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Abstract
A series of experiments oriented on deposition of the 

silica particles on steel surface in water containing medium 
were carried out. Sodium ions stabilized silica sol was used 
as a source of colloidal silica particles with diameter in 
range 9–10 nm. Infl uence of electrolyte compositions and 
mechanism of the deposition were investigated. Thick of 
the silica layer is function of deposition time and applied
potential gradient. Migration of silica particles in heteroge-
neous system may be changed also via changes of their zeta 
potential.

Introduction
The utilization of some steels is limited in aggressive 

media, such as corrosive gases or liquids, etc., due to de-
gradation of their material properties1. Corrosion resistance 
of metal may be improved by deposition of silica layer via 
sol-gel process. Thin fi lm may be easily prepared by dip-
-coating, but thicker coatings, which are necessary for some 
applications, cannot be prepared by this simple method. On 
the other side, the electrophoretic deposition allows produ-
cing thicker coatings with enhanced corrosion resistance. 
The protective character of EPD coatings depends on the 
electrical conditions during formation of fi lm. High current 
densities may be lead to corrosion of the metal substrate used 
as electrode2.

EPD is combination of two processes: electrophoresis 
and deposition. Electrophoresis discovered in 1807 by F. S. 
Reis is motion of solid particles in electric fi eld generated in 
liquid media. Deposition is based on the coagulation of par-
ticles to dense layer3.

Experimental
The colloidal silica particles were deposited on the sur-

face of carbonless ferrite steel from hydrosol of SiO2. Com-
mercially produced silica sol Tosil (Koma) with 30 mass % 
of SiO2 was used as a source of silica particles with suitable 
diameter about 10 nm. A series of deposition experiments 
were carried out for potential gradients 0.19; 0.22; 0.25; 
0.28; 0.31; 0.34; 0.37; 0.5 V cm–1. Increasing mass of the 
deposit during experiment was continuously monitored in 
time by weighting. Confi guration of deposition equipment is 
schematically illustrated in Fig. 1.

Results
As may be observe in Fig. 2., growth mass of the silica 

deposited on the steel substrate is proportional with time. In 
the same time period, the weight of SiO2 increases with the 
gradient of potential. The growth of layer may be described 
by Eq. 2, which was derived in this work, from general mass 
fl ow Eq. 1.
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Where Jx is fl ow of particles with velocity ux along of x axis 
and c is concentration of sol. S in Eq. 2 represents area, m 
weight of deposited SiO2, t time, E applied potential and L 
distance between the electrodes, respectively. 

The constant K from Eq. 2 was determined by extra-
polation (Fig. 3.) of slopes k from equation of lines plotted
in Fig. 2. The value of K (2.93·10–2 g s–1 cm–1 V–1) corre-
sponds to mass of silica deposited on cm2 of area at 1 s. 
The value of B (1.72 · 10–1 V cm–1) means potential gradient 
which is needed to start of particle motion.

Fig. 1. Schematic drawing of electrophoretic deposition cell 
showing the process

Fig. 2. EPD kinetics at variable voltage condition
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Conclusion
Mass of silica deposited on the steel substrate increases 

with time proportionally. In the same time period, the weight 
of SiO2 increases with the gradient of potential. Higher gra-
dients cause to corrosion of steel substrates and releasing gas 
negatively infl uences results. Velocity of deposition particles 
may be changed via potential ζ by addition of electrolytes.
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Introduction
In spite of the fact that deacidifi cation processes are 

aimed at deacidifying degraded papers, old books and archive 
documents4,5, testing of deacidifi cation treatment effi ciency 
for mechanical permanence improvement has been applied 
usually for a new acid paper1,2,3. A range of deacidifi cation 
processes covering preventive deacidifi cation of new acid 
documents is signifi cantly lower.

The appreciable differences of the degraded paper in 
comparison with the new one are as follows: lower cellulose 
degree of polymerization, lower pH, lower tensile strength 
and folding endurance, lightness/brightness and higher 
concentration of carbonyl groups, radicals, organic acids, 
etc. Due to the considerable structural, chemical and phys-
ical differences the response of the new non-degraded and

degraded cellulose materials to modifi cation processes can 
be different.

The aim of this work lies in quantifying the differences 
in the effi ciency of stabilisation of new and pre-aged degra-
ded lignocellulose materials.

Experimental
Two different samples of paper were used: new 

newsprint paper with the pH value 5.7 and pre-aged degraded 
newsprint paper, with the pH value 4.6. Pre-aged degraded 
newsprint paper was prepared by accelerated aging in a clo-
sed reactor at 105 °C during 5 days.

Both specimens were modifi ed by Bookkeeper dis-
persion6,7 of MgO at a concentration of 4.3 g dm–3 with
a particle size below 1 µm in the dispersing blend of C5–C18 
perfl uoroalkanes and less than 0.1% perfl uorinated Mg-soap 
surfactant.

The paper samples were deacidifi ed by two sides 
spraying and by 1-minute immersion at laboratory tempe-
rature.

The treated samples were artifi cially aged by heating 
at 105 °C according to ISO 5630/1 (1994) for 6, 12 and
24 days.

The samples were characterized by changes in optical, 
mechanical and chemical properties. Surface pH8, alkaline 
reserve9 and tensile strength10 were measured.

Fig. 3. Graphic expression of constants K and B from Eq. 2
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Fig. 1. Comparison of the effect of deacidifi cation by disper-
sion MgO6,7 by two-side spraying of paper on pH of the pre-aged 
degraded newsprint paper and new newsprint paper
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Fig. 2. Comparison of the effect of deacidifi cation by disper-
sion MgO6,7 by immersing on the pH of the pre-aged degraded 
newsprint paper and new newsprint paper
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Results and discussion
As shown in Fig. 1. and 2., pH of deacidifi ed samples 

varies in the range from 8.5 to 10.2. Stability of the pH value 
is for deacidifi ed paper within accelerated aging of the paper 
sample impregnated by immersion is higher than that of the 
paper deacidifi ed by spraying.

Alkaline reserve was found as being suffi cient after ap-
plying the both modes of impregnantion. Alkaline reserve of

the samples treated by immersion is a substantially (two times)
higher than that for two-side sprayed samples (Table I).

A standard deviation of alkaline reserve during aging 
lies in the range from ± 0.1 to ± 0.29.

Tensile strength enhancement was documented in case 
of degraded paper (Fig. 4.). Tensile strength effi ciency for
12-days pre-aged degraded paper exceeds that for new news-
print paper one (Table II). 

Table I
Comparison of an impact of impregnation mode (immersion, spraying) of pre-aged degraded and new newsprint paper on 
alkaline reserve

 Alkaline reserve [% CaCO3]  Average Standard
Sample Aging time Aging time Aging time Aging time alkaline deviation
 0 days 6 days 12 days 24 days reserve* 

New newsprint paper control 0.2 0.2 0.1 0.1 0.2 ± 0.05
Deacidifi ed new newsprint sprayed paper  1.1 1.9 2 1.5 1.6 ± 0.32
Deacidifi ed new newsprint immersed paper  2.2 2.7 2.6 2.2 2.4 ± 0.23
Pre-aged degraded paper control 0.2 0.1 0.2 0.1 0.1 ± 0.04
Deacidifi ed pre-aged degraded sprayed paper  1.1 1.3 1.2 0.6 1.1 ± 0.27
Deacidifi ed pre-aged degraded immersed paper  3.3 2.7 3.1 2.6 2.9 ± 0.29

Table II
Comparison of effi ciency of a given parameter before aging and after 12-days pre-aged degraded and new newsprint paper 
treated by means of spraying or immersion. S-effi ciency of a given property (pH, alkaline reserve (A.R.), tensile strength (lt), 
brightness (B)) expressed as a ratio of determined corresponding values of pre-aged degraded and new newsprint paper

Sample  Deacidifi ed Deacidifi ed Deacidifi ed Deacidifi ed
Effi ciency * of a given Aging time new newsprint pre-aged degraded new newsprint pre-aged degraded
property [days] sprayed paper sprayed paper immersed paper immersed paper

spH 0 1.7 1.8 1.8 1.9
 12 1.8 1.9 1.8 2
sA.R. 0 1.1 1.1 2.2 3.3
 12 2 1.2 2.6 3.1
slt 0 0.9 1.1 1 1
 12 1 1 1 1.1
sB 0 1 1 1 1
 12 1 1 1 1
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Fig. 3. Comparison of the effect of deacidifi cation by disper-
sion MgO6,7 by immersing on alkaline reserve of the pre-aged 
degraded newsprint paper and new newsprint paper
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pre-aged degraded newsprint paper and new newsprint paper
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Effi ciency of pH stabilization, lightness/brightness and 
tensile strength (Table II) is higher for degraded paper when 
compared with non-degraded sample. A better performance 
in terms of pH stabilization and alkaline reserve was reached 
using spraying technology as well as in case of short-term 
immersion, the latter mode of treatment to be more effective. 
In general, a conclusion can be formulated stating that the 
effi ciency of the measured parameters is higher after 12 days 
than those determined at the time 0.

Conclusion
The goal of the contribution was to compare deacidifi -

cation effi ciency for pre-aged degraded newsprint paper and 
new newsprint paper with pH 5.7, both treated by short-term 
immersion and two sides spraying. Pre-aged degraded news-
print paper was prepared by accelerated aging in sealed reac-
tor at 105 °C during 5 days with pH 4.6.

Effi ciency for pH stabilization, alkaline reserve and 
tensile strength was determined higher for degraded news-
print paper. The effi ciency of pH stabilization and alkaline
reserve was found to be suffi cient and maintaining also fol-
lowing an accelerated aging. Treatment by an immersion 
technique was more advantageous for both kinds of paper. 
The investigation of deacidifi cation effi ciency differences 
for pre-aged degraded and new newsprint paper is still in 
progress.

Stemming from up-to-now obtained results it follows 
that deacidifi cation effi ciency testing of both new and pre-
aged degraded newsprint test paper is a necessity.

The authors express their thanks to the Ministry of Edu-
cation of the Slovak Republic - project KNIHA.SK 661/2003 
and Science and Technology Assistance Agency (Slovakia) 
– the contract No. APVT- 20-034202.
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Introduction
The plasma-enhanced chemical vapour deposition tech-

nique using barrier discharges at atmospheric pressure beco-
mes a promising technique for depositions of plasma polymer 
(pp) thin fi lms. Even though the fi lms have good properties 
as homogeneity, good adhesion to substrates, high fracture 
toughness, their polymer-like nature results in relatively low 
hardness. This disadvantage could be surpassed by after-de-
position thermal annealing of the fi lms.

Experimental
The atmospheric pressure glow discharge was generated 

between two plane metal electrodes covered with glass as the 
dielectric barrier, with the frequency of 6 kHz and the power 
density 10 W cm–3. The type of discharge mode (i. e. homo-
geneous or fi lamentary) was determined from the current-
voltage measurements. The fi lms were deposited from the 
mixture of hexamethyldisiloxane (HMDSO) or hexamethyl-
disilazane (HMDSZ) with nitrogen on the silicon wafers of 
10 cm in diameter. Thermal desorption spectroscopy (TDS) 
in the range of 50–1000 °C and annealing tests were used 
to study the thermal stability of the coatings. The studied 
samples were placed into vacuum chamber and were heated 
with constant heating rate of 10 °C min–1. The time evolution 
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Fig. 5. Comparison of the effect of deacidifi cation by disper-
sion MgO6,7 by immersing on tensile strength of the pre-aged 
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of 8 specifi c masses during the heating was monitored by 
mass spectrometer Pfeiffer Vacuum Prisma 80. The thermal 
desorption spectra were fi tted by Gaussian curves, leaving 
all the parameters free. The fi lm composition was studied by 
infrared transmission spectroscopy (IR) using NICOLET Im-
pact 400 spectrometer. The relative transmittance was deter-
mined as T/Ts, where T is transmittance of the fi lm-substrate 
system and Ts is transmittance of substrate. The mechanical 
properties of the fi lms were studied by means of the depth 
sensing indentation technique using a Fischerscope H100 
tester in as-deposited and annealed state.

Fig. 1. TDS spectra for PPHMDSO (left) and PPHMDSZ 
(right) fi lms

Results and discussion
Fig. 1. shows thermal desorption spectra for PPHMDSO 

fi lm (on the left side) deposited from the mixture of nitrogen 
and HMDSO and for PPHMDSZ fi lm (on the right) deposi-
ted from mixture of nitrogen and HMDSZ. The fi lms were 
deposited in atmospheric pressure glow discharge. The fi lms 
were stable approximately up to 150 °C. Achieving this va-
lue the thermal desorption of hydrogen, water and hydroxyl
groups begun. Three signifi cant TDS peaks associated to 
dehydration of the fi lms were observed at around 200, 380 
and 600 °C.

In order to reveal the changes in the structure of PPH-
MDSO and PPHMDSZ fi lms the FTIR analysis was used. 
Previous XPS analysis showed, that the as-deposited fi lms 
contain of about 40 atomic percentage of carbon, 30 atomic 
percentage of oxygen, 14 atomic percentage of silicon and 

16 atomic percentage of nitrogen. The annealing effects on 
PPHMDSO and PPHMDSZ fi lms are illustrated in Fig. 2. 
The TDS and FTIR results are in good agreement. Ther-
mally induced changes were observed around wavenumbers 
1550 and 1660 cm–1 assigned to C=N bonds. These peaks 
almost disappeared in annealed state in of polymer fi lms. In 
contrary to this effect peaks attributed to Si-O-Si bonds are 
more intensive in annealed state (around 450 cm–1, 800 cm–1 
and 1080 cm–1). This is due to release of –H and –OH and 
creation of additional Si–O–Si bonds. This substitution of 
polymer-like bonds with Si–O–Si groups results in the hard-
ening of the coatings. The hardness of coatings increased in 
one order of magnitude. In as-deposited state it was about 
0.3 GPa and in annealed state increased up to 5 GPa. After 
annealing the intensity of the peak at 2930 cm–1 attributed to 
sp2-CH complexes signifi cantly increased. This fact can be 
explained by conversion of sp3-CH to sp2-CH due to hydro-
gen release from sp3-CH complexes.

Fig. 2. Comparison of the FTIR spectra of pp-HMDSO (left) 
and pp-HMDSZ (right) fi lm before and after annealing

Conclusion
The PPHMDSO and PPHMDSZ fi lms were able to 

withstand the annealing up to 1000 °C without delamination. 
The observed hardening of coatings we put in correlation 
with the decrease of hydrogen and nitrogen in fi lms observed 
using TDS and complementary increase of Si–O–Si groups.

This research has been supported by The Scientifi c 
Foundation of the Czech Republic under contracts No.202/
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Introduction
We would like to demonstrate a possibility to deposit 

plasma polymer fi lms of high reproducibility and controlled 
physicochemical properties. Plasma polymer fi lms were 
prepared by plasma-enhanced chemical vapor deposition 
(PE CVD) employing an RF helical coupling system1 op-
erated at continuous or pulsed regime. The effective power 
(Weff) of pulsed plasma was controlled by changing the ratio 
of the time when plasma is switched on (ton) to the time 
when plasma is switched off (toff), Weff = Wtotal × ton/(ton

 + toff), 
where Wtotal = 50 W.

Experimental
Vinyltriethoxysilane (VTES) was used as the mono-

mer. Thin fi lms were deposited on silicon wafers or special 
microscope slides without fl aws pretreated by Ar plasma 
(10 sccm, 10 Pa, 25 W) for 10 min. Employing a mechani-
cal manipulator the pretreated substrate was placed into the 
plasma zone after plasma reached the steady state monitored 
by mass spectroscopy. The fi lm thickness was measured by
a Profi ler Talystep (Taylor-Hobson) or a spectroscopic phase-
modulated ellipsometer UVISEL (Jobin Yvon).

Results and discussion
Elemental composition of pp-VTES fi lms (Fig. 1.) was 

determined from XPS and RBS spectra. The element ratio 
between carbon and silicon atoms evidenced an abrupt incre-
ase of organic character for the material prepared at higher 
power. The FTIR analysis of pp-VTES fi lms confi rmed
a distinct chemical structure of fi lms deposited at different 
powers. Films prepared at low power were formed by silo-
xane network with ethoxy side groups. Those fi lms deposited 

at higher power were constructed from carbon network with 
hydroxyl and carbonyl side groups.

The Young’s modulus and the hardness of the fi lms were 
determined2 from load-displacement curves obtained using
a Hysitron Triboscope attached to a DI Dimension 3100 AFM 
and equipped with a three-sided pyramid Berkovich indenter. 
The elastic modulus, E, was estimated by averaging the 
values measured up to 10 % of the fi lm thickness, where 
the measurements are not infl uenced by the substrate. The 
Poisson’s ratio used was 0.3. The Young’s modulus of
pp-VTES fi lm as a function of the effective power is de-
picted in Fig. 2. In spite of different fi lm thicknesses, it is 
evident that the modulus increases with increasing power 
density from 3.7 GPa to 11.3 GPa. This change represents 
an enlargement of the modulus by 205 %. Young’s modulus 
degreases with the fi lm thickness for both used power densi-
ties. It could be a consequence of lower material compaction 
at the upper part of the fi lm.

The depth profi le of the hardness for pp-VTES fi lms 
shows, that the hardness decreased from the fi lm surface 
to the bulk value within the range of 20–30 nm for most of 
samples. This phenomenon could be a consequence of post-
deposition oxidation, at the fi lm surface stored in the open air, 
increasing the cross-linking of plasma polymer.

Fig. 1. Elemental composition of pp-VTES fi lms as a function 
of the effective power

Fig. 2. Elastic modulus of the plasma polymer controlled by 
the power density 
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The ratios of H/E for the bulk and maximum data are 
0.19 and 0.30 respectively. For crystalline materials H/E de-
pends strongly on the microstructure, but in amorphous mate-
rials the reason for the proportionality between H and E is not 
quite clear. According to ref.3, the proportionality between H 
and E can be related to the mean compressive elastic strain 
εy = H/2E around the indenter. Thus, the high values for
pp-VTES fi lms signify higher mean compressive elastic strain 
with respect to other amorphous materials (H/E = 0.06–0.11). 
This interpretation corresponds with the elastic behavior of 
our material under a loading-unloading cycle.

A phase-modulated ellipsometer was used to characte-
rize optical constants of pp-VTES fi lms in the spectral range 
240–830 nm. A model of a single homogeneous fi lm on
the semi-infi nite silicon substrate was used for the calcu-
lation of the fi lm thickness, refractive index and extinction
coeffi cient.

A microscratch tester and an optical polarizing 
microscopy enabled to analyze a scratch path together with 
normal and lateral force recordings. Plasma-polymerized 
and polycondensed fi lms (prepared from same monomer) 
were tested under dry and wet conditions with respect to fi lm 
adhesion. While interfacial adhesion of polycondensed fi lms 
immersed into cold and boiling water decreased with time, 
the adhesion of plasma-polymerized fi lms was unvarying, 
Fig. 3. Therefore, interfacial hydrolytic stability of plasma-
-polymerized fi lms was very good, probably due to a higher 
density of siloxane bonds at the glass/fi lm interface and/or
a higher crosslinking of plasma polymer.

Fig. 3. Interfacial adhesion of plasma-polymerized and poly-
condensed fi lms under dry and wet conditions

Conclusion
Plasma polymer fi lms of vinyltriethoxysilane were de-

posited on planar substrates by PE CVD. The physicochemi-
cal properties of plasma polymer fi lms can be controlled by 
deposition conditions. Increasing the effective power from 
0.05 to 25 W the physicochemical properties of pp-VTES 
fi lms varied as follows:
–   Adhesion (Critical load: 0.3–0.4 N)
–   Elastic modulus: 3.7–11.3 GPa
–   Hardness: 0.7–2.1 GPa

–   Refractive index: 1.47 to 1.58 (633 nm)
–   Organic/inorganic character (C/Si ratio: 2.9–14.0)

The Czech Ministry of Education supported this work, 
contract No. OC 527.110 and OC P12.001. The authors 
thank J. Zemek (XPS), V. Perina (RBS), L. Zajickova (El-
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Introduction
Ettringite is a mineral with general formula Ca6Al2

(SO4)3(OH)12.(26–32)H2O, shortly C6AS3H32 or AFt respec-
tively. The AFt designation was fi rst suggested by Smolczyk 
in 1961 (ref.1). Ettringite is formed in setting cement, in 
hardening concrete (delayed ettringite formation, DEF) or is 
prepared by various methods. Naturally ettringite was formed 
by underground hydrothermal processes thousands years ago. 
It is found in Ireland and Jordan.

Ettringite forms hexagonal prismatic crystals. According 
to the structure model, the crystals are based on columns of 
cations of the composition {Ca3[Al(OH)6].12H2O}3+ (ref.2). 
The channels contain the SO4

2– ions and the remaining water 
molecules.

Ettringite occurs in various forms, often as spherical 
clusters of ettringite crystals, felt-like or parallel needles of 
differing sizes. If ettringite crystallizes without spatial ob-
struction, e. g. in pores in concrete, then it has typical needle-
shaped crystal habit. Ettringite stability was found from pH 
values 10.5 to 12 (ref.3).

Experimental
Ettringite was prepared from commercial produced 

burnt lime and saturated solution of technical ammonium 
aluminium sulphate (alum). Ammonium aluminium sulphate 
is produced by DIAMO, Straz pod Ralskem as product from 
uranium mining improvement.

At fi rst was the suspension of lime prepared with using 
of fresh water. The suspension was mixed 5 minutes. Then 
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solution of ammonium aluminium sulphate was added. The 
system was mixed during reaction. The last step was fi ltra-
tion. Filtrate was preserved with 1 mol dm–3 HCl. Solid 
product was dried in air atmosphere. Dry solid product was 
analysed by XRD and its morphology was studied by SEM.

In fi ltrate there is ammoniacal nitrogen. The amount 
of this one was determined by Nesslerization method, ti-
trimetric method and indophenol method. Due to present of 
interferences in samples (especially Ca2+ and Al3+ ions com-
ing from starting materials) the preliminary distillation step 
is required. Obtained results were compared with allowed 
limits of European Union Law related to maximum amount 
of ammoniacal nitrogen in water4,5. Technology of fi ltrate 
processing was proposed.

Preliminary distillation step: pH of diluted fi ltrate was 
adjusted to 9.5 by 6 mol dm–3 NaOH. The steam out distil-
lation apparatus was used for the distillation. Distillate was 
collected in boric acid (20 g H3BO3 in 1 dm3).

Nesslerization method: absorbance of samples was 
measured by a spectrophotometer UNICAM UV530 at 
400 nm for 1 cm light path. It is convenient to prepare cali-
bration curve6.

Titrimetric method: diluted distillate was titrated with 
standard 0,02 mol dm–3 H2SO4 until mixed indicator. The 
indicator was turned from light green to light grey.

Indophenol method: for ammonia determination was 
used manual photometer Photometer PC 22. The instrument 
works with two kinds of tablets (Ammonia no. 1 and 2). 
Reagents in tablets react with sample in cuvete. Intensity of 
turning colour is measured and depends on amount of present 
ammonia.

Results and discussion
XRD analysis showed that in solid products there are 

two phases – ettringite and gypsum. Gypsum is a minority 
phase. Ettringite crystals are little and look like small nee-
dles. Particles form very often aggregate. The size and shape 
of crystals depend on concentration of starting sulphate solu-
tion and on amount of used water (for lime suspension). 

Results of analysis show that concentration of present 
ammoniacal nitrogen is higher then the concentration limit 
of waste water in European Union Law. That is why it was 

devised a way to decrease of ammonium amount. Performed 
experiments showed that the best way is distillation. The dis-
tillation is convenient for suffi cient decrease of ammonium 
concentration in fi ltrate. Two possible technological schemes 
were proposed. These are shown in Fig. 1. and 2. It was pro-
posed that evaporated ammonia may be used for a fertiliser 
production (e. g. (NH4)2SO4).

REFERENCES
 1. Gougar M. L. D., Scheetz B. E. and Roy D. M.: Waste 

Manag. 16, 295 (1996). 
 2. Stark J., Bollmann K.: Nordic Concrete Research. 5 

(1999). 
 3. Gabrisova A., Havlica J. and Sahu S.: Cem. Con. Res. 

21, 1023 (1991).
 4. Directive 2000/60/EC of the European Parliament 

and of the Council of 23 October 2000 establishing
a framework for Community action in the fi eld of water 
policy. 

 5. Directive 98/15/EEC, amending Directive 91/271/EEC: 
The Urban Waste-water Treatment. 

 6. ČSN 83 0530: Chemický a fyzikální rozbor povrchové 
vody.

P06 MODELING OF SURFACE OF CARBON 
FIBERS

JAN  GRÉGRa, MARTIN  SLAVÍKa

and VLADIMÍR  KOVAČIČb

Technical University of Liberec, Hálkova 6, 461 17 Liberec, 
Czech Republic, aDepartment of Chemistry, Faculty of Edu-
cation, jan.gregr@vslib.cz, bDepartment of Textile Materials, 
Faculty of Textile Engineering

Introduction
The carbon fi bers are the strongest and the stiffest re-

inforcements for composite materials. Transfer of carbon 
fi ber’s high value of elasticity modulus to fi nal composite 
is dependent on the size of fi ber surface. A lots of articles 
describe properties and treatment of carbon fi bers, a fewer 
part of them is interested in surface energetic. Allington1 
used molecular modeling to explanation of functional groups Fig. 1. Water steam heating scheme

Fig. 2. Natural gas combustion scheme
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infl uence to composites adhesion. His results are in agree-
ment with results from experimental inversed phase gas 
chromatography (IGC). IGC is not problem-free for prac-
tical composite applications due to surface characterization 
related to vacuum. Moreover this procedure cannot explain 
adhesion improvements of standard treated carbon fi bers 
after exposition to ammonia2. We therefore suppose a rather 
big importance of high energy surface carbons located on the 
“edge” of graphen band for composite adhesion. That is the 
place where are functional groups easily created.

Fig. 1. High and low energy surface of graphite

We tried simpler model explanation. Surface adhesion is 
proportional to number of van der Waals interactions and abi-
lity to form covalent bond between fi ber surface and matrix. 
Dispersive van der Waals forces are characterized by surface 
area and molecular volume, inductive van der Waals forces 
by α-polarizability, dipole interactions by dipole moment 
and ability to form covalent bond by reaction Gibbs energy 
of relevant reaction.

Experimental
Experiments were made with carbon fi bers IMS Tenax 

– fi bers were: 1. heated in argon to 2200 °C; 2. heated up to 
600 °C; 3. anodic oxidized 4. treated with NH3; 5. anodic 
covered by polyaniline.

Surface energy was studied by wetting of modifi ed 
fi bers with model liquids – contact angle of water, glycerole 
and ethylene glycol on fi ber surface was measured.

For molecular modeling were used software Chem3D, 
semi-empirical calculations were performed with CS MO-
PAC Pro, and AM1, MNDO, MNDO/3, PM3 methods.

Results
Table I
Change of surface energy of carbon fi bers by various treat-
ment

 Surface  Surface
Treatment energy Treatment energy
 [mJ m–2]  [mJ m–2]

0. none 49.1 3. anodic oxidation 57.9
1. 2200 °C in Ar 29.0 4. NH3 54.9
2. 250 °C in air 47.2 5. polyaniline 56.6

low energy surface 

high energy surface 

Fig. 2. Formulae of model compounds
X = H, OH, NH2, COOH, CONH2

Table II
Effect of functional group on dispersive and inductive van der Waals forces
(SEV – Connolly solvent excluded volume, SAS – Connolly solvent accessible area, MS – Connolly molecular area, α-pola-
rizability; Å = 0.1 nm)

  –H –OH –NH2 –COOH –CONH2

 SEV [Å3 mol–1] 290.618 294.636 297.107 310.025 312.279
 SAS [Å2 mol–1] 486.733 492.137 495.243 514.366 519.737
 MS [Å2 mol–1] 326.476 330.667 333.255 347.226 349.649
 α [Å3 mol–1] 42.6797 42.9118 44.2283 44.8964 58.6871

Table III
Effect of functional groups on surface polarity (dipole moment [Db])

 Method/func. group –H –OH –NH2 –COOH –CONH2

 AM1 0.006 1.077 2.135 2.541 3.709
 MNDO/3 0.002 1.380 1.686 3.003 4.133
 MNDO 0.004 1.058 1.984 2.458 3.611
 PM3 0.005 1.054 2.276 2.312 3.729
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Discussion
Dispersive and inductive van der Waals forces are 

minimally infl uenced with functional groups existed on 
carbon fi bers. Signifi cant differences among different functi-
onal groups were computed for surface polarity and reaction 
Gibbs energy (ability to form a bond with epoxy-group).

Heating in argon to 2200 °C lead to complex removing 
of functional groups from carbon fi ber surface; heating to 
250 °C reveal decrease in number of strong acidic carboxy- 
groups; anode oxidation show on the contrary increase in 
number of carboxy- groups; treatment with ammonia cause 
partial change of –OH and –COOH groups to –NH2 and 
–CONH2 groups; fi bers covered by polyaniline exhibit to-
tally different surface properties. Now we are able to explain 
increase or decrease in adhesive properties of carbon fi bers 
by comparing results obtained with molecular mechanics to 
surface energy of treated surfaces.

Conclusions
Properties (included in Table II characterizing van der 

Waals interactions) of functional groups presented on carbon 
fi ber surface computed via molecular modeling are tightly 
tied with shear properties of composites. We suppose that the 
main role have polar interactions and ability to form covalent 
bond with matrix molecules.
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Introduction
Living olefi n polymerization catalysts enable prepara-

tion of precisely controlled polymers such as monodisperse 
polymers, macromonomers and block copolymers. In this 
report phenoxy-imine complex bis [N-(3-tert-butylsalicyli-
dene)-2,3,4,5,6-pentafl uoroanilinato] titanium(IV)dichloride 
was in combination with methylalumoxane (MAO) as a co-
catalyst examined for ethylene polymerization. 

Experimental part
All manipulations of air- and moisture-sensitive materi-

als were carried out under nitrogen atmosphere, using either 
a dual vacuum/nitrogen line and standard Schlenk techniques 
or a high vacuum line. Ethylene (99.8 %, Siad) and nitrogen 

(99.999 %, Siad) were purifi ed by passing through 4A mo-
lecular sieves and supported Cu columns. Solvents (toluene, 
hexane, THF, dichloromethane and diethyl ether) were ob-
tained from Sigma-Aldrich and Penta Chrudim and purifi ed 
according to the usual procedures1.

Bis[N-(3-tert-butylsalicylidene)-2,3,4,5,6-pentafl uoroa-
nilinato]titanium(IV)dichloride (1) was synthesized accord-
ing to the previously described procedure2.

Co-catalyst methylalumoxane (MAO) was purchased 
from Crompton GmbH (10 % wt in toluene) and remaining 
trimethylaluminium was evaporated in vacuo prior to use.

Ligand and complex analyses 1H NMR spectra were 
recorded on Bruker Avance 300 spectrometer.

Molecular weights (Mn and Mw) of polyethylenes and 
polydispersities (Mw/Mn) were determined by high tempera-
ture gel-permeation chromatograph (Polymer Laboratories) 
at 140 °C using polystyrene calibration. Melting tempera-
tures (Tm) of polymer were determined by DSC upon heating
sample to 160 °C at heating rate of 10 °C min–1.

Results and discussion
The complex (1) was prepared as a reddish brown solid 

in 57 % yield.
1H NMR (CDCl3) δ 1.29 (s, 18H, tBu), 6.95 (t, J = 7.6 Hz, 

1.75 Hz, 2H, aromatic H), 7.10 (dd, J = 7.6, 1.75 Hz, 2H, aro-
matic H), 7.58 (dd, J = 7.6, 1.75 Hz, 2H, aromatic H), 8.15 (s, 
2H, CH = N).

Ethylene polymerizations with phenoxy-imine titanium 
complex (1) using MAO as a co-catalyst were carried out at 
30 °C under pressure 110 kPa. The results are collected in 
Table I. Polyethylene produced after 0.5 min polymeriza-
tion time possessed narrow distribution of molecular masses 
Mw/Mn = 1.12. GPC peak of this polyethylene had the mono-
modal shape and is shown at Fig.  1. This result suggested 
that the polymerization proceeded in a living fashion. Since 
the activity of complex (1)/MAO for ethylene polymeriza-
tion is high, long polymerization time caused broadening of 
distribution of molecular masses, probably mainly because of 
nonhomogenity of polymerization system. The dependence 

3 4 5 6 7

log M

Fig.  1. GPC profi le of polyethylene P1, Mn  =  138 400,
Mw/Mn  =  1.12 
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of polymer yield on polymerization time was nearly linear 
(Fig. 2.), but a linear relationship between Mn and polymeri-
zation time was not found.

Melting temperatures (Tm) of produced polyethylenes 
were from 135 to 137 °C.

Conclusion
The catalytic property of titanium complex (1)/MAO 

for the polymerization of ethylene was described. The highly 
active complex promoted living polymerization of ethylene 
at 30 °C and at little polymerization time.

Acknowledgement is given to COST D.17.10 Project 
and to Project MSM0021630501for fi nancial support of this 
work.
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Table I
Results of Ethylene Polymerization with bis [N-(3-tert-butylsalicylidene)-2,3,4,5,6-pentafl uoroanilinato]titanium(IV)
dichloride/MAO

 Entry Time [min] Polymer yield [g] Activitya Mn
b [×10–3] Mw  / Mn

b Tm [°C]

 1 0.5 0.14 140 138.40 1.12 135
 2 1 0.24 240 150.55 1.43 135
 3 1.5 0.34 340 181.90 1.53 135
 4 2.5 0.45 450 663 1.97 137
 5 5 0.69 690 412.35 2.30 135
 6 10 1.50 1500 441.80 9.16 137

Conditions: MAO (1.2 mmol), catalyst (1µmol), 30 °C, ethylene 110 kPa, 100 ml toluene
aActivity kg PE·mol(Ti)–1  ·  atm–1, b Determined by GPC using PS calibration
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Fig. 2. Polymer yield as a function of polymerization time
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Introduction
The aim of the experimental work is to verify the 

possibility of the metakaolin application into the glass fi ber 
reinforced concrete (GFRC) composite materials1. Metakao-
lin belongs to the synthetic pozzolana and its preparation is 
based on the calcinations of clay mineral in the temperature 
range form 600 to 800 °C. An advantage of metakaolin usage 
is that the micro structure of GFRC matrix is positively
infl uenced by lower production of portlandite.

Currently, microsilica is predominantly used as an ad-
mixture into the GFRC composite materials in the Czech Re-
public. There is a hypothesis that microsilica, however, could 
be replaced with metakaolin, which is supposed to have 
similar resulting properties as microsilica and moreover is 
cheaper. Therefore it is essential to verify this hypothesis by 
the experimental work that would prove the metakaolin effect 
on resultant parameters of the GFRC composite materials.

Experimental part
To demonstrate the hypothesis mention above, a large 

variety of both commercial (e. g. AGS Mineraux and Imerys) 
and pilot plant produced samples of metakaolin were chosen. 
In total 8 samples of metakaolin were examined to test the 
dosages in amount of 5, 10 and 15 wt % (measured from the 
content of cement).

Considering the large number of measured values results 
of only two samples (MetaStar 501 – commercial and K21 
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– pilot plant produced) of metakaolins are presented. All me-
asured parameters were compared with standardly produced 
GFRC composite materials that content microsilica (SVB 
standard). In some cases the comparison was supplemented 
by parameters of GFRC without admixture. 

Defi ning the basic mechanic properties
For the purpose to defi ne the basic mechanic properties, 

the test GFRC boards (sized 500 × 500 × 10 mm) containing 
different sample of metakaolin were produced. After unfram-
ing the test board was placed into the wet storage and kept 
there for 28 days. Then the test board was cut into 16 test
elements sized 247.5 × 50 × 10 mm. These test elements
were used to defi ne bulk density, absorbability, impact 
strength and fl exural strength. Measured results are displayed 
in Table I.

Table I
Basic mechanic properties

 Absor- Bulk Flexural Impact
Sample bability density strength strength
 [%] [kg m–3] [MPa] [MPa]

MS 501 – 5 % 8.77 2007.7 13.44 10.64
MS 501 – 10 % 8.88 1993.8 8.88 10.00
MS 501 – 15 %  10.52 1916.2 12.90 10.38
K21 – 5 % 8.06 2029.9 13.78 8.82
K21 – 10 % 7.77 2033.1 14.89 8.37
K21 – 15 % 8.91 1981.8 13.16 8.67
Standard SVB 8.88 2039.8 12.09 8.84

Generally, the results of absorbability test are identi-
cal to the result of SVB standard, except the sample with 
higher dosage of commercial metakaolin. The bulk density 
test shows that the increased dosage of metakaolin causes 
the slight decrease of bulk density. On the other hand, the 
increased dosage of metakaolin tends to raise the fl exural 
strength of pilot plant metakaolin. The sample with com-
mercial metakaolin, however, shows the growth of impact 
strength.

Durability test
For verifying the long-term progression of the GFRC 

composite materials parameters, an accelerating durability 
test was carried out. The methodology of the accelerating 
durability test stems from technical norms2,3. The accelerat-
ing test involves cyclic changes of the dominating factors 
that have an infl uence on the mechanic properties of the 
GFRC composite materials during the season of year. The 
test is based on principle that the test boards are periodically 
exposed to heat, wet and freeze. Duration and the number of 
periods within one cycle are presented in Table II.

Table II
Methodology of the durability test

   Number
Phase Time Parameters of repetition
   in one cycle

Sprinkling 170 min. 2.5 dm–3 m–2 min–1 18
Pause 10 min. – 18
Radiant heat 170 min. IR lamp 
  (capacity 2400 W m–2) 18
Pause 10 min. – 18
Freezing 240 min. –20 °C ± 2 °C 1
Defrosting 120 min. +20 °C ± 2 °C 1

 
The test elements, for the durability test in this case, 

were prepared in the same way as has been mentioned in 
previous paragraphs. The mechanic parameters of these test 
elements were evaluated after 50 cycles. The achieved results 
are shown in Table III.

Table III
Mechanic properties after the durability test

  Bulk Flexural Impact
Sample Absorbability density strength strength
 [%] [kg m–3] [MPa] [MPa]

MS 501 – 5 % 6.36 2082.2 13.63 6.47
MS 501 – 10 % 6.12 2082.6 12.16 6.78
MS 501 – 15 % 7.34 1998.8 12.26 7.74
K21 – 5 % 5.93 2094.4 15.98 8.74
K21 – 10 % 5.93 2060.5 16.26 9.2
K21 – 15 % 6.34 2020.4 14.38 8.14
Standard SVB 7.15 2113.2 16.00 6.26

The measured results highlight the signifi cant distincti-
ons in the fl exural strength and impact strength between the 
commercial and pilot plant produced samples of metakaolin. 
The sample with dosage of 10 % of pilot plant produced me-
takaolin indicates higher impact strength than the SVB stan-
dard or the sample of commercial metakaolin. Concerning 
other mechanic parameters, they are comparable to those of 
SVB standard except the lowering of bulk density.

The study of the GRFC composite materials’ behaviour 
under the infl uence of the aggressive environment

Two aggressive environments were prepared to study 
the behaviour of the GRFC composite materials with me-
takaolin as an admixture. The fi rst one was Na2SO4 solution 
and the second one was NaCl solution, both solutions con-
taining 4.4 % of given salts. The test elements were soused 
into these solutions. And again the mechanic properties were 
the subject of this study. The measurement of this test was 
staggered into three phases. The fi rst phase of measuring was 
done after 7 days of keeping test elements in solutions. The 
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second measuring was realized after 28 days and the last one 
was carried out after 90 days. The achieved results are sum-
marized in the following Tables IV and V.

Table IV
Evolution of flexural strengths in NaCl solution 

 Storage period
Sample 7 days 28 days 90 days

MS 501 – 5 % 15.77 13.09 14.89
MS 501 – 10 % 11.85 14.14 15.12
MS 501 – 15 % 16.37 13.25 12.64
K21 – 5 % 15.67 13.62 11.26
K21 – 10 % 10.59 12.18 15.03
K21 – 15 % 18.21 15.27 16.72
Standard SVB 14.48 17.25 17.02

Table V
Evolution of flexural strengths in Na2SO4 solution 

 Storage period
Sample  7 days 28 days 90 days

MS 501 – 5 % 17.24 15.67 14.74
MS 501 – 10 % 13.64 18.73 16.01
MS 501 – 15 % 14.16 13.72 14.16
K21 – 5 % 10.68 12.8 13.7
K21 – 10 % 14.55 17.09 13.83
K21 – 15 % 14.42 17.54 16.47
Standard SVB 11.25 12.1 14.48

Conclusion
The experimental work confi rmed that the GRFC com-

posite materials with metakaolin admixture after 28 days of 
aging have the similar results of mechanical parameters as 
SVB standard with microsilica as an admixture.

The durability test revealed differences in measured 
results between commercial and pilot plant produced meta-
kaolins. 

Nevertheless, the above mentioned hypothesis was ve-
rifi ed. which means that microsilica as an admixture in the 
glass fi ber reinforced concrete composite materials could be 
replaced by metakaolin.

This work was fi nancially supported by Ministry of Indu-
stry and Trade within the grant project no FK-K3/043.
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The term ‘biomaterials’ includes chemically unrelated 
products that are synthesised by microorganisms under 
different environmental conditions. One important family 
of biomaterials is bioplastics. These are polyesters that are 
widely distributed in nature and accumulate intracellularly in 
microorganisms in the form of storage granules. These po-
lymers are usually built from hydroxy-acyl-CoA derivatives 
via different metabolic pathways. Depending on their micro-
bial origin, bioplastics differ in their monomer composition, 
macromolecular structure and physical properties. A number 
of bacteria including Alcaligenes, Pseudomonas, recombi-
nant Escherichia coli and methylotrophs have been used for 
the production of PHAs and high productivities have been 
achieved. Selection of microorganism for the production of 
PHA should be based on several factors including the cell’s 
ability to utilise an inexpensive carbon source, growth rate, 
polymer synthesis rate, and the maximum extent of polymer 
accumulation.

Most of PHA are biodegradable and biocompatible, 
which makes them extremely interesting from the biotechno-
logical point of view. Under condition of nutrient limitation, 
these materials can be depolymerised and utilized by micro-
organisms as energy source. Degradability of polymeric 
materials is generally a function of the structure, the presence 
of degradative microbial population and the environment 
conditions. We have only recently begun to understand the 
complex nature of interactions between the microfl ora and 
deterioration of polymeric materials. 

Methods
Strains. For production of polyhydroxyalcanoates bac-

teria Wautersia eurotropha CCM 3726 (= Alcaligenes eurot-
rophus) was used. For degradation of polyurethans a mixed 
culture of Thermophillus sp. was tested.

Cultivation. W. eurotropha was cultivated in NB 1 me-
dium at 30 °C. Thermophillus sp. were cultivated in synthetic 
medium at 65 °C under permanent shaking.

Quantifi cation of polyhydroxyalkanoates. After the fer-
mentation is over, the cells containing PHA were separated 
from medium by centrifugation. The harvested cells are then 
lysed for recovery of PHAs. Analysis of PHA in bacteria 
using GC/MS was performed. This method involves simul-
taneous extraction and methanolysis of PHA in mild acid or 
alkaline conditions.
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Analysis of polyurethans degradation. Thermophillus 
culture was cultivated with 1  g sample of several polyu-
rethans for 4 weeks. In regular intervals biomass and total 
organic mass were determined. After cultivation, surface 
microscopy and water content in polyurethans was tested.

Results
In pilot experiments cultivation conditions suitlable for 

maximal production of PHA were tested. While W. eurotro-
pha requires the limitation of an essential nutrient, optimal 
concentrations of nitrogen and phosphorous for the synthesis 
of PHA were tested. Further, analysis of PHA using gas chro-
matography was optimized and GC/MS analysis of produced 
polymers was tested.

Degradation of polyurethans was tested using mixed 
culture of Thermophillus sp. After 4 weeks of cultivation 
polyurethane co-polymers exhibited some surface changes 
according to type of polymer. Hydratation was slightly chan-
ged too.

This work was supported by project MSM 0021630501 
of Czech Ministry of Education.
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Introduction
Contact angle measurement is a powerful method to 

estimate the surface free energy of solid surfaces in pure and 
applied science. This measurement is easily performed by es-
tablishing the tangent angle of a liquid drop resting on a solid 
surface. Several contact angle interpretations are nowadays 
known and used. Every of these approaches are based on 
different interpretation for determining a solid surface free 
energy. The most often methods used are Owens-Wendt-
-Kaelble approach and van Oss-Chaudury-Good acid-base 
approach. Both are based on measurements with liquids of 
known surface energy and its components. Owens-Wendt-
-Kaelble approach (OWK) assumes the presence of two 

components such as dispersion σd and hydrogen bonding 
forces so called polar component σp:

σ = σd + σp     (1).

To calculate components following equation is used
(S – solid, L – liquid):

σL(1 + cos θ) = 2(σS
dσL

d)1/2 + 2(σS
pσL

p)1/2  (2).

Acid-base van Oss-Chaudury-Good approach (A-B) 
considers perceived acid-base interactions at the interface 
and divides the surface energy into different components 
such as so-called Lifshitz-van der Waals (LW) which repre-
sents disperse part, acid (+) and base (–) components which 
represents polar part of surface energy. To calculate compo-
nents following equation is used (S – solid, L – liquid):

σL(1 + cos θ) = 2(σL
LWσS

LW)1/2 + 2(σL
+σS

–)1/2 + 2(σL–σS
+)1/2 

      (3)
and the polar component is 

σP = 2(σS
+σS

–)1/2    (4).

Calculation according to OWK method requires the 
usage of at least two known liquids and A-B method the 
usage of at least three known liquids. Considering the wide 
range of liquid variation appropriate set of liquids is very 
important1.

Experimental
Four different surfaces (polypropylene PP, corona 

treated PP, SiOx, paper – offset, coated, glossy, 130 g m–2) 
and seven different liquids (Table I) were used to measure 
contact angles. Contact angle measurements were performed 
on a device SEE System (Surface Energy Evaluation System) 
with CCD camera. The fi nal value of an angle represents 
mean value of 5 angle measurements of 5 drops of a liquid. 
Surface energy and its components were calculated using all
possible liquids couples and triplets according to OWK and 
A-B methods. The effort was to determine the appropriate 
liquid combinations to obtain reasonable surface energy 
values.

Table I
List of used testing liquids

 Surface energy σ [mJ m–2]
Testing liquid total polar disperse acid base
    (+) (–)

water 72.8 51.0 21.8 25.5 25.5
glycerol 64.0 30.0 34.0 3.92 57.4
ethylene glycol 48.0 19.0 29.0 1.92 47
formamide 58.0 19.0 39.0 2.28 39.6
aniline 43.4 10.3 33.1 – –
benzyl alcohol 38.9 9.9 29.0 – –
bromo naphthalene 44.4 0.0 44.4 0 0
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Results and discussion 
As has been earlier mentioned Owens-Wendt and acid-

-base methods involve the usage of proper liquid combinati-
ons. We calculated the determinants 2 × 2 for Owens-Wendt 
and 3 × 3 for acid-base from Eq. 2 and 3 and compared them 
with the surface energy values and their components. The de-
terminant for two liquid combination is calculated according 
the following

DOWK
L1
d

L1
p

L2
d

L2
p

=
σ σ

σ σ
   

(5)

and for three liquids

DA B

L1
LW

L1 L1

L2
LW

L2 L2

L3
LW

L3 L3

− =

+ −

+ −

+ −

σ σ σ

σ σ σ

σ σ σ
  

(6)

where 1, 2, 3 represent different liquids. The other method 
of determining the proper liquid combination was suggested 
by C. Della Volpe et al.1 Tables II and III compare values 
of disperse and polar components and total surface energy 

values with determinants for four different surfaces. Accor-
ding to these values we selected several liquids combinations
(Table IV) for both OWK and A-B methods that gave reaso-
nable results. We assumed that determinant for OWK appro-
ach should be greater than 12 and for A-B approach greater 
than 160. The determinant limit for the A-B approach could 
be even lower but there were no liquid combinations with 
the determinant value in the interval of 40–160. The fi nal 
values of total surface energy and its components (Table V) 
represent the average of values calculated for selected liquid 
combinations.

Comparing the values of surface energies and compo-
nents seem both methods to be convenient when measuring 
non-polar surfaces, in our case PP (Table V). More signifi cant 
differences are for more polar surfaces (corona treated PP, 
SiOx and paper). The A-B method prefers disperse (LW) part 
of surface energy – is higher compare to disperse component 
calculated according to OWK method. The total surface 
energies are suffi ciently comparable for both methods. The 
OWK approach seems more all-purpose considering variety 
of possible surfaces. On the other hand, the A-B approach 
provides the possibility to characterize the surface acid or 
base character. The usage of a totally disperse liquid (bromo 

Liquid combination  PP  PP treated
 disp. polar total disp. polar total DA-B

water-formamide-bromo naphthalene 36.2 1.2 37.4 41.4 1.4 42.8 160.9
water-ethylene glycol-bromo naphthalene 36.2 0 36.2 41.4 2.5 43.9 184.1
water-glycerol-bromo naphthalene 36.2 0 36.2 41.4 4.7 46.1 188.3
water-glycerol-formamide 13.1 2.6 15.7 27.6 13.5 41.1 40.4
water-glycerol-ethylene glycol 26.9 0.5 27.4 0.2 68 68.2 5.5
water-formamide-ethylene glycol 11.6 2.8 14.4 36.3 5.7 42 34.8
glycerol-formamide-ethylene glycol 12.5 0.2 12.7 30.5 6.2 36.7 4.2
glycerol-formamide-bromo naphthalene 36.2 340.2 376.4 41.4 96.3 137.7 6.8
glycerol-ethylene glycol-bromo naphthalene 36.2 0 36.2 41.4 6 47.4 20.5
formamide-ethylene glycol-bromo naphthalene 36.2 77 113.2 41.4 4 45.4 10.9

Liquid combination  SiOx  Paper
 disp. polar total disp. polar total DA-B

water-formamide-bromo naphthalene 41.1 12.5 41.1 12.5 41.1 12.5 160.9
water-ethylene glycol-bromo naphthalene 41.1 3.9 41.1 3.9 41.1 3.9 184.1
water-glycerol-bromo naphthalene 41.1 14.5 41.1 14.5 41.1 14.5 188.3
water-glycerol-formamide 33 20.8 33 20.8 33 20.8 40.4
water-glycerol-ethylene glycol 379.9 454 379.9 454 379.9 454 5.5
water-formamide-ethylene glycol 83.5 23.1 83.5 23.1 83.5 23.1 34.8
glycerol-formamide-ethylene glycol 48 92.2 48 92.2 48 92.2 4.2
glycerol-formamide-bromo naphthalene 41.1 17.2 41.1 17.2 41.1 17.2 6.8
glycerol-ethylene glycol-bromo naphthalene 41.1 75.3 41.1 75.3 41.1 75.3 20.5
formamide-ethylene glycol-bromo naphthalene 41.1 113.4 41.1 113.4 41.1 113.4 10.9

Table II
Calculated total surface energy and its components (mJ m–2) using A-B approach. DA-B – determinant according to equation (6), 
disp. – disperse component, polar – polar component, total – total surface energy
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Table III
Calculated total surface energy and its components (mJ m–2) using OWK approach. DOWK – determinant according to equation 
(5), disp. – disperse component, polar – polar component, total – total surface energy

Liquid combination  PP  PP treated
 disp. polar total disp. polar total DOWK

water-glycerol 35.3 0.1 35.4 10.2 34.4 44.6 16.1
water-ethylene glycol 18.3 1.8 20.1 5.2 41.9 47.1 18.1
water-formamide 41.4 0 41.4 27.1 20.7 47.8 24.2
water-aniline 45.3 0.1 45.4 22.1 23.8 45.9 26.1
water-benzyl alcohol 46.9 0.1 47 16.3 28.3 44.6 23.8
water-bromo naphthalene 36.2 0 36.2 41.4 14.1 55.5 47.6
glycerol-etylenglykol 0.1 39.4 39.5 0 85.1 85.1 4.1
glycerol-formamide 48.8 0.7 49.5 55.7 1.8 57.5 8.8
glycerol-aniline 51.4 1.1 52.5 30.9 11.2 42.1 12.8
glycerol-benzyl alcohol 55.1 1.8 56.9 20.8 19.5 40.3 11.1
glycerol-bromo naphthalene 36.2 0 36.2 41.4 5.9 47.3 36.5
ethylene glycol-formamide 163.6 84.2 247.8 192.9 62.2 255.1 3.7
ethylene glycol-aniline  86.1 23.5 109.6 52.5 0.1 52.6 7.8
ethylene glycol-benzyl alcohol 99.8 32.7 132.5 38.2 2.7 40.9 6.5
ethylene glycol-bromo naphthalene 36.2 0.7 36.9 41.4 1.8 43.2 29
formamide-aniline 54.2 2 56.2 13 46.9 59.9 5
formamide-benzyl alcohol 64.1 5.4 69.5 0.5 120.3 120.8 3.8
formamide-bromo naphthalene 36.2 0.3 36.5 41.4 7.8 49.2 29
aniline-benzyl alcohol 26.3 6.7 33 182 118.1 300.1 0.8
aniline-bromo naphthalene 36.2 1 37.2 41.4 3.2 44.6 21.4
benzyl alcohol-bromo naphthalene 36.2 1.2 37.4 41.4 1.5 42.9 21

Liquid combination  SiOx  Paper
 disp. polar total disp. polar total DOWK

water-glycerol 10.6 52 10.6 52 10.6 52 16.1
water-ethylene glycol 4.6 62.9 4.6 62.9 4.6 62.9 18.1
water-formamide 19.6 41.6 19.6 41.6 19.6 41.6 24.2
water-aniline 12 50.1 12 50.1 12 50.1 26.1
water – benzyl alcohol 7.2 57.6 7.2 57.6 7.2 57.6 23.8
water-bromo naphthalene 41.1 26.5 41.1 26.5 41.1 26.5 47.6
glycerol-etylenglykol 0.2 125.6 0.2 125.6 0.2 125.6 4.1
glycerol-formamide 32.8 21 32.8 21 32.8 21 8.8
glycerol-aniline 12.8 47.2 12.8 47.2 12.8 47.2 12.8
glycerol-benzyl alcohol 5.3 67.5 5.3 67.5 5.3 67.5 11.1
glycerol-bromo naphthalene 41.1 14.8 41.1 14.8 41.1 14.8 36.5
ethylene glycol-formamide 123.6 9.9 123.6 9.9 123.6 9.9 3.7
ethylene glycol-aniline  23.3 21.4 23.3 21.4 23.3 21.4 7.8
ethylene glycol-benzyl alcohol 11 42.1 11 42.1 11 42.1 6.5
ethylene glycol-bromo naphthalene 41.1 7.1 41.1 7.1 41.1 7.1 29
formamide-aniline 1.9 116.9 1.9 116.9 1.9 116.9 5
formamide-benzyl alcohol 4.8 253.8 4.8 253.8 4.8 253.8 3.8
formamide-bromo naphthalene 41.1 13 41.1 13 41.1 13 29
aniline-benzyl alcohol 186.5 125.6 186.5 125.6 186.5 125.6 0.8
aniline-bromo naphthalene 41.1 3.2 41.1 3.2 41.1 3.2 21.4
benzyl alcohol-bromo naphthalene 41.1 1.4 41.1 1.4 41.1 1.4 21
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naphthalene) in testing liquid couples or triplets leads to the 
same value of disperse component for both evaluating me-
thods (Tables II and III). Similar results were obtained by 
Kwok with bromo naphthalene2 and by C. Della Volpe et al.1 
with diiodomethane which is also a totally disperse liquid.

Table IV
Selected liquid couples and triplets according to determinants 
to calculate the surface energy and its components

Liquid couples
water-glycerol glycerol-bromo naphthalene
water-ethylene glycol ethylene glycol-bromo
 naphthalene
water-formamide formamide-bromo naphthalene
water-aniline aniline-bromo naphthalene
water-benzyl alcohol benzyl alcohol-bromo
 naphthalene
water-bromo naphthalene glycerol-aniline

Liquid triplets
water-formamide-bromo naphthalene

water-ethylene glycol-bromo naphthalene
water-glycerol-bromo naphthalene

Table V
Calculated total surface energy (mJ m–2) and its components 
using selected liquid combinations

Acid-base van Oss-Chaudury-Good approach
Surface disperse polar acid (+) base (–) total

PP 36.2 0.4 0.14 0.33 36.6
PP treated 41.4 2.9 0.11 25.10 44.3
SiOx 41.1 10.3 0.83 41.86 51.4
paper 43.0 5.2 0.47 26.38 48.2

Owens-Wendt-Kaelble approach
Surface disperse polar acid (+) base (–) total

PP 35.1 0.5 – – 35.6
PP treated 27.7 15.0 – – 42.7
SiOx 24.1 29.0 – – 53.1
paper 30.4 13.7 – – 44.1

Conclusion
To consider proposed determinant limit values as ge-

nerally valid requires to test more solid surfaces and liquid 
combinations. However, we assumed that calculating the 
determinants could be one of the options, how to choose the 
proper liquid combinations. More general-purpose contact 
angle interpretation method seems OWK approach but A-B 
approach provides the possibility to determine the acid and 
base character of solid surfaces.

We thank the Slovak Grant Agency VEGA (project 
VEGA 1/2454/05) and Science and Technology Assistance 
Agency (contract APVT-20-034202) for fi nancial support.
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Introduction
Presented work is focused on the infl uence of strontium 

substitution into ettringite structure on the crystal morphol-
ogy. The evolution of ettringite morphology and its derivates 
determines kinetics parameters of products decomposition 
and it has a strong impact on mechanical properties of poten-
tial composites. 

Experimental
Substituted ettringite phases were prepared in according 

with reactions described by Eq.1
(6-x)Ca(OH)2 + xSr(OH)2 + Al2(SO4)3.18H2O + 8H2O →

→ Ca6–xSrxAl2(SO4)3(OH)12.26H2O   (1)

Resulting products were determined by X-ray powder 
diffraction, TG-DTA and ICP-OES analysis1. 

Crystal morphologies were studied on FE SEM – JSM 
6700F JEOL. Conductivity of the sample surface was pro-
vided by sputtering of a 50 nm gold fi lm. A semi-quantitative 
EDX analysis was measured on INCA analyzer made by 
Oxford Instruments Ltd.

Results and discussion
Phase Ca5SrAl2(SO4)3(OH)12 . 26H2O was identi-

fi ed by elementary analysis as solid solution with formula
Ca5.3Sr0.7Al2(SO4)3(OH)12 . 26H2O. Needle hexagonal crys-
tals with a diameter of 50–200 nm and a length of 1–2 µm 
were observed. (Fig. 1. and Fig. 2.)

The morphology of ettringite crystals is dependent on 
conditions and the rate of its precipitation2. The precipitation 
of the microcrystal ettringite is caused by increased value of 
pH of the mother solution and faster ettringite kinetic forma-
tion.

The presence of the strontium ions in needle crystals 
was verifi ed by EDX analysis. An area of 600 by 1200 nm 
was analyzed, where only needle crystals of ettringite were 
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presented. The analysis in the confi guration used is semi 
quantitative. The EDX analysis proved that needle crystal 
similar to the ettringite contained atoms of calcium, stron-
tium, aluminum and sulfur. 

Conclusions
The EDX analysis used here above is a semi quantitative 

method however result demonstrates presence of solid solu-
tion of modifi ed ettringite and increasing amount of stron-
tium ions in the crystal lattice. This fact opens possibility to 
using of ettringite in separation/solidifi cation technologies.

REFERENCE
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Introduction
Nanofi bers are generally fi bers of diameter smaller than 

1 µm. This article is focused on nanofi bers produced during 
electrospinning process1. Modifi cation of the method with 
higher effi ciency of nanofi ber production has been developed 
recently at TUL and patented2. 

First experiments of carbonization of electrospun nano-
fi bers have been realized in last years. Electrospun nanofi ber 
materials made from non-aqueous solutions are used as
a precursor for carbonization in majority of articles: e. g. 
polyacrylonitril3,4, polybenzimidazol5,6. Only one article be-
ing engaged in carbonization water-soluble polymer – poly-
vinyl alcohol nanofi bers was published on web7.

Polyvinyl alcohol unfi x physically fi xed water in the 
course at heating, a decomposition reactions occur at the 
temperature over 200 °C (ref.8). Primarily polyens arise, 
thus water peels by degradation of hydroxyl (OH) groups 
and hydrogen from carbon chain of macromolecule. This 
reaction manifests itself by gradual yellowing, browning 
and then blackening of fi bers. If there is faster heating, it 
leads to decomposition to acetaldehyde and crotonaldehyde 

Fig.  1. Crystals of modifi ed ettringite
Ca5.3Sr0.7Al2(SO4)3(OH)12 . 26H2O and celestite at magnifi cations 
10 000

Fig. 2. Crystals of modifi ed ettringite
Ca5.3Sr0.7Al2(SO4)3(OH)12 . 26H2O at magnifi cations 50 000

Fig. 1. Van der Waals surface of two chains of polyvinyl alcohol 
a), Van der Waals surface of two polyvinyl alcohol chains cross-
-linked (dehydration) by phosphoric acid b)

a)

b)
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and whole original structure of chains can be damaged 
(destroyed). Polyen chains can their self each other join by 
means of Diels-Alder addition at careful heating and eventual 
catalysis, or their take place to intramolecular cycling. Cre-
ated unsaturated cyclic compounds are already considerably 
more stable against additional increasing of temperature. An 
aromatization of these cycles comes into being at temperature 
above 450 °C, thus a basic graphite structure arises. Remains 
of water in the structure accelerate decomposition of struc-
ture to volatile aldehydes, accordingly usage of fl ame retar-
dant catalysts is convenient for acquirement of the biggest 
possible carbonization gain.

Experimental part
During our experiments, we have elected following 

operation: (i) a producing of electrospun nanofi ber web, (ii) 
an impregnation of web by means of combustion retarder, 
(iii) stabilization – dehydration at temperature and (iv) car-
bonization. 

The nanofi ber materials used in these experiments were 
produced at TUL and had these parameters: PVA (polyvinyl-
alcohol) with addition of glyoxal and phosphoric acid for la-
ter cross-linking at 140 °C for 10 minutes; random orientation 
of fi bers; surface density 5 g m–2; average diameter of fi bers 
236 ± 79 nm. We have tested more then twenty different sam-
ples, which were created with different temperature cycles 
(regimes) up to 215 °C in laboratory drier with different 
concentrations of combustion retarders – phosphoric acid 
(H3PO4) in water solution and also we used no aqueous so-
lutions: H3PO4 in ethyl alcohol, butyl alcohol and isopropyl 
alcohol, and (NH4)H2PO4 in ethyl alcohol. 

Carbonization of samples was accomplished in a special 
oven (HIP) at these conditions: inert nitrogen atmosphere, 
maximal temperature 1100 °C, pressure inside 5 bars, rate of 
temperature’s growth 5 °C min.–1.

We have studied result dehydrated nanofi ber materials 
by means of infrared spectroscopy and DSC, we have prepa-
red images by means of scanning electron microscope (SEM) 
and we have tested a result samples in the course of combus-
tion. After carbonization, we have used the same methods for 
studying a result samples.

Results and conclusions
Impregnation by means of water solution: Results 

showed us the best samples were stabilized by regime a up 
to 200 °C, water solution of 1.25 % and 2.5 % by volume of 
H3PO4. These samples were after stabilization completely 
black, they did not burn with fl ame and damaging, DSC 
outputs did not show any changes, infrared spectrum showed 
a decline of OH and CH groups and creating of conjugated 
double C=C bonds. However the sticking of nanofi bers af-
ter dehydration is visible from SEM pictures (see Fig. 2.). 
Impregnation by means of alcohol solutions (the best was 
usage of butyl alcohol) brought better results respecting the 
structure of resulting carbonized samples. Of course we want 
to produce the carbon nanofi bers with large surface area, 

because we supposed that our carbonized electrospun polyvi-
nylalcohol nanofi ber materials could be used as adsorbent or 
catalysts because of the high surface density of the resulting 
carbon nanofi ber materials. We are determined to continue 
the research in the branch, use other special method for de-
tection of surface and material composition of the nanofi bers 
after the method of carbonization. 

Fig. 2. SEM images: a) Polyvinyl alcohol nanofi bers; b) car-
bonized nanofi ber webs after impregnation of 1.25 % of H3PO4 
in water solution; (c and d) PVA nanofi bers dipped to alcohols 
and drying at normal temperature – c) Butyl alcohol; d) Isopro-
pyl alcohol. The scale is 5 µm at the pictures a), b) and c), 10 µm 
at the picture d)
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Introduction
Basalt fi bers are modern reinforcing fi bers suited for 

polymer composites. We compared basalt and glass fi bers in 
its fragility and fragmentation – two important properties for 
safe handling with these fi bers. 

Experimental
We studied four type of basalt fi bers – Old Ukraine, 

Basaltex, MDI experimental fi bers and Kamennyj Vek. We 
measured fragility of fi bers – ratio of critical loop diameter D 
and fi ber diameter d. Critical loop diameter was measured by 
deformation of basalt loop under microscope to failure.

Fig. 1. Fragility loop test for fi bers

The fragmentation was realized by the abrasion on the 
propeller type abrader. It was proved by microscopic analysis 
that basalt fi bers are not split and the fragments have the cy-
lindrical shape. Fiber fragments were analyzed by the image 
analysis, system LUCIA M. 

Results

Table I
Fragility of basalt fi bers at room temperature

  Confi -   Confi -
Fiber Fragility dence Fiber Fragility dence
  limits   limits

Kam. Vek.2 11.94 0.68 Basaltex.275 14.69 0.52
Kam. Vek.4 13.37 0.72 Basaltex.330 9.91 0.69
Basaltex.150 14.74 0.47 MDI 2 16.71 0.88

Basic statistical characteristics of basalt fi ber fragments
Table II
Length of fragments 

Fibers Basaltex Kamennyj Vek Old Ukraine

mean value [µm] 206.09 254.12 230.51
standard deviation 155.59 171.13 142.46
skewness 1.40 1.06 0.97
kurtosis 5.19 3.77 3.97

Fig. 3. Probability of fragments lengths

Table III
Diameters of fragments

Fibers Basaltex Kamennyj Vek Old Ukraine

mean value [µm] 11.52 12.37 11.08
standard deviation 1.37 1.04 2.12
skewness 0.09 –0.21 0.64
kurtosis 2.43 2.11 2.92

Statistical parameters of fragments lengths shows that 
the distribution of fi ber fragments is unimodal and positively 
skewed. Because the mean value of fi ber fragment diameter 
is the same as diameter of no splitted fi bers during the process 
of abrasion. It is known, that from point of view of cancer 
hazard the length/diameter ratio R is very important. For ba-
salt fi ber fragments is ratio: 
Basaltex: 17.89 Kamennyj vek: 20.55 Old Ukraine 20.80
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Mass of individual fragments is in range 8–300  ng 
(mean value 65 · 10–9 g). 

Conclusions
According to WHO, risk of cancer is for ceramic fi bers 

with diameter lesser 3 µm, length higher 5 µm and length/
diameter ratio higher 5 : 1. Basalt particle are fortunately too 
thick to be inspirable, but the handling of basalt fi bers must 
be carried out with care.

This article was elaborated with support of grant No 
106/05/0817 – Grant Agency Academy of Science, Czech 
Republic. 
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Introduction
For the manufacture of the tailored concretes, the 

chemical modifying admixtures are used for many years. 
Ones of the important chemical modifying admixtures are 
superplasticizers (SP), synthetic water soluble polymers fa-
cilitating the dispersion of the mineral particles, which leads 
to the improved workability of the pastes and the reduction 
of the required amount of the mixing water1. Superplasticiz-
ers are used to reach and maintain the desired workability 
level (consistency) of the concrete, to signifi cantly lower 
the water/binder ratio in mortars and concrete, to produce 
self-compacting and self-levelling concretes, shotcretes and 
other high performance concretes. More than a half century, 
three types of the superplasticizers was used: lignosulfonates, 
sulphonated naphtalene formaldehyde condensate (PNS) and 
sulphonated melamine formaldehyde condensate (PMS). In 
the last decade, the assortment was extended by the intro-
duction of the very effective SP based on polycarboxylates 
(PCP). The branched structures of which are quite different 
from former PNS and PMS based SP2,3.

The dominant mechanism of the particle repulsion 
depends on the SP composition and molecule shape. The 
PNS and PMS type SP mode of the particle repulsion is 
based primarily on the reaction of the –OSO2

– groups fi rstly 
with the positively charged surface of tricalciumaluminate 
(3CaO .  Al2O3, C3A) or brownmilleritte (4CaO .  Al2O3  .  Fe2
O3, C4AF). The remaining free –OSO2

– groups bring about 
the electrostatic repulsion between particles with adsorbed 
SP molecules and negatively charged tricalciumsilicate 
(3CaO .  SiO2, C3S) or dicalciumsilicate (2CaO .  SiO2, C2S). 

PCP based SP react with the grain surface via –COO– groups 
and usually have long side chains, which causes the steric 
repulsion between mineral particles4. It is important to under-
stand how superplasticizers are adsorbed on each constituent 
of the concrete mixture for better control over the fl uidity of 
cement paste and concrete.

Presented work is aimed on comparison of two different 
methods, which can be used to determine the SP content in 
the solution. These techniques are useful to determine the SP 
remaining in the liquid phase after the adsorption of the SP on 
the solid particles surface. To separate the liquid phase from 
the reacting solid constituents of the paste, membrane fi ltra-
tion was used with subsequent determination of the SP con-
tent by ultraviolet and visible spectrophotometry (UV/VIS)5,6.
The other compared technique is based on the measuring 
of the heat evolved during the oxidation of the SP by the 
KMnO4 solution in acid media. Among other methods total 
organic carbon (TOC) determination is routinely used.
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Fig. 1. UV/VIS calibration curve for PCP type SP, measured at 
200, 210 and 220 nm wavelength
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Fig. 2. Solution calorimetry calibration curve for PCP type SP; 
bottom coordinates shows the dependence between temperature 
change and SP concentration, top coordinates document the 
course of the calorimetric curve for reaction of SP (in 5 cm3 of 
solution)



Chem. Listy, 99, s49–s652 (2005) Material Science & Technology

s462

Experimental
The calibration solutions of the different SP (containing 

up to SP 4 % by weight) were fi ltered by the 0.22 µm mem-
brane fi lter. After the fi ltration, the UV absorbance was meas-
ured using three wavelengths 200, 210 and 220 nm on Varian 
Cary50 UV/VIS spectrometer. Solution calorimetry7 method 
is based on the measurement of the temperature change after 
the addition of 5.0 cm3 SP solution into the mixture of the 
50.0 g of 0.2 M KMnO4 and 50.0 g of the mixture of diluted 
sulphuric and phosphoric acids (70 g 96% H2SO4 and 90 g 
85% H3PO3 diluted to 500 cm3). The examples of the results 
are shown on Fig. 1. and 2.

Conclusions
1. The UV/VIS spectrophotometry can be used to determine 

the concentrations of PCP and PNS based SP in solutions. 
The proper wavelengths for the particular SP were deter-
mined. The solid particles must be carefully separated to 
assure the accuracy of the measurement.

2. The solution calorimetry method7 can be suitably used 
to determine higher concentrations of PCP based SP. The 
PNS and PMS SP, due to their different chemical nature 
with aromatic rings, produce much less heat of the oxi-
dation. The method is less sensitive to the content of the 
solid particles in the measured solution.

The authors wish to thank the Grant Agency of the 
Czech Republic for funding this research through the grant 
no. 104/05/P046.
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Introduction
Fungi and mushrooms may destroy a whole range of 

products and performances. Therefore various fungicides are 
used for protection as external paint, in agriculture it protects 
seed for sowing at stocking etc. They are also used to pro-
tect crop to sponge and mildew infections and marine loads. 
Broad range of fungicidal agents has been found and sorted 
according to series of criteria. They could be sorted to several 
groups by the structure of additive compounds: substitute 
benzenes, thiokarbamate substances contain metals (copper, 
cadmium), organometallic, other organics fungicides.

Work is focused on testing of effectiveness of two cho-
sen fungicidal agents in polyurethane coating, which are used 
for textile surface adjustment. Textiles modifi ed by coating 
of polyurethane polymer are used as protective clothes, tent 
sail, in military etc. By most applications may the products 
be stored damp after being used, which may cause the growth 
of mildew and devaluation. Fungi and mildew may cause 
allergic reaction on human skin and other illnesses. Using of 
fungicidal agent can decrease the of possibility rise of fungi 
and prevent at suitable conditions for their rise. Comparison 
of effectiveness of couple of fungi ride agent. Second goal 
was to determinate the lowest suitable concentration of fun-
gicidal agent used in polyurethane coating.

Materials
Agent A285 – is liquid fungicide, (iodine solution of 

alkyl ester carboxylic acids) with content 15 wt % of active 
substances in aqueous solution, without odor, non corrosive, 
non-metallic fungicidal extracts. It is intended for PVC, woo-
den compound and polyolefi ne. It is suitable for polyurethane 
coating, because it is thermal stable up to 200 °C.

Agent A3 – (Bayer AG, Germany), N-(dichlorfl uorme-
thylthio)phthalimide, white powder characteristic sulphur 
odor and it is used for fungicide coating plastics for technical 
applications.

N-(dichlorfl uormethylthio) phthalimide

C
N

C

O

O

S CCl2F
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Fungi – common, in nature prolifi c fungi were used to 
testing. Spats of fungi can attack clothes stored in dampness. 
Cultures fungi originate from the Collections of microorga-
nisms MU Brno:
F 431 Penicillium rogneforti
F 445 Rhizopus stolonifer
F 8189 Aspergillus niger
F 314 Botrytis cinerea
F 503 Fusarium avenaceum
F 443 Mucor plumbeus

Textile – polyester fabrics MAYTEX (Liptovsky Miku-
las, SR), specifi c weight 70–76 g m–2.

Experimental part
The effectiveness of single fungicidal agent was tested 

with their solutions in acetone. Antifungal effect was moni-
tored after application of agents to the coating textile with 
specifi c amount of fungicidal agent. The optimalization of 
fungicide concentration in product was carried out.

Specimen preparation:
Prepared solution (Agent A285, Agent A3 or acetone – blank 
experiment) was pipetted 0.1  cm3 into prepared sampling 
seats. The quantity of A285 was calculated on the content of 
an active fungicidal substance of concentration. For checking 
the effectiveness of fungicidal reagent was the test perfor-
med twice. Samples were observed in seven – day intervals 
as long as it happened to observable changes. Reproduce of 
effectives of fungicidal activity on the concentration of fun-
gicidal agent was determined to optimalization of ratio effect, 
price of treatment.

Table I
Stock solution for experiment 1

Fungicide Weight of fungicide Volume of
agent agent acetone
 [g] [ml]

Agent A285 0.3891 1.0
Agent A3 0.0526 1.0
acetone 0.0000 1.0

Table II
Composition of blend mixture for preparation coating with 
fungicide reagent for experiment 2

  Weight of   Concentration
 Fungicide fungicide   of active
 reagent reagent Desmodur Estane component 
  [g] [g] [g] [wt % ]

 Agent A285 1.7578 0.9 29.7 0.81
 Agent A3 0.1666 0.9 30.2 0.53
 – 0.0000 0.9 30.1 0.00

Polyester polyole Estane 5735P was dissolved in acetone 
to 25% solution in closed vessel by mixing for 24 hours. Is-
ocyanate Desmodur L75 in concentration from 4 to 15 wt % 
was added to the prepared solution of store. The prepared 
solution of polyurethane system was applied to textile using 
coating machine Inotex LZ-01. The couples of coated textile 
were over using hot-air gun Steinel Thermocontrol at tempe-
rature 110–130 °C. 

Table III
Composition of preparation coating with fungicide, reagent 
for experiment 2 with Agent A285 of different specifi c con-
centrations for experiment 3

 Concentration of Weight of  
 fungicide agent fungicide reagent Desmodur Estane
  [g] [g] [g]

 1 wt% 0.1864 0.9 30.30
 3 wt% 0.5543 0.9 29.18
 5 wt% 0.9010 0.9 31.46
 7 wt% 1.7723 0.9 29.17

Methods for effectiveness of fungicidal additives testing
The experiment classifi cation was compiled by time 

monitoring the growing range of fungi and metering sizes 
of inhibition zone. A distance of fungus from the edgings of 
sample place was measured repeat by and resulting distance 
was obtained as an arithmetic mean of measured values. 
Classifi cation is shown on applied Fig. 1.

Fig. 1. Method of testing of fungicidal agents

Results and discussion 
The growth of fungi was watched in several – day inter-

vals. Perceptible difference among sizes of inhibitive zones 
of used fungicidal agent was observed in seventh day. Quar-
ters, to which was poured pure acetone, there are rot totally 
scrubby. Blank experiment was done for confi rmation that 
only acetone can not caused any fungicidal infl uence. Inhibi-
tion zone of Agent A3 is smaller than inhibitory zone arisen 
out Agent A285 at of all six used fungi.
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The effectiveness of agents in coating is less perceptible 
compare with higher concentration of pure fungicidal agent. 
Their mobility of coating is in coating affected by cross lin-
ked polyurethane matrix. Textile with untreated coating was 
covered by fungi in all experiments. Textiles powered by 
coating with agent damage only fungi F 314 and F 445 when 
fungi overgrew the whole Petri dish. 

The concentration infl uence of Agent A285 was monito-
red on size of inhibitory zone for each fungus. From results 
of experiments 2 and 3 is evident that in the case of Agent 
A285 is more effective fungicidal reagent than in the case of 
Agent A3. Therefore other experiments were performed only 
with Agent A285.

Table VI
Experiment 3 – various specifi c concentrations of Agent 
A285 in coating – 2nd day of observation

 wt % Fungi
  F 8189 F 431 F 443

 1 wt % 1.0 1.5 0
 3 wt % 1.5 1.5 0
 5 wt % 2.0 2.0 0
 7 wt % 2.0 2.0 0.5
 Size of the inhibition zone [cm]

Three incident fungi were performed for experiment. 
From 1 wt % used reagent is his infl uence observable al-
ready. 100% effectiveness is reached from 5 wt % and higher. 
Mounting concentration of the used fungicidal reagent does 

not changed over 5 wt % the effectiveness and concentration 
5 wt % can be selected as optimal.

Conclusion
Confrontation of two chosen fungicidal reagents I and II 

was performed in experiment 1. Agent A285 is more effec-
tive in the most tests at comparable concentrations of active 
substances. Comparison of fungicidal reagents in coating was 
performed in experiment 2. Agent A285 is again more effec-
tive from measured inhibitory zones. Therefore the infl uence 
of concentration of Agent A285 on the size of inhibitory zone 
was watched for the single cultures fungi. Concentration 
5 wt % was intended as optimum specifi c concentration. 
Fungi grow the edgings of textile at lower concentration and 
she didn’t cause visible changes in sizes of the inhibitory 
zone at higher concentration the solution.
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Table IV
Experiment 1 – testing of fungicidal reagents dissolved in acetone – 7th day of observation

 Agent Fungi

  F 431 F 443 F 445 F 8189 F 314 F 503
 Agent A285 3.0 1.8 1.0 3.5 0.5 1.5
 Agent A3 0.5 0.3 – 0.5 – 0.2
 Acetone 0 0 0 0 0 0
 Size of the inhibition zone [cm]

Table V
Experiment 2 – testing reagent in coating – 9th day observation

 Agent Fungi

  F 431 F 443 F 445 F 8189 F 314 F 503
 Agent I 0.1 0.1 – 0.3 – 0.2
 Agent II 0.3 0.1 – 0.3 – –
 Acetone 0 0 0 0 0 0
 Size of the inhibition zone [cm]
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Annealing experiments carried out on a plasma polyme-
rised organosilicon coatings revealed certain changes in fi lm 
structure and composition. These changes includes mainly 
water and hydrogen desorption, which leads to a removal 
of SiH and SiOH bonds from the fi lms and to the signifi -
cant increase in silicon-oxygen bonds. These results were 
obtained by RBS/ERDA analysis, FTIR spectroscopy and 
TDS analysis. Annealed fi lms were determined by various 
characterisation methods (optical properties by the means of 
spectroscopic ellipsometry, mechanical properties by depth 
sensing indentation test) in order to fi nd out how the fi lm 
properties are infl uenced by the thermaly effected structural 
changes.

Introduction
Compared to other deposition techniques the main 

advantage of the plasma enhanced CVD (PECVD) seems to 
be the low temperature of the discharge (even below 100 °C). 
This fact makes PECVD a very powerfull tool especially for 
coatings of polymer materials. Nevertheless, this is not the 
only benefi t of PECVD. It also enables to change the deposi-
tion conditions in a wide range and to prepare fi lms of desired 
properties. The mechanical behaviour of fi lms prepared by 
PECVD are, in general, signifi cantly better than their coun-
terparts fabricated by other methods, e. g. physical vapour 
deposition. Even more important is the fact, that PECVD 
seems to be a good choice from the environmental point of 
view as it does not produce any toxical byproducts. In case 
of protective coatings the thermomechanical stability plays
a crucial role for their technological applications. In the 
present work, a large set of coatings were prepared from 
HMDSO/O2 mixtures at a wide range of deposition condi-
tion in order to study their properties and thermomechanical 
stability.

Experimental
Thin fi lms were prepared on silicon substrates from 

hexamethyldisiloxane HMDSO (Si2OC6H18) and HMDSO/
O2 mixtures by PECVD in reactor with parallel plate elec-
trodes. The r. f. generator PG 501 (13.56 MHz) was ca-
pacitively coupled to the bottom electrode serving also as
a substrate holder. Due to the coupling and different mobility 
of electrons and ions its potential was a sum of r. f.voltage 
and d. c. self-bias. Before every deposition the substrates 
were treated 5 min in argon or oxygen discharges using the 

power of 100 W. For the deposition the fl ow rate of HMDSO 
(QHMDSO) was fi xed at 4 sccm and the fl ow rate of O2 (QO2) 
varied from 0 to 45 sccm. Deposition time was 7 min. The 
gasses were fed into the reactor through the upper grounded 
showerhead electrode. The pressure in the reactor was in the 
range from 1 to 32 Pa depending on the oxygen fl ow rate. The 
r.f. power used for the deposition varied from 100 to 450 W. 
The fi lms were annealed for 60 min in a laboratory furnace 
Classic Clare 4.0 evacuated by turbomolecular pump. A new 
as-deposited fi lm was always used for every given maximum 
annealing temperature that varied in the range from 100 to 
500 °C.

Results and discussion
F i l m  c o m p o s i t i o n

According to results of combined Rutheford Backscat-
tering Spectroscopy and Elastic Recall Detection Analysis 
(RBS+ERDA), the prepared fi lms should be described as Si-
OxCyHz. Atomic percentages varied with deposition conditi-
ons from polymer fi lms, which can be prepared at low powers 
and at low QO2 (e.g. SiO0.7C1.2H3.4, for P  =  100  W and pure 
HMDSO) to SiO2-like fi lms prepared at higher powers and 
with higher amount of O2 e. g. SiO2.1C0.2H1.1 for P  =  450 W 
and QO2  =  45 sccm). The temperature induced changes in ato-
mic composition carried out using RBS+ERDA in case of an-
nealed fi lms are summarized in Table I. The O/Si ratio shows 
similar behaviour at all deposition conditions. The O/Si ratios 
in case of fi lms annealed up to 300 °C are signifi cantly lower, 
than those in case of as-deposited fi lms. On the other hand, 
at 500 °C slightly increased. This could be explained with 
the help of thermal desorption spectroscopy measurements 
(TDS). From Fig. 1. could be seen that the main outfl ux from 
the fi lm is caused by water up to the temperature of 320 °C. 
There the water outfl ux reaches its peak and rapidly decrea-
ses. At the higher temperatures the hydrogen desorption took 
place from the fi lm.

Table I
Dependence of the atomic composition on the deposition 
conditions and on the annealing temperature

 100 W 450 W

 20 sccm
T [°C] 0 300 500 0 300 500
O/Si 1.99 1.68 1.71 1.84 1.79 1.99
C/Si 0.85 0.81 0.64 0.55 0.57 0.57
H/Si 2.31 1.88 1.57 1.60 1.37 1.01
(O+H)/Si 4.31 3.56 3.27 3.45 3.17 3.00

 45 sccm
O/Si 1.92 1.68 1.90 2.12 1.92 1.93
C/Si 0.66 0.57 0.51 0.24 0.29 0.21
H/Si 1.26 1.33 1.32 1.12 0.81 0.55
(O+H)/Si 3.17 3.10 3.22 3.24 2.75 2.49
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In the FTIR spectra of as-deposited fi lm peaks correla-
ted to –OH bonds were revealed. Namely Si–OH at aprox 
920  cm–1 and broad bands centred at the wavenumber of 
3650 cm–1 correlated with bending of OH in Si–OH, ovela-
ped by broad band of H–OH centred at the 3450 cm–1. These 
peaks are not observed in the spectra of annealed fi lm which 
is in good agreement with above discussed RBS + ERDA 
and TDS results. The same applyes to the Si-H stretching 
peak between 2100 and 2300 cm–1. Further three main 
peaks associated with Si–O–Si bond may be spotted. It is 
the rocking, bending and network vibration (stretching) at 
the wawenumbers of 450  cm–1, 830  cm–1 and 1070  cm–1, 
respectively. These peaks exhibit an increase with the insrea-
sing temperature which also correlates with the RBE results.
In order to visualize the changes in spectra of annealed sam-
ples, the spectrum of the as-deposited fi lm was subtracted 
from the spectra of annealed samples. These differential 
absorbance is plotted on Fig. 2. Si–CHx correlated peaks (i. e. 
Si–CH3 rock. and Si–CH3 stretch. at approx. 790–815 cm–1, 
Si–(CH3)3 rock. at approx. 840  cm–1 and Si–(CH3)2 rock. 
at 870–890  cm–1 as well as symetric deformation of
Si–(CH3)1,2,3 at the 1250 cm–1) are not infl uenced by thermal 

annealing very much. Therfore it seems that the water des-
orption happens to be the main effect of thermal annealing on 
SiOxCyHz  and an equation 1. could be written.

≡Si–OH + HO–Si≡  →  ≡Si–O–Si≡ + H2O  (1)

F i l m  p r o p e r t i e s
Optical properties of as-deposited as well as annealed 

fi lms were studied as a function of oxygen fl ow rate and 
of power. Refractive index is increasing with increasing 
power for all oxygen fl ow rates used and this tendency is 
observed also on annealed fi lms. Dependence of refractive 
index (λ = 633 nm) on oxygen fl ow rate is plotted on Fig. 3. 
The more inorganic the fi lm is, the lower refractive index. 
Although plotted just for the r. f. power of 200 W, same ten-
dencies were observed also at the other powers, even if the 
differences are more signifi cant at the lower powers. Annea-
led fi lms also exhibited changes in refractive index. 

The refractive index decresed with increasing annealing 
temperature. The difference in refractive index of as-deposi-
ted and annealed sample was again more signifi cant for fi lms 
prepared at lower powers.

The mechanical properties of as-deposited fi lms were 
signifi cantely improved by the thermal annealing. As-de-
posited fi lm were brittle, due to the high amount of hydroxyl 
groups bonded to silicon. After removal of these groups 
fracture thoughness of annealed fi lms was higher and even 
increased with increasing temperature as well as hardness, 
elastic modulus.

Fig.   3. Dependence of refractive index at wavelength of 
λ = 633 nm on oxygen fl ow rate

Conclusion
A large series of SiOxCyHz coatings were prepared in 

the wide range of deposition conditions from HMDSO and 
HMDSO/O2  mixtures. This set of coatings underwent a ther-
mal annealing in temperature range from 100 °C to 500 °C in
order to study their composition and structure. Annealed fi lms 
were studied by various characterization methods and corre-
lations between thermally effective changes and fi lm pro-
perties were found. RBS and FTIR experiments revealed in-
crease in Si–O–Si bonds and the decrease of –OH bonds that 
mean water desorption from fi lms. It leads to decrease of re-
fractive index and to improvement of mechanical properties. 

Fig.  1. Thermal desorption from the fi lm prepared at 
P  =  450 W, QO2  =  20 sccm

Fig. 2. Differential absorbance of annealed fi lms with respect 
to as-deposited fi lm (P  =  450 W, QO2  =  45 sccm)
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Introduction
Materials applicable as components into cement blends 

can be various industrial wastes or non-traditional natural 
raw materials, which have never been used for this purpose 
before or have never been used in any other branch so far 
and show favorable infl uence on properties of fi nal cement 
mixture. When applied they either give some specifi c featu-
res to cement and mortar (e. g. latent hydraulic – pozzolana 
activity, improvement of rheology, consistency and worka-
bility, compaction of microstructure and thus improvement 
of water impermeability and resistance to chemical corrosion 
and strength enhancement) or reduce the consumption of 
Portland clinker in cement blends. Out of waste materials, 
these can be various fl y ashes, fl uidized bed coal combustion 
wastes, slag, mine refuses, sludge, tailing rocks, mine spoils, 
and other rocks and minerals hard to utilize, received as side 
products at rocks and minerals mining and treatment1.

The aim of this work was to compare the properties of 
blended cements with those of pure Portland cement. Con-
sistency of cement pastes, setting process, development of 
hydration heat, and strength of cement mortar were subjects 
of the measurements and observations. Results of this work 
indicate possibility of utilization of some non-traditional ma-
terials as components for cement binders.

Results and discussion
Based on analyses carried out to characterize particular 

samples of non-traditional materials2 (chemical analysis, pet-
rographic description, X-ray diffraction analysis, differential 
thermal analysis, sieve analysis, density and specifi c surface 
assessment, determination of latent (pozzolana) hydraulic 
activity and for slag determination of glassiness), 26 samples 
in total were selected for further experiments. These samples 
were ground to the residue of 2 % on sieve with mesh of 
0.090 mm and mixed with cement CEM I 42.5R Hranice 

in a ratio of 1/3 by weight, respectively. The mixtures were 
examined to obtain following technological properties such 
as consistency, the start and period of setting, the setting 
process measured by Tussenbrock method, and hydration 
process, recorded on adiabatic and differential calorimeters. 
The compressive and fl exural strengths of the specimens 
were measured.

H e a t  g e n e r a t i o n  d u r i n g  h y d r a t i o n  
p r o c e s s  o f  c e m e n t  b l e n d s

We are able to predict the development of strength in 
cement, concrete, and mortar according to the amount of heat 
generated during hydration process. The optimization of hyd-
ration heat generated during setting is very important in mas-
sive constructions, where the insuffi cient heat transfer can 
cause overheating, followed by fracture of construction. The 
heat, generated during hydration processes of the samples 
was determined from two different ways of measurement:
The fi rst one uses adiabatic calorimeter, which records chan-
ges of the temperature as consequence of chemical reactions 
running in cement and mortar mixtures during hydration 
process. Sample of fresh cement mixture is placed into
a reaction container equipped with a moisture-proof lid and 
this is placed into a metal box with wire winding for heat 
induction. The temperature sensor is placed into the sample. 
All measurements were carried out in isoperibolical mode at 
constant temperature of the metal box of 35 °C for 24 hours. 
The maximum temperature of hydration, Tmax. in °C, and 
time of hydration, tmax. in hours, are used for the hydration 
heat evaluation.
The second way uses differential calorimeter, which com-
plements the above described method and enables to observe 
thermal effects, appearing immediately after the mixing of 
cement with water within the fi rst seconds until a few hours. 
The increase of temperature at very early stage of reaction is 
caused by dissolving clinker minerals and setting regulator 
(gypsum) and their interaction, which gives formation of 
hydration products, e. g. ettringite.

Sample of cement and required amount of water are 
placed into thermally isolated (adiabatic) container with stan-
dard and the whole system is left for temperature stabiliza-
tion. Water is mixed into the sample after stabilization and the 
temperature difference between the sample and the standard 
during reaction is measured. 

The hydration process is characterized by hydration 
curve or it is evaluated by temperature difference, ∆Tmax, in 
time, tmax. in min. 

The results of obtained technological properties are 
listed in Table I.

I n d e x  o f  h y d r a u l i c  a c t i v i t y
The index of hydraulic activity was modifi ed from the 

CSN EN 450 standard, which defi nes the index of hydraulic 
activity for fl y ash in concrete as the ratio of compressive 
strength of specimen prepared from 75 wt. % of reference 
cement and 25 wt. % of fl y ash to compressive strength of 
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standard mortar specimen prepared from only pure cement. 
The CEM I 42.5 is prescribed as standard.

For our purpose, the index of hydraulic activity for 
fl exural strength and for other waste and non-traditional 
materials as components into cement blends has also been 

calculated. The results of the hydraulic activity indexes are 
exhibited in Fig. 1.

S e t t i n g  p r o c e s s  b y  T u s s e n b r o c k
The principle of this method consists in determination 

of the consistency of setting cement paste in time by mea-
surement of the depth of submersion of 6 probes of different 
diameter stabbing into it. The depth of submersion indicates 
the threshold of shearing stress (in kPa) which corresponds 
to the consistency achieved in the moment of measurement. 
The results of setting processes obtained from Tussenbrock 
measurement are shown in Fig. 2.

Conclusion
Based on experimental results obtained so far and presen-

ted, we can conclude that some of the tested non-traditional 
raw materials seem to be perspective as the components into
cement blends. The examinations of other properties of prepa-
red cement blends continue currently and lead to optimization 
of dosage of selected components into the cement mixtures.

Table I
Technological properties of selected non-traditional materials 

  Setting Standard Adiabat. Different.
Sample Mix. [h:min] Consist. calorimetr calorimeter
  beg./end. [w/c] [oC/h] [∆oC/min]

Ref. CEM I 42.5 R Hranice  REF 2:40/5:00 0.27 62.53/7.2 2.025/6.0
Fly ash Dětmarovice T-P1 4:10/5:10 0.27 51.86/8.6 1.925/6.0
Fly ash Mělník II T-P5 4:00/5:30 0.28 50.17/8.5 2.075/4.5
Fly ash Prunéřov T-P7 3:30/4:10 0.31 52.09/7.7 2.475/5.5
Fly ash Tušimice T-P8 4:00/5:20 0.29 48.06/8.4 1.675/7.0
Fluidized ash Třinec lože T-P9 3:30/5:30 0.35 50.83/7.8 2.200/4.5
Fluidized ash Třinec fi ltr T-P10 4:00/5:40 0.32 49.51/8.0 2.125/5.5
Fluidized ash Tisová T-P16 2:40/3:30 0.29 60.35/7.0 3.150/6.0
Granul. blast fur. slag NH T-S1 3:50/4:50 0.27 53.17/7.8 1.900/5.0
Martin slag Třinec 4-8 T-S4 4:30/5:40 0.26 47.3/11.5 2.225/5.0
Martin slag Třinec 8-16 T-S5 4:10/5:10 0.26 49.6/10.2 2.100/6.0
Foundry slag Královopolská T-S6 6:10/9:30 0.27 41.3/23.1 2.175/5.0
Heap slag Zetor T-S7 3:50/5:10 0.30 54.46/7.9 1.975/4.5
Water treat.sludge Lachema T-O1 4:40/6:40 0.32 49.59/9.0 2.375/5.0
Red mud Žiar nad Hronom T-O2 2:20/3:50 0.30 51.24/6.5 3.125/4.5
Microsilica Šumperk T-O4 3:10/4:20 0.43 53.99/6.9 1.650/5.5
Silica fume Mníšek p.Brdy T-O5 4:00/6:40 0.60 51.47/7.7 1.00/10.5
Burnt shale Nové Strašecí T-O6 5:50/7:30 0.30 53.54/9.7 2.325/4.0
Ni product. sludge Sereď T-O9 3:00/5:00 0.27 53.59/7.5 2.150/5.5
Siliceous earth Borovany T-H4 3:10/3:50 0.38 52.75/6.0 2.225/6.0
Arenaceous marl N.Strašecí T-H5 2:40/4:30 0,33 52.75/6.8 2.550/4.5
Kaolin Nové Strašecí T-H6 5:10/8:50 0.37 54.08/8.1 1.825/5.5
Shale Horní Benešov T-H10 3:40/5:10 0.33 55.33/7.3 1.875/4.5
AndesiteVacíkov T-H14 3:20/5:00 0.30 54.35/7.8 1.875/4.0
Zeolite Nižný Hrabovec T-H15 2:20/4:40 0.37 45.17/6.2 2.800/6.0
Chert Nikolčice T-H16 3:20/6:20 0.30 45.25/9.2 2.025/5.5
Pearlitic rhyolite Lehôtka T-H17 3:00/5:10 0.30 54.01/7.9 1.950/5.0

Fig. 1. Index of hydraulic activity for compressive and fl exural 
strength for samples aged 56 days
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Introduction
Per year amount of waste tyres in 2000 was more than 

40  000 tons in Czech Republic1 and more than 2  500  000 tons 
in EU2. Almost 40  % of them were deposited in landfi lls1,2. 
According to “EU directive 99/31/EC on the landfi ll of 
waste”, landfi lling of whole tyres has been prohibited since 
2003 and landfi lling of tyre-shreds will be prohibited from 
2006. One of the possibilities of waste tyres reuse is their ma-
terial recycling. The object of this work is to solidify waste 

tyre-shreds into geopolymeric matrix to gain technically
applicable material.

Geopolymers are inorganic polymers. They are becom-
ing very popular due to their properties. Geopolymers are 
fi re-resistant (excellent fi re resistance up to 1200 °C)3, their 
compressive strength is about 20 MPa after only 4 hours of 
setting and between 80–100 MPa after complete hardening 
(about 1 month). Emissions of CO2 during their manufactur-
ing are fi ve times lower compared to concrete4. 

The term geopolymer was fi rst used by Davidovits5 to 
describe family of silico-aluminate binders. These polymers 
consist of Al–O–Si framework that is similar to zeolites. The 
main difference between zeolites and geopolymers is amor-
phous or semicrystaline structure of geopolymers compared 
to highly crystalline structure of zeolites. The synthesis of 
geopolymers takes place by polycondensation of silico-alu-
minates. The reaction is co-polymeration of the individual 
alumino and silicate species, which are formed by dissolution 
of silica and alumina contained in source materials at a high 
pH in the presence of soluble alkali metal silicates5,6.

Materials and methods
As a raw material for geopolymer synthesis was used 

clay, which is by-product from washing of glass sand. So-
dium silicate, sodium hydroxide, distilled water and activated 
clay was mixed together in ratios according to literature7,8. 
Waste tyre-shreds from tyre retreading were used for experi-
ments. Their particle size was between 10 µm–3 cm. Speci-
mens made of either non-separeted tyre-shreds or tyre-shreds 
particles smaller than 0.9 mm were prepared. The content of 
tyre shreds in both cases varied from 0 to 40 % (v/v).

Reaction mixtures were poured into molds and closed 
into PE bags, where they were left for 7 days to harden. After 
that, the hardened specimens were took out and left for 3 days 
under laboratory conditions to dry.

Prepared specimens were used for leaching tests in dis-
tilled water and 0.1 M HCl. The liquid:solid ratio was 10 :1 in 
both cases, the extraction period was 24 hours. The overview 
of the received leachates is shown in Table I.

Table I
Leachates of rubber-geopolymer composite specimens

Extraction liquid Size of tyre-shreds Symbol used
  for the leachetes

0.1 M HCl Non separated A
0.1 M HCl Smaller than 0.9 mm B
H2O Non separated C
H2O Smaller than 0.9 mm D

The leachates were characterized by measurement of 
conductivity and pH values and Zn content (AAS method; 
concentration of zinc in the leachate was measured due to 
the application of ZnO during the rubber production). The

Fig. 2. Change of consistency – setting process by Tussenbrock 
for selected samples
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specimens were assessed by water absorbability determina-
tion (weighing of dry and water saturated specimens).

Results
Values of pH are shown in Fig. 1. and ranges between 

10.96 and 11.53 in case of leaching in distilled water and 
between 2.10 and 3.27 in case of leaching in 0.1 M HCl. 
There is no signifi cant trend in dependence of pH on amount 
of tyre-shreds.

Fig. 1. Dependence of pH values of specimen leachates on rub-
ber content in the specimen 

Conductivity of leachates is shown in Fig. 2. While 
the conductivity of C leachates is decreasing with the 
higher amount of tyre-shreds (except sample with 5 vol. % 
of shreds), the other leachates (A, B, D) show no trend in 
dependence on amount of tyre-shreds. Conductivity ranges 
from 10.40 mS cm–1 to 13.5 mS cm–1 in 0.1 M HCl leachates 
and from 1.48 mS cm–1 to 4.18 mS cm–1 in distilled water 
leachates. 

Fig. 2. Dependence of conductivity values of specimen leacha-
tes on rubber content in the specimen 

Fig. 3. Dependence of Zn concentration in leachates on rubber 
content in the specimen

Concentration of Zn in 0.1M HCl leachate is shown 
in Fig. 3. It increases with increasing rubber content from 
0.318 mg dm–3 to 4.580 mg dm–3 for samples with non-sepa-
rated tyre-shreds and from 0.664 mg dm–3 to 8.910 mg dm–3 
for specimens with tyre-shreds with size under 0.9 mm.

Concentration of Zn in aqueous leachates was under the 
limit of detection, pH and conductivity values met the regu-
latory levels for inert waste.

Water absorbability decreases from 30 % (v/w) to 19 % 
(v/w) and is shown if Fig. 4.

Fig. 4. Dependence of water absorbability of specimens on 
rubber content in the specimen

Samples with higher amount of tyre-shreds (35 and 
40 vol. %) do not have smooth surface. It is caused by high 
viscosity of their mixture and consequently with their diffi -
cult transfer into the molds.

Conclusion
Specimens of rubber-geopolymer composite were pre-

pared from tyre-shreds. Waste rubber in amount 5–30 vol. % 
can be used for manufacture of this composite material. 
Rubber content higher than 30 % (v/v) lowers workability 
of mixture during preparation and causes problems with 
molding. Prepared specimens were tested by leaching tests in 
water and in 0.1 M HCl. All the observed parameters met the 
regulatory levels for inert waste. The material is resistant to 
water and also to acid. It is assumed that the prepared com-
posite rubber-geopolymer could be used in different technical 
applications.
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Introduction
Geopolymers are amorphous three-dimensional alumi-

nosilicate materials with ceramic-like properties but which 
are synthesized and hardened at ambient pressure and tem-
perature1. Polymerization occurs under highly alkaline con-
ditions, when reactive aluminosilicate materials are rapidly 
dissolved and free [SiO4] and [AlO4] tetrahedral units are 
released into solution. During the reaction, water is gradually 
split out and the tetrahedral units are alternatively linked to 
polymeric precursors by sharing oxygen atoms between two 
tetrahedral units and thereby forming amorphous geopoly-
mers2. It is known1,2 that structure of some geopolymers is 
similar to that of sodalite, which is a natural zeolite with 
characteristic cubooctahedral unit.

Natural zeolite ultramarine has also sodalite structure 
and it is characteristic with its blue color. Presence of chro-
mophore anionic radicals S3

–, which are closed in cuboocta-
hedral units of sodalite, causes the blue color of ultramarine. 
Presence of anionic chromophore radicals S2

– cause yellow 
color and bring about green color of some types of ultrama-
rine3,4,5.

We suppose that addition of polysulphide solution to 
geopolymer should change its color if sodalite structure is 
present. The presented work is focused on verifying of this 
hypothesis.

Experimental
P r e p a r a t i o n  o f  p o l y s u l p h i d e  
s o l u t i o n

Pulverous sulphur (p. a.) was added to the water solu-
tion of Na2S  .  9H2O (p. a.) in molar ratio 4 :1. Color of the 
solution has been changed from colorless to red-orange.

The prepared polysulphide solution has been preserved in 
closed plastic bottle.

P r e p a r a t i o n  o f  G e o p o l y m e r s
Two different geopolymers have been prepared from 

materials as follows: SiO2 (Ultrasil VN3PD, Plastservis), 
Al2O3 (Brockmann’s for chromatography, neutral), solid 
NaOH (p. a.), distilled water, water glass (composition is in 
Table I), raw clay material S-N (composition is in Table I).

Table I
Chemical composition of raw material S-N and water glass

Composition* of raw
clay material S-N [%] (w/w)

 SiO2 28.7 TiO2 0.29
 Al2O3 22.6 K2O 0.16
 Fe2O3 0.1 LOI 6.6
 CaO 0.15 Total 88.45

Composition** of water glass [%] (w/w)

 SiO2 31.22 Na2O 10.96
 H2O 57.82  

* determined by XRF method
** data of the water glass producer

NaOH and distilled water were added into water glass 
solution at continual stirring. After NaOH dissolution, S–N 
was added to the mixture. The reaction mixture has been 
divided into two halves after stirring. They were labeled as 
A and B. 10 ml of polysulphide solution was added into mix-
ture A and stirring continued for next 5 min. Both reaction 
mixtures A and B were poured into lockable plastic forms 
and were kept closed for 28 days. Visual observation of color 
changes was carried out once per day. After 28 days, the hard-
ened specimen of mixture B was removed from form and was 
putted into polysulphide solution for 24 hours. After that, the 
both specimens A and B were evaluated by XRD and FTIR 
measurement. 

The second geopolymer was prepared from mixture of 
SiO2 and Al2O3, with molar ratio Si/Al  =  1:1, instead of S-N. 
The other components and procedure steps was identical with 
previous preparation. Prepared specimens were labeled as C 
(polysulphide was added to the reaction mixture) and D (po-
lysulphide was added to hardened specimen).

Results and discussion
P o l y s u l p h i d e  s o l u t i o n  a p p l i e d  i n t o  
r e a c t i o n  m i x t u r e

After one day of hardening, no color change of geopo-
lymer surface of the specimen A was observed. Surface of 
the specimen A was orange and was covered by thin polysul-
phide coating.
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After 48 hours, a color change of specimen A surface 
was observed. After 28 days, specimen A was removed 
from the form, washed up by distilled water and dried up. 
During drying, a loss of color from surface was registered.

In case of specimen C, the surface got green color after 
two days. After 28 days, specimen C was removed from the 
form, washed up by distilled water and dried up. No loss of 
color was registered.

XRD analysis of the specimen A showed only characte-
ristic peaks of quartz, which was presented in raw material 
S-N. No characteristic peaks were found in XRD record of 
specimen C at all. It is possible to assume, that prepared spe-
cimen C has an amorphous structure. 

Characteristic vibrations of chromophore anionic ra-
dicals S3

– and S2
– were searched by measurement of FTIR 

spectra. It is known from literature, that chromophore anio-
nic radical S3

– has characteristic vibrations about 547 cm–1 
and 582 cm–1. However, S2

– radical, which causes the green
color of ultramarine, has not a characteristic vibration in 
FTIR spectra. This fact was confi rmed by measurement of 
the FTIR spectra of prepared geopolymer specimens in the 
presented work.

P o l y s u l p h i d e  s o l u t i o n  a p p l i e d  o n  
s u r f a c e  o f  g e o p o l y m e r  s p e c i m e n s

After application of polysulphide solution to specimen 
B, the change of surface color was observed within 30 min. 
After 24 hours, the surface of specimen B was blue-green. 
After removing of geopolymer specimen B from polysul-
phide solution and its washing in distilled water and drying 
up, decolorization was registered.

Application of polysulphide solution to specimen D 
caused a change of color after 24 hours. After removing of 
the specimen from polysulphide solution and its washing in 
distilled water and drying up, decolorization was registered. 

Conclusion
Achieved results confi rmed previous hypothesis about 

the possibility of using polysulphide solution as indicator of 
sodalite structures in prepared geopolymers. It was observed, 
that when sodalite structures are present, the reaction product 
changes its color. The polysulphide solution can be applied 
into reaction mixture or on surface of hardened geopolymer. 
The results of XRD measurements confi rmed that geopoly-
mers are amorphous materials. The characteristic vibrations 
of anionic radicals S3

– in FTIR spectra were not found. In 
spite of this fi nding the change of color turn up and that me-
ans that anionic radicals S2

– are probably present.

Financial support for this study was provided by the 
Ministry of Education of Czech Republic – Project: VZ MSM 
7088352101.
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Introduction
Demands on cement quality required from cement 

producers keep increasing throughout the world. The de-
velopment in cement production is currently being affected 
by ecologic and economic aspects on one hand; on the other 
hand the customer requests for high quality of cement prod-
ucts come into account. The optimal utilization of primary 
raw material sources, usage of secondary raw materials 
and secondary energy sources under the achievement of 
high quality and durability of cement products present all 
together the main producers’ efforts. From this point of view 
the pointing of non-traditional raw materials and considering 
the possibility of their alternation for natural sources to re-
ceive unchanged, possibly increased quality of fi nal products 
seems to be very eligible.

Methods
Based on chemical and mineral analyses of 59 samples 

of non-traditional raw materials1, several wastes, secondary 
and natural raw materials were selected, which appear appli-
cable as components into cement raw meal for the Portland 
clinker burning. The list of selected materials is given in 
Table I.

From total amount of approx. 30–50 kg of the origi-
nal material, smaller representative amount of 5–7 kg was 
separated by fourth. Moist and wet materials and sludge 
were dried at temperature of 50 or 105 °C, with respect to 
the chemical structure. Lumpy materials were ground to 
grain size under 1 cm. The amount of 100–200 g of each dry 
and ground raw material was used for preliminary analyses,
and especially for calculation of chemical composition of 
raw meal. 

Coarse raw materials were milled using laboratory ball 
mill to the fi neness defi ned by the sieve residue with the sieve 
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mesh 0.090 mm, which formed approx. 20 wt. %. Other fi ne 
raw materials were kept in original state.

The infl uence of particular raw material on the clinker 
formation rate was studied by the kinetic method of raw meal 
reactivity determination2. The method was modifi ed in such 
way that the maximum affecting factors were eliminated. The 
following basic chemical parameters of the raw meal compo-
sition were invariable – lime saturation (SLP = 94), silicate 
modulus (Ms = 2.4), aluminate modulus (Ma = 1.6). How-
ever the required value of aluminate modulus in some cases 
and the silicate modulus in one case could not be achieved 
as the chemical composition of raw materials did not allow 
it. The particular raw materials, the infl uence of which was 
observed, were added into the mixtures in constant dosage 
of 15 wt. %. The infl uence of other chemically pure compo-
nents (CaCO3, Al2O3, SiO2, and Fe2O3) was minimized by 
triturating to minus mesh 0.040 mm.

Results
The principle of the kinetic method is the accurate iso-

thermal clinker burning3 at the temperature of 1430 °C3 fol-
lowed by quantitative analysis of the clinker by microscopic 

method4. With use of the quantitative analysis the reaction 
rate constant K for the alite formation (C + C2S = C3S) can be 
calculated as well as the raw meal reactivity value Rm, which 
is the non-dimensional variable defi ned as the ratio of K reac-
tion rate constant and the reaction rate constant of reference 
raw meal. 

Thus the raw meal reactivity is the relative rate of is-
othermal clinker formation from the raw meal at the mean 
temperature of sintering zone in rotary kiln. It comprises 
the infl uence of all reactivity factors, which can be divided 
into non-effectible raw material source factors (mineral 
composition and microstructure of components, the content 
of secondary oxides, etc.) and effectible factors of raw meal 
preparation (composition, grain size, homogeneity). 

The relative infl uence of the factors from the fi rst group 
can be determined when standardizing the factors from the 
second group, that means by preparation of raw meals of the 
same chemical and granular composition. That is very hard 
to achieve in practice, and thus this standardization is carried 
out by calculation, based on the knowledge of mechanism 
and kinetics of clinker formation5. Using the standardization 
calculation together with phase analysis results from Rm 

Table I
The list of selected raw materials applicable as the cement 
raw meal component

Group Raw material Mark

 Fly ash Dětmarovice T-P1 
 Fly ash Malešice T-P3 
Fly ash Fly ash Tušimice T-P8 
 Fluidized ash Třinec bed T-P9 
 Fluidized ash Třinec fi lter T-P10 
 Fluidized ash Olomouc T-P15

 Blast furnace granulated NH T-S1 
 Blast furnace non-granulated NH T-S2 
Slag Martin s.Třinec fraction 4-8mm T-S4 
 Martin s.Třinec fraction 8-16mm T-S5 
 Foundry slag  Zetor T-S7 
 Heap slag Kladno T-S9

 Limestone sludge Vitošov T-H3
 Siliceous earth Borovany T-H4
 Arenaceous marl Nové Strašecí T-H5
Rocks Glaukonitic clay Nové Strašecí T-H7
 Kaolinitic sand Nové Strašecí T-H9
 Shale Horní Benešov T-H10
 Granodiorit powder Leskoun T-H18

 Water treatment sludge Lachema T-O1 
Other Red mud Žiar nad H. T-O2 
 Sugar refi nery waste Cukrspol T-O3 
 Ni production sludge Sereď T-O9

Table II
Sieve analyses of particular raw materials in wt. %

Group Mark Mesh in mm Note
  0.063 0.090 0.125

 T-P1 18.4 9.1 3.9 original
 T-P3 14.6 6.2 2.5 original
Fly ash T-P8 33.0 19.8 9.6 milled
 T-P9 32.5 18.8 7.5 milled
 T-P10 26.8 14.2 6.8 milled
 T-P15 33.8 20.3 9.6 milled

 T-S1 30.8 16.2 6.2 milled
 T-S2 32.1 17.8 8.2 milled
Slag T-S4 32.4 17.9 7.3 milled
 T-S5 33.6 19.2 8.5 milled
 T-S7 31.7 17.4 6.8 milled
 T-S9 24.9 11.0 3.8 milled

 T-H3 25.8 14.0 7.4 original
 T-H4 38.0 23.3 12.0 milled
Rocks T-H5 30.1 16.1 6.9 milled
and mins. T-H7 34.2 23.0 16.7 milled
 T-H9 35.0 19.8 6.4 milled
 T-H10 18.4 11.9 6.1 original
 T-H18 30.2 16.7 6.7 original

 T-O1 12.9 8.5 5.3 original
Other T-O2 30.1 18.8 9.2 original
 T-O3 19.8 12.0 6.4 original
 T-O9 24.9 14.5 6.9 original
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determination and supplementing them with raw meal sieve 
analysis the relative value of reactivity of raw meal source Rs 
can be calculated2.

When determining the reactivity in practice 4 tablets of 
the same weight of 0.06 g and the bulk density of 2.8 g cm–3, 
were pressed out from each raw meal and the clinkers were 
burned out individually, isothermally, at the same conditions 
(1430 °C, 360 s) in an automatic kiln equipped with a ma-
nipulator3. Those four tablets of clinkers were compounded 
into one polished section for each raw meal for carrying out 
the microscope quantitative phase analysis by the method of 
point integration4. Next, the values of Rm and Rs were calcu-
lated from the results of quantitative phase analyses and sieve 
analyses of raw meals (see Table II). Selected fi nal results are 
given in Table III. The value reactivity of raw material source 
Rs is crucial for the comparison of particular raw material 
reactivity. The value of raw meal reactivity Rm refl ects the 
value of Rs and the raw meal preparation; in this case the 
various grain sizes play dominant factor for tested materials.

Conclusion
Presented results advert to utilization of non-traditional 

raw materials as components into cement raw meal from the 
point of view of their reactivity. For instance, the red mud 
Žiar nad Hronom possesses highest reactivity; also waste 
limestone sludge, Martin slag and a representative of fl ui-
dized bed coal combustion waste appear as highly reactive. 
The sugar refi nery waste seems to be very interesting due to 
its high content of combustible substances, which could lead 
into lowering the dosage of fuels.

In the future, the research on the infl uence of those 
non-traditional materials on the Portland clinker burning, its 
properties, and the cement produced will continue.

This paper was elaborated with the fi nancial support 
from the Ministry of Industry and Trade of Czech Republic, 
project No: FT-TA/020.
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Table III
Selected results of analyses for the reactivity determinations and their fi nal values

Raw meal Phase content [vol. %] 
 C3S C2S MH Cfree pores C3Seq. C2Seq. Rm Rs

SM-R-T-P1 50.6 26.3 17.8 5.3 23.8 73.0 9.2 0.70 0.47
SM-R-T-P3 32.3 41.5 19.2 7.0 22.6 61.8 19.0 0.32 0.15
SM-R-T-P8 33.5 40.8 19.8 5.9 27.7 58.4 21.8 0.41 0.59
SM-R-T-P9 47.6 28.4 20.1 4.0 20.9 64.5 15.4 0.86 0.86
SM-R-T-P10 32.7 38.3 21.1 7.8 25.1 65.6 13.3 0.28 0.25

SM-R-T-S1 40.3 34.4 19.6 5.7 24.7 64.3 16.1 0.52 0.49
SM-R-T-S2 47.0 26.7 20.3 6.0 26.3 72.3 7.4 0.58 0.63
SM-R-T-S4 51.2 24.4 20.5 4.0 27.1 68.1 11.4 0.92 0.94

SM-R-T-H3 52.7 25.8 17.7 3.7 21.7 68.3 14.0 1.00 1.04
SM-R-T-H4 38.8 34.7 19.2 7.3 23.4 69.6 11.2 0.38 0.55

SM-R-T-O2 48.5 30.0 17.5 4.0 31.1 65.4 17.1 0.87 1.31
SM-R-T-O3 44.7 31.4 19.0 4.8 37.9 65.0 16.0 0.69 0.73

Where: C3Seq = 4,219 × Cfree + C3S  is calculated equilibrium content of alite 
 C2Seq = 100 – C3Seq – C3A – C4AF is calculated equilibrium content of belite 
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Introduction
In recent technologies of cement and concrete compo-

sites, strong emphasis is laid on the fi nal physico-chemical 
properties of hardened cement pastes, as well as on the 
properties of fresh mixture. Such properties, indicating its 
consistency and workability can all together be called the 
rheology of cement, concrete or mortar mixture. They can 
be successfully modifi ed, currently, by very common and 
sometimes irreplaceable chemical admixtures, out of which 
the superplasticizers are the most widespread1. Together with 
mineral admixtures (blast furnace slag, microsilica, fl y ash, 
pozzolana, microaggregates, etc.), they enable producing 
new, non-traditional types of concrete2.

Although nowadays market is overfi lled with different 
kinds of chemical admixtures for cement based concretes 
and mortars, the consumers’ understanding of their effects 
and proper use is insuffi cient. Consequently, they come 
across many unexpected and undesirable resulting proper-
ties, caused by incompatibility of superplasticizer with some 
of the constituents of binder mixture, changing its setting 
time, etc. Therefore, the determination of optimal kind and 
dosage of plasticizing admixture for proper application in 
tailored composites is a very important task. The effi ciency 
of various superplasticizers and their effect on properties of 
fresh and hardened cement can differ at various conditions 
radically. Since this can be studied mainly on the rheology 
of fresh paste, observing rheology changes, in cement pastes 
modifi ed by various superplasticizers in time was the main 
subject of our study.

F u n c t i o n i n g  m e c h a n i s m  o f  
s u p e r p l a s t i c i z e r s

Superplasticizers bring about the dispergation of cement 
particle agglomerates. In this way they modify the consis-
tency of fresh cement paste, making it more fl owable, and 
hence workable. They also infl uence the start of setting signi-
fi cantly. The water/cement ratio can be reduced substancially 
and the compact dense structure of hardened concrete, water 
impermeable and resistant to chemical corrosion, of enhan-
ced strength can be achieved3.

Superplasticizers are organic macromolecules of diffe-
rent composition, structure and molecular weight. They are 
mostly the co-polymers with long branch chains and various 
functional groups. The sulfonate based superplasticizers 
cause the electrostatic effect of particle repulsion. After ad-
sorbing to positively charged surface of tricalciumaluminate 

C3A or tetracalciumaluminateferrit C4AF by the –SO3H 
group, the other negatively charged –SO3H groups of the 
molecule cause the electrostatic repulsion with other nega-
tively charged particles C3S and C2S. The polycarboxylate 
based superplasticizers induce mainly sterical repulsive for-
ces among particles of cement. These macromolecules bear, 
apart from negatively charged and electrostatic repulsive for-
ces inducing –COO– groups, also long branch chains, which, 
after adsorption to the cement particle surface, prevent par-
ticle agglomeration. Due to signifi cantly higher effi ciency the 
polycarboxylates enable to decrease their dosage to tenths of 
percentage.

The experiments
For the experiments, two types of Portland cement CEM 

I 42.5 R with signifi cantly different moduli and mineral com-
positions were selected.

Superplasticizers used in this work were chosen to be of 
different chemical composition and producer:
–   Naphtalensulfonate A
–   Polycarboxylate A
–   Naphtalensulfonate B
–   Polycarboxylate B

Fresh mixtures were prepared by mixing cements and 
solutions of superplasticizers, and examined by methods of 
viscosity and minislump test determination in time. Different 
infl uence of superplasticizers on properties of fresh cement 
pastes was observed.

T h e  v i s c o s i t y  o f  f r e s h  c e m e n t  
p a s t e

The viscosity can be defi ned generally as the rate of the 
resistance of liquid material toward the fl ow. The Brookfi eld 
DV-E viscometer, on which the measurement of plasticized 
cement suspensions was performed, is principally based 
on the rotation of spindle equipped with calibrated string 
in tested liquid (suspension).The viscosity is given by the 
rate of torsion of the string. The measuring of viscosity of 
cement suspension in time by this viscometer makes sense 
only before beginning of setting process (through dormant 
period) and in case of strongly diluted suspensions (high

Fig. 1. The viscosity development of fresh cement suspensions 
prepared from CEM I 42.5 R Mokrá, modifi ed by various supe-
plasticizers (w/c = 0.35)
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water/cement ratio), until the suspension holds plasticity and 
low viscosity. Once the initial set occurs, the suspension looses 
its plasticity and transforms into the stiff mixture of dense con-
sistency. The spindle drives a channel in such dense mixture 
and moves ahead in it without overcoming the resistance of 
paste any more. The results of viscosity measurement in time 
of modifi ed cement suspensions are shown in Fig.  1. and 2.

T h e  m i n i s l u m p  f l o w  t e s t
The minislump fl ow test of fresh cement paste was mo-

difi ed from the ČSN 72-2441 standard. Plasticized cement 
pastes, with the water/cement ratio of 0.40 were spread from 

the cone over the Haegermann table. Four diameters of the 
spread paste were taken and the average of these values was 
calculated. The measuring was repeated until no slump fl ow 
occurred. The cone with following diameters was used: bot-
tom diameter = 10 cm; upper diameter = 7 cm, height = 6 cm. 
The results of slump test are given Fig. 3. and 4.

Conclusion
Modifi cation of properties of cement pastes prepared 

from two kinds of portland cement by addition of various 
kinds and amount of superplasticizers was demonstrated. 
The results of viscosity and minislump fl ow test indicate 
that given superplasticizer affects properties of cement paste 
in similar way concerning dosage; increased dosage causes 
more intensive plasticizing effect. If the effects of various 
superplasticizers at the same dosage are compared, the differ-
ent ways of their infl uence are notable; as well as the effect of 
one superplasticizer with two different cements. Another fact 
can not be omitted, that one kind of superplasticizer can react 
with given cement in different way, when the conditions and 
parameters are changed, especially water/cement ratio and 
temperature. Neglecting this fact we sometimes come across 
the undesirable results of the modifi cation such as bleeding, 
decrease of strengths, etc. 

The unfavorable and unexpectable infl uence has to be 
observed and minimized. The accurate water/cement ratio 
and other parameters need to be set for every superplasticized 
mixture. The pilot tests are recommended prior to every sin-
gle application. Thus the purpose, for which superplasticizer 
is going to be used, and the properties of fi nal product should 
be considered thoroughly before every application.
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Introduction
Polycarbonate is widely used material in different 

branches of industry. This thermoplastics material is used 
everywhere high impact resistance and transparency is re-
quired. However, surface properties of polycarbonate (e. g. 
wettablity and adhesion with deposited metallic or dielectric 
fi lms) are not suitable for every application. Plasma surface 
treatment is very promising technique for adhesion impro-
vement. Most of reported works with plasma activation of 
different polymers1 especially polycarbonates were made in 
different types of low-pressure plasma2,3. The disadvantage 
of the low-pressure techniques is their demand of expen-
sive vacuum pumping systems. Moreover, the diffi culties 
in arranging the system for large area treatment have to be 
overcome. Recently, plasma activation of polymers at atmos-
pheric pressure has become a promising technology due to its 
economical and ecological advantages.

Dielectric barrier discharges at atmospheric pressure are 
widely used in various applications such as depolution, ozone 
production, surface treatment and thin fi lm deposition. Two 
modes of barrier discharge can occur: fi lamentary and glow. 
In the fi lamentary mode the treatment is not homogeneous so 
its application is limited for surface activation and plasma de-
positions. The atmospheric pressure glow discharge (APGD) 
allows homogenous treatment of the surface however this 
kind of discharge is possible to obtain only under certain 
specifi c conditions.

The main objective of this paper was to investigate the 
effect of the plasma surface treatment in APGD on the sur-
face properties of polycarbonate. 

Experimental
The atmospheric pressure glow discharge was gener-

ated in a reactor chamber between two brass electrodes.
The upper electrode was covered by a dielectric (pyrex
glass) 1 mm thick and the bottom one was covered with the 
polycarbonate sample. The discharge was generated in pure 
nitrogen or in pure nitrogen with small admixture of hy-
drogen (3 %). The bottom electrode was periodically mov-
ing with sample during the treatment to achieve higher ho-
mogeneity and to increase the treated area. The distance 
between electrodes was 1  mm. The operating frequency 
was kept at 10 kHz and the input power density was kept 
at 0.8 W cm–2 in all cases. The treatment time varied from
4 to 100 s.

So called Acid Base Regression method4 was used to 
calculate the total surface free energy γ) and its components 
(Lifshitz-van der Walls γLW, acid-base γAB, acid part γ+ and 
base part γ-) from contact angles measured by means of Sur-
face Energy Evaluation System5. The topology of treated and 
untreated samples was studied by means of AFM and SEM 
and chemical changes were investigated by XPS.

The discharge properties were studied by means of the 
optical emission spectroscopy. The spectra emitted by the 
discharge were recorded with the Jobin-Yvon TRIAX 550 
spectrometer with a CCD detector.

Results and discussion
Typical spectrum of the nitrogen discharge with 3% hyd-

rogen admixture is displayed in Fig. 1. The spectrum consists 
only of the molecular bands of the second positive system 
of nitrogen (C 3Πu → B 3Πg). Neither hydrogen atomic lines 
nor hydrogen molecular lines were registered, although the 
integration time was exaggeratedly raised. This is probably 
due to the complex structure of nitrogen molecule excited 
states, which absorbs the most of the supplied energy.

The surface free energy (SFE) of treated polycarbonate 
as a function of the plasma treatment time in nitrogen-hydro-
gen mixture is shown in Fig. 2. The total surface free energy 
γ) and also its components (γLW Lifshitz-van der Walls and 
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Fig. 1. Overview spectrum of APG discharge in nitrogen with 
3% hydrogen admixture. Whatever the hydrogen admixture 
was, only nitrogen emission was observed 
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γAB acid-base component) rapidly increased during the fi rst 
7 s of treatment then reached saturation. 

The time stability of treated samples was also inves-
tigated (see Fig. 3.). The total surface free energy and its 
components slightly decreased during the fi rst 12 hours of 
the aging and remained constant. The stable value of SFE of 
aged sample was considerably higher then the value of SFE 
of untreated sample. We suppose the good stability is caused 
due to croslinking effect.

The surface atomic concentration of samples was me-
asured by X-ray Photoelectron Spectroscopy using Mg Kα 
photon beams. The results are in Table I. 

Table I
Atomic concentration of virgin sample and treated samples. 
Plasma treatment time of samples was 100 s

 Sample C O N
  [%] [%] [%]

 virgin PC 83.2 16.8 0.0
 PC treated in N2 72.1 17.9 10.0
 PC treated in N2 + H2 68.1 16.9 15.0

Conclusion
Polycarbonate samples were activated in the atmos-

pheric pressure glow discharge. The surface free energy of 
treated samples increased from 30 to 53 mJ m–2. The treated 
samples showed out only low ageing effect. The saturated 
value of SFE of samples plasma treated in APGD was com-
parable with saturated value of SFE of samples treated in 
low-pressure discharges. The benefi t of the technique based 
on APGD is short-process time and low aging effect in con-
trast to low-pressure techniques. 

This work was supported by Grant Agency of Czech 
Republic No. 202/05/0777 and 202/02/D097.
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Introduction
During the cement and water reaction, the clinker mi-

nerals are hydrated to create hydration product. The reactions 
are accompanied by heat evolution in several stages. Some 
materials may be added to the cement in a certain amount 
without decreasing of the fi nal material properties despite 
of they don’t create a binder alone. This material property 
is known as puzzolanic activity. The reactions course in 
the cement-water system must be logically joined with the 
thermal effect. To enable measurement of the heat evolved 
by puzzolanic reactions, they have to be subjected to a calo-
rimetric study. If compared the cement-water reaction heat 
with the heat evolved from the same mixture with addition 
of a puzzolan, there is an ability to determine the amount of 
heat belonging to puzzolanic reactions. It is necessary to use 
abundance of water to eliminate mixture dilution by puzzo-
lan addition. Also there is a need to choose the appropriate 
amount of the puzzolan.

Experimental and results
200 g of portland clinker Mokrá 2004 and 20 g of the 

secondary raw material sample was mixed in a dish. The dry 
mixture was thoroughly homogenized and then 100 ml of 
distilled water was added. The mixture was blended for 120 s 
followed putting into the styrofoam dish and starting the ca-
lorimetric measurement. Obtained curves were numerically 
integrated to chosen temperature level. Values acquired by 
the curves integration were compared with the integral value 
of blank sample and their difference corresponds with puzzo-
lanic activity of tested raw material.
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Table I
Relative heats of the secondary raw materials

Label Material Location QP ∆Q Qrel

HIGH TEMPERATURE FLY ASHES
T-P1 Fly ash Dětmarovice 239.83 42.07 0.213
T-P2 Fly ash Chvaletice 211.40 18.38 0.095
T-P3 Fly ash Malešice 213.59 15.83 0.080
T-P4 Fly ash Mníšek 216.34 18.58 0.094
T-P5 Fly ash Mělník II 225.02 27.26 0.138
T-P6 Fly ash Opatovice 211.74 18.72 0.097
T-P7 Fly ash Prunéřov 229.01 22.54 0.109
T-P8 Fly ash Tušimice 180.49 –12.53 –0.065

FLUID BED FLY ASHES
T-P9 Fly ash Třinec bed 224.42 26.66 0.135
T-P10 Fly ash Třinec fi lter 243.21 45.45 0.230
T-P11 Fly ash Hodonín bed 277.81 16.29 0.062
T-P12 Fly ash Hodonín fi lter 260.51 –1.01 –0.004
T-P13 Fly ash Ledvice bed 258.81 –2.71 –0.010
T-P14 Fly ash Ledvice fi lter 228.93 –32.59 –0.125
T-P15 Fly ash Olomouc 236.62 38.86 0.197
T-P16 Fly ash Tisová 245.35 38.88 0.188

SLAGS
T-S1 GBFS Nová huť Ostrava 139.28 –99.47 –0.417
T-S2 BFS, Nová huť Ostrava 130.09 –108.66 –0.455
T-S3 Slag ŽDB Bohumín  248.76 –12.76 –0.049
T-S4 GBFS Třinecké železárny 4-8 189.19 –49.56 –0.208
T-S5 GBFS Třinecké železárny 8-16 194.78 –43.97 –0.184
T-S6 Foundry slag Foundry Královopolská 195.04 –11.43 –0.055
T-S7 Foundry slag Foundry Zetor 161.37 –31.65 –0.164
T-S8 Slag Štramberk 233.62 27.15 0.131
T-S9 Steel slag Kladno 215.38 –23.37 –0.098
T-S10 Ni-slag Lučenec-Sereď 214.71 8.24 0.040
T-S11 Al-slag Žiar n/Hronom 202.24 9.22 0.048

GROUNDS
T-H4 Bergmeal Borovany 190.87 –2.15 –0.011
T-H5 Arenac. marl Nové Strašecí 216.87 23.85 0.124
T-H11 Tephrite Dubičná 196.00 –10.47 –0.051
T-H12 Trachyte Valkeřice 198.61 –7.86 –0.038
T-H13 Trachyte Heřmanov 192.43 –14.04 –0.068
T-H16 Hornfels Mikulčice 206.16 13.14 0.068
T-H17 Rhyolite Lehôtka 214.59 8.12 0.039
T-H18 Porfyrite tuff Vacíkov 218.35 25.33 0.131

OTHERS
 Silica fume Ezanova Šumperk 222.93 25.17 0.127
207 sludge Lachema 251.03 44.56 0.216
231 Calcin. waste Cukrspol 13.22 –179.80 –0.932
950 Cinder Mělník 241.29 –20.23 –0.077
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 The obtained integrals values represent the amount 
of evolved heat 

Q K T t=
∞

∫ ∆ d
0

.

The integral application for acquiring of heat fl ow in-
formation follows the general Fourier equation for energy 
transport 
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The heat increasing of puzzolanic reactions ∆Q is the 
difference of heat of the blank cement mixture (clinker with 
water) Qc and the same mixture with puzzolan addition Qp. 
The relative heat Qrel is comparable each other.
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Table I presents the values of reaction heat relative ben-
efi t for fl uid bed fl y ashes, high-temperature fl y ashes, slags, 
grounds and other secondary raw materials. It is evident that 
the highest additional heat is exhibited in the case of fl uid 
bed fl y ashes, in the process the fi ner portion from fi lter has 
higher reactivity. Another factor which may play signifi cant 
role is the free lime content. The free lime shows in the initial 
hydration period own hydration heat, but its role in further 
hydration is more important due to its ability to increase 
calcium ions concentration in the solution and its contribu-
tion to faster start of puzzolanic reactions. And this probably 
contributes with lower or negative heat values of Hodonín 
and Ledvice fl uid bed fl y ashes. High-temperature fl y ashes 
accounts lower activity according to stable high-temperature 
phases (mullite etc.). Reactivity of these materials is ensured 
by amorphous glassy phase occurrence. An atypical high 
activity of Dětmarovice fl y ash was recorded. Alit phase was 
detected in this fl y ash except of other phases. On the other 
hand the Tušimice fl y ash exhibited negative value of relative 
additional reaction heat Qrel. This must be caused by a phase 
which blocks reactions in the solution, for except it consume 
calcium ions from solution with low reaction enthalpy or it 
creates products which prevent solid surface reactions. In the 
case of slags, there is probably no logical comparison each 
other due to general diversity of tested slags. Relative high 
value of the additional heat was measured with Štramberk 
slag, on the other hand markedly negative value had foundry 
slag Zetor. Al-slag from Žiar nad Hronom had noticeably 
retarding effect in spite of positive heat benefi t. The measure-

ment results of blast-furnace slags (BFS) were surprising 
due to strong negative Qrel values. In case of BFSs an alkali 
activation is needed to reach good puzzolanic and almost hy-
draulic behavior. Another factor affecting BFS’s puzzolanic 
properties is usage of the portland clinker instead of portland 
cement. Gypsum present in the portland cement changes over 
to solution and the sulfate anions play important role in the 
slag surface activation. So the experimental conditions were 
not appropriate for measurement of slag puzzolanic activity.

As expected the addition of grounds had also differ-
ent effects on hydration process. Trachyte Valkeřice and 
Heřmanov, tephrite and bergmeal presence exhibited nega-
tively. The fi rst three ones contain a zeolite phases which are 
stable and probably cause decrease of calcium ions in solu-
tion. Bergmeal and hornfels makes rapid retardation of port-
land cement setting. Hornfels unlike bergmeal has positive 
heat effect despite of setting time shift. Here probably plays 
role presence of SiO2  .  nH2O phases based on opal which 
are as crystallic as amorphous. In initial stage these phases 
can block calcium ions into some CSH forms and after mi-
crostructure transformation they can contribute to structure 
formation. In the case of rhyolite, process is probably started 
by excitation of glassy phase. Relatively high additional heat 
of arenaceous marl is interesting. It does not contain any 
hydraulic active crystalline phases. Porphyryte tuffs from 
Vacíkov are naturally supposed to have puzzolanic behavior 
as well as in case of silica fume.

Lachema sludge contains quartz and calcite as major 
components, but it is probably that some minor constituent 
can have an activating character. Total blocking of hydra-

Fig. 1. column graph of relative heats Qrel of the secondary raw 
materials 
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tion process by sugars presence in calcination wastes from 
Cukrspol makes this material unusable in cementitious
material.

Conclusions 
Conducted calorimetry measurements have refl ected 

processes in fi rst stage of hydration if system does not require 
any starting material, because rate of reaction is suffi cient or 
starting material is in composition of raw material. Methods 
must be modifi ed for system, where the reaction rate is low 
and transport of energy from body is higher then energy gi-
ven by reaction rate liberated in hydration of puzzolan. In 
next, attention must be paid to slow processes, because these 
reactions signifi cantly infl uence mechanical parameters deve-
lopment. In present time period the method for determination 
of optimum starting material and its amount is developed.

P24 EFFECT MODELLING OF SHORT- FIBRES 
ORIENTATION ON STRESS-STATE

 IN CURVED PARTS OF THIN-WALLED 
PLASTIC PRODUCTS

OLDŘICH  ŠUBA
Tomas Bata University in Zlin, Faculty of Technology,
TGM 275, 762 62 Zlin, Czech Republic, suba@ft.utb.cz

Problem of layered cylindrically orthotropic curved wide 
wall under bending

The superstructure of the injection-moulded part is 
given by distribution and orientation of short fi bres. The 
resultant structure is an anisotropic and heterogeneous body 
whose mechanical behaviour may well be signifi cantly dif-
ferent to that of isotropic and homogeneous parts. Growing 
ratios of R/r of curved-corner areas are accompanied by 
growing local stresses in comparison to the stress of straight 
walls. The resultant stress state due to curving are further af-
fected by physical factors for anisotropic and heterogeneous 
structures.

Fig. 1. shows a basic case of the bending of highly cur-
ved area of the wide wall. Under the loading of the uniform 
bending moment m (per unit width of the edge), then this 
has to do with a rotationally symmetrical problem. It follows 
from the analytic solution of the plane stress problem of 
cylindrical orthotropy of homogeneous case that the stress 
problems of cylindrically orthotropic bodies are, apart from 
the geometric R/r parameter, also the functional parameter 
η = EL/ET; where EL and ET are modules of the elasticity of 
short-fi bre structure in the longitudinal direction of short-
-fi bre orientation (L) and the transversal direction (T).

During the moulding process, the fi bres may become 
oriented in a complex manner. In the component itself,
a charakteristic quasi-layered structure is frequently observed. 
The fi bres are oriented in quite different ways according to 
their location through the thickness of the wall. The polymer 
melt viscosity and fl ow rate signifi cantly alter the proportions 
of the oriented regions. Obviously, for cases of relatively fast 
injection speeds, the core of the moulding contains fi bres ma-
inly aligned perpendicular to the fl ow direction. Above and 
below this are regions with the predominant fi bre orientation 
in the fl ow direction and most of the fi bres are lying in planes 
parallel with the reference plane of the sheet.

Fig. 2. Idealised model structures of injection-molded wall

Selected types of  idealised  wall structures are shown 
in Fig. 2. The wall is divided into three layers of identical 
thicknesses, with different orientation of short fi bres 0°, 90°. 
In case A, it is considered that the short-fi bres in skin layers 
are totally oriented in the direction of the periphery. In case 
B, the fi bres in core are totally oriented in the peripheral
direction.

The direction of orientation of the short-fi bres in a to-
tally oriented structure gives the axis of a monotropic ma-
terial in given area. The material characteristics in such
a linearly elastic area are given by the set of elastic constants, 
making up the appropriate matrix of compliance.

Fig. 1. Cylindrically symmetric problem of bending of curved 
wide wall
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Making up the set of effective elastic constants of a 3D 
monotropic structure on the basis of experimental measure-
ment is virtually impossible. For this reason, the theoretical 
prediction of these elastic constants is irreplaceable. We 
have already mentioned the outcomes of the modelling of 
the elastic behaviour of short-fi bre plastic composites at the 
micro-mechanical level1. Here, we used the results achieved 
to establish the macro-mechanical model of the rounded cor-
ner areas of injection-molded part. The elastic constants were 
determined for the volume fraction of fi bres 40 % and the fol-
lowing characteristics of glass reinforcement (1) and polymer 
matrix (2) as follows: Young’s modules : E1  =  75  000 MPa, 
E2  =  1 600 MPa, Poisson’s ratios: ν1  =  0.2, ν2  =  0.4.

Results and discussion
In order to illustrate the role of the injection-molded 

structure in the rounded corner areas of wide walls, distribu-
tions of stress components of idealised structures of injection 
wall are compared with stresses of unreinforced polymer, i. e. 
of isotropic and homogeneous case. The results are shown in 
the following fi gures. The relative values of the maximal peri-
pheral stresses σϕ/σ0 are shown in Fig. 3., where σ0 = 6 m s–2

is the nominal bend stress in isotropic and homogenous case 
at the fl at sections.

Fig. 3. Distribution of relative values σϕ/σ0 of peripheral stress 
for unreinforced and short – fi bre reinforced injection-molded 
curved wall (R/r = 5 )

As it follows from the obtained results, bending – peri-
pheral stresses σϕ reach similar values in material coordinate 
direction L for both model structures A, B. These values 
differs not much from max. bending stress of sotropic/
homogenous case. However, a different situation occurs in 
the transversal material directions T. In case of structure A, 
the core is strained slightly. Vice versa, structure B shows 
signifi cant value of relative bending – peripheral stress σϕ 
in the direction L. It folows signifi cant disadvantage of this 
case, because the transversal strength of fi brous structures is 
generally low, obviously at levels of unreinforced polymer. 

Similarly, the relative values of the maximal radial stresses 
σr/σ0 are shown in Fig. 4. As has been demonstrated there 
is no substantial difference in the values of radial stress. 
However, in both case A and B, stress components σr fall into 
the material direction T and thus it is necessary to consider 
these values of stresses when considering the mechanical 
behaviour in view of the generally low levels for transverse 
strength of fi brous materials. 

Fig. 4. Distribution of relative values σr/σ0 of radial stress 
for unreinforced and short – fi bre reinforced injection-molded 
curved wall (R/r = 5)

Conclusion
The anisotropy and the heterogenity of mechanical 

properties caused by short-fi bre orientation and distribution 
in melt fl ow can infl uence the macro-mechanical behaviour 
of injection molded parts. Therefore, it is necessary to pay 
attention to the design of products exposed to higher mecha-
nical loadings. 

This paper was prepared under support of  project  MSM 
708 352 102.
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Introduction
Systems cured by UV radiation, or energy-rich radiation 

in general, are used in many branches of industry. In the 
graphic arts industry UV-cured systems has been used for 
over 20 years. The key driver was the reduction in volatile 
organic compounds (VOCs), resulting from elimination of
solvents1.

In practice the predominating systems are cured by ra-
dical mechanism, for which cheaper and more effi cient types 
of initiators are continuously developed. The cationic sys-
tems have begun to win recognition only recently. However, 
they have certain advantages as compared with the radical 
initiators, and that is why their applications in practice are 
becoming more extensive.

The present work deals with a study of photoinitiators 
of cationic polymerisation of printing inks with the aim of 
suggesting new initiators for printing inks and transfer inks 
and testing their properties. 

Experimental
P r e p a r a t i o n  o f  P h o t o i n i t i a t o r s

The photoinitiators were prepared by exchanging the 
ferrocene ligand2,3,4,5 (Fig.  1.). These initiators were compa-

red with the commercially available initiator (η5-2,4-cyclo-
pentadien-1-yl)[(1,2,3,4,5,6-η)-(1-methylethyl)-benzene]-
-ferrous hexafl uorophosphate under the commercial name 
Irgacure 261. Rank of initiators of organometallic type have 
been prepared (Fig. 2.).

Fig. 2. Prepared photoinitiators of organometallic type and 
commercial initiator Irgacure 261

E x p e r i m e n t a l  a p p a r a t u s  a n d  
m e a s u r e m e n t  m e t h o d  

The curing of mixtures was studied by FTIR (specta-
cular refl ectance) and photocalorimetry6. IR spectroscopy 
gives information on chemical groups containing highly 
polar bonds, or bonds whose dipole moment changes during 
vibration.

The samples were prepared by coating thin layer of mix-
ture on alluminium foil. The samples were measured by FTIR 
before exposure and then, after exposure by Green Spot UV 
Curing System (super pressure mercury lamp), was sample 
measured in defi ned time lag. The dosage of UV light per 
sample was ca 230 mJ cm–2.

The curing process initiated by the above-mentioned 
initiators was followed using two types of binders: epoxide 
type, and vinyl ether type. The measured bands for epoxide 
binder were 1230 cm–1 (epoxide group) and 1726 cm–1 (car-
bonyl group as internal standard) and for vinyl ether binder 
1617 cm–1 (C=C double bond) and 2900 cm–1 (C–H bond as 
internal standard). 

The conversion was calculated by following Equation:

Conversion = (A0 – At) / A0   (1)

Where A0 is the quotient measured band and internal 
standard without UV exposure and At is the quotient measu-
red band an internal standard after UV exposure and defi ned 
time lag.

Results and discussion
The curing process initiated by the above-mentioned 

initiators was followed using two types of binders: epoxide 
type, and vinyl ether type. The reaction course was followed 
for concentration of initiator 3 mass %.

IR spectrums were measured before exposure and then, 
after exposure by UV light, in time lag 30, 60, 90, 120, 150, 
210, 270, 300, 450, 600, 900, 1200 and 1800 seconds. From 

Fig. 1. a) Preparation of arene-iron cyclopentadienyl (arene-
-FeCp) complexes from activated aromatic compounds and 
ferrocene, b) Synthesis of alkoxybenzene-FeCp complexes by 
nucleophilic substitution reaction
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these spectrums were calculated conversions using Eq. 1. The 
conversion curves for epoxide binder are shown in Fig. 3. and 
for vinyl ether binder in Fig. 4.

Fig. 3. The conversion curves for epoxide binder

Fig. 4. The conversion curves for vinyl ether binder

IR spectra shown, that photoinitiators (exception to B, 
BP, DPO, PMP) initiated cationic polymerisation in both 
epoxide and vinyl ether binders. After 3 days the conversion 
reached in the epoxide binder was higher than in vinyl ether 
type and was from 93 to 99 %. The conversion reached in the 
vinyl ether binder was in range from 85 to 90 %.

This work was supported by the Ministry of Education, 
Youth and Sports of the Czech Republic, project No. MSM 
0021627501.
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Introduction
The stress/strain behaviour of solid polymers can be 

categorized into three classes of behaviour: (i) brittle fracture 
characterised by no yield point, (ii) yield behaviour- charac-
terized by a maximum in the stress/strain curve followed by 
yielding deformation and (iii) rubber-like behaviour chara-
cterized by the absence of a yield point maximum but exhi-
biting a plateau in an engineering stress/strain curve. Ward1 
shown that all three of these failure types can be seen in
a single polymer by variation of either time (rate of deforma-
tion) or temperature.

Semi-crystalline polymers such as polyethylene typi-
cally display necking behaviour and a yield point in tensile 
stress/strain curves2. Yield points are always associated with 
a deformation mechanism which absorbs energy. For semi-
-crystalline polymers this mechanism involves orientation 
and destruction of micron to colloidal scale semi-crystalline 
morphologies.

We utilized this result to study the deformation beha-
viour of several PE types which differed in the SCB and 
molecular weight3. The standard tensile test was used for 
estimation the yield stress and yield strain of the materials in 
the study. WAXS technique was applied to observe the re-ori-
entation of lamellae structure as a consequence of changes in 
deformation rate.

Experimental 
Catalyst composition alters placement of comonomer 

from lower to higher polymer molecular weight fraction 
together with a certain reduction of broadness MWD. Two 
polyethylene copolymers from foreign production were 
chosen, as reference materials (Hostalen and Borealis). The 
second step was to prepare material with similar molecular 
structure based on domestic polyethylene copolymer (Liten 
TB 38). The structural parameters of the basic materials are 
summarised in Table I.

At fi rst two samples were prepared on the standard
S2/Mg (600) catalyst:
S-1, MI = 0.6 g/10min, ρ = 0.943 g cm–3

S-2, MI = 0.5 g/10min, ρ = 0.945 g cm–3

Another two samples S-3 and S-4 were prepared on
the same catalyst but by little bit modify polymeric con-
dition.



Chem. Listy, 99, s49–s652 (2005) Material Science & Technology

s485

Table I
Structural properties of the basic materials

Type MI ρ MW MW/Mn SCB
 [g/10 min] [g cm–3] [–] [–] [CH3/
     1000 C]

TB 38 0.55 0.950 140 400 6.38 3.03
HOSTALEN 0.60 0.944 146 700 6.56 2.35
BOREALIS 0.47 0.942 138 300 4.05 1.90

T e n s i l e  t e s t
The specimens were machined from 1 mm thick com-

pression moulded plaques. The shape of specimen was in ac-
cord with ČSN EN ISO 527-3. According to this standard the 
tensile test were carried out on the testing machine ZWICK 
Z020. The test was done under three speed levels (0.5, 5, 
50 mm min–1) and at the temperature of 23 °C. We used 
extensometer for more accurately estimation of deformation. 
The following values were estimated:

E modulus (E), yield stress (σy), deformation at the yield 
point (εy). The results are summarize in Fig. 2.–4. 

W A X S  ( W i d e  A n g l e  X - r a y  
S c a t t e r i n g )

As quality cannot always be monitored with suffi cient 
reliability, accurate quantitative (and non-destructive) 
methods of evaluation and characterization can be expected 
to encounter a fast development. Thus ‘wide angle x-ray 
scattering’ (WAXS) techniques are of wide use4. The basic
principle is shown in Fig. 1. The results are summarized in 
Fig. 5.–6. 

Fig. 1. WAXS – basic principle4

V i s u a l  i n s p e c t i o n
We used optical microscop to observe the neck after the 

standard tensile test for material in the study. Typical exam-
ples are shown in Fig. 7.

Results and discussion
T e n s i l e  t e s t

The rate dependence of stiffness is demostrated in
Fig. 2. Obviously, due to viscoelastic behaviour of polymer, 
the modulus increases as the deformation rate increases. Ma-
terial TB38 S-1 and TB38S- 4 devert from this trend. It could 
be probably due to some heterogeneity in the material. 

The most similar stiffness to the reference materials has 
material marked as TB38 S-3. 

Fig. 2. E modulus versus materials and deformation speed. 
H-R  =  HOSTALEN, B-R  =  BOREALIS, S-1, S-2, S-3, S-4=
=  TB38 S-1, TB38 S-2, TB38 S-3, TB38 S-4

In Fig. 3. the yield stress (σY) as a function of materi-
als and deformation speed is shown. As it was expected 
the change in σY follows the same trend as was mention 
above. Materials TB38 S-4 best fi t the reference materials. 
Material TB38 S-1 is also very closed to the reference ma-
terials but due to some heterogeneity in E modulus we don’t
prefere it.

Fig. 3. Yield stress versus materials and deformation speed

Fig. 4. Deformation at the yield versus materials and deforma-
tion speed

Fig. 5. Tensile diagram for material  TB38 S-1
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In the Fig. 4. the rate dependence of yield deformation 
for materials in the study is shown. The difference behaviour 
of materials in dependence on deformation rate is clear from 
Fig. 5. There are not signifi cant differences among materials; 
however material S-2 and S-1 best fi t the reference materials. 
In the case that material S-1 would be homogeneous enough 
than would be the best fi ts to the the reference materials in all 
tested values

W A X S  ( W i d e  A n g l e  X - r a y  
S c a t t e r i n g )

We used HOSTALEN as an example. Following two 
graphs (Fig. 6. and 7.) show dependence between intensity 
(counts/sec) and scattering angle (2 Th). The intensity of ref-
erent material (HOSTALEN) after tensile test is lower then 
the intensity of undeformed material. 

This effect is caused by re-orientation of crystalline la-
mellae after tensile test.

Fig. 6. HOSTALEN – undeformed state

Fig. 7. HOSTALEN – deformed state

V i s u a l  i n s p e c t i o n
In Fig. 8. the examples of different shape of neck are 

presented.The difference shape of neck give evidence of het-
erogeneity of materials.

Fig. 8. The specimens after tensile test. Material TB38 S-3, 
deformation speed 50 mm min–1

Conclusion
The results have shown changes in stiffness and yield 

stress in dependence on deformation speed and type of poly-
ethylene copolymer. 

The changes in the deformation at yield point were not 
signifi cant.

The WAXS analysis (wide-angle X-scattering) con-
fi rmed the effect of re-orientation of crystalline lamellae after 
deformation. 

The shape of the neck can tell us about heterogeneity of 
individual material types.

Modifi cation of catalyst composition enabled to prepare 
material (S-1) similar to reference materials. Well-balanced 
rigid and deformation properties are necessary for applica-
tions in question i. e. binding tapes. 

The research was fi nancially supported by grant No. 
101/05/0227 of the Grant Agency of the Czech Republic.
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P27 PREPARATION OF PE-B-PP AND PE-G-PP 
COPOLYMERS BY REACTIVE EXTRUSION 
AND ITS USE IN PP/PE BLENDS

TOMÁŠ  VESELÝ
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Problem
For the compatibilization of polymer blends have been 

developed three strategies of: (i) addition of a small quantity 
of a third component that either is miscible with both phases 
(co-solvent), or a copolymer whose one part is miscible with
one blend’s component and the second with another compo-
nent (0.5–2 wt %, usually block-type, less frequently a graft
one, has been used); (ii) addition of a large quantity, ≤ 35 wt %, 
of a core-shell copolymer that behaves like a multipurpose 
compatibilizer-cumimpact modifi er; and (iii) reactive com-
patibilization designed to enhance domain interactions. The
reactive blending may be employed to generate in-situ the 
desired quantities of either block and/or graft copolymer(s).

The third strategy, reactive compatibilization, was 
found to engender a thick interphase, which shows excellent 
stability under high stress and strain, such as exists during 
injection molding1. The second method of compatibiliza-
tion consists of a series of steps that during compounding 
or processing ensure the presence of chemical reaction(s), 
capable of generating suffi cient amounts of interfacial agents 
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to compatibilize in situ the system. The compatibilizing
copolymer can be produced through an inter-species reaction. 
The process may be defi ned as a reaction between two or 
more polymers to form a copolymer. The fi ve basic chemical 
processes by which interchain copolymer formation has been 
achieved in an extruder are summarized in Table I (ref.2).

Table I
Chemical processes for interchain copolymer formation in 
extruder reactors

Type of Chemical Reaction Type of Obtained Copolymer

Chain cleavage Block and random copolymers:
 AAAAABBBBB + AABBBBBAAA  
 + AABBAAABBB, etc.
End-group of 1st polymer reacting Block:  AAAAABBBBB
with end-group of 2nd polymer 

End-group of 1st polymer reacting Graft copolymer:
⏐
Α−ΒΒΒΒΒ
⏐
Α−ΒΒΒΒΒ
⏐

with pendant functionality
of 2nd polymer
Covalent crosslinking: Graft copolymer or crosslinked
pendant functionality of 1st polymer network (crosslinked network)
+ pendant functionality of 2nd

polymer + main chain of 2nd polymer
Ionic bonds formation Usually graft, frequently crosslinked 
 A  B
 A- - - B

The majority of polymers used to form inter-chain co-
polymers have nucleophilic end groups such as amine or car-
broxylate. These groups can react with suitable electrophilic 
functionality (e. g., carboxylic acid, cyclic anhydride, epo-
xide, oxazoline, isocyanate and carbodiimide) leading to co-
polymer formation. Block copolymers can be formed through 
reactions between such end groups. Since the probability of 
two end groups reacting within the residence time in an ex-
truder is low, highly reactive functionality and/or low mole-
cular weight polymers are needed. This type of reaction has 
been used to couple polypropylene and high density polye-
thylene too. The procedure was suggested in two steps: 1. the 
preparation of polyolefi ne carrying amine functional groups 
(NAFPO) by addition of diamine with different reactivities of
amine groups and 2. the preparation of inter-copolymer in 
situ from another maleic anhydride functional polyolefi ne. 

Experimental
M a t e r i a l s
1. Maleic anhydride modifi ed PP – Tabond 5007 (product of 

Silon a. s.) – content of MA 0.7 % wt.
2. Maleic anhydride modifi ed PE – Eltex ADB52 (product of 

BP Solvay).
3. Epoxy modifi ed PE – E-GMA copolymer Lotader AX8840 

(product of Atofi na) – content of GMA 8 % wt.
4. Basic type of PP homopolymer – Tiplen H890 (product of 

TVK, Hungary).
5. 1,3-pentanediamine – Dytek EP (product of DuPont Ny-

lon).

P r e p a r a t i o n  o f  s a m p l e s
The mixing has been conducted on twin screw extruder 

Brabender DSE 25 by reactive extrusion. In fi rst step was 
prepared a amine functionalized polypropylene by reation 
of MA-PP with 1.5 mole excess of 1,3-pentane diamine to 
exclude the possibility of cross-linking. The reactivity of the 
terminal amine group is assumed 100 times more than the 
ethyl-hindered amine group. For the purpose of the better 
kneading the viscosity of mixture was increased with the ad-
dition of pure polypropylene homopolymer Tiplen H890. In 
second step was the amine modifi ed polypropylene blended 
with MA-PE or with E-GMA copolymer to prepare the inter-
-chain copolymers of PP-PE.

Results and discussion
The complete conversion of anhydride groups of malein 

anhydride to imide functionality was confi rmed by infrared 
spectroscopy (Fig. 1.).

Fig. 1. IR spectra of PP material in region 1600–1900 cm–1 
before and after the amine grafting: a – basic type PP (Tiplen 
H890), b – MA-PP (Tabond 5007), c – mixture of a and b, d 
– mixture c modifi ed with 1,3-diaminpentane

The ability of thus prepared copolymers to secure the 
miscibility of HDPE – PP system depend on the ratio of ma-
leic anhydride functionalized PE to HDPE and amine func-
tionalized PP. This effectiveness can be relatively measured 
by kinetics of crystallization namely based on isothermal 
crystallization rates of PP phase in HDPE liquid at various 
crystallization temperatures. According to3 the PP crystalli-
zation were readily calculated based on the Avrami equation. 
While the half-times for phase separated blends are similar 
to the pure PP the half-times for miscible blends are mar-
kedly longer and specifi ed half-times serve as a good guide 
to miscibility of PP by various content and composition of 
polyethylene part.

Conclusion 
Prepared nucleofi lic amine functionalized polyolefi ns 

are of interest for blending and alloying, and hence the de-
velopment of new polymeric materials. Beside mentioned 
use could be apply with other polymers carrying electrofi lic 
group to support better compatibility.
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PULSED 1H-NMR METHOD
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Introduction
Application of polymers depends signifi cantly on the 

ability of their structure to remain unchanged as long as 
possible. Recrystallization processes as well as changes in 
amorphous fraction of semicrystalline polymers (such as 
isotactic polypropylene), induced by ageing, can alter the 
properties of the basic material. In the case of physical ageing 
at room temperature, it was found that the main effects were 
connected with the amorphous phase1. It is well known that 
the form and the portion of a crystalline phase are responsi-
ble for mechanical and physical properties of semicrystalline 
polymers. In this study, the crystallinity was characterised as 
solid phase content (SPC) measured by pulsed 1H-NMR.

Experimental
The polypropylene in the study was an isotactic polypro-

pylene supplied by Czech company Chemopetrol Litvínov: 
Mosten 58.412 slot. 432/98 – PP homopolymer (Ziegler-
-Natta cat.), I.I.  =  98.9 %, MFI21 N, 230 °C  =  3.2 g (10 min)–1, 
MFI49 N/MFI21 N  =  4.57, Tm  =  163.0 °C, Tg  =  5.4 °C.

Specimens were injection moulded on Battenfeld (a) 
BA 750/CD injection moulding machine. Specimens with di-
mension 4 × 10 × 40 mm were subsequently cooled at –18 °C. 
The specimens were then isothermally cold crystallised at 23 
(room temperature), 30, 40, 50 and 60 °C and stored at given 
temperature for one year approximately.

Table I
Injection moulding conditions

 Melt temperature 200–230 °C
 Cavity temperature 40 °C
 Packing time 40 s
 Injection time 29 %
 Packing pressure 50 MPa
 Cooling time 10 s

Pulsed 1H-NMR studies were performed on Bruker 
the minispec mq20 NMR. It was operation at 20 MHz and 
0.47 T. Temperature of magnet unit was 40 °C. The instru-
ment conditions used were 25 scans, 18 mm diameter sample 
tube, spin-spin measurement of 250 points. Free Induction 
Decay (FID) was detected by software BRUKER – the mi-
nispec. FID signal was fi tted by experimental Equation 1 
(Fig. 1.). The constants were determined by non-linear least 
– squares curve fi tting with Microsoft Excel Solver2. The 
quantity of solid phase content (SPC) was calculated accord-
ing to Equation 2.

y a
t

b
t

= −
⎛
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a

a b
[%]=

+
⋅100

,   
(2)

where:
a is solid phase intensity
b is liquid phase intensity
τ2s is spin - spin relaxation time of solid phase
τ2l is spin - spin relaxation time of liquid phase
t is time of decaying.

Fig. 1. Time dependence of intensity of sample magnetisation. 
Example of free induction decay signal processing
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Results and discussion
S o l i d  p h a s e  c o n t e n t

Isotactic polypropylenes show 100  % SPC below Tg. 
SPC is decreased with temperature3.

The SPC versus ageing time for specimens aged at 23, 
30, 40, 50 and 60 °C, is shown in Fig. 2. A strong decrease 
with ageing time can be observed at fi rst 30 min for all series. 
It is due to balancing of temperature in specimens. Then SPC 
starts to increase. The time dependencies of SPC are linear 
with high correlation coeffi cients. Comparison of lines of 
regression equations for all series is listed in Table II. Line 
regression equation at 30 °C shows the highest line slope. 
Consequently, the secondary crystallisation is the fastest at 
30 °C.

Table II
Comparison of lines of regression equations after 30 min of 
ageing

 Temperature [°C] Line of regression equation

 23 SPC = 0.46 log t+ 96.62
 30 SPC = 0.72 log t + 93.55
 40 SPC = 0.52 log t + 89.38
 50 SPC = 0.41 log t + 86.68
 60 SPC = 0.38 log t + 84.55

R e l a x a t i o n  t i m e s
The spin-spin relaxation times (τ2s and τ2l) are plotted in 

Fig. 3. as a function of ageing time for samples aged at 23, 30, 
40, 50 and 60 °C, respectively. Relaxation times of solid phase 
are independent on ageing time and ageing temperature but 
relaxation times of liquid phase depend on ageing time and
ageing temperature. Our results are in agreement with M. Ito’s 
work4. The relaxation time (τ2l) decrease with ageing time 
for all series, with the exception of τ2l at 23 °C. It is due to 
fl uctuation of room temperature, probably. Relaxation times
of liquid phase at 30 °C show the lowest values. This fact co-
rresponds with the fastest secondary crystallisation at 30 °C.

This study of relaxation times confi rms the fact that 
amorphous phase of polypropylene is responsible for chan-
ges in behaviour of material.

Conclusion
SPC of isotactic polypropylene decreased with tempera-

ture. The time dependence of SPC was linear with high cor-
relation coeffi cient. The fastest secondary crystallisation was 
observed at 30 °C. Relaxation times of liquid phase depend 
on ageing time and ageing temperature. Amorphous phase 
of polypropylene is responsible for changes in behaviour of 
material.
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Introduction
Titanium dioxide plays an important role in various 

fi elds of technology. Apart from the mainly use as inorga-
nic pigment in paint production, titanium dioxide becomes 
important compound in food industry (E  171), pharmacy, 
cosmetics and in other modern technologies. According to 
various national and international standards the content of 
trace toxic impurities As, Cd, Cr, Hg, Pb, Sb and Zn is one 
of the main characteristics for usability of this material. Con-
sequently, determination of these detrimental impurities is of 
great importance. However, common analytical wet chemi-
cal procedures are inconvenient, time consuming and suffer 
from necessity to use concentrated hydrofl uoric and/or sul-
furic acids for sample dissolution1,2,3. Therefore, direct solid 
sampling introduction technique would be preferred. In this 
work new method for the direct determination of trace im-
purities in titanium dioxide solid powders by electrothermal 
atomic absorption spectrometry was developed when using 
modern dedicated atomic absorption spectrometer equipped 
with solid sampling system. Behavior of titanium dioxide 
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matrix in the graphite tube atomizer during the analysis run 
was investigated. Figures of merit of determination of these 
detrimental elements are presented.

Experimental
All measurements were preformed with an Analytik 

Jena Zeenit 60 spectrometer equipped with laterally heated 
graphite tube atomizer and Zeeman effect background corre-
ction system. Hollow cathode lamps for As, Cd, Cr, Hg, Pb 
and Zn and boosted lamp (SuperLamp, Photron) for Sb were 
used as specifi c radiation sources.

Samples of fi ve typical product types of titanium dioxide 
were obtained from Precheza a.s. (Přerov, Czech Republic). 
They had a particle size in the range of 0.15−0.40 µm. Dou-
bly distilled water was used for preparation of sample slurries 
and standard solution. Calibration standards were prepared 
by dilution of stock standard solutions (Analytica Co., Czech 
Republic) with a concentration of 1 g dm–3.

Two introduction techniques were used – slurry sam-
pling and true direct solid sampling. Sample slurries were 
prepared in 25  cm3 polystyrene vessels by suspending 
0.1–1 g of sample in 5–10 cm3 of water. Before analysis sus-
pensions were treated in an ultrasonic bath for 5 minutes to 
disintegrate larger particle agglomerates. Typically, 5−20 µl 
slurry was pipetted onto the graphite boat. For true solid 
sampling a portion of 0.5−10 mg TiO2 powder was placed 
with a spatula directly onto the graphite boat. For all elements 
standard addition method was used for calibration. Tempera-
ture programs and instrumental parameters are summarized 
in Table I.

Results and discussion
Optimum pyrolysis and atomization temperatures were 

found from pyrolysis and atomization curves of all analy-
tes for fi ve sample types. The optimum values are given in 
Table I. When applying high temperature treatment in clea-
ning step (above 2000 °C) as usually, formation of TiO2-TiC-
-liquid phase and its creeping out of the sampling boat was 
observed. This affected substantially the tube and particularly 
boat analytical life times to overall approximately 30 runs. 
Therefore, high temperature cleaning was omitted and a sam-
ple residue was removed after atomization step mechanically 

by pure compressed air with minimum risk of contamination. 
Maximum applicable atomization temperature was 1900 °C, 
at which considerable interaction of a sample and graphite is 
not pronounced.

For calibration, a method of standard additions of aque-
ous standard solutions to sample slurries was applied. Very 
good agreement of analytical results with those provided by 
producer’s laboratory was found. Furthermore very good 
correlation of analytes signal with mass of sample was also 
observed. It proved that samples once analyzed by wet pro-
cedure might be used as internal laboratory standard in sub-
sequent analyses of the same sample type. It also proved that 
the one very well analyzed sample might serve, when intro-
duced in different sample portions for calibration purposes. 
For high level analytes concentrations, reduced sensitivity 
of measurement can be simply achieved by applying lower 
magnetic fi eld strength (3-fi eld mode). For simultaneous 
measurement in the most sensitive mode and in the reduced 
sensitive mode, “3-fi eld dynamic mode” is a measurement 
technique of choice, which can be performed by the instru-
ment employed. Thus, very wide concentration range can be 
covered in one run.

Limits of detection of 21, 0.27, 24, 3.9, 6.3 and
1.5 ng g–1 were achieved for As, Cd, Cr, Hg, Pb, Sb and Zn 
respectively. Maximum amount of approximately 10 mg of 
titanium dioxide sample could be introduced onto the gra-
phite boat in one run is. 

Conclusions
Direct solid sampling ETAAS method was developed 

for the direct determination of traces of As, Cd, Cr, Hg, Pb, 
Sb and Zn in titanium dioxide powders. It is a simple, rapid, 
reliable and powerful technique. The sample digestion with 
hot concentrated acids is not necessary. This method provides 
very low limits of detection at ppb level.

This work was performed and supported within the 
Institutional research plan AV0 Z40310501. The authors are 
grateful to Mrs. A. Glomb (ANALYTIK Jena, Germany) for 
making available the instrument Zeenit 60 and Mr. J. Balcá-
rek (Precheza comp., Přerov, Czech Republic) for providing 
powdered samples of TiO2.

Table I
Instrumental parameters and experimental conditions

 Field intensity [T] Temperature [°C]
 Element Slit/nm Wavelength/nm 2-fi eld 3-fi eld Pyrolysis Atomization

 As 0.5 193.7 0.8  500 1900
 Cd 0.8 228.8 0.8  500 1700
 Hg 0.5 253.7 1.0  130 1300
 Pb 0.8 283.3 0.8 0.8/0.4 500 1800
 Sb 0.2 217.6 0.8 0.8/0.5 500 1800
 Zn 0.8 213.9 0.8 0.8/0.6 500 1800
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Efforts to emulate natural materials, which contain both 
hydrophilic and hydrophobic properties, have led to the deve-
lopment of amphiphilic biocompatible synthetic polymers1. 
This classifi cation included hydrogels, made by cross-linking 
(chemical or physical) of polymer chains, which are signi-
fi cant for their special surface and physical properties with 
the ability to absorb more than 20 % of water in proportion 
to their total weight2. Recently, “smart hydrogels” with the 
swelling or shrinking ability driven by external stimuli have 
been prepared. This sensitivity to the ambient environment 
can be driven by changing the temperature, pH, ionic cha-
racter, electric fi eld, solvents, pressure, light or strain3. Up-
-to-date, hydrogel-preparing technique is based on “in situ” 
cross-linking of macromonomers via photopolymerization4 
or phase-transition reaction5. In the case of reversible phase-
-transition process, the resulted physical gel is having rever-
sible sol-gel transition. For this purpose, thermo reversible 
biodegradable gels based on hydrophilic poly(ethylene gly-
col) (PEG) and hydrophobic poly(lactic acid) PLA and poly
(glycolic acid) PGA have been recently published by Jeong at 
all6. While these thermo reversible gels increase the hydrogel 
applicability as injectable implants and biodegradable matrix 
for the controlled drug delivery systems without surgery7, on 
the other hand, the reversible physical network, the phase-
-transition temperature range and low degree of functionality 
limit the application for other branches.

Therefore, the general goal of the proposed research 
is synthesis and characterization of well-defi ned “smart” 
amphiphilic end-functionalized hydrogels prepared from 
biodegradable, biocompatible, controlled life-time macromo-
nomers.  One possible way is the synthesis of multifunctional 
copolymers based on the hydrophilic PEG and hydrophobic 
PLA/PGA copolymers additionally modifi ed by itaconic acid 
(ITA), which can be gained from renewable resources by py-
rolysis of citric acid or by fermentation of polysaccharides8. 
The proposed synthesis consists of three steps (Fig. 1.). The 
hydrophobic PLA/PGA copolymer is prepared in step 1 via 
ring-opening polymerization followed by ITA end-capping 

in step 2. ITA brings reactive double bonds and functional 
carboxylic acid groups to the end of copolymer resulting in 
preparation of biodegradable macromonomer. The last step 3 
covers esterifi cation reaction of macromonomers with PEG 
affording PEG-co-PLA/PGA copolymers. Changing the 
molecular weight and molar ratio of used compounds affects 
the amphiphilic character of resulted PEG-co-PLA/PGA 
macromonomers as well as the functional groups separa-
tion and also the kinetic of degradation. PEG-co-PLA/PGA 
macromonomers are pH sensitive and can be cross-linked 
either by covalent bonding (photopolymerization) or by io-
nic interaction (physically) in order to produce 3D-hydrogel 
network Moreover, functional –COOH or –OH groups can 
be used as coupling sites for increasing hydrogel’s biocompa-
tibility, bioinductivity, adhesion or other physical properties 
and thus might be “tailored” for a certain type of application 
such as biomedical (e.  g. injectable polymer drug delivery 
systems, tissue implants, resorbable adhesives), agricultural 
(controlled fertilizer and seed release fi lms), industrial (brea-
thable disposable protective cloth fabric) and environmental 
(waste-free production).

Fig. 1. The synthesis of multifunctional copolymers of PEG-
co-PLA/PGA

This work was supported by the Ministry of Educa-
tion of the Czech Republic under research project MSM 
0021630501.
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Introduction
The oxidation reactions of pulp bleaching with ozone 

lead to the production of complex multi-component mixture 
of lignins and other degradation products, originating from 
polysaccharides, present in the liquid phase. Continuing at-
tention has been paid to cellulose degradation processes, oc-
curring during the ozone bleaching. Low-molecular products 
from ozonization can be effectively determined by means of 
various methods i. e.: GC, GCMS, NMR or EPR spectros-
copy. To characterize the high-macromolecular fractions, 
mainly UV/VIS, IR/FTIR spectroscopy as well as SEC/GPC 

and other experimental methods, suitable for the measure-
ment of the changes in optical and morphological structure 
are frequently used. These experimental methods are usually 
used separately with the aim to monitor only the specifi c 
changes of concrete component of multy-component reac-
tion system.

The aim of this work is the improvement of the complex 
analysis of low molecular extractive and macromolecular 
components of ozonized pulps using both HPLC and GPC 
methods.

Experimental
Sample characterization. Holocellulose from beech, 

prepared as previously suggested by Wise et al.1, was used. 
Before the ozonization procedure, the sample of holocel-
lulose was mixed with 7 cm3 of H2SO4 (30.6 g dm–3) to 
obtain pH of approximately 2.5–3. Subsequently, the water 
suspension was ozonized at 40 °C using the ozone fl ow rate 
120 mg of ozone per 20 g of dry holocellulose. The ozonized 
holocellulose was then wash-out with distilled water. The 

solid phase was separated from the liquid and analyzed in 
GPC and HPLC.

HPLC analysis. The sample of ozone-treated holocel-
lulose was analyzed using two different HPLC methods. 
The fi rst of them was carried out in an order to determine 
saccharides content. Acetonitrile of HPLC grade (Merck, 
Germany) and deionized water were used as solvents. Some 
monosaccharides were used as standards. The samples were 
pre-concentrated 100 times. The second HPLC method was 
used in an order to determine the content of organic acids by 
means of direct injection of the water solution (extract from 
cellulose) to the analytical column. The analytes were sepa-
rated by employing the gradient elution. DAD-UV detector, 
processing sensitive responses at the wavelength of 210 nm 
was used for the detection. The detected acids were quanti-
fi ed using the external calibration curve.

GPC analysis. The pullulan standards (Fluka, Switzer-
land) were prepared in two separate solutions containing 
0.025 % (w/v) of each standard in DMAc. The samples were 
dissolved in LiCl–DMAc as described in2. To the evaluation 
of a distribution of molar weights (Mw) of ozonized holo-
cellulose, GPC analysis on Viscogel HR High Resolution 
Columns was employed under following conditions: inlet 
volume, 20 µl; eluent fl ow rate, 0.5 cm3 min–1; the pressure 
on columns, 4 MPa; columns temperature, 80 °C; tempera-
ture of refractive index detector, 40 °C. The solution of 1% 
LiCl/DMAc (w/v) was used as eluent.

Results and discussion
During the ozonization process, the holocellulose 

samples undergo the degradation processes, resulting in the 
production of low-molecular components, released from 
the sample progressively in each stage of process. These 
products were immediately trapped and analyzed after pre-
-concentration using HPLC (Fig. 1. and 2.). As depicted at 
Fig.  1b, methyl-D-glucopiranose, D-fructose and glucose 

a)
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were identifi ed as the primary oxidative products. Consecu-
tive secondary reactions cause the destruction of glycosidic 
bonds accompanied with the decrease of polymerization 
degree. This is the explanation of the observed arise of the 
amount of glucogalactones, methylesters, as well as of mo-
nomer units of glucose. 

In the second HPLC analysis, (Table I), mainly formic, 
acetic, propionic and butyric acids were determined. 

The above described oxidative degradation of glycosi-
dic bonds after ozone treatment causes beside the decrease 
of the degree of polymerization also the changes in the mo-
lecular weights distribution (Fig. 3.) and, fi nally, infl uences 
the parameters of polydispersity (Mw, Mn, Mz). The GPC
experiments are in progress nowadays, in an order to ve-
rify these facts. Our expectations should be in accord with 
previously published data for GPC analysis of pullulans or 
polyurethanes3,4.

Conclusions
The consistent combination of the HPLC and GPC, as 

well as of other analytical methods (gravimetry or infrared 
spectroscopy) provided new valuable information on the 
low molecular degradation products and on the changes of 
molecular weight distribution and polydispersity parameters 
of cellulose.

Table I
The results of HPLC analysis of organic acid content in liquid 
phase after the ozonization of holocellulose samples

 Sample no. Formic acid Acetic acid
  [µg cm–3] [µg cm–3]

 1 618 3.3
 2 936 176

Fig. 2. HPLC analysis of different extracts from solid phase 
of: A, B – water/methanol extract of pulps (different conditions 
of ozonization were used); C – water/methanol/DMAc extract 
of holocellulose after ozonization; D – water /methanol extract 
of holocellulose before ozonization; E-sugar standards solution 
containing 5.0 mg cm–3 of each: 1 – methyl-D-glucopiranosid,
2 – xylose, 3 – L+D-arabinose, 4 – D-fructose, 5 – D-manose,
6 – glucose, 7 – D-galactose, 8 – cellobiose, 9 – lactose

Fig. 3. The consistent combination of HPLC, GPC and other 
methods of analysis of holocellulose:
HPLC: 1. Formic acid (Mw = 46 g mol–1); 2. Acetic acid 
(Mw = 60.05 g mol–1); 3. D-Fructose (Mw = 180.1 g mol–1);
GPC: molecular weights distribution. GPC chromatographic 
conditions: column temperature, 80 °C; PL Mixed A columns; 
mobile phase, 0.5 % LiCl/DMAc; refractive index detector 3;
Gravimetry (GM) or FTIR – insoluble rest of holocellulose, 
m = 0.00179 g (17,9 % from original mass)

b)

Fig. 1. The identifi cation of degradation products of holocel-
lulose modifi ed with H2SO4 (pH 2.5–3): a) sugar standard solu-
tions containing 5.0 mg cm–3 of each: 1 – methyl-D-glucopirano-
sid, 2 – xylose, 3 – L+D-arabinose, 4 – D -fructose, 5 – D -manose, 
6 – glucose, 7 – D -galactose, 8 – cellobiose, 9 – lactose; b) sample 
of holocelulose solution after the ozonization treatment. HPLC 
analysis was employed under the following experimental condi-
tions: Separon SGX NH2 (150 × 3 mm, 5 µm), acetonitrile/water 
85/15 (v/v), refractive index detector RI (4×, +polarity), UV de-
tector (210 nm), mobile phase fl ow rate 0.7 cm3 min–1, tempera-
ture 25 °C, sample loop 20 µl
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Introduction
Controlling of the surface properties is a main effort of 

numerous research areas and technological processes from 
biotechnology to microelectronics. One of the methods used 
to modify surface properties is utilization of polymer brushes. 
Apart from physisorption method and “grafting to” method is 
“grafting from” process, facilitating more thick, covalently 
tethered polymer brushes with a high grafting density than in 
case of physisorption and “grafting to” processes. Ring-ope-
ning metathesis polymerization (ROMP) using 1st generation 
Grubbs catalyst was applied to the “grafting from” polyme-
rization of norbornene from the silica surface. As a result, 
hybrid material – silica particles gathered with covalently 
grafted polynorbornene chains was prepared.

Results
The process of preparation polynorbornene brush mo-

difi ed silica surface via surface initiated ROMP comprise of 
three subsequent steps.

Fig. 1. Schematic view of polynorbornene brush modifi ed silica 
preparation

In the fi rst step is surface of silica modifi ed with nor-
bornenyl ligands necessary for co-production of catalytic 
active centres in the subsequent step. Typically, silica sur-
face hydroxyl groups undergoes a silanization reaction with

trichlorosilane groups of bifunctional 5-(bicycloheptenyl)-
trichlorosilane, providing so a surface site of norbornenyl 
ligands, dwelling at the silica surface1.

The extent of silanization depends on several factors 
such as concentration of norbornenyltrichlorosilane, polarity 
of a reaction solvent, concentration of amine catalyst, reac-
tion temperature, duration of silanization and amount of wa-
ter adsorbed at silica surface. Presence of norbornenyl groups 
at the silica surface was confi rmed by FTIR analysis. The 
quantitative amount of norbornenyl groups at the silica sur-
face was determined using FTIR and combined with elemen-
tar analysis. For following syntheses were used norbornene 
modifi ed silicas with typically 1.8–2.1 NOR groups nm–2.

Fig. 3. FTIR spectra of untreated silica Cab-O-Sil EH-5 (1); 
silanized silica (2) with norbornenyl groups and norbornene 
monomer (3)

Catalytic active centres for polymerization of norbor-
nene monomer are formed in a next step by reaction of 
silica surface norbornenyl groups with ruthenium catalyst 
[(Cy3P)2Cl2Ru=CHPh, Cy – cyclohexyl]. In fact, this is
a initiation reaction of silica surface initiated ROMP.

Progress in initiation reaction was studied by UV-VIS 
spectroscopy as a decrease of catalyst concentration in
a reaction mixture at a wavelength 335 nm, specifi c for a ca-
talyst molecule2. It was observed a second order exponential 
decrease of a catalyst amount in time during the initiation 
reaction. 

If there are not unbonded free catalyst molecules in a re-
action mixture, polymeration is initiated at the silica surface 

SiO2
SiO2

SiO2
SiO2

STEP 1 STEP 2 STEP 3

OH O Si
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O

Fig. 2. Silanization of silica surface with norbornenyltrichloro-
silane. Trichlorosilane group reacts with a hydroxyl group
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and polymer chains grafted by one end to the surface grow 
from the surface up. Monomer is inserted into active centres, 
located during all the process at chain ends. Grafting density 
of polymer brush is directly proportional to the surface den-
sity of the active catalyst centres formed while initiation.

Fig. 6. Propagation reaction of norbornene polymeration

Kinetics of polymerization reaction was studied by gra-
vimetric analysis of yielded polymer and compared by dilato-
metric analysis of polymer shrinkage during polymerization. 

To avoid presence of a free, unreacted catalyst mole-
cules in a polymeration mixture, low catalyst concentration 
are used during polymerization. Growing of polymer chains 
is stopped by termination with ethylvinylether. For subse-
quent GPC analysis are polymer molecules cleaved from 
silica surface by etching the silica by hydrofl uoric acid3.

Discussion
A very crucial circumstances of norbornene polymeri-

zation by ROMP from silica surface are: presence of free, 

unbound catalyst in a reaction mixture and also critical 
norbornene concentration in a reaction mixture. When free 
catalyst is present, polymerization proceeds preferentially in 
a solution and polynorbornene does not groove from silica 
surface. In case of critical norbornene concentration, when 
it is not reached polymerization products are oligomers. To 
avoid this problems polymerization conditions were tuned.
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Fig. 4. Formation of catalytic active centres at silica surface. 
Catalyst molecule react with a norbornene ligand at silica
surface

Fig. 5. Decrease of catalyst amount in reaction mixture in time 
during active centres formation at silica surface. The typical 
amount of active centres at silica surface was 0.15 % compa-
rable to norbornenyl groups at silica surface. Initiation is fi nis-
hed after 3 minutes

Fig.  7. Dilatometric analysis of polynorbornene shrinkage 
during a comparative nongrafting polymerization in solution. 
During grafting polymerization shrinkage does not occure in 
such an extent

Fig. 8. TGA analysis of polynorbornene grafted from silica 
surface. The fi rst decrease in weight corresponds to a unreacted 
norbornenyl ligands at silica surface, the second decrease in 
weight corresponds to polynorbornene
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Introduction
Magnetic thin fi lms and multilayers have recently attrac-

ted a lot of interest because of their technological importance 
in data storage and sensor applications as well as in funda-
mental research of magnetism. We calculate total energy of 
nickel along the tetragonal and trigonal  deformation paths 
at various volumes (see Fig. 1.)1 to identify the stable and 
metastable phases and to fi nd the phase boundaries between 
various nickel modifi cations. The calculated total energies 
are used to predict lattice parameters and the type of magne-
tic ordering of nickel overlayers at various (001) and (111) 
substrates.

Fig. 1. High-symmetry structures obtained along the tetrago-
nal and trigonal deformation paths. The c and a are the dimen-
sions of the crystal along the deformation direction and along
a perpendicular direction, respectivel

Material and methods
We calculate the total energy of non-magnetic (NM) and 

ferromagnetic (FM) nickel above mentioned deformation pa-
ths keeping the atomic volume constant. For the total-energy 
calculations, we employ the full-potential linearized aug-

mented plane waves method incorporated in Wien2k code2.
The calculations are performed using the generalized gra-
dient approximation (GGA) and local density aproximation 
(LDA).

The muffi n-tin radius of nickel atoms of 2.00 a.u. is 
kept constant for all calculations, the number of k-points in 
the whole Brillouin zone is equal to 8000, and the product 
of the muffi n-tin radius and the maximum reciprocal space 
vector, RMT kmax, is equal to 9. The maximum l value for the 
waves inside the atomic spheres, lmax, and the largest recipro-
cal vector G in the charge Fourier expansion, Gmax, is set to
9 and 16, respectively.

Fig. 2. Total energy of nickel as a function of c/a and volume 
along the tetragonal deformation path relative to the FM fcc 
equilibrium state energy calculated within the GGA. Only states 
with the minimum energy are shown. The contour interval is 
1 mRy/atom

Table I
The c/a ratio of nickel overlayers on (001) substrates in 
comparison with theoretically predicted results and calcula-
ted magnetic moments. Theoretical results presented in the 
fi rst four lines (GaAs, Pd, Cu3Au, Cu) belong to the present 
work

 Substrate asub c/a c/a µ [µB]
  [a. u.] (exp) (theory) (theory)

 GaAsa 10.67 1.00 0.98 0.54
 Pdb 7.34 1.11 1.08 0.56
 Cu3Auc 7.08 1.23 1.22 0.61
 Cud 6.82 1.34 1.35 0.63
 Cu (calc.)e 6.82 1.27 1.35 0.63
 Au (calc.)f 7.69 0.94 0.92 0.55

aref.3 bref.4 cref.5 dref.6 eref.7 fref.8

Results and discussion
Fig. 2. displays the total energy of nickel as a function 

of c/a and volume along the tetragonal deformation path rela-
tive to the energy of the FM fcc equilibrium state calculated 
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within the GGA. Thick line shows the FM/NM phase boun-
-dary. Along the tetragonal deformation path at the experi-
mental atomic volume of the FM fcc nickel of 73.58 a. u.3
(V/Vexp  =  1.0), only the FM state is stable. The NM state
is stable for atomic volumes lower than about V/Vexp  =  0.9 
in the neighbourhood of the bcc structure. In the LDA 
calculation, all extrema on contour plot (global minimum, 
saddle point and local minum) are shifted to lower volume,
V/Vexp  =  0.93. Surprisingly, the position of borderline 
between NM and FM states is not very different within the 
GGA and LDA. 

The contour plot in Fig. 2. enables us to predict easily the 
lattice parameters and magnetic states of nickel overlayers at 
various (001) substrates9. Let us suppose that pseudomorphic 
nickel overlayers adopt the lattice dimensions of the substrate 
in the (001) plane and relax the interlayer distance (chara-
cterized by c/a). If the lattice constant of a fcc substrate is 
equal to asub, then in the coordinates x = c/a, y = V/Vexp, and 
z = E – E0, the surfaces corresponding to a fi xed asub in the 
(001) planes are the planes y = kx (straight lines in Fig. 2.), 
where k = ( 2 /8)(asub

3/Vexp). The confi guration and mag-
netic state of nickel overlayers on a (001) substrate should 
correspond to the energy minimum constrained to this plane 
provided that the effect of the substrate/overlayer interface 
consists primarily in fi xing the lattice constant of the Ni over-
layer in the (001) plane to asub. For the GaAs substrate with 
zinc blende structure, we have k = (1/16)(asub

3/Vexp). Com-
parison with experimental data and with other calculations 
is summarized in Table I. It may be seen that the calculated 
lattice parameters of Ni(001) thin fi lms on various metallic 
substrates (represented by asterisks in Fig. 2.) agree well 
with the experimental values (diamonds) and wit the other 
calculations (circles). The calculated magnetic moments of 
nickel overlayers presented in Table I are our theoretical 
predictions.

Fig. 3. Total energy of nickel as a function of c/a and volume 
along the trigonal deformation path relative to the FM fcc equi-
librium state energy calculated within the GGA. Only states 
with the minimum energy are shown. The contour interval is 
2.5 mRy/atom

Table II
The c/a ratio of nickel overlayers on Cu(111) substrates in 
comparison with theoretically predicted results

 Substrate asub c/a c/a µ [µB]
  [a. u.] (exp) (theory) (theory)

 Cu 6.82 3.82 3.84 0.63

Fig. 3. displays total energy of nickel as a function of c/a 
and volume along the trigonal deformation path relative to 
the energy of the FM fcc equilibrium state calculated within 
the GGA. The straight line corresponds to constant lateral 
lattice parameters of the Cu(111) substrate. The meaning of 
symbols is the same as in the Fig. 2. Along the trigonal defor-
mation path, there are two NM areas for all calculated volu-
mes. The fi rst one is found between c/a = 1.2 and c/a = 1.5, 
the second one between c/a = 2.6 and c/a = 3.3. In the LDA 
calculation, all extrema within the contour plot are shifted to 
lower volumes, V/Vexp = 0.93, and the position of borderlines 
between NM and FM states are the same as those obtained 
within the GGA.

Again, we can use this contour plot to predict the lattice 
parameters and magnetic states of nickel overlayers on (111) 
substrates as in the tetragonal case. On the (111) substrate, 
there are two possible stackings of layers: “ABABAB” gi-
ving the hcp structure and “ABCABC” exhibiting trigonally 
distorted fcc structure. Trigonal deformation path can be used 
to predict only the parameters of the trigonally distorted fcc 
overlayers. The confi gurations of the Ni thin fi lms on the 
(111) substrates correspond to bound minima of the total 
energy along the straight lines representing individual subtra-
tes. Again, these straight lines are described by an equation 
y = kx where y = V/Vexp, x = c/a and k = (1/16)(asub

3/Vexp), 
analogously to (001) overlayers. We found only one ex-
perimental paper regarding Ni overlayers on the Cu(111) 
substrate10. Comparison of our predictions with experimental 
data is summarized in Table II.

Conclusion
We have calculated the total energies of nickel as

a function of volume and tetragonal or trigonal deformation 
for various magnetic phases and found the phase boundaries 
between the FM and NM modifi cations. The calculated con-
tour plots can be used for the understanding and prediction of 
lattice parameters and magnetic states of Ni(001) and Ni(111) 
fi lms on various metallic substrates.
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Research Projects AV0Z20410507 and MSM0021622410.
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Introduction
Electrolyticaly deposited zinc protective coatings are 

very often used for corrosion protection of large spectrum of 
steel parts in engeneering practice. During this wide spread 
coating technology however a danger of hydrogen embrittle-
ment arises due to the use of electrolyses in water solutions 
(cathodic hydrogen liberation) and/or due to the pickling in 
strong inorganic acids prior to zinc deposition. Hydrogen can 
be safely removed later by short annealing at temperatures at 
about 300 °C1.

During annealing the temperature is high enough to 
increase signifi cantly diffusion of iron and zinc between the 
coating and substrate. In this way, up to four different Fe-Zn 
intermetallic compounds can be formed at the interface2. 
These phases are generally much harder as well as brittle 
than the original layer of zinc coating3.

From the literature it is well known, that diffusion rate 
of zinc in steel strongly depends on steel chemical composi-
tion4. One of the most important factors infl uencing diffusion 
rates is the silicon content5. Using the diffusion zincing tech-

nology (sherardising), it was possible to estimate the activa-
tion enthalpy of zinc diffusion in steel6. Several papers can be 
found bringing correlation of activation enthalpy and silicon 
content in steels7.

The main goal of the present paper is to observe the 
growth of intermetallic layers in electrodeposited zinc coat-
ings and theire dependence on steel composition and heat 
treatment (i. d. annealing time and temperature).

Theoretical
The zinc diffusion from coating into steel can be ana-

lytically treated approximately as a diffusion in semi-infi nite 
mass from the surface of constant concentration. The solution 
of differential equation of The second Fick’s law is then an 
expression:

c c

c c
erfc

z

Dt

−
−

=
( )

0

1 0 4
,
   

(1)

where erfc is a complementary error function of (erfc 
x = 1 – erf x), z is a distance from the surface, D is diffusion 
coeffi cient, t is duration of diffusion, c is concentration of 
difunding element at time t in distance z, c0 is initial concen-
tration of this element inside the mass and c1 is concentration 
of element on the surface of the mass at time t. 

Experimental
Four types of steel sheets were studied. Three of them 

belonging to Czech standards (ČSN) 41 1321, 41 2010, 41 
4331 and the fourth was German armour steel WWB 600. 
Their chemical compositions are shown in Table I.

Sheet samples were electrolyticaly coated by zinc in 
weak-acid bath. The temperature of bath was 20 °C, current 
density of 1.5 A dm–2, and DC voltage of 1.5 V. Coatings of 
thickness 20–40 µm were obtained. These coated samples 
were annealed in a box furnace. Annealing experiments were 
carried out as follows:
11 321:  270 °C; 1–15 hrs
12 010:  270 °C; 0.5–15.0 hrs
14 331:  270 °C; 0.5–7.0 hrs
WWB 600:  270 °C; 0.5–7.0 hrs.

Coatings cross sections were prepared using usual 
metallographical treatment and thicknesses of intermetallic 
layers were observed and measured by means of light metal-
lographical microscope.

Results and discussion
The growth of the intermetallic phases is evident from 

plots in Fig. 1. The best fi t of the values seems to be para-
bolic. In the case of steel 11 323 the result obtained after 
15 hours should be excluded as false. Then the reliability 
coeffi cient R2  increases to 0.96 from original value of 0.64. 
Almost linear relationship seems to be very signifi cant in the 
case of steel 12 010 (power coeffi cient 0.91). This refl ects 
probably a bit different micromechanism of zinc diffusion in 
steel of this type with silicon content.
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Diffusion coeffi cients were evaluated according to the 
Equation 1. Since the bottom of diffusion layer was formed 
by thin layer of zinc solid solution in α-iron of concentration 
approx. 6pct. (at.), the value c was taken to be 0.06, c0 = 0 and 
c1 = 1. Then z was a thickness of the diffusion layer after time 
t. Plot of the dependence of diffusion coeffi cient vs. silicon 
content is shown in Fig. 2.

The best fi t of the experimental values found is lo-
garithmic. Other possible functions could be exponential 
(R2 = 0.98) and/or power (R2 = 0.90).

Conclusions
The value of zinc diffusion coeffi cient in steel strongly 

depends on silicon content in steel; the relationship could 
be quantitatively described by equation D = –7.10–17 ln 
[Si] + 4.10–17. The growth of interfacial diffusion layer 
mostly follows the parabolic dependence, with power coef-
fi cient of 0.48–0.64, except the case of steel 12 010 (0.42 pct. 
Si), where the relationship seems to be almost linear (power 
coeffi cient 0.91). This result suggests the possibility of dif-
ferent diffusion micromechanism of zinc in steel of particular 
composition with given content of silicon.
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Table I 
Compositions of steels used for experiments

Steel C Si Mn P S Cr Mo Ni Al

11321   0.04 0.025 0.18 0.013 0.016     
12010 0.11 0.42 0.73 0.014 0.035 0.12  0.62 
14331 0.32 1.25 1.17 0.017 0.009 0.96   
WWB 600 0.49 1.41 0.58 0.008 0.003 1.03 0.39 1.05 0.046

Fig. 1. Thicknesses of diffusion layers and their dependencies 
on the duration of annealing at 270 °C. Steel: A) 0.025 pct. Si, 
lower fi t includes the last point, B) 0.42 pct. Si. C) 1.25 pct. Si 
D) 1.41 pct. Si 

Fig. 2. Effect of silicon content on diffusion coeffi cient of zinc in 
four different types of steels at 270 °C
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FSI VUT Brno 2001, p. 99.
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the properties of diffusion zinc coating, Proceedings of 
Juniormat 03, FSI VUT Brno. 2003, p. 38.

P35 FRACTURE BEHAVIOUR OF FRACTIONATED 
PE RESIN

LENKA  DIVIŠOVÁa and EVA  NEZBEDOVÁb

aInstitute of Materials Chemistry, Faculty of Chemistry, 
Brno University of Technology, Purkyňova 118, 612 00 Brno, 
Czech Republic, divisova-l@fch.vutbr.cz, bPolymer Institute 
Ltd. Brno, Tkalcovská 2, 656 49 Brno, Czech Republic

PE materials for pipes application break after long time 
due to the small crack growth (SCG). That is a reason for 
measurement this limiting state for materials using in the 
fi eld of water and gas distribution, respectively. Now days 
there are two laboratory methods, which enable to estimate 
the resistance against slow crack growth SCG: (i) PENT test 
– ISO/CD 16241 and (ii) FNCT test – ISO 16770. These 
tests were used for studies of various pipes materials. It is 
well known that mechanical response strong depends on the 
structure of materials, especially for PE materials that are the 
density of short chain branches and its distribution. Brown 
and his co-workers1 confi rmed the correlation between the 
results of PENT and SCB (Fig. 1.). As the results of PENT 
test the time to rupture (tf) was estimated.

Fig. 1. Correlation between the SCB and time to fracture for 
butene copolymers PE

Nezbedová and her co-workers2 published the similar 
results. For estimation the SCB the SIS/DSC technique 
(Stepwise Isothermal Segregation) was used. Scholtten3 and 
also Brown4 used temperature-rising elution fractionation 
(TREF) technique for fractionation difference types of ethy-
lene copolymer and estimation the distribution of short chain 

branching (SCBD). It seemed that placing the chains on the 
high molecular weight molecules (SCBD) could change the 
resistance against SCG. To confi rm this statement some 
PENT or FNCT had to be carried out. The problem was that 
for preparing the PENT or FNCT specimens the amount of 
material is about 200 g and the amount of fractionated mate-
rial is only about 0.2 g. This problem can be solved by using 
so called sandwich specimen. Brown4 suggested one type of 
a sandwiched specimen (Fig. 2.).

A gas pipe grade PE with a good resistance to SCG was 
used as the PE grips. It was suggested that, with the molecu-
lar weight distribution that exists in this particular polymer, 
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Table I
Typical properties of MB 62 and FB 10

Property Unit Typical value Test
  MB 62 FB 10 method

Melt Flow Rate
(190/2,16) g /10 min 6 0.1 ISO 1133
Melt Flow Rate
(190/5) g /10 min 20 0.55 ISO 1133
Density kg m–3 960 942 ISO 1183
Yield Stress MPa 24 22 ISO 527
Tensile Strain
at Yield % 10 6.5 ISO 527
Flexural Modulus MPa 1100 800 ISO 178
Charpy Notched
Impact
strenght 23 °C kJ m–2 6.3 12 ISO 179
Shore Hardness  58 119 ISO 868
Vicat Softening
Temperature °C 122 57 ISO 306

Fig. 2. Geometry of test specimens. The zone containing the 
notch consists of about 0.2 g of fractionated resin
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the SCB could be reduced from 4.5 to about 2 SCB/1000C 
and the resistance to SCG will be excellent if practically all 
the branches were on MW  > 1.5 ⋅ 105.

We utilised this procedure for preparation similar spe-
cimens. As a grip we have used PE 100 material. Two type 
of polyethylene from Czech Chemical Company (Litvínov) 
marked as MB 62 and FB 10 were tested. Typical properties 
are summarised in Table I.

The kinetics of the failure process was observed under 
a constant nominal stress of 1 MPa and temperature 80 °C. 
The crack opening displacement, COD, was measured with 
an optical microscope. The COD was viewed in the middle 
of the notch and measured at the surface of the specimen. The 
error of the measurement of the COD was about 2 µm.

For each material a minimum of two specimens were 
tested. Typical data for brittle fracture are presented in 
Fig. 3., where the COD is plotted against log (time).

The time to complete fracture (tf) of MB 62 was 171 min 
and of FB 10 was 732 min, respectively.

Fig. 3. Fracture behaviour of two PE matrix

The results can be summarised in the following way:
Since the diffuse at the interfaced on moulding is very de-
pendent on molecular weight the proper grip resin must be 
chosen. 
The results confi rmed the possibility of testing a small 
amount of material in the similar way as for classical SEN 
specimen. 

The sandwiched type of specimen becomes very impor-
ted for study the infl uence of each fraction on the resistance 
against SCG. On the other hand those results enable tailoring 
of material.

The authors gratefully acknowledge the support for this 
work provided by the Grant Agency of Czech Republic; con-
tract No 1001/05/0227.
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ňova 118, 612 00 Brno, Czech Republic,
pilatova@fch.vutbr.cz 

Introduction
The growing trend of polypropylene (PP) fi bres using 

for knitting with advantageous properties is noticeable re-
cently. The PP fi bres are indifferent to microbes and mildews 
and are very tolerant to human skin. Wide range of these re-
quired properties is possible to modify by fi bre cross-section 
shape changing. In addition to fi bres with circular or ellipti-
cal cross-section the fi bres with trilobal, cross or pentalobal 
cross-sections are commonly used nowadays. Larger surface 
of fi bres with non circular or non elliptical cross-sections 
has favourable wetness draining from human skin and better 
permeability.

The optical microscope is used in practise for fi bre 
cross-section shape determination, the scanning electron 
microscope (SEM) enables to reach higher resolution possi-
bility and allows to determine other geometrical properties, 
e.g. the cross-section diameter. Fixation of fi bre in tough 
matrix is usually used to minimize the possibility of fi bres 
damage (Fig. 1., 2.). The microtome is used to cut thin slices 
from prepared samples. Unfortunately, many of smaller la-
boratories do not posses of this quite expensive equipment. 
This study is aimed to use common laboratory equipment like 
grinder, optical microscope and digital camera for successful 
solving of this problem and for low-cost, time and instrumen-
tal less demanding but suffi cient sample preparation.
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Fig. 1. Free pentalobal PP fi bres (SEM): a) side view, b) front 
view (deformation of ends after the cut)
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Experimental
For this purpose the PP fi bres from commercial knitting 

with known pentalobal cross-section shape were used. To 
minimize the possibility of fi bres damage, fi xation of fi bre 
in polyester resin was applied. The samples were prepared in 
two different ways – using the etching technique or abrading. 
In respect to considerable resistance of PP fi bres towards 
acid, alkali, reducing or oxidizing agents, boiling xylene 
was used for etching the fi bres. However this method was 
not very useful, xylene etched not only PP fi bres, but dama-
ged slightly the resin surface too, and the fi bre cross-section 
was diffi cult to observe. For that reason further examination 
was directed only to abrading the samples on metallographic 
grinder. The surface of the sample was polished to high shine 
with commercially accessible means. For the high quality of 
digital photographs and non damaged edges on the cross-se-
ction of fi bres the thorough polishing is necessary. 

Results
The cross-section of fi bres was examined with metallo-

graphic microscope Neophot 21 with maximal possible mag-
nifi cation 1000× which allows to determine the cross-section 
diameter comfortably. Photographs of cross-section were 
taken with digital camera Olympus C-3000Z with optical 
extension in the magnifi cation of 500× and 1000× on metal-
lographic microscope (Fig. 3.). Optical microscope Olympus 
BX-50 (maximal magnifi cation 400×) with digital camera 

Olympus C-4040Z and with optical extension connected to 
PC with image analysis was successfully used too (Fig. 4.).

Conclusion
Using easily accessible technique (grinder, optical 

microscope and digital camera) not only the shape of cross-
-section was determined but it was possible to determine the 
cross-section diameter of PP fi bres without any problems too 
(see the fi gures). This method may be considered as suffi cient 
for full resolving of this problem and a possibility of use of 
this technique for other textile fi bres can be assumed.
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P37 METHODS OF HYDRATION OF CEMENTS 
BASED ON MDF COMPOSITES STOPPING
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BUT, Purkyňova 118, 612 00 Brno, Czech Republic,
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The objective of this work is to study on development 
of macrodefect-free composites (MDF) structure during 
hydration. It means composites of water-soluble polymer and 
cement, which are characterized by extremely low porosity 
and atypical mechanical properties. The polymer is added 
into mixture to improve some mechanical properties, especi-
ally fl exural strength and impact resistance. For example the 
fl exural strength is at least by one period higher than that of 
ordinary portland cement.

a) b) 

Fig. 2. Pentalobal PP fi bres in matrix (SEM): a) one fi bre (mag-
nifi cation 8000×), b) a bundle (magnifi cation 1000×)

a) b) 

Fig.  3. Pentalobal PP fi bres in matrix (metallographic mi-
croscope): a) one fi bre (magnifi cation 1000×), b) a bundle (mag-
nifi cation 500×)

a) b) 

Fig. 4. Pentalobal PP fi bres in matrix (optical microscope, 
magnifi cation 400×): a) one fi bre, b) a bundle
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Introduction
Monitoring of the kinetics of MDF composites hydra-

tion process according to phase composition requires reac-
tions stopping and evaluation of actual phase composition. 
Generally there are several ways to stop the hydration of 
cementitious systems, which may be divided into physical 
and chemical techniques.

The physical methods lie in water removal from reaction 
system. It can be done by sample repulping with acetone or 
ethanol in case of azeotrope composition with 4 % of water 
is suffi cient. According to the water content, methanol is 
more suitable. On the other hand there are complications 
with its toxicity and following controlled manipulation. The 
repulping induces fl ush of free, unbounded water from the 
mixture. The water which has participated in hydration is 
maintained in the solid phase of system in form of hydrates.

There is another variant applicable to stop the hydration 
process which is drying material in hot-air drier or vacuum 
desiccator. This method can be used only in case of the long-
-term increase of temperature do not have kinetics infl uence. 
The long term of drying, when the sample is exposed to 
temperatures about 110 °C in presence of slowly evaporating 
water, can considerably affect the hydration kinetics.

An alternative of the samples freezing assume hydration 
process retardation by undercooling to temperatures about 
–30 °C, when present free water changes into solid state. This 
strongly retard diffusion processes in the system. But the un-
dercooled sample has damaged macro-structure.

Chemical alternative of hydration stoppage may be an 
addition of stabilizing or retarding agent. These chemical 
compounds slow down or stop hydration reactions, but the 
chemical and phase constitution is disturbed.

The last and furthermore discussed technique is the 
microwave heating. The principal of this method is similar to 
hot-air drying, but it is more effective. The sample is heated 
up in all his volume in the same time and the water is eva-
porated rapidly faster. Temperature of the sample reaches to 
110 °C and most of free water is evaporated through several 
ten of minutes.

Experimental
Stopping of hydration by microwave heating was 

chosen for purposes of this work. It was necessary to com-
pare the novel method with an authentic one, then acetone 
repulping. Therefore an analysis of two parallel made sam-
ples of portland cement and water mixture with water ratio
w/c  =  0.33 was done. Hydration of these samples was stop-
ped in the same stage partly by acetone p. a. repulping and 
partly by microwave heating. To make better in pores water 
diffusion, the sample was placed on watch glass in thin layer. 
The power output of microwave oven was adjusted at 900 W 
and the sample was heated for 180 s.

Acquired samples were put to x-ray powder diffrac-
tion analysis (XRD), termogravimetric analysis (TGA) and 
differential scanning calorimetry (DSC). XRD was accom-
plished with diffractometer Philips with copper cathode and 

monochromator in the range from 0 °2Θ to 120 °2Θ. Chiefl y 
basic portland clinker mineral such as C3S, C2S, C4AF, Ca-
SO4 . 2H2O and ettringit were studied. TA Instruments DSC 
2920 calorimeter was used for purposes of thermal analysis 
and the termogravimetric analysis was accomplished with 
Perkin Elmer TGA 6.

Results and discussion
The X-ray spectrum in Fig. 1. represents sample of PC 

where the hydration processes were stopped 25 minutes after 
PC with water mixing with acetone repulping. Monochro-
mator wasn’t used within the measurement; therefore the 
spectrum has natural background. An occurrence of C3S, 
C2S, ettringite and gypsum is apparent. The Fig. 2. stands for 
spectrum of the acetone repulped sample whose hydration 
was stopped 60 minutes after mixing and Fig. 3. represents 
the same sample stopped with microwave heating. If compa-
red spectra of Fig. 1. and Fig. 2., an apparent difference of 
diffraction intensity at 61 °2Θ, resp. 52 °2Θ can be observed. 
This diffraction is superposition of C3S and gypsum diffrac-
tions. Comparison shows that when hydration time increases 
a small decrease of C3S content is observed. The change gyp-
sum content is more signifi cant. Sample after 25 minutes of 
hydration is characterized by higher water content, resp. solu-
tion content, where the gypsum is mostly solute. With incre-
asing time of hydration free water is consumed by hydration 
reactions and liquid phase content decreases which leads to 
gradual gypsum recrystallization. Acetone repulping fl ushes 
the solution within the solute gypsum. Therefore the gypsum 

Fig. 1. XRD spectrum of acetone repulped sample after 25 min. 
of hydration

Fig. 2. XRD spectrum of acetone repulped sample after 60 min. 
of hydration
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diffraction is higher in spectrum in Fig. 2. than that one in 
Fig. 1. The samples, where the hydration was stopped with 
microwave heating, shows the possibility of evaluation of 
calcium silicates content decrease compared with the initial 
sample. The lower gypsum diffraction effect was caused by 
fast dehydration to hemihydrate when temperature increased 
more above 110 °C after all free water evaporation.

Differential scanning calorimetry results are put on 
the following fi gures. The analysis was done with the same 
samples, where hydration was stopped by acetone repulping 
after 35 minutes (Fig. 4.), resp. 120 minutes (Fig. 5.) and by 
microwave heating after 120 minutes of hydration (Fig. 6.). 
As supposed almost no free water is present in the samples. 
Primary decrease represents output heat of residual free wa-
ter evaporation. Then we can observe endothermic effects 
belonging to ettringite germs disintegration starting about 
60 °C following by dehydration of gypsum with generation of 
calcium sulfate hemihydrate, which dehydrates about 250 °C. 
Portlandite disintegration endothermic effect was recorded 
about 600 °C. If compared acetone repulped and microwave 
heated samples, it shows that microwave heating particularly 
removed water from calcium sulfate dihydrate.

Fig. 4. DSC record of acetone repulped sample after 35 min. 
of hydration

Fig. 5. DSC record of acetone repulped sample after 120 min. 
of hydration

Fig. 6. DSC record of microwave heated sample after 120 min 
of hydration

Conclusion
Both X-ray powder diffraction analysis and differential 

scanning calorimetry supports the possibility of use of micro-
wave heating to stop hydration processes in cementitious 
materials for requirement of the calcium silicate phases con-
version degree with evidence. Hydration stopping by micro-
wave heating is not suitable for systems where some phases 
disintegrate at relatively low temperatures.
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