomposites Symposium

Wednesday, May 13, 2009

In addition to the conference, a Cellulose Nanocomposites Symposium will be held on May
13, 2009. A select group of speakers will inform attendees on the latest research on these
nanocomposites made from polymers and cellulose nanocrystals or nanofibrils. A mid-day
poster session will provide an opportunity for networking about this new class of nano-
materials.

Topics

We are inviting formal or poster presentations and commercial exhibits in the following
areas:

e Processing

e Materials and Morphology

e Mechanical Performance

¢ Additives and Formulating
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e Moisture and Durability
o Durability and Coatings
e Cellulose Nanocomposites

http://www.forestprod.org/confcomposites09.html

SECOND INTERNATIONAL CONFERENCE ON

SEI.F HEALING MATERIALS 2009

-JUNE 26 - JULY 1, 2009 - CHICAGO, IL USA

2nd International Conference on Self-Healing Materials 2009
28 June — 1 July 2009, Chicago, IL, USA

The scope of the Conference encompasses all classes of self-healing materials including
polymers, ceramics, metals, and composites, while biomaterials and bio-inspiration serve as
model systems that guide research in the emergent field of self-healing. A broad spectrum
of industries are impacted and represented by the field including aerospace, automotive,
transportation, microelectronics, architecture, electronics, and manufacturing.

Conference Themes

General Topics

o Self-Healing polymers, metals, ceramics and composites
Microencapsulated systems

Microvascular systems

Bio-inspired materials and biological systems
Self-Healing coatings and paints

Self-Healing materials for infrastructure applications
Damage evolution, modeling and characterization

Special Symposia

Self-Healing Cementitious Materials

Self-Healing Supramolecular Polymers
Mechanochemically Active Polymers

Thermally Activated/Thermoplastic Self-Healing
Self-Healing Fibre-Reinforced Composite Materials
Self-Healing Metallic Materials

Self-Healing with Internal Liquid Healing Agents
Numerical Analysis Tools for Self-Healing
Experimental Techniques for Assessment of Self-Healing
Concepts and Limitations in Self-Healing Materials

https://conferences.beckman.uiuc.edu/ICSHM2009/index.aspx
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W ECCOMAS THEMATIC CONFERENCE

SMART 09: Smart Structures and
Materials
13 - 15 July 2008, Portugal

SMART STRUCTURES AND MATERIALS

The Faculty of Engineering of the University of Porto (FEUP), with the support of ECCOMAS,
invites you to participate in the fourth edition of the international conference Smart
Structures and Materials (SMART'09), that will be held at the Campus of FEUP, at the city of
Porto, from July 13-15, 2009.

The Conference will bring together researchers from around the world representing several
fields of study related to Smart Structures and Materials research. The expertise will span a
broad range of disciplines including basic research on smart structures and materials,
structural identification and health monitoring, micro-electromechanical systems,
electrostructured fluids and smart machines, adaptive composites, piezoelectric
microstructures, active control of structures and practically oriented application in
aerospace, mechanical, civil engineering, biomedical engineering, etc.

http://www.fe.up.pt/~smart09

The British Composites Society

A Division of the Institute of Materials, Minerals and Mining

ICCM 17 - International Conference on Composite Materials
27 - 31 July 2009, Edinburgh

The next International Conference on Composite Materials will take place in Edinburgh from
27th-31st July 2009. This is expected to attract more than 600 delegates from all round the
world and is an excellent venue to present the latest research and hear about other
developments in the field.

This Conference will follow the pre-eminent tradition of the ICCM Conferences which are
the world's leading Composites Conference series. Internationally renowned composite
scientists, engineers and designers from all over the globe continue to attend the ICCM
series to present their frontier research findings and to keep up to date with latest
achievements and developments in this very fast moving and high technology based field.

http://www.iccm17.org
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ADVANCED |
COMPOSITES IN ACIC 09 — Advanced Composites in Construction

1 - 3 September 2009, Edinburgh
CONSTRUCTION 2009

The 4th International Conference focusing on the application and further exploitation of
advanced composites in construction will be held at the University of Edinburgh from the
1st to the 3rd September 2009. It will bring together practicing engineers, asset managers,
researchers and representatives of regulatory bodies in order to promote an active
exchange of scientific and technical information on the rapidly changing scene of advanced
composites in construction.

AIMS

The aim of the conference is to encourage the presentation of new concepts, techniques
and case studies, which will lead to greater exploitation of advanced polymer composite
and FRP materials for the civil engineering infrastructure rehabilitation and renewal.

PROPOSED SESSION THEMES

Strengthening of concrete and masonry structures
Strengthening of metallic and timber structures
Internal reinforcement and prestressing

Wholly polymeric structures

FRP Materials and systems

Long term performance and durability

Damage mechanics and failure criteria

Analysis and design

Inspection and monitoring

ABSTRACTS

We are now accepting abstracts for ACIC 09. These should be limited to 250 words and
should include contact details of the corresponding author and affiliation of co-authors.
Abstracts may be emailed to the conference organiser, Claire Whysall at: info@acic-
conference.com, before Monday 3rd November 2008.

http:/ /www.acic-conference.com
info@acic-conference.com

ICSAAM 2009
7 - 10 September 2009, Tarbes, France

The increased use of advanced materials in high performance structures such as power
systems, electronic devices, medical appliances, aircrafts and vehicles, requires improved
reliability, resistance to degradation, prediction of failure and life time under a wide variety
of thermo-mechanical loading conditions. On the other hand, severe industrial and working
environments impose the development of viable composites with advanced thermal
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structural properties that become a key factor for industrial and technological progress. The
purpose of the present conference is to provide a forum for engineers, researchers,
specialists from universities and students, scientists and industrial experts, to present and
discuss the current status of modern technology, experimental techniques, numerical
analysis and present developments in the field of modern advanced materials.

ICSAM 2009 will comprise invited lectures by internationally distinguished researchers from
European countries together with keynote lectures, contributed oral and poster
presentations covering all aspects of advanced materials research and technology.

http://www.enit.fr/ICSAAM2009

COMATCOMP 2009
7 - 9 October 2009, San Sebastian, Spain

The Conference will count with plenary lectures, oral contributions and sessions of
presentations and discussion of posters, grouped in next topics:

Conference Topics

Polymer-matrix composites

Advanced composites in industrial applications
Metallic-matrix composites

Other matrix composites

Biocomposites for specific applications
Nanocomposites

Manufacturing

Modelling

Mechanical and physical behaviour

http://www.comatcomp.com

Compotec 2009
21 - 23 October 2009, Marina di Carrara, Italy

Compotec 2009 is the second edition of the international Italian exhibition on composites
materials. Last edition has been a success due not only to the 120 exhibitors in an area of
ten thousand square metres but also to the level and quality of the visitors (3370) from the
industry who saw the exhibition and attended the conferences that Universities and
Research Institutes organised during Compotec. The presence of many foreigners
exhibitors, 25% of the total, amd visitors (7%) shows that Compotec has all that is required
to be the reference point for the composites industry which has met for the first time in
Carrara.

http://www.compotec.it



51 Informace o konferencich

COMPOQ International Composite and Lightweight Materials and
M AT ug Technology Expo & Conference
24 - 27 November 2009, Milan, Italy

COMPOMAT LIGHTWEIGHT is the first Italian exhibition entirely dedicated to composites
and lightweight materials and technology. For the first time in Italy, all the sectors
represented and involved in these industry will gather at an international fair which will see
the participation of the most important global companies committed to this promising
technology which focuses on innovation, research and specialized industry to create
multiple applications.

COMPOMAT LIGHTWEIGHT will be held in the futuristic new Milan Fairground, and is
aimed at becoming the reference point in the international market to all companies who
look to southern Europe and the Mediterranean as a consolidated or potential market in
which to develop their business.

The combination of COMPOMAT LIGHTWEIGHT with two big trade shows, CHEM-MED
and HTE-Hi-Tech.Expo, will bring together hundreds of exhibitors and dozens of
thousands of international visitors.

http://www.compomat.eu
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